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ry
he Morden-Winkter area in Southern Manítoba re-

quires large amouorts of water for irrigatíon and municipal

and indusÈrial water supply purposes. Many studies have

been unilertaken since 1907 by Canadian authorities both

independently anit in cooperation with the United States to

justify engineering v¡orks that wouLd make water available

to this region.
1 

'*The latest studies,"- were carriecl out during

the years 1960 - I-964 for the International ,toint Conrnission

(f .J.C.) by the International- Pembina River EngÍneering

Board. The Boardrs objective vtas to formulate. a plan for

cooperative development of the Pernbina River that would pro-

vide a high degree of optimization of the totaL net benefits

to both countries .

The pLan recommended by the Boaril to meet its
objective consists of two large darns on the Pembina River,

one in Canada (Pembina Dam) and one in the United States

(Pe¡nbilier Dam) . lthe resulting reservoirs would assufe

dependable supplies of water to both North Dakota and

Southern Manitoba and also proviile some flood control bene-

fits. llhese latter largely accrue to North Dakota.

* Numbers refer to Bibliography

,2
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Under the propose¿l plan, Manitoba l{óuld be guaran-

teed a dependable suppJ.y of water to'irrigate 12,800 produc-

tive acres ín the Morden-WinkLer area and aLso a dependable

flow of 51000 acre-feet annually for the munÍcipaL and indus-

trial requirements of the t.giorr. Manitobats share of the

cost under the plan amounts to $14r169,000 (1963 prices) .

In terms of, !g74 dolLars this has been estimated at $3O,0OO,OOO.

At thaÈ time some thought was gíven for Manitoba to

proceed unilat.eraLLy in the ilevelopment of the Pembina River.

Ilowever, preLimínary studies suggested that it was not feas-

ible and pLans were discarded in favour of the joint develop-

ment schemes .

There are three gooil reasons at, this tine why Manitoba

should re-evaluate its position before participating in the

reco¡rnended joint plan of ilevelopment.

1. I*lanitoba wíll have no control over the source

of lrater.

Under the proposed plan Manítobars share of the

r,rater would be delivered by. a . canal. from a

reservoir locateil in the United States. In

other words the source of the water which Manitoba

would pay to develop wouLd be located entirely
in a foreign country. The united States, of

coursef would be bound by International agreement

...3
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to reLease established amounts óf ""t.t to

Itlanitoba. 
. 
Hor.{ever , in times of severe drought

when the demand for r,\rater by both parties is
high and the supply is 1ow, iè an agreeinent a

good enough guarantee that Manitoba will get

Íts f air share oi the r,rater?

2. The pJ.an favours the Uníted States unduLy.

Under the plan the total prímary benefits ac-

cruing to the Uniteil States woul-d amount to

approximately lL times the bene.fits accruing to

Canada even though thê Canadian reservoir would

store 2L times the amount of water stored ín the

United States reservoir. In terms of floodeil

areas this means that Canada woulil loose an ad-

ditional 21300 acres of Land over what would be

lost Èo the United States.

3. Ehe PLan is expensive.

Ma¡itobats share of the cost in ]-974 prices .has

been estimated at $3OrOOOr00O. The writer
believes that there are alternative means to

supply the s ame amounts of water to the Morilen-

Winkler area at more economícal costs.

...4
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the aim of the present study is to'ínvestigate a

plan of development of ttre Pembina River thât Manitoba could

unalertake independently of the Uniteit States and that would

not have the draãacks of the combined scheme. ft is also

hoped that in the event the joint venture is undertaken the

knowledge gained from this study wilL strengthen Manitoba's

bargaining posítíon on cost-sharing with the Ãmericans.

The plari of unilateral deveJ.opment proposed in this
report consists of a storage reservoir on the Pembína RÍver

and a pumping scherne to raise the water over the height of
lan¿l into the Deadhorse creeki thence it will then flow by

gravity into the existing Morilen Reservoir. From there a

gravity supply canaL will distribute it to the project area.

(See Figure 1) The plan as presenteil will assure a depend-

able flow for the irrigâtion of 11,975 productive acres

(12,800 for the I.J.C. scheme) and aLso will guarantee an ad-

ditionaL 51000 acre-feet of water annually for the future

municipal and industrial needs of the area. The capital cost

of the project has been estimated at i22,235rOOO. Annual

benefits directly attributéd to the project have been estimated

at $2,874,000. The ra¿io of the annual primary benefits to
the annual cost of the project is 1.2.

...5
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DTSCRI?TTON OT- TITT AREA

Location

The Morden-Winkler Project .Area is located

in the Municipality of Stanley, Township 1, Range 4 west

of the Principal Meridian. The area occupies a smalL

portion of the western *"rgin of the Agassiz Lake Basín,

bordering the Pembina Escarpment to the west and the

International Boundary to the south. The area, though

apparently flat, slopes to thé east-northeast at a uniform

rate of approximately 10 feet per mile ilropping from E1 . 975

to 81. 900 Èn a distance of 7 to I miIes.

Climate

In relation to world-wide climatic conditions,

the Morden-winkler area falls withín the region designated

Dfb by the Koeppen-Geiger Climatic classification3.
The D climates in this classification include

the humid parts of the world that have a sumner but ihat also

have a long severe winter. By definition, this type of

climate is one in which the mean temperature of the coldest

month is below 26.6oF (-3qc) and that of the warmest month is
above 50oF. rt is thus characterized by wide seasonal ranges

of temperature which are the tesult of continental heating

and cooling. The members of the D group are differentiated

in the Koeppen-ceiger Ctassifiiation by the aegree of summer

$rarnth (ar b or c) and by the presence or absence of a winter

.... 6
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dry season (w or f respecÈively). Ifence the region is
classified as hwlid continental with sevêre winters.

a. Temperature: The temperature data recorded

at Morden shows a mean of 61oF for the sunmer months of May

to SepteÍiber incl-lsive, and an annual mean of 38oF. The

average duration of the frost-free period with a minimum of

33oF is I2l days. In the 60-year interval, this has ranged

from 92 days in 1929 to 145 days in 1944. The maximum and

minimum recorded temperatures at Morden for the same períod

are 111.2oF (July lL, 1936) and -42oF (January 20, Lg43).

b. Precípitation: The annual precipitation at

Morden during the 60-year period from I9l4 to 1973 is 20.10

inches. This has varied from 12.44 ínches in 1952 to 28.28

inches in 1968. The precipitation for the gro$ring season

of May to September has varied from a l-ow of .6.0 inches in
Lg67 Eo a high of 19.1 inches in 1971 with a mean of 12.54

inches. This amounts to 62* of the mean annual precipitation
for the area.

An examination of all the recorded meteorological

data reveals that the temperatures during the growing season

are generally favourable for Èhe crops corrunon to the latítude.
ft should also be noted that drought periods with duratíons

from I to 2 consecutive years have occasionally occurred, but

excessíve wet periods have been rare. In the 53-year period

from 1921-1974, there were 25 years in which moisture receipts

were egual to or greater than the normal evapotranspiration

of 2L.4 inches. Another 15 years had between 17.5 and 21.5

.... 7
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inches and 13 years had l-ess than 17.5 inches.. Indications

are, then, Èhat in less than half of the years, moisture

will be adequate, that there wiLL be a shortage of up to

four inches in just over one quarter of the years and a

crítical shortage in sj.ightly less than one quarter of the

years" [herefore, the supply of artificia]- moisture for
agricuLture in the area is a primary necessity in over 508

of the time. Furthermore, records shov,r that in the growing

season of May to September, rainfall anounts have never ex-

ceeded evapotranspiration totals for the period, hence sup-

plenental moisture r,rould have to be made availabLe every

year to assure optimurn crop proiluction.

SoiLs

' The soils in the project area are maínIy fj.ne sand

and very fine sand, underlain at depths of from 12 to 15 feet
by fine-textured lacustrine sediments. Surface texture is
predominantLy that of a J.oamy very fine gand on leveL to very

gently sloping topography4. They are predominantly CLass I
(

soils-, highly productive, rúith no seríous limitations. They

contain little or no salts and depths to water table are in
excess of 7 feet.. Permeability is rather high and rúater re-
tention capacity is fairly low. These soils are highly suit-
able for irrigation. No special attenÈion for soil manage-

ment is required on these soils other than those' practi.ces

necessary to maintain fertillty and prevent erosion. Con-

...8
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tinuous crop production is reco¡runendedG. A variety of crops

should be included in the croppíng sequence to permit chemical

and cuLtural weed control. wheat, oats, barley, flax, rape-

seed, peas, beansf potatoes, sugar beets, gunflowers and for-
age crops are suitable and do extremety well on the soi1s6.

Hordever, lack .of sufficient moisture frequently lirnits crop

productíon and yÍe1ds.

Present AgriculturaL Economy

a. t'arm Tenure: The Domlnion Bureau of Statistics
Census of Canada, Agriculture shoroed the status of operators

of commercial farms in the Municipality of Stanley (which en-

compasses the project arcea) to be approxirnateLy as follows:

TÃBTJE 1

OÞerator

Full Ovmers

I L961 Cênsus

61

t 197I Census

Part OwneTs-Part Tenanl'- 28
All Tenant
Managers

10
L

61
32

7
0

Private ownership of land by the people farming it, is Èhe

comnon pattern. Absentee ownership is not widespread although

the amount of rented land indicates â considerable amount of

land is owned by persons resicli.ng in and adjace¡t to the proj-
ect, but is not farmed úy tfrem. !ÍiÈhin the project area, there

is no land owned by commercial lending institutions and no

Crown land.

b. Farm size: The 1971 Census shows that the aver-

age size of farm ín the project area Ís 35L acres, compared

...9
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with 543 acres fôr the provÍnce of Manitoba. Nearly 208 of
the operators in the project area have farm sízes less tàan
70 acres and less than 10t of the operators farm areas greater
than 760 acres. The smaLLer farm sizes in the project aïea

are believed to 6e related to the more favorabJ.e physÍcaL char-
acteristics of the area that m.kås more intensive crop produc-

tion possible, and so reducing the land area requÍred.
c. Land Use! The land in the project area is very

arable and generally about 90* of it is improveil and under

cultivation or crop. In addition, a smal_1 percentage of the
improved land is used for pasture to raise livestock, poultry
and dairy. The following table presents the distribution of
the Land for the different uses as given by Census Canada for
1961 and. 1971:

TABTJE 2

Census Cana4a 1961 Census Cânada 1971finprovea Land

Under Crops
Sum¡ner !'al1ow
Pasture
Other Uses
Total Improved f..and

762
L8*
4*
2Z

10 08

89E
7*
2*
2Z

100 *

Several significant points in the Land use distribution as

given in the Census Canada 1971 should be mentioned:

(1) The amount of su¡mner fatlow is much lovrer than the usual
one-third that is encountered on the prairie areas. Hoerever,

even for the project area 7t is unusualLy IoÌ{, the normal

being around l-0?. The reason for the clecline in.summer fal-
low in 1971 is that more land was placed uniler crops to offset

...10
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the losses incurred the previous year*.

(2) Wheat, oats ' bariey, fiaxseeti, rapeseeil and Potatoes

which are predominantly cash crops, use the largest amount

of land.

(3) Land use for pasture has clecreased in the last 13 years,

hrith more of the land beíng. used. íntensively for cash crops.

d. Livestock: GeneralJ.y, the high proportíon of

arable land on each farm and lack of readily accessible 1ow

cost pasture l-and has restricted grazing livestock. In gen-

eral, cattle operations provide beef and dairy products nainly

for home use. Census Canada L971 shows that comparatively

little variation since L96L has taken place in livestock op-

erations'in the project area. In Èhe future, livestock enter-

prises are not expected to increase much beyond present Levels

but will continue to meet farm-home requirements. Ilence,

this subject wil-l not be pursued further herein.

e. Farm Net Income: Farm net income is the return

to the capital and labour of the farm operator and the unpaid

members of his fanily. It represents vthat is left after the

cash and overhead expenses are deducteil from gross income.

Farm net income for the project area is not available, however,

a good indication is given by the 1973 Manitoba Agriculture

Yearbook. These are presênted in the table belov, and are com-

pared to the personal income of non-farm workers in Manitoba.

Thê lat¿êr are obtained from the Manitoba Bureau of statistics.

* fn 1970 serious flooding in the spring and ba'd $¡eather through-
out the growing season in Southern Manitoba reduced crop yields,
thus substantially decreasing the cash income of the farmers in
the dístrict.

...11
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TABI,E 3

Annual Income (dollars )

Farm Net Income
of Farm Operator

Personal Income
of Non\:Farm Workers

19 7l_

5 ,300

8 r400

L972

5,450

9,300

t973

11,500

9 ,900

In general, farm incomes..in Manitoba have aLtrays been lower

than the personal income of non-farm workers. In 1973, thLs

trend reversed with farm operators more than doublíng their
expected income. This was mainly the result of large increases

in the farm cash receipts. It is not known whether these

large increases in cash receipts will be maintaíned in the
future.
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PLAN OF DEVEI.,OP¡4ENÎ

General.

The pLan of development as present,ed hereín in_
volves a dam on Êhe pembina River in Canada (to be referred

)

to as the Pembina Dam) and a pumping scheme to raise the
wat,er from the reservoir over the height of land into the

, adjoining Deadhorse Creek system from where it will f1oÍ, by

gravity into the Mordensvlinkler project area.

The reservoir and pumping works wilL be adequate to
Írrigate 13,300 acres of land (11,925 productive acres) in
the project area and as wel1, provide an annual_ dependable flow
of 5,000 acre-feet for the present and future municipal_ and

industrial requirements of the region.
This plan was chosen since it yields essentially

thè same benefits to ManLtoba as the recormnended I.J.C. pLan

of development erhile it eli¡ninates some of its dÍsadvantages.
The proposal to írrígate 11r975 productive acres

of land is 825 acres short of the l2,gOO acres reco¡ünended in
the r.J.c. report for optimum irrigation development in southern
Manitoba. This amount was cþosen, hovrever, because it corres_
ponds to one of the five schemes (*3) stuilieil in considerable
detail by the I.J.C. Engineeríng Board,, consequently a vast
anount' of useful informat,ion has already been gathered and ís
available for use .

Figure J- presents Èhe overal-1 J-ayout of the proposed

plan of deveLopment

. .L3
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The remaining parts of this section present the

results of invest,igations into (1) the irrigation water re-
quirements of the region, (2) the size of the peÍibina Dam,

reservoir and anciltary structures, (3) the design of the

conveyance systêm, (4) the design of the irrigat,ion system.

Irri gation Watêî Requiïements

Irrigation water requirements are the quantities
of \,rater that should be delivereit in the field to produce

optimum crop yields. These consist of all water used for
irrigating the crops, seepage Losses within and resulting
frorn conveyance of water to the irrigated area and operation-
aI wastes .

The irrígation water requirements have been re-
calculated for this study to conform with the 1aÈest avail-
abLe records. The meteorol.ogical data as recorded at Morden

for the períod 192L to 1973 was used.

The growing season from May Ist to Septeñber 3oth

haE been assumed in the cal-culations. No irrigation has been

allorded for the month of May, since the precipitation during
Ì1ay, plus the soil ¡noisÈure available from the spring snow

melt, is more than adequate to meet the consumptive use of
crops without the need to apply artificiaL moisture.

In the fol.lowing paragraphs, the general terminology

and criteria to compute water requílements is bríefly expLained

and the derived water quantities are presenteil. .For more de-

tailed informatlon, the reader is referreit to Appendíx A.

...14
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a. Consumptive Use! The consunptÍve use is the

actual quantity of water required for optimum plant growth.

It incluiles water used directly in the buiJ.cling of plant
tissues and water lost in evaporatJ-on and transpiration. The

Lowry-,fohnson method was useil to' estabLish annual consumptive

use for the project area and the p-E Index method to obtain
the rnonthJ.y distribution of consunptive use. The following
results were derived:

TABLE 4

MEAN CONSUMPTTVE USE IN ACRE-FEET PER ACRE

Me[ ituhe fluLy Al¡,gusg septênber

o.29 0.37 0.47 0,40 0.24

Total

r.77

b. Crop lrrigaùion Requirement I Crop irrigation
requirement is Èhe quantíty of water, in addition to precipi-
tation necessary to insure optLmum crop production. It is
obtained as the difference betr^reen the nonthly consumptive use

and that portion of the rnonthly precipitation which is effectíve
in neeti.ng consumptive use requirements of the crops. For the
project, the foLlowing values were derived:

TABLE 5

MEAN CROP TR,RTCAATION REOUTREMENTS IN ACRE-FEET PER ACRE

May June ,Iu1y At¡gus t, Sêptember Total
0.0 0.16 0.27 0.24 0 .11 0.78

c. Farm Delivery

is infeasible to supply crop

Requirement! In practice, it
irrlgation requirements without

...15
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toss and waste. In applying water by surface methods, losses

will occur due to percolation below the root zonê, breaking of

farm dLtches, etc. (Sprinkler irrigation r,roul¿l substantially
reduce losses, however the system was considereal too expensive*).

These losses, pì-us the crop lrrigation requirement, make up the

farm delivery requirement. Farm' irrigation efflciency is an

indicatíon of rn¡ater Losses. It represents the useful water

portíon of the totaL water delivered to the farm. For the

project area, the farm efficiency is 608. ey divíiting the crop

irrigation by the farrn efficiency, the farm deLÍvery require-
ment is obtained for each monÈh as shown below:

TABLE 6

üEAN FARM DELTVERY REOUIREMENTS IN ACRE-FEET PER ACRE

Mpr¡ ',Îune JuLy August September Tota1

0.0 0.27 0.45 0 .40 0.18 r-.30

d. Irrigation DÍversion Requirement: Monthly ír-
rigation diversion requirements rúere estimated by adding the

conveyance losses (incurred in ileliveríng the líater fTom the

Pembina Reservoir to the project area) to the farm delivery
requirements and allowing L08 for operational vTastes. Convey-

ance losses $rere taken to be distributed evenly fot each ful-I

¡nonth of the operating season. The resulting diversion re-
quirements are presented below:

* .Estimates are that the sprinkLer system requíres a capital
outlay of $300 per acre.

...16
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ABLE .7È--.--
ME.A,N ÏRRT.GATTON DTVERSION BEOUI'RE¡4ENTS IN AChE.T'EET PER ACBE:

May itune JuLy August Septeñber Total

0.0 0.37 0. 56 0.s0 0 .28 1.71

The above resuLts show, that on the average, the

Pembina ReservoÍr must provide enough irrigation Ftorage to
supply an annual dependabJ.e f1ow, equivalent to 1.71 feet over

each irrigated acre in the project area.

Enqineerinq Wotks

a. Penbina Dam and Reservoir: The Pembina Damsite is
located on the Pembina River in Sec. 31-1-7-911 approximately

2 miles upstream of Manitoba Highway No. 3t as shown in Figure

2. This ís the same damsite as used in the I.J.C. investigations.
Extensíve water supply and reservoir operation studies

have been carried out at this site to determine the reservoir
eize that will supply the projectrs water demands. Only a

brief description on the more important aspects will be presented

here. For more detaiLed ínformation the reader is referred to
Appendix B.

The mean annual ffnoff on the Pembina River at the

damsite is 105,00ô acre-teet and has ranged from 1,600 to 401,500

acre-feet. Runoff ís mostly the result of spring snowmelt. The

catchment area is 2r896 square miles of which 1,840 square miles
(648) are in Manitoba ancl 11056 square niles (368) are in North

Dakota.

In the reservoir operation studies, it has been

...L7
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assu¡ned that the total annuaL runoff at the damsite wíll be

clivicleil betq'een Canada and the U.S. in the ratio of their
respective gross drainage areasi that Ls, Canada can store
and use up to 64_8 of the watêr and must reLease the remainder

to the U.S. to satisfy their riparian rights to the water.

fn sizing the reservoii, the criteria employed was

that it should be capable of meeting the water needs of the
project area during the most critÍcal drought period on record*.
Records shord that the driest, period occurred from 1931 to 1940.

The computations have therefore been carried out to determine

the required storage.to satisfy the above needs, shouLd this
period reoccur.

Calculations have revealed that the pembina Reservoir
storing 1471000 acre-feet of vrater at a full supply leveL of
81. 1241 will be abLe to supply the necessary !.rater to irrigate
LI ,975 productive acres.and. Ín addition, provide 51000 acre-
feeÈ annually for the rnunicipal and industrial uses of the
project area.

To acco¡nmodate this storage, requires a dam and

anci1Lary strucÈures such as a spilLway and riparian conduits.
The tla¡n will be a zoned earthfill structure, 4,000

feet long anil 100 feet high. Tlre cross-section consists of a

30 foot top width. with 3:1 side slopes on the upper sectíons
and 7:1 and 25:1 on the lor^rer sections depending on whether

the east or lrest banks of the river are invol_ved.
'\

- t"" *"* 
"id 

not consider the reservoir capacity necessaryto meet particular draft rates during crÍtical droughts havingvarious recurrence intervals. 
1g
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.The top of the da¡n is placed at elevat.ion L261, 20 feet above

the fulL supply leve1 , Thís allows lL feet for surcharge

storage anil 9 feet for freeboard when passing the project
design fLood.

The spillway has been clesigned as an uncontrolled
concrete chute, 208 feet wÍde and 460 feet long. This is

.adequate to safely .pass the 1:1000 year proJect depign f1ood.

The riparian flow wilL be passed through tqro 7-foot
dLameter gaÈed concrete horseshoe conduits. When the reservoir
is at the fui.L supply Level , the capacity of both conduits is
such that the bankfull discharge of the channel do\^rnstream

rúill not be exceeded,

. At the fulL supply Ieve1 , the reservoir wiLl be 18

miles long and, 3/4 of a mite wide. It will submerge 5,650

acres of 1and, 38t of v¿hich are agricultural . Ttro bridges

will have to be abandonéd. Four farmsteads, a telephone line
ênd a hydro Line wiLL have to be .relocated.

The capital cost of the dam and reservoir is esti-
mated at $15,0001000 which witl be spread over a three-year

construction perioil.

b. . Conveyance System: The conveyance sys¿em is
deslgned to deliver the required flow from the pembína reser-
voir to the project area. The table below present,s the mag-

nitude and dístribution of these flows:

...19
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ITABT,E 8

Diveîs ion Rêquirêinents

Irrigation l"lunicipal ¡ Industrial2 0

(Acrê'-Fêêt) (Acrê-Feêt)

- 1530

19llh

ApriI
ilay

¡tune

iluIy

August

SepÈ"

October

4430

67L0

60 00

3360

990

19 00

990

Total
(Acrê -3eet )

1530

990

4430

67LO

6000

5260

990

.. A glance at the above tabl-e intlicates that the

systeB operates for only seven months of each year. No deliv-
eries wiLL be made in the winter months from November to March.

To meet the continuous municipal ancl industrial de-

mands for water, a 21000 acre-foot dugout will be construct.ed

near the llown of WÍnkLer to serve as a distribution regervoir.
Deliveries to the dugout are made only in the spring and fall
so aE not to interfere with the irrigation interests. Releases

from the dugout are then made as required.

The crLteria used in the design of the conveyance

system requires that the capacity of the components be equal

to the maximum monthl-y irrigation demand that coulit be expected

to occur iluríng the project 1ife. From Table A-6 this amounts

to 111500 acre-feet per month, or roughly L.7 times the average

dLversion requirement for the rnonth of July.

20



-20-

Five purnping units are needed to lift the flow
over the height of lantl into the Deadhorse. Creek system. îhe

pumps and.controls afe. instaLled ln a punphouse located near

the toe of - the ilownstream face of the ¿lam.

The conduit that vrilL carry the flow over the height
of Land is a 60çi.nch diarneter concrete pressure pipe; approxi-
mateLy l-9r000 feet long. The outfl-ow at the upper end enters

the Dead Pig Canal.. This canal is designed to carry the flow
for a distance of tLr000 feet into the Deadhorse Creek froni

vthere it wlII flow by gravíty into the existing Morden reser-
voir.

The Morden reservoir is a 2'IOO* acre-foot man-made

Lake usecl mainÌy to supply the Town of Morden lrith its Írater
needs. This reservoir wíll be used in the overaLl pLan to
províde some degree of pondage in order to smooth out the

daily and weekly fLuctuátions in the irrigation Clemands. A

spillway equipped Írith a radial gate located at the northeast

corner of the da¡n wíIl reguLate releases into the rnain supply

canal .

The main canal will have two branches. One branch

wiLL deliver water to the irrigation dis.trict a total distance

of L5.2 miles and the other branch witl deliveï water to an

existing watercourse L mile away which will deliver it to the

* Latest surveys of the reservoir by pFRA indicate that thetotal storage at !'SL IOZ_S il 21100 acre-feet and. not 2,500
acre-feet as previously believed.

,2L
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dugout near lrlinkf er, a distance of 5,4 chânnel niLes. Along

the Longer branch and on its high side, a drainage ilitch will
be constructed to intercept anil re-direct the runoff from

escarpmental streams

A total of eLeven tinber bridges wl11 be erected

over the maln supply canal to provide the necessary road cross-
ings .

Right-of-way land total.ing 3J.0 acres, most of it
cultivated, wíl1 be bought ancl cleared as required.

A service road along the conveyance route will be

Provided .

The capitaL cost of the system is estimated at.

$5,450,000 which wilL be spread over a two-year constructíon
perioil.

For adilitional detaiLed information on the design

and cost estimates of the conveyance system, the reader is
referred to Appendix C.

c. IrrLgation System: The I.J.C.. Engineeríng Board,

in theír studies, investigated five separate irrigation
schemes in the project area varying in size from 81400 to
181500 acres. I'or this report, scheme *3 has been adopted

for the reasons described previousS.y. The irrigated area

is 131300 acres, nost of it confinecl in Township 1, Range 4,

vteat of the Prime Meridian as shown in Figure 2.

thís area meets all the land classificätion st,an-

dards for irrigation. Ho!¡ever, not all of ít rÂrill be used

...22
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for production. gome of èt wiLL be neeêed for such non-

productive uses as farm roads, dltches, drains and buildings.
A totaL of l-0t has been deilucteil for thêse uses, bringing
the totaL procluctive area to .LL 1975 acres.

Irrigation wiLl be carrietl out using the border

strip method. In this method, water wilL flow by gravity to
the individual farmerrs fielils. To ensure efficient opera-

tion, Land leveling in mínor amounts wilL be carried ouÈ

where needed. Not much of it wiLl be undertaken ho\"rever,

since the topography is very fLat wÍth few undulations. Dam-

age to lanil productívity is not expecteil from l-and leve1ing,
since the topsoil layer is beÈween 10 to 15 feet thíck4.

The existing east-r^rest coulees transveising the
project area will not be altered. These smalL creeks wíLl be

utilizeil as natural projecÈ clrain outLets elimínating the.

need for costly collector drains.

For purposes of analysis, the system has been sub-

dtivictedl into one-quarter section units (160 acres) . . Distri-
bution works wilL deliver the irrigation flows at the highest
poinÈ in the quarter-section and drainage works will collect
the residual flows at the lowest pod.nts.

The ¿lìstribution works consist of lateraLs and sub-

LateraLs. Four laterals with a combined length of 24 miles

will convey the water from the main suppJ.y canal to the sub-

laterals. These will then distrlbute it to the individuaL
fa¡rnersr fields.
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The drainage works wíth a cornbíned length of, .34.5

miles are designed to remove frrigatlon ì¡aste srater, to remove

storm water and to contalol groundwater LeveLs. Each drain is
laid out to collêct the fLohrs at the Lowest point of each

quarter-section and discharge them to the nearest natural
creeR channeL.

Other appurtenant works which ensure the efficient
operation of the system include check st.ructures, lateral
turnouts, farm turnouts and measuring ilevices. For dêtailed
informatlon on these structures, the reader Ls referred to
Appenilix D.

Rlght-of-way land tot,alLíng 280 acres, aLI of it.
agricultural , will be bought and cLeareil as required.

The necessary crossings over the distribution canals

will- be provided so as not to ¿lisrupt the existing road network

in the area.

The capital cost of the irrigation system has been

estimated at $1 ,7851000 to be spread over. a one-year construc-
tion perioil.
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EyALuAproN oF BENEFTpS

GenêraL

The "with anal $tithout" princLple has been employed

in here in evaLuating the potentiaL irrigation benefits

accruing from the implernentation of this project.

Under this princLpLe an attempt is macle to fore-
cast the future agrlcultural economy of the region r,vith and

without the irrigation development to determíne by vrhat anount

productlon wiLl- increase h'ith a view of estimating the change

in net farm income. An increase in net farm income with the

pro'Ject resuLts in net benefit which wiLt be directJ.y attri-
butable to irrigation. No attempt ís made in here to deter-

mine to whom these benefits wilL accrue.

The comparison of the irrigation benefits under
rrwith and withoutl situations is made under the assumption

that a mature irrigation economy is established. The develop-

ment period for purposes of analysis is taken to be five years.

The benefíts of providing a dependable source of
potable water for I'ttrnicipal and Industrial needs of the regíon

are evaluated in here in ter¡ns of providing the same service

by an alternative source .

Flood damage benefits due to peak re¿luctions below

the Pe¡nbina Dam haye not been evaluateil since these will onJ.y

accrue to the Amerìcans .

.,.25
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The viewr¡oint taken in this analysis is provincial"

This viewpoint has lrnpJ.rcations affecting the var.iitity of the
secondary benefits that can be reLated to the project..

a. I'arm Size! The project area Like other areas
in Manitoba has experienced an upward irend i.n size of farms
with a corresponding decrease in number, and this trend is
expected to continue. In 1961- there were g3g farms in the
projecù area and its i¡nmedj.ate vicinity. In ]97I this number

had dropped to 620. The distribution of farm sizes in Èhe

project area has changed as folLows:

rABLE 9

No. of Oþerators 1961 No. of Operators 19 71Farm Size .

ünder 69 acres
70 - 399

400 - 759
760 - tr599
Over 1r 600

775
500
L42

19
2

11L
309
L42

55
3

tovrards largerClearly, the f,uture trend wil_I be

farms and fewer operators .

b. Land Use: Land use in the future under dryland
farming is not expectecl to change greatty from.that at presenÈ.
The percentage of l-and under sr¡rûner fallow, however, is expected
to increase from the present Zg to the long term normal of 1Og.

For purpose of economic analysis it has been assumed that the
present proportions of crop pioduction r^¡ith the exception of
summer faÌ10w will continue in the future. These are as folr.ows:
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. TABLE ]-O

SmalL Grains [l)
Forage [2)
Special Crops (3)
Horticultural Crops (4)
Sutlrner faLlow and waste

C1 ) llheat , oats , barley ,

(2, I,egumes , silage corn,
(.3) Sunflowers, rapeseed.,

(4) canning crops, fresh

Pêrêent of Inproyêd IJarld

67 .t4
9 .50

13,30
0.06

L0,00

rye, flax, grain corn, etc.
grasses,

sugar beets, mustard, etc.
and frozen vegetables, etc.

c. DryJ.and Crop yields: Anticipated dryland crop
yielcls are based on the analysis of historÍcaL data for
'Manitoba crops. For the major crops such as grheat, barley,
oats and flax, this data is avaiLable since 189L.6, 32

Anal.ysis of thís data shorús that no real trend is evident

that increased yÍe1ds have occurred Ín recent years. Rather

the data suggests that higher yields occur in Èhose years when

precipítation l.ltas adequate and lower yieLds corresponded to
those years when precipitation was below normal. There was

no evldence that increased yields have occurred due to better
farming techniques. The use of fertilizer ín recent years has

helped to increase yields substantiaLly onJ.y in those years

when moisture was plentiful during the growing season.

For particular cases the writer is weLl atrare thaÈ

moÍsture is not the only factor whÍch affects crop yields.
Other factors such as disease, insects and weeds also p3.ay an

imþortant part. Hovrever, for this study it wilL be assuned

that moisture is the main indicator of crop yields.
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To obtain a reasonable projection of crop yields

under future dryland conditlons for the project area the mean

yiel¿ts obt,aine¿t from 1938 to 1973 have been computed as being

representative of future conditions. The yields obtained in
the dry years of the early 30rs pre neglected purposeLy in
the analysis since it is believeél that the probabí1ity of
the reoccurrence of that dry period in the near future is
smalL (less that lBl . Therefore, the inclusion of those

yields in the analysis trould ten¿l to bias the results down-

wards. The foLLowing are the results obtained for all
Manitoba:
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TABI,E, 11

re¡rrgone cRop vtnlo 1938 - r-97332

Crop

Wheat

Oats

Barley

Flax

Rye

M.ixed gra i ns

Grain corn

Field peas

Tame hay

Silage corn

Sugar beets

Potatoes

Buckwheat

Rapeseed

Mustard seed

Sunf lov¡er s

Yield per acre

Maximum

22.3 bushels

38.2 bushels

28.6 bushel-s

9.4 bush.el-s

18.l- lrushels

31.7 t¡ushels

28.9 l¡ushels

L8.4 bushels

1.77 tons

5.06 tons

9.45 tons

I48 bushels

14.7 bushels

l-5.2 bushels

719 tbs.

637 IÌrs.

1r_.7 (r96r-)

18.5 (1e6r-)

13.7 (196r-)

4.0 (19s7)

r-I.1 (1e61)

18.2 (1"961)

6.0 ( lo 51¡

10.0 (19s5)

0.90;(1c61)

2.0 (1945)

7.27 (re47l

63 (196r_)

10.0 (19s9)

12.0 (19s8)

383 (1c61)

3oo (l_945)

2e.4 (1971)

s4.s (1971)

45.8 (re7r)

12:2 (196S)

2s.s (1971)

47.s (1971)

s3.8 (1c72)

2s.o (L942',)

2.26 (r941)

8.0 (Ie63)

12.36 (1963)

2r_8 (1969)

2I.O (L96?-l

2n. e (l-968)

900 (1c58)

9s0 (1963)

ïn the above table it is more evident that moisture avail-
ability affects crop yields. In 1961 record Lov¡ vj.el-ds were

produceil reflectingi.the lack of precipitation in the growin<l

season óf that year. ïn 1968 and 1971, recent vears in our
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memories, record high yielCs were achieved corresponding t,o

an ad.equate supply and itistribution of precipitation in the

growing geasons of those years.

r Sínce tlre above mean yields are for all of Manitoba,

it is imperative to compare thern.with recorded yields in the

project area. Long term records for the area are lacking,
however, records for the main crops are available for the

agricultural distríct *332 which encompasses the project area.

The mean yield for these crops were compiled and are as

follows:

TAB'I-,8 12

. Crop Mean yield per Acre

$¡heat 2 0.1 bushels
. Oats 36.0 busbels

Bar1ey 24.2 bushels
Flax 9.3 bushels

A comparison of Tables 11 and 12 show that the

average yields for the project dist,ríct are below those for
the Province. For the economic analysis it wil-l be assumed

that the average yields fo¡: the Province in Èhe past $ríIt
prevail in the project area at the end of the fíve year

development period.

. Sínce 1964 approximately 31600 acres per year in
Manitoba have been employed for the production of commercíaL

hortícultural crops. The majority of these crops have been

produced around the Vtinnipeg, Portage Ia prairie and Ìfinkler
areas .
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Sínce approximately 18* of the productive acreage

in the project area will be used to grohr vegeÈabJ-e crops

under irrigation, an estimate of the dryland yields of these

croÞs is required for economic analysis.

Vegetable crop yíelds vrere the most difficult to
predict because local experience and records for this iype

of crop are most limited.
Various agencies33 and individuals34 were contacted

to provide information on potential dryland crop yields. This

information supplemented with recorded yíelds since 1964 en-

abled a reasonable estimate to be made as shown on the tabte
below:
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TABLE ].3

DRYLA}TD \¡EGETABLE YTELDS L964 . L973

Crop

EsÈ.imated Dry-
land Vegetable
YLelds Clbs. I

.Maximum
Recorded

Minimum
Recorded

Asparagus

Beans

Beets

Cabbage

Carrots

Caul i f lo\'rer

Ce1ery

Cucunbers

Grèen peas

tettuce

Onions

Parsnips

Sweet corn

TomaÈoes

Turnips

2 ,000

4 ,?00

10,000

14 ,500

24,000

7 ,5oo

32 ,300

7 ,700

1,800

6 ,900

12 r 000

12,500

3r500

L4,2OO

22 t0O0

3,000 (1968)

L6,400 (L972)

16,900 (1973)

37,400 (1971)

10,000 (1970)

50,000 (1971)

10,000 (1965)

r¿,ool' ìrsezr

20,000 (1973)

t4,500 (197L)

4,400 (L972)

21 ,000 (1966)

29,OO0 (1967)

1,100 (1972)

:3,500 (L969)

10,000 (1969)

17,500 (1969)

5,000 (1969)

16,000 (L969)

4,000 (1964)

2,700 (L9661

10 f500 (1966)

8,000 (1973)

2,400 (1968)

9,600 (1968)

18,500 (1968)
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Ant,ícipated Aqriculturai Economv llith Irriqaùi9n Developme¡t

a. Farm Size: Farm sizes after irrigatíon develop-

ment are expecÈed to range from smali farms with less tl¡an

normal family labgrr reguirements r and little or no hired

Iabor, to large farms on whích tþe oPerator makes full use

of fanily labor and considerable use of hired labor. The

trend towards larger farms and fewer operators is expected

ëo continue.

b. Land Use: The approximate distribution of

cropland on irrigated land is assumed to be as follows:

TÃBLE 14

* of imÞroved land

Small grains
Forage
Special erops
Horticultural crops
Sr¡ninrer fallow and waste

45
L2
15
18
10

the above table shows that under irrigation deveJ.op-

ment, Èhe production of principal crops will remain more or

legs as at present levelsr however, there will be an appre-

ciable increase in the production of horticultural and

special crops.

c. Irrigated Crop Yields: Potential crop yields

under irrigation development are ilifficult to determine, as

there ís no comparable project nearby. Yields of irrÍgated

crops r¡rere, therefore r estimated on the basis of present

yields the better farmers are obtaining from irrigated i-ands
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in the Portage la Prairie and Winkler areas and alao in

consultations ûith many agencies33 and individuals.34

Considerable j udgement was employed.

, ÎàBI,E 15

ESTIMÀTED I RRIGATED CROP YIELDS

Crop

Small Grains:
--mãat-

BarIey
Oats
Flax

Forage :
Tame Hay

unit

bushels
bushe 1s
bushels
bushe Is

tons

lbs.
bushels
bushels

tons

Ibs.
Ibs.
Ibs.
Ibs.
lbs,
lbs.
1bs.
Ibs.
Ibs "lbs.
Ibs.
Ibs.
l.bs.
lbs.
Ibs.

Special Crops:
sunf 1olreras
Rapeseed
Potato
Sugar beets

Horticì¡ltural Crops
Àsparagius
Beans
Beets
Cabbage
Carrots
Cauliflower
Celery
Cucunbers
Green peas
Le..-tuce
onions
Parsnips
Srreet Corn
Torûatoes'Turnips

Yield per Acre

45.0
50.0
75.0
17.0

3.5

1,200
25

400
15

4,000
I,000

18,000
20,000
40 ,000
12 r 000
55 ,000
12 ,000
3,000

15,000
3o ,000
15 ,000
6,000

25 ,0oo
30 r 000
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Irriqation Benefíts

In the analysis it has been assumed that the

írrigation benefits are !,¡holly derived from the increage

ín future production yields. Benefits due to future

increases in the value of the output or due to quality

improvement have been negJ-ected" It has also been assumed

that in the future a markeÈ wili. al-ways exísÈ to selL the

crops and that these will be sold at the 1973 prices paid

to farmers. Prices \,rere obtained from the Economics Branch

of the Provincial Department of Agriculture.

No attempt has been made here to predicting

changes in comrnodity prices over the lifetíme of the project

or the effect of conÈinuing ínflation on these prices.

Hoerever, it should be noted, that it is the opiníon of some

agrículÈura1 economists that the Èrend of price increases

wítnessed today will continue in Èhe future"

The table below shows the distribution, yields,

prices and total value of crops with and without irrigaÈion

development .for the Mor¿len-Winktrer irrigation district. The

difference in total values with and without irrigation shown

ín Èhe last column is indicaÈive of the potential gross

benefits. These benefits at the end of the development

period amount to $3,334r000 annual1y.
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cnoPs, YIDLps. PRICrS WITIT E WfTrþUT ItìRr.c¡\r'ION r.OR THn pRO,]FCT ÀRnÀ

SMÀT,I, GNÀTNS
Rheat-
Bar I ey
Oats for Grain
FIax
Mixed Grains
Rye
BuckL'heat
corn for Grain
corn for

Ensj-la9e

FbRÀGD
lãñê-Tay

sPECtÀt cRoPs
süñErõæ;ã-
Rapeseed
Potato
Sugar tseets

ÀGRICU],TURÀI,
CROPSEEãñI-
cabbage
Catrots
Cauliflorder
Celery
Àsparagus
Cucumber
Peets
Green Peas
Lettuce
onions
Patsnips
Sweet Corn
TomaÈoes
Tufnips
Fall-ow & waste

t Of ÀcLuðl
Crop Crop Yie Id
Àrea Àrea Per
:Àcres) (Acres) Àcre

I{ITIIOUT IRRTG¡\TION

23.7 ø 2440
1r.30 1350
13. 60 1630
9.00 l0 80
4,'10 560
0. 14 L7
3.60 455
0.40 48

0. 50 60

9. 50 114 0

22.3 Þ8Fè 4.50 26s.0
28.6 " 2.35 90.7
38. 2 " t,3s 84. 1
9.4 ', 9.75 99 , 0

3r. 7 ': t. oo 17. 8
L8.I " I. 30 0.4
r4.7 " 3.25 2]..'1
28,9 " 3. 00 4.2

Unit Total
Price Value

lsì 1s000ì

6. 40 766
5.90 'to1
0. 68 81
0.32 38

5.06 58lt 12.oo

r,?7 å8Ðt 3o.oo

637 åþtè o. os
rs.2 åElé s.6s
148 . " r-26

e.4s ESPE 2s.oo

4,700 åEEè
14, s00
24,000

7 '5oo "
32,300
2,000
7 ,700

10,000
0.02 2 Ì,800

6, 900
0,03 4 12,000

1?, s0o
3,500

L4,200
0. 0l I 22,000

10.00 1200

C Of Actual
C¡:op Crop Yleld Unit Total
Àrea Àrca Per Price Value
l¡^---l a¡^---\ r^r^ aê\ ,ê^^^r

t^tITH

25
l0

5
5

!2

3
5
2

5
I
1
0
0
0
0
0
5
0
0
o
3
0
0

l0

TRRTGÀTION

0 3000 45,0 4.50 607.5
0 1200 50.0 2¡35 14L.00 600 75,0 1.35 60.8
0 600 17, 0 9. 75 99. 5

3.6

60 .5

43.9
60 .7
r5.1
9.0

0.19
0. 06
0.05
o.I2
0.10
0, 30
0. 10
0.05
0. 19
0.08
0.08
0. 12
0. 06
0.16
0..06

0
0
0
0

0
0
0
5
2
5

t420

360 1200 0.09 38.9
600 25.0 5.65 84.8
240 400 L.26 121.0
600 .15.0 25.oo 225.0

BeIiefits

3.5

0.7

+322.5
+ 50.3
- 23.3
+ 0.5
- 17.8
r 0.{
- 2r.7
- 4.2

- 3.6

+ 88. 6

- 5.0
+ 24.L
+105. 9
+2L6.O

+9!2.O
+L44.O
+240.0
+ 86.4
+132.0
+ 72.O
+ 14.4
+ 10.8
+341.3
+ I4.4
+140.2
+ 43.2
+129.6
+280.0
+ 4I.9

600 8,000 0.19 912.0
120 20,ooo 0.06 144.0
L20 40,000 0.05 240.0
60 12,000 0.t2 86.4
24 '-55,000 0.10 L32.O
60 4,000 0,30 72.o
t2 t2,000 0 . r0 14 . 4
12 18 ,000 0.. 05 10. I

600 3,000 0,t9 342.0
12 15,000 0.08 14 . 4
60 30,000 0.0 8 Ì44.0
24 15,000 0. 1? 43.2

360 6,000 0.06 129.6
7¡ 25,000 0. t6 280.0
24 30.000 0.06 43..2

1200

30. 00

3.8

149,1

10 0s
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Municipal and Industrj.al Ì'fater Supplv BenefítE

The future Pembina triar¡glers irlunicipal and Indus-

tríal water requj.rements have been estimated at 5r000 acre-

feet per year. storage ín the Pembina Reservoir has been

allo¡ved for this purpose. The vrater will be pumped over the

Escarpment and will be stored in the Morden Reservoir and

also in a proposed dugout one mile west of WÍnkler. The

purpose of the dugout will be to store water for short carry-

over periods during the summer anil winter months. VÍater

will be delivered to the dugout by means of the Main Irriga-
tíon canal for a short distance and Èhen by an exisÈing

natural !Íatercourse. I{ater will be delivered as follows:

TABTJE 17

'IÞt€

First rúeêk in April
Last ldeek in May
Fírst week in September
LaE! rúeek in October

Water Dellvered in Acre-feeÈ

1,530
990

lrg0o
990

No water will be delivered in June, Jirly and

August since aÈ these times the full amount will be required

for irrigation.
The benefits of p:roviding water for Industrial and

Municipal needg are expressed in terms of the cost of pro-

viding the same service by an alternative source. This

source must be the mosÈ economic alternative, i.e., the one

which would be constructed in the absence of the project.36
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The nearest sourcê that can be itepended upon to

supply this Large anount of gooit quality water wiLL have to
be Èhe Pembina River. Thìs involves the construction of a

stoplog dann across thê stTeam near Highway No. 3t bridge to
store an amount of r¡rater that wiJl yieLd 51400 acre-feet
annually. In additíon, a pumping plant near the dam, 81000

feet of lO-inch pressure pipe frorn the dam to the top of the

valley, and a canal from the top of the vaLley to Dead Horse

Creek will have to be provided.

Details of this alternative for only i.1000 acre-

feet storage have been examineil in a recent pFRA report.37

ThÍs schême wil-I be operated during the sun¡ner months only

with wÍnter storage provided in the ilugout near Winkler. The

cost of these works incJ.uding the capitalized cost, of pumping

ctyer 50 years has been estimated at $1,2001000. This then

wlll be taken to represent the present vaLue of the benefits
of proviiling Industrial and Municipal water for the project
area. .Amortization over 50 years at 88 gives an annuaL

beneflt value of $98,000.

Flood ConÈroL Benefits

The creatíon of a reservoir on any river will usually
reduce fLood flows downstream due to the darnpening effect of
storage on fLood peaks. For any given flood the degree of peak

reduction is directty reLated to the sÍze of the reservoir.
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.Evalua*,íoá of fLood cont,rol benefíiE depends on

measurement of the physical problem, mainly the extenÈ and

frequency of fJ-ooding and the resulting average annual damages.

Herein only the frequencies of flood peaks with and without

the reservoir have been evaluated. . (See Àppendix B). The

resulting natural and modifíed frequency curves of peak flows

are presented on Figure 9.

Since most of the flood control benefits would accrue

a].ong that part of the river reach located in the U.S. no atÈempt

has been made to evaluate the reduction in average annual darnages

to the Americans. Hence, no cost item will be íncluded in the

economic analysis for this benefiÈ.

Secondarv Benêf l-'ts

-# The evaluaÈíon of secondary benefits includes esti-
mation of their total magnítude, their division between those

regional and those local in character and analysis of their
implication to$rards achieving regíonal goals rather Èhan economic

efficíency. The u.S. Senate Document 97 states thaÈ rrsuch

benefits, conbined with primary benefiÈs shal1 be incLuded in
the computation of the benefit-cost ratio.rl

Secondary benefits wíIL normally accrue in the general .

areas of processing, marketing, handling of goods and servicing

of facilities.
The increase Ín vegetable crops, potatoes and sugar

beets wíll be processed almost exclusively ín or near the project
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areâ giving riÊe io increased employment. A large portion of

the gross value of factory shipments of the finished commodÍties

will remaín within the conununíties in the'project area as pay-

ments to labour, pa]¡ments for rav¡ material-, payments for
industrial services and professional services, and as real
property taxes. Additional EubsÈantíal amounts will be paíd as

corporate and income taxes to senior governments.

One example of the potential of the area to attract
processing indusÈries will be cited. Both Campbellts and Green

Giant have in the past exhibited considerabLe interest Ín the

project area as a source. of supply for their soup-making and

vegetable canning operations. Neither have located, however,

giving as Èheir main reason the lack of assured supply of vrater,

fírst for their plant requirements, and secondly for supplemenÈa1

use in agriculture to overcome hazards of dependence upon naturaL

rainfall onIy.

Because of the enormous difficulty in esti¡natíng the

magnÍtude of secondary benefit,s, the Bureau of Reclamation

(U.S.B.R.) estimates secondary benefits associated with the

producÈion of âgrícultural crops as a percentage of primary

benefits. Typícal percentages used for sternming from benefits

are gummarized in Table 18 as follows:35
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TABLE I8

Grain (wheat, oats, corn, barley
OiI crops (flax, cotton seed, soy beans)
Sugar beets
Fruits and Veget.ables
Dry beans

For the Morden-WinkLer project area

that secondary benefits will be approximately

benefits or roughly $1,000r000 annual1y.

B of Primary Benefits

538
358
31E
29t
28*

it will be assumed

308 of primary
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CaÞltal Cost of Proj ect.

The capital cost of a project may be defined as the

sum of alL expenditures required to bring the project to com-

pleÈion. It includes direct itemE of construction components

and indirect iÈems such as contÍngencies, engineering and

ínterest during construction. The definitions given by Kuiper3S

for these items have been adhered to in the detailed cost
estimates presented in Appendices B, C and D.

The table below summarizes the capital coEÈ of the

varíous components of the project and also the overall capital
cost.

TABLE 19

CaÞltâl Cost Summary

' Proj egt co$ponent CapiÈa1 Cost $

Pembina Dam I5,0OO, OO0

Conveyance SysÈem 5 r 450, OOO

frrigation System 1,7g5, OOO

Overall Project Capital Cost: ç22r23SrOOO

Initial capital cost per irrigable acre = $ 1,858.00

ODeratlnd costs

The operating costs of the project include the

operatíon and maintenance (O+M) * of the project components, the '

pumping charges and the labor costs. The (O+M) and purnping

charges are determined in Appendices B, C and D. Here a brief
description on farm labor requirements and its costs is presented.

* (O+M) cost percentages \.¡ere obtaíned from Reference (38).
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Establishment of total and seasonal distribution of
labor on the proposeC irrigation farms is subject to consider-
able estimation due to the lack of available data. Tt is
generally accepted that under dryland farming, one operator
for . one-quartet section of land is ad,equate. Ho$¡ever,

uncìer irrigaÈion farming, more extensive use of farm l-abor

is needed especially during seeding, vreeding and harvesting.
No informaÈion could be found on the nunber of farm laboreis
requi reil under irrigation farming. The author has conj ectured
that each guarter section wouJ.d reguire each year the equiva-
lent of two laborers over a period of five months at S4¡J0.00

per month. This results in a yearly farm labor expendiLure

for Ëhe total area of $300,000.00. Whether thís outlay is
adeouate to cover labor costs under the new system the author
does not fulÌy know.

The farmer residents in the project area have had

a long history of fairly extensive use of famíly labor under

dryIand farming. This, however, is not expected to continue
in the future since in recent times there has been an exod,us

of 1,oung people fiom the farms to the nearby industrial centres
of Ï{ínkler , }lorden and even lalìnnipeg. This was very evident
in the l-5 farms visited by the author rvhere only the ¡niddle-
aged husband-v¡i fe operators remained. The 15-farm rand.om

survey aLso reveaLed that operators are not overly enthusiastic
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abouÈ Èhe use of hired labor on their farms. Their experience

has been that ìrired labor ís not dependable and also is not
availabLe aÈ critical times when most needed.

The ÈabIe beLow summarizes the annuaL costs to
operate the proj ect

TABTJE 2 O

Operating Costs Surunarl¡

Tt¡pe of Operation ennual Operatinä Cost $

Labor 300,000

Pun'ping lg5 ,000

l'laintenance

Pembina Dam I5,OOO

Conveyance System 82, OOO

IrrigaÈion System .54, OO0

OveralL annual operating cost: $6361000

.A¡nual operat,ing cost per írrigable acre = $53.00

AnnuaL Costs SuÌmary

The tabLe below summarizes the annual costs of the
project components and also the overall annual cost. The use-
fuI Life of the groject is 50 lzears* and the interesÈ rate fotr

discount purposes is 8***.

*This is consistent with Water projects Studíes carried outin the U.S. See. Reference (39) "Bênefit-Cost Evaluations
as.applied to tiater Projects", U.S. Dept. of State, Agencyfor fnternational Developnent 1963.

**This ís tbe êurrent interest rate used in Federal Government
Proj e cts .
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TABI.,E 21

À.lrnual Costs Surnmary

Co:nponent Annual Cost g

PeÍìbina Dam I,235, O0O

Conve:¡ance system Includíng pumping 719,OOO

Irrígaèion System 204,000

Farm Labor 300, o0o

Overall annual cost: $2145.91000

.Þr¡nuaL cost Þer irrigable acre = $205. O0

A-rì-nual Benefits Summary

The annual tangible benefits of the project accrue

from water sup-oly, irrigaÈion ancl flood control . The irrigation
benefiÈs are not fuJ-ly reaÌized until some time after Èhe

project has been deveJ.oped. For purposes of this analysis ít,
has been assu¡ned thaÈ five years will have to elapse in order
to realize the fulI irrigation benefits of 93,334,000 per year"

I.fi thin the five vears the benefits are t.aken to vary uniformly
from zero the first year to the full value at the end of the
development períod.

Below is a summary of the equivaLent annual primary

and secondary benefits that will be realized over a 50-year

period at a discount rate of 8*.

...45



_45-

T'ABTJE 22

. -Annuql Benefits SuInmary

Ânnual Prímary Annual Secondary
Project Purpose Benefits $ Benefits g

Irrigalion 2,776,000 833,000

Water Supgly 98,O0O undeter¡nined

Flooè Control und.etermined undetermined

Annual primary benefits per irrj.gable acre = $240.00

Ànnual secondarY benefits per irrigable acre = $70.00

Economic Sound.ness of Proj ect

In econonic anal.ysis three parameËers axe employed

to measure the econo¡nic soundness of a project. These are

Èhe benefit-cost ratio, the net benefits and the rate of
' return,

' Ehe benefit-cost ratio is the most popular. If
thi s ratio is greater than one (í.e. the benefits exceed the

costs) then tb,e project is desirable an¿l can be recommended

f or inrplernenÈation.

The neÈ benefits is the second parameter that indicates
the economic merits of a proj.ect. ït is defineil as the sum of
all benefits mínus the sum of all costs. If the result is
positive then the project is desirable.

The rate of return Ís the third parameter used. It
is defined as Èhe discount rate which m-akes the total- costs

equaL to ehe tcÈal benefits. In other v¡ords it is the i'internal

ínteresÈ rate" of the project.
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The Èable below shows i,he results of the evaluation
of aI1 three parameters for the Morden-Winkler project.

TABLE'23

Cllnly. primary_ , primary and SecondaryParamete! BenefíÈs Ir:ctudêd . BenêÞirt.s :I:ndLude.d

B/C I.2 1.5
B-C $416, OO0 s1,249, OOO

R.R. L0 L/2+ 14r

A glance at the above table indícatee that the
proposal as presented is economically feasible. The net
primary benefits accruing to irrigation only are, $30.00 per
productive acre. The total net, benefits accruing to the region
ae a whole are 9104.00 per productíve acre.
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SOCIAI CONS TDERATIOI\I S

It. is difficult to visualize the sociological
effects that the pr.ovision of irrigation T¡7ater vzill have upon

any agricultural area not previously accustomeil to it. Here-

in a¡l effort r.¡ill be ma<1e to out,line some of the more import-
ant advantages anil disadvantages of the project for the

people resiiling in the project area and. aLso for the people

of I'lanitoba. ft is the authoris contention that the utmost

consideratio¡ should be given to these items in the evaluation

of the project's overall feasibility

Àdvantaqes

1. The project offers stat¡ilization of agricultural.
prod.uction ¡ increase in f arm f ami1.y íncome, and. an assur.ed

sug¡rly of potahJ-e water for Morden and Winkler. All of this
resulting in a general increase in the standard of living of
the region.

2. with the project, there v¡í11 be substantial

increases in freight traffic and putrlic utilities.
3. ï,¡ith the project, lvater distríbute<l for irriga-

Èion rîi(,Ìht also tre channele<1 through a system ¡a'hich coutd be

used, for the distribuÈion of water to other smaller urban

centres nearb:t such as ÀItona' Plum eoulee, Gretna, Rosenfeld

and t{ornclean v¡ith substantial savings in "rr'rite-offs".
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4. Frith the project, increased farm emrrloynent

will result. This coutd sharply re<1uce the migration of
young. oeople from the area thus allevj_ating a situation of
concern to l,lanitobãns.

5. Implementation of irrigation wí1I protrably
initiate abandonr¡ent of the present,ly grown grain crops
thus e¡nphasizing canning crops (which atready are coÌìmon to
the nearby areas) and also horticul_tura1 prorlucts for freez-
ing, and to satisfv the fresh-Þroduce m.arkets of Vrrinkler,
Morden and Winnipeg. This in the long-run v¡i1l substantially
reduce ¡4anitobar s dependability on imported frqsh and canned

products .

' 6. Implementation of the project v¡j-ll create new

seasonal employrnent opportunitíes rvíthin the area throughout
the duration of its construction.

7 . The deve3-oprnent of the pembina reservoir r,¡ÍLl
offer an additional source of recreation for Manitobans.

This, if ful1y exploited, coul<i resul_t in re-imbursable bene-
fits r.¡hich upon analysis could be capable of bearing a

portion of the capital cost of the project.
8. The partial controL a.nd reduction of floo<l

flovrs Lry the PemÌ:ina Dam will result in a qreater security
of life for those Manitohans livinq clownstream of the dam.
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D i sadvantaqe s

1. The brief survey concluct,ed by the author showed.

tha! many far¡ners were dubious about implementíng such a

schsne. They viere-concerned about capitaL costs. increased

ÈaxaËion, labor supply, and market stabÍIity for the proposed

special- crops.

2. Undoubtedly, the implementation of irriqation
vzill- ¡¡ean additional expenses to the individual farmer. In
general , the acquisition of capíta1 for the incurretl expenses

r*ilI be easier for th.e larger farmer to whom v¡í<ie avenues of
credit are. open than to the smaller farmer to 'rhom capital
savings is 1i¡ni tecì.. ft is possibLe then that the smaller

Íarnei rçiII becorne d-isillusionetl and. r.¡ílL sell out to the

larger f arrner. This could v7el1 see the removal of .some

niddle-aged unadaptahle farmers. Some of these .¡riII set up

farming elsewhere, but oÈhers with inaclequate resources and

few skil-ls ç¡iI1 find t,heír r¡ra]' into the unsl<illed l-ahor

market of Manitoba. This could possibly be avoiderl hy the

instatlation of regulat,ions simÍlar to those ín effect in the
U. S. !,/here one man may irrigate one-ctuarter section anil no

nore.

3. Favorable consideration of the p::oject by gov-

ernÌnent officiats will undoubtedl¡l Lrring in fanA speculators

in the area r.¡hich wíl'l drive up the price of .lan<i in anticipa-
tion of irrigation and. thus in<l.ucing small farmers to sell
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their far¡. Ðrematurell¡ in favor of earlv retíremánt.
¿;. ImÞlementatíon of the project will bring a

sudden influx of large nunbers of temporary vrorkers in the

area givinq rise to housing and law,-enforcement problems in
the small- con¡aunities.

5. Construction of the .r.riorr" phases of the

project will result in a statístically ascertainabl-e .rate of
death and. injury. On projects of this type one f-atality per

ten million v¡orth of construction is not unlikely.
6" fmplemenLation of any J-aroe scale vrater re-

sources project will cause conmunity <iisruption ¿rnil the flood-
ing out of settl-etì land areas" For the project area it is
esti.mated that four farmsteads v¡i1l- have to be relocatecl due

to the reservoir flooding.
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. ENVTRONMENTAX AND ECOLOGTCAT CONSIDE.BAIIONS

fn this sectLon the potentlal environmental and

ecological impacts of the proposed project wiLl be considered.

The three main areas where the natural state vri1l be altered
are the area of impounilment, the area along the conveyance

route and the Lrrigation disLrict. OnJ.y a broad outline of
the potential impacts in qualitative terms wilL be presented.

Before implementing the proposal, detalled studies should be

unilertaken by the appropriate disciplines to evaLuate the

impacts in a more quantitative manner where it is possibJ.e.

Area of Impoundment

1. The initial action of the proposed Pe¡nbina Dam

wi1L be the abrupt transformation from terrestrial and river-
inè conðitions to aquatic and lacustrine conditions. Approx-

imately 30 miles of natural 
. 
free-fLowing stream rvi1l be con-

verted into an 18 nile long 3/4 of a mile wide man-made lake.

2. The proposed impoundment will submerge 5650

acres of land, ilrastically aLtering the present tand forms

anil vegetation Ln the area.

3. The resulting reservoir ecosystem may t,rigger
an explosive growth of aquatic and semiaquatic shoreline veg-

etatl.on which may have various effects on man and his actions
in the vicinity of the created Iake.
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4. In the flooding process there v¡iLl be ¡nass

mortality and rnigration of te.rrestriaL organisms.

5. fhe flooding of vegetatLon may contribute to
o:<ygen deficits in the reser\roir as_ the p3.ant material decays

under rdater. This couLd retaril the natural creation of new

life for¡rs in the reservoir.

6. The proposed pernbina Dam will aLter the present

habitat of fish and wilillife in the upstream reach of the
river but in time tt will" create conditions for new life forms,
plants, insects, fish and other wÍIdlife.

t'
7. The reservoir wilL alter the micro-climate of

the nearby region. EvaporatÍon from the reservoir surface
wl,Ll increase. .Air temperatures wiLl be 1ikely cooLer in the
sr¡nEner and warmer in the fall. No temperature changes are

expeated in the winter months.

8. The reseryoir wilt disrupt the sedi¡nentation
process of the strean. Most of the upstream sediment will
be cteposited in the reservoir. This wíII result in increased
calr!¡Íng capacity of the river ilownstream thus changing its
regime from a presently equiJ-ibrium conditíon to an unstable
cond,ition where degradaÈion of the channel bottom and slough-
ing of its banks will occur until such time that a new etable
channel is established.
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9, The. te4perature of the water will be altered..

The reservoir being L00 feet deep at thê damsite wlll prob-

abty stratify into the three main layers known technlcally as

the Epilimnion (top layerl , thermocl-ine (mlddLe layer) , and

Hypolipniun [lower J.ayerl . In the su¡nmer the water in the

reservoir decreages in te-rnperature and increases in ilensity

with ¿lepth. Since the ri.parian conduit is located in the

llypolirnnium layer, riparian water released duríng thls period

r"íl-1 bê cooler than would be the case under natural fLow con-

ditions, Xn the winter months the reverse happens where warmer

temperatures are found in the bottom layer than in the two

layèrs above. Riparian rêleases during these months will
general.ly mean higher \,rater temperatures downstream than would

occur under natural conditions. The implications of these

temperature changes on the dov¡nstream ecosystem is not too

well understood at the pregent time.

10. Wíth Èhe proposed reservoir there is the itanger

of severe ice problems upstream of the dam. Ice j arns on the

upstream reach of the river in the spring wiLl occur more

freguently causíng flooding in the adjacent valley .areas and

possÍbly endangering manFmad.e structures such as existing
bridges and,buildings, Ðetailed investigations should be

undertaken to determine the extents of the probLem ancl whether

the village of La Riviere will be affected.

lL. During the construction stage of the dam, the

following temporary adverse environmental effects wiLl occur.
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[al l.randscape = The abut¡oent on the north siCe

of the dan wilL be conyerted lnto a borrow area to
proviéle construction materLal for the embankment.

G) Air - pollution of the surrounding air at
the ilamsite wiLL occur from exhaust fr¡nes of the con-

struction equipment and from fine earth particles
v¡hich will be driven into suspension dirring the con-

struction process.

[cl Water - The turbidity of the stream wí1l
increase downstTeam of the damsite. This could cause

some disruption of the aquatic ecosystem.

(dl NoLse - There will be a pronounced increase
in the surroundÍng noise level emanating from the
operation of the heavy construction equiprnent at

. the site. Thís could have adverse effects on the
wiLilLife nearby .

Cohvevânce Route

I. The proposed conveyance route will require Èhe

cJ.earing of 10 acres of natural vegetation.

2. The proposed conveyance system coulil act as an

artery for possÍbJ.e introduction into the Morden-Winkler area
of nev¡ plant, ani'ma1 and insect species. These could intro-
duce new v¡aterborne diseases in the region.
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' 3. There wllL be an incrêase in aquatic weed arorrrth

along the canal. sectlon of the route. This couLd possibly re-
duce the capaclty of the channeLs.

. 4. possibl_e erosion of the existing steep slopes
in Èhe concrete conduit section of the route courd resur.t from
the Land being strippeil of its naturaL vegetative cover,

5. The increased fl_ows proposed for the Deadhorse

creek will degrâde the exist,ing channel resulting in deposition
of sedlments into the existing Mor¿len Reservoir. The increased
sedimentation coul¿r cause congiderabr.e disruption to the bottom
fauna in the reservoir.

Irrigation Dlstrict

1. The proposed system of canaLs could serve as a
breeding place for the development of insects and other aquatic
organísms .

2. The proposed system of canals will íncrease the
rate of groundwater recharge which could result in higher water
tabLes than that at present.

3. There !,rí11 be an increase in aquatic r.eeed grot¡th
in the írrigation channels possibly resulting in reduced chan_
nel capacities .

4. The irrigation return flows couLd become heavily
polluted with agriculturâl chemicaLs and plant and animal
wastesr This po!.lution could þercolate into the groundwater

56
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system a d/or be caffiied by the existlng natural drainage

courses to i.ow areas furthêr eastr No aLlowance has been

made herein for the treatment of these flows.
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CONCLUSEONS AND .RECOI'{¡,fENDABIONS

The purpose of this thesis has been to plîesent a

plan of deveJ.opment of the pembLna g,fver to supp].y the
Morden-WinkLer district in Southern. Manitoba with J.arge

amounts of $rater for lrrigation, municipaL and industrial
water supply purposes .

The pioposal consists of a dam on the pernbina

River to store L47rO00 acre-feet of water, a conveyance

system to transport the water to the district and an ír-
rigation scheme in the dístrict comprising :-.Lrg75 produc-

tive acres.

From an engineeríng and economic viewpoint this
plan of development appears to be feasible. With an initial
capital expenditure of 922,235,000 it is possible to realize
annuaL direct benefits amounting Lo Ç2,874,000 throughout

the Life of the ploject. The ratÍo of direct benefits to
costs of this plan of development for a díscount rate of gB

is 1.2,

This proposal ís an aLternative to the joint plan
of devel,oprnent of the pembina River Basin recorunended by the
I.ü.C. Engineering Board ín its 1964 report. The ailvantages

to Manitoba of this ptoposal over the joint venture are:
1. Manitoba will have full control over the source

of 
.supply.

2, A savings of 650 acres of agricultural Land

due to a s¡naller reservoir on the pembina River.
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3. A savlnes ;:;, equal to $8,000,000 whire
providing essentially the s arne benef,its as the Joint venture.

Al"though the engineering and economic viabÌlity of
the Pe¡ibina Rl.ver as a source of flrppty has been estaLl ished,

the Large expenditures lnvoLveil require that other sources

be assiduously sought. lv¡o of these, l,ake Manitoba and

Shellr¡outh Reservolr, are briefl.y described in Appendix E.

ft is recommencled that iletalleil investigations be undertaken

on these ttro sources to ileter¡nine their feasibiJ.Íty to supply

water to the project area ancl compare them with the pernbina

River source.

Before_a decfsÍon is made to proceed with construction,
the social envi.ronmental and ecoJ.ogical impacts of the project
should be thoroughly assessed. In particular, detailed studÍes

shouLd be undertaken to iletermine:

1. The farmers I willingness to adapt to irrigation
farmÍng.

2. Market availability for the crops grown.

3. The extent Americans are willing to co-operate

torüarats financing the project in víew oi the potential flood
control benefLts that couLd accrue to them.

4. The recreation potential of the pembina reservoir.
5. The quantity, the nutrient content, and the means

of disposal. of irrigation return flows.

' Fina1ly, no project of this magnitude ..r, .rr"t b.
rîade to operate effectively !üithout the co-operation and sup-

port of the resiilent,s of the affected areas. Therefore, it
...59
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is suggested that Èhe residents be kept well-informed at ail
times¡ their views on ihe projeèt sought at an earLy stage

and, above a!.L, they should be encouraged to participate in
the overalJ. impLementation of, this plan.
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IRRIGATION V'IATER REQUIREMENTS

The depth of water required to produce satisfactory
crop yieLds varies with the soil texture and composition,

kinds of crops gror¡rn, pteparation ,of field surfaces, methods

and frequency of írrigation, rainfall characterist.ics and

general climatic conditions. Other things being equal , the

amount of qTater that must be artif icial.J-y applíed depends

on the deficiency in rainfall- during the growing season.

In the foJ-lowing discussions irrigation \,¡ater re-
quirement is used to mean the total quantity of water per

unj.t area that must be applied artificial"ly, in addition to
natural- precipitation, to produce satisfactory crop yieLds.

It consists of al1 r^rater used for írrigat.ion of crop lands,

seepage Losses within and resulting from conveyance of
v¡ater to irrigated areas and operational wastes. GeneraL

hydrologic critería for estimating the irrigation water re-
quirements are presented in the paragraphs to follow.

ConsumÞtive Use

The consumptive use of r^rater'is the actuaL

quantity of rrater required for plant. growth. It includes
qtater used directly in the building of plant tíssue and

water lost in evaporation and transpiration.



A-2

There are many mêÈhods of estimating consumptive

use, but no one method can be applíed generalJ.y for all
pur-Doses. Several methods witlely used itr engineering in-

vesèigations are: tanl< anit lysimeÈer experiments, fielå

experimental plots' soil moisÈure sÈudies, j-ntegration, and

iaflor¡-outflow for large areas. These rûeÈhoils *".t,.J"

consr:m¡rtive use directlY.
Because of Èhe difficulties iir rneasurement required

in the above field methods and the lack of basic data

avaíIable, great efforÈs have been made to develop evapo-

trans¡¡iraÈion equations that relate consurnptive use vrith

some readily availabl-e climatic data. The more successful

oí these equations relate consumptíve use to temperature,

humidity, winÊl velocity, vapor pressure ancl solar radiation.

In this study the Lowry-Johnson equation has been

anploye¿t Lo estimate annual consumptive use and a "revised"

P-E Index Meihoil Èo esÈimate monthly consumptive use.

a. Lovrry:Johnson Method

This is essentially an empirical method haseil

upon data collected from irrigateél areas near the Rocky

uountains v¡here hr:midities are generally low. The method

applÍes to a va1ley not to an inilividual farm, and has been

used by the Bureau of Reclamation in the arid western portion

o! the United staÈes with good results..
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The method assumes a linear relationship between

"effective heat" and consumptive use. Effective heat, as de-

fined for the method, is the accu¡Tulated maximum daily
temperatures ín deÇrees Fahrenheit above a base of 32oF

duríng the effective growing season,

The approximate relationship is:7
U=0.8+0.156F
where: U = consumptive use in acre-feet per acre

F = effective heat in thousands of day-degrees

The nearest meteorological station to the project
area r,trhere temperatures have been recordeil for a long period

of time is the Morden Research statíon. Monthly maximu¡n

temperatures at this statíon were tabulated for Èhe period

L92L to 1973 and the corresponding monthly effective heats

!Íere computed for the growing season. These latter were then

accumulated for each year and using the Loqrry-Johnson formula

the annual consumptive use r¡¡as determined. TabLe A-1 shows

the results of the calcuLations.

. The mean annual day-degrees of heat in the area is
61300 índÍcating an average annual consumptive use of 1.78

acre-feet per acre. In the abové calculations it has been

assumed that. the winter season consumptive use is satisfied
entirely by winter precipítation, therefore it does not need

to be includect in the analysis. The effective growing season
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at Morden is 145 daysS usually starting second. week in May

and end.ing first week in October. By comparison the irrigatíon
season has been assunecl to commence June I and end September

30.

The Lowry-Johnson method vras not d.eveloped to

esti-mate monthly use. Occasionally, however, it has been
o

appJ-ied- successfully for this purpose by using simple pro-

5ror-.ions of rnonthly heat uníÈs to annual heat units in those

areas where consumptive usË of crops does not vary greatly

throughout Èhe growing season.

This meËhod of proporÈions \¡ras tried. for the

groject area but the results r^rere not acceptable since the

values did not reflect Èhe actual extremes in monthly con-

sum¡rtive use betwèen the months of May anct JuIy and between

the nonths of iluly and September.

b. P-B Inilex Method

Based on stuclies of weather and. crop data frorn

i=rigateit areas over the Western United stat.es þr. c. Munsonlo

lou¡d that the following monthly P/E ratios (precipitat,ion-

evagoration ratios) hold adeguately for normal plant growtht

llonihs
Þf'r

Months

Jan.

1.0

Julv

6-8

¡'erl.

1. 8 3.2

Àug. Sept.

March AÞri 1 May June

5.8 6.0

IÌov, Dec.

2.3 1.5

4.4

Oct.

3.5P/E 6.1 4.6
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For a given month, the corresponding value of

P/E ratio and the average monthly temperature t in oF can

be substituted in the following equat,íon to solve for P.

P = 0.014(r-10) (å)n

This equation is based on the formula derived by Thornthwaitell

in whích P is the mônthly consumptive use requirement in.
inches for crop production on an area basis and n is an

exponent (n = 0.9 in the original equatíon).

The monthly and hence annual consumptive use for
the project area were computed by thís method using the

average monthly temperatures recorded at the Morden Research

station. With an n-vaLue of 1.0 in the above eguation the

resulting annual values agreed very closely to those founil

by the Lovtry and Johnson method as can be seen from Table A-2.

The monthly ilistributíon of consunptive use in Tabte A-2 was

judgeil much better than that given by the method of propor-

tíoning effective heats hence these vaLues were employed in
the analysis,

Ef fective Precipitation
Only a part of the precipitation falling to the

groun¿l ís effective in meeting consumptíve use requirements.

The effectiveness of the precipítation depends upon several

factors such as amount and intensity, character of soiL



Ae7

\IABLE Ai2
ÎHÉ r.lOì¡rHLY E YEÀRLY CONSUMPTIVE USE ÀT MORDEN. !SJ¡9-!Ër_ P-ålNpE¡_ ¡¡¡!s!

}..\Y J['NE JUIJY ÀUGUST(v/E)= (P /El = (P/Er= (P/El=yEÀR 5.8 6.0 6.8 6.1

SBPT, TOTAI,(P-E TOTAL (T'ROM

lP h,l - INDEX LOWRY-JOHNSON
4.6 !.{ETHOD) (Ft) ¡{ETHOD) (Fr)

r921
L922
1923
t924
!925
L926
1927
L928
L929
1930' 19 31
L932
1933
1934
1935
1936
1937
1938
1939
t940
1941
19r!2
19{3
1944
1945
L946
L947
19 4.8
1949
1950
19 5l
L952
19 53
Ì954
Ì955
1956
L937
1958
19 s9
1960
196r
1962
1963
1964
19ds
L966
1967
Ì96I
1969
L970
197t

1973

o .28
o ,29
0 .29
0.24
0. 28
o .32
î -24
0. 3r
o.24
o.27
î .28
0.3r
0.31
0. 33
o.28
o.29
0. 30
o .29
o .32
o-29
o .32
o .27
o .27
0.32
o.24
o .21
0 -26
0. 30
0. 30
0 .26
0.32
0.30
o.29
0.26
0. 31
o.26
0. 30

0 .27
0.30
Ð.29
o .2a
0 .27
0 .32
0.28
o .26
0. 26
o .27
0. 30
0 ,27
o .29
0. 33
0. 30

0.40
0. 37
0.40
0, 33
0.35
0, 34
o. 36
0.34
0.36
o. 38
0, 40
o.42
o,42
0. 37
0. 3r
o ,37
0.40
o.37
0.35
0. 36
0.37
0.36
0.35
0.36
0.35
0.37
0.36
0, 37
0.38
0.36
0,35
0.38
0. 37
0. 36
0.37
0.40
0.34
0.34
0,38
0.36
0. 41
0.38
0.39
0.38
0.37
0.38
î ,37
0.36
o,32
0.41
0.38
0. 39
0.38

0.48
o .44
0.49
o .44
0. 44
0.45
0.44
0.45
o.47
0.48
0 .47
o .47
0.49
0.48
0.5Ì
0. 54
0.48
0.48
0.48
0.48
0. 50
0.48
o.49
0.45
0. 50
o .46
0. 45
0.45
0.48
0.46
o.47
0,46
0. 46
0 .47
0,48
0.43
0.48
o ,44
0 . 4'ì
0.47
0.46
0.44
0.4?
0.46
0.45
0.48
0.46
0,45
0.45
0,48
0.43
0.44
0-4s

1. 8Ì
1.78
r.8 6
7..62
1.73
1.70
r. 66
t. 71
1.70
L.79
1. 83
1. 88
l. 90
L.78
t.73
1. 87
t. 86
1. 84
1,83
L,82
t,,83
r.73
t.7 4
L.7-t
L.'t2
1,73
L.72
1.81
1.84
1.70
1.7 4
1.81
1. 78
L.72
L.A2
L.7 2
r. 75
1.7 3
t. 78
1. 80
t. 84
1,73
I.8t
t.77
1.69
r.77
L.77
1.70
r.7'l
.r.82
t.7 6
t. 80
t.79

1.82
1.81
1.86
1.68
L.7 4
r.71
1.65
1.7 4
1.73
t.8t'1.85
1.88
1. 90
L.82
L.77
1. 94
1.83
1.84
1.86
1.83
1. 81
1.7 3
1.75
1.78
1.70
L¿77
L.76
r.83
1.83
t. 7l
L.7 5
1.83
L.77
1.73
1.81
1.73
1.75
L.77
1.7I
1.83
1.85
L.7 4
L.82

, L.7 6
r.7ó
L.77
1¡ 80
1.69
L.7 6
1.79
l. 75
1.79
1.78

0. 39 0 .26
o. 42 0.26
0.37 0.31
0.38 0.23
0.4I O .25
0.38 0.21
0.37 0.25
0 , 38 0.23
0.40 0.23
o.42 0.24
0.41 o.27
0 .42 0.26
0.42 0.26
0.39 0.2L
0 . 39 0.24
0.41 0.26
0.4 3 0.25
o.42 0.28
0,41 0.26
0. 41 0.28
0.40 0.24
0 . 39 0.23
0. 39 0.24
0.39 0.25
0f40 0.23
0.39 0 .24
0.41 0.24
0,41 0. 28
0.44 0 -240.36 0.26
o.37 0.23
0.40 0.27
o.42 0.24
0. 39 0.24
o.42 0.24
0.40 0.23
0. 39 0 .24
0 . 39 0.25
0.42 0.24
0,41 . O -260.45. 0.23
0.40 0.23
0.41 0.27
0. 37 0 .24
0.39 0.20
0.39 0.26
0. 40 0.28
0. 37 î .25
0. 44 0.26
0, 41 O;25
0. 41 0 ,25
0.4I O:23
o:42 0.24

o .29 0.37 o .47 0.40 o.24 L.77 1.78
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surface, permeabil-ity, storage capacity and the rate of
consumptive use. The Bureau of Rêclamation treats effective
precj.pitation as a percenÈage of the monthLy totals. These

range from over 908 effectiveness for the first inch to zero

effectiveness for amounts in excess of 6 inches per month.

The following rangês are suggestedl2 and have been adopted

for this study.

Precipitat.ion
Increment
Inches

t
2

3

4

5

6

over 6 inches

Effective Precipitation
Percent Inches Accumulated

90 -100 0 .90-t.0 0

85-95
75-90
50-80
30-6 0

10-4 0

0-10

1.75-1.95
2.50-2.85
3.00-3.6s
3 .30-4 .25
3 .40-4 .65
3.40-4.75

Using the monthly precipitation totals recorded at
ùhe Morden Research station from 1921 to 1973 enabled the

calculation of the effective precipitation for the same

períod by the methocl outÌínecl above. The results are

tabulated on Table A-3 .

Crop l,rrigation Requirements

The crop irrigatíon requirement is the quantity
of water, ín additíon to precipitatíon, necessary to insure
optirnum crop production. It is obtained as the difference
bet¡{een the monthly consunptive use and the nonthly effective
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TABLE A-3

ëFFECTIVE PPNCTPITÀTION Àr I{ORDEN, MÀNITOBA

;
l -n22
1923
192{
I925
192 6
1927
19â 8
L929
l-o 30
193r
1932
f933
L9 3¡r
1935
1936
l-937
193A
t9 39
19go
19 *L
19r¡2
1943
19r4
L9{5
19{5
19 47
19aa
19{9
1950
L951
1932
1-o 53
19 5{
aYit
195 Ét

1957
1958
1959
Ì950
19 61
!9 62
19 53
1964
1965
1965
1967
1963
1969
1970
19?1
L972
1973

¡!ÀY

0. 16
0. 30
0. 11
.0.04
0. L1
0. 12
0.34
0. I1
0. 07
o.28
0. 10
0. 1?
0.34
0.05
0. Ì2
0. 04
0.13
0. 1r
0. 14
0, 13
0 ,24
0.24
0. 2t
0.17
0. 18
0. 07
0.03
0. 19
0.r9
0. 32
o. 02
0. 04
0, 30
0. 18
0, 13
0, r9
0,14
0.03
0. 30
0. l0
0.07
0. 34
o .26
0. r0
Q;, 29
0.06
0.08
o,28
0. tÌ
0.24
0, 09
0, 19
0. 15

,tu¡¡E

0. t3
0. I7
0.08
0. t3
o .32
0 .29
o. 23
0. 34
0. 04
o.29
0.08
0. I8
0. 07
o .26
0.33
0. 20
0.33
0. 17
o .29
o .20
0. 2r
0. L4
0. r9
0. 33
0. l6
0,15
0. 3r
0. 13
0. 15
o .26
0.Ì6
0.28
0. 28
0. 30
o .29
0.19
o .28
0.17
o .20
0. 17
0.07
0. 16
0.33
0. 31
0. r.I
0. 1t
0.10
0 ,2L
o .26
0. 30
o .32
0. lr
o.24

JULY

0.34
î .23
0.12
o .22
0.07
o.20
0. 15
0. 34
0, 10
0. t5
0.14
0.I8
o .07
0.13
0.21
0. 06
0.34
o.29
0, 05
0. 31
0. 08
o .27
0,L7
0. 18
0.24
o.23
0,11
0.33
0.17
0, 25
0, 08
0. 16
o,25
0. t3
0. t9
0.28
0. 33
o .27
0. 15
0.09
0.14
o .24
0.33
0.24
0.r9
0, 33
0. 13
0.32
0.16
0. 15
o,24
o.r2
o.24

ÀI'GUST

o.24
0.09
0. 18
0. 09
0. l0
0. 14
0. l6
0.12
0. 06
0. 04
0. 15
0. 08
0. 1I
0.t6
o.26
0.17
0.03
0.14
0.28
0. t7
o.L2
0. L4
o.29
0. 34
0, 13
0,15
0.34
o,o7
0, L3
0.06
0.34
0. 19
0.18
0. 16
0.05
0 .32
0.2r
0.08
0 .26
o .26
0.03
o ,22
0. 06
0.32
o.25
o.23
0. 11
0. 34
0. 08
0. L0
0,1r
0.19
0. t8

SEPT.

o.22
0. 30
0. 18
0.30
o.24
0. 28
o. 11
0.01
0. 19
0.10
0. 2I
0. lt
0.18
o. 09
0.ll
o.t2
o, 1r
0.00
0. 09
o.L7
0.34
0. 06
0.05
0. 10
o.25
o .22
o. !2
0. 01
0. 06
0, 20
0.16
0.03
o.L2
o .27.
0. 18
0.04
0. 18
o,12
0. 15
0.04
o .26
0,05
0, 04
0 .17
0, 23
0.03
0. 04
0.L6
0, 14
î.2L
0. 15
0. 17
î.32

TOTÀL

1.09
l. 09
0. 67
0.78
0. 84
1,03
o.99
o .92
0.46
o. 86
0. 68
o .67
o.77
0. 69
t. 03
0. 59
0. 94
0.71
0. 84
0. 98
0.99
0.85
0.91
1. I2
0.96
0.82
0. 9r
0,73
0. 70
1. 09
0.76
0. 70
1. 13
1. 04
0. 85
L.02
1. t4
0. 67
t. 06
0.66
0. 57
1. 05
r.q2
1. l4
0, 87
o.76
0.46
1.31
0,75
L. 04
0. 91
0.78
L. I3

0.15 0. 2r 0. 20 0. 17 0, 15 0. 88
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precipitation. fn periods when effective precipitation
exceeds the consumptive use, the irrigation requirement

will be set at zero. For the month of May it has been

assumed that no irrigation is needed since the precipi-
tation duríng the month plus the soil moisture available
from the spring sno$r melt wilt be more than adeguate to
meet the consurnptive use for that month.

The monthly crop irrigation requirements for the
project area during the period 'J-IZL - 1973 are shown as

Table A-4 .

Farm DeL j.verv Requirements

In practice it is infeasibl_e to supply crop irri-
gation reguirements without loss and tìraste. In applying
\,¿ater by surface methods, the soil at the upper end of the
run receives more water than it can retain before that at
the lower end of the run is served and the excess percol_ates

below the root zone. Any excess r' reaching the Lower end of
the run, drains off into waste ditches and drains, or onto
waste non-productive land unless it can be diverted onto
other írrigable lands. Other wastes may occur as a resuLt of
the breaking of farm dit.ches. These losses plus the crop
irrigation requirement make up the farm delívery requirement,.

Farm irrigation effíciency. is an indication of
rúater losses. ft represents the useful water port.ion of the
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TABLE A.4

CP.OP IRRIGÀT ION REQUIREMENT

YEÀR

19 21
!922
L923
L924
L925
1926
1927
t92A
!929
1930
19 3l
1932
r933
1934
1935
1936
1937
t 938
1939
1940
I9 4I
L912
1943
1944
1945
19¡6
t9 47
194S
1949
t950
l95r
1952
1953
1954
19s5
L955
L957
1958
19s9
L960
Ì9r51
L962
1963
1964
1965
L966
1967
196S
r969
L97 0
j-97 r
r97 2
r973

¡rÀY

0. 00
0.00
0.00
0 ,00
0.00
0,00
0.0 0
0 .00
0.0 0
0. 00
0.00
0. 00
0.00
0 ,00
0. 00
0.00
0,00
0.o0
0.00
0. 00
0. 00
0.00
0. 00
0. 00
0.00
0. o0
0.00
0. 00
0. 0rì
0.00
0. 00
0.00
0. o0
0. 00
0.00
0. 00
0. 00
0..00
0.00
0,00
0.00
0. 00
0. 00
0.00
0. 00
0,00
0.00
0. 00
0. 00
0. 00
0. 00
0.c0
0.00

JTJNE

0 .27
q .20
o .32
0, 20
0. 03
0. 05
0. t3
0.00
0.32
0. 09
0. 32
o.24
0. 35
O. II
0.00
o .17
0.07
0.20
0.07
0.16
0.16
0 .22
0. 16
0.03
0. t9
o ,22
0.05
0.24
o ,23
0. 10
0,19
0. t0
o. 09
0. 05
0. 08
0. 21
0. 06
0. 1?
0. 18
0,19
0.34
o .22
c.06
0, 07
o ,26
0 .27
o .27
0. 15
0.06
0. 1t
0.06
o .28
0. t4

.'ULY

0.14
1r-2L
0. 3?
o.22
0.37
o.25
0.29
0. lt
0. 37
0.33
0.33
o.29
o.42
0.35
0. 30
0.48
q.14
0.19
0.43
0.17
o .42
0. 21
î.32
o .27
o .26
o.23
0. 34
o.L2
0,31
0. 2t
0, 39
0.30
0,21
0. 34
o.29
0.15
0. r5
0. t7
0 .32
0. 38
o.32
0. t6
0. r4
o .22
(t .26
0. 15
0.33
0.13
0 .29
0. 33
0.19
0 .32
o .2L

ÀUGUST

0. r5
0. 33
0.19
o.29
0. 3r
o.24
o. 2l
0.26
0. 34
0. 38
o.26
fr. 34
0. 3L
0.23
.0. 13
o.24
0.40
0.28
0. 14
o.24
o .28
o .25
0.10
0. o5
0.27
î.24
0.07
0.34
0. 31
0. 30
0,03
0. 2l
o.24
0.23
0. 36
0, 08
0. 18
0. 31
0. 16
0. 15
o .42
.0.18
0. 35
0.05
0. 14
o. I6
o .29
0.03
0. 36
0. 3r
0. 30
o .22
o,24

SEPT.

0. 04
o. 00
0.13
0.00
0 .01
0. 00
0.14
0.22
0. 04
0.14
0. 06
0. 15
0.08
o, 12
o.33!
0. 14
0.14
0.28
o.I?
0. 1l
0,00
0 .17
n. L9
0 .15
0,00
o .o2
0. 12
o.27
0.18
0.06
0.07
o.24
0.12
0.00
0.06
0,I9
0.06
0.13
0.09
o.22
0.00
0. 18
0.23
o.o7
0. 00
o .23
o,24
0.09
0.12
0,04
0. t0
0.06
0.00

TOTÀI,

0.60
0.74
t. 0l
0.7r
o.72
0.54
o.77
0. 59
1. 07
0. 94
0.97
I.02
r, 16
0. 81
0.76
L.03
0.75
0.95
0. 81
0.68
0.86
0,85
¡.77
0. 50
o.72
0,71
0. 58
0, 97
1,03
0.67
0.67
0. 85
0. 66
0. 63
0,79
0,63
0.45
0.78
0.75
0.94
1.08
o.74
0.?8
0.41
0,66
0. 81
1. 13
0,40
0.s3
o.79
0.65
0.88
0. 59

0. 00 . 0.16 o.27 o.24 o-11 0.7I
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total erater delivered to the farm. Typícal water appl_ica-

t.ion losses and irrigation efficiencies for diff,erent. soil
. 1?conditions are gÍven below'- .

ceneral soil Type
Open Porous Medium l.,oam Heaw Clav

Item t !" g_

Farãr Laternal
Loss* 15 10 5

su¡face-Runoff Loss. 5 t0 25
Deep Percolation

Loss 35 15 10
Field, Irrigation

Efficiency 60 75 65
Faro lrrigation

Efficiency 45 65 60

* Unlíned d.iÈches

The soit type ín the ¡{orden-Winkler area can be

classified as a ¡necliu¡n clay loam. Using some judgement

the fol-lowing losses have been derived:

Percolation loss -2 Ot
Surface-runoff loss -108

TOTAL FTELD LOSS .308

Field Efficiency -70*
Farm Ditch l-os s -L5B

THEREFORE - Farm Efficiency = 70* x 0.85 = Q1
For eacb month the farm deLívery requirement was

computed. by dividing the crop irrigation requirement ;
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by the farm efficiency. Monthly farm delivery requirements,

in acre-feet per acre, for the project area during the
period L92L - 197J are shown on Table A-5.

Conveyance l-,osses

Conveyance losses are those losses of water in
transit frorn the source of supply to. the point of service
whether in natural channels or in artificial ones such as

canals, diËches and laÈerals. They cornprisé evaporation
from the waèer surface, and. incidental transpiration by

\,rater-l-oving vegeta¿ion growing ín the \¡¡ater or along Èhe

banks of the conveyance works. Operational wasÈes are

those losses due to lack of effíciency in management and

breaks in conduits and ditches. In estimating diversion
requirements, all conveyance losses and wasèe are ordj.-
narily lumped together into a single estjmate.

Conveyance losses, in the project area will be

incurred from the proposed. pembina Reservoir to the
írrigation district . Ivtost of these will occur in dhe gra-
vity canal syslem" AII canals wiLl have clay lining thus

reducing seepage l-osses.

Based. on other projects experiencel4 and using

some j udgement the followÍng loss figures were ailopted:
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TABLE A-5 
,

FÀFJ{ DNTIVT:RY PEOUTREME}TT

't3_tR rJÀÏ

0.00
0. 00
0. o0
0. 00
0.00
0. o0
0-00
0,00
0. 00
0. 00
0-00
0.00
0.00
0. o0
o. o0
0.00
0. o0
0. o0
0.00
0.00
0.00
0, 00
o. 00
0.00
0. o0
0, 00
0.00
0.00
0. 00
0.00
0. 00
0. 00
0. o0
0. 00
0.00
0.00
0.00
0.00
0. 00
0. 00
0.00
0.00
0. 00
0. 00
0. 00
0. 00
0, 00
0.00
0. 00
0.00
0. 00
0.00
0. 00

JT'ND

0,45
0.33
0.53
0. 33
0.05

- o.08
o .22
0.00
0.53
o. r5
0 ,53
0.40
0. 58
0.18
0. 00
o. 28
î.t2
0. 33
0. 12
o .21
0 .27
0.37
0.27
fì.05
o .32
0 .37
0.08
0. 40
0. 38, 0.1?
0. 32
0. 17
0.t5
0. l0
0. 13
0. 35
0. 10
0. 28
0.30
0.32
0.57
0. 37
0, 10
0 .12
0.43

.0.45
0.45
0.25
0.10
0.18
0. r0
o .47
0,23

JULY

o.23
û.35
o .62
0. 37
o .62
o.42
0.48
fi' re
o.62
0. 55
0.55
0.48
o.70
0. 58
0.50
0.80
o.23
ît .32
o.72
0. 28
0,70
0. 35
0. 53
0.45
0.43
0.38
0. 57
0. 20
0.52
0. 35
0. 6s
0. 50
n. 35
0.57
0.48
î ,25
0. 25
o .28
0.53
0. 63
0, 53
¡ .27
Í, .23
0. 37
0.43
,0. 25
0,55
o .22
0.48.
0. 55
0. 32
0, 53
0.35

0.07
o. 00
o .22
0. 00
o.02
0.00
0.23
0.37
o. 07
o .23
0.10
o.25
0.13
0.20
0. s5
0. 23
0.23
o .47
0.28
o. t8
0.00
o .28
o .32
o .25
0,00
0.03
o ,20
0.45
0. 30
0.10
o.L2
0. 40
o.20
o. 00
o. t0
o .32
0, 10
o.22
o. 15
o ,37
0. 00
0. 30
0. 38
0.12
0.00
0. 38
0,40
0. r5
0. 20
0.07
0.17
0.t0
0. 00

1. 00
1. 23
1.69
1. 18
t.2t
0.90
L.28
o. 98
L.79
I. 56
1. 6t
L.7 0
1. 93
1. 34
L.27
r. 7t
L.25
t. 59
r.35
1.t3
L.44
r.42
I.29
0.83
r.2î
l. 18
0.97
L.62
L.72
t. t2
r.14
L.42
L. t0
t. 05
1.3r
1,05
0.75
1. 30
r.25
1.57
r.80
r,24
1. 29
0.69
1.09
1.35
1.88
0 .6't
1.38
L.32
l.09
r.47
0. 98

AUGÛST

0.25
0.s5
o.32
0.48
o.52
0.40
o. 35
0-43
0.57
0.63
0. 43
o .57
0. 52
0,38
o.22
o :40
0. 67
o .47
0.23
0.40
o .47
o .42
0.17
0.0s
0.45
n. ¿0
0. 12
0. 57
0. 52
0. 50

.0.05
0. 35
0.40
0. 38
0.60
0. 13
o.30
o,52
o .27
0. 25
0.70
0,30
0.58
0. 08
0.23
0 .27
0.48
0.05
0. 60
o.52
0.50
0. 37
0. 40

SEPT. TOTAL

r92L
!922
192 3
1924
r?25
L926
!927
192I
192 9
I930
19 31
L9?2
1933
1934
L935
tt36
1937
193 B
1939
19 ¡10

.t94 t
19{2
l9¡¡ 3
19.14
19.! 5
1946
1947
19{ I
t9{9 -'
1950

. 19 51
t952
1e5i'
195 4
1955
I956
1957
1958
195 9
1950
l9 61
!962
196 3
196 4
1955
196 6
L961
I96I
L959
L97 0
19 71
!97 2
!9 t-3

0. 00 o .27 0. 45 0. 40 0.t8 1.30



Canal losses
lateral and. su.b-

Lateral losses
Waste

TOT.àÍ, CO}IVEYÀ\CE

A-15

-5?
-108.
-t0t

AI¡D ITASTS LOSS -258

THEREFORE - Project efficiency = 60* x 0.75 = 45t

frrigation Dive¡sion Requ ireÌ'êTrt s

lronthly irrigation diversion reguirernent"', ru..
est,ilated blr ad.ding the conveyance losses to the farm

eelivery requirenents, anil dividinq the sum by 0.90 Ëo pro-
viCe an allowa¡ce of 10t for operational wastes. These

conveyance losses were taken to be distrib.i.¡ted. evenly for
each full ¡oonth of the operaÈing season. The monèhly anct

annual irrigation diversion resuiremenÈs for the penbina

River su¡rp1y source are shown on Table A-6, The mean annual

dj.version requires.ent for the recordecl period l92I - 1973 Ís
1.71- acre-feet per proiluctive acre.

Irriqation Return Flow

Return flow ís t¡aÈer vrhich is not consumeil in
evapo-transpiration and. ret,urns to a surface stream, drain,
or bod.y of ',¡ater.

I*¡en a project is first operated, rnost of the water
absorbed by the soil , not used by plant gro\{th or lost hy
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TABLE A-6

IRRIGÀTION DIVERSION REOUIREMENT - .PEMBINA DÀM

}EÀR

T9ZI
L922
192 3
L924
1925
1926
t927
L92A
!929
1930
1931
].932
t?33
193 4
1935
1936
1937
193I
1939
Ì940
19{ I
L.o42
1943
19.! 4
t9r5
194 6
1947
L9.t8
194 9
19 50
1951
1932
1953
1954
1955
I956
1957
1958
1959
1960
I96 t
1962
1963
!964
1965
1966
1967
1968
L969
1970
197t
!97 2
1973

¡tàY

0. 00
0.00
0. 00
0,00
0. 00
0. 00
0. 00
0.00
0. 00
0.00
0. 00
0. 00
0. 00
0.00
0. 00
0.00
0.00
0.00
0. 00
0.00
0.00
0.00
0- 00
0.00
0. 00
0. 00
0. 00
0. 00
0. 00
0. 00
0. 00
0.00
0.00
0.0r)
0.00
0. 00
0.00
0.flt
0.00
0. 00
0.00
0,00
0.00
0.00
0.00
0.00
0.01r
0.00
0. 00
0.00
0. 00
0.0c
0.00

,]U¡¡E

o.57
0,43
0.66
0.43
o,r2
0. r6
0. 3t
o,o7
0. 66
o.23
0.66
o. 51
0.71
o .27
0.07
0.38
0. 20
0.43
o.20
0. 37
o .37
0,48
0i37
o.L2
o .42
0.48
0. 16
0. 51
0.49
0.26
o .42
o.26
o.23
0. 18
0. 21
0.46
0. 18
0,38
0.40
0.41
0. 70
0. 48
0.18
0. 20
0. 54
0. 57
0.57
o.34
0. 18
o..27
0. 18
0.59
0.32

JULY

o .32
0.46
o,'t6
o .44
o.76
0.53
0. 60
o.27
o.76
0.68
0. 68
0.59
0.84
0. 70
o .62
0.96
o .32
o .42
0.s7
0, 38
0. 84
0.46
0. 66
0. s7
0. 54
o.49
0. 70
o .29
0 .64
0. 46
0. 79
o .62
0.46
0. 70
0. 60
0. 34
0. 34
0. 38
0,66
0.'17
0. 66
0.37
0.32
0,48
0.54
0, 34
0.68
0. 3l
0. 50
0,68
o.42
0. 59
0.46

AUGUST

0.34
0.68
o .42
0, 60
0. 64
0.51
o .46
0. 54
o.70
o.77
0.54
0.70
0 .64
0.49
0.31
0. 5t
0,81
0.59
o .32
0. 5r
0. 59
0. 53
o.26
0. 16
o .57
0. 5r
o.20
o.70
0. 64
o .62
o.L2
o.46
0.51
0.49
0.73
0. 21
0.40
0.64
0 .37
0.34
0. 84
0..40
0.7I
0.16
o,32
0 .37
0,60
0.I2
o,73
rì.64
o .62

' o.48
0. 51

SEPT.

0. l4
0.07
0.31
0.07
0.09
0 .07
0 .32
lì,48
0.14
0.32
0 .18
0.34
0. 21
o .29
o.6q/
o.32
o.32
0.59
0.38
o .21
o ,o7
0. 38
o .42
0, 34
0. 07
0.10
o .29
0. 57
0.40
0.18
0 .20
0. 51
o .29
0.07
0. t8
o.42
0. ¡.8
0. 31
o .23
0.48
0. 07
0.40
0.49
0. 20
0. 07
0.49
0.51
o.23
o .29
1,,14
o .26
0, 18
o,o7

TOTAL

1. 37
1, 64
2.L5
1. 58
l. 5l
t -27
1.69
1.36
2.26
2. 00
2.06
2.L4
2 .40
1.75
1.68
2,L7
1.65
2.03
L,77
1.53
1.87
1,85
1. 7t
1. r.9
1.60
r.,58
1. 35
2.07
2. L7
L.52
1. s3
L.85
1.49
1.44
I.7 2
1.43
1. 10
t. 71
1,66
2.OL
2.27
1.65
1.70
1. 04
L.47
t.77
2.36

.1.00
1'.80
1.73
1.48
1.84
r.36

0.00 rì.37 0. 56 0.50 o ,28 1.71
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soif noisture evaporation, percolates into the äeeper sub-

soil straÈa. Later as the surface of Èhe grround.water storage
rises, much of the deeper percolaÈion returns to the natural
strêam chadnels. This coulil amount to betneen 30 to 60t.
of the diverted. supply after 20 to 30 years of operationls.
Forecasting where and at vrhat time in the future return
flo¡¡s become available in the above quantities is somewhat

specula+-ive hence the subject will not, be pursued further.
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PEMBÎNA DAM

introduction
' This section is concerned with the engineering

feasibility of providing a reservoir on the pembina River
in Manitoba large enough to supply the irrigation, municipal
and industrial water needs of the Morden-winkler project
area. The proposed darn wiLl_ be Located approxinately 2

miles upst,ream of Highway No. 31 as shown on Figure B-1 .

Description of Basin

The Pembina River has its source ín the TurtLe
Mountains about L0 miles south of Boissevain, Manitoba at
about elevat,ion 21000 feet. Its total length is about

310 miles. The river runs in an easterLy direction until
it reaches the Pembina Valley at the êast end of pelican

Lake and continues east through 4 more lakes before turnj.ng
southeast to the United States Border (see Figure B-1).
It continues into North Dakota, on a southeast course unÈil
it paeses the Town of Wa1haL1a, r^rhere it turns eastward

and parallels the International. boundary to a point 1 rniLe

south of Emerson vrhere it emptíes into the Red River. The

va11ey through the lakes has a bottom approximately 1mile
wide with steep side slopes, while below the lakes, the



valley narrov¡s to a u-shape. The pembina Escarpment ends

near Vlalhalla, so thaÈ east. of this point, the channel
meand,ers across the flat Red River Valley.

The drainage basin can be divided into two main

sections at the pembina Escarpment. To the east, the
.topography is flat with a gentle slope to the Red, River.
ÞIest of the Escarpnent, the uplands area ís rolling, un_

dulating plain dotted with flat areas d.ìre to glacíal action.
The general altitude is lr4OO to 11600 feet above sea level
except in the Turtle Mountains which are mòre than 11900

feet above sea level .

Hyilrology

The climate of the pembina River Basin is char-
acterize¿ by wide variations in ternperature and rainfall.
The ¡nean annual_ precipitation over the basín for thê last
53 years is approximately J_8 inches; the eastern region
having a slighÈIy higher annual precipitation than the
western. About 75c of the annual precipitaÈion occurs during
the sum¡rer months. Snowfa1l is moderaÈe at about 35 inches
of which a portion is evaporated. However, snow drifts
into t,he Pembi-na River Val]ey ancl tríbutary valleys to give
a runoff higher than l^'ould be expected from the average snow

cover.
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The average annual runoff of the pembina River

at the dam site for the 53 year perioil 1921 - 1973 is
105r000 acre-feet, or only 4t of the average annual pre-

cipiÈation over Èhe basin, !,¡ith 85* occurring from April
to ilune. The runoff has variecl from a rninjmum of 11600

acre-feet (1938 - L939) to a maxi¡num of 401,500 acre-feet
(r968 - 1969).

a. Drainage Areas

The gross drainage area of the Pêml,ina F.iver above

its confluence i^rith the Recl River is 3r950 sguare míles,

of this total area, 1,989 souare mil-es, or slightly over

50t are in Canada while the remaining L1963- souare miles are

in the United States.

At the Pe¡nbina darn síte Èhe gross drainage area

is 2,896 square miles of v¡hích 1,840 ssuare miles (648)

are in Manitoba and 11056 square míles (36t) are in North

Dakoia.

It is belierr"dl6 th.t at some post-g1acial time

a significant, evenÈ occurred to the Pembina River drainage

area. Headward erosion try.a tríbuèary cf the Assiniboine

River e:rcroached on the Pembina Valley at a point l-0 mil-es

upstream oÍ NineÈte, an¿l evenÈualLy robbed the valley of all
upstream flo¡s and. formed what is no\.r the Souris River.
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By this event, the area drained. by the pembina River was

red.uced from 22,500 square mil_es to 31950 square miles.
Flovr down the valÌey betlreen the point of piracy and La

Riviere has been insufficient to carry away fan debris de-

Posited by side tributaries, and, such lakes as pelican

lake, Rock !-ake and Swan Lake were formed along the vatley
boËtom. Throughout this reach the bottom. gradient is in
the order of one foot per rniJ_e, but downstream of La

Riviere it steepens and. at the dam síte it is five feet per

mile.

It has long been recognized that prairie vrater-
sheds are characterized by large areas of depressional

sÈorage which may or may not contribu¿e to streamflow de-
pending on antecedent precipitation. Shallon depressions

are usually dry and the water surface in deeper depressions

may be several feet below their outlet level . To include
such arêas as a portion of the basin contributing to stream

flow, except in the very wettest of years, would be in effor.
To assist in the determination of runoff and.

in the analysis of hydrometríc recor¿Is. the d,rainage basin
above the Pembina dam site has been separated into effective,
contributing and gross areas.

Herein the foLl-ov¡ing definitions suggested. by

Stichling and Blackwe1l will appl-y:17
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1. Effective Drainage Area - That area which

might. conceivably contribute to peak flov, in an average run-

off year. Marshes and sloughs with no connect,ing channels

Èo the stream are excLuded,, as are areas upstream from lakes

which have sufficient storage to detain runoff entirety or

until after the peak flow has been observed at the gauging

point-

2. Contributíng Drainage Area - That area,

includ.ing a portion of Èhe basin affected by d.epressional

storage which \ùou1d probably contríbute to large flood.

peaks (10t.. flood peak or better). Generally speaking, the

criÈerion used when outlining this area on a map is that
any portion of the basin which is connecÈed to Èhe main

stream by a channel or an indication of a channel ' l-ies

¡¡ithin the contributing clrainage area boundaries -

3. Gross Draínage Area - ThaË area enclosed

within its divide (height of land beÈween waÈersheds) which

would' thrcugh naÈural and artificial processes ent.irely

cohtribute to the flood peak under extremely wet conditions.

IÍiÈh these definitións in mind the following table

has been prepared.
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TABLE B-1

Gross Contributing Effective
Drainage Area Drainage Area Drainage AreaDescríption Squarè trtiles Squaré Miles Squaré uites

Pembina River

Pembina River
@ KaLeida 2870 2272 2OO

Pembina River
G Pembina Dam Site 2896 2296 2:-.O

Pembina River

Pembina River

b. Streamflow Records

There are numerous stream-gauging stations in
operation in the PêÍibina River Basin. For the purpose of this
study, only stations with long periods of records on the main

stem of the river have been utilized. The approxlmate

location of these stations along with the period of records
at each station are shown on the table below.

TêBLE B-2

cross period of Rêcord
Drainage Area 

---. 
------t-

Square MiLes From To

Pembina River
G ManÍtou 2090 Oct. t92t Sept. 1957

@ KaLeida 2870 Oct. 1957 Dec. 1969

@ Windygates 3016 Apr. 1962 present
G WaLhalla 3331 Oct. 1921 present



The maximum streamflow during a year on the pembina

River usually occurs in the latÈer part of March or Ín April ,

following the spring snovr melt. Occasíonall-y, these high
flows are increased and freguenÈly prol-onged. by accompanying

rains. Runoff from the basin decreases during the sunmer

months and flow in the winter months is very low. In. some

\ûinters no flovr has occuretl for many monÈhs.

Analysis of Pe¡ibina River Flows

Pembina River flows at the four g¿uging stations
were analyzed Èo determine Èhe monthl-y flows at the proposed

Pembina Ðam Site from 1921. to L973. Ðue to the discontinuíties
in recorded flows three periocls !úere studied separately.

1. From 1921 to 1957 - Monthly flow records for
this period are available at both Walhalla and Manitou

stations.* The followíng procedure was employed to obtain
the monthly fl-ows at the dam site. First. the difference in
contributing d.rainage areas r.ras computeô between Wa1halla and

Manitou. Por each month on recor¿l, the difference in runoff
voLume betrseen I{alhalla and Manitou was also calculated. By

mul:iplying this volume clífference by the ratío of contribuÈing

drainage areas between Manitou and.the dam site (471 sq. mi.)
and Manitou and llalhalla (886 sq. mí.) the monthly runoff

* Records at llanitou are available for the open water year only.
Estiinates of winter flows at this station weie obtaineã from
the foll-owing PFRA publication: "Compilation of F,un-Off Recordsfor the Canadian Prairies" prepared by pFR-A Hydrology Div. 1967.
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from the uncontrolled area betsreen Manitou anil the dam site
v/as obtained. This value rnras then addeil to the corresponding

monthly flor.\r at Manitou to yield an array of monthly runoffs
at the dam site.

2, From 1958 to 1969 - Bêcause the contributing
drainage area at Kaleida is nearJ.y equaL to the contriËuting
drainage area at the dam site, the recorded fLows for this
period at Kaleida were taken to represent the flows at the

dam site.
3. From 1969 to 1973 - For this períod the monthly

flows at Kaleida and l{indygates r^rere compared. For some

reason unknown to the author, Èhe recorded monthly fLotrs at
lllÍndygates were consístent.ly less than the recorded f lo\,rs at
Kaleida even though the Windygates station is dor4rnstream of
Kaleida. This seems to imply a loss in vol_ume someerhere.

Because of this anomaly, the records at Windygates for this
period were not altered but were taken t,o represent the flows

at the dam site.
All the computetl monthly flow val_ues at the dam

site by the above methods are presented in TabLe B-3 and also

are plotted in Figure B-2.

d. Magnitude & Frequency of Floods

The purpose of this section is to provide ínforma-

tion on the magnitude and frequency of floods which may be

expected to occur on the Pembina River.
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VIÀTER
YEÀR OCT,

1951 7250
l9s2 800
L953 50
1954 1s0
1955 5650
1956 1600
1957 52 00
1958 8s00
1959 50
1960 2050
I96t 1100
L962 0
1963 2450
!964 16 50
1965 tlo 0
1966 4200
L967 400
1968 1000
1969 24AOO
1970 3500
L97! 4700
1972 5000
1973 4400

TABLE. B-3 eonc*¡ . .

Page 2 of 2

ÀND ÀNNUAI RT'NOFF IN ÀCF8-FEnT: PDII'BINÀ RI\¡FÌR ÀlI DÀU IITTEMOr{1}rLv

NOV.

3700 1750 1200
s00 200 lsoI00 50 0. 200 I50 50

3050 1450 850
950 500 350

2300 400 200
3650 4450 2200
5s0 200 505900 6650 33su400 250 250

000
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900 I00 0450 0 0
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350 100 200
300 1s0 010000 2900 1050

2000 1550 900
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DEC. JN{. TNB. XÀR. ÀPR.
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0 150
50 500

650 1000
300 350
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2500 125f)
100 1300

00
0 1900
00
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0 10850

250 L7 s0
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600 900
700 750
550 700
800 I6600
l-50 34 50

37950 26750 13 30014350 25400 55s0
3250 2150 71503500 2600 2r9so

78400 42300 24500
52500 119200 3840014000 9000 5t009200 4900 ltso
11500 4600 24so
97550 722sO 21800
15100 8600 165017150 13000 94 508200 13500 13200
13100 20900 673029150 39300 22450
63050 43100 17150
30250 42850 t47506800 3500 1s00

200000 103000 2810 0
65200 1L5000 64000Ì21000 79900 277 00
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Ir4¡.Y JUI'ID JULY
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2450 650
4100 2200

40750 22200
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1800 3000
700 50
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150 50
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1450 1550
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3800 800
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16300 8250
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21100 18000
12100 I0100
2800 3t50
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1500 Ì05550
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6000 s3100
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L700 48100
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1200 155600
200 957 oO

23800 51700
5400 401500
7800 316300
8400 286f00
5800 195250
2'to0 28400

104950

sav 105009

u,

I

Ho
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. From the mean daily peak fLows recorded at ManÍtou,

KaLeida and Windygates, the annual maximum mean daÍ1y peaks

vrere selecte¿l at each location for.the recorded period and

these were transposed to the dam site using the ratio of
effective drainage areas to the 0.65 po*"r.18

g. _ råì0.6s0. 'A'.

rúhere: 0 = computed peak flow at dam site
O. = recorded peak flow at staÈion

A = effective drainage area at dam sit,e

A. = effective drainage areâ at recording
station

In order to arrive at a frequency curve of peakflows

at. the dam site the annual maximum mean daily peaks were

arranged in descending order of magnitude and the corresponding
frequencies were computed using the following plottíng position:

Þ=g- N+1

where! P = probabiLity of occurrence

. N = number of years on record,

M = order of magnitude of fJ.ood peak

The results are presented on.Table B-4.

The peakfl_o$rs were plotted at their frequencies on

Gumbelrs probabílity paper and a curve was drawn through the
plotted points. To extend the curve beyond the available data,
a straight line extrapolation was used (see Figure B-3).
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TABT,E B-4

PEI'¡I¡¡À RIVER
r.'åGÌ¡iîiÐE;ì;D ra¡ou;i.lcÌns oF pEÀr{ Fiûws

YEÀR

1921
r922
L923
L924
192 5
L926
1927
lt2a
L929
193 0
19 31
1932
1933

1934
1935
1936
1937
1938
1939
1940
l9 ¡11

l942
1943
!944
1945 -
1946
194?
1948
L9 49
1950
1951
1952
1953
195 4
1955

July 4
Àpril 5Àpril 19

fiay 2
Àpríl 2

A?r. 24-26
Àpril 13

l4et. 24-26
Àpril 1849r.5,I0
F-pt . 6 .7
Àpr, I,13

lilay 25

Ãpr .7 ,9 tL2
Àpril 13

À9r. 14 ,16
Àpr. 14,17

I4atctr 22
Àpril 15
Àgril 20
Àpril ll
Àpr. 4.5
Àpril 7
.luly 20

¡larqh 27
Har,2L,23
Àpril 4
Àpril I
Àpril 17
Àpril 17
Àprí!- 5
Àpril 1
June 5
July 1

Àprj.l 3
l
2

PEAK FI,OW A
DAM STTE TN
ORDER OF
MÀGNTTUDE

9700
6730
5650
3560
3 510
3330
27 20
2220
2t7 0
2L40
2L20
2 050
I980
t600
1550
1490
14 80
1280
L2AO
1260
1t90
118 0
1ls0
10r0

862
850
778
745
690
670
639
604
603
555
527
5L9
495
426

PEAK FLOW PEAK Ff,O!{
E .ì!À\ITOU q DAM SITEDÀTE (crs) (cFs)

ORDER
NO.

M

MÂ
N+l "

N=53

1956

1958

36e
r3t
634

68
223

22
r50

1530
1600

500
1110
1480

86 3
516

t190
5030
2660

642
556
286
955

1660
2480

1430
535

1010
639

2L70
250
527
72

It90
603
248
774
2L6
406

1180

495
L76
850

91
300

30
200

'2050
'2L40

670
1490
1980
115 0

690
1600
6730
3560
862
745
383

L28o
2220
3330

604

314
519

2720
325

r260
308
426

L280
2120
1480

555
9700

3 510
5650
I550

100

Àpril 6

Yay 10
April 14

Àpril 23
Sepf. 27

755
477

t620
r87
393

54
889
451
t85
581
161
303
884

I 1,852 3.703 5.564 i.Ao5 9.26
6 11. 1!.7 .12.96
I L4 .8I9 t6.67

t0 18. 5211 20.3712 22.22
13 24.07
14. 25.93
ls 27 :t¡ ú16 29.63
I7 3I.48
18 33. 3319 35.1920 37.042t 38.8922 40,74
23 42.59
24 44.44.
25 46.30
26 48.1527 50. n0
28 51.8 529 53.70
30 55. 5631 57.4L
32 59 ,2633 61.1.1
!4 62.9635 64.81
36 66.67
37 68.52
38 70.37

1959
1950
l96t
1962
¡963
1964
1965

39
40
41
42
43
44
45
46
4'l
48
49
50

Àpril s 501
ÀpriL 24 2620Àpril 18 314Àpril 20 I22O'June 5 29A

5!.
52
53

406
383
325
314
308
300
250
248
2t6
200
!76
100

9t
72
30

7 2.22
74,O7
75. 93
77.78
79 ,63
8r.48
83,33
85.19
87 .04
88. 89
90.74
92.59

94 .44
96.30
98,I5

412
L240

1.966 .April 3 2OSO
1967
1968
1969 À.Þiil 19 g40orc1970 Àpril 28 ------f6ãõ-
I97l Àpri1 10 59tO
I97 2
1973

Àpril 12 L62O
.tuly !.2 104
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A value of 301000 cfs was obtained for the I in 1000 year

flood peak. ThÍs is 8000 cfs higher than the value used in
lothe 1964 report.--

Design hydrographs at the dam sit.e were obtained
using the basic hydrograph concept. A basíc hydrograph is a

synthetic hydrograph derived from the best, estímate of the
slopes of the rising and recessíon limbs of actual recorded
hydrographs plotted on semi-logarithmic paper. With the
representative slopes of the risíng and recessi.on 1ímbs

determined the basic hydrograph can be drawn simply by knowing

the peak discharge at any freguency.

The main difference betr{een the basic hydrograph..

and the conventionaÌ unit hydrograph is that the basic hydro-
graph has a varying base width depending on .peak discharge
sthereas the unit hydrograph has a fixed base wídth. Examin-

ation of recorded streamflow hydrographs on the prairie streams

indicate that the base width does vary with the peak discharge
and therefore the basíc hydrograph gives a better estímate
of actual streamfl-o\"r conditions at design frequencies.

Design flood hydrographs at the dam slte were

derived by first plotting on semi-logarithmic paper the 1argest
observed flood hydrographs at the three recording gauging

stations for the period I92l- to 1973. Typical plots are given
in FÍgure B-4. The characteristic double peak is due to the
aeries of lakes in the pembina Valley which moclify the upstream



B-14

flow by lagging it with respect, to the flow from the drain-
age area be1ov7 the 1akes.

The steepest portíons of the rising and recession
Limbs were sel-ected to obtain the shape of the basic hydro-
graphs as shown in Figure B-5. For recurrence intervals of 25,

100, 500 and 1000 years, peak ciischarge val.ues v¡ere sel_ected

from the frequency curve and combined rlrith the representative
basic hydrograph shape to give design fLood hydrographs at
the dam site as shown in Figure 8-6.

Water SuÞÞ1v J

This study $ras und,ertaken primarity to determine
the storage reguirement at the pernbina dam siÈe to supply
the irrigatíon, municipal and industrial requirements of the
Morden-Winkler project area.

Streamflow data at the pembina Dam site show that
the rnost crítical runoff period occured. from 1931 to 1940.

Storage-yie1d calculations are based. on this period on the
assumptions that no shortages are to be allowed and that at
the end of the critical period the reservoir will be at the
dead-storage level .

a. Municipal & In¿lustriaL Water Requirement Storage

The future pembina Triangle municipal and indus_
È,riaI. water requirement has been estimated to be 5000 acre-
feet per year. 2 o
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The proposal is to build a dugout-type reservoi¡
one mile west of Vtinkler, in order to store vrater for short
carry-over perioils, during the su¡nmer and winter months. A

short diversion from the main irrigation canal wíII carlry

the needed flovrs to a natural stream which will take it to
the proposed tlugout as shown in Figure 2 in the rnain report.
Delivery will be as follows:

TABLE B-5

DATE

First week in April
Last vreek in May

First week in Septenber

Last week Ln October

T{ãTER DEL T.VERED TN ACRE-FEET

1 ,530

990

1 ,900

990

IOTÃL: 5,410

The 4L0 acre-feet surplus is the additional storage
lvater required to offset transmission Losses, etc.

No water will be delivered in June, JuLy, and

August since at these times, the fuLJ. amount wilL be needed

for irrigation.
b. Sedimeht Siorage

Suspended sediment data obtained aÈ the WindyEates

gauging station from 1962 to 1969 inclusive, v¡as evaLuated

to determine the dead storage allowance in the proposed

Pembina reservoir.

The mean annual suspended sedimenÈ carried during
the 8 year period was 671160 tons. The particle size
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distribution of the sedíment shows that it can be classified
as a silty-c1ay. The sediment density was determined using

a procedure developed by Koelzer et al.2I The density

equation is:
W = wl+K1ogt0
v¡here: w densiÈy afte:r t years Lb/cu.ft.

. 
Wl = density af te: 1 year Itr,/cu. ft.
K = ån::::::l'.ålã,ii5l."E:'T:?f.:1"== *

conso l iilat ion

t = number of years of consolidation
The values of ïI, and K rrary !,rith the method of

operation and the size of sediment material.

For a moderate reservoir d,rawclown. K has been

esiimated at 6.0

1bs/cu. ft.
For a silty--cl-ay Wl has been e.stinated at 6 0

Assuming a reservoir lífe of 100 years:

w = 60+61o9r0 100

VI = 72 Lbs/cu.fL.

ûver 100 years, the total suspencled sediment irarrs-
port will be 1.34 x 1010 lbs.

The volume of suspended sediment = 1.34 x 1010

(721 (4.36 x 104)

= 4r300 acre-feet

Àllowing 1OB for bed load transport, the totaL res-
ervoir volume required for dead storage is 5,000 acre-feet.



B-i_7

c. Reservoir Evaporat.ion & Seepaqe ioss Rates

Since no recoriled data on evaporation in the

Pernbina River Basin is available for the critícal period

used in this study, Èhe monthly gross evaporation rates

recorded at ÞTinn.ipeg have been used. These were obtained

fro¡n Èhe "Nelson River Basin Board Report on Hydrology,

Àppend.ix 4 , Volume 2rr .

To obtain net evaporation rates, the month1v pre-

ci.pitation has Èo be sut¡Èracted from the gross evaporation.

!'or the projecÈ, the precipitation ilata used. v¡as recorded at
NineËte. This staÈion located oir the Pembina \¡âlIey is con*

sidered Èo be representative of the clirnatic conditions
found.' at the dam site.

Seepage losses through the proposed reservoir were

arbitrarity assumed at 2.5 inches per year t,o be distributed
evenly for each month.

d. Reservoir Operation Computations

The operation studÍes \,rere comtrruted. in reverse,

starÈing with the Pemhina Reservoir fu11y deplet.ed of useful
storage at the end of the drought period in October 1940.

The computations were contLnued backwards for I0 years through

the controlling critical perÍod. The clemands on the reservoir
storage were the irrigation diversion reguirement that would

have been in demand during the period, the annual municipal

and industrial requirement of 5r000 acre-feet, the net
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reservoir evaporation losses'rthat were estimated for the

period and the seepage losses. The inflows into the reservoir

vrere the estimated monthly flows less that portíon of the

flow allotteit to tnã u.s. This vtas computed to be 36 per cent

of the inflow using the ratio of gross draínage areas at the

dam site. Thus the monthly accretion or depletion to storage

was obtained. The procedure \^Ias continued untiL the maximum

storage requirement was reaohed. These calcutations are set

out in Table 8-6. The reservoir storage required from the

storage-elevation curve of Figure B-7 is 147r000 acre-feet at

a fuII supply leve1 of 1241. On the average ' this storage

will supply a dependable annual yieLd of 28,000 acre-feet.

Flood Control

A review of historical records on the Pembina River

indicate that major flooding occurs regularly due to spring

snor^r melt primarily east of Èhe Pembína Escarpment. Wesè of

the Escarpment, flood flows are localized and confined to

the valley f1oor.

In order to assess the effect of the Pembina dam

on reducing flooding d.ownstream, hypothetical flood hydro-

graphs r^tere routed through the reservoir.

For the purpose of this study. the following

assumptions were made :

IJength of SpillwaY = 200 feet
Elevation of Spillvtay Crest - I24L
Two 7 foot d conduits with inverts at EI . 1168
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TABLE 8-6

l¡ E{42HÉIúË,
E{ !¡th^ &Ê¡ Þ.rJ Hêø z Éì c, ÞÉ¡= o zo o¡i I.t H Ê¡ Ê¡Èr< Él I üo la^ ^ 2 d - èct ^ H^¡¡o¡r ¡r o !{ {-L zÐ r,{ Ð ulÐ É t)

r¡HO O HÊ¡H p{ O ÈU CO 4(l) 14 rU t{ OClrü O È(,O¡ l.l lé Ho 6(u oo > 0''
2r4 f'¡ ßL <á:ts I l¡ f)¡v Er f& OÊ¡ ell¿| OÉlÊ.lL<t (,l dAU- I H d¡ I I (Jl

Ê¡EO dO Og¡lC¡¡ ul O U UO r¡ (ù ¡JO >dß)
O ¡{ Êl] ÀÊlqo otr H Hl{ dl{ dtr !¿C ¡{ZÉo O() døo{o +(4O Z l'1 CO É{ (J Ë¡o ÉOo
Þc4 H4 > k O4 Þ(a È4 0d O< dEr<Éq- v\- t¡¡ + t- f¡¡ Þt- ¿Þ Erv ErY uø-

t¿
EH
lt)

O
¿̂)

€r A)
<G'

Þ4
Þll! c'

lÊ¡ OtlÊr Zl)
4 Þâ.

Paqe I of 3

t93r J-rN 0. 35 ¡.22
FEB 0, 30 0. 1.9
HÀR 2. O0 L.28
ÀPR 17. 40 1Ì. 14
¡rlAY 4 , 50 2. 88
JrN 1. 10 0.70
JUr 0,30 0.19
Àuc 0.05 0.03
sEP O.O2 0.01
ocl 0.05 0.0 3
Ììov 0. 20 0. 13
DÊC 0.05 0.0 3

1932 JAN 0.05 0,03
FEB 0.15 0,10
lrÀR 0.90 0.58
ÀrR 19. 15 12.26
lrÀY 8.45 5.41
JtrN 2.70 1.73
JU¡ 1,00 0.64
Àuc 0.20 0.13
sEP 0.05 0.0 3
ocr 0. 20 0.13
Irov 0.35 0.22
Dec 0.10 0.06

1933 iAX 0.00 0.00
. FEB 0. 00 0.00

ÈfAR 1. 05 0.67
ÀPR 35. ?5 22.88
¡rAY 28.45 18.24
Jt N !3, 70 8.77
,llrt 3 .20 2,1)5
AUG 1.30 0.83
sEP 1. 85 I. l8
ccr l. 30 0.83
r¡ov 1. 15 0 .7 4
DEC 0.45 0.29

¡.34.33 0. 10
134. 59 0. 35
134.63 -0.37
136.07 0,91
14s.26 1.09
r46.64* 1.37
Ì38.82 3.85
L29.2L 2.8r
121.68 0.66
1r7. 40 2.L4
1L9, 20 0. s8
119.10 0. 36
Ìt8.99 -0.70
119.29 0. 18
}t9.32 -0.38
L2Ô.(r5 0, 04
130,76 0.70
L34.A7 -r . 06
130.96 2.90
12 3. 36 2 .58
114. 15 5. 58
106.26 -0.11
105.44 -n.47
105.82 -0.02105.95 -o.47106.11 0.20
106.04 0.4 3
t06 . 56 -L. 42
128.50 -1.83
L46.61* 4.85
L44.62 5.7s
134.16 5.79
L24.92 2.67
120. 61 2 .40
1I9,49 -0.45
120,41 -L.47

0 0.04 134 . 59
0 0.15 134.63
0 -0. 16 t 36.07

1,53 1.95 !45.26
0.99 1. s0. 146.64
7.90 8.52 138. B2
8.15 9. 80 L29.2L
6 ,46 7 .56 t2i_. 68
4, 06 4.29 tl't .40
0.99 1.83 1I9.20
. 0 0,23 119.10

0 0,14 118,99
0 -o .27 ¡.19. 29
0 0. 07 IL9, 32
0 -0 , t5 120. 05

1., 53 1. 55 130.76
0. 99 r. 30 l-34.87
6.I0 5.64 13o, 9 6
7.06 8.24 L23,36
8.37 9.34 tl4. L5
5.97 7.92 L06.26
0.99 0.9 5 105. 4 4

0 -0. L6 10 5. 82
0 -0.0? 105. 9 5
0 -0,15 In 6.11
0 0.07 106. 04

' 0 0.15 106. s6
1. 53 0,94 128.5rì
0.99 0.13 146.6L
8.50 ].0.76 I44.62

1r).01 12 .51 134. 16
7,67 10.07 L24.92
4,42 5,4 9 I20.6L
0.99 1.9 5 r19,49

0 -0.18 120.41
0 -0.59 t2L.29

0.04 0
0. t5 0

-0.16 0
o.42 1. 53
0.51 0,99
0 .62 0
1. 65 0r,to 0
0,23 t. 90
0.84 0.99
o.23 0
0. 14 0

-0,27 0
0,07 0

-0.15 0
o.o2 1. 53
0.31 0.99

-0.46 0
¡.,r8 0
0,97 0
1.95 I.90

-0.04 0, 99
-n. 1.6 0
-0.07 0
-0.16 0

0. 07 0
0.15 0

-0.59 t. 53
-0.86. 0.99
2.26 0
2.50 0
2.40 0
1.07 1.90
0.96 0.99

-0.18 0
-0. 59 0

0
0
0
o
0

7.90
8.15
6,46
2.L6

0
0
0
o
0
0
0
0

6. r0
't .06
8.37
4.O7

0
0
0.0
0
o
0
0

8.50
10. 01

7 .67
2.52

0
0
0

r Maxirûum storage Requirement

ItF''E_
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TABLE 8-6

Page 2 of 3
Ê:e. €rÞr Ê¡qì êrn z EÊ:Þ õ r,¡ õã E- È aid t¡< ?4 rr ã,Ð Éo^ clÉ¡^ -- Z 4 ^ R ^ ^ H^¡r l¡o¡, Ð o Fr + -È+ z.t Èi¡J râ.¡J É 1rE¡ a¡ ¡+{, !¿ Ft{l:{ A¡ E Éac, õ ir ai, stõ q 0,<9 <ri (e o E{Ua o Hi-ì o É õ d,ó öõ S õr,. z t'. Ér Í¡. 4dH I h p,úp Èt È eiù Jü bEr..þ, h<t- c]r dÞ¡u^ I ij¡a t 4 t I , -urr-o e.z.¿ <'!) A t4 Fl! vr o uu¡ o, d ò Èö l¡ör{ õF õìË Ar. ÃEi ¡{o '-r¡¡ r¡ ËËrl H l¡ ,< }¡ dH äÉge1 70 2É o oq døe{_q, +(4q à-âö. ii ij Èì ij Ëìõ äöo< -< =O< F,<

1934,rÀ¡¡ O.20. FEB 0-20
ltÀR {.80
_qPR 15 -75
!'å.]r 7.40
.r-Ull' 2.75
JUr 0-65
ÀuG 0.0 5
SEP O. OOocr 0.05ì;ov 0 - 03
DEC 0.00

1935 JÀN 0.00
PEB O- OO
¡LìR O -4a
ÀPR 5.60
ì!Ày 2 .7 5
JUM 3-40
J{rL - 2.30Àuc 1- 50

. sEP 0.80ocr 0.50
!¡ov 0 .35. DSC 0.15

1936 JÀt¡ 0-05
FEB C. OO
!!ÀR 0 - oo
ÀPR 29 -30
lrÀY 22 "75JtN 9.40
JttL 2 .7 0¡.uc 0.95sEP 1. t5.ocr 1- 20!¡ov 0.40
DEC 0. t5

19 37 ,r--Â.$ 0.05
?EB 0.00
:trR 0.00
¡PR 4.05
ltÀY 2 .65
JLN 2.2O
JUL O.4O
.{uG 0 .25

o.13 L2L-29
o.13 t2r.46
3.0? L2L.42

10. oa L24.37
4.76 13 2.,t6
t .75 135. 35
o.42 L32.77
0.03 L22.48
0.00 115.38
o. 03 108. 63
0.02 105.58
o. oo 106.65
o.00 106.81
0.00 ro7.22
o.29 107.03
3- 54 Ì07.63
l.i 6 1.09.69
2. 18 110.26
!- 17 1L2.7 5
0.96 106.00
o.5r to2-22
o.33 9I.45
o.22 89.82
0.10 90.21
0.03 90.41
0.00 90.62
0.00 90. 87

I8. 75 9rt.97
14 , 56 107. 58
6.O2 r20,70
1. 73 12 i.. t9
0. 61 109. 17
0 . 7.¡ 101.84
o.77 95.76
o.26 94. 34
0. 10 94 .47
0,03 94.74
0 . 00 94.78
0. 00 95. 08
2.59 94.96
L.70 96, s0
t.4I 97 .25
o.26 96.O7
0.16 9L04

-0.0 9 -n.04o.42 0.17
0.30 i.Lz
L.07 0.46
2.OO 0.8I
2.52 1.10
s.81 2.33
3. 29 L.26
3.84 1.38
3.13 1.12

-0.13 -0.05
-0.46 -0.16
-1.15 -0. 41
0.53 0.19

-0.87 -0.31
-0, 04 -0. 01

0. 54 0. 20
-3.08 -l..ts
-0.4 5 -0.163.05 L03
4.01 L,23
3.31 L.Oz

-0.54 -O.L7
-o.32 -0.10
-0,59 -0.18
-0.67 -0.25
-o.32 -0. 10
L.7 t, 0.61
1,12 0,45
2.43 0,98
6.2L 2.25
5, 64 L.92
3,43 1.09
3. 80 !.20
0.40 0.r3

-0.5s -0.L7-0.04 -0.0I
-I.00 -0.300.39 0.r2
-1.49 -0.48
-0,13 -0.040.59 0.19
4.70 1.45
2.87 0,79

o -o.04 I2l. 46
0 0,17 L2t.42
0 0.12 r24 .37

t. 53 1. 99 r32 . 46
0. 99 1. 87 135. 35
3.24 4.34 t32..17
8. 38 10.71 L22.4A
5.87 7.13 I15. 3A
5.37 6.7 5 t08.63
0. 99 2, r_1 106. s8

0 -0.05 106.65
0 -0.16 106 , 81
0 . -0. 41 LO.l .22
0 0.19 107.03
n -0,31 107.63

1.53 L.52 t0f:).69
0.99 L.19 110.26
0,84 -0.31 tlz.75
7 .42 7.26 106.00
3.71 4.7 4 L02.22

10.05 1I.28 9I.45
0.99 2. Ot 89.82

0 -0.17 90.21
0 -0. i0 gfi. 41
0 -0.18 90.62
0 -0.25 90.87
0 -0.t0 90.97

1.53 2.I4 107.58
0, e9 . L.44 r20.70
4.55 5.53 L21.19

11. 50 t3. 75 t09. 17
6.12 8.04 r01,84
5,'13 6,82 95.76
0.99 2.19 94,34

0 0.13 94,47
0 -0.17 94,74
0 -0. 01 94 .18
0 -0.30 95. 08
0 0.12 94.9(,

I.53 1.0 5 96.50
0.99 0, 95 97 .25
2,40 2. s9 96.O7
3. 84 5.29 91. 04
9.70 10.49 80.?1

0o
00
00

1, 53 0
o.99 0

o 3.24
0 8.38
0 5. 87

I. 90 3.47
0,99 0

0o
00
00
00
00

1.s3 0
0.99 00 0.84

o 7 .42
0 3. 7L

1.90 8.t5
0.99 0

00
00
o0
00
00

t. 53 0
0.99 0

0 4,55
.0 11.50

o 6.12
1.90 3.83
0.99 0

00
00
00
00
00

1.53 0
0.99 0

0 2.40
0 3.84
0 9.70
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Ei

6^å
t{ ô (t¡ f¡l

A 7 - A,=..- *n rr^

ssn-r+eE*EË Ef gE g,F
EE !1^ | HEr I d rEFÈt'"'9 ggs gþ +å cö ¡Hô
ãîr¿;ii¿ EÊå Eë Ëå Ëå ËHå

É¡HlÊ(¡) ô (/¡
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É0¡ '.¡E¡ A, a4(l) <H!.l (U

- q zh Èt.f¡ ! Þ4 | U r-- t! El eãar- éc)ts or{ o þ dtl4 3å Eãå g:
a <- É, þ- ulv

1937 SEP 0.00oc? 0.02
ì¡ot, 0 .01

. DEC 0. O0
1938 ,tÀN 0. 00

FEB O. OO
HÀR 10.10. ÀPR 5.10
¡r\Y 3. 80
ú-ltN 1. 45.ruL 0,40Àuc 0.05sEP 0. 00ocr 0.o2NOV 0. O0
DEC 0.00

1939 J;,\ 0. 00rËB 0.00
IrtÀR 0,05
À?R 0.90, ltåY 0. 35
JIJN 0.25
Jlr& o. 02
ÀBG 0.00
sEÞ 0.00
ocr 0.00
¡¡þV 0. 00
DsC 0.00

¡.940 JAN 0.00
FEB O. OO
¡!ÀR 0.00
À9R 3.20
l¡åI 0. 6 5
Jl.,.ìl 0. 10
JUL 0.0 2
.quc 0, 3 5
s:P 0.00

80.71 3.74
74.04 1.83
73.60 -0.36
73.69 -0.4I
7 3,81 -0.13
73.84 -1.9L
73.A4 0. 38
80, 20 0 .I7
81.81 0.2.9
8 3.24 3.28
78.15 2.96
72.64 3.73
64.75 5.02
54.79 3. t7
53.18 0, 23
53.I3 -I.42
5 3.41 -0.05
5 3.42 -1" 09
53.64 -0. 54
54.08 0. 53
53.03 -0. 68
52,39 I. 39
49.89 5.06
38.68 3. 30
34.37 3 . 5t
27.47 2.83
2 6.13 l. 13
25,99 0. 37
25.9 4 -0.04
25.95 -L.26
26.11 -0.48
26.L7 -L.00
26.8L -0.24
26.27 0.88
21.80 -0.42
17. 30 0. 53
1I.36 3- rr

0.00
0. 0l
o. 0I
0.00
0. 00
o. 00
6 .46
3.26
2.43
0.93
o.26
0,03
0.00
0, 01
0,00
0.00
0 .00
0. 00
0.03
0. 58
a .22
0.16
0.01
0. 00
0. 00
0,00
0.00
0. 00
0. 00
0.00
0.00
2.05
0.42
0. 06
0.01
o.22
0.00

0.93
0.46

-0. 09
-0.12
-0. 03
-0. 50

0, t0
0. 05
0.08
0. 87
o.74
0. 86
1.00
0.63
0.05

-0. 28
-0. 0t
-0.22
-0.11
0.10

-0. 13
o.26
0, 80
0.48
0.45
0. 35
0. 14
0.05

-0.01
-0.I6
-0.06
-0. 12
-0.03

0. t0
-0. 04
+0. 04
+0. 13

I.90
0. 99

0
0
0
0
0

I. s3
0.99

0
0
0

1.90
o. 99

0
0
0
0
0

1.53
0.99

0
0
0

1.90
0.99

0
0
0
0
0

1.53
0. 99

0
0
0

1. 90

5,7 A

0. 99
0
0

-iO
0
al

1. 53
o.99
5.15
s, 03
'1 .06
8.96
0. 99

0
0
0
0
0

1, 53
0.99
2.40

LO .42
3, 83
6.45
o. 99

0
0
0
0
0

t. 53
0.99
4.43
4 .55
6. t2
5. L3

6 .67
1.45

-0,09
-0.12
-0.03
-0. 50
0,lo
1. 58
1. 07
6.02
5.77
7 .92
9.96
L,62
0. 05

-0. 28
-0,01
-o.22
-0.11
t. 63
0.86
2,66

11.22
4.31
6.90
Ì.34
o, 14
0. 0s

-0.01
-0.16
-0. 06
1.4I
0.96
4.53
4.5I
6. ¡.6
5.26

74.04
73.60
73.69
73.81
73.84
7 3.84
80.20
81,88
83 .24
78.ls
72.64
64.75
54.79
53. 18
53. 13
53. 4l
53.42
53.64
54.08
53.03
52. 3C
49.89
38. 68
34.37
27,47
26,13
25.99
25 .94
25 .95
26,11
26.r7
26. 8I
26.27
2L.80
17. 30
1r.36
6.10

3. 84
0
0
0
0
0
0
0
0

5. 15
5.03
7.06
7 .06

0
o
0
0
0
0
0
0

2.40
lo .42
3.83
4.55

0
ò
0
0
0
0
o
0

4 .43
4, s5
6 .t2
3.23

ft .11 0.gg

DEC
19,11 J-r¡\

FEB
I'tÀR
ÀPR
¡{lY

0.00
0. 00
0,00
0.00

43.50
I8.70

0. 00
0. 00
0.00
0. 00
0. 00

27 .54
L2 -OO

5.00
5. 00
5.00
s.00
5. 00

-0.48
-0. 18
-1.20
-0. 12
-0. 13
-1.11
-L.93

-o .02
-0.0I
-0.04
-0,01
-0.0r

-0. 07

0
0
0
0

1. 53
0. 99

5. 0
0
0
0

0 .00

.o
0
0
0

1, 53
0. 99

0
o
n
0
0
0
0

5. 00
5. O0
5,00
5.00

tr Dead SÈorage RequirenenE
o.92 5.0 0 \
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The Goodrich method was appJ.ied to route through
the reservoir floods having recurrence Íntervals of 25, 100,

500 and 1000 years. OnLy one method of operation was

analyzed. For each routing the init,ial condit,ion of the
reservoir was assumed at 100r000 acre-feet storage and both
conduits wide open. This is consídered a good assumption
since in most years storage-yield calculations show that the
reservoir can be expected at thís storage voLume prior to the
spring snowmelt.

The results of ffood rout,ing calcuLatíons shoh, that
peak reductions from 13t to 50t can be real_ized downstream

for peak flows of 30,OOO cfs to 61000 cfs respectively. Also
results show that for the 4t design flood of 6,000 cfs the
spillway was not used. Typíca1 flood routing caLculations
are set out, in Table B-7. Figure B-g s hov¡s the developed
natural and modífied frequency curves at, the dam site.

DesÍgn

a. General

Thís section is concerned with the design of the
Pembina Dam. The dam site is located on the south boundary

of Sec. 31-l-7W1 about 2 miles upstream of Manitoba Highway

No. 31. The Geologic and SoíIs fnvestigations at the dam site
were carried out by. the pFRA ín 1962 in conjunction wÍth the
Pembiira River Basin Report to the rnternational Joint commission.
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TABI,E R:7

PEMBTNÀ ÐÀ¡,T - FI,OOD ROUTII¡G

@
lÊ FtooD

POttTIl¡G EQ. St + fI * r: - Ot = 02 + 52

TLTTE

9¡¿g

I
2

3

4

5

6

7

I
10

1l

T2

I3

t4

II FOR

1å

q!qg!i-

100

1, 500

6,000

4 .2OO

3 ,000

2,2OO

4,000

7,000

12,000

11,400

11,000

ro,30ò

10,o0o

9,400

rr*r2

1, 900

7 ,500

I0,200

7.2O0

5,200

6,2OO

11, 000

19,000

23 ,4O0 
.

22 ,4OO

2I,3OO

2tt ,300

t9,400

2 ,750

2,SOO

2,8OO

2,8OO

2 t85O

2,85O

2,850

2,850

2,9OO

2,950

4,20(t

7 ,400

6,2OO

st

0

97,25O

99 ,2OO

103,800

105,350

104 ,850

Ios,350

110,650

L23 .90O

141,450

156,700

166,400

163,100

sz*02

I00,000

Lo2, oo0

106,600

108,200

LO7.7OO

108,200

1Ì3,500

126.800

144,400

160,900

173,800

169,30o

166 r900

2,15î

2,800

2 tEnO

2,85O

2,850

2,85O

2 ,Brn

2,9OO

2 t950

4,2O0

'l t4oo*

6 ,20O

5,600

or
:

az

:

. !'laxi¡tu-î Oulflow
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The results and. reconunendat.ions of the investígations have

been adopted herein in the design of the various components.

b. EñbaBJ{ments

The embankment design submitted by the Soil Mechanics

and Materials Division of the PFR.A has a 3o-foot top width
and 3:1 side slopes on the upper section and slopes of 7:1

and 25:1 on the lower section ilepending on q'hether the east
or west banks of the rÍver are involved. A 3-foot thick
filter on a 1:1 slope is placed on the ilorrnstream side of the
core and a 3-foot thick horizontal filter connects it to
the downstieam toe of the dam. It is recommended that 2 f.ee:-

of 15-inch riprap over 1.5 feet. of coarse gravel be placed

on the upstream 3:1 slope to resist wave act,ion.. These de-
tails are depicted on Figures Ri9 and B-10.

Ehe results of storage-yield calculatÍons place

the full supply leve1 at elevation L241. The maximum water
leveL was found by routing the 0.1t design hydrograph through
the reservoir. Results show an increase of 11 feet above

the full supply level . To obtain the height of dam an allow-
ance for freeboard must be considered.

The freeboard of a dam may be defined22 as the
dífference in elevation between the top of the dam and the
rnaximum reservoir level that would be obtained duríng the
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pessing of the spillvray d.esign flood thror¡gh the reservoir.
The firs.t problem in determininj ttre freeboard. of a dam is
to establish Èhe criteria. This is most,Iy a matter of
selecting the wincl velocity that m?y prevail during the

passing of the spillv¡ay design flood.

A wind velocity of 50 miles per hour for a duration

of one hour and a fetch of 17 miles has been adopted. These

values were also ad.opteal èo design the riprap. VÍith the

wind. velocity decided upon, the conseguent v¡ind set up, \,ùave

height anil uprush are computed.

1. Wind Set-Ug - The following ecuation r"¡as used

to conpute wind set-up:
)g=v-'r

" 
."

where: S = wind set-up in feet above still water

C = coeffícient. A value of 14n0 has heen
-22used

. v = wind velocity ín mph

F = effective fetch in miles

D = average depth ín feet"
l¡lith an effective fetch of 10 rniles and an average

depth of 50 feet the wind set-up S is 0.4 feet.
2. Wave Height ancl Uprush - The r^rave heiqht and

$rave uprush vrere computed by the method found ín Kuiper, s
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"!{ater Resources Ðevelopment. " The calcul_atíons will not be

reproduced herein. An all inclusive value of 5.6 feet was

determined.

The totaL freeboard requirement is found by adding

to the wÍnd set-up and wave height an aLlowance of 2 feet
for settLement and 1 foot for frost. action on the embankment.

this yields a total of 9 feet. for freeboard requirement.

The results of these caLculations place the top of
the dam at elevation !126!.0.

c. Spillway

The spillway was designecl as an uncontrolLed con-

crete chute, 208 feet wide with a 5:l slope on the chute

sectíon. A bridgç, 24 feeL wide, across the spillway is
supported on 4 concrete. píers each 2 feet thick giving an

effective spillway opening of 200 feet. The openíng width
$ras compared with the PFRA criteríon of wídth equal to

l-
1.1 Qt which gives 192 feet for the spillway desígn discharge

of 30,000 cfs. The spillway rating curve sholrn in Fígure B-11

was computed assuming an ogee !,¡eir. The equation is:

rìthefe

Q = s.g Ln3/2

Q = design discharge in cfs
L = length of weir ín feet
H = head on wei.r in feet
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Flood routing to pass the spillway design fl_ood as

shown on Figure B-J-2, give the maximum head on the weir to
be 11 feet.

A normal backwat,er calculation, using Bernoullirs
theorem vras mad.e to compute the r^rater surface down the chute

and the hydraulic jump height, in order to set the stilling
basin floor elevatlon and height of wa11s. The roughness

coefficient of the concrete surface used is 0.012 givÍng
a stílling basin floor el-evation of l-L54. a type ltl23
stilling basin is provided to ilíssipate the energy from the
hydraulic jump. DetaiLs are shown on Figure B-13.

d. Ríparian Vtorks

The size and number of conduits required vras con-

trolled by the downstream bankfull stage of approximateJ.y

2500 cfs. To pass at least thÍs flow with the reseïvoir at
F"S.L. requÌres two 7-foot diameter Boston Horsehoe concretê

conduLts which have a capacity of 3000 cfs. Each conduiÈ

J.ength is 850 feet and is placed at a slope of 0.0L5.

These pípes are each itivided ínto 2 at the gatewelJ. and each

smaller pipe is fítted Ì^rith 2 gates, one gate being avaíJ_able

for emergency use in each case. The discharge through each

conduit lrhen flowíng full is found from the following formula2.4,
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* - 2.s2 (I + k) + 466.18 n2 L (O )2" - ---;?- _-Jv'- 
m-

$¡here H = hydrauÌic head in feet
D = effective diameter of pipe in feet
n = Manningrs roughness coefficient
Q = discharge ín cfs

1= lenglh of pipe ín feet
k = entrance coeffícient
With an entrance coefficÍent of. 0.2 anil a Manning's

"n" of 0.012 the formuLa can be simplified to:
1-

Q = 175 ¡12

The computed rating curve is found on Figure B-14.
aa

A type III" basin with no basin blocks was chosen as the

outlet structure. The structure length hras computed at 133

feet and is detaíled on Figure B-15.

Ðamages

The areas and present uses of the land in the.

reservoir were taken from L inch = I mile map showíng 25 feet
contour intervals.

Land up to elevatio n L252, at the spillway design

flood leveÌ is to be bought. and cleared. The total acreage

Ínvolved is 6500 acres includtng 4000 acres of bush and 2500

acres of cultivaÈion ancl pasture. The purchase price of. the

land is $300 per acre for cultivatíon and pasture and $LsO
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per acre for hush, while 3300 an acre was allowed for
clearing the bush, which is quite heavy in places.

Scme farm buildings must be relocated, therefore
al.lowance was made in the land costs to cover this.

Two bridges will be flooded out h¡¡ the reservoir.
Since the estimate¿ costs to replace them is felt to be far
greater than the benefits that would !:e reatj.zed, these

crossings should be abandoned.

Several povrer and telephone lines reguire relocaÈion
from the valley boÈtom. The cost of moving these services

is estimaÈed at $60,000 for teJ-ephone and $20,000 for power

1ines. These estimates were prepared by the agiencies

involved .



Land Costs:

Purchase
Cu Ltivated.
bush, hay

Acguisition and
Contingencies

DirecË Ïterns

Reservoir
Clearing :

River

B-30

DETAII,ED COST ESTTMÀTE

Unit

acre ' 300.00
acre 150.00

acre 300.00

cu. yd. 0.70

cu. yd. 0.60

cu. yil. 4.00

cu. yd. L2.00

cu, yd. 4.OO

cu. yd. 2.00
acre 100.00

Quantíty Cost

2,5OO $ 750,000
4,000 600,000

1,350,0 00

20* 270,OOO

L r620 rO0n

4,00n

Unit
Cos t

Diversion: lu.:np sum

Embankment:

Core trench
excavation cu.yd. 1.25

Compacted
enbankment cu. yd. 0.30

Borrow
excavation
(+ 2oB)

Stripping

Gravel bed-
ding

Rock riprap

Select
pe]l¡ious

Topso i1
Se eding

l_10,000

2,3OO TOOO

2,g75 rOOO

250,000

26,ooo

35,000

150,000

4r000
I

rr200r000

40,000

l_37,500

69o,0oo

2,Or2 r500

150,000

io4, ooo

.420,00o

600,000

a, ôoo

70n
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:

DETÀTI-ED COST ESTTMATE

Spil-lway:

ExcavaÈion
Re inforc ed.

concrete
Grave1 back-

fiII
GraveL

blanket
Rock riprap
Tamped back-

fitl
îrench ex-

cava-..ion
Bridge coh-

crete
Bridge

steel

-.RtÞarJ-an r,,orKs:

"-a"'""t'toltReinforced
concrete

Gravel back-
fill

Gravel
blankeÈ

Rock riprap
Temged

backfill
Trench ex-

cavation
Gates &

hoists
Vent ¡ripe,

10-inch
Waters top

ï

cu. yd.

cu. yd.

cu. yd.

cu. yd.
cu. yd.

cu. yd.

cu. yd.

cu" yd.

lbs.

cu. yd. 1.00

cu. yd. 150.00

cu. yd. 4.00

cu. yd. 4.00
cu. yd. 1-2.OO

cu. yd. 10.00

cu. yd. 10.00

unit 50,000. 00

feet 12.00
feeÈ 5.00

UnÍt
6st

o.7o

12s. 00

4.00

4. 00
12.00

10.00

10.00

200.00

0.50

Quantity

;570,000

10 ,500

13,800

Ì,100
LrTOO

900

960

100

42,00o

21,000

5,600

2,200

320
460

4t700

100

I
360
700

Cos t

399,ooo

1,312 ,500

55,200

4 ,4OO
20,40O

9,000

9,600

20,000

2L,OOt\

2!,OOO

840,000

8,800

1,300
5,500

47 ,OOO

1,000

400,000

4,300
3,500
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DETÄT I,ED COST ESTTMATE

La¡d Da¡naqes:

Relocation
Hydropower

lines
Telephone

lines

Indirect ltems:

Unit
unit
Cost

lump sum

Iump srrrn

Ouantity Cost

$ 20,000

60 ,0oo

çL0,246 ,200

$ 1.753,800

$12,000 ,000

800,000

_¿2!!,!!0,

$15,000,000

1,200,000

20,000

15,000

l-l¿:i:oog

Contingencies : 208 of
direct iterns

'- Engineering: 10? of
direct items

fnÈerest during construction :
88 for 3 years

CAPÏT.AI COST:

Ãnnual Charges

Int,erest: 83 x $15,000,000

Depreciation: 50 year 1i fe

Operation & Maintenance:
O.LB of capital .cosù

Àr\ÑUÀf, COST:
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DESIGN AND ESTIMATES OF CONVEYANCE SYSTEM

General

In this section preliminary designs an¿l cost

estimates are Presenteil of the overland conveyance system

from the Pembina Dam to the Morden-Winkler lrrigatíon Dís-

trict. Delivery of the water will involve a pumPing set-

up whereby the water is tiftedt over tlre height of land at

the dam site to the Dead Pig Creek Canal' From thís point

it $tilI flow by gravity to the Deail Horse creek and into the

existing Mordlen Reservoir' 
, 
A gravity canal v¡i1l then carry

it to a system of laterals which witl itistribute it to the

ínäivittual farm fielils. (see Figure 2 in the main report) '

Design of Pressure Conduit

Ehe design of the Pressure con'Iuit a1ông with the

rest of the conveyance system will be basecl on the maximum

monthly irrigation diversion requirement ' Assuming that

past climatic trends are an accurate reflection of fut'ure

conititions, the maximum monthLy írrigation diversion requíre-

mentwouldhaveoccurredon.Iulylg36anditwou].dhave
amounteilto0.g6feetover!I'g75acres.Thisvaluewill
be useil in design anct will entaiL the díversion of 1L'500

acre-feeè of water per month or 185 cfs/day' Daily or

weekly fl"uctuations to this demand will be taken care by the

pondage available in the Morden Reservoir'
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A 60-inch high pressure concrete pipe will be used

to convef/ the rrater from the pumping station to the Dead Pig

Cree-'<. The length of pipe neeilecl f rom 81. 118 5 ( inèake

el-evation) to EL, 1555 (ctischarge elevation) is 19'000 feet.

The lripe ¡vill be laid in a shallovr trench with the top

ha].f of Èhe pipe exposed. Thrust blocks v¡iII h¡e placed at

c!:anges in pipe alignrnent. See cross-section in Figure C-l .

The ÈoaL friction loss in the pipe can he computed

from the following equation2 5 
:

LL. -r LV2
É' 7g

where h- = total fricÈion loss in feet
I

n = Manning's roughness coefficíent

D = pipe diameter in feet

t = lengÈh of pipe in feet

V = v¡ater velocity ín feet,/second

g = acceleration due to gravity ín f eet,/seconct2

Ass,¡ming that the average velocity in the pipe vrill
be 9 feet per second. the friction loss from the ahove formula

is 7.i feet. The total clynamic head on the pumps v¡iI1 then be

454 leeL .

Pu:nÞi ng Units an¿l Pumping Station

The total horsepower required to Pump 185 cfs over

a 454 foot heed can be found from the following formu1a22,

r85 n2-PT
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P= QH

8.8e

P = power in horsepower

Q = discharge in cfs

H = heail ín feet

e = efficiency
Assuming a motor efficiency of 0.8 the total

horsepo$rer required is 12 ,000.

Local distributors are able to supply pumping units

with motor rating of 2,500 hp. Each unit will be able to

pump 14,000 gpm yielding the required capacity. No standby

pump will" be necessary in the system.

The purnping units will be installed in a pumphouse

locateil near the toe of the dolrnstream face of the dam as

shown on Figure B-9. A 60-inch concrete conduit, 800 feet,

long will- suppLy water from the reservoir to the pumping

welL. fi¡o 60-inch Butterf}y Valves will be installed in
serÍes near the punping well east of the conduit. Both

will be used only during maintenance operations or in times

of emergency. Five other Butteifly Valves will be needed,

one for each pumpínq unit, to aIIow for separate shut down.

A travelling cane will be provided in the pumphouse for
ínstallation and maintenance of the pumping equÍpment.
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- Costing proceduïes for the pumping station involves

the preparatíon of estimates for the individual pieces of

equípment which are required. Equipment prices including

instalLation r,vere obtaÍned from local distributors, the

maín items being punps and motors, vaLves, and a travelling
crane. The substructure anil àuperstructure costs of the

pumphouse \¡ras assessed at 208 of the total equipment cost.*

Power Requírements and Costs

Pumping from the Pembina Reservoir ís required for
the months of April to October inclusive t.o meet the irriga-
tíon and the Municipal- and Industrial (M & I) v¡ater supply

requirements. The table below outlines the distrÍbution and

the quantítíes of rúater to be pumped an¿l the number of hours

of continuous pump operation.

'ÍABLE-C-L
Time Equlvalent To

Continuous Operation
At Desion caDaeitv

Month [Iours

M&I*** Total
I.D. R. **I.D. R. D¡R. D.R.
(feet/ (acre- (acre- (acre-
acre) feet) $!)_ :fPet)

April 1 ,530 1,530
May 990 990
itune 0.37 41430 - 4,430
iluly 0.56 6t7LO - 61710
Aug. 0.50 6,000 - 61000
Sept. O.28 3,360 1r900 5,260
Oct. - 990 990

Days

4 .1s
2.70

12 .00
18.20
L6.20
14.20
2.70

100
65

288
436
389
340

65

* Rule of thuÍib used by pump manufacturers
** Average Irrígation Diversion Requirements
*** Municipal & Industrial Diverslon Requirements
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During the remaining months of the year, there

IúilI be no pumpíng and the entíre instalLatíon wiLl be idle.
fn estÍmating the energy demand, the motors operation ís
assumed at 80t Po!ùef Factor (to be corrected to as near

unity as possible). No allowance has been made for standby

pumps.

The table below will outline the energy use by

month. The KgüA demand colulnn v¡as computed from the power

formula:

D='KW

'$ABLE C-2
i:__

Estimate¿l Ðemand and Energy Usê by Mohth
(1) (2t

Hours of
Continuous Motor

(3) (4)

(2) x (3)
KWA \ KWH

Month_

ApriI
May

June
iluly
Aug"
Sept.
Oct .

100

65

288

436

389

340

65

8r900
I ,9OO

8r900
8 ,900
I ,900
8 ,900
I ,900

OÞeration . Dêinaì1d 'epsu{npti'on,

890 ,000
577 ,OOO

2 ,560 ,000
3 ,880 , OOO

3 r46o rooo
3,020 ro0o

577 ,000

The cost of elect¡ic power was obtained fro¡n

the Manitoba Hydro. The table below gives the average

rate schedule for the type of service required.



Energy Charge

Fírst 100 hours L.02ç/Ñ'fi1
Next 200 hours 0.61C,/KWH

Next 200 hours 0.50+,/KwH

BaLance of Energy o:4sêlKvcH

Manítoba Hydro gives no discount for wholesale or prompt

payment.

It may be noted from the above rate schedule that

regardLess rdhether the pumps are being used or not the

demand charge on the 8,900 KwA installation has to be

paid. Also the minimu¡n pal¡ment. for any month ís the

basic demand. charge.

The Èable below Lists the computed monthLy hydro

Demand Charse

First 500 KVA

Next 9 '500 KVA

pal¡ments :

Basic Demand charge :

Energy Charge :

ApriJ-
May
June
iIuLy
AuguEt
September
October

c-6

TABLE C-3

+geraSe Rate-

$1.50,/KvA
1.50,/KVA

\TABÍ,E c.i,4

NoveÍìber-March incLusive: 5 x Denanil Charge '52,050.00

$ 10,41o.oo

L0,410.00
10,410.00
19,265.00
25,986.00
23,886.00
21,686 .00
10,410.00

Average Annual Pumping Costs ! st84,513.00
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Design oÍ Dead Piq canaL

The Dead Pig canal has been designed to carry the

irrigation flo'¿ from Èhe height of land above the d.am, a

distance of approxlmately 11,000 feet into the existing

Dead Pig channel. The method of permíssÍble velocity as out-¡

Iined by ven Te 'c¡ror"2 6 has been employe¿t in the design of

the ca.nal. The maÈerial to he excavated is a stÍff clay inÈer-

spersed vriih gl¿si¿l tilI. It is fairly compact and contains

many boulêers. For this type of material the permissible

velocity is griven as 4 Íeet pet 
"".orrd26 

anil Manning's

'nu es 0.025. gtith the design parameters as given the channeL

properties have been computed and are as fol-lov¡s:

bottom slope: 0.001

. side slopes: 3:1

bottom ç¡idth: 15 feet

depth of flow: 2.5 feet

A freeboard allowance of 1.5 feet will he usecl in

the determination of earthrvork quantities.

Along its route the canal will drop 55 feet. This

wi1Ì be accomplíshed utilizino 9, S-foot concrete drop

structures.
The canal r.¡ill be constructed on 100 foot right-

of-way. A I4-foot road dike, on the southeastern side of

the canal ¡vil1 accomrnodate inspection ancl maintenance vehícles.
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Furthermore, 3 timber trridges will he recruired so as not to

disrup! the road systeÍì of the area. These for reasons of

economy will be conbined wiÈh Èhe canal drop structures.

Dead f:orse creek channd

The flow f¡om the proposed canal wiLl enter the

Dead Pig Creek at elevatÌon Ir500 ancl will travel a distance

of 2 miles rvhere it wiLl enter the Dead Horse Creek which

will Èake the flow into the exísting Morden Reservoir.

The bankfull capacÍty of both natural creek

channels and roail crossings in thís reach is ¡nore than

adesuate to pass ttre design flow of 185 cfs. No diking or

dredging is required, ho!.7ever, a certain amount of cleaning

andl local channel repair vtilI be necessary in order to

ensure efficient flov¡.

A trip Èo the area by the author on July 15, 1974

notecl thaË both natural channel bottoms are heavily paved

\Â'ith boulders and the sides are composeil of veiy stiff c1ay.

No recent evidence of bank erosion was noted even though the

natural channel slope is approximat,ely 0.005. This visual

examínation coupled with other available information* enablecl

the author to conclude that the existing channel is very stable

* This conclusion is supportecl by recent (1971) PFR.A findings
that no detectakle sedimentation has taken place in the Morilen
Reservoir since it was consttucteil 20 years ago. This is in
spite of the very high and sporadic flows in the creek re-
corded iluring the same Period.
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and !,riLl carry the design flow without the. necessity of

having expensive drop structures in the reach. No long-

term disconfiguration of the channel cross section is expected.

Morden Reservoir lrrigation Spillvtay

t"" 
"*a-t 

Reservoir on Lake Minnewashta as it is
better known i"s a 2 rLlo acre-foot2? man-made lake required

primarily to supply the Tovrn of Morden \.tith its water needs.

The proposed irrigation flows from the Pembina

Dam witl accumulate in thís reservoir and will be diverted

into the main canal by a spíI1way l-ocated on the northeast

corner of the dam. Tire spillway wíÌI be on natural ground

and rviLl have a crest elevation of 1,069 or 6 feet below the

reservoir F.S.L. of 1r075. The crest will be controlled by

a single radial gate at the inlet.

-Ðe s¿gn of Main supply

The main supply canal wí1l consist of a straíghtened

sectíon of the Dead Horse Creek below the Morden Dam, and an

overland flow sectíon to convey t,he water from the creek to

the project area where it will be distrLbuted into the four

main laterals. Figure 2 shows the locatíon of the canal .

Total length of canaL is 15.2 mi1es. The method of Simons

anil Albertsorr2S h." been empLoyed in the desi.gn of the canal
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cross-section. Final ilesign \ras also checked by the method
to

of Blench'-. The following are the fínal canal properties:

boÈtom slope: 0.0002

side slope: 3:1

bottom width: 20 feet

depth of f l-ow: 4.0 feet

A freeboard allowance of 2 feet will be u.s ecl in the

deÈennination of earth!,tork quantities. No lining is necessary

because of the clay-Iike soils through which the canal will
pass. Velocities in the canal will be kept at about 2 feeï/
second. ovèr its l-ength the canal wíll drop approximately

55 feei. This will be accomplished by 8' S-foot vertical
drop structures. rn addÍtion to these' 8,, inverted siphons

wil! be required to pass the irrigation flow beneath exisÈing

escarpement creeks. The canal will be constructed on a

150-foot right-of-way. An 8-foot wiile drainage diÈch will
be excavate¿l along the high side of the canal Èo intercePt

Iocal runoff" This ditch will pass the flows into local
'

drainage channels. which in turn will pass it under the canal

at the creek crossings. The clike on the low side of the

canal will be widened to l4-feet to serve as a road for in-
spection and maintenance vehicles. A totaL of 11 timber

bridges wiII be erected to provide the necessary road. crossings

in the 15 nile reach. Inspection of aerial photographs of

the area shows clearty that the main canal intersects both
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the M.or¿len Tovm vtater pipeline at the interprovincial gas

pipeline. The Town water pipe v¡ill be dug up anil replaced

by a siphon at both crossings. The gas pipeline will not

be rnoved, instead the canal wíll be alígned to cross over

it at one of the creek crossings.
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DETAILED COST ESTTMATES

9umping Ílorks

Intake:
Conduit (60' ø concrete)

- 800 feet e $
Earthwork (tampeCl back-

f111) - 1,600 cu. yd. @

Inlet structure (con-
crete) - oné lulnp sum

Pumping Staiion :
Pumps and. notors

- 5 units @

Electrical switch-
gear-IoÊ of pulnps
and motors cost

Pumphouse-20* of pumps anil
motors cost

Travelling crane - one
Iunp sum

Valves (60" ø butteffly)
2@
{36" ø butterfly)se

Discharge:
Condui¿ (60" g concrete)

19,000 feet e
Placing pipe (partially '"

. trênched .) -19,000 feet G

Right-of-way-J.0 acres @

115,000.00

12,000.00

6 ,000 .00

65.00 =

' 4.00
L50.00

'52'000

6 r400

,. 1r 500

575 ,000

57 ,500

115,000

25 ,000

- 24,OOO

30,000

I,.235,000

76 ,000' 1,500

7 ,500

37,560

90 r 000

65"00

4.00

=$

Dea¿l P:Lg,llenql

Right-of-way - 25 acres
Earthr¡ork:

Excavation an¿I
compacted emb ankment
- 62,600 cu. yds. e

300.00

'.60

Structures:
Drop Structures (con-

crete) -9 10,000
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DETAILED COST ESTIMATE

Deacl Piq and Dead. Horse Creeks

Improving channels - 13 rniles 0 95,000.00

Morden Reservoir Ïrrigation Spillv¡ay

Structure - lumP sum
.. Coffe¡dam: - lumP sum

Main suÞplv canal

Right-of-way - 275 acres
Earthsrork :

Excavation and )
Compacted embankment-)
(800'000 cu. yC.) )

Structures:
Ðrop st.ructures (con-
creÈe )
InverÈed siphons
( concrete)
Bridges (timber) IlG 2L.00/

:l;'::; "'
Turnouts ( gate¿l
pipe) (2x24" ø 30 fL.) 4G 2,000-00
Chèck StfucÈures (còncr. ¡ a@ 20'000-00

Mäin Canal Ðrainage Ditch

Excavation 80'000 cu. Yds. @

Miscel laneous

Moving Morden Town Water
Supp1y Line

hdirect ltems

Contingencies: 208 of ilirecÈ items

Engineering: 10? of direct items

= $ 65,000

0 300.00

@ .60

8@ 15,000.00

8@ 14,000.00

.60

- l,umP Su¡n

100,000
25,000

82 ,500

480,000

120,000

r12,000
275 ,000

I ,000
80 ,000

48 ,000

2,000

$3,731,460

?18,540
$4 ,550 , ooo

36s,000
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DETAILED COST ESTIMATE

InieresÈ during construction: 8g for z iLats

capieal Cost:

Annual Charges

Iaterest: 88 x $5 r 450,000
Depreciation on Canals: 50 Years
Deþreciation on concrete el-ements: 50 years
Ðeþreciation on PrunPs, motors and

valves: 25 Years
operation and Ìlaintenance: 1.58 of

capital cost
cos-- of Pumping

¡,nnual Cost:

$ 535, ooo

g!+-ê5-qrg99-

436,Q00
1,000

..5,000

10 ,000

82,000
r85,000

$ 719,ooo
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DESIGN AND ESTIMATE OF TRRTGATTON SYSTEM

ceneIAL

fn this section preliminary design and estimates are

presente¿l of the proposed Morilen-l{inkl.er Irrígation system.

The irrígation unit is 11r975 productive acres. An estimate of
the amount and cost of land leveling has also been prepared and

is included in here .

Land LeveLing

ALmost al1 naturai land surfaces under a gravíty
irrigation system require some initíal surface preparation in
order that fíe1d. efficiency may be better controlled. The

immediate benefit from a well-pJ.anned and wel-L-constructed

leveling job is the saving in irrigation time and tabor.

Faíners in A1berta3o report that, they can irrigate 2 to 3 times

as much Land as previously with proper 3.eveLing,

fn the projecÈ area the lan¿t topography is very fLat
with very few undulations requLring ninirnaL alterations; For

cost purposes it has been assumed that approximateJ.y 100 cu. yds.

per irrigable acre wiLt be leveLed. No ilamage to lanC product-

ivity is expected since soil surveys show that beth'een 10 and

15 feet of topsoil exist in the area. This is more than adequate

to meet the l2-inch minimum soil- depth standard required by the

U.S. Department of Agriculture3l .
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The existing east-v/est coulees transversing the

project area are not to be altered by the land leve1ing.

The small creeks will be util-ized as natural project clrain

outlets eliminating the need for costly <l.rain construction.

The leveling will tre accomplished by tractor-, train
loadi.ng type scrapers eouipment. The unít cost to accornpl-ish

Èhe work has been esti¡nated at $0.35 per cu. vd. yielding a

',-otaÌ cost of 5420 r 000.

Lateral s

The lateral syste$ carries the irrigation water

from the main canal and distrihutes Ít to the suhlateral-s

rvhich therr carry it to the farmers' fields. Thef.e are four

.laterals ìn the project area. The design discharqe of each

lateral hâs been estimated at 50 cfs. or approxim.atel-y k of

the main canal capacity. The. laterals have treen clesigned

¡vj th a 6-foot botton .¡¿id.th at a slope of 0.0006. Assumíng.

a Manning's "n" of n.025 vields canal vel-ocíties of. 2..8 ft-./sec.

at a depth of flow of 2 feet. A minímum of I foot has been

allor.¡ed for freeboard. The laterals ar.e.all lined wíth 1 foot

or- impervious clay material. There are 24 miles of laterai-s

in the project area.

sublateral s

The sublateral system carries water from the laterals
io the farmers' fields afong quarter section lines. In general
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sublaÈeral. s are approxinately å mil-e in lenqth. Fach sub-

laterel has bêen designed for a clischarge of l-0 cfs. This is

rnore than adequate to meet the average iarm delivery reeuire-

li'ent of 5 cfs" The sublateral cross-sectíon was desiqned with

a 3 foot hottom r¡idth and 3:1 side slopes. Canal velocities

of 1.5 f.E./sec. have been calculated at ¿lepth of flow ot, I.2
feet and at a slope of 0.0nn6. A minimum of l- foot has heen

alloweil for freeboaril. All sublaterals are lined vrith a I foot

inpervious clay rnaterial. There are 31 míLes of sublaterals in

the proj ect' area.

Drains

The drainage sysËem was laÍd out to remove irrigation

waste v¡ater, to remove storm water and to control ground v¡aÈer.

Each àrain will collect waste water at the lowest point of each

ouarter section ancl discharge it to the nearest natural creek

channel in the area. The drains' cross-section has heen

assumed si¡.rilar to the sut¡laterals' cross-section. Ther.e are

ápproxi:nately 34.5 miles of clraíns ín the project area.

Ðrop _g!i_ue!uÌgg

Drop structures provide a safe means of l-owering

canal flows in areas of steep topocrraphv. rt is anticipated

that these structures will be reguired for the l-ateral system.

.'4any of these v¡iII be combineël to serve as check structures

also. No drop structures wíII be reguired for the sublateral
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sysLem due to Èhe l-ow velocities and short clistances encoüri-

tered. The structures will be made of timher and rvill have

an average drop of 3 feet.

Check Structures

Check strucÈures are required to raise v¡ater level-s

in the canals at eíther a farm turnout or at a Lateral turn-

out. The 4 check structures in the main canal will he of

concrete anil the others on the laterals will t¡e made of ti¡nber.

Lateral Turnouts

Lateral turnouts are reouired at a iunction ín the

lateral sl¡stem to pass water from the through canal to the

branch. It may be of 2 types, a qated corrugatecl rnetal pipe

or a timber check structure with a lift gate' There are a

total of 30 lateral turnouts in the project area'

Farm Turnouts

A farm turnout consists of an L8-inch corrugated

metal pipe throuqh the canal emhanlrnent used to pass v¡ater from

the canal to the farmers' l-and ' There are 116.of these in the'

project area '

Mèasuring Der¡ices

' Although not includecl in the desiqn of this system,

it is líke1y that some Èype of measuring clevice woulil be
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instal-led at the farm turnout. Such devices are necessary

io control the use of water on a project of this nature.

They may consist of Parshall flumes, weirs, gauges, etc-

It is probable Ëha! the measuring device anil the turnout woulil

be incorporatetl into a single structure.
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DETAILED COST ESTIMÃTE

Leteral Dåstribution SYStem

Right-of-way - 90 acres

Earthi¡ork :
Excavation -
vds.
ê1a1' lining
eu. yds.

Stru.ctures :

l-70,000 cu.

- 84;000

Turnouts (gated PiPe) - 30
Check structures (timber)
30
Drop sÈruclures - I

Sublat,eral Distribution sYstem

Right-of-waY - 90 acres

EarÈhirork:
Excavat,ion - 73,000
cu" yds.
CIay lining - 53,000
cu. yds.

Structures :
Turnouts (gated PiPe)
118

Project Drains

Right-of-way - 100

Earthwork:
Excavation - 120'000

300.00 ç 27,000

.60 102,0oo

.60 50,400

@

€

€

€
e,

e

c

250 "00

3,000.00
2,000 .00

300.00

300 .00

.60

7,500

90,000
16 ,000

30,000

72,000

27,O0O

.60 43,8oo

:ro 
31,800

200.00 23 ,600



D-7

DETAILED COST ESTIMATE

l'liscel laneous

Bridges (timber) - 20
Land leveling - I'197,500

In¿lÍrect Items

Contingencies: 208 of
direct items
Engineering: 153 of
direct items
Interest during
construction: 8* for I Year

capital cost

Annual charges

Interest: 8* x $1r 785,000
Depreciation on canals: 50 Years
Deþreciation on remaining

structures: 25 Years "

Operat.ion and Maintenance i 38 of
capital cosÈ

Annua1 cost

$15 ;000.00 $ 300 
' 
000

.35 419,300

$1'240,400

229,600

173,000

142 ,000

s!_2.8t_9-9.9.

142,800
500

6, ?00

54,000

!__z9gJ!-q.g.
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BRIEF DISCUSSION ON TVÍO AITERNATIVE SOURCES OF SUPPLY

Lake Manitoba - Penblgd Triangle Diver

In August 19?1, the Province of Manítoba Department

of Mínes, Resources and Envirorimental Management - vlater

,Resources Branch published a preliminary engíneering

report40 for the saskatchevran-Nelson Basin Board outlíning

a s cheme to direct water from Lake Manltoba to the Penbína

Trlangle" The s cherne as depicted on Figure E-l consists of

four components t the proposed diversion from take Manitoba

to the Assiniboine Ríver, the proposed Hood Dam ancl Pumping

Station, the proposed RathweLL Pumping station and the pro-

posed canal from the Assiniboíne River to the Pembina Triangle'

Three discharges were considered in tt¡e design of the

d.iversion works, namely 200, 11000 and 21000 cfs. The study

conclu¿led that a ËotaI capital cost of S2!18261000 (L971

prices) v¡ouItl be requireõl to divert 200 cfs from Lake

Manitoba to the Pembina Tríangle.

, ,' Ãnalysís of díversion requirements from Lake

Manitôba show that to irrígate. 11 1975 acres of land in the

projeèt area requires the díversion of 215 cfs. This is

30 cfs higher than the diverslon requirement from the Pembina

Reservoir. The reasons, for the difference are, the additional

losses Lncurred due to longer distances traveLLed and



E-2

also addítíona1 evaporation losses from the Hooci Reservoir.

For prel-iminary cost estimates it $rilL be assumeil that the

scheme to divert 200 cfs to the Peribina TriangLe ís adequate

to supply the irrigation, rnunicipal anil industría1 water

requirements of the project area.

fo convert the 1971 cost estimate of thís scheme

Lo L974 prices a 15t increase $ri11 be addeil to offset

increases in the construction costs yielding a total

capital cost of $251100,000. At the present ilisèount rate

of 88 and a project life of 50-years annuaL charges incluil-

ing pumpiqg for this project have been.estimated to be

approximately $2,400r000. AllowÍnq S504r000 per year for

the irrígation system and farm labor gives a benefit-cost

ratio for the overall project of 1.0. From an economic

viewpoint this scheme does not seem as good as diversion

from the Pembina Reservoir.

The advantage of this scheme is that it exposes

all south-central Manitoba to an assured supply of water.

Before considering this scheme further, however, a thorough

economic evaluation shoulCl be unilertaken to i.dentify the

aitdítlonal benefits and costs incurred to enLarge the scheme

to cover the addítional water requirements of the nearby

co¡nnunities along the canal route from the Assiniboine River

to the fnternational Boundary .
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A disadvantage that has been voiced by some ' for

this scheme ís that Í'ake Manitoba watef, contains too many

nutrients to be of value to irrigation uses ' This would have 
'

to be checked further '
iangle

Reservolr - "¡'--"--- - --_^¡ r¡ood Dam on the

îhiÉ scheme involves the ProPoset ":"-1 
D:*"tiot, 

u

o"=i"ib.íJ"h;;::'Ï ;";""" ;'*""- pqnPins station' and

the proposed Assiniboine River?Pembina friangle Canal' The

required flow of 2L5 cfswould be guaranÈeeð by the existing

380'OoO acre-feet sÈorage reservoir impouniled by the Shellmouth

Dam. It should be note¿I that in most years the 64'OoO acre-feet

storage behintl the Hooil Dam suPPlemented bY natural flovr on

the Assiníboine River (originating matnly from the Souris and

the QurAPpell"e River) will be adequate to meet the diversion

requirement" "itnoot 
any need for adilitional releases from the

ShellmouÈh Darn for the project purPoses

The caPitaL cost for the three comPonents has been

estimateil at $15t528'0oO' The annual cost of the Project in-

I costs of the irrlgatioû system and Labor has

cludling the annual t""t: 
::^-' mr.a benefit-cost ratio for this

been estLmateil at $2f204t000' Tbe be

scheme ls I ' 3 
. _- r,,.,ri re-of f ,' credited to the ex-

Because of the high "write-olr \:!---'-^- 
"t economic

h D'an this scherne is suPeríor ' from an e'

isting Shellmouth DâIr r¡¡-- ---

viewPoint ' to the other tl^to
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Before implementation of this scheme is considered,
however. it is important to declìie on the operating rules of
the ShelLmouth Ðam and also to outline the prior uses of
Shellmouth !,rater. It could very well be that this is not
"free" v¡ater as it, has been assumed herein but wòuid have to
be paid for by the project users. This wouLd result in a

lower benefit-cost ratio.
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