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The purpose of this thesis is to present a potential

irrigation d.evelopment project in such a way that the pre-

limi-nary design and economic analysis of the development

embodies sufficj-erlt interesting alternatives to be of value

as a tool for academic instruction in the field of Water

Resources.

A mod.el irrigation project with suitable topo-

graphic and hydrologic parameters has been establj-shed to

satisfy the foregoing requi-rements. Ample data has been

presented to enable the student to analyze the Hydraulic

and. Civil Engineering aspects of the problem and to caTty

out an analysis of the benefits and costs of the project.

ItisexpectedthattheworktobecarriedouL

by the student will require sufficient in-depth calculations

and study t.o introduce the sj-udent to the methods and scope

of work that must be undertalcen by the practising engineer

for a ma-ior irrigation project.

The material presented has been summarized and is

only intended for use in a preliminary design study. The

dat.a presented in the chapter entitled "Avaifable

Information" are typical of the sort of informatj-on which

fha encrinr-ar r^rnrrlrl l-ra recnrired to assemble from earlierLIIç ç¡tY J¡¡UUr \av urv vu

TNTRODUCTÏON



reports and Government Agencies and present in the body of

his report. A brief discussion of computational formulae

for consumptive use calculations has also been included"

'Theproblemstatementhasbeenpresentedasa

Letter of Intent from the Governor of the Province of

Assiniboia to a consulting firm. The model has been assembled'

from Canadían and overseas resource studies and reports'

The main dam site on the Rio saska is similar to

the Tobin Rapids hydro development site on the South Saskat-

chewan River. River flows are recorded flows from the South

Saskatchewan at Saskatoon. River flows on the Rio Seco are

directly propor:tional to those for the Río saska but greatly

reduced. Rainfall records are also proportional to river

flows with a total annual rainfall equj-valent t.o that exper-

ienced in the southern United States. Rainstorm records

were obtained from mass curves of rainfall for Bar Harbour

as reproduced by Bru.ce and C'l arke (f966) 
"

The rain gauging stations have been distributed so

that a Thiessen pollrgon network can be constructed and rain-

fall values ior the stations have been set so that when a

frocrrranr:v c-ìrrve is construCted the 1-in-10 dry year and
llv\a

avera.ge year rainfall occur ivithin the period of record'"

fn order to ensure that irrigation v¿ater dema-nds

would be large enough to be of significance iu the multi-

purpose dam anal-ysis, which f orms an integral part of th-is



group thesis project, climatological data were obtained from

a standard atlas for latitude 260 in North America, high

consumptive use crops were chosen anC the size of the develop-

ment area was set at 300,000 acres

The topography of the canal routé and irrigation

district is based on the Morclen-Winkl-er area of Ivianitoba.

Subsoil cond.itions along the canal are such that an unlineO

canal suffers high seepaEe losses" The rather tortuous

stream crossing along the canal route was introduced so

that alternatives to a gravity canal such as aqueducts '
syphons, tuunels and open cut excavation would have to be

investigated.

The Río Seco dam site topography is based orr the

Treherne dam site on the Boyne Rj-ver in Manítoba. The river

valley width and potential storage volume has been increased

considerably" Foundation conditions lvere sel-ected so that a

zoned earth fíl-l dam would be satisfactory at this l-ocation.



LETTER Otr TNTENT

Saska Consult,
University of Manitoba,
Winnipeg, Manitoba"

Dear Sirs:

fn accordance with the powers vested in me, âs
Governor of the Province of Assiniboia, I hereby inform you
of the intention of the Province of Assiniboia, to ellgage
the services of Saska-Consult for the purpose of an
Engineering Feasibility Study of the irrigation of the Rio
Seco Basin. As discussed with your representatives, it will
be your responsibility to conduct an Engineering feasibiiity
study and economic analysis for the irrigation development
of :OO,OOO acres of agricultural land i-n the Rio Seco Basin.
These studies shall include the following Eeneral topics as
d.etailed in the Scope of Vfork of the Eng'i¡sq¡ing Agreement
of JuIl' 31, 1970.

1. Determine total diversion requirements and most
economical source and mode of conveyance of water
for the total- der¡elopment of the area" This
analysis shoul-d include, but not be limited to,
a storage dam on the Rio Saska, a lift station
f rom Lhe Rio Saska to a gra-vity canal, a storage
dam on the Rio Seco and ground waLer wells in the
nrnìacJ- ârea_.

2. Determine the most economical mode of water convey-
ance within the project area and the necessity for
and total cost of surface ancl subsurface clrainage"

Submit a feasibility repo::t rvith preliminary design
drawings, quantity and cost calcul.ations, economic
analys-ì-s of project alternatives and summary and
recommendations for implementation of works, wíthin
one year from the date of this Letter of fnl-ent"
This prel-i-rninary reporL shall be in such form as
to enable the Governor of the Province to appl1z to
Internationa.l Age¡cies for funds to finance further
stud.ies of the project.

Yours very trulY'

Governor 'Province of Assiniboia.



In response to a request from the Planning and

Development Agency of the Province of Assiniboia -i-n June

of 1965, a team of United Nations experts conductecl a

coordinated resources evaluation study of the Province.

On the basis of their investigations and subsequent report,

it was recommended that the Rio Seco Basin Àgricultural

fntensif ication scheme be furtirer studierl ê s a oot-ential

irrigation de-¿elopment project.

PREA-I4BLE

This particuJ.ar scheme was singled. out for

further investigations as the Basin was entirely within

Provincial- bounCaries, possessed a viable agricultural

economy inclu,ding some irrigated farms, enjoyed reason-

able proximity to a large dependable source of water and

had existing transportationr crop processing and storage

f a-cil-ities " The existence of these pre-requisites for

irrigati on development would greatly assist in tire poss-

ible establishment of the area as a pilot project for

future schemes and therefore stimulate further agricultural

intensification in the Province,



In accordance with recommendations contained ín the

United Nationsr ReporL on Water Resources Development of the

Rio Seco Basin, the Provincial Authorities established an

automatic stream gauge recording station upstream of Blaine

on the Rio Seco and supplemented the meteorological- data

from the station at Blaine with the establ-ishment of seven

additional rain gauging stations in the basin" Provincial

Departments, operating und.er the directj-on of United Nations

advisors al-so carried out reconnaissance surveys in the area

to determine soil classificatiorrs and capabilities, existing

and potential land use patterns, crop market values and

typical farm budgets"

A detailed survey and preliminary cost anal.ysis of.

a single-purpose hydro-electric develópment, with a dam and

reservoir situated on the Rio Saska, has been completed und.er

the direction of the Provincial Power Authority" This dam

and reservoir site was also recommended for potential mult.i-

purpose development, for si-ngle-purpose development as a

flood control storage dam or for municipal or irrigation

water supply pending further studj-es " Available data on this

storage s-i-Le includes topographic maps and foundation explor-

ation results r mean monthly discharges, stage-discharge,

elevation-storage capacity and dependable florv-storage

capacity relationships. Estimates of capital cost versus a



range of fu1I supply levels (FSL), based on current prices

are also available.

Engineering surveys \,vere conducted. to establish

topographical maps of potential dam sites and canal routes"

Subsurfa-ce investigations were conducted at potential dam

sites and mineral exploration drill holes were relogged

for geological mapping and a few existing on-farm wells were

tested for potential ground water yields and ground water

quality

In order to facilitate cost computations and. to

ensure that project comparisons are based on consistent para-

ma-l-arc .{-l.ra DfOVinCial- Plann-ìno anfl Deve'lnnmenl- CnrnofatiOnq¿¡u súvv¿vy¡Lrerju vv!I/v

has establi.shed cost relationships baseC on recent construc-

tion projects in the Province" The Corporation has

similarly establ-ished data relating to economic analysis,

specifica.lly, the period of analysis or depreciation for

various items of civil works, annual operation and maintenance

costs and the prevailing interest rates at which funds can

be obtained for capital projects.

The relevant i-nformation is summarizecl in Chapter I"



1-1 General

The Rio Seco Basin Ïrrigation Development shov¡n ín

the key plan, Figure 1 and in Figure 7, consists of 300'000

acres of land presently under cultivation" The land is

capable of moderate yields under existing cropping patterns

as the soils aIe fertile and wet season precipítation pro-

vides sufficienl- dependal:le moisture for crops such as

cotton, corn, dryland grains and market and forage crops.

l-2 ClimaLe

The project area is located at approximately 260

north lati-tude and the clinate has been described as tropical

savannah. Heavy rainfal.l occurs in four to five months of

the year as shown in Tabl-es V and VI and potential evapo-

transpiration exceeds raj-nfalI in six to eight months "

frrigation v¡ould ]:e required for most crops during the d::y

season and wit.h irrigation the growing season could be

extended over the full vear"

1-3 Streamf -]-orvs

CHAPTER

AVAILABLE TNFORMATÏON

Continuous florv records and a stage discharge



relationship are available for the Rio Saska. Values for

the period I94L to i-970 are shown in Table III. Stage

records have been kep-t on the Rio Seco since 1959 and average

monthly discharges are shown in Table IV" The stage dis*

charge relationship was checked during the l-ast four years

with an automatic stage recorder and. continuous flow meteríng

equipment" There was no significant change in thre curve ancL

therefore flov¡s determined from this stage discharge relation-

ship are satisfactory

L-4 Precipitation

Monthly rainfall- records have been maintained a't

the meteorological stations at Blaine for the period. 1959 to

LgTO -inclusive. Records for the seven additional rain gaugj,ng

stations shorvn in Figure 7 are available for the period 196'7

to L970. Precipitation data is shown in Tables V and VI.

Storm rainfall records for the maximum and annual 24-hour

rain storms are qiven in Table VII.

1-5 I'leLeorology Records

The averâge annual- cl-oud cover j-s seven-eighths '
with 11 hours of claylight per day on an average annual basis "

Average monthly values for rel-ative hr-rnLid-ity, air

temperature, and pan evaporation from the observation station

at Blaine are given in Table.f" The figures are based on

12 yeaïs of records.



January
February
March

April
May

June
July
August
September
Octoloer
November

December

Total-

A\râl^âarÂ

SUMMARY

Relative
Humidity
Percent

68

70

72
-,4t+

73

70

67

68

67

66

63

64

TABLE Ï

OF I4ETEOROLOGY

Air Temper-
ature
Degrees F

65

72

75

82

B7

B4

79

75

70

65

60

63

RECORDS

Evapor-
ation

10

Tn l¡7¡'l-ar

4.60
5 "29
5 "70
6"62
8"07
B "2I
7 "65
6"86
5.93
4 "93
4 "34

, 4.46

72 "66

The pan evaporation d.ata is from a Class A pan

and the pan coefficient for converting pan evaporation to

equivalent l-ai<e evaporaLion has been experiment.ally estab-

lished as O "7 for Lake Manitou" This lake is located in

the sarne region as the development zone, approximately

100 miles due north"

1-6 Subsurface Explorations

wl-no
QnaaÁ
....'.+

M.P"H"

7

7

7

7

7

7

7

I
I
7

7

7

7.r69 73

The clrill hole informati-on summarized be10w is the

data obtained from the series of dritl holes shown in

Fj-gure 6 for a potential storage dam site on the Rio Seco"



Moisture Content

vot_cL Katl_o

Unit Vleight

Liquid Limit

Plasticity Index

Unconfined Com-
pression Strength

Permeability

Relal-ive Densitv

Carbonate Content

TABLE ÏT

SUI4MARY OF DRTLL HOLE TNFORMATTON

FOR TI]E RTO SECO DAM SITE

Units SC CL

na r¡an J-

l^/^11 ffLU/ VV.

percent'

nar¡on.|-

kips/
J: J.Þ9. rLo

cm/sec.

nornonl-

nar¡an.l.

11

9

0"35

115

20

10

22

0.5

110

40

20

General Description

SC Firm, well graded' clayey' gravell-y, sarid.'
low to medium permeability, homogeneous"

CL Stiff , sandy clay, d.ense, Iow compressibility,
low pertr.eability, layered"

Rock ilardr massive, few cracks, no cavities,
horizontal lavers"

Rocl<

2"0 3.0

-A -55x10 = 1x10

60 80

0"L2 0"10

n/a

n/a

l-70

n/a

n/a

2,500

txro-10

100

n/a

fnforrnation from the test pits along the proposed

canal route indicate that ihe material wou]d be stable at

2-to-1 side slopes. The material is similar to the su::face

mate::ia.l encountered at the Rio Seco dam site with an average

.i - ^.¡ .r-,. =hì I i 1-r¡ r¡-F I _ O for.f ner darr.¿1I Þ-L LLl PCIILTEGU.J. LJ v! J. v !çç u ì/u! *qì



r-7

Reconnaissance studies indicate that the land is

capable of supporting, !,Iith added fertilization, perennial

production of selected crop varieties and the soils are very

good to fair irrigation soils. With irrigation, 60 percent

of the development zone would be utitized for double cropping

of rice and 35 percent woul-d be cultivated with cotton from

October to April and corn from May to September. The remain-

ing 5 percent of the area would be taken up by roads, canals

and farmsteads"

Land Capability

I-B Land Classifications

The stud.y area has been divided into three subzones

as shown in Figure B. The subzone boundaries coincíde,roughly
:.

with the soil classi-f ications and f arm sizes. The subzotie

numbering indicates the soil classes, Class I having the

highest existing dryland yields and potentj-al yields under

irrígation. Average farm sizes decrease from 640 acres in

subzone I to 160 acres in subzone rIr as indicated in the

Farm Budc¡et in Tal:le Vf II "

1-9 l{ater Avail-abilitv

l2

dam and

releases

Good quality

reservoir site

for municipal

irrigation water is available from the

on the Rio Saska" li{inímum downstream

dilution recluirements have l¡een fixed



at 11000 cubic feet per second (cfs)" Potential use of

water for hydro-electric schemes or downstream irrigation

have been excluded from the analysis. Maximum g'roundrvater

yields from existing wells have been established at 0 " 5 cfs

of medium salinity-medium sodium quality" The quantity and

quality would not be satisfactory for extensive irrigation"

1-10 Drainage

In the upper part of the basin, surface drainage

is adequate for all but the most severe conditions of satur-

ated ground conditions and intensive rainfall. In the lower

reaches of the basin, the flat terrain and high water table'

combined with heawy rainfall and high v¡ater levels in the

river during the wet months of June and Jtr,ly cause periodic

flooding" Drainage problems, primarily in subzone III are

a major limiting factor in present agricultural production.

13

1-11 Vüater Distribution Studies

Irrigation efficiency, or the percentage of water

that remains in the root zone and is available for crop

growi-h, has been established at 60 percent of farm-delivered

water from studies of existing pump-irrigated farms along

the Rio Saska val1e1z"

Distribution canal

due to poor operation, breaks

estimated at 20 percent from

1^^^^^ ñ'r,.õ lhe waste of waterI(rÞÞrJÐ t I/JLrÐ r

and overflows have been

similar studies "



llain canal losses , for

should be based on the following

Canal Type

Unlined

Clay-1ined

Concrete-1ined

L-L2 Economic Data

Cost estimates shall be based on the cost relation-

ships in Figures 9 to 12 inclusive. Vühere these curves are

shown on a graph, the upper curve gives costs for difficult

conditions, the lower curve for easl' conditions and the

central curve gives costs for average construction conditions.

Electric power may be purchaseo from the Províncj-al Power

Authority a.t rates of $18 per annum per kilowatt for capacity

and- 4 mills per kilowatt hour for power consumption"

Allowances for Engineering, Contingencies and

Int-erest during construction shali be calculated as 303 of

the estimated direct cost of construction.

The period of anal.ysis or depreciation period

shal-l encompass that period of time over rvhich the project

will usefull1' serve its intended purpose. In any case, this

períod shall- not exceed a ucofrrl 1i fo qnan of 50 years.

various canal linings,

soil permeabil-ities:

Permeability
(fL/day)

1"0

0.2

0.01

T4



Annual operation and maintenance costs are based

on a percentage of capital cost of construction. As cost of

fuel is a variable, it has not been included in the percentage

factor.

The following may be used for irrigation projects"

Dams, earth and concrete
Intake and outlet works
Gates and hoists
Unlined canals
Líned canals
Concrete condu-its
Distribut-i-on control structures
Bridges, concrete and steel
ñ..*-^ 'l 

^-4^-r(rlttlJÞ ¡ ¿ãrVç
Wells and well pumps

15

The interest for amortizing costs and for dis-

counting benefits was established as the average rate on

outstanding Provincial GovernmenL interest-bearing marketable

securities running for 15 years or more. The most recent

determination by the Trea-sury Department has fixed this

average at 6 percent"

Existing dryland farming conditj-ons and. farm budget

for irrigation farming have been estímated- for the three

irrigat-ion subzoues. These f igures \'üere es'tabl-ished f rom

on-farm ínterviervs and from an analysis of soil potential

and crop market values and are given in Table VIII.

Useful
!IIç

(Years )

50
50
25
50
50
50
50
50
25
15

Operation &

Maintenance
(Percent)

0.1
1"0
1"s
2"0
1.0
1"0
3"0
3"0
2"0
2"0



1-13 Transportation

There are several good all-weather roads in the

project a.rea connecting with the Railhead in Blaine" These

roads are two-lane asphalt paved highivays in good repair,

although continued maintena.nce and reconst-ruction of certain

sections will- be necessary in Lhe near future. The inter-

connecting farm roads, not shown on Figure 7 , are only pass-

able with four-wheel-drive or farm vehicles durÍng the

greater part of the wet season. Connections from Blaine to

the City of Portage La Prairie are good and rail car avail--

ability during the harvest season is adequate.

1-14 Ma.rketing

The marketing of rice is under Government control

and farmers are given guaranteed fl-oor prices for their pro-

duce" At present production is primarily for domestic

consumption. Rice milling operations and storage facilities
j-n Blaine are adequate for average prod.uction although

storage facilities are strained in wet years when rice

prod.uction is high. This situation is also aggravated when

grain cars are in short. supply and the harvest season is too

wet for outside storage of milled grain"

1"15 Rural Population

16

The populai-ion

10r000 people, rvith some

of the Development Area is about

2,000 concentrated in the service



centre of B1aíne. There are several smaIl settlements located

throughout the area concentrated primarily along the rivers

and streams. Subzones II and IIT, v,'here smäll f arms are worked

by intensive hand cultivation, are the most densely populated,

figures range from 20 to 25 peoole per square mile" The larger

farms in Subzone f are more mechanized and the population

densitlz cLecreases to 5 per square mi-le" These farms, however,

are the primar:y emptoyers of rural farm labour and during

harvest season, migrant workers add to the population dens:'-ty

of this subzone.

1-16 C::edit Availability

Credit availability and. use varies markedly with farm

sj-zes and types of operation" The farmers in subzone III pay

interest rates on capital of up to L2 percent due to the year

to vear \/ârì abi I i tv in viel'- ^.^r -"^1':!- aF Low lanr1uv Jçq! vq!¿qv!!ruJ ¿¡r J !uILlì) d¿f L,r 9L.td'r-LLy (rl- \-r\jyÐ.

values limit the use of land as col-atera.l, In subzone fI,

higher land values and h.igher, more dependable crop yields

and. quality enable landoivners to obtain credit at lorver rates

ranging from 10 to L2 percent deoending on the individual

farmer and crop variety. Su-bzone -[ ]-andownel:s are generally

more prosperous and requirc financi-ng primarj.ly for capital

nllrchâs.r.sì srlr:h âs machì nerr¡ - Acra ì n f Ìrer Of-.---:e l-s a range

interesi: rates from B to 10 percent dependinE on the use of

credit and the indiviclual farmer.

L7



Generally, large farmers can obtain credit most

easily, and at reasonable interest rates, by using their land

and equipment as collateral at the bank. Smaller farmers

have more difficulty and pay r on the averag'e, higher interest

rates "
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20 ?-I 2s 26 22 24 23 29 24 22 20 24

.I2

1.84

1.7s
I al

l-, 87

r.93
2.08

ENDED: June 16 @ 12:00 noon

NOÎE:

15 18 21 24

^*.rr;;3.10 3.10
3.26 3.32
3.3r 3.40

3,4r 3.s2
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2-L General

The follorving discussion pertains to basic data '
assumptions and procedures used to investigate the avail-

ability of water and to estimate the irrigation rvater require-

ments for the Rio Seco Basin development scheme. Data from

f,revious studies of the Rio Saska reservoir have been

uti li zed "

CHAPTER TÏ

WATER REQUIRET'IENTS

2-2 Trriqation tr{ater Reguiremen'ts

frrigation water requirements consist of all water

used for irrigation of crop lands plus seepage losses in the

main canal and distributaries and operational wastes "

Hydrologic criteria for estimating irrigation water

requ.irements are discussed in the foll-ov¡-ì-ng paragraphs '

2-3 Consumptive Use

Consumptive use of water by crops is the total

water requirement for g::owth. ft includes ivaLer l-cst in

evaporat-ion, transpiration and water utilized in building

plant tissue. Consumptive use of water by plants -is highly

dependent on environmental factors such as we¿:her, soil



moisture and ground water" In most instances rvhere consump-

tive use must be determined, meteorological information is

available and the majority of computing formulae endeavour

to estimate consumptive use based on this information. Selec-

tion of a relationship for calculat.ing crop v¡ater require-

ments is a most important consideration ' a poor choj-ce of

equation could result in excess expenditure on capital works

or in insufficient water supply for the complete development

of the project. The example calcul-ations which follow aptly

demonstrate this Point"

In order to select a satisfactcry computing formula

which would give realistic results, fulI use was made of the

knoiuled.ge that potential evapotranspiraiion and lake evapor-

ation are very nearly equarl in humid regions, Bruce and

clark (1966 ) " This comparison would be valid as actual

evapotranspiratj-on will approach potential evapotranspiration

where application of irr-igation i,vater j-s contempiated.

The follorr'ing are example calculations utilizing

available meteorological data and selected computing formulae

from Table X.

25



U - 0,000156H + 0"8 .o.,aóeoo. Equati-on

This formula requires the accumulated degree-days

of maximum daily temperatures above 32op d.uring the grorving

season. The available figure on cemperat-ure is the average

annual- temperature of 73o¡'.

Lowrv-Johnson

u - (1.56 x 10-4 x I.42 x 104) + 0.8 = 3.0' or 36"

The averag.e equivalent lake evaporation is 72.66 x

0"7 or 50.86 inches" The Lowrv-Johnson value is low"

fl = (73-32) x 365 days or 14,200 degree days

26

Eerre
m

u - I hd (0"38 0"0038h) x(t-32o¡
1

a seasonal coefficient and d a monthly daytime coefficient"
These values are available in Chow (1964). The values for h,

relative humidity, and t, average monthly temperature, are from

This relationship requires two coefficients, k

Table f.

October:

The following computati-on is for the month of

aLion for

Flargreaves

U - 1"07 x 0.97 0.38 -(0"0038 x 66) x (65-32) = 4.45"

The comparabJ-e fiþure for equivalent lake evapor-

the same month is 4"93 x 0"7 or 3"45 inches" The

value is hi-qh"

Equation I



U = k (ptl100) Equation 6

The parameters have been ful1y explained in the

notes to Table X. The following values for consumptive use

by corn and cotton have been computed with the Blaney-Cridd.le

formula and are tabul-ated alongside observed Class A pan

evaporation and equivalent lake evaporation for comparison.

TABLE IX

CONSUMPTTVE USE BY THE BLANBY-CRTDDLE FORMULA

UERSUS EQUTVALENT LAKE EVAPORATION

Blaney-Criddle

Month

October
November

December

January
February
March
April
I,{ay

Ju-ne

JUJ-y
n,,-..^!äLr9 L¿> L

September

27

Consumptive Use
Corn and Cotton

3 "25
2"73
2"87
3"02
3. L7

? q'l

4"40
6"12
5 "79
5 " 40

5"12
4"36

Class A Pan
Evaporatlol}

4"93
4.34
4"46
4"60
5 "29
5 "70
6"62
a ô?

B "21_

7 "65
6"86
5.93

The

Blaney-Criddle

Equivalent Lake
Tlr¡.anar.a l- i nn_--_:=E ":_: -_a ".::__

3"45
3"04
3 "12
3 "22
3.70
3 "99
4"64
5.65
q e?

5.35
4"70
4"ls

comparison indicates good correlati-on between
results for corn and cot'ton and equivalent

I



lake evaporatj-on. The comparison is less satisfactory for
ri.o- hrrt rìc,n È-- 'i^"alv hioh rê.rìli-rement for water andr_rr/ç ¡ JJLT.L J_J\-C I¡dÞ d- L¿rrI9L¿CIy rlI9rl IgLl(,¡J

tire strengt.h of the correlation f or cotton and corn, crops

that are more simil-ar to native vegetation, wa.s fel-t to be
:

ad.equate reason for selection of the Blaney-Criddle formula

for all consumptive use calculations"

2-4 Effective Precipita.tion

The rainfall- frequency curve for the index station

at Blaine, from 12 years of records, was used to determine

the average annual and 1-in-10 dry year rainfalls" When

compared 1ai th nÌore recent rainfall data from the additional

7 gauging stations in the basin, it was determinecl that the

rainfall recorded- a-t these stations in 1967 corresponds to

the mean annual rainfall and. in 1969 to the 1-in-10 drv year.

The l-in-10 dry year rainfall was selected for computation

of irrigation requirements" Based on existing records this

would- mean that I year out of 10 there would be a shortage

of irrigation water" The di.fference in rainfall. between the

wettest and driest years of record is some 9", a shortage

rvhich would l-imj.t production l:ut would not result 1n a crop

faílure "

2B

The mel-hod of Thiessen polygons was used for com-

puting the average rainfall over {-he development area" This

method assumes Lhat the precipitat.ion at each station affects



the average raínfall in proportion

of influence of the station to the

ation. Weighting factors for each

XI for the polygons shown in Figure

2-5 Crop Irrigation Requirements

The crop irrigation requirement is the quantity of

water, in addition to rainfall, necessary to ensure optimum

crop production" It was computed as the difference between

the monthly consumptive use and the monthly precipitation"

2-6 Irricration Demand

to the ratio of the area

total area under consider-

station are given in Table

14.

various losses occur on the farm unit as a resul-t of Seepage

ancl waste. These losses plus the crop irrigation reguirements

make up the irrigation demand or farm delivery requirements"

Farm irrj-gation efficiency is an indication of these losses,

since it represents the useful v¡ater portion of total water

delivered to the farm"

29

In supplying the crop irrigation requirements,

Farm efficiency was estimated at 60 percent" The

irríga-uion demand was calculated by dividing crop irrigation

requirement by the farm eff-i-ciency"

2-7 Canal Seepaqe Losses

I{hen coirsidering the

costs of unlined canals versus

considera-tion rnust J:e given to

relative merits and comparative

diffe::ent types of canal lining

the relative q'uartities of



\^¡ater lost from the various types of canals through seepage'

seepage losses may be determined from the Moritz (1952)

formu'la, which is as follows:

Seepage losses (cfs) =

Soil- PermeabilitY

main canal are as foll-ows:

(1) Unlined' The

v,'ithC=1footperdaY.

where Q = soil permeabilit'y, feet per day

Q = canal caPacitY in cfs

V - velocitY of flow fps

L - lenqth of canal in miles

(2) Clay-lined" The material is a medium to heavy

textured soil with C = 0"2 feet per day"

(3) Concrete*lined. Theoretically a concrete lined

canal would be r,vater tight, but seepage through construction

joints and expansion cracks would accounL for sollte lOsses" 'A

soil permeability rate of 0.01 feet per day has been selected

as a working value"

fn order to confirm *-he relative magnítude of the

forego-ing f igures, the follor,iing comparison betrveen soil test

results at the Rio seco and. working values has been rnade '

?n

0.2 c (a/vL/z

factors for canal lining for the

material is a light sandY soil



i{aterial at
Rio Seco

SC

CL

Rock

NOTE: I

Permeability

-

cmlsec " ft/day
-/l5x10 a

É1

1x10

-1n1x10 !v

Soil permeabilit.y factors for canal linings for the

dístribution canals are as follows:
(1) Unli-ned. The material in which the canals

would be excavated has a typicar disturbed irydraulj-c conduc-

tivity of 2 inches per hour" rn situ measurements of soil
infiltration rates have established an infil t¡:ation rate of
0"25 inches per hour or C = 0"5 feeL per day.

(2) Clay and. concrete-líned. As for the maín canal.

2'B Diversion Requirements

cm/sec is equivalent to 28.

1" 41

.05

negligible

I{orkíng
Values
VT /A:=-L v/ va,y

lô

0.2

0"01
t3x10-
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Lining
Material

cla.yey sand

average s.oi1

concrete

ft /day "

Monthly irrigation diversion requirements in Table

XIT were estimated by increasing the irrigation demand require-
ments by 20 percent to account for conveyance losses in the

distributaries " ì4ain canal l-osses \,üere calculated and added

to irriga-i:ion water requirements to cletermine the diversion
and storage requirements at the storage reservoir where

different types of main canal sections v/ere analyzed.

Table XII gives the net monthly irrigation and

diversion requirements for 10,000-acre areas of specific crops.



It was assumed that 60 perceut of the development would be

used. for rice and pasture, 35 percent alternating between

cotton and corn and the remaining 5 percent allowed for farm-

steads, roads, canals and drains. This distribution is in
:

accordance with earli-er reconmendations.

In the calculation of total diversion requirements

as shown in Table XITT it was assumed that farm requirements

would remain undiminished during the harvest seasons" This

assumption appeared real-istic considering that harvesting

seasons for the various crops would not be coincident, for

example, ríce would be under irrigation while corn was being

harvested. Pre-saturation of rice fiel-ds for seeding and

weed control would also necessitate a continued supply of

water prior to the actual groling season"

2-9 Ïrricration Return Floivs
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Return flow j-s water which is not consumed in evapo-

ration and transpiration and returns to a surface stream or

drain. Annua-l return f l-ov¡ can be calcula-ted f rom annual

precipitation plus annual dj-version less consurnptive use and

corrected for seepaqe and waste " As re-use of return f l-ot^¡

has not been considered in this analysis, and ivould be a

speculative quantity, it has been assumed that :re-turn L-'lows

ir'ould amount to 20 percent of the monthly diversion

requirements



Hedke

Loury-Jotnson

Bl.ìney-Horin

Thornthwalte

Pemùn

PERIOD UNIT
FOR U ¡'OR U

À¡nual Fech

Â,nnuù1 Fcet

n nonths Inchcs

¡lonthly centi¡cÈerE

Daily òlillineters

EVÀPOTRàNSPINATIOII EQOATIOlIS

l',^Irlg X

Blaney-Criddle n months Inches

H.rlkia s-Ve ihmeyer-
llendrickson üontlly Inches

EQUÀT IOiI

U=ktl
U=0.000156tt+0.8

n
u = kt pr(1t4-h)

I

' tn¡ ù
u = 1,6 i;:
where a = 0.OO0o0O67S (TE)3 - O,ooooZTI(TE)2 +

0.0t7921E + 0.49239

rr_ÀH-0.27E" - À-:-õ--71-
where E = 0.35(e_ - ed)(l + 0.0098H2)

H = R(l - E) (0.t8 + 0.5ss) -
. B(0.56 - 0.092eu0.5¡ (0.10 + o.9os)

nn
U=k[pt=kFwhereF=tpÈ

I

U=SD

E
u = t kd(0.34 - 0.003sh)(L - 32)ì

Hargreaves

À = sloPe of saturated-vapor-pressure arve of air aÈ absolute temperature ln oF, or dea,/dt in m ngfe
B = a cæfficiot depending on temperature

D = diffcrqce i¡ evaporation bet'ccn Hhite and bl-ack atnometers i¡ cm3

d = nonLhly daytj¡e coefficienh dcpendent upon latitude
ea = saturaCion vepor pressure at neù air tempefature ln m Hg

eá = sa'-u!ütion vapor Þressure at nean ce? point (i.e. Àctuàr vapor pressure in Lhe arr)' .in m Hgr bei¡g equa)- ro.. 
""iiipii.a'ii"inrutrro bunj.dity in per ceûr

n nont].g Inóhes

P

r

33

daily evaporation l¡ m
nean nonthly rclaÈive hunidity at noon. in Eq.(B), or anDual neån rclative hmidity.ln per ccntin EC. (3)

- accmulated Cegree-days abovc nininun orowing tcnperature for groving scason, in Eq..(f),ar òcçururated dcorce-da-vs oi naxinu¡ áai).y Éempciatureabove lío F iór giori.g season rD.- Eq.' (2),-or daily hea: budge: a: su¡Íace in r¡,'of waLer,,in Eq. (5).

= Ðnual, seasoDal, or nonthly consurp:ive-use coefficicnt.

= percenc of daytile hours of the year,occurring during the pe¡iod., divided by lO0

= esti¡ated percenLage of reflecting surface

= nean nonthly qtraterrestrial radiation in ¡w- of çater evaporated per day

= estimÂted r¡tjo of actual cu¡ation o: bright sunshine.to maxirnum possi.ble durabion of brightor s.ì,ope of regrcssion line bètseen D ùnd U j.n Eq, (7)

* - il:i^i;åÏ'i lfç;;i:st¡i',ii:i:";',1'i::;::ilí,ïï:åo::":l:""ïï så il".å1,îi^,hrv 
varuca or

t = nean nocth).y t.mperature in ot, in Eqs. (3), (6), and (g), or in oC in eq. (l)
U o evapoÈranspiration o¡ conswptive use for given perlod

"' = i;"1""ål:'l:]å"*Ìlu":"î":i.;loix""il:.iå:i":.'i"îËi:'(uïX'r:: cqtrar to ur(1oe6'6/)oe h), rhoro

NOTES

Conrp\¡ t inq Fonrulie.:

EvapoLraÌrspir.ltion (U)

'k

È

Crop l{equirffients

IrrigÀtion Þeñand

Dlversion Requirements

= k (ffi) (¡r¡noy-crr¿ate)

Þ EvapoÈr.anspiration fn inches per month.

- Cons$pCive use coeffiêient. -

- ìionthly pc¡centâgc of daytinc hours of Èhe ycar.
. Àverage nonthly temperature oF.

. U - râinf¡ll

. 9."2-Is g u-rr9_t" lt:_tli!:L=¡, I g, 0 0 0 Àcre s' v.o rrrrgaLlon !ttrclenc),

- Irriq¡tion Þ9aÐ.q__(\clg__lq!!l N 1.2 cros Losses
60 ÀcrÈ ie"'rl3eãõãã-Fõõr ..-r

Rainf.11l lnches calculaied fron Thiesscn polygon Fcthod for rainfallequèllcd or cxcecdcd 9Og of thc tj.mc.

sunshfne,



STÀTIOÌI

ÀREÀ
(Thousands of Acres)

S¡EIGiITING FÀCTOR
(Percent)

I

TIIIESSNN POLYGON

ST¡ITIOì¡ I ¡lF i,UEl¡CE ÀREÀS

9IEIGIITING FÀCTORS

TÀBLÉJ XI

43.6

15

ÞJ.f,

2I

Montll

29.6

10

OcÈober

November

Decembãr

February
March
Àpril

May

June
July

Septffiber

f,

L¿ .2

¡lOI.lTTiLY IRRIGÀTION DE}1ÀND ÀND

DIVERSION REQUIREì4ENTS FOR IO'OOO ACRE UNIT

OF COTTON & CORN, ÀLTERNATING CROPS

b5

60

ÞJ

65

72
'15

82

87

84

/tl

75

70

6

30.4

t0

34

TÀBLE XII

8.06
/. JÞ

1 Àd

7.L7
8.40
8.64

o ?a

q ?ô

9,49
o 1n

ó.JI

¿o-¿

9

COTTON

0:62
u.b¿
0.62
0.62
0.62
0 .62
CORN

0.75
0.75
0.75
0.75
u. t)

o

20.L

7

TOTÀIJ

300

100

Rain-
Fall.

J.V¿

3.L7
5.>L

4.40

O. L¿

5.40
5,12

inches

0

0

0

U

0.66
2.52

5.02
10.36

J. OI

t.83

Crop Requr¡ements

October
November

Decgnl:er

Febiuary
March
Àpril
May

,June

,Iuly
Àugust
Septernber

inches

5.¿>
2.73
2 .87
1 ô?

3.17
J. ¿)

1.88

I ìô

(4.s7)
(3.02 )

¿.)J

feet

0.?7
0.23

0.25

0. r6

0.09

0.13
0.21

65

bU

OJ

65
11

87

84

70

Irrigation Diversion
Requirerdents Requ i rements

'}IONTHLY IRRIGÀTION DEÈ1AND A.}ID

DIVËRSION N¡OUIRE}Is}ìTS FOR lO,OOO ÀCRE UNIT

OF PERNNNIÀL RICE & PASTURE

8. C5

/ . JÞ

7 .49
1 1)

8.40
8.64
v.Ju
q lô

9.49
9,10
õ.JI

aère feet s.F.M.

RICE E

PASTURE

t.00
t.00
t.00
t. 00

1.00
t.00
r. 00

L.00
r.00
t. 00

r.00
1.00

4,500
3,850
4 ,040
4, r80
4,350
4,510
2,690

]'o

4.4I
4,63
4.86

6.30
7.09

6.82
5.8r

oñ

77

80

84

B7

90

54

r)

0

0

0

0

u.ÞÞ
, qt

5.UZ

TU.JO

8.42

" 
Ât

r,lro ir'
I,750 35

TOTAI, 634

ÀVERÀGE 53

< ?q

4.63'
4.86

5.64
5.57
3. l3

(2. 6s )

t1 t)l

3.21
? oa

0.44
l.J-3t

^ 
lo

0.41
0.48
0.47
0.46

:"

0.26

L._11
3 ,67

7,350 147

6,170 123

6 ,500 130

6 ,8s0 137

7,L80 144

?,850 l-57

7.670 153

4,3s0 
:t

4,350 87

5,500 lr0
TOTÀL 1,275
ÀVEfu\GE ].07



DTVERSION REQUIREMENTS WITHOUT

ADJUSTMENT FOR MAIN CANAL CONVEYANCE LOSSES

10,OOO ACRE UNTT NUMBER OF UNITS

Oct.

Nov.

UCÇ o

Jan.

Feb "

March

April

Mar¡

June

July

Aug.

Qanl-

Rice Cotton
Pasture Corn

TABLE XÏÏI

L47

l-23

I.JU

L37

1.44

l-57

153

B7

o1AT

110

35

Rice Cotton
PasLure Corn

90

77

BO

84

at

90

54

15

22

15

19.5

19 .5

19. s

19.5

19.5

19 .5

to tr

19"5

19. 5

19"5

19"5

19.5

9

9

q

9

9

9

9

9

9

9

9

ALL UI.ITTS

Rice Cottot:
Pasture Corn

2,870

2 ¡400

2,540

2,670

2 ,810

3,060

2 ,980

L,690

L,690

2,r40

TOTAL
se coñ:
foot-
months

810

690

720

760

780

810

495

135

190

990

3,6 80

3,090

3,260

3 ,430

3,590

3,870

3 t475

r,825

I,BB0

3,130

GRAND TOTAL

AVERAGE FLOI^I REQUIRED

SFM 31

cfs 2

,150

,600



3-l Groundrvater

Groundwater usage in the Trrigation Di str-i-ct to

d.ate has been timited to excavation of dugouts fo:: livestocl<

watering purposes and the construction of 10 wells for mun-

icipal supply. The maximum well depth is 100 feet and the

maximum yield 0"5 cfs.

An indication of total- annual yield of the clastíc

formation into rvhich the existing wells extend catr be obtained

from inspection of flow records in the Rio Seco. The lowest

flow of record at Blaine is 31 cfs. /{dditional- inflow down-

s'bream of Blaine nray i.ncrease this flow to 100 cfs but it is

apparent that the total groundwater yield, if mining ground'-

water is to be excluded., is insufficient for development of

the entire area and is of low quality for irrigation"

water samples from v¡ells indicate an sAÌì of 10 and

a conductivity of 300 micromhos per centimeter, lvhich class-

ifj-es this water as rnedium .salinity-medium sodium irrigation

water. The ma-iority oI' these rvells are shal-low, 1.ess than

100 feet, and. it is probable that the dceper layers of the

clas'tic formation contain water of higher salinitl'"

CHAPTER ITI

SOURCES OF WATER



Further studies may indicate the feasÍbility of

groundwater mining in subzone fII to lower the water table

and improve surface drainage. For the purposes of this

analysis, groundwater wel-1s have been excluded

3-2 Surface t¡üater

Mass curve analysis of the existing stream flow

records on the Rio Seco indicate that the maximum annual

dependable flow from a reservoir on the Seco would be I70 cfs

or 10,200 acre-feet (A.r'). This quantity of water would be

sufficient to irrigate 2t000 acres rvith 5 feet of water"

Storage-dependable flow and mass curve relation-

ships on Lhe Rio Saska indicate t.hat d.iversion fiows would

be more than adequate for a 300,000-aqre development" The

average annual flow from the existing stream flow records is

7,L76,000 AF. Dry year flows of 313001000 AF alone would be

sufficient to irriga-te twice as much acreage as the develop-

ment area and orrly the lacl< of suitable irrigation land has

limited the scope of the proposed development"

Chemical analyses of water samples from the Rio Saska

and Rio Seco have been carr.ied out. In general, if stored

and mixed., the composite chemical quality of the water from

the two rivers in'ould be suitable in every respect for irriga-

tion" Estimated total dissol-ved solj-ds would average 200

narJ-s nror mi I 'l ì on lnnmJ which rvould increase due to reservoir¡/gl uu .Y"- \Ì/y]ll/
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evaporation, but annual drawdorvn conditions in the proposed

Rio Seco reservoír would maintain solid buildup well below

acceptable leve1s" The averagie sodium absorption ratio (SAR)

of abou.t L.2 is lorv and toxic elemenLs are only found in

trace amounts " I'or municipal- use the river water would be

acceptable in all respects, excepL for hardness"

3-3 Water Rights

Water rights are based on the Riparian Doctrine of

reasonable usagie of the stream's flow, provided the water is

used on that l-and which is contiguous or adjacent to a stream

or other body of surface rvater " I{ith the exception of a few

pump irrigators along the Rio Saska, who use lim-r-ted amounts

of water during the normal growing season to supplement. pre-

cipitation, the only existing forrnalized water ri-ghts are for

downstream municipal requirements. This riparian florv is

1,000 cfs on the Rio Saska and 25 cfs on the Rio Seco"

JÕ



4-I Summary

The largest dependable source of r,r'ater for irriga-'

tion diversion would be the Rj-o Saska" As dry season florvs

are less than diversion requì rements and as the Ïrrigation

District ,.vould be approximately 50 feet above ri-ver stage

during lolv f low periods, storagie and some means of elevating

the rvater level would have to be provided'

The following discussion considers the feasibility

of a dam and. reservoir on the Rio Saslca for irrigation dj-ver-

sion requirements , of pumping from the,Rio saska and oi a

dam and reservoir on the Rio Seco for flow regulations "

4*2 Dam on the Rio Saska

CHAPTER TV

DAMS AND RESERVOTRS

The d.e'tailed analysis of the da-m a.nd reservoir on

the Rio Saska has been completed in a.n earlier si-udy and does

not form a part of the scope of work of this present study"

The follorving discu.ssion has been inserted hor¿ever to ensure

.{-r--+ - ^^,1ñ'lo{-a nìcJ-llre of *}ro Trri crat'i on Development istIld.L d (-u]l.l.r(JIcLç yfuLur-ç v! ur¡u

avail.able in this report, and is made up of details from the

^ri ai n ¡ I rr¡nnri- qll'nrll ementeá l-rr¡ nlrceri¡ations f rOm On Site
LrII9Jllcar rçyvJ- L Ðuyv!urr!ç¡¡eçu vJ

inspecLiorrs.



The dam site at section A in Figure 2 was serected
as the most satisfactory for single purpose irrigation water
supply" The river bed is Rarrow at this section and founda-

tion conditions are adequate for gravity or earth fill dam

construction" The configuration of the right bank also fac-
ilitates investi-gation of a large range of canal intake e'r ev-
atj-ons" Founda-tion cond.itions immediately downstream are

excelrent, eliminating the need for an expensive stilling
basin" Possible l-eft bank erosion may necessitate model_

studies of the spillway alignment.

Concrete gravity and earthfill with concrete spillwav
dams \¡/ere both i-nvestigated as foundation conditions were

suitabl-e for both types and adequate construction material
was ava-ílable in the reservoir area. rt was found that the
concrete gravity section was most economical up t.o a reservoir
l-evel of 950 feet rnean sea level (IúISL) and that, thereafter,
the concrete spillway and ea-rthfill section, gated after 1,150

feet MST,f rras the mos,c economical" DÍversion and care of
waler du-::ing construction was found to be the governi-ng factor
in cost- comparison. Possible diversion procedures for concrete
gravít}' sections v¡ould al-low flood florvs to pass through block-
outs in the dam proper and overtopping of the section during
extreme florvs courd be tolerated. Earth dams ¡ on the other
hand, rvould require extensive cof fer-damming, continuous 1fuïnp-

ing or-it of seepage so that materials could be pl¿rced in the
dry and early install-ation of th¡- r-iner.i_¿¡ conduit for diversíon

capacity 
"

40



The entíre reservoir area is overlain by sand and.

gravel. This material would require some processing for

concreting purposes but processing would be limited to washing

and screeninq"

The natural sand and gravel is al-so suitabl-e for

pervious fill and has a sharp angle or repose" Slopes of 2

to 1 would be stable for dam heights up to 75 feet" The clay

material is a suitable impervious core materj-al and is

available in layers along the upstream flood plain of the

river "

A clean, unweathered outcropping of rock is exposed

on the left bank of the river approximately I I/2 miles up-

stream of the dam site. It is es'Limated that this potential

quarry could. yield up to 20,000 cubic'yards of material and

would be suitable for concreLe and rip rap"

4I

Water quality is discussed j-n Paragraph

^,,-'r.j.r-,, .i ^ ^-+ j -G-^r-^pt, ç^r \Ár'ê1-tino earth f i1I but9UCaf,rLy f J Jq.LIùIqULUIJ rV! WççUr¡rV ç9.! (

require Lrea.tment for concreting operations.

LL- I PrlTnrì1naf:- *::l:- *-2-

The Irrigation D'i.strict is situated at elevation

950 feet lrrSl and the unregulated water level in the Rio Saska

is approri.mately 900 feet l'{SL during loiv flov¡ periods" One

nÕss'i hiliJ-v for sunnlv of rvatr+r recru'i rements to the district

3-2 " T'he

may



lvould be to pump the water ínto a gravity canal- from a low

level storage reservoir. Lifting water above that in the

reservoir could also prove economical in that the slope of

the canal could be increased, thus decreasing the cross-

sectional area and cost of the canal"

Foundation conditions on the right bank of the Rio

Sasl<a at the proposed dam site are satísfactory for the

construction of a large pumping installation"

A bank of centrifugal prxnps, with electric motor

prime movers would be housed in a reinforced concrete siruc-
ture on the riqht bank of the river above maximum f loocl l-evel"

Pump ef ficiencies of 0. 85 have been assumed as a v,'orkingi

value " I{ater could be convelzed in reinf orced concrete pipes

or steel penstocks from the reservoir to a stilling basin at

the entrance to the gravity canal-"
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The availability of conslruction materials for this
siLe was discussed earlier.

4-3-L Cost Es'L.imaLes

Costs for pumping have been based on the relation-
sh i o i n Fi ortre 'l 'ì .Fnr n't =n{- COnStfUCtiOn and ôn r:haroesv¡¡srYvv

of $18 per annum per kilowatt for capacity cosLs and 4

mills per kilov,ratt hour for power consumption" The

latter two figures have been supplied by the Provincial
Porver Authority. Conversion of the cost of porver to an

annual cosL per kilorvatt of B6,700 hours/year times



$"00A/kíLowatt hour yields $34"56 per kilowatt per year

for continuous energy" This gives a total of some $53

per kilorvatt per year" cost curves have been estab-

lished for a range of discharges and total dynamic head

(TDH) and are shown in Figure L7 " fa'nte XV shows

example calculations for a TDH of 100 feet.

4-4 Dam on the Rio Seco

The site on the Rio Seco, shown in Figure 6, was

selected as a desirable site for a regulation reservoi-r for
irrigation f l-ows. There vJere no altenrati-ve dam sites
available. Foundation conclitions and availabil.ity of con-

struction material-s favor an earthfilf structure. Extensive

foundation treatment would be required for a concrel-e gravity
dam" The dril-l logs indicate that the left bani< would þe the

most satisfactory for a spillway structure as rock is fairly
close to the surface" River bed conditions downstream of the

dam site would reguire a stirling basin to prevent erosion.
A conc::ete gravity type dain, although it would

result in a considerable sav,ing in conduit costs, was elimin-
ated due to exiensive foundation trea-tment which lvoul_d be

requ.ired both f or consolidation and prevention of seepagie I

and due to a lac]< or'readiilz available rock for aggregate.

The earthfill dam and concrete spilrr¡a.,' structure \{as found

to be the most economicai" Diversion and care of water durinq



construction would not be a special problem for this dam site

as river flows are low in the drv season and. the conduit

capacJ-ty for large irrigation rel-eases would be capable of

handling the maximum flood of record, even at low reservoir

level-s.

The overburden material is clayey sand and gravel

and would require extensive treatment for use as concrete

aggregate" As the quantity of sand and gravel required would

nol- be extensive, this material could be imported without

greatly affecting costs. The material is very satisfactory

as pervious f i11, slopes of 2 I/2 to 1 being coilìmon for d.am

heights up to 70 feet"

The cla.yey material is similar to that encountered

at the Rio Sa.ska. dam site and is suitable impervious core

material for a zoned fill dam"
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Surface rock outcrops are not available within a

10 mile radius of the site" The average depth to rock is
1r L^^L ..: .^¡.: ^^!^r 1^., -he exnl oraf nrv d_fi11 hOleS "ZJ Igl=Ll ctÞ IIILrlUcfLeLr JJy L.trÇ ç^}:Iv!quv-LJ

Rip rap may be obtained in the reservoir area by

processing surface materials"

A zoned fill dam was selected due to the availabilil-y

of suÍtable materials for the pervious and irnpervious zones"

Due to the perviousness of the foundation, the impervious

core rvould be extended into clay material as a seepage cutoff.



Introduction of this cutoff waIl and. construction of the

downstream portion of t.he dam of the same pervious material

as the foundation would avoÍd construction of a drainage

blanket" This is desirable as rock is not readilv available

for blanket construction" A toe drain has been provided to

ensure that any seepage that would come through the founda-

tion or embankment would be collected and so that ground-

water would be kept below the surface sufficientlv to avoid

the creation of unsightly boggy areas below the dam"

The maximum water requirement for the full develop-

ment of the irriqation district has been established as

3,87 0 second-foot-months (Sr'¡l) " The outlet rvorks capacity

must range from a maximum of 3,87 0 cubic feet per second (cfs)

to a minimum monthly requirement of I,825 cfs. Flows through

the outlet during June and July would be diverted into the

Rio Seco and woul-d rancle from run of river to downstream

Ì.=nl¡fr.l I ^ãñ5ci J- r., nf 750 r-fS. The OUtlet mUSt al-SO fUnCtiOnuo¡f^I uf f ual/cur uJ L/! I Jv u_

as a spillway up to a discharge of 41000 cfs"

Pipe outlets with baffle stilling basins were con-

sidered f or the out.l-et sLructures " Experimental data are

only available for a maximum size of 6 feet in diameter, with

30 feet per second (fps) maximum velocity and maximum discharge

capacity of 400 cfs" A bank of 7 pipes rvith gates would be

rê.nli rr-d fn handle this discþarge. Cost comparison between

a bank of pipes and a rectangular reinforced concrete section
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was carried out and a gated rectangiul-ar section r^/as found to
be the least costly alternative.

The maximum fl-ood of record is r-r500 cfs. This
flow could be discharged through the irrigation outl-et and

diverted into the stream bed at the canal regufator. Based

orr the frequency curve of maximum annual flood flows from

L2 years of records the 1,500-cfs flood has a 2O-vear reLurn
nari a'l ml-^rrËr-LULr. rrre consequence of failure due to f100ds of greater
magnitude would be loss of the dam, considerable flood
damage downstream to irrigation structures and the municipalitv
of Blaine and loss of terminal storage. The loss of terminal
storage would mean that canar irrigation water sup.lrlies of
2t600 cfs contj-nuous would not be adequate for irriEat-ion of
the total acreaqe"

As a result of these considerations, a design flood
of 1-in-10,000 years was sel-ec'ted. This flow of 4,000 cfs can

be handled. by the irrigation outlet, but as gate openings
Ä"-;-^ ^^^l- çl^.. *^*!L- --^--1 -1 ì ,qurrrrg pear{ rlotv months woul-d be pre-set for bankful-l rel-eases

only and, in the event of delays in opening the gates for con-

dui-t sprllvray operation, a 1000-cfs emergency spillivay should

be provided in the 1eft bank.

46

A standard ungal,ed ogee crest, concrete chute spirr-
way and concrete wing lvalls rvas serected. This type of spirl-
way is simple to construct, is automatic in its operation and



as ít does not have gates or gate piers is much less cosLly

to construct and maintain than a gated structure"

The spillway would discharge into a concrete stilling
basin from ivhere flows could be conveyed via an excavated

canal into a convenienL stream bed which empties into the Rio

Seco" The canal section would be excavated to di-mensions

simil-ar to that of the Rio Seco at Btaine " The tai-lwater

rating curve for B1aine \,vas used for stilling basin design.

The layout of the dam, outlet works and spillway is
shown in Figure 18" Details of the dam cross section, outlet
worl<s, spillway, stilling basin and special structures are

shown -i-n Figures 20 to 2L inclusive.

4-4-I Cost Estimates

A'1tt

Quantiti-es for a range of dam height.s have been

calculated and used to establish the rel-ationship

between full supply 1evel (FSL) and capital cost.

The cost estimate for an FSL of 1015 feet is shown

l_n _L'a.oIe xv1"
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ITEM

DAM

RIO SECO DAM 7\}ID TRRIGATTON OUTLET

Acquisit-ron
l-l o¡ri nrr

Excavation
Pervt_ous t,'l-Il
Impervious Fi11
Borrow
Rip-rap
Toe Drai¡r

TABLE XVI

COST ESTIMATE

QUANTITY UNIT

OUTLET, STILLfNG BASÏN

Reinforced Concrete
1^L^^\ld Leb

Gravel- and Dra-ins
Rip-rap

SPfLLWAY

Reinforced ConcreLe
Gra-¡el and Drains
Rip-rap

TOTAI COST

50

LS

LS

65,000
145,000
350,000
400,000

10 , oo0

LS

AND GATE

1,500
120

LS

150

T]NIT
PRTCE

yd-

yd"
yd"
ycr

Î^]trT IYY!!U

yct
-' ¿ït

I

\zo

yo

yo

TOTAL COST
DOLLARS

0:45
0.08
0"10
0 " B0

10"00

Ë'nni noorì na ¡nrr* i naorra'i o- --'lIrlLVJlleEI J-!rV | çvll LIr¡Vçl¡v-LÉD dllu
interest during construction

GRÀND TOTAL

1,000
I ,000

29 ,300
l_1r600

35.,000

320 ,000
r00,000

1 ,000

150 ,000
39 ,000
1,000

15,000

150,000
1,000

15,000

1,500
LS

150

100"00
32s"00

10"00

100.00

10.00

$869,000

260 ,97 0

$l_ , 130 ,87 0



5-1 lt1ain Canal

The natural topcgraphic features of the proposed

development area, partÍcularly the range of hi11s runningi from

the Rj-o Saska to the irrigatíon district allows for the

invesi:igation of a wj-de range of canal slopes with only a

few miles variation in total length of canal.

Canal alignments above the 1,010 iUSL contour line

m.ust r^¡ind rather tortuously to traverse two tributaries of

the Rio LaSalle and circumvent a prominent nose created. by

these sLreams. Alternatively, the canal alignment could crosS

the streams in el-evated flumes or via an inverted syphon and

could cut through the inLervening nose in a tunnel or deep

cut section

Unlined., cla-y-lined and. concrete-lined canal sections

irzere -investigatecl. The ur:lined canal v¡ould be the least costly

al-ternative for a given clischarge and slope but would be sub-

ject to high seepage losses. The selection of canal- type , síze

¡n¡ slone is 1ìî o¡nnnmi^nroblem and is considered in Chapter
GJIU Ð¿V}/ç !J ctfl çvvl¡v¡tt¿v }/

vII in combination with the two storage dams and pumping"

C}LAPTER V

CANALS AND LATERALS



The material along the canal alignment j-s a clayey

sand and gravel similar to that encounLered at the dam sites"

Open cuLs of 2-to-I would be stable in this material and with

rigid concrete lining slopes as steep as l-to-t could be

adopted." The mater:ial would be suitable for concretè aggregate

after screeninq and washincl"

Surface rock is available along the canal route and

several suitable quarry sj-tes have been located with sufficient
quantities of clean rock for concrete aggrregate.

Typical canal cross sections are shown in Figure 23.

T+ l^-,^ 1^^^*rr nas Ðeen assumed that the final alignment of the canal would

be desiqned so that cut and fill quantities wor:ld bal ance.

The downstream filt bank has been designed to accommodate single

lane traffic for operatiorr and maintenånce. Canal capacities

anal-yzed for fu.ll der¡elopmenL, with an allowance for seepagie,

were, (1) demand supply requiring a maximum discharge of 3,870 cfs

(2) l-O-month steady discharge.of 3,115 cfs and (3) I2-month

steady discharge of 2,600 cfs, the latter trvo would require a

recrulation re serr.oir.

52

5-'1.-1 Cost Estímat.es

The canal capaci'iy calculations werîe based on the

Manning equation for discharge" Roughrìess coefficients

of 0"015 for concrete-lined canals and 0"030 for clay-

lined and unlined canaÌs \{ere adopted as working values "

Relationships for size versus cost per mile of canal



construction and lining and. cost per mile for a range of

discharges and canal slopes have been established' Unít

cost figures for common excavation, fill and concrete

were obtained from Figures 9 to 11 j-nclusive" The

relationships alre shown in Figures 24 to 28 inclusive "

An example cal-cul-ation f or an unlined canal , capacity

2,950 cfs and slope 0.0001 is shov¿¡r in Table xvITI"

5-2 Canal Structures

A rectang.ular reinforced concrete conduit in the

right abutment of the dam on the Rio Saska rvas chosen foi: the

canal intake structure. The configuration of the strucLure is

identical to that of the conduit on the p::oposed Rio Seco dam

aS shown in Figure 20 " Intake trash racks, roller gates and a

stilling basin with concrete guide walls would be provided for

exclusion of floating debris, flol regulation and energy

dissipa.Lion resPectivelY.

canal flov¿s discharging into the Rio seco reservoir

would paSS over a series of simple energy dissipators or drop

structures as shown in Figure 32 " These structures would be

provided to restrict the velocity of inflov¡s and minimize bank

erosion.

cost comparisons between eJ-evated flumesrinverted

syphons and contour canals were carried out. In spite of the

considerable decrease in canal length by utilizi-ng flumes and

53



syphons, these structures were not competitive primarily due

to the high capital cost of the necessary concrete works "

Cost comparisons are shown in Chapter VII"

Costcomparisonsbetweentunnels'opencutandcon_

tour canals were also carried out. Again, in spite'of the

decrease in canal length by straightening the alignment, the

tunnel and open cut alternatives were not competitive" The

high capital cost of tunnel lining and the excavation quan-

tities and stability problems to be expected with deep open

cuts were the governing cost factors. cost comparisons are

shown in ChaPter VII"

5-3

Thegeneralflatnessoftheproposed'irrigation

district l-imits the available slope f or supply canal-s ' This

necessitates rather wide cross sections to convey irrigation

water at non-scouring velocities"

unlined, clay-lined and concrete-lined canals were

considered. unlined. canals rvould be the least costly alter-

native and seepage losses rvould be v¡ell ivithin the 20 percent

all-owance for losses as the soil is generally of medium to

low permeability compared with the material in whích the main

canal would be excavated"

J.t

Distribution Canals and Laterals



The material in v¿hich the canals rnust be excavated

is stable at I I/Z-to-L side slopes and has a disturbed

hydraulic conductivity averaging 1 x 1O-5 cm per second at

depths of six feet

The distribution canals and laterals have been laid'

out primarily to take aclvantage of the natural slope of the

ground within the Irrigation District" Property boundarj'es

follow the system in which the area is sub-divided into one

square míle sections and further sub-division of these

sections are quarter or half sections on a quarter mj-le grid'

basis. Road allowances are provid"ed every mile, coinciCent

with property boundaries, and. where possible j-hese road

allowances hatre been util-ized for main distributaries and

branch laterals. Egyptian practise, Leliavski (1965) ' is to

locate canals no further than 2.5 kilometers or 1"35 mi'Ies

apart. This practise is follov¡ed in order to limit the

number of private interests centering on one canal. Inasmuch

as the avelrage farm size in the Irrigation Dj-strict is la::ge 
'

averaging 320 acres, both of the above reqr-rirements can be

adh.ered to v¿ith a canal spa.cing of 2 miles. As stated, the

canals have k¡een laid out priniar:i1y according to the artailable

topographic fea-Lures and property lines. Consideration was

-'lõ^ ^ì-'an tn -i-'irni oin¡ {-}-^ +nl-r'l lannlþ Of Catfal and tOaISO CìIVtjll Lo IIll-JIIltlIZrlr9 LrlË Lr.-rLcr rsrrY

avoid.ing maj-n road and river crossings rvhere possible"

crossincr of farm service roads at frequent iutervals was
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unavoidable and provision has been made in the estimates for

bridges, syphons and standard roadway culvert underpasses.

A horizontal radius of curvature of canals of from

10-to-15 times the bottom width of the canal was adopted to

ensure that head losses in bends could be kept to a minimum"

The curvature of the canals is not visibly apparent in

Figure 34 but the minimum radii of curvature recofiìInended would

be as follows:

Discharge
in cfs

56

3000-1000

1000- 500

500- 100

10 0- 10

Less than l-0

The water level in the feeder canals t QT the canal

from which the farmer woul-d obtain irrigatj-on flotvs directly'

has been set at l-0 inches above the existing ground level.

This di-fference in. elevation would enal:le the farmer to

obt-ain water by gravity, utilizing one of the methods illus-

trated_ in Figure 32, thus avoiding forced lifts by pumping

and the inherent annual costs which pumping entails "

Each feecler canal woutd be equipped with a head

sluice gate and flow measuring device at the take off f::om

the branch canal. The recommended florv measuring device is

Radius
in feet

3,000

2,OOO

1,000

500

300



the Parshall flume" These measurins devices would. also be

spaced every 2 miles along the canals. The. Parshall type

flume, sholvn schematically in Figure 32 is recommended as

head losses are less than those over weirs r âD important con-

sideration where natural slopes are flat, and as the flume

is sturdy and simple to operate and maj-ntain. Each canal

would also be equipped with a tail escape or a weir check

structure at the extreme end of the canal. This structure

would be operated to raise water l-eve1s in the canal and to

release excess ftows into the tail drain. As drains would be

excavated to much greater depths below the ground surface,

the tail escape must be provided for a.11 branch canals

Canal cross sections have been desiqned for the

water releases required by the cultivators plus an additional

60 percent of this discharge so that flows that have not been

utilized by upstream cultivators can be conveyed in the canal

wil-hout endangerì-ng adj acenì: lands f rom overbank f lorvs.

This adcl-ition.al discirarge ca1:acity is called escaping power'

Leliavsl<i (1965).

5-3-l Cost trstimates

57

Canal capacit-ies have been based on the Manníng

formul-a with an average slope of 0"0004 and a roughness



Discharge
Þ¡nna

^ç^L;IÞ

0- 60

60- l.25

r25- 225

225- 350

350- 800

800-t-500

TOTAL 
.MTLEAGE & COST OF DISTRIBUTARIES

FOR FULL DEVELOPMENT

I

2B

11

L9

5

2L

TOTAL

Subzone

TABLE XVÏI

IT

29 50

33

25

10 11

52

IB

COST

fII Total

59

*.ì'l ^^rttJfcò

r07

44

25

¿fu

L2

39

Capital Cost Dollars
Per Mile

3,000

2,500

1,600

2,L50

3,850

5 ,400

7,700

I0 ,550

19,0C0

Main Distributaries, Full Development

t-'ota_L
mîfEõns

0 "23

0"17

0 "I4
0.31

0. 13

^ 
1/1v" t+

I. 82

TOTAL COST

GRÄND TOTAL

/rnalysis of various partial developments indica.te

average cost of $fO per acre for distribution canals"

13

a

6

90,000

73,000

45,000

1" 1B

0.29

o:27

L"64

Þ5.¿+O

:



Capacity 2,950 cfs

rTEM

COST ESTI¡4ATE FOR UNLINED CANAL

Acquisition

Clear and Grub

Excavation

Compacted Fi11

Common Fitl

TABLE XVTII

Slope 0.0001

QUANT{TY

T4

L4

210 ,0 oo

85,000

125 ,000

60

TOTAL COST

Engineering and contingencies
and interest durinq constructíon

UNIT

â^rô <

acres

yo

Di-mensionH=20feet

TOTAL COST
UNIT PR]CE DOLLARS

NOTE: Calculations of canal dimension fi is shown

TOTAL COST PER }[fLE

$ s0.

200.

0 "25

0.10

0 " 07

700

2,800

52,540

8,500

B,750

73,250

22,000

$95,250

in Tab]e XX.



6-1 ûlain Surface Draius

Existing d.rainage is insufficient to cope with the

runof f from heavy ttit't storms. The groundwaLer level in the

basin is at an averag:e depth of 5 feet bel-olv the surface

duri.ng the dry season. Tt ríses to with:-n 3'4 feet of the

surface in the upper subzones and to within I foot of the

surf ace in the lo\rrer reaches of subzone III in the v¡et season "

V.lith adCii:ionat irrigation water supplie s, drainage probJ-ems

rvould be increased and further i:ising of the water ta]:le into

the root zone coutd be expected" High water tables conLribute

to soil- salinity due to increased surface evaporation and

prohibit proper plant development and maturity"

The drainage system was laid out to remove irriga-

tion operational water via tail escapes, to remove and control

storm runoff and control ground-rvater levels by main drainage

canals " The system pat't-ern was laid out, as f or the dis-

tríl:u-'ion canal-s, to take fu]] advantage of the natural

topograpiry, property lines and existing streams ¿ thereby

provid,ing the most economical drainage. The layout of drains

was influenced by the layout. of supply canals since gravity

ditch irrigation florvs should be toward a drain so that

CHAPTER VI

DRÄINAGE



excess flows will not collect and waterlog the arable land..

Drain spacing is generally 2 miles center to center,

providing a maximum distance of florv to a drain of 1 mile from

the corresponding distributary. Crossing of farm service roads

would be accomplished by the installation of standard corru-

gated metal pípe crossings as shov¿n in Figure 31"

Hea-d loss is not a governing factor for drainage

canals. Radii in bends should not be l-ess than 100 feet, how-

ever, in order to minimize erosion of cana]. banks.

A standard drain canal cross section as utilized by

the United States Bureau of Reclamation (1968) has been

adopted and is shown in Figure 31" The ivater level in the

canal, when flowing full, should be a ninimum of trvo feet

below the surrounding fields. Normal flows would be approx-

imately five feet below the surface to assist in groundwater

control.
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Drainage canals have not been provided with control

structures unless discharges into streams would be consider-

ably above natural stream beds, in which case energy dissipa-

tors would be provid.ed

Drain capacities were designed according to an

empirical formula obtaj-ned from Schwab (I966) for areas south

of 37o north lat-itude with improved pasture crops. The

required rate of water removal has been determined as f oll-oi\ts "



where A = rate of removal j-n cfs

0=kMx

The value of the constant k is 25 and for the exponent

x is 0.83, therefore, for the irrigation district, where the

average length is five miles and the width of the area to be

' drained is two miles, the canal drainage capacity would be:
? 0"83 1î^0 = 25 x (10 miles-) = rbu cfs

M = drainacre area in square miles

k = constant

x = exponent

section is I25 square feet and for slopes in excess of 0.0004'

the canal capacity is adequate for canal roughness up to

0"050 in the Manninq equation.

6-1-1 Cost Estimates
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The cross-sectional area of the stand.ard drain

The cost of drainage ca-nals is $6 ,250 per mile,

based on costs of conìmon excavation of $0.25 per .

cubic yard " The total- lengt.h of drain canals would

be IB0 miles for a tot.al capital cost of $11110,000

for full development" The unit costs for canal

clrains would be $5.00 per acre for subzone III lvhich

must have extensj-ve drainage and $3"00 per acre for

subzone I and subzone II "



6'2 Distribution S]'stem Drainage

As discussed in the subsection on distribution

canals, tail escape d.rains musL be provided at the terminus

of all dístributaries to convey unused irrigation water to

main drainage canals or existing stream courses "

The drain capacity should be at l-east equal to the

design capacity of the distribution canal immediately up-

stream of the weìr check struciure. Canal depths would be

a minimum of six feet bel-ow the ground surface as for main

drains and the bottom width equal to the bottom width of the

upsLream distributary. Steep slopes can be tolerated as weed

growth v.'oul-d limit discharge velocities. In general the

slope of tail esca-pe drains would be limited by the eleva-

1-ions of the upstream distributary and the downstream collector.

Manning's roughness coefficients of the order of .060 to 0"10

due to iveed grorvth coul-d be expected.

An average tailrace d-rain cross-section is shown

i-n Figure 31" Canal slopes of 0"001 have been assumed and a

r,irrnnì^.,r- 1^6¡¡al-rnnc-c nf n n60 haS been utilized for mOderatel-ylllctllllJ.ll9 Þ l-(JLIVIItIsJJ vI v. v

vre11 maintained canals "

6-2-I Cost Estimates

6¿I

The cost of tailrace drains , for the average section,

would be $3,000 per mile, ba-sed on common excavation

costs of $0"25 per cubic yard" The total tength of these



drains rvould be

of $f50,000 for

tailrace drains

50 miles for a total caPital

full development" The unit

would be $0.50 per acre.
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7-I Summarv

Several alternatives wel.e studied for delivering

irrigation water to the Irrigation District. These alterna-

tives were compared to find the least costly combination of

civil works for complete and partial development of the

District.
The alternatives studied for scheme I' 285r000

cleveloped acres, were as f ollows:

(1)StoragedamontheRioSaskaandgravitycanal

to d-el-iver rvater requirements on demand. The canal r^¡ould'

del-iver a maximum discharge of 3'870 cfs'

(2)StoragedarnontheRioSaska,gravityca-nal

and regulation reservoir on the Rio Seco" The canal would

delíver continuous flot,¡s of 31115 cfs for a ten-month period'

(3)StoragedamontheRíoSaska,gravitycanal

ancl regul-ation reservoir on the Rio Seco" The canal would

deliver continuous flows of 2,600 cfs for a twelve-mcnth

period.

(4) Storage dam and líft station on the Rio sasJca

in lieu of the storage clam only for the l-east costly of the

above alternatives"

CHAPTER VTÏ

COST ANALYSIS



All alternatives v¡ere investigated for unlined, clay-

lined and concrete-Iined canal sections.

Partial development was studied for that alternative

that proved least costly for the ful1 deve-'l-opment. Canal

capacities used in this analysis \4iere for the development of

subzone f only, Scheme III; subzones I and II combined,

Scheme fI; and left and. right bank sections of these combin-

ations of subzones.

7-2 }.fethod of Analysj-s

supply from the Rio Saska was to determine the maximum terminal

elevation to whích gravity canal florvs would be delivered"

This elevation rvould be the full suppl.y leveI of the terminal

reservoir for the storage vol-ume required in alternatives (2) ,

(3) ancl (4) and the highest point of the Irrigation DisLrict

for alternatives (1) and (4) without the Rio Seco reservoir"

This elevation corresponcls to the theoretical minimum eleva-

t-i-on to rvhich the head rvater at the Rio Saska must be raised

t.o supply water to the District" The head of water requj-red

to convey h'ater by gra-vity along the canal and the range in

supply levels in the reservoir for storage capacity rvould then

be added- io this elevation and l-he leasL cost of canal storage

above this elevation can be deterniined"

The approach to the comparative cost analysis for
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Due to seepage losses in the canal, the canal capa-

city must be increased so that the delivery requirements to

the Irrigation District or regulation reservoir can be met.

The additional- discharge required also necessitates an increase

in storage capacity at the supply reservoj-i"

7-2-I Canal Seepage Losses

The seepage losses for the range of discharges

have been calculated from the Ploritz (L952) formula.

As a first approximation a maximum allowable velocity

of 5 fps has been assumed. An example calculation

of seepage l-osses for an earth-lined canal and a

summary of diversion requirements, seepagie fosses

and average canal capacity for a delivery requirement

of 3,870 cfs are shorvn below. The canal size would

vary from a maximum capacity of delivery require-

ments nl rrs seenâcre I osses at the canal intake, to

a minimum capacity of delir¡ery requirentents only

6B

at the terminal end of the canal.

Losses (cfs) =0"2 x1x87

Unlined

Delivery Requirement cfs 3,870 31870 31870

Seepage Losses cfs 485 87 5

Diversion Requirement cf s 4,355 3 ,95'7 3,875
Average Canal- Capacitl' cfs 4,LI2 3,9L2 3,872
Storage Required sfm 18,000 15,000 15,000

The val-ues for alterlratives 2 and 3 may be

obtained by inspecting Figures 4L and 42 respectively"

1/2x(3870/5)-'"= 485 cfs
Clay- Concrete-
Lined Lined



7-3 Comparison of Alternatives

Alternatige (1). The elevation of the Irrigation

District at which canal discharges would be delivered is 950

feet MSL" This would be the minimum el-evation of the lower

supply 1evel in the main reservoj-r. A contour canal at this

elevation rvould be 87 miles long and canal head losses would

be a.pproximately 85 feet for an assumed maximum canal- slope

of 0 " 0002. The least costly combination of dam height and

canaf slope on an annual cost basis can now be determined by

summing the respective annual costs for all combinations in

this range

Capi'ta1 cost figures were obtained from FiEure 3

and Figures 24 and 25 for a- range of dam heights and canal

slopes " These figures were then converted to annual costs

according to the appropriate recoiltmended analysis parameters.

The storage requirements at the Rio Saska for the

required irregular flow demands have been established from .a

ftass cu.rve analysis of river flows and discharge requirements

as shor^/n in Fi-gu.res 34 to 39 inclusive. The critical period

of 1or,ø river florvs in the exist.inq records v¿as from October

l-962 Lo June 1965. All-orvance has been made for riparian

releases of 1r000 cfs. The range of reservoir operaLion to

obtain storage vras obtained from the stage storage curve in

Figure 3.
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Alternative (2) " The full supply level of the dis-
tribution reservoir to supply regulation storage for irrigation
water suppry from a ten-month steady canal discharge of 3r115

cfs is 995 feet MSL" A contour canal at t-his elevation would

be 83 miles long and canal head losses would be approximately

80 feet for an assumed maximum canal slope of 0"0002"

The analysis of this alternative from this point is
equivalent to that for Alternative (l) except that the storage-
dependable flow curve for the Rio Saska was used to determine

required storage rather than a mass curve analysis" This

approximation was considered valid for cost comparisons.

Further refinements in the analysj-s could be carri ed out if
cost comparisons did not prove to be concl usì r¡e fnr nroicct
sel-ection "

The cost of the Rio seco distribution reservoir is
consta¡rt for all combinations of storage reservoir and canal

slope for this alternative"

Alternative (3) " The full supply levet of the dis-
tribution resert¡oir to supply regulation storage for irrigation
v¡ater supply frorn a l-2-month steacly canal discharge of 2,600

cfs is 1,015 feet À1sL" A contour canal at this elevation
would be 82 miles long and canal- head losses could. be approx-

imately B0 feet for an assumed maximum slope of 0.0002"
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The analysis of this alternative was similar to

Alternative (2) 
"

alternative would be an unlined canal discharging demand flows

directly to the district" The canal slope would be 0"0001-5,

the canal intake elevation 1,010 feet MSL and the reservoi r

FSL would. be 1,055 feet MSL" The unlined canal slope of 0"0001'

intake elevation 1,055 feet MSL and reservoir FSL of 11080

feet MSL is competitive and these two alternatives har¡e been

compared. in detail with the conclusion that the incl-usion of

the distribution reservoir is uneconomícal for full development

of a single-prlrpose irrigation project"

Alternqtive (4) " The mosL economical canal slope'

in combination with a storage range of 11010 to 1,055 feet MSL

r,iras 0"00015" The least costly combination of storage dam and

pumping can now be determined by combining these cosLs over a

range of head from 950 feet MSL¡ the elevation of the district

and 1,055 feet MSL, the FSL of the dam. Pumping costs have

been obtained from Fi-gure 11" The combinations of costs are

qhnr^rn 'in F i nrr¡s 43 " From this f igure it is f ound that pumping

ís uneconomicat over the full- range of total dynamic head for

an average annual discharge of 2,600 cfs" Pump supply ivas not

considered for the remainder of the analysis due to the high

annual costs invol-ved "

Based on Figures 40, 4L and 42 the least costly

7I



7-4

In the vícinity of the La Salle River, it would be

possible to shorten the main canal by (1) constructing elevated

flumes over the two wide valleys of the La salle t::ibutaries
(2) constructing inverted syphons in the two vallêys, and

(3) tunnelling or (4) open cut excavation in the prominent

nose separating the two valleys or (5) by a cornbination of
two or niore of the above.

The total length of contour canal rvould. be 13 miles

whereas the total length of flume and. tunnelling or open-cut

excavation would be 6"5 miles. The lengths of the indi.vidual

structures are tabulated below" The two tributaries have

been label-led North and South.

Main Canal Structures
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North Tri-butary

Nose

South Tributary

LENGTH OF AQUEDUCT TN I4TLES

Figure 44 gives combinations of flume slope and

dimensi-on H for f]ume velocities bel-ov¿ critical for the flume

shape shorvn schematicarty in the same figure " A dimension of
12 feet and slope of 0 " 001 har¡e been selected for an assumed

canal- discharge of 3r000 cfs" The thickness of the reinforced
concrete walls and invert would average one foot.

Flume Syphon Tunnel Open-cut

2"5

2"0 2"05

2"0

| .ôhd'ts h 
^f

Contour
Canal

¿"u 4"0

5"5



A ful-lv-lined tunnel 10 feet in diameter with inlet

control would be adequate for the design clischarge of 3r000

cfs. Tunnel excavation costs have been obtaíned from Fiqure 12"

This alternative has been consídered to be at least

as costly as the concrete flume and could be analyzed in

cletail if the flume proved to be economical. Concrete pipe,

6 feet in diameter and B inches thick, would be adequate"

A rather deep excavation would require extensive

slope protection measures to ensure slope stability and woul-d

includ,e costs of canal plus ad.ditional excavation and was not

considered further in this analvsis"

7-4-L Cost Estimates
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The ruling faclor j-n first coinparisons of the

alternatíves was assumed to be the cost of concrete

for the structures " ft was decided to estimate the

cost of concreLe per m'i le for each of the f lumes

aird the tunnel and to compare the total cosL of

concrete rvorks versus the cost. of the lonqer nain

canal. f f the shortened roul-e did- not Þrove

economical oil this basis, then further refinement

of -Lhe calculations rvould not be necessarv. The

esl-imates for the first comparisoir have ]:een given

l_n l'aþIe xx-L "



7-5 Partial Development

The water requirements during

would be 3t870 SFI'{ divided by the total

285,000 acres, or 0.013 SFi{ per acre.

size of the various partial development

be as follows;

Descrip!ion

Subzone I

Subzone I plus TI

Subzone I

Subzone I plus II

Left Bank

the peak demand month

developed acreagie of

The peak demand and

possibilities would

l+

n-
åIËd

22 ,800

45,000

Peak

285

585

The cost estimates for water supply for the partíal

d-evelopments were calculated in the same manner as

estimates for full development. but only for the demand'

supply and unl-ined canal alternative" The costs are

summarrzed in Tables XXII ancl XXIII "

7-6 Land Shaping and Levelling Costs

7-5-L Cost Estimates

Ríght Bank

73,000

145,000

Demand-

9s0

r,Bg0

¿¡Iãç LEÐ

95,000

190,000

SFM

I t235

2,475

Total

it rvould

nri ¡r¡ # a

q1-r:n i n rr

acre for

In order to distribute irr-ì-gation water by gravity,

be necessarv for individual cultivators to excavate

canals and l-evel- their acrease. A cost f or land

and levelling of $20'per acre for subzone It $24 per

subzone ïï and S21 per acre for subzone ïïI have



been used for estimating purposes. The additional capj-tal

cost of irrigation to farmers, assuming the Provincial Govern-

ment would pay for the major hydraulic works, drains and

distributaríes would be as follows:

Subzone I

Subzone II

Subzone III

7-7 Annual Costs

Acreage

640

320

160

Annual costs rvoul-d be the sum of operation and main-

tenance of the entire civil works, excludi-ng private canals

and drains, plus interest and deprecj-ation on the total capital

investment. Annual costs have been based on an assumed life

of project of 50 years and an interest rate of six percent"

7-B Interest and Depreciation

Without
Irrigation

ç 20,700

10,700

7 ,600

75

Annual interest and depreciation costs have been

based on the useful life and interest rate figures as supplied

for irrigation projects. It has been assumed that development

of the irrigation districL ivould. take place over a period of
.t-arr \/ê.ãrq Tnitì¡l'lrz if worrlrj l¡e exneeto,l'l-ha'l- 2R-500 aCfeSLgrr Jgq!Ð. I¡IJLIATJJ Iu wvu¿v vu uõyvvLvu av lJv

would be available for irrigation when the main hydraulic

worl<s have been completed. Additional acreage wou1d be added

annually so that at the end of ten years all 2851000 acres

r,vould be under irriqatíon.

wr_tn

IrrigaFion
$ :¿,ooo

18,800

12,000

Increased
Costs

$ 13,300

Brloo

3,400



Interest and depreciation on the dam and main canal

would. be paid by the sinking fund method of debt retirement

over the 5O-year life of the project. On the irrigation works

the annual cost would vary from a minimum of $11961'565 at the

inception of the project to a maximum of ç2'475,300 after ten

years and thereafter would remain constanL for the remaining

useful life of the project of 40 years"

Constant annual- cost calculations are shown in

Table XXV for Scheme I.

7-9 Operati-on and Maintenance

Annual operation and maintenance costs for the pro-

ject have been based on the percentage of capital cost figures

supplied for irrigation projects. The projected development

períod for the project v¿ould be ten years, acreagie being brought

under irrigation at a rate of approximately 28,500 acres per

\/êãr _ f)llr-i ncr .t-hp dar¡el nnmont neri od therofnra - tho r":OSt OfJgq! o usLLÌLY çllu vç vu¿vt/¡ ullvlvÀvùv ,

operation and maintenance would be expected to increase in
nrnrrnrt'inn {-n fhe dOr¡elOnerr ç^- êâôh \/êâr- Tt haSIJJ-UIJU! L-L\JII L\.] urrÇ ue vu¿v¡/uu aurçaYç lur çqurr Jçqr . r

however been assumed that operation and maintenance would be

a fixed annual cost from the date of inception of the project"

This assumption is justified consíderíng that the major

portion of the annual costs would be required to mainLain the

major civil rrrorksf a prerequ-isí'te to irriqation" Possible

76



operation problems in the

could also increase costs

under development.

The annual cost has been calculated for the full

development of 285,000 acres as folloivs; annual cost per

acre would be $1.33 or approximately 1 percent of the capital

cost of construction. This percent figure has been used for

calculati-ng operation and maintenance costs for all partial

developments. Cost calculations are shown in Table XXVI for

Scheme I.

early stages of the new development

out of proportion to the acreage
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COST ESTTMT\TE FOR

STORAGE DAM, UNLTNED CANAL

Storage Dam, Full Supply Level 1,055 feet MSL

lulinimum Supply Level 1,010 feet MSL

Annual Cost

TABLE XÏX

Unlined Canal, Slope 0"00015, Capacity 4,L00 cfs

Canaf Dimensions

2 /'1. 1 /2
ô = I:!3-"'- s Ll 

AY 0"030

^-"u2ä J¡¡

R : 0"55H
1 q t/" 1/2 - 24100 = OiOfu- " (0.5sH) -/ " x (0.00015) -'- x 3H^-

H = 2L feet

Capital Cost

$105 ,000
ffi " i8 l{iles = $8,200,000

7B

$1,400,000

TOTAL A\]NUAL COST

Annual- Cost
Interest & Depreciation G 0.0634 = $ S20'000

Operation ç l'[aintenance @ 0.02 - $ 164'000

$2 ,0 84,000



COST ESTIMATE FOR

STORÄGE DAI4, UNLTNED CANAL & DISTRTBUTION

Storage Dam, Full- Supply Level 1,080 feet MSL

l4inimum Supply Level 1,055 feet MSL

Annual Cost

Unlined Canal-, Slope 0.0001, Capacity 2,950 cfs

Canan Dimensions

" -^2/3 ^ r/2o - r'15 Þ Ax 0.030

2g5o = -L'5- * (o.ssn¡2/3 x (0.000t)r/2 *
0"030 ,. \v'JJ¡

H = 20 feet

Capital Cost

TABLE XX

IY

RESERVOIR

DisLr-i-bution Reservoir

Capital Cost

Annual Cost
ïnterest &

Operation &

TOT¿\L ANNUAL COST

Annua'l Cost
Interest & Depreciation G 0"0634

Operation & itlaintenance G 0. 02

s95,250

-ItüTe- 
^

$1 ,550 , oo0

75 Miles = 97,150,000

arr2
Jfl

$1,f30,370

Depreciatíon
Maintenance

$ ¿53,000

$ 143 ,000

@ 0.0634
G 0.001 $

72,000
1,130

ç2,2L9 ,r30



Contour Canal

Unlined 13 miles x $ 78,000 $ 11000,400

Líned l-3 miles x $130 ,000 L ,69 0 
' 
000

Concrete-lined 13 miles x $tBO ' 
000 2 ,340 ' 

000

Flume
,?

Cost per mile 15,000 yds- x $100.00 $ 1'500 '000

Total cost 4"5 miles x $1,500,000 $ 6'750,000

Tunnel

Cost per mile 20 ,O0O yds3 x $100.00 $ 2 ,000,000

To'Lal cost 2"0 mil-es x $2,000,000 $ 4,000,000

TABLE XXÏ

COST BSTIMATE FOR

CONTOUR CANAL, FLUMES 6. TUNNEL
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TOTAL COST STRUCTURES

TOTAL COST CANAI,

Canal Unit cost for the ca-nals were obtained

from Figure 24 for a discharge of 3,000 cfs

and a canal slope of 0.0002.

$11,750,000

ç 2,340,000



SCHtri'fE Ï

Storaqe Darn .Z\t Rio Saska

( Inclucles engineering,
contingencies and interest
drrri nrr ^ñnq{-rrr¡.|-ì nn\u s! lr¡y vv¡¡Ð u! u v LJv¿¡ /

Unlined Canal

(Includes engineerirg,
contingencies and interest
during construction)

Canal Structures

TABLE XXII

COST ESTIMATE
FOR

285,000 PRoDUCTIVE ACRES

lTnr'l rrÁoq. ênõ-.^) rneerang,
contingencies and interest
during construction)

Intake
I'lain Regulator
Regulators and i{aste Ways

B1

Irriqation Works

lvfain (rrnnJrz fl=n='lcr-¡q!¡¡ uuÈ/l:/rJ uqrraJù

Dis tributaries
Canal- Drains
Distribution System Drains
SJ-rlln'Frrroq. T¡7c'ì rc Ttl rrmoe/ ¡.v+!rt !rsrrçr,

Road Crossings

$ 21,800,000

Engineerirg, contingencies and
Interest Durinq Construction 30?

TOTAL COST

205,000
81,900

8,620,000

213 .100

$1,640 ,000
L,820,000
1,110 ,000

150,000

I,225,000

500 r 000

$5,945,000

ç1,785"000 7 ,730,000

$ :s,650,000



COST BSTI}IATE
FOR

SCHEME rr 190,000 PRODUCTTVE ACRES

Stnr¡oe Dam At Rio Saska

(Includes engineering,
contingencies and interest
rlrr-i -^ ^^hcf rr:¡-l_'i an\u Llr -Ltry r-\JttÐ L! uu ururr¡l

Unlined Canal

TABLE XXTÏÏ

(Includes engineering,
contingencies and interest
during construction)

Canal Structures

(Incluctes engineering',
contingencies and interest
during construction)

Intake
lfain Regulator
Regulators and trVaste l{ays

ó¿

Irrigation V{orks

l"Iain Supply Canals
Distributa::ies
Canal Drains

ç 2A,800 ,000

Disr;ribution System Drains
Q.l-rrr¡-l-rtrÕc . f¡7oì rc 11 I rrmocuu!uv , trvlLrf

Road Crossinqs

Þf,

Enoi nêêrincr - r:ont'inoetrr--i es andLLLY T

Interest Durinq Construction 30?

.150,000

60 ,500
l_39 ,500

TOTAL COST

,510,000

$1 ,050
Bs0

570

95

950

,000
,000

,000
,000

(? (tq nnô
Y r | ¿ 4J 

' 

v v v

350,000

000

$1,054 500 4 t569,5oo

$ 31 ,229 ,500



COST ESTÏI'IATE
rìôP

scHEME rrr --f5',ooo PRoDUCTTvtr ACRES

SJ-nracro f)arn At Rio Saskav uvr sY v

(Includes engineeri.g,
contingencies and interest
during construction)

Unlined Canal

(fncludes engineeritg,
contj-ngencies and interest
during construction)

Canal Structures

TABLE XXIV

(rr¡cludes engineering,
contingencies and interest
during construction)

Intake
l"fain Regulator
Regulators and Waste tr{ays

B3

Trrigation Works

Main Supply Ca.nals

Distributaries
Cana]- D::ains
Distribution System Drains
Structures; lileirs , Flumes,
Road Crossings

Enni hôôri ncl - ¡nnj- i a,.roarCia=!Iry J-irçs! ¿r¡y , vV¡¡ ulr¡Y çJ

Interest During
Cons'truction 3 0 3

TOTÃL COST

$20,200,000

$ ro0,00o
40,000

110,_000

$ 4,500,000

$ 600,000
350 ,000
27 5 ,000

50,000

._ 475,000

$L,7 5o ,ooo

250 ,00 0

and
$ 525,000 Ç 2,275,000

$27 ,225,000



Interest & Depreciation
Annual Cost

Capital Cost

Storage Dam at Rio SasJca ç2l-,800,000 0.06344 L t3B2 ,992

Main Canal 8 ,620,000 0 "06344 546 
' 
853

Canal Structures 500 ,000 0 "06344 3I,720

Irrigation \'rlorks

Canals and Drains 6,136,000 0 "06646 407 ,798
Structures 1,594,000 0.06646 !05,947

ANNUAL COST OF TNTEREST AND DEPRECTATION

SCHEME r - 285,000 PRODUCTTVE ACRES

TABLE XXV

TOTAL ANNUAL COST

ANNUAL COST PER ACRE

B4

ANNUAL COST AS A PERCENTAGE 2-,!U:399 _ .r ôn = r\ ^^^a1oF cAprrAL cosr 38 rT5¡-r000 ^ r-vv u ' vuru /

2 ¡475,300 :
285,000

2 t475,300

$ 8"61.



ANNUAL COST OF OPERÄT]ON & MAINTENANCE

SCHEIVIE I 285,000 PRODUCTIVE ACRES

Storage Dam at Rio Saska

I'lain Canal

Canal Structures

Irrigation tr{orks

Canals and Drains
Structures

TOTAJ, ANNUAL COST

ANNUAL COST PBR ACRB

TABLE XXVI

85

Capital Cost

ç 2L,800,000

8,620 foo0

50.0,000

6 ,1-36 ,000
1,594,000

ANNUAL COST AS A PERCENTAGE
OF CAPITAL COST

Operation & Maintenance
Annual- Cost

Percent

0.1

2"0

3"0

2"0
?n

Dollars

21, 800

L72 ,400

15,o0o

L22,720
47,820

--3J2J1393B,150,000 x 100

379,740

$ 1.33

LZ



B-1 Annua1 Revenues

The annual value of the benefits of irrigation can

be determined directly from the farm budget by calculating the

difference between net income per acre without irrigaLion and

net income per acre with irrigation" These figures are shown

below for the three subzones"

CHAPTER VIII

BENEFITS

Subzone I

Subzone IT

Subzone fIf

NET INCOME PER ACRE

Without
lfffg-e!¿-orI

$ 11"40

10"31

8.75

The exact net benefit fiqures for the individual

subzones have been used for calculation of benefiì:s for

partial development. It has been a-ssumed that phasing of

full development would be such that portíons of all three

subzones rvor.rld be developed simultaneously" Actual develop-

ment would depend upon applications from farmers for irriga-

tion hTater, but the recom.mend.ed method of construction

TOTAL FOR ALL THREE SUBZONES

AVEP"AGE NET BENEFIT PER ACRE

wl-cn
Trri cra1- i nn

$ 35"00

30"00'

22 .00

Increased
fncome or Net
Benefits

$ 23.60

19 "69

L3 "25

56 "54

TB " B5



staging would be to complete one main distributary, service

all farms from this distributary and then commence work on

the next d.istributary etc" It has been assumed that this

procedure of development would be adhered to and therefore

the average net benefit per acre figure as above has been

used for stages of full- development"

Bstimates of irrigable acres, initial revenues '
development períod and final revenues from irrigation for

fult and partial development would be as follows:

SCHE].rJE I

Subzones I & ïI
Left Bank
Right Bank

SCHEI'{E IT TOTI\L

Subzone I
Left Bank
Right Bank

SCHEME ÏÏÏ TOTAL

B7

Irrigable
Agreage

285,000

45,000
145,000
190,o0o

22,000
73,000
95,000

Develop.
Period

It has been assumed that for:

acreagie of appro;<imately 28r500 acres¡

irrigation each year.

years

10

rnr_taa-L
Annual Benefits

2

å
'7

(Ã?7 1?n
YJJ ' J LJV

$486 ,500
628 ,000

$589,000

$520 ,000
575,000

$56o,ooo

f'anar

1

4

$5,371,000

973
1,40

$4, ll3,ooo

all dr.r¡olonmor-^ ^ !^r^1
-r--'.--l LÞ t cl' L(J LaJ

would be brought under

,000
000

$ s20
r,720

ç2 ,240 ,000

,000
000



B-2

The annual income of individual

without irrigation could be as follows:
Without Irriqaticn

Annual Income of Individual Farmers

Sul:zone I

Subzone II

Subzone IIÏ

Arrrr:arro

640

320

160

B-3 Water Charges

Three alternatives for paymetrt of water charges

have been ana-Iyzed, (1) payment for operation and nia-intenance

of all works on a per acre basis n Q) payment on the basis of

a fixed Sum per acre-foot of iva.ter used, considering the value

of rvater used, and (3) sliding scale paymenL for water based

on quantity of water used"

(1) The annual operation and- maintenance costs

would be $1.33 per acre. The revised benefit--cost ratios

r^ri l-h 'i rri oa1--i nn ôn n rrêr-f arnt basis rvoul-d be:w+u¡r J!r¿Y

Per Acre Total-

$r1"40

$10.31

$ B.7s

B8

f armers, r,vith and

I^lith Irrigation

$7,300

$3,100

$t_ ,40 o

Per Acre Total

$35 " 00 $22,400

$30.00 $ 9,600

ç22"00 $ 3,520

Subzone ï

Subzone If

Subzone III

(2

net heuefits

The revised-

same as the

Annual
R_eyenug_

$56,400

2B ,400

L4,520

Rr¿?-ìêlrqêq-,.[- """,'::,
. 34 ,000

1B,Boo

ll,0oo

) The value of rvater, Per acre-foot, based on

nf .i rri craf i on nf th,- nrn-iect WOUIO be $1.25 "u! ¿!!!Yqurvl¡ vr yrvJr

benefit-cost ratj-o would be suJ:stantially the

f igures in the ai:ove table "

Annual Cosi
g&.4
$ 850

425

2L2

Total
$34,850

19 ,225

rr,2r2

1" 61

1"48

I ?n



(3) The suggested sliding scale for water charges

per acre-foot would assess the farmers in such a vJay as to

equalize the benefit-cost ratio for the farmers in each of

the three subzones. Suggested rates would be $0.50 for the

first 500 acre-feet, $1.00 for the next 500 acre-feet and

$2"00 thereafter" The revised benefit-cost ratios would be

as follows:

Subzone I

Subzone TI

Subzone III

Annual
Revenue

Alternative (3) would be the most acceptable of the

above as it would tend to equalize thq individual B/C raLi-os"

However, the high cost of water for withdrawals over 1r000

acre-feet per year mj.ght act as a deterrent to development

and payment for water by volume would requj re installation of

extensive measuring devices and therefore greater operational

costs.

B9

$56,400

28 t400

L4,520

Expenses

$34,000

12,800

11,000

Ä,nnual Cost
Water

A fourth alteruative v¿ould be to collect rvaLer

charges on a per-acre basis according to the farmers ability

to pay" The charges cal.culat.ed j-n Table XXVII using l-and

classes and value of water as the criteria' are recommended"

The analysis is based on Standard Practice adopted by the

International Peml¡ina River Engi-neering Board (1964) .

$1,380

7L0

240

Total

$35,380

19 ,510

Lr,240

B/g_

I"57

1.45

1 to



B-4 Value of Water to Farmers

The average irrigation demand is three feet per

acre over the entire basin, the value of irrigation water

to the farmer would be the increase j-n income per annum

divid,ed by the total number of acre-feet of water utilized'"

The value of wâter would be as follows:

Annual Income

Sub2one T

Subzone II

Subzone ïïï

Without Vlith
Trri nr"Fi nn -frri o='|- i nnIJ-t IVqU¿V¡r a!! ¿Yqur-vr¿

90

( 7 ?nn
Y ' , JVV

3,300

1 ,400

ç 22,400

9,600

3,520

Increase

Total Value
Water of
Rqmnts. Water
Aæê- - l/acre-
Feet Foot

L,920 9. 86

960 6 "65

450 4.43

$15,100

6,300

¿ ÌL¿V



Land Class

Subzone

ANALYSIS OF PAYMENT CAPACITY BY LAND CLASS

Net Farm fncome ç22,400 $9,600 ç3,520
Less Dryland fncome 7 ,300 3 1300. 1,400

tt, *t , , -t \*,

Less t0 percent of
. Increase in Income .l- , 510 6 30 2L2

13,590 5,670 1,908

TABLE XXVÏI

I

ï

Less Increase r-n
þ'âm1 l\z l.âhôr

9L

Reduce by 20 percent
Contingencies

2

IÏ

Per Aern Pavment-^='^Y:= savrttsrr' $ 17"00 $ 10.40 $ 4"50
\.ctLJc¿\-J- L-V

ÏTI

13,590 4,670

2,7L8,

I0,872 3,736

, 1,000 1,000

934

908

LB2

716



9-1 General

The ¡:receding engineering analysis has concentrated

on the feasibility of constructing civit engineering works

for the provision of irrigation water to the proposed lrriga-

tion DÍstrict." The economic analysis which fol-lows concen-

trates on the economic feasibility of the irrigation project.

CHAPTER IX

ECOI.IOMfC ANAIYSTS

For the purposes of this report it has been assumed that

market demands witl continue to increase for all produce from

increased agricultural production and at current prices" Farm

budget figures, âs supplied by the Provincía1 Government, have

been a-ccepted as valid for Lhese assumptions and present credit

availability and. interest rates have been assumed to be

indicaL-ive of future conditions.

9-2 Benefit-Cost Anal=¿s_is_

Benefit and ccst figu.res from the preceding Chapters

have been useil to calcul.ate benef i-t-cost ratios. As the

lengttr of the period of developrnent is a significant factor

in determining these ra'tios, calculations have been carríed.

out to demonstrat-e -the value and disadvantage of more and less

rapid. periods of development respectively. The period of

developrnent used in the example calculations is 10 years.



Comparisons have been made

values of benefits and costs, âs the

naremoforq \/âr\/ ô\/êr fhe llseful lifel:/ q¿ q¡rrv

9-3 Benefits of Scheme I

after completion of the main hydraulic works" The initial

annual benefits woul-d amount to $537,130, increasing in equal

increments over a ten year period to an annual value of

$5,371,300" This value would then rema|n more or less con-

stant.for the remaining 40 years of useful life of the project"

The presen't value of these benefits have been

determined by converting the 1Q-year gradient series of

benefits to equal annual- amounts and determj-ning the present

value of this annuity" The 40 years of constant benefits

have been converted to a lump sum in year nine and then into

present value as f otlows; all costs are in d'oll-ars.

A" Gradient series conversion

Benefits would. be realized from'scheme I one year

on the basis of present

annual values of these

of the project.

93

Value of benefits Year I

Annual increment

Value of Ì:enefits

Uniform value

Present value at
January l, Year 0

Year 10

537¡130 x 4"02

2,160,000 x 7 .

$537,130

537 ,l-3 o

5,371,000

2,160,000

36=$15,900,000



B" Equal annual irenefits to

Value of benefits

Value of benefits

Present value at
JannarY l, Year 10

Present value at
Project beqinning

c" Total present
at beginning

present value

Year 11

Year 50

9-4

Costsivouldbethecapitalcostofthehydraulic

works al- the begiüning of the project of $30,920,000, the

initial cost of $ 5L,375 f or distrj-l:utaries and an additional-

$51,375 annually for 10 years to an annual value of $513 '37.5"

This value remains constant for the remaining 40 years of use-

ful life of tl-ie projec.t" In addition the regular annua] costs

of operation and maintenance must be included''

Thepresentva'lueofthesecostshavebeencalculated

bycon'vertingthel0_yeargradientofcoststoequalannuai

amounts and deterrnining the present value of this annuity' The

40 years of cons'ta.n{- cOsts for distri}:utaries have been con-

rzerted to a l-ump sum in year nine and then into present value '

To these figures 'Lhe present value of 50 years of operation

and mai-ntenance and the initial cosL of the hydrautic works

Costs of Scheme I

value of all benefits
of project

5,371,000 x .15"046

94

B0 ,700 ,000 x 0.5584

$ 5 ,371,300

5 ,37l.,300

BCi ,'7 00,000

$45,000,000

$60,900 r000



have been added. Interest during construction has been

included with engineering and contingencies in the percentage

of capital cost figure added. to all capital cost estimates.

A. Gradient series conversion

Value of costs, Year 0

Annual increment

Value of costs, Year 9

Note: Expenditures must occur prior to the
reãlizat-i-on of benefits from construction
of dist.ributaries "

Uniform

Present
January

Present
pro j ec't

9s

B"

value

value at
L, Year t
rz='lrro at
beginning

Equal annual costs, distributaries, to present

Value of costs, Year 10

Value of costs, Year 50

Present value at
January I, Year 9 513'750 x 15"3801

Present value at.
project beginning 7,900,000 x 0"5919

206,000 x 7 "36

L,520 ,000 x L"724

$ 51,375

51,375

513 ,750

c Operation and maintenance

Value of costs, Year

Present value at
project beginning

206,000

,52C,000

,710 ,0oo

Þr

$r

value

$ 513 ,750

. 513 ,750

$ 7,9oo,ooo

$ 4,6Bo,ooo

tn nreqent r¡aLue

0-50

379,740 x 15.162

379 ,7 40

$ 5,960,000



D. /'r^*-ir--'t ^^ê+ Cf hydrauliC wOrl<S tO present\-crPr Lc.r u\JÞ u \

Present value at project beginning

Total present value of all costs
='l- nrni o¡ l- l-ro,- --Jrnnl-ng

ñ

F" Benefit-cost ratio
q9,?99'999 = r"4r to r
43 ,270,000
The computations for parLial developments have been

conducted in a similar manner.

9-5 Benefit-Cost Ratios

The benefits and costs, benefit-cost

benefits for all three schemes are summarized

Scirente T Scheme If

Direct Benefits $61,900 '000
Present Value of Costs43,270,000

B/c r"4r

Net Benefits 18,630,000
l{et Benef its per acre 65.36

96

value

$ ¡o,920,oo0

$ ¿: ,270,000

The benefit and cost, benefit-cost ratj-o and net

benefits for Scheme I assuming 285r000 acres under irrigation

rìnê \/ê^r aff or .r.ìrnn]r.J-'i nn nf the main hvdraulic works ivouldvl¡ç Jçq! q!uvr vv¡ttt/rv

be $84,600,000 direct benefits, $44,120,000 present value of

costs , L.92 B/ C and $40,480,000 present value net benefits"

ç46,150,000

35,665,000

I.29

L0 ,485,000
5s " 1B

ratios and net

belot.¡.

Scheme IfI

$3or34o,o0o

3L ,9 00 ,000

0"9

' noa.a{-i r¡a

noor-l-i r¡o



vüith more rapid development, the B/c ratio increases

from 1.41 to I,g2 and net benefits would more than double.in

doll-ar value" This calculation demonstrates the importance

of a rapid development period and the significance of the

period of development on the feasibility of the project.

9-5-1 Farrner's Benefit-Cost Ratio

The benefit-cost ratio, to the individual farmer,

with and without irrigation would be as follows:

Without Irrigation
Annual Revenue

Annua1 Cost

B/C

Wit.h Irrigation
Annual Reveuue

Annual Cost

B/C

97

Subzone I

$2 8,000
20,700

1" 35

$56,400
34,000

L"66

Subzone II Subzone III

$14 , oo0

10 ,700

1. 31

ç23,400
1B, Boo

1.51

$ 9,000
7,600

1" 1B

çr4,520
11,000

12)



t0-1 SummarJ

The investigation which forms the subject of this

report was underLaken at the request of the Governor of the

Province of Assiniboia" Its objective has been to conduct a

preliminary study and economic analyses of the feasibil-ity of

Irrigation i-n the Río Seco Basin and to determine the extenL

of the wor]<s which should be constructed for the most economic

and beneficj-al development of the basin.

The computational- procedures followed were intended

{-n rnerr'l {- ì n nrel i m'i narv pc+i *-{-^n +.he baSiS Of WhiCh,t(.) l.(j5UIL Ill PrErr¡Lt¿¡rq!J çÐLIltld.L(:ì) t "r: L

comparison of clevelopmen'b- alternatives could be carried out

and r:ani tal rer-rrr'ì ranir=nJ-q established"q¡¿u vqy¿ uu¿

Tt was found that the most feasible plan for írriga-

tion development would be a combinaLion of the Rio Saska

stora-ge dam at a cost of $2L,800,000, an unlined gravity canal

at a cost of ç9,I20,000 and a net\^/ork of unlined distr-ibution

canals, latei:a-ls and. associated structures and open drainage

ditches in the irrj-gation clistrict at a cost of $7 ,7 30,000.

This combination of worl<s would provide sufficient irrigation

rn¡aJ- or f or rzr.¡r-.rr¡rrnd crÕn oroducti-on for the 2 B5 ,000 irrigableYYe-uu-L J vq: x

SUM.IUARY AND RECO¡4I{ENDATÏONS

CHAPTER X



acres within the Rio Seco Basin. The benefit-cost ratio of

the project, based on present depreciated values of benefits

and costs was found to be I"4 for a lQ-year development

period commencing from the date of completion of the storage

dam ancl main canal.

LO-2 Recommend.ations

Irrigation development of the Rio Seco basin is

feasible and it is recolTlmended that further studies be con-

ducted to finalize designs and bring the project to the

tendering sLage as soon as possible

As the storage dam, gravity canal and distribution

reservoir alternate was found to be competitive on the basis

of annual costs, it is further recommended that this combina-

tion of structures be investi-gated for possible multi-purpose

use of storage on the Rio Saska.

A multi-pllrpose development with storage allocated

to hydro po\der, flood control and irrigation at a full supply

level of approximately I,L7 0 feet MSL could prove beneficial

'L.o all l-hree consumers thus decreasing the capital cost of

qJ-r¡racre for thp i rrì oati on nro-ier:t - Jvti n ={.i nn €l n'r'rg, ifÐLv!qYç !v! ullc ¿IJ-rYqulvrr yLvJçvç' rr!rY

available above elevation 1r0I0 feet IrlSL would also result

in savi-ngs in canal costs as a steeper canal slope would

allow f or a decrease -in the canal cross section. The distrib-

ution reservoir would become a significant component in a

99



multi-purpose scheme as irrigation water could be drawn off

during peak flow periods where withdrawals of 4r000 SFM rvould

have tittle effect on available head for hydro power g.enera-

tion. This diversion v¡ould also have the effect of reducing

dovrnstream fl-ows and making storag:e available for flood

control. The distribution reservoir would provide storage

for irrigation flows until required"

vfith further regard to multi-purpose development'

it should be noted that the cost analyses and cornparison of

various canal types did not assign a value to the loss of

water due to Seepage from the main canal. Costs were compared

on the basis of the add.itional storage and increased cost of

the storage reservoir to make up the seepage losses" Where

multi-purpose use is to be considered, the value of lost

benefits to other users could become substantial, i-n which

case canal lining to restrict seepage losses should be con-

sidered" The difference in costs between unlined- and clay-.

lined canals for a maximum discharge of 3,87 0 cfs was

est.ablished as $350 ,000 or ç72 "50 per cfs " If the value of

-.-4^- J-^ 1- .'Åvwousr uv ¡rJ*iO p6\^/er were tO eXCeed thiS figUre, Canal lining

could prove to be economical.

Assuming single-purpose development for irrigation

r^7^fr=r slnnlv is cOnsidered tO have priOrity Over other usesrv *.È-r *.¡

again it is recommended that. further investigations of the

Rio Seco reservoir be carried out. IL is estimatecl that the

100



construction period, from award of contract to beginning of

project, would encompass a period of six years. During this

time, with additional possible delays in reservoir filling

for example, considerable capital costs would have been

incurred and benefits would still be several years in

developing" If the Rio Seco distribution reservoir were to

be consLructed as Phase 1 of the project, with an estimated

construction peri-od of tv,ro years, a small portion of the

Irrigation District could be supplied from Rio Seco storage,
.i r^1., - qrrnn] êmentar.. Ù^^^.i ^ mL^Ée would be twoP(JÞÞIJJry Lrll d Þ uy}lrçrrrçr¡ uq!y uaÐIÐ. rIIçr

advantages to such a plan, early realízation of benefits

from irrigation and addil-ional time in which farming tech-

niques could be studied and improved and a model farm could

be established for denionstrating irrigation farmíng and

fertilization methods.

101

In the event that further studies of the project

will a.nalyze the main storage dam for multi-purpose use ' the

follorving figures rvcul-d prove useful in determining separable

costs and remainíng benefits of irrigation for cost allocation

purposes "

Total estimated. benefits of irrigation

Total estima't-ed cosLs

M¡xi mrrm nôssi ble contributicn

Total cost o'T stor.age dam

$60,900,000

$38,650,000

Ç22,250,000

$2r,800,000
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unless otherlise noted, Figures have not been drawn

to scale and dimensions should not be scaled from the drarvings.
Major structures have been dimensioned as required. Drawings

of typical structures are intended to convey a concept of the
proportions of the structure only.

FÏGURES

Settlements

Paved Roads

Railroads ..
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Rain Gauging Stations

LEGBND

Control- Stru_ccures

Contour Lines

Ivlaj or Canals

Distri,but.ion Canals

ttrârna

Ta-il Escapes
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ACCUN{ULAI'ED DISCHARGES (Thousands of second-foot months)
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