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Executive Summary

Increasingly, vater is being recognized a®t solely a vital, but also avaluable commodity.
Necessary to life, it imeeded for ecologicdlunctions, as well as fomportant social and
economic activities. In thgarious river basinspresentwater supplies argetting limited and
further expansiorof water availability may be a costigeasure. As the future economic base
SaskatchewanRiver basins increases, leading to growth in populatiand industrial
development the competition for water could become even fierc@imate change may pose
anaher threat to the regiomartly throughreducedwater supplies and increased demarike
development oboundemwater management strategimay kkecome a necessity in the futuasd
suchstrategiesvill requirecomprehensiomformation on future watedtemandevels.

Scope of Investigation

This study wasindetaken toestimate current (2010) watdemandevels ando forecastthem
for the basin by types for 2020, 2040 and 2060.Water demandwas estimated under three
scenarios: baseline (or businessuasal), climate change, amdater conservation (adoption of
water conservation measures) scenarios

Saskatchewan water resources are classified into 11 river besomef which wasa subject of

inquiry on current and future watdemand These investigtions led tahe preparation of five

separate reports, prepared under the auspices of funding from the Saskatchewan Watershed
Authority. The previous three reports were devoted a detailed investgation Qu 6 Appel | e |
Basin, South Saskatchewan Ri&asin, and North Saskatchewan River Basin, respectively. The
remaining eight river basins are reported in this studjey arereferredtoasis el ect ed r i
b a s iofrSaskatchewan in this report.

Methodology Overview

The ptal waterdemandwas divided mto broadtwo classes olemand: One,which results from
socioeconomic activitiesgalleddirectanthropogenicor just anthropogeniayaterdemandg and
Two, thatwhich is subject to natural and policy related factors, cailelirect anthropogenic
waterdemand

The first type of demandi direct anthropogenic watedemand resuls from several types of
economic and social activities. Some of these activities are related to production of goods, while
others need water for sustenance and related sodiatiast The btal waterdemandor a given

type was estimatelly applyingwater demandcoefficients and scateof economic or social
activity. Four major sectors of water demand were identified namely agriculture,
industry/mining municipaldomesti¢c and recreationWithin each of thesandividual activities

were identified.
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The second category of watgemandncluded four types: evaporation, apportionment of water
as subject to the Prairie Provinces Water Board agreement, meétingtreamwater fow
needs, andequirementg$or environmental protectidpreservation.

In this study, future watedemang (for the years 2020, 2048nd 2060)wereestimated for each
watershed fothethreeabovenotedscenarios. The Baseline Scenario assumed thaistiss®d

on pastdata will continue into the future. For the Climate Change Scenario, detgndwvas

affected bychanges in climate characteristics dmyg occurrence of extreme events. Water
demandcoefficients forany waterdemandrelated activity expasd to these calitions were
adjusted for thduture periods. The third scenariowater conservatiofi assumed that the
province has developed a water conservation policy and measures have been adopted by various
wateruses to reduceheir demand. All modifications in waterdemandcoefficiens that result

from the climate change or water conservation scenarios were based on a review of previous
studies.

In general, each aterdemandestimate has represented the prodiidhe physical scale of an
economg activity and its watedemandcoefficient. Sincehe water demandcoefficient varies
from one typeof economic activity tamother,carefulidentificatiors of such activities was done
as a first step. The other consideration was to match the avail&nmation to a river basin
level. Thisaim was accomplished by developing correspondence relatiaiséigween the river
basin boundary and administrative boumempof a region for which information is routinely
reported After determining the physical ale of an activity within the sectahe waterdemand
coefficient was estimated. In some cashssefigureswere based on trend analysis using past
data. In other cases, they were based on industry related data on production.

The pojection of the phyisal activity for a watedemandactivity within a sector wsmade for

the 2020 to 2060 period. In most casigsvas a simple projection of past trends. In some cases,
the current situation was assumed to hold for the future periods. Still in other cehesyy
based information wasgainused.

Water Demand Estimates under Baseline Scenario

Water demand in the Saskatchewan Selected River Baamastimated for 2010 &,514,557

dan?, of whichdirect anthropogenidemand accounted fa895,50Hant (or 15.7% of the total
Decrease in gas and oil exploitation and production (especially in Missouri and Souris
Watersheds)together with changes in the power generation sector (Souris Watershed) are the
main forces behind the change in water demalrfds proportion is expected tslightly decrease

in the futureby 2060,suchactivitieswill account for 15.4% of the total water. By year 2060, the
basin will experience a decrease of 2% in the tdit@ct anthropogeniwvater demand(Table
ES.1).The total wéer demandn these basins idrawnfrom two sources: water from within the

river basin, and water received from other basins, called interbasin tr@dBsfer This situation
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is observed only in thé&askatchewan River Basimhere two communities receivavater
througha pipeline that originated in the South Saskatchewan River Basin.

Table ES1: Water Demand in the Saskatchewan Selected River Basins, Baseline Scenario,

20162060
Amount of Water Demandin dam®
Sector
2010 2020 2040 2060
Agriculture 300,599 303,206/ 306,807 310,804
Industry/Mining 58,710 66,171 54,474 34,323
Municipal (Domestic) 36,009 36,426 38,688 42,254
Recreational 183 196 224 253
Total Direct Anthropogenic Water
DemandExcluding Interbasin 395,501 405,999| 400,193 387,634
Transfer (IBT)
IBT 104 99 97 95
Total Direct An.thropogenlc Water 395.605| 406,008 400,200 387,729
DemandIncluding IBT
IndirectAnthropogenic Water 2 119,056| 2,119,056 2,119,056 2,119,056
Demand
Total Water DemandExcluding IBT | 2,514,557| 2,525,055 2,519,249 2,506,690
Total Water DemandIncluding IBT | 2,514,661 2,525,154 2,519,346 2,506,785
% Increase iMirect Anthropogenic 0 0 0
WaterDemandover 2010 2.7% 1.2% -2.0%
% Increase in Total Wat&emandOver 2010 0.4% 0.2% -0.3%
Hydroelectric Power Generation Wat{ 3 677,128 3,677,128 4,520,728| 4,520,728
Release

* Totals may not adgreciselydue to rounding

As shown in Figure ES.1, totaddirectanthropogenic watedtemandn the future was set equal
to the 2010 level, sincdldhesedemand are related to availability of water, which in the future
may be affected by a set of natural factors and policy changes. Over th@8Q(periodthis
amount was estimated to be 2,119,056 HaBy 2060, total watedemandin the basin wuld
decreas¢o 2,506,69(dant i shrinkage byf 0.3% of the 2010 level.

The btal direct anthropogenic wateidemandrepresenta sum of four types of socieconomic
activities: (i) water required for agricultural production and related activities; @i¢mneeded
by industries and for mining; (iii) watetemandby people living in various communities in the
basin, collectively called municipal and domestic watemand; and (iv) water needs for
recreational and relatdsumanactivities. These watetemands are expected to decrease over
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time. In total,direct anthropogenigvater demandin the basin will decrease to 88&housand
dan? in 2060, compared tiis present level of only 395 thousand damis shown in Figure
ES.2, much of thibecomingcan be crdited to power generation anchining/industrialwater
demand and within thatamount,to oil and gas production. Agricultural and domestic water
demand are expected to increabet not by a significant percentile.

= Total Anthropogenic Water Use Excluding IBT

2,400
2,200
2 2,000
= 1,800
Z 1,600 |
Z 1,400
Z 1.200
21,000
= 800
g 600
400

200
0
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2010 2020 2060

Figure ES1: Distribution of Total Water Demandin the Saskatchewan Selected River
Basins by Major Categories olDemand, Baseline Scenario, 2010 2060

@ Industry And Mining @ Recreational

2010 2020 2030 2040 2050 2060
Figure ES2: Trend in Water Demandfor Anthropogenic Purposesby Type of Demand,
Saskatchewan Selected River Basins, Baseline Scenario, 20060
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As a result of varying trends over the 2€A@60 period,the composition ofthe total direct
anthropogeniavater demandwill change. As shown in Figure ESBy 2060,agriculturewill

increase its share of the total to 8086 opposed to 76% in 2010. Industrial amding water
demandsharewill decrease from the present 15% to 9%.

Recreational
0%

Recreational
"r)')

2010 2060

Figure ES 3: Distribut ion of Total Direct Anthropogenic Water Demandby Type of
Demandin the Saskatchewan Selected River Basins, Baseline Scenario, 2010 and 2060

In addition to the above set of water demands in these basitain amount of water is also
needed to generatg/droelectric power. This amount is estimated for 2010 at 3.7 milliorf,dam
increasing to 4.5 million dahiby 2010.

Water DemandEstimates under Climate Change Scenario

As noted above, in addition to the baseline forecasts of wateand in this studywo other
scenarios werehosenfor making these forecasts. One of these sceniocimate change.
Climate change can have an impact both on water supplies (availability) as welwageon
demand However, in this studythe investigation was limitedot waterdemandaspects. Even
here, several difficulties were encountered in making these estimates. One such proliieen was
availability of information on the nature of climate change for the basinoarits impact on
water demand Therefore, the basioif making these forecasts is relatively weak, and more
research information needs to be generated irspleeific context of Saskatchewarsituation.

The following results are based the limited, butturrentstate ofknowledge.

The possible féects of dimate change on thdirect anthropogeniand indirect anthropogenic
water demand activities in the Selected Saskatchewan River Basins are presented in Table ES.2.
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Sinceindirectanthropogenic watetemand are governed by nafl changes in the water quip

andby policy changes, thestemand were made constant at their respective 2010 level, except
for the evaporation losses. As supply of water under climate change becomes available, these
estimatesvill need to be revised.

Table ES2: Water Demand under Climate Change ScenaricSaskatchewan Selected
River Basins, 2010 2060

Amount of Water Demandin dam®
Sector
2010 2020 2040 2060
Agriculture 300,599 303,206 341,059 365,483
Industry/Mining 58,710 66,171| 55,082 35,114
Municipal (Domestic) 36,009 36,426 39,617 44,364
Recreational 183 196 229 265
Total Direct Ant_hropogenic Water 395.501| 405990 4350988 445226
DemandExcluding IBT
IBT 104 99 99 100
Total Direct An.thropogenic Water 395605 406,008| 436,087 445326
DemandIncluding IBT
IndirectAnthropogenic Water 2 119,056| 2,119,056| 2,224.976| 2,330,927
Demand
Total Water DemandExcluding IBT | 2,514,557 2,525,055 2,660,964 2,776,152
Total Water DemandIncluding IBT | 2,514,661 2,525,154 2,661,063 2,776,252
% Increase iirect Anthropogenic o 0
WaterDemandover 2010 2.7% 10.24 126%
% Increase in Total Wat&emandOver 2010 0.4% 5.8% 10.2%
Hydroelectric Power Generation Wal 3,677,128| 3,677,128 4,520,728 4,520,728
Release

* Totals may not adgreciselydue to roundig

In addition, ligher growing season temperatures will have a significant impact on the agricultural
sector as both crops and livestock will demand more wdatbe ezaporation from water bodigs
which is already a majondirectanthropogenic water dem@ns one of the major increastst

can be expected with climate changbeTotal waterdemandfor direct anthropogenipurposes

is expected to increase by 12.6%itef2010 level.

Water Demand Estimates under Water Conservation Scenario

The effecs of water conservation measures on the water demand activities in the Saskatchewan
Selected River Basins are presented in Table ES.3. Agrigldtad industal adoption of water
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conservation techniques and technologies has the greatest impact dire¢hanthropogenic
demand for water. Howevethe potentialsuccess ofmost water conservation measures is
partially dependent on legislations and regulations that may be in place in the future.

Table ES3: Water Demand under Water Conservation Scenario, Saskatchewan Selected

River Basins, 20162060

Amount of Water Demandin dam®
Sector
2010 2020 2040 2060
Agriculture 300,599 279,469 262,299 251,054
Industry/Mining 58,710 62,312 49,752 30,685
Municipal (Domestic) 36,009 41,521 43,412 45,909
Recreational 183 195 221 245
Total Direct Anthropogenlc Water 305,501 383,496| 355685 327893
DemandExcluding IBT
IBT 104 99 96 92
Total Direct An.thropogenlc Water 395.605| 383.595| 355781 327,985
DemandIncluding IBT
IndirectAnthropcgenic Water 2119056 2,119,056| 2,119,056| 2,119,056
Demand
Total Water DemandExcluding IBT | 2,514,557 2,502,552 2,474,741 2,446,949
Total Water DemandIncluding IBT | 2,514,661 2,502,651] 2,474,837| 2,447,041
% Increase iirect Anthropogenic 200 10 10 1710
WaterDemandOver 2010 3.0% 10.7% 171%
% Increase in Total Wat&emandOver 2010 -0.5% -1.6% -2.7%
Hydroelectric Power Generation Wal 3,677,128 3,677,128 4,520,728| 4,520,728
Release

* Totals may not adgreciselydue to rounding

The btal waterdemandfor direct anthropogenipurposes is estimated to be 328 thousand®dam
by 206071 a decrease of approximately 176m the 2010 level. Relative tthe baseline
scenario, water conservation could reddeect anthropogeniwaterdemandby 15.4% of the
baselne estimate in 2060 (Table ES.4). Much of this decredkdikely occurthrough reduction

in the agricultural, industriagndplus mining watedemand.
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Table ES4: Relative Change in WaterDemandin the Selected Saskatchean
River Basins by Type of Demandunder the Water Conservation
Scenario Relative to Baseline, 2060

Change (Decrease) in
Type of Demand 2060 levelas% of
2010 Level

Agriculture -19.2%
Industry/Mining -10.6%
Municipal (Domestic andnidustrial) 8.7%
Recreational -2.9%
Total Direct AnthropogenicWater -15.4%
Demand

Water Demandby Source of Water

Most of the water for varioudemand is eithermet through surface water or groundwater
sources In some cases, groundwateruisedto supplement any pedlic shortfalls in surface
water availability. Unfortunatelydata for total watedemandby source of wateare not very
precise. Some information is availaplbeit other estimates are based on assumptions. Estimated
waterdemandby type is shown in TablES.5. Based on these estimates, it appears likely that
surface watedemandwill maintain its sharef the total waterdemandin these basinsThe
proportion of surface watetemandto total waterdemandremains fairlysteady from 86.6% in
2010 to 8@% hy 206Q as shown in Figure ES.4.

Table ES5: Distribution of Total Anthropogenic Within Basin Water
Demandby Source of Water, Selected Saskatchewan River
Basins, Baseline Scenario, 20£®060

Particulars 2010 2020 2040 2080
Surface Water (dah 342,670 351,599| 347,512 336,913
Groundwater (dam) 52,831| 54,400/ 52,681] 50,721
Total Water Demand| 395,501| 405,999 400,193 387,634
Groundwater % of Totg  86.69%| 86.6%| 86.8%| 86.9%
Demand

Summary

A minor decrease in the ted waterdemandfor variousanthropogenigurposes is expected in
the Selected Saskatchewan River Basins by 2060. These changes for the three scenarios and for
the 2010 2060 period are shown in Figure ES.5.
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Figure ES5: Direct AnthropogenicWater Demandunder Alternate Study Scenarios in
dam®, Selected SaskatchewaRiver Basins, 2010-2060
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Under baseline assumptions, this decrease is expectegutd2% of the 2010 level. Under
climate change, increasese expectedestimated to be4.9% over the 2060 baseline water
demandevel. The aloption of water conservation measures by wasershas the potential to
reduce future watetemand Relative to the baseline scenario estimate, this reduction could be in
the magnitude of 15.4%. Hawer, the effectiveness ouchmeasurewill dependheavily on
anypolicy measures undertaken by the provincial government and other jurisdictions.

The reed for water conservation measures, includirdemandfor economic instruments has
been suggestdaly the National Roundtable on Economy and Environment. The Roundtable also
observed h &Recogiizing that accurate water forecasting requires improving how we measure
and report weer-quantity datagovernments and industry should work collaborativelggeelop
appropriate measurement and reporting requirements on a-Bggoe ct o r basi so
2012).

This studyexhibitsa number of limitations. There are several data deficiencies related to factors
that affect watedemandFor instancegdata on econuic activities affecting water demand in the
some northern river basinsispotre mpact of cl i mat e ¢ hdemagds on
a relatively unstudied subjectwater conservation experience also sufférsm similar
deficiency. Also, this stud treated each river basias a single entity, althougfignificant
variability in the watedemandmay exist withina given basinThe dentification of these water
stress pocketshouldto be done in conjunction with water supply information under atem
scenarios.
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Chapter 1
Introduction

1.1 Background

Fresh water is our life lin@ it supports our economic activiignd sustainsour society and
maintains our culture. It is therefor@n essential element in the broad functioningatf
economic activities and sectors. Although a common myth tsGhaada is fortunate to have
plentiful freshwater resources, in reality there is a mismatch. Most of the water is available in
northernCanadawhere low or no population resideBhe nore populated areas of southern
Canada have a relatively low availatyilof water and ths situationcreatesan increaseteed

for effective water management. Parts of southern Saskatchewan face similar situations with
respect to water availability.

Water is a basic necessity of life and essentialnatural resourcéor various sectors of the
economy As an important natural resource, watervesvarious purposes, including agricultural
production, electricity generation, human consumption, industrial and commercial economic
activity, and recreation, among others. In rédemes, there has been increasing controversy and
competition amongarioususersof water as supplies are no longer meeting demandesnre
locations. Thissituation could be accentuated by future climate change, gieoecould bean
increased need fowater for irrigation Economic development activitiesay also assert the
same type of pressure on existing water supplies.

Saskatchewan has both surface water and groundwater. Groundwater is a buried treasure
(Nowlan, 2005). However, data and inforiat on it remains very scarce (Rivera, 2005). For
surface water, the province is divided into 29 watershiedther aggregated into ldrainage

(river) basins

1.2 Water Management Issues

Water is a limited resource globally, but in seand regions, sth as in parts of Saskatchewan,

this problem is even more acute. At the same time, socigtgrisasingy concerned about water
guality and environmental issues in general, @it those related to water in particular. In the
past, the major issue in veatmanagement was water availability. To assist with this, many
traditional steps have been taken, including additional storage of water, reducing variability
river flows, and redirect and utilization gfoundwater flows (Cohen et g@004). As sourcefor

supply enhancement dwindle, water resource management is leaning towards demand
management
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In the past decades, policies have bfsensal on supply management, but recently, there has
been a transition from watsupply management to watdemandnanagement in order to strike

a balance between supply and demat] ensuringefficient consumptionof water. Studies
have shown that witlthe past and present trend in competition for watlemandin different
locations, water demand will continue tcciease as population increases asdlternative
demand of water emerge. This study felevant in the context o&ppropriate policy and
planning on water supply and demand by policy makiéns felt thatsuchpolicies shouldbe
built on a betteundestanding of past and present trends of water consumption, climate change,
population dynamics, migratipnand changes inboth socioeconomic and demographic
characteristics of water consumers. This is importatause thelevelopment of appropriate
policies and programs requires good information on the current level of wateandby
different users(Kulshreshtha1996. This study is therefore relevant for future planning and
management of water supply systems in western Canada.

Demand management involvesays and means to reduce wasteful walemand Such
measures are needed sinoesome regionsavailable freshwater i adequate to local demand
and diverting it from other regions is replete with economic and political problems. Simiarly
some eeas, facilities to treat, distribytand discharge water mayso be in adequate to meet
expanding demarsdIn fact, in a Saskatchewan Water Corporation sucegygluctedn 1994, of
the 597 communities responding to the survey, 172 indicated that wpfdy $s a constraint to
their future economic growth (Kulshreshili®94). Miller et al. (2000) suggest that rural water
resources are also stressed in manyswaffecting rural developmenti; is now, and will
continue to be, limited by a wide varietlwater issues.

The ontamination of freshwater bodies is anotheitical issue in various parts of
Saskatchewan. Rurff from farm land and nutrient loadings as a result of intensive agricultural
practices lead to further deterioration of water qudtitymanydemand. This further reduces
water availability (both surface water and groundwater).

In addition tothe above issues, future water availabiktyll also be affected by climate change.

The Intergovernmental Panel on Climate Cha(i§&C) has irdicated that among the most
important impacts of climate change will be its effect on the hydrologic cycleoandater
management systems (Ayibotele, 1992). For the Canadian prairies, @ah@010)hasstatel

t hat Amuch of t h e ntinemt $stsieowing histeritaf tremud$ that duggestcan
increasing influence of the dry tropical climate. Consequenttycan expect negative impacts

on all watersheds originating in the Rocky Mountai and on t he.Simdast er n
conclusions havéeen reported by Whitefieldt al. (2004). At the same timehe demand for

water is expected to increase with climate change, presenting a situation of conflict among water
users Resolving conflicts in water resources through proper demand managelaeand of
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appropriate economic, legand institutional mechanisms) has been proposed by the Dublin
Statement in 1992 (See ICWER92).

Demand management has been recognized as a miaymwenich future water management

should be considered along with traahally used supply enhancement. Water demand
management , according to Brooks and Peters (!
average or peak water withdrawals from surface or groundwater sources without increasing the
extent to which wastewatds degraded dhe starting point in this process is knowledge of

current watedemand However, in order to develop sustainable watanagement, information

on the future is equally important. As the NRTEE @Oindicates,iGovernments should

develop ew predictive tools such as water forecasting to imptbee understanding of where

and when water demands might increase. The informgirowided by forecasts will be

important to inform water allocations and managerstmategies in the future.

Of the fourteen river basins in the province, watemandn three of temiT Qu 6 Appel | e Ri
Basin, South Saskatchewan River Basiand the North Saskatchewan River Basiwas
investigated in more detaéind have been reported in Kulshreshtha et al. (2@@&2b, and

2012c). This study is devoted to the remaining Saskatchewarbasins.

1.3 Objectives andScope of theStudy

This study was designed to estimatater demand in eight selected river basins of
SaskatchewahWaterdemandestimates are develeg both for the current period (Year 2010)
and for future time periods (Years 2020, 204hd 2060). The estimation is dotteough a
disaggregateapproackmethod. Both consumptive and noonsumptive watedemandsare
included. Factors affectindemandincluded population (or physical activity requiring water),
policy measures, and climate change.

1.4  Organization of the Report

The restof this reprt is divided intoll chapters. Chapter Two provides an overview of the
study and regional disaggregati@ong with a summary of ethod for estimatingand future

! Three river basins were excluded from this repoQu 6 Appel | e River Basin, Sout h S
and North Saskatchewan River Basin, since they were a subjectanhtgepeports. In addition, the most northern
four basins were aggregated into a single basin, called Northern Basins.
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current watedemandin the basin All current and future watedemandestimates by various
sectordn a given river basiare provided ira single chapteiThese are arranged falows:

= =2 =4 4 -4 -a -2

T

Chapter3i Souris River Basin;

Chapterd i Missouri River Basin;

Chapters i Cypress Hills (North Slope) River Basin;
Chapter6 i Old Wives Lake Basin

Chapter7 i Saskatchewan River Basin;

ChapterB i Assiniboine River Basin;

Chapte9i Lake Winnipegosis Basjn

Chapter D1 NorthernRiver Basins

Following thesechaptersa summary of these results is presentedhapterll. Pertinent details

for eachriver basin are presented in appendices at the back of the rEpett. of the above
chaptersincludesan introdwtion to the basin, and details of various direct anthropogenic and
indirect anthropogenic watediemands
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Chapter 2

Overview of Sudy Method of Estimation
of Water Demand

This chapter providethe scope of investigation aralreview of method for the estimation of
wata demandn the selected eight river basiokSaskatchewar his explanations divided into
five sections. Section 2.1 providd®est udy 6 s ¢ forreagimagingvaterdeinand This
partis followed in Section 2.By brief descripibns of the locatiors of selected river basins, since
a more detailed description is provided in each ofstiegsequenthapters. In Section 2iBe
method of estimation for current watemands describegthenfollowed in Section 2.4y the
method of etimation for future time peds. The last sectiofBection 2.5)ncludesa description
of study scenarios and their implications for watemandevel.

2.1 Selection of Time Period of Study

As noted in Chapter 1, watdemandfor the eight selectedvwer basins of Saskatchewaras
estimated foboth current and future time periodBhe current time selected was the y2aiQ
For thefuture threerepresentatiotimes were selected: yea2920, 2040, and 2060.

Future watedemandwas based on a numbef assumptions that were necessary in order to
develop these forecasssll estimations were based on eitlarailable secondary data on data
received from Saskatchewan Watershed Authority

2.2 Location of the Study River Basins

The eleverSaskatchewaRiver basirs selected for this studgre shown irFigure 2.1 Although
in totd there are 14 rivebasns in Saskatchewaras noted in Chapter threeof these river
basinswere given more detailed estimatsaf waterdemandrendsandwere excluded frm this
report.

Of the remaining 11 river basinsgven river basins were treatedsaparatesingle basis, while

a new aggregated river bastalled theNorthern River Basinswvas created bymalgamating
four northern drainage basins. Thesasisted ofChurchill River Basin, Atebasa River Basin,
Kasba Lake Basimand Tazin River Basin. For all estimation pusg® these four basins were
treated as a single entitfhe remaining seven basipkis theNorthern River Basinsomprise
the subject of inquyrin this report.
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”

Figure 2.1: Map of SaskatchewarnShowing StudyRiver Basins
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2.3  Overview of Methodology

2.3.1 Nomenclature of WaterDemand

Waterdemandn a river basin can be dathed through various terft®ncepts. In the literature,
a variety of terms have beesed often synonymously, with water demand. However, it should
be noted that water demand is an economic concept and unlessuseagray a pricefor the
water, adjugding their waterdemandin reaction toa change in itgrice (along with other
economic indicatorg) water demand is a very distinct concept comparedhw others.
Furthermorethe estimation of water demand requires miteeel data under period of diffent
price levels. Since such data were not avail&dn¢his study,and collection of primary data was
considered beyond the scope of this project, this study has estimatedieaterd in a special
manner. If wateusersare paying a price for water,eh their current watedlemandevel is a
point on the demand function.

All waterdemand are either induced by economic (including social) activities, and thus could

be directly related to humandn this study, these watedemand are [Drect | ed A
Anthropogenic WatelDemand .0In addition, theremay beseveral other types alemand

which may be either indirectly related tarhan activity for example construction of reservoirs

resulting in evaporation of wateror apportionment watedemand determiné by policy
decisions)or determined by natural phenomenémthis study, these watelemand are called

flndirect AnthropogenidNVater Demands 0

Within each of these watefemand, further classificaticmcan be made. For example, some
demand are consuptive in nature(wherein all or some of the watemnsedis lost and not
returned to the original source), while others arecmmsumptivedlemand (wheren no water is
lost).2 Examples of these two types of watiemand are shown in Table.2

Conceptully, a total of 12 types of watetemand in these basins can be identifiedeight
direct anthropogenit and fourindirect anthropogenicOf the eightdirect anthropogenic water
demand, four can be classified as consumptive wiile other four as nenonsumptiveIn the
consumptive watedemand, all or some part of the water is not available to othsers
(assumed to be lostnd hence,called consuned). In contrastin the nonconsumptive water
demand, the quantity of water is not affected after iemand Indirect anthropogenic water

2 However, water returned in some demands may not be in the same location. For example, water demand for hydro
power generation is redsed at a different location downstream.

]I'n the subsequent discussion fAdirect anthropogenicé is
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demand have two nortonsumptive and two consumptive watemmand. It should be noted
that not all basins have all thedemang.

Table 21: Types of Water Demand inSelected SaskatchewaRiver Basins

Consumptive Water Demand Non-Consumptive Water
Demand

Direct Anthropogenic Water Demands

(1)  Agricultural waterdemand Further subdivided into fiv{ (1) Recreation watedemand
types: (Active and Passive Watg
Irrigation waterdemand Recreational activities)
Crop Production related watdemand
Stockwatering

Nurseries an@Greenhasewaterdemand
Aquaculture related watelemand

= =4 =4 -8 -9

(2) Industrial and Mining related watdemand (2) Hunting watedemand
1 Industrial (Manufacturing) related watgéemand (Waterfowl)
including Intensive liestock operations, Biofuel
processing, and other agricultural processing (Not
served by a municipal system)
1 Mining waterdemandor metal and nometal mining, | (4) Hydroelectric power
and for oil and gas production generation

(3) Transportation related
waterdemand

3) Municipal and domestic watdemandwhich can be
further divided into the following types:

1 Municipal waterdemando include residential,
manufacturing, commercigdnd other water demands
Non-municipd domestic watedemand
Farm domestic watetemand
Other domestic watetemand

= =4 =4

(3a) Recreational communities and site maintenance

(4)  ThermalPower Generation watedemand

Indirect Anthropogenic Water Demands

(5) Evaporation watestemand (5) Instreamwaterdemand
(6) Apportionment watedemand (6) Environmental water
Demand

The major directanthropogenic consumptive water demands in this study include negtered
by four sectors: Agriculture sectdto include agriculture and food production divities);
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Industry/mining production (to include metal and nommetal mining, oil and gas production,
power generation, and manufactupiniylunicipalDomestic sectofwater demanded by people
living in various types of communitigsand Recreatiorito indude water use fomaintaining
sites for recreational purposasdfor resort communitigs The later demand could be, in part,
norrconsumptivesince it may include water needed for various recreational activities including
swimming, hunting (waterfowl)and camping among others. Hydroelectric power generation
requires water to be released to turbines whereo water is lost, as it is available further
downstream to other users. This water demand is estimbi#dnot added to other water
demands in t& basin.

Although most of these wataserswithdraw water from surface water bodies, a limited quantity
of domestic, farm related, mining, and industrial watemandis obtained from groundwater
sources. Many of thessemand have a return flow, makingater consumption smaller than
total water intake. This return flow varies for various watmnang.

In addition to watedemand for socieeconomic activities within the basin, foaf the types,
calledindirectanthropogeniclemand are relevant. Mostriportant among these are evaporation
and apportionment watelemand. The first one is associated with large water bodies (such as
lakes, reservoirs, and even rivers and streams). The second deat@ndis directed by
regulations and agreemeniBhe consumptive indirect anthropogenic watedemand include
instreamwater needs, and water diverted to environmental projects.

2.3.2 Overview of Method of Estimating Current Water Demand

The ptal waterdemandor a given river basin in this studyas estimateds a sum of two major
categoriesDirect Anthropogenic andndirect Anthropogenic The direct anthropogenic water
demandrepresentsa sum of four types of watedemand: (1) Agricultural and related
production; (2)Industry/Mining (3) Municipal and domeist and (4) Recreational purposes.
Similarly, the indirect anthropogeniovater demand are (1) Evaporation watedemand (2)
Apportionment watedemand (3) Environmental watedemang and (4)Instreamwater reeds
related watedemand

Agricultural waterdemandincludes a variety of watedemand, mainly for irrigationbut also
requirementsby dryland farmers for rop production, livestock wateringnd other related
demandg for agriculture and fish productio®n account ofa lack of time series data on
production and actualemand total wder demandwas simplycomputed as product of scale
(physical measure such as amgasize of activity)and an estimated watdemandcoefficient.
The latter was estimatdxy thespecificfeatures of thelemandn quesion.

The btal waterdemandfor Industry/miningsectorincluded several types of watdemand as
well. Included here were potash mining, oil agas drilling, metal and other nemetal mining,
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manufacturingand power generation. Estimatswwere madeby the scale of production times
therespective watedlemandcoefficient.

Domestic watedemandwas estimated by disaggregatitige population by place of residence.
This led to development feveral cagories of communities All communities within each
basin were arranged in a hierarchical order in termshefservices prowded. This led to
communities withmunicipal and nomunicipal watedistributionsystems. The former include
urban (cities and townsjurisdictions with a municipal water distribat system.Municipal
water demand includes a combination of watedemand i residential, manufacturing,
commercial, and other service industries, public waemand, and other watedemand.
Available data did not permit a breakdown of this total weéenand soin this study,such a
breakdown was not attempted. Large industuaérsthat do not receive water through a
municipal systemvere excluded and treated insteasla separate category of watemand

Recreatioal water demandrepresentsa sumof two componentsOne, water demanéd by
residents in the resorts or recreation communities, and Two, dewteandd for maintaining
parks and other recreational sites.

The ptal indirect anthropogeniwaterusewas a sum of four types of watdemand, each of
them estimated individually.

2.3.3 Review of Literature

The sudy methodology for a particular watdemandwas designed ftowing a review of the
literature.More details on thiditerature revieware presenteth Kulshreshtha et al. (2012d).
summary of this review includesramimber of observationscluding thefollowing:

1 There have not been many Canadian studkpsrting differenttypes of wateldemand
estimation

9 Different types of methodologies are needed for different types of wateands. The
choice of a particular approach depentis a certan extent on the scenaridor the
consideration, but largely on data availability.

* Information of this breakdown may be available at the municipal water utility level. Although thismatfon
could be collected from surveying each of these institutions, this was considered beyond the resources of this study.
This work is left for future research in this area.
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1 Given the number of studies thaaveadopted various methodologies and the inherent
limitations of each apprah, the multivariate regression analysis approauid that
employing watedemandcoefficients for forecasting watdemandare most common.

1 The latter approach is more common wheree series data are not available.

Given that time series data on varsodeterminants of wateiemandwere not available, in this
study the watedemandcoefficient method was followed.

2.3.4 Correspondence between Administrative Boundaries and the River Basins

In Canada, mch of the secondary data are collected by admatirgér boundariesExamples of

these include rural municipalities, census divisions, census agriculture regions, towns, villages,
and First Nations Reservations, among oth&isce river basin boundaries do not always
coincide with administrative boundarse some basis of correspondence among these regidns

the river basinis required. Under the strict assumption that economic activity is evenly
distributed throughout the administrative regithe proportiono f a r i warearin algi@eni n 06 s
administraive region could beisedto determine particulars for the river basiinis proceduras

followed in this study.

In order todevelop the correspondeneetable showinghe relationshimmongthe various river
basins and these administrative regions wr@sted. The criterioemployedwas the physical
area within each administrative region tfedt within the river basinOther details were assumed
to be perfectly related to the physical area. This criterion workedfarethose administrative
regions hat were wholly within the riverdsin For those that were partially within the river
basin, an overlay of the river basin map ahe administrative boundaries map wapplied
Proportions were based on a visual estimate of the area within the basrestlthegtables for
each basin arghownas appendiceJ hese appendixes includelationships for census divisions,
for census agricultural districts, and for rural municipalities.

2.35 Methodology for Estimation by Type of Water Demand

As noted aboe, direct anthropogenic watedemandfor a given river basin was estimated for
four sectors: agriculture, industrial and mining, municipal, and recre&ecause of limited
amount of time series information on price and quantity of wdemnand water demand
functions could not be estimated. As the next best alterndlhigesstimation of current water
demandin this study was based on a watimandcoefficient multiplied by the level of
economic activity in question. Methedvere modified where tne ®ries data were available.
The cetails on the methodology adopted for various types of vdaterand are provided in th
section.

August2012 11



Present and Future WateDemandin Selected Saskatchewan River Basins Kulshreshtha, Naggnd Bogdan

2.3.5.1Agricultural WaterDemand

Agricultural waterdemand in this study,was estimated in a disaggregated mannbe wtal
agricultural waterdemandwas divided into the following five types: (1) Irrigation water
demand (2) Stock watering; (3) Crop Productionrelated waterdemand (4) Nurseries and
greenhasewaterdemanc and (5) Aquaculture related wattgmandThe speific methodology
followed for each of theseemand is described below.

The ptal irrigation watedemandequestsa product of irrigated area and the average quantity of
waterusedfor irrigation. Since irrigation is a supplementadgmandof water, pregitation and
temperature (which is measured throughdbeandof evapotranspiration) play important role

in determining the amount of water needed for a given crop. Since evapotranspiration varies
from year to year, irrigation watetemandalso has yearlyariability. Furthermore, in some
basins,irrigation is provided through irrigation districtssavell as by producers having direct
access to watePrivate irrigators develop their own systeai waterwithdrawal from the local

water body anaf its delivery to the farm gate. Both of these isswese taken into account in
estimating irrigation watedemandor thebasin.More details on this methodology are provided
within each basin chapter.

For the dryland crop productiocsiemandwater isrequiredprimarily for herbicide application.
This waterdemandwas estimatethy the crop mix ineach of the eighvasirs, along withtillage
practicesrotations followedand average amount of waterededor such applications.

The Ivestock vaterdemandwas estimtedfollowing the water requirements approach. Since
water requirements for different types of livestock are dissimilar, a disaggregated approach was
undertaken. This required information on the livestock invertigriype of livestockwhichwas
obtained from Statistics Canadg2006 and 2011a) and fromAgriculture Statistics of the
Saskatchewan Ministry of Agricultu@011b). These data includéeéef cattle, dairy, hogs and
sheep for 201@nd were available at the Crop District (Census Agriculture Retgorl. Other
livestock populationsvere obtained atthe crop district levelrbm StatisticsCanada (2006).
Thesedatacoverlivestockraisedon intensive livestock operations in Saskatchewdrese dta
were obtained from Sask Pork (201@) hog opertons Saskatchewan Ministry of Agriculture
(2008) for feedlot cattle and dairpperations and from Saskatchewan Turkey Producers
Marketing Board2011)for turkeys producing operationsThe categories of hog, feedlot cattle,
turkey and dairy productiowithin a crop district were adjusted tioe given river basin where
the productiondok place

The location of cattle feedlots in Saskatchewalong with thein stated capacity rangevere
obtained from Saskatchewan Ministry of Agriculture (2008). Tiie=ta wereusedto estimaée
feedlot capacity within aiver basin To estimate the number of cattle fed in the feedlots in a
year, thosewith a statedcapacity of 10,000 head or greateeresmultiplied by a factorl.44
(indicative ofnumber oftimes thesededlots are filled)hosefeedlots with less thah0,000 head
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capacitywereassumed to be filled once. The mnathge of the production capacity wasedfor
feedlotswith less than 10,008nimals

Provincial level data fogreenhous@and nurseries werebtained fromStatistics Canada (2010)
According to this sourcehere werel45greenhaseand 35 nurseries in Saskatchewd@ine area

of greenhaisesin Saskatchewan has decreased from 235,75¢ #8007 to 187,626 frin 2010-

- a decline of 20% (StatisscCanada2010) Bedding plants and pett plants are the in main
products,along with the production of vegetables in approximately 12,000 of 187,626fm
greenhaosearea in SaskatchewaBaskatchewan crop district level data from Statistics Canada
(2006 wereemployedto estimategreenhasearea ineach of thebasirs. The waterdemandfor
greenha@iseand nursery activities/as estimatedoy thearea in production and type pfoduct
Water demandcoefficientswere obtained fromBeaulieuet al. (2001) where researchincluded
waterusedfor spraying as well as for cleanup.

In general, therevas alack of information on aquaculture in the province and its various river
basinsThese watedemand were obtained from other sources, if available.

2.3.5.2 Indudry/Mining WaterDemand

Industrial waterdemandin this study included all goods producing industries (excluding
agriculture). This watedemandcovers mining operationsand manufacturing. Manufacturing
activities in the province are located either in camities with municipal water systems, or
outside such centers. Since municigaimestic waterdemandconsiss of the first type of
manufacturing watedemand only the second type @faterdemandequires further estimation.

In this type of waterdemand power generation was added as a separate fijpese are
described briefly below.

(1) For potash mining watedemand the estimation was done on a mine by mine basis.
Estimated watedemandcoefficients were developed for each mibéfferences in the
technoloy utilized for the milling process of the minealong with the type of end
product weretaken into account fahe estimation of watedemandevel.

(2)For oil and gasthe wells drilled and producing oflorm the basis for watedemand
estimation. The aure ofthetechnology for such proceaswas the deciding factor for
the waterdemandestimation.

(3) The estimation of waterdemandfor metdl and nommetal mining was done using a
disaggregateglant specific watedemand

(4) Water demandfor manufacturings related to several factorstype of manufactung,
source of waterand annual productiorievel. Their waterdemandcoefficients were
estimated by taking into account these factors.
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(5) Power generation watelemandwvas estimated by type of powkehydrodectric power
vs. thermal electric power. The first is a langgerof water but thedemandis non
consumptive in nature.

2.3.5.3 MunicipalDomesticwaterDemand

All the basin population residas various types of communitiéscities, townsand villages, or
on farmsandnonfarm unincorporated settlementome of these communities hawenicipal
watersystemswhile others do not.

The btal municipal/domestiavaterdemandwas estimated as a sum of six types: (i) Municipal
waterdemand for citiesandother jurisdictions whermunicipal water systesarein place; (ii)
Domestic watedemandi for towns and other larger urban centers other than cities; (iii) Rural
waterdemandi for villages; (iv) Institutional watedemand (v) First Nationé Reservatbn
waterdemand and (vi) Other domestic watelemand & to include farm and rural nefiarm
water demand among othersThe nethodology for these watetemand is described in this
section.

The btal municipaldomestic watedemandat a community levelvas a product of per capita
waterdemandand population of that given community. Data on wdesnandand population of
various types of communities were obtained from Saskatchewan Watershed Authiogity.
methodology for the estimation of municiftldimesic waterdemandvas designed by estimating
population for various communitieas well agheir respective wateslemand on a per capita
basis. Data for the period 1995 to 2009 were obtained from SWA. Trend analysis was
undertaken applyingthese time sees data. Three types of trends were estimated: (1) Simple
linear trend; (2) Notinear trend using a quadratic model; and (3) Sleqpifunction with
dependent variable in log form. In the case of per capita wateand in addition to the trend
variable, the population of the community was alased The hypothesis was that as
community increases in size, its per capita wdégnandnay decline since some of the common
(public) waterdemand will be shared by more people.

If the trend analysis did notqrucea meaningful resultheaverage ofhe past five yea®water
demandevel wasusedfor current and future watelemandestimation For most communities
the 2010 population was estimated froBtatistics Canada data (Statistics Canafd 2a). In
addition to thecommunity level watedemand institutions were also included. These institutions
coveredhose that wes not supplied water from a given municipal water distribution system.

2.3.5.4 Recreational WateDemand

Recreational(including tourism)water demandwas a result of two typesnonconsumptive
water demandin surface water bodies, and consumptigereationalwater demand The first
type is related to visitation hipurists (local and out of the region) to the basin facilitiegias
assuned to benon-consumptive and thereforequired no further estimatioithe consumptive

August2012 14



Present and Future WateDemandin Selected Saskatchewan River Basins Kulshreshtha, Naggnd Bogdan

recreational facility related watefemandwas further subdivided into two parts: Oneyater

usedfor maintaining the infrastructure on these recreational sites, amj Waterused by
permanent residents of thecreationalcommunities. The first type of watetemandwas
hypothesized to be related the number of esidents and was estimated dyer capita water
demandcoefficient. The secontype was hypothesized tee unelated to the visiterand local
residents. Much of this watelemands for maintenance of the park site, fovxdadministrative

office demand For this estimatea time trend in total amountas estimatedif there was no

trend in the level of watedemand the future amountwas esti mated as t he
average level.

2.3.5.5 Indirect AnthropogenidNaterDemand

This waterdemandis not directly related to human activity, barisesfrom a combination of
natural processes, policy decisspand indirect contributiomof humans. As noted above, this
amountwas a totabf four waterdemand, as described below.

(1) Net Evaporation Loss Estimatiohh was based on the evaporation rate per unit of
area andhe area of the water body withingivenbasin.The area of the body of
water and water depth to a great extent determine the differences in the amount of
evaporation loss among surface water bodies. Shallow water bodies warm up
faster in the spring relative to deeper lakes, while deepdiedal water are
generally icefree for longer periods into the fall. Streams generally bugak
earlier and remain ice free longer than surface water bodies due to current flow.
In southern Saskatchewathe averageannualevaporation is greater than the
avdlable annuabprecipitation As a result, very little precipitation makes its way
to stream flows.

Evaporation generally takes place from large surface water bodies. According to
the Atlas of Canadésee Natural Resources Canada, 20ddfimates of the san
annual lake evaporation iBaskatchewarwaries fromlessthan 50 mm in the
northern part of the provinde 800 mm in theextreme southern part

(2) Environmental WateDemand This type of watedemandwas identified as that
required to maintaiipreservesome environmental goals of the society. Included
in this are activities such as wetland preservation, and other environmental sites.
One must note that some of the activities also attract visitors from the basin and
beyond and could be considered to beurism related. However, available
information did not provide enougburismdetails and thus all the watetemand
was allocated to environmental projedigater demand for these various projects
is highly variable as spring runoff and water fl@rare the main sources of
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recharge. For this reason, it is assumed that after the initial intake to fill the
wetlandsavery small quantit of water is needed.

(3) Apportionment WateDemand This waterdemandis related to policy measures
decided by the provindiaand federal governmenfandthe U.S. government if
the river or stream crosses the international bound@hgt er m A Appor ti on
FIl owo is defined as f | owTygichllg thisflowis subj ec
equal to natural flowbecaise natural flow at the boundary is subject to
appor ti on med907).dheadmiRisaBtion of this watedemands done
by thePrairie Provinces Water Boafdr the International Joint Commission in
the case of streams crossing th&.Woundary) which wasestabished in 1948 to
ensurehatwater resources in the three Prairie Provinces are shared fairly. To this
effect the Provinces of Alberta, Saskatchewan, and Manitoba and the
Government of Canada created the Prairie Province Water Board. Inth869,
four gowernments changethe operation ofPrairie Provinces Water Boardy
signing the Master Agreement on ApportionmerfMAA). This agreement
established an intergovernmental framework to manage trandap/ waters.
This waterdemandappliesonly to those basins where rivers cross a provincial
boundary oaninternational boundary.

4) InstreamFlow NeedsVarious rives and their tributaries areabitas for a variety
of fish and wildlife specieszor sud reasons, there may becommendd winter
and summer base flows maintain these habitats. Since these values differ from
location tolocation, each basin is treatadcording tdts ownattributes

2.3.6 Return Flow and Water Consumption Estimation

The methodology in Section 2.3.5 provides estimategro$s waterdemandi equivalent to

water intake. To estimate water consumption, one needs to take into account water returned to
the original source. The latter is called return flMater consumptiorsisimply the difference
between the water intake and return floMhe return flov is generally associated with district
irrigation projects, idustries, and communities withater and sewer systenKulshreshtheaet

al. (1988)estimated these return flows #llows:

District Irrigation = 25% of the water intake
Urban Communities = 68% of the water intake

For manufacturing industriesStatistics Canad42008a has estimated the watersed for
Saskatchewan for 200&nd its discharge (return flow). Resulare shown in Table.2.
According to these estimate®(% of the total water intake by manufacturing establishments is
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returned to the sourceln more recent (2009) estimates (see Statistics Canada, 2010)
manufacturing water consumption has increasetbt8% of the water intakey 2009

The consumption rate (ratio of water intakléfers from product to product. Unfortunatelsuch
detailedinformation is lackingor the province and for any of the river basifberefore, in this
study, the same ratiof water intake tavater discharged (returned to the sourgay employed
for all industries and all river basins

Table 22: Water DemandCriteria in Manufacturing Industries, Saskatchewan2005

Water Demand Criteria Total Amount in Percent of Total
2005 (dan?) Water Intake
Waterlntake 60,100 100.0
WaterRecirculation 6,400 10.6
Water Retainedin the Processed Goods 5,700 11.9
Lost
WaterDischarge 48,000 79.9

Source: Statistics Canada (2008a)

For other watedemand sectors, \ater consmption for a giverdemandwas also estimated as
total amount of water intake minus retutow. Theseratiosare shown in Tabl2.3. The lowest
proportion of water resulting as consumptioomesfrom urban (municipal systems) water
demand followed by irrigation and manufacturing

Table 23: Water Consumption Levels for VariousDirect Anthropogenic Water Demands

Water Demand Activity Anthropogenic Activity Total Water Consumption
Group as % of Water Intake
Agricultural WaterDemand District Irrigation 75%
Other Irrigation 100%
Industrial WateDemand Potash Production 100%
Oil and Gas Production 100%
Manufacturing 20.1%
Municipal/Domestic Water Municipalities 32%
Demand Other communities 100%
Institutions* 32%
RecreatiorandIndirect 100%
Anthropogenid/Nater
Demand

* Assumed to be drawing their water nedém a municipal system
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24  Methodology for Estimation of Future Water Demand

The uture waterdemandin a given basin isomewhatof an extension of itpast patterrs,
although somduture changes may also plagportant rols in alteringdetermining these water
demandevels

Since presentwater demandis directly related tothe level of economic activities arat
population, @turerequirementwill also be governed by these factors in a similar way. The only
exception to thisnay occuiif there is a significant change in the watlemandcoefficients for
various activitiesTwo factors that can affect watdemandcoefficients in thedtureare

(1) Onset ofclimate dhangeby 2030 or thereaftegnd
(2) Adoption of water conservation measubgsvaterusers

In this study, these events are considebed as a scenario approach. More details on these are
provided in Section 2.9t shouldbe noted that aterdemandievels in the future can also be
altered by the state of water availability, leading amditional water conservation othe
curtailing of certain types of economic activitfes

24.1 Factors Affecting Future Water Demand Levels

The future waterdemandin any region is a culmination dbur types of chang#factors:
economic activitiespopulation and its distribution; watelemandpatternghistory (including
conservation) and changes in the bphysical system (such adimate changeesulting in
varyingwater availability. A rising level of populatioin a given river basiwill affect the level
of water neededfor various economic, sustenan@nd social activities. Population is also a
factor in determining the leveff economic activities in theasin. Bth of these factorare often
very highly correlated.

Nonetheless, thesémation offuture water demandfor various sectors has not been a very
popular area of study except for municipal /andlomestic watedemars. A complete review

of these studies is provided in Kulshreshtha et al. (20R2ough the review of the literature
was helpful in identifying alstable forecasting methodologgn account othe nature of data
available the methods developed weliendar to thoseusedfor the current watedemand This
methodology is described below for each of the tlitect anthropogeniwaterdemand and for
theindirect anthropogeniwaterdemandg.

® Investigation of the implications of water supply on water demand pat®met iattempted in this study, and
therefore, is left for future research.
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24.1.1Future WateiDemandfor Agriculture

Agricultural waterdemandin the futurewill be a result of continuation (with expansion if
possible) of the current five stdectors thatlemandwater. These includerigation, pesticide
spraying,livesgock, greenhousesand nurseries, andquaculture.T h e s t etltbgoligg form
estimatingthese watedemand for the three future time periods is described below.

Irrigation: For irrigation,the methodology for projecting watetemandwas similar in
essenc¢o thatfollowed for current watedemand Two factors required faner attention:
expansion of irrigated area in the future, gmubksiblechangs in the waterdemand
coefficients.The pojected irrigated area in the basin was multgpliy the appropriate
cropwaterdemandcoefficient. The potential ®pansion of irrigathn was based on known
irrigation schemest the time of writing this repartn this estimationthe distinction
between district and private irrigation was maintain@tle future irrigation water
requirementdor crops were estimated by usihGDC (2008a)crop requirement data
combined with an estimate of the growing season precipitatios seedbed moisture

Dryland Crop Production: The estimation of the basin araander variouscrops for
2020 was based on tWAFC (2011a)Medium Term Outlook for 2017Crop area for

the major grains and oilseeds of wheat, durum, canola, flax, and specialty crops of canary

seed, chick pea, field pea, lentilaustard and sunflower were forecasted in this study.
The percentage change in area seededgteea crop fran 2010 to 2020 was applied to

the area seeded at the water basin level in 2009 to arrive at the estimated 2020 seeded

area.Although estimates for 2040 and 2060 have to consider relative net regives
the yield and price of a commodity that will deténe the area seedesuch forecasts
were not available and not considered in this studye relative net returns will be
affectedmainly by the crop response to the climate conditions in 2040 or, 20&h the
expenditure on developing new varietsesl other adaptation measures

In addition to crop mix, a number of other factors can chahgevater demandfor
pesticide spraying in the basifihe majority of crop production in western Canada is
small grains with cereal grains, pulsesd oilseeds cuprising the majority of the
seeded area. The major trendSaskatchewaarop production over the past 20 years has
been the increasatemandof zero tillage (Statistics Cangd#006). Associated with this
trend has been the dramatic reduction in surfatlew andthe greater diversity of crops
grown.

The waterdemandper acrewas calculatedas follows: (i) Aper pass rate of 50 litres per
acre plus a 1% factor for cleanouaisused (ii) This was multiplied bythe number of
passtimes under different ittage systems; and (iii) The above was multiplied thg
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number of acres in zero tillage or minimum tillagéong withplus the area in Chem
fallow or ChemTill Fallow.®

Livestock: The estimation of the production of livestock for 202@&s based oAAFC
(2011a) Medium Term Outlook for 2017.Inventories of animals withithe dairy,
poultry, sheep, hogand beef sectoras well aslaying hens for egg productionere
forecasted. Productivity growth rates for the various sectors are important in egfimatin
the activity levels for the various sectors in 2040 and 2060. The continued
industrialization of the production process for dairy, hog, poudtng egg operations has
implications for the number of animals needed to produce a given quantity of oEgput.
example mpping of the genome will allow for greater accuracy in selecting for desirable
traits and in enhancing the traits that are related to productivity. Intensive livestock
operations at present are able to implement these new technologies Gaplure the
increased productivity gainBorecasts were based anonsideration of these factors.

The type of livestocktheirage, climate, feednd locatioron farm(indoors/outdoorsall

affect the uptake of water. Water needs are generally assbeiith the rate of water

loss which translates intemperaturdeing amain factor. Generally, temperature has a
greater effect on the water requirements of smaller animals dhathose oflarger

animalsA grazing ani mal 6s ythatype of pastmre anll the tims a f f
of year as affeetd bythe weather and moisture content of the forage.

Greenhause and Nurseries For nurseries andgreenhoses the water needs or
requirement per plant was estimated and multiplied by the total nunhj@ards per
nursery. Thidigure was calculated for all the nurseries in the rega@pending on this

sizes. If information was available, future area was estimated. In the absence of any
information thepast trends wenesedas a guide.

Aquaculture: Information on aquaculture, as indicated above, is very poor. If such
information was available for a given basin, it wagplied tothe future period.
Otherwisethecurrent level of activity wapredictedto take place in the future.

24.1.2 Forecasing of Industry/MiningWaterDemand
The nethodsusedto forecastwaterdemandor mining and manufacturg industries in the basin
wasbased on a projection aEwmines andndustries that might be developethere in

® These strategies involve spraying of summerfallow area by chemicals, replacing the need of tilling for control of
weeds.
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An atempt was also made to projebe current operatiortslevels of economic activity in the
future. In addition, new industrial activigs a result oirrigation developmentn the basinvas
also includedThese were called induced economic activities @msisted okeveral types of
value addedoroduction beef livestock(producing new heads of cattle and processing them in
the provincg pork livestock(producing and processing hggsdairy production(coupled with
additional dairy processing activ)tyvegetable processin¢particulaty potato processing
slaughtering and meat processing; aadewable eergy(production of ethandl

24.1.3Forecasting oMunicipalDomesticWaterDemand

Forecasts fomunicipaldomestic watedemandare typically doneby applyingpast trendsn
factors that havebeenshown to influence future watetemand Information on regulations,
pricing, cost of supplyand public education were not available for estimating future water
demandn the basin. As a crude approximation, future wdtmnandwas first g@proximated by
the change in number of watersers(measured as populationfhe btal waterdemandwas
simply a product oprojected population (2020, 2048nd2060) for agiven type ofcommunity
and their respectivevater demandcoefficientfor a givenpoint in time.The estimation of per
capita watedemandwvas based oregression analysisf trendsin a given type of community in
a given river basin. Data on waterdemand and popuktion were collected from he
Saskatchewan Watershed Authofiity the period 1995 to 2009 byype of communityand for
some institution§SWA, 2010).

24.1.4Recreational WateDemand

Future watedemandor recreational communities was based on their sengdopulation andn
per capita watedemand A trend analysis wasndertaken for the watelemandby recreational
facilities.

24.1.5Indirect AnthropogenidNaterDemand
Fourwaterdemand thatwere included in this category are: Environmental purposss;eam
Needs, Evaporation losses from surface water bodie#@maitionment purposes.

The eavironmentalwater demandwas based on future gisfor environmental projects in a
given river basinEstimation of futuranstreamflow needs was assumed to be the sam the
current requirements. Andvaporation was assumhdo remain athe same level as the current
evaporation watedemand The g@portionmentwater demandwas applied to those rivers that
cross provincial or international boundaries. Since this wierands dependent on supply, it
was assumed t@mainatthe average afecentpast period.
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25 Study Scenarios

The waterdemandfor each river basin was estimated under three study scen@ribaseline
scenario, (ii) climate change scenario, and (iii) water conservation scehiagiorethodology
followed for estimatios of waterdemandunderthese scenarios is described below

25.1 Baseline Scenario

A baseline scenarigs generallyused as areference for comparison against an alternative
scenarioUnder this scenaridhe economi¢social system is assuwd to be the same as described
in the previous two sectiong/aterdemandunder the baseline scenario reflects plast trends
andthe bestjudgmentof available.No major structural change in the economy is assumed to
have taken place.

25.2 Climate Change Scenario

Climate changes highly relevant in any forecast of watdemandin the future. The essential
guestion iswhetherCanadians (and those @&ngiven river basincanmanage a change in water
resources that they put on their crops, run through tbhebines, and pipe into their homes
(paraphrased from Waggond©90) Humaninduced climate change isusedby the emissions

of carbon dioxide and other greenisegases (GHGSs) that have accumulated in the atmosphere
over the last century or so. Thaseenough scientific evidence now that makes climate change
serious and compelling (Stern, 2007).

The major changeesulting from climate change aentified bythe Intergovernmental Panel

on Climate ChangelfCC) reports (Easterling et .al2007) incude the following change in
average temperatyrehange in the average precipitatiaistribution of precipitation and its
form (more in the form of rain and less as snowegurrence of extreme evenend ise in sea
level. According toLemmen and Waen (2004) these changes would have significant efect
water resourceql) changes in annual stream flow, possible large declines in summer rainfall,
leading to shortage of supply; (B)creased likelihood of severe drought, increased aridity in
semiaid zones; and (3)ncreases or decreases in irrigation demand and water availability. These
situatiors may lead tosignificant concerns,and notable among these dfg implications for
agriculture, hydroelectric power generation, ecosystems and watettiapment; (2)losses in
agricultural production, accompanied by changesaimd use (3) uncertain impacts on farm
sector incomes, groundwater, stream fl@amd water qality. The same study also nottsat
climate change may also affect water demandaddition to population growth and wealth
distribution, climate change may increase demand for vb&tesiuse ohigher temperatures and
drier conditions.

In this study two major changesesulting fromclimate changevere included: (1xhangefor
averagetemperature (and resulting evapotranspiration) @)dncreased frequency eitreme
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events. Two types of extreme events are expected in the future: extreme dry events, called
droughts (single period, bat&back droughts and longer mufteriod droughts and extreme

wet events (high rainfall and /or intense rainfall in a short period of time), resulting in floods in
some regions.

A review of literature was undertaken to assesgpttentialimpact of climate change on water
demand Unfortunately no sich study was found for Saskatchewarevenfor westernCanada
This review was xenced to North America and other jurisdictionslowever, information
adequate for makingdjustmenrd in waterdemandwasstill less than satisfactorjNonetheless
this revew suggestd variousimplications of clinate change on water resourcéapact on the
water demandmay comenot only througha direct impact of climate characteristics, but also
through indirect linkages. Two important indirect linkagemcernwater qually and water
availability.

Changes in watatemandevel in a given river basin were baseddamandspecific changes as
suggested in the literature by expert @inions. For example, agriculturalater demandwas
based on moisture deficihccordingly, for livestock waterdemand studies that have addressed
this specific issue were consulted. Watdemandfor mining wasalso adjusted using expert
opinion, where available.

Another aspect of climate changethg predictedrequency of extreme evenisdroughts and
excessive rains. Based on the pasip yield records, it appears that during the last 50 years,
there have been four major droughts961, 1988, 20QJand 2002 (Wheaton et. &005). Recent
droughts and excessive moisture events can be coeditdarbingers of the extremes likely to
occur. A precise forecast afroughts though, is very complex, andree arbitrary decisions
werenecessary herelt was assumed that drought frequency by 2020 would remain unchanged
(from the current 8%). As noteabove, by 2090 drought frequency is expected to triple. A
straight line projection wathereforeusedto predictthe future frequency of droughtsstimated

to be13% by 2040 and about 18% by 2060.

With respect to floods, no@adian study was found thiaad predicted these events for the
expectedclimate changeHowever, Drakup and Kendall (1990) state that lacme spring
ravine floodingis expected to decreas®mm an expected increase in winter runa$ well asa
decreased snowmelt and springatinHowever, this effect could not be incorporated.

" This aspect of climate change requires some input fremple whose expertise is climatology and climate change.
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253 Water Conservation Scenario

Provincially, through the Saskatchewan Watershed Authority and locally, through municipalities,
efforts have beempentto make the watensersaware of water shortagesndto convince them

to adopt water conservation practices. Tgoal has been accomplished through several types of
measures, includin@ switch to lower waterdemandappliances (exrebates for low flush
toilets). Programs of various types to eduche&egublicaboutthe demandof water have begn
and are beingused The urgency or force of the approach seems to depend ordiatensupply
side problems,drought,andplant shutdow)y among others. These factors influence adoption of
water conservatiorand thereby affect wateslemand However, predidhg these changes is
somewhat problematiwithout a comprehensive stuay attitudes of the people arah their
willingness to adopt water conservation measuasswel|l research omegulations that may
enice waterusergo adopt water conservation meastsiesuld be conducted.

Much of the literature on water conservatioringited to the domestic watestlemand A review

of the® initiatives is provided by BHC (Undated) Water conservation experiences waittner

water demang have not been prolifatly recordedin the literature. According to the Policy
Research Initiative (2005)water recycling is an important characteristic tbé industrial
response to a price change (a popular water conservation gjed¥ater cost seldom accosnt

for more than one percent of the total cost of produgtionany industrial firms. Moreoverew

studies have been done on the interaction of water price and the price of inputs other than water
(Renzetti, 2002)Additional studies of cost structus@f various types of industrial watasersin
Saskatchewan are needed.

For agricultural watedemand empirical studies have shown that irrigation watemandis
relatively unresponsive to price changes, as a given crop escuicertain amount of water in a
given setting (Policy Research Initiative, 2005). It has been argued that demand for irrigation
waterwill remain inelastic until water costs rise substantially (Bazzani, &04l4).

In light of the large degree of undminty aboutthe impact of water conservation programs and
the rate of adoptiorthe approachchosen heravas to select the conservation potential for each
type of watedemand These results are shown in Table 2.4.

In the following chapters, theesultsof waterdemandfor the current anduture time pdods
under the three study scenarios are presented for each basin.
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Table 24: Reduction in Water Demandby Type of Demand, Resulting from Adoption of
Water Conservation Practices,Saskatchewan SelecteRiver Basins

Savings in Water

Maximum Maximum _
Type of Demand Maximum | Population | Reduction in IIBDaeerﬁr?s(SFieelsg\rli;tt)O
Potential | Adopting Water y
measures Demand 2020 | 2040 | 2060
Municipal Domestic 43% 40% 17.2%| 2.5%| 7.5%| 12.5%
(Community Water
Demang*
Non-Municipal -- -- - | 0.58%| 1.16%| 2.90%
Domestic Water
Demand*
Commercial, Industry 2.5%| 7.5%| 12.5%
and Institutional Water
Demand**
Recreational Water N.C. |N.C. |N.C.
Demand

Irrigation Water
Demand

Estimated using efficiency improvements in water delivery systen
a given crop mix

* Based on the experience of Kelowna, B.C.
** Based on the experience of New Glasgowevid Scotia.
*** Assumed to the level of water conservation for the municipaterdemand

N.C. = No Change
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Chapter 3

Souris River Basin(Saskatchewan Basir# 1)

This chapter presents estimated watemandfor the Souris River Basin, and the research
divided into seven sections. Section 3.1 presents the location of theasmSaskatchewan
and its salient featuresEstimated waterdemand levels for agricultural, industry/mining,
municipal/domesticand recreatiosl demandsare presented in Sections 3.2 to 3.5, respectively.
In Section 3.6variousindirect anthropogenigvater demang are presented. The chapter ends
with a summary of all watetemand for the Souris River Basin.

3.1 Overview of the Basin

The Souris River Basin is located in the extreme southeast corner of the prdviisceasin
housestwo major cities along with severaowns, villagesand First Nation3Reservesbesides
other economic activities. This documentation is based on available secondary data.

The Souris River Basin is one of the component water bodies of the larger Nelson River Basin,
which in turn contributes to the Arctic Ocean through Hudson BagSouris River Basin spans
through two Canadian provinces amge American stateAlthough the Souris River originates

in the soutkeastern part of the provin¢eith headwaters near Cedquortheast of Weyburnit
enters into the L&. (in the State of North Dakogafirst travels south and then northwards
entering into the province of ManitobBhe river has a total length of approximately 700 km and
it drains 61,100 kfm The Souris Rver originates in Saskatchewaftowing past Estevan into
North Dakota before travelling back north to join the Assiniboine River in Manitdbadrsity

of Regina 2008. Its major tributaries in the basin include Long Creek, Moose Mountain Creek,
Antler River, Jackson Creek, and Plum Creek (Canada West Founda88@2). Another
tributary of the river is the Pipestone Creekich flows through the basin and joins the Souris
River in Manitoba.

The Souris RiverBasin is located in southeastern Saskatchewamynded atthe east by
Manitoba and by North Dakota in the south. In the province of Saskatchiheaiver drains an
area of approximately 20,400 knand it is separated into two administrative units, Upper and
Lower Souris (SWA, 2010). Figure 3.1 showhe Souris River Basin and its positioning in the
province. There are six swhatersheds encompassed thye Upper and Lower Souris: Long
Creek, Moose Mountain, Canamgpkr Souris) and Pipestone Creek, Antler Creeakd Four
Creeks(Lower Souris).
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Figure 3.1: Map of Souris River Basin(Saskatchewan Portion)

The SourisRiver Basinarea suffes from severe variations in seasonal water flow, from no flow
during some drought years, to flooding in other years. dieroto ensure flood protection aad
reliable water supply for the region, the 1990s the RafferbAlameda Dam Project was
developed University of Regina2006). The project comprises Rafferty Reservoir, located near
Estevan, on the Souris River and wkeda Reservoir, near Oxbow, on Moose Mountain Creek.
Under this projectthe Boundary and Rafferty Reservoirs were connected through a diversion
channel, enabling water diversion from Long Creek into Rafferty Reservoir (SWAbR T2
reservoirs providevater for various purposes, from power generatioat the Shand Power
Stationi to water for recreational activitiesich adishing, boating, huntingand trapping. The
Souris River also provides water for irrigation purposes.

The Souris River Basin i®cated in a transition zone between grassland and continuous forest.
From the standpoint of land coyegricultureextends across the entire river bagiarrently

more than 90% of the landscape is baisgdas cropland. Table 3.1 shows thed usen the
Souris River BasinAlmost 95% of the basin land isedfor agricultural purposes.

The pulation of the basin in 2010 was estimate8%3515 people, thus constituting almost 6%
of the Saskatchewan populatidviore details are shown in Table 3&though in terms ofand
use the basin isprimarily agricultural, thepopulation is locatedmainly in the urban
communities, as shown in Figure 3The basirouses two citiesi Weyburn and Estevathree
towns, 40 villages antbur First Nation® Reseves The two cities within the basin hee42%
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of the basid gotal population. About a third of the basin population resides in -noman
communities (farms, villages, and other fflarm communities). FirsNationg population is a
small proportion of thdotal in the basin, as only 1,774 people of First Nations ancestry live
within it (which constitutes only 3% of the totalgdation).

Table 3.1: Land Usein the Souris River Basin

Land Cover Area Area (km?) % of Total
Area

Total Area 20,400 100.0%
EvergreerNeedleleaf Forest Area 8 0.0%
Mixed Forest Area 368 1.8%
ShrublandArea 193 0.9%
Grasslandirea 309 1.5%
Cropland and Cropland with  Woodland 19,361 94.9%
Area

OtherLand Cover Area 161 0.8%

Source: Statistics Cada (2000)SWA (2005A) University of Reging2006).

Table 32: Estimated Population of Souris River Basin By Type
of Communities, Selected Years

. Population | Population Change %
Community 1995 2010 2010 over
1995

Estevan 10,965 12,876 17.4%
Weyburn 9,886 11,782 19.2%
Towns > 1000 5,377 6,858 27.5%
Towns < 1000 5,265 6,074 15.4%
Villages 6,578 6,027 -8.4%
Total NonrRural Population 38,071 43,617 14.6%
Rural NonFarm Note 1 1,144 -
Rural Farm Note 1 12,980 -
First Nations - 1,774 --
Total River Basin 38,071* 59,515 NC

Note 1 These populations could not be estimated

* Excludes rurbfarm and nodfarm population in 1995
NC Values in these columns are not comparable.€efdrey, chage is not calculated.
Saurce: SWA (2010), an8tatistics Canad@012a)
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Figure 3.2: Distribution of Population in the Souris River Basin by
Type of Communities, 2010

In addition to agriculture, there are several other major wasgersin the basin.Mining
productionoccus mainly in the form ofcoal mining, anail and gas productiommainly around
the city of Estevan. lnufacturing activitiesnclude only an ethanol plantin terms ofpower
generation, there is no hydroelectpmductionin the basinbut major power generation takes
placeby thethermal generation method

As noted in the previous chaptditect anthopogenicwaterdemandin the Souris River Basin

was estimated for the four major sectoragriculture, mining/industrial, municipal/domestic,
and recreation. In additiomdirect anthropogeniwaterdemand were estimated and added to
thedirect anthropgenicwaterdemando obtaina calculation fothe basin.

The frst step in estimating various types of econdsdcial activities was to identify area
within the basin. Correspondersdeetween administrative boundaries and the basin boundaries
were deeloped using an ovetry of various maps on a river $d@ map.These are shown in
Appendix A (In Table A.1 for vamus censuglivisions in Table A.2 forcersus agriculture
districts, andin Table A.3 forrural municipalitie}. These estimates are based aailable
secondary datdn the next five sections, theaterdemandestimetesfor the Souris River Basin

are presented.
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3.2 Agricultural Water Demand

3.2.1 Overview of Agriculture Sector in the Basin

Agriculture in the Souris River Bastcomprisesa canbination ofcrops;cereat account for half
the crop area in the Soufgver Basin with oilseed comprising 33%. The area under irrigation
is 5,543 acres, mostigonethrough private irrigation. No district irrigation projects have been
listed for thisbasin. Of the total area under irrigation, only 12.4% oirtaeea is servetbr a
centre pivot system of irrigatiofTable 3.3) The remaining area is servieglow cost irrigation
methods.

Table 33: Area under Irrigatio n in the Souris River Basinby Type
of System, 2010

Irrigation System Area Percent

Wheelmove 958 17.2%
Pivots 688 12.4%
Linear - 0.0%
Misc. Sprinklers 1,026 18.4%
Surface 505 9.1%
200 mm Backflood 513 9.2%
Misc. Backflood 1,849 33.2%
Remainder 25 0.4%
Total Irrigated Area 5,563 100.0%

Source:Saskatchewan Ministrgf Agriculture (2011apnd the SWA20118.

In terms of livestock, @ultry production is not a significant livestock sector in the SdRiner

Basin only accountingfor 1.2% of Saskahewa® groduction. Beef cattle production is the
main livestock activity with annual feedlotoutput of about 1/3 of the annual calf crop.
Approximately 8% of the cattle feedlots in Saskatchewan are in this basin. The hog sector
accounts for only 5.3%f the breeding sows and 2.9% of the market hogs in Saskatchewan. The
dairy sector isalso quitesmall with only 3.7% of the proving@s dairy cattle in 2010Although

other types of animals araisedon the farms, their numbers are relatively smalb(&&.4).

The aea ofgreenhouses the Souris River Basin for 2010 was estimated at 2.3 acresth€o
aguaculture related activity was reported in this basin.
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Table 34: Estimated Livestock Population in theSouris River Basin,
by Type of Animals, 2010

Number Number in
Livestock Type in 2010 | Livestock Type 2010
Total Cattle and Calves Other Livestock
Bulls 7,537| Bison 5,520
Milk Cows 1,077| Horses 20,501
Beef Cows 153,567| Goats 1,279
Milk Heifers 94 | Llamas 406
BeefReplacemenitleifers 23,432| Bees 2,291
Feedlot 19,401| Deer 185
Calves 143,858 Poultry and Egg Sector
Hog Sector Laying Hens 8,776
Sows 4,536| Pullets 10,063
Suckling Pigs 98,785| Broilers 50,157
Weaned Pigs 46,606| Other Poultry 613
Growing Finishing Pigs 46,606| Turkeys (M) 226
Boars 173 | Turkeys (F) 151
Sheep Sector Sheep Sector
Rams 247 | Breeding 1,175
Ewes 4,996| Slaughter 3,742

Source: Statistics Cana@2011a), Saskatchewainistry of Agriculture (2011b)
Sask PorK2011), and the SourBurkey Producers Marketing Boaf2011)

Using the methodology described in previous basin reports for Saskatchewan, current (2010)
waterdemandevels for various activities related to agricultural watemandwere estimated.

This was followed by projecting wateemand for three time periods: 2020, 204thd 2060.

For all four time periodghe agricultural watedemandwvas estimated fathree study scenarios:
Baseline, Climate Change, and Water Conservation scenario. These results are presented in this
chapter.

Agricultural water demandwas disaggregated by five types @émandg; and etimates were
made for each of these typda this section, theimpresentation is divided into the same five
sections as noted earliér Irrigated crop production, Dryland crop production, Livestock,
Greenhaoises and Nurseries, and Aquaculture.

3.2.1 Total Agricultural Water Demand

In this section, all dferent types of agricultural watelemand are summarized in this section

for the three study scenarios. On accourtheir small amount, the greenh®esg nurserie , an d
aquacultue waterdemand were combined into a single category.
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3.2.1.1Total Agricultural WaterDemand' Baseline Scenario

The projected water demand for the agriculture sector for the baseline scenaridSwutlse
River Basinis presented in Table%. Crop watedemand(irrigation and pesticide spraying) is
the biggest component which waterdemaned for irrigation is expected to account for 71% of
s eSotris RiesBasvia 2060r The elamya andl beef n

t he

agricul tural

t he

cattle sectors are the next biggest component of water demand. By 2060, the basin could
experiencean increase in watefemandy 9.3% -- from 16 thousand dafito 17 thousand darh

Distribution of the totalemandor the study period is shown in Figure 3.3. Irrigation dominates

the total agricultural watefemandn the basin.

Table 35: Agricultural Water Demand in the Souris River Basin for the Baseline Scenatrio,

Agricultere Wates Demand in dam3

&, 0000

A& 000

2000

L4}

Z00

m

2020 ZO0

o Livestock
Pesticide

W OV

201071 2060
) Water Demandin dam® for
Activity
2010 2020 2040 2060

Irrigation 11,442 11,516 11,682 11,876
Livestock 4,326 4,608 4,762 4,896
Pestiéde 155 155 153 153
Other Agricultural Greenhoses 28 29 30 31
Nurseriesand Aquaculture)

Total Agricultural Water Demand 15,951 16,307 16,627 16,957
% Change over 2010 Level 3.3% 6.2% 9.3%

Figure 3.3: Agricultur al Water Demandin the Souris River Basin, 2012060,

August2012

Baseline Scenaridy Type of Demand

32



Present and Future WateDemandin Selected Saskatchewan River Basins Kulshreshtha, Naggnd Bogdan

3.2.1.2Total Agricultural WateDemand' Climate Change Scenario

Climate changethrough elevatedaveragetemperature and higherdroughtsfrequency will
impart asignificant increase in the watdemandfor agriculturalpurposes. In th&ouris River
Basin this waterdemandwill increase to 19.9 thousand ddmwhich is 24.8% higher thathe
2010levels Compared to the baseline scenaittie, possiblelimate changenpact by 204@will
represenan increase by 10.9% in agricultural wademand By 206Q an increase in this water

demandoy 17.4% is likely (Table 8).

Table 36: Agricultural Water Demand in the Souris River Basin for Climate Change
Scenario, 2010 2060

Activity Water Demandin dam® for
2010 2020 2040 2060

Irrigation 11,442 11,516 13,323 14,485
Livestock 4,326 4,608 4,920 5,227
Pesticide 155 155 160 166
Other Agricultural Greenhaoses 28 29 30 31
Nurseriesand Aquaculture)

Total Agricultural Water Demand 15,951 16,307 18,432 19,909
% Change over 2010 Level 2.2% 15.6% 24.8%
% Change over Baseline Scenario 0.0% 10.9% 17.4%

3.2.1.3Total Agricultural WateDemand' Water Conservation Scenario

The potential doption of water conservation offers a way to reduce agricultural wateandn
the basin. These results are shown in Talle Bnder this scenariohé ptal agricultural water
demandin 2060 could be almost 14.3 thousand Yasome 15.5% lowethan predicted levels

for the baseline scenario.

Table 37: Agricultural Water Demand in the Souris River Basin for Water Conservation
Scenario, 2010 2060

Activity Water Demandin dam® for
2010 2020 2040 2060

Irrigation 11,442 10,542 9,876 9,488
Livestock 4,326 4,608 4,612 4,739
Pesticide 155 155 138 76
Other Greenhaoises Nurseries and 28 29 30 31
Aquaculture)

Total Agricultural Water Demand 15951 15,334 14,656 14,334
% Change over 2010 Level -3.9% -8.1% -10.1%
% Change over Baseline Scenario 0.0% -6.0% -11.8% -15.5%
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3.2.2 Source of Water for Agricultural Activities

Depending on the location dfie particularwater demang some of theseemand have to be
satisfied from surface water bodies, while others maiylled from drawing groundwater. In this
section, he pbtal agricultural watedemandrom these two sources is estimated.

3.2.21 Source of Water for Agricultural Activitiesxder Baselin&cenario

Agriculture utilizes both surface as well as groundwatiwever, this dependence on surface
water is different for livestock vs. for crop production, as shown in Table 3.8. Crop production is
primarily dependent on surface watas in 2010 almost 95% of theateris supplied from such
sources. Livestock wet demandis dependenbn both groundand surfacesourcesin almost

equal proportions. In 2010, this proportion of surfaegerto tatal waterdemandwvas estimated

to be 48%while the remaining 52% was obtained from groundwater souroesll agricultual
demand, 81% of the water is obtained from surface water bodies (Table 3.9).

Table 38: Agricultural Surface Water Estimates by Type oDemand Souris River Basin,
Baseline Scenario, 201D 2060

Type of water demand Amount of Water in dam3 in
2010 | 2020 | 2040 | 2060
Livestock
Dairy and Cattle 1,912 2,044 2,114 2,177
Hog Sector 12 13 13 14
Sheep 7 8 8 8
Other Livestock 134 135 135 135
Poultry and Egg 3 4 4 4
Total Livestock Surface Water Demand 2,067 2,203 2,274 2,33
% of Total Water Demand 47.8%| 47.8%| 47.8%| 47.7%
Crop
Irrigated 10,870 10,944| 11,110| 11,304
Pesticide 124 124 122 122
Greenhose 6 6 6 6
Total Crop SurfaceWater Demand 10,999| 11,073| 11,238 11,433
% of Total WateDemand 94.6%| 94.7%| 94.7%| 94.8%

Table 39: Agricultur al Water Demand by Source of Water in the Souris River Basin,
Baseline Scenario, 201D 2060

Particulars Amount of Water in dam® in

2010 2020 2040 2060

Total Agriculture Water Demand | 15,951| 16,307 16,66 | 16,957

Groundwater 2,885 3,032 3,114 3,186
SurfaceWater 13,066| 13,276/ 13,513 13,770
Surface Water % of Total 81.9%| 81.4%| 81.3%| 81.2%
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3.2.2.2 Source of Water for Agricultural Activitie€limate Change Scenario

Results for the climate change saga are presented in TablelB. Water withdrawals from
surface water bodies in 206@ay increase from 18.thousand dar(under the baseline
scenario) to 16.5 thousand daomder this scenario. Thsmountis 20.1% over the baseline
scenario. Climate cimge will also increaseéhe dependence of agriculture on surface water
bodies slightly, as now 81.9% of the total agricdtwater demandis withdrawn from this
source.

Table 310: Agricultural Water Demand by Source of Wateiin the Souris River Basin,
Climate Change Scenario, 201D 2060

Total Water Demandin dam®
Particulars
2010 2020 2040 2060

Total Agriculture Water 15,951 16,311| 18,432 19,909
Demand

Groundwater 2,885 3,032 3,202 3,367
Surface Water 13,066| 13,279 15231 16,543
Surface Water % of Total 81.9% | 81.4% 82.6% 83.1%

3.2.2.3 Source of Water for Agricultural ActivitieVater Conservation Scenario
The probable idtribution of total watedemandoy source of water under the water conservation
scenario is prsented in Table BL Hence, he amount of surface watdemandappearseduced
from the baseline scenario. The amount of surface wat@ands reduced from 13,770 d&im
2060 under the baseline scenario to only 19.@4n? i a reduction of 18.3%rom the baseline

level.

Table 311: Agricultural Water Demand by Source of Water in the Souris River Basin,
Water Conservation Scenario, 2010 2060

Total Water Demandin dam®
Particulars
2010 2020 2040 2060

Total Agriculture Water | 15951\ 15334| 14,656 14,334
Demand

Groundwater 2,885 3,032 3,031 3,086
Surface Water 13,066 12,302 11,625 11,249
Surface Water % of Total 81.9% | 80.2% 79.3% 78.5%
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3.2.3 Agricultural Water Consumption

A part of the total watedemandby agriculure is returned tats original source. The
methodologyfor estimatingwvater consumption was describedinlshreshtha et al. (2012and

the projectionsfor agricultural demand in the SRBunder the three study scenariase

presented.

3.2.3.1Agricultural Water Consumption Baseline Scenario

Not all water removed from a water body (source) for agricultural purpodestidn fact, a
portion of the agriculturatiemandss returned to the original sourehe Souris River Basin
underthe baseline sceria suggestshe estimateghatare presented in Tablel2 In 2010, the
agriculture in the basin consumed flthousand darhof water, most of which was from surface
water bodies. By 2060, it is estimated thairthevel will increase to 4 thousand darhof water.
The consumption of water falls from 7910 77.5% of the total water intake.

Table 312 Water Consumption for Agricultural Demands by Source of Water, Souris
River Basin, Baseline Scenario, 2012060

Total Water Consumption in dant
Particulars
2010 2020 2040 2060
Total Agriculture Water Consumption 13,090| 13,428 13,706| 13,987
Groundwater 2,742 2,893, 3,067| 3,148
Surface Water 10,349| 10,535/ 10,639, 10,840
Total Consumption as % of Water Intake | 79.1% | 78.5% | 77.6% | 77.5%

3.2.3.2Agricultural Water ConsumptionnderClimate Change Scenario

Water consumption for agriculturgurposes under the climate change scenario is presented in
Table 313. As the amount of water required for district irrigation increaségmihis scenario,

so does the consumption level. By 2060, agricultural activitiepradictedto consume 12,96

dan? of water annually. The return flows as a proportion of total water intake under this scenario
are slightly higher than those for the élage scenario.

3.2.3.3Agricultural Water Consumption Water Conservation Scenario
Under the assumption that irrigators and otigmiculturalwaterusersadopt water conservation
practices the total water consumption will decrease to 12.1 thousand® dign2040 and 11.9

® This return flow may be contributed at a different location than the water intake location. Thus this amount of
water is not available to other users at intake location. However, it may be avtlalownstream users.
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thousanddant by 2060 (Table 3.14 By 2060, water consumption leveisll be 91.3% of the
2010 leveli a reduction of 7.7%Nater consumdn by 20® would be almost three quarters of
the total watedemand

Table 313: Water Consumption for Agricultural Demands by Source of Water, Souris

River Basin, Climate Change Scenario, 20122060

Particulars Total Water Consumption in dant

2010 2020 2040 2060
Total Agriculture Water Consumption 13,090| 13,432| 15,101| 16,288
Groundwater 2,742 2,894| 3,148 3,319
Surface Water 10,349| 10,538 11,953| 12,969
Total Consumption as % of Water Intake | 79.1% | 78.5% | 79.2% | 79.6%

Table 314: Water Consumption for Agricultural Demands by Source of Wate, Souris
River Basin, Water Conservation Scenario, 2022060

Particulars Total Water Consumption in dant

2010 2020 2040 2060
Total Agriculture Water Consumption 13,090 12,698 12,187| 11,962
Groundwater 2,742 2,905/ 2,991| 3,055
Surface Water 10,349 9,793 9,196 8,908
Total Consumption as % of Water Intake | 79.1% | 77.1% | 75.5% | 74.5%

3.2.4 Summary of Agricultural Water Demand

In the Souris River Basinagriculture is a prominent industry and a major wasstr Much of

the demand is takefor crop prodetion (through irrigation and pesticide spraying by dryland
farmers) and for livestock production. In addition, smaller amounts of water aneqiscedfor
greenhases nurseriesand aquacultureAs shown in Figure 3.4he tal agricultural water
demandin the basin is estimated to increase from 15@#T in 2010 to 16,98 dant by 2060i
change by6.3% of the 2010 level. Climate change would bring forth furgherationsn these
levels. Under the climate change scenario, agriculture arithnd19,909 dar of water by

2060. The aoption of water conservation measures could bring a reduction in the level of water
demando 14,334 darhper annum.

In the Souris River Basinmost of the agriculturalemand will withdraw water from surface
water bodies. In the future, surface wateill constitute a higher proportion dhis total
demand However, not all of the water withdrawn is lost, since a portion of it is returned,
particularly from irrigation districts. It is estimated that the pres2tt 8f the water withdrawn

by agriculture is consumedhis level will remain unchanged by 2060. However, a more
aggressive adoption of irrigation by private irrigatoray perhaps reduce this proportion.
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Figure 3.4: Trend in Total Agricultural Water Demandin the Souris
River Basin under Study Scenarios, 2012060

3.3 Industry/Mining Water Demand

The major Industry/miningactivity in the Souris River Basin is a combination of several sources.
Although there isa small waterdemandfor coal mining,as little asfor oil and gas production,

water is alsausedfor power generatiomandfor manufacturing. In this sectiomdustry/mining
(including power generation) activiti@svater demand are described. Manufacturing inisth
explanationincludes only those establishments that do not receive water from a municipal water
system. The other manufacturing establishments are included under the municipal/domestic
waterdemandestimated in the next chapter.

This section is divide into three sulsections: Section 3.3.1 provides an overview of the sector;
followed by Section 3.3,2which describes the total mining/manufacturing (including power
generation) watelemand while section 3.3 addresses sourgef water.

3.3.1 Overview of the Sector

Mining: Coal mining in the basin isindertakenmainly for supplying the needs dhe
Saskatchewan Reer Corporation $askPowgrthermal power generation plants at Boundary
Dam and Shand.In this processcoal is burnedfor producing electc power. Lignite coal
production in this basin accounts for 70% of Saskatchewan produatidnisthus one of the
reasons for th@ower plantdocatiors. A water demandcoefficient of 25.1 darhper tonne of
coal was estimated from production and walenanddata. In October of 201bnecoal mine
began operati®) producing activated charcoal. No estimate of wdmandfor this activity
was availableand thereforei is excluded from the estimates prowida this report
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Oil and Natural Gas: With the advancement in freing® technologythe Bakken fieldwhich is
locatedmainly in the Souris River Basi(Gaskatchewaportion),has become a significaoser
of water for this basin. Oil and gas activity in this basinsists ofapproximately 39% ofne
vertical wells and 64% of the horizontal wells drilled in Saskatchewan in ZRdgkgtchewan
Ministry of Energy and ResourgeX)11).

Manufacturing : The main manufacturing activity in the Souris River Basin desmband water
outside of the municipal sfem is the ethanol plant at Weyburn. This plased147 dan of
water in 2010. Cement plant operatipakng with two private water supply businessae the
other water demand activities in this basin.

Power Generation SaskPower has two thermal @lécity power plants in the bask one at
Boundry Dam and one at Shandth total installed capacity of 1,104 MW and a watemand

in 2010 of 23,164 dafn The waterdemandfor these two plants is the maindustry/mining
demandror waterin this basn. There is also a 5 MW heat recovery electricity generation plant
at Alemeda and a wind farm at Moosormaith a capacity of 27 MW. However, neither facility
demand water in the generation of electricity. Carbon capture and storage to meet GHG
reducton targets at the coéited power plants will result in a drop in the net electricity output.

A reduction in efficiency of 25% is expected for the type of carbon capture planned by
SaskPower (Finkinrath2011). The relative price of electricity from exthative generation
sources to coal fired generati@with or without carbon captuyer a price on emissions will
determine the mix of electricity produced. The net generation capacity of existing coal plants
can be reduced by up to 25% as the carbonuoagechnology is implemented (Finkinrath
2011). Significant reinvestment or retirement decisions at the Boundary Dam plant have to be
made by 2020 and for Shand by 2038 (SaskPo2@tH). Sincethe coalfired plants supply

most of the base load in &aschewanand alternative electricity generation options are not base
load, coal fired plants to 2040 Wtill be a significant factotiowever most of the capacity will

be phased out by 206Details on the plans for the replacememtre not availablat the time

this reportwas written

3.32 Summary of Industry/Mining Water Demand

The industrial and mining watelemandoy sector is presented 8ections3.32.1 to 3.32.3 for
baseline, climate changand conservation scenarjagspectively Power generationactivity
currently has the largestater demandamongthe various sectors in theSouris River Basin
becauselectricitygeneration requires coahd entailsa significantuserof water However, this

° According to the Wikipedia (2012), frackingtise propagation of fractures irrack layerby a pressurized fluidt
is also known as induced hydraulic fracturihgdrofracing, or simply fraccing.
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dominance may change if the current coadirelectricity generation capacity is replaced by
alternative sources

3.32.1 Total Industry/MiningWaterDemand' Baseline Scenario

The industrial and mining water demand by sectors is presented in Balilder the baseline
scenario. Tie btal waterdemandfor these purposes is estimated28920 dant during 210.

This level will derease tdl3,04 dant by 2060,primarily as a result of the decline in oil and
gas production. At preserppower generatiomlemand 80% of the total water for this sector
(Figure 3.5) the replacement of coal fired electricity plants by other electricity generation
alternativeswill alsohave a significant impact on watemand The otheddemand, particularly

by oil and gas produmn, will becomea relatively unimportantwater demandas the fields
mature

Table 315: Total Industry/ Mining Water Demand in theSouris River Basin, Baseline
Scenario, 20162060

Activity Water Demandin dam’
2010 2020 2040 2060
Coal 222 222 222 142
Oil andGas 5,215 7,002 4,201 1,050
Manufacturing 319 307 291 272
Power Generation 23,164 23,164 23,164| 11,582
Total Basin Water Demand 28,920| 30,696| 27,879] 13,046

Coal

Oil & Gas
1%

18%

Manufacturing
1%

Power Generation

Figure 3.5: Total Industry/ Mining Water Demandin the Souris
River Basin, 2010, Baseline Scenario
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3.32.2 Total Industry/MiningWaterDemand’ Climate Change Scenario

Climate changemay impact the total watedemandfor the Industry/miningsector by slightly
increasing the watedemandevels, as shown in Tab16. The btal waterdemandunder this
scenario iigher by 1.7% of the baseline watBmandevel in 2040 and 3.6% higher by 2060.
Power generation still is the dominat@mandn the total mining/industriadector

Table 316: Total Industry/Mining Water Demand in the Souris River Basin, Climate
Change Scenario, 2012060

Activity Water Demandin dam®
2010 2020 2040 2060
Coal 222 222 222 142
Oil andGas 5,215 7,002 4,201 1,050
Manufacturing 319 307 297 283
Power Geneation 23,164| 23,164| 23,628| 12,046
Total Industry/Mining Water Demand 28,920 30,696/ 28,348 13,521
% Change from Baseline Level 0.0% 0.0% 1.7% 3.6%

3.31.3 Total Industry/MiningWaterDemand Water Conservation Scenario

On account of several waterrservation measures available to thdustry/miningsector its
waterdemandevel may be reduceflom the baseline scenario. Results are shown in Taftike
These changewill be observed by 2020, when wattgmandfor this sector is estimated at
28,477 dant, which is7.2% lower than thaestimatedunder the baseline scenario. By 2060,
there is a potential to reduce this wademandby 14.6%, to only 11,143 dan?. The relatively
lower reduction under the water conservation scenario is sésuih alack of decrease in the
waterdemandor power generationthus, water conservation measures do offer a good potential
for reducing waterdemandexcept for power generatiotMuch depends orthe adoption of
practices which are decided by other factting, mostimportant of which is the total cost of
water to the wateuser If the cost is lowlittle attention is paid to reduce wattgmandevel.

Table 317: Total Industry/Mining Water Demand in theSouris River Basin, Water
Conservation Scenario, 20162060

Activity Water Demandin dam®
2010 2020 2040 2060
Coal 222 218 218 139
Oil andGas 5,215 5,952 3,571 893
Manufacturing 319 301 286 267
Power Generation 23,164 22,006| 20,848 9,845
Total Industry/Mining Water Demand 28,90 | 28,477 24,922| 11,143
% Change from Baseline Scenario 0.0%| -7.2%| -10.6%| -14.6%
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3.3.3 Industry/Mining Water Demandby Source of water

The waterdemand by source for each industry sector for the baseline, climate chande
conservation scenarios areepented in Table8.18 to 320. The mportance of surface water
does not changender any othe three study scenariddnder the baseline scenartbe surface
water demandis 80% of the total in 2010, antl increases to @6 by 2060 under the same

scenaio. For other scenarioghe proportion of surface water to totale does not change
appreciably.

Table 318: Industry/Mining Within Basin Water Demandin the Souris River Basin
by Source of Water, Baseline Scenario, 2012060

Sector Source of Amount of Water in dam®
Water 2010 2020 2040 2060
Coal Surface 161 161 161 81
Groundwater 61 61 61 61
Oil andGas Surface 0 0 0 0
Groundwater 5,215 7,002 4,201 1,050
Manufacturing Surface 44 45 46 47
Groundwater 274 262 245 225
Power Generation Surface 23,164| 23,164 23,164 11,582
Groundwater 0 0 0 0
Total Basin Water Demand for Surface 23,370| 23,371| 23,372| 11,710
Industry/Mining Groundwater 5,550 7,325 4,507 1,337
Surface Water as % of Tot 80.8%| 76.1%| 83.8%| 898%
Demand

Table 319: Industry/Mining Within Basin Water Demandin the Souris River Basin by
Source of Water, Climate Change Scenario, 2012060

Sector Source 2010 2020 2040 2060
Coal Surface 161 161 161 81
Groundwater 61 61 61 61
) Surface 0 0 0 0
Oil andGas
Groundwater 5,215 7,002 4,201 1,050
) Surface 44 45 47 49
Manufacturing
Groundwater 274 262 250 234
Surface 23,164 23,164 23,628| 12,046
Power Generation Groundwater 0 0 0 0
Total Basin Water Demand for Surface 23,370 23,371 23,836| 12,175
Industry/M ining Groundwater 5,550 7,325 4512 1,346
Surface Water as % of TotBemand 80.8% 76.1% 84.1%]| 90.0%
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Table 320: Industry/Mining Within Basin Water Demandin the Souris River Basin, by
Source, Water Conservation Scenario, 2012060

Sector Source 2010 2020 2040 2060
Coal Surface 161 158 158 79
oa Groundwater 61 60 60 60
] Surface 0 0 0 0
Oil andGas
Groundwater 5,215 5,952 3,571 893
] Surface 44 44 45 46
Manufacturing
Groundwater 274 257 240 221
] Surface 23,164 22,006 20,848| 9,845
Power Generation
Groundwater 0 0 0 0
Total Basin Water Demandfor Surface 23,370 22,209 21,051 9,970
Industry/Mining Groundwater 5,550 6,268 3,871 1,173
Surface Water as % of TotBkemand 80.8% 78.0% 84.5%| 89.5%

3.3.4 Water Consumption for Industry/Mining Sector
A large quantity of wateusedby the Industry/miningsector is lost. These estimates are shown
in Tables 3.21 to 2.23 for the three study scesatioder the baseline scenarahout21% of
water intake is lost in thes e c tpoodudtisn although over time, by 2060 this proportion is
reduced to 13% of the total water intaRdwe proportion does not change appreciably from the
baseline scenario the other two study scenarios.

Table 3.21: Industrial Water Consumption, Souris River Basin under Baseline

Scenario,2016-2060

Industry Water Demandin dant
2010 2020 2040 2060
Coal 50 50 50 32
Oil andGas 5,215( 7,002 4,201 1,050
Manufacturing 300 289 276 258
Power Generation 602 602 602 301
Water Consumption 6,167 7,943| 5,130 1,641
Water Intake 28,920| 30,695| 27,878| 13,046
Water Consumption as % of Water 213%| 259%| 18.4%!| 12.6%
Intake
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Table 322 Industrial Water Consumption, Souris River Basin under Climate
Change Scenario, 2012060

Industry Water Demandin dant
2010 2020 2040 2060
Coal 50 50 50 32
Oil andGas 5,215| 7,002 4,201 1,050
Manufacturing 300 289 282 269
Power Generation 602 602 614 313
Water Consumption 6,167 7,943| 5,147 1,664
Water Intake 28,920( 30,695| 28,348| 13,521
Yr\]’f‘;ifé Consumptionas% of Water | 51 305 | 25905 | 18.206| 12.3%

Table 323: Industrial Water Consumption, Souris River Basin under Water
Conservation Scenaio, 20132060

Industry Water Demandin dant
2010 2020 2040 2060
Coal 50 49 49 31
Oil andGas 5,215 5,952| 3,571 893
Manufacturing 300 283 272 254
Power Generation 602 572 542 256
Water Consumption 6,167 6,856 4,434 1,434
Water Intake 28,920\ 28,477 24,923| 11,144
Yr\]’f‘;fé Consumptionas% of Water | 51 305 | 24 106| 17.8%| 12.9%

3.4. Municipal Water Demand

The population othe SourisRiver Basin resides in various types of communitiegies, towns

and villages,as well as onfarms and notfiarm unircorporated settlements. Some of these

communities have a municipal water system, while others ddzachtype of communitywas
examined foits respetive waterdemand Each of thesevastreated separately.

3.4.1. Overview of Estimation

Total municipaldomesticwaterdemandwas estimated as a sumtoth e i
water demandlevels For each community typehe total waterdemandwas aproduct of per
capita waterdemandand population of @ community. The data on waterdemandand

populaton of various types of communities were obtained from Saskatchewan Watershed

ndi vi dual
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Authority (SWA, 2010) A list of communitiesorderedby type was developed. This is shown in
Appendix A (Table A.4). This methodology was similer that employedfor the Qu 6 Al p
River Basin Reporfsee section 3.6 idulshreshtha et al. 2012a)

Souris River Basin heses two cities Estevan and Weyburn. The urban population accounts for
more than half of the entire population tfe basiii 63% to be more precis&he btal
population of theSouris River Basin was estimated &8,515 people. The rural population
accounts for nearl$4% of thisfigure with nostof the rural inhabitants residiran farns. Table

3.24 presents variables that affect the domestic wadgaerandn the SourisRiver Basin.

Table 324: Estimated Variables Affecting Domestic WateiDemandin the Souris
River Basin, 2010

Water Proportion of Surface
2010
Category . Demandper Water to total water
Population L. 3
capita in m demand
Esevan 12,876 188.46 94.79%
Weyburn 11,782 161.87 94.79%
Towns > 1000 6,858 139.46 30.04%
Towns < 1000 6,074 127.66 29.11%
Villages 6,027 116.66 52.17%
Rural NonFarm 1,144 116.66 52.17%
Rural Farm 12,980 116.66 52.17%
First Nations 1,774 111.60 50.00%
Basin Total 59,515 - --

Source: SWA2010)

The water demandper capita was one of the coefficienislized to estimate future water
demand Large urban centres recorded higher per camtandemandwhereas the lowest water
demandper capita levelbelonged to the First Natiodsommunities A partial explanation for
these differences ishe multipurposedemandin larger urban centers. These centers have
relatively more manufacturing armmmercial establishments trdggmandwater. According to
Environment Canada (2011), for communities with a population between 50 and 500 thousand,
only 60% of the waterused is expandedfor residential purposesThe st is used for
manufacturing, commeia, firefighting, and other cividemand. However, giverthatthis type

of data were not available for each town and city in the Souris River Baisirstudyconsiders

all thesedemand as if combined into a singldemand resulting in a slighthhigher per capita
waterdemandor the large urban center

Regardingwater sources fodomestic waterdemand Estevan and Weyburare served by
surface watebodies whereador towns surface waterepresent®nly 30% of the total water
demand Rural and Fst Nation® communities rely equally on both surface ajrxdundwater
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Each of these watedemand was estimated for the baseline, climate changed water

conservation scenarios

3.4.2. Estimating Future Municipal Water Demand
The first step in estimatg municipal watedemandwas forecasting the population of the Souris

River Basin.The regression analysis (ordinary least squares) methodusedto forecast the

Kulshreshtha, Naggnd Bogdan

future population (see Tabfe5 in AppendixA). Out of three tested modéldinear, curviinear,

and logarithmic regressiofi the most suitablene was chosento predict future valuesThe
selection was made based on the estimated coefficiantaell as on reasonable leyedf the
forecasts.In the cases where time did not showstatisticlly significant trend a different
approach was appliethe past five year average level of population waedto representshe

future time periodsT h e

The population in the Souris River Basin is expected to modestly increasédmnrent levels
of 59,515 to 64,630by 20607 growth of approximatelyl4% (Table 325). The results also

met hodol ogi cal
River Basin population projectis (for detailsseeSection 4.50f theQu 6 Appel | e
Reportin Kulshreshtha et al20123.

steps undertaken

Ri ver

indicate an increas@ the size ofurban communities, whereas rural population is expected to
diminish by nearly 27% by 206®Relatively speakinghe major growth is expected for thérst

Nation® communities estimatedto increase bymore than twofold.The fcond phase in
forecasting future watedemandwas estimating the watetemandper capita coefficients.

Regression analysis was carried out to determine the effect of population and time on per capita
water consumptio over time. The estimations were done individually for each type of
community located in Souris River Basifihese results are presented in Table A.6 of the
AppendixA.

Table 325 Population Projection for Communities, Souris River Basin for 20102060

Category Population Change in2060
2010 | 2020 | 2040 | 2060 | Population as %
Estevan 12,876| 14,017| 16,299| 18,581 44.30%
Weyburn 11,782 11,829| 11,924| 12,020 44.30%
Towns > 1000 6,858 7,341| 8,410 9,635 16.69%
Towns < 100 6,074 6,115/ 6,199 6,284 7.09%
Villages 6,027 5,779 5,313| 4,885 -18.94%
Rural NonFarm| 1,144| 1,030 915 801 -30.00%
Rural Farm 12,980 11,682| 9,346/ 9,086 -30.00%
First Nations 1,774, 2,080, 2,709| 3,338 136.19%
Total Basin 59,515| 59,873| 61,115| 64,630 13.70%
Population
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In order to estimate the future watsgmandper capita, for each type of communityo types

of factors were included: Trend over time, which could be reflective of water conservation and
other factors® and size of the community. Only Estin and larger towns indicated an effect of
size of the community. For the rest of the population centeeslast fiveyear (20052009)
average watedemandwas utilized as the per capita watksmandfor 2010, 204Q0and 2060
(Table 326).

Table 326: Adjusted DomesticWater Demand Coefficients
(m®/capita) for Baseline ScenaripSouris River Basin

Community Water Demand per Capita (m°)
Type 2010 | 2020 | 2040 | 2060
Estevan 188.46| 188.46| 188.46| 188.46
Weyburn 161.87| 161.87| 16187 | 161.87

Towns > 1000 139.46| 129.10| 108.81| 89.46
Towns < 1000 127.66| 127.66| 127.66| 127.66

Villages 116.66| 116.66| 116.66| 116.66
Rural NonrFarm | 116.66| 116.66| 116.66| 116.66
Rural Farm 116.66| 116.66| 116.66| 116.66
First Nations 111.60| 111.60| 111.60| 111.@®

3.4.2.1. Municipal WateDemandunderBaseline Scenario

For the baseline scenarigstimates were calculatadd wereébased on a simplifying assumption.
The hypothesis was that past trends will continu8anrisRiver Basin.However, future water
consuimption estimates for these communities require more accurate fere€gsbpulation
changeand of changs in their potential acceptance ofvater conservation technologyhe
expected values for water demamuderthe baseline soc@ario are presented in Ble 327. The
total waterdemands expected to increase hearly14% by 2060, fron8,623to 9,215dan.

3.4.2.2. Municipal WateDemandunderClimate Change Scenario

The ptal waterdemandfor domestic purposes under tbenmate changescenario,represats a
product of the adjusted wateéemandcoefficient and the population amployedfor the baseline
scenario (see Tabk.7 in AppendixA).

19 Based on the simple analysis of these communities, these other factors could not be identified. A community by
community study of reasons for the decline is required.
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Table 327: Estimated Municipal/Domestic Water Demandfor the Souris River Basin,
Study Scenarios, 2010 2060

Category

Total Municipal/Domestic
Water Demandin dam®

2010 | 2020 | 2040 | 2060

Change in2060 as
% of 2010 Level

Baseline Scenario

Estevan 2,427 2,642 3,072| 3,502 44.3%
Weyburn 1,907| 1,915 1,930| 1,946 44.3%
Towns > 1000 956 948 915 862 -25.1%
Towns < 1000 775 781 791 802 7.1%
Total Urban Domestic Water Demand 6,066| 6,285 6,708| 7,112 28.0%
Villages 703 674 620 570 -18.9%
Rural NonrFarm 133 120 107 93 -30.0%
Rural Farm 1,514 1,363| 1,090| 1,060 -30.0%
Total Rural Water Demand 2,351 2,157| 1,817| 1,723 -26.6%
First Nations 198 232 302 373 136.2%
OtherDomestic WateDemand 8.81 8.30 7.36 7.36 -16.5%
Total Municipal /Domestic Water Demand 8,623| 8,682 8,835| 9,215 13.9%
Climate Change Scenario
Estevan 2,427| 2,642 3,145| 3,677 51.5%
Weyburn 1,907| 1,915| 1,977| 2,043 51.5%
Towns > 1000 956 948 937 905 -21.4%
Towns < 1000 775 781 810 842 12.4%
Total Urban Domestic Water Demand 6,066| 6,285| 6,869| 7,467 34.4%
Villages 703 674 635 598 -14.9%
Rural NonFarm 133 120 109 98 -26.5%
Rural Farm 1,514| 1,363| 1,116| 1,113 -26.5%
Total Rural Water Demand 2,351| 2,157 1,861| 1,810 -22.9%
First Nations 198 232 310 391 148.0%
OtherDomestic WateDemand 8.81 8.30 7.54 6.86 -22.2%
Total Municipal /Domestic WaterDemand 8,623| 8,682 9,047| 9,675 19.5%
Water Conservation Scenario
Estevan 2,427 2,576| 2,841| 3,064 26.3%
Weyburn 1,907| 1,867 1,785 1,703 26.3%
Towns > 1000 956 942 904 837 -27.3%
Towns < 1000 775 776 782 779 4.0%
Total Urban Domestic Water Demand 6,066| 6,161 6,313| 6,382 14.6%
Villages 703 670 612 553 -21.3%
Rural NorFarm 133 119 105 91 -32.0%
Rural Farm 1,514| 1,355 1,077| 1,029 -32.0%
Total Rural Water Demand 2,351 2,144 1,795| 1,673 -28.7%
First Nations 198 231 299 362 129.3%
OtherDomestic WateDemand 8.81 8.25 7.27 6.34 -28.1%
Total Municipal /Domestic WaterDemand 8,623| 8,544| 8,414| 8,424 -3.9%
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The underlying assumptiom this scenariovas that climate change will increase the water
demandper capita coefficients by 2.4 % by 2040 and 5% by 208@e cdtails on the
methodolgy of incorporating climate change into the watemandper capita coefficient can be
found in section 5.2 of t (Bee Ku@hresiftha etealOl2a) Ri v er
Water demandlevels under this scenarare also presented in Tabl€23 Under aclimate

change scenarijdt is expected thahe 2060level will increase byl2% from 8,623 darhin 2010

to 9,675 darhby 2060.

3.4.2.3. Municipal WateDemandunder WateiConservation Scenario

The estimation of domestic watdemandunder a water ca@ervation scenario for the Souris

River Basin was similar to that followed for the climate change scenario. Adjusteddesatand
coefficients werecalculatedto estimate the total watelemandand are shown in Table A.8 of
Appendix A. Methodological detiai on including water conservational measures into the water
demandoerc api ta coefficient can be found in secti
(Kulshreshtha et al.2012a). Results for this scenario are shown in Eal@27. Since the

population will be enploying water conservatiormeasures, thiscenario is expected to produce

a reduction in total domestic watedlemand The btal domestic watedemandin 2060 is

expected to b8,424dant, nearly3.9% lower thar010level

3.4.3. Municipal Water Demand Summary

A summary of total municipAddomestic watedemandor the2010- 2060 period under the three
study senarios is presented in Figure63Under climate change in @0, the basin will
experience a % increase in municip@lomestic waterdemand whereas undela water
conservation scenaria reduction 00.6% is possible.

Municipal Water Demand in dam3

2010 207 2024 2031 2038 2045

Year

Figure 3.6: Total Municipal /Domestic WaterDemandfor the Souris
River Basin Under Study Scenarios, 2010 2060
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3.4.4. Source of Water foiMunicipal /Domestic WaterDemand
Municipaldomestic watedemand are servebtloth by surface water bodies aoyl underground
aquifers. A summary of this watelemandfor the baselinescenario is shown in TableZ8.

Almost 69% of the total watedemands supplied by surface water bodjemnd it is assumed to

increaseby 2060to 73%

Table 328: Total Municipal /Domestic WaterDemandby Source,
Souris River Basin2010- 2060

. Water Demandin dam®
Particulars
2010 2020 2040 2060

Total Surface Watebemand 5,947 6,073 6,346 6,742
Total GroundwateDemand 2,676 2,610 2,489 2,473
Total Water Demand 8,623 8,682 8,835 9,215
Surface Water % of Total Water 69.0% 6994 71.8% 73204
Demand

3.4.5 Water Consumption for Municipal/Domesic Water Demand
Not all water withdravn (also called intake) is lodtecauseart ofit is returnednto the original
surface water bodies. Although some water may be returned to groundwater stheces,
knowledge of aquifer recharge rates and relatearnmdition are relatively poptherefore, it is
typically assumed that all groundwater withdrawn is loste Dtal consumption of water for
municipaldomesic purposes is shown in Tabl€8. The cetails on methodologwere presented

in Section 2.3.6. Wateconsumption simplyepresentsa difference between water intake and

return flow.

Table 329: Water Intake and Consumption for Municipal/Domestic WaterDemands,
Souris River Basin, Study Scenarios, 2010 2060

Particulars

Water Quantity in dam®

2010 | 2020 | 2040 | 2060
Baseline Scenario
Total Water Intake 8,623 8,682 8,835 9,215
Water Consumption 4,490 4,400 4,266 4,372
Consumption as a % of Intake 52.1% 50.7% 48.3% 47.4%
Climate Change Scenario
Total Water Intake 8,623 8,682 9,047 9,675
Water Consumption 4,490 4,400 4,368 4,590
Consumption as a % of Intake 521% 50.7% 48.3% 47.5%
Water Conservation Scenario
Total Water Intake 7,992 8,023 8,099 8,304
Water Consumption 4,284 4,181 4,024 4,059
Consumption as a %of Intake 53.6% 52.1% 49.7% 48 9%
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The btal water consumption under the baseline scenario for 2010 was estima#@Data?,
which is aboub2% of the total water withdrawn. Thu48% of the water withdrawn is returned
to the original water source sBome shap&" By 2060, the amount of water consunuzireases
slightly to 47% of thetotal water intakeUnder the climate change and water conservation
scenarios, although consumption levels do change, their proportion to totakdestanddoes
not changeonsiderably.

3.5 Recreational Water Demand

3.5.1. Overview ofEstimation

This waterdemandhas two components: ongyariable level ofwvaterdemandrelated topeople
living in recreational communitieswhich is determined byhe number ofpeople and heir
respective watedemandlevel, and, two,a fixed level of water required to maintaark
facilities. Unfortunately details on th&econd type of watedemandwere not availablenp
community was found to meet this criteriah€efefore, analysis wasdertakenby using total
waterdemandoy the recreational sites.

Souris River Basin hgses several recreational sites, amongst whighincludedwo provincial
parks: Moose Mountain Provincial Park and Cannington Manor Provincial Historic Park. Table
3.30 shows all the recreational sites located within the river basin. Moose Mountain Provincial
Park was the third most visited park in the province in 2009, based on permit analyisipafihe

had 276,430 visitors in 2009, an increase of 39% s@004 vsitation rates (SaskParks, 2009).
Cannington Manor recorded relativetyodest visitation rates in 2009 approximately 3,050
visitationg which were 27% lower than in 2004. For the other recreational Hi®® is no
available data on visitation rates.

Table 330: Recreational sites located in the Souris River Basin
Recreational Site Type | Recreational Site Name

Provincial Historic Park

Cannington Manor

Provincial Park

Moose Mountain

Regional Park Moosomin
Historic Ste Roche Percee
Recreation Site Souris
Regional Park Woodlwan

! Cities with a municipal water and sewer systemehtacilities to treat this water before releasing it to a given
surface water body. Whether all towns have similar facilities needs further investigation.
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In terms of watedemand in 201Q the total watedemandfor recreational purposes at Moose
Mountain Provincial Park was 41,604 .nCompared to 2004 levelthe total water demand was
reduced by 27% (SWA, 2010 and 2009). There was no information available ondesatand
for the other recreational sites located in the Souris River Békm future waterdemandfor
Moose Mountain Provincial Park was estimabgdegression analysis.

3.5.2. Estimating Future Recreational WaterDemand
Recreational sites require water for maintenance and for supporting visitor services. In the
following sectionsresults forthe three scenarios are presented.

3.5.2.1. Recreational Wat&emandunderBaselire Scenario

This waterdemandis shown in Table 31. The currentdemandfor recreational purposes is
41.60 dam, and it is expected to decrease by nearly 5492060. The future projection of
visitors is a complex exercissince many factorgan affect trese levels. One of the major
factors among tlse is the size of the water bodiat these sites, and other qualigfated
aspectsHowever, the gality of a site deteriorates as congestion to a site increases, unless
infrastructure and other facilitiesearmproved accordinglyThe sze of the water body ialso

related to changes in the hydrological regime of the region. Such projections were considered
beyond the scope of this study.

Table 331 Estimated Recreational WaterDemandfor the Souris River Basin, Study
Scenarios, 2010 2060

Total Municipal/Domestic 2060 as % Change

Scenario Water Demandin dam® of 2010 %from
2010 | 2020 | 2040 | 2060 |  -evel Baseline
Baseline Scenario 41.60| 37.39| 28.95| 20.52 -50.7% --
Climate Chang Scenario | 41.60| 37.39| 29.65| 21.54 -48.2% 5.0%

Water Conservation
Scenario

41.60| 37.16| 28.60| 19.92 -52.1% -2.9%

7.5.2.2. Recreational Wat®emandunderClimate Change Scenario

Urban and rural recreation, scenery, wildlife habitat, and fisheries ateamly affected by the
guantity and quality of wateand all of these are affected by climate change (Cooper, 1990).
Hydrological droughts result in low stream flows and low lake levels. Thesditions will

likely reduce some of the recreatal actvities, such as boatingnd sport fishing, among others.
Drought conditions may also place some restrictions on recreational activities (open fires for
campers), andause doss of proximity of waterrbm the beach area, among other possibilities
These ativities may also be reduced.
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