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Executive Summary

Water is being recognized as iacreasinglyaluabe commodity; always recognized as vital for
life, it is necessaryor ecologicalfunctions, as well as for social and economic activities. In the
North SaskatchewaRiver Basinthe presenivater supplies are limitedndfurtherexpansion of
water availablity may be a costlymeasure. As the future economic base increases, leading to
growth int h e b populatio®, cmpetition for water could become even fierdélimate
change may pose another threat to the regoamtly from reduced supplies and inased
demand. In short, the dvelopment ofsounderwater management strategiesmy kecome a
necessity in the future, requiringformation on future watedemandlevels. This study was
undetaken toestimate current (2010) watdemandevels ando forecat them forthe basinby

type ofdemand for the 2020, 2040and 2060 pericsl

North Saskatchewan River Watershed near North Battleford
Photo Courtesy of Saskatchewan Watershed Authority

Basin Description

The North SaskatchewaRiver Basin is located in theorthwesternpart of the province of
Saskatchewan. It extenfl®om the Alberta boundary to éhwest to the pointwhere the North
Saskatchewan River joins the South Saskatchewan River to form the SaskatRiesvanhis
basin is just north of thBouth Saskatchewan River Basitcupyingan area of 4,000 square
kilometers, 9% of which is useddr agricultural purposes. The basin houses a populatid87of
thousandpeoplei roughly afifth of the provincial population. Areemajor cities are located in
the basini the cities of Lloydminster (aborder town on both sides of the Alberta
Saslatchevan border), North Battleford, and Prince Albert. The basin is situated ameitern
edge of the potash beltherefore,containing only one potash mine. In addition, irrigation
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development is plannefbr the area The basin also houses major recreatiofadilities,
including national and provincial parks, resort villages, and other facilities.

Methodology

To beginthese estimates, thetal waterdemandwvas broadly divided into two asesOne that
is aresultof socioceconomic activities, calledirect anthropogenigvaterdemand andTwo, that
is subjectto natural and policyelatedfactors, calledndirect anthropogeniwaterdemand The
second category includéour types ofdemang: evaporationapportionment of wateas subject
to the Prairie Preinces Water Board agreememheeting instreamwater flow needs, and
satisfyingenvironmentaprotection/preservatiop r o j reeds s 0

The direct anthropogenicategoryresuls from several types of economic and social activities.
Some of these activitieare related tahe production of goods, while others need water for
sustenance and related social activitidse btal waterdemandfor a given type otlemandwas
estimatedby water demanaoefficients and scale @conomic or social activity. Variouspgs

of waterdemand were identified.

In this study, @iture watedemand(for the years 2020, 204and 2060)wasestimatedor three
scenarios: Baselin€limate Change, and Water Conservation Scegarfioe Baselin&scenario
assumedhat trends based opastdatawill continue iio the future.For the Climate Change
Scenario, waterequirementvas affected bghanges in climate characteristics and occurrence of
extreme events. Watatemandcoefficients forany water related activity exposed to these
condtions were adjusted fahesefuture periodsThe third scenario assuchéhat the province
has developed a water conservation policy #rat measures havbeen adopted by various
consumerso reducevater demand

Water Demand Estimatesunder Baseline Sceario

As shown in Figure E$, totalindirect anthropogenigvater demandin the future was seds
equal to the 2010 levekince all thesedemand are redted to availability of waterwill be
affected by a set of naturi@ctors angolicy changes. Ovehé 20162060 periodthis amounis
estimated to b827,505dant. By 2060, total watedemandn thebasinwill increase tal63,034
dan?i an increase d.9% of the 2010 level.

Waterdemandn the North SaskatchewaRiver Basin is estimated for 2010421,3®@ dan? of

which, the direct anthropogenitype accounted foi93,7% dant (or 22.3% of the total water
demang. An increased amount of irrigated area and expansion of the potash sector are the main
forces behind the change in watlsmand This propoiibn is expected to increase in the future,

as by 2060, thesectvities will account for29.3% of the total watedemanga slightincrease in

the 2010 share. By year 2060, the basin will experience an incred3elf in its total direct
anthropogenievater demandTable ES.1).
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Wt Dernard )

Total Water Use in dam3, NSRB, by Type

Figure ES.1: Distribution of Total Water Demandin the North SaskatchewanRiver Basin
by Major Categoriesof Demand, Baseline Scenario20101 2060

Table ES.1: Water Demandin the North SaskatchewanRiver Basin, Baseline Scenario,

20102060
Amount of Water Demandin dam®
Sector
2010 2020 2040 2060
Agriculture 48,332 50,221| 59,459| 80,944
IndustryMining 10,52 11,82 11,523 12,135
Municipal (Domestic) 26,428/ 27,008| 29,620 32,291
Recreational 90 113 137 185
Total Direct Anthropogenic Water *
Excluding Transfers** 85,38 89,163 | 100,739 125,555
InterbasinTransfers 1,663 3,220 3,220 3,220
Inter-Provincial Transfers 6,752 6,752 6,752 6,752
Total Direct Anthro pogenic Water
Demand* Including Transfers 93,79 99,1% | 110,711} 135,527
Indirect Anthropogenic Watddemand 327,505, 327,505| 327,505 327,505
Total Water Demand Excluding
Transfers** 412,89 | 416,68 | 428,244 453,060
Total Water Demand Including Transfers** 421,32 | 426,610 438,216/ 463,032
% Increase iirect AnthropogenidNVaterDemandOver 4.4% 18.0%| 47.1%
% Increase in Total Wat&emandOver 2010 1.3% 4.0% 9.9%

* Totals may not adg@reciselydue to rounding

**The term refers to botinterbasimandinter-Provincial Transfers
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The btal direct anthropogenigvater demandin the basin was a sum of four types of secio
economic activities: (i) water required for agricultural production and related activities; (ii) water
needed by industries and for minjr(@i) water used by people living in various communities in
the basin, collectively called municipal and domestic wdamnang; and (iv) water needs for
recreational and relatdtuman activitiesThesedemandsare expected to increase over time. In
totd, direct anthropogenigvater demandin the basin will increase t&35 thousand darhin

206Q comparedo the present level of onl§4 thousad dant. As shown in Figure ES, much

of this increase can be credited to agricultural waemand and within tkat, to irrigation
Industrial and mining watedemand are also xpectedto increase but not bya similar
magnitude.

140,000 g Agriculture # Industry/Mining u Municipal (Domestic)

# Recreational M Interbasin Transfers
120,000 - -

100,000 -
80,000
60,000

40,000

Water Demand in dam3

20,000

0 ' ‘
2010 2020 2040 2060

Figure ES.2: Trend in Water Demandfor Direct Anthropogenic Demands by Type,
North SaskatchewanRiver Basin, Baseline Scenario2010i 2060

As a result of varying trends over the 26A@60 period,the composition of totaldirect
anthropogenievaterdemandwill change. As shown in Figure ES.3, agricultwi increase its
share of the total t64%, as oppose to 57% in 2010. Industrial anthining waterdemandshare
will decreasérom the present2% to 10%.
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Figure ES.3: Distribution of Total Direct Anthropogenic Water Demand, Within Basin, by
Type of Demandin the North SaskatchewanRiver Basin, Baseline Scenario2010 and 280

Water Demand Estimates under Climate Change Scenario

As noted above, in addition to the baselioecasts of watelemandtwo other scenarios were

used for making these farasts. One of these scenarios was climate change. Climate change can
have an impact both on water supplies (availabilagyl on water demandHowever, in this

study, investigation was limited to watdemandaspects. Even here, several difficulties were
encauntered in making thestimates. One such problem was availability of information on the
nature of climate change for the basin and its impact on \dateand Therefore, the basis for
making these forecasts is relatively weak, and more research itifommaeds to be generated

in the context of Saskatchewan (and more specificidlyhe North SaskatchewaRiver Basin
situatior). The following results are based on our current knowledge.

Effects of climate change on tlrect anthropogeniandindirect anthropogenievaterdemand
activities in theNorth SaskatchewaRiver Basinare presented in Table ES.&inceindirect
anthropogenievaterdemang are governed by natural changes in the water suggphyell as by

policy changes, thestemand were madeonstant at their respective 2010 lsyeixcept for the
evaporation losses. As supply of water under climate change becomes available, thess estimate
mayneed to be revised.

Higher growing season temperatures will have a significant impact on theltagatcsector as
both crops and livestock will demand more watéhe evaporation of water from water bodjes
which is already a majandirect anthropogenigvater demandis one of the major increased
demands that can be expected with climate chandel Waterdemandor direct anthropogenic
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purposess expected to increase % of the 2010 level. For industrial and mining water

demandno evidence was found that climate change would affecsection

Table ES.2: Water Demand under Climate Change ScenaripNorth Saskatchewan
River Basin, 2010- 2060

Amount of Water Demandin dam®
Sector
2010 2020 2040 2060

Agriculture 48,332 50,221 68,204| 100,495
IndustryMining 10,52 11,821 11,7& 12,65
Municipal and Domestic 26,428| 27,008 31,201 35,236
Recreational 90 113 141 195
Total Direct Anth.ropogenlc Water 85,32 80,163 111.3®| 14853
Demand* Excluding Transfers
InterbasinTransfers 1,663 3,220 3,220 3,220
Inter-Provincial Transfers 6,752 6,752 6,887 7,022
Total Direct Anthropogenic Water

) 93,797 | 99,135/ 121,4B| 158,85
Demand Including Transfers**
Indirect Anthropogenic Watddemand 327,505| 327,505| 341,783| 356,062
Total Water Demand Excluding 412,89 | 416,668 453,04 | 504,646
Total Water Demand Including 421.3@ | 426,640 463,18 | 514,89
% Increase in direct Anthropogenic Water Demand Over 4.4% 30.4% 74.0%
% Increase in Total Water DemandOver 2010 1.3% 9.9%| 22.2%

* Totals may not add due to rounding

**The term refers to both Inter Basand Inter Provincial Transfers

Water Demand Estimates under Water Conservation Scenario

The effect of water conservation measures on the wdéenand activities in the North
SaskatchewaRiver Basinare presented in Table BSAgriculturaland industial adoption of
water conservation techniques and technologies has the greatest impact alirethe
anthropogenicdemandfor water. Howeverthe success ofmost conservation measures is
partially dependent on legislations and regulations that may be iniplaefuture.

The btal waterdemandfor direct anthropogenipurposes is estimated to b&9thousand dafh
by 206071 an increase of approximateB9% over the 2010 level. Relative tbe baseline
scenario, water conservation could redaoghropogeniavaterdemandby 126 of the baseline
estimate in 2060 (Table ES.4). Much of this decrease would likely begtmneduction in the
agricultural and industrial, andining sections
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Table ES.3: Water Demand under Water Conservaion Scenario, North Saskatchewan
River Basin, 20162060

Amount of Water Demandin dam?®
Sector

2010 2020 2040 2060
Agriculture 48,332| 45,750 52,132 69,540
Industry/Mining 10,531 11,319 10,676 10,754
Municipal and Domestic 26,428 26,579 28,217 29,535
Recreational 90 112 134 178
Total Direct Anthropogenic Water 85.381| 83,760 91,159 110,007
Demand* Excluding Transfers**
InterbasinTransfers 1,663 3,172 3,011 2,817
Inter-Provincial Transfers 6,752 6,617 6,617 6,617
Total Direct Anthropogenlc Water 93,796 93.549| 100787 119 441
Demand* Including Transfers
IndirectAnthropogenic Watebemand 327,505| 327,505| 327,505 327,505
Total Water Demand Excluding 412,886| 411,265| 418,664 437,512
Total Water Demand Including 421,301 421,054 428292 446,946
% Increase in Direct Anthropogenic Water -1.9% 6.8% 28.8%
DemandOver 2010
% Increase in Total Water DemandOver 2010 -0.1% 1.7% 6.1%

* Totals may not add due to rounding
**The term refers to both Inter Basin and Inter Provincial Tramssfer

Table ES4: Relative Change in WaterDemandin the North SaskatchewanRiver Basin by
Type of Demandunder the Water Conservation Scenario Relative to Baseline, 2060

Change
(Decrease)n 2060
Type of Demand level % of 2010
Level
Agriculture -14.1%
Industry/Mining -11.4%
Municipal (Domestic and industria -8.5%
Recreational -4.1%
Total AnthropogenidVaterDemand -12.4%

Water Demandby Source of Water
Most of thewater for variouslemand is either obtained frorsurfacewater or groundwater. In
some cases, groundwategin supplement any periodic shortfalls in surface water availability.
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information is availablebut other estimates @based on assumptions. Estimated waéenand

by type is shown in Table ES.5. Based on these estimates, it appears likely that surface water
demandwill increase at a faster rate thdrat ofgroundwaterThe proportion of surface to total

waterdemandncreases frone7.6% in 2010 to75.7%%6 by 2060 as shown in Figure ES.4

Table ES5: Distribution of Total Direct Anthropogenic Within Basin Water Demand by

Source North SaskatchewanRiver Basin, Baseline Scenario2010- 2060

Amount in dam®

Particulars 2010 | 2020 | 2040 | 2060
Surface Water (dah 57,720 60,550| 71,14 94,98
Groundwater (daf) 27,663| 28,613 29,625/ 30,562
Total Water Demand 85,382| 89,163| 100,739 125,5%
Groundwater % of Total 32.4% 32.1% 29.4% 24.3%

Percent of Total

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

2010

W Surface Water (dam3)

2040
Data shown are in dam3

® Groundwater (dam3)

2060

Figure ES.4: Total Direct Anthropogenic Water Demand, Within Basin by Source,North
SaskatchewarRiver Basin, 2010- 2060

Summary

A major increase in the watelemandfor variousanthropogenigurposes is gectedin the

North SaskatchewaRiver Basin by 2060 These changes for the three scenarios and for the

2010- 2060period are shown in Figure E5S.
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Under baseline assumptions, this increase may be as higiaof the 2010 level. Under
climate change, funer increases ould be expectegyrobablyl7% over the 2060 baseline water
demandevel. The aoption of water conservation measures by watersusas the potential to
reduce futurdevels Relative to the baseline scenario estimate, this reductald be in the
magntude of 126. However the effectiveness of these measures would dependhesayily on
the policy measures undertaken by the provincial government and other jurisdictions.

Direct Anthropogenic Water Demand in the
160000 North Saskatcheewan River Basin

140000

120000

EI(IJOOO

'; 80000
g

S 60000
s

40000

20000

0

2010- Baseline = (hma?g%hange = Water L s ervation

Figure ES5: Direct Anthropogenic Water Demandunder Alternate Study Scenarios
in dam®, North SaskatchewanRiver Basin, 2020, 2040 and 2060

The reed for water conservation measures, includiegise of economic instrumentsas been
suggested by the National Roundtable on Economy and Environment. TimeltRae also
reomommendsiRecognizing that accurate water forecasting requires improving how we measure
and report watequantity datagovernments and industry should work collaboratively to develop
appropriate measurement and reporting requirements actarBy-s e ct o r basi so
2012).
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This studyexhibitsa number of limitations. There are several data deficiencies related to factors
that affect waterdemand For instance, themp a c t of climate change
demandis a relatively unstiied subject. Water conservation experience also sufifens a
similar deficiency.Also, ths study treated th&lorth SaskatchewaRiver Basin as a single
entity, butsignificant variability in the watedemandmay exist withinit. ldentification of these
water stress pockets needs to be done in conjunctiorregaédarch onvater supply information
under alternative scenarios.

45
e ch
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North Saskatchewan River in Prince Albert
Photo @urtesy of Saskatchewan Watershed Authority
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Chapter 1
Introduction
1.1 Background

Fresh water is our life liné supportingour economic activityplaying an important role in our

society andmaintaining our culture. It jsherefore, an essential element in the drinanctioning

of economic activities and sectors. Although a common myth is that Canada is fortunate to have
plentiful freshwater resources, in reality there is a mismatch. Most of the water is available in
northernCanadawhereless of thepopulation resles.In contrast, the wre populated areas of
southern Canada have a relatively low availability of wadad ths circumstancecreates an
increased need for effective water management. Parts of southern Saskatchewan face similar
situations with respecbtwater availability.

Traditionally, water is seen as a basic necessity of lifeaaf@h important and most consumed
natural resource. As an important natural resource, water is used for various purposes, including
agricultural production, electricity geration, human consumption, industrial and commercial
economic activity, and recreation, among others. In recentstithere has been increasing
controversy and competition amowmgriousconsumer®f waterbecausesupplies are no longer
meeting demands isome locations. Thissituation could be accentuated by future climate
change, since themaay be an increased need favater for irrigation Economic development
activitieswill also assert the same type of pressure on existing water supplies.

Saskatchwan has both surface water and groundwater. Groundwater is a buried treasure
(Nowlan, 2005). However, ¢t and information on it remaivery scarce (Rivera, 2005). For
surface water, the province is divided into 29 watersheds further aggregated intanagedra
basins. One of these major drainage basins iNthith Saskatchewan River Basin (NSRB)
which is the focus of this study.

1.2 Water Management Issues

Water is a limited resource globally, but in seand regions, such as in parts of Saskatchewan,
this problem is even more acute. At the same time, socigtgrisasinglyconcerned about water
quality and environmental issues in genepaliticularly those related to watdn the past, the
major issue in water management was water availability.s€stawith thisarious traditional
steps have been taken, including additional storage of water, reducing variability of river flows,
and redirecting and utilizing groundwater flows (Cohen et2404). As sources for supply
enhancement dwindle, watersource management is leaning towards demand management
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In the past decades, policies have bfmusedon supply management, but recently, there has
been a transition from watsupply management to watéemand managemerthe goal isto

strike a balace between supply and demartidat by ensuringefficient use of water. Studies
have shown that witthe past and present trend in competition for water in different locations,
the demand will continue to increaséth the population and othewater emergig alternative.

This study isrelevant in the context appropriate policy and planning on water supply and
demand by policy maker# is felt that these policies shoude built on a bettarndestanding of

past and present trends of water consumptilbmate change, population dynamics, migration
and changes in socioecononas well asdemographic characteristics of consumers. This is
important as development of appropriate policies and programs requires good information on
the current level of wateuse by different userKulshreshtha1996. The presentstudy is
therefore relevant for future planning and management of water supply systems in western
Canada.

Demand management involves ways and means to reduce wastefulex@eaditure These
measure are needed sincen some regionsavailable freshwater i;madequatefor the local
demand diverting it from other regions isften replete with economic and political problems.
Similarly, in some areas, facilities to treat, distribwted discharge war may not be&apable of
meeing expanding demarsd In fact, in a Saskatchewan Water Corporation survey of various
communities in 1994, of the 597 communities responding to the survey, 172 indicated that water
supply is a constraint to their future economrowth (Kulshreshthal994). Miller et al. (2000)

also suggest that rural water resources are stressed in mgsyaffacting rural developmerit;

is now, and will continue to be, limited by a wide variety of water issues.

The possible @ntamination of freshwater bodies is another issue several parts of
Saskatchewan. Ruwif from farm land and nutrient loadings as a result of intensive agricultural
practices lead to further deterioration of water quality for maumposes This further reduces
watea availability (both surface water and groundwater).

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

The Intergovernmental Panel on Climate Change (IPCC) has indicated that among the most
important impact of climate change will be its effect on the hydrologic cycle amdvater
management systems (Ayibotele, 1992). For the Canadiameprddyrne et al. (2010) statieat

Amuch of the western half of the canimdreasmgnt i s
influence of the dry tropical climate. Consequently we can expect negative impacts on all
watersheds originating in the Rocky Mountains and on the western Paairi€di mi | ar concl
have been reported by Whitefield et al. (2004). At slaene timethe 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 managemaetentationof
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appropriate economic, legal andstitutional mechanisms) has been proposed by the Dublin
Statement in 199%¢e ICWE, 1992).

Demand management has been recognized as a mhrmeghwhich future water management
should be consideredlong with traditionallyemployedsupply enhancementWater demand
management , according to Brooks and Peters (!
average or peak water withdrawals from surface or groundwater sources without increasing the
extent to which wastewater is degraded T h e s t tair this progesspiso knawledge of
current watedemand However, in order to develop sustainable watanagement, information

on the future is equally important. As the NRTEE @0has indicatediiGovernments should
develop new predictive tools such aater forecasting to improvleir understanding of where

and when water demands might increase. The informgirowided by forecasts will be
important to inform water allocations and managensénattegies in the futu@This study was
carried out to prode suchinformation for theNSRB.

1.3 Objectives andScope of theStudy

This study was designed to estimatater demandin the NSRB of Saskatchewan. Water
demandestimates are developed both for the current period (Year 2010) as well as for future
times (Years 2020, 2040 and 2060). The estimation is doney a disaggregated
approackmethod. Both consumptive and roonsumptive watedemand are included. Factors
affectingthemincluded population (or physical activity requiring water), policy measuras, a
climate change.

1.4  Organization of the Report

The rest of this report is divided into ten chapters. Chapter Two provides an overview of the
NSRB. Major economic activities and population centers are included in this description.
Methods for estimatingurrent watedemandn the basirareprovided in Chapter Three, which

is followed bythe methodologyemployedfor future waterdemandestimation in Chapter Four.
Study scenarios are described in Chapter 5. Wsrandby type ofconsumer igpresented in
Chapters 6 to 9, starting witagricultural water in Chaptei6, industrial and mining water
demandin Chapter 7municipal waterdemandin Chapter 8, aihrecreatonal waterdemandin
Chapter 9. All current and future watdemandestimates under variousudy scenarios are
presented in these chapters. Chapter 10 desaiher watedemand, mainly those that are not
related to human activities. The last chapter provides a summary of results and areas for future
research.
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Chapter 2

Description of the North SaskatchewanRiver Basin

This chapter provides a description of the baseline conditions iN8RB This basin is
especiallysignificant for the province since it houses major urban ceraedsmajoragricultural
activity, besides numerous other aomic activitiessuch as recreation and rnenonomicwater
needssuch as environmentataintenanceThis documentation is based on available secondary
data.

2.1 Location of the North Saskatchewan River Basinh

Like the South Saskatchewan River Basin, theRRSs a river basin that extends over the
provinces of Alberta and Saskatchewan. Its entire drainage area covers the region from the
Rocky Mountairs to the pointwhere it joins with the South Saskatchewan River, just east of
Prince Albert (Canada West Falation, 1982, p. 176). Within Saskatchewan, the North
Saskatchewan River watershed occupiestldusandsquare kilometers It stretches from
Lloydminster (a city at the boundary of Saskatchewan and Alberta) in the west to beyond Prince
Albert in the eastandfrom Luseland in the south almost to Big River in the north. Within the
basin, there are two major river systems (Battle River and North Saskatchewan River), along
with many lakes and gnificant groundwater resourceShe North Saskatchewan River ltse

runs from the bountiful head waters of the Columbia ice fields in the Rocky Moumitaihs
through the industrial heartland of Alberta before delivering a robust flow into Saskatchewan
(SWA, Undated). In contrast, the Battle River is fed mainly througroff and groundwater
collected as it meanders through central Alberta, brg@ more modest flow.

The North Saskatchewan Riv@dSR) has a more reliable source of flow since 90% of its flow
originates from mountain ruoff. The other tributaries (suds the Battle River, Eydl Creek,
and othersjise in the praies andhaveless reliable flows. TiB results in more opportunities for
waterusing development for the NRS than those depending on ephemeral tributafy flows

! More detailed discussion of the basin can denfl in SWA (2007c) and Partners For the Saskatchewan River
Basin (2009).

2 paraphrased using a suggstion made by Mr. Bob Halliday.
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The basin receives water froiberta as a part of the PPWB master agreement both in the North
Saskatchewan River and in the Battle River. In the Battle River watershed supply from Alberta
can be as low as 0.6%1s (Canada West Foundati®@882, p. 182). As eastern flowing streams,

the North Saskatchewan River and its tributaries such as the Battle River and Eyehill Creek are
subject to the PPWB Master Agreement on Apportionment. While the North Saskatchewan
River is regulated by two dams in its headwaters, water withdrawals int@&kde modestBy
contrast, consumptive waterdemang on tributariesof the NSR that cross the ll¥erta
Saskatchewaiborder are significant enough that water apportionment concerns can arise in very
dry years.

The basin includes a diversity of ecosys¢eincluding short grass prairie, aspen parkland and
boreal forest, along with the full scope of human enterpriisat our natural resources can
support. The growing population of 116,500 people shares the cities of Lloydminster, North
Battleford and Pince Albert as well as 100 towns and villages, 51 rural municipaliaes 29

First Nations (NSRB(C2008). The basin is shown in Figure 2.1.

The basin could bkroadly divided intesix watershed$ (1) West watershed (just after the NSR
enters the prowice of Saskatchewawith the city of Lloydminster being the major commercial
center; (2) Battle River watershed, which is located in the south side of the basin, with the cities
of Battleford and North Battleford being the centers of major economic tgct{@) Central
watershed, with numerous tributaries of the N&R;East watershed, where thiéyaf Prince

Albert is located. East of this regiontise pointwhere the NSR joins the South Saskatchewan
River, forming the Saskatchewan Riyef5) Eagle Ceek watershed; and (6500se Lake
drainagebasin.

According to the NSRBC (2008), the NSRB has a drainage area of 41,6004 use details

are difficult to find since the basin extends over two provincial boundaries and most data are
available on a watshed basis. Using three watersheds in the larger basin and Natural Resources
Canada data (as provided by Statistics Canada, 2@d6) uise in theasinwas estimated. More
details on this methodology are presented in Appendix A. Results for the conAliiieeth and
Saskatchewan basins are shown in Table 2.1.

Under the strict assumption that the Alberta and Saskatchewan portion of the basin are similar in
terms of land use, one may conclude that the Saskatchewan NSRB is primarily agricultural. Of
the totl area of the basin, 89% is used for agriculture, about 4% is under grassland, and about
6% is forested or covered by shrublands.
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Noh
% Battleford

(Map courtesy of Water Security Agency, Moose Jaw)
Figure 2.1: Map of the North SaskatchewanRiver Basin

Table 21: Land Use in Selected Watersheds of the North
Saskatchewan River Basin*

Area in % of

Land Cover Category Kkm? Total
Forested area 5,309 4.3%
Shrubland 1,842 1.5%
Grassland 4,328 3.5%
Cropland (incl. woodland) 108782 89.0%
Other 1,908 1.6%
Total Area 122169| 100.0%

* Includes both Alberta and Saskatchewan portmfthe basin
2.2  Population

With regard to population concentrationetNSRBIis notone of thanostpopulatedasinsin the
province. In 2009, it was estimated that some 197 thousand people resided within the basin
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(Table 2.2). Saskatchewandés population in
(1,033,381 people to be exdciThus, the basin luses 19% of the provincial population.

Table 22: Estimated Population of the North Saskatchewan River Basiby Type of
Communities, Selected Years

%
Type of Community Popglgilgn in Poplilgaggn in Iggrleoazt\aelrn
1995

North Battleford 17,917 13,487 32.8%
Prince Albert 46,556 33,507 38.9%
LloydminsteF 28,760 18,953 51.8%
T>1000 27,341 23,413 16.8%
T<1000 11,686 8,839 32.2%
Villages 9,863 13,821 -28.6%
Recreational Villages 329 74 186.5%
First NationsReservations** 12,774 628 1934.1%
Subtotal Non-rural 155231 112,722 37.7%
RuralMunicipalities 22,983 Note 1 -
Farm Population 19,170 Note 1 -
Total Population*** 197384 -

Note 1: These populations could not be estimated

* Based on 2011 Censualues

** Accuracy of this value is a suspett differs from the estimated population by Reseves.
***Total estimate is not accurate since it is basediffarent time periods.

Source: SWA (2010) and SWA (2011).

The btal populationof the basinwas divded into different types of communitiesgions.
Initially the population was divided intarban andural Population. Urban populati@stimates
included cities, towns, villages, bedroom communities, First Nadiidsservations, and
recreational communés. Standarddefinitions for these areas wefellowed. Towns were
further divided intotwo groups: Larger towns those with 1000 people or more, asahall
towns-- those smaller than this level. Bedroom communities were defined as those that had their
populatiors increasing and were within a distance of-480 km (approximately 3@5 minutes

of driving time) to a larger urban centén this case, the cities of Lloydminster, North

% Data obtained from Statistics Canada (2012).
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Battleford, and Prince AlbertHowever, such communities were not foundexist within this
basin.

The wral population was divided intwo categories: farm populati@nd ruralpeoplenonfarm
residing in rural municipalitiesThe farm population was related to farm residences. The
remaining population of a rural municlgg was the componentlassified as nofarm rural
population. This categorization waapplied since the waterdemand patterns in larger
communities could be different from those that are relatively smaller. In addition, ovehéme
growth in these comumities may also be different. A list of the various communities included in
each categoris shown in Table 2.2 presented in AppenBix

The basin has shown a sharp increase in population-riNahpopulation, as shown in Table
2.2, has increased by 3%8over the 1992010 period. Much of this increase has occurred
through the migration of people from other smaller centers within the province or from outside
the province into the three citiésNorth Battleford, Lloydminster and Prince Albert.

Comparedo other river basins (for examplihe South Saskatchewan River Basin), the NSRB
contains a large First Natiobpopulation. In 2010, over 12 thousand people of this ancestry
residedthere,and he rate of growth in this population group is also the Ergé all groups
within the basin. In spite of the higjtowthrate, First Nationdpeople constitutenly 6% of the
total basin population (Figure 2.2).

Farm Population
10%

Nocth Battieford
9%

Rural Municipadities
12%

Prince Albert

24%

Furst Nations
6%

Recreationat Vilkage
%

d e
Villages
5%

¥ Loydminster
T<1000 14%

0%

>1000
14%

Figure 2.2: Distribution of North Saskatchewan River Basin Population by Type of
Communities, 2009

June2012 Page8



Present and Future Water Use in tiNGRB KulshreshthaNagyand Bogdan

The basin is predominantly urban, as the three cities house 47% of the popwRatiah.
population(including farm, norfarm rural, villages, and recreational villagesnstitutes only
27% of the totalpopuldion. Many of the towns act as service centers for the rural population,
either for those residing on farms or in other rural communities.

2.3 Major Economic Activities

A number of economic activities are pursued in M®RB The major goods and services
producing economic activities in the basin are relateddgiocultural production, miningand
manufacturingRecreatioml activitiesand tourism ar@lso significantctivities. These activities
are described further in this section.

2.3.1 Agriculture

The NSRB is an agricultural regionsashown in Table 2. Within this basin 7,551 farms
occupysome 11.5 million acresf land(Table 2.3) An average farm in this basis 1,519 acres.
Over the last five years (20062010),farm size haveincreased by ahu 6.6%,partly because of
thefact thattheirnumber decreased by 17%.

The total farm area ismployedfor crop and livestock enterprises, as well as for other specialty
enterprises (greenhouses, and orchards). As shown in Figueelitl8, undertwo-thirds of this

area is devoted to crops (called cropland), which includes some area for livestock forage.
However, there igalso 104 of the total ara devoted to seeded pastures, anddditioral 22% is
comprised bynative pastures. All these land usepprt livestock enterprises. The basin has all
types of livestock and poultry enterprises.

2.3.2 Mining Activities
2.3.2.1Potash Mining

The NSRB touches on the western edge of the potash ore region, and thus does not have many
potash mines. In fact, theeis only one potash mine, which is owned by Agriamal located at
Vanscoy.The current production capacity tfis mine s 2.1 million tonnes of potasfigble

24), obtained by the underground (conventional) process using water received from the South
Saskatchewan River Basin.

2.3.2.20il and Gas Well Drilling

Oil and Gas well drilling extends mainly into the North Lloyd, Birdbear, and Viking formations
that are within the NSRB. The conventional technology of vertical wells and water flood, along
with the new technology of horizontal well drilling and migtage frac, are used to extract oil
and natural gas from these formations.

June2012 Page9



Present and Future Water Use in tiNSRB KulshreshthaNagyand Bogdan

Table 2.3: Agricultural Activities in the North SaskatchewanRiver Basin, 2006 and 2010

Particulars Value in
2006 2010**
Number of Farms 9,098 7,551
Total Area of Farms (Acres) 12,892,220 11,467,534
Average Size of thBarm (Acres) 1,425 1,519
Crop Production Activities
Land in Crops (Acres) 7,030,479 7,349,248
Tame Hay or Seeded Pasturécies) 1,003,480 1,081,567
Natural Land for Pasture (Acres) 2,757,775 2,533,635
Other Land (Acres) 1,064,816 503,085
Irrigated Area (Acres) 37,305 19,367
% Zero Tillage 60.2% 74.8%
Livestock Production Activities
Cattle and Calves 755,841 633,915
Dairy (cows and Heifers) 9,240 11,099
Hogs 260,770 274,454
Sheep 19,978 11,218
Other Livestock 32,978 45,411
Broilers 683,906 4,895,414
Eqas (# of Layers) 257,468 268,800
Turkey N.A. 143,659

N.A. T Not available

* Estimate of Statistics Canada revised to match the total area for the farms.

** Details on agriculture for 2010 were not available at the time of writing this report.

Source: Statistics Canada (2006); Statisti€anada (2009) and Saskatchewan Ministry of Agriculture

(2011b)
Other Lan Cropland Irrigated
Natural Land for 4% l\ 0%
Pasture
22%
Tame Hay or Seeded Cropland (Dryland)
Pasture 64%
10%
Figure 2.3: Farm Level Land Use in theNorth Saskatchewan
River Basin, 2006
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Table 2.4: Potash Mines in theNorth SaskatchewanRiver Basin

Particulars Details
Corporation Agrium
Location Vanscoy
Mining Technology Underground
Source of Watér Surface
5-year Average Production in Thousanohhes 2,100

1Si Surface; G Ground

2 please note the 2010 watkemands based on the 2011 level of production
These production levels are forecastgmfduction at the time of data collection.
Actual production levels may differ from these levels. These data were obtained
from company websites; financial statert® and annual reports.

SourceCIBC World Markets Inc(2008).

The advent of horizontal well technology aitsl successful application under Saskatchewan
conditions has substantially increased the oil and gas activity in the Viking and Birdbear
formations.Saskatchewan has an estimated reseraverable througpresent and expected
technology developmentsf 6.3 billion barrels of crude oil (NEB, 2008). The Viking formation
(conventional)has 214 million barrels of recoverable resemwbile the Birdbear formation
(heavy oil)has 0.447 million barrels of giand the North Lloydheavy oil)has 3,750.0 million
barrels of oil (NEB, 2008). Appximately35% of theViking, 25% of the North Lloydand

95% of the Birdbear formations are in the RE; giving an estimated oil reserve of 1208
million barrels in the NSRBThe amount of ultimate potential extractable natural gas reserves in
the NSRB is estimated at 50,755 %16, which is 33.6% of Saskatchew@ard50.6 x10 m® of
marketable naturagjas(NEB, 2008).

2.3.2.3Salt Production Activities

Sifto Canada Ltdoperates a salt producing mine at Unity, which is located in the NSRB. The
plant uses a mechanical evaporation processjbgting water into an underground salt deposit

to create satated brine. The brine is drawn out and evaporated in a series of large crystallizers.
As the water evaporates, salt crystals grés. shown in Table B, the mine producers
significant amounts of salt.

Table 25: Salt Mining A ctivity in the North Saskatchewan

River Basin
Particulars Details
Corporation Sifto Canada Ltd.
Location Unity
Mining Technology Underground
Source of Water Surface and Groundwatel
5-year Average Productian Tonnes 154,360
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2.34 Forestry Water Demand

As shown in Table 2.1, only 0.5% of the total area of the bagsaken up byforests.For the
most part this forested land is scrubland. Since these areas are not irrigatedpparting of

any related activity that requires water, it is assumethis study that forest lands dwot
generate any water demaat present Furthermorethey are expectednot to have any water
demandin the future.However, there were a number of forestry product industrial concerns in
the basin. These amecluded in tle industrial waterdemandsectionin the estimatiors of water
demand for the three scenarios

2.3.5 Industrial -- Manufacturing

Manufacturing activities that derive their water outside of the municipal water systems in the
NSRB are presented in Tablé2ZThe ativities include a small refinery, the Biprovincial Heavy

Oil Upgrader, enhanced oil recovery, three agricultural processing ,pkamds four forest
productsrelated activities that do not receive water from a given municipal water sylstem.
addition, there are other industries supplied through municipal systems of Lloydminster and
other towns.

Table 2.6: Water Using Manufacturing Activity in the North Sask River Basin

Product

Type of Manufacturing Produced Location
Ag Processing
North West Terminal Ltd Ethanol Ethanol Unity
Husky Oil Ethanol Ethanol Lloydminster
Prairie Malt Malt Biggar
Refineries
Canadian Crude Separatdms. Oil Unity
Husky Energy (Enhanced Oil Recovery Oil Mervin
Husky Oil Upgrader Oil Lloydminster
Liguid Natural GasStorage
BP Canada Energy Co. Natural Gas Kerrobert
Trans Gas Natural Gas Landis
Construction
Kohlruss Bros. Enterprises (grave Gravel Lloydminster
Other
Nisbet Fire Control Centte Fire Control Prince Albert
Wapawekka Lumber LtCLOSED) Lumber Prince Albert
Carrier Forest Products Lumber Prince Albert
Prince Albert Forest Nursery Nursery Prince Albert

* Included under institutions
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2.3.6 Industrial -- Electricity Power Generation

There are two fyes of power generation facilities within the NSRBatural gas, and waste

heat. Thermal power generation plants that use natural gas include Ermine Power Station at
Kerrobert, Landis Power Station at Landis, Yellowhead Power Station at North Battiédotia,
Battleford Energy Centre at North Battleford, and theyeperation plant at Lloydminster. One
generating facilityuses heat recovery. However, details on only some of these facilities are
available and are listed in Table 2.7. In the estimatiorwafer demand, only the water
consuming power generation facilities are included.

Table 2.7: Electricity Generation Sitesin the North Saskatchewan River Basin

Name | Location | Fuel | Capacity (MW)
Non-Water Consuming Power Generéion Facilities
NRGreen Heat Recovery Proje{ ~ Kerrobert | Waste Heat | 5
Water Consuming Power Generation Facilities
Ermine Power Station Kerrobert Natural Gas 92
Landis Power Station Landis Natural Gas 79
Yellowhead Power Station North Battleford NaturalGas 138
Meridian Cogeneration Station Lloydminister Natural Gas 210
North Battleford Energy Centre| North Battleford Natural Gas 261

Source: SaskPowe(2011).

2.37 Communities and Public Institutions

Municipal water systems supply tHeéemajorurban centerg the basiri Lloydminster, North
Battleford, and Prince Alberall these have domestic (residential), manufacturing, commercial,
and public watedemand. The public watedemands for street cleaning, firefighting, and other
such purpose Most towns and smaller communities provide water to the residenfsramither
economic activities. These communities were classifiedfimodifferent types Cities, Towns
(further divided into largel with a population ofover 1,000 people, and sathi with a
population of less than 1,008eoplg, Villages, Resorts or Recreational Villages, and First
Nation®Reservationsas listed in Table 2.2.

2.38 Recreation and Tourism

The basinhas large water resources for wabased recreational actiag; many of them are
visited by local people and thosao travelfrom outside thdasin A list of these sites is shown
in Table 28.
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Table 2.8: List of Available Recreational Sites in theNorth SaskatchewanRiver Basin

National and Provincial . .
Provincial Recreational Sites Regional Park (R.P.) Sites
Parks

Emma Lake | Anderson Point Atton's Lake R.P. Martin's Lake R.P.
Campground

The Battlefords Provincial | Battlefords River Valley| Meaota R.P.

Battlefords Park

Candle Lake Murray Point Bright Sand Lake Meeting Lake R.P.

Pak Campground

Prince Albert | North Bay Mobile Canwood R.P. Memorial Lake R.P.

National Park | Home Park
Sunset View Clearwater Lake Morin Lake R.P.
West Chatfield Beach | Eagle Creek R.P. Silver Lake R. P.
Aquadeo Resort Emerald Lake R.P. Sturgeon Lake
Village Regional Park
Cochin Resort Village | glenburn R.P. Suffern Lake Regiong

Park
Kenderdine Campus Kindersley R.P. Wilkie R.P.
(EmmalLake)
Lanz Point Little Loon R.P.
Martinson's Beach Little RedRiver Natures
Park

Metinota Resort Macklin Lake R.P.
Village

2.39 Indirect Anthropogenic Water Demands

In addition tothe abovesocioeconomic activities, there are a number of other wagenand
that can be identifiedAlthough some of these arelated to policies or agreements in place, most
of them are not directly related to/or required to undertake various human actiVitese
demand include environmental, apportionment ardounts considerefbr evaporatiorwater
demand Some of thesegimates more closelgesemble ommount of water lost such as in the
case of evaporation water. The definition of wates Inghis study is taken as synonymous with
water not available to other water users.

2.39.1 Environmentaland StreamFlow Needs

One of the major watedemang isthat designatedbr environmental purposes. There are two
major environmentapurposesfor water in the basin. The first one is for maintenance of
wetlands, and the second one is for maintaidéwgls of recreational lakeShe Brazeau and
Bighorn dams on the North Saskatchewan River in Alberta have a combined capacity of 25% of
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the annual flow (SWA 2007b), thus reducing average spring and summer flows and increasing
average winter flows.

2.39.2 Apportionment

The PrairieProvinces Water Board was established in 194hsure water 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 [IBdL969, the

four governments changed how the Prairie Provinces Water Board operated by signing the
Master Agreement on ApportionmeifMAA). This Agreement established an intergovernmental
framework to manage transboundary watérsastward flowing streams.

Under the master agreement, Alberta is entitled to deplete the annual flows of the North
Saskatchewan River and transboundary tributaries such as Battle River and Eyehill Creek by
fifty percent. Saskatchewan in turn must pass on to Manitoba one half of all the waters it receives
from Alberta plus one half of the natural flows arising in Saskatchewan within the Saskatchewan
River Basin. The PPWB performs calculations of the naturalizedsflamown as apportionment
flows, to support the administration of the agreemiotvever, gce the river does not cross a
provincial boundary, no apportionment requirementsaegled for this river. All apportionemnt
needs area counted for in the conteixthe Saskatchewan River Basin.

2.39.3 Evaporationand Percolation Watet.oses

One of the major water users in any basin is water lost through evapanadiqercolatiorirom

rivers andarge surface water bodies. Although some of the waerolatesindergroundsince

that becomea part of the groundwater resource, it is not regarded as lost (or used). Evaporation
losses are related to temperature changetanmather climatic factors suchsaloud cover,
precipitation and wind speedlhere are mangurface water bodies in thmsin Each of these
resulsin some evaporative water losses.

* This information was obtained from PPWB (Undated)
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Chapter 3

Study Methodological Considerations

The study methalfor estimating current watetemandare describedn this chapterandthe
methodology forforecasing future demandss discussed ichapter 4. Ths chapter begins with
nomenclatureppliedin the area of watetemand Conceptsoundin thesereports are described.
The dentification of conceptual watelemand in thebasinis also developed as a paftthe
conceptual framework. Thistepis followed by a review of the literature on watgmand
estimation. This review was undertaken with the hgpegatheing some insights intoa
methodology that could be developed for the stddiye specific nathods followed in this study
for theestimation of 2010 watetemandn theNSRBaredescribed next.

3.1 Nomenclature of WaterDemand

Waterdemandn a river basin can be described through the use of various¢emosptsin the
literature, a variety ofermshave beemsed, often synonymously, with water demand. However,

it should be noted that water demand is an economic concept and unless water users pay a price
for the waterand adjust their watesonsumptionin reaction to price, water demand is a very
distinct concept compared to others. Furthemmahe estimation of wate demand requires
micro-level data under perigf different price levelsSince such data were not available and
collection of primary data was considered to be beyond the scopes @irtipect, this study has
estimated watedemand However, gven a certain chargef pricespaid by the water users, the
current water use can be assumed to be a point on this water demand fitetiener, in this

study, a number of related concepts ased® Each of these concepts is relevant in the
estimation of watedemandin the NSRB. Details on thes concepts are shown inable 3.1.

Water losses are generally from natural factors, and include evaporation and
percolatiofleaching while requirementsare determined bthe need of water for sustaining a
given economic, humaror social activity. Water intake is the amount that is withdrawn to
sustain a given economic activity. Part of this water may be returned to the original source of
water intakebut some of it may be lost in the production process (typically called consumption).
The btal amount of watedemandfor a given economic activity is a sum of water intake and
amount of water recirculateléss the amount returned to the original source.

® The definition of thee concepts has been borrowed from the Terms of Reference for the Study as itbeed by
Saskatchewan Water Authority.
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Table 3.1: Nomenclature on WaterDemand

WATER LOSSES: This refers to the amount of water that is lost due to certain natural activities
such as evaporatioohannel losses, etc. from the point of diversion to the point of use.

WATER REQUIREMENTS : This is the quantity of water needed to sustain or to maintain an
activity. It is different from water intake only if a part of the requirement is satisfied from a
source not usually measured. For example, water requirements of a crop can be satisfied by
rainfall, snowmelt,and waterwithdrawn from surface or groundwater (including that for
irrigation).

WATER INTAKE : Refers to the actual or measured amount of waitdrawn to sustain a
given economic activity, requiremewtr need.

RETURN FLOW: This is the amount of water returned to some ambient source of water
following its use. This water is available to other users at other locationshagime

RECIRCULATIO N WATER USE: This is the amount of water which is used more than once
within a given plant or economic activity.

3.2 Water DemandTypology

Waterdemandcan be classified according to several critestairce of watertype ofdemand
wateras a catalystr(ot consumed or lost) or consumed in the process, among others.

According toits source of water, water can be obtained from surface water or groundwater
sources. Of courséne natural precipitation (less evaporation) is also a source of, wates na

typically included as a water source. Using tgpe of waterdemandcriterion, all water
demand can be broadly classified into two categories: @oasumptivedemand; and Two,
Non-consumptivedemand. In the norconsumptivecategory,all water is eiher returned to the
source or remains unaffected. Different types of users in these categories are shown in Table 3.2.

Conceptually, there can be eigfitect anthropogeniand fourindirect anthropogenitypes of
waterdemand. In four of thedirect antihopogenicwaterdemand, all or some part of the water

is not available to other users (assumed to be lost to consumption), while the other four are
totally nonconsumptive watedemand. Indirect anthropogeniavater demang have two non
consumptive and tavconsumptive watetemang.
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Table 3.2: Types of Water Demand inNorth SaskatchewanRiver Basin

Consumptive Water Demand

Non-Consumptive Water
Demand

Direct Anthropogenic Water Demands

(1)

= =4 =4 -4 -

Agricultural waterdemand Further sbdivided into five
types:

Irrigation waterdemand

Crop Production related watdemand

Stockwatering

Nurseries and greenhouse watemand

Aquaculture related watelemand

(1) Recreatioal water
demandActive and Passive
Water Recreational activities

(2)

Industrial and Mining related watdemand
Industrial (Manufacturing) related watgéemand,
including Intensive livestock operations, Biofuel

(2) Hunting watedemand
(Waterfowl)

processing, and other agricultural processing (Not
served by a municipal system)

(3) Transportation related
waterdemand

Mining waterdemandor metal ad normetal mining,
and for oil and gas production

(4) Hydroelectric power
generation

3)

(3a) Recreational communities and site maintenance

Municipal and domestic watetemand which can be
further divided into the followingypes:

Municipal water demand to include residential
manufacturing, commercigdnd other water demands
Non-municipal domestic watatemand

Farm domestic watetemand

Other domestic watetemand

(4)

Thermal Power Generation watdemand

Indirect A nthropogenic Water Dem

ands

(5) Evaporation watestemand

(5) Instreamwaterdemand

(6) Apportionment watedemand

(6) Environmental water
demand
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The major direct anthropogeniconsumptive watedemand incluce water used for agricultural
activities, industrial and mining producti¢imcluding that for power generatigrgnd municipal
and domestic purposes. Noonsumptive watedemand may include hunting (waterfowl),
transportationand power generation (hyailectric) relateghurposes

Receationalwater demand is comhbnationof consumptive andam-consaimptive demandslhe
consumptive water demand is a result of people living in recreational communities or within
recreational sites (national or provinciarks). The nortonsumptive water demand related to
recreation is from isitu uses of water. Here, two types of uses can be identified.Adtiee
WaterBased Recreatior Activities that require direct access to water (such as swimming,
boating, fishing among others). No water is lost as a result of these activities. Hagsjve
WaterBased Recreation Activities that arendirectlyenhanced by water, such as camgpand
hiking, nature appreciation, aesthetics, among others. &goavater is not et as a resulof
pursuingthese activities.

Although most of these water users withdraw water from surface water bodies, a limited quantity
of domestic, farm related, mining, and industrial watemandis obtained from groundwater
sourcesSeveralbf thesedemang have return flog making water consumption smaller ththe

total intake. This return flow varies for various wadlemand.

In addition to watedemand for socieeconomic activities within the basifgur types called
indirect anthropogenidemand are relevantMost important among these ameaporation water
demandand apportionment watetemand The first one is associated with large water bodies
(such as lakes, reservoirs, and even rivers and streams). The secondewsadas noted
ealier, is directed by regulations and agreements. -Blamsumptiveindirect anthropogenic
waterdemand consist ofinstreamwater needand water diverted to environmental projects.

3.3 Overview of Methodsfor the Study

The ptal waterdemandin the NSRB was estimatedsaa sum of two major categore3irect
anthropogeniand Indirect AnthropogenicThe former include all water demand related to
sociceconomicactivitiesin the basin. The second category includes wdgerang that are not
directly relatel to human activities, although such activities are indirectly affected lm. the
Within each of these categories, walemands estimated byts type. Forcalculations ofach
type of watedemangmethods are described in this chapter.

The direct anthopogenicwater demandrepresentsa sum of four types: (13gricultural and
related production; (2ndustrial and mining, including power generation3) municipal and
domestic; and (4)ecreational purposes. Agriculadr water demandincludes a variety of
purposes mainly for irrigation, water used by dryland farmers for crop production, livestock
water demang and other relatecamountsfor agricultual production Water demand for
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industrial and mining is thaext type ofdirect anthropogeniwater demand Domesticneeded
demands divided into municipal and nemunicipal water systems. The former includes urban
jurisdictions with a municipal water distribution system. It theretakes ina combination of
water demand 1 residential, manufacturing, comne&l, and other service industries, public
waterdemand, and other watefemand. Available data did not permit a breakdown of this total
waterdemandf for this reasonsuch abreakdown was not attemptbdre Large industrial users
that do not receivevater through a municipal system are includedler manufacturingvater
demand

The ptal indirect anthropogeniwaterrepresentsa sum of four types of watelemand: loss of
water due to evaporation and percolation; watdrasedo other regions undexpportionment
agreements; water nesdl to maintain instream flows; and water needed to maintain
environmental projects/activities.

34 Reviewof Previous Studies

In order todevelopa sound methodology for watdemandestimation, aeview of theliterature
can beextremelyhelpful. This review waBmited to studies involving estimation and forecasting
of the demand for water dat) back tothe 1960s.Because of thenormity of such studies, the
scope of this review was limited tbose forNorth American(Canadian and U.S.Australian,
and Europeanresearchesin this sectionthese studies are summarized. Lesson éshftom
them are noted at the end of this section.

34.1 Residential Demand for Water

Residential (also callechunicipal ordomestic) wagr demandestimation has been carried dayt
applyingone of treeapproaches. The first type of study involves estimation of a water demand
function, wheren the impact of water price on water use levels is tested. The second type uses
actual measuremesbf water being uized. The third type of studig more synthetic in naturfie
theyare based oawater requirement approach (where price data are not available or time series
on waterdemandcannot be collected).

The firsttype is undertaken mainlyor the residentialwaterdemand In a study byHowe and
Linaweaver (1967)the authors looked at the impact of price on residential water demand and its
relation to system design and price structure in Melbourne, Ausblissing cross sectional

® Information of this breakdown may be available at the municipal water utility level. Although this information
could be collected froraurveying each of these institutions, this was considered beyond the resources of this study.
This work is left for futureesearchn this area.
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data.ln asubsequergtudyby Aitken et al (1991) other water demand predictors were included

in the crosssectional regression model of residential water denf@aritie same locatiom order

to determine significant variables that affect household residerdiar wonsumption. Arbuext

al. (2003) carried out a survey study on the main issues in the literature on residential water
demand studies. Thstudy reviewed the main contributions to the literature on the estimation of
residential water demand with partlar attention to demand variables, model specification, data
set and econometric (estimation) problems. In reviewing other studies, the authors estimated
residential water demanrual taking into consideration other demand varialitesd in previous
studies. The result shows that water price, incoar@ household composition are important
determinants of residential water consumption.

The second type of study has been undertaken in locations where water demand can be
measuredThis amount is recorded @mtilized for different watedemand. In the third type of

study data on measured watdemandcan also beemployedto estimate a watedemand
coefficient. Failing that water demand coefficients can be based ora synthetic or water
requirement approach

34.2 Municipal Water Demand

Municipal water demand can be a composite of sewdeatand, includingthe residential
aspectHowever, lousehold residential water demand is fundamental to municipal water demand
in urban regions (Kindler and Russel, 498vhere municipal water systems are in place
Municipal water demand has beestimded in several studigskingone of the following dur
approacheqCheng and NBin, 2011} Multivariate regression approach using crssstion

datg Time series analyse Computational intelligence modeland Monte Carlo simulation
approach.

One, Multivariate regression analysesvolve statistical estimation of the relationship between
water demand and some water demand shifter varigbdesunitwaterdemandn these studies
was related tofactors that affect water demamsli¢h asaverage income, number of persons per
household, price of water, etcData requiremestfor such studies are rather large, and need to
be collected through surveys

Two, Time seriesanalysesinvolve changes in water demand overtinidese studies utilized
univariate time series data to determine daily water demandhanddivided water demand

! Examples of this type of stycare Howe and Linaweaver (1967); Cassuto and Ryan (1979); Foster and Beattie
(1979); Hughes (1980); Maidment et al. (1986); Billings and Agthe (1998); Davis (2003); and Babel et al. (2007).
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according to base and seasodamand. Basedemandwas determined as a function of
socioeonomic and climate variable$his method is mostly used for shéetm water demand
forecasting because of its reliance on controlling factors such as income and population (Cheng,
and NiBin, 2011)®

Three, Computational intelligence modekrepurelydata drivenlUnderthis approachdifferent
types ofmodels have been applied to foredh& municipal demand for water. Tée methods
include AgentBased model, Fuzzipgic model and Artificial Neutral Networksiodel. These
studies utilized autoregresse integrated moving avega (ARIMA) and the generalized
autoregressive conditional heteroskedasticity (GARCH) models to estimate water denesad. Th
method generally require a long time series data. Examplesuoh calculationsnclude:
Athanasiadit al. (2005); Jairet al.(2001); Liuet al.(2003); Jain and Kumar (2006); Msiea

al. (2007); Ghiasset al.(2008); Cutoreet al.(2008); Yurduseet al.(2009); and Caiado (2010).

Four, Monte Carlo Simulation Approachs alsoused in water demandricasting in municipal
regions Khatri and Vairavamoorthyl©©84) used historic time series data on water consumption
and appliedMonte Carlo and bootstrap methods to explain the effect of climate change,
population and economic growth on future water demha

34.3 Agricultural Water Demand

Waterdemandn agriculture can be classified into four main categories: irrigation, \@ateand

for livestock, agreforestry, and aquaculturdn addition, in the context of Saskatchewan, water
is requiredby greenhouss. No tudieswere found that havestimated watedemandfor agro
forestry and aquacultureHowever, severastudies have been carried out that estimated the
water demand for irrigation. Heady and Aged (1972) utilizeda linear programming technique

to model agricultural production arnis water demand by individual farms, agricultural regions
and the entire economynderson (1981) carried out an economic analysis of supplementary
irrigation in Skaneo forecasthe potential demand for irrigation wat using crop (potatoes and
sugar beets) prices and irrigation cdstproduction functiorapproachas suggested bigexem

and Heady1978 waschosen Somestudies (e.g. EEA, 2001) utilized the FAO crop coefficient

8 Examples of studies using this approach include Hansen and Narayanan (1981); Maidment and Parzen (1984);
Maidment et al. (1985); Franklin drMaidment (1986); Miaou (1990); Jowitt and Xu (1992); Homwongs et al.
(1994); Molino et al. (1996); Zhou et al. (2000); Zhou et al. (2002); Fullerton and Elias (2004); Aly and Wanakule
(2004); Gato et al2007); Caiado (2007); and Alvisi et al. (2007).
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method, which is based on reference ewamspiration and a crop coefficient (Kc) that accounts
for crop characteristics, development, awdgetative periods, among other elemeris
somewhat similar methodology was followed in Canada to estimate irrigation deatemndby
Beaulieuet al.(2001).

Water demandfor livestock has also been estimateglthe water requirement approach. The
total water demandfor livestock is a sum ofthe number of animals times their water
requirementsThe water requirements include all purposes for which wateeasled, including
that necessarfpr cleaningWater requirements have been developed by type of animals.

34.4 Water Demand for Tourism

The tourism industry requires water for facilities such as landscaping, water parks, swimming
pools, and golf course$tefano, 2004). Taylogt al.(2009) modeled water demand for tourism

in Australia and estimatetthe costs of water provision and operation. In modetimg type of

water demand, the authors utilized secondary data to petf@sequential estimations eded

to forecast the future level of water demand for touriSiarious steps included estimation of
base watedemandin the future, ancconsideration of thenumber of tourist§annually and
during peak periods) to the region

34.5 Water Demand for Hydroelectric Power Generation

No study was found on either estimating or forecasting water demand for hydroelectric power
generation According to Wisser (2004), water demand for hydroelectric power generation can
be calculated by estimating the amount ofexateeded to produce a given amount of energy.
Accordingly, the amount of energy converted by a hydraulic tutireeighthe energy of water

is computed byechnical redtionships.

34.6 Review of Canadian WaterDemand Studies

One of the first studies perting waterdemandin various river basins of therairie Provinces
was conducted by the PPWB (198K8stimated water use waeported for the entire
SaskatchewaiVelson River Basin,sawell as ly individual basin A comprehensive study of
water demandpatterns byriver basins was completed by Kulshreshttaal. (1988). For the
NSRB, water intakédemandwas estimated #8,233dant. A large part of thislemandwas for
irrigation and for residentigburposes Thesedemang were aboub0% and17% of thetotal
basin watedemand respectivelyWaterdemandwas also forecasted for the year 1985yhich

° In this study although individual water sues were presented by river basins, total water use was at the provincial
and entire SaskatchewarNelson River Basin.
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the basinds water use was esUYYDtIOW undes | ncr
alternative scenarios (Brockman and Kulshreshtha, 1988 to a &ck of time series datdhe

estimation was made using either the requirement or water use coefficients batweel on
availableliterature.

34.7 Synthesis of Literature Review

There are a number of observatiasadHe made based on this review. First of thikre have not
been many Canadian studies for various types of wierang. Researchalso show that
different types of methodologies are needed for different types of deweand. The doice of

a particular approach depends a certan extenf on the scenaridfor the consideration, but
largely on data availability. Given the number of studies thave adopted various
methodologies and the inherent limitations of each appr@actultivariate regression analysis
approachand method ofemploying waterdemandcoefficients for forecasting arthe most
common. The latter approach is more common wtiere series data are available.

3.5 Methodology for Current Water Demands

3.5.1 Correspondence between Administrative Boundaries and the River Basins

In Canada, mach of the secondary dai collected by administrative boundariésxamples of

these include rural municipalities, census divisions, census agriculture regions, towns, villages,
and First Nation§Reservations, among othets. order to use #sedata, a table showintihpe
relationshipamongthe various river basins and thedministrative regions was created. The
criterion for developing correspondeseeas the area within each administrative region that was
within the river basin. It provided nthallenge for those administrative regions that were wholly
within the river fasin For those that were partially within the river basin, an overlay of the river
basin map anthe administrative boundaries map was used. Proportions were based on a visual
estimate of the area within the basin. Tasultingtable is shown in Appendi€. This includes
relationships for census divisions, census agricultural districts, and for rural municipalities.

35.2 Overview of Methodology for Estimation of Current Water Demand

With a limited amount of time series information on price and quantity of wharand water
demand functions could not be estimated. As the next best alternhéestimation of current
waterdemandn this study was based on a watlemandcoefficient multiplied by the level of
economic activity in question. Methsdvere modified where time series data were available.
Such cttails on the methodology adopted for various types of wigi@and are provided in the
next section.
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3.6 Water Demand Estimation Methodology by Type of WaterDemand

3.6.1 Agricultural Water Demand

Agricultural waterdemand in this studywas estimated in a disaggregated mannke wtal

agricultural waterdemandwas divided into the following five types: (1) Irrigah water
demand (2) Stockwateing; (3) Crop Productionrelated waterdemand (4) Nurseries and
greenhouse watedemand and (5) Aquaculture related watelemand The nethodology
followed for each of thes#emand is described below.

3.6.1.1 Irrigation Water Demand

The vtal irrigation watedemandepresents product of irrigated area and the average quantity
of water used for irrigation. Typicallysince irrigation is a supplementary use of water,
precipitation and temperature (which is measured thirdhg use of evapotranspiratioplpy
important rols in determining the amount of water needed for a given dfapghermore, as
evapotranspiration varies from year to year, irrigation wadenandalso has yearly variability.

In the NSRB, most of the igation is organized on individual irrigator basis, called private
irrigation. There is some block irrigatitfhwhere water is supplied through an irrigation
infrastructure and its use is regulated by the Irrigation Disffias districtis a block of lad
where water use is regulatedne of these regulations is that irrigation water is allocated along
with a maximum amount allowed. Private irrigators develop their own sgsténwater
withdrawal from the local water body armdrangeits delivery to the &rm gate. Therare no
regulatiors that goverithe amount of watezxpendedy private irrigators

These issues are taken into account in estimating irrigation demeandfor the basin. In the
following explanation, thestimation of irrigated area aasterage watedemandaredescribed.

Area for Irrigation: The current irrigatedarea in Saskatchewanral municipalities was
obtained fromirrigation Branch Saskatchewan Ministry of Agricultur011a) and the
SWA (2011b) The details included area by igdiction andmethodof irrigation. The
total irrigated area ir2010 br theNSRB was estimated &3,567 acres, of which,709
acreswere in theNorthminster Irrigation District (NID), as shown Trable 33. The rest
of the area was assumed to be serwegvate (nordistrict) irrigation. As shown in
Figure 3.1, district irrigated area in onl¥% of the total, while the maining 93% is
under private irrigation.

%1n the NSRB, thee is one irrigation district with smaller irrigated area and anothisripr@anning stages.
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Total District
7%

Total Private
93%

Figure 3.1: Distribution of Irrigated Are ain the North SaskatchewanRiver Basin,
2010, by Type of Jurisdiction

Average WateDemandfor Irrigation: Average irrigation watedemandwas equated to
the crop water deficit for each crophis deficitwas estimated as the water requirement
of the cropminus the average growing season precipitationandunt ofspring time
soil moisture wailable to the crop The crop mix and efficiency of the irrigation system
werealso examineth orderto arrive at an average amount of water used.

Table 3.3: Irrigated Area in the North SaskatchewanRiver Basin, 2010

Irrigation District Area in Acres
Northminsterrrigation District 1,709
Total District Irrigation Area 1,709
Total Privatdrrigation Area 21,858
Total North Saskatchewan River

N 23,567
Basin Irrigated Area

Source SIPA (2008A); Saskatchewan Ministry of Agriculture (201da)l SWA (2110.

Since there were ncathavailable for theNSRB by method of irrigation, the information
was consulted for thieake Diefenbakebevelopment Area (LDDA)Time series datéor
water demandper unit of irrigated area were obtained fr@askatchewan Agriculture
Irrigation Branch (undated) fothree major LDDAIrrigation districtsi Riverhurst
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Irrigation District (RHID) Luck Lake Irrigation District (LLID), and South
Saskatchewan River Irrigation District (SSRID). the LDDA, there are two types of
technologiesemployeal for water delivey to the farms{(i) canals and pipelines, arf)
direct pipelines from the reseows to the farms. Those connected solely through
pipelinesare expected thave a lower average watéemandrelative to thosautilizing
other methods of farm water deliveri&etails on these conveyance methods are shown
in AppendixD (TableD.1).

Wate for irrigation in theSSRIDis delivered by canallhe esults suggested thalue to
thetechnical efficiency of water delivery, and other water conservation measures adopted
by producers, watatemandn this districthas declined frord50 mm perirrigatedacre

in 1968 to275mm perirrigatedacre in 2009Those astricts with pipelines include IR

and LLID. In these districtsheamount is much lower than thagedin the SSRID. Here,
average watedlemanddeclined from about 200 mm per acre to 175 penacre over the

1990 to 2009 period (Saskatchewan Agricultunegation Branch, undatedHowever,

the year to year watedemandis highly variable depending on growing season
temperature and precipitation. Detailed data on ttleseLDDA irrigation districts are
shown in AppendiD (TableD.2).

The average watedemandfor irrigation in theNSRBin 2010 was based on the amount
used in the SSRID. Sindbe amounis determined byhe method of water delivery to
the crop, data on this aspect wal® collected.

Holm (2008) estimated a range of efficiencies for a number of irrigation systems for the
Prairie ProvincesThe cetailsof this researclare shown in Table 8. No adjustmentvas

made to thee coefficientsfor the efficiency of the conveyancanethod.However, it is
implicitly assumed to be included in the coefficients for the SSRID.

According to these estimatesat®r consumptioncan vary from 200 mm per acre to
571.8 mm per acre depending on the type of irrigation system employed. The lower
amountoccurson account of the allocation of water for the 200 mm backflood irrigation
method. The higher leved taken withsurface irrigation methods (See Figure 3.2). The
sprinkler systems typically havehagher efficiency and therefoie lower per are water
demand especially if low pressure drop ke technology is usedwhere water use
efficiency increase to 80%)

To estimate the water demand for the irrigated area of the NSRB, two other types of
information were needed. One, the distributionadéltirrigated area by method of water

delivery to the crops; and, two, types of crops grown for each method of water delivery.
The details on distribution of total irrigated area in the basin by method of water delivery
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are shown in Table 3.5. Aimost airth of the total area (34.8%) is irrigated by pivots,
followed by backflood system (7.3%), and by miscellaneous backflood (31.2%). A little
over half of the total irrigated area is served by sprinkler irrigation systems.

Table 3.4: System Efficiency and Water Application Coefficientdor the
North SaskatchewanRiver Basin Irrigation

Water Delivery Method System | 2010Coefficients
Efficiency | (mm per acre)

Wheelmove 65% 395.8
Pivot 75% 353.7
ng Pressure Drop Tub 80% 3327
Pivot*

Linear 65% 395.8
MiscellaneousSprinklers 65% 395.8
Surface 45% 571.8
200mm Backflood 2000
Misc. Backflood 45% 554.8
Remainder 45% 554.8

* Obtained from Alberta Irrigation Projects Association (Undated).
Source:Rest of the coefficients frordolm (2008) for technology efficiency; Estimation
of coefficients from crop water deficit, crop mand system efficiency.
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Figure 3.2: Water Demand Coefficients for Different Type of Irrigation
Methods
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Table 35: Irrigated Area in the North SaskatchewanRiver Basin,
by Type of Irrigation System, 2010

Irrigation System Total Area Percentof
Total

Wheelmove 3,606 15.3%
Pivots 8,212 34.8%
Linear 104 0.4%
Misc. Sprinklers 1,595 6.8%
Surface 427 1.8%
200 mm Backflood 1,719 7.3%
Misc. Backflood 7,344 31.2%
Remainder 560 2.4%
Total 23,567 100.0%

Source: Saskatchewan Ministry of Agriculture (2014 the SWA2011H

The secondody of information needed for estimating the watiermand coefficient for
irrigation is that pertaining to crop types grown tire irrigated lands in the basin.

However, éta on the mix of crops grown on irrigated lands in the basin are not available.

Although for irrigation districts, some data are collect®ach information for the private

irrigators is not available. Irrigation district producers in the LDDA have been surveyed
and their crop mix is reported in Table 3.6. THERBS s

crop

mi X wa s

consultation with Mr. John Linsley of the Sasitawan Minigry of Agriculture (2011c).
This mix of crops for all seeded arehowsmore area for the cereal crops and less for the
forages. Unfortunately, data on vegetable, potato, fad berry production is either not
available at the crop disttitevel, or-if availableunusablebecause oflata suppression to

meet confidentiality requirements. These high value (on a per acre basis) crops, if grown,
would likely be grown on irrigated land.

The dstribution of various crops by water delivery systéo crops was based on the crop

mix shown in Table 8. With thelack of actual crop mix data, most systems were assumed

to be similar. The exceptigrio this estimation werdackflood, miscellaneous backflgod
and remainderwhich covereda higher propdron of the cerealsarea.Additional details
are shown in Table 3. The water demanatoefficients for 2010 were estimated by crop
type as the crop water requirement miraxerage growing season precipitation and
average soil moisture reserve. These esémare shown in Table 3.8.
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Table 3.6: Crop Mix in the LDDA Irrigation Districts and North
SaskatchewarRiver Basinin Saskatchewan

Lake

_ North
Crop Type Diefenbaker | gaskatchewan
Development River Basin
Area

Oilseeds 34% 24%
Cereals 30% 51%
Pulse 12% 17%
Forage 14% 6%
Vegetables 9% 1%
Miscellaneous 1% 1%
Total 100% 100%

SourcelCDC (200&), and Statistics Canada009).

Table 3.7: Crop Mix in North SaskatchewanRiver Basin by Irrigation System

Irrigation System Crop Mix
Oilseeds | Cereals | Pulse | Forage | Veg| Misc.

Wheelmove 24% 51% | 17% 6% | 1% 1%
Pivots 34% 30%| 12% 14%| 9% 1%
Misc. Sprinklers 24% 51% | 17% 6% | 1% 1%
Surface 24% 51% | 17% 6% | 1% 1%
200mm Backflood 24% 51% | 17% 6% | 1% 1%
Misc. Back Flaod 24% 51% | 17% 6% | 1% 1%
Remainder 24% 51% | 17% 6% | 1% 1%

Source Estimatiors fromICDC (2008b)and Statistics Canada009).

Source of Water for Irrigationtn the NSRB, irrigation water is supplied frorboth
surface wateandgroundwater sourceklsing SWA data on irrigation water allocation in
the basin for 201ahe groundwater share of the total was estimabed010 there were
15 progcts using groundwater in the NSRBThe btal irrigation waterdemand(as
reported in Chapter 6) was estimated at 88¢@an?. Thus, 0.95% of total watelemand
is supplied from groundwater sources. Lackingher information,this study assumes
the same proportion of groundwater for futdesnand

3.6.1.2 WaterDemandfor Dryland Crop Production

For the dyland crop poduction, water reservgsimarily for herbicide application. Thdemand
was estimatedby the crop mix in the basin, tillage practicestations followed and average
amount of water used for such applications. Further consideration was mdte $ource of

water. Each of these is described below.
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Table 3.8: Irrigation Water Demandby Crops for the North
SaskatchewarRiver Basin Irrigated Areas

Crop Average’ Current
Crop Requirements’ Precipitation + Deficit ©
(mm) Soil Moisture
Alfalfa 620 237.5 382.5
Grass/Hay 500 237.5 262.5
Potatoes 520 237.5 2825
Faba Bean 610 212.5 397.5
Corn Silage 470 237.5 232.5
CWRS 460 212.5 247.5
CSWS 480 212.5 267.5
Canola 430 212.5 217.5
Flax 410 212.5 197.5
Field Pea 400 2125 187.5
Barley Silage 390 2125 177.5
Barley Malt 430 212.5 217.5
Dry Beans 380 212.5 167.5
Chick Pea 380 212.5 167.5
Fall Rye 390 212.5 177.5
CWAD 460 212.5 247.5
Vegetable$ 263 2125 150.5

CWRS = Canadian Western Red Spring Wheat; CSWS = CanadfaWhite

Spring wheat; CWAD = Canadian Western Amber Durum.

Source? ICDC (20083.

® Estimateof 212 mm for crops maturing in 105 days or less, and 237.5 for crops over 105 days of
maturity, includes the average spring soil moisture and growingsga®cipitation.

¢ Crop requirement minus the average precipitation and soil moisture reserve.
4 Based on estimates provided by Beauliu et al. (2001).

Herbicide Application Rateand Average Watebemand The tpical application rates

of most pesticids for crops grown in Saskatchewan are in thé &0 litres per acre
range, with 23 applications consisting of a pseed an@nin-crop (herbicide, fungicide

or insecticide) applicatigrdepending on type of crop, and the weed, disease or insect
pressue.

Herbicide application rates are also affected by two other factors: tillage system and crop
rotations. For the intensive tillage systems, tillage can be substituted for herbicide
application. However, such is not possible for the zero tillage, whakes the number
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of herbicide applications higheHerbicides are also used for summerfaftbwhen
Chem Fallow? or Chem/Till fallow are used. The herbicide applications for these
techniques range from 1 to 4 passes depending on weed growth.

Water is alsaused for cleaning the sprayartheend ofthe day andfor sprayer cleanout
of a pesticideincompatible to the next crop or pesticide. The factor acaoyfar this
demands 1% of the wateneededor spraying as estimated bBeaulieu etl. (2001).

Source of WaterWater for pesticide application can come from surface or groundwater
sources This information is however, not available. Using data from R. Halliced
Associates (2009) for livestock watgemandthis study assumesl.3% of tke waterto

be from groundwater sourc&s

Crop Mix: The aeas of various crops in the Saskatchewan crop distfatsnajor grains

and oilseedgwheat, durum, canola, flax, and specialty crops of canary seed, chick pea,
field pea, lentils mustard and sunflowgkvere obtained fromStatistics Canad&009.

These data were subjected to proportional distribution to estimaiteattess within the

basin These details are shownTiable 37.

Water Demand Coefficient: The area of crop multiplied by the spraying cmédint

providedthe amount of wateexpendedor this activity inthe NSRB. The amount of
water forsuchapplicatiors was estimated &.000088375 dai{equivalent to 88.4 litres)
per acre for 2010as this accounts for the projected change in zero tikagpption to
2010.

3.6.1.3 Livestock Production

Stockwaterdemandwas estimatedhrough the water requirements approach. Since water
requirements for different types of livestock are dissimilar, a disaggregated approach was
undertaken. Thisstep required information on the livestock inventorgy type which was
obtained from Statistics Canadq2006 and 2011a) and fromagriculture statistics of the
Saskatchewan Ministry of Agricultuf@011b). These data includedef cattle, dairy, hogand

1 Summerfallowis that cropland which is purposely kept out of production during a regular growing season.
Resting the ground in this manner allows one crop to be grown using the moisture and nutrients of more than one
crop cycle.

12 Chem fallow is the practice of using chemicals to control weeds on fallow lands undéH amaluction system.

13 Similar to the figure for irrigation, this proportion should be verifiéth actual data, if and when available.
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sheep for 201@nd were available at the Crop District (Census Agriculture Region) |&takr
livestock populationsvere obtained athe crop district levelrbm StatisticsCanada (2006) For
a lack of a better criteriomercent area of a crop district was usedallocate the livestock
populations to thever basinby the Correspondence Table showm\ppendixC.

The above data include livestockisedon intensive livestock operations in Saskatchewan
These dtawere obtained from Sask Pork (20X@) hog opertions, Saskatchewan Ministry of
Agriculture (2008)for feedlot cattle and dairpperationsand from Saskatchewan Turkey
Producers Marketing Boar(P011) for turkey producing operationsThe categories of hog,
feedlot cattle, turkey and dairy productionthim a crop district were adjusted to theer basin
where the productiorobk place Again the proportional aredeterminedhe river basin values
if the crop district included more than one river basin.

The location of cattle feedlots in Saskatchewaong with the stated capacity range of the
feedlot wasobtained from Saskatchewan Ministry of Agriculture (2008). These s#ateedto
estimae feedlot capacity within aver basin To estimate the number of cattle fed in the feedlots
in a year thoselots with a stateccapacity of 10,000 head or greatezre/multiplied bya factor

of 1.44 (indicative ofnumber oftimes these feedlots are filledhile thosefeedlots with less
than 10,000 headapacitywere assumed to be filled once. The mnahge ofthe production
capacity wasadaptedor feedlotswereless than 10,00@nimals In the NSRB, goproximately
80.1% of the feedlot capacitwas foundin feedlots over 10,000 hea@he estimatedtotal
number of cattle and calves farms and on feedlotse $iown in Table 3.

The barn capacity of the hog sector in 8RB wasestimated at 17,906, 146,93%6d 62,681,

for sows and boars, feedeend weanlings, respectivelyThese data were collected by Sask
Pork (2011)The weanlings can either be fed authe feeder barns or exported out of the basin.
However,MandatoryCountry of originlabeling(MCOOL) in the United States has affected the
weanling market in Canagdaesulting in less pig production and fewer weanlingsbeing
exported to the USA (AAE, 2011). Estimated hog numbers in the basin are also shown in
Table 39.

The sheep industry in Saskatchewanlii@svise been affected by the closure of the USA border
when Bovine Spongiform EncephalopatfBSE, commonly known asnadcow diseasewas
detected in cattle in 2003 anay the MCOOL regulations in the USAAs a resultthe sheep
breeding herd has declingd. 2010, as shown in TableRthere weres,789 sheep(rams and
ewes)on farms in thdvasin

The data forthe poultry sectowere obtainedrom Statistics Canada (200@hnd Saskatchewan
Ministry of Agriculture (2012). Farms in the basin are estimated to have afmumilion
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broilers, besides laying hens and pullets. Turkeys onsfartie basin are relativefgwer, with
only aboutl44thousand birds.

Table 3.9: Estimated Livestock Population in theNorth Saskatchewan

River Basin, by Type of Animals, 2010

Number Number in
Livestock Type in 2010 | Livestock Type 2010
Total Cattle and Calves Other Livestock
Bulls 13,477| Bison 16,385
Milk Cows 7,557| Horses 22,778
Beef Cows 277,250| Goats 1,983
Milk Heifers 3,541| Llamas 1,274
Beef replacement Heifers 47,293| Bees 19,452
Feedlot 45,097| Deer 2,991
Calves 250,798 Poultry and Egg Sector
Hog Sector Laying Hens 268,80
Sows 12,032| Pullets 110,290
Suckling Pigs 262,065| Broilers 4,895,414
Weaned Pigs 145,650| Other Poultry 16,448
Growing Finishing Pigs 145,650| Turkeys (M) 86,196
Boars 356 | Turkeys (F) 57,464
Sheep Sector Sheep Sector
Rams 273 | Breeding 1,297
Ewes 5,516| Slaughter 4,132

Source: Statistics Canad2011a),Saskatchewan Ministry of Agricultuf@011b) Sask Porl{2011),and
the Saskatchewan Turkey Producers Marketing B¢aéd 1)

In addition tothe above types of livéeck, farms in the basicontain other animal types,
including bison, horsg goas, Llamas and Alpaca. The estimated number of these livestock
types inSaskatchewamwas collected from StatistidcSanada (2006ynadeavailable on a crop
district basis. Th 2006 values were taken as a proxy for 2010 levels of these inventories within
the crop districts and allocated to the river basin. Provincial associations were contacted to see
whetherthey had data available on the herd siaktheir respective animalpes. Data were
provided only by the bison associatidn.201Q the number obisonin the basin was estimated

at 16 thousand animals. Horse numbers wesémated a2 thousandand dgher animas were
relatively fewer

The relevantiterature suggesta range ofwater demandby type of livestock. These data are
presented in Table 3.1@ifferent studies varybut most of them have a common range. The
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main problem is to match the livestock categories in the data with an appropriatelevaserd
coefficient.

Table 3.10: Estimated Range of Water ConsumptiorLitres per Day

Amount in Litres per Day
Animal Ala Ala A la Beaulieu Dvgrit:;d
Olkowski® | OMAFRA" etal’ o
Coefficient in
Beef 26-66 22-54 45.0
Feeder Clzes 18-27 19.05
Steers 36-45 27-55 30.0 34.60
Background 1540
Cows Lactating 4367 35.77
Bulls 36 36.0 38.17
Bison 10.0 10.00
Dairy 28110
Dairy Maintenance 55-68
Dairy Lactating 68-114 90 90.0 108.54
Calves (48 weeks) 4.56.8
Calves (1220 weeks) 9.1-20 15 15.0
Calves (26 weeks) 17-27 19.05
Heifers (pregnant) 32-45 25 25.0 29.73
Llama/Deer/Alpaca 9.5 10.0 10.00
Lambs (weaned) 3.54.0 3.65.2 4.0 0.86
Ewes (dry) 4.05.0 4.06.5 4.50
Ewes (lactating) 4.012.0 9.0-10.5 7.4 5.36
Goats 3.0-15 4.0 4.0 4.00
Horses 42 32.50
Small 13-20
Medium 26-39
Large 3959
Suckling Pigs 0.27-2.0 0.71
Weanling Pigs 1.0-5.0 1.03.2 1.0 14.51
Growing Pigs 5.0-10.0 3.2-7.3 4.5 7.58
Finishing Pigs 5.0-12.0 7.310.0 9.0
Gestating Sows 5.0- 20.0 13.617.2 21.66
Lactding Sows 15 35 18.1-22.7 20.5 23.14
Boars 8.0-17.0 13.617.2 12.5 10.27

Source: ? Olkowski (2009);> OMAFRA (2007);° Beaulieuet al. (2001) ¢ British Columbia Ministry of
Agriculture and Lands (2006frame (2010).
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The base cdécients for the estimation of stockwatering for the NSRB are shown in the last
column of Table 3.10. These figureallfwithin the ranges shown in the previous columns;
however, the water coefficients for dairy cows and swine include the water nectssary
cleanup, unlike the referenced coefficientswould have been desirable to know what portion

of this water use for animal consumption, and what proportion is for water wasted by animal or
for other livestock prOoduction related purposes.

36.1.4 Greenhouse8and Nurserie§Water Demand

According to Statistics Canada (2010), there w&dd greenhouses and 35 nurseries in
Saskatchewan in 201@ith 476 hectares of field area and 26 hectares of container area operated
by nurseries in 2010The aeragemonths of operation of greenhouses have gone from 5.6
months in 2007 to 6.1 months in 2020an increase of 9.1%vhile the area of greenhouses in
Saskatchewan has decreased from 235,254 8007 to 187,626 fin 2010-- a decline of 20%
(Statistics Caada 2010) Bedding plants and potted plants ardrtineain productsalongwith
vegetablesin approximately 12,000 of 187,626 of greenhouse area in Saskatchewan.

Saskatchewan crop district level data from Statistics Canada (2006) were empl@gbchate
greenhouse area the basin. Again, for lack of a better proxy, the relative area of the crop
district within the NSRB served to allocate provincial greenhouse area to the basin. The same
procedure was followed for tharea ofnurseries in the basifor bedding plants angotted

plants The estimated area of greenhouses ilNNB&Bin 2010was38,567m? or 9.53 acres

The water demand forgenhouse and nursery activitigasestimatedyy area in production and
type of product Waterdemandcoefficientswere obtained fromBeaulieuet al. (2001, which
included water used for spraying as well as for cleandpater needed for these activities was
estimated and weighted for these two types of operations, yielding a coefficient of 30%Hadam
or 1231 dani/ acre, which was employed in this study.

3.6.1.5 WaterDemand for Aquaculture

The amount ofvaterdemanctould not be estimatedidto lack of data otthese operation$ As
a substitutethe value was taken from R. Hallidaand Associateg (2009 report. Surface and
groundwateremandfor aquaculture was estimated at 4 dand 12 darf) respectively. It is
assumed that this quantity of water wémain statidor aquaculture to 2060.

14 As noted earlier, tisiis a gap in the information related to water use. Efforts are needed to make an inventory of
such users and their water uses.
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There is a provincial hatchery at Fblbrth, Saskatchewanhattakeswater from surface as well
as groundwater sourceshe Echo Lake Fish Hatchery has a 1,000 YHevater Rightlicense
with nearly 100% returned to the lake (SWA 200Fay). this reason, this water is not included in
the total watecalculationin this study.

3.6.2 Forestry Water Demand

Lumber, pulp and paper mills have operated in Saskatchewan. However; the soft wood lumber
issue and the decline in demand for certain paper products has resulted in several plant closures.
Wapawekka Lumber Ltdlocated at Prince Alberts closed at this time; they have a capacity to
produce 70 million board feetln addition, he former Weyerhauser pulp and paper mill is
closed. This mill had an annual capacity of producing 280,000 tonnes of paper and 130,000
tonres of pulp. In 2005t was the &rgest industrial user of watar36,849 dam Carrier Forest
Products has a sawmill at Prince Albert with a capacity of 45 million boardofdeimber.
However, further details are not availableor this study, it imsssumed that these plants are not

in operation and will not beeopenediuring the forecast period.

3.63 Industrial /Mining Water Demand

Industrial waterdemandhereincluded all goods producing industries (excluding agriculture).
This waterdemandincluded mining operations and manufacturing. Manufacturing activities in
the province are located either in communities with municipal water systems, or outside such
centers. Since municipdbmestic watedemandwould include the first type of manufacturing
water demand only the second type requires further estimation. Various types of industrial
demandn theNSRBare described in this section.

3.6.3.1 Potash Production

The current amount of watexpendedn the potash production processpends on the nate of
mining technology and level of productiofihe only mine m thebasinis located at Vanscoy,
very close to theeastern boundary of the central watershed of the NSRB. The mingheses
underground mining technology/processhere potash oreis takenout and procegsl into
useable fertilizer The waterdemandcoefficient was estimated by dividing tleyear average
waterdemandoy the5 year averagpotash productiofor the mine over the2006-10 period.The
amount of water was obtained from the SWA12a), whereas the production degdrom the
potash companies as reportedrable 311. At this mine site, although the allocation of water is
1,472dant per annum, on average the mine used 1,663 @éwateri 1.13 dant per 1,000
tonnes of potassiuneftilizer produced Water demanat the mine is from an interbasin transfer
from SSRB.
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Table 3.11: Estimated Water Demand Coefficients for Potash Mines in theNorth
SaskatchewarRiver Basin, 2010

Potash 5 Year Water Water
Corporation | Location Mining Average pemands Demand
Technology (Thousand Year Coefficient
tonnes) Average | (dam®/ 1000 t)
(dam?)
Agrium Vanscoy | Underground 1,472 1,663.0 1.13

Source: SWA (2014) for water demandPotash compaiis website, financial statemés and annual reporfsr
other data

3.63.2 Oil and Gas Production

Most of the oil and gas activity in the NSRB is located in the Birdbear, North Lloyd and Viking
formations. Three types of @hdgas well drilling technologies are used; primarysts where

the oil is pumped directly from the reservoir; secondaguiresthe pumping of water into the
reservoir to increase pressure; tertiary involves the injection of steam, gases or chemicals
(Saskatchewan Ministry of Energy and Resour2841). In201Q 54% of the wells drilled in
Saskatchewan were horizontaEnterprise Saskatchewan, 201X0il drilling activity has
increased significantly over the past six years as the new technology of horizontal well drilling
and fraeing has been used. Thrhandred horizontal wells have been drilled into the Viking
formation of which approximately 35% is in the NSR&jual to105 wells (Saskatchewan
Geological Survey2011). Vertical wells with water flood have been ysaa will continue to

be used inheformations.

Waterdemandin enhanced oil recovery from 2002 to 20by company from SWA (201%h)
indicates a wide range from a minimum of 0.8 daper well to a maxnum of 966 dami per
well, with an average of 65.7 ddmer well. Further information wasbtained about the
company operationsvhere availableas to area of operation and gas or oil extraction. The 966
dan? per wellestimatedvas associated with G@njection in the Bakken formation. Heavy oil
extraction around Lloydminster uses on ager@1 damper well.

Wu et al. (2009) report the average amount of water used by the variouscoiery
technologies (Table 3.)2 The coefficients of 11.36 ddmf water per horizontal frac oil well
(based on Energy Policy Research Foundation, 2éidbetween 2,500 frto 5,000 ni of water
(Canadian Association of Petroleum Producers, 20115kale gas using multi-stage frac
completiontechnique are low compared to the Saskatchewan It ajapears that wateremand

for oil and gas extraction iBaskatchewan is considerably higher than the industry average for
secondary, steanand CQ injection. The average from Saskatchewan data without the CO
injection is25.26dant per well. This watedemandcoefficient wasappliedfor horizontal wells
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with frac completion, while the watdemandcoefficients for primary and water floadere0.39
and 16.71 da respectively.

Table 3.12 Water Demandby Type of Technology Oil and Gas Sector

Water Demand
Technology in dam® per
well

Primary 0.39
Secondary 16.71
Steam 10.49
CO; Injection 25.26
Caustic Injection 7.58

Source:Wu et al.(2009.

3.6.3.3 Salt Manufacture WateiDemand

Sifto Canada Ltdwas a salt producing mine at Unityelding approximatelyl54,000 tonne®f
saltin 201Q This resulted in a watetemandcoefficient of 0.0018 dant per tonneof sat
producedTable 3.13)

Table 313 Estimated Water Demand Coefficients for Salt Mining Activity

Production | Water Use in
Particulars Location | in Tonnes | (dam®/tonne)
Sifto Canada Ltd Unity 154,360 0.00183

3.6.3.4 Manufacturing WaterDemand

The NSRB is home to several tym manufacturing. Since this watéemands captured under
municipaldomesticdemand these companiesire exalided from thediscussion hex Several
companies in the NSRBhough, dooperate outside of the municipal water systems. All these
companies are either private or branch plants such that information on production or sales is
limited.

The water demandfor manufacturing is related to several facterstype of manufactung,
source of waterandannual productiotevel. Their watedemandcoefficients were estimated by
taking into accounfor these factorsandarepresented in Table 341 The data onmanufaturers
waterdemandwere obtained from SWA (2011a). However, obtaining data on actual production
of these industries was a difficult taslecause ofconfidentiality and propriety information
concerns. As a proxyhe stated capacity of these firms wasdakas a measure of production.
Coefficients vary by type of production.
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The level of production in Husky Energy Heavy Oil Biprovincial Upgrader, Asphalt Refinery
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and Ethanol Plant (Lloydminsjethe NSRB are presented in Table 3.1%he upgrader and
ethanol plant are located on the Saskatchewan siadile the asphalt plant is in Alberta.
Although, Husky Oilb #Jpgrader and Ethanol &it are located in Saskatchewdmeir water
withdrawals are under an Alberta Enviroent Water Diversion Licens&/ithdrawds of up to
6,752 dam of water are obtainedfrom the city of Lloydminster infrastructure (SWA 2007,

personal communication withave Kay Husky EnergyJune 201

Table 314: Estimated Water Demand Coefficients for Manufacturing Industries by Type
of Industry in the North SaskatchewanRiver Basin, 2010

Production Water
Type of Manufacturing Source Units Demand | Coefficient
per year dam® | (dam®unit)
Ag Processing
North West Terminal Ltd GW 25 ML/year 145.7 | .00683
Husky Al Ethanol SW 260 ML/year Sourced fromAlberta
Prairie Malt SW 220,000 tonnes| 1,042.7 | 0.0000047
Refineries
Canadian Crude Separatdns. GW N/A 20.9 N/A
Husky Energy (Enhanced Oi SW N/A 2,010.9 N/A
GW N/A 2,753.2 N/A
Husky Oil BiProvirtial Upgrader| SW 65.4 mbbl Sourced from Alberta
Liquid Natural Gas Sbrage
BP Canada Energy Co GW Storage 16.5 N/A
Trans Gas GW Storage 1,201.8 N/A
Construction
Kohlruss Bros. Enterprises | sw | N/A | 783 | NIA
Other
Wapawekka Lumber Lt 70 mbf N/A N/A
Carrier Forest Products 45 mbf N/A N/A
Prince Albert Forest Nursery N/A None None

Mbbl = million barre| A barrel has a capacity @6-53 U.S. gallons.According to Wikipedia (2012), a barrel has

a capacity of 42 U.S. gallons. One Ugallon is 3.785 litres.

Mbf = million boardfeet One boarefoot is
ML = Million litres

144 cubic inches.

GW = Groundwater; SW = Surface water
Source: Estimates based on SWA (2§11
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3.63.5 Power Generation Watdpemand

Water demandfor power generation can be either consumptive or-cmmsumptive in nature.
Generally speaking hydroelectric power generation does not consume any water, but requires a
large amount of water intake. However, this water is released from the reservoir for use by
downstream users (if any). Other types of power generation have a large intake of water as well
as some consumption associated with it.

There are two types of power generation that take place in the NSRB. These are thermal electric
plants (using natural gh and heat recovery generation. Electricity generation plants in the
NSRB that use natural gas are the Ermine Power Station at Kerrobert, Landis Power Station at
Landis, Yellowhead Power Station at North Battleford, North Battleford Energy Centre at North
Battleford and the cgeneration plant at Lloydminster. One generating facility uses heat
recovery. SaskPower has identified hydropower development oS#s&atchewan River and its

north and southbranches, the Churchill River, and the Fond du Lac RivaskPower2011)

The NRGreen heat recovery systemploys anew technology that requires no water for the
production of electricity.

Table 3.15: Estimated Power Generation Water Consumption in the North
Saskatchewa River Basin, 2010

Level in
Facility Source| dam®in
2010
Cogeneration Surface| 1,541.6
Natural Gas Surface 573.5
Biomass 0
Total 2,115

3.6.4 Municipal/DomesticWater Demand

The population oNSRBresides in various types of communitiesities, towns andillages, or

on farms and nefarm unincorporated settlements. Some of these communities have a municipal
water system, while others do nohélr total water demandavas estimated as a sum of six types

of water demanst (i) Municipal water demand for cities and other jurisdictions where a
municipal water system is in place; (ii) Domestiater demand for towns and other larger
urban centers other than cities; (iii) Rumahter demand for villages; (iv) First Nationd
Reservationsvater demandand (v) Other domesticwater demansl The nethodology for
estimatingthesedemands aralescribed in this sectiorifhe btal municipaldomestic level
represent& product of per capitevater demandind population of that given communifyhe
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available @taon water demandand population of various types of communities were obtained
from Saskatchewan Watershed Authority.

3.64.1 Overview of Estimation

The methodology for the estimation of municidamesticwater demandvas designed by
estimating populatianfor various communities and their respectiwater demandn a per

capita basis. Data for the period 1995 to 2009 were obtained from SWA. Trend analytbisnwvas
undertaken using these time series data. Three types of trends were estimated: (1) Simple linear
trend; (2) Norlinear trend using a quadratic model; and (3) Slegpifunction with dependent
variable in log form. In the case of per capiater demandin addition to the trend variable,
population of the community was also used. The hypothesis waash@ommunity increases

in size, its per capita watvel may decline since some of the common (public) water uses will

be shared by more people.

If the trend analysis did not result in a meaningful resugverage of past five years was used.
For most communitiesthe 2010 population was estimatég past trends. Where the estimated
2010 population was lower than the actual 2@i@@re, the 2010 population was revised as
follows: the 2009 actual population was increased by the proportional cimafogecasted 2010

over 2009 population.These analyses were undertaken for each of the six types of water uses
listed above.

The ptal population of th&lSRB, as reported in Table 2\as estimated d@t97 384 people. Of

this, theurban population wasstimatedat 142 thousand peoplé some72% of the total.The

rur al popul ation accounts for 22%O6Gdmmunbtes bas.i
represent 69%f it.

3.64.2 Municipal Water Demand

In the NSRB, there arethree cities which municipal distribution system for water demand
North Battleford, Prince Alberand LloydminsterThe population and per capitater demand

for these communities are shown in Table63Rrince Albert and Lloydminster are the urban
centers with highewater denandper capita values. These coefficients could be an indication of
increasinglyactive economies within those community centers, but further resshocid be
employed to understand the dynamicsvater demanger capita coefficients.

3.64.3 Domestc Water Demand

Domesticwater demandvas estimated fotowns, whichwere further divided into two types:
relatively larger towns (with population of 1,000 or more), amdller towns (with a population
of less than 1,000 peoplelhe cetails on the variabs used for estimation of total domestic
water demandor these communities are shown in Table73larger towns have a slightly
higherwater demanger capita relative to smaller towns.
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3.64.4 Rural Water Demand

In addition to municipal and domesticater users9,863 people (constitutigp 4% of the total
basin population) live in smaller communities called villagd®ir estimatedwater demanand
source of water are shown in Table&.%ince no information was available, farm and rural-non
farm wate demand were treated similbrto that of thevillages. They were assumed to obtain
45.4%of thdr total water from surface water sources.

Table 316: Estimated Variables Affecting Total Municipal Water Demandin
the North Saskatchewan River Basin, 2010

Per Capita Proportion of

) 2010 P Surface Water to
Particulars . Water
Population D .3 Total Water
emandin m
Demand

North Battleford 17,917 119.52 23.5%
Prince Albert 46,556 147.77 100.0%
Lloydminster 28,765 150.79 0%

Source:SWA (2010).

Table 317: Estimated Variables Affecting DomesticWater Demandin
the North Saskatchewan River Basin, 2010

Per Canita Proportion of
Catedor 2010 Water De?nan d Surface Water to
9| Population 3 Total Water
inm
Demand
Towns >1000 27,341 142.06 7.0%
Towns < 1000 11,686 117.01 28.8%

Source: SWA (2010).

Table 318 Estimated Variables Affecting Total Rural Water Demandin the North
Saskatchewan River Basin, 2010

. Proportion of Surface
Category 2010. Per Cap|ta_Wat3er Water to Total Water
Population Demandin m
Demand
Villages 9,863 129.11 45.4%
Rural Nonfarm 22,983 129.11 45.4%
Rural Farm 19,170 129.11 45.4%

Source: SWA (2010).
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3.64.5 First NationsWater Demand

There are @ First Nations Reservations in the basin. The estimated 2010 population of First
Nati onds 1I2d05dHeiewateradsmanger capita wag4.33m’, the lowest among
communities located in this river basiA partial explanation for this lowewater gemand
althoughit need further investigation, may include lack of water availability,/antbwer needs

for lawn watering and related purposeéhis coefficient was calculated as the average of the last
five years.On account of lack of information orthe source of water for these communities,
they were assumed to hawesurface water supply if they were located near an opened water
sourcelIn other words68.7%% of the water was assumed to be from surface water bodies, while
the rests drownfrom graundwater sources.

3.64.6 Institutional (Other) DomesticWater Demand

In addition to communities, three are two othater demansl in the NSRB -- (i) NisbetFire
Control Centerjust outside the city of Prince Albemhere water is usedor forest frefighting;

and (ii) Interlake Regional Water Supply Systewhich is a water utility located in Cochift
started operations in 200&ning the resorwillage of Cochin andL90users in surrounding rural
municipalities (Intelake Water Utility, Undatd). The btal water demandor these instutions is
shown in Table 3.19n the case of the Nisbet Fire Control Cerangl Interlake Regional Water
System, thie total was utilized to determine future water consumption. Groundwater is assumed
to be the min source for these organizations.

Table 319: Estimated Variables Affecting Institutional Water Demandin the North
Saskatchewan River Basin, 2010

Total Water Proportion of Surface
Category Demandin m* Water to Total Water
2010 Demand
Nisbet Fire Control Centre 1,158 0.0%
Interlake Regional Water Systen 150,515 0.0%

Value was obtained through communications with Suzanne Goota from Interlake Regional Water System.

A comparison ofvater demangber capitecoefficientsfor different userss shown in Figure 3.3.
The hghest level ofwater demandvas estimated fokloydminster followed byPrince Albert.
The lowest coefficient ofvater demantbelongs to the First NatioAsommunities.

3.65 RecreationalWater Demand

Tourism and recreationalater demands a result of two types: neconsumptivevater demand

in surface water bodies, and consumptiveter demandhrough permanent residents at these
recreational sites. The first type is related to visitatmfitourists (loal and out of the region) to

the basin facilities. However, this amount of water comes from natural sources and being non
consumptive in nature, is assumed not to vary from year to year.
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Figure 3.3: Estimated Water Demand per Capita (m®) in Various North
SaskatchewarRiver Basin Communities, by Type of Communities

The lake levels for a number of lakes within the NSRB are controlled with the objective of
meeting minimum levels. The amount of water demand is reporteldeimake evaporation
section of this report. The Emma Lake diversion project pumps water from the Spruce River into
the Gladys, Blanche, May, and Christopher Lake chain.

The major recreational sites in the basin are within provincial papkss some that ra
maintained by the loc&kgional governmentshese are listed in Table 2.7 of this rep@ata
on the number of visitors was not sufficient to determine a method of estimatiorsome
selected sites visitation rates are shown in Tal2@ 3.

Table 320: North SaskatchewanValley Provincial Parks Visitation
Level, Selected Periods

Location Visitors in Average % Change in

2004 2009 20042009 2009 over 2004

Visitation based on Analysis of Permits

Battlefords ProvinciaPark 63,516 167,154 121,976 163%

Minowakaw Beach Candle 54,956 97,649 75,898 78%
Lake Provincial Park

Emma Lake Provincial Park 35,303 64,871 49,851 84%

Source: Ministry of TourismCulture and Spo2009)

Recreationalwater demandor parks and dt e r r e cr e astimaionsawere sealgde s 0
throughtotal water use recordg-or estimating water demand for 2010, the average of the last
five years was applied. For recreational villages, water demand was estimated by the population
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and the watedemand per capita coefficients. Variables affecting the total water demand for
recreational villages are shown in Table 3.20, whereas in Table 3.21, details on Parks and Other
Recreational Sites are shown.

Table 321: Estimated Variables Affecting Total Recreational VillagesWater Demandin
the North SaskatchewanRiver Basin, 2010

. Proportion of Surface
Category 2010. Per Cap'ta.WaE,er Water to Total Water
Population Demandin m
Demand
Aquadeo Resort Village 122 168.00 95.67%
Cochin Resort Village 362 88.94 95.67%
Metinota Resort Village 102 178.24 95.67%

Table 322 Estimated Variables Affecting Total Parks and Other Recreational Sited
Water Demandin the North SaskatchewanRiver Basin, 2010
Proportion of Surface

Category DTotaI W_ater3 Water to Total Water
emandin m Demand
Parks and Other 43.065 54,900
’ . 0

Recreational Sites

3.6.6 Indirect Anthropogenic Water Demands

3.6.6.1 Net Evaporation Loss Estimation

The area of the body of water and walepth 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 deeper bodies of water are generfbe ifter longer
peiiods into the fall. Streams generally bragk earlier and remain ice free longer than surface
water bodiebecause ofurrent flow. In southern Saskatchewtre averag@nnualevaporation

is greater than thavailable annuaprecipitation As a resultyvery little precipitation makes its
way to stream flowsEvaporation generally takes place from large surface water bodies.
According tothe Atlas of Canadésee Natural Resources Canada, 20&4fjimates of the mean
annual lake evaporation in tNSRBvary from 150 mm in the northern part of the NSRB to 550
mm in the soutiest parf> As a comparisorthe mean annual net evaporation fregservoirs

15 The Atlas of Canada hasttsl a description of the methaldgy and caveats for these estimates. These are shown
in AppendixE.
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was estimated at 300 mm per annum. The evaporation from lakes varied from 150 mm for those
located in the nahern part of the basin (such as Montreal Lake) to 550 mm for those located in
the southern part of the basin (such as Alsask Lake). These rates were basedrad
evaporation rates for variouscations (SaskatchewanNatershedAuthority, 2009). In sane

cases interpolation was also mader the NSRB,lese values are shownTable 3.3.

Table 3.23: Area and Evaporation onNorth SaskatchewanRiver Basin Surface
Water Bodies

Water Body Site Surface water Net Evaporation
Type body in Sq Km* lossesn mm**
Lakes Ajawaan Lake 0.7 225

Alsask Lake 2.0 550
Christopher Lake 10.0 300
Cowan Lake 0.1 250
Emma Lake 14.0 300
Jackfish Lake 19.8 425
Lone Island Lake 1.0 275
Manitou Lake 56.3 425
Redberry Lake 56.0 300
Sturgeon Lake 8.0 300
Tramping Lake 24.0 550
Turtle Lake 105.0 350
Reservoirs Scott Dam 0.2 300
Spruce River Dam 8.0 300
Woody Lake Weir 1.8 300
Total 306.8

* Water body area were obtained from S\{2807a); Google Mapis Area
estimated from satellite maps; Wikiped2011).
** Estimated using SWA (2009) map.

3.6.6.2 Net Environmental Water Demand

There is no allocation of water for environmental use within the NSRB (SWA 2007). Ducks
Unlimited has 32,213 acres of Wwatd habitat projects that are operated as either owned,
easement, leased, management agreement, or conservation agreement (SWAT20073. a
significant use of water in the basihist of environmenenhanced projects in the NSRB is
shown in Table 24. Annual allocation of water for these projects is estimated at 42 thousand

dant.
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Table 324 List of Environmental Projects in the North SaskatchewanRiver Basin, 2010

: . o Annual Allocation

Project Type Location Description in dam?
Lake Level Jack Fish Lake Lake Level 26,700
Diversion Projectt Emma Lake Lake Level 4,200
Lake Level Christopher Lake | Lake Level 8,429
Lake Level Spruce River Dam | Lake Level 2,400
Flood Control Laird-Waldhiem 208
Total Annual 41,937
Allocation

3.66.3 ApportionmentWater Demand

Since the NSR originates in Albettaunder the MAA, one half of the naturalized flow received
from Alberta must be passed on to ManitdBiace the North Saskatchewan River does not cross
the Saskatchewalanitoba preincial boundary, there are no requirements for apportionment
under the MAA'" Therefore, this watedtemandvas set to be equal to zero.

3.66.4 Instream Minimum Flow Need

There is no allocation of water fonstreamwater demandvithin the NSRB (SWA 2007)
However, the target flow of the Saskatchewan River is %5 while for the South Saskatchewan
it is 32.5 n/s, which leaves 32.5 ffs to be made up from the North Saskatchewan.

3.7 Return Flow and Water Consumption Estimation

Following the methodology diined in previous sections of this chapter, one would estimate
grosswater deman@sequivalent to water intake. To estimate water consumption, one needs to
take into accounany water returned to the original source. The latter is called return flow. The
return flow is generally associated with District Irrigation projects, industries, and communities

16 According to Mr. Bon Halliday (Personal Communication), Alberta withdraws very little water from the NSR.
This provides adequate quantities of water to meet apportionment needs. Water from the NSR is needed to meet the
target flow of 75m%s onthe Saskatchewan River. The flow of the South Saskatchewan River is 4&5which

leaves a need of 32.5*m to be met from the NSR.

' This is based on advice received from Mr. Mike Renouf (Environment Canada) and Mr. Bart Oegema
(Saskatchewan WatershedtAarity).
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with a water and sewer system. Kulshresh¢thaal. (1988) estimated these return flows as
follows:

25% of the water intake
68% of the water intak@

For manufacturing industriesStatistics Canad4200Ba has estimated the water uséat
Saskatchewan for 2008nd its discharge (return flow). Results are shown in Tat#?é. 3
According to these estimates, 77.5% oftibtal water intake by manufacturing establishments is
returned to the source. However, this ratio would not apply to weajhtng® processing firms
such as ethanol production.

District Irrigation

Urban Conmunities

Table 3.25. Water Demand Parameters in Manufaduring Industries, 2005

Water Demand Parameter Total Amount in Percent of Total
2005 (dan) Water Intake
Water intake 60,100 100.0
Water recirculation 6,400 10.6
Water retained in the processed goods or | 5,700 11.9
Water discharge 48,000 78.7

Source: StatisticsCanada (2089

Water consumption for a given type whter demandavas simply total amount of water intake
minus return follow. These levels are shown in Table 312& lbwest proportion of water
resulting as consumptiocomesfrom urban(municipal systemsyater demandfollowed by
irrigation and manufacturing.

The data and information provided in this chapter was applied to estimate current (for the year
2010) demand in the NSRB. These results are presented in Chapters 6 to 9 @hothisT he
methods presented above were revised for calculating the future water demand in the basin under
three scenarios baseline, climate change, and water conservation scenarios. This methodology
is presented in Chapter 4 and 5.

18 Actual return flow for some communities in the basin may be higher than this level. These values were not
available, and thus, average for all urban communities of Saskatchewan was used. Future work in this area may
improve on this limitation fthis study.

9 A weightgaining process is one wheire the weight of raw materials used in the process is less that of the
finished product. This is due to the fact that some water is added to the finished product.
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Table 3.26: Water Consumption Levels for VariousDirect Anthropogenic Water Demands

Water Demand Activity Direct Anthropogenic Total Water Consumption
Group Activity as % of Water Intake
Agricultural Water Demand | District Irrigation 75%
Otherlrrigation 100%
IndustrialWater Demand Potash Production 100%
Oil and Gas Production 100%
Manufacturing 21.3%
MunicipalDomesticWater Municipalities 32%
Demand Other communities 100%
Institutions* 32%
RecreatiorandIndirect 100%
AnthropogenidVate

* Assumed to be drawing their water need from a municipal system
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Chapter 4

Forecasting FutureWater Demand

Futurewater demandepresentsomewhatf an extension of the papatterrs, although some
potential changes may also play impant roles in alteringdetermining these leveldn this
chapter suchfactors are identified and their relen designing the forecasting methodology for
the studyareexplained.

Since current wateis directly related to levelof economic activig andor population, d@iture
water demanavill also be governed by these factors in a similar way. The only exception to this
situationwould be a significant change in theter demanaoefficients for various activities.
Two factors can affeduture water demand coefficients One, the onset ofclimate dhangeby

2030 or thereafterand Two, the adoption of water conservation measurééter conservation
policiesof the province andtherlevels of government regulations regardimgter demananay

also determinehe rate of change in this levéNaterdemandlevels in the future can also be
altered by water availability, leading torther conservation oto curtailing of certain economic
activities?® The nethodology to estimate theater demangbatterns undeclimate change and
water conservation are presente€mapterb.

4.1 Factors Affecting Water Demand Levels

Future watedemandn any region is a culmination ébur types of chang#factors: economic
activities; population and its distribution;water demad patternghistory (including
conservation)and changes in the bphysical system (such as climate changey. instance, a
rising populationin a given river basirwould affect the level of wateneededfor various
economic, sustenancand social actities. Population is also a factor in determining the level of
economic activities in thibasin. Bth of these factorare often very highly correlated.

Gardiner and Herrington (1986) suggest three basic approaches to forecasting future :activities
judgmental forecasts visual forecasts, andausal or gtrapolative forecastsJudgmentaland
visualapproaches rely aanindividuals or a groupO0s experiences an
in nature. These are preferredly if other approaches are not féds. Causal or explanatory

? |nvestigation of implications of wat supply on water use patterns is not attempted in this study, and therefore, is
left for future studies.
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forecasts attempt to predict the variable of concern by reference to other variables which, it is
assumed, control or influence iBuch anapproach has beeemployedfor domestic and
municipal water demansl since the mid970s.However, thesgredictionsrequire extensive

data onwater demandand on thevarious factors affecting it. The extrapolative forecasts are
derived from time series daiavolving consideration of variables of concern atigbreby
predictng afuture valuebased on a trend in the past values.

4.2 Review of Studies orWater Demand Forecasting

The estimation of wateldemandfor various sectors has not been a very popular area of study
except for municipal addr domesticwater demansl Some studies were fod) which are
summarized below. In all cases, it appears thatdrecésting methodology for watdemands
generallybased on the assumption that the present trend and practices will conttieein
future, with some alteratics)if needed

4.2.1 Future Water Demandfor Agriculture

Waterdemandfor agricultureis a complex set of use®veringvarious typesAs noted in the
previous chapter, thegrirposesncludeirrigation, on-farm use pesticide applicatigrfacilities,

and machinery cleanyidivestock watering, aquaculturandnurseriesandgreenhousegach of
theseaspectsnay be affectetdy a different set of factonwith effecs of varying magnitude For
these reasong,common (aggregated) analysis may lead to erroneous results.

Of the varous uses, only irrigation has besystematicallyeported in some studieshd& crop
irrigation water demand has been reporteés estimated by the Food and Agriculture

Or gani z erdpi aweffidient method (FAO, 1998), which is based on a reference
evapdranspiratioA* and a crop coefficient (Kc) that accounts for crop characteristicaell as

for development and vegetation periodfie crop requirements were adjusted by the system
efficiency, whichthenreflected the loss iwaterdelivery to the crops

4.2.2 Future Industrial /Mining Water Demand

No study was found that providedspecific methodology folindustrialmining water demansl
Brockman and Kulshreshtha (1988) estimated basin level water use for various activities
(including industrial and ming) through an inpubutput model and final demand estimates.
Final demand changes were associated with change imdilrstriesrespective production levels.
Smith (1986) identified factors such as manufacturing production, price or charges for maater, a

2L Referenceevapotranspiratigraccording to Wisser (2004efers to evapotranspiration from an extensive surface
of green grass cover 12 dnigh ard adequately watered.
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unemployment in the region for estimating future water use. Although both of these approaches
have somegood suggestions for a methodology,ytleeuld not be followedhere Developing an
input-output model was considered beyond the scope of the project.

4.2.3 Future Municipal /DomesticWater Demand

Municipal water demand includes uses for residential, commeatidlindustrial purposes. For
residential and municipal water demand estimation, population projections provide a basis for
estimatng futuregrowth. Data on demographics and household use carebe usedIn one

United Statedorecast for example, orresidential, municipal and industrial water demarads
sequential methodologywas applied (Vdter Supply Forum, 2009).The steps include
calculgion ofi ndi v i d u wdter demandadtot (averagé amount of water used per single
family or multifamily household per day or per employeshich wereadjusted byfuture
reduction inwater demandactors based oa plumbing code (water saved bystomers as they
remodel plumbing fixturgs™

The ptal water requirement or withdrawddg an industry is related to production, which in turn
is related to employmenand even more indirectlyo population For simplicityp sake, it is
generallyassumd that production per employee anater demangber production unit remasn
the same over the forecast peridtie future water demand cdhenbe estimatedy changein
employment over the base period.

4.2.4 Future Recreational Water Demand

Water demadiis stronglyrelated to watebased recreational demand. However, given that much
of thisdemands nonconsumptive in nature, a forecast of the water needed in the future cannot
be established. Massey et al. (2006) developed a recreation model fog aregied on site
characteristics. Although this approach is meritorious, it could not be followed for this study
since it requires survey of recreationaliSibe quality of water at a gien site is also a major
factoraffecting current and futuneater derand(Cooper 1990).

Although the above review of the literature was helpful in identifying a suitable forecasting
methodology, on account of nature of data availathle methods developed were similar to
those used for the curremater demandThis metlmdology is described below for each of the
four direct anthropogenj@s well ador theindirect anthropogeniwater demansl

2|t should be noted that this reflects water conservation either on a volunteer basis or induced by regulations
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4.3 Study Methodology for Forecasting of Agricultural Water Demand

The vtal future agriculturalvater demandn the basin wagstimated as a sum of five types
Irrigation, Pesticide use, Livestock, Greenhouses and Nurseries, and Aquaculture. Each of these

methodologies is describ@&usectiondelow.

4.3.1 Future Irrigation Water Demand

For waterdemandof irrigation, time semes data wre used while total waterdemandwas
computed as a producf useper unit areairrigated and totalwater deficit {otal crop water
requirements minus amount of rainfallhe methodology for projecting irrigatiowater demand
is similar in esseceto that followed for currentwater demandProjected irrigated area in the
basin was multiplié by the appropriate crowater demandoefficient.

Two factors that required further attention: expansion of irrigated area in the future, and change
in thewater demandoefficients. Each of these is described below.

4.3.1.1 Future Irrigation Area

In 2010, irrigated area in the basin (per Taki® was estimated to h23,567 acres of which
1,709acresarein the Northminster Irrigtion Project There areplans to ceate another irrigation
district called NSRB-Westsidelrrigation Project. According to Miller (2007), he Westside
Irrigation District comprises a total of 375,000 acre$ which 17670 acres would be irrigated
from the North Saskatchewan Riy25,000 acres from the South Saskatchewan Raret the
remainder from Lake Diefenbakem this study, aly the area irrigated from the North
Saskatchewan River is included its water demand estimates for 2040 and 208@:ls.
Expected expansion imrigated area in the NSRB gesented in Tabld.1. According to these
data, irrigatd area in the basin could double by 20@dimarily asa result of theNSRB-

Westsiddrrigation Progct.

Table 4.1: Irrigation District Irr igated Areaand Potential Expansion
for the North SaskatchewanRiver Basin

Irrigation Jurisdiction Irrigated | Expansion| Total
Northminster 1,709 - 1,709
NSRB-Westside frigation Project 17,670 17,670
SubTotal District Irrigation 1,709 17,670 19,379
Privatelrrigation 21,858 5,847| 27,705
Total Irrigated Area 23,567 23,517 47,084

Source: SIPA200&)
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The ime path of @iture irrigated area iINSRBwill depend on the adoption rate of irrigation
producersn the newly developed projectUnfortunately no study has been undertaken on this
subject. As a crude proxy, evidence was collected from LDDA irrigation disfficesuptake of
irrigation in two recent irrigation projectRiverhurst (RHID) and Luck Lake (LLID)s shown
Table4.2. Over the past 20 year periochd amount of land irrigated in any one year was highly
variable® ranging from 26 to 9% for the RHID and from 29 to 96 for the LLID. The
averagsfor these districtsvere52% and 61%respectively.

Table 4.2: Adoption of Irrigation in the Riverhurst (RHID)
and Luck Lake Irrigation District (LLID)

v % of Designed Capacity
ear of the District Irrigated
RHID LLID
1990 40% 65%
1991 33% 42%
1992 60% 61%
1993 47% 56%
1994 43% 61%
1995 50% 68%
1996 35% 51%
1997 56% 68%
1998 61% 87%
1999 26% 29%
2000 34% 42%
2001 72% 93%
2002 48% 71%
2003 92% 96%
2004 45% 40%
2005 44% 36%
2006 51% 52%
2007 69% 59%
2008 70% 77%
2009 71% 76%
Average 52% 61%

Sourcelrrigation Branch, Saskatchewinistry of
Agriculture (2011c)

% A possible reason for this is that although water is available, producers do have a choice of not using irrigation for
a givenperiod
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Private irrigationwhich in 2010 was 858 acresis also expected to increase. To estimate this,

a review of past irrigation growth in the province was complefé@. average growth rate in
irrigated area from 1990 009 in Saskatchewan was 0.77% with a range of 0.17% in 1993 to
2.24% in 1990. The area of surface, backflood, and miscellaneous backflood has remained static
since 1992indicating that rost of the easily irrigable land in Saskatchewan dlesadybeen
developed(data from Saskatchewan Ministry of Agricultug911b) The irrigated area outside

of the Lake Diefenbaker irrigation districts woplt bestseean average growth rate of 0.77%

to 2060. This would roughly benancrease 026.7%over the 2010evel.

The timing of developnentand other details fathe NSRB-Westsidelrrigation Project are not
formalized at the time of writing this report. However, considering similar development in the
QudboAppell e River Basin (s dianhlistreety a stalbup pefod 6fApp el |
11 yearsafter which irrigation would stait assumedSIPA, 200&). Therefore, by 2020t is

not likely that any of the proposediigation districtarea would be irrigatedThe future irrigated

area in the basirsishownin Figure 4.1.The ptal irrigated area will increasbut mostly from

the expansion of sprinkler irrigation systems. The surface irrigatibrcontinue at the current

levels.

===Sprinkler ==Surface

Irvigated Brea [Soes]

2010 2020 2030 2080 2050 2060

Figure 4.1: Trend in Irrigated Area Development for the North Saskatchewan
River Basin, 2010- 2060
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A further breakdown of total irrigated area in the NSRB by irrigation systemsesented in
Table 4.3by type of irrigation It is assumed that the additional danrigated outside the
irrigation districts and the propos@&SRB-Westsidelrrigation Projectwill be high efficiency
center pivot?®. Furthermore, this studgssume that 65% of the proposeNSRB-Westside
Projectwill be in operation by 2040 and 90% by Q08y 2060,79% of irrigation water will be
providedby pivotsor sprinkler irrigation systems

Table 4.3: Area of Irrigation in the North SaskatchewanRiver Basinin
Acres, by Type of Irrigation Methods

o Irri gated Area in Acres
Irrigation
System
2010 | 2020 | 2040 2060
Wheelmove 3,606 3,606| 3,606| 3,606
Pivots 8,212 9,209| 15,865| 31,728
Linear 104 104 104 104
Misc. Sprinklers | 1,595 1,595 1,595| 1,595
Surface 427 427 427 427
200mm 1,719 1,719 1,719| 1,719
Misc. Backfood | 7,344\ 7,344 7,344 7,344
Remainder 560 560 560 560
Total 23,567| 24,564 31,220 47,081

Source: Irrigation Branch, Saskatchewan MinistryAgficulture
(20119; andSIPA (2008a)

43.1.2 Future Irrigation Crop Water DemandCoefficients

The future irrication water demandvas derived from future irrigated area amdter demand
coefficient. As noted in Chapter #e distinction between district and private irrigation was
maintained. In addition, climate change was taken into acdoumistimating the futre water
demandcoefficient which is discussed in Chapter 5.

The future irrigationwater requirementfor crops were estimated by usil@DC (2008a)crop
requirement dataombined with an estimate of the growing season precipitation plus seedbed

2 Although it is highly likely that new irrigation area will be served by higher efficiency water delivery systems, it
is still an assumption at this time.
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moistue. Data were obtained from various LDDA irrigation districts where metering of water is
in place.

Metered irrigationwater demandrom theRHID over the 1990 to 2009 period ranged from 93.9
mm per acre in 1999 (wet year) to 290.2 mm per acre (20@B)an average for this period of
185.9 mm per acre and a standard deviation of 50.5 mm per acre, Ga). On what crops
this irrigation water was usednd at what ratés unknown. However, @ average it appears to
be consistent with the estimate oéthormal crop water deficdppliedin generating the 2010
water demandcoefficients The mix of crops produced to 2060 may chargdgpending on
investment inthe requiredintensive livestock operationsecausehe demand for silage from
feedlot cattle opmations could significantly change the crop mikowever, since no further
information is availablethe effect of this issue wasxcluded in this stud In essencewater
demandcoefficients for irrigation were developdry employingcrop requirements andater
deficit. These coefficients for 2020, 2Q4hd 2060 wer@ssumed to remain the same as those
shown in Table 3.3,lang withdistribution of crop mix by irrigation system.

4.3.2 Dryland Crop Production Activities

43.2.1 Cropland Area

The estimationof the basinareaunder variousrops for 2020vas based on th& AFC (2011)
Medium Term Outlook for 2017 Crop area for the major grains and oilseeds of wheat, durum,
canola, flax, and specialty crops of canary seed, chick pea, field pea, lentftad, and
sunflowerwere forecastedn this study The percentage change in area seeded to a crop from
2010 to 2020was applied to the area seeded at the water basin level in 2009 to arrive at the
estimated 2020 seeded area.

Any estimates for 2040 and 206@\Ve to consider relative net returggiven the yield and price

of a commodity that will determine the area seeded. Productivity gains in crop yields from
1964 to 2007 show a similar increasing linear tremgbandingby about 60% over this period
(Veeman andGray 2009). However, this implies a declining proportional rate of growth as there
is a constant absolute rate of growth in yields, ti®relative net returns will be affectewstly

by the crop response to the climate conditions in 2040 or,2§iGén the expenditure on
developing new varieties. Currently, in tiNSRB 23.26 of the total cultivated area is in
oilseeds, 8.1% in cereals]16% in pulse and12.7% in fallow (Table4.4). These proportions
may change slightly in the futurbut such drecasts are left fdurtherstudies

One could expect that the percentages of these broad classificationkl change only
marginally overtime. Thevorld markes for the cropawill have a greater impact on the types of
crops grown within the categosie In terms of estimating thveaterdemandd for spraying the
area of the broad categories of cropas considered. The total agricultural area subject to
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spraying is shown in Table 4.5. It is expected to decrease by 3.3% in 2060. The reasons for this
decrease include increased forage area in the basin, which will reduce the cropped area subject to
spraying water demand.

Table 4.4: Estimate of Percentage of Cultivated Aredy Activity in North
SaskatchewarRiver Basin

Crop Type Percent of Total Area in

2009 2020 2040 2060
Cereals 48.1%| 48.8% 48% 48%
Oilseeds 23.2%| 26.4% 23% 23%
Pulses 16.0%| 14.9% 16% 16%
Fallow 12.7%| 10.0% 13% 13%
Total 100%| 100%| 100%| 100%

Source:Statistics Canadé009) br 2009 AAFC (2011) used fo
Estimationfor 202Q 2040 and 2060

Table 4.5: Estimate of Cultivated Area by Activity, North Saskatchewan
River Basin, 20091 2060

Crop Type Percent of Total Area in

2009 2020 2040 2060
Cereals 1,410,563 1,385,671] 1,363042]| 1,363,042
Oilseeds 681,089 748,878| 658,724| 658,724
Pulses 470,418 421,819| 454,971 454,971
Fallow 373,196 282,513| 360,942 360,942
Total 2,935,266 2,838,881] 2,837,679 2,837,679

Source:Statistics Canad@009) br 2009. AAFC (2011)for 202Q Estimation
for 2040 and 2060.

4.3.2.2 Crop Pesticide Application

In addition to crop mix, a number of other factors can chamger demandor pesticide
spraying in the basimhe majority of crop production in western Canadasists obmall grains

with ceral grains, pulsesand oilseeds comprising the majority of the seeded area. The major
trend in crop production in Saskatchewan over the past 20 years haarbaereased use of
zero tillage (Statistics Canad2006). Associated with this trend has b#®ss dramatic reduction

in summerfallow andhe greater diversity of crops grown the province The removal of the
Crow rate for transport of grairfa major transportation subsidyas resulted in farmers seeding
higher value cropsprimarily oilseedsand pulse crops. It is expected that these general trends
will continue to2020, after which the cultivated area of the basin will B& £ereals23%
oilseeds, &% pulse cropsand13% fallow.
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The waterdemandper acrevas calculateds follows: (i) Aper pass rate of 50 litres per acre plus
a 1% factor for cleanowvas used; (i) This was multiplied ldge number of pass timesder
different tillage systems; and (iii) The above was multipliedthsy number of acres in zero
tillage or minimum tillageplus the area in Chem fallow or Chériil Fallow. The result is &
averagewater demangber acre for pesticide applicatiofihe futurewater demandor pesticide
spray is shown in Table 4.6.

Table 4.6: Estimates of Zero Tillage Adoption and Sprayer Passe® Arrive at
Water Demandin Litres per Acre for 2010

Particulars Zero Tillage | Z-Till | Min Till

Adoption Passes
Cereals 75% 2.00 1.00
Oilseeds 70% 2.50 2.00
Pulses 75% 3.00 2.00
Fallow 50% 1.75 0.90
Water Demand in 88.38

4.3.3 Livestock Production

For livestock, the direct and indirect (e.gleaning) water requirementsr livestock were
estimated and multiplied by the total number of livestock in the region.

4.3.3.1 Estimation of Livestock Populatiofior Future Periods

The estimation of thelivestock production for 202(applied the AAFC (2011) Medium Term
Outlook for 2017.Inventories of animals withithe dairy, poultry, sheep, hognd beef sectors
andof laying hens for egg productipwere forecasted. Productivity growth rates for the various
sectors are important in estimatingithactivity levels in 2040 and 2060. First, relative growth
rates can influence the profitability of a sector and the ragulbhvestment ints production.
Furthermore, theethnical change in the livestock industry to 2060 will come from improved
management techniques and improved genetics. Monitoring of individual animal performance
(such asusing microchipg to adjust feedntake and quality will bepart of intensive animal
operations. The continued industrialization of the production process for dairy, hog, ,ndtry
egg operationslso has implications for the number of animals needed to produce a given
quantity of ouput. Mapping of the genome will allow for greater accuracy in selecting for
desirable traits and in enhancing the tragscificallyrelated to productivity. Intensive livestock
operations at present are able to implenselwhnew technologies aniw cgpture the increased
productivity gains. Veeman and Gr&009, for instancereport productivity gaingor various
types of animalsfor beefi 34% increase in carcass weights (1:2803); for sowsi 38%
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increase over 1990 to 2003; and for ddirg3% fran 1991 to 2007° Therefore, itwill take
fewer livestock to attain givenlevel of final consumer product.

The btal cattle population within th&iSRB over the 2000 to 2010 period ranged between
607,000 {n 20 due to thelrought) to814,000 (2005 BSErisis), and over the past three years
may be settlindetween 653 to 690 thousaadimals levelThere is also an increasing trend for
feedlot cattle, which jumped from 29,118 in 2001 to 64,730 by 2010.

Efficiency gains in the dairy sector will come migirfrom further consolidation as smaller
enterprises leave the industry. Technology can then be more readily applied to increase the per
unit output per cow. Another factor affecting the dairy industry is that per capita milk
consumption is expected tallf with an aging population to 204thenexpected taise to 2060

as the population gets younger.

The estimate from the Medium Term Outlook for fed cattle is a 10.7% increase from 2010 to
2020. This factors appliedin estimating the change in feetlimapacity inthe River Basinto

2020, 2040and 2060. Expansion of the irrigation capaaityhe basircould result in durther
increase in cattle feedlots as irrigated crops for silage production make it a desirable location to
establish feedlots.

After takinginto account the above considerations, forecasted livestock numbers in the basin are
shown in Table 4.7 for dairy and beef cattle, in Table 4.8 for hogs, in Table 4.9 for sheep, in
Table 4.10 for other livestock types. Poultry and keggr forecasts are shown in Table 4.11.

Table 4.7: Forecasted Dairy and Beef Cattle Numbers for thil\SRB, 20132060

Animal Type Estimated Numbers on Farm in
2010 2020 2040 2060
Bulls 13,477 14,451 15631 15,944
Milk Cows 7,557 6,938 6,799 6,935
Beef Cows 277,250 297,298 303,244 309,309
Milk Heifers 3,641 3,255 3,186 3,250
Beef replacement Heifers 47,293 47,235 51,727 52,762
Feedlot 45,097 49,922 54,914 60,406
Calves 250,798 268,934 274,313 279,799

Saurce: Statistics Canada (2006); Saskatchewan Ministry of Agriculture (2011b); 2020 projected using AAFC

(2011).

% Effects of these technology gains on water use per anima# hat been reporteih the literature. It is therefore

assumed that such an effect will not exist in the future. However, further verification of this assumption is needed.
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Table 4.8: ForecastedHog Sector Population for theNSRB, 20132060

Animal Type Estimated Numbers on Farm in
2010 2020 2040 2060
Gestating Sows 12,032 12,451 12,884 13,332
Suckling Pigs 262,065 283,629 306,376 330,361
Weaned Pigs 145,650 150,715 155,956 161,379
Growing Finishing Pigs 145,650 150,715 155,956 161,379
Boars 356 383 353 333

Source: Statistics Canada (2006); Saskatchewan Ministry of Agriculture (201118);p262cted using AAFC
(2011).

Table 4.9: ForecastedSheep Sector Population for theNSRB, 20102060

Animal Type Estimated Numbers on Farm in
2010 2020 2030 2040
Rams 273 328 331 335
Ewes 5,516 6,639 6,706 6,773
Breeding 1,297 1,561 1,577 1,593
Slaughter 4,132 4,973 5,023 5,073

Source: Statistics Canada (2006); Saskatelme Ministry of Agriculture (2011b); 2020 projected using AAFC
(2011).

Table 4.10: ForecastedOther Livestock Populations for theNSRB, 20162060

Animal Type Estimated Numbers on Farm in
2010 2020 2040 2060
Bison 16,385 18,023 18,203 18,385
Horses 22,778 22,778 22,778 22,778
Goats 1,983 1,983 1,983 1,983
Llamas 1,274 1,274 1,274 1,274
Bees 19,452 19,452 19,452 19,452
Deer 2,991 2,991 2,991 2,991

Source: Statistics Canada006); Saskatchewan Ministry of gkiculture (2011b); 2020 projected using A-C
(2011).

Table 4.11: ForecastedPoultry and Laying Hens Population for the
NSRB, 20162060

Poultry Type Estimated Number of Birds in
2010 2020 2040 2060

Laying Hens | 268,800 | 292,712 321,983 338,082
Pullets 110,290 | 128,255 | 141,081 148,135
Broilers 4,895,414| 5,645,248| 6,209,773 | 6,520,261
Other Poultry | 16,448 18,093 19,902 20,897
Turkeys (M) 86,196 100,925 | 111,018 116,569
Turkeys (F) 57,464 67,283 74,012 77,712

Source: Statitics Canad§2006); Saskatchewan Ministry of Agricultuf@011b);
2020 projected using A-C (2011).
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4.3.3.2 LivestockWater DemandCoefficients

Forecasts ofwater demandfor livestock to 2060 were based on the estimated livestock
populations and estiatedwater demandoefficients. In this section, the estimation of water
demand coefficients is described.

Type of livestock,their age, climate, feedand locationon farm (indoors/outdoorsire all

significant factorsaffecing the uptake of water. Weit needs are generally associated with the

rate of water losswhich translates inttemperaturdeing amain factor. Generally, temperature

has a greater effect on the water requirements of smaller animalsnttiamse ofarger animals

For examplea one week old broiler at 3& barn temperature consumes 217% more water than

at 30°C. Similarly, the 6 week old broiler consumes 13% mweter(Rural Chemical Industries

undateql . A grazing animal 6s water i ntmnebkfgeai s af f
asthose onaffeced bythe weather and moisture content of the forage.

The water use technology for the production of hogs has imprsigguficantly over the last 10

15 years as bite type nipples replaced watering hamd now ball typ nipples that reduce
wastage even further are being adopted. S(28I01) surveyed hog barns in Manitoba and
Saskatchewan to determine water use for drinking, washing, cpalidgdlomesticRegulations
regarding the type of confinement for sows and éeecppear to ba major factowhich may
affect some of thevater demandctivities. Water demanatoefficientsfor hog production are
presented in Tabld.12. The drinking water requirement of swine for various categories is
presented in Tabld.13. Theestimates were calculated from the average watebysgpe of
swinefrom Thacker(2001), along withthe watemeededn production from Small (2001).

Beef cattl® sonsumption of water is affected by time of year and feed #pexpectedthe
moistue content of feednfluencesthe amount of additional water needed (Olkow&ki09).
Dairy and feedlot operations generaliflize more silage in the livestock diets relative to beef
cow-calf operations. Water consumption estimates at different tempesatior various
categories of beef cattle are presented in T4lilé

Table 4.12. Hog Production Related(Non-drinking)
Water Use Requirements2001

Activi Small
ctivity Litres/sow/day
Washing 3.1
Cooling(grow/finish) 22.4
Coding (farrowing) 0.3
Domestic 1.0
Total 26.8

Source Estimatiors based on Smg2007).
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Table 4.13. Drinking Water Consumption for Swine

Type L/day
Gestating Sows 8.78
Lactating Sows 20.04
Suckling Pigs 0.71
Weaned Pigs 2.01
Growing Finishing 6.76
Pigs
Boars 10.27

Source: Adapted from Thackef2007).

Table 4.14: Beef Cattle Water Consumption (L/DAY) at Different Temperature

Weight of the Water Consumption L/day at
Type . -
animal (kg) Temperature in °C
44| 10 (14.4| 21.1| 26.6| 32.2
182 15.1]| 16.3| 18.9( 22.0| 25.4| 36.0
Background 277 20.1| 22.0| 25.0| 29.5| 33.7| 48.7
364 23.0( 25.7(29.9| 34.8| 40.1| 56.8
e 273 22.7| 24.6| 28.0( 32.9| 37.9| 54.1
Finishing 364 27.6] 29.9| 34.4] 40.5| 46.6| 65.9
454 32.9| 35.6|409|47.7|54.9| 78.0
Pregnant 409 25.4|27.3| 31.4| 36.7
500 28.7| 24.6| 28.0| 32.9
Lactating 409 43.1| 47.7|54.9| 64.0| 67.8| 81.0
Bulls 636 30.3( 32.6| 37.5| 44.3| 50.7| 71.9
727 32.9(35.6|40.9|47.7|54.9| 78.0

Source: Olkowsk{2009.

These estimates wetakento derivewater demandoefficients for beef cattle in Saskatchewan
and then applied to the basirFirst, the average normal high temperature for each month for
several locations in a water basin was obtained fEmvironment Canada. Nexthe water
consumption for each month using the corresponding coefficients from Fabie was
calculatedto estimate monthly consumption. The coefficieioisestimaing water demandre
presented in Tablé.15.

The water consumption estimates for dairy cattigloyedvariouscategories of milk production
given the temperatur@able 4.16)0 arrive atwater demandoefficients (Tablet.17). Water is
alsorequiredin the cleaning of dairy operatians is estimatedat 18.0 litresper cow perday
(Beaulieu et a).2001).

June2012 Page64



Present and Future Water Use in tiNGRB KulshreshthaNagyand Bogdan

Water consumption coefficients for six categories of poultry were derbyedhe same
methodology used to estimate the coefficients for the beef and dairy sector and are presented in
Table4.18. Water is alsmecessaryn the cleaning of poultry arations estimated at 1.7 litres

per bird per yearBeaulieu et a).2001).

Table 4.15; Estimated Water Demand Coefficientsfor Beef Cattle

Type/Weight | Weight (kg) L/day
182 19.05
Background 577 55 42
364 29.73
o 273 28.55
Finishing 364 34.93
454 41.37
Pregnant 409 35.36
500 36.17
Lactating 409 53.59
Bulls 636 38.17
727 41.37
Table 4.16: Dairy Cattle Water Consumption L/Day at Different
Temperatures
Milk Water Demand for Min. Mean
Production Temperature in Degrees
ka/dav 44 | 10.0) 156 | 21.1 | 26.7
18.1 69.7| 76.5] 83.3| 89.7| 96.5
27.2 82.5| 89.0] 95.8|102.6]109.4
36.3 95.01101.8{108.6/115.1|121.9
45.4 107.91114.71121.5[127.9]/ 134.8

SourceLooperandWaldner(2007)

Table 4.17: Estimated Water Demand Coefficients for Dairy Cattle

Milk Production | Water Demandin
in kg/day Litres/day
18.1 94.8
27.2 107.5
36.3 120.1
45.4 133.0

The coefficients presented in Tables 4.12, 4.13, 4.17 and 4.18 were ublizestimating total

water demand in the basin for livestock production. Other than climate change, additional factors
that affect water demand coefficients were assumed to remain the same as at present. The effect
of climate change is incorporated in @tex 5.
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Table 4.18; Estimated Water Demand
Coefficients for Poultry

Poultry Type Water Demand
in Litres/ day

Laying Hens 0.275
Pullets 0.168
Broilers 0.413
Other Poultry 0.413
Turkeys (M) 0.566
Turkeys (F) 0.474

4.3.4 Greenhouse and Nursery Water Demand

For nurseries and greenhouses, the water needs or requirement pergda&stinvated and
multiplied by the total number of plants per nursery. Thas @alculated for all the nurseries in
the region depending o ther sizes. These coefficients are shown in Table 4.19. Tames
procedure was applied @greenhouses. The trend in these parametessappliedto forecast
future demandfor water for this purposeThe estimated future area for the greenhouses and
nurseries is shown in Table 4.20.

Table4.19: Water Demand Coefficients for Greenhouses anturseries, North
SaskatchewarRiver Basin

Particulars Irrigation Pesticides Wash'
m/m2 L/m2 %
Vegetable 1.375 1.25 0.3
50% Flower Pots 4.500 9.00 0.3
50% Flowers 1.18 9.40 0.3
Other 0.800 0.75 0.3

! Percent of Spray water
Source: Beaulieet al.(2001).

Table 4.20: Area of Greenhoussin the North SaskatchewanRiver Basin,

201071 2060
Particul ars Value for
2010 2020 2040 2060
Area in Acres 12.3 12.4 13.1 13.7
Estimated ~ Water| 3041 30.41 30.41 30.41
Demand Coefficient

Source: Statistics Cana2006
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4.3.5 Water Demandfor Aquaculture

The amount ofwater demandcould not be esthatedbecause of théack of data on these
operationg® As a substitutethe value of thiswater demandvas taken from R. Hallidagnd
Associate8 (2009) reportSurface andyroundwaterdemandfor aquaculture was estimated at 4
dan? and 12 dar) respectivly. It is assumed that this quantity of water will betic for
aguaculture to 2060.

4.4 Forecastingof Industrial /Mining Water Demand

The nethods for forecastingater demandior mining and manufacturing industries in the basin
aredescribed in thisestion. In addition taconsideringexisting industriesan effort was also
madeby this studyto project new industries ahmight be developed as a resultimigation in
the basin

4.4.1 Future Potash ProductionRelated Water Demand
4.4.1.1 Future Paash Production

Future production of potaswill result from the expansionby existing companies of their
operation, andby theentrance of new companies into the provirkgnoted in Chapter 3hére
is a single mine owned by Agrium. New mines are npbredfor future locationin this basin.
More details on the future potash production are shown in Table 4.21.

Table 4.21: List of Existing and Future Potash Mines in theNorth Saskatchewan
River Basin by Location andSourceof Water

Corporation Location Potash Production inThousand Tonnes
2020 | 2040 | 2060
Existing Mines
Agrium Vanscoy | 2,850 2,850 2,850
Total Capacity | 2,850 2,850 2,850

Source CIBC World Markets Inc2008, Saskatchewan Watershed Authauitgated.

Based on the facts known at the time of writing this report, no expansion in the current mine
production is plannedl'he ®urce of water used by this minetie South Saskatchewan River
Basin,and # the waterdrawnis surface water. In additip no basin water is used for potash
production.

% As noted earlier, this is a serious gap in the information related to water use. Efforts aretodedéte take a
survey of such users in the basin (Province) to estimate their water requirements.
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4.4.4.2Water Demandor Tailings management

Recent government regulations call for the Saskatchewan potash producers to develop
sustainable management plans for the tailings piles currently stored abawe.gbne possible
solution is to inject the tailingsconverted intoslurry, into undeground storage Since the
tailings program is just a proposal with no firm start date or commitrttentvater demand will

not be included in the estimat@he cetailson this proposal are shown in Appenéix

44.2 Oil and Gas Production

The Viking formation has an estimated proven reserve of 2.3 billion barrels it$ célcoverable
reservesbased on vertical well and water flood technolaggnproduce 214 millia marketable
barrels. Vertical wells in the Viking formation haven averageproduced for 30+ years
(PetroUno Resources Lid2010). Oil production from vertical wells in 2010 was 2.5 million
barrels and from horizontal well80,000 barrels (Canacco@kenuity, 2011). Given this rate of
extraction the Viking formation will produce for 80 years. The North Lloyd has recoverable
reserves based on current technolggef 3,750 million marketable barrels. Natural gas
production for 2010 in Saskatchewan vessimated at 5.2 x2an® (NEB, 2011). Given that
there is 151 x1Dm?® in marketable reserves, at current extraction réesewill be 29 years of
productionby the preserdindintendedtechnology. Typically, oil field production follows a bell
shaped @rve with the righthand tail truncated where production becomes uneconomic. As of
201Q there were 27,000 and 20,000 producing wells of oil and natural gas, respeatively
Saskatchewan.

Saskatchewan in 2010 had drilling activity of 1,894 and 69 neanuilgas wells, respectively.
Over the 2000 to 2010 periodn averageof 3,584 wells were drilledn the province.
Approximately 56% of the wells drilled in Saskatchewan in 2010 were horizonigh the
Bakken formation accounting for the majority. Tamount of well drilling in the Viking and
Birdbear formationcanbe expected to remain @ average ten year rate to 20268ducing to
60% by 2040 and 15% by 2060 as the field ages. Tuive play) areas of natural gas
exploration are relatively nbare with most of the large pools having been discovered (NEB
2008). Oil production in the NSRB has occurred since the early 1950s. Changes in technology
and increases in the price of oil have masgextraction in the Viking formation profitable. As
with natural gasmost of the large pools of oil have been discoverdilater demandor
injection into a producing well declinever time as the field maturdsecausehe issue is not
pressurg but viscosity of the oil and porosity of the formation (Moam Lunn, undated).
Other techniques such as polymer, steanCO, may be used to extend the life of the field.
addition, keavy oil in the North Lloyd formation requires enhanced technifpresxtracton.

The estimated oil and gas well drilling activin the NSRB is presented in Table 4.22.
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Table 4.22: Estimate of Drilling Activity in the North Saskatchewan River
Basin, 2010- 2060

Technology of No. of Wells in

Production | 5910|2020 2040| 2060
Vertical 122 | 164 | 98 25
Horizontal 53 71 42 11

44.3 Salt Mining Activities

In addition to oil and gas mining, there is a single salt producing mine in the NSRB, located at
Unity. The cetails of poduction are shown in Table 4.2Based on the data obtained from the
company, saltduction watedemandor this mine may increase by 25% in 2060 to 352 Ham

Table 423: Estimate of Production in Salt Mining Activity in the North Saskatchewan
River Basin, 2010- 2060

Company Production in Tonnes

2010 2020 2040 2060

Sifto Canada Ltq 154,360| 159,016| 174,918| 192,404

444 Manufacturing Water Demand

4.4.4.1 Existing Manufacturing Industrie®Water Demand

Manufacturingwater demandh the basin during 20102060 will be a result of water required

by existing industries as well as by some new developments. New industry groups may be of two
types: new industry groups resulting from changes in the economic factors; and those induced by
developments in the basin. No forecasts of new industry groups movBaskatchewan (and

thus to the basin) were found. However, potential development of some industries is plausible.
These industry groups were identified through a review of other studies. Most of these
projections were based on the development of irrigatidhe basin.

Estimatirg changes in the level of production along with changes in water use technology for
industry is a complex taskWith lack of information onoperational detailsfor various
establishments in the NSRB, estimation of tiveatter demandoefficient could not be made.
One illustration of this difficulty arose for the Husky Enefggtorylocated at LIloydminstethe
detailsof which are presented in Appendi Only two coefficients could be estimatddr the

North West Terminal ethanglant, where 5.24 datof waterarerequired per 1,000 litres and

for Prairie Malt of 0.0047 dahper tonneof malt (Table 4.24.
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Change in theNorth SaskatchewanRiver Basin, 2020 to 2060

Product and Name of Firm Water Demand in dan
2020 2040 2060

Ag Processing
North West Terminal Ltd 5.24 451 3.61
Husky Ethanol Alberta Withdrawal
Prairie Malt 0.0047 | 0.0047| 0.0047
Refineries
Canadian Crud8&eparators$nc. N/A N/A N/A
Husky Energy (Enhanced Oil Recovery N/A N/A N/A
Husky Oil BiProvincial Upgrader Alberta Withdrawal
Liquid Natural GasStorage
BP Canada Energy Co. N/A N/A N/A
Trans Gas N/A N/A N/A
Construction N/A N/A N/A
Kohlruss Bos. Enterprises N/A N/A N/A
Other
Wapawekka Lumber LtCLOSED) Not estimated
Carrier Forest Products Not estimated
Prince Albert Forest Nursery Not estimated

4.44.2 Induced Economic Development Activities

In addition to the expansion of exisfj industrial water demand)e basin may attract some
other types of industrialwater uses. These developments are hypothesized to be induced either
by irrigation projects or by other related initiatives. SIPA (2008b) has suggested the following
types @ value-added building blocks for Saskatchewan, resulting from irrigation development:

Beef livestock- producing new heads of cattle and processing them in the province;
Pork livestock- producing and processing hogs;

Dairy production coupled with adwbnal dairy processing activity;

Vegetable processirigparticularly potato processing

Energyi production of 20 million litres of ethanol annually

E I

For theNSRB, hog and dairy production were excludemm these developmenisartly because
the basinhas not shown a big increase in hagsin dairy (since dairyis subject to quotas for
further expansion Potato processing was also not inclydaace the crop mix as proposed for
the irrigation did not includspecialtycrops (such as potatoes). Instlsection,three types of
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developments are envisaged in the basinmf@)ye feedlots resulting from irrigated forage; (ii)
higher ethanol production resulting from higher production of grains (and perhaps corn); and (iii)
additionalagriprocessing firm&ecause ofrrigated products.

Beef Feedlot Expansion in the Irrigation Districts

To estimate theexpansionlevel of intensive livestock operationsom increased
irrigation in the NSRB, the arearequired for feed production, beddingand manure
disposal neded consideation Themagnitude of this areaill determine the number of
enterpriseshatcaneffectively operateThe poduction of silage using irrigation for dairy
or cattle feedlotss the main enterpristhat would be attracted to an irrigation tdis.
Transportation costs for the bulew density products of silage, straand manure limit
the range over which these products can be economically transported.

The number of head and type of feeding (background, finishing or both) will determine
the amount of irrigated area needed for silage productioth&aount of water needed

for the livestock. The background feeder cattle typically require 1.18 tonnes of silage
over a 128 day feeding periodhile finishing cattle will require 0.27 tonneser a 143

day period (ICDCundated). Barley and corn are the main crops grown for sitgtie
average Yyield for silage of 14.5 and 21.7 tonnes per acre, respectively (J2DCLL).

The economial hauling distance of silage and manure #éne two key factors
determiningthe overall profitability of an intensive livestock operation. The amount of
land needed islsodepen@nt on the rotational constraints of crops and the amount of
manure that can be applied.

A base unit of production of 10,000 heapacity feedlot at a 1.45 refill rate for a feeder
calf to finishing operation would requitgearly) 1,445 acres of barlepr 967 corn acres

or a combination therepfo meetits silage requirement. If the rotational constraints are
every 2% year then 2,891 and 1,934 acres for barley or corn rotation, respectiely
needed. Therefore, up to 20 quarter sectigiisbe needed for a barldyased feedlot
and up to 14 for a corbased feedlot.

As well, daily manure production in a feedlot is approately 25.9 kilograms per animal
(Saskatchewan Ministry of Agriculture2011d). Therefore, on a yearly basis
approximatéy 6,000 acres are needed for manure applicatjimen an application rate of
22.7 tonnes per acre. Since manure can be appiigavery 3% year, 18,000 acres need
to be available for manure application within an econahtiauling distanceTherefore,
the constraint thatnay limit the number of intensive livestock operations within an
irrigation district is the requirement of an adate area to dispose of the manure within
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the economial hauling distance. Technological developments such as biodigésters
enable greater economaichauling distanceselative to raw manureas amore highly
valued end product is created. Tdrawbackis that it adds to the capital cost of starting
a feedlof combined with the capital cost of irrigation.

The proposedNSRB-Westsidelrrigation (Lake Diefenbakerproject of up t017,670
acrescould accommodate severatensivebeeflivestock operations (I0).2% Location of
the ILOs such that the maximum amount of fwigated land could be accessed for
manure disposaland & well asmix of sizes would be required if the goalere to
maximize livestock production. It would appear from the proposed irdgata thatwo
10,000 head capacity feedlptdong with1 or 2 smaller onescould be accommodated.
Thewater demandmnplications of these feedlots are described in asadbion below.

Future Ethanol Production

In examiningfuture ethanol and biodiesatarkes in the basin (or in the province), a
number of factors need to be considered. New fuel efficiency standards for vehicles will
come into effect over the 2045 periodand will affect the demand for transportation
fuels by 2020. Ethanol and biodetsvill have to be competitive with petroleum motor
fuels andwith other alternative sources of enengyorderto increase their respective
market shares above the government mandated levels. Biodiesel is price competitive
with diese] if produced from ample grade canola or flax (Nagy and Furtan, 2006). New
crops, such as Camelina, may provide a feedstock for biodiesel manufdtine
competitive with petroleum diesel. Tlsaskatchewamarket of about 40 ML is small
compared to the cost competitiglant sizes of 250 ML. In addition, two biodiesel plants

of this size are already proposed for Alberta. Beyond the expansion plans of Milligan
BioTech of 20 ML by 2020, theress no major growthpredictedfor this biodiesel in
Saskatchewan. Cellulosic atiol plants using biomass are the next generation of plants

SN biodigester is a technology that converts animal arghnic wastesnto biogasand nutrientrich liquid
fertilizer. The biogas can be piped to a simple gas cooking range and used as feethevfertilizer can be put
back on crops to increagi&lds Biogas can also be converted into electricity.

28 An intensive livestock operation is also called a factory farm. Suehatipns typicallyhold large numbers (some
up to hundreds of thousands) of animals, often indoors. These animals are typically cows, hogs, turkeys, or chickens.
The distinctive characteristic of such farms is the concentration of livestock in a given spac
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thatcanhave growth potential in Saskatchewan. Their relatively small size compared to
grain ethanol planicaused byhe limited economical range of feedstock transportation
requires a relide cheap source of biomass to be competitive.

The transportation fuel market in Saskatchewan could reasonably be expdatenhto

the 2,000 to 3,000 ML range for both gasoline and diesel markets by §026 the
growth in the economy and regulat®oon vehicle fuel consumption. Therefore, the
mandated biofuel requirements for ethanol will be easily met from Saskatchewan
production. Export markets in British Columbia, Albedad northern tiestates are the
growth areas for Saskatchewan ethamotpction.

The rationalrenewable bituels mandate calls for 2% biodiesel and 5% ethanol in diesel
and gasoline, respectivelywhile Saskatchewan has a 7.5% ethanol fuel requirement for
gasoline.Seventy percent of the gasoline sales in Saskatchesweafor transportation,

11% for agriculturg and 17%for commercial purposes in2009 (Statistics Canada,
2011b). The amount of diesel and gasoline used in Saskatchewan from 2002 to 2009 is
presented in Table Z5. The rise in economic activityom industrid and commercial
sectors accounts for most of the increase.

Table 425; Fuel Use in Saskatchewan2002 to 2009
Level of Fuel Use in ML for

2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
Diesel Fuel| 1,407.8| 1,522.3| 1,5%.3| 1,822.8| 1,913.1| 2,138.2| 2,153.6| 2,217.4

Fuel Type

Gasoline 1,684.6| 1,759.8| 1,747.9| 1,755.8| 1,911.3| 2,109.9| 2,279.1| 2,419.6

Source:Statistics Canada (201

The current plant capacity in Saskatchewan for ethanol and biodiesel is presented in
Table 426. For the Saskatchewan mandate of 7.5% ethanol blgrmde is more than
enough capacity to meet this regulation. Biodiesel production would have to increase 40
times to supply the Saskatchewan market.

The rrigated area in the propos&ERB-Westsidelrrigation Projectin the NSRBcould

be used for the production of feedstocks for the ethanol indestner for a grairbased

or a biomasbased plant. Currenthy{usky Energy and North West Terminal Ltd.
contractfor high starch wheab produceethanol. Themprovement in the yield of grain
corn that matures with less than 2400 heat pyadsbined with increased temperatures
and longer growing seas®from climate changecould result in irrigated area being
devoted to grain corn. Competitive grain corn \selelative to other cropgombined

June2012 Page73



Present and Future Water Use in tiNGRB KulshreshthaNagyand Bogdan

with a market for corn stov&rresidue could make this a profitable crap compete with
other cropping alternatives.

Table 426: Biofuel Plant Location and Capacity in Saskatchewan

Company | Location | Feedstock| MLy
Ethanol Plants in Saskatchewan
Husky Energy Inc. Lloydminster| Wheat 130
NorAmera BioEnergy Weyburn Wheat 25
North West Terminal Ltd Unity Wheat 25
PoundMaker Agventures Lanigan Wheat 12
Terra Grain Fuels Inc. Belle Plaine| Wheat 150
Total 342
Biodiesel Plants in Saskatchewan
Milligan Bio-Tech | Foam Lake| Canola | 4

Source Canadian Renewable Fuels Association (20&ahadb)

A biomass ethanol plant with a capacity of 30,000 tonnes using corn stover as the
primary feedstock at a yield of 1.6 tonnes per acre would require 18,525 acres of corn per
year. If the rotation followed is corn in one in four years, the area requirement would be
74,100 acres. The NSRB would be able to accommodate at least one 30,@0€otonn
stover biomass plant or a larger plant if other biomass feedstocks were used.

Water Demand Implication of Future Beef Feedlots and Ethanol Production

The rrigated crop area for livestock production would be the competing agricultural
activity for the biomass produced in the irrigation district. The econalinauling
distance of the biomas#hether for the livestock feedlot or ethanpllant is a key factor

in the profitability of either operation.

The crop mix on the irrigated land in tINSRB part of theNSRB-Westsidelrrigation
Projectmay be influenced by the establishment of either a 10,000 head livestock feedlot
or a 30,000 tonne ethanol plant or both. A shift from cereal crop production to silage for
livestock or grain for ethanakill change thedemandfor water. Barley or corn silage
crops have different water requiremefism those ofthe grain production from small
cereal grains or corn crops (Tabl@?.

29 Stoveris the leaves and stalks of comgizg, sorghum or soybean plants that are left in a field after harvest.
Corn stover is the major feedstock being used for generating ethemagh fermentation
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Table 427. Water Demand of Selectedrrigated Cro ps

Crops Water Dem_and % of CWRS
per acre in
Corn Grain 520 113%
Corn Silage 470 102%
Barley Silage 390 85%
CWWS 480 104%
CWRS 460 100%

Source: ICDQ20083.

An increased production of barley silage or grain corn relative to the base creuiikhave
the biggeseffecton waterdemandfor irrigation. Anexpansionn the area seeded to grain corn
to meet the biomass requirements for a 30,000 tonne ethanol plantNiortheSaskatchewan
South Project wouldraise the water demandor irrigation by 1,230 dant. This amount was
estimatechs theadditionalwaterneededo grow grain corn when substituting small grainghie
crop mix. Likewise an increase in area seeded to barley sibatpeiuatéo accommodate 4 beef
feedlots would reduce the wattemancby 2,727 darhfrom the base scenario.

It is conceivable that ethanol production may be linked with feedlots.arrasgementvould
mean that \ateris also needed for livestock wateringn ethanol plantinked 10,000animal
capacity feedlowill require 184.9 dam of waterdirectly. Depending on the type of production
process usedvater consumption in a biomass ethanol production could be 33.7,227
litres per litre of ethanol for current technology, advanced technqglogy gasification,
respectively (Wu et 312009). Therefore, a 30,000 tonne ethanol plargy require 364 darh
241 dani, or 78 dani if its technologyis the currentype, advanced technologygr gasification,
respectively.

The net effect of th&lSRB-Westside Irrigation mjectwith the addition obnelivestock feedlot
operation (with a capacity of 10,000 head) and a biomass ethanol plant (using advanced
technology) would be a reduction\ivater demandby 2,542.1dant, expand withan increase by
1471.0dan?, for a netredwtion of 1,071.1dan? by 204Q which would continue t206Q

Details are shown in Table28.

4.45 Power Generation water demand

SaskPower has a provincial generation capadiym both owned and purchased powef

3,982 MW, of which 1,031 MW capacit2§%) is in the NSRB. An estimated new capacity for
Saskatchewan of 1,609 MW will be needed by 2020 and by 2033, of 2,159 MW along with
replacement of (or reinvestment in) its existing capacity to 2060 (SaskPower 2011).
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Table 4.28: Change inWater Demandby Agri-Processing due to Induced
y in the North SaskatchewanRiver Basin, 2040

Impact of Irrigation Activity

Economic No. of Direct Water . Ch.ange in Total amount of
Activity Operations Dema;d Irrigation Wat(;r Water Desmand
(dam) Demand(dam®) (dam’)
Feedlots 1 184.9 -2,727.0 -2,542.1
Ethanol Plant 1 241.0 1,230.0 1,471.0
Total Change in 425.9 -1,497.0 -1,071.1
Water Demand

In the future, sveral different generation and conservation optiavi be used to meet the
expected demand given the cost structure of each qEsowell asthe requirements to meet
base and peak load demand. Siadarge percentage of the population and econontivitgds
centered on Saskatoageneration capacityithin the basirwill be expected to increase with the
governingelectricity demand. Alsdhereplacement of the Queen Elizabeth Il generation station
and other generating statiowdl likely occur througtelectricity generating plants located within
the basin near existing transmission lines. It is also likely that to,2B20current generating
capacity if replaced will be with similar technology. At 2040and certainly 20600ther
generating options will be available that have different water demequirementgrom the
current technology. Estimates of electricity generation by source are presented in Z@ble 4.
The increased capacjtgs forecast by SaskPowes allocated to power generation by wind; co
generation, hydro, natural gas, wastathsolarBiomassand nuclear.

4.5 Forecasting of Domestic antbr Municipal Water Demand

Forecasts for domestwater demandretypically doneby past trends in factors that haveen
shown to influence futurerater demandThese factors, according Wehitford (1972), need to be
taken into account in any future water estirnaBix factors that affeduchpredictionhave been
shown to be (1) regulations on the amountvater demandby appliances, (2) type of pricing
policy, (3) level of public educamn, (4) future housing patterns, (5) cost of supply, and (6)
technological change.

Regulations and pricing policy are important determinantsatér demandn any community.
Saskatchewan follows the National Building Code for Plumbing and is a smaknsaich that
regulations on appliances are unlikely to difierm national or North Americastandards The
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pricing regimé for water followed by municipalities is totally within their control. However,
these policies are unlikely to change signifitaninless there are severe supply side problems
such as extended droughts (or severe impact of climate change). In Saskatchewan, of the total
households supplied by municipal water syste3ti86 had meters (Statistics Canada, 2006).

Table 4.29: Electricity Generation Estimates in the North Saskatchewan River
Basin, 2010- 2060

Type Amount of Electricity Generated in MWh in
2010 2020 2040 2060
wind - 55 7.6 9.8
Cogeneratior] 261.0 366.5 508.0 649.5
Hydro - 55 7.6 9.8
Nat Gas 519.0 695.6 933.7 1,076.6
Waste Heat 5.0 7.0 9.7 12.4
Solar 11.0 30.6 97.7
Biomass 11.0 30.6 97.7
Total 785.0 1,102.2 1,527.8 1,953.4

& This level is the actual power generated, and should not be confused with the
capacity noted in the primus page.
SourceEstimated usingaskPowe(2011).

Provincially, through the Saskatchewan Watershed Authority and locally, through municipalities,
efforts have been made to switch to lower water use appliancesrédbates for low flush
toilets). Rogramsfor educaing the publicto varying degreesn waterconsumptiorhave been

and are beingused. The urgency or force of the approach seems to depend on immediate supply
side problemsdrought,or plant shutdown, among others. These factors inflaeadoption of

water conservation and thereby affecater demandHowever, to predict these changes is
somewhat problematic.

The current pattern of residential development in Saskatchewan appears likelyuatih@@60,
along with the accompanyingvater demandcharacteristics that this entails. New housing
replacing old housing, appliances being upgradetieis useful lives end,and appliances either
coming on to the market or expandithgir market share will affect the per capitater demand

% The nature of pricing regime has a significant influence on water demand. For example, decreasing block pricing
encourages water use while the increasing block pricing schemes deter water use.
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Income and home ownership are two factors that affeet potentialadoption of water
conservation technology and converséhe purchase of new water using appliances (Gibbons,
2008).

The effect of all these factors on per capiter demands thereforamixed. For example, new
uses or expanded market slsafer applianceglike hot tub$ will increase per capita usior
conservation, thoughhe rate of replacement from 1994 to 2006 of low flush toilets and low
flow showerheads in Saskatchewan was 1a@% 0.9% per year, respectively (Statistics Canada,
2008b). However, this rate of change is unlikely to be sustained in the, agurest households
will have adopted thespermanentmeasuresthe scope for further change is limited.eBk
examplesmay be two ends of the spectrum of technology chawgéh low flush toilets
representing forced change through regulation, while low flow showeithadagtion is driven

by education or rebates.

Information on regulations, pricing, cost of supply and pubtlacation were not available for
estimating futurevater demandh the basin. As a crude approximation, futwmager demanevas

first approximated by change in number of water users (measured as population), and then
adjusted for climate change and teclogotal advances (resulting in water conservation). This
procedure result® a number of alternate estimates of futweter demandh the basin.

The projected population (2020, 2040, and 2060) for a given type of community was multiplied
by its water demand coefficient for the given period of tima orderto arrive at the estimate of
municipal water demand.

451 Estimation of Future Population

Future population of the South Saskatchewan River Baginbe influenced bythe overall
population of the pnance. Within thatgenerality different cultural groups may also exhibit
different trends of population growth over the future years. For example, population growth rates
for First Nation§and norFirst Nation®groups have been different and are exmkti€ontinue

so. In addition, there may be a significant amountirdérbasinmigration of people. These
migration patterns have ngeét been studied. To take into account possible differences in growth
rates, future levels ofertain populations groups ere estimated separately, starting with the
overall provincial population.

Regression analysis was used to forecast the future population withNSRB. Out of three
tested models- linear, curvilineay and logarithmic regression the most suitable odel was
chosento predict future values. In the cases wheiteme did not show a trendh different
approach was applie@nd specific growtlideclinerateswere employedThe mationak behind
those assumptions will be further explained in the followegiens.
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