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sYl¡omIS

Ttre results of a reconnaissar¡ce study into tt¡e feasibility and possible
extent of large scale develo¡ment of the irrigation potential of the
Canadian hairies are presented. ïre study eca¡nined the potentially
irrigable arieas¡, ttre expected benefits and costs of the on-fa:m
irrigation developnt, the costs of ttre conveyance systens required to
develop the proposed projects, arxl analyzed the overall economic worth
of developing the irrigation potential of the prairies. A r¡ater balance
tnodel of the prairie river network developed to exanine the fIæ¡
allocations required for large scåle irrigation of the prairies is also
presented.

the stu{y identified a¡rproxinrately 41000,000 hectares of lard as
potentially irrigable, and exarnined 41 different i¡:rigation projects.
Based on the results of the economic analysis anl the flo+¡ allocations
dete¡:nined from the r*ater bala¡rce del, ap¡rroximtely 219651000
hectares coul-d be irrigated for a total- cost of $8.2 biffion ard r^ror¡Ld
prodrrce direct net on-fann benefits having a present r+orth of
approxirntely 95.6 billion, for a benefit-cost ratio of 0.G8. If
irrdirect benefits are incrrded, the totål benefits could approach
$14 billion. Ttre over.all imigation systen conprises 18 discrete
projects v¿hich have direct benefit-cost ratios ranging fron 1.16 to 0.30
at a real effective interest rate of 4.0 percent. Ttre remining projects
were fouad to have rate of returns of less ttnn 1.0 percent for their
direct arxl i¡rdirect benefits r,¡nder present corditions, alrl thus were
deened economically infeasibLe.

All of the projects deened econonically fea"sibte by this etudy were
sttpplied with water fron tll.e Saskatchewa¡r-Nelson river basin. ShouLd
future conditions require adÀitional- imigation develo¡ment then
inter-basin diversions of r¿ater fron the Snokey, the Peace, or the
ChurchilL rivers nay be required to suppJ-y these ndditional
develo¡ments.

Ba"sed on the analysis of the '¿arious projects examined, the study
conch¡ded ttrat ttre imigation potential of the pr"airies r.iarrants
firrther, mre det¿iled e{a¡nir¡ation t}ran was possible in a study of this
nature. fn corrparison with the potential benefits, the e:çected cost of
sr,¡ch a strdy would be insignificant.



I wish to thank Prpfessor Edr*ard Kuiper for aII of his advice ard help
throughout ny post-graÂ¡ate stldies. A special thanks is êLso exterxled
t'o Ron t{einberger, Brian Abrahanson, and the hairie Fa¡m Rehabitit^ation
Afui¡ristration. Most especialÌy, r would like to ttrarrk my parents for
their continuir¡g noral sqpport of trV studies, and rny wife rqtro assisted
in the preparation of the ¡nanuscript ard has shown glreat patience and
tnderstanding throughout qy str:dies.

ttt

ACKI.¡OWLEDCIEMEI'¡TS



slnnopsls

Àcknovledgments

List of Figures

List of Tables

CHÀPTM ]- IN1RODUCTION TO THE STUDY

1.I BAC¡(ffiOUND TO THE PROBLE},I.

L.2 PIIRPOSE OF TI{E sTUDY.

1.3 ST(ÐY ÀREA À}ID 1OPOffiAPHY

1.4 Cf,IMATts ÀND FTYDROLOGIC CONDITIONS

1.5 SOILS OF THE PRAIRIES

TABLE OF CONTE}¡TS

lv

1.6 HISTORY OF IRRTGATION OF TI{E PRAIRTES...

CHAPTER 2 AffiICIJLTURE ON TI{E PRÀIRIES

2.L AffiICIJLTURE ON THE PRAIRIES TODÀY

2.2 DRYT,ÀND FARM PRÀCTICES.

2.3

2.2.L Dryland ìhnagement Practices. . .
2.2.2 Long Term C?op Production Increases...

IRRI C,À1ED ÀGRIC{JLTURE
2.3.I Methods Of lrrigation.
2.3.2 lrrigated Agricultural Practices.
2.3.3 Rate Of Farm Conversion.
2,3.4 Selecting Irrigable Àreas

SOIL SÀLTNITY A¡¡D DRÂINAG:E.

..11

.iii
viii

)Á,

2.5

2.6

2.7

2.8

.ix

FÀRM INPIJTS FOR DRYLAI.¡D A¡ID IRRIGATED AGRICXJLItIRE.

..1
,'

^

..5

..7

..9

.L2

.13

.13

.2L

.22

.22

.27

.29

.31

.34

.38

.39

.40

.47



2.9 ON_FÀRM ECAI,¡oY1ç BENM'ITS OF IRRIGÀTION.
2.9 .L Dryland CTop Returns. . .
2.9.2 lrrlgated Crop Returns,.
2.9.3 Selection Of lrrigated C?op Mix..
2.9.4 lrrigation Benef its To The Farmer

CI{AEITER 3 WA1ER RESOURCES OF THE PRÀIRIES

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

INTRODUSfION..

ROUNDWATER RESOIJRCES

SURFÀCE WÀTER RESOURCES

WA1ER USE ON TI{E PRÀIRIES..

MTVIRONMN{TAL CONSTRJAINTS. . . .

POLITICAL CONSTRAINTS. . . .

WÀÎER BALANCE HODEL FOR THE PRAIRIES. .

FT,OW VOLIJMES AVI\ILABLE FOR IRRIGATION.

CHÀPTER 4 ENGINEERING }TORKS

4.1 INIRODI.¡SIION..

4.2 DESIS.¡ CÀPÀCITY OF THE COÑrEYANCE
4.2.I Convelance Losses
4.2.2 Crop Water Requirements
4.2.3 Irrigation Schedule....
4.2. 4 Design Discharge Capacity. . .

.45

.46

.47

.47

.48

4.3 WÀTER SUPPLY SYSTEMS FOR IRRIGATION

4.4 COSTS OF IRRIGÀTION WORKS

4 . 4.1 ìtain Canals. . .
4.4.2 Pipellnes
4.4.3 Pump P1ants...
4.4.4 Distribution S1ætem.....
4.4.5 Reservoir Costs
4.4.6 Energy Costs Of pumping.
4.4.7 Diversion Works

.77

.77

.78

.78

.Bl

.82

.83

.87

sYs1u4.

.94

.94

.94

.96

.96

.98

.99

LLz
LTz

.114

.IL?

.l_18

.11-9

.119

.720



CHAPIER 5 ffil.tflC AI-IALYSIS

5.1 TNTRODIJCTTCÀ¡.. .....

5,2 BENtr'ITS OF TRRIGATION..
5.2.L Direct Benefits Of lrrigation.
5,2,2 lrd.irect Benefits

5.3 ffiTS OF INRIGATION..
5.3.1 Direct Costs
5,3.2 Indirect Costs of lrrigation.
5.3.3 Loss of llydroelectric Generation Benefits.

5.4 Em\tfIC DISffiJI'm RATts.

5.5 FCOò&ÍIC AI,IALYSIS }ÍETÌNDS

v]-

5.6 ECON\¡}ÍICS OF INRIGATIOÈ.I DEIIEI.CIPMENT OF THE PRATRTFS
5.6.1 Irrigation Developnt lJnder hesent Corditions.
5.6.2 Sensitivity Analysis of tàe Project Econonics...

5.7 BCCI'TfiCS OF IMIGATICÀI DEVEI..OPMEI\IT : PTIASES I,TI,& III.. ..151
5.7 ,l Ïrrigation Developnent: Ptrase f .. . . . o. . . .,152
5,7 ,2 lrrigation Developænt: Phase II. . . . .153
5.7.3 lrrigation Development: Phase III. . . . . .. .. r ....154

CTIAPTER 6 FT.CITTI ALI.,OCATION FOR TNRTGATIO.I OF THE PRATRIES

6.1 INIE0D{.¡Cf,ION.. .....160

6.2 I.¡AIER BAI.,AI.¡CE I.mEL FCIR INAIGATICÀI OF TTIE PRATRIË.. .......161

6.3 RETURN FTCI,üS ..L62

6.4 FI úT ALI..æATISJS Ff,ìR INRIGATTCI\¡ ...164
6.4.1 Pha"se I Developent: Natural- Flows..... ...165
6,4.2 Phase If Developnent: Storage of Flow .....166
6.4.3 Phase ffl Develo¡ment : Flow Diversion and Storage.......16?

6.5 ELOW SI{ORTAG$ A}ID Rrffi. . . . . .169

6.6 STORA.æ RECùUIRED'ENTS FCIR TFRIGATIO}I.. ..169

6,7 IMPACT OF IFRIGATICÈ.I DEIIELOPMEI'II ON I.\tArER GUALITY. .,..I7I

6.8 EFTT0IS OF FI.oTl¡ AI;I.æATION ON RTVER RtsGIHE. ....,,T72



vii

CHAPIER 7 M.¡C:L;USIoNS OF TT{E SIIDT

7 .I GENERAL æltCItlSICt¡S OF 1IIE SlUDy. .. . . . ......t74
7 .2 AREAS FNR FI.IRIHER SIUDY. . ....1?6

W
PRffiENT WATER USES ùJLY . .. .. ..... .. .. ..18?

FUTIIRE I4IATffi L¡SES O¡UY..... ..189

FI.InJRts T{ATER IJSES &, PHASE I DEVEI.OPMENT . . . . .191

zuTI.JRE WAIER I.ISES & PHASE II DEVEI.OPMENT . . . .193

FUTIJRE I.JATER USM & PHASE III DEVH.OPMENT . . .195



Figr¡re 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figt¡re 7

Figtre 8

Figure 9

Figt¡re 10

Figure 11

PRtrIENT AREA,S OF AæICruLTURAL PMT)I-¡SIICN¡ .... .. .. .... . ..5
CÈ.¡ ÏTE PRATR.rFS

MAJOR SOIL ZCÈ{ES OF THE pRAIRrEs. .. . . . . .g

ÐilSTING TRRIGATION OI.i TTTE PRATRTRS . . . .14

PTTENTIAL IRRTGATTO}.I STTES H(A}trNED IN THIS STTJDY. ...,32

DïSTRIBInICÈ¡ OF SALT mEfgtfO SOII,S Ot¡ TIIE PRAmIES........g5

}@ffi OF TI{E T{ATER BAI"A}¡CE }ODEL. .,,.,.79
SCHEMATIC DIAGRAT'Í OF A TYPICAL IRRIGATICÈ.I PRO.]ECr.........lOO

IARIGATION SUPPLY SYSTEI.tr¡ FÐR SAÑ(AIrCTIE9IA}I SIIES. . . . . . . . . . 102

IRRIGATICÈ{ SUPPLY SYSTEÞîS FCIR AI,BERTA SIIES ..........108
INRIGATIO.¡ SUPPI,Y SYSTEI.{S FCIR MANITBA SIrEs. . . . . .. . . . . . . . 111

CA¡LAL ffiTS VERSUS CAl.lAL CAPACITY.........................12g

vlÌ t

LÏST OF FIq.JRM



Table 2-1

Tab1e 2-2

Table 2-3

Table 2-4

Table 2-5

Table 2-6

Table 2-7

Table 2-B

CROP ÀREAS ON TI{E PRAIRIES

IRRIC,ATED CROPS AT OLTTT,OOK IN 1979

PRESETT ÀND FORECÀST LÀI\TD USES ON THE PR.AIRIES. . .

NIIIRIESTT RM{OVÀL BY PRAIRIE CROPS

À\TERAGE FERTILTZER CONSUMPTION IN 1979.

Rtr.ÀTIVE DTSTRIBTJTION OF SNOW CO\TER

COHPÀRISON OF IRRIC,ATION METHODS

A}INUAL FI)GD AND N.IERGY COSTS OF IRRIGATION RÂ1ES
FOR IMIEREST RATES OF 4, 6, À¡¡D B%, At¡D EbrERGy
RATES OF $.04,¿Kr¡h ÀND S.06,¡Kwh

ix

LIST OF TABTEq

Table 2-9

Tab1e 2-10

Table 2-l-1

Tab1e 2-12

Table 2-l-3

Table 2-l-4

Tab1e 2-L5

Table 2-16

Table 2-17

Table 2-18

Table 2-19

Tab1e 2-20

Table 2-21

labIe 2-22

Tab1e 2-23

IRRIGÀTION SYSTEI"Í SMECTION

1læÏCAL LA¡¡D CÍ,ASSIFICATION STAI'IDARDS FOR
SUÏTÀBILITY

TRRIC.ÀIED AREÀS OF PROPOSED DEVEI,OPHENT..

PRESENT DRYLAND YIEI,DS ON PRATRIE SOILS..

PO{IET{TIÀL DRYLÀND YTEtr,DS ON PRAIRTE SOTLS

IRRIGÀTED CROP YIET.DS. . . .

DRIÍ,AND FARM TNPIJT COST.

IRRIGÀTED INPIJT COST.

PRESEÎ.IT AIID PROJEC:IED CROP PRICES. . . . . . . .

PRESEII¡T AI'ID FORECÀST CROP Ð(PORTS

CONSUMPTT\¡E CF,OP WÀTER USE F'ACI'ORS. . . . . . .

WATER REQUIRET'ÍEßITS FOR EACH SITE

. .50

. .51

trâ

ca

. .53

. .54

. .55

. .56

IRRIGÀTION

SEASONAL VARIATTON OF A}INUÀL WÀTER REQUIREMEb¡T.
FCIR EÀCH CROP

NET RSrURNS FOR DRYLAND CROP PRODL'CTION..

NET R TURNS FOR IRRIC,ÀTED CROP PRODI-UTION. . . .. .
(NEGLECTING Í{ÀTER. SUPPLY COSTS)

..57

. .58

. .60

. .61

..62

. .53

..64

. .55

. .66

. .66

..67

. .68

. .69

. .70

..7L



x

TAbIe 2-24 SEÀSONAL VÀRIÀTION OF À}INUÀL WATER REQUTRM{Eô¡T
FOR EÀCH SITE

Tab1e 2-25

Table 2-26

Table 2-27

Table 2-28

DIRETI BENEB'ITS OF IRRIGATION

DIRECT BENEFITS OF IRRIGATION

DIRE T BENPF'TTS OF IRRIGÀTION
CROP PRICE TNCREÀSE OF 25t

DTRECT BESIPT'ITS OF IRRIGATION
CROP PRICE DECREÀSE OF 257

DIRECT BE$IEF'ITS OF IRRTGATION
ÀLTERNÀ1E DRÀINÀGE SCHE}fE

DIRESI BENET'ITS OF IRRIGATION
ENERGY COST INCREÀSE OF ]-OOT

DIRESI BENEF'ITS OF IRRIGATION
INTEREST RÀTE OF 2T

DIRESI BET{EF'ITS OF IRRIGATION
INTER.EST RÀTE OF BI

Table 2-29

Table 2-30

Table 2-31,

Table 2-32

Tab1e 3-l-

Table 3-2

PRESENT CONDITIONS.

ruK'RE CONDITIONS. .

PRESENT CONDITIONS.

TAb].C 3-4 }TÀTER VOLUME SURPLUSES: PRESEIIT A}¡D ruTURE I{ATER USES.

: PRESEIT COIIDITIONS.

: PRESE$IT CONDITIONS.

: PRESE[tllI COTIDITIONS.

: PRESEbTT COÈTDITIONS.

: PRESEb{T CONDITIONS.

PRESENT T{ÀTER USES ON

Table 4-1 DESIcll CAPÀCITY At¡D WÀTER RÐUIRerE$tTs OF THE pRGrEgfS

.72

.73

.73

.74

.74

.75

.75

.76

.76

.90

.91

.92

Table 4-2

Table 4-3

Table 4-4

Table 4-5

Table 4-6

Table 4-7

Table 4-8

Table 5-1

Tab1e 5-2

UNIT COSTS

CAPITÀL COSTS

BENIM'IT - COST RATIOS,

BEN¡TIT - COST R,ATIOS:
VARIED PRICES

.93

..123

IRR : PRESE}N CONDITIONS..

PRESENT CONDITIONS¿ . . .

..L25

..\27

..L28

. . r-30

. .131

..L32

. .133

. .156

. .157



TabIe

TabIe

Table

5-3

5-4

6-1

xi

BENtr'IT - ffiT RATIG, InR : zuIURE

Emù¡fYfICS OF IFRfcATICÈrl DEVELOPMEMI:

IRRIGATION DHIELOPMENT: PHASES I,Ir,

CONDITIOI.¡S .....158

PHASES r,II, IrI....159

rrr.. .....173



1.1 BACK(M.J}¡D 10 THE PRCIBI,EM

lhere are several factors wtrich presently justify an exarliration of the

l-arge scale irrigation potential of the Canadian pr"airies. These

factors irrclude the recent estinates [1,2] of growirUl global food

denanC., the rec.urring dror:ghts which so serior.¡sly affect the

agricul-turral production of the prairies, the ever increasin¡¡ losses of

prodrrctive prairie fa:lml-and to salinization ard both r.¡ater and wind

erosion, a¡rd the cument debate over possible lor¡g term global clirnetic

changes and their possible effects in Western Canada. A recent sprninar

by the Scierrce Cor¡ncil of Ca¡¡ada conch¡ded that "a return to nore

variable conditions, characteristic of ntrch of Norttr A¡nerica¡r clinate in

earlier decades and centuries, would r:ndoubtedLy prodr.lc-e far greater

year to year fh.rctr¡ations in our agricultural outpr:ts tha¡r tÀose to

¡.¡hich we have become accustomed (a¡rd have taken for granted in our

national and inter"national planning)" [3].

Ba"sed on recent Agriculture Canada a¡rd Canadia¡r frlheat Board foreca"sts

U rZ), the prairies nust increase its agricul-tural prodr-rction by

50 percent above its 1978 level to neet the long tem for.ecast Élrain

export de¡¡ands of 36 nillion tonnes. Ttrese forecasts nay be exbremely

optirnis¿1c given the cument grain export environment, which has

depressed the price of r.¡heat and cereals to their lowest levels in many

years. Ït must be enptrasized that erhile artificial- narket influences

such as the export subsidies currently beine offered by the United

States of Arnerica arrù the European Economic Corunurrity ca¡r drastically

CHAPIER 1 TNTRCIü..TTION TìO TTIE STT]DY
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affect the price a¡rd available m,rket for Canadats aElricuttural

production, it is impossible to foreca"st the 1ong ter"n extent and scope

of these market forces [4J.

shoul-d these ex¡rort forecasts prove accurate in the lor¡g te¡m, then

continued production increaces can only eome frm increasing

intensification of the prairie farm practices in conjrmction with snow

management and/or irrigation, since virtually all of the agriculturalty

suitable anable land is already in prodrrction [5].

I.2 PURME OF TT{E ST1JDY

This study atternpts to i¡rvestigate the present and futr¡re feasibility

arxl. extent of large scale irrigation develo¡ment on the car¡adian

prairies. Ttre study ecamined the econonic feasibility of irrigation

developnt r¡nder various ecenarios, as well as the physical linits of

irrigation development given the naturar resourcs linirs of the

prairies. rn addition to the inherent physicar constraints of the

prairies, the study also briefly e><anined the external constraints of

the politieal a¡¡l envirorunental aspects of water resource develo¡ment on

the prairies. Ttre intent Þ¡as not to catalogue ea,ch arxl every irnpact the

inigation r.rater arrocation systems woul-d have on ttre prairies, b.rt

rnerely to determine to r.¡trat exbent the system r.ras sha@ and restricted

by ttrese consttaints.

The specific intent of the strdy was to :

assess a¡d identify areas wtrich appear suit"able for irrigation
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- deternine the cha¡rge in net farrn i¡¡cone based on the present arxl

potential- i¡rp¡t costs, mrket prices, and prodr:ction for both

dryfard a¡rd irrigated farming

- identify potential irrígated crops and their expected yields r.r¡der

cunent and ¡rctential conditions

- determine the anount of r¡ater required by each proposed area based

on expected r¿ater deficits arul the water requirenents of the cro¡s
' selected

- deter"nine the ¡+ater available for irrigation and the works

required to convey the r.¡ater fron the source to the fanler

- briefly discuss the political ard enviror¡ment¿.I constraints on the

¡¡ater resources of the prairies, ar¡cl the inpact of the proposed.

r.xater allocation systpm.c.

- estimnte the on-fan"m supplyr drainage, a¡ul distribution costs, as

welr as the reservoir, canal, ard diversion costs of the water

supply systen required.

- based on the direct and irxitirect benefits a¡rd coets of the various

components of the irrigation systen, determine the rate of return,

the benefit-cost ratio, ar¡d the totar net benefits for the

different projects.

When reviewing the resul-ts arxl conch¡sions of this studv_, it should be

realized that to facilit¿te tJre analysis rnany sinplifyine assr.mptions

were nnde. This work is not interxled to be the definitive study upon

ttre subject' lrut nerery attenpts to d,eternine if further, rcre

I
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cofiprehenÉ¡ive sttdies of the areas identified as irrigable are

warranted. As will be discussed in Ctrapters 2 through 6, there are ¡mny

ar€a-€¡ of this stuÀv that r+arant e:<a¡nination in considerably uþre detail
than r+as pernitted by the r¡ature of this study.

1.3 STUDY AREA and TOFOCRAPHY

Ttre area exarnined in this study (see Figure 1 on page 5) is al-most

entirely cont¿ined within the Saskatcher+a¡r-Nelson ri.ver drainage basin,

ar¡l contains approxìmately ?5or00o square kilometres of land. The

bourrdaries of the sttrdy area were the Llnited States-Canadiar¡ border on

the south, ttre lfarritoba-ùrtario border on the east, the Rocþ Moumtain

foottrills on the west, a¡ul the northe¡n linit of prairie ag¡icul-ture

t¿hich presently occurs at approxirmtely 55 degrees Latitr¡de North. Ttre

enclosed area rpuEhly corresponds to ttre present areÊ-c of agricul-ture

production on the prairies. In general the topograpùry of the str¡{y area

consists of relativery frat rolring plains wtrich slope in a east to
north-eqqterly direction. Ttre elevations range from a high of 1160 m in
southe¡n Alberta down to a row of z4o n in lrhnitoba. 1he frat a¡rd

rolli¡rg prains characteristic of the prairies an3e a resurt of the

numerous glaciations the region has experienced., the rast of r¡trich

occuned about 151000 years ago. lhe thick layers of lacustrine soils
now for:rrrl on the prairies were forued. throWh se¿i_mentå,tion in the large

lakes produced by the meltwater of the final glaciation period. As this
gl-aciation receded numerous¡ neltr¿ater cha¡unels were created r^¡trich today

provide good þtentiar sites for r+ater stor"age reservoirs on the

prairies.
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There are three general topograpLrical levels on the prairies, with the

lowest of these beir¡S the flat featureless plains of l-bnitoba, wtrich are

the renains of ttre botton of the forrer gtacier-fed. Lake Agassiz. This

area is bot¡nded on the west by the Duck, the porcupile, a¡d the Ridùg

Mot¡ntains wtrich comprise the lrfanitoba Escarpnent, and are located on the

western boundary of the province. The second topographic level of the

prairies lies westÌaatd of the l-4anitoba Escar¡ment aût consists of the

gentre rollir¡g prairies of saskatche$¡an. Ttre rast of the three

topographic leveLs lies west of the Missouri Cotteau Escarpent wtrich

cuts a,cross central saskatchewan in a generally north-westerly

direction. This third level has quite irregul_ar relief due to the

erosion of its original glacier-planed flat surface, arrL contains mny

closed drainage basins.

1.4 0LTMATE a¡rd ÌIYTtRoLffirc mi¡Drrro.¡s oÈ.¡ lHE PRAIRTES

Ttrere is a considerable range in precipitation across the prairies, wittr

the southern rÊgion of Al-berta receivi¡rg an average of just ZB0 m per

J¡ear, while eastern Itfanitoba receives 560 m per year, and the Rocky

Mot¡ntain Foothills receive an average of 640 rrn per year t6J. Ttre

average net evaporation on the prairies rangea fron 130 to 640 ¡6 [?].
Bå"sed on its aver€,Éle a¡rnt¡al precipitation'a¡¡l evaporation ,¿al-ues, the

overaLl prairie climate is classified as seni-arid.. If it were not for
the "cold lows" rain storts which generally occur i¡¡ the spring and falt
se¿rsons the prairies wou-Ld resemble a barren desert ntrch li_ke the

Chinese Gobi or the African Sahara. the inportance of these storms to
pnairie aglric"ltr¡.e was¡ a¡nply demonstrated dr¡ring the "rìirty thirties"
droWht when above averaÉle sprirrg tenperatures prevented these storns
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from occurri¡rg. Ttre lack of these stor:rns also greatly contrihrted to

the recent d¡oWhts of 1977, 1981, 1984, and 1985. The delicate

hydrologic bal-ance between precipitation and evaporation frequently

creates critical noisture deficits in the soils throughout the prairies.

These dror¡ghts terrd to be cyclical in occr.¡rrence, a¡d droWhts lastirg 5

to 10 years have been obserwed.

the majority of the fl-ow in the Saskatchewan-Nelson River ba-sin is

derived fron the 1780 m of precipitation wtrich the eastern slopes of

the Rocþ Mount^ains receive on average each year. Becan¡se of the many

cl-osed basins on the prairies a¡rd the rate of eva¡:oration, it has been

estinrated that all of the prairie land.s contribute only I percent of the

total arrnual n-r¡off of the saskatcher^¡an-Nelson bosin [6], although they

constitute approximntety g0 percent of the total- drainage area of the

basin.

1.5 SOn S of ttre PRAßIES

The soils of the prairies can be classified into four broad soils groups

consisting of the Brown, Dark Brown, Black, and Grey soil zones, the

nanes of t¡trich arise from the dominant col-or of the topsoil. Like aII
soils, their properties ar€ infl-uenced by the parent naterials fron

wltich their conponents were eroded, the nethod of deposition, the

vegetation theytve supported, the weathering they have r.uodergone, their
drainage, and the topography. lhe eorors of the four soir zones

corres¡rcrxJ. to ttre different types of veget"ative cover and the clirnate

wtrich the soils developed in (see Figure Z on page g). The Brown soils
corres¡rcnd to d::y grassla¡rds, the Dark Brown soils wer¡e graaslands

moister than the Browns, the Black soils were grass arxl treed parklards,

(
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and the Grey soils were boreal forest. Ttris developnt pattern

produced soils in wtrich rcisture, nitrogen content, a¡rd organic natter

increase as one proceeds from a Browrr to Dark Brown to Black or Grey

soils. TÌre crop production on nost of the soirs of the prairies is

currently liaited by the soil rcisture available to ttre crop, br¡t urder

irrigation the linif,l¡g factors would be the plant nutrients ard

minerals provided by the soil.

1.6 HISfCIHY of IRRfGATIO.I of the PRÀIRTES

The pra.ctice of provid,ing supplæntal r.¡ater to croplands has been well

docu¡nented throuEÈrout the written history of nar¡ki¡rd [8]. The cor-mtries

of Babylon, Eg¡¡pt, Syria, Persia, India, China, Italy, and peru have

records arxl evidence of irrigation developrents dating back as far ae

2200 B,C. As a¡r exarnple of the quality of these early works, the famous

Tu Kiang Da¡¡ in china presently irrigates 2001000 hect¿res of rice, yet

uras built by a nan na¡ned Li and his son in 200 B.c. rn conperison to

these imigation develotrments, the imigation of the Canadia¡r prairies

is very young' with the first small developents occurring arourrd 1880.

Ttre development of dryland and imigated agricu-l-ture on the Car¡adia¡r

prairies r*as greatly influenced by both political and econornic motives.

The Doninion of canada obtained the Htdson's Bay coryanyrs entitlement

to Rr.rpert's Land, a"s l4anitoba, saskatcher.¡arr, a¡d Abert¿ were then

known, irr 1870. To prornote rapid settlement arxt est^ablish a sense of

national identity in these newry acquired r€gions, the government

encouragd construction of railroads by granting large blocks of la¡xt in

the region to the railway conpanies. rn 1880, the canadian pacific

Raib+ay consortir.m agreed to lirù Montreal to the Pacific coast with a
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rail-r"ray for a paynent of $25 nillion in cash and 10.1 nillion hectares

of la¡¡l "fairly fit for settlænt"[6].

Followi¡rg the conpletion of the railroad in 1885, the prairie settlement

boon began. In the early 1890ts a prolonged droueht threatened to drive

these early settlers off their homesteads. This confirmed an earlier

asses$nent of the reElion by captain John Palliser, a British explorer

r'¡ho in 1857 identified a large portion of the southern Canadiar¡ prairies

* Tt* too dry to support agricul-ture. This area is now loror,¡n as the

"Palliser Triangle" (see Figr¡re 1 on page 5) arxr closery corres¡:onds to

the l-a¡xls which woul-d be nearly devastated in the drought of the 1g30's.

rn res¡rcnse to the 1890ts droueùt, in 1894 the canadian governnent

mssed the Northwest rrrigation Act in r¿trich arl riparian rights to
streams were revoked arxt the water was declared the property of the

crown. The right to r¡se the water for perpetuity coul-d then be gra¡rted

to users fron the croeln, providilg the user did not abarrdon nor r¿aste

the water rights. To assess the availabitity of water on the pr.iairies,

the act also created the Irrigation Branch to inventory all usable water

supplies in the west, a¡xt to identify alr }ands in the Dorninion

territories which would benefit frorn irrigation.

The first diversions a¡rd distribution of irrigation r+ater on a

signifie.ant scale were t¡ldertaken by private entrepreneurs and railr+ay

companies attempting to increase the value of their lard. holdings r"¡hile

also increasi¡¡g the econonic outp:t arxl freieht activity of the reglior¡g.

In rcst cas¡es these developnents were quickly for¡rd to be Itþney losing

ventures, arxl the provincial governnents F¡erÊ forced to legislate the
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fornation of irrigation ùistricts composed of the r¿ater users

thpmselves.

From 1910 to 1930 the growth of imigation on the prairies Ha"s very slow

as a nr.mber of wet years resulted i¡r little demarxt for supplemental-

r+ater in the existing develo¡ments. rt¡e followi¡¡g decade ¡+as the

infa¡rous "dirty thirties", in wtrich the prairies experienced the nost

severe and prolonged drought on record, ard thousands of fanities¡ were

forced off of their rant. rn response to this crisis, the federal

governnent mssed the kairie Fan"n Rehabititåtion Act i¡ 1935, ¡¡hich

created all. agency (PFRA) ¡¡hose nandate was to save and rebuitd western

Canadian agriculture as well as to enh^ance the use arxl developent of

the rcater and land resourees of the prairies.

By the start of the post-war period of 1945 a¡rd onr¡ards, it r+as apparent

that large scale irrigation coul-d only srrcceed if provincial or federral

govemrents assrured responsibility for part or all of the capita,l costs

of an imigation developent. rn the period 1g50 to 1g?8, the irrigated

area on the prairies irrcreased fron 200,000 hectares to 454,000 hectares

[6] r a 127 percent increase r.¡]rich is largely attributable to government

sponsored irrigation develo¡ments such as the South Saskatchel^¡a¡r River

Irrigatú-on Project, a¡xL the Saint lbry River Imigation District. Ttre

recent droWhts of 1981, 1984, and 1985 has ensr¡r€d a continued strong

interest in irrigation development.



2,L AffiIC{JLTURE CÈ.I THE PRATRIES ÎODAY

cHApuR 2_ ABICI&UAE__CI\I IU pRArRrEs

Agriculture is one of the min conponents of the economy of the Car¡ad.ian

prairies, and prior to the quite recent deveropment of the pr"airies

petroler.m and ninir¡g nesources Has virtually the sole com¡rcnent of its
econcqr. Each year, the prairie provinces of ALberta, Saskatcher+a¡, a¡1L

I'fanitoba prodrrce approxirnately 12 billion dollars of agricultural
prodrrcts r^,trich generarly comprises 4 to 5 percent of canada's Gross

ì,Iational prodr¡ct [9]. Ttre cereal arüt oil seed prodrrction of t]¡e

prairies ar€ responÉ¡ibre for nost of the g.8 birrion dorlars of

agricurtural prodr.rcts wtrich canada exported i¡ 1gg4 tgl. These

agricultural benefits diffuse throughout the provincial a¡ld natior¡al

econornies to prodr-lce direct and i¡rdirect benefits to al-I Canadians.

The agricufture system of ttre prairies consists of aprproxirnately 1551000

farms wtrich cultivate a tot¿t of over 38 nillion hectares (ha) of la¡xt

tgl. Ttre arear extent of prairie agricurtr¡re is shown in Figrue 1 on

page 5r r¡hile average arxt 1985 crop ar¡eas are shoem in Table 2-1 on

page 50. In contrast with the overall cultir¡ated area of 38 nillion
hect^ares, the rcst recent estfumte t6l of the irrigated area on ttre

pra,iries is only 4541000 hectares, or just over l.Z percent of ttre tot¿t
cultivatéd area. Of ttris total imigated area, Albert¿ ha.s 82 pencent

with 3731000 hectares, saskatcheu¡a¡r ha"s l? pencent Þdth ?6rgg0 hectares,

ard Manitoba has 41400 hectares for I percent of the prairies irrigated

(
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area. The areal distrit¡r:tion of these inigation aneas is shor.m in

Figure 3 on page 14r and a typical crop distribution for present prairie

irrigation develo¡rnents is presented in Table 2-2 on page 51.

2.2 DRYI..AI.ID FARM PRACTICES

Because of the long development period associated with any large scale

inigation project, the analysis of the benefits of ir-rigation shoul-d be

based on rihat the present crop returrrs €rre, Fs well_ as wtrat they may

becone over the deveropent period. rt has been suggested by many crop

special-ists [9 to 13] that the prairies coul-d substantiaJ-ly increase its

crop prodrrction in the next 5 to 10 years if the crop prices were

sufficient to justify srrch a¡r increase. sirrce these produrction

increases nay arter ttre net returns of both dryrard and irrigated

agricul-ture to the farrner, these potential nethods a¡d their possible

inpacts were briefly ocanined in this study.

2.2.t Drylarut l*fanage¡nent Prlactices

In 1980 ttre Ce¡¡adian [rlheat Board sponsored tt¡e hairie hodrrction

syrposir.un r+trich attenpted to assess the prodtrction potential of the

prairies' and to deternine the means by which the grain export denands

originally forecast for 1985 and 1g90 could be achieved. rtre five
cropping methods wtrich were presented as being capable of provid:i-ng

these required production increases r.rere:

1) A considerable decrease in the sumerfalloqed area on the Black,

Grey ard Dark Bro¡.rn soil zones (see Figure Z on page 8)
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2) TnrFroved yiel-ds per seeded. hectare due to inproved na¡¡ageænt

practices and plant genetics,

3) rncreased use of snow ulanage¡rent techniques to improve ttre

quantity of mertwater ret¿ined by the field. in spring,

4) rncreased use of w'inter cerear crops such ao winter r+Ìreat,

5) Increased use of zero ti1lage.

the effects a¡¡c im¡glications of each of these practices are ùiscuased. in
det^ail below.

a) Decreased Sr,merfallow Area

Stmnerfallowing is the practice of leaving a field. for a sr¡mer r+ithout

ar¡y crop on it so a-q to increase the arctnrt of noisture stored in the

soiJ-, wtrile cu.l-tivation and/or herbicide treatænts are applied

throughout the sLumer to control weed growttr. The æthod was first
developed at the lrxilian Head bcperirrent¿l Fa:m in Saskatchewan r.itren they
reported in 1889 that "our se€rson points to only one way in wrrich we ca¡
i¡¡ al-l years expect to reap sorething . .. fal-IowirEl ttre lard is the
best pr.eparation to ensure a crop" t1+1. since 1921 Manitoba a¡xt

saskatchpr+an have r¡sr¡ally fallowed at least 20 percent of their i-uproved

lands' ard since the 1940's saskatcher.¡a¡r has fallowed 40 to 4g percent

of its improved la¡rd tlbl.

The early practice of "black fal-Iowi_r¡g" in r.¡hich the fal_Iow s¡as

cultivated frequently sr.rch ttrat no trash or cover existed by the er¡c of
tåe sLwler contributed greatry t15l to the dr¡st stoms, drmes arri
erosion losses v¿trich occurred in the dry years of the 1g30rs. Si¡rce ttre
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"dirty thirties" drought, good farn practice hås been to naint¿in a good

stubble and trash cover on the fallow as this reduces the erodibility of
the topsoil r¡hile increasing the amuurt of snor,,¡rett stored in the soil.

The a.mor.urt of lard sr¡nrerfallowed on the prairies has been general_ly

redu¡cing since 1969, and recent forecasts [lr rrzrLgrl6rl?] are that ttre
fallowed areasr will- greatly decrease on rcst of the soir types of the

prairies in the futtrre, as irlustrated in Table z-3 on page sz. rt
shoul-d be noted when reviewir8 Table 2-3 that fallæ¡i¡rg of the Browr¡

soils car¡not be significantly altered without additional- moisture being

supplied to the soil, ard thus ¡6 nrnjor changes in fallo¡+i¡g of the

Brown soils were forecast. This add-itional r¿ater could be obtained. fron
either irrigation or through successful nanagernnt of the snø¡cover, the

techniques of e¡hich are rìiscussed. in ttreir respective sections

subsequent to this.

While sr-mnerfal-towing tras allowed the Palliser Triangle to spccessfulJ-y

prodtrce cereal grains in the trnst, the practice has contributed. to the

sal-i¡rization of Saskatchewa¡r soils [17,18] a¡xl its high use in the Black

and Grey Soils results in lower average crop yields ard prodtrction tha¡r

the soirs are capabre of. Given increased crop inp'ts sl¡ch a.s

fertilizer and herbicidesr,a decrease in the anourt of sr.rerfallow will
produce a corresporxling irrcrease in grain prodrrction on the prairies.

b) Managenent Techniques for lrrcrea.sed yields

Several recent studies of the yield potential of the prairies predict

increases in the yields per seeded hectare of about 30 percent

[12,13'15,19] by 1990. This increase is expected to result frm
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ilcreased fertilizer inputs, better weed a¡xl insect control- (r+itd. oats

alone redrrced saskatchewa¡r's wheat yields by 6.3 percent in 1g?g tl3l),
further develo¡ment of hisher yieldir¡g varieties of cereal_s arxl

oilseeds, a¡xl greater tìse of pedigreed arut cleaned seed,s. Ttre increases

in fertilizer use required to obtain and. naintain these forecast yieJ-d

increases can be estinated by the arcwrt of nutrient naterial renoved by

each crop' wtrich are presented in Table 2-4 on page 53. Frpm this table
it carr be seen that 5?-6T k9fi1Ð, of nitrogen, 25_27 Þcg,/ha of phosphorus,

75-22 kg/ha of potassir.m, arxl 5-7 l<sftrl of sulfur are t¡'picalty rmved
by each harvest of wùreat, oats, or barley. For conparative lxrrposes the
average fertilizer use for the prairies in 19?9 is shown in Table Z-5 on

page 53, arxl. r*as a.sstuned to be typical for present drylard fam
o¡:eration.

c) Snow lrhnageænt t'bthods to Irrcrease yields

The nanipmlation of the snorrcover which blar¡kets the prairies thror¡ghout

the winter months has been estinated to provide the greatest potential
to supply additional ¡.¡ater to irrcrease prodrrction on stubble [1?] ot]rer

than i*igation, and yet to date it has seen only quite rimif,sd

appJ-ication on the prairies. Fron 1960-1980 the average snor+fall on the
prairies was 985 nrn, containing 116 m of r*ater, yet rittle of this
snowmelt r+ater ie ret^ained on ttre fields sirrce the snow generally blows

off the fiel-ds to firr in ditches and wirxcbreaks. The basic prerni se of
snow rianaElement is to ret¿in the snorrcover on the field thus allowing
the fields to gain arìditional- rcisture trsually lost -to drainage arut

ditch infirtration. Table 2-6 on page 54 shows the rerative
redistribr¡tion of snowcover r.¡hich typically occurs on the prairies. An

l
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i¡teresting obseryation from Table 2-6 is that a fallor+ed field
general-ly tnaps the least emor.mt of snowcover regandless of the terrain.
The basic technique to increa,se sno¡.¡æIt r*ater retention is to place

bamiers r'¡hich witl trap snow an¡1. naintai¡r a good sno¡rcover throræhout

the winter. These bamiers can be subd.ivided i¡rto two basic categories,

non-coflIpetitive and competitive, r.¡here the com¡:etition referred to is
with the crop for the available soil_ noistur€.

T\'ro methods of non-competitive baniers have been tested. in
Saskatehernran, r+ittr varrins resul-ts. The nethod of naki¡g ridges of snow

(i'e. windrows) after snowfal-ls increased rields 2 to 10 percent hrt the
yierds were inconsistent and d.id not justify the fuer cost of
"wi¡rcrowing¡" the snow. Better sLrccess hå^s been ex¡:erienced at ttre

llniversity of Saskatchewan's Kerr"an fam where the crop is swathed with
a talÌ strip of stubble reneining on the field spaced about 6 n apart.

This swath pattern has prodrrced ar¡ average of 50 perrent exbra water

recharged in the soil com¡nred. to conventionally srvattred stubble fields
t171.

The corn¡:etitive barriers are generalry strips of vegetation groç¡n to
increoee the snowcover, and include the trad.itior¡al shelterbelts of
trees and hed€es, ¿tsi weII as the taII r+treatgra.ss bÉ.rriers Hhich are

currently beins r¡sed with great success in Montana. trfhire these

bamiers do consr.me r*ater, the irrcrease in the amourt of snow neltr.¡ater

retained nore than com¡:ensates for that consLmed. rn one study, a

39.5 kglha increase in grain yields was obserwed in fields with adjacent

shelterbelts [22J, while in Mont¿na the use of t¿tl *heatgra,ss strips
planted 9-15 n apart increased soil rcisture by 50 m, wtrich alloræd for



19

a continuous crop rotation and prodr:ced anm¡al yields 30 to 6g percent

gr€ater than did the conventional spring r¿treat-fallow rotation [23J.

While it is apparent that snowcover managernent offers a great deal of
potentiaJ- production increase for the pr:airies, there has been no large

scale use of the techniques on the prairies and thus it rertains a rather
r¡rloror"¡n quantity. Research done in saskatchewan suggests that an

additional 30 m of r+ater could be retained by the pructice, which wou1d.

increase yieì_ds by roughty 10 percent [1?]. ft must be noted that sone

of the techniques of snow nanageÐent can also be sr:ccessfulty utilized
on irrigated fields, ard. thus the required. irrigation application could

be decreased by 30 m as well.

Ttre mjor difficulty with snow rrrungeænt is that snor+fall is subject to
trær¡lous yearry variation a'd given the cument and predicted hi¡¡h

inp¡t costs, a fanner ûay not be wifling to ganble on the misture being

provided sorely by this nanagement technique. For the Frrpose of this
stu{y the effects of snow na.lngenent were assr¡red to be inch¡ded in the

30 per"eent production increase forecast.

d) Winter Wheat

Increasing the area of lard seeded with winter r¡heat would increase the
prairies Érain prndr.rction considerably si:nce winter ç¡Ìreat generrally

yields 25 percent more tlll than does sprirg r.rheat, wtrite itrs dee¡:er

roots utilize the soil moisture content nore efficiently thar¡ do the

shal-low rooted cereals tTh "" spring ¡¡heat or barley. Cu¡rently winter
wheat is only gr'olnn on the prairies in Al-bert¿ arxt Saskatchewan, which

together pranted about 486,000 hecta.res of winter wtreat in 1gg5 tgl.
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The areal- extent of winter wheat is presently quite linited as it
requires either a higher winter growd temperature or greater snorrcover

tha¡¡ is genenally observed in tt¡e prairies to surwive the winter. It is
possible that this crop courd increase its suitable area th¡ough snow

nanagement and,/or crop improvement. For the pu4)oses of this stpdy the

impact of winter crops were negl-ected due to their presentry limited

significance on the prairies.

el Zero Tillage

Zero tillage is a crþp prodr.rction system in wtrich seed is planted i-n a

seedbed. that has not been till-ed. si-nce the harwest of the preced.ing

crÐp. Arl of the weed, disease, and pest contror is achieved by

chemical rÞ¿uìs alone, as the trash cover is not disturbed by tiuins
exeept durir¡g placement of the seed. ftris singte tillage results ix
savings in fuel, time, a¡ld soil noisture r+trile the plant residues on the

soils surfa,ce greatly red¡:ce wind and water erosion of the soil. The

rmjor disadva¡rtages of the systen are:

existing tillage equipment ca¡r not be readily d.ified to perform

zero tillage

- perennial weed contror becomes inportant arxil erçensive

- fertilizers ean only be incorponated by ba¡ding near the seed

- potentiar problems with insect and disease control due to

organisns ove¡:r.¡intering on crop residues.

While zero tillage is now being successful-Iy used in ttre LÏnited St¿tes

on 419001000 hectares, its adoption on the ca¡¡adian prairies has

I
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procedd quite slowly. rn 1g?g zero tirrage wa.s¡ utirized on 251000

hectares of prairie farrùa¡rd, increasing i¡r 1gB0 to 40,000 hect^ares

t1S¡. Al-thou8h this technique appears to hold great potential for the

prairies, current research results have been i¡rconsistent t1gr24l as to
itts real effectiveness a¡rd savings. Þrtensive use of zero tillage my
al-so l-ead to long tern environment¿I concerns over the percolation of
any chemical residue doç¡n to the frequently shallow gror:rdr¿ater tables

of the prairies,

Because of the r¡rcertainty as to the rong term suit^abitity of zero

tirlage on the prairies, as werr as the coneerrrs expressed. over the

method's total relia¡rce on che¡nìcal weed ard pest controJ-, the irnpact of
the zero tilI nethod upon prairie agriculture was deemed to be

negligible for the prrposes of this str:dy.

2.2,2 Long Terrn Crop prodtrction fncretls¡es

rf the predicted yierd increases are combi¡red. with the expected

stmnerfallowing area changes, the resu-l-ting production increases are

sufficient to satisfy the Car¡adian Wheat Boards forecasts for cereaÌ and

oilseed prodrrction in the 1990's. Shoul-d crop deurands i¡rcrease beyo¡d

these forecasts at sorne future dnter no additional la¡rd allocation
tnar¡sfers c8,n occurr Êq the renoining land will be gqneralJ_y r.ursuitable

for dryland continuous crop agricul_tr.¡re [11r12J. In this case,

irrigation ard snowreIt Intuìagenent will probably be required to further
increase prairie crop prodtrction. hrith snor+ne1t rnanagement being very

- susceptible to the yearJ-y variations in snow-fa1l, the consequences of
reduced harwests may not only carry a¡r econonic burrlen, but a-l-so a

tnrrden of humanity. The recent Globel 2000 report [1] forecast that

I
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food will be in short supply by the year 2000, arrd that tt¡e extension of

agricu-l-ture onto clìnratically narginal- arable lards will_ resu1_t in
tremendous flrrctuations in gtobal prodrrction, with exbrene fa¡nines nore

the norn than the exception. Ore netåod of ensuring a certai¡r base

level of firm a€¡icuLtural prodrrction free of the clirmtic variations so

prevalent to prairie agriculture today would be to irrigate portions of
the pra.iries.

2.3 INRIGATED AGRICX.JLTURE

As the farn practices required for irrigation are shaped. prinarily by

the rethod of imigation, the study briefry reviewed ttre iryigation
mettrods comnonty used on ttre pr"airies.

2.3.1 Methods of lrrigation

In the last decade virtually all of ttre irrigation develo¡rent on the

prairies has utitized sprinkler irrigation systemq rather tha¡r surface

imigation rnethods t6J. r?re nain advantages of sprinkler irrigation
inch¡de:

- can be used on urdulating fields r¡trich are difficult or impossible

to use surface irrigation nethods on, with littre or no levelir¡g

required

all-ows better contror of water apprications and as a resul_t has

good water use efficiency

reguires fener arxl ress skitted rabourers thr¡s reducing rabour

cost
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- ninimizes cultivation i¡terference so less Iar¡l is t¿ken out of
prodrrction

- facil-it¿tes relatively easy conversion fron dryla¡ìd to irrigated
farminS

- allows application of chenicals arxl fertilizers very effectively
through inclusion in the r+ater ap¡rlication.

Despite these apparent advantages, ttris stdy also considered usi¡g
surface irrigation nethods on soilÞ portion of the proposed greas sixce
the sprinkler ¡nethods are mrrch nore energy intensive, a factor wtrich nay

become increasingry irrportant in the futr¡re. To deternine the

suit¿bil-ity of the irrigation mettrods for the envisioned developents,
the str'r{y examined each rnethod of surface arxl sprinkler irrigation
presently u'sed on the prairies. A brief discr.rssion of the different
nethods is presented below.

ffi n\ugÆ_rRRIcATrcÈ,¡ MEtr{oDs

1) The centre Pivot system consists of a series of sprinkler heåds

supported by ¡¡heeled to+¡ers which rotate about a central pivot point
usually sup'plied with water through a buried pipeline fron the edge of
the field. There are currently two t¡pes of pivot sprinkler systems, a
higþ pressure systen requiring 12 Kpa (g0 psi) water press,re for
satisfactory spray perforrnance, arxJ. a low pressure system which requires
only 4-7 Ke (30-50 psi) r+ater pressure and thus uses consrider.ably less
energy for pr-mping. The low pressure systen prodr.rces nr-¡ch larger spray
dtops anr:l ca¡r prodr:ce p¡ddling or erosion on r,¡ndufatirul fiel-ds and heawy

soirs. Both systens have irrigation efficierrcies of arowxl g5 to
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90 pencent, r+trich neans that 85 to g0 ¡:ercent of the r¿ater aprplied is
avail-able for consumptive use by ttre erop [25 126127]. Because the

system traveLs in a circre a fold back gÐ sprirùJ.er is required. to
irri8ate the corners of any square fields. Ttre center pivot systen can

irrigate fiel-ds r¡p to 260 hectares (1 section) in size, althowh 6b

hect¿.re fiel-d.s are more typical. center pivots require very little
labour to operate, usr.rarly consisting of only casr:al inspection to
ensure the system is working comectly.

2l A Linear Move system is virtuatry a center pivot type sprinkrer
which proceeds in a straiEht line dor+n the length of the field r+hil-e a

flexible pipe from a mainl-ine or €uì open d,itch supplies the water. Ttre

system requires ¡nore l-abour to openate than does a center pivot, ¡¡lt has

the advantage of befurg capable of imigatine a¡ry recta¡¡guLar field..
Whil-e this system has only recently been introdr¡ced to the prairies its
efficiency is expected to approximate that of a center pivot tïl|.

3) A Side RolI System has a section of 100-125 nrn diameter pipe acting
as Eù1 æ<le for I .5 to 3 n dianeter ¡.¿treels wtrich are intennittently
propelled a,cross the field by a small rctor located. at the center of the

systen. The sprinkrer nozzres are supplied with r¿ater thror:gh the

æcle/pipe, r'rhieh in turn is connected to an a.ljacent minl-ine or d,itch

by a flexible pipe. The systern requires considerably nore labor¡r tha¡r a

center pivot or linear trÐver and also has a lower irrigation efficiency
of around 75 pereenL Í261.

4) A Bis G-ur Systen u¡¡es a single l-arge sprinkler nozzLe nor.mted on a
chassis and suppried with r¿ater throræh a large flexible hose wtrich

unwir¡ls as the chassis ie properred down the field þ ¿ sm]l- notor.
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The field Ís irrigated i¡r ranes a¡rprrcxi'ntery g0 m wide, ard thus

requires m.¡ch more labour and sr4:ervision than do the previous ætÀods.

Big ftm Systens are generally used only to irrigate irregularfy shaped

fiel-ds r'¡hich do not facilit¿te other sprinkler systems. Ttre system has

an imigation efficiency of about Z5 percent t2bl.

SWEAW

There are real-ly only two nethods of surface imiEation suitable for
prairie cereal crop production, those of the fi:gow or corrl¡gation

rethod and the border dyke method.

1) The Fu¡row and Corrr.rgation methods use snall ehannels sloping down

the fields to srrppJ-y the soil with water. Funows are used in row crop€

srrch as corn and swar beets with the appried r+ater flowing in the

chanr¡el between each rp+¡. Corrugations are used for close growing cr.ops

srrch as alfalfa and dreat a¡ld act a.s directior¡al guides for the flow.

2) The Borrler D¡dre method. us¡es laratrer dykes 100-150 rsn high located
about 10-20 metres a¡nrt rr.mning down the slope of the fierd. Ttre

length of the rr¡r is depenilent on the type of soir, r.rith right soil
requiring shorter lenEiths of rrm to avoid over-inigation of the upper

end of the n-r¡.

For all of the surfa,ce irrigation rethods the water is usua1ly suppried

fron a ùitch to the top of the field. through a siphon or throt¡gh gated

pipes across the top of the field.. Since surfa,ce irrigation ustrally
prodtrces n¡roff at the bottom of the fierd., a reuse pit can be usec_to

recircul-ate the water a¡rd increase the imigation efficiency. Sr¡¡face

irrigation generaì-ly has a¡r imigation efficiency of b0 to 60 ¡rercent
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Í281, but r.rsi¡re autonatic gated (autogated) pipe rdth a recir.cul-ation

systern has produced imigation efficiencies as hish as g1 percent tzgl.
Ttre maior dissdvantage of the surfa.ce irrigation rethods is that they

require considerably more lard leveling and. deveJ-opnt to go from

drytard to irrigated farming and their suit^abirity is mr¡ch more

restricted than are the sprinkl-er methods. use of the gated pipe or
siphons to surfa,ce irrigate requires rm-¡ch mre labour tharr does

imigation with a center pivot, but use of autogated pipes significantly
reduces the labour input required..

Ttre energy reguirements, imigation efficiencies, capit^at a¡ld operating

costs, and rabour requirenents of the various irrigation rethods

exarrined in this study are presented in Tabres z-7 atù, z-g on pages s5

and 56, while Tabre 2-g on page bT prresents factors ¡¡trich lirni¿ ¡1s

applicability of the various irrigation nethods. rt nust be noted that
subsurface, solid set and trickl-e irrigation nethods were not considered.

for rarge scale i*igation development since they are generaily

umsuitabre or extremely ex¡rensive for irrigation of field crops L271,

The irrigation systems selected for this str¡dy wer€ eonposed of both

high and low pressure center pivots, linear move a¡rd big g1¡1 sprinklers,
as werl as autogated pípe surfa,ce irrigation. rn reality the arear

exLent of each systi:n within a distriet will be rerated to the

topography, the interest rate ar¡ailable to the fan:rrer, the capital cost
of the systen, the cost of the energ'y required, a¡rd ttre ¡rersonal
preference of the fa:mer. For the Inrrposes of this str:dy each of the
proposed develo¡rrents utilized the sane proportion of each irrigation
methodr b¿t a more rigorous stu{y shoul-d. irrcrr¡de the effects of the
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above factors for ea.ch develo¡nent. Ttre ¡rercentage of the total
development that each nettrod r¿as to irrigate r+as deternined fron a
rattrer qualit"ative analysis incorporatirg the present dourinance of the
center pivot lrethod, the rerative energy, rabo'r, arrt capitar
requirenents, and the pLrysicat lfunitations of each nethod. Raced. on

this analysis, I-ow kessure center Pivots are expected to irrigate about
35 percent of the proposed. ar€a, High pressure center pivots 15 percent,

Linear Move 25 percent, Traverling fun 5 percent, a¡rd Autogated sr¡rface
methods would irrigate z0 percent of the Errea. Irrhire these systen
choices represent onJ-y one of the nar\y possible combinations of systems,

the actual prediction of how far.mers wiII balance energ:y consum¡rtion,

capital cost, a¡rd labour requirenents is exceedingry d.ifficult. rt
should be noted that the actr¡al costs are relatively insensitive to the
proportions of ea'ch systen used to imigate the proposed developnts.
For the purposes of this stur{y, ttre irrigation systems serected. were

considered to be representative of the actr¡al systens in the proposed

developments.

2.3.2

A najor requirement of converting fron dryland to irrigated. agricul_ture
is the i¡crease in the Labour and na¡ragement tine wtrich is so necessarJ¡

for good irrigation prodr-rction. Ttre amor-¡nt of time r+trich a contim.rally
crop@ fierd will require frorn the farmer is z to 3 tines t30l greater

tha¡r for traditional sr'umerfatlow drylånd farning, a¡rd the benefits of
irrigation must justify this increased tine and in¡xrt to the fanrner.

The najor difficurty in shifting fron dryranùto irrigated qgricurture

is that the farær must learn how to apply irrigation r*ater efficiently

Irrigated Agricul_tr¡ral prractices
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a¡rd ç¡hen the field requires it, otherwise his crop returns wiII not

iustify his increased input a¡rd capital costs. Recently there have been

indications that the ûanaÉlenrent responsibility of crop r.;ìater

applicationsi câ¡t increasingly be shifted from the ird.ividr¡al fanrner or

irrigation agency to on-farn micro-computers l-inked directly to fietd
moisture indicators a¡d suppried with clinatic ar¡d crop data tg1,Bzl.

This is not to i"'ply that a micro-con¡x-rter eould ever repra.ce the

lmowledge and wisdom that a farrner with extensive irrigation experience

will develop, but use of these futly autonated systpms cou-Ld help to

mitigate-the tra¡sition difficulties of cha¡rsi_ng fron dryland to

irrigated farning.

The farrn pra.ctices required for sprinkler irrigation are essentially

similar to those for dryland farning, except that arr crop inpr.rts have

to be irrcreased, especiarry nitrogen fertil-izer si_nce nany fan:ners

presently do not aruty nitrogen to previously fallowed fietds. Both

che¡nicals and fertilizers can be applied in solution with the irrigation
water in a process Elenerìarly terrned chenigation ar¡d. fertigation
respectively. Tt¡is method of apprication has been fourxl to be quite

efficient since the chemical can be leached. to the nost effective depth

by waryins the rate of water application [33].

Ttre su¡fa,ce irrigation nethods require either fumows or corrugations be

plowed into t,l-e soil or dykes fo¡ned arouutd the i-ndividr:al fieLd.s. In
both ca-ses the actr¡al change in far"m practices is rrinor, except for the

additior¡al- rabour required to forrn ar¡d naintain the dykes or

corrugations each crop year and to irrigate the fields. Becausè of its
higher efficiency and rower rabour requirements the only surface
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irrigation systen chosen for the proposed develo¡rents r^ras that of

autogated pipes with a recirculation system. This systen greatry

redrrces the amormt of labour a¡rd supenrision required to surfa,ce

irrigate when compared to siphons. rt shouLd be realized that ttre

systen works equally well on fi.rrrow, corrugation, and border dykes arxl

since the costs and nanagement pru.ctices required are virtr:arry

ident,ical, no differentiation was rmde between the various surface

irrigation nettrods.

It ¡nt¡st be stressed that good on-farm tnanagenent is the key to increased.

net returrns frnn imigation, for "regandless of the lirrigation] systern

chosen, it car¡not be overstated how important good nanagerent is.
I*fanagement is the key as money has been nnde, anrd lost, with almost all
types of s¡rstcmç, on aÌI types of crops" [34].

the nost effective v¡ay to convince farmers to convert fron dryla¡d. to

irrigated agricuLture is expected to be through denonstration farns

Iocated throWhout the potential develo¡ments. The rate of conversion

woul-d also be greatly aided by trained field ¡rersonnel acting as

advisors to the inexperienced farrers t351. No costs for ttris support

have been inch-uled in this study since the costs are expected to be

relatively smll, a¡rd the duties would overlap with the provincial ard

federal agricultural support staff presently assisting with dryland i

agriculture.

2.3.3 Rate of Farm C,onversion

Even if the densnstr:ation farm:s arul advisors can prove to the farners in
a potential irrigation developnent that their incone will increase tmder
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irrigation, there are several reasons r¿hich nay linit the nate a¡rd

extent of conversion frsn dryla¡ut to irrigated. egriculture. ùle of the

rnajor lfunitations xnay be the farners trrwilling¡ress or inability to
becone even rÐre capital intensive than they presently are. Si-nce ttre

1970's faruers have been utilizing mre ard rcre cred.it each year, a¡d

the recent redtrctions in net returns for dryl-arxl farmins is causing nany

fanners considerable fir¡ancial hardship since they are r.mable to nake

the paynents on their borrowed capitar [5]. Ttre recent formation of
national fanuers grÐups ai-med at preventir¡s benk foreclosures on fanms

is br¡t a s¡mpton of thie problen. ft is quite possible that financiaÌ
indrrcenents such as tor credits, grants, or finarrcing of the capitar for
fanm conversion at reduced bo*owing rates mây be neoeasary.

An arlditional l_imitation to irrigation conversion

distribution of prairie farurers.

fanners in the prairies were less

were l-esg than 35 years ol_d tgl.
period generally observed for large irrigation d.istricts, it is aplnrent
that narry of the older fanrners will retire before they can take full
advantage of the benefits of the investment in conversion. There nay

also be some relu¡ctance to convert since it, will mea¡r releanni¡g farm

nanagement all over after 30 or more years of dryra¡rd farnins. rt is
because of ttre long deveropnent a¡ul l-earning period. ttrat imigation
conversion is sqretines called two generation farming, in that it is
only the subsequent generation of farner r.¡ho will see the full benefits
of the investnent in conversion.

In 1981, only 45

than 45 ye€rrs old, and only 24 percent

Given the 10 to 15 year developnt

is ttre pr.esent age

percent of the



Due to the discussions above,

district r¡as assuned to be 15

2.3.4 Selecting lrrigable Areas

Deterrrini¡ul the suit"ability of a soil for irrigation has genera-l-Iy been

done on tùe basis of a broad set of defined. criteria srrch as pFRA,q or
Alberta Agricul-tu¡ets criteria for the classification of imigable soils
[36'37] ' rn general, the nethodology is to nank the soil into cLacses

based on how werl it satisfies criteria of soil noisture storage,
texbure, sarinity, topograpùry, drainage, cover arxr depth of soir. rn
the PFRA criteria, wtrich is presented in Tabre 2-10 on page 5g, tåe
possib]-e soir crasses range from 1 to 4, in order of d.ecreasing

suitabilíty for irrigation. I?rese criteria identify the best irrigable
soils (i.e. class 1) as fine sarx{y ]oans to clay loarns at least .g n
thick over a penrious layer, with nore than 150 m of rcistur€ storage,
t+ith a slope less than 1 percent, white only 1ieht land leveling arll no

drainage works are required. The criteria for classification of
irrigabfe soirs are currentry unrlergoing evolution due to the increa^sing

use of sprinkler irrigation, as mrch of the criteria were originarly
developed to survey ra¡¡l for its suitåbility for surfa.ce irrigation
methods.

lhe potential irrigation developments studied in this repotr were based

on several recent investigations of the soil suitability in each of the
prairie provinces t3B to 4bl. OnJ_y those areas¡ identified as well
suited for irrigation (i.e. crasses 1 or z onry) by these previous

investigations $¡ere exa¡nined by this st'dy. Ttre areas¡ e>ranined þ his
study are shor^¡n on Fig¡ure 4 on page 32.

31

the developnt period for each irrigation
years¡.
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the areas identified ar¡C shorln on Figure 4 are the tot^al- area r.¡ùrich the
imigation developnent woul-d cover, anù thr¡s includes the farm

b¡irdings, roads, Erraineries, ditches, sherterberts, aru:t gardens

comonJ-y observed on the prairie farrns. To determine the actr¡al net

area of the fields suit"able for imigation the gr"oss Erreas¡ srere

rmrltip]-ied by a fa.ctor of 0.?0, since it r¡rl-ikely att of ttre fields will
be entirely suitable for irrigation t441. The gross and net areas of
each of the potentiar developnents is presented in Table 2-11 on

p€'ge 60' lhe total net a¡rcuurt of potentialty irrigated area exa¡nined. in
this str-{y is a¡rproxin'ately 4r0o0roo0 hectares for ttre prairies, with
l4anitoba having 2101000 hectares, saskatcher.¿a¡r 1rBB5r000 hecta.res, and

Albert¿ 11890,000 hectares. Ttrese potential irrigation develo¡ments

represent an increase of rorrghly 800 ¡:ercent fron the existi¡rg irrigated
area of 454,000 hectares. rt should. be noted ttrat the tota.r net
irrigable area exanined by this str¡dy represents only 10 percent of the
total area of farnland currently cultivated on the prairies. the
maiority of the rernaini¡rg farmlarxt would benefit from supplemental ¡.¡ater

provided the water r¿as of good. qrrality, brt the costs of the d¡ainage

works required a¡rd/or the difficulty a'd cost of sLrprplyi¡g water to
these areas wiII be mtrch greater than for the arenq o<amined. ìn this
strdy. shourd the devero¡rent of the crass 1 and 2 irrigabre area^a

exa¡nined in this str.rdy prove insufficient to satisfy future grain
production requirements, then ttrese crass g and 4 areas rrny r*arrant
edditional stu{y. ltre irrigation of the crass 3 and 4 areas was deened

beyorxl the scope of this str.u{y, b¡t shou-t-d be exanined in a ¡Dore

comprehensive exa.nination of the irrigation potentiar of the prairies.
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It shoul-d be noted that severiaL discrete lx¡t nrljacent a,reas were

occasionally srÐuped as one area r+ith the sane total area as the

irxlividr:ar areas to facilit¿te ttre analysis, since the t¿sk of
evah¡ating the apprnximately T0 areas identified in the re¡nrts was

deened to be excessive for a study of this r¡atr.¡re.

2.4 SOIL SALINITY AND DRAI].IAGE

During the last two decades drylarxt salinity has becæ a 'nFjor problem

on the hairies, r+ith recent estimates of 2.2 nillion hectares of la¡ul

beins affected t461. Crop yields on these affected areas have decreased

by an average 50 percent Í471 r while the areas continue to grow at a

rate of 1 to 10 percent per year in saskatchewar¡ alrt 10 percent per year

in Alberta [46,48]. the areal ertent of ttre potential ard t]re existing
saline soirs on the prairies are sho*n in Figure 5 on page 3b.

Ttre majority of tl¡e sarine a'ens appear to result fron sarine seep, in
r'¡hich groundrater containing dissolved salts rises to the surface ar,d

evaporates a¡d leaves the salts on the soil surface. rtris seepage is
produced by recharge water percotatir¡E beyond the root zone, then nixing
with the grourdwater overtop of the bedrock ard till. As the
gror¡rdwater flows it dissolves the solubl-e salts in the bedrock ar¡il

tills, and these salts are then deposited on the soil surface nhen the
grot¡ndwater reaches a low lying point and evaponates. lhe excess salts
in the soil prodr:ce an osmotic pressure differential ttrat restricts the
plants abirity to tahe up r.rater ttrrougùr its roots, tht¡s severely

affecting its giroürth. Ttris excess gror¡rdr^¡ater seepage has been g¡eat1y

aggnavated by suwnerfallowi¡Ul, snorìr relt acctmuLation in ditctres a¡rd

shelterbelts, a.rl irrigation t4s1. The sarine seep process appears to
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be responslble for the majorlty of the sallnlty problems currently

experlenced ln many of Alberta's lrrlgatlon dlstrlcts, where the prlmary

source of the excess groundwater has been rosses ln the unllned

distribution s1ætems and main canals. llany of these unlined s1ætems are

currently being upgraded to reduce or eriminate these rosses. one

successful solutlon to these sa]lne seepage problems on the lrrlgated
rands has been to instarr subsurface drainage at sharrow depths (1.0 to
1.5 m) in the affected fietds to fntercept the seepage tsOrsll.

The usual response to salinization of irrigated l-ards is to increase

leaching reguirenents, so as to flush the salts below the root zone,

this is only effective in combiretion r¿ith an adequate r¡aturar or

artlflclal dralnage systern. othervlse the addltlonal leachlng fraction
results ln lncreased sarlne seepage ersevhere or r¡aterlogglng of the

soil. In recognition of the potential for future salinization problems.

all of the proposed der¡eIo¡xnents have subsurface drainage vorks as well
as llned main and distribution canals. À leaching fraction of

l0 percent of the average annual crop demand vas assumed to be applied

as necessary to leach the buildup of any salts to belov the root zone.

ThIs rr¡ould generalry take prace ln a nondrought year when the crop

rsater requirements are reduced and the r¡ater supply is plentiful, and

thus no special provision was made to provide a leaching fraction during

the average and drought design y""r"'.

As a resurt the above discwslons, arr of the envisioned projects r¡irr

utilize drainage pipes located 1 to l-.5 m belor¡ the soil surface. These

drains discharge into surface laterals vhich convey the project's

effluent discharge into a mter source for dilution. Given the scale of

the

but
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these devero¡ments, it is apparent ttrat sone water quality probrems nay

resuLt fron this pna.ctice. T?ris problen ard its nitigation are briefly
discussed in section 6.6 of this report.

For the purposes of this study it was assr-med thåt zs ¡:ercent of the net
irrigated area woul-d be dÞined as the developu.r,ent proceeded., with
another 35 percent of the net area bei-ra drained z0 years after its
initial irrigation developent. The rcmsining soil is assLmed to
consis,t of soils with adeqr:ate natural drainage or nitigati¡g
topogrephical features such a"s hill tops. These assr.unlptions are
conpanable to recent forecasts t48J arrt preliminary projects in I'fanitoba
and saskatchewa¡r t4gl. To deternine the sensitivity of the d.rrainage

costs of the projects to ttris assrmption, a secorl:l cas¡e r.Jas¡ analyzed
assl¡ning that initially 35 percent of the irrigated area would be

drained, and a further 45 percent of the area wour_d have subeurface

drairÞee inst^alted 20 years after the i¡ritial deveropent.

The capital cost for the subsurface drai-nage wa^s based on recent re¡nrts
[51,52] r¿trich utilized capitat costs of $1250 to $1600 (1982 $) per
heetare. For the ptqposes of this study, the diar¡ cost of $1,425 per
hectare, pt,s an arlrr'itional cost of 10 percent for engineeri_ng for a
total cost of $lrs?o per hectare, wa*¡ t¡sed in this a¡ìarysis, with no

aÜustment for escalation since the usBR escalation irulex for drainage
lateraLs andconduits is approxinately 1.02 for 1gg2 to lggz costs tgOl.

The drrains h¡ene assr.æd to have a rife of b0 years, r¡trire a'4'a1
rnqintenånce costs were expected. to be about 0.?5 percent of the capitar
costs.
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2.5 PR$EI{T AND ru]EIVTIAL CTOP YIEI.;DS

The crop yierds on the prairies are generalry determined. by the

moisture, the temperature, the solar rad.iation, aI.lC. the soil nutríents
r.¡hich each field provides to the crolx¡. For üre najority of the Brown

and Dark Brown soils, the limitins factor to crop production is the

availabLe soil moisture, wtrich is wtry supplementary iryigation ¡¡ater
provides large increases in crop yields for these soi1s. An artrlitional
production increase associated. with irrigation of çre Brown soils is
that if irrigation provides sufficient water for continuous cropping

then the averagie production per cultir¡ated hectare will be increased

67 percent above ttre average annuar production for the 2.5 year

surunerfarlow cycle typicaJ-ly observed in the Brown soil zones.

The average yields per cultivated. hectare (i.e. crop and falrow area)

for dryland farnins in each of the proposed are¿rs¡ is shoúm in Table 2-12

on pa.ge 61. since the deveroprent period of rarge irrigation projects
is generiall-y 10-15 years' the potential drylanrl prodr.rction for the crops

is presented in Tabre 2-13 on page 62, Ttrese potential yierd increases

represent the assumed 30 percent yierd increase per seeded hectare as

well as the predicted redr:ction in fallowing as previously discussed. i¡r
section 2,2 of this report. The present irrigated crop yields that are

expected for each devero¡xrent are presented in Tabte z-14 on page 63,

along with the potential irrigated yields, wtrich are projected. increases

in yierd of 5 percent for wtreat, 10 percent for barrey, 13 percent for
the oilseeds, and 10 percent for all other crol* because of expected

genetic improvements in the seed t101.
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2.6 FARM TNPUIS FCIR DRYI,AI.ID AND IRRIGATÐ AGICULTURE

The components of the ilpr:t costs for each crop r-urder the existing arul

potential_ drylard, as well as the existfuE ard potential imigated
conditions, are presented in Tables z-lb and 2-16 on pages 64 and 6b.

It shoul-d be realized that the actt¡al crop input costs will be different
for each fanner, however the overa[ aggregate costs are expected to
approxirnate those risted in the tables and used in t-tre stu{y. The

potential dryl-and crop production inprt costs differ from the present

dryrand costs in that the 30 percent yierd irrcreases are expected to
resu]-t from a conbination of i-nproved nantìgenent and. r¡eed control along

with increased fertilizer applications. Ttre anor¡rt of fertilizer which

would be applied 's'aried witt¡ the crop, ard r¿as b-oed upon ttre nutrient
removal rates presented in Table z-4 on page b3, while the costs of
increased weed control r¿as assumed to correspond to a 25 percent

increase in chemìcg'l costs.

Ttre present and potentiar imigated crop inpxrt costs presented. in
Tabre 2-16 ¿iffer onry in the eost of the applied fertirizer, the

requirements for wtrich are rougþly proportionaÌ to yield t201.

wl¡en reviewing the crop input costs of Tabres z-ls ard 2-16, it nust be

noted that these costs are assured to be irl constå,nt dollars. This does

not imFly that the input costs are not expected. to increase, but rather,
they wiì-I not increa-se at a nate greater tha¡r other coûtrlonents of the

economy' Based on the Ca¡¡adian Grai¡rs Cor¡rcil farm in¡xrt irxlexes [g],
the inpr-rt cost incre¿rs¡es have historicarly closery followed other

indexes of inflation sr¡ch as the com¡ur¡er priee irrlex, a¡ll therefore the
assuunption of relativel-y const¿nt input costs was deemed acceptable for
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a study of thís natu¡e, since ttre effects of inflation ar€ a,ccounted for
in the selection of the interest rates, as ig discussed in chapter b.

2.7 CROP MARI(ET VAI.;UES

Like all products sold in a competitive marketprace, ttre price of
canadian agricurtural products are subject to continual cha¡¡ge in
reslþnse to the suppry and denarrd infruences on the narket. since

cenada ex¡rorts over 50 percent of its grain produlction [9], its crop

prices are largely deternLined by the global r:ather tha¡r the domestic

gre,in narketpla,ce. Globar factors r,ùich can tremendo¡sly affect, the

rnrket values of Canadian cnop exports inch-¡de the weather experienced

by the cons¡umer or com¡reting producer nations, the population growth a¡d.

econonic productivity of ttre consuner nations, a¡xù goverrrrent assistånce

or subsi¿ies to alter the cropping patterîrs or costs for conpeting

nations. A current example of government intervention i¡ the global

narket is the grain export subsidies presently being offered by both the

ttnited States and the European Econonic Commmity, wùrich have severeJ-y

inpacted on the market value of Canada's gra.in exports, and. eventr:ally

rnay inpa.ct on the narketability of Cana.dats agricultr¡ral prodr.lction

shoul-d ca¡rada be r¡nwitling or r¡rabre to match flnese subsidies.
i

Because of the vofatire rnarket prices experienced. over the rast 10

years' the crop values used for this study were based on the aver:age of
the previol-¡s 5 years crop priees. The narket prices used i¡r this str:{y

should be in relativel-y consta.nt dollars, but it must be realized. that
grain prices are subject to natr¡ral flt¡ctr¡atior¡s wtrich may g"reatly

deviate fron these prices in any given year. Sírrce these fltrctuations
can not readily be predicted t4l, the averaged rnarket prices presented
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in Table 2'I7 on page 66 were utilized. in the economic analysis of the

present conditions.

Dre to the long developnt period envisioned for these iryigation
projects, the econonic analysis of these projects also had to exa¡nine

the positive or negative impacts wtrich variations in futr.¡re crop prices

woul-d exert upon the economic viabirity of the projects. Recent

forecasts [1] have called for a 21 to 63 percent increase in the real
crop market r¡alue by the year 2000. ltre given range copesponds to the

assr.med increase in energy prices, with the 21 ¡:ercent price increase

assr¡ning consta¡rt real energy prices white the 63 percent price increeqe

corres¡:ords to increases in the real- energ'y price. Tt¡ese increased crop

prices are extrlected to result fron an increased growttr in gtobaì. food

dena¡rd largely due to poputation a¡rd. econonic growth in the developing

nations. Based r4:on these estinates, Table 2-1g on page 66 presents the

forecast grain export denar¡ds for the years 1g90 and 2000, as welr as

the actual grain ex¡:orts of lg8b.

Because of the difficuÌty of forecasting long terrn price movements, this
study used the curyent averêge prices for the nrajority of the analysis,
however crop price changes rar¡ging fron -25 percent to +100 percent were

also used to ocamine the sensitivity of the developnents to such a

change.

2,8 CROP }/ATER REGI-rIREMMi'IS

l^/ater is a major fa'ctor in plant growttr since it contriùt.= to the dry
weight of the prant material- and serves as the nedir.m of transfer
throt¡gh r'rhich the essential soluble nutrients arrd ninerals are conducted

{
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to the plant. Tlrese r.¡ater uses accor,u'rt for less than one pencent of a

plantts total water use, the renairder is lost through evaporation from

the leaf strrfa.ces, prirnarily through the stonat¿. Ttris transpiration of
r+ater facilitates the entry and solution of earbon d-ioxide, thus aid_ing

the nate of photosynthesis ar¡d the plantts growth. The arnount of water

which is transpired is basically deterrnined. by the amount of energy

avail-able for eva¡ror:ation from leaf surfaces, the availabiJ-ity of r*ater

at the leaf surfaces, and the existence of a transfer dir-m to remove

the water r¡apour fron ihe plant sr¡rfa.ces. rn terms of inputs comonJ-y

observed in the field, the a¡nor.u-rt of transpiration is determined by the
air temperature, the soÌar rad.iation, the soir rnoisture, the air
hr-uniùity, the plant height, the reaf surface area, the stage of growth,

and ttre wi¡rd.

In addition to r+ater transpiration throwh the crop, evaporation through

ttre soil sr¡rfa.ce wirr arso d.ecrease the noistr¡re available to the
plants. The swrunation of the rvater transpired and evaporated from a
crop is terned the consr.unptive use of the pa.rticular crop. The amormt

of rater which must be provided. to a crop through irrigation is the

moisture deficit between the crops corrsunptive use, arrd the

precipitation durin€ the period examined along with the change i¡¡ the

noisture stored in the soil.

The consr.unptive r+ater use of a crop ean be estirnated in basical_l_y onl_y

three r^¡ays: (1) fron a,ctr¡ar field trials in rysirreters; (z) fron
calculation of the potentiaJ- evapotranspiration (eg. Braney - criddle,
or Penna¡rs urethod [8] ) or open pan evaporation measurerÞnts, a'd
constmptive use crop coefficients rerating the potential



43

evapotnanr¡piration to a specific crop; and (3) obeervation from existinÉl

irrigation districts r.¡here the percolation losses ca¡r be measured.. An

examination of several sources utilizing all of the above nethods

produced reasonably consistent consr.unptive r¡ses on the prairies for the

different crops exarnined, and are presented in Tabre 2-19 on page 6?

along with the erop consr:mptive use factors utirized. in this stuÀy.

The water hol-dir¡g capacity of a soil is usually expressed in tenns of

inches of r.rìater stored per 4 feet (1.2 n) of soil, and is prinarily
determ:ined by the soils porosity, texture, stnrcture, and its chenical

com¡:osition. Ttre storage capacity of prairie soils is site specific,

but a val-ue of 4 inches (100 mn) is generarly considered as beins

representative for ttre prairies in crop moisture studies [63]. A soil
with a large amor¡rt of noisture stor"age c¡pacity requires less frequent

aprplications of irrigation, and requires less imiÉlation ¡+ater tharr wiII
a field with a low storage value since ¡rcre of the natu¡al "effective"
rai¡rfall wilt be stored and used by the crop over the irrigation period..

Because of the scale of this study all- of the potential irrigation sites
were assuned to have 4 inches (100 mn) of noistr¡re storage.

The noistr:¡e deficits which imigation r¿as to replenish were based. on

sevenal sources [45'66] and were specific to each site, as¡ presented. in
Table 2-2o on page 68. lhese noisture deficits are for a crop with a

consuunptive use coefficient of 1.0, wtrich corresponds to the heavy

water-use crop of alfalfa. The actual deficits must be afiusted by the

consr-unptive use coefficients ìn Table 2-19 for the cro¡:s selected to be

grown in ea.ch area.
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The elenent of risk and irrigation L'as included into the study by using

the moisture deficits for an average )¡ear, which was defined to have a

probability of exceedance of 50 ¡rercent, and the deficit for a drought

y€ar¡ rvhich was defined to be the deficit r¡lth a probablrity of
exceedance of only 10 percent. Both the average and drought ,¡ater

deficits are presented in Tabte 2-zo. The determination of the

acceptable risk of r¡rater shortages for design of an irrigation systen is
a complex blend of economic and social considerations on the ¡nrt of the

farrner, the managenent of the irrigation s1æten, and ultirnately the

r¡arious levels of government. Due to the difficutty in determining the

acceptable probability of a vater shortage, the study only utilized the

vater reguirements for the drought (p<tOt) and average (p(50%) crop

noisture conditions.

The required rate of vater apprication is related to the soil, the

particular crop, and its stage of grorrbh. The water required in each

month byeach crop is shovn in Table z-2L on page 69. Glven the

probabre cropping pattern for each dÍstrlct, as determlned in the

subsequent section, and using the monthly crop requirements of
Table 2-21, the monthly uater requirements of each potential development

can be determined.

It nust be noted that the crop rvater yield response is generally non_

linear r¡ith the crop reachtng an optlmar yterd polnt beyond vhlch any

further increase in mter apptications will onry reduce the yield t651.
The values specified as consumptive uses generarry correspond to the
vater reguired to produce these optimal yields, but-the crop yletds
generally decrease at a rate less than the r¡ater applications can near
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the optirnal yield point. This impties that occasionarly it nay be

better to reduce the r+ater applications by 10 percent if the the yield

only redrrces 5 ¡rercent, since you could irrigate 10 percent urore land

with the water conserved. Ttris Ex¡sumes that the occa.sional reduction in
water application will not increase the salinity of the soiJ-, a¡rd ttrat

in other non-drought periods the salts will be fl_ushed d.own. This type

of analysis is relatively straight forr^¡ard for a single field but gets

excei:dingly cornplex on a large scale sinee the economics a¡xil the crop

respotìs¡es will vary throughout the prairies. For the ¡x.rposes of this
study it was assr¡ned that any reduction in water to exbend the area

irrigated would produce the sane benefits and. costs as if the "optima1_"

water requirement ¡+as applied to the defined irrigabre areas.

2,9 ON-FARM ECCÌ\TÍIC BENtr'ITs oF IRRIGATION

To deterrnine the net on-farrn benefits (positive or negative) associated

with converting from dryla¡rd to irrigated. farning requires }orowledge of
what the existing dryland benefits are before imigation develo¡ment as

weÌI as wtrat the expected benefits will be after ttre conversion to
irrigated agriculture. It is the difference in net crop returras to the

fanmer which wilr be used to comtrlare the econornics of the various

project alternatives in Chapter 5 of this report. As an initial- step to
this procedure, one must first deternine wtrat the on-farrn or direct
benefits of the existing dryJ-and crops presently are, Fs well as wùrat

they could be by the end of the deveroment period of the proposed

irrigation project.
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2,9,I Dryland Crop Returns

The gross and net returns for both the existing arrd the potential

dryland crop conùitions were deternined for each district, a¡d are

presented in Table 2-22 on page 70. The gross return for ea.ch rmjor

crop grown in the potential development was based on the average crop

vield per cultivated hectare (Tables z-tz, 2-13) muj-tipJ_ied by the

expeeted market value of that crop (Table 2-17). The net crop value was

then detennined by subtra.cting the crop input costs of TabLe z-Is,
Based on the arear ùistribution of ea.ch crop within a district, a

weighted net return was detennined for each proposed. d.evelopnent area.

To illustrate the required calculations, the net crop value of wheat for
site A1 umder present conditions woul_d be deterrnined as forlows:

NET CmP REIURN =

rt shoul-d be noted in Table z-zz thai. the cro¡rs of oats and. canoLa

produce ertrenely low and even slightly negative net returns in sevenal

districts urrder the present dryland cropping cond.itions. Wtrile it is
possible that these negative benefits ind.icate minor errors in either
the yieì-d or erop input costs used for these ùistricts, it is also quite

possible that the crops are presently very narginat econonically. Since

these negative return crops are of very lirnited significance in ea,ch

district, the assuulption 
_of a zero net return for the crop does not

significantly alter the weighted net crop returns of ea,ch d.istrict.

(Yiel-d in IG,ÆIa)(.001 TlKEl(Crop price g/T)
- (Crop Costs $/He.)

(Table 2-12)(.001)(Table Z-I7) - (Tabte Z-Ll)
(1313 Ile/H8.)(.001)(200 $/r) - (1?1 $/Ha)
91.6 $/Ha



2.9.2 Irrigated Crop Returns

To detennine the total net return for each pro¡rosed district one must

first deternine the irrigated crops to be grown and their ertent within

ea.ch district.

2,9.3 Selection of Irrigated Crop l"tix

The deternination of the expected crop nix for a¡r irrigation d.evelo¡ment

is a complex problem due to the mny fa.ctors r.¡trich car¡ influence and.

shape the crop pattern. Tt¡ese factors inch¡de the net return of each

crop alternative, the rnarketability of the crop, the fanmer's

fa¡niliarity with the crop, the suitability of the fannerrs existing

machinery for the cropr the r"xater requirements of the crop, and the crop

rotations required to ensr¡re long term productivity. An a.lrtitional

factor wtrich further conpricates the choice of a croppi¡g pattern is
that the "optinal" choice will vary with each farrner a¡rd his choice will
not be a static pattern b¡t will respond to crop narket prices, input

costs, and spring seed-ing cond.itions.

For the puqposes of this str¡dy only one erop rnix was assr.med throughout

a given proposed developnrent. The cropping pattern chosen was based.

utrlon a qualitative analysis integrating the net return of each crop

choice considered (Table 2-231, the existing prevalence of each crop

within a district (Table 2-22), the forecast export potential for ea,ch

crop choice (Table 2-78), the relative r+ater requirement for each crop

(Table 2-19), and previous studies t4r,44,671. wtrire it can be argued

that a more fonmal anal-ysis should be used. to deternine the optiural

cropping mix, the wrcert¿inty of the factors affecting these choices

(
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¡nake the validity of a more rigorous analysis exceedingly questior¡abÌe.

Ttre cropping patterns for t-he proposed irrigation develo¡ments r,vhich

were utilized in this studyare presented inTable 2-23 on page 71, and

consist prim.rily of cereal grain, oilseed, and alfalfa production. rt

shoul-d be noted that no specialty crops such as lentils, vegetables, or

fababeans were selected due to the ertremely linited narket for these

crops. Based on the cropping patterns selected for ea,ch Errea, the crop

r+ater derrand patterns for ea.ch area were deter"rrined a¡rd are presented in

Table 2-24 on ç4e 72, whiÌe the effective consr.unptive use factor and

ttre irrigation requirements for each area are presented in Table 2-20.

2.9,4 lrrigation Benefits to the Fanrner

Ttre irrigation benefit to the farer is the difference in his net incone

between wtrat his land couLd produrce under the dryl-and conditions and.

I^that it would produce r.nrder irrigation. Ttris increase in incone is
termed the direct benefits of the imigation develo¡:ment, and ca¡r be

used as an aid to deterrnine the economic desi¡ability of the irrigation
project to the fanrner. lhe direct irrigation benefits for each district
were deternined fron the irrigated net crop return for the cropping

pattern selected, the dryland net crop return, the on-farn costs of the

irrigation system required to apply the water denands of each cropping

¡ntternr and the costs of draining the land. lhe direct benefits for
the various¡ scenarios exÐnined by the stu{y are presented in Tables 2-25

Lo 2-32 on trÞ,Éles 73 to 76 for both the present a¡rd the ¡:otential crop

corditions.

Tlvo energy coets were utilized i¡r deter:nining the costs of the

imigation applications, with a $0.04 per kilowatt hor¡r price

I
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r€presenting ttre present fanm cost, ard. $0.08 per kilowatt hour

representing a possible future energ:y cost. I,ltrile electrical energy

costs are forecast to increase at or sliglhtly greater tha¡r tt¡e general

rate of inflation [41], the $0.08 rate r¿as used to determine the

sensitivity of the projects to changes in the cost of energy. ï?re cost

of el-ectrical energy was utilized since it is generally the lowest cost

energy source next to natural gas [25], arxL is rrcre comonly available

throughout the proposed imigation districts. It nr¡st be noted that

mny farns in Albert¿ do use natural gas for p-mping, for an energy cost

saving of about 30 percent.

The fixed costs of each develo¡mentts irrigation system were based on

the costs of Table 2-8 for interest rates'rarying fron 2 to I percent,

however only the costs for ar¡ interest rate of 4 percent are presented

in Tabl-es 2-25 to 2-30. For couparative pL¡rposes Tabres z-Jr arñ, z-gz

present the net benefits urrder present conditions for interest rates of

2 percent and 8 ¡rercent res¡rectively. üris ra¡rge in interest rates w¿r^s

identified in Chapter 5 as the appropriate range of ra,tes to be exarnined

in this study. It must be noted when reviewing Tables 2-25 Lo 2-gZ Lh¡¡t

the on-farm irrigated benefits presented do not include the costs of the

r+ater supply a¡rd distribution works required to convey the water to the

farms. these works and their associated costs wiII be exa¡nined in
detail in Chapter 4 of the report,



CROP

H. II¡HEAT

D. T{IIEAT

OATS

BARLEY

RYE

FI,AX

CANOI,A

MRN

I'fi(D GRAIN

TAI'IE HAY

S.FALI.OW

TIIIAL

TABLE 2-1 CEOP AREAS ON TTIE PRATRIES

MANITOBA SASI&{IICÍIEI{AN AT.BERIA
AREA IN 103 Ha AREA IN 103 Ha AREA IN 10s Ha

Avg "Å 1986 "A Avg ,A 1986 "Å Avg % 19g6 %

1410 30.3 1821 37.6 6139 34.3 665? 36.5 2147 27.1 2630 25.2

77 L7 121 2.5 I14L 6.4 1396 7.7 166 1.6 223 2.t
296 6.4 23I 4,8 486 2,7 364 2.O 5?1 5.6 506 4.8

732 I5,7 749 L5.8 1307 7.3 1416 7,8 22oO 2I.6 2266 ?.L.7

63 1.4 81 I.7 149 0.8 t62 0.9 100'1.0 90 0.9

333 7.2 425 8.8 188 1.1 283 1.6 53 0.5 32 0.3

336 7.2 405 8.4 828 4.6 Lt74 6.4 8?0 8.6 1133 10.8

49 1.1 45 0.9 2.4 _ 6.5 0.1

59 1.3 51 1.0 38 0.2 53 0.3 90 0.9 65 0.6

537 11.6 546 11.3 784 4,4 728 4.0 1463 14.4 1578 15.1

757 L6.3 364 7,5 6823 38.1 5666 }t,I 24t4 23.? 1?60 16.8

4649 4839 17909 18223 IOI77 10451

50

WÐ: 1)
2l
3)

go{Æff: 1985 car¡adia¡r Grains rndustry statisticar l{andbook tgl
I

Avg is average crop area in hectares for period 1g?4 - 1gg4
1986 crop areas based on spring survey
AJ-l percenta,ges are based on the total area for the period



TABLE, 2_2

CROP

Fie-ld Crops

Ilarrl l,ltreat
D¡n-m
Barley
Oats
Utitity Wheat
Soft Hheat
Corn
Flax
Rapeseed
Oil Sr¡rflower
Confection Sunflower
Canary Seed
Lentils
Faba Bea¡ls
Field Peas
Potatoes

Vegetables

Rutabagas
Sweet Corn
Camots
Cabbage
Other

þelnigl-s

IRRIGATED CROPS AT

AREA

51

cun-æK rN 1979

IN IIBCÍTARES

9ãrq

3441
53

1069
154
48

344
77

1319
891

24
190

40
12

1526
L29
194

53

% AREA

IP..4

28,2
.4

8.8
1.3

.4
2.8

.6
10.8
7.3

.2
1.6

.3

.1
12.5
1.1
1.6

':4

.1
,?

.1

2L.L

SC)IJRCE: t5S¡

I
26

5
4
I

?ile-



Soil Zone

Brown
Sask.
Alberta

Sub Total

Dark Brown
Sask.
Alberta

Sub Total

Black & Grey
l,lanitoba
Sask.
Al-berta

Sub Total

TUTAL

hesent ( 1976)
Fallow Crop@. % Fallow
ha x L03 ha x 103

52

1949
737

2686

2568
823

3391

934
2689
107 I

4694

LO77 T

222s
1 131

3354

3264
L572

4836

3323
4249
3372

10944

19134

46.7
39.5

44.5

44.0
34.4

4r.2

21.9
38.8
24.I

30.0

36.0

Foreca"st
Fallow Crop@
ha x 10¡ ha x 109

1949 2223
737 1131

2686 3354

ì,¡CIIB:

( 1se0)
% Fallow

1)
2)
3)

SOURCE:

Fallow
Cropped
% Fallow

1166 4665
479 1916

1645 6581

426 3832
694 6243
444 3999

1564 L4074

5985 24009

Adapted from

46.7
39.5

44.5

20,o
20.0

20.0

10.0
10.0
10.0

10.0

20.0

= Area sumerfallowed ea.ch year, in ha x 10s.
= Area seeded each year, in ha x 10a.
= FaIIow Area/(Fallow Area + Croppd Area) in

¡:ereent

R. A. Hedlin [16]



Crop

Araip
I,Jheat
Barley
Oats
Corn

9ils-çHe
CanoIa
Fla>c
St¡nflowers

R¡lsgs
Peas
Fababear¡s

TÄBLE 2-4 NLITRIENT RE¡OVAL BY PRATRIE CROPS

YieId
hglha

2689
3226
3045
6380

1959
t252
2240

53

ìfutrient Renoval Each
Nitrogen Ptrosphorus

(N) (PzG )

67 27
67 25
57 25
89 44

74 37
45 20
57 20

NQH: Ìtutrient Renoval

SOURCE: t2O1

2799
3360

ll¡arvest in
Pot¿ssir-m

(ruo)

103
151

KEÆa
Sulphur

(s)

T7
22
15
27

Nutrient

Nitrogen (N)

Phosphorus (pzG )

PotassiLm (XrO)

EgJRcE: t211

will vary with yield

TABI-,8 2-5 AIÆRAffi FERTILIZER CO¡¡SU"IPTICÈ.I IN 1979

27
37

L7
L7
15

5
5
7
5

35
45

L2
5
5

Itlanitoba
kslha

53.0

28,5

4.0

Saskatcher+an
kE/Yta"

L4.2

12.9

0.3

Alberta
kE/tua

42.5

23,2

2.5



TABT,E 2-6

Topography

Level Plains

RH"ATfVE DISTRIBUIICÈ.I OF SÌ¡CI.J COVER WATER

HiII Tops

54

Gradr¡al Slopes

@eþed_To-!+_]-".$_ssdalt
(Shielded Nipher G:age)

-Fallow
-Stubble
-Pasture

-Fallow
-Stubble
-Pasture

-Fa11ow
-StubbIe
-Pasture & Brush

-FaIlow
-Stubble
-Pasture & Brush

-Pa-sture & Brush

Snall Draws

Steep Slopes

Fam Yards

Mean of Ertire Watershed

sc[EcE_i 1974, 1975 dara
from [17].

1.0

.55
,71
.59

.20

.48

.30

.66

.69

.83

1 .32
1.28
t,28

2,53

1.50

.77

for Creighton Watershed, Bad Lake Basin,



Irrigation
Method

Center Pivot
-Hish kes.
-Low hes.

Linear Move

Side RolI

1ï-avelling G"or

F\¡mow and
Corrugation e/w
Sipftron

55

TABLE 2-7 COÍPARISOT¡ OF IRRIGATfON ME'IHODS

Systern
Capital
Cost
8lÌle

1300
1300

I 160

935-1080

1000

850-1350

Est. AnnuaL hrergly
Life O&If,% Use
in of Cap.

Years "Á Kv¡h/lla/n

15 1.0 3810
15 1.0 2675

15 1 .0 3?,43

15 1.0 2756

15 L,2 5270

To Add Autogated 800
c/w Recycling

Border ffie c/w 8b0-19b0
Siphon

To add Autogated
c/w Recycli¡¡g

Imgn
Effcny

%

85
85

90

75

75

50

85

60

NQtp_s:1)

50 0.5

15 1.0

50 0.5

15 1.5

Labour
Reqrrmt

hrsfila/m

.32I

.321

.486

.972

1. 167

1.070

.486

cost to add autogated pipe is shown se¡rarately to arlow rife
of 15 ye¿rrs to be inch¡ded into economic a¡ralysis. Ttre totarcapital cost is 1650-2150 $/ha for autogated pipe witheither the Border Dyke or the Fu*ow/co""ug"ti"" rnethods.

$."sy consunption âssumes surface r.¡ater afia.cent to fierd.Figures are for water avairabre for crop'= ðorr",-ptive use,in ls.Jhts per metre of water supptied p.. fr*"t ."".
rrrgn Effcny is the natio between the r+ater ar¡airabre forconsunptive use of the crop anl the total water applied..

Labour Reqrnnt is in hours per hectare per metre of ¡uater
applied.

800

2)

0

486

0

486

3)

4l

EcXÆtrÞ: Adapted from [Zb,Z7,ZgJ

85

.972

.486
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TABI,E 2_8 ANNUAL FD(ED AND ENERGY COSTS OF IRRTGATION
FOR INTEREST RATES OF 2, 4, AND I PERCENT
AblD ENERGY RATtsS OF $.}4/I<vr}l AND $.O8/Kr^rh

METHOD

CENTER PTVOT
HÏGH PRSSR

CENTER PrVCIr
LC[¡/ PRSSR

LINEAR }TCVE

CAPITAL
glHa

1300

IMT
2(

O&I,f DPrc
ina fifii¿

13 86.7
13 86.7
13 86.7

13 86.7
13 86.7
13 86.7

72 80.0
12 80.0
t2 80.0

12 66.7
72 66.7
72 66.7

BIG RIN 1OOO

1300

2
4

8

2
4
8

2
4
I

2
4
I

SIDEROLL

1200

I,ABR

$/11ø

2.6
2.6
2.6

2.6
2.6
2.6

3.9
3.9
3.9

9.3
9.3
9.3

7.8
7.8
7,8

3.9
3.9
3.9

8.6
8.6
8.6

12,5
12,5
12.5

AUTOGATÐ
PIPE

FXED
fi/lra

ST]RFACE

I.JORK

1000

128
154
206

t28
154
206

120
L44
L92

108
I28
168

105
L25
166

81
97

129

58
7T

115

139
178
266

ENERGY

i/Ha/n
$.04 9.08

I52 304
152 304
I52 304

LO7 214
LO7 21,4
107 2r4

ÎrlIAL
PIPE &
SURFACE

800

210
410
810

28
48
88

1100

N9[eT: 1) Total fixed costs = (Capital x Inti-,rest + O&]t +
Depreciation + l,abor¡¡) in S/tta

2l Energy cost = ûfila/netre of water appried, at energr-y ratesof $0.04 per Kr^itr a¡rd $0.09 per Kwh

67.3
67.3
67.3

53.3
53. 3
53. 3

22.0
22.O
22,0

75.3
75,3
75.3

1900

25
45
85

213
413
813

130 26A
130 260
130 26A

210 420
zIO 420
2I0 420

ECXJRCE: [25,27 ,29]

110 210
110 zro
110 ?LA

19 38
19 38
19 38

0
0
0

19
19
19

0
0
0

38
38
38



ïARIGATICÈ{ ¡fAX.
SYSTEM SLOPE

14

Sprinkler Methods

Center Pivot 5-15

Linear Move b-15

Side RoLI 5-10

TABLE 2-9 IRRIGATIOI'¡ SYSTEIU SFr,Fea¡6¡¡¡

57

SHAPE FIH.;D
OF SURFACE

FIELD

Circular No Obstructions,
Fath for towers

Rectar¡gufar No Obstnrctions,
Path for towers

Rectangular No Obstructions,
Path for r+treel_s

Any Shape Reasonably Smooth,
l¿ne for hose

Big G¡r

Surf_ege*_l-lgÊhqd5

Border Nearly
[.evel

Furrow 3

Corrugation 4-B

I"IN(. CROP
FIETGTTT

retres

2.4-3.0

2.4-3.O

1 .2-1 .8

2,4-3.0,

Ëqru: 126l

Rectangular Constant Grade

Rows shouLd Consta¡¡t Grade
be of Eqr¡al
Ieneth

Rows shouLd Consta¡¡t Grade
be of Equal
l,ength

SYSTEIVÍ

SÏZE
Ha

15-260

30-260

10-30

10-15

N/e

N/A

1or
more

1or
nore

N/A 1or
nore



TÄ3LE 2.10

I¡nd Gharacterlstlcg

I Sotl¡

lexture
Very Coarse Textured
Very Flne lextured

Ilater Eoldlng Capaclty
Lor Avallable Þloleture
Capacl ty

Geologfcal Deposft
Shallor¡ Deposlc Over
Sand or Gravel

5s

I¿ND CLASSIFICAIION STA}IDARDS POR IRRIGATION SI'ITÂ8ILIÎT

Claes I
Very Good

Flne eandy loao
to clay laooe

40-60 eatura-
ttoo. 6'¡tor-
age ln 4 f.
ô'lhr hydraullc
cood.

3ó- or Eore of
flne eandy loao
or heavfer

Claee 2

Good

Sh¡llow Depoelt Over
Iupervlo(ro Subetret¡

Seltnlty or Alkaltntty

lloaoy ffne eend

Ito llght cl"y
I

lr:-o: eat. r 5-
I o torage/4 '
lS'lttr hydraultc
lcoad.
I

I

lz¿' o. uore of
flae eandy loao
or heavier or
30' plue of
loaoy floe eand
or eaody loao

6 t of perueable
o¡terfel

4 nol¡os 1¡ 0.2 t

12 ¡ohoa beloc
2t

6 SAR

Cl¡aa 3

Pair

I

I

lsao¿ to p"n-
lneable clay

lrr-r, ser. r
l3'etorage 1o
l¿'l'l¡r
[hydrautle cond.

lrr' "' rore or
Jsanay loan or
lheavler, or 24-
lplua of loany
I eand

I

13' of perueable

luterler
18 rntto" ln 0.21
i15 ulro¡ belonI z'
12 SrR

E¡ternal Featuree

Topography
Slope

Exceae Gradfent

Irrlgatloo Psttern
Deflclent Fleld Sfze

l0r of pero-
eable ueterl¡l

Claea 4
UoBul Èable

4

I
ml¡os f¡ 0.2
n¡l¡oa belov
2.
SAR

I

lGravel to clay
I

25 or 75 eat.
l3- etorage ln
4r 7-lhr hydr.
,cood.

Surface (Levelllng
Requfreoent )

ll and 0.ll lu
general
gradl ent

l8- of eandy
loao or heavfer,
or 24' of loany
aand or aand

3t of peroeable
¡aterf¡1

400' olo. run
l0 acreo afn.
elze lf regular]
20 acreg ELn. I

slze fs rrreg. 
I

I

lrght 0-200 yd3 
|excsvstlon Per I

acre I

3Z ln general
gradient

300r nln. run
5 acree oIn.
alze tt. regular
E ¡cree uln.
¡lzc te frreg.

ædluo 200-350
yd3 excavatloa/
acre

E

r5
a¡l¡oo ln 0.2
oohoa beloc
ta

sAt

5I tn general
gradtent

150t aln. ruu
5 ecree Eln.
ef¿e

heavY 350-500
yd3 åxcavatfoo/
¡crc

12

5l lu general
gradlent

l50r run
5 acreg slze

exceesfve oore
than 500 cu. yda
excavaÈloo/acre
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ÎABLE 2-10 TYPICAL I.,IND CLASSIFICATION STANDA¡.DS POR IRRIGATION SUITABILIlT (Cootrd)

l¡nd Characterletlcr

Cover (Vegetetloo)
lrce and Bn¡eh
Clearfng

Stonee - Rock
Clearlng

Drafnage

Hlgh llater lable

Claas I
Very Good

none to llght
clearlng

none to llght
clea rtng

No probleo
antfclpat ed

Claee 2

Good

Source: PFR-A¡ 19ó4 t361.

ûone to oedlu¡
clearlng

none to ædlua
elearlog

¡oderaÈe drain-
age problen
antlclpated but
nay be loproved
at relatfvely
los coet

Claea 3

Fafr

nooe to heavy
clearlng

none to heavy
clearlog

noderate to
Bevere drefnage
problen oay be
foproved by
erpeoelve buÈ
feaefble
EeaSureS

Claaa 4
Unsul table

heavy

exceaalvely
I t oney

d rafnage
fnproveoenta
cooeldered
feaaibfle
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TABLE 2-11 IRRIGAIED AREAS OF PROffiÐ DEVH.OPMEhIT

Developrent

M1

t42

TIIIAL

Area ha x
Gross

168
130

S1
S2
S3
S4
S5

S6
S7
S8
S9
s10
sl1

103
Net

L20
90

zLo

200
140
135
290

95

45
55

115
130

10

105

280
200
190
410
130

65
75

160
180

15

150

Developnt

s12
s13
s14
sl5
s16
s17
s18
s19
s20
s21
TCIAL

A1
A2
A3

ÏIIIAL

¡¡OIEI Net irrigable area is

Ðcxrui [38 to 45]

Area ha x
Gross

60 45
70 50
60 45
70 50

100 70
80 55

180 130
75 55
25 20
60 _4!

1 ,995

750 535
1000 7t5e00 -__qåa

1,890

103
Net

7W of gross area.



Crop

Itrtreat

Oats

BarIey

FIæ<

Canol-a

Corn

TABLE 2-12 PRESENT DRYI.,AND YIH,M ON PRAMTE SOILS

kovince

Sask.
Altå. /1"hn.

Sask.
Al-ta. 4{ñ,

Sask.
Altå. /1,b¡:.

Sask.
Alt^a. 44Ð¡r,

Sask.
Al-ta. 

^{eñ.
Al-ta.
l"lan.

A]-I

61

Brown Soil
Seed Cul-t %.SF

KE(7Ia llg/7{a

1673 890 88
1830 1040 76

17L4 1182 45
1843 1345 37

2013 1459 38
2083 1693 23

785 497 58
1200 705 70

870 453 92
960 536 79

Dark Brown Soil
Seed Cult %SF
Kg/Ha IE(Ha

1767 987 79
2100 1313 60

1766
2L30

2I02
2350

NAmS:1)
2l
3)
4l

Black,/Grey SoiI
Seed Cul-t %SF
I{E/7la \<g/71a

1945 1419 37
2200 1693 30

1930 1582 22
2400 2086 15

2234 1877 19
2549 2339 I
1060 828 28
1402 1078 30

1285 892 44
1270 923 31

6500 5417 20
3678 3065 20

2130

126t
1651

1569
1992

922 611
1230 769

All yields are 10

Seed = Crop Yie1d
Cult = Crop Yield
% SF = PercentAgIe

from [58,

1600

40
29

34
18

51
60

1028 568 81
1100 675 63

year averagles adapted fron [58, 59, 60]
in llg per lla seeded.
in I{g per Ha seeded and fallowed.
of crop gror.\rrr on surmerfallow estinated^
59, 60, 161.

1060



TABLE 2-13 PCITENTIAL DHÍI.AbID YTELDS ON PRAIRIE SOII^S

Crop

Ì,Iheat

Oats

BarIey

Fl-æc

CanoIa

Corn

Province

Sask.
Al-t^a./'fan.

Sask.
Altå.nlan.

Sa.sk.
Al-ta. lHtñr,

Sask.
Altå. /'1"1Ðl:,

Sask.
Al-ta. /'Ìle¡,,

A-ltå.
Man.

Al_1

Brown SoiI
Seed Cul-t
Kg/Ha KglÍ{e,
2175 1157
2379 1352

2228 1537
2396 1749

26L7 1896
2708 2202
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,tsF

88
76

45
37

38
23

58
76

92
79

Dark Brown Soil
Seed Ctlt %SF
KEfila Kg/H^
2297 1838 25
2730 2L84 25

Hay

1021 646
1560 886

1131 589
L248 69?

¡xlTEs:

2296
2769

Black,/Grey Soil
Seed CUÌt %SF
ßg/71a IG,/718
2529 2299 10
2860 2600 10

2509 2367 6
3120 2971 5

2904 2766 5
3314 3277 3

1378 L276 I
L822 1657 10

2733 246t 11
3055 2829 8

1199 1033 16
1599 1279 25

1336 1061 26
1430 1735 26

2032 13
2472 12

1)
2)
3)
4l

Al-I yields are 10

Seed = Crop Yield
C\r1t = Crop YieJ_d
% SF = Percent¿,ge

from [58,

2420

year averages artnpted fron [58, bg, 60]
I€ per Ha seeded.
IG per ll¡a seeded and cultivated
of crop gror^¡rr on surrnerfallow estinrated
59, 60, 161.

1670
1573

- 8450 7682 10
- 4781 4347 l0

2770

1491 t2
r4L7 11



TABI,E 2-14 IRRIGATED CROP

CROP

Soft l,lheat

Hard Sprir¡E l,fheat

Oats

Barley

Fla:<

Rapeseed

Field Corn

Silage Corn

Faba Bea¡rs

Sunflowers

Alfalfa

63

rIH.;DS USED FOR

PRESENT rIELD
kElhectare

4705

3435

2705

4267

1951

1951

5020

12000

2800

1900

3800

ïHIS SÏJDY

NQE: Potential
increased
fron [10].

PCIENTIAL rIEX.;D
kElhectare

4940

3630

2980

4700

2205

2205

5522

13200

3080

2090

4180

gcÆ_i [10,26,52,591,

irrigated crop yields are present crop yields
by 59ú to 13% due to e>çected genetic improvements,



CROP
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TABI,E 2-15 DRYI.,A},ID FAFM INzuT C6TS

WHEAT

OATS

BARLEY

CORN

ALFALFA

CAI'&CLA

FT,AX

SMR FALI..OW

CROP SEH\TTCES

1987 PINL
$/Ha $/rla

85 100

67 80

7'.1 93

96 115

26 34

85 100

77 86

11 11

MACI{INERY
1987 PINL
6/Ha $/71a

68 88

7L 92

7L 92

85 108

77 100

80 104

74 96

2L 2L

},¡OTES:

I,ABCXIR
1987 PTNL
il7ta þ/7ra

18 18

15 15

18 18

2L 27

2L 2t

2T 2L

18 18

66

1

z
3
4
5

Crop Serwices = seed, chenical, fertlizer, insurance
Ùfachinery = retrÞ.irs, fuel, Iubricarrts, depreciation
Labor¡r = ma.chine servicing arxr operation ãt $g.00 per hour
1987 = present costs in g per hect¿re

ECIru: Adapted fron [30, 53, 54]

TÛTAL ffiT
1987 PINL
glHa filtlÐ.

L77 206

153 187

166 203

202 244

124 155

186 225

169 ZOO

38 38

PINL = costs for potentiar yietds (see text for e:çranation)



CROP

65

TABT,E 2-16 IRRIGATED INFLN ffiTS

I,¡HEAT

BARLEY

CoRN

ALFALFA

CANOLA

FI.,Æ(

SUNFTOIIER.S

CROP SER\rICES
1987 PINL
i/7ra $Æ{a

173 183

175 185

247 260

76 80

L92 207

177 190

234 246

MACIIINEHY
1987 PINL
i/718 il}ta
68 7L

68 74

81 90

65 7t

69 75

76 85

73 82

NCITES-.: 1)
2l
3)
4)
5)

I,ABCXIR
1987 PTNL
ifi{a $/Ha

29 29

29 29

42 46

42 46

29 29

29 29

29 29

Crop Service = seed, chemicalr fertlizer, insurance
l*fachinery = repairs, fuel, Iubricants, depreciation
Labour = ma.chine servicing and operiation at $9.00 per hour
1987 = present costs in $ per hectare
PINL = costs for potential yierds (see text for explanation)

EqÆæ: Adapted fron [30, 53, 54]

TCNAL ffiT
1987 PTNL
gfi1a ifita.

270 283

272 288

370 396

183 r97

290 311

282 304

336 35?



CROP

Table 2-17 PRESENT Aì,¡D PROJECIED CROP FRICES

Wtreat

Oats

BarIey

Corn

Alfalfa

CanoIa

Flær

},IARKEf, FRICE
5 YEAR AVERAffi

$/TONNE

200

118

I52

70

70

361

345

66

PRû]ECIED
INCREASE OF 259¿

$/TO['ùNE

250

148

190

88

88

451

431

ffilR06: [1,9]

CROP

Wheat

Hard
Durhân

Course Gr?-i_n

BarJ.ey
Corn
Oats
RJ¡e

Bse"dS
CanoIa
Flax

ITIfAL

SCIÆEQ: [1,2,9]

POSSIBLE
DECREASE OF 25:6

$/Tfll.INE

150

89

114

53

53

27L

2ã9

TABLE 2-18 PRESEI'¡T AI'ID FORECAST CROP H(PORTS

CROP Ð(ffiTS
1984-1985

le 
' 
?-Þ!

17.400
2. 350

5.+?9.
4.400

.490

.810

.450

f."Plg
1 .410

,470

27,060

IN I.flLLIOl.¡ TOIINES IN YEAR

1990 2000

20-25 22-29

7-10 8-13

4-7 5-9

36 39-44



CROP

ALfalfa

llheat

0ats

Barley

Field Corn

Silage Corn

Flær

Rapeseed

Sunfl-owers

Faba Beans

Sugar Beets

Potatoes

Canning Peas

Pasture

67

TABLE 2-19 æNSIJMPTWE CROP WATER USE FACTORS

CCI'JSTIMPTTVE USE

t6a1 t64l

660 610

483-457 480

406 430

406 430

381

510

381

420

in lun, fron reference
t6s¡ t5r1

648 610

493-462 570-510

409

409

373

559

508

330

610

639

494

415

415

377

585

426

590

610

610

559

509

330

610

CROP USE
FAGIW

1.00

,77

.65

.65

.59

.91

.67

.l I

.95

.95

.88

.80

.52

.95

386

NamË: 1) MEAÌ.J is average

2l cRoP usE FACTCIR
consmptive ì,ls¡e

EgruS: [55,63,64,6b]

660

510

560

610

610

510

of consr-unptive

is consuun¡rtive
of alfalfa

uses presented for

use of crop divided

each crop

by the



SIlE
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TABLE 2-20 ITIATER RMUIRtsßÎ'¡TS FCIR EACTI

A1
A2
A3

S1
S2
S3
S4
S5
S6
s7
S8
S9
s10
sl1
s12
s13
s14
s15
s16
S1?
s18
s19
s20
s21

M1

þr2

Weiehted
Consuurptive
Use Factor

.773
,773
.77s

.770
,770
,770
.770
.764
.770
.770
.764
,770
.770
.764
.764
.764
.780
.780
.780
.780
.780
.761
.76I
.76L

.733

.733

Moisture Deficit
Probability

P<50,6 P<

200
225
225

200
2?.0
225
220
270
275
150
225
150
150
270
250
250
350
275
320
300
275
225
275
260

in nrn

1æÅ

SIlE

Annua1 lrrigation
Requirement in rm
P<50% P<10%

350
375
350

310
285
330
330
380
390
250
280
240
240
360
370
370
460
400
420
400
375
350
375
360

275
250

180
205
205

Ì,tr0ï6: 1)

2l

3)

4)

180
200
205
200
240
250
135
200
135
135
240
225
225
325
255
295
275
255
200
250
235

320
340
320

weighted constrytive use fa,ctor based on crop mix selected
for each site a¡rd crop reguirements (i.e. Tabres z-Lgrz-zg)
Moisture Deficit with probabil-ity of exceedance of 10% terrd
droueht condition, average deficit has probabitity of
exceedance of 50% (i.e. p<50%)
rnigation requirement inchdes infierd r.¡ater rosses of 15%
(averagle irrigation systen efficiency is 0.g5), and r+eiehted.
consumptive us¡e factor
Assr¡nes 4 inches of soil misture storage

280
260
300
300
340
355
234
250
220
220
32ã
335
335
425
365
390
365
350
310
335
325

175
150

ÞcXru: [45,66]

150
130

235
220
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TABLE 2-21 SEASOI.{AL VARIAIION oF ANNUAL WATER REQ-rIRBffi{T FCIR EACI{ CROF

Per-centage of Annual Water Requirement
D:ring Each lfonth

Crop

Wtreat

BarJ-ey

Alfalfa

CanoIa

FIæc

Corn

JRCES: [63, 64, 65]

llay

7

I

16

5

5

June July

32 47

48 43

24

35

August

L4

0

20

28

16

29

52

48

31

September

0

0

11

7

19

36

0

0

12



TabLe 2-22

SITE CROP CRPLND
t

AI,A2, ÌiHEÀT 42.0
À3 BÀRLEY 25. O

oÀTs 5.2
cÀNoLÀ 6,2
FLÀX ,4
HÀY 16.0

ïEIGHTED ÀVERÀGE

s1,92 IIHEÀT 61.0
BÀRLEY 14.0
oÀTs 4.7
cÀNoLÀ 5.7
FLÀX 2.O
HÀY 8.0

fIEIGHTED ÀVERÀGE

s3,s4, IiHEÀT 61.0
S5 BÀRLEY 14.0

oÀTs 4.7
cÀNoLÀ 5.7
FLÀX 2.0
HÀY 8.0

HEIGHTED ÀVERÀGE

s7, s9, HHEÀT 59 . 0
SIO BÀRLEY 15.0

oÀTs 5.0
cÀNoLÀ 6.0
FLÀX 2.L
HÀY 10.3

fIEIGHTED ÀVERÀGE

s8,sll, wHEÀÎ 75,0
sl2,s5 BÀRLEY 9.0

oÀTs 2.7
cÀNoLÀ 3.3
FLÀX L.2
HÀY 5 ,0

I¡EIGHTED ÀVERÀGE

s14,S15, ïHEÀT 84.0
s16,Sl?, BÀRLEY 1,7
s18 0ÀTS 1.6

cÀNoLÀ 2,0
FLAX .7
HÀY 7.3

WEIGHTED ÀVERAGE

s19,S20, ftHEÀT 7L.O
S21 BÀRLEY 9,5

oÀT9 3.3
cÀNoLÀ 1.0
FLÀX 1.4
HÀY 8.8

HEIGHTED ÀVERÀGE

H1,ll2 llHEÀT 4 5.0
BÀRLEY 21.0
oATS 5.7
.çÀNoLÀ . 9.1
FLÀX r3.1
HÀY 8,O

WEIGHTED AVERÀGE

?0

NEf, RETL'RNS OF DR)Í,ÀND CROP PRODUCTÏON

PRESENT CONDITIONS
YIELD GROSS NET
Kg/Ha S/Ha S/HÀ

1313 262.6 91 .6
t992 302.8 136.0
1651 194.8 41.8
575 243.7 57 .7
769 255.3 96.3

1860 130.2 6.2
80.2

1119 283.8 112.8
L877 285.3 r19.3
1592 L96.7 33. ?
892 322.0 136.0
828 285.7 115.7

1860 130.2 6.2
97.7

987 197.4 26.4
1569 238,5 72.5
t261 148.8 -4.2
s68 205.0 19.0
611 210.8 41.8

1860 130.2 6.2
28.5

1419 283.8 112.8
L87',1 285.3 119.3
1582 186.7 33.7
892 322.0 136 ,0
828 ?85.7 116.7

2130 t{9.1 2s.1
99.3

98? 197.4 26.4
1559 238.5 't2.5
!25r 118.8 -4.2
568 205.0 19.0
611 210.8 41.8

1050 130.2 5.2
27 .8

890 1?8.0 7.0
1459 22L.8 55, B

1182 139 ,5 -13.5
453 163.5 -22.5
491 1?r,5 2.5

1600 112.0 -12.0
8.5

1419 283.8 112.8
L877 285.3 119. 3

t582 185,7 33. ?

892 322.0 136.0
828 285.7 116.7

2130 1{9.1 25.1
101.9

1693 338.6 167 .6
2339 355.5 189.5
2086 246.1 93.1
923. 333.? L47.2

10?8 3?1.9 20?.9
2130 149,1 25,L

t62 .3

FUTURE CONDIlIONS
YIELD GROSS NET
Kg,/Ha ë/Ha g/Ha

2181 435.8 230.8
2829 430.0 22'l ,0
2172 29r.7 104 . ?
1135 {09. ? 184. ?
L279 411.3 241. 3
2120 159 . 1 14. {

1?4.9

2299 159.8 253.8
2766 120,1 2I7 , I
2367 279.3 92.3
1{91 538.3 313.3
L276 440.2 240.2
2770 193.9 38.9

2t5 .1

1838 367,5 151.6
245t 37,r.1 171. I
zotl 239.B s2.g
t06t 383.0 158.0
1033 355.4 155,4
2420 169. I 14. {

138.3

2299 459.8 253.8
2766 120.1 2L7.t
2367 279 .3 92.3
1491 538.3 313.3
L276 440.2 240.2
2770 193.9 38,9

21/t . I

1838 367 .6 161.5
2{61 3',t4,r 171.1
2032 239.8 52.8
1051 383.0 1s8.0
1033 356,,t 155. {
2120 169.1 1¡l .l

1{6.0

11s7 231.1 ?5,1
1895 288,2 85.2
1537 181.4 -5.6
589 2L2.6 -12. I
545 222.9 22.9

2080 l{5.6 -9. {
21.5

2299 459. I 253. B

2756 120.4 2L7.1
2767 219.3 92.3
1491 538.3 313,3
L276 140.2 240,2
2170 193.9 38.9

223.4

2500 520,0 311.0
32L7 489 .0 286.0
297L 350.6 163.6
1417 . 511. I 285. 5
1657 57L.7 37L.7
2770 193.9 38.9

288.6

NCIIES: L) Crplnd t is the percentage of cropland that a given crop
ls currently grovn on '¿lthln the proposed developnent

2) Yield is the expected average crop yield in Kg,ztta
3 ) Net Return is the grross return ¡ninw the input costs

in $/tla
4) Future €onditlons include changes in seed, fertilizer, and

crop nanagement. See Section 2.2 for full explarntion

SCIJRCE: FTom Tables 2-12, 2-I3, 2-L5, 2-L7, [58159160]
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TAb]-E 2_23 NET REIURNS FÐR IRRIE,ÀïED CROP PROD.¡CTION

srrE cRop cRpLr{D ti[i3"':-33i0"'lli ,igiH-"":3i3r"oli"
À,,12, 

'HEÀr- ìg.g 
-gíT! 

'llTå ,îíià ilaT¡ ;i¡ï .ri:iÀ3 BÀRLEI_ l!.0 tzsi eia.9 376.6 r?00 ?rr.r t26.t- À¡FÀLFÀ 10.0 8000 s60.g 377.0 0800 616.0 t19.0cÀHoLÀ ls.0 19sl ?0t.1 !r!.3 2205 ?96.0 r8s.oFLÀx . o 19s1 6?S. ? 3!6.9 2205 767 .3 {53.3coRN 10.0 r2o0o B{0.0 rzo.ó rããõõ gäi.o s28.0
'EIGHTED 

ÀVERÀGE III.8 {52.9
sl,s2 rHEÀr.. 11.0 3{3s 68?.0 !¡?.0 3630 725.0 tt3.oBÀRLEy ls.0 .267 6r8.6 tis-.e ¡;õõ iíi.., t26.1ÀLFÀI.FÀ r0.0 Bo00 s60. o 112. o iáõõ áià . o {re .0cÀNoLÀ rs.0 lesl 70r.3 itt:i ;;;,; iöä.0 {8s.0pLÀr 5.0 1951 eze.g 396.9 2205 767.3 t53.3coRtl __ .o 12000 8t0.0 {?o,o 13200 921,o 528.0IEIGHTED ÀVERÀGE 105.5 II5.{
93,st, rHEÀÎ.. ?1.0 3t35 68?.0 !1?.0 3630 726.0 t{3.0s6 BÀRLEv- l?.9 aiái ãió.s 3?6.6 {?00 lrt.t tz6.tÀLFÀLrÀ r0.0 B0oo 560. o 3!7 .0 iaóo åie. o r19.0cÀNorÀ 1:.9 re5r ?0{.3 !l!:i ;;i,ó iôË.0 ros.0FLÀx 5.0 1s5r e;d.g ji6:s i;oí iái..2 {63.3coRN .0 12000 Bro.0 tzo.ó rlãõõ iäi.o s28.0
'EIGHTBD 

ÀVBRÀGE 105.5 I{5.I
s7,s8, tREÀ?._ 59.0 3{35 6r?.0 !1?.0 3630 726.0 tt3.0s10 BÀR'E'_ 1g.0 tisi ãió.s 3?6.6 {7oo 7r1.1 t26.tÀLFÀLFÀ 10.0 8000 s60.0 ¡rr. ó õóõo óiã. o lls. ocÀ¡roLÀ rl.g resl ?0,r.3 !1,!.i ;;õ,; iöä.0 rB5.oplÀx 5.0 l9s1 6?8.9 glq .9 2203 767 .3 t63.3coRN __ .0 12000 ãrõ.0 !?g.0 r32oo sz1.o 528.0rEIGH?ED ÀVERÀGE 105.5 II5.I
s5,s8, HHEÀî. ?g.g 3{3s 6!7.0 !i?.0 3630 726.o t{3.0srl,sr2, EÀRLEI- 19.0 ¡,6i ãiá.e l?q.5 {?00 ?r{.r 126.1s13 UFALFÀ 

_ . .0 eõóo iió.0 377.0 0000 616.0 rre.ocÀNoLÀ 10.0 lesr ?0r.3 itt.ã ;;óí;öä:i, rss.0pLÀx s.o lssr ere.s rie.i ,ioa;í;..\ 163.3coRH._ .o r2000 o{o.o rró.õ rããõõ ;;;.; s28.0IBIGHTED ÀVERTGE IO9.? I{5.{
sl{,915, tHBt? 80.0 3t35 60?.0 t17.0 3630 726.0 t{3.0s16,srz, BÀRLEI_ l.g tzsi siã.e .g.6 r?00 7L..t t26,1srs ÀrFÀLp¡ g.g aooo éiõ. o 3??.0 os00 615.0 r1s.0cÀHoLÀ s.0 resl ?0{.3 !1!.3 i;o;;;6:ò rss.0pI,Àx 2.0 resr 6?s.e ¡ie.i i;ó;;'6;'.\ 163.3coR* .0 12000 Bro. o r?0.0 r5zõõ ó;;: é 52s.0TEIGHTBD ÀvERÀcE {11.2 1i/¿.E
sl9,s20, IHEÀT ?9.0 3t35 68?,0 !r?,0 3630 726.0 1t3,0s21 BÀRLEI !.0 tz67 iió.s 3?6.6 r?oo 7r1.1 tz6.tÀLFÀLFÀ s.0 B00o s6o.o 3??.0 iaóõ ;i;:ö r1e.ocÀr{olÀ 19.0 lesl ?0{.3 rlr.3 iioa i;ã:õ rBs.0pLrx 5.0 1951 ezs,g 396,9 2205 757.3 153.3coRN. _ s.o lzooo ãró.0 {?0.0 13200 gz1.o s2g.0
'ETGHTED 

¡VBRÀca tll.{ 150.{
Hl,x2 rHEÀî 65.0 3{35 587.0 t17.0 3530 726.0 l{3.0BÀRLEv 2.0 .267 618.5 l?q.6 ¡;õõ ;l;:i tz6. tÀLFALFT 3.0 s0o0 s60.0 ttt.ó dàõõ 6i;:ö {le.0cÀroLÀ 19.9 resl ?0..1 11r.i ããõã iô;:ä. rss.QrLÀr 10.0 lssr 6?0.e r1e.ò ããóè ;;;:: 163.3coRN _ r0.0 12000 sr0.Þ !?g:ó rjiõõ r;t:í,52s.0TEIGHTED ÀVERÀGE alg.O t56.?

1) crplnd t 
's 

the Þefcfntage of cropland that a gi.ven croprritl be çEonn on vithin itre irrrgåtio; de;;lopment2') Yield is the expected averäge crop yield in Kg,zFIa3 ) Net Return ls tñe gro"" iãt*n mlnus the input costsin $,ztta4) Future conditions inc*¡de chalsgs-in gegd, fertllizer, andcrop nanågement. see section ziz toi tuii'u"pranation
Ftom Tables Z-LZ, Z_!3, Z_!5, Z_!7, t5g,S9r60l

NO{IES:

SOIJRCE:



TABT,E 2-24 SEASONAL VARIATION OF AhINUAL WATER REOLIIREI,ÍENT FOR EACII SITE

SITE

A1, A2, A3

s1, s2, s3, s4,
s6, s7, sg, s10

s5, sg, s11,
s12, S13

s14, S15, 516,
s17, S1g

s19, S20, s21

Ml, M2

Weiehted Awrg.

l¿

I'by

I

percentage of Anmral_ water Requirement
During Fach Month

Jt¡ne JuIy August September

33.5 45 t2 1.5

7.8

7.4

7.7

7,I

6.0

f.o

33.9

33.9

32,2

31-7

30.4

33.2

SCIIRCE: Tables 2-21,2-Zg

45,4

46.3

45.6

45.7

45.4

45.6

11.8

I2,5

13. 5

14. 3

15.9

12. 3

1.1

.5

1.0

7.2

1.5

1.3
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TAbIE 2_25 DIREg¡ BEITEF'ITS OF IRRIGÀTION : PRESENT CONDITIOI\¡S
ÀREt IRF Nt rÀTER IRR syg DRNcE ENRnny iÞÞ !Þñ ^^.- 

ilET o-F NET:lre xiiiöoo'ä)xr HH ilul" ;iilî" tiillt tl)rlttol1..n.r ¡ñris' .ü.-i,sr 2oo.o .og.l iäo.o 'iäi.o "'rr., le.o ,r.., -rll _ stni- g7öiiãsz r.o.o rol.l ãõõ:õ i;;:õ 3r.o 2r.r rs{.6 Zi.l 
-gi-.0 -'-äi.o

åi liõ:l llt:i ii¡,¡ ii¡'l ti:s ír,r l;i,i ä'i l¡¡'i li';e5 e5. o .o?.1 t¡ó. õ ið;: ö r{.8 2s.3 1s¡.6 ?g-l lg:.? ó;:;s6 rs.o .og.g tiõ:õ i;;:ö 3r.o 26.1 r8e.3 ??-.g r66.s ;;:á;í iii ! t8i:i ¡¡¡,! it::s ii:å Íi:t ili,i íi:i i¡i'i ti:ise 130.0 r0:.1 ii;:õ i;;:ä r...B r4.3 20r.5 ?1.9 iti:ô ;;'.;3r0 to.o .o?.! r¡ã.õ i;;:ö 3{.8 1r.3 2or.s :?.1 toi'.i ;;:;iii 'i¡,r äi'i äiii ii¡:i ii:i ii:i iii:i ü:i iåiii ii:¡iiil 'ir,r iiiií iiiil ii¡li ili ii,i iii:i i,i iii:i ;i:¡sr7 ss'o rrl.z ,;í'.ó i;í:ö !r.a 2s.o re2.. 9.g rsr.ã ái:;sro 130.0 .rl.? ?li:, i;;:ð jr.a 26.e re{.s g.: ró1.õ ;ä:;sre ss.o rrr.{ igg:i i;;:ð à¡.e 2r.r 203.s .^9.g lei.ó ;i'.;s20 2o.o .r¡.r ?tg.g iiõ.õ àr.e 26.{ res_2 :l}.: iói:; áô.;iíi ,!i:i lil:t iii'¡ iii'i il:s í]:s iåi,í tli,í .ii,¡ tr:;À18 3zl.o r|r.B 199.9 is¡:õ ã,., re.o 203.0 :9.? tzz-.s ;;:áii¡ ri!:l riï:; ¡¡!,¡ iíi,i j::å ir,s íii,i ii.i îiii ss'íÀzB 206.0 rri.s 2os.o r;;:õ ir.s 21.6 zoo.t lg.? úõ.i. ;;:;À2c rr3.o rr1.r aii:õ i;;:ö i.., zL.6 zoo.t jl.? lro'.ã ;;:;iir i!!:! ill:l i¡i'¡ iíi'i i::s ir:å isi,i ii,¡ i¡i'i ;í'srr r2o.o rrs.o llg.o i;;:õ ír.e r5.E zrz.. ,;g.? lrõr:i ;;:;,2 eo.o rr8.o r¡0.ó i;;:õ i.., iã:; ;;;:¿ ÌS¡:i 
-¡;:i 

ï.ä
TAbIE 2-26 DIREfT BENEF'I?S OF IRRIGÀTION : 

"IITURE 
@\¡DITIONS

8¡îa
8l
s2
83
aa
tt5
86
s7
st
89
910
811
812
813
t¡lt
8r5
816
!t 1?
818
sI9
s20
s21
Àlt
ÀtB
ÀIC
I2¡
À28
À?c
À3t
À38
xl
r{2

NOTES: 1)
2)
3)
4)
s)
6)
7)

ÀRB¡ ¡RF IIT
HÀx1000 t/n^200.0 a{5.{l{0,0 at5,t135.0 la5.{290,0 {a5. t95.0 at5.{a5.0 {{5.{55.0 aa5,{I15.0 ta5,{130,0 a{5, {10.0 tt5.l105.0 a{s.a45.0 {{5,t50.0 tt5.t{5.0 tt2.o?50.0 112-870.0 at2.855.0 tt2.8130.0 a12.855.0 t50. {20.0 150. I{5.0 t50.r13a.0 t52.9321,0 152.960.0 t52.9286.0 a52.9286.0 t52.9It3.0 a52.9301.0 {52.9
256.0 a52.9120.0 156, ?90.0 t56.7

'¡ÎBR 
¡RR 8Y8Fx î/n^1E0.0 155, O200.0 155.0205.0 155. O200.0 155. O2a0,0 155.02s0.0 155.0135.0 155. o200.0 155.0135,0 155. O135.0 155.0210.0 155. O225,0 155.0225,0 155.0325,0 ls5.o2s5.0 155.0295.0 155.0275.O t55,0255.0 155, O200.0 155.0250,0 155.0235.0 155.0180.0 155. o1e0.0 155.0180.0 r55. O205.0 153.0

205.0 155. O205.0 155.0205.0 155. O205.0 155. o150.0 155.0
130.0 155.0

DRrlOE ¡NEROYl/Hl ,/H^3a.E 1S.93a.8 2L.0
3a, ô 21,63a,0 2L.O
3a . I 25.33t.8 26,334.8 L1.23a.8 21. O3t.8 la.23r.8 t1.2
3a. E 25.33{,8 23.7
3{. I 23.73r.0 31.231.8 26.83{,8 3t. o
3{, I 28.93{.8 26.93,r.8 21. O

31. I 26.33a.8 21.73{.I 18.93a,8 t8.93t,8 ¡8.93{.8 2:..63{.8 21.6
3t, I 21.6¡t.8 2L.6
3a.0 21.63r.8 15.831.8 13.7

IRR NEl DRY H8?f/8t a/x^
236.7 215. {23t.6' 215.r
231.o 138.3
23t,5 t 38.3
230.3 116.0
229. 3 r38.3
2at. { 21a,0
23a.6 tr6.0
21t.4 2Lt.8
2{1. I 21t.8
230.3 1{6,0
231.9 1r5,0
231.9 1a6.0
218. I 2t.5
226.2 2a.5
222.0 21.5
221.L 2a.5
226,2 21.5
239.6 223. I
23{. 3 223.1
235.9 223. a
211.2 l?{.9
211.2 l7{.9
211.2 1?{.9
2{1.5 l?{.9
2{1,5 r7t.9
,241.5. l?,1 .9
2rr.5 L71.9
211.5 17{.9
?51,1 288.6
253,2 288,6

IRF NT is irrigated crop return (i.e. Table 2_23) in $,/ftarRR sYs is the annual cõst oi-lhe irrigation system in $,zuaDRN.E is the annual cost of ite-'orainage vorks in s/raEt¡ERGy ls annual o1-f3r1 un"igy costs of lrrigation in g,/HaIRR NET is net irrtgated ciól'íeturn in g,zHa
DRy NEr is dryland.i=on ,"t,Ër,-ii.e. Table Z_22) in S,/[raNET o-F BNFTS are the õn_t.r* Ënef its of irrigation(1.e. rRR NET - DRy ¡rm I i; ã7Hu

NEl O-P NBl
8Nt18 ¡HF18
l/rtr t/D¡X32r,3 1l. c19.2 9.6

93. ? a6. ?96.3 18.1Ea.3 35.191.0 36, a'26.6 19.788.6 ra.326,6 19. ?26,6 19.781.3 35.105.9 3S.285.9 38.2l9a,3 59.8201.7 ?9. I
197. 5 66.9199.6 72.620L.7 79. ¡16.2 Ll10,9 {.tL2.5 5,369,3 3S.569.3 3S. 569.3 38.566,6 32,565.6 32.566.6 32.566.6 32.556.5 32. 5

-37. 5 -25.0
-35, { -27 .2
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Table 2-27 DIRECT BENEFITS OF IRRIC,ÀTION : PRESEb¡T CONDITIONS
CROP PRICE INCREASE OF 25$

TAEI IRF IIl fÀÎBR IRR 8Y8
f¡IÎE BÀx1000 1/ll^ HX g/H^
81 200.0 57J.2 180.0 155.0
az 1a0.0 573.2 200.0 !55.0
83 135,0 573,2 205.0 155.0
sa zgo,o/ 573,2 2oo.o ts5.o85 95.0 579,2 2a0.0 155.0
86 as,O 57J.2 250.0 t55.0
s7 55.0 5?3.2 135.0 155.0
8t 115.0 579.2 200,0 155.089 130.0 573,2 135.0 155.0810 10 . 0 57 3 .2 r35. 0 15s.0gtl ro/. o 519 .z 2to. o 155. o
812 a 5. 0 379 ,2 225 .0 155 . 0913 50.0 519.2 225.0 155.0sta r5.0 580. I 325.0 155,0
9r5 750,0 580.1 255.0 155.0
316 ?0.0 580.1 295.0 155,0
sr? 55.0 580.1 2't5.0 155.0
st8 130.0 580.1 255.0 15s.0
8t9 55.0 586. 3 200.0 155.0
n20 20.0 586. 3 250.0 155.0
82L r5.0 586.3 235.0 155.0
ÀlÀ t3{.0 583.t 180.0 155.0
rt8 32t..0 583.t 180,0 155.0
Àtc 60.0 583.{ 180.0 155.0
À2À 286.0 583. r 205.0 t 55.0
r2B 2E6.0 583.1 205.0 155.0
lzc 1a3.0 583.1 205.0 155.0
À3À 38r.0 583. a 205.0 155.0
r3B 256.0 583.{ 205,0 155.0
xl 120.0 592.'t 150.0 155.0
ú2 90.0 592.1 130.0 155,0

NEl O-F N81
DRNOE ENERGY IRR NBl DRY HET BNFTS BNPTSg/H\ 9/\^ g/at^ g/n^ g/H^ 9/DÀll3

3a.8 lE.9 36{.5 16r.8 202.7 1l2.se
3r.8 21,0 362. r 161,0 200.6 ¡00.2E
3r.e 21.6 36r.8 75.3 286.5 L39.'r7
3a.0 21,0 362.t 75.3 28?.1 ra3,53
3a.e 25.t 36t.1 ?5.a 208,? 120.31
3r.8 26.3 35?.r ?5.3 201.ô rl2.?2
3{, I Lt,2 369 .Z 161. I 20t.0 151.70
3a.0 21,0 368.1 ?5.1 293.0 116.{E
3{,6 l{,2 369,2 16a. l 20{.8 151.70
3a.8 La.2 369.2 164.{ 20t.ø 151.?0
3r.8 25.3 36{,1 75,1 289.7 120.31
3{.8 23,7 355.? 15.1 290.3 129.0331.8 23.'r 365.? 75.1 290.3 129.033{.8 3t,2 356.t 50.7 305.t 93.9?
3a .8 26.8 363. s 50.7 3r2.8 t22.6531.8 31.0 359. 3 50. ? 30s.6 ro4.60
3{ .8 28.9 361. { 50. ? 310. ? 112.9?3{.8 26,8 363, 5 50. ? 3tZ. O 122.6531.8 21.0 3?s.5 160,2 207.3 :.03,633{.8 26.3 3?0.2 j.68.2 202,0 60.803{.8 24,7 3?1.8 169.2 203.6 96.6331.8 18.9 171.1 I39.0 235,7 I3O.9Z3{.8 r8.9 371.7 139,0 235.7 130.923{.8 18.9 371.'l !39. O ZJ5.7 r30.9 231.8 21.6 3?2.0 139. O 233. O 113.6?3{.8 21.6 3?2.0 139.0 233, O tI3.6?3t.8 2L.6 3?2.0 r39.0 233.0 113.6?3{.8 21.5 372.0 139.0 233,0 t13.5?3r.8 ?I.6 3?2.0 139.0 233,0 113.6?
3t . I 15.8 38?.1 245,5 ltl.6 9{. tl3{.8 13.? 389,2 ?t5.5 1{3.? 110.55

Table 2-28 DIREgf BENEFITS OF IRRIGÀTION : PRESEX.¡T CONDITION
CROP PRICE DECREÀSE OF 257

SI?E
81
fr2
s3
9t
s5
96
g?
s6
69
810
sll
sl2
813
3la
sl5
sl6
st?
9lE
919
920
s2l
t1^
À18
Àlc
À2À
A28
r2c
À3À
r3B
lll
ìr2

ÀRBÀ ¡RF N1
HÀxl000 a/8^

200.0 271 .5
1r0.0 23?.C
1 35. 0 237 .8
290.0 237,6
95.0 zto.2
15.0 237.ø
55.0 231.8

115.0 210.?
130.0 z3't.E
10.0 237.8

105.0 2t0.?
{5.0 210.2
50.0 2a0.2
15.0 2t2.3

750.0 2t2.3
?0.0 21?.3
55.0 212,3

130.0 212,3
55.0 2t2. t
20.0 212.1
r5.0 2a2.1

13a,0 210,2
321.0 zto.2
80.0 21/O.2

286.0 210.?
286.0 210.2
1a3.0 2t0 ,238a.0 2t0.2
256.0 240.2
120.0 2a3.1
90.0 2t3.4

TÀTER IRR 8Y8
lllr I /H^100.0 155.0
200.0 155.0
205.0 155.0
200.0 155.0
2r0.0 155.0
250.0 155.0
13s.0 155,0
200.0 155.0
135.0 155.0
135.0 r55.0
?{0.0 155,0
22s.0 1s5.0
225.0 155,0
325.0 155.0
255.0 155.0
295.0 155.0
2'r5.0 15s.0
255.0 r55.0
200.0 155,0
250.0 !55,0
235,0 155,0
180.0 155.0
180.0 155.0
180.0 155.0
205.0 155.0
20s.0 1.55.0
205.0 155.0
205,0 155.0
205.0 155.0
r50.0 155.0 r

r30,0 155.0

DBI{GE ENEROYa/n^ e/x^
3{.8 18.9
34.8 21.0
31 .8 21.6
3r.8 21.0
3t.8 25.3
3r.8 26.3
3{.8 Lt.2
3a.8 2t,0
3a.8 tl.2
3t.0 la.2
3a.8 25.3
3t.8 23.7
3t. 6 23.7
31.8 31.2
3r.8 26.ø
3t.8 31.0
31.0 28.9
3a.8 ?6.8
31.8 21.0
3a.0 26,3
31.8 21 .7
3{ . I 18.9
3r.8 18.9
3a.8 18.9
3,t.8 2L.6
3{,E 21.6
3r.8 21.6
3{.E 21.6
3t.0 21.6
3{,8 15.8
3{.8 13,7

NOIES:

NEl O-r NEl
IRR HBT DRY T{ET BNFÎ8 AHFTS
9/E^ l/Hl ?/H^ 9/DÀl{3

?9 .L 36.3 -7 .2 -{.0
21 .0 36,3 -9.3 -t. ?
26.t 1.8 21.6 12.0
2't.0 1.8 25.2 12.6
25.1 L.2 23.9 t0.0
2L.1 1.8 19.9 8,0
33.8 36.2 -2.1 -1.8
29. I L.2 2ø .2 lt. I
33.8 36.2 -2.1 -1.833.0 36.2 -2.1 -1.8
25. I 1.2 23.9 10.0
26,7 1.2 25.5 lr. r
26.'t L.2 25.5 11.3
18. 3 .0 r8. 3 5.6
25.7 .0 25.7 10.1
2t.S .0 21.5 ?.¡
23.6 .0 23.6 8.5
25,? .0 25.7 l0.l
31.6 37.2 -5.6 -2.9
ZO.3 31.2 -I0.9 -r.t
Z7 .9 37 ,2 -9.3 -{.0
3l.S 26.3 5.2 2.9
31. s 26.3 5.2 2.9
31.5 26.3 5,2 2.9
2S. g 26.3 2.5 r.2
28.s 26,3 2.5 1.2
20.9 26.3 2.5 1.2
28. I 26 .3 2.5 1.2
28.9 26.3 2,5 L.z
3?. I 80.5 -12.7 -28.s
39,9 80.5 -a0.6 -31.2

1)
2',|

3)
4)
5)
5)
7t

IRF NT is irrigated crop return (i.e. Table 2-231 in $,/Ha
IRR SYS ls the annual cost of the irrigation s)¡stem in S/Ha
DRNGE is the annual cost of the drainage vorks im $/FIa
ENERGY is annual on-farm energy costs of irrigation in g,/Ha
IRR NEf is net irrigated crop return in $,/Ha
DRY NET is drylard crop return (i.e. Table 2-22) in $/Ha
NEf, O-F BIIFTS are the on-farm benefits of irrigation(i.e. IRR NEr - DRY NET ) in $/FIa
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Table 2-29 DIRPOI BEß¡M'ITS OF IRRIGÀTION : PREsm{T coNDITIoNs
ALTMNATE DRAINAGE SCHE},IE

SITE
s1
s2
s3
s{
95
s6
s7
s8
s9
s10
s1t
s12
st3
s1{
sl5
s16
s17
sl8
s19
s20
921
À:.À
ÀlB
Àlc
À2A
À28
À2C
À3À
À38
HI
t12

ÀRET IRP Nî I'ÀÎER
HÀx1000 g/H^ HH

200.0 t05.5 r80.0
t{0.0 105, 5 200.0
135.0 105,5 205.0
290.0 t05. 5 200.0

9 5.0 to9.7 210.0
r5,0 {05.5 250.0
55.0 t05.5 135,0

It 5,0 r09. ? 200.0
130.0 a05.5 135.0
r0.0 a05.5 135.0

105.0 r09.7 2t0.0
t5.0 t09.7 225,0
50.0 t09.7 225.0
15.0 {tt.2 325.0

750.0 tll.2 255.0
70.0 a1r.2 295.0
55.0 1LL.2 275.0

r30.0 111,2 255.0
55.0 a1a.{ 200.0
20.0 rl{. a 2s0.0
r5.0 {1t.t 235.0

13a.0 tlt.8 180.0
32r.0 rlr. g 180.0
80.0 {11.8 160.0

286.0 a11,8 205.0
286.0 all.8 205.0
1r3.0 {11.8 205.0
38a.0 {1r.8 205.0
256.0 r11.8 205.0
120.0 a18.0 150.0
90.0 418.0 130.0

IRR 8Y8 DRXSE ENERGYg/H^ a/H^ g/H^
155.0 {?.1 19.0
155,0 a?.t 2t.1
155.0 {?.t 21.6
155.0 t7,L 21.r
155.0 a1,r 25.3
155.0 t1.L 26,1
155.0 {?.1 la.3
155.0 t7.l 2l.r
155.0 a?,1 l{.3
¡.5s.0 {?.1 1a.3
lss,0 l7. r 25.3
155,0 l?.1 23.8
155.0 ' t?.1 23. E
155.0 1'r.I 3t,3
1s5,0 {?.1 26.9
155.0 t7.1 31.1
155.0 t?.1 29.0
155.0 17,L 26,9
155. 0 t't .L 2l, 1
t55. 0 47 .L 26, 1
155.0 {?.:. 2l.E155.0 17 ,L t9,0
155.0 t7.1 19.0
155.0 17. I 19,0
155,0 a?.1 21,6
155.0 {?,1 21.6
155.0 r?.1 2t.6
15s.0 r?. I 2L,6
155.0 a?.1 21,6
155,0 {?.1 15,8
155.0 r?.1 lt, ?

NAl O-F NET
TRR NET DRY NET ENFÎS 8NFlg
g/H^ E/a^ g/H^ g/DÀH3
r8l. { 97 .7 86. ? 18.2
182,3 97.7 8a.6 12.3
181.8 28.7 153.1 71.'t
182. 3 2ø.7 153.6 7 6.8
182.3 21.8 15a,5 6{.4
L',t', .0 28.7 1t0.3 59.3
r.89.2 99 . 3 89.9 66.6
186. 5 21 .g 158.7 79.3
189.2 99 . 3 89.9 66.6
189.2 99.3 89.9 66.6
182. 3 27 .8 15{.5 6{. {
183.9 27 .8 156. I 69 . r
183.9 27 .6 156. I 69. {
t?t.8 8,5 166.3 51.2
L02,2 E.5 L73.7 68,1
178.0 8,5 169.5 5?. a
100,1 8. 5 l?1.6 62.1
102.2 8.5 L73.7 60.1
191.2 101.9 89.3 at.6
185.9 101.9 0a.0 33.6
18?,5 101.9 85.6 36.t
190.7 80.2 110.5 61.{
190.7 80.2 110.5 6t.. {
190. ? 80.2 110.5 61. {
180.1 80.2 l0?.9 32.6
188,1 80,2 107.9 52.6
180,1 80. ? t0?.9 52.6
188.1 00. 2 107.9 52.6
188. I 80.2 t0?.9 52.6
200. I 162. 5 3?.6 25.0
202.2 162.5 39. ? 30\ 5

Table 2-30 DIREgf BENEF'ITS OF IRRIGÀTION : PRESENT coNDITIoNs
M.IERGY COST INCREASE OF 5OT

8I TE
81
82
83
ga
s5
96
9?
s8
99
sl0
s11
sl2
sl3
9ll
sl5
s16
sl7
slE
sl9
s20
9?1
À¡,À
Àls
Àlc
r2À
À28
À2c
À3À
À38
l{1
x2

NCTfES:

INEÀ IRF I{1
HÀxl000 a/A^

200,0 t05.5
rr0.0 r05.5
135.0 a05.5
290.0 {05.5
95.0 tog .1
{5.0 r05,5
55,0 t05.5

115-0 {09.?
130.0 {05,5
10.0 t05,5

105.0 109.?
r5.0 {09.7
50.0 t09.7
t5.0 all.2

?50.0 a11.2
70.0 {11.2
55.0 1rL.2

130.0 {11.2
5s.o tLt.t
20,0 rll.r
45,0 t1{.t

13r.0 rlr.8
321.0 {11.8
00,0 t11.8

286.0 {1r.8
286 .0 a1t.8
1{3.0 all. E

38t.0 {r1.8
256.0 ttIrS
120.0 r18.0
90.0 {18.0

IÀÎER IRR I'I8
lol f /H^
180.0 155,0
200.0 155.0
205.0 155.0
200.0 155.0
2t0.0 155.0
250.0 155,0
135.0 155.0
200.0 155.0
135.0 155.0
135.0 155.0
2a0.0 155.0
225,0 155.0
225.0 155,0
3?5.0 ¡55.0
255.0 155.0
295.0 155.0
275.0 155,0
255.0 155.0
200.0 155.0
250,0 155.0
235.0 155.0
180.0 r55.0
180.0 155.0
180.0 155.0
205.0 155.0
20s.0 r55.0
205.0 155,0
205.0 - 155.0
?05.0 155.0
150,0 155.0
130.0 155.0

DRNOE ENEROYg/H^ l/H^
3t, E 37.9
3a, E {2.1
3{. t {3.1
3a.8 l2.L
3{.8 50,5
3t,0 52.6
3a.8 28.1
3r.8 12.L
31.8 28.1
31. E 28,1
3r.0 50.5
3{.8 17 .1
3t.8 17.1
3r.8 68.{
3t.8 53. ?
3r.8 62. 1
3r,8 5?.9
3{.8 53.7
3r.8 t2.I
3a.8 52.6
3t.8 19.5
3{.8 37.9
3r.8 3?.9
3{.8 3?.9
3{.8 t3.1
3t.8 t3.1
3{,8 {3,1
3{.8 {3.1
3t,8 13.l
3{.8 . 31.6
3r.8 ?1 .t

IRR NET DRY NEl
a/Hr l/H^
l7?.0 97.7
1?3.5 97 .7
L72.6 28.1
r73.6 28.7
169.t 27,8
163. I 2ø.7
187.3 99 .3
L77.8 27.8
187.3 99.3
187.3 99 .3
169. t 27 .8
112.5 27.8
L't 2 .5 27 .8
t53.0 8.5
t67 .1 0.5
159.3 8.5
163.5 8.5
L67 .7 8.5
182. s r01.9
L72.0 101.9
175.1 101.9
r0a. I 80.2
18{,1 80. 2
l8a. l 80.2
1?8,9 00. 2
r?0.9 80.2
t78.9 80.2
178.9 80. ?
1?8.9 80.2
196.6 162. 5
2oo. o' 162.5

1)
2t
3)
4)
s)
6)
7)

IRF NT is irrigated crop return (i.e. Table 2-23) in $,zga
IRR SYS is the annual cost of the irrigation system in $,/Ha
DRNæ is the annual cost of the drainage works im g/Ua
ENERGY is annual on-farm energy costs of irrigation in $,/Ha
IRR NET ls net irrigated crop return In $,/Ha
DRY NEtr is dryland crop retu¡n (i.e. Table 2-221 Ín $,/Ha
NEtr O-F BNFTS are the on-farm benefits of irrigation(i.e. IRR NET - DRY NEtr ) in $,/[la

NET O-F NEl
ENFIS SNFî9g/Et g/DÀn3

t0,¡. tt,5
?5,9 38,0

1a3,9 10,2
11t.9 72,5
tt1.6 59,0
13a. t 53.8
88.0 65,2

150.0 75.0
88.0 65.2
88.0 65. ?

l{1.6 59,0
L11,7 6{. 3
Ltt,'t 6t.3
144.5 {{.5
159.2 62.1
1s0.8 51. I
r55.0 56. a
I59.2 62.1
80.6 {0.3
?0.1 28.0
73.2 31.2

103.9 5't .7
103.9 57 .''
103,9 57 ,7
98.? t8.l
98.7 10.1
98,7 a8,I
9E.? t8,l
9ô.? {8.1
3r.1 22.8
30,3 29,5
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Table 2-31- DIREgf BEbIEFITS OF IRRIC.ATION : PRESH'¡T CONDITIONS
INTEREST RAIE OF 2T

ÀRE¡
SITE HÀXIOOO
sl 200.0
92 1a0.0
s3 135.0
9{ 290.0
85 95.0
36 a5.0
s? 55. 0
90 115.0
s9 130.0
st 0 10.0
8ll 105. o
s12 a5.0
s13 50.0
slr t5.0
s15 ?50,0
s16 70.0
sl7 35.0
srt 130.0
st9 55.0
820 20.0
s2t {5.0
ÀIÀ 13t.0
¡18 321.0
Àtc 00.0
À?t 286.0
À28 285.0
À2C 1t3.0
À3À 30a.0r3B 256,0
Ìlt 120.0
x2 90.0

¡RF NÎ T¡ÎER IRR I¡Y8
t/H^ Xx g/H^
r05.5 1ô0.0 L21.t
{05.5 200.0 L27.1
r05.5 205.0 L27.t{0s.s 200.0 L21.1
a09. ? 2a0.0 12?. I
{05.5 250.0 L27.1
{05.5 135.0 L27,tr09.7 200.0 L27.1{05.5 135.0 r27.1
105.5 135.0 L27.1
{09.7 210.0 t21 .l
{09 . ? 225 .O LZ1 .1
a09,? 225.0 L27.t
{11.2 325.0 r27.t
1tL.2 255.0 t27,t
r11.2 295.0 12?.{rlr.2 2?5,0 L27.1
tll.2 255.0 L27.tall.. 200.0 L21.t
tla.t 250.0 L27.t
r1r. a 235.0 I?7 .tr1t.8 r80.0 t27. {{11.8 180.0 I21 . I
{11.8 180.0 !2?. I
tlt.8 205.0 I27.r
f11.8 205.0 L27.1
r11.6 - 205.0 L27 .1
{11.8 205.0 L27.1411.8 205.0 L27,t
1r8.0 150.0 L27 .1
rt 8.0 130.0 L27 . t

8/H^
30. 0
30. 0
30,0
30. 0
30 .0
30.0
30.0
30.0
30. 0
30. 0
30, 0
30. 0
30. 0
30, 0
30. 0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30 .0
30.0
30. 0
30.0
30 .0
30 .0

ENEROY
g /¡t^

19.0
21.1
2L,6
21.1
25,3
76.1
1a.3
2t.l
1{.3
1r.3
25 .3
23.8
23,8
3{.3
26.9
31. ¡
29.0
26 .9
2:,.1
26 .1
21 .8
19.0
19.0
t9.0
21.6
21.6
2r.6
21.6
21.6
r5, 8
13. ?

NET O-F ilET
IRR NET DRY NET BNPTS BNFISg/lrÀ 8/H^ g/tt^ 9/DÀx3

229.L 97 .7 l3r. a ?3.0
227 .0 97 .7 129,3 6a.6
226.5 28.7 19?. I 96,5
227 ,O 28,1 198.3 99. I
221 .0 ?7.8 199.2 s3.0
22L,7 28,7 193.0 77.2
233.9 99.3 13t.6 99.7
23L.2 27.9 203.1 101.?
233.9 99.3 131,6 99 .7
233,9 99.3 13t.6 99 ,7
221 .O 27 ,8 199.2 83.0
228.6 2't.8 200,8 89.2
228.6 27 .8 ?00.0 89 ,2
219.5 8,5 211.0 6t.9226.9 8.5 218,t 8s.6
222,7 I.5 2L1.2 '12.6
22r.ø 8. 5 216.3 ?8,6
226,9 8. 5 210. I 85.6
235,9 101,9 r3t .0 6?.0230.6 101.9 L29.7 51.5232.2 10r,9 130.3 55.t
235, r 80,2 1s5.2 86.2235.t 80.2 155.2 s6.2235.a 80.2 155.2 86.2232.8 00.2 ¡52.6 .rt.l
232,8 80. 2 152.6 7 1.1232.5 00.2 152.6 1t.1232.5 80.2 152.6 'rt.1
232.6 80.2 152,6 7 1.12r{.8 162.5 82.3 54.82t5.9 162.5 8{. a 61.9

Table 2-32 DIRECI BENEF'ITS OF IRRIGATION : PRESENT coNDITIoNs
INIER.EST RATE OF 8I

9I TB
SI
s2
83
9a
g5
s6
s7
s8
g9
9t0
811
912
f¡r 3
f¡ll
915
916
sl?
8t8
819
s20
s2t
ÀlÀ
ÀlB
Àlc
À2À
À28
À2C
À3À
A3B'
r{l
lr2 \

ÀRET ¡RF T{?
HÀx1000 A/H^

200.0 ,105.5
ta0.0 t05.5
135.0 t05.5
290.0 a05.5
93.0 a09.7
{5.0 ¡05.5
35,0 a05.5

115.0 a09,?
130.0 {05.5
10.0 t05.5

105.0 {09.?
t5.0 409 . ?
50.0 t09.7
t5,0 llI.2

750.0 {11.2
70.0 att.2
55.0 tl1.2

¡.30.0 tll, ?55.0 tla. I
20.0 {1a, a
{5.0 {la.a

13r.0 ll1,g
32:..0 {1r. I
80.0 t11.8

2ø6.0 tll, I
286.0 r11.8
l{3.0 arl. E
38r,0 {11.8
256.0 a1r. C

120.0 a18.0
90.0 rt8.0

IÀTER
xH
100.0
200.0
20s,0
200.0
2{0,0
250.0
135.0
200.0
135. 0
135.0
2a0,0
225.0
225.0
3?5.0
255.0
295.0
275.0
255.0
200.0
250.0
235.0
180.0
180.0
180.0
205.0
205.0
205.0
205.0
205.0
150.0
130.0

tRR 8f8
g/Hl
2I0.2
zLO.?
2L0.2
2ro,2
zLO.2
2L0.2
21o.2
210.2
210. 2
210.2
210.2
2L0.2
2LO.2
zto,2
2L0,2
2to.2
2r0.2
210.2
210.2
zLO.2
2L0.2
2I0.2
zLO.2
210.2
2LO.2
2L0.2
2L0.2
2L0.2
zLO.2
210.2
210.2

DRr{sE ENERsy rRn ilEr DRy nB? 
nllrir" ri¡it8/tt^ g/HÀ ?/H^ tt/Hl g/H^ e/DÀx3a9-5 19.0 130.8 97.7 33.1 18.t.5.5 2r,1 L28,7 97 .7 31. o ir. ã.5. s 21.6 120.2 zB.7 9e. r ¡s:5a5,5 21.1 126.? 29.7 lOO,O 50.O.5. s 25.3 L29,7 27 .O 100.9 t2. ot5.5 26.t 123.t 28.7 gt.7 37.9a5.5 l{.3 135,6 99.3 36.3 26.915.5 21,1 r32.9 2?.8 105,1 52.545.5 1t.3 135.6 99.3 36,3 26,945,5 l{.3 135.6 99.3 36.3 26.9fs.5 25.3 I28.7 27,ø 100.9 12.0{5,5 23.8 130,3 27.8 IO2.s ts.5t5.5 23.8 130.3 27,g 102.5 a5.5{5.5 3t.3 LZL.z 8.5 Lt2.7 3{.?{5.5 26.9 128,6 8.5 120.1 t?.115.5 3r.1 Lzt.1 8. 5 115.9 39,3{5.5 29.0 126.5 8.5 118,0 t2.9{5.5 26.9 128.6 0.5 l2O. l 11 .L

. s.5 21. r 13t.6 tot.g 35,7 rz. ã.5. s 26. t r32, 3 10r.9 30. . lz.its. s 2t. I 133.9 1or. e 32. o ia.6{5.5 19.0 137.1 BO.2 56.9 31.645.5 19.0 13?.1 80.2 56.9 31.6t5.5 19.0 13?.1 so.2 56.9 31,6
{ 5.5 2L,6 13t.5 80.2 5a.3 ze. st5.5 21.5 13{.5 80.2 5t ,3 26 .5{s.5 2r.6 ¡3r. s oo.2 5{.3 iø.í
!l. l 2r.6 r3{. s 8o. z 5{.3 te. a.5.5 21.6 134. 3 so.z 5..3 ta: a15.5 15.6 116.s 162.5 -16.0 _ió:tr5.3 l!.7 ris.6 162,s _r3.9. _io.r

NO¡IES: l-)
2)
3)
4)
s)
6)
7)

IRF NT is irrigated crop return (i.e. Table Z-23) in g/Ha
IRR sYs is the annual- cost of the irrigation s1ætem in $/Ha
DRN@ ls the annual cost of the drainage works im g/Ha
Eb¡ERGy is annuar on-farn energy costs of irrigation in $,/Ha
IRR NET is net irrigated crop return in g,/Ha
DRY NE'f is dryland crop retwn (i.e. Table Z-ZZ\ in g/FIa
Nqf O-F BNFTS are the on-farn benefits of irrigation



3.1 INTRODIJSTION

It ls apparent that developnent of the lrrlgable areas ldenttfled ln
chapter 2 Is dependent upon an adeqr.nte suppl-y of good guarity water

throughout the grovlng seaeon, To determlne the a¡nount of water

avairable to each of the proposed developments, the str:dy examlned the

existing vater sources, the quantity of rrater ar¡airabre, and the

existing and potential rrater uses on the prairies.

CHÀP1IER 3 I{ÀTER RESOURCES OF 1T{E PRJÀIRIES
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3.2 GROT.I}TDWÀTER RESSJRCES

The utlllzatlon of grourdr¡ater sourc€s to suppry the demards of the

proposed irrigation developments rns not really considered by this
study, since previous groundvater studles have lndlcated that the

majority of prairie groundrater aguifers are unsuitable for large scale

lrrlgatlon because of their chemlcal conposltlon and llmtted yield t6gl.
It is guite possible that groundvater could be blended r¡ith suitable

surface water for lrrigatlon. or courd be used to supplement surface

vater sources for other r.rater users such as lndustry or munlclpal r,l-aste

dilution, thus increasing'the amount of good guality rrater available for
irrigation. The potential of the pratrte grourdrnter resources should

be examined in grreater detalt ln a more rigorow strldy of the ava¡.able

nater resources of the pralrles, but ms deemed to be unjustlflable for
a sttdy of thls nature, ar¡d thus alt of the r¡ater uses examlned In thls
study vere assurpd to be satlsfled by surface mter flor¿s,



3.3 SURFÀCE WÀlER RESOURCES

Às 
',¡as 

brlefry dlscussed ln ctrapter 1 of the report, the pralrles

contrÍbute very little runoff to the florrrs of the Saskatchermn-Nelson

rlver basln, r¡lth the great majorlty of the flov orlglnatlng ln the

Rocky Mountalns and convelæd east through the pralrle provlnces ln deep

glacial outsash rralle1rs. The naximum, minimum, and average annual

rntural flow voh¡nes for r¡arious points throughout the prairies are

presented in Tab1e 3-1 on page 90. r¡¡hile Figure 6 on page 79 shows the

reratlr¡e locatlons of the r¡arlous points of lnterest across the

pralrles. Ttre average natural flon volumes for the perlods of october

through þrlr, Ìtay ard June, July, and Àugu.st ar¡d september are arso

presented in Table 3-1.
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3.4 WÀ1ER USE ON TI{E PRATRIES

To determlne the volume of water avalrabre for lrrlgatlon on the

prairies, one utust first deternine the existing water uses as r¡ell as

predict the future or potentlal rnter uses. This study utllized the

current r¿ater uses and demar'¡ds catalogued ln the "Historlcal and Current

Ilater [J6esrr str:dy by the prairie provinces Tlater Board (ppr{B) t?01. The

cu¡rent municipar, industrial, and agricultural vater de¡nards (including

exlstlng lrrlgatlon) upon the vartous river baslns are presented ln
Tabre 3-2 on page 91, ar¡d nere based on the data presented tn the ppwB

report. It must be noted that the r¡ater demands presented in the table
represent the net r¡ater demands rather than than the total dlversion

requirements of the varlous users.
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Íhe evaporatlon losses from the pralrie rlver netvork are fnplictt to
the natural flor.¡ r¡alues for the various nodes, but do not inch-lde the

losses which occuË when the flor¡s are lmpounded. For the purposes of
this arnlyìsis, the ewaporation losses for take DeifenbakelJere

lncorporated lnto the mter balance moder by deslgnatlng the ross as a

lr¡dwtriar denand vhlch must be satlsfled throughout the year.

Given the 15 year period of deveropment forecast for the proposed

irrigated areas, this str-¡ty based its l¡ater ar¡ailability calculations on

the present _r¡ater uses of Table 3-2, as r.rel1 using a future r¡ater use

scenarlo r¿hich asswnes that the the present nunlcipat and lndustrial
vater uses are guadrupled I?11. These increases are expected to be due

to contlnued populatlon and economlc arolÈh of the pralrle provlnces,

ard nere assuned to lnclude the rrater requirenents of any heavy

oll,/tarsards energ'y developrents vhich nny occur.

one inportant nater use not inch¡ded in Table 3-2 is the hldroeLectric

generatlon plants located throughout the pralrles. slnce they do not

consume rnter (barring some snall evaporation losses from thelr forebay)

but rerely extract the available potential energ'y and convert it into
electrlcal energy. I'fanitoba has a hldroelectrlc generating capacity of
about 3750 ¡fi{ (lncluding the soon to be cornpleted Limestone @nerating

station), Àlberta has 800 MW, and saskatchewan has gs5 MW of

hldroerectrlc aeneratlng capactty L7L). slnce sater dlverted for

lrrigatlon use ls entlrely consumptlve except for the resultlng return
flow, any increase in lrrlgatlon demand r¿ilt subseguentry reduce the

amount of energy produced at the existing and potentlal hldroelectìlc
generatlng sltes dol¡nstrean of the flow wltMraval for lrrtgatlon. The
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economic penalty associated with these enerçry losses can be guite

slgnlftcant, hovever lt may be argued that It may be easler to produce

energy vithout yater than lt ls to gzow food r¡¡lthout rrater. The costs

of these energlf losses are dlscussed ln greater detail ln Chapter 5 of
the report. It should be stressed that the irrigation developments

examined in this study r¿ould not eliminate this hlrlroelectrlc production

but rnerely reduce it, since the environmental and political constraints

upon the prairie 'mter resource s1ætem r¿ouId not permit such unltnlted
grovth of r¡ater consr:mption for irrigation.

3.5 ET.ÍVIRONMES¡TÀL CONSTRÀINTS

rn addition to the uater demands identifled in section 3.4, there are

also the rsater demands lnherent to the prairle r,¡ater resource system

such as the nlnlrnun releases regulred to ensure the long term heatth and

vlabillty of the flora and fauna l,¡hlch lnhablt the pralrle rlver system.

as well as the releases reguired for r¡aste dilution and assinilation.
To assess the im¡nct thät the flow withdrar¿als for the proposed

irrigation developments vould have on these other instrean ¡¿ater users,

the Montana method of er¡aluatlng the environmental fnpact of a flor¿

diversion vas applied to the basins. Íkris empirical method assesses the

relatlve lmpact of flov alteratlons on the rlver envlronment by

examlnlng the percentage of the average annual rntural flor,r vhlch flows

during several deflned time periods, thus slnplifylng vhat ln reatity ls
a tresendously complex evah¡atlon process í72J. The desirability ard

suÍtablrlty of the flon regrme for flsh, wildlife, recreatlon, and

rerated resources lnÈreases as the percentage of the average annual

natural flor¡¡ vol-ume vhlch occurs ln that tlne perlod lncreases. The
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flov reglne relatlonshlps for the Montana method aïe sunmarlzed in
Table 3-3 on page 92, from whlch '¡e can observe that for good flov
regime the october to ì'hrch flows should comprise 20 percent or nore of
the average annrral flow, and the þril to september frous shourd

comprise 40 percent or more of the annual flor¡ vorume. This implies

that consumlng nore than 40 percent of the average annual flory r*lll
result in a fair to degrading flow reglne. As rrill be dlscwsed ln the

subsequent section, the present water apportionment agreement between

the prairie provinces could see the river flor¿s fron the vest into
I'fanitoba be reduced to approximately 25 percent of the average annual

natural florv volume, vith Alberta and saskatcheyan consumlng 75 percent

of the natural flor¡s. rhis implles that full apportionment of the rrater

resources of the prairies vill have a great inpact on the envlronmental

suitability and deslrabllity of the rlver flor¡s from Saskatchevan into
llanitoba, and a lesser but still signiflcant impact on the rlver flor¿s

from Àlberta to Saskatcheyan.

rt must be noted that in realtty the ninlmum acceptable flon for a glven

slte rrllr be dependent upon the slte's hldrorogy as r¡erl as the aguatlc
comnunity affected, honever the Montana method rr¡as deened to be adeguate

for assesstng the lmpact of the frow vlthdranals for thls study.

3.6 POLITICåL CONSIRÀINTS

since the maJority of the surface vater flor¡ volumes of the prairies
originate in the Rocky Mountains and then proceed east through the three
prairie provinces to Hudson's Bay, it is Inevitabre that the sater
resources of the prairles are closery 

"àtroJ.led 
by agreements betveen

the three prairie provinces of Àlberta, saskatchevan, and ìlanltoba. The
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terms ard provlslons of the Pralrte Provlnces Master Apportlonment

Agreement provldes for the allocatlon of stream flol¡s anong the three

pralrie provinces t701. The baslc tenet of thls agreement is thät
50 percent of all flor¿ entering or arising in a province must be

released to the province downstream, thus Àlberta rnay retain for its use

50 percent of the '¡ater that originates r¿ithin its boundaries.

saskatcher¡an receives 50 percent of the fLor¡ arising in Arberta, but

nust ¡rass on 50 percent of lts share of the Alberta flov to l,fanitoba, ln
addltion to shärlng egually any flow artslng ln saskatchevan. Àlthough

this agreernent tegally applies only to the Saskatcherran River, for the

purposes of this study the principres of the agreement vere apptied to
all of the interprovlnclal rivers to determlne the flor¡ volume available
for irrigatlon developnent. In addition to the apportionment agreement.

certaln reaches have deflned nlnlmum rereases to satlsfy munlclpal

Intake and mste dllutlon requlrenents t?01. Tl¡ese reaches along wlth
their respective minlmum flow releases are presented ln Table 3-2.

It should be noted that the present apportiorunent

define the time perlod r¡ithin r¡hich the florss are

Currently the mter flor¡s are to be balanced on an

than monthly or even daily.

3.7 WA1ER BALANCE MODEL FOR THE PRAIRIES

To determine the rrater volumes aratlable for trrigatton of the areas

ldentifled tn chapter 2 of the report, a r¡ater barance moder of the

pralrie river s1æten uas formulated. The model lras composed of a number

of polnts or nodes throughout the pralrle river systen (see Figrrre 6 on

page 79), and r¡as structured to examine the pralrle rlver network for a

i

agreement does not

to be apportioned.

annual basis, rather
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duratlon of an average Y€drr r¿lth the year belng divided into four tlme

periods of rzarying length. The first time period consisted of the
rrvinterrr months of october through Àprll, durlng whlch tlme there are no

irrlgation demards upon the systern. fhe remaining tlme periods vere

roughly based on the monthly irrigation crop r¿ater requlrenents during

the growing season (i.e. Table 2-24), vith the second ttme perlod being

the ¡noderate denand months of Ì4ay and June, the thtrd being the peak

demand month of JuLy, and the fourth period being the 1ow denand months

of August and September. I{hile there is no theoretical difficulty to
lncreasing either the total duration or the nunber of time periods

e><amined each 1æar, it vould require substantiarly more input tirne as

werl as hylrologic data, vith possibry rittre or no galn in veracity.
For the purposes of thls study the ttme frame and the time

discretization presented vas consldered to be adequate , but a nore

rigorous anarysis of this problem vourd require sirnulation of the

pralrie river network for an extended period of record r¿hile examlning

more tlme periods vlthtn each year.

ft¡e model begins vlth the average natural flory volumes for each node

durlng each of the four tlme periods, and then determines the total net

raterar infrow bet'¿een each node and the node or nodes inmediatery

upstream from lt ln the prairie river netr¿ork. Ttris flor¡ data rras

obtained from the SNBB hldrology appendix rrH f lleil t6gJ, r¿hich lists the

naturar mean monthly dlscharges at nunerous sltes throughout the

saskatchewan-Nelson vatershed. Natural flov r¡atues !/ere used throughout

the studyr_slnce the operatlng pollcles of the r¡arlous reservolrs and

projects r¿hich currently influence the recorded flor.¡s on the pralrle
rlver netrrork rrEy be altered at any tlne, and because use of the natural
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flor,rs greatly simplified the analysis for this study. For the purposes

of thls study the use of the natural flor¿ rralues vas deemed acceptable.

but a more detalled and rlgorous analysis of the proposed irrigatlon
developrnents vould require simulation of all of the present and proposed

reservoirs and r¡ater uses on the prairie river network. Given the

uncertainty as to the future operation of any existing or proposed

reservoir, such a model r¡as deemed to be unjustified for a study of this
nature.

Tl¡e flot¡ at a node is deternined by addlng the calculated lateral inflov
at that node to the flows at the u¡:strean nodes and subtracting the

existing r¡ater requirements at the node of interest. The same procedure

ls then follorved for each and every node throughout the nodel netnork,

novlng fron the nost upstrean nodes ln the Rocky Mountains to the most

dovnstrean nodes In Manttoba. For a glven node, this procedure can be

stated nrathenatlcally as :

ffi1q = QRx¡ f LIr= - (Q}{Ir)(KMIÈ) - (QEIr)(KIRÈ)

vhere QR¡e =

ORxc =

rlver flov at node j during time t ln dam3

river flow at nodes k inmediately upstream from node j
during time t in dam3

lateral lnflor¡ at node j during time t
natural QR¡o - QRxt (SNBB ttHtt f i1e)

existing annual net denand for urunicipal and industriar

mter use at node J

(number of months in time period t) / (LZ)

annual net uater consumption of existing irrigation
supplled from node J. (1.e. drversion - retr¡¡n flov)

?1l-¡IJt -

=

Q},fI , =

KMIt =

Q.EI3 =
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KIR¡ = proportion of arìnual crop r¡rater requirenent supplied during

time t

It shourd be noted that implicit to this flo,¡ algorithm is the

assumption that the flow volumes are able to travel instantaneously

throughout the model netvork. Given that the duratlon of the tlme

perlods examlned vlth the rnodel range from I to ? months, thts
assumption vas deemed acceptable for a study of this nature, but the

effects of routing the frorm through the river netvork may be regulred

for a more rigorous study on the subject.

At each point the model determines the dlfference betveen the calculated

flot¡s and the minimum release reguired to naintain acceptable flon
regime in the channel for the other lnstream rmter users. The orlginal
intent r¿as to use 20 percent of the average annual natural flov dgring

the r¿lnter (october to March) months, and 40 percent durlng the summer

months (Aprll to September), but these r¡alues vould preclude the terms

of the provlnclal apportionment agreement, so the nodel used a r¡alue of
onry 10 percent durlng both the suruner and wrnter months, r¡hlch

corresponds to a mininun to fair flon reglre fron the Montana method

(see Table 3-3). Àt a node r¿here the mtnimum release has been

prevlously deflned in Table 3-2, then the deflned release trts used in
place of the release regulred to ¡nalntain a suitable flov reglne. The

model also determlned the flow difference betr¡een the flo,¿ provlded and

the flor¿ required to satlsfy the provlstons of the llaster Apportlonment

agreement at those nodes adjacent to a provincial boundary.
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By e:<anining the frov surpruses (i.e. positlve differences) and fLow

deficits throughout the s1ætem one can readily observe r¡here additional

r¡ithdrawars for lrrigation of the proposed areas can be nade.

The carculations for the flow volumes of the network proceed very

rapidly with the aid of trspreadsheet' computer programs such as

trvisicalcrr, rfsupercalctr, or 'tMultiplan', nhich sorve the entire prairie
network rdith its 29 nodes and 4 time periods in ress than 2 seconds.

3.8 FLOW VOLIII'ÍES ÀVÀIIÂBLE FÛR IRRIGATION

To determine the average annrraL volurne of uater surplus arailable for
lrrlgatlon develo¡xnent or any other supplemental rr¡ater use at each node

of the network, the model ms first solved using only the existing water

uses and the deflned nlnlmum flow reguirenents. The average annrral

surplus flow vorune lndicates the maximum vorune of surplus ftorrr

available for irrigation development at each node on average each year,

and can only be provided by storing the surplus flor¿s throughout the

entire )¡ear. To obtain the minimum volume of water ar¡ailable throughout

the entire irrigation period, the flov surpluses in each of time periods

2 to 4 r¡¡ere dlvided by the average irrigation requirement for each time

period (see Table 2-24), vith the smallest of the three volumes being

the average annuäl draft of the node. This volume '^¡ould correspond to
the rr¡ater vorume ar,¡ailable at the node each )¡ear on average for

diverting 'vater directly from the river, vhile meeting the rrarying

irrlgation demands throughout the irrigation period.

The flor¿ surpluses at the r¡arlous nodes for both the present anà future

water use cordltions are presented ln Table 3-4 on page 93, wtth the
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future conditions assuning that the present municlpal and industrial
rvater uses are guadrupled. rt should be noted that the surplus flov
vorunes presented are cumulattve throughout the netvork, and any

upstream consumptlon v111 reduce the actual flov surplus throughout the

network dovnstrean of the consumptlon. The actual solutlons for the
trrater balance nodel are presented in Àppendix A.

Based on the surprus florr¡ vorwnes presented in Tabre 3-4, the rnajority
of the areas identified as potentiar irrigatlon deveropments in
Chapter 2 appear to have access to one or even two adeguate sources of
uater. The only site r¡hich does not appear to have access to an

adequate sorrrce of vater ls site sl8, vhich was expected to be suppried

from swift Cr¡rrent fteek or the FYenchnan River, vhich is not included

in the vater barance ¡nodeL since it drains into the Missouri -
Mississippl rlver basin in the united states. The model indicates that
the existing and potentlal future vater use demands on Svift Current

c?eek do not allow any additional flow rvithdramls for irrigation, r¿hile

the French¡nan aeek ls already fully apportloned to tts existlng vater
uses [90], and thus an adeguate supply of 'rater for S1B r¿as not ]ocated.

Having identified the l¡ater volunes ar¡ailable for irrlgatlon, and thelr
geographic distribution throughout the prairie river net,,rork, the study
examlned tl¡e englneerlng works reguired to convey the uater from its
source to the lrrlgatlon developments. once the relative economic

desirability of the various developments are determined in chapter 5, we
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shall return to the r¡ater balance model

shall be enhanced and used to allocate

r¿ill be fully descrlbed ln Chapter 6.

described herein and the model

flovs to the r¡arious projects. as
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ÎABLE 3-1 NATURÀL FT,OT{ VOLUMES Fl]R PRÀIRIE RIVERS

SITE NODE

Ft. l4acl,eod L 322,64 777 .85
Lethbrldge 2 B3Z.9g 1993.49
Calgary 3 642.14 106L.49
Bassano 4 958.18 1532.47
Medcn Hat 5 1840.69 3343.60
Red Deer 6 418.81 59L.50
Birdloss 7 639.83 639.45
Lem,sford B 25Ll.S7 380?.60
Swift frnt 9 65.90 9.98
t. Diefnbkr l_0 2597 . 09 381i.. ?0
Saskatoon 11 2593.33 3675.ZO
Luur^sden 12 49.30 29 .64
Rocky Mtn 13 77L.48 959,22
Edmonton 14 L335.65 2ZBZ.ZI
Deer Crk 15 1451.00 2301.35
Battle Rw 16 65.31 92.56
N.Battlfrd L7 L622.35 2313.56
Prnc À1brt 1_B 7622.35 2313.56
Nipavin 19 4529.79 SBB4.06
Thre Pas 20 5738.55 6589.12
Kansack 2L LZZ.50 105.55
Russell 22 169.34 200.84
Tantallon 23 67.02 65.83
Ester¡an 24 4Z,SZ 17.95
oxbov 25 0.00 7.37
Melita 26 l_3.03 9.23
Holland 27 519.59 6L4.ZL
SmokeyRw 28 Z4B7.SZ 5428.L7
Peace Rw 29 LZLï7.1 2733L.9

NATURÀL Fl,Ow VOLUMES in 103 DÀH3
Ogf-APR MÀY&JUN JULY ÀUGESEP AVG. MIN. MÀX.
FT.,oI{ FT,oW FT,OIV FÎ.OW FLOI{ FT,O!| FI,OW

L67.09 114.64 1382 415 2279
488.9s 352.20 3572 1438 6661
626.47 633.19 2963 1909 4611
798.67 791.81 4081 2429 7346

1305.04 110s.02 7594 3769 l_3855
269 .O5 313.94 t-593 658 3945
333. 85 380 .98 1994 ?50 5664

171-L.04 l-419. 87 9450 4952 L6236
l_. 85 1.34 79 0 114

1907.17 1687.51 9993 5419 1?438
1864.44 L624.66 97s7 5242 lB41B

6.48 4.62 90 4 432
1008 .14 L242.42 3981 278.t 6426
1494.42 1806.81 691-9 4495 l_1454
1537. 83 1980.47 7270 4330 11963

18.54 2I.22 r97 48 949
1625.60 2048.53 7611 4304 12953
1626.60 2048.53 ?611 4304 12953
3724.50 3865.32 18003 9365 30503
4186.64 5530.71 22045 ]3762 37179

18.10 28.30 274 6 1413
47 .29 37.38 454 50 l-819
19.88 16.16 168 4 LL82
2.16 0.52 63 0 588
L.zt 0.67 9 0 86
1.94 0.67 25 0 1?1

L72.47 L44.47 1450 227 4265
7885.22 194?.99 11748 6064 25691
t-0309.0 8599.89 58428 40522 10?253

N0IES: 1)
2t

3)

À11 flov volumes are in Dam3 x 103 (1 Dan3 = 1000 m3)
AvG, MIN, and ÞfÐ( are average, minimran. and maximum anm:al
natural flow volumes in period of record
Due to a lack of information, data for node l-T dupricatesthat of node l8

SCXJRCE: SNBB Report t69l
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TABLE 3-2 PRESEMT TÍATER USES ON TFIE PRAIRIES

FT MACTEOD

LSn{BRIDGE
CÀLGÀRY
BASSA¡IO
}IEDCN HAT
RED DEER

BINDLOSS
TEMSFORD

ST{IFT CRNT
L.DTEF'BKR
SASKÀIÐON
LU}ISDEN
ROCI(Y l.,fltf
ED},ÍO}¡TON

DEER CR.K

BASTT.E R\¡R
N.BATTI,FRD
PRNC ALBRT
NIPAÍ{IN
IT{E PAS
KÀÌ,fsÀcK
RUSSE[,
TÀ}¡TÀLLON
ESIEI/AI'¡
o)(BoI{
ME[,ITÀ
HOILÀND
SI'6KEY RVR
PEÀCts RVR
ÀTHBSCÀ R\R

I
2
3

4

5
6
7
B

9
1_0

1t
12
l3
14
L5
16
L7
t8
19
20
2L
22
23
24
25
26
27
28
29
30

PRESEß¡T WATER USE IN DA}.{3 X 1OI
Ð(ISTING

MJNICIPAL INDUS1RIAL IRRIEå,TION

91

0.00 0.00
4.42 2.38

29.75 16.91
0.00 0.00
2.75 3.98
2.25 2.74
0.00 0.00
0.00 0.00
0.17 1.50
0.00 179.00
7 .56 1.50
6 .62 1.19
0.00 0.00

19 .72 34.85
0.00 0.00
0.00 0.00
0.00 0.00
2.04 1.93
0.00 0.00
0.69 0.59
0.78 0.01
0.00 0.00
0.00 0.00
0.68 0.01
0.00 0.00
0.12 0.01"
1.91 0.39
0.00 0.00
0.00 0.00
0.00 0.00

100 .00
375. 00

0.00
352.00
225.75
330.0b

0.00
0.00

49 .05
132.00

0.00
40. 75
0.00

48. s0
0.00
0.00
0.00

26. B0
0.00
0.00
5.15
0.00
0.00

15.24
0.00
5.15

2L.42
0.00
0 .00
0.00

MIN FLOTT

PER I"fO¡¡TH

DAt'f3 x 103

NCIIES: 1) À1I flow volumes are ln dam3 x 103 (l nqgìa = 1000 m3)
2) Min Flor,¡ are government agency defined miillmum flow votumes

¡ær month.
3) E\raporation from Lake Diefenbaker termed industrial use for

purposes of modellng.

SOTJRCE: PPWB ITOI

42.L0

1l_2.00

262.98

394. s0
736.30



FIow Descziption

Flushing or Maxi¡num
Optinal Range
Outstanding
Hcellent
Good
Fair or Degrading
Poor or Minimum
Severe Degradation

SO1JRCE: 1721

TÀBIE 3-3 MONTA¡¡À METHOD OF FLOW EVALUATION

92

Percentage of Àverage Annr:al
October

to lhrch
t

200
60-l_00

40
30
20
t_0

10
<10

Natural Flor¡
Àpril to

September
t

200
60-100

60
50
40
30
l0

<10



TABLE 3-4

SÏTE

FT MÀCÍ.EOD

L THBRIDGE
CÀLGARY
BASSA¡IO
MEDCN HAT
RED DEER

BINDLOSS
IEMSFìORD
SWIFT CRNT
L.DIEF'tsKR
SÀSKÀTOON

LUMSDM{
ROCXY l,m'¡
EDt'{ON1Ðt{

DEER CRK

BATIT..E RVR
N.BÀTTÍ.FRD
PRNC ALBRT
NIPÀIfIN
TT{E PÀS
KÀMSÀO(
RUSSEf,
TÀNfÀLLON
ESTEI¡AT.I

OXBOT{

ME[,ITA
HOILÀND
SMOKEY RVR
PEÀCE R\IR

WA1ER VOLUME SURPLUSES: PRESENT AT{D ruruRE T{ATER UsEs

L
2
3
4
5
6
7
I
9

10
11
T2
13
14
15
l_6

LI
L8
19
20
2L
22
23
24
25
26
27
28
29

93

PRESENT USE
FT,>MIN IRR FT,O}I
DAtf3103 DAt'f3103

867.58 67.83
2020.99 335.54
2041.08 1153.33
247r.57 L097.25
4220.44 1249.03
754.54 167.28

L276.24 854.87
3295.98 487.96

5.L2 0.00
5302.89 1908.99
67L4.64 2299.43

16.71 0.00
2786.88 L692.20
3675.97 2647.47
3547.97 1533.1?
l_38.34 26.22

5240.37 2957 .70
5210.74 2930.55

11453.69 5678.80
11392.54 5942.61

l_86 . 40 L4.4L
312.68 47.40
71.91 0.00
28.48 0.00
6.51 0.37
0.00 0.00

963.07 224.95
8224.23 3275.42

40900.03 18336.51

F'IlruRE USE
FL>MIN IRR FLOW
DAt'{3103 DA},f3103

867.58 67.83
2006.4t 333.84
1941.40 LLAL.67
237L.89 1085.59
4091.86 1233.98
?i3. ss 166.04

1265.58 852.37
3155.64 47I.66

1.55 0.00
5776.77 1894.23
5569.17 2282.40

0.03 0.00
2786.88 L692.20
3559.41 2633.83
3431.41 1619 .53
138.84 26.22

5123.81 2944.05
5085.70 29]-.5.92

1il-83.18 5647.L4
1r_L19.29 5910.63

L84.72 L4.2L
311.00 47.01
55.23 0.00
27.00 0.00
6.51_ 0.3?
0.00 0.00

956.73 223.98
8224.23 3275.42

40900.30 1B336.51

NCIfES: 1)
2t
3)
4)

s)

À11 flor¿ volumes are in Dam3 x 10s (1 Dam3 = 1000 n3)
Present uses are total- current r¿ater uses of Tabre 3-2.
FI>MIN is flor¡ volurue greater than defined minimum
Future uses are present rnunicipal and industriar rmter usesmultlplied by factor of 4.0.
IRR FLOI{ is the maximu¡n flor¡ volurne ar¡ailab1e forirrigation throughout the irrigation season, vith thelrrigation dernnds for each tirne period ( ie'Table Z_24)
being fulty satisfied.

SOURCE: Water Balance Model Solutions: Appendix À



4.1 INTRODIffiION

Development of the potentially irrigable areas identified in chap1ex Z

is dependent upon an adequate supply of vater throughôut the growing

season, and a satisfactory systen of conveying the reguired rnter from

its sowce to the farnersr flelds. Havlng identified the vater sources

ard available volunes in chapter 3, the study determined the conve)ance

systems reguired to supply the proposed developments with ,yater, and the

expected costs of these s1ætems.

CHÀPIER 4 EßIGINEERING 9¡ORKS
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4.2 DESISV CAPÀCITY OF THE COùIVEYANCE SYSlB,f

Thre reguired ca¡ncity of a conveyiance system for trrigation is
determined primarlry by three factors, these belng the convelance losses

of the s¡ætem, the crop rnter reguirements, and the schedule for
conveying the water to the farnprs.

4.2.L Convelance Losses

Às the mter moves through the conve)ance s1æten, ther ross of vater
through seepage and evaporation can becone very slqrnificant r¿hen the

areal extent of the distribution system ard the lengLh of main canals

are guite large, as they are for nost of the potenttalt-y lrrigable areas

examined in this study. conveyance losses as great as 60 percent of the
diverted water have been observed on existing projects t2gl, and such

losses greatly lncrease the reguired capaclty ard cost of the conve)ance

(
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system. To reduce these losses, and the potential for any salln1zat1on

problens, arl of the rnaln canars and distributlon systems for the

proposed developments vere assumed to be nembrane llned throughout ?S

percent of their extent, r¿hile the renaining 25 percent r¿ere assuned to

be constructed in rerativery impermeable clays and heavy soils.

The

the

conve)ance losses fron erraporation and see¡nge Lrere estirnated using

empiricar rrMoritzrr formula for cray tlpe soirs t?41, from r¿hich

Losses (m3/sec,/km) = .0047 Discharqe o.5
FIov velocity

For the main canals and distribution laterals examined in this study,

these seepage losses ranged from 0.15 percent to 0.05 percent of the

total flov per kiloretre of main canal, and 0.3 percent to 0.1 percent

per kilometre for the srraller flor¡s in the distribution laterals. Tt¡e

ItMoritzrr formula has been found to be reasonably accurate at the start
of the irrigation season, but becomes quite conservative as the soil
becomes saturated over the course of the irrigation season 1,74j. Since

all the canals of this study L¡ere assuned to be membrane lined for T5

percent of their length, the actual losses \'rere expected to approach the

lot¡¡er limit of that predicted by the 'Morltz' formura. corrseguently,

the main canals l/ere expected to lose about 0.05 perçnt of thelr total
flov ¡nr kilometre of length, while the distribution system vas expected

to lose about 0.1 percent of its total flo'.r per kilonetre of lateral.
Based on a rough relationship of about 1 kilometre of distribution
lateral per 100 hectares of field t751, the losses for a 101000 hectares

block vould be about 10 percent of the total flor*'dellvered to that
block from the nnln canal.
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The ratlo betr¿een the mter diverted and the r¡ater actually supptled to

the on-farm lrrigation s1ætem is termed the conve¡.n.ä efflciency. For

the purposes of this str¡dy the convelance efficiency for each of the

supply systems rùas calcurated fron the following expression:

Convelance Efficiency

vhere LMC

DSL

Tf¡e actual conveyance losses

s1ætems discussed in Section

4.2.2 Crop Water Requirements

To ensure an adegrrate supply of water throughout the majorlty of the

project life, the convelance s1æterns r¡ere designed to suppry the crop

rater requirements for the drought corrditlon vater deftclt, which has a

probabllity of excedance of 10 percent, as defined in section 2.6.

1 - .0005 (LMC) - DSL

Length of urain canal in km

Distribution s1ætem loss = lOt

calculated for each of the

4.3 are presented in Tabte

4,2.3 Irrigation Schedule

For irrigation to be successful, the peak daily crop water reguirements

utust be continuously met throughout the growing season, othe¡¿ise the

plant grorrrth becomes stressed and yields greatly decrpase. Ítrese peak

crop vater requlrements generally occur during the month of JuIy, during

'¿hich time the crop must be supplied r*ith roughry 46 percent of its
total annual nater reguirement, as was previousry dtscussed in

section 2.8 of this report. The majorlty of the sprinkler irrigation
s¡ætems in use today apply àt"= at a naxlmum rate of about ? mm per

day, which provides the crop rrith about 5.9 mm per day for an irrlgatlon

conve)ance

4-l on page 123.
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s),ìstem vlth an application efficlency of 85 percent. This rate of

appllcatlon ls sufflctent to prevent stressing of the crops durlng their
peak daily croprrater requlrements tn July t?61. The sprlnkler s1æten

delivers the r¡¡ater at a relatively constant rate, ryith the rrarying daity
and monthly rrater requirements being met by rrarying the freguency and

duration of the application.

To account for the unlikelihood of all of the irrigation s1ætems of a

district operating sirnultaneously, the peak conve)ance ca¡ncity is
reduced by the irrigation factor, rchich is defined to be the ratio
between the maximun area that can be irrigated simultaneor:sly during

periods of peak daily crop uater demands, and the total net irrigable

area of the project. Based on previor¡s studies, small irrigation

Projects of 4000 hectares or less should use an irrigation factor of

1.00, vhereas large projects of 401000 hectares or more should utilize
an lrrigatlon factor ranglng fron 0.8 to 0.85 to avold overslzlng the

conve)ance s1æten 1741, Due to the size of the developments examlned in

this study, which range from 20r000 hectares to 4601000 hectares, an

irrlgation factor of 0.?5 r+as used for the majority of the proposed

develo¡ments.

Using the conve)¡ance capactty reguired for an trrigat$on factor of 0.75,

the tine regulred to apply the drought requirements for the month of

July rlas e><amined, ard resulted in several projects r¡ith relatively tov

drought r*ater requirements having their irrigation factors reduced,

vhile those areas vith large drought vater requirenents had thelr
irrigation factors increased to ensure that all of the uater reguired in

July could be readily applled vlthln the tlme ar¡allable. The lrrlgatlon
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factors for each of the projects ls presented in Tabre 4-1, along vith
Lhe number of da¡æ the conve)änce systems vould require to supply the

crop 'rater requirements for the average and the drought conditions

during the peak '*ater use month of JuIy.

It should be noted that to allov for some nechanlcal breakdown and,/or

rnaintenance time of the pumping pì.ants and canar vorks, arr of the

conve)¡ance systens vere required to have sufficient capacity to supply

the drought later requirements for July in only 94 percent of the nonth,

thus aLloving tr,ro da1æ of flexibility in the uater delivery schedule..

4.2.4 Design Discharge Capacity

The required discharge capacity for each convelance s1ætem was

determined by the follonlng expression:

O = (PC:l{Al (IRR ÀREÀì (10,000) (IRR FÀCIÐR)-
(sEc) (collv EFF )

where O = Design Discharge Capacity in m3,/sec

PCM = peak crop water appllcation of ?run per day

IRR AREA = Irrigated Area of proJect in hectares

IRR FAgfOR = Irrigation Factor for project

SEC = Nu¡nber of seconds in one day

COIMF''F = Convelance Efficiency (from Table 4-l_)
I

The calcurated design capacity for each of the conve)ance systems

examined ls presented in Table 4-1. It nust be noted that In rearlty
the choice of the design discharge ca¡ncity should be based on a form of

-rlsk anallæis, slnce there is generatly a substantial economic penalty

associated r¡ith designing the conve)ance s¡rstem for the drought rather

than the average ,¡ater reguirement. The increased costs of the delivery

i
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s)4stem should theoretlcally be balanced by the increased rellability of

crop production and its subseguent benefits, but determining the optimal

balance between risk and s1ætem cost is exceedlngly complex since any

anal1æis should incorporate the social as vell as economic consequences

of an insufficient design capacity. For the purposes of this study, the

convelance systens vere designed to be ca¡nb1e of supplying the crop

water requirements for a drought rsith a probability of excedance of

10 percent, and thus on average the slrstems vould have adeguate capacity

9 out of every 10 lears, uhire rationing or scheduling of irrigation
t¡ould be reguired once every 10 lrears on aveïage.

4.3 WÀ1ER SUPPLY SYSTBß FÐR IRRIGÀTION

The reservoirs, canals, ard pumping plants reguired to supply each

distrlct r¡ith r¿ater \dere determined on the basls of the topography, the

potentlar r¡ater sources, and the relatlve economics of supplylng that

district with water. Given the high annual energy and fixed costs of

pumping plants, an effort rr¡as ¡nade to minimize pr:mping rlherever

possibre. The difficulty with the prairie topography is ttnt generalry

the river vallelrs from vhich the regulred r¿ater ls to be obtained are

conslderabry berow the erevatlon of the surroundlng flelds. Thts

invariably results ln either large pumping heads or rarge dams, which

reduce the'reguired pumping head and energy costs but are expensive to

build due to the large height and r¡idth reguired for most dams on the

prairles. the potential darn sites and inter-basin transfers considerecl

in this study vere based entirely on those presented in the

saskatchevan-Nelson Basln Boardrs project catalogue t?31.
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It should be noted that vhire tt ts probable that the water suppry

s1ætems identified and utilized for each proposed development may not be

the economicar].y optlmar supply s¡ætem, the actual costs of such a

system are not expected to vary significantly from those exanined in
this study. For the purposes of this study the supply s1ætems

identified for each development r¡rere assumed to be the best suppry

alternative possible. At several sites two or more supply alternatives
were identified due to either uncertainty as to vhich of the

alternatives was less costly, or concerns regarding water availability.

The supply s1ætem choices for each proposed irrigation district are

briefry described below, ard their geographic rayouts are shor¡n in
Figrxes 8, 9 , and 10. when e:<anining the components of the supply

systems it should be real-ized that the tength of main canal specified is
only the length required to convey the rvater from the point of diversion

to a polnt from rvhlch a gravity canal distribution system cän supply the

various farms r¡ithout requiring significant amounts of supplemental

pumping. The main canar, pipelines, and pumping plants required for
each district are surunarized in Tabte 4-2 on page 125, while a scherntic
diagran of a tlpical project is presented in Figure ? below.

lnpounded
rlver level

river valley

natural
river level

Figure 7 schenatic Diagran of rlpical lrrigation project

plpellne

pump plant ln
reservolr

run of river
punp plant

nain canal
distribution

sleten



Supplv Slctems

a) s1 is supplied r¿ith r¡ater fro¡n the North Saskatchermn River either by

punping from a river eler¡ation of 491 m (designated as 51 in Table 4-2)

or from the full supply level of 5l-5.L n created by the construction of

the Highgate Dan (designated S1R). The water is pumped up a steep

abutnent to an elevation of 609 n through a pipeline l_000 netres rong.

From the outlet of the plpertne on the abutment, the dlverted l¡ater

flor¡s to the lrrlgatlon dfstrlct through a 75 kltometre main canal arrd

ls then dlstrlbuted to the farms tn the dtstrlct.

b) 52 is supplied r¡ith vater from the North Saskatcherran River either
by punping fron a river erer¡ation of 448 n or by pumping from the furr
suppry level of 466.3 m created by the construction of callaghan Dam

(deslgnated s2R). The water ls pumped up through 3s0o rptres of

pipeline to an eler¡ation of 5?9 m, from where if flor¡s ?0 kilometres

through the maln canar and then ls dtstrlbuted to the farrns.

l_01

c) 53 is supplied r¿ith tnter fron the North Saskatcher¡an River r¿hich

pumped fron a river eler¡ation of. 457 m up to an erer¡ation of 610 u¡

through 1800 netres of plperlne dlscharglng lnto a canal, The r¡rdter

flows through 5 kilo¡netres of canal to another pump plant which lifts
the rrater up to an ere'r¡ation of 6?1 n through L000 metres of pipeline

the rnain carnl, through r¿hich the vater frows 40 kiloretres to the

district.

If Hlghgate Dam vere colìntructed the water could be pumped from the full
suppry level of 515,1 n rather than the 4s? n rlver eler¡atlon

(designated as S3R in Table 4-2).

IS

to
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d) s4 can be supplied fron the North saskatchemn River by pumping

t.¡ater from a river ererration of 448 m up to an eler¡ation of 524 n

through 1100 metres of pipeline. If the Callaghan Dam is constructed

the vater can be pumped up from the futl supply eler¡atlon of 466.3 m

(designated S4R). The diverted r¡rater f lor,¡s through a main canal for

15 kil-ometres to the distribution systen.

Àn alternate r,rater source (designated S4R2) for supptying 54 could be to
pump uater from Lake Dlefenbaker (furl supply level of ss6,9 m) up to an

eler¡ation of 554 m through a 200 metre pipeline. The r¡ater is convelæd

in a canal 35 kilometres to the proposed McDonald freek Reservoir, from

which the r¡rater florrs a further 40 kilometres to Eagle Creek. The r¡ater

flot¿s dorrn Eagle fteek for about 35 kilometres, whereupon the rrater is
diverted into a canal at erer¡ation 524 m. only 40 percent of the

irrigabl-e area can be supprled directly fron the diversion through a

35 kilometre canal. The renninder of 54 vill require the rrater to be

conveyed 60 kilometres through a canal to a pr:mp prant r¡hich rifts the

rrater from elevation 500 ur up to 524 n through a pipeline L50 metres

long. The water then fror¿s another 15 kilometres to the district.

e) s5 is supplied with r¡ater fro¡n take Diefenbaker by lifting the rrater

up to an erer¡ation of 564 m through a 200 metre piperlne, similar to
S4R2. The mter for 55 is convelæd 45 kilometres north through a main

canal to the distribution system.

f) 56 is supplled r¡lth water from take Dlefenbaker ln a fashlon similar
to distrlct 54 ar¡d s5. The rater ls pwrped up out of lake Dlefenbaker

and ls then conveled into the proposed McDonald fteek reservolr, fronr
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whÌch the vater flor*s another 40 kilometres to Eagle C?eek r*hereupon the

rrrater ls dlstributed to the develo¡ment.

g) S7' sB and 59 are all supplled by releases from take Diefenbaker

into the Ou'appe11e River channel, fron vhlch the r¡ater is lifted fron a

river eler¡ation of 491 m up the abutment to an elevation 556 m through a

500 netre ptpeline. ftre nater is then conveyed to each dístrict through

a branched canal, with the car¡al to s7 being 210 kilometres from the

pump to the district, sB being 140 kilometres, and s9 beÍng 360

kilometres from the pump. rn each case, the first 120 kilometres of

each canal would be common to alI three distrlcts.

h) S10 is supplled wlth mter from the Àssinlboine River pumped from

the Shellnouth Reservoir (full supply level of. 429.3 n) up to an

elet¡ation of 521 n through a 300 netre p1peline. Íhe rrater then flows

through a 15 kirometre main canal to the irrigatton district.

i) S11 is supplied r¡ith rdater from take Diefenbaker (fu1t supply

level of 556.9 n) r¡hlch is pumped up to an elevation of 640 m through

piperine 600 metres in rength. The vater is then conveled to Thunder

creek through a main canal 33 kironretres long, fron vhich the

distribution s1ætem will detiver the reguired r¡ater volumes to the

farners.

j ) SL2 is suppLied with rsater released from lake Diefenbaker r¿hich is
punped out of Buffalo pound take (ful1 supply lever of 509 m) up to an

eler¡ation of 582 m through a 1000 metre pipeline. The rrater is then

conveled to the distrtÀ tluough a main canal 10 klrometres long.
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k) Sl4 and Sl-5 are supplied rvith water punped fron Lake Diefenbaker

(furl supply level of 556.9 n) up to an erer¡ation of 762 n through a

5000 retre long plpellne. The rrater then flo'¿s through the main canal

for 30 kilometres, vhere the rrater for s1s is turned out. The canal

supplying s14 continues another 55 kironetres to a second pump plant

t¡hich lifts the r¿ater from an elevation of ?33 m up to an eler¡ation of

762 m through a L000 metre tong pipeline. The pipeline discharges into

a 35 kllometre long maln canal to the dlstrlct,

1) Sl5 is supplied with water pumped fron the South Saskatcher¡an River

at an elevation of 582 m up to an eler¡ation of ?15 ¡n through a 1000

metre pi¡nline. If the Meridan Dan is constructed the rrater couLd be

punped up fron its full supply elevation of. 646.2 m, thus saving about

64 rretres of head (desigrnted as s16R in Table 4-2), Thre piperine vould

dlscharge lnto a 45 kllometre canal leadlng to the lrrlgatlon dlstrlct.

n) S17 is supplied with r¿ater pumped fron the South Saskatchewan River

at an elevation of 537 m up to an elevation of 747 m through a ?00 metre

pipeline. The water then florcs through a l0 kilometre car¡al to a second

purnp plant vhich lifts the r¡¡ater from eler¡ation ?45 m up to eler¡ation

762 n through a 500 metre piperine, whereupon the r¡nter is conveled

80 kilo¡netres to the lrrigation district through a canal.

If Meridan Dam r¡rere constructed, the initial pump plant could prmp frour

the full supply level of 546.2 up to the required elevation of ?4? m

(designated S1TR in Table 4-2).

n)

the

S18 r¡as to be supplled r.rlth vater fron the F-renchrnan River and,/or

swift G¡rrent fteek, hor*ever In chapter 3 it rvas determined that
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both the Swift orrrent Creek arrd the FÌenchnnn River are already fully
apportioned for their existing vater users arrd are unable to provide

significant water volumes for any additional irrigation. À factor which

further reduces the desirability of using yater frour the FTenchman River

is that it is an international watervay, and any increase in water

denands vourd probably have to be preceded by a formar vater

apportionment agreement with the United States. Due to the lack of an

adeguate suppry of rmter for the irrtgatlon of site slg, the site r¡as

effectively dropped from the anarysis. This is not to impry that

snalÌer, local irrigation developments are not feasible, but rather for

the purposes of thls study, the developnent of rarge portions of the

area ldentlfted as s18 does not appear feaslble at thls time.

o) s19, s20, s21 ard s13 are supplied with rater released fron Lake

Diefenbaker into the eu'Àpperle River ryhich is pumped from a river
eLer,ation of 486 n up to an erevatlon of 613 m through a pipeline 1500

netres long. Tt¡e r¡ater for each dtstrict initially flovs south in a
conmon canal for 60 kilometres, nhereupon the reguired flo'¿s for Sl9 and

s21 must be lifted fron an eler¡ation of 59? n up to an eler¡ation of

646 m through a pipeline 1300 ruetres long. The pipeline discharges lnto
a nain canal which conve)4s the r¡ater 60 kilometres to the S19 district,
vhile the flors for S2l continues on another 35 kiLometres vhereupon it
enters into Moose Mountaln fteek. Further dor¡nstream, the uater for S2l-

is diverted out of Moose Mountain fteek at an eler¡ation of 584 m and

flot¿s through a 55 kilonetre long main canal to the S21 district. This

districb's diverted rsater use could be reduced by using the natural

Moose Mountain, Antler, Lightning and Gainsborough creek fror*s, but
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these are extremely rrariable and are insufficient for any major

lrr lgation development .

lhe canal conveying mter to S20 and S13 proceeds south for

40 kilonetres after the flow vitMrarnl-s for the sLg/s2L pump prant,

vhereupon the required flon for S13 is diverted into a canal r*hich

conveyìs the,¿ater the 20 kllometres to the dlstrlct. The water reguired

by S20 continues on for another B0 kilometres after the turnout for the

S13 diversion.

p) À1 can be supplied vith uater from the North Saskatchewan River as

well as the Red Deer River (see Figure 9 on page l0g). f{ater from the

North saskatcher¡an River can be diverted into the Red Deer River by

constructing the Horsegn:ard Dan. Ì{ater from the Red Deer River, along

vith any r¡ater from the North Saskatchernn, ls dlverted lnto a canal by

constructing the Raven Dam on the Red Deer Rlver. The main canal spllts
into three se¡nrate canals, vith 25 percent of the A1 district (te¡med

A1-A) being suppLied by a canat ?5 kilometres rong, 60 percent (À1-B)

being supplied by a 45 kilometre long canal into Spruce freek 'yhich then

feeds into Kneehilts cteek from which the rrater is distributed, and

15 percent (41-c) being supplled by a 135 kllornetre canal to Rosebud

freek. water can also be diverted into the Bow River tf it is

lnrranted

q) À2 r¡as divided into three major sections, each of r¿hich vas supplied

by vater from the Bow River. District À2-À encompassed 40 percent of

the total area of Dlstrlct 42, ard comprlsed the western portlon of the

deveropment. Thls area ls supplled by a canal- vhtch conveyìs '¿ater
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diverted at CalgarY (at eler¡ation l-204 n) the 50 kilometre distance to

the site.

District A2-B ls the north-eastern portlon of the À2 dlstrtct, arrd

contprises 40 percent of the total irrigabte area of the dlstrlct. The

development is supplied with r¡ater diverted at Calgary vhich is conveyed

to the site through 60 kirometres of upgraded existing canals and

10 kllometres of nel¡ canals.

The remaining 20 percent of the irrigable area in the À2 district is

located on the southern bank of the Bov Rlver, and can onry be supplled

by pumping water fro¡n the Borv at an elevation of 933 nr up to elevation

1009 ¡n through a 600 ¡netre long pipeline. Tt¡e nater is then convelæd

25 kilometres to the À2-C district through a cana1.

An alternatlve method of supprying the À2-c district (desigrnted as

À2-CR in Table 4-2) would be a l-0 kilometre canal r¿hich is pumped out of

the Bov River to the Oldman River diversion channel. If Dalemead Dam

\rere constructed to facilitate this diversion the sater for À2-C could

be pumped from the full supply leve1 of 998.2 m, thus reducing the

reguÍred llft to 7.5 netres. fhe actr:al Bow to oldman dlversion r¿ould

require no pumping so long as the fulr suppry leve1 of Dalemead ls
greater than 995.2 m, but a pump prant is incruded in the design to

allov diversions down to the minimu¡n suppry level of 983 m.

r) À3 r¿as subdivided into two major sections, '¿ith the northern section

(43-À) consisting of 50 ¡nrcent of the district's irrlgabre arear'shile

the more southerly A3-B section encompasses the remaining area. fhe

A3-A section is supplied by mter diverted from the Bor,¡ River through a
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l-30 kilometre long canal vhich is supplied either by pumping rrater out

of the Bor¡ from an erevation of 932 m up to an eler¡ation of 995 n

(designated À3-À), or by constructing Dalemead Dam vhich vould allory

water to be diverted vithout pumping at its futl supply erevation of

998.2 m (designated A3-.AR). To divert r¡ater directly into the O}ùnan

River basin requires thls canar be extended only 20 kilometres,

vhereupon it enters a chute spillvay dropping the r¡ater 30.5 metres down

into the Olùrnn River.

The À3-B Project is supplied r¿ith trater either through.pumping out of

the oldman River at Er. 905 n up to Er. 935 rn through a 250 m rong

pipeline, or by diverting sater from the Bow River through the proposed

Bot*-Oldman diversion. In either case, the vater r¿ould be supplied to the

site by ug¡rading 60 kilometres of existing canars and constructing

20 kilometres of new canals.

s) Ml is supplied r¿ith r¡ater pumped directly out of the Assiniboine

Rlver from an eler¡ation of 338 n through a 2000 metre rong pipeline up

to an eler¡ation of 390 m (see Figure 10 on page L11). The pipellne

discharges into a canal r¡hich convelæ the vater 40 kilometres to the

irrigation district.

t) M2 is supplied vlth rnter pumped out of the Àssiniboine River, from

an erevation of 295 n up to an erevation of 344 m through a pipeline

3000 metres 1ong. The r¿ater is then conveyed 30 kilometres to the

irrigation district through a Iined main canal.
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4.4 COSTS OF THE IRRIGATION 9¡ORKS

The cost estirntes for the various irrigation vorks veïe separated into
seven main components, these being: the main canal, the pumping prant,

the piperine or plpelines, the distribution s1ætem, the energy cost of
pumping, any reservoirs reguired to suppry the r¡ater, and any diversion
vorks required to trar¡sfer r,¡ater from one basin to another. The capital
costs of each component of the s¡rstern were estimated separatelyr ar¡d

these capital costs nere then converted into annual costs to account for
the differing lives of the r¡arious components over the assumed design _

life of the developnent, vhich uas taken as 50 years. Àr1 of the

required components were designed for the capaclties identtfied in
section 4.2 of the report. The methodology for estimating the capital
cost of each component of the conve)ance s1ætem for a developnent tras

dependent on the com¡ronent, and are briefly described berov. Ttre

capital costs for the conponents of the various developments are

presented in Tables 4-3 to 4-g on pages 127 to 133.

4.4.1 Main Canals

The length of the main canals was based on the distance from the
piperine outlet (or the water suppty source for a diversion) to the

approximate center of gravity of the proposed irrigation district. The

canal routes vere raid out using Lzz50r000 scale topographic maps of the
region, r,¡hich had a contour interval of 7.6 m (25 ft). Due to the large
number of canals to be examined, a relationship betv¡een capttal cost and

the canal capacity r¡as deveroped from preliminary hlalraulic and cost
carcurations, ard is presented in Figure rr on page r29. Àil of the

canal-s vere deslgned as cut and fill structures vith guite lov sropes

I
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ranging from .0002 to .0004, so as to reduce the loss in elevation

between the outlet of the pipeline and the distributlon s1ætem of the

districts. The canals vere assumed to be menbrane llned over ?S percent

of their length so as to reduce conve)ance losses and the subsequent

salinization problenìs comnonly associated nith these losses. The unit
costs and the val.ues used to determine Figure ll_ are presented in

Tables 4-3 and 4-4.

fhe canals rrere sized using rerationships bet,*een vidth, depth and

discharge vhlch are suitabre only for preliminary design 174,771, but

t¿ere entirely satisfactory for a study of this nature. The canaL design

utilized a 3:l interior slope and a 2.5:l exterior srope with the top of

fill being 4 metres r¿ide to facitltate a maintenance and inspection

roadway, the cost of vhich is inch-rded in the canal costs presented.

Tt¡e maxinum allor¡rable flor¡ velocity in the canals rr¡as restricted to
0.80 metres per second (2.6 feet per second) to avoid displacing the

¡nenbrane cover material and to prevent any erosion in the remaining

25 percent of the canal which r¡ras to be unlined.

It should be noted that the costs shor¿n in Figure 11 include contin-

gencles of 15 percent, englneering design and survey costs of

10 percent, and an addlttonal 10 percent to cover the costs of the

numerous road and creek crossings.

Because of the extensive existing irrigation development in the Alberta

districts À2 and À3, some of the proposed developments uttllze exlstlng
canals r¿hlch are to be increased in capaclty. the costs of these

renor¡ations tJere conserrratively assr.¡med to be equal to ?5 percent of the

cost of constructing a ner¿ canal of the reguired addltional capacity.

I
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Th¡e annual costs of the canal s1ætems r¿ere calculated assuming a design

life of 50 ¡æars, with annuäl maintenance and operation costs egual to
1.0 percent of the capital costs, and sinking fund deprectatlon. For an

effective interest rate of 4.0 percent, the annual cost of a canal would

be calculated as follovs:

Ànnual Cost = Capital Cost x (Interest Rate + O&M + (SFF.4%.50) )

= Capital Cost x ( 0.04 + .01 + 0.00655 )

= Capital Cost x ( 0.05655 )

4.4.2 Pipelines

The capital costs of the plpelines running from the pumping plants to
the entrance to the main canar rvere determined by first designlng

several steel pipelines satisfying the appricable hldrauric and

structural criteria t78l. The sizes of the pipetines exa¡nined were

standard, factory ar¡ailable 1.829 n (72 inch) and l_.981- m (7g inch)

diameter pipes arong r¿ith custom fabricated 2.44 m (96 inch) and 3.00 n

(118 inch) diameter steel pipes.

The majority of the pipeline sections t*'ere designed for a statlc head of
100 n, r¿hich exceeds the static head of ?5 percent of the pump plants

e><amined in this study, with the rrater hammer surge pressure determined

using fundamental surge uave relationshlps and assuming lnstantaneous

closure of the flow. To determine the sensitivlty of the pipeline

desÍgn to increased static head, the 3.00 n dlameter plpellne vas also
designed for severar statlc heads ranglng up to 205 m. The sectlons

required to vithstand these pressures, along vith their unit veights in
kilograrrs per metre of piperine, are presented in Tabre 4-5 on page 130.

Às the water hammer pressure wave is approxlnately double the totat pump
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head of 100 m for alr of the pipe sectlons examined, the potentlal

savings associated vith providing surge release r¡alves or slow closure

ralves was examined. Às can be observed from Table 4-5, reducing the

proportion of the nnxinum potentiar yater hammer that the 2.44 m ard

3.00 m pipe sections '¿ere required to r¡ithstand by 50 percent (i.e. from

100% to 50%), produced a 25 percent decrease in Lhe veight of the

section reguired.

Íhe project capital costs of the plpelines r¡ere determined using a

supply price of about s1.32 per kirogram (g0.60 per pound) for. steer
pipe, and a cost for instarlation and backfill over the piperine

approxirnatel-y egual to the suppry price, for a totar instalred cost of

about 52.55 per kilogram of pipeline. These costs vere then increased

by 20 percent for contingencies, and 5 percent for engineering and

surve)¿s for a total project capital cost of s3.35 per kilogran of
piperine. Based on these capital costs, the unlt discharge costs in

S/(n3/s),/(m of pipeline) for each of the pipeline sections is presented

in Table 4-5.

Às can be observed in Table 4-5, requiring the pipetines to r¡ithstand

the entire nnximum potential tmter pressure hammer has a considerable

cost in com¡nrison to the sections designed to resist only 50 percent of
this rnaximum varue, and it is entireì_y probabld that pressure rerease

varves, surge tanks, or srov closure val-ves vourd more economicalry

dissipate any such pressure t*ave. To incorporate these probabre

economies lnto this study. the pipellne costs for alt of the conve)ance

s¡ætems were based on the average of the unit discharge costs for the

pipe section designed to r¡¡ithstand full r¡ater hanuner and the section

I
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designed for only 50 percent of the water hammer. For the 3.00 m

diameter pipellne, the averaged cost rras 162 Ç/(,m'/s)/(m of pipe). By

using the average of the tr¡o costs some allorrance r,¡as made for the costs

of the release valves, surge tanks, or the slow closure valves required

to mitigate these r,¡ater hammer pressure \daves. The costs for the 3.00 m

diameter pipeline are only slightly less than the average cost for the

2-44 m dianeter pipeline rshich r¡.as 165 Ç/(m3/s)/(m of pipe). thus the

cost of the pipeline appeared to be rerativery insensitive to the

pipeline size selected.

the capital costs of the majority of the pipelines reguired for the

various convelance s¡rstems examined in this study were obtained by

multiplying the unit cost of ].62 Ç/(n=/s),/(m of pipe) by the reguired

discharge and by the required length of pipeline. This assumes that all
of the flovs vill produce exact increnents of 21.5 rn3lse which is the

maximum capacity of the 3.00 m dtameter piperine. rn reality this is
only correct if the project needs a rarge nunber of pipelines to suppry

the reguired capacity, which the majority of the proJects do. For the

purposes of this study, the pipeline costs for those projects which had

flows smaller than the capacity of a 3.00 m pipeline rr¡ere assumed to be

identical to that for the 3.00 m piÞe, since the unit costs of the

smaller pipelines are comparable to the unit cost of the 3.00 m dianeter

pipeline.

rt shourd be noted in Table 4-5 that the unit costs for the pipelines

substantially increase as the static head on the pipelines increases.

This vas incorporated in the anarpis by multiplying the basic unit coi
of L62 $/dam3/(m of head) by a ItHead Cost Factorrrbased on the costs of



Table 4-5, vhich increase

factor rr¡as determlned from

Head Cost Factor = 1 + ( cssH - 100 ) x LNF

> 1.0

r1,7

llnearly r,'ith the deslgn statlc head.

the folloving expresslon:

t¡here

The project costs of alr of the pipelines examined in this
presented in Table 4-6. The annuat "o"t" for the pipelines
project were carsurated assuming a design life of 50 1æars,

operation and ¡naintenance costs egual to 0.5 percent of the

cost, ar¡d sinking fund depreciation.

CSSH = Conveyance s1ætem static head in nr

LNF = Linear factor of 0.003g9??

4.4.3 Pump plants

The capital costs of the pumping prants for the conve)¿ance systems

described in Section 4.3 are based on information presented in the SNBB

Project rnvestigations report l.7gl, in which the capital costs of pump

plants are related to t'¡o r¡ariables. the first being the product of the

design discharge and the total head, and the second being simply the

total head. The total pumping head l¡as the sum of the static head and

the frictlon losses of the pipelines, as determined tn the prevlous

section. These capital costs \¿rere escalated from 1968 to l9g7 dollars
using an escalation factor of 3.76, as determined from the u.s.B.R.

index for pump prants t801. These costs vere increased by 20 percent

for contingencles, and a further 15 percent for engineering design

costs. À com¡nrison with several recent estimates of proposed pump

study are

for each

annual

capital



118

plants 167,9Ll found this nethodology to be gulte accurate, and thus vas

deemed of acceptable veracity for this study. The total capital costs

of the various pumping prants reguired are presented in Table 4-6 on

page 131, and incrude the intake, substructure, superstructure, and

outlet. The electricar capacity of the pump plants are also presented

in Table 4-5.

The annual fixed costs for the pumping plants

design life of 30 ¡æars, annual operation and

1.5 percent of the capital costs, arrd sinking

4,4.4 Distributlon S¡rsten

The distributlon s¡rstem costs for this study r¡ere based on lnformatlon
derived by the rrrigation Branch of Àlberta Agriculture from studies of
proposed and existing irrigation developments t?51. Ttris relationship

'.¡as converted to metric units and then escarated to 19g? dorrars. The

costs shown in Table 4-6 represent the total expected capital costs per

hectare of irrlgated tand developed, ärtd are based on lined distribution
canars so as to reduce the potentiar for seepage and salinization
probrems. These costs incrude 10 percent for engineering, ard

10 percent for contingencies. Recent irrigation developments in
saskatchewan have utillzed pressurlzed pipe distributlon s1ætems,

hovever their cost can becone prohibitive for large flor,¡s and dlstrlcts
of large areal- extent, so only lined canals and laterals nere utilized
for this study.

r,¡as calculated assuming a

naintenance costs equal ing

fund depreciation.
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the annual costs for the distributlon s1ætem vere calculated assunlng a

design life of 50 years, annual operating and maintenänce costs eguallng

1.0 percent of the capitar costs, and sinking fund depreciation.

4.4.5 Reservoir Costs

The capital costs of the reservoirs examined in this study vere entirely
based on the costs and infornation provided in the sNBB project

catalogue t731. Às these costs vere in 1968$, the project costs were

escalated to 1987 costs using an escalation factor of 3,2L, which uas

based on the USBR cost index for dams tg0l. The escalated project costs
for the various dams ard reservoirs are presented in Tabl_e 4-7 on

page 131. The annual costs of the dams and reservoirs were calculated

assuming a design life of 50 1æars, annual operating and maintenance

costs equal to 1.0 percent of the capitar costs, and sinking fund

depreciation.

It must be noted that none of the proposed conve)¡ance s1ætems utilize
balancing or off-stream storage reservoirs. while the incrusion ot
these reservoirs r¿ou1d probably alIov the design discharge capacities

and their associated costs to be reduced, for the purposes of this study

the potential cost savings vere not deemed to justify the 1arge increase

in design work required to incrude them into the proposed s)ætems, nor

did the available data facilitate such an analysis.

4,4.6 Energy Costs of pumping

The energy costs vere calculated ustng an assumed "vlre to r*aterrt pump

efficiency of 0.? and two energy rates, with s.04 per Kwh representing

the present energy costs and g.0g per Kvh representing a possible future

{
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price should electrical energy costs increase at a rate in excess of the

overall economy' Recent forecasts have indicated t43l that no such

differentiar increase in energy costs is expected, but the increased

rate tlras lncluded to examine the sensitivity of the projects to such an

increase.

Based on the defined efficiency and energyvalues, one can determine

that it costs $0.156/dam3/(m of head) to pump water at an energ.y cost of
$0.04 per Kvh, and 90.3L2/dan3/(m of head) at an energy cost of

s0.08 per Kvh. rt shourd be noted that the annual energy costs were

based on the average annual v:ater requirements rather than the drought

year requirements, since it is the average annual costs of operation for
each pump plant that are required.

4 ,4.7 Diversion glorks

Based on the flor.r vorume surpluses presented in Table 3-4. the full
development of the potential sites vhich drav water frorn the Bor¿ and the

Red Deer rivers requires addltlonal flor¿ volumes be diverted into the

respective basins. since the present and the possible future rrater

denands upon the Alberta portion of the North saskatchewan River appear

to result in considerably more flor¡ being released to saskatchewan than

is required under the apportionment agreement, the study examined the 
,

r¡orks reguired to dlvert flow from the North saskatchevan River into the

Red Deer ard Bow rivers. All of the proposed diversion works and their
assoclated costs are based on information presented in the SNBB project
catalogue t731. _
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The flow from the North Saskatchewan River would be diverted into the

Red Deer river by constructing the Rocky Mountain and Horseguard dams,

vhich raise the r¡ater level of the North saskatche,*an sufficiently to
divert flov through a 30 km long canat to the Red Deer River. Flor¡ coul-d

also be diverted from the Red Deer to the Bow River by constructing the

Raven and Torrington dams, vhich would divert fror.¡ through a canal

220 kilometres long to the Bor'. To overcone a plateau, the tinal portion
of the dlverslon lncl-udes a pump plant to Llft the r¡ater s4 m. r*hlch ls
followed by a 45 m drop down into the Bow River. To reduce the energ.y

requirements of the diversion, a hldroerectric generating plant was

added at the base of the 45 n drop into the Bow River to supply power to
the diversion punpworks.

The total capltal costs for the dlverslon rrorks, along vlth the average

annual energy regulrements for the r¡arlous dlschãrge capacltles, are

presented in Table 4-B on page 132. These costs vere determined by

escarating the costs presented in the sNBB report t73l by a factor of
3.2J,t shich corresponds to the USBR escalatÍon index for dans from 1968

to l9B7 t801. since the sNBB report on the Red Deer to Bow river
dlverslon does not lnclude any hldroelectrlc generatlon at the 46 m drop

down to the Bor¡ Rlver, the cost of incorporating generating units into
the diversion r¡orks was added to the project costs presented in their
report' À cost of 9650 per kilor,ratt of instalted capacity rras used to
determine the incrernental cost of the hldroelectric generation, the cost

of r¿hich rr¡as based on information presented in the SNBB project

Investigations t791.
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The annuäl costs for the diversions were calculated assuming a deslgn

llfe of 50 years, annual operatrng and malntendnce costs eguar to
1.0 prcent of the capitar costs, and sinking fund depreciation.

lhving determined the expected costs of the various engineering r,rorks

requlred for development of the lrrlgable sltes ldentlfie,cl ln thls
study, the overall social and economic ryorth of the proposed projects

could be examined.



SITE NET CO}W.
ÀREA LOSS
103ha t

sl_ 200 13.6
s1R 200 13.5
s2 l_40 13.5
s2R 140 L3.5
s3 135 L2.3
s3R l-35 I2.3
s4 290 l_0. B

s4R 290 t_0. B

s4R2 290 16.7
s5 95 1,2.3
s6 45 13.8
s4R2,5,5 430
s7 55 20.5
sB 1t_5 1-7.0
s9 130 28.0
s10 10 L0. I
sll- 105 11.7
st_z 45 10.5
sl3 50 16.0
s14 45 l-6.5
st_s 50 1l_.5
s14,l_5 95
st6 70 L2.3
sL6R 70 12.3
sl? 55 14.5
s17R 55 14.5
sl_8 130 l_3.4
s19 55 19.0
s20 20 16.0
szL 45 22.0
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TÀBLE 4_1 DESÌ6I CÀPACITY AÌ.ID WÀTER REQUIREMENTS

ANNUAL DI\IERSION
103 DÀl"f!

A\IERÀffi DROUGHT
419.39 650.0s
419.39 550.05
322.56 417.86
322.s6 41-7.86
313.75 460.L7
313.75 460.77
647 .93 l_001_. 35
647.93 1001.35
693,82 L072.27
262.88 369.98
130.05 184.43

1086.75 1626.69
94.01 156.68

280.2I 348.70
245.34 392.55
15.23 24 .37

288.58 384.77
l-12.98 L67.21,
l_33 .75 l_97.96
173.09 227.49
L42.57 207.38
315.66 434.87
234.38 307.53
234.38 307.63
177.09 236.L2
177.û9 736.t2
378 .82 5l_6.57
131.90 205.77
60.79 82.90

L34.29 185.95

IRR6IN
FÀCTOR

.700

.700

.650

.650

.750

.750

.750

.750

.750

.766

.793

.600

.500

.600

.600

.750

.750

.750

.947

.825

.865

.865

.825

.825

.773

.750

.755

.750

o
l{t/s

131.3
131.3

85.2
85. 2
93.5
93.5

L97.6
197.6
211.5

67.2
33.5

3r2.3
33.6
67.4
87.8
5.4

72.3
30.5
36.2
4t_. 3
37. B

79.I
55.9
55.9
43.0
43.0
94 .0
39.8
15.1
35.1

DAYS IN JULY
REQUIRED

A\1ERÀ@ DROUGHT
15.9 26 .L
1_6 .9 26 .1
20.0 25 .9
20.0 25.9
L7 .7 26.0
17 .7 26.0
17. 3 26 .B
17.3 26.8
17.3 26.8
20.6 29.0
20 .5 29 .0
18.4 27 .5
14.8 24.6
22.0 27.3
1_4.8 23.6
14. I 23.6
zL.L zB.L
19.5 28.9
19.5 28.9
22.I 29 .0
19.9 29 .A
zJ,.L 29.0
22.L 29 .0
22.L 29.0
2L.7 29.0
2r.7 29.0
2L.3 29.0
17.5 27 .2
2L.2 29.O
20.2 28.0

tr@Ê: 1)
2)

3)

4)
s)

1.0 Dan3 = 1000 m3
conv Loss is the total convelance rosses of the diverted
vater expressed in percent.
Irrgtn Factor is the ratio betveen the total areå of theproject and the rnaximum area that can be irrigated with the
peak vater requiren¡ent at any given time.
Q is the discharge capacity of the conve)¿ance s1ætem.
Da1æ in July is the number of days the conve)ance s1ætem
must operate at its design ca¡ncity to provide the monthry
mter requirenrents during JuIy for that site
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TÀBLE 4-1 DESIGI'¡ CÀPACITY A¡¡D WÀTER REQUIREMEIITS cont'd

SITE

À1À
À18
À1C
Àl_ÀB
À2À
À28
À2C
À2cR
A3À
À38
À3AR
À3BR

NET CONV.
ÀREÀ LOSS
10"hä t
134 L3.7
32L L2.3
80 16.8

456 13.0
286 I2.5
286 13.0
143 11.3
l_43 11. 3
384 l-6.5
256 16.5
384 16.5
256 16.5

l_20 I2.0
90 11.5

À¡¡NUAL DI\ERSION
1000 DÀM3

AVERÀGE DROUGTfT

282.41 493.65
665.73 1165.02
174.89 306.05
953.31 1668. 30
668.81 111-4.68
672.65 1121.09
329.88 549.80
329.88 549 . B0
941.00 1463.77
627.33 975.85
941.00 1463.77
627.33. 975.85

205.79 323.38
l_31.55 2L9 .24

MT

M2

ÏRRGIN
FAET'OR

.750

.750

.750

.750

.765

.765

.76s

.765

.750

.750

.750

.750

W: 1)
2)

3)

4',)

s)

o
M3/S

94 .3
222.4

58. 4
318.5
202.6
203.7
99.9
99 .9

279.4
186.3
279.4
186 .3

66.3
49.4

1.0 Dam3 = 1000 m3
conv Loss is the total conve)ance losses of the diverted
water expressed in percent.
rrrgtn Factor is the ratio betneen the total area of theproject and the rnaximun area that can be irrigated vith the
peak rmter requirement at any given time.
Q is the discharge capacity of the convelance system.
Da1æ in July is the number of dalrs the conveyanèe s1ætem
nust operate at its destgn capactty to proviåe the monthry
vater requirenents during JuIy for that site

DAYS IN JULY
RÐUIRED

A\IERÀGE DROIJGIIT
l-5. B 27 .6
t5. I 27 .6
i_5. B 27 .6
l_5. I 27 .6
17 .4 29 .0
L7 .4 29 .0
17 .4 29.0
L7.4 29.0
l_7. B 27 .6
17. B 27 .6
17.8 27 .6
17.8 27 .6

l_6.4 2s.7
14.0 23.4

.600

.600
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TÀBLE 4-2 IRRIGATION I,rAtER SUppLy SYSTEM COMpONEiltTS

SITE

sl-
slR
s2
s2R
s3

s3R

s4
s4R
s4R2

CÀl.lÀLS
NEW OLD
KH KM

750
750
700
700
50

400
50

400
150
150
75 35
350
600
150
450
750

2L0 0
140 0
360 0
150
330
100

100 0
200
300
650
350
300
450
450
L00
800
100
800
600
600

r_00 0
800
600
950
650

PT'MP PLÀNT
HEÀD PIPET,INE

M LENCIII{ M

L18.0
93.9

r-31.1
1L2. B

t_52.5
62.3
94.4
62.3
76.2
58.0
7.L
0.0

24;3
0.0
7.L
7.L

65.6
65.6
65.6
91.9
83.2
9r_.9

126.4
0.0

205.1
29.0
0.0

205. I
L34.3
70.1

r.09.8
L7.4

100.6
L7.4

L76.4
49.6

126.4
0.0

]-26.4
49 .6
0.0

À
B
B

s5
s6
s7
s8
s9
s10
si_t
sL2
s13

s14

1000
950

3500
3400
1800
t_000
1700
l_000
L100
1050

200
0

150
0

200
200
500
500
500
300
600
300

1500
0

5000
1000

0
5000
1000

800
700
500
680
500

1500
'L300
1500

0
1500
t_300

0

DROUGTT

0
Ma/S

131.3
131.3

8s. 2
85.2
93. 5
93.5
93. 5
93. 5

197.6
L97 .6
211.5

84 .6
]-26.9
L26.9

67.2
33.5
33. 6
67 .4
8?. B

5.4
72.3
30 .6
36.2
36.2
41.3
41. 3
4l_. 3
37 .8
55. 9
55.9
43. 0
43 .0
43. 0
43.0
39.8
39 .8
15.1
15. r_

35. 1
35.1
35.1

NEW RESERVOIRS
REQUTRED

sl_5
sl-6
sl_6R
s17

sl_7R

s19

s20

s21

HIGHGA1E

CÀLLAGHÀN

HIGHGAIE

CÀLLAGHÀN
McDONÀLD CR.

NGIES: f )

2)

McDONALD CR.

ord canal ls exlsting canar or rlver whose capacity is to be
increased.
Dalemead & D\rrn is the ordnan diversion from Dalemead Dam

MERIDIA¡T

MERIDIAN
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TÀBLE 4-2 IRRIGÀTION }TATER SUPPLY sYsrE}'I coMPoNENTS cont'd

SITE

À1 A
B
c

À2À
B

U
À2RC
À3À

B
A3RÀ
À3RB

CAI\¡ALS
NEW OLD
KM KM

750
450

l_35 0
500
r_0 60
250
t0 0

130 0
20 60

130 0
20 60

400
400
300

PUMP PLANT
HEÀD PIPEI,INE

M LENGTH M

Ml_

M1R

t42

0.0
0.0
0.0
0.0
0.0

73.1
7.5

62.5
0.0
0.0
0.0

72.0
72.0
49 .0

NÛTES: ]-)

2)

0
0
0
0
0

600
100
500

0
0
0

DROUG.I{T

0
t43/s

94.2
225.8
56.3

203.0
203. 0
101.5
t_01.5
27',t.L
184.7
277 .L
1,84.7

66.3
66. 3
49.4

old canal is existlng canal or river r.rhose ca¡ncity Ís to be
increased.
Dalenead & Dwn ls the oIùnan diversion from Daremead Dam

NEW RESERVOIRS
RæUTRED

2000
2000
3000

DÀLEMEÀD

DALB,fEÀD
DÀIE}'IEAD E D\RN

HOLLÀND



TÀBLE 4_3 UNTT

Item

Excavatlon

Compact Fil1

SoiI Stripping

Iand

Fenclng

Roadvay

Grassing

Lining

Àdditional Costs

L2'l

cosTs F'oR cÀ¡¡ÀLs

Costs

2.10 $,/m"

2.95 5/n3

2.10 $/m3

l-500 $/ha Right-of-Way
1500 S/hå Clearing

5000 $,zkm of Canal

2850 $/km of Gravel Road

3000 $/ha

9 $,/m" of Perimeter

l-5t Contingencies

10t Engineering, Survey

l-Ot Crossings, Care of Water

NûïE: Àssumes 20t shrinkage of excarrated volume.



0 Earth Fence Canal
Dsgn Í{ork Lånd &Road Gtass Lining
n=/s $/km $/km $,/km $/km $,/km

5 80r630 gr2L0 7,950 51000 ggr175

15 1511320 ]-3t220 71850 5r600 l_53r825

30 2LL,640 L6t240 7,950 7,400 196,625

50 273,475 19,050 ?,850 7,-tt} 236,580

75 341,685 2L,960 7,850 g,800 276:OOO

100 399,610 24,r00 7,950 9,250 309,930

140 485,7L5 27,L80 7,850 10,000 353,325

TABLE 4-4 CÀPITÀL COSTS OF MÀIN CÀ}¡ÀLS

728

180 5621680 29'780 ?'850 l-0,600 390,870 1,001,7g0 3SO,625 I,352,405
240 660,495 32,980 7,850 LLr240 437,850

300 752,625 35,820 ?,850 1L,830 479t325

350 825,100 3?,930 7,850 L2,zLO 510,300

Total
Estimate

9,/km

200r 965

332r 81-5

439,755

544,665

656,875

749,740

BB4,67O

NCIIES: 1)

2'.)

3)
4)

Àddtn1
Costs
$/km

70,300

l_t_6,485

153,915

l_90r 530

229 1905

262,410

309.425

Project
Cost
s,/km

2?L,L65

449, 300

593,670

735.297

gg6,7g0

1,012,150

1,193,495

Based on canal wlth 3:l interlor slope, Z.S:t exterlor,
4 n bank crest on either side.
Unlt costs presented in Table 4-2.
canaL lining costs assume only ?5t of canar is rined.
Àddtnl Costs incl'de Contingeñcies, Engineering, and
Care of I{ater.

11150,415 402,645 L.553,060

Ir2g7,450 450,609 1173g.059

lr393r3g0 4g7 16g5 1rg8l,0?5
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1981_
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TÀBLE 4-5 PIPEI,INE COSTS

8.0

9.40

L4.23

21 .50

Stc. FTtn
Head Loss
m m,/krn

80 3.3

80 2.9

100 2.3
100 2.3

100 l_. B

L25 1.8

150 1.8

175 1.8

205 1.8

Ìhx. Mln
w.H. t
nnm

277 l_1.9

281 13.5

Sect.
Mass
Rg/n

53?

660

848
548

L265
818

L3'Ì2
911

1475
1005

L579
1100

L697
LZIL

267
133

266
133

cap. Llnlt
Cost Cost
$,/m $,/cns,zm

1800 225

22L0 235

284L 200
1834 I29

4238 ]-97
2739 727

4596 2L4
3052 I42

4942 230
3368 157

5288 246
3585 171

5685 264
4056 L89

1,4.1
9.l_

L7.L
11.1

18.5
12.3

NOTES:

273
136

l_)
2l
3)
4)
s)
6)
7)
8)

279 19.9
139 13.6

284 2L.3
L42 1_4.9

290 22.9
145 16.4

Avgd
Pr ice

$,/crns,/m

225

235

165

L62

ìbx 0 = discharge for 3.05 Vs (10 fps) flo'¿ ve]_ocity.
Stc Head = statlc head for pr:mping.
Frtn Loss = friction losses in m,/Xn of pipeline.
Max w.H. = ¡naximum water han¡ner for design of piperine.
Min t = mlnlmum thlckness of steel requlrèd
Sectn ì,fass is mass of design section in kglm of pipeline.
Unit costs are in $ per m3ls per m of pipeline,
Avgd Price is averaged cost of section-dãsigned for fu}l
9later Hanmer and section designed for 50t wãter Flaruner,

178

194

209

227
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TÀBLE 4-6 CÀPITÀL COSTS OF CON\¡EYÀT'¡CE SYSTEM coMPoNEbnS contld

SITE

A1À
A1B
ÀLc
A1ÀB
A2À
À28
À2C
A2CR
À3A
À38
À3AR
À3BR
Hl
t42

O HEAD
t43/s M

94.3 0
222.4 0
58.4 0

318.5 0
202.6 0
203.7 0
99.9 74
99.9 I

279.4 63
t_86.3 30
279.4 0
186.3 0
66.3 52

.49.4 49

PIjMPPLÀNT
$x103 MII

0
0

0
0
0
0

62268 51
33729 6

L24536 LzL
57079 38

0
0

36323 24
32L72 L7

PIPET,INE CA}IÀL CA¡¡AL
9x103 ç/Kl4 9x103

0 990 74250
0 151-0 67950
0 780 105300
0 1427,00
0 t_430 7L500
0 1430 78650

97L2 1020 25500
t-619 1020 10200

22635 1 660 215800
7545 13?0 89050

0 l_560 215800
0 1370 89050

2t477 850 34000
24025 730 2L900

NCIIES: 1) À11 costs shoryn are capital costs
2) l,fW is electrlcal ca¡ncity of pumps in Megawatts
3) DISTR SYSIEM is yater distribution s1ætem

TÀEI,,E

RESERVOIR NODE

Highgate L7
Callaghan 18
l,lcDonaLd L0
I'feridian I
Rocky Mountain 13
Horseguard 13
Raven 5
Dalemead 3
Hollard 2
Iake Diefenbaker 10

DISTR. SYSTN,Í
$,/Ha $xto3
1550 3s3000
1650 353000
1650 177000
1650 706000
1650 472000
1650 472000
1650 236000
1650 236000
1550 634000
1650 422000
1 550 634000
1650 422000
1410 169000
1_370 123000

4-7 cosTs

CÀPITAL
cosT

9x106
393. 2
280 .9
L2.2

356.3
295.3

97 .9
38.5

268.0
5l-. 4

EXISTING

tra|xEi Based on SNBB Costs [?3] escalated by 3.2j. (USR 1968

OF RESERVOIRS

MÐ(IMUM
S1ÐRAGE CåPACITY

DAlls x 10r
4875
4380

78
1950

987
586
168

1345
765

9365

U}¡Iî COST
OF STÐRAGE

s/DAì,f'
81
64

i-56
1_83

299
L67
229
199

67
N/a

to 1987).
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TÀBLE 4-8 COSTS OF FLOW DIITERSION

DI1IERSION FT,OW CÂPACITy CAPITAL COST À¡tMlÀL ENmGyt43/S $x106 MI{hrN.Saskatcherran to ZB.3 410 0.0
Red Deer River 56.6 4ZO 0.084.9 425 0.0

27 .0 410 0 .0

Red
Bow

Deer River to 56.6 305 100.0River 15.4 LZO Z7.z

Bow River to 56.6 360 0.0Olrlr¡a¡ Rlver 28.3 334 0 .0(ie. À3RB) 48.1 353 0.0

NCIIE: Annual energÞ/ use is energy required by pump tn addltlon tohldroelectric energy generated -by 
f rov] h"eo on pumpefficiency of TOt and generating efficiency of 90ã. -

SCXJRCE: Àdapted fron SNBB t73l.



5.1 INIRODIJCTIOI{

The decision to irrigate the areas identified in this str:dy wi1l be a

political act incorporatlng the best Judgnent of the r¡arious agencies

and ¡xrties interested in large scale irrlgatlon of the prairles. Thts

decision should be based on a vhole plethora of information inclpdi-ng

the overall social benefits ard costs, who they accrue to, the incone

distribution, emplolment, and the sociorogicar probrems and solutions

offered by these developments. An economic analysis cannot select what

project can best satisfy all of the reguirements and priorities of the

different agencies involved in irrlgation development, but it can

provide a very effective tool by r¿hich their judgment can be sharpened.

When the amount of resources arrailable for deveÌopment is restricted, as

it r¡as in this study for both r¡ater and capltal funds, then economlc

anal1æis can be used to identify economically optinal projects as vell
as to rank the Projects in order of their economfc attractiveness.
These rankings couLd be used to assess just horr much of the prairies
should be irrigated from the arrailable prairie water resources, and what

areas should be developed and in r¡hat order. Thls procedure lnherently
assunes that project selection is based strictly on economics and that
arr non-economic or non-quantifiable considerations would be

approximately egual for alt of the potentiar deveropnents. Thls

assumptlon can be readily disproved on an individrrat case leveL by

noting that whire it is posstbre for a pumping pJ.ant and a storage

{

CHÀPTER 5 ECoNoMIc ÀI\¡ÀLYETS
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reservoir to have identicat direct benefit ar¡d cost streams, the direct
and indirect benefits and costs of each rsill differ considerably and

accrue to different sectors of the community. llhen viewing overalr

systems vhich are composed of reservoirs, canals, ard pumping plants

then the assumption becomes considerabJ_y more vatid. This simprifying
assumption Ltas used to e><annine the s1ætem of irrigation develo¡ments

which would arlow full utilization of the prairie vater resources

ar¡ailable for irrigation. Given that the priorities upon the economic,

non-economic, and non-quantitative considerations rr¡iIl vary with the

vievpoint of each affected or concerned irdividual, the data presented

can be readiry used to examine other systems and other vleupoints.

An essential step in the economic anal1æis of an irrigation development

is the identification of the total costs and benefits associated with
the develo¡xnent. Ûne of the difficulties r*ith irrigation projects is
that often the total costs and benefits to society are very difficult to
guantify with any degree of certainty.

5.2 BEIIEFITS OF IRRIC,ÀTION

5.2.1 Dlrect Beneflts of Irrlgatlon

The direct benefits of deveroping the irrlgabre areas identified in
chapter 2 '¡ere taken to be the total net increase in on-farm incone, as

presented in Tables 2-25 to z-32. rt shoutd be noted il.nt the

calculation of these benefits inherently assunes that no significant
changes in farm size rcill result from the irrigation development. This

assumption does not rlholly agree with the pattern exhibited in previous

develogruents on the prairies, but any alterations in farm size r¡hich may
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occur wirl not significantty affect the project beneftts. Given the

nature ard scale of this study, the possible effects of land and field
redlstributlon vere neglected.

The calculations of the present worth of the direct benefits sere based

on the 15 year deveropment period suggested in ctnpter 2, with the

benefits assumed to increase linearly from the first year of development

to furl annual benefits by the fÍfteenth )æärr r,lhire the rife of the

proJect vas assumed to be 50 years. Given adeguate farn and soil
mänagement, the actr:al life of the deveropments shourd be perpetuity,

but the present rr¡orth of the benefits would not deviate significantly
from that determined for the 50 year proJect life assumed In this str:dy.

5.2.2 lrdlrecb Beneflts

The lr¡dlrect benefits of irrlgation are t1plcalty l_ to 2.5 tlmes the

direct benefits of irrigation [93], and are so named because they are

only assoclated vlth the lrrlgatlon development, rather than arlsing
directly from the increased crop production. These benefits r¿ould

include:

- the economic actlvlty generated by the lncreased purchases of farn
inputs such as fertirizerr,chemicals, and irrigation eguipment

- the economic actlvlty generated by lncreased expendltures on

services and products due to the lncreased farm income

- the ex¡ransion of the }ocaI, regional, ar¡d rntional crop processing

irdustrles
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- any other econonic actlvities assoclated ryith the lrrlgatlon
development

the difference between the benefits and costs of the above activitles is
ternred the value added, ar¡d are the actual irdirect (or secondary)

benefits of the increased agriculturar production. severar recent

studies on agriculture and irrigation on the prairies have determined

that these indirect benefits t¡picarly range from 1 to 1.5 times the

direct benefits t84r85l.

rt has been argued by sone arnl¡æts that these benefits should not be

included in the economic anal¡rsis of irrigation development, since the

additional purchases of input will simply reduce the amount ar¡ailable to
other sectors, the net result of vhich is that there has been no r¡a1ue

added to the economy. Thls reasoning ls onty correct if the input
suppry or capacity is rimited and cannot expand in response to any

alteration in demand. Às this is certainly not the case lrith
agricultural inputs in canada, these secordary benefits appear to
r¿arrant sone consideration in the economic anal1æis of the irrigation
develogruents. For the purposes of Lhis study, the majority of the

analyses used only the direct benefits, but some scenarios we¡e examined

using indirect benefits egual to 1.5 tinres the direct benefits of

irrigation. While this factor agrees with several previous str.rdies of
indirect benefits of irrigation Ig3rg5l, it is considerably less than

the 2.47 factor derived fron arnlysis of the South saskatcherran River

Irrlgation Develo¡xnent t84l or the 6.6? factor derived fron anal¡æis of
irrigation districts in Arberta 186l. For the purposes of this study

the 1.5 multiplier used to determine the indirect beneftts r¡as deemed

{
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sufficientry varid, however, a more rigorous study of the potential for
irrigation develo¡xnent of the prairtes r¿ouId probabty require a more

formal anallæis of the lrrdirect benefits using such methods as an input-
output node1.

rn addition to the direct and indlrect economic benefits assoclated vtth
the increased agricultural productlon ln these dlstricts, there rvill
also be conslderable social and economic benefits associated vith the

relatively stabte crop ylelds. Irrigatlon w111 provlde for a contlnued

suppl-y of food ard econornic activity in drought )¡ears, thus dampening

the boom-bust c¡cle so freguently observed ln the pratrle agrl-buslness.

The construction of the r¿orks required to supply ryater to the irrigation
districts, ârd the malntenance of the suppry s¡ætems, are expected to
provide considerable employment benefits given the current high rate of
unemplolment on the prairies. In sorne agricultural development studies
the social benefits of this emplolarent are included in the economic

analysis by reducing the project's capital cost by some proportion

reflectlng the anount of labour incLuded in the totar capital cost

[82'83]. For the purposes of this study, the emprolment beneflts

resurting from the sorks vere not used to reduce the capitar costs of
the works reguired throughout the economic anal¡æes of the irrigation
developments.

An additional benefit assoclated rrith the construction of any reservoirs
is the recreation benefits vhich could arise from the inpoundnent.

Given the ¡nucity of scenic lakes upon the pralries, these recreatfon
beneflts could be conslderable if the vaLer level ftuctuatlons vere

constrained to produce a suitable habitat for aquaculture and an
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aesthetically pleasing shoreline. No attempt was ¡nade to include these

possible econonic, social, and aesthetic benefits into the analysts due

to the dlfficulty of guantifying them and the nature of thls study, but

it is ap¡nrent tlæt they coutd be slgnlflcant and nwt be consldered In

a more rlgorous str.ldy of potentlal large scale trrlgatlon on the

prairies. Recent str-¡lies in the United States irdicate that although

recreatlon beneflts are often neglected in the initial economlc analysls

of r¡ater resource projects, after a nunber of 1æars they often come to
exceed the forecast dlrect benefits for the prinrary purpose of the

reservoir t871.

5.3 cosTs cF Innle,eTlctt

5.3.1 Dlrect Costs

Tt¡e direct costs of developing the irrlgable areas identified in
chapter 2 are the sum of the project costs presented in Tables 4-5 to
4-8, and the cost of the required pump energy. To calcurate the present

worth of each of these costs. the annual cost of each component vas

calculated and r,ras then converted to its present vorth assuming a

Project life of 50 laears. This allows the anal¡rsis to include the

varying lives of the different components of the supply s1ætem. The

annual energ:y costs of 'pr.unping the average water requirement at each

site r¡ere deternined using the pump energ'y cost relationships presented

in Chapter 4, ard were based on the $.04 per Kwh arrd $.0g per Kvh energy

rralues. Tt¡e present worth of the punp energy costs assumed a linear
devero¡Nrent pattern from lear 1 to ¡æar 15, slnce the vater vorurre

required is ex¡ncted to be proportional to the developed area.
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5.3.2 lrdirect Costs of lrrigation

Just as the development of an irrigated area produces indirect benefits

whlch are difficurt to guantify, so too are produced indirect costs

vhich are exceedingly difflcult or even lrnpossibre to ldentlfy and

guantify. l,fany of the soclal costs lnvolved can ln no vay be readlry
quantified in terms of dollars. So¡ne of the potential indirect costs

vhich rlay be associated with the large scale development of irrigatlon
on the prairies lnclude:

a) the salinization of low lying farmland adjacent to the

districts due to excessive apprications of vater, or a

locar water table due to seepage from the canals and

distribution s1æten

b) displacement of farmsteads located

way for the canals and reservoirs,

costs of $1500 per hectare

c) the environmental

construction ard

d) the degradation in rater qnrity for other lnstream users,

lncluding the existlng flora and fauna, due to the large scale

withdrarrals arrd/or impoundment of flou

degradation yhich could occur during the

operation of the convelance system

e) the changes in river regime induced by the flor¿ vithdravals,

diversions, and impoundnuents reguired for_develo¡xnent of the

projects

rvithin the reguired right of

over and above the direct

irrigation

raised
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f) the increased transportatlon costs to farners to blpass the

reservoirs or to go to the canal crossings

g) the loss of energy from the various hylroelectrlc generatlng

stations located on the prairie river net'¿ork due to the

decreased river flor.¡s.

It is apparent that these indirect costs could be extremely significant,

especially if neglected dwing the planning stages of the proposed

developnents. Given careful design and planning hovever, it is

extremely probable that many of the adverse effects of developlng the

areas identifled could be nitigated or '¡ould be ¡nrtially offset by the

non-quantifiable benefits. For the case of the decreased hyilroelectric

energy production, the approxinate direct costs can be calcuì.ated,

hor¡ever the validity of their inclusion into the anal¡rsls may be

questionable, as is discussed in the subseguent section.

For the purpose of this study, no attempt rras nade to incorporate

irdirect costs into the overall analysis of the identified projects, due

to the dlfficulty ln assesslng Lhelr largely non-quantifiable costs ard

the posslbtllty of thelr partlal nltlgatlon ln the flnal deslgn of the

proJects.

5.3,3 LOSS OF HYDROS,ECIRIC GEO{ERATION BENEF''ITS

The value of the energy production lost due to developnrent of the

irrigated areas is most readily determined from unit energy per flow

volume values derived from the data presented in the PP$IB report-t7Ol,

r¡hich lists the total energy generated along vith the gross flows for

the dlfferent basins ard prairie provinces. Based on this data, the



142

unit energy \ralue is approxirnately S4.90 per dams for flovs in Alberta,

$4.00 per dam3 on the Saskatche¡yan rivers, and S3.00 per dams on the

Manitoba rlvers, for an energy cost of $.04 per Kvh. Às the

hldroelectrlc generatlng plants ln Alberta are located upstream of the

irrigable areas, only the energy production of the Ìranitoba and

saskatchevan hldroelectric plants woul-d be affected by development of
the proposed irrigation projects. Àssuming that arr of the potentiar
irrigation projects identified r¡ere furry developed, then in an average

year the po'¡/er production in ìhnitoba would drop by abouL B percent from

the present conditions, for an annual economic loss of about

$40 million. The difficulty r*ith inch:ding this cost into the economic

analysis of irrigation developrnent is that the cost of the energy losses

can not be placed directly upon the lrrigation deveropnent, since the
terns of the provincial flov apportionment agreement wirl still be

satisfied' This loss of energy productlon r¿ill occur whether the flovs
are utillzed f.or industriaL, munici¡nl, irrigation, or any other purpose

by the upstream province, ar¡d are truly a cost to }lanitoba induced by

the development and utilization of the upstream provinces u¡ater

resources, and thus rnay eventually occur r¡hether irrigation development

proceeds or not. Ttre identical comments as above also apply to
saskatchewan, trhich wiII see its h¡droelectric aeneration decreased by

the deveropment and utllization by Àlberta of its share of the flov
apportionments. The possible loss of energy costs directly attributable
to each develo¡xnenù could be readily determined, and shourd be examined

ln a more rigorous stuQy of the problem, but for the purposes of thls
str:dy the indirect costs due to the decreased generation of
hldroelecLric energy vere negrected, since they vilì. accrue to yhatever
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deveropment occurs on the prairie river netvork, and because of the

limited scope of this study.

5.4 ECoNOmC DrSOO{.hm RÀ18

To conpare investments having cost and benefit strearns which vary

conslderably over the ttfe of the lnvestment or proJect, an economic

dlscount rate ts requlred to relate all of the costs ard beneflts to a

co¡nmon baseline to faciritate com¡nrison of the atternatives. Thls

common base could be the present r¿orth of the benefits ar¡d costs, the

future worth, or their equivalent annual worth. For the flrnncing of
rmter resource or irrigation development projects, the economlc discount

rate should correspond to the free market interest rate at which the

developnent agency can obtain the necessary capital. For the purposes

of this study, the free market interest rate ar¡ailable for irrlgatlon
develo¡ment vas assumed to be betr¿een 5 ar¡d 12 percent. Currently the
free narket lnterest rate for the federal government is approxinatery
9.0 percent.

rt should be noted that these free market interest rates do not include

the effects of inflatlon, rlhich can be especially significant in
irrigation develo¡ment since the najority of the capitar costs are

generally at the onset of the proJect, r*,hi1e the dollar value of the

learly benef its r,¡ilI rise as inflation increases their apparent worth.

To anarlze the cost and benefit streams in eguivarent or constant

dorlars, the effects of inflation must be eliminated. This is most

readiry done by subtracting the expectèa infration rate frour the

economic discount rate [82], the difference of r¿hich is ter¡rued the reat
effectlve lnterest rate. Based on the current inflation rate of about

I
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4 percent, the real effective interest rates utilized in this str:dy for
relating the cost and benefits streams ranged from 1 to g percent.

Historically, rear effectlve lnterest rates have ranged fron 2 to
5 percent , but generally the rate has been about 4 percent tggl. Ttre

upper range of the rates examlned also corresponds closely to the
present rrfree nnrket'r interest rate of about 9.0 percent.

5,5 MgrHoDS OF EOONOMIC Àt¡ÀLysls

Ttrere are three basic measures of

desirability of an investment of

irrigation development :

The benefit - cost (or B/cr ratio is the benefits of the proposed

development divided by the totar cost of the development, with a

specified interest rate being used to eguilibrate the cost and

benefit cash flor.¡s to a common baseline such as the future,
present, or equivalent annual vorth.

The net benefits (or B-C) of a project is the arithmetic
difference betr,¡een the benefits and the costs of the

developrent, with the cash fro,r¡s being eguilibrated with a

specified interest rate.

the economic efficiency and

capital into lrater resource or

2J

3) Íhe internal rate of return (or IRR) of a project ls
discount rate at vhich the project costs vill egual

when equilibrated to a common baseline.

llhile all of the above r¡a1ues are useful indlcators of the economi.c

desirability of developing a proposed area, the significance of each

the

the

economic

benefits
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nìeasure trill vary wfth the particular economic scenario whlch prevalls

at the time of the analysis, as is fully described in the excelrent

discussions in references tg2l and tg3l, and shalr not be dupricated

here' For this particular study, both investment capital and the volume

of water ar¡ailable for irrigation vere expected to be in reratively
short supply. Given this constraint of limited resources, the most

appropriate measure of the economic attractiveness of a proposed

development vilr generalry be the internar rate of return. Assuming

that all of the total benefits and costs to society are guantified a¡rd

all non-guantifiable aspects are approxirnately egual for each project,
then the project selectlon would begin at the project r¡ith the highest
rate of return and proceed in order of decreasing rates of return until
the budget, be it capital or r¿ater volume, ls exhausted,

lhe internar rate of return and the benefit-cost ratios for each project
for interest rates ranging from r to g percent are presented in
Tab1es 5-1 to 5-3 on pages l-56 to l-58 for the r¡arious economic scenarios

exarnined in this study. These anarlæes are based on the direct costs
and benefits of irrlgation deveropment, vith all of the costs and

benefits of the deveroprnents being converted to their present worth.

5.6 ECOtr¡g¡1gS OF IRRIGATION DEVELOPMEMf OF TI{E PRÀIRIES
I

Às can be observed fron Tables 5-L to 5-3, the economic attractiveness
of developing the potential irrlgatlon projects identified in this study
is grreatry dependent upon the scenario examined. For the purposes of
this study) tr,e defined present agricultural practices and crop values

sharl be consldered as the most representative of the scenarios

examined. ltre other scenarios such as varying the present crop varues

I
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by -25 to +100 percent, and the envisioned changes to drytand farmtng on

the prairies, shourd be vleved as components of the sensitivity
analysis, since the probabirity of either a change in dryland

cultivation practices or a significant real increase in crop value is
unknovn, and any assessment of thelr probabillty of occurrence vould be

ì.argely s¡nculative.

5.6.r_

For the defined present conditiors, the proJects examlned tn thls study
had rate of returns ranging from 4.? percent to ress than 1 percent

based on onry the direct benefits, and rates of returns ranging fron
I percent to less than l- percent if indirect benefits equal to l-.5 tines
the direct benefits ltere included. For the best estlmate real lnterest
rate of 4 percent, the benefit-cost ratios for the direct benefits range

from 1.16 for s5 to 0.16 for s20, and range from 2.90 to 0.40 if
lndlrect benefits are included. of the 32 potentlal sltes examined by

this study, 18 projects have benefit-cost ratios greater than 0.5 based

on direct benefits at a real interest rate of 4 percent, vhich vould

correspond to a benefit-cost ratio of 1.25 if indirect benefits are
included.

Flom the r¡alues prebented in Table 5-1, it is apparent thät if onry the

direct benefits are included in the anal¡æis of the present conditions,
then some of the proposed proJects are not econonlcally attractlve even

at interest rates as row as 1.0 percent. rf the indlrect benefits of
the development are included in the analysis, then the attractiveness of
all of the projects improves, but severar projects stirr remain

econonlcally unattractive under the defined present conditions. It must

Irrigation Development Llnder present Conditions
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be stressed that the intent of this study r¿as merely to assess the

irrigation potential of the Canadian prairies, and to determine r¡hich

projects rrarrant further, more detailed e:<amination. For the purposes

of this study. any project having a rate of return Less than 1.0 percent

for its direct and indirect benefits urder present conditions vas

considered economically infeasibte. This ls not to inpty that any

Project having a rate of return in excess of this defined criteria is
econonically attractive, slnce that ts a decislon for the agency funding

the develo¡xnent, but rather, under some conditions the potential

economic r¿orth of the projects courd be guite significant and the

proJects should be examined in greater detail.

It shourd be noted fron Tables 5-1 to 5-3 that the savings in the punp

energy costs resurtlng from the decreased pumping heads produced by the

construction of any nev reservoirs did not justify the cost of building

the reservoirs, as all of the projects r¿hich pump directly fron the

river have greater rate of returns. These reservoirs rny be justifiable

if the recreation and other benefits excluded from the analylsis vere

incorporated into this study, but to simplify the anarlæis the onry

beneflts fron the constructlon of reservolr considered ln thls study

t¡ere the reduction ln pumping head and the storage voLurc avallable for

flov reguration. Às wÍlr be discusJed in section 5.7 and chapter 6 of

thls report, new reservoirs rcere reguired to develop some of the

Projects examlned due to a shortage of rrater during the irrigation

season.
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5.6.2 Sensitivity Ànalpis of the project Economics

To determine the sensitivity of the benefits ard costs of the projects

examined ln this study. several alternate scenarlos and assumptlons r¿ere

incruded in the anarysis of the economic vorth of deveroping the

potentlal proJects' The factors examlned ln the sensitlvity anal1æis

included:

- variations in the real effective interest rate

- the envisioned future cropplng conditions

- variatlon of the present crop prices

- variations in Lhe cost of energy

- varÍation of the area requiring sub-surface drainage

The effects of each of these factors can

5-3, and are brlefly dlscussed belov.

a) Variation of ReaI Effective Interest Rates

Às was expected, the economic worth of the projects e><amined were quite
sensitive to the rear effectlve interest rates used to anallæes the
projects. The benefit-cost ratio for an interest rate of 1- percent vas

approximately 4 to 11 tines the benefit-cost ratio for an interest rate
of B percent. For the purposes of this study a real lnterest rate of
4 percent r¡as considered as the most realistic varue for analysis.
hovever the resurts for rates ranging from 1 to g percent are also
presented for comparative purposes.

be observed from Tables 5-l to



b) Variation in ftop prices

The sensitlvity of the economic vorth of the projects to changes in the

crop price r¡alues can be observed from Table 5-2, r¡hich presents the

benefit-cost ratios for the proposed developments for crop prices

ranging fron 75 ¡ærcent to 200 percent of the present crop prices used

in the analyses. These crop values correspond to a change in crop

prices of -25 percent to +100 ¡:ercent. From the results of Tabre 5-2,

lt is apparent that the economic vorth of lrrlgation development is
extremery sensitive to the market r¡alue assumed for the crop of

interest. To illustrate the extre¡ne sensitivity, a 25 percent increase

in crop prices roughly doubred the beneflt-cost ratlos for the majortty
of the projects, r¿hile a 25 percent reduction reduced the benefit-cost
ratios by factors of 3 to 20, and reduced 12 projects to negative

benefit-cost ratios. A negative ratio is produced vhen the on-farn

irrigation cqsts are greater than the increase in crop production

benefits. Tt¡e crop price change that rras reguired to produce a direct
benefitcost ratio egr:al to one for each project, at an effective
interest rate of 4 percent, is arso presented in Table 5-2. These

r¡arues range from a change of -4 percent for s5, to +140 percent for
s17R.

For the purposes of this study, the present crop prices identified in
Chapter 2 '¿ere considered as the most realistlc crop values slnce any

attempt to predlct long term real crop prices is purery speculative

given the current globar market for grains. The r¡alues presented in
Tabre 5-2 do indicate-just how rittre an increase in crop .rarues is
reguired to greatly increase the economlc attractiveness of irrigation

149



l_50

developnent, as vell as the irnpact a decrease in

upon the varlous projects.

Futwe Agrlcultural practices

Thre future conditions envisioned in this study assume that the anount of

crops gro\rn on suNlìerfallorv r¡riIl decrease substantialty Ín the near

future and that increased inputs r¡iIl allov an increase in continuous

cropping, if economic co¡rditions (i.e. crop prices) warrant such a

change. fhis move to increased continuous cropping nay gireatly reduce

the on-farm benefits of irrigation, as is evident in Table 5-3, vhich

presents the beneflt-cost rattos and internal rate of returr¡s for the

Projects under the defined future cropping conditions. Comparison with
Table 5-1 reveals that all of the proposed developments have much lover

benefit-cost ratios under future conditions than under present

conditlons. At a real lnterest rate of 4 percent, the benefit-cost

ratios range from 0.70 f.or sl-6 to -.23 for Ml-. The negative benefit-
cost ratio indicates that the net on-farm irrigation benefits are

negative as the increased crop production under irrigation does not
justify the increased on-farm costs of the irrigation s1ætem.

It is evident from Tabre 5-3 that shourd the envisioned change in

drylard agriculture occur, then the economic r¡orth of developing the

potential projects rrny be greatly reduced or even eriminated. rt is
difficult to assess the probability of such a significant change in
dryland farming, since these changes vere forecast to arise from

increased export demands for agriculturaL products and a subsequent

lncrease in the real price of crops. Given the current weak global

demand for grain exports, the probability for such a significant shift

crop va).ues would have
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in dryland agriculture presently appears very snall, but conditions

could readily change in the future. For the purposes of this study, the

present conditlons r¡ere deemed to represent the most reallstic scenario

for examining the economic worth of large scale irrigation development

on the prairies. À more rigorous anallæts of the lrrlgatlon potentlal

of the prairies should exanine the issue of altered farm practices ard

crop productlon In greater detall. but any predlctlons as to future

farming cor¡ditions and crop prices is rikely to remain extrenery

s¡æculatlve.

d) Variation of Drerg'y Costs

The sensitivity of the economic ,¿orth of developing the various projects

to variatÍons ln the cost of the energy used to dlvert and supply the

rrater to the crops r,ras assessed by increasing the energy cost from $0.04

per Kvh to $0.08 per Krrh. Às can be observed from Table 5-1, the

economic vorth of the potential developments is relatively insensitive

to large variations in the cost of enerçD/, and the rerative

attractiveness of each proJect remalns virtually unchanged.

Variation of the Àrea Reguiring Sub-surface Dralnage

The sensitivity of the econonic r¡orth of developing the various projects

to varlations in the sub-surface drainage schetne envisioned for each

project t^ras assessed by increasing the amount of tand to be drained by

20 percent. As can be observed from Tabre 5-1, the economics of the

Þrojects are relatively insensitive to variations in the amount of

drainage required, and the relative attractiveness of each project

remains virtuatly unchanged.
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5.7 ECONOMICS OF IRRIGÀTION DEVEI,OPMEbITS : phases I,II,& III

Ïn the previous section, the reLative economic vorth of each particular
project vas determined to allor¿ the projects to be ranked in order of

their relative econonic attractiveness. This selection or ranking

crlteria implicitly assumes that all of the true costs and beneflts to
society for each project are quantified, ard any non-quantifiable

effects äre approxirnately equal for every project. The relatlve ranklng

of each Project vas used to examine the flov altocations reguired to
develop those projects. identified as being potentlally attractive for
development. As previously mentioned, only those projects having a rate
of return based on direct and irdirect benefits greater than 1 percent

were deemed economically feasible under the defined present conditions.

For the purposes of ranking the economic desirability of the various

projects, the rate of return for developing only a portion of a project

\,ras assuned to equar that for the entlre project where the vorume of
uater available proved insufflcÌent for furl deveropnent. Thls

assumptlon nny not be conslstent vith scale economics, but greatry

sirplified the anal¡æis and rras reasonably consistent r¡ith the cost

functions for the canars, pump prants, piperines. and pump energy. The

deveropnent of the economicarly attractive irrigation projects 
'.¡as

separated into three distinct phases, with Phase I developing as rnany of
the proJects as could be developed using only the natural flov volumes

of the prairie rlvers, phase II added ney reservolrs to supprement the

flow during the peak demand months of the irrigation season. r*,hile

Phase III added intra-basin diversions to augment the florl of the South

saskatchemn River in A1berta. The flon allocations and works required
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the various phases of deveropment aïe presented ln chapter 6, vhire
economic anallrses of the different phases is presented belor¿,

for

the

5.7.L lrrigation Development : phase I

The first phase of irrigation developnent, termed phase I, included onty
those projects r.¡hich did not require reservoirs to suppry their water

requirements, since the economic anarlæis of the individual projects in
section 5.6 revealed that the costs of the reservoirs vere greater than

the benefits, provided that water was -readiry avairable for pumping

throughout the irrigation season. The projects included in the ph¡ase I
development, arong with the present worth of their direct costs and

benefits at an effective interest rate of 4.0 percent, are presented in
Table 5-4 on page 159. The total present worth of all costs assoclated

vlth the Phase I development is approxtnately gg.23 billton, vhile the
present worth of the direct benefits is approxirnately $5.6 billion, for
a benefit-cost ratio of 0.68. rf indirect benefits equal to r_.5 times

the direct benefits àre included in the analysis then the benefitrost
ratio increases to 1.?0 for the best estimate interest rate of
4.0 percent.

þproxinately 219551000 hectares of land r¿ould be irrigated under the

Phase I developrent, which correspords to the development of 74 percent

of the total area identified in this study as potentiarly irrigable.

5.7.2 lrrlgation Developrnent : phase II

To develop the full irrigation potentiat of the Àlberta portion of the

south saskatchewan River basin and the Àssiniboine River basin in
I'lanitoba, several new reservoirs were added to the proposed irrigation
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system to increase the area irrigated. Tt¡e resulting systen of pro1ects

a¡rd reservoirs 'rras terned Phase II of the development of the irrigation
potential of the prairies. The total present r¿orth of all of the costs

associated rr¡ith the phase rI deveropment is approximatery g9.65 bilrion,
r¿hile the present r¡orth of the direct benefits i= g0.45 biltion, for a

benefit-cosL ratio of 0.67 at an effective interesL rate of 4.0 percent.

rf indirect benefits are incruded in the anaJ.1æis, the benefit-cost
ratio increases to 1.6?. These values ir¡dicate that the incremental

cost of adding the reservoirs to the irrigation system is greater than

the incrementar benefits produced by the further deveropment.

Approximately 3.2101000 hectares of land r¡ould be irrlgated under the
Phase II develo¡xnent, r¡hich corresponds to the development of B0 percent

of the total area identified in this study as potentially irrigable.

5.7.3

The thlrd phase of irrigation development, termed phase rrr, rns the

develo¡xnent of the tull irrigation potentlal of those sites vhlch were

supplied '¿ith r¡ater from the Bor¡ ard Red Deer rivers, which required
water be irnported to these basins since the Arberta portion of the
provincial flor¡ apportionment of the south saskatchevan River is fully
consumed by the phase II development. The imported r¡ater would be

diverted from the North saskatchewan basin into the Red Deer and

subsequentry into the Bow Rlver, The total present ,¡orth of the costs
of the Phase III development is approxirnately $10.95 billion, r¡hile the
present worth of the dlrect beneflts is 96.7s bllrton, f.or a beneflt-
cost ratlo of 0.62. rf indlrect beneflts are included in the analysls,
the benefit-cost ratio increases to 1.55. These values indicate that

i

Irrigation Developrnent : phase III
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the incremental cost of adding the intra-basin flow diversions greatly

exceed the additionar benefits associated r¿ith the increased

developnrent.

þproximately 3,690'000 hectares of lar¡d would be lrrlgated under the

Phase IIr develo¡xnent, whlch corresporlds to the deveropment of

93 percent of the total area identified in this study as potentially
irrigable. The remaining area rrras found to have an internal rate of
return of less than 1.0 ¡rercent even r¡ith ir¡direct benefits included,

ard was therefore deemed economically infeasible under the defined

present conditions. Should future conditions result in the development

of these areas becoming more economically attractive, then additiornl
flot¡ diversions Illay bre reguired from the North saskatcheruan, the peace,

the smokey, ad the other rlvers of northern canada. The benefÍts and

costs of these additionar diversions should be e:<amined in a more

comprehensive strdy of the irrigation potential of the prairies, however

for thls study, the flov diversions from the North Saskatcherran allov¡ed

the fulL development of al1 of the projects tdentified in thls study as

having the potentiar to be econonically attractive under present

conditions.

Based on the beneftt-cost ratfos for the individual proJects ar¡d the

different phases of irrigation deveropment, it is apparent that the

irrigation potential of the prairies varrants further, more detailed
study than vas possible in a study of this nature. In conparison to the

amount of the potential direct ar¡d indirect benefits r¡hich could arise
fron large scare deveropment of the irrlgation potentlar of the

prairies, the expected costs of such a study r¡ilr be insignificant.
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TÀBLE 5-l BENET'IT cosr RATro, IRR: pREsH'fr co¡tDrrroNs

SI1E i=1
B/c

sl 0.978
s1R 0.624
s2 0.832
s2R 0.556
s3 1.031
s3R 0.668
s4 1.81-8
s4R 1.374
s4R2 1.588
s5 2.365
s6 1.600
s4R56 1.?63
s7 0.705
s8 1 .401
s9 0.557
s10 l-.113
s1_1 1.594
s12 1.594
sl-3 0.935
s14 0.534
sl_s 0.922
st_4, L5 o.722
s16 1.146
sl-6R 0.570
s17 0.969
sl_?R 0.423
s19 0.553
s20 0.382
szl 0.399
À1A I.'t20
Àl_B 2.29t
A1C L.L72
.41ÀB 2.194
À2À 2.383
A2B 2.342
À2C 1.305
.a,2cR 0.969
À3À 1.233
À38 l-.508
A3AR 1.406
À3BR 1.171
m 0.905
H2 0,909

DIRECT BENEF'IT_COST RÀTIOS
FÐR INIER.EST RATES OF

i=2 i=4 i=6 i=B
B/C B/C

0.773 0.455
0.479 0.267
0.657 0.386
0.427 0.238
0.852 0.553
0.531 0.327
L.48B 0.975
1.099 0.688
I.257 0.766
1.873 1.161
t.252 0.7s5
l-.389 0.851
0.539 0.299
0.130 0.719
0.501 0 .278
0.877 0.516
1.314 0.869
L.322 0.884
0.762 0.491
0.441 0.292
0 .77 4 0. 528
0.602 0.405
0.962 0.659
0.452 0.278
0.799 0.528
0.335 0.207
0.441 0.255
o.294 0.164
0.309 0. t-75
t_. 313 0 .7 49
1.756 1.014
0.891 0.502
1.680 0.968
1.825 1.052
1.793 1.033
r.043 0.641
0.740 0.420
0.975 0.588
1. 260 0 .7 49
1.069 0.603
0.889 0.499
0.6s9 0.303
0.662 0.307

B/C B/C
0 .24I 0.095
0.134 0.051
0.200 0.07?
0.119 0.044
0.357 0.2L4
0.196 0.LLz
0.620 0.376
0 .420 0.245
0.461 0.267
0.708 0.416
0.445 0.253
0.512 0.296
0.151 0.050
0.445 0.264
0.140 0.055
0.273 0.113
0.554 0.336
0.569 0.348
0.305 0.180
0.185 0. t-13
0.347 0.219
o.262 0.L62
0.434 0.274
0. 168 0.099
0.338 0.208
0 .L26 0.074
0.132 0.0s3
0.081 0.030
0.088 0.033
0.408 0. L99
0.562 0.278
0.270 0.L29
0.535 0 .264
0.580 0.284
0.559 0.278
0.367 0. L83
0.225 0.106
0.331 0.163
0.419 0.206
0 .324 0.154
0 .266 0.125
0.080 -0.059
0.087 -0.049

ÀLT ALT IRR
DRNGE ENRGY
i=4 i=4 %
B/C B/C

0.400 0. 3l_3 <1.0
0.234 0. L99 <t .0
0.336 0 .252 <1. 0
0.208 0.169 <1.0
0.521 0. 4l-1 L.2
0.303 0.266 <1.0
0 .902 0 .734 3. 9
0.637 0.553 2.5
0.708 0.651 3.0
1.076 0.964 4.7
0.697 0.622 3.0
0.788 0.724 3.4
0 .263 0 .245 <1.0
0.667 0.569 2.6
0 .245 0 .227 <1. 0
0.453 0.400 1.s
0.805 0.62L 3.4
0.820 0.638 3 .5
0.455 0.364 <1.0
0 .272 0. t_95 <1.0
0.493 0.355 <1.0
0 .377 0 .270 <t .0
0.614 0.434 1.8
0.262 0.218 <1.0
0.497 0.383 1.0
0.194 0.165 <1.0
0 .224 0.l_80 <1.0
0 . 1_43 0 .l_08 <t .0
0.153 0.118 <1.0
0.674 0.633 3.1
0.912 0.857 4.0
0.452 0.425 1.6
0.8?1 0.81_9 3.9
0.944 0. 863 4 .1
0.927 0.847 4.0
0.575 0.459 2.2
0.377 0.341 <1.0
0.527 0.431 1.9
0.672 0.573 3.0
0.541 0.495 2.3
0.448 0.4L0 1.6
0.228 0.190 <t.0
0 .234 0.z]-L <1.0

NCI,fES: 1) i is interest rate in t, IRR is internal rate of return in tfor present conditions deflned in Chapter 2
ÀLT DRNGE ls alternate pattern of drainage
ALT Eù¡RGT is alternate energy cost of $0.08 per Kvh

{

2)
3)
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TÀBLE 5-2 BENEFTT-cosr RATros: pREsE$tr coNDrrroNs, vÀRrED pRIcEs

SITE
B/C

st- -0. 033
slR -0.019
s2 *0.037
92R -0.023s3 0.084
s3R 0.049
s4 0.148
s4R 0.1 04
s4R2 0.11_6
s5 0.167
s6 0.094
s4R2,516 0.125
s7 -0.007
s8 0.118
s9 -0.006s10 -0.012
sLl 0.125
s12 0.134
sl_3 0.074
s14 0.030
s1_5 0.073
s14,15 0.049
s16 0.078
s16R 0.033
s17 0.068
st_?R 0.02'Ì
s19 -0.014s20 -0.018s21 -0.0L7À1À 0.032
ÀLB 0.043
A1C 0.021
ÀLÀB 0.04L
À2À 0.023
À28 0.022
AzC 0.014
À2cR 0.009
À3À 0.013
À38 0.016
À3AR 0.013
3ER 0.011
Mt_ -0.259ú2 -0.239

GI=-25t
DIREgf BENEFIT-COST RÀTIOS FÐR i = 4.0t cr

GI=+0t GI=+251 GI=+50t GI=+100t for
B/c B/c B/c B/c B/C=I0.456 0.934 L.411 2.365 280.26'.t 0.547 0.826 1.384 650.386 0.797 1.20s 2.032 350.238 0.493 0.747 1.255 750.563 0.974 l-.384 2.206 26

0 .627 0.566 0.80s L.283 700.975 1.684 2.393 3.8L1 10.588 1.189 1.689 2.693 t 50.765 L.324 1. 881 2.996 101.161 2.013 2.859 4.5ss _4
0.755 L.323 1.890 3.025 100.851 1.473 2.094 3.337 60.299 0.500 0.900 1.501 600.719 1. 231 L.7 44 ?.768 140.278 0.557 0.83? 1.395 550.516 1.034 1.551_ 2.387 250.869 1.504 2.138 3.40? 5
0. 884 L.525 2 .L64 3 .444 s0.491 0.845 1.201 1.911 360.291 0.498 0.702 1.110 860.528 0 .887 L.242 1.952 320.404 0.68s 0.962 1.51? 53
0. 658 1.115 1.569 2 .475 t-80.278 0.472 L.663 1.046 1000.528 0.891 L.25L 1.969 330.207 0.350 0. 491 o .773 1400.255 0.520 0.?86 1.31? 700.154 0.343 0.523 0 .882 u50.175 0.363 0.552 0.s23 110
0 ."t 49 r. 436 2.L24 3 . 499 91.014 t_.945 2.876 4.737 00.502 0.964 L.425 2.348 27
0 .968 1. 857 2.7 46 4 .524 0t_.052 2.039 3.025 4 .999 01.033 2.002 2.97L 4 .909 o
0 . 641 L.242 t_.846 3. 045 150.420 0.814 1.208 t_.996 370.588 1.139 1. 690 2."Ì93 i_8
0 .7 49 1.451 2 .L54 3 . 558 90.603 1.169 1.735 2.868 60.499 0.968 1.436 2.373 270.303 0.858 L.414 2.525 310.307 0.847 1.388 2.469 32

NgIEgi 1)
2)
3)

AII rralues based on effecttve interest rate of 4t
GI is lncrease of present crop prices, in percent
GI for B/c=L r¡alues based on rinear interporation betr¡een
calculated r¡alues



TÀBLE 5-3

SIIE i=l
GI=0t

sl 0.462
s1R 0.295
s2 0.387
s2R 0.258
s3 0.694
s3R 0.450
s4 L.225
s4R 0.927
s4R2 1.070
s5 L.458
s6 1.065
s4R2,5,5 1.164
s7 0.351
s8 0.874
s9 0.327
sl_o 0.554
s1l 0.983
s12 0.987
s13 0.579
sl-4 0.528
s15 0.911
sl_4,15 0 . 714
sl_6 t.] 32
s16R 0.563
sl_7 0 .957
s17R 0.418
s19 0.242
s20 0.L56
szL 0.166
Àl_À L.l-81
A1B L.574
À1c 0.805
À1ÀB r.507
À2À 1.625
A2B 1.598
a2c 0.890
AzCR 0;660
A3À 0.841_
A3B l_. 097
À3ÀR 0.959
A3BR 0.799
Ht 0.101
M2 0.118
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BSIEFIT-COST RÀTIOS, IRR: FtIPL,RE CONDITIONS

DIREST BEôIEF'IT_COST RATIOS
i=2 i=4 i=B
GI=ot GI=ot GI=ot
0.316 0.098 -0.130
0.196 0.058 -0.059
0.262 0.076 -0.1160.170 0.047 -0.0660.551 0.325 0.064
0.344 0.189 0.034
0.964 0.565 0. ll4
0.7L2 0.399 0.074
0 .811 0. 444 0.081_
1.098 0.587 0.0?5
0. ?99 0.427 0.066
0.880 0.478 0.081
0.236' 0.078 -0.065
0.672 0.372 0.05?
0.220 0.072 -0.051
0.385 0.134 -0.122
0.770 0. 439 0 .061
0 .779 0.451- 0. 058
0.449 0.250 0.035
0.436 0.287 0.182
0. 764 0. 520 o. 341
0.594 0.399 0.257
0 .950 0. 648 0 .426
0.446 0.274 0.l_65
0.789 0.520 0.332
0.331_ 0 .204 0.123
0.160 0.041 -0.0?5
0.099 -0.01_9 -0. 054
0.L07 -0.a?2 -0.056
0.859 0.422 0.012
1.150 a.572 0.004
0.583 0.283 0.008
1_.100 0. 545 0.015
1.184 0.583 0.004
r_.164 0.572 0 .003
0.677 0.355 0.002
0. 480 0. 233 0.001
0.633 0.326 0.002
0. Bl7 0.41_5 0 .003
0.693 0.334 0.002
0.577 0.227 0.002

-0.040 -0.227 -0.381_
-0.023 -0.208 -0.3s9

IRR
i=4
GI=25t t
0.465 <1.0
0.272 <1. 0
0.393 <1.0
0 .243 <t-. 0
0.661 <1.0
0.385 <l_. 0
1.145 1.8
0.808 <1.0
0.900 1.3
1.2s8 2.4
0.891 L.2
0.982 l_.6
0.309 <1.0
0 .777 <l-.0
0.287 <1.0
0.533 <1_. 0
0.941 <r.0
0.957 <1_. 0
0.531 <1.0
0.51,8 <1.0
0 .922 <1 .0
0.'tI2 <t_.0
1.l_61 L.7
0 . 490 <t-. 0
0.927 <1.0
0.364 <l_. 0
0 .240 <1 .0
0 .154 <t-. 0
0.164 <1.0
1 .001 t_. 6
1.389 2 .5
0.572 <1.0
L.295 2.4
1.414 2.6
1.389 2.5
0.851 <1.0
0.565 <1.0
0.790 <1.0
1.007 l- .3
0.8L1 <1_.0
0.671 <1.0
0 .167 <l_. 0
0.175 <1.0

NAtfESj. 1) GI is increase in present crop prices in percent
2) i is effective interest rate in t
3) IRR is lnternal rate of return in t for future corrditior¡s

defined ln Chaptex Z, fox present crop prlces.



TABLE 5_4 ECG¡OMICS

PRG]ECT

sL
s2
S3
s4
s5
S6
s7
s8
s9
s10
s11
s12
sl3
sL5
s16
s1?
Ml
H2
Àl-ÀB
À2À
À28
À2C
À38

PHASE I TC|IAL

H].R
AzC
À38
À3ÀR

PHÀSE II TOTAL

À1_CR

À3ÀR

PI{ÀSE III ftrrAL

159

OF IRRIC.ÀTION DEVET,OPMEIIIT:

PHÀSES OF
DEVEI.OPME¡¡T

I12t3
L12r3
L12r3
Lt2r3
Lr2r3
L12r3
112.3
Lt2r3
Lt2r3
Lr2r3
Lt2t3
LrZt3
I1213
Lr2r3
Lt213
Lr?r3

1
Lr2r3
Lr213
Lt2r3
l12r3

I
1

toF
AREÀ

100.0
100.0
l-00.0
100.0
l_00.0
100.0
L00.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
45.4

100.0
100.0
100.0
100.0
25.9
66.5

DIRETT
BENEF'ITS
sxL06
285.9
r-96.3
323.0
696.0
228.7
t_04.6

8l_. L
284.L
191. ?
14.8

253.0
109.4
tzI.6
134 .5
184 .0
145 .3
39.3
67.6

807.1
496.7
496.7
71.1

.281.0

5514.5

86.6
27 4.5
422.6

_4ZL_9

6482.7

13?.8
._6-4-6-_6

679L.2

PHÀSES I, rI, IrI

DIRECT
cosTs

$x106
627.0
508.6
573.7
713.9
l_97.0
l_38.5
27L.3
395.1
589.7
28.6

29L.L
L23.7
247.7
254.6
279.4
276.8
L29.8
220.2
833.8
472.L
480.8
111.1
375.2

8239.7

341_.5
428.5
564.3
693.5

9651. 3

402.8
1593. 5

10954. 3

DIRECT
B/C

RÀTIO
.46
.39
.56
.98

1.16
.75
.30
.72
.28
.52
.87
.88
.49
.53
.66
.53
.30
.31
.97

1.05
L.03

.64

.75

.58

.25

.64

.75
_.J9

.67

.34

.4.!

.62

2
2
2
2

NATEi

100.0
100.0
100.0
73.6

3

3

À11 direct benefit and
real interest rate of

100.0
100 .0

cost \ralues are the
4t

present rdorth at a



6.1 INTRODUCTION

Flom the flov surpluses determined in clnpter 3, and the r¡ater

regulrenents deLernrlned ln ctrapter 4 for the varlous proJects, lt ls
apparent that not all of the potential sites identified in this stqdy
can be developed vith slmple on-stream pump prants, since sore of the
source nodes of the rÍver netr*ork do not have sufficient surplus flou
available. Àssuming thät economic attractiveness uras the sole criteria
for project selection, the projects should be deveroped in order of
their economic attractiveness, as rrnasured by their internar rate of
return, untit the surplus flor¡ volumes r¿ere entirely allocated or until
the proJects remaintng to be developed had rate of returns less than the

mininum attractive rate of return, which r¡as defined to be J- percent.

To examlne the frow alrocatlons reguired for deveropnent of these

proJects, the rr¡ater balance ¡nodel developed ar¡d described in Chapter 3

nas entnnced to lncorporate the irrlgatton wlthdravals for the new

developments, the return flows associated vith the new irrlgatlon
deverognents, the possibre rntra-basln frow dlverslons, ard any nel,

storage reservoirs required to satisfy the irrigation demands of the new

develo¡ments.

i_60

6 '2 WAIER BALÀNCE MODEI, FoR TRRIC,ATION oF ï{E PRAIRTES

Às rns previor:sly described in chapter 3, the rrater barar¡ce moder

comprises a number of nodes or points throughout the pralrie river

i
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s)¡ste¡n (see Figure 5 on page ?9), ad is structured to e><amine the

prairie river netuork for a duration of one average yeêr¡ uith the ¡æar

belng dlvlded lnto four tlrne perlods of varying length. The nodel

begins wlth the average natural flov voh¡res for each node durlng each

of the four tlne periods, ar¡d then determines the totat net rateral
inflon between each node and the node or nodes imnuediately upstream from

it in the prairie river network. rt¡e actr:al flor¿ at a node is
determfned by adding the carcurated rateral inflow, prus any diversion
or change in storage at that node, to the flow at the u¡rstream nodes,

and then subÈracting the nev and existing nater requirements at the node

of interest. Ttre same procedure is then followed for each and every

node throughout the moder netvork, novlng frorn the most upstream nodes

in the Ræky Mountains to the most dor,¡nstream nodes in l'lanitoba. This
procedure can be stated mathematically as:

QRr¡ = QRxe * LIro - (QHI¡) (KMIÈ) - (eEIr)(KIRË)

(Q¡¡I, ) (XtR*) (I-KRF) f QD¡o t QSTRT.

nhere QRge

Q.Rxe

= river flor¡ at node j during time t in dam3

= river flor¡ at nodes k immediately upstream fron node j
durlng tine t ln dams

= Iateral lnflor¡ at node j dwing tine t
= natural QRce - OR¡.e

= exlstlng annual net demand for municlpal and lrdustrlal
vater use at node j, assumed constant throughout year

= (nr¡nber of months in time period l) / (LZ)

= annual ne! nater consùmption of exlsting lrrigation
supplled from node J

LI r.

Q},fI r

KllI¡

oEIr



KfRr =

1,62

proportion of annual crop 'r/ater requirement supplied during

tine period t
annual gross water ryithdrar¿als from node j for irrigation
of the proposed developments

proportion of return flon to nev lrrlgation r¡lthdrarr¡al

volune diverted to,/from node j during tirne period t
change ln storage at node J durlng tlme perlod t

QI'II , =

KRF

QD¡¡

QSTRTC

The model determines the difference between the calculated flow and the

nininum release required to maintain acceptable flor¡ regime for the

other instream water users at each node. Àt a node where the minimr¡n

release has previously been defined (i.e. Table 3-2 on page 90), the

defined release r¡ras used in place of the release reguired to rnaintain a
suitable flow regime. The model also determines the fLor¿ difference
between the flow provtded ard the flov allocatlon reguired to satisfy
the provisions of the Master Apportionment agreement at those nodes

located adjacent to a provincial bourdary.

By examining the flov surpLuses (i.e. positive differences) ar¡d flow

deficits throughout the s1ætem one can readlly observe where addttlonal
vithdrarsals for irrigation of the proposed areas can be made, and r¡here

addltional storage of flow is regulred.

6.3 RER]RN FT,OWS

It shoul-d be noted that implicit to the flov algorithm is the assumption

that the return flov from a new development will enter the river network

at the node from which the irrigation dernands for the project were

witMrawn. This is expected to be the case for the majority of the
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areas e)€mined in this strdy, since the nodes of the netvork are

generally guite far a¡nrt and most of the proposed areas are quite close

to the suppty source node, and thus the majority of the return flow Is
expected to enter guite crose to or at the source node. For the

purposes of this study, this sirnplifying assumption rdas judged adeqrnte

as it is guite dlfficult to determine the exact potnt where these return
flow volunes would enter the river network. For a more detailed study,
it rnay be desirable to deternine exactly vhere the return flovs from a
proposed develo¡xnent r¡il1 enter the river netvork, as well as the

slgnlflcance of any tlme lag betveen the dlverslon of the flor¡ ard the

return of some portion of that flow.

Ti:e return flor¡ from the diversion for irrigation of the nen

developnents ms assuned to eqr:al 20 percent of the gïoss yater

diversion required to irrigate the development (i.e. Table 4_1 on

page 123). Íhis frow r¡ras expected to arlse from the canar ard

distribution s¡æte¡n rrater losses, the effluent flov from the subsurface

drainage s1ætem, and the r¡¡ater rosses of the irrlgatton s¡ætem durrng
the application of the r¡ater to the fields. Tt¡e constant return fror*
r¡alue of 20 ¡nrcent rsas based on an examination of the expected losses,
as well as the estlmated return flows for several existing projects
[2816ll ' rn reality the volume of treturn flors from a glven deyero¡xrnnt
t¿ill be a function of the local groundnater flons, the soil, the
molsture ler¡el of the soir, the topography, and the nrethod of
irrigation. Given the uncertainties involved in all of the relevant
parameters, the assumption of a return frow equal to a constant

20 percent of the gross diversion for the developnent during that tinre
perlod rvas deered suff tciently rralid for the purposes of thls str:dy.
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6.4 FLO}T ÀLLOCATIONS FOR IRRIGATION

The flov allocatlons requlred for developing the lrrlgatlon developments

identified in this study vere determined using the ryater balance model

described previously. The basic philosophy of the allocation pattern

uas to develop the proposed projects in order of their interrnl rate of
return, as deternined in Ctnpter 5, until the flov at a node became less

than the defined rnininun arlovable ftow at that node, vhereupon no

further development could occur without supplementary measures such as

diversion or storage and subsequent release of fror¡. provided

sufficient r¡ater r¡as arrailable at a node, develo¡xnent of the proposed

Þrojects would continue until the projects remaining to be developed had

rate of returns of less than 1.0 ¡rercent for their direct and ir¡direct
benefits and costs.

It should be noted that throughout all of the ¡nodel solutions for the

r¡arious development scenarios, the flons dorm the South Saskatcher¡an

river at the Àlberta-Saskatcher¡¡an border r¡ere allot¡ed to drop below the

flow required for the provincial apportionment during Jury, but the

annual flow apportionnent vas balanced over the average )near simulated

by the model. Cl¡rrently, there is no defined time period for which the
provinciar fl-ov apportionrnents nust be balanced, but in practice it is
taken to be on an annual basis.

The development of the potential irrigation sites identified as

economically feasible in Chapter 5 were separated into three distinct
phases, based on the nature of the neasures required to suppl! the

proposed sites with water.
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6.4.1 Phase I Developurent : Natural Flons

the first phase of irrlgation development examlned the flov allocations

reguired to supply the ne¡¡ projects r,rlth natural river flords wlthout

reguiring ner¡ storage reservoirs nor inter-basin diversions. For the

purposes of ranking the economic desirability of the r¡arious projects,

the rate of return for developing onry a portlon of the project uas

assumed to equal that for the entire project vhere uater volunes proved

insufficient for full developnent of a proJect. TtrÍs assumption rny not

be consistent with scale economics, but greatly simptified the analysts

and sas reasonably consistent vith the cost functions for the canals,

pump plants, plpelines, and pumping enerçÍy.

The proposed projects nhich could be developed under the conditions

outrined in the above scenario are presented in Table 6-1, hrhire the

courplete water balance nodel sotution for the phase r irrigation
devero¡xnent is presented in Appendix A. The total area that can be

irrigated under the Phase r deveropment is 112351000 hectares in

Alberta, Lr5901000 hectares in saskatcher*an, and 1401000 hectares in

ìhnitoba, for a totar area of zr96sr000 hectares, which is ?4 ¡nrcent of

the total area identlfied as potentially irrigabre tn thls str:dy,

It must be'stressed that the results of the yater balance model are of a

prelimlnary nature only, slnce the flow allocations determined are based

purely on the recorded natural florr¡ volumes, rather than the actual

flor,¡s 'vhich result from the present or future operation of the many

control rvorks and reservoirs on the prairie river network. It should

also be noted that the flot¡ allocatlons for lrrtgatlon from the model

represent a reasonable upper bour¡d r¡alue for the r¡¡ater available for
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irrigation, since the mininum flow releases utiltzed in the model are

guite low for the other instream users. Slnce the intent of this study

is nerery to determine vhat proJects varrant further, more detailed
study, the veracity of the flov allocations from the model rr¡ere deemed

suitabre given the reconnaissance nature of this study.

rt should be noted that the only reservoir in operation under this
scenario is that of rake Diefenbaker, fron vhich many of the proposed

developrnents are supplied vith water. To simplify the arurlæis, the
r¡ater demands for those Projects supplied from the eurÀppel1e River r¡ere

assunred to be satisfied directry from i.ake Diefenbaker, rather than

release the rnter from the Lake Diefenbaker reservoir into the

QufAppelle through the existing riparian outlet at the eu'Àppelle Dam.

6.4.2 Phase II Develo¡xnent : Storage of Flow

The secor¡d phase of irrigation developurent examined the flow allocations
required vhen storage reservoirs were added to the model network to
allow the further developnent of the potentialty irrigabre areas.

Storage was required at Lethbridge (node 2), Calgary (3), and

Holland (25) to ensure that minimum allowable flor¿s vere maintained

throughout the simulation period.

Ttre proposed projects r.¡hich coutd be developed under the conditior¡s

outrined in the above scenario are presented in Tabre 6-1, vhile the

compLete solution of the water barance moder for the phase rI
develo¡xnent is presented in Appendix A. Tt¡e totar area that can be

irrigated u¡der the phase rI developnent is 1r?10,000 hectares in
Àrberta, 115901000 hectares in saskatcherran, and zl-0,000 hectares ln
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ìlanitoba, for a total area of 315101000 hectares or B0 percent of the

total area identified as potentialry irrigable in this str:dy.

6.4.3 Phase rrr Develo¡xnent : Flov Diversion and storage

Íhe third phase of irrigation development exarnined the flor¡ allocations

reguired vhen flot¿ tns diverted from the North Saskatcher¡an river basin

to the Red Deer and Bov rivers for furl development of the proposed

irrigation developments at Bindloss (node ?) and Catgary (node 3)

respectively. Àdditional flov was required for the full development of
these sites since the Àlberta share of the South Saskatcherran flov
apportiorunent r'ras already furly committed under the second phase of

irrigation develo¡ment. Ttre diversion works vere based on those

detailed in the SNBB project catarogue t?01. The flow capacity of the

vorks were determined frorn the volume of rrater required, and assumed the

diversions vould only operate for a five month period during the swuner

to li¡uit vinter flov and ice problems. To ninimize the florl capacity

required, the urinlmum rive storage at cargary arso had to be slightly
increased.

ltre proposed projects nhich could be developed under the conditions

outlined in the above scenarlo are presented in Tabre 6-1, while the

compì.ete sorution of the rrrater barance model for the phase rrr
deveroprnent ls presented tn Appendtx À. The total area that can be

lrrigated ur¡der the third phase of irrlgatlon development Is
1¿8901000 hectares in Arberta, r-r5901000 hectares in saskatchevan, and

210'000 hectares in Manitoba, for a total area of 3f690r000 hectares or

93 percent of the total area identlfied as potentlally irrlgable ln this
study. Developrnent of the re¡naining area was found to be economically

I
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infeasible under present economic condltlons, as dlscussed ln Chapter 5.

Should future corditlons increase the economic attractlveness of these

currently infeasible projects, then additional diversion of flov from

the North saskatchemn, the peace, the smokey, and the other rivers of

northern Canada Inay hre reguired to develop the irrigation potential of

these additional areas. For this study, the flor.¡ diversions from the

North saskatche!/an lrere sufficient for furl development of those

projects which appear to have the potentiar to be economicarly

attractive under present conditions.

It must be noted that in general, inter-basin transfers of flow can be

quite controversial due to the environmental concerns associated vith
the potential for transfer of biota, and due to the poritics invorved

'¡hen a resource ls taken from one reglon to allov further developnent of

a another region. In the case of thls study, the onl-y transfer of flot¡s

examlned in the simulations are small- volume diversions from one sub-

basin to an adjoining sub-basin rvhich äre connected further do'*nstream,

and thus no major environmental concerns are foreseen, other than those

associated with the construction and operation of the actual diversion

vorks themsel-ves, which nay tre guite significant but r¿ere deened beyond

the scope of this study.

Because of the possible contentious nature of such dlversions ar¡d florr

transfers, it Is possible that the envisioned diversions would be deened

politically and,/or environmentally infeasible. For this reason, the

developnent of lrrlgatton proJects 'rrhlch are deperrdent upon lnter-basln

or subbasìn transfers of flov was analyzed as a phase of development

distinct from the previous two phases of irrlgation developrnent.



6.5 FÍ,OVI SHORTÀGES A¡¡D RISK

An implicit assumption to all of the flov allocation patterns determined

in this str-rdy is that a shortage of vater vorure in any of the three

time periods of l,fay-June, Jury, ard August-septernber will reduce the

overall annr:a1 benefits of the area not supplied during the shortage to

zeÍ,o, that is, any crop area not supplied vith its full r¡rater demands

throughout the irrigation period r¡ras assuned to have no benefits, and

thus should not be supplied r¡ith r¡ater. This assumption is only of

Iimited validity, since the actr¡a1 crop damage and the subsequent loss

of beneflts assoclated vlth a '¿ater shortage vtl1 rrary vlth the degree

of the shortage, the crop response to the sub-optlrnal amount of water

suppried, and the tining of the shortage. significant rrater shortages

imnediately prior to or during maturing can greatly reduce the yierd of

cereal grains, but the darnage rrray be greatry nitigated by rainfall
ard/or changes in the soir moisture stored. For the case of r¡¡ater

shortages r¿hich occur in the peak dernand month of Jury, as they ,ilo

throughout the simulations for this study, the assumption is valid ar-¡d

greatly simpllfled the analysis.
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6.6 sroRÀGE REpUIREMmIITS FÐR IRRIGATION

Thre required changes in storage vorune at the r¡arious proposed and

existlng reservoirs vere determlned heurtstically uslng engineerlng

Judgrnent, slnce the simplicity of the netvork and the raprd solution

tine of the model greatry facilitated such a solution. rnitialry,
several compÌex storage con-trol schemes r¿ere formulated and incorporated

into the moder, but the heuristtc (or trlar and trer¡d) method of

solutlon proved to be the easiest to for¡nulate and provided the most

{
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flexibility for incorporating engineering judgiment into the solution

process.

rn general, the change in storage volume for each time period vas

serected such that the minimu¡n acceptable outflow ras malntained

throughout each tlme period. The net annual change in storage volume at

each reservoir site was constrained to egual zey,o, since the simulation

period is for one average year and any changes in reservoir storage must

be achievable throughout the majority of the 1ife of the proJects. The

storage ca¡ncities of the pro¡nsed reservoirs vere deternined from the

pattern of storage changes, and the ¡naximum capacity required rras

constrained to be less than the largest of those presented in the SNBB

project catalogue t70l for that particular site. The storage ca¡ncities

reguired at the different proposed reservoirs for each of the rrarious

stages of lrrigation deve)-opment are presented in Table 6-1,

It must be noted that the only existing reservoir inch:ded in the model

is that of take Diefenbaker, which proved to be essential for proper

nodeling of the ftorv nithdranals for the many proposed irrigation

developrnents supplled from the reservolr. 9thile there is no theoretlcal

difficurty to incorporating all of the existing reservoirs of the

prairles into the model presented herein, the uncertainty of their
future o¡nrating poricies and the increased model comprexity would

greatly limit any increase in the veracity of the floy allocations. The

inclusion of all of the existing reservoirs of the prairies ryas deemed

beyond the scope of a str-¡dy of this nature, but should be inch:ded in a

nore rigorous arnlysis of the flon allocations required for large scale

developnent of irrigation on the Carndian prairies.
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6,7 IMPACT OF IRRIGATION DEVEI,OPMET\¡T oN }TÀIER QUÀLITY

Given the large areal extent of the potential irrigation developments

belng examlned in this str-ldy, and the vorr¡ne of the potentiar return

flor.¡s associated with these developments, it is possible that vater

guality problems could arise in some of the rover portlons of the

pralrie river netl¡ork during 1or,¡ flors periods should significant
portlons of the pralries be lrrigated. presentry the water guartty on

the nnjor prairie rivers is guite god, ar¡d in cornbination vith the

flor¡s required to satisfy the provinciar apportionnent agreement is

expected to preclude serious water guality problems on the major rivers
in Saskatcher¡an and Alberta. If all of the potentlal projects

identified in this study are developed, it is possibre that the flovs

entering l'4anitoba nay not be of acceptable guality during extrenely low

flow ¡ears, since the total volume of return flor¡ from the upstream

irrigation developrnents courd b as great as 20 percent of the total
flov at Ítre Pas. Tt¡is exbrernely gualitative and linited r¡ater guality
anallæls neglects the dilutlon and concentratlon that occurs as flows

are added and then vithdrawn along the river network, but it does

indicate that should aII of the potential areas be developed then it is
possibl-e that some water guality problems may occur on the lor¡er

portions of the river netrvork, the exact extent of which was deemed

beyond the sco¡n of this study. rt is apparent that a more rigorous

analysis of the large scale irrigation potential of the pralries must

examine the r¿ater guality aspects of the return flovs associated vith
ttre large scale lrrigation developments in considerably greater detait
than did this study.
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It is interesting to note that at present there are no rrater guality

limitations in the provinciaL r¡ater apportionment agueement.

6.8 nFrgcrs oF FT,ow ÀuocÀTIoN oN RMR REcIlm

Àn alluvial river alvays maintains a dynamic eguilibrium betr¡een its
riverbed or course, the flows dor*n it, and the sediment carried by ard

t¿ithin the riverflor¡. Àny alteration in the pattern of flor¡s or

sediment transport will irduce changes in the river network as the river
attempts to return to a dynamic eguilibriun. These changes rnay include

aggradation in reservoirs, degradation dovnstream of reservoirs. an

lncrease or decrease In the meander rength of the rlver, bank

instabirity, or a change tn the character of the strean such as from a

braided to neandering channel. Given the uncertainties lnherent to

river regine theory, and the uncertainty of the actual flov allocatlons

required for large scale developrnent of irrigation of the prairies, the

specific response of the prairie river netr¡ork to the flow allocations

presented herein was deemed beyond the scope of this study. rt is
apparent that the possibre changes in river regime shourd be one

coutponent of a more detailed arnllrsis of the proposed conve)ance r¡orks

and the frow arlocations reguired for large scare irrigatlon of the

prairies.
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TÀBLE 6-1 IRRIGATION DE\¡EI,OpMEMI: PFIÀSES

PROJECT

S1
s2
S3
s4
s5
s6
s7
s8
s9
sl0
s11
sl,2
s13
s]_5
sL6
sl7
M1

H2
A1ÀB
A2A
A2B
azc
À38

MIR
AzC
À38
A3AR

AlCR
À3AR

NO{IES:

PHÀSES OF
DEVELOPMET{T

Lt2t3
I.2t3
Lt2t3
l-12.3
L12r3
7r2r3
Lr2t3
3-12r3
Lr213
Lt213
L1213
112t3
L12r3
Lt2r3
L12r3
Ir2r3

1
L12r3
Lr2r3
Lr2r3
Lt2r3

1
1

I{ATER USE
DÀl'{31_03

419 .39
322.56
313. ?5
647 .93
262.88
130.05
94.01

280.2L
245.34
]-5.23

288.58
112.98
l_33.75
L42.57
282.4L
It1.09
205.79
131. 55
953.31
668.81
672.65
329.88
627 .33

205.79
329.88
627.33
94.10

174.89
94 .10

t
DEV

100.0
t-00.0
100.0
100.0
100.0
100.0
100.0
100.0
1_00.0
100.0
100.0
100.0
100.0
r_00.0
100.0
100.0

45.4
100.0
100.0
r_00.0
L00.0

25.9
66.5

100.0
100.0
100.0
73.6

100.0
100.0

SCIJRCE

NODE

L7

Trrr., rrI

ST"ORÀffi
REQUIRED
¡toDE voI.

L7
L7
10
10
10
10
t0
22
10
L0
1_0

10
10
L0
26
26

7
3
3
3
2

26
3

2
3

7
3

DIIERSION
RMUIRED
NODE VOL

2
2
2
2

3
3

l0 1100

1) water use volumes are in Dam3xl.Os, 1.0 Dam3 = 1000 m32') t Dev is the percentage of the totat project area that can
be supplied viLh rr,ater

3) Àr1 storage ard'diversion volumes are in dan3x103 per )¡ear

26 25
3 350
2 100

3 400
7 1_50

3 200



7.L GENERAL CONCT,USIONS OF THE STUDY

The purpose of this reconnaissance study was to examine the irrigation
potentlal of the Canadian prairies and identify potentlal irrigatlon
projects that may r¡arrant further, more comprehensive analysis. The

revel of detail r¿hich courd be examined in this study rns exbrenely

linitid due to the nature of this study and the large number of projects

examined, 41 in all.

The decision to develop the potential irrigation projects identified in
this stt¡dy vilt be a politicat act incorporating the best judguxent of

the r¡arious agencies interested in large scale deveLo¡ment of the

irrigation potential of the Carndian prairies. Based on the anallæis

presented herein, approximately 219651000 hectares of prairie farmland

courd be lrrlgated by the phase r developnent scenario, in vhlch only

the naturally available river flor¡ volumes are used for irrigation, at a

total cost of approximatery $8.2 billion, and would produce direct

benefits t¡ith a present worth of S5.6 billion, f.ox a benefit-cost ratio
of 0.58 at the best estinate effective interest rate of 4.0 percent. If
indirect benefits are included, the actr:al benefits could approach 914.0

billion, for a benefit-cost ratio of 1.?0 at an effective interest rate

of 4.0 percent. The area irrigated represents the deveropment of

approximately 74 percent of the area identif ied in thls stey as

potentially irrigabre. The irrigated area could be increased to

3r69Lr000 hectares through the construction of additlonal storage

i
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reservoirs and intra-basin flow diversions under the phase lrr
develo¡xnent scenarlo, but the costs increase to approximately

$10.95 billion, while the direct benefits only increase to

$5.75 billion, for a benefit-cost ratio of 0.62. The area irrigated in
the Phase rrI develoFxent scenario represents the develoErent of

approxinrately 93 percent of the area identified as potentially irrigable
ln this study.

It should be noted that thls study e><amlned the irrigation of only those

äreas vhich had previously been ldentified as vell suited for irrigation
(i.e. class l ard 2 soils only). !{hile the majority of the land

currently cultir¡ated on the prairies r,¡ould benefit from supplementary

tlater, providing it rns of suitabre guarity, the costs of the drainage

and convelance norks required are expected to be considerably more

prohibitive than for the class 1 ard 2 soils examined in this study.

Should future conditlons alter the relative attractiveness of irrigation
deveropnent, then the potentiar of the class 3 ar¡d 4 soils shourd

undergo further, more detailed eraluation.

The economic attractiveness of deveroping the irrigation projects

e><amined in this study rvere found to be extremery sensitive to the

effective lnterest rate used to eguilibrate the benefits and costs, and

to variàtlons in the crop prices used in the anallæes. Às an exanpre of
this sensitivity, a 25 percent increase in grrain prices r¡ou1d increase

the total benefits of the phase r development from 95.6 bilrion to
approximately S10.5 billion, for a direct benefit_cost ratio of. L.27.

Due to the uncertainty of future crop prices and interest rates, this
stttdy used the present conditions vith an effective interest rate of
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4.0 percent as the most probable conditions for er¡aluating the econornic

attractiveness of developing the proposed irrigation proJects.

Iihile the totar costs of developing the irrigation potential of the

prairies may appear prohibitive, the overalr s1ætem comprlses eighteen

to twenty discrete irrigation projects r,¡hose costs range frorn 929

¡nillion up to $1.59 billion, and whose direct benefit-cost ratios range

from 0.30 to 1.16. Should future studles ard condltlons determlne that

large scale irrlgation of the prairies is desirable, it is expected that

development of the areas and construction of the conve)¡ance norks will
be staged over a prolonged period, thus limiting the totar amount of

capital reguired each lear.

Based on the lnformatlon presented herein ard summarlzed above, It is

apparent that the potential for large scale irrigation of the pratries

r¡arrants further, more comprehensive study than yas possible for this

study. The expected costs of such a study vould be insignificant in

comparison with the arnount of potential direct and indirect benefits

which could be produced by irrigation of the prairies.

.1.2 
AREAS FÐR zuRTHER STUDY

There are innumerable areas rvhich require much.more detailed and

conprehensive e><amirntion than was possible in this study, nany of r¡hich

have been outrined and discussed in the rerevant sections of this

report. Areas which must be exarnined in greater detail r¿ould include,

but by no means be llmited to:

- the on-far¡n benefits (or disbenefits) of irrigation under the

present crop conditions as r¿elI as the probable future crop

I
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conditions r¡hich may exist at the completion of the irrigation

development period

the ir¡direct benefits and costs associated vith the deveropment of

irrigation projests

the conve)ance systems required to supply the proposed projects

incruding the canalsr pump prants, piperines, storage and balancing

reservoirs, distrlbutl0n s1æten, drainage s1ætem, and any other

components

the actuar fror¡ volumes arrailable throughout a prolonged period of

record for each portion of the prairie rlver netnork, and the

possible influence the existing and envisioned reservoirs and

control rvorks courd have upon the frow volunes ar¡airabre

the envirorunentar degradation ar¡d changes irduced by the

construction ard operatlon of the control works, and the flon
r¿itHrar¿als required for the proposed irrigation projects

the changes to the regine of the prairie river network induced by

the r*ithdrar¡rals and diversions of flord

the vol-ur¡e of return flor¡s produced by rarge scare irrigation of

the prairies, ard the possible r¡ater guality problems which may

result fro¡n the return flor*s and,/or the increased concentratlon of
t¡rastes ard effluent due to the decreased river flor¿rs

the lrrigatlon potential

condltions lncrease the

develo¡ment

of the class 3 and 4-soils, should future

relatlve attractlveness of irrigatlon
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}fhile it should be noted that this str-rty provides a limited examination

of a very complex problem, and many sirnplifications and assumptions were

reguired to facilitate the anallæis, the inforrnation presented hereln

provides a good basis for subsequent discussion and study of the

irrigation potential of the Canadian prairies.
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