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The Lalce Manitoba - Garrison Reservoir Díversíon

is a feasibility and cost estimate study of diverting l^later

from Lake Manitoba to the Garríson Reservoir or,t the Missouri

River,

The study indícated that is is feasible to carry

out this diversion by a series of pumping statÍons ín con-

junction with a canalu a seríes of dams and reservoirs on the

Assiniboíne and Sourís Rivers and tunnels through the dívide

between the Souris and Missourí Rivers.

The estimated capital and annual pe:r acre-foot

cost for the Lake Manitoba - GarrÍson Reservoir Diversion

for the four levels of supply studied are as fol-l-ows:

1t_

ABSTRACT

Flow

70r000 cfs.
52,500 cfs.
35r000 cfs,
17,50û cfs "

Acre-Feet
-lPeg-lsaf
51 , 100, 000
38, 30û, 000
25, 500, oo0
L2,77 5 u 0C0

Estimated
Capíta1
Cost

$5, 820, 0oo, 0CI0

$4, 556 , ooo, 0oo
$3,287,500,00c
$1,978,000u o0o

Annual
Cost per
Acre-_Eo_oL

$11,18
$11 " 7B
çL2 "s2
$1/+ " 85
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1.

The Lake Þfanitoba-Garrison ReservoÍr Diversion

is a scheme to dívert water by pumping from Lake Manitoba

via a canal, the Assiniboine and Souris Rivers and tunnels

to the Garrison ReservoÍr on the Mississippi River.

It has become apparent in recent years Ëhat

Canada should be conducting a water resource sËudy to ín-
vestigate and establish a plan for the development of the

water resources of the nation. Thi.s is particutrarly Lrue

in Lhe Praírie Provinces where local- waËer supplies are in-
sufficient for future developrnent of agriculture and industry"

To ensure growth and prosperity of Che agricultural and

industrial communitÍes of the semi-arid region of the praíríes

ít wil-l become necessary to ímport water from the McKenzie and

ChurchilL River watersheds which flow into the Arctic Ocean"

In order to develop a plan for water resources

devel-opment of the praÍrie ÞrovÍ.nces, an interdicíplinary
study of water resources and water utílization in uiiestern

Canada was inítiated at the Uníversity of l4anitoba.

It ís proposed that the interdiciplinary study

will- indicate the magnitude of Ëhe future water requirements

of l'iestern Canada, and establish the amount of røater avaíl-

InËroduction
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ab1e for diversíon from the north" ShouLd the water avaÍl--

able for the díversion from the northern part of Canada

exceed the water requí.rements of lüestern Canada, Canada could,

if it choosesu be in a position to eNport water to the U"S"A.

to help finance the developments of water resource schemes in

hlestern Canada.

The Lake Manitoba-Garrison Reservoir DiversÍon is

one possible scheme for water export.

2 " Scqpg

The purpose of the study is to establish whether

it is feasibl-e from an engíneering point of view to divert

water from T,ake Manitoba to the Garrison Reservoir and, if

sos to establish the capital cost and annual- cost per acre-

foot for water dei-ívered to Garrison Reservoir for the four

level-s of flow: l-7r50CI cfs., 35rC00 efs., 52,,500 cfs., and

70,000 cfs"

3 " Li-mitatíons

For the purpose of this stud.rr it rdas assumed

that up to 701000 cfs. could be available throughout the

year at Lake Manitoba for use el-sewhere.

It roas assumed that the qual-iLy of the water

delívered to Garríson Dam çias of suffj-eíent hÍgh quality for

use in the industriai-, agricultural, and municipal- appl-ica-

tions. No attempt T.,/as made to determine what the demand may

be at Garrison Dam for Canadian water oy to what specífic

use ít may be put.



Water is noË avaÍl-able rlfreett at Lake Manítoba"

This study did not assume a cost for water at this point nor
1

r,vas any attempt made to establish this cost

4" Thesís OrganizaËion

The maín body of the report was divíded into
eight chapters; Chapter le an introductory chapter; Chapters

II, ïII, IV, Ve each dealing respectively i,rith the following

sections of the diversions: Lake Manitoba-Assiniboine River

Section, the Assiniboine River Section, Ëhe Souris River

Section, and Lhe Velva-Garrison ReservoÍr Section. Chapter

VI covers the pumping and power aspects of the diversion"

Capital costs and annual charges are covered in Chapter VfI.
Chapter VIII contains the sunmary and conclusion of Lhis

report.
Hydraulics and Hydrology of the Souris and Assini-

boine Rivers; Dams; Reservoir Damagesä Canals; Velva Tunnels;

Pipelines; Pumping Stati-ons; Power; and Unit Costs rdere covered

in Appendices A to I respectívely.

1. G.A" Filmon in his Apríl, 1967, Department of Civil-
Engineeríng, University o! Manitobâ thesis entítled
îtA; Investllation of the Diversion of Northern Manitoba
I,üaters into-Lake Manitobart established the cost of
S:rOOOr000 acre-feet of. wate'r diverted from the Churchii-l
niüer, Saskatchewan River and Lake l{innipegu ât $2"05
per acre-foot at Lake Manitoba"



l"

The Lake Manitoba-Garrison Dam Díversion for the

purpose of this sEudy was divided up into four basic reaches;

a reach from Lake Manítoba to the AssÍniboine River, a reach

on the Assiniboíne River from a point a few miles upstream of

the City of Portage la Prairie to the confluence of the SourÍs

R.iver with the Assiniboine Rivere a reach on the Souris frorn

the outlet of Ëhe Souris River to Velva, North Dakota, and a

reach from Velva to the Garrison Reservoir. These reaches

are shown in Figure 2"

This chapter will- deal with design considerations

and al-ternatives avail-able for the Lake Manitoba-Assiniboine

River Reach"

2 " Descripti-on of Reach

Introduction

I"AKE MANIIOBA-ASSINTBOTNE RTVER REACH

CI{APTER TT

The Lake l4anitoba-Assiniboine River Reaeh oríg-

inates on the shore of Lake Manitoba and termÍnates at the

Assiniboine River. The reach is 2A"5 miles in length lying

one mÍl-e west and parallel Ëo the Portage Díversion" As

shov¡n in Figure 3u ground rÍses from elevation 812 on the

lake to elevaEion 925 at the river, an average of 6 feet per

míle. In the first 16 miles the ground rises 28 feet i"ríth

the remaining 85 feet of rise concenLraEed in the last four



and one half mil-es" The soils in this area vary from a sand

to silty sand; to silty clay to clay"

this section enÈers the Assiniboine River five

miles upstream from the City of Fortage la Prairie" Five

roads including the Trans-Canada Highway and fíve raÍlroad

tracks are transversed by this section of the diversÍon"

3. Lake l4anitoba-Assiniboine River Canal

A canal system wiËh suÍtably located purnpíng

stations was selected to convey the díversion rdater along

this reach.

The first reach of the canai- consists of a three-

mile long inlet canal originating one mile offshore of the

beach on Ï-ake Manitoba, The inlet canal was designed 13

feet deep eorresponding to the average depth of Lake Manitoba"

The inlet canal terminates at the first pumpíng station where

the fl-ow is lÍfted 25 feet Ínto an above prairíe canal and

flows by gravity a distance of 7 miles Ëo the neNt pumping

sËation. Here again the flow is lifted 25 feet and floç¡s a

distance of 6 miles to the third pumpÍng statíons" From this

point on the ground ríses rapidly necessitating two pumping

stations in the last three mÍles,

It was assumed that the entire I-ength of the

canal upstream of Pumping Station /É1 would have to be concrete

lined because of the pervious nature of the foundation mater-

ial. It is possible that a sma1l portion of the canal, whích

transverses impervious material, rxæy not require lining,



However, it was assumed thaË the entire canaL iøould require

l-ining" Lining was assumed to be carrÍed to a point five

feet above the design water surface"

Although the allowable vel-ocity for a eoncrete

lined canal is in the order of 5.0 fps., the limíting vel-o-

city in Ëhj-s study was set at 3"0 fps. In order to Íncrease

the velocity from 3"0 fps. to 5.0 fps. additional head would

be required at the pumping stations I^Iith the result that

poviTer and capital costs for the pumping statÍons woul-d go

up" On the other hand canal costs would probably decrease

because of the smaller channel cross-section required. To

obtain an opitmum design a number of alternative designs

would have to be examined. It was felt that such a study

vrras beyond the scope of thís report.

The design sections Ehat r^7ere used for the desígn

of the lined sections of the canal are shown below' A dyke

freeboard of five feet Ìdas assumed for all flows studied"

Base DePth
Flows Wi¿ift n Side Slopes o!-Ilgw Gradlent

701000 cfs. TgOt 0"015 6 251 0'0000135
SiTSOA cfs" 550r 0"015 Horízontal 251 0"0000140
35;ó00 ãf"" :ro' 0.015 ro 251 0"0000146
|7,SOO ãf". 80' 0"015 l Vertical- 251 0.0000168

ThedesignfortheT0,000cfs'Lake}4anitoba
Assiniboíne River canal is shown in Figure 3. The design of

the canal is covered Ín detail in Appendix D"

4, Alterna

It ís possible that the existing Portage Diversi-on

eould be modif,Íed as a eonveyanee system to accomm.odate the



design díscharges studied. The Portage Díversion originates

on the AssÍníboine Ríver, three miles downstream of the

entry point for the Lake Manitoba - Assíniboj-ne River Canal

and therefore if used could requÍre at least one additíonal

dam on the Assiniboíne River,

It was assumed for the purpose of this study

that whatever saving would result from the use of the Portage

Diversion would be nominal- and Ëherefore this alternative was

not investigated"
A prel-iminary design was carried out on a pipelíne

as an alternative to the Lake Manitoba - Assiniboine River

Canal" The pipeli-ne was sized at 40 feet ín diameter with a

limiting velocity of L4 fps" for a fl-ow of 171500 cfs. per

conduit. It was found that the cost of the pipel-íne would

exceed the cost of the canaL for all discharges studied" The

design and cost estimate for the pípeline is contained in

Appendíx F"

5- Canital Cost EsËimate

AdeËailedcostestimateforthelT,500cfs",

351000 cfs. u 52r500 Cfs. and 701000 cfs" capacity canals $7as

made and is contained Ín Appendix D" The capital cost of

the pumping stations in covered in Appendix G. The capital

cost for the canals including the cost of the pumping statíons

Þ/as estÍmated at $73r655r000; $11S r475,000; $162 r375'000; and

$194 þ7351000 for the L7r500rcfs", 35r000 cfs' u 52,500 cfs"

and 701000 cfs. flows studied" capitatr- cost for both the

caøatr-s and canal pumpÍng stations are summarized in Table 3"



l-,

The /rssiniboine Ríver Reach of tLrís diversion
!üas required ta life the diversion water from elevation gZ5

at the outlet end of the Lake rvfanÍtoba - Assiniboine R.iver

canal to elevatíon 1150 at the confluenee of the souris

Ïntroduction

CI{APTER TII

ASSTNIBOINE RTVER REACH

River with the Assiníboine River.

This Chapter will deal_

considerations for the reach.

2" Description of Reach

Ïn the region between the Souris River confluence
with the .Assiníboine River and the Cíty of portage la prairieu
a distance of 76 mÍles, the Assiníboine Ríver transverses the
upper and T-ower Assiniboine Delta formed during the glacial_
period of Lake Agassiz " rn this region the ríver flows in a

roíde and deep valley, actively eroding its vai_ley banks and

degrading its bed. The vali-ey averages L/z to 1 mile Ín
width,

with some of the design

The bottom of the vai-lev has a diteh-like shape

wÍth alluvial deposíts forming a thin layer on top of the
original delta formation, The average slope of the river
i.s about two feet per mi1e.



Although there are no vili_ages or toçrns located
in the Assiniboine River vaÌ-ley a]-ong this reach, there are

approximatetr-y 83 farmsteads and 4 vehicular crossings, There

are no raílroad crossings "

3" Conveyance Svstem

The conveyance system in this reach was designed

as a series of dams, pumping stations, and an impounding

reservoir 
"

In order to keep Ehe pumpíng stations cost down

it was decided to concentrate the static lift at as few

pumping stations as possible" An attempt was made to keep

a suffÍciently high positive head over the pumping statj_on

intake to keep pumping efficiencies as high as possible (B) 
"

channel velocíties !úere kept below 3"0 fps" so as not to
cause any unnecessary channel erosÍon. The above criteria
essentially set the location of the dams.

For the 700000 cfs. and 52r500 cfs. desí-gn flows
studíed, it was found that four dams and three pumping sta-
tions were required. The heíght of the dams varied betr^¡een

75 and 195 feet" rË was found for the 35r00c cfs. and 171500

cfs' flows that one of the dams could be eliminated; the j-95

foot high dam reduced ín height by 50 feet and a new dam

constructed to replace the reduction in hei.ght of the 195

foot leigh dam. Thís scheme reduced the flooded aTea by 31000

acres 
"

ït is possibl-e that if the number of dams on the



lLssiniboine River Reach of the díversion ís increased, that
Ehe total cost of the reach would be decreased. The saving

would result from a decrease in reservoir damages and smaller

total volumes of dam embankments" rt shoul-d be noted that
the cost of the pumping stations for the 701000 cfs. and

17,500 cfs" flows make up 5L% and 53% of the total cost of
this reach" As was shov'rn in Appendix G, the unit cost for
pumping stations are particularly sensitive to the M[d size
of the Ínstallation wi-th unit costs rising sharpi-y for Low

M!ü pumping stations. rf the number of dams are increased,

it is conceivable that with the l-ovrer pump head per dam that
increased cost of the pumping stations would offset the savíng

in reservoír damages and dam costs. This aspect vüas not in-
vestígated sínce it was felt a study of thÍs nature was not
justified for the purpose of this report,

the Assiniboine River Valley Ín this reach is
particularly suited as a conveyance system as proposed here,
For eNample, it was calculated that the channel friction loss
from Dam /Él- to the confluence of the souris River wíth the
A.ssiniboine River, a distance of 7L miles, Tdas 0.2 feet for
the 70r000 cfs, flow"

Percol-ation losses into the banks of the Assi_ní-

boine River are expected to be significant at the beeinning

of the f loqrding of the reservoirs " Although high initíal
losses are expected, it is anticipated that l-osses will drop

sharply as the avaitrable hydraui-ic gradient is flattened by

10



the raising of the water table in the Eeneral- area of the

reservoir" It is antÍcípated that the generai ground lrâter

conditions within twenty miles of the reservoir wil.l be

affeeted by the empoundment of water behind the proposed

dams, The ground l^7atef regime may be noticeably changed

with a signíficant inerease in the number of springs devel-

oping along the slope of the Manitoba Escarpment.

The hydrology and hydraulics of the Assíniboine

River, damse reservoir damagês, and pumpíng stations requíred

for this sectj-on \^7ere covered ín Appendices A, B, C and G.

11

The design for this reach for the 701000 cfs"

illustrated in Figure 4.is
4" Alternatíves to Assiniboine River Section

boine River

5 " Capital

A detailed cost estimate for the various compon-

ents of the reach for each of the four levels of suppl-y

studied vras made and is contained in Appendices A, B, C and

G"

The capital cost for the dams, dyking, channel

improvements, reservoír damages and pumping stations was

estimated to be ç240,437,000 ; Ç2L2u547,000 ; ÇI72,674,000;

and $135,857r000 for the four level-s of supply studied"

Capital costs f.ox the reach are summarized in Table 3.

No alternatives were investígated to the Assiní-

Section of the Diversion"

Cost Estimates



I, Introcluction

The Sourís River Reach of this diversíon was

required to li.ft the diversion water from el-evation 1150 at

the eonfluenee of the Souri-s Råver lvíbh the Assíniboine River

to elevation 1550 at Velva, North Dakota"

This chapter wil-I deal wit,h sorne of the desígn

considerations for this reach,

2, Ðgs_cnipt,íon of Reach

The $ourj-s River Valley from its oonfluence with

the Assiniboine River to Minot, Nonth Dakota, has t,hree di.s-

tinct reaches '
The reach of the Souris River from the Assiniboine

R.i-ver to near the west end of Lange s Valley is an example of,

stream piracy* Aften the receeding of the glaciers from the

last ice age¡ a tnibutary of the Assíniboine River enoded a

channel- through the Tiger l{ill- Region separating Glacial Lake

$ouris area from t,he Assiniboine River Delta and eaptured t'he

Souris River as i-t outletted through Langrs Valley, The

6ouris River Valtr-ey is deep, Îsvfi shaped, averages L/8 mile

to 1"/2 mile in widt,h, and very ímegutrar" The ri-ver is

actively eroding its va11-ey banks and degrading its bed in

t,tris reach, The valley bottom has a sX-ope of 6,0 f,eet per

CHAPTER. ÏV

6OURT$ RTVER REA.CH
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mile. thj-s section of the sourís River 1r¿'! ley is twenty-two

míles i-n tr-ength.

The Souris River Va3-ley frorn Ï-ang? s Valley to a

point a few miles downstream of Verendrye, North Ðakota, a

distance of appnoximate3-y 1-65 mil-es, is located ín the pl-aín

once occupi-ed by Gl-acial Lake $ouris, The valley widt'h vani-es

from L/2 t.o J míles with the valley extended less than l-00

feet belo¡o the surrounding ptr-ain and i-n places shows practí-

cal1y no vall-ey incisíon" The valley ín this area has an

averagi.ng bottom slope of 1"5 to 2,5 feet per míle"

The portíon of the $ouris ltiver Valley upstream

from Verendrye to Minot averages 3/4 nll-es ín width and Lies

100 to 200 feet below the surrounding plain" The valley walls

a¡"e steep-sidedu The valtr-ey bottom slope averages 1"5 feet

per mile i-n this reach, The section of bhe Souris Ríver Valley

from Verendrye to Velva is 10 niles in J-ength'

The tor*ns of tr{awanesa¡ sourís, Melita, upham,

vel_va, and $awyer are located on the valley floor with L74

farmsteadsu 9 railroad bridges, 30 vehícular bridges, and 11

small- dams "

On the American portion of the diversion from the

intennational borden to a point south of the town of Verendrye

the U,S, Fish and Tfj-l-dlj-fe Service has established a wildtrife

refuge known as the Lowær $ourís National WiLdlif,e Refuge*

The wild fowl- ref,uge was devel-oped by constructíng 5 salal'L

dams on the sous'j_s Rivea" causi.ng the creatíon of, veny shallow

marshy empoundnaents ø .



3" Convevance System

The conveyance sysËem in this reach was desígned

as a seríes of dams, pumping stations and impounding reser-

voirs.
As on the Assiniboine Rir¡er Section an attempt

was made to coneentraËe the sÈatic lift at as few pumpíng

stations as possible and to keep channel velocities to 3"0

fps. or less.

For this reach it was found that 8 dams and

pumping statíons rdere requÍred along wÍth two addítÍonal

dams, one to prevent the loss of water down the Blind

Souris, and another on the divide (Langts Valley) between

the upper end of Ehe Pembina River system and the Souris

Ríver to prevent the loss of r^¡ater down the Pembina River

system" The height of the dams on the Souris River varied

between 35 feet and 160 feet. Xt was found necessary to

use one layout of, the dams for all the discharges stuCied"

It ís not expecËed that problems related to water

percolations will be as severe as on the Assiníboíne River,

In order to keep channel.vei-ocities below 3.0

fps, it was found necessary to carry out extensíve channeL

improvements along certain reaches of the Souris River"

l,iith Ëhe improvements in effect it r.Tas calculated thaË the

reservoír r¡¡ater surface at the inlet to the pumping statíon

woutrd vary between 3 and 6 feet from the FSL durÍng the

period of pumping.

L4



For the purpose of cal-culating the

instalLation these channel- losses were assumed

in the 1-oss of efficiency of the pump units,
All of the dyking, as was the case

boine Reache was required to provide fneeboard

around the abutments of the dams"

The towns of [tlavranesae Souris, MeX-ita, Upham,

Velva, and 6awyer would be flooded by this diversi.on,

The hydrology and hydrauLícs of the $ouris Ríver,

dams, neservoit danages, and pumping stations required for
this section were covered in Appendices A, B, Cs and G,

The desígn for the 701000 cf,so flow in this reach

i.s illusùrated in Figune 5, $heets l- and 2,

4^ AlternaÈives to Souris River $ection

1_5

The Bunclody Canal was investigated as an aLter-
native to usi,ng the $ouris River as a conveyance system bet¡peen

a point downstneam of the town of Souris, near the vd-J-lage of

Bunclody and poi-nt upstream of the town of Meli-ta.

The Bunclody Canal is essentially a contour canal,

The water is lif,ted out of the ltlow resenvoir¡t behind øam #7

(pSI- 1350) to elevatíon L465 on the high bank of the $ourís

and gravity conveyed to the B1índ $ourisr âû abandoned channel-

of {:he Souris Riven above Meli.tau and ùhen to the reservoir

behånd the Dam #10 (r'ST. 1450), The soil-s along the oanal-

route xrax4y fronT silty sand, gravel, fine sand, loamy sand

and si-l-t, ït was fe1t, t,hat, wi.th these foundat,i-on conditi-ons

the canal ¡qould have to be €onercÊe lined.

si.ze of pump

to ire i"nciudeci

on the .&ssini-

requirements



It was f,ound that f,or all discharges studies ex-

cept the 17r5OO cfs, flow the canal was more eNpensive than

the Sourís Riven con'r¡eJ¡ance systemo Fon the 171500 cfs" flo¡ø

a LO% saving res¡rlted" For the purpose of t'hi-s study ít was

assumed that this small savíng was insigníficant and t'hat t'he

water would be conveyed çlp the Souris Ríver' A comparative

cost estimate between the Souris River betv¡een Ðam ff7 and

Dam #10 and the Bunclody Canal is shown in Appendix Ð, Table

D-3 '
It was found t,hat' it could be possible to con-

struct a contour canal along the east or urest high bank of

the 6ourj-s Riven from the vicínit'y of Dam #9 to either of the

resenvoirs behind Dams #tt or #TZ' These contout' canals wouLd

be in the order of 90 to 120 mil-es in lengüh' Based on uni-t'

costs per mi-le for the Bunctr-ody Canal it was found that the

capital cost of these canals would exceed the savi-ng ín dam

costs, resenvoin damages, and pumping stations that woul-d

result because of their construction,

ç. Caoital Cost Ðst'imate

A detailed cost estímate for the various compon-

ents of the reach for each of the four levels of supply sôudíed

was made and is contaíned in Appendices A, Be Ca and G'

The capJ-tal aost of the dam, dyki-ng, channel- im-

grrovements, reservoir damages, and pumping stati^ons was estj--

mared to be $579 eZL7 r 0003 $542 u676e 000 ç $+d7 ,8&9 r 000 and

$367 r]-961000 for the f,our Level-s of supptr-y sÈudíed, capital-

eosts for the neaeh asle summas'i-øed in Tabl-e 3'
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1,

Diversion water was to be conveyed from elevatíon

1550 near Vel-va on lhe Sourís River to elevation 1850 at the

Garrison Reservoir on the MÍssouri River,

This chapter wiLl deal with some of the design

considerations for thís reach.

2. Description of Reach

Introduction

VET,VA-GARRISON RBSERVOTR SECTION

CHAPTER V

Between the Souris and Míssouri Rivers lies the

divide that separates the watersheCs draining into the

Hudson Bay and those draining into Ëhe Gulf of lviexico.

Following a line drawn from Velva to the northeast corner

of the Garrison Reservoir, the top of the divide would be

reached at elevation 2180. The disEance between these two

points is 31 miles. A saddle located south of Velva is
located at elevation 2060 but increased the length between

Velva and the Garrison Reservoír by twenty some miXes,

The north and south sides of the divide are very

steep with si-opes in some reaches beíng 40 to 50 feet per

mi1e" The top of the divíde is covered wíth a series of

sloughs and is very undulating"



3"

It is proposed that the díversíon water be con-

veyed from Velva to the Garrison Reservoir by tunnels con-

structed through the divide"

The tunnels would have a diameter of 40 feet and

would convey 17r500 cfs. each at a velocity of L4 rO".t

Although existing information as to the exact

nature of the bedrock is sketchy, it is known that the bed-

rock is of the Fort Union Assocíation (10) v¡hich is simiLar

to the TurtLe Mountain Forma.Eion in Manítoba" The Fort

Union Formation is covered by 50 to 150 feeË of glacial

drift, ExcepE for the l-ast three or four miles of tunnels,

where the tunnel-s are expected to be loca-ted in g1-acial

dríft, the tunnels wil-l- be located in the Fort Union Forma-

tion.
Since the Fort tjnion Formatíon is ]¡oung, tunnel-

ling shoul-d be relativel-y easy" Hohrever, because the Forma-

tion is very young it is not expected to be highly consoli-

dated, particularl-y withín 75 feet of the surface of the

bedrock" This aspect may present some problem.s in tunnel-l-íng"

the pumping staticn for the tunnels would operate

against a static head of 300 feet and a friction head of 155

feet.
The desi8n and cost estimate for the tunnel.s is

covered in AppenCix E, A profíle of the tunnels in contained

Convevance System

18

2" See Appendix E for analysis af. optimum pipelíne diameter'



an

4"

Figure 6"

As an al-ternative to the Velva Tunnel-s iE would

be possibi-e to construct a canal from Reservoir lfLZ along a

line drawn straight south of Velva to a point where a saddle

occurs in the dívide. The eLevation of the top of the saddLe

is 2060" The length of this canal wouLd be 20 miles from

Velva Ëo the top of the divide and 32 miles from the top of

the divide down to the Garrison Reservoir" The canal would

follow a route due south of Velva to the upper end of Camp

Lake and Strawberry Lake in the Camp National l,üildlife Refugee

and thus to Long Lake and Crooked Lake" From this pointu the

canal wouLd flow south-southwest to enter the Garríson Reser-

voir at elevation 1850 approxinnately the same point as the

Velva Tunnels"

No actual design was carried out on this canal.

However¡ âo approximate cost estimated based on the average

cost per mile for the Lake Manitoba-Assiniboine River Canal

\.,üas prepared. It was found that an additional pumping head

of L45 feet was inherent in the design of the canal over that

requ.ired for the tunnels. Since ad.diti-one.1 genera-t.in"e sta-

tions would h.ave to be provided an allowance for thj s \das

¡nade" The cost, estimate f.a'r this eanal is eontained in
AppenCix D, Table D-5.

On this basís it rrøas found that the canal -would

be slÍ-girtl-y more expensive for the 1715C0 cfs" diversion,

and LÐ%, 2A"/" and 24% Less expensÍ-ve ti'lan the Velva Tunnels

for: the 35.C{JL cfs", 52r50G cfs., and 70rC00 cfs" flows

Alternatives to the Velva Tunnels

19



respectively" The Velva tunnel-s I^7eïe estimateC as separate

a-{-.Í {--i ac o*á i r- i e nnc,si h'l a fnr examnl e . if tt¡O of mo.f eËrlL!Llco GÀ¿u rL Àu vrru¡r¡r-v,

tunnels \Árere contracted together that the cost of the tunnel-s

could cirop 107" or more bringing the cost of the tunnels more

or less in l-ine with thaL for the canal. Since the purpose

of Ehis study was to establish thre feasibility and the order

of magnitude of the cost of the <liversion, it was ¡ot felt

that a detailed cost comparison between the canal and the

tunnels was justified. For these reasonse it was decided

to use the Vel-va tunneJ-s in this report for conveying Ëhe

díversion i,üaters from Velva to the Garrison Reservoir' HornT-

ever, ilo ïeductíon in the cost of the tunnels for the 351000

cfs,, 521500 cfs" c aT 701000 cfs, flows lÀ7as made to account

for possible volume discounts,

Another alËernatíve to the Velva tunnels would

be to construct a pÍpeline from Velva to the top of the

dívide at elevation 2060. This pipeline wor-rld replace the

fírst twenty míles of the canal mentioned above' Hotdever,

the pipeline was found to be far too costlv to serve as an

alternative.

5" Cost Estimate

20

A detailed eost estimate for the varÍous compon-

ents of the Velva tunnels is conLained in Appendix E and G"

The capital cost Far thre velva tunnels including

the pumping s¡ations for the 70r000 cfs., 52r500 cfs", 35'000

cf,s", and l-7r500 cfs" flows rvas estimated at ç1-rL62r600e000,

ç874,950,000, $583r300rCI00, and $297,150?000 respecËively'

Capital- costs Íor the tunnels a'f e sumr¡rarized in Tabl-e 3 "



1"

Approximatel-v 70% of. the estimated capital cost

of the proposed diversion is invested in pumping and power

generating plants. It is apparent from the above figure

that the pumping stations be selected wíth care and that

poi¡er be made avail-able to the diversion at the lowest poss-

ible cost,

2 " Pumping Stations

Introductíon

CHAPTER VI

PUMPING AND POI.IER

The pumping stations in this study varied in

size from 18,3 MÞü to 3550 MI^Î. Pumping total- heads ranged

from i-0 to 455 f eet.

i^Iith the range of sizes of pumping stations and

pump heads it was found that it was verv difficul-t to estimate

the cost of the pumpíng stations, A megawaËt size versus

cost per megawatt Pump stations capital cosL cutve I'üas de-

rived" It was felt that a much more accurate costing could

have been carried out if a megawatt size Vet'sus cost per

megawatt pump station capital cost curve was availabl-e for a

range of heads from 10 to 500 feet since it \,fas felt thaË

the costs of the pumping stations should vary with Mlt size

as well as head" However, suffícient information was not

available to derive such curves "



Capital costs per megawatt for the pumpíng

stations rdere obtained from Appendix Gu Figure G-i. The

method that iaas used in obtaíning Figure G-l is described

in Appendix G. The pumpíng stations vTere assumed to have

an efficiency of 80%"

3. Power

The power consumption for the four levels of

suppl-y studied vras as foll-otors:

z2

Presently the combíned thermal, 8âs turbine, and

hydro generated output of Manitoba Hydro and l.úinnipeg Hydro

is 1640 Ml^il" A potential exists for the development of another

5 r 000 MI¡t of hydro generated electrícal polter.

Assuming a constant yearly Íncrease in electrical

consumption of I07" over the next two decades; it can be ex-

pected that the electrical demand by 1985 - L99A will be in

the order of 51000 PN.. It is apparent from the above figure

that electrícal pov¡er imput for the diversion could not be

supplied from the existing electrieal generating system nor

does the potential exist for developing the power required

from presently undeveloped hydro electrical- generatíng sites

sínce these sites are already commítied"

It was assumed that the Large block of electrical

T.evel of Supplv

70u000 cfs.
52 u5O{J cf s ,
35,000 cfs"
17,500 cfs.

Power Required

11,000 M{
8,000 M¡i
5,500 M!ü
2, 700 MLü



poweï required for this project coul-d be besË produced by

atornic powered generating stations. Presently the largest

plants under consideration are 1000 Müi capacity. The power

plants hTere assumed to be located along Lhe diversion \fith

one statÍon on Lake ManiËoba and another on Garrison Reser-

voir. Cooling water would be drawn from the diversíon

itself "

Capital and annuaL energy charges lrüefe calculated

as shown in APPendix G.
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1, ÇapítqJ CostÉ

The capitatr- cosË of the project incl-udes the

eost of the reservoir damages, canaXsu pumpÍng statíons,

power generating plants, damsu tunnels, and all other civil

engineering works necessary to make the diversion functional "

The total capital costs of the Lake Manitob a -

Garrison Reservoir Diversion for the f,our levels of supply

iúere found to be as indicated below:

CAPTÎAL COSTS AND ANNUAL CHARGES

CHAPTER VII

Table 3 "

7ü,000 cfs"
52,500 cfs 

"
350000 cfs "15,500 cfs.

The capital cost

Level of Flow

2 " Percentage Bqeakdor'vrr-_of_ Cep¿fgl-qgsts and AnnU

A percentage breakdown of the capital costs and

annual charges of the major components for the 70u000 cfs.

and 17 ,sQA cfs " flows are tabulated in the table on the

fol-lowing page, By inference the order of magnitude of the

percentage breakdown applicable to the 70r000 cfs" and L7 r500

cfs" diversions is true for the 52r500 cfs. and 35r00Û cfs"

diversions.

As can be seen from the tabl-e that over 70"/" af.

Capíta1_ ÇqsË

$ 5 , 820, 000, 000
$4,556 r 000,000
$3,297,500,000
$1r978,000,000

in dollars are itemízed in



the eapital cost of the proposed diversion is aceounted for

by three items; Atomic Powered Generating Stations, Velva

Tunnelsu and the Pumping Stations"

Capital- Cost and Annual Charge Ðistribution

Atomic Fowered
Generating^
Stations J

Velva Tunnetr-s

Pumping
StaLions

Powerline

Reservoir
Damages

Dams

Lake Manitoba
AssÍníboÍne
River Canal

Channel
lmprovements

Dyking

25

70"000 cfs. Díversion

Capital
Cost

40 "s%

22 "5%

20 "6%

5,2%

4 "6%

3 "5"L

Annual
chargç

t7-500 cfs, Diversion

43 "7"/"

2L,3%

19 "6%

4 "9%

4 "3"L

3,3%

Capital
Cost

2" Interest, Operating and Maintenance and Amortízation
Allowance

3T "6%

L7 "3"L

2L "2'/"

4"5%

'L3 
"a%

o -lo/

Ac the present time financing of large publ-ic

projects are running considerably above the figure of 7% used

Annual
Charge

1 ,9%

L "3%

33 "0%

L7 .A%

2A "B%

4,4%

L2,7%

B "9%

tJo

L "7%

L "2%

CapíËal cost of the atomic powered gengrating stations
wab ineluded in Ehe total cost since this eapital nrust
be raísed if the diversion is to be eonstructed" The
annual energy charge .for the diversion ill7as eal-culated
usíng a eost per MW /hour as shov¡n in Appendíx H"

2 "3%

1.0%

2 "2%

T "O'L



ín this report, Since it ÌA7as dífficult to predÍct what

interest rate would apply, 7% was arbitrarily chosen"

The maintenance allowance r/üas taken as L"/" of

the estirnated capital cost.

Since various components of the project sueh as

the pumps and civii- works have different lengths of useful

life it is díffícult to assign an amortization all-owance.

For the purpose of thÍs study, it \¡ras assumed that the

amortizati-on allorpance hTas L"/" of the capital cost of the

project with the amortization fund yfelding 4U%" Under

these condítíons the total capítal cost of the project

would be reeovered ín 40 years"

3. Annual Chargç.

The annual charge for the project r¡/as calculated

by multiplying the total estimaEed capital cost less the
t

capital- costJof the generatíng statíons by the interest,
operaEing and maintenancq and amortization allowance,

The period of construction for the diversion rÀ7as

taken as eight years with ínterest duríng construction paid

aÈ a rate of 7% on half the capital value of the project,

not including the poiúer stations, for thrs eight year períod"

The annual charge for power rdas caleul-ated on a

per M[,t hour basís. This eharge included operatíng, mainten-

anee, Ínterest, interest dr-rring construetÍonu fuellíng costse

and anrortLzaxLan allowances for the nuelear generatíng pi-ants.

The reason that the annual ehrarge for the nuctrear

plants was not taken as 1% as v¡as done f.ax the remai-ning

i,øorks iøas that the aombined operating and fuel-tr-íng costs

26



for the nucl-ear plants run considerably more than 1% (20) '
The estimated annual design for the four levels

of supply studied hTere found to be as indicated below:

Levçl of Flow Annuêl_Çharge

70,000 cfs. $5700800e000
52, 500 cfs, $450 ,44Au 000
35r000 cfs, $319u3001000
L7 e5O0 cfs, $189,840,0CI0

The annual charges in dollars are itemized in
Table 2.
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As rtras poínted out ín the last chapten over 7O/,

of the total capit.al eost of the proposed diversions is

accounted f on by three j-tems å gerlerating st'ations, Velva

tunnels, and the pumpíng stations,

One would have to assume t'hat by the nature of

the backgr"ound ínformaÈion (20) used in calculating the cost

of the generating stations, which account for between 3O/"

ar'd 4Ol' of the capital cost ancl annual charges, that the

capital and operating costs for the generating stati.ons are

firm"
The cap5.tal cost and annual charges of the pump-

ing stat,ions were found to account for approximately 2Ol" of

the costs of the project, The capi-tal costs, as estimatedo

are based upon hydro generating stations on the Nelson Ríver

(fg) and othes' data (18), It was felt that the costs as

derived from the background ínformation were lackíng in that

the costs did not reflect the fo¡rndation conditi-ons and more

specífieatr-3"y the head condj-åíons at each pumping station site"

lf, more studies of thj-s gtature are contempl-ated it i"s recom-

nended that, an extensive study be carri"ed out to arrive at a

more preeise costing teehnique f,or the pumping stations.

The Velva tunnels account for L7% to 22% of the

C}TAPTER VTTT

CONCLUSION6



capital- cost and ânnuå1 charge of the pnoject, Atrthough

l-:i-t,tle information is avaíLable as t'o the eNact nature of

the material through which the tunnels will be bored there

appears litt,l-e dottbt that tunnels can be eonstnucted i.n this

manner" The questiono of course, is at what cost' Exísting

tunnels of the length of the Velva tunnels, 31 miles, are

rare, The quantities of excavation, steel, and concrete

involved in the construction of the tunnels are very high

in counparíson to quantities experienced on sorne of the tunneLs

constn¡¡cted in the past, For these reâsons, it was found

difficult to estimate this seati.on of the diversion" Unit

pri.ces used were those experienced on local construction

projects where the vol.ume of the work involved is consider-

ably l-ess, Barring unfoneseeabLe foundation probtr-ernse t'he

vdrlume <liscount on a singl-e tunnetr could run LO% or more and

possíbly higher on two to f,our tunnels" It is interesting

to note t,hat even with t,hese possible savi-ngs (based on IO%

discou.nt) tnat t,he total capital cost of the proiect for the

l-7r500 cfso and 70r000 cfs' schemes rtrould ontr-y be reduced

L^7f" and 2,3/" respectivel-y'

One of the more difficul-t items to estimate was

f ound to be the reservoir damages " Since t'he area to be

f,l-ooded was rather large ín the order of 43O square miles,

the study lacked detaiL in accountíng for present l-and Llsss

The rather broad classifieations of treed, pastured, and

cuX.tivated, were used to classify t'he land' In a number of

areas ¡øhene ít was dífficul-t, to establish the exact nature of
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the use of the l-and, the land was assumed to be pasture, Sínce

land prices have fluctuated rapidly in the last few years, an

aËtempt was made in this report to use an average cost per acre

based on land purchases made or conLempleted by various govern-

ment water resource agencies, Figures used in North Dakota

r,üere land costs for comparable land ín Manitoba.

The rel-ocation costs were calculated by establishíng

the replacement cosL for the farmstead or tovrn flooded, The

relocation cost may be low ín that it does not include an

allowance for a decrease in earnings that may occur because

of the move necessitated by flooding" Since it ís cliffícult

to esLimate what these losses may be at this time no all-owance

was made for them. HoÌ,rever, the reservoir damages accorrnt for

between 4% and L3% of. the total- capital cost for the levels of

flows stucl.ied and a large increase in relocation costs woul-cl

therefore not infl-uence the overall- cost of the project signi-

ficantly "

Although the dams associated with the diversion

are sígnificant structures themselves they were found to only

represent between 3.5% and 9% of the total capital costs of

the dÍversion slíghtly more than the cost of the powerlines

for the 17r500 cfs" capacity diversion and slightly less than

the cost of the powerlines for the 701000 cfs" capacity díver-

sion,

It would therefore appear that if an attempt was

made to firm up the cost of the diversion that additional

studies would be best spend on firming up the eostíng of

the pumping stations, the Vel-va tunnels, and alternatives

30



to the VeJ-va Ëunnels'

A number of possíble effects of the diversion

i¡rere either covered lightly in this report or else were

completely ignored and are therefore areas of possible

further study. These areas arez

l" Ehe effecL of the reservoir scheme on the
ground water regime,

2" sociological effect of the diversionu

3. the effect of the diversion on the ecology
of the areae

4 " the quality of water delivered to Garrison
Reservoir.

In conclusion, it was found from this study that

it is possíble to divert water from Lake Manítoba to Garrison

Reservoir via the Assiniboine and Souris Rivers and tunnels

through the divide separatíng the souris and Missouri Rivers"

It was estimaËed thaË for the four levels of

supply studiedz 7or000 cfs, u 52r500 cfs", 351000 cfs,, and

17r500 cfs. that water could be delívered to Garrison Reser-

voir from Lake Manitoba by this cliversion at an annual cost

of $11"18, $11.78, iL},52., and $14.85 per| acre-foot respec-

tively "
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1, întrodu.ctåcil

,The pz'oposecl dio.'ersåan sche¡:e i:eqnired the con-

s1-¡:u.c'{,j-o:r o-.î a zri.rrnber of clar:s and the c-i:eati cr-l of a eoltre-

s:-.cnctrånE :ru;lbe:: c:l reservoirs c:r the $ou.c'j-s ancl ,åssini?:oi-ne

Lívers -îor 4;"ile plii:pose Ði' r:an".ie1t-Lng äi-'re::s j-o;r lvaten 'frat'. a'

poi-nt on 'Ll:e ilssi.nil:oine 1ì.-i-"¡er a fet,¡ ni.-!.es rinsiream of

Pc::tage la I'raj-::íe, ?.ianitol:a bc ti:.e r¡icinJ-i-Tr of 1¡el-"2a, Ì:iorL1.'

*a1tot,a, on 'l;l:e $ouris l"iveru

Sj-nce 70e000 cf s*, t1-re r¿axj-niu-n c1j-ve::s--i-on z"equ-ie"e-

rnent, is co;:síe?era'n1e i:-: excess of tire natural n¡.rnoff of 7:3te

5ou::is a¡rd Àss'ini-boine P"ivers¡ i-i t*as aecessâ3'-1r *,c veri.fy

r+1let.ller o--r' not l;he ::i'¡ler -¡al--!-e]'s ån qllesti-on r'¡ci-'.1d be capa?r1-e

of con'{.ajn:l-n¡;- the díversíon fJo:'¡*

üho ir-vdro1-cgÅ.ca.L str,,,d-¡- cf tbe $o¿l::ís anc-l Lissj-ni--

l:oigre Ri¡¡ers: a'l ong t'he r1í¡ter såan rou.ier lvas -l-in:i-ted 'bo a

--cevie'.v of ¡tb3-i.sheci aa-rd r:npu-:,bl-i-shed h-vdr"o3ogj-q:,a! repor"ts'

Tbe pni:pose af -bþe l:-vtj::otrogi-cal stuci.;r ç¿¡5 i-o es'Lal¡l-j-sh the

arder of l:agniti-rCe of ti:e spilliu-5.=' desj-:!: floorl fc:" tj:e

clarls a.nr] alsc to rJ.e'-,er;.:.íne 1:'*e e-ff eci; o! al¡erafe rrr.¡:off crl.

IITÐÎ"OLOGIf Aìli] :::?:.f,LtLIC,S

¡. ÐÐLr:.JiìTr-¡ ,'.
låJ_ I ìrlì!jJ-Jà .rL

.9OUR]$ AITÐ "Ai,SSIï ãBCIITÐ Ril'¡ÐP'S

OF T].IÐ



'¿.î:e ci r.'er"si-on"

2 u eess ¿: islt i*o.p, -g 
g*"p¡,e- i'sjs -irl¿Þ oii:g R-i v er-þ Ll,eJ

Tn the region bet'lveen tl:e Sourås T"i-=¡er ccnfl'ue;:*e

r.¡i-tlr t1:e /¿ssinil:+åne ll,år'ec' a*d CítY of Forbage la PraJ-ri-e, a

i.j stanee o-f; 76 rlitres, tile .loissi;:ij¡oi¡:-e P"iver tran'sverses the

upper ancL l,arrer .Å.ss:-n.i'l:oine Delta formed rluring the 'q'iacial

perio<l of Lalle -&gassiz, Ïir this regåon the :"j-ver flo",'s in

a ivj-de ancl cleep va-1-1e;,, aeti-vel7 eroding i-ts I'al-l-ey ]:anlis

a.ncl Cegr.acli-ng ibs bed* T1:re va1'ley aa/era.ges * t" l- r¿il-e in

r.,"'-i cìth.

?ire bcito::n- of tire va1-1-e3' has a dít,ch-l-il';e shape

lvith al1uvia1 clepos:-ts fonmíng a tLijn la¡'sç on tcp of, ttrre

original clel-ta for.natj-or¡.. Tl-re average slope of the river

is abo¡-rt, t¡..Jo feet Per mi-tre'

.&,1bho'"igh there are n'3 1,-i1lages oT tortns l-ocatecl

in the Âssj-nål:oíne Bir¡er Vatr-.l-e;r a3-ong its z'eacir, t'l"ere a?e

a.pi:roxiin ate:'z, 33 f a¡:¡:rsteacls a:rd l, '¡çþia;ç1ar crossings " Thez'e

aire nÐ railz'oad crossi-n3s"

T'lre i,ssi--¡r'¡'boåne Rìven 1¡a11e)' i.s a'pp::oxir:rate3-;r

5Ði'l covereC :'r-n r.¡j-th "ù: ee g::olvtil w-i-{-ir ti:e opeÏ'L area clertotell'

'ruc, pastr:.re anri cltl-'¿ivated land'

3. åçåcgsjss-af" S-qn*ls åqi - å

lll:e Sorl:'i-s Ri'¿er tÍa.13-e-l froai å'Ls conf-l-¡-'-ence lçåtli

t,.;e 'li-ssinj.boj-'-.e Ril,e:: ¿ç Ì:1J.noi, ]..iot",;Ìr Ða]<ol;a , 7l-as tlrree

riiståcc'¿ ::eaeii.es'

Ti¡.e rea.clt of L'::e sc'-1r"ì s ?'j-vez" froir, i;l--,e Á'ssi-n'ì -



T-.oine Ri"ver. Lo mear t1;e west end of Lanç'? s l,¡al-l-eJ¡ ås arl

e:laru.pl-e of strear'e piracy, Åfter tl-ie receeding of -bhe gl,a-

ciers frcni the l-ast ice age¡ a i:rii-::-'-tar.]' cf tire Àssi¡ri-l:oine

lìivee ercrieci a ctrranne'l- thi:ough the Ti-ger I{i.-l-l- P.erråon separ-

ating the Glacia1 Lai-;e $orlris area fro¡r t,he Ê,ssj-nj-l:cí;re Rí=¿er

Ðel'ua a.i:d capti:.red i;l:¿e $ouri s P'år'e:: as j-t outlet'tr;ed thrcer,gl-r

Lange s r/al-l-e.¡¡, Tí-le $or¡.r'i s R j-l'er Val1e¡r i s deep, tsvl? shapenJ,

avera,ges 3-/8 nile tc t/Z n:-te in y¡-ícith¡ and very irregnlar"

?i':e river ås actj-vel-}' encdin,rì i'is 'yall-e]¡ l:anks and degnading

ít,s ]:ecl- ín thís reach, The valtr-e;r bottoni has a slope of (r,0

feet pen i.,ri--1-e" This secLíon of the [åorr.s"ís Rí"¿er Va11-e3r-!s

t:vrent'-ir-i'T1'o rïi:l-es in 1engtl-l .

The $ouris R.il'er i/alley frosn l.ang?s Valley 'bo

point a few r,lil-es downstreanì of Verendrye-. Nor.th Ðakota, a

distance of aSrg:roxi-r*ate1y tr-6$ miJ-es, is lccated i-n the ptr-ain

onÐe occuplied by Glacial- Lalo:e fioun-is, The valle-v rvidtir

varies frorl. t/2 to J níles wåtîr the ",'al}ey extendecl less t?ran

100 f,eet below tire surrouncli-ng plain anrl ín pI-aces shows

practically no rtalley incis-ion, The valle;r j-n this area has

an a-¿eragi-ng bottom sJ-ope of 1"5 tc 2,5 feet per raile,

The portion of ti-le $o¡-r.r:i-s Ë.år'er Valley ups'brearil

fronr 'ìo'enendrye 'Lo ÞIiaro'b averag:es j/Å, rti-Les in lvídth and lies

100 to 20C feei- beloiv tl-:e sL¡-r¡:ouncling plain, Tire valle;'

rva-l-l-s a.re steep-sj-decl" Tlle va.13-ey bottor¡l slopes averâge l-.5

aceet per rrti-ae j-r-¡. '¿his reacl:"

?he towns cf l.','al,Janesa, Sour'í s , 7,1.eaít a, Uph.a.m,



'c,¡elva ancl $arqrer r,¡í11 be affect,eú hy i;he cfiver-sion if the

díversj-on ¡-rses t.ire Sourís Rj-ver Valtr.ey in tl're reaches rrr?rere

tl-rese pacticular tcwns are located as ç:art of the convel¡ai?ce

s3rsten,

Tt is possj-bJ-e 'bha'L as üìan}¡ as I7t1- farnrsteads,

9 railroacl l:r'-l-d.ges¡ 30 veåricular br:idgesu and 11 sma1l clams

wi1l be aff,ected T:y .bhe diversion"

Cn the Ameråca¡r. i:orti on of tlre díversiocl fror,r

the internatåonal- border l.o a iiolnt south of the tolvn of

Verendrye, the U,S, Fisb and r""il-rtrl-ife $ervice has estai:l-ished

a i'vil-dl-ífe re:fu,se llnc¡i,'¡n as tl:e tower So¡,rris ìdal;ional iiildl-åfe

?aÊrræn ri1!.^ r.r;-1 .1 î^..r'l ..a'Êo'dâ r.;.o.-1 o-zo-!^^^"{ 1-=r n¡r¡c'j--¡¡rn+;-.';-a.'¿Lir*Er6 r.:1Ð *r.rO for,¡l re'f,uqe r,vas developed 1-..w const 3l.¡-,.uu¿¡rq

$ snral1 clans on the $ous':i-s ?"j-'ye¿. cail.sj-ng the cz"eation of ve;:y

shaJ-l-o',.,' r;arslìir er:poundneilt s,

Tir general-, on i;}re Canadiaa ilort¿on cf i;l;e '5ourj-s

P,j-ve:: cons¿clereal ån tXrj-s siud¿,- approxírea.tel;' 5Ðl' of -bhe aree

to l:e f,loodecl is correred by tree ¿;ror"ltir, ?he ter:.,aíli'åer is

eitirer l-ef'c ''cc pastu-re o?- :r's oul-tiva'ì:.ed-" On tl':e .ånerj-can

porti on approxinnt-,e13' 1-0% o-f the area to ire f-l-ooded j-s Ða\Ìe'reú

.1:-v na::sil, a ?erJ¡ s:nal1 po::'bioi: ìr;' t:'ee s::olç-Lh ancl the re¡nai::rler

i-s Tla.s'b'J-re ar cu.ltivaf;ed 3-anð.^

leservoír :i.at,la!:es f,o:l' th-e proFos e'J ltssj-i-libcåpae

ancl ,1at:rs-s âi¡¡er eriipoltadi;ie:r'í;s are co"¡ereC. s-r', .kppe*ç7íz Cø

4.. $or:rq:e of ?o?cflraph.lcatr l.:a'ta Used i-n bhe &i:ziú."f

To1o1.rael.i.c ít'ior¡':at:ion'r*as ol:taåner1 frcn'i,cr:o-

St:a,p¡-ì t.a?- a't;.e.l.t;s TireFar erl isy L-:,e Su.rve-;rs at.-il Ì,a¡¡.l na Branci-:,



Canad"a Ðepartrlent of l'îines ancl Technical Su-r"¡e)'s, f cr a"?eas

i:: Canada anri f::c¡¡i cl:arts prepared- lty the Geo] o,n-i caJ- '3urve3'

li",5,.4"" liepa::tr::.eni-, of i;l:e Tnteriol', f:se aîeas in the U*S,.å"

Tn Canacla, ÐDT?LpAeta coverage of ti:.e area stu'.iiectr

1{as avail-able iir -1-:$Cr0D0 scale v¡sLh a 2'5 foot contou.r rn-

t,etvaA rr¡i'¿h 'li¡r-r-ted coverag,e avaå1al)l-e at !225 r000 scale

r+j-th A l-C f co{; Co!:r'cO¡";L¡3 ín'cer=¿a1" Covez"age in tl:e U, S,l',,

f,or t]:e area stud-iec1 r";as avaíl-ai:le a-r, Lz25rÐt0 saale '¡ti-a;lt

a 5 foot ccntcu:: interval , rvi{;h Li*:.ited coìlerage et tr:50i0CI0

scal e r,,'j-tl: a 25 f cct. con'l;cur ii:te::va}" The ke3" p1-a:r u.seci i,n

l:cth ti:..e TJ*S".å, a:.rd Canada portåûn olc 'Lhi-s stu-d7r 1'¡45 at

i-2250rC00 scale -rvibh 50 foot contour intes'val and l-00 foo1;

contolì.jl ;l,r-:-i;erva]. resceciively. ,llddi--bi-onal- ccntor¡-r inforina-

'rioir oi'r. tLre ,9or:.r-ì 5 ii'r,rs¡ ai;C llssini-i:oi-ne R.i-r¡er in i'íai:åj-oba

r,.JaS a"¡a.i-1alçl-e frcn i;1:e J]epart¡:ient, o--fl l''li-nes aird iJat¡-r.r'al P'e-

-soul"ces, I','a.Ler Coilj;r:o1 anri Conservation Branch, Provi-nce of

t. l

j,íani'i;oL;a,

5 " Soqr,çç

l-ì1's¡ J:etrveea Por-';a:e l-a Srairie ailcl i;l:e Sr:ur-i s l"iver c3n-

'.îl-zr,ence ",vas .:",st'a.i*ec1. frarr, 't1:,e repar| 111'ssj-nj.boj-::e P.ivel' $'bc:eage

Pro; ec-t, Ilcl-l-a¡rd lan',t? iaiit.z::y , L95Q , -;a::¡--{.oba 3"egionatr- Ðf f i-*e,

Plpairj,e Fari:1- lìei:ab:'---f-:i--ba'¡ j-ori I'd;:;.å,'-:.j-stra'cj-on nngi-c.eeriirS ìr'a;-:cl-,

C an a rl a iì ei:a;:1,i,, en t CIf .tr 3:: i c;: 1'{;'"-r:: e "

ll;-rir o-1- c Ji-ca -¡- i::f or;::a.-t j-an'1 c-t'L1-.e'5 cl: r:'- s :r'iver

itettEeen L^i:e $or.,:'i,s l?"j-.¡er ccaf,l-ue;ite a:it'1'. L\.-e i"^ss:lniboåne

Sf i'i--i'. f of._çl-í-çaf--Ðq-Ëj|.

ä;'c1"oto=ica.]- i-n'f orr',a1;ioi: f or th.e .i.rs sini boj-r:e



F.j-:rer anC ì'li:l-nc'c¡ lTorLl: Ðal:ota 3 T¡a's oi:tainecl f,non:

1, Revi er*, sur¡¡ey oi $cUriS P.il¡ei", i{ori;l1 lJal':ota

f or lill-ood Conl;::o1 , i{ovenl:er', 1-965 r U' -q " t',rt-':X' îog!-neer ])is-

tríc-l , fit" Pal 'i , co-,:ns of En¿¡J-aeers, st, Pau1, Minnesota "

2,l"lcodÌînequencyStu'di-esf,crlrainageanrl

i,iat.err.ra.w Ðesig::r -'ì-n t1're Pro"¡ånce cf l"fani-l-oba, l'larcl'i, 1963,

lirater. Cor:trol an-cl Cor:seslvatioii Branc}r u Ðepartnent of it'ii¡-les

arrcl Ì.iat.'-r.ral- l?.esoifr"ces r Fs'ovince r¡r" l'Îan:i-j;oba '

3 . /+ s sin:l-be j-ne }ìj-ver Storage Pro j ee't , Hol-land

Ðarn, P,Ful',å. 1960.

4 " ?:'a.is'ie Frovii:ces r''irâter Boarcl ?-eporL l!7 2

Cor;rpi-!-ati,:n ai:.d Reccnstr"u.ctj-oil 6f l;í6¡"-f;þlrr '$trea:n ?'ecords

for the Qr-reiippe'lle - .åssj-niboin'e St:-rcl3', P.F"x'u'À" , L953"

6 ^ Assj-nj-Trci-ne Ri1erJ;¡d.tqLçg;:¡

,4i- v

past i:ydno'i ogícaJ- studies {l } lia'/e inctri-catecl

that the paxi;:aum probaj:l-e flooci for j;!:e É"ssinj-iloj-ne Rivere

at the conf1uence of t,tre Cyg:z'ess P.j-ver '¡åi-l-r the ,Ê'ssj'nihoine

wo.n1c1 be 87, C0CI cf s " This is i rrrli-catì r,¡e of the magnít¡.;c1e

of, ti:e flo-,r'tliral-,'ccul-d ha¡¡e to be used as ttr¡e fl-ood Feak

;1or 1,he spil1-r,ray design flood of aL3- dans be1.*¡eeir Forbage

la Fraicj-e and^ tire Sou-ris P'ii'er ccnfl-*'ence"

T1;e a-¡erage annua.J- fl-or',' of the åssinj,l:oine R.ír¡er

for the .l:erj-oci l-91i L956 in Ll:i-s z"eacl: r';as 7 t287 r7tr3 acre-

feei: {,2} ^ Si-rrce tl:e a.a!e.- eîe âñf}L'ral- flcrv repÍleSo11"s o}:).A'\7 2l

anf, 8/, oll L1,.e 7* .ÐClC' cf s * a*ú 3-T tSDD cf s u f'-?-o',,' :cespecLi-"¡ei-ï

j,t ean, be cc:-r"cl-u-rled- ti:a-L 
"-1¡.e 

avet'a.Ee â,ÏìnL'Lâl fJ-o:'; of tlle



.assini-bci-i:e F"-iyer zti.Ltr i:ave trittle or nü ef:tect-, ûsr tbe

di--¡er,s'i on s chene u

The avera{iÊ annt:a-1.. glross er,/aT}Ðra1-ion fr*¡:r 7-a1¡e

areas f o:: tl^,e i;"s stlniJroi-r:e P"i,r'e-r a1o:rT {;l'.e urncpcsed tti-"ter sio¿:

rou.'{.e is ai:or,r-'L 27,5 i-ncSres (:), .Annua-1- net e¡¡alroration

{'grass ertana:z:a.tior. less p::ecip:i-tatj-on) a",'er:a.ges ahoui 9,A

i¡rches (3).

7 " åotrJ-s li--¿_ç+: j:1;-¿drçJ-o;q;¡

Tn a report (:-f ) irnepareci ll-v the Corps of Engi-neer"s

t.1:e rnaxj-rlr:m pr"oi;abl-e f l-oocl cal-cul-ate<Í f or 1.he S*uri s Ri-yer

jr-rs1; ups'crean fron Butz.långton (conl.r:i-buting area : 3500 square

railes) anc fon ttrre Des Lacs River near Kenr*ore (con'Lz.ii:irting

aîea : 25Ç square nil es ) was 4.5 ,?QA cf s, a.r:c1 2l-r 500 cf s u res-

pective17-, The cor:';::ii;r,ri;ån¡5 dnainage area of the ,Sourås

.8"àl'er at ?íinor;, II ::li'les ilclvns'i;reanl o.f iire ccaflr=-ence of 'rhe

Ðes Lacs Ri.-:er ryitll tire Sou::is, is 420A sq"Lr-are niles, *orr-

sis'cia¡¡ cf, 35OCI square :rj les of ea*.trl1"t;-',iiirE ds'ai nage area

npst-r'ea;:i *f 3u.2"1-j*gton anc'l 7nC squar"e ¡lil-es of r:r:vza;ri-bv.t,J"'ni

clraåna¡Je -.Frorl les Lacs ?,jver ivjth -1-ow :l-nf1c¡ru be'br*een E,¡-rrl--in,1t,on

anó i:i-no',., " IIs-i:r- 'r--,he r-.ci:l:o* aní qla.ta ci-ltl-ine in i;ile rcpcrt

{,1-=} , }-':-',e t:',axi-r:*-:'.t::. p-t:a'nabJ-e fl-ooC at ]:.--i.-nc,t tEoul-d be in t:trte

' r-'r-: cÎs 
"

v¡ \r \/.r l/-'- -i -- 2 - t

Ils-i-ryr a ¡e:r:ilc1 c'l sii'11;. o'1921 19/.'5 a'b I1'arva::esa

and a per:-*r1 c"Ï s1:¡-r.ilr. o€ :1t30 7965 a"t 1,{es j;1''a?4 t a str-1ç17 (5i

i:y 'r,1:e Vai-e'x Can.tro! a;:c1 Cc;:serva-bi*;: lr:a;rcli, T:eyta,z:tnent- cf

i,i:'-ne s a*11 L-IaLz-,,.r a-1.- Lesc'-;-lrces , ?rcvitlce aî -ilar:.i.t-o?:a, es'¿airJ-i sl:er1

!;. 
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tl.e Q,3-1 f,-l-o':r'l s cn ti:e '5n:-:rri s rli"¡e,q" at Itestho1rc anC ì{ar';anesa

oç n7r01C c'î s, a':'.1 2'l rC:C cfso :'es-ectj'rc].;-"

T1; rr'or,-'1.-c.i al?pear fgolÌ 'LlLe a.hûn/e r:ent--laned fi-u-:'es

'f;,i:a'i i;1.e c::r.ier o î r-ra-:ii-'rl-.-.de cf the ¡ia:çirr.tiln ¡r"ci:ab1-e f l-r:c¡cl û:r-ì

tire 5ci'.:¡:is P"j-'¡ec' L:e'i,;vee:: I'Iil¡raL ancl ljarva.il.esa t¡o:-r1d be 5î j f 0C

cils, *o I7, CCO cf s " S:l-nce ilr i s p::oposed to operate atr,J

r"eserr"li-:rs -,':itl: r-.n .icsi 3r s-iora-e al.1cr'la'.rce Jlo:: f-1-eccl s, i+-

cari he an'rici-pated tliat tl-le r:iaxiT:ttzît1 ,lrobal-->-],e f]*cað lvj.l-l- 1åe

tor'rarcl s tlie älaxinn-rci of 'Ll:e srr¿;iesteC range, TJrercf cre, f c:"

-i; .e :..'ì.':.l c-qe cî tl-is s'.r1 r1:' lnr 010 cf s * r{es r-rsed tc indica'ce

tlie oi:de'r: of :,ragnil;r-'lde of t-:1-le s¡i-3.l-rr'a.v fl-oor1 on tire Sourj,.s

Lir¡er 
"

¡,O

Tire average aclïì]-ral îtror"¡ of tl:e Sor.¡-r-i s Ri-.¡er f,or
.blze per,.l-od 1t:!-1" 1ç5ó ,ras ?28r000 ac::e-ilee'b (Z), Thj"s f,tror,:

cilnst-i-tu'frÐs part of -r,1:.e a?eraisle annr:lai- flor.¡ nepoz"ted in the

Assini-i:oins P.i.¡er i:i;rdrolog3' Secti,cn c1l tbi-s aÐi:enciJ-x,

Tlle ax/ere;qe a:lni:.aJ- !;ross er¡aForatiol f,rcm lai<e

area.s f cr the fiol¡.s-ís Basin i ¡r 'bl,e Tl' S,.Ê..- is aha'-:.t 33 ånci:es

(7). ileb eva,T){}?a'bj-oir {:ross eva*or a.'r,-i-an l-ess precipil:ati on}

ar,¡ej:ages abolit 37.5 j"rcl-'es Fer _ì¡eer*

Tl:e a.ve:i3a,ae annu.a-tr- g:ross e1¡aporsatio* 'Êrcr: 7-ak.e

a-reas f *:: tlre ,3o:;.i:-i,s P,as j-n :-:r" Ca,:.ada j s a.hçt:t 29 =.t:,el-.es 
( 3 ) ,

i"*r::ta.7- net evaî-c:'at,-',c::. ( J:.-lss e:¡aFn;:aj.-i-on Les s p::eei-çi iati c;. ]

a\ieraÍ.es aha.."r{; 12 i-i:cl-.es ?et: -'::eÐ'? a

.? . Åæ;:a¿3*;.ç*;-:s:.-:;i"ss:å;p;"
T1^te tear:'¡t cf l?e l:ssi-ni,bcj-ne Ð'i-r'ee r'ral-l ej- he'Lr*een

trj1:të -l-*ca'Licc? ot? l;a:''. lfn' al..j 'r1:e conrlJ-¡:ence af t:1¡te ,$cr:.rj-s l-i1.s1'



ås practically suited to a reservoåt' system such as proposed

in thj-s diversåon scheme" The river vatr-J-ey j-s r'{ide and deep

prorridj-ng mox"e than adequate cross-sectj-onal f,l-ow area for

the diversion flow,

The clam sites lrere selected r*'ith the viera' of

concent,ratíng the head li-ft, at as few pumping stations (darn

sites) us possíbl-e, províde suf,fícient (SS feet or mor"e)

taj-lwater (B) for pump submergence, and keep ehannel velo*

cities bel_ow 3 fps* Ifít,h t,he dam sites selected on thj-s

basis u the operatíng reservoir water surface was set "

Twenty-one cross-sections were establíshed along

'bhe seventy-six miles of the Assiniboine River Val.!.ey for

the punpose of cannying out backwater computatíons through

the reservoj.rs' For the 70e000 cf,s' florç j-t rr¡as calculated

that, the channel friction tross f,or 76 ¡niles of, the Assåní-

boine Rj-ver Valley was O"2 feet' I{ater ín thj-s neach i-s

râised and conveyed frorn el-evation 925 at Reservoi¡ llt to

elevation 1050 at the confluence of the $ouris and Assiniboíne

Rívers, This rather small fniction Loss does indj-cat,e quantí-

tivetr-y the adequ.ancy of,' the cross-sectional- area of ttr-re Assínå-

boåne R"iver Va1ley avaål-able for florv,

Tt ís possibl-e to raise the termínatr ruater suø'f,aee

of thj-s neach higherbhan el-evation 1150, hor*ever, any addi-

tåonal râåsirìg ån tlej-s water surf,aee would cause a deterfüinal

bacl<r,+ater effect at Brandon during flocds on the Assj-nåboå¡re

R.åver, Bnandon j-s located 2$ nlítr-es upstt'eam of the conftruence

À-9



A_10

of the Souris and Assiniboine Rivers on the Assiníboine

River,

No channel- improvements are required for the

70r000 cfs, and 520500 cfs, design flows. Hor^rever, ín

order to provide sufficient submergence for the pumpring

stations at Dam /É3 and Dam /É44 some channel excarratÍon

will be requÍred for the 35r0C0 cfs" and 17r5CC cfs, design

flows" These improvements would be Local and mínor in
nature " Approaeh velocities at both Dam /É3 and Dam /É44

are less than 3.0 fps" under natural conditions" Tab¡le

A-1 eontains an example of a backwater calculatíon"

9 " Souris River Hydraul-ics

The Souris River Val1-ey is much smatr-ler than the

Assiniboine River Valley anC not as ideally suited for
convei'ing the diversion flovr.

As on the Assiniboine River, dam sites r,rere

selected with the víew of concentrating the head lift at
as few pumpÍ.ng statÍons as possible, provide tail-water (8)

for pump submergencee and keep channel- velocitl; belorv 3 fps,
Ninety-six cross-sections r^rere established along

the two hundred and twenty mí1-es of the Souris River Vallev

forrning part of the proposed diversion.

ïn order to keep the chrannel velocitíes below 3.0

fps. it r¡/as €ounci necessary to carry out extensíve channel-

improvements along the Souris River" The excep,tion to tlr.is

rì/as for the reservoir behind Dam /É9 for all díscharges

studied and for the reservoirs behind Dam 1þ7 and Dam /ÉB



for the 35rC0C cfs" and 171500 cfs. flows stu.died, Local

channel improvements at the intakes to the pumping statíons

at Dam /É8 and Dam 4"9 wÍ-ll have to be made to provide suffi-

cient sul:nrergence for the pumps. These improvements will-

be minor in nature.

It was felt that an economical channel Ímprove-

men't design would be established by enlarging the channel

to the point rvhere the incremental annual charge on the

capital cost of the enlargements equalled the incremental-

annual saving in power costs. Horvevern before that poÍnt

could be reached the vel-ocíty in the improved channel

equalled 3.0 fps"

It was found that with the channel improvements

prooosecl that the reservoir levels ri/ere drawn dorvn from

four to si>r feet from the F"S.L" at the inlet to pumping

stations for all. the design flor^¡s studied" Table A-2

contains a list of river improvements fcr dams on the

Sc.uris and Assiniboine Ri-vers.

10. Capital Cost of Channel Improvements

A-11

Capital cost and yardage involved in the channel

improvennents are listed in Table A-3.



TABLE A:-1.

Þ¿$Pt]J B,ACryAriF. Ç _

Irps-leuÉr jp-!es-É?

Seciion I-1, near Dam ;fI

Q : 701000 cfs"
FST,: 925
Fl.oi.¡ A¡:ea. (A) at 925 : tt¡l,OOO sq, fN.
1¡ij_rj.Lh al ,,;aNeL: surface (tw) = ]600 fL.
l¡fctled Perimeler .= t,rtt -l ?A

tw
l^leitad Pei'im=*,:r (e) j6OO ¡ ?ßU*AAOI

36oo
: 3á30

'Il;rCra.ui,i.c P,arhus (q) --- -l
P

i. 14

= 14=1--QQQ
36Bo

: 38.3
¡ 1.,

Conr¡sy¿nçe .fac+r,or (f*) : l-"Lrt6 n p" 3f
n

Lein:o'03 
:.r t.a/^*1t.-,, 2/1t(d _ i_f _

o.o3
(^:?9r10"

Slope oi l,¡a.ter- surface : A z
Kd

: 7nnÕn )
Zq " r-o¿

-Ê:79,x10"
Sectj.on 2-2. nea.r Da¡n #?-

13L - 925
ir.l-ori Ar:a (a) t,o 9?*5 .= _L2i_,OOO sq. ft.
ldidth a,t -,¡ater" sur"Iace ('u"¡) : 3320 fl,,
WetteC Peri:teier' =" b'r^¡ i' 2;\

t*
:,i:;;'utù. P:;--.::;='.::: (f) = nÌ: aGeir!!çi

-J )::v
--- aa^-

J) /4

l;;l;'a'J;c .ì,..d:,,: (il.) = _l
1f



.-= 10"7
n/2

Conveyance ir¿iclor' (rt:) : L.LÊþ-:f:':
7

T ^L - - ^ 
r\?lju .tl - u6u,

iid:1.¿r3óx121.000

:tÆ

Sl ope of t^¡e-,iet" surface S

00C sr: "

))Y¿ ¡ Úè

Average Sicpe :

u1

^ ^Ô.,1 " J)

-, -^o
)

.i1!U

lJi sLance betu;een lam #1 a.nd. Dam /iZ : ir"j n:il es

Drop i:r tra'r,er surfa.c;e be'Lr,.,een Ð¿rn #1 ;:nd D¿rn #2
: a.ver"age gl r:pe x c_istance

ô
-.99.5.;t lO-'x 4"5 r.il-es x 52A] ii/;riie

^ ^-- 
Fr

- V"V¿) !tJ"

¡ la

-, (-t. ¡\¿i J
Â \r_vo I /

Sl one a], Se ction 1-l 1- Sici:e at

-'Å ? -Ê: -/g x r0 " -!''" iI$ ;., l0 -
î

c.
:= Ot: < 'v- iO "

lvà / t\ Lv

-à1,= ilò 7; iu

ÞslU p!.-ke
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-ji-. ^ì ^----JrL¿5 Ð_LUPVÐ

/t

- u t/U l
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!il j iü uIl

oi
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4 5 \' rr¿lvù
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-L r.jì'
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lic0

I r rA

r ô -^
L) 

')t

1 -/ ^L)OU
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Darr" ll'5
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lanì ,fO

Ðorinsli'ea-n oí
Uaiìi f¡U
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Dan í19

Do',.¡ns-Lrean of
uan ii._La

28"0 rÉ1es

Iry_oJgq',eI!
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sid.e slope ,=

bLo ì

base - l0C?
si.d.e slope :
U.I
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Ì¡rc- : I Ã1?
L J'J

..i ; ^ ^'ìülus rlvys --

h¡<"c : l,?l?--t! /,
ci ¡ì,. c-1 ^7\ñ :

._): i

7.5 mi-lcs

len6th of
finproveinent

I .ì !n- J 
^-,, tJ lrliuÕ

ì rlrrL\.r)

Lt+a')

2 " I niiles

Base Elevatíon
fo¡" iml¡rovenenl

1/lir 'a ilr lÊ'q
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li, ô rnil-.*+. v rr*+vv

ll Ã/l
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'ì 1[^
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ï ^.,-+'; ^Ë!vug uJvtr-

Dor.n:s'L;:ea-rr of
:r //: ¡
DZTIJ ¡" ¡ ¿

lnì ?r ¡^n ^¡-lv_/ ))^iJ,J w!þ"

Lo_caNion

.Dor,¡nsì;rea¡n of
Dain ll3

üorunsNrean o.f
Dam #4.q

Do'*nstre¿.m of
Dam ti,

Downsïrean oí'
Dam lló

Do','n.:.sirearn of
D€\fl. ifri

Do,n'lisifea:n of
lan #?

Dov¡ns1;r'earn of
n",- lr ruaitt tt rL

Dow'nstrea.m of
- l/¡ ^Dii.lîL ;fL¿

ln) t'l <ír.ì -r-\!/ _Lf q/vv urJ.

Loc_?iion

Ðo',Ens|ream cf
la:rl iî )

Doi.,,ns'¿rea-il of
tan il4A

Dor.insNrearn of
U:rr #)

Ðc',",rnst rea.in of
nam li'a

foi+irsj--rean oí
D;rrn #S

¡^..- -.!uvrJllQ ul. ç/ritL wl

'JàTr. lf')

t. nFs-

T**-^ - ---..- ^*l-¿i:LUf 'U V .i-{rlci11t¡

v-JÐv -- +(.)'-/-
ùluÇ üiiJPú -'- \J.l
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suff-ì c'i ei:'c depth fcr. pri:np subner.gence

Lccal Inpr.or;eäreni to provi de
sufficj,enN depth íc:" P';r-np subneT'gence

jJdllB Lll Ul

ïnr,roveinen-t

/ . i l1l,_L-]_Yc

b*rs .= jC?
sicie slopc : ó:I

¡*ss .--= jer
side slope - 6:i

,,oca-l- linpL'ol':;:=ni; Lo
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1: r-:J-+,) )

3.0 ndles

o c) -."ir ^-./-" O 1r¿-LõJ
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a.a 
^ 

*i ì ^-/-Õ" ù l(tr_Ltit)

7.5 nil-es
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t-i00

'l I qr1

l,oca.l ïnpi't-l i':riLenu io
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su.fíi-cient cìepÌ;h fc::

base 25?
.'ìdl -!^ñ-r -- ^" I

v J.!

'Ì¡r.¡= -= ?(?
t_, )

c-i .l .: :t ^,-^ =. l, . 'tv \r.J-
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locrii lil.pro';:in':r1L icr
sufí:-cj-eni Cep'Lh for
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'l Lt i

-14(] r'
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nr-rrr¡ì rir.
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,:.j n'î

-l'i (:-'i
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Ðoi^,:rs.Lrearn of
¡ 

- 
J!.tLJ¿I\\ JIJ

Dcw.nstr:eaäi cf
la:,¡ /lg

Ðo,.rnGirea'n of
ù aJ:! i; J_L

t,' ¡ -t r] c .:: q,

^ n<)

Âssr::reii. io be jnclucieci in 1,he caplLai
^¡ +1a^ '.:.-,.-.i rr-r ci .+i 14U JJ ú Va ui1, }J ¡.rPll-å ù U - U-'_ UIl

Ass'rtecì. to be inciu.cied in 'bhe caÞiia.l
cosi of the pu:ttping siaNior:

l-"LZC,,JOC :;.;;C.s" O ÐC. ta} f c'.¡)..

93O,OOO cu.¡r¡is. @ $O,aO /cu.yd" :

;l-ss:;-med 1:o be incli-rcieci in the ca.piial
cosi, c-Í the prmpi-ng st,.rlioir

Ass''-,-med t,c be includ.eci jn the cap--i.i:al
cosi of íire puniping sl--a'i;ion

c-çrst/cubic- ;'¡."rci CapiJ:a.l- Cosi

U9 ,5CA,000 cu"yds.

3rCIOCr000 cu.,yC.s.

i--''-^--1 r^ L^ 'ncluci.ei i¿r iire c¡.'.:ì',rjj!ÐÐLUilul4 Ui,/ vü 
-ILUIU\j-gt¿ -LlL irllg Ç-,t_. - .-

cosr oÍ t-.he prliLpi-ng sba.lion

A:;s'*ueo. io bc j-nciuded in the c:rp'ìi¿l
cosi oí +,h,: punpiirg s;a'L-jon

I ?Qfì flf1ff arr -¡r'ìe a f n i,¡ / n.. -r.-1.t ).- //v

:)¡ô na,n ^-, =.; ^ q ^ t
uv r .\./v\/ ,- u., ¿ ,.s " :ì .iC .4C / Ju" 7l

;issri;iLed io be inciucied in the caoi Lai
cosi ci'r,h': ;::r,:p-i;rg sta.t'io:r

n----'----r I- ì-- -¡LCi:.d.:"ì. j_¡: i,ì:: çr,r-i 1:rl.iìÐl.rl.:uu_ útJ Ð,.j rlIU_L-.L,1 :u _.1_l¿ r/Iii U...¡_ _."*
r'rc* -i l-l',= ì-r'Frrìr¡. ¡*¡L-ì,r.¡'rt.Jv,.r: u11'/ ¡/rN-}J._r-ò au'),.)_.w:,.

?1 lnf ¡ôfì ¡'' rri r '';r -r, ¡ ),a / -" .--:):* 3 \r'-¡ r

,{, )o),J'JW

170,000

1?, Boo,coo

ì 1rìrì ô^nt, /-\,,\/, vuv

ql q ôen

318,030

l-2, 800, occ



Dor.nts'crea:n cÍ
Dan llLZ l-1870.,000 cu"yd.s" e $0. IO f cu.y,i" 75O,COO

iÐ-- l"pfpggL= 
"t_g_!çf,'n 

s lgSg¡i_gi_ B.,.jigLq1]y P'rr,rp inÊ _ S t a t r on

Fì ^,.'

?Íì nna ^ 1-rvJvv\, \'rJo

A) \^) nr.!ÉJlvv U¿v6

35"C00 cfs.

17r500 crs.

1¡^- ¡^-^
-r úr uc,}i s

3 ,76a ,aac c u.;r{s .

3,3C0,000 cu.yds"

l, 7C0 j 000 c,,;- 
" 
yds ,

1,0C0,000 cu"yrì.s.

,:;-,el1qi-i'iic IL..iL_ C.:pitai Ccs,-

3 iùî" LvC f cu,yd. r lrJ2CrOOO

-r rhn L,) S0.40 /cu.ycì 680,C00

/^\ñ^1.'r' :i'J. 4A / c.,s."yi,. -: l;CîrCCC
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J-. ïn í;::cCr'-cr;ic:r

?ire îrurpose of, 'biris sectåon j-s to carry olit a

cllrs o.tXr re't=^erv of, 'í;lle f,oueeda'cion coircLj-t:'-ons at each dansåte

to see ii there are ân3,2 ""**ott" r*.hy fþç dam cannol; i:e l;r¡-í-1-t

at 'l,he locatíons sel-eci:ed; 'i,o su.ggest the t3'pe o-F d.airs to

7:o bui-l-1.; aircl to calc¡-llate t.1-:e crrsi, of each darl,

Tn addi'¿ion a hni-ef, revierv is r*ade of tl-re spi3-1--

way and gate design cri.i:eria; l'.rater dj-version du-ring corl-

strr-rc'bi.on; availabj-3,j-t"w of cens-bnjc'cåcn r,ra-lenåa-1-s ; and

r.¿ater l-osses fro¡:l'bire rese;:r'oi-:" sSrs-tet:;,

2, iolr,ndatåon Ðata

.irPPEÌ'IilIX B

Ðiàls.s--

For the CanacTian section o-f i;i-ie d.¡'versi-on,

fourrrlat:l-on and soi-l-s infcrnatåoi:. ¡.';as obtai,necl fron the

f,o11or.'.ri irg rep*;:ts :

7,, â.epo::t of ?.ocor-ìnaissancep So-i I S:-rrve,v of

Carberry T,iap ,STreet .io,rea, Soí1s P"eí:o::"b lTo, /,

1-9 57, ;IaniioL:a Ðepantr:¡:''em.t oî Êo4t:i-cq-rl-,tl'-r'e and

T:::::'i','rat'i- c¡n .

2, P.enor'¿ of P"eccn::.aissar:ce Soil- #t,r=¡e7 cf

Scu'ulr-CenLraj- l':a-:i-|oi:a , ßrt=,3- Î-e;:or"-i; ."ic" 4.*

lia.z'clr, 3"9 /r3, 3)on:i-ni-an *eparinent of iig::åcu1-tz:,.r:e

a.nå So:?.1s Ðei:artr-ent o T1z1Ê TJ¡;ií'rez'såt,". of i4.amítoi*a,"



3, iì"eccnna'i ssânee $oil- $u"rvey $ou'Lh-rries'{-ern

lianitoba , Soi-1- P"epoe'1- ldo u 3 , Ï)ececrber , L9 4t ,

Ðoninion Ðepac'tmerat of ;':gçric¡,r-l-ture, Frovåncial

Ðepantraeni. of ågråcul-t¡-'.s'e and -9oå1s, Un-iversít;r

of 14ap'i f,o'*a,

1., $urface Ðeposi-is and Grou.ncl-v¿ater 5u;:f¡3-y cf

trrrínnipeg ÏIap krea, Ì'{anitoba, þ{emoå2" 17, Bureau

of Ðconor:ic Geotr-ogy, Geological- SurvÊY¡ Ðepart-

rnenL of, l,iines "

Ðõt)- ¿'

J'rc1d-j-Èj-onal- so-itrs ínfcs"na'çåon in Canacla l'Jas oi:-

t,aíned f,ron bridge soii logs made avaílal:le l^rx¡* the Brielge

Of,fj-ce, Ðepan'bnent of }iigirl+als¡ Frct¡j,nce of, i'{anitoba. and.

fro¡:r the req:oe"t ÎÎÂssån-iJ:oine Iìíver $tonage Frojects, Ltrol-lanc1

Ða¡n1Î, .Ja.nuar-y, -1960, l,ianitoba, Leg5-ona1 Offj-ce, Praåi:i-e Farni,

Reha.bil-j-tatåon Arlmånísira{,j-or: Ðng:-ireeri-ng Bnanch, Ca'nada

liepartnent of Agt"icul--bure "

For 'one hmerican $ectj-oil of the Ði-versi,on, founda-

-{;åcn ancl soiJ-s i-::.fornia'¿ion r'¡as obta-i-ned f¡:cr* the f,oJ-lorvåil'

::eports."

1" R.epoi:t on Garri-son Ðiversion Üirit, Garníson

Ðívers:-on Àppend.i-x T{, lTni'ce¿l $tates Ðepartirent

of the InLerjos', Bureat:. cf F-ecl-aniatíon, tc1:ober

2 2 l-956 ,

2, Geoi-o.,a:',' af tlze $ourj-s 11"{:.rsv .l!nlÐ&, lia;.1uLt

Tlai.-a'1.a, GeoS-cgical- Su,t'voJ.' Ðto P::r¡fessional FaFer

j,!32S , 3.ç(.Ð,



4
Je &çvågg" -qf-.=llqsrlç1e--t¿-qåt-ç.q8-diË3-a*-ç---p.s-'¿"-Fsí.s1þ-oJ-rle-.-*.1å:r¡cg-

Ta ti:e region be'Ll*een -Lhe Sour-i s ïìiver confl-u-

ence r"¡iti; tl:e .Ê;ssin:-boine F.i¡¡er aniÌ Fori;age tr-a Prairie, t1:e

l"ssi-ni?:oine R.iven transverses the u-¡:,ner and l-o'".rer lissåníbo:!.ne

Delta 
"

Tire Upper .åssinåboi¡:e Ðel-ta area co¡rsists cf

cutr+as1:- anc'l tracu,s1,r'ine ptr-aj-ns l-ocated abo-¡e b,he I'IanitoJ:a

Ðscarpnent, ?he lacr-rs'¡rine p3-ain ís composecl of col-rrser

¡recfium 'bo fj-ne 'Lext¡-lneC cleposits"

Tire ï-cr';er" i.ssini}oi-ne )ej-'ca arca ccnsi sts cf

a s:¡iootl: sandy 1aclrs'crir-le ptr-ain J-ocatecl below the }{ani-'Loba

Iscarpn:ent" illre sandy depoS-i-'cs vâr;r fz'om --Lliree to -fif b'een

fee'c ån 'çhi-cl.iness and are i-'trrde¡:J-ain l:y 3-acust¡:ir:re ctreposi.ts

ar-lc], 1:culder ti-11.

l-ocateC on an area covered. J:3' 5 to l-5 f eet of sand devel oped

oîl lacustråne clej:osits" Interna-l soil- drai-n"age in the area

j-s iirper'f,ec'r-t,c-pacr l+1:åc!: rsculil s';ggest bhat f-ittl-e {}T ;-lc

rr,a-{,er J-oss sh.or-l-cl oe+L}.? fs'o¡:rr the reserr¡oir area tc ground

rvater. ïepth to l:eda'acl; ile-l-o:v tile val-Xe:i is u-l:k;.ìorr'n,

Ðarns äl and #2 aird associated structrrres a?e

Tire ncrt'¡. ban.l¡ of L!'e ta3-7-e:¡t j.n L'oe -¡j-cinity
ll a

af Tari ff2 , s h D'...'s s i-'1;" s cf er-D s j-ç:: ,

Test J:cr'ån,*s ilo: PnP"" i.t3ç:5 ¿,ssj,ni-l':ci-ire Eíver

Cross:-n¡^ {i oca"'ti-on cf Ðaz:i #2) -,:.tdical;e:i 'r,i1s't¿ gi?e}, tLayesr

sål,t exj:exåed ð.ç:tt;a 4;,'s a'b J-eas'b 15 'îeet beJ-G",,¡ t';e river

'n rsL'l.-, a2,1, " T e1t-.':;. t: a 1n eÕ,r t cj< i 5 'ù.?tk-'i'uçju¡i1:t ,



liscarprrent at .fJ:e lorser bou-nda.r;r of tl:e llirper "A"ssin'bcj-ne

$el-ia, The lacustrine deposits in Lhe area are covered

lsir 5 to 15 feet of 3-oamy saitds. Bedrock consísts of sand-

stone, shale and 1or.¡ 6r'ad.e cca] . .Ðepth to J:edrr:cl'l j-s Lln-

l:lï)o1",rïì. ,3oth l-a1tre], J:anks slrol+ evicl-er:.ce of el'osion " 'Itrre

sourth J:anli of the reservoir areâ forned behind Ðan "43 .i-s

de'¡eloped on sandXr-to-rtedium te:lti:red I acu-strine deposi-ts

ryl-rj-cir are interira]1-y weJ-I- draineeì.' The :rortl:. J:ank crlTìsis'Ls

of sanci;r r-1eJ-ta:'-c clepos:i-ts 'ro a cleptl-: of up tc 2ÐD f,eet "

Ðat::. li\ i s located al. 1;2te Lae of the T.iani'Larba

Ì:! ,l

These cieltaic clei:osits have gcod-to-excessi''¡e j-nternal- soj-l-

c'lrai-nage r,rh.icil rvoul-d inclj-cate a hí61h. perneabilíty of tire

sand;r rla,í;er-ial, The nature of i:!re deposi-ts on tlLe soutli ancl

north l:anks of the reservoj-:" st-lggesEs iha'c considera-nle loss

of reservoi.r 1'Ía-ber ccrtJ-d occu,r t,o i;hese clenosits.

Ilj-gl:rça.ys Ðepartnent test bonings îoe 'bhe P,R,

liZ4a crossi,ng of th,e lissiniboj-ne P.iver appi:oxir:rate7-"v J måles

r-i.pst::ean of- ilarr il3 j-ndicated tha.b grey síli;y sanC rlnder1.ai-n

the r-iver Lo a depth of 7A fee'c* Ðep-{,h to itedrocl.- is u.n3<rio',*n,

lïarr, l/4 is locate¿i i-¡r -ohe våci-nitl¡ cf t:ne o:ece

prop*s*ç1 |lç11a::ci Ðar'l j-rir:,ed:l-ate13'itr.r:wnsi;rea.¡e of the C.wpress

Tiíver conf,li.rence, Ti-le area ad3aeent bo che nort:?l al::-:-trireinit

of ti-.e dan co1lsi.sts ':f a cieifai-c deposi-b of sand de-¡e-i cpeci

on a l-acristr-iae ieposit 1r-p bo z}t feet th:l-ci:. These sa:rCa.

sc-il-s lrave a h.jgh perraea?:d-it-by i,n4"j-cal,i-n.¡,:, 'bha'c tirere r*ay be

iri-gl: lcss +f ::eser"toir lva'Le;: -bc gnol'-nil ,."ta1.er s'iarage, Tite



soui,h bamnz of the rí-¡er r¡all-ey ir; t,l:e areâ o¿. the dan i-s

eroded a;:ld ccnsists of sandy soils, The reser"voj_r banT<s

arle ¿oonn¡ed of, coarse text¡-ired m-aterìatrs. Tr¿ternal drainage

ís gcoC-to-exÐessj-ve* Bedroel¡. ín t!-re area of '{:he dam and

nesen¡¡oír cû3tsi-sts of s1-:ale anú hentslníte,

åc'Lual- fíe-!-rl seils drjil_ing have bee:-r cae.ried

ou-t al, the pnoposeci J-ocat,ion far Tsam /14'¿¡hícir rvou].cl be located
j-n t,he vicinity of P"?,FI , /131, .¿Tssj,ni-l:oåne R.iver Crossing*

Thi-s location ís the location ttr'rat rças oz"i-gina1-j-y selected

as t,he proÍ:osed sj"te f,or t3:e onÐe g)-roposed liol_'?and Ðam"

$oil- drålling (f ) at t!:e såte 'indicatecl that sl-rale rvou]-d

l¡e located at appr"oximatel-y elevat:!_on 960 ancl r*as cover.ed

by g3-aci-al c3-ay, altr-uviatr- ctr-ays and silts, wít,h sand located

at the surf,aae. The river itself has been al:l_e to cli-L i--i;s

channel dorvn tc shale at tl:is såte eliÐûsång on åts '..a31-ey

sj-rles 'che dåf,'fene¡at soil- horizons, Thås generatr-13r confj-rins

t-,he informatj on obtained fc.om the soi-l- siree'Ls,

ïn nevi-err', the ê."sså;rå?:oi*e Val-ley irl t,he reach

from nam #1 to tl-re Soun¿s Rio¿ea. conf,l-uec-ìce i^.¡j-th tTee.å.ssån:--

?:cj-ne ci)11-s j.st.s of, a1-!-¿1.,'åa1 Ceposíts " lhe deptSr af the

alAv'¡ial- deposi-bs ås not lr*nav¡m, Gemez:al1;r f-}:e ri-n¡er -r-s

ez"oetrã.ng Í'cs ban?*s and i-s i,m tlne pl.Ðcess of degrartring the

rjo¡er -,taT'l çt,. TTre p::c?:I-ecis an'båci-paôed wí'çlt tl-:is --Epe of

f *'-:.nda',{:i-*n eartç3i"c,.åans a?* set-L.}er¡e;:'{-,, pcs síi:X-e p:'_p:i::g, e:ç.^

cessj-r¡e peø.eo]-atJ-ozr losses, ei:csien cf t,he rí"-vet bac?ks, and

t,he -!-argest ;:rcbSem o'f all-, emha¡rkr¿ent stahå-l-å-{:.y" I-lor+e¡.ex'



none çf t1:ese proT:3-ems ap3]ear" 'r:o he severe enough te nr;.le

out the possibilit]' cf, constnu.ct'ing Ca¡rs at t'he sel-ected

J.ocations,

¿." Revier'r cf Fo¡-rnda-Lìon Co::.cli+;íons on the Soug'is River

Ðarns i|5, #6 and lf7 are trocaterl j-n tlie reach of

tbe $ouirås 'çhat l-åes be'bween the Assiniboíne River ancl tl:e

cenf,luence oil the $o¿rris l{ír'er and t},e FemÌ:ina iìivez' r,/aI1-e¡r,

Ti:is section of the Souz"i-s Ri"¡er is rel-atåvel-y }'ou.ng and is

eroeiing, Ttrrås sec'bion of the river is characterízed Jr)' a

narrow valley rvith s-beep baclþ.s, "After th.e l-ast g3-acåal age

Gl-acia1 Lake ,9ounis draicrecl 'Lc T-ai<e Á.gassJ-z b¡r fol-lovrJ-ng

r,,'hat is nolç tl"re Pem.bina -Eíver Val-ley, i{ith the g'laçisf'

recedi-ng to the north., a triï:i.:.tary of, the Assiniboine Ríver

eroded back and ttcapturedlt the ßouris River gív5-ng åt an

ourtlet alongs its g:resent cûu.:3see The rçest er¡d of the

Pecr-!:ina Ri-ver Val-ley (knor'rn as Langes Va11e3.) and the $ouri-s

R.ír'er \¡al_lel/ are located at elevation L375" Because the

F',$,Lu of, Reservoir' #7 is l-400, it rçål--1 i:e neqlessar3r i--o

cons-bnuct, Tarr' /l7lu eas"b of bhe eonfluence of the ,$o¿rris and

FernÏ:ina lìíver Val-leys ín orden to prevent water spi-tr-1ång

or:rt of the Souris iìí"¿er i-mta ttr-."e r:ptrrer neaches r:f the Fenbina

¡Ðui*¡er YaLLey" For" Tarn #7 (F,$.L, 135C) ^ssociaÈed 
r^ri'j;h the

Rrrmelacly aanatr, Tar:- /f7þ." wíaA not ?:e required,

Soi-I-s in thj-s c"each of the Scuris YaALey are

ver.y fåne, sandy l-oams t:a e3-a3, loans q,rhích a¡.e founcXed fln

lacnst;:ine cleposi-ts z-n t'he area of Ða¡ns !/5 and #6 and on

r;-n



boulrlen tåLl- which 'i s -Founcl ín i-ke geEleral area c¡f, *ams f¡7

a il-.ancl f;'/h ø

wi-th constrr-letíon of Dar-'is #5, #6 u /17 end #7& wi-l-l- 'oe seepage

ancl s1:abål-'i'Ly pro?:3-erirs assocíate<l lvj.tli the claai and the va1le-v

iranks, Tt is nct expected tltat settl-ements b'il-l- be exÐesså¡/e'

The g:otentíal frost heave assocåated with sandy troam soil-s

may cause pnoirX-enis wíth the desJ-gn of tl"ie spil-J':rays'

Ðam #8 is locatecì im¡redåately r*es-t of }ìartney

ín an area where t?re soi-l is essentiali-y a troam,r. sand'

Seepage pnclrlerns can 1¡e expect,ed rvi-th ttrris si-te" $e'Ltl"emen-f;

or clan stabål-íty shoi-ll-d not J:e a problein.

Ðams #9 and lim are l-ocaterÍ. immecliately r-rpstream

of, the lril-l-age of Hapintr<a and f;he ?orvn oi I'i.el-i'1;a. on the

$o¡-rrås .Ri-¡er, ?hese da¡:Ts are '!oca'oecl in are area ín which

the $ouri-s Va11e3' is coverectr by -l,oar,iy, Ðoarse sand ove-r

gravel cleposí-Ls" SettJ-ement, and dair settle¡:rent s1:ould not

1¡e a rnajor probleia at these two síLes. There is a frossíb-

ili-t-v t?,at íf the si-i-ty e3-ay deposits covering i;he valle,"

in thi-s area cioes not extenC to f:-rlt supply level- of *am #9

+-hat soËie wa't--et: ma¡l }:e lost La'çbe graveJ- deposi-ts forr:iing

Ètr:e high ]:anks.

T.)axt flLA is tire fårst darn 'i-n che proposed s-ysteit

l-ocatecl in zïte U*S"¡\, Ðal:l #l-l- is La*a{;ed. i¡i::aedíate7-7¡ 'sp-

st¿.eam *f,- "c!:.e ?oi,gn of ?or,¡i:er =-n 1:-he v{si¡it,-z of U"'5" ilåghivay

ilr.il atu a

ït j,s antj-c5,g:ated t'¡taL pno?:1ercs associated



*art f,lal is lccateC on tÏ:e f1,oo'* of G3-aeía3- Lal<e

$ouc"is" The Souris ?í""¡er jn t1:i s area llas cut j-n.Lo ihe

bct'co;: of t}:e 1.ake" fn general, th,e rívet l:otto:,l consj-sts

of out,l"¡ash a*'ð. ínwasll deposi-'bs, No inf o-r';natåon j-s avaål-able

as to r!].:e nai-ri.re cf 'bï:.e:nateríaL for¡:,in.q tl;e fou;rda'Ð'io;r f-or

tl:e pr-cposectr .ru* 5u.'L is assumed ilt.ab .1;1.:e us¡-i.a.l- prol;1-erl.s of

settlenent, seepage anc.l s t,a1 il- j-t-1¡ as scciatecl rvi bli 1J aciatr-

lake l:ct'l-oi:is '.,ril-l- be presen1:"

Ðar,^. !¡lLZ wcul-cl be lcca'';eci in the general vi-cåníty

of '{,.he f}r'o1-rosecl r,Iel--"a Canatr Si-piron, a co:r"pone:r1- of tJre e,ar-

riscn Îiversion Unj-t (lZ). The prel-icri-:ran,:z j,nves'cigati on

of the proposerl siph<ln sj-'be revealer:l ,l-T:,at, nat,erj-a1s fE:'n;riizrr".

-bhe f ounda'Li on f or L'¡te siphon are ch-i ef,l.v of tr.,ro 'cypes :

g-l-aci-a1 'c,íLl- anc'l associated sands and graveJ-s r¡n the a.b¡-lt-

riren'i- s, and all¡-lv:'-aJ- cI-a;-s and sancls i-n the .¡al-ley. ?h.e

"¡al1ey ll1oon *ra}r present solne probS-eins asscci.ated rvitli setbJ-e-

m.en't, and seepage losses" 'Ihe val1 ey watrl s, honqever, should

presen-b su.itable Íloundatio¡ls f cr tire dam ab¿¡.t:re¡l'bs.

In general, tJ::e Sou.rj-s F'i-q¡er prcrrides a ln-*:ch

'nett,ey, f,oi-inclatio:: conrl:-ticn for 'c.he ccixstrì-1ctìocl of rJar's

ti-lan ctroes '{:.1:.e åssia:-l;oine ?'in""e::, il'llere cioes not appear to

l:e an;.r probtregis seveÍ'e enou.gi: tc r"'-ile out tire possåb11-ity

cf Çanstl:t).ctín¿1 a dam at-, a3f;" of bhe sites seSecte<í*

5 ' 3r:s*o*'tJeg
Fo*nda'cio* condi tions a3-o:lg -*he l¡ss,-!-ni.J:ci:--,e anri

$+r:-ei.s Ri-ve::s are su-*h tlat, geaeratr and di-ffec'en'ri-aT :rÐj,¡e-

ÐOf::-41



rnent of ihe da¡:ls arrá structuz"es associ-aifed r'¿itÏ: dams can

be expected, For this reason, maxinum flexibility wíT.l

have to be l¡r-rilt int,o the str¡-rctLrres' Since fou-nclation

requirernen'cs for eartSrfill dar¡s are less stri-nEçent than

for other types of dams, earth dams wil-l I:e used on thís

diver síon "
6 " "ê" vaj l-a bél:lt','__a f _!_ans t r'-!l-q!å-a!--lta tgt¿êaÞ-

Tt wou.l-d appear l:y a general appr"aåsatr- of, àhe

avail-abl e nrateråals in the area that nuch of the construct-

åon ¡nateríal- for the constrlxct'í on of earth e¡:lbantr<nent dams

j-s reartríJ-y avaj-tabl-e near each. dam although much o:fl the

¡naterial rvíll no'{; l:e of; the highest grade" It is expected

that much of {,he aggregate for ttrre concrete work rvill have

to be rnarru.factunecl T:y screenång and washing native mate::ial'

$uitable materiatr for ríp z'ap nnay l¡e diffj-cult i.o f,irld in

suf,ficíent qu-antitíes" I{or*ever, -!n general, most ¡:raterial-

r+il-l- be ava.ilable ''o¡ithin trventy mil-es of each site'

ts-9

7, DesíapL "JÇogls*ideea[b:Lg

For the dei-sgn of ilans /ÍLu ll2, í!3 alr,d ll4 ít was

assumerJ icir'ai-'b!:e fine to coarse grained al-l-uvíal- soils form-

íng tl:e .Érssj-ni?:oj-ne R.ir¡er Vatr1ey J:otton in this area had

slrfficient l:ear:íng strength to ',víthsta¡ld 'bhe 1-oadíng of the

Can:. r,¿ou-l-d img:ose Llprn it ",+itholit excessive amoLr.nts of, settle-

ilent developing' llor,revea-, in- ¡"4/AS assumec] t'hat t;he shearång

strength of the f,j-ire graåned al-1-z-to¡iaJ. ctreposi-ts l"ras l-o"tç and

that tleese depcsS-ts extenrtred lo a deptl: g::eater" Èhagr 'uhe

Ðasrs on .þ"s si-ni-boi



Ï-.eí91:'r: of Llae dan. Because at z;he possil;'i1í-Ly cf the s1-i,p

fail-¡":-re de=¡etro?¡in,q underbll.ese cond-!tioTls e tl:e clesíg:r of

ùire rÍac¡. cal-:l-ed f,or f-1-at si-de slopes,

Becar¡.se of the avail-abj-Lít3r of i-r:tpervåor-'.s and

per.rrS-ous f ill- mat.enial- ån -Lhe geereral- r''r'cj-nitJ¡ of the

st,ru.ctunes¡ a rolJ-ed ear"th llil-l- zonecl emi:ank¡r:ent t;rzpe of

constructåon v¡as aclopted f,or tl-re des-ign of -i;he dams ' Tl-re

avaílaj:le ;:ervåorts t)orrolr' cûnsis'{-s príneipaltr-y of sancl ancl

sílty sand, rvi'ich is not icleal-, but is acceptabl-e fon per-

r,¡ior-rs secti-ons of blr.e en?:anlç¡ren'b . Trtpes'vi-ou.s nia.te:'i-a1

i^;ou'ld be avail-al:l-e fr"on the l-acu.strine deposi-ts unrJerl;'íng

the sanciy su.rface deposits in the area, The spi-lhva¡' I'.roulcl

ire l-ocated ]-argel;r on or¡ez'ì:urcien and r'/ould transverse mat-

erj"als var-ving f,r'¡m sanrls, ivith higle potentiatr- fc'ost heave,

to J-n:per","3-ous cl-ays r,viti: p:'obab'l e sn"rel-l j-n€t p::obn-ems, Ttrre

pu-nphouse co:rdr:,i'¿s 'rvoutrd be 'located on ihe valtr-ey floor on

an i-rrper"r.ic¡us forlnda'bion" Probal¡le prcl:ler:is lvoul-d be initj-al

swel3-ing oJl 'Lhe consolíclated c1"ays, set'bJ-ement, anrT d'iffer-

ential. se'f;tl-er¡en'Ls causecl 1:y the l*e:-ght af the ctram emtranknent*

Tire pretrir:rinary examånatíon of the clam site in-

rij_cates that da¡ir constru-ctíor¡ will l:e diff,-t-cunt and costly.

ï-lor.¡eve-:l , t1*ere j-s no reasoo -bo believe that tl:e prroÌ:lem ivål-]

i:e so senious as +*a r¡,¿le o¡-rl- ¿he sites ehosenu

I " !es4g&*qçcq-åq1ç-{:a$i"çitj;.or--Q-aq ç." se. SgusJ'-s

B-io

Ln genera3- , Llte fou"i'ldat'i on condi-ti.ans f or the

cla¡¡rs on the Sai":-ris R-rvez" a:ne niu.ch itetl:er ttrran'ç1to.se en lhe



Àssj-clåiloi-ne llål'e::* ?he val--l-ey bot,to¡n ûn tJ:e So¿rrås F'íver

sirould i:'"a,¿e su.f ¿'icieErt bear:'-i:g s L.reng'ch 'ca rvitlistand 'che

loading i:nposecl upcn it ',vithout excessi=¿e amount of se'btle-

ment, Tt is antici-pated tÌlat becau.se 'bhe clept'ir Lo f,i::n
Lïollrlca-cr-on rciål- on the Élotr.ris) ¿* less t,han that on tÏ:e

/nssíniÌ:oíne Rio¡erLl¡.at foundation c'rndi-ticns on bire $our:!-s

R-i-;er are ex¡:ec'cecl i;o be nuch less sec/ere than on t.!ze.fassin-

il¡oine River. I1or,,'ever", it v,'as assu,med tliat the shearirrg

si.rength of '¿Jre fåne g::aíned all-uvi-a.l- deposits xrras low and

t,l:at tl.rese deposåts extended to a g"rea-i;ei: deæth 'bhare the

l-reight of the da¡-;t, ;ll'tlaougli thís j-s prcbal:ly no-u, tru.e for

man)/ of the sítes .or:. tl-:e ,9ourås Liver, í-u i-s d-iffi+ult to

assume otherl.Jise i*ithout actu.al scíl- T:oríngs on tl:e proposed

sites" TJnd-er tllese circu-rastances it was ctreemed advisal:l-e

to asslrrle tl:e r'/orst pclssi'lll-e conditions" Beca¿rse of tlie

possibilåt3' of a slip fail.ure elerrel,opìn6ç ti-nden 'bhese con-

dítåons, the design of 'clae clams called Ear fl-at sj-cie slopes"

Becar-'-se of 'bh.e avail-abi-lJ-t;' of i-mper",'icus a*cj

pervious fill maíeríal- in ti:e general våcinit3' of tÏ:e

structuz:es, a rol leel eartir f i11 zoneil enibanl':¡:ren1. type o-f,

cons'cru-ct-i oe-l lr'as adopted f or- t'he d.es:Lg::. of 'r,lze da¡:ls ' Ïn

,gene-r'a1-, i-he cor'":llen-,.,s attril>ut,çd to ille avaí1a,bå1 i'L;' ç¡

bcrrol.:¡ s¡j-11,i';a;' -l-ocati-oirs, ancl pnnphouse ccnctru-j-+-s apgl-j.-.

ca..bLe '¿o t.he dans ÐÐ t1t.e åssi-nå]¡oíne Ri-ver" are a.3¡p1-icai:?-e

Ð 1'lU-}J.

The pr"elín,ì-nê.T|1 ci<-?trå:-nati on r¡f "t:lte rXa:e s j-i:es



indicates "Lirat the ciae"r c¡nst-rv.r:1:ían rr'i11, be clífficult ancl

ccst13', Í+J ås not anfåcipaterJ tirat alr;" forr.nrla.tj-on proh-1-e:i:rs

ruill devel-op ij:at r.¡ot-r.l-d Ì:e seriou-s enoi-rgi': 'i.o r¿rle ou.t t'ln^-

sites cl'ìos€s'to

I " Ða¡a ?e_qígn

i'' p::eJ-ininar¡r d-ssigal of a ni-rnJ¡ez'

¡¡larie using approximate <1esí,çr procedures {ç)

di-tioil rvhez'e the ctrep'bl: to bed'rocl< under i;he

ireíçJ-ri; of, the äa;n' Tt rvas essu-n:'eC that the

material consj,steci of fine ,q1t'aii:.ed rrrateniatr

shear ii:.g s tr"eng'{..ir 
"

Tì '1 .)

The resi-:-ltíng clan cc"oss-sectåon for tl':e concli-

'oj-orls clesari 1:ecl aJ:o.¡e i s incl:.ì-ca-beii i-n Fr-pu:e B-1"

íi1_tirough i-t rvas anticipatecl tha'c foundation

conditj-ons ryoulcl i:e conside::a\';7-y less severe on t,he Souris

il-j-r'er tl:an tLre .åssj-nil:oi¡le lìir¡e:: s i'1te salrle desigr: assl-ltlp-

i.j-ons r{ere rriacie for i;lle ciarrs on tile Souris as }'!¡ere nade for

the dans oi: -bhe l''ssi::iboine ?.iver.

l- 0 , Ð-p-i-l,l,rrs:,1-alJ. $ele .-&sS i.ga-cg¿!s%i

of rïa¡;rs r,¡as

f,or f-he con-

dani exceeds the

f cu-i-rrtration

wåbh a 1Õ',v

.ås po-i-n'Led o*t ín ;\ppendi-x 'å, ì;he liraxj-murt Eloss-

ibtre fl-or:os on '{:ire $o¡-'.rj-s anal -assi-niJ:oåne R'å-¡ers are i:l 'che

ord.er of 80rC*O cfs. ancl 87r000 cfs, Tirls j-s "ç!te o'edet of,

:eagnå1:u-rle of fl-orE t"c'av the spi-l-1i'"ai's or¡ the $¡:¡-rrås anql P"ssin*

i-b*ine iìj-ver"s .¡,+eu-lrl irave to l:e desàgi.led t,o hand-le' Sia-lce in

a sr-l.ppI],- syste*: sr-rci: as this cliversj-o:l lit't'7'e or nÕ s'üora{Je

r,Jor-¡,1{:i be avaí1a'bl-e j-n tire :-.eSerr¡aít l;c reclz;.ce {-l:o maxír:i.i.;.rt



pÐssj-i3l-e f,ioods , i-L wculd i:e arecessaÍ'y ta pass 'cl:e fl-corls

t'hrcugh the syste;a vti-tb.a*l: aTay a*p?ecial¡'!e s'eduetion in tite

peall,

-i?or" bl--j,s reason t,he spil.tr.irays ','¡o;,rl-C have t* he

fitt,ed r,vitl: qa'bes so 1-.]¡Lat- the reservciz' J-evel-s cou'ld J:e

nanåpula{,ed '¿o pass the ciesign f-!-ood r¡åth littl"e ince"ease

iir i,he rva'cer" s¡-r¡:face of tl:e resei'voi-z'u

l- l- " ll:q-t-p.-r --"? LlleåF-å o-{i. Ð}lf-+J} q-" Çp,rì-qån-u*c--t-ågE

Fo:: th.e Furllose af tlni-s str:.CAr it was assu,rted

t,hat the ð.i,vetsi-r¡n of, ttrre mctrtaL ri'yec' ftrcr,.' a'aS accenodated

irr t!:e pumi:ing statåon "*çd¡irlts during t.he cons'{-r'l-1cij-or oio

tire ctran" TJre conclu j-ts woul-c1 be consb::uc'ceC at t1;e T:eginllinci

of da¡n ccnstrlicti cn and ilae river fl-ow di vered to thera

l^¡hi-l-e tl:e da¡a was eonnJ-etecl '

R-] ?

I'b j- s gros sibtr-e bit cons'tr;;:r-lct5-n¡g 'bhe r:.pstrearil

clans on tire Sourís anrl lassi-nåJ:oíne ?.ivers fårst -,i,l¡at a. si-g-

ni-f,i-can'b sar'íng ín cof,fer"dans costs co¡-ilc'l Tse reafjzeå duriure

const--r¡-rct-ion b3i stoni,ng pea.ls: ru.noffs å:l j;he reservoi::s

created by these clams and releasizlg- t:1*.e uai'e.t' r1u::íng l;þ.e

yeal. and tirus ¡sdzrcl.T?g 'che peatr< stages on these rivers.

Sj,nee this stuc.li' j s p:e1-ir,,í:rar7- j-¡r nature i;his

aspect ",',,as no'L inr¡escip'al.ed f¡-.r-r-tr-he¡: *

7,2. þ!-.-"q*i-sq"s"p.q .:l:ep"pÆ.9.çr"ga' åe="*gcf a,rJ-i'g. "e,r.F -é-es,ga"gp-

E-,'aï-l*:r"atio:: J-cs ses cn i;Ile As sini-iroi-ae a::d" åoltnås

se.¡:r¿errbs *-f tlte ,Jå."¡ersion are er-7tet'Leå L* azrera{e 6* r5AA

a.are-f eel, and 244 j*ûÇs ecre*feet respec|i"vely i:asecl oir a net
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annual- evaporaticn of I and 15 inclres on Èi"re.åssiniboåne and

Souris R.ivers respec'citreT-y,

Pereo3.aLioa l-osses -i-ni;o tbe l:anks of, '{;l:e .'.å,ssinå-

i:oine anel Sonri-s F"i'¡eq"s ane di-fficr'¡-l-i to cal-cul-ate r.¡íth arry

accurae3¡, T?r.e l-oss af waLer t:o 1;'ne ggou-ncluater aqriifer is

rlependen'b :-1.po1f the t}'pe cf aquåf er, the ir3'dçat'"1-åc condi;-ct-

i-tity, storage capacitSr, and exístj-ng hydnauli-c gradíen.t

al'ailai¡l-e i-n tire a"qr-rifer¡ âs rvell- as the leve1 of the rsater

tal:l-e i-n rel-atåon to t1:e F",5"L" of the reses'voír systern {ZZ},

I."'en if hi-gh init-ia.l- l-osses are experienced it is ant'icig:ated

'¿hat tl-re J-osses l,vil-l- drop sharnl.l as the avaj-lairl-e Tr;rdrau.3-ic

gradi-ent ås flat'Lened b;r the raising of, i;he r.¡aten baT:le in

the gen-era3. area of, the rese:.vois'" It is aniicipated 'i;haÈ

the general ,ground rvater conilit j.on rvi'ch j-n tiveat-o,r niles of

tlre ¡:ese::voir '¡¡il-'1 he eff,ectecl i;3' ¿i." eirrpcr,=,ncìnent of r'/a'cer

ireiríncl 'o3:ie proposecl dans, Tn the case of 1,he reservoir"s oi-l

ihe Assinål:oåne Rír'er the grou,ird lvaten regirre nay be notice-

aTr13. cfian.qecl rvi-{:l: a si-gnåficant chan,3e i-n the nluiti:er of

springs develor¡ín.g along ti:e slope of tl:e ilanítoba Escarp:

neat, irio attenir:t 'tr'as lrac:le to +aLev.lal-e the a;noi-r.nt of I'lateq"

a¿1;ta''; nay T:e 1os'ç clire to pes'co1-a-båon sínce it r+as fe1l" that
'bhi-s +-Ti:e of a s''í;udy lvas beyoncl f;he scoÊe of 'ciri-s repo;"'b"

Fercolatioa l-osses intc ',{.he 1¡anL<s of the Sourís

E j_r¡er a.re j2ilr: e:<pee'i-ed 'cc cau.s e aay d.;-f iicul.t:-es , T1'le Fef'c*

o3-aLi-oit l-osses are ;ta1. e:ipected La a.l-Le'r' t}-le grou,nr] xatev

regçårne si-gnåf :'-c am'c1 ',, aLoni th.e Sor-ir j-s " $om-e si:r'i-zr¡1s nra;r



rfevei,op tn 'i;ire -¡j-cinji;)' of Lam #l-1 r.,r'!:srs l,he #ourås R'iver

l-eaves gLacia.l La1<e Sou.::j.s* I'1os-b of ii-re prol:trers a3-ong

tlle $our.-is are e:<peci:.eri tc i:e rel-ated to seepåge l-csses

ratherbl'ran percol-a"bíon lossês ø

Seepage losses wllj-ch are u.sì-1411-y constcferectr to

be -Li:e los s or' rvater from i;he upstl"ea.m impouncL;iect to ilie

ta.i-1r¡ra{.er of the d,ara are expectetl to presen-b a. pi-pi-ng irroÏ:-

1 er: ån the da:¡i f oundation f or inost of 'che clan Lccatior:.s

Ð-15

Ðoirs:'-derec1, It ås antic3-pated bhat ir-l o;:c1er tc cce-:Lrol- thås

l.oss sc as no'b tc ca:-rse any di-stress ta 'i:lle c"-ai:r f*u;rdatior:

't-l',at sui-ta]:le cut,cf,fs vtlT-L har¡e to be ÐcnstrLlÐf:ed* The

c'lesigln of 'Li:e clar: erebanJ,<mer:t r.ii-l-'l ha-¡e to l:e such to recT¡-r.ce

seepa!îe ttr;ro',rg;h 'Lhe dan p::o¡er to control- seepa.c,e to ar\

acceptaT:le l-evef.,

1-?. Cost Esti,nate

F-oi" tire :rL,-1"pos e of e sti¡ræt j-z:*'1 tlle ccst +f con-

str¡-rctj-;rg t1':e dains, a relr-ievÌ \¡tas ¡:aie af- a1 I da;ns of an-y

s-igi:i f rlcani; s:!-ze {i* ei{cess cî 33Ð: Ð00 cribic yards } eil:i:"er

pz'cposed or b¡-i j-l-t r:n- the LEs sínì J:cine, $ou:: j-s ûî' Per¿h j-i:a

ff r'¡¡aæ e

for Ða;n

Tn t:at,a3- ni..ne Ca.¡ns l{ere re",'åewed" Tl"le e"ct':a1

cost f,o-r" Ll-ie cl.arii p::care4 inctr-r*'";1i n3 eonilir j-ts, spi--1-1r.va3's, ani

gates :'1:,.N e::e.l-¡,¡-dlin.g reservoj,r riar:ages, råg1-rt:of,-r",ta]' and

c-ì-ear::-n; ccsl;s, anrl tiie nu.n?:en cf, cv"'¡i c jtards cf, er;r1;,artt{T}en+-

in eac.l: d.azt. weve 'r,a.'Tsu-Lacæçi as strio:'.'n i-t: 9a1:.,3-e B-3." -å er:'sí

'?f,er ct:1¡t-* 3rard. *f e.t:thartlçzr:cnt 1./as es'¿a.ï:li sþ'ed aæ"d 'ci:ese



pl-otted to forn a t?vol-utre of, eiilhanl<ñìerìt versT-ls cost Ðer

cuh'ic Srard of en,1¡anir:¡lcl1'L11 cürtr¡e. ?3-:is is s1-1.oh-n in Få.q"rre

F,_ 1

Cost ol' constrilct¡'ng tl:e dan i;: ti:ís stu.rly r,¡as

calc'i-rlatecl ?:y compi:-i;ing the ""rol-ij.rrte cf embank:nent at eaclr

dan s-it,e, i-'.siirg the s:,lte crcss-sectåon and seven bo one

såc1e sl-opes i:otir u.ps'{:.rean and clor'¿nstrear: of 'che d"ara a¡:rr1 a

5O foat dan 'cop, and ol:tai:;.íag ti:e appropr.iate eost pei:

a¡-:.1: j-c yarri o'f enj:ankn:ent fncrn FJ-gi-rr-e R-1,

D 1/-
;-] - _L U



The eost of 'r"he dams l-isied in ihis table t¡rere
obtained from eonstruction costs for dams actually
built and from cost estimates prepared by various
fed-eral and pror¡incial agencies for dams not yet
brril'b 

"

Assiniboine River Dams

Tab1e B-1

COST OF ACTIIAL DAl,1S

n lrtI).I /

Proposed Dam Upstream of Brandon

Reservoir Level 1 $ Sreo&rooo L,953rooo cu.yd" #2"67
Reservoir Level- 2 Û 6rt+6tr7oo 2r72orooo cu"yd" $2"38
Reservoir Level- 3 $ 7'r3ro;oao SrToorJOO cu.yd" $1"99

Holland Dam $lZr8Z8rOOO 4r2OOrOOO cu'yd." $3"06

shetlmouth Dam $ 6rBO5rOOO 8,81OrOOO cu"yd. $0,77

Souris River.Dams-

Proposed Dam

Upslream of l.Iav¡a.nesa # 7 rA69 136o 6'?50,000 cu'yc" $1,1ó

Proposed Dam

Upstream of tr^Iawanesa $ 4r74Orooo ¿+TOOOTOOO cu..ydu $f"f8
Proposed Dam

Upstream of souris # Lr627 r37o 33orooo cu"yd, $4'94

Pembina River Dams

volume ofJ cost/cu"ïd"l
Cost Embankme.nt of Bmbankment

Pembilier Dam

FSL 1141,5
FSL 1093,0
FSL 1053

St^¡an Lake

FSL 1340
FSL 1365

Pembina Dam

Lolv Scheme
Fii.gh Scheme

$t5,a96rOOO 9 ,965,OAO eu,yd, $1,54
$ g, çZg, ooo t+'r7 50 ,ooo ci.l" yd' $l' 9o
t' 6',57b'roOO 2r45OrOOO ctÌ,ydu $2-68

{;3r95trooo Lr62t+,ooo cu-,yri." #z"l*3
8 6'rbz8'rooo h.'rglþ5,ooo cu"yd" $f"30

$ 3,zzorooo L,21+B TBBO cu.yd. 5Þ2, 50
b 5 rzt3'rl,5o 2,969 ,!60 cu"1'c1" . t,76

I" See Figure B-2 for a ploí of these figlLres,
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L. firtfcdllcþ-pa

"å r.rajor conponent <¡f 'bhe Lake Ï'{anitcf:a-Garri-son

Ilir¡ersion i-s the reservoirs, Ì' stui;r ivas conducted of the

some 430 sqLrare niles of årea to be f,loodeci'bo assess-bhe

c'larnage caused by I,le cûFìstru-ctior. of 'che reservoir systeie.

Tt rvas fou-nd tl:at the To'øns of Hawanesa, $or-rri-s

and Î':ieJ-ita, låanitoJ:a and IJpl-ran:, Velva and $awyer, ì'TorLh

Ðal¿ota lvor-,,J-d T:e fl-oodect by the cliversion' Tn addíti-on,

over 25A farrasteads, 34 vel-ricul-ar i:riciges, 9 raiJ-road brådges

ancl 11 ciarns lvor-¡.lci J:e efroec-becl il-v tlee dive¡:si-onu

2, QÇsdv- Aete

Ðata f,or the stu,dy rvas ob'i,aineci f,c'orn topog:*aph-

ical- pX-ans prepared i:y the Govez'neient of Canacia 'E'¡.r that

Srort-ron of the <iåversj-on j-n Canada and fror* 'copographical-

plans prepared hT iulrre U"$"1'rn governrilent for bh.at porëåoa

of 'b!re di-version in Noa"j;h Daltota'

-åcic1i-bi-ona1 infornation as 'oc t'he Aoe'atíoi-'- of

vehi-cuJ-aa" b::ådges was ob'cained fnont the }-lighway naps Fee-

grareC by'cl:e Province 6f, þiszlitoba and the #tate o-f liior-bh

Bakota,

3 " _I$-Wrp*_Ie.pl.g"åed_"j=n*F.e Egz".æ;.lr Ðagege¿

Itenis i.ncl-uded i-rz -blr.e assessrnent ef reservci-r

&gPESPr4**g

R.ÐSEI{VûIF. Ð åi"ifrGÐõ



danages þJere land costs, clearirlg cos'cs, repJ-acer:rent costs

for railroâ.d and vehicul-ar bridges, re1ocation eos-bs for
'far*rstea<is, .¡j-i-'iages and tow¡:Ls fl-ooded Ïry the iiiversion*

4, ReLos+Sr-op Çqq* g-

calcul-ated

(") Cost

Tn order to establish a monetary value to -uhe

darnage caused- by f3-oodJ.ng of these Èowns, it was decíded

that this woul-d ?re represenöed by the aost of relocating

1-he popuLatioa of these tor,vns i-n new towns u

The l-969 Conrnuníty Reports, Departrnent of fn-

dustr¡' and Com¡irerce, Pror¡ince of li{ani't,obau ín conjunction

rvitir unít cos,í;s f or homes, T:tr-sines ses, and services, were

used 'bo establ-ish 1,ne cost of, ccnstructi-ng the ner.r tov¡ns

of Sou.ris and Ïrtelíta" These figr-rr"es are shor.vn in Tabl-es

C-2 and C-3,

Iìeloaation costs f,on tolvns and farmsteads were

as f o1l-orvs:

of Relocat,inE Toluns

Since siniil-ar conr¡m¡nity reports were not avaiL*

abl-e f,or the remaining towns j-t was decided to u.se a per

capi-ta i:asís foz' estíreating -bhe cost, of nelocatíng 'che

renairring torvns T¡a.sed upon 'che per eapita costs establj-shed

fo¡: relocating the Torvias of Soærís and l,{elit,a" For this

pi-ì.rpase , tlle per aaçtil:a costs of relocatíng f,oc" Souris and

l'Iel-i-La 'd'lere plot'Led to otr:icaj-'n tl.re ner aapit.a cos'c slaolvn in

Figuz"e 11* ¡ *

Ðetail-ed cast estínates of s'etroca'bång t,he To-,¡¿ns



of ï'Iar.qanesa, Upi:an, Vel-va

ïn st-lr"narl¡, the

r.Jere as f,otrtro',+s;

?or.¡n

T''lar,¡a.i-lesa ó,56
Souris 2000
I'Ie'l ita l-200
Upham 333
Vel-r¡a l-3 3 0
$awyer 390

ït i.;as assuned that

]:ui-l clíngs ",'/or-.-1d cr:ver th.e cost
.Lhe ol-d buíidings "

and $ar'.ye:. are shcr,.Jl'l

cos-tls of c'el-oeatín,q

Ponul"ati-on
@

(¡) Cos_'l; g[*f"e-]-$cating _trar¡ng'1;_eadg

To estaT:lj-sir 'che cos-b of pu.:.chasin.g or relocating

the farmsêeads, it lças assur-rned tha'b an aver.age farmstea<l

consísted of, house compl-ete r'¡itll a rt-r.rrnJ-ng rrater. ancl ser^Jer-

age systen, ?:arn, ir:rpl-er,rent. sherl, and vanious other r¡ís-

cell-aneous she ds 
"

The cos'{: of an average farnstead ll'as establi-sireC

Total- Cost of Relocati-nei

ísr 'f'airle C-ð, *

4.haqa 'j-^t.rtre
v u Jr:r Ð

ç 7 ,5oor ooo
+)23,oooeooo
!ìaT 

'000e 
O0c

$ 5r 650, ooo
$18 , ooo, ooo
$ 6r64oroCIo

the salv¿¡gs va'lue of the

of renovi-n¿5 ol" denolishíng

as follows:

pu,rchasång the f,anci l-and" T1-¡is is íncl-'"ldectr und.er rígh'{r-of-

\úa.T costs" T'L rvas assrured 'b\=et, '¿he sa3-vage I'al-r:.e of bhe

i:uí3-r1ångs røc¡..13c1 ecver tlle ccst of, rem.oving or 4er¡olíshí*g
',;he ol_r1 b;;i idin,rs "

IIome:
Bann:
In:plernerrt Si:ecl:
l'íiscellarÀeous Shecls :

Totárl- Cost:

Ehe al:o-:¡e cost cloes not iircl-ude bire cost oî

$3or ooo
15, ooo

5e ooo
_ _5,p-00_

$ 55, 00c



\. I-anrl Ccs-bs

Land aostrs \te?è J¡asec1 'J.pcn Friaes pai-c1 or a:ltj--

cåpa'beci fcr l-and in the area on r+i¡,ich 'çhe ltrater" Contr-otr al:d

Conservatåcn Branch, Pnovince of l''ianiLoba an¿i other agencies

I./ere prop3siníl; to cons'bruct or ha-¡e constz-ucted r,trater resol-lslce

trrojects "

6 " ÇiyiL.-EF;:i{Leeqåqr.E }{çÍi<s

(/ 
- ¿.1

Cest af cûnsbr:.r-cting cìvíl- engì-neeríng rvorl<s

snch as ?rr!-dges :r,Íe;:;.e estímated. ¿rsing, çhe pri-ces otr'tl-ii-:eci ån

ó. n¡an d i r: T.^

7 * Ð"ap-ageg

Tabl-e C-l- contair:.s a detail ecl accourntång; of

da.nages fo¡: '¿he 70eOÛ0 cf,s" sch.en:e. Ðat*ages f,cn i:,he 52r50Cl

cfs", 35rCl$CI c-îs", and j,\rsCIa cfs, flol*S are not preseazted

j-n her.e in cletail i:ecau.se of l-actr< cf space' Rasi-cal-.!-;r ¿hs

de:rages f,or lotver f,lo",,JS llretre fou.iad to "be J-or','er becailse of

shcrter lengti: of T:riclge ::ecii-rired' l'ri'¿ir tiue 3'7 r5ÐO cf s"

ancl 35, C, nO cf S " f I,ol*S tlle rese::voj-r SJ/sJ¡lerll on tile .&S s ini-

hoj-ne rças changed f,rocr 'che 52i|AD cfs" earr.l 7Ca000 cf s'

systeri: c-esu-l-tin¡: i:l a snall-ee roloodeci â¡eâ (3rOO0 ac1.es

I eSs ) " Th,is al so resrrl-iecl =-m So:]lel{:lAt s:ila1trer nese:r'-,¡oåf

clanages fc:: -L':.-e 37r500 Ðfs. ânc1 35r000 cilosu s-vsi:ens, ?1ne

reserVoår S;zsteiir on ì;iie Êoi'.riS 3.j-l"'ec" j-S'¿ile saíle far al-l-

.!-e-/-e-l.S Di: i: io:'.'6

Ða:la.ges -'re::e assessed f ar each l'eser-¡*j.E: az:'å'

c*:api3-ed- =-n Tab3-e C-"'i-" Tc',cal da;,:aSescos1.s 'For tire î*u-t'

_!-e...e1S Of fl"Oi.? Sl;Ud'i_ei] a.ne SLtrf:tíìLAråUed- at f.!.o enrt n€ Ða.b1e



C*l* .É,11- cÐs-bs au.e ì n Car:acli ar: Ðo1l-aj:s @

E ' lla¡¡a,qes t{o'¿ ,9u-r-¿e'¿ed.

I'Jo assessnleilt ¡.¿as made of mineral_ ot: wil_clli_fe

1,haL cou-l-d lle ef,fecLed ?:;r these enpounclinents.

Soc j atrogíea! clian,xes that, r:ray he cal-lsed by the

enection of the -T-alle I'iani{,oba-Garri-son Ðail Ðål'ersion T,rere

nr:t consiclereC,
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4opi¡let-Leg; 2r 000

hlq=-_-a-€:l'i-q¡a-e-q. z 2j 000 people dívideo

i\-o, oro Cor'uaercial Ðuil-dingç:: 7A
=#æ

C*$? OF RÐLCIC.åTÏ}IG TOl'Ji\J OF SOÏJRT$, T"I¿I¡TTLSEt]!

féeç41- ¿ee-t--qf_ É-Ë€-a-ejå*rl9sl¿¿r-e3*€çr :

I-iomes a 59-0-bpglgq-i:-{.O*Æesg : 3-5, 000 lin ' ft *

r rov-ûþ

T.,.¿rBT,E C-2

2

Commercial Buíldings:

?1us 3û%

c4a¡
lå.f I .!"

ÐsÈimated Cosl!

Ser+er tv l'later Lines 25rCI00
Far¡íng 25 r 000
TJater Treatment Flant 2e000
$ervage Tneatr,rent 2e000
Fiones 5 0 0

Com¡nercíal- B¡-ríldings 7a
Å"ssembly Hall.s 2
Iîotor Flotel- 1
Hotel 1-

Chunches 6
Sclaool s 2
Tdospit.a3- 1
01ci trolks Horne l-

by ¿" people / tzame
: 500 honies

2

: l-B¡500 1in" f'ú"
:L?!_4 1ín. ft "

24e|AA 1ín" f,t'
25r000 1in. f1c"

7Ð bldcs, x l-CI0e y'blde"

1i¡.-r. ft" @ $fZ /Líri"-ît',
lín, f,t" @ $go /!jl:."ft'.
people @ $200 /aapí-ta
þecple@$60 /eapi'ca
hones @ $25e000 each

@ $roorooo each
@ $r5oeo0o each
@ $r5orooo each
@ $r5crooo each.
@ $ 75eooo eacli
@ $250, Ðoo eaclr
@ $z5o,ûoo each
@ $175eooo each

Cost per capi-ta of, nel-ocatång : $?-3*-Q-Q-0*Qqg $11r5CI0
, nnn -annl aHjvv v ¿ e!rl-'¿v

: 31 500
l-in. ft*

: $ 3001 000
: 750e 000
: 4"00e 00c
: l-20e 00Cl
: LZe500e00c
: 7r 000e 0C0
: 300r 000
: l-50 e cOCI
: 150e 000
: 450e 000
: 500r 000
: 250r 00C: _-å75 *-Qgq

fizS,045, o0o

23r0003000



fu_p¿¡-la_t,í.% : 1-, 20 0

COST tF ïtÐLOC-{sTTI{G TOI,J'H OF ?'íÐLTT.&. i.'i¿1"ilTT08.Ê!

$g.__qf Ïþg_e*:: le200 pecple divj-clee1 by 4 people ,/hor,re: 300 hones

l,l-o" of Coi:imercial Bi-¡-itrclir-l.gs z 6n

ï-ineal- Fee'i; of Streei; Reciuired forz

r1 ¡14
\.-hJ

fi4,4. Tl T tt f 4

Ilones:

Coermercj-al- Er-ril-di-ngs : 6e*Þ&l,q_Þ* .ä -1s!_9" **il=dgs : 3, 000
2 1ín, ft,

pJ-¡_rs 3û1,

ç¡,\rV.È] J.

-E- çåí_rna -t-eÉ -C_qE_b-

Sel'¡er t Hater Li¡re.s
Pa rrì n.¡
l{ater Tr"ea-{-nent Plant
Ser.va.ge Treatment
I-lo:ae s
Coruraencåal- Bui-ldings
.ii s s erabl;r IIal.l s
líotor ïdotel
I{ote1
Cl-lu;rc?les
$chool- s
íio s pi-ba1
O1d Folks ïìoi;re

300 irones X 6C3 /'norne

: !2r000 li:r" ft"
3rfçq l-in" ft,

15r60CI li-n" ft.
l-6 r ooo l-in, ft "

9, 000 l- j-n, ft 
"

1rJr000 l-i:1, 'Et.,
16r000 l_'ino ft,
L,ZAA people
7- 32CA peop3"e

300 h.o::ies @

6D@
1@
2@
2@
5@
2@
1@
L@

Cosi: Fer capil-a c:?

@ $l"z /1i-¡..f'b,
@ .Èãõ itil;r;"
@ $zoo /capít,a
@ $ 6o /t,apj"ta
,$ 25, cno each
,$100å 000 eaci-r
$l5or ooo eaeh
çì150e ooo eacl:
$z3oe ooo each
$ 75,ooo each
$2oca ooo eacir
$175,000 each
$175 e ooo eacl:

ìe3-ocati ng:

f.

:
:

:

:

zg2 3aça
4.80r CI00
,,1 0 nnnaa.v t v \-¡ \r

72 rÐçA
7, 500 e 0Ð0
6, ctoo e ooo
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30Ð r 000
460r 0ß0
375 r 000
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$sæ1.-at+gS z 456

Cost of iì.elocaiin,q : $16e500 /capíta (Fronr Fi-.gure C-1-)

Total Cost: $16r5OO /capi-y,¿ ){ 456 pecp]e:.$7r50OeCrçCI

COST OF llEl,OCÉ.?IllG 1'Oht{ OF r,{1."'I',1ú.iiESl'; " ?,tåliTTOB.å

c-24
ria /.:f T it ñ Àr-B))LU V-t.

-8çeì¡1.a-t1q 3 333

Cost, of F.e1-ocaöing : $17iCIçt /eapit,a (Fr.oni p-i='rre C-I)

To'{;al Cost : l;17 r000 /eapíta x 333 pecple : .iì5 165A1000

Çq$T_ Ol &ÐLQC.É.TIHG TO1,TT OF TiPl'i¿:rl,:i" hrORgFtr DAKûT.ÊI

P_o.r¿rlAr:ic,:r : 1, 3 30

Cosi; of Reloca'{;íng : $l-316ûA /ca:¡åta {From Figure C-l)

Total Cost : $13r6nO /eapi-La:r 3-rJJO peopl-e : $t8r000e000

pQ$T !F &F!_ccå_?J_rlc_ T_9J,.,11 _ol:vqi_r¡fu wl"rrj: Ð.é.49sÞ_

E-æ4at:.e+ z 39Ð

CosL of Rel.oca.ting:

To.Lal- Cosi : $t7e000

CO$T 01; ?TELOC|TING Tû\.¡l'I OF ,SAWYÐR.. I'IORTI] ÐlbKOT.A.

$lz, ooc

/capi.ta

/eapí+*a ( Fr.on

re 390 people :

Fig¡:z"e C-1)

^$6,640e oco



PER CAPITA COST

9

=Ol-
u_o
¿-
<t
t

4
J
=o-a
o_

R,I LOCATION C tJR.V I
CF

cosT oF RELocArroN $rooo/caena

F IGUR-Ë C-L



f,.Étl{Ð }:.I,A.HïT0B,AI - G.ARRI ,SOI'T R.ESÐIIVOTR

LìTVER,STON

.E PPÐ}TÐTX T

cp,¡tÂLs



SÐCTTON

1* ïntrodi;-e'uion ø ø o @ @ @ @ ø @ @ @ @ @ @ @ 6 ø @ @

2" Lake Hanitoba - Âssiniboine R.iver Canal- o ø o o o

3, Bunc3-oclSz Casìal- @ ø @ ø Þ ø @ @ ø ø e @ e ø @ ø o e

4, Velva-Gafríson Reservcír Canal- o 6 @ ø ø 6 @ @ @ @

5, Other Canal-s . 6 e ø ø @ @ @ @ ø ø @ o e @ o o @ ø

6. Cana1 Ðesi-gn @ @ ø @ o o 6 â a @ @ ø @ @ 6 @ @ ø @

7, Capítatr- Cost Esti-r¡laí;es . ø @ @ @ ø @ o @ ê e @ @ @

APPÐNÐTÏ D

Tì{ÐÐX

P.AGE

D-l_

ï'ì 1

Ð-1_

Ð-2

3-j-4

Ð-5



TABLES

Ð-1 Ðesign Cnoss-$ec'ci-ons for Canals & ø ø 6

Ð-Z Capåtal Cost Ðstírnat,e for Lake l4anítoba-

Ð-3 CapitaS- Cos b Ðs'birna'be f,or Bunclody Cana! â @ @

Ð-4 Ca¡rital Cost Comparison betr,veen Br¡-ncl-ody Canal-
arrd 6ouris F"iver Channe'l @ ø ø ø o ø @ ø @ @ 6

D-5 Capital Cost of Vel-va-Garri son Reservoir Canal

.A s sini?¡oíne P.i--¡e-s" Canal

,,IFPÐIiIÐïX û

LTST OF T}"BLÐS

FTGURE

Ð-l- Br-rnclod;r Canal @ ø @ o ø o @ o ø @ @ ø @ @ ø @ ø @ " Ð-31

o@øø@oø@

@@@oøø

ëo@óâ@

T,TST OF FTGUP"ES

PåGË

Ð-6

T_7

T\ 1FiJ--Lj

þ-27

Ð-29

@oè

e@o

ø@@

F"ÊrGE



1. fntroduction

A number of canals r+rere investigated for t,his

diversion, The purpose of this appendix is to coverbhe

design aspects of these canals and to estarblish the capi-

t,al cost of the canals,

APPENDIX D

2"

CAN^&LS

The Lake Manitoba - Assiniboine River Canal is

required to convey the diversion waters from Lake Maniboba

to the reservoir behind tlam #1 on the Assiniboine River.

The diversion water is lifted from elevation 8l-Z on

[,ake Manitoba Assiniboine River Canal

Lake Manitoba by a ser.ies of forrr pumping stations (two

each with a lift of 25 feet and 33"5 feet respectively)

to the elevation 9ZS behind Darn /lT.

The Lake Manitoba - Assiníboine Canal is 2A "5 mí1es

length including a J mile inleb.channel from Lake Manitoba

the first pumping station"

Br-rnclodv Canal

in

to

3.

The Bunclody Canal

to using the Souris River as

point doivnstream of the town

Bunclody and a point upstream

r^ras investigated as an option

a conveyance system between a

of Souris near the Village of

of the Tor*n of Þ'lelita.



The BuncJ_ody Canal j-s esseni;ìaL1y ë.con,colr¡.r canal,
The ¡ral-er ås liftecl o¿r'¿ of ihe Î?lou resenvoir,?r ?¡ellincl T:an /,17

{f$f i35O) t" elevation L46S on ti:e hi_gi,r bank of the,$ouris
anC gravity conve;red 'co 'cl;e Bl-inC Soi-iris¡ an aba::cloned

cl:annel- of tl:e so¡-:"ris ?ives. ahove ÞIel-ita, anc,l t.?ru.s Èo tl:e
. /_-reser"/oj-a- (tr$L 3,450 ) ,tenina Ða¡r. #10 

"

4^ g9Å

-As air alternatj-de -,-o -bhe 'felva tunne'ts it wou,trd

J¡e .':oss'i?:tre to constr¡-¡.ct a canal frcm Reservoin /ll_z aJ-ong

a 1i-ae ctrrar,'n s¿p6¡i-gh.L so."lth of Velva. to a poi_nt +¡here a

sadcll-e oecu.srs in tlie ctråvide betlveen ,¿i:le .1,¡ates"sheds drain*
ång inl.o'{;1:e liu-cison Bay ancr tllose cleaínin¡J t,o ttrae Gulf of,

î,'lexico, The eler¡ation of 'btre top of tlee saclrlle is 2060,

The length of -bhis car-lal- rcorl1-d be z0 inil_es from r/el_va to tl:e
top of bl-re <Íivicle anrl J2::riles-fron: r;he top of .{-}:e cl.i_r¡jçlç

clov¡n 1,o the Gars"ison Ðan. The canal rr¡o¡-llcl f,ollolv a ¡:ou-Le

dne south of I¡elva to tnre u.pper encl of, carnp T-ake and strar+-
tserry Lalce ín t'he Cang: l.Iatåonai ¡¡{ilcll-åfe Refugee a¡rd thus +,-(}

ï,ong Lal<e and crool¿e<i l-ake, ìrrou tl'..is point th_e canal- woul-ctr

f,lol"r south-soutl1r:rest ta enter the Garrison R.eservoír at
el-evation 1850 at approxima+-ely -Lhe salne ;:oínt as the velva
tu.nnels,

The average s_!-ope of the grou.ncl along the La.Lr_e

Ï4anitoba-.åssi,ni?¡oi-ne ?.ånrer camea ís 6 f,eei per mi-le, The

average slope of -blle Yerva-Gans":-son Ðar: canal ls z0,S ieet
pen rai3-e from ='/etrva to tlr'e La.* of, t?re di.vide anctr t?ren 6*s

feet per rnå1-e 'Eæar* i-]ne f,cp of i,l:e cLåvåcie .{:,o ßarrisol: î)ar**

TI.)



T-t is exnec'l¿eã t,hat tl:e cost per n:i].e for tlle Vel-va-Garrisor:

Dagn Canal particuS-artl.y that seatioia from Vel,va to the c1åvíc?e

to be ¡:u:.ch trigt:.er. thac'r on the Lal<e i',Íaní'{;oba-iissånj-l:oine R.i¡¡er

Canal-, Th.e en'cåre 20 ni-i-es rvou]-d trooh much like t'ha'b fnom

l4ile 16 to l'ííle l-9 on the Lake l'{a-raj-toî¡a-.ê.ssiníhoine Ri:'en

Canal except be rnucla steeper, Punpi-ng si;at,íons 'qto¿lld .be

requ,ír:ed every :-,ri1e" ?h-ïs u'olr.ld necessítate the use of lou.'/

inegawatt punpång statì ons mu.ch såmil ai: to that used on öhe

Lake lv{anitoJ:a-.åssínii:oine Råves" CanaJ-'

.A ciesi-gn l"ras not canríed ou.t for this canaJ'6

Ïìather an estinate {and í'b is pz'obably l-orr'f,or the reasons

explaåne<tr airove) of, capital cost r'¡as r¡rade '!:ased on unit cos{;

per mile f,ci: the Latce Î'{anitoba-¿'lssiníboine P.íver Canal' Ï-L

ldas fol'-ncl that an acldil-ionaX lread of, Li,s feet rvas ínherent

ån ¿he ctresågn n-F i-ire canal {}n¡er that requi-red f or the tunneJ-s 
"

Since acf-dítional generati.ng silatåons r'/ould have to }¡e pl:o-

vided an all-oçuance fon tl:is rr'as nade' This estirriate i-s

contaíned ír: Table Ð-4^

lJ- I

tron the pLr-rÍ)ose of estimai;ing ít rtas assl-r.rned Èhat

2A r*i3-es q:f Èhe J2 rnitr-es Lo Garríson Ðain fron'l the divåde'çuoul-d

h:e contai-ned in siraí1ar canals as the Lake t'{anitoba-Assi-ni-

boine River Caaratr with ttrre pump station a"eptr-aced i:y drop

structux'es" The s'enaining TZ ni-l-es r'¡ou-lC be contaíned im

n-atural lakes sueh as Canp Latr<e, ßtrawTterrTf Lal¿e, Long Lake,

and Crooked l-ake and assorteC i.a1i-ereçnnecti.r:g. ¡11sPsb,s'

5 ' Qtþgg: -qg.ae1å

Tt rsas fou.nd r:ossi-bl-e to ccnstrulc'c a coa'rtoi-u" câna1



D-4

along the west or east high bank of the Souris from the

vicinity of Dam 1É9 to either of th.e reservoirs behínd Dam

lþLL or Dam 1fI2. These contour canals would be in the order

of 90 to 120 miles in tr-ength. Based on unit costs per mi-i-e

for the Bunclody canal- ii: was found that the capital cost

of these canals would exceed the sar.tíng in dam costse reservoir

damages, and pumping statíon costs for Dam /É10"

6 " Canal Design

Although the allorqable vel-oeÍty for a concrete

lined canal is in the order of 5.0 fps,, the limiting velocity

in this study wa.s set at 3"0 fps" In order to íncrease the

veloci-ty from 3,0 fp"" to 5,0 fps" additíonal head would be

requÍred at the prumping stations with the result that povrer

and capitatr- costs for the pumpíng stations would Fo up, On

the other hand canal costs would probably decrease because

of the smaller channel cross-sectíons required, To obtain

an opitmum design a number af a.lternative designs woul-d have

to be examíned" It i^7as felt that such a study was beyond

the scope of this report "

Foundation conditions ai-ong the Lake Mani-toba

Assiniboine River Canal varv from fine sandy loam to silty

clay, Red River clay and coarse textured sands,

Foundation conditions along the Bunclody Canal

varied from gravelly tíll, weathered shale, gravel, elav

loam, sandv loam and loamy sand,

With this type of foundatíon eonditíons, it is

possible that a considerabl-e amount of water could be l-ost'



The econorn.ics of whether to line a canal or not depends on

two things - hor," much water you can expect to lose and

secondly, u'hat the water cost to get ít Ëo the point that

it is i-ost at, lirater for this díversíon is not attail-abi-e

free at Lake Manitoba" It is possible that a number of

reaches on both canals could be unlined. Horsever, withor-rt

detailed knowledge of the permeability of the subsurface

along the canal route it is impossible to make a iu.cl,gement

of what sections could be unlined" For the above reasonse

both canals v/ere assumed to be lined wÍth concrete,

Design seetions and gradients for the four levels

of fl-ow studied are indicated in Table D-l.

7. Capitatr Ccst Bstímates

D-5

Cost estímates vTere prepared for the

Assiniboine River Canal and Bunclody Canal and

ín Tabi-es D-2 and D-3.

Lake Manitoïra-

are contained



(1) 70

D-6

DESIGN CROSS-SECTIONS FOR CANALS

000 cfs

base : 790 ft.
side slopes : 1
depth of flow :
n : 0"015
slope of water

500 cfs,(2)

TABLE D-l

52

base : 550 ft.
side slopes : I
depth of flow :
n : 0"015
slope of water

000 cfs.(3) 35

vertical to 6 horizontal
25 ft"

surface = 0"0000135

base : 310 ft.
side slopes : 1
depth of fiow :
n : 0,015
slope of water

500 cfs "
(4) L7

vertical
25 fr"

surface :

base : 80 ft"
side slopes :
depth of flow
n : 0"015
slope of water

to 6 horLzontal-

0 ,0000140

vertical
25 fr.

surface =

to 6 horizontal

0 .000c146

1 vertical
= 25 ft"
surface :

to 6 horizontal

0 ,0000168
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stacas];l cs

.é,veragJe cost/mi1-e for T-al<e Fianito?:a-,å.ssiniboíne R'å""'er CanaL

L7 35Aû cfs. fl-ov¡ : $1 e92ar00o
35r0Ð0 cfs, flow = $2 r630e000
52r500 cfs, flov¡ : $3 r64oeooo
70e000 cfs, flor¡ : $4r600e0CIO

Vel-va-Garrison P.eservoir Canal-
St,ati-c Lift, : 2O6A - 1550

: 5l_0 feet

Length t 2O miles Vel-va to the toE: of, tlee dívíde
Jtr- niles top of the divide to Garrison

Reserr¡oir

Top of, divide to Garrison Reserr¡oia'
: 2Ð6a 1850
: 2Lû fee'b

l'{ax'iinurn Elevatíon of, Energy Line

Vel-va-Gar::j-son Reservoin Canal : 2l-50
Tu.nnel- Seheme : 2-895
Tncrease in Ener"gy Line 145 ft'

Total head from Lake I'{anitoba to Garrison Ðaril: (zoo5 BJo)
: \L75 f,eet

1)rop steuctr-rres requined:

Tnca.ease in ùo'La1 head due Lo L4.5 feet addítional- head
:14j*ft6 ---ttzq-;ç; x 100

: trOíl (approxiine.'be1;')

.Ê,dditional- Capi-ta1- Cost of Genenating $tatj-on f,or
Vel-va-Garråson P.eservoir Canal- shoutrd be equaS- to
LA% of t,h.e {-,o'cal Geiregati-ng Capitan- Cost' This is
a capåt,a'! cosL ctrrargeai:l-e èo ttrìe yel-s¡a--Gaæ-xison
F-eseE voin Calrraï.

?l-o--f,-t.- dqgp_*ffi
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{,2} TAraÐt efs" Capac-!,cy Ðstir¡ate

þ"d.di-t,iazaal. Generatång Capacity
!a,q, of, $:_, 7oo, ooo;croo

Canal_ B 40 mj-les @ $4 
-r6AAj 

CI00 /r*í3-eFu:r:píng Statåons;
37OO Î"î*t¡ @ $155 eAAÐ /i,{,ilÐrop Structunes:
7 ø $lrBoorcco eactr

(: ) 52 , laa cf s * capacity Ðstårnate

.+\ddí,cåonal_ Generating Capacity
I9,'" of, $t rZ4A, 000;000Canal: 4.0 miles @ 63'r6A0,00C /rniLepr-rnpång St,atåons s

282a T,*;t @ $f6or0CÐ ,ri,arÐrop $ts.uctures;
7 ø $r,4ooeooo

{A) 35, ooo cf,s " Capacåt¡, Ðst,inate

.Add-i tional Gerlenat.ing Capacity
ToF" of $sefrsooroõo

Ca.naLz 4A críles @ #21630åcc0 / *,j.*e
Fun:ping Statj-ons:

1B5O i"fl,f @ $rgo,ooo /w,tDnotr Sêr¡¡ctunes:
7 @ $l-rooorooc each

I'eåqi.ç-g:: 5 (g-e+¡ bi+.ì-ipg)

$rzae ooûe ooc
$1B4r oflo, ooo

# sy +e ooo, ooo

.$ ee, óoor oc

(Si l-7r5oo cfs, capacíty Estir¡at,e

$ç+o r 6oo, ooo

$Lz4e ooor ooo
.$145eooceooc)

$4.soe oooe ooc

$ g, Boor ooo

.ådclitåcnal Generatång CapacitS,
_ r0% of $4 32r ooo, oõo
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fi728, 8oo e ooo
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\9105e 000r 00C
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1, ïntc'odlrcti-cn

Ttrre Velva t¡-i.nnel-s are íntended to coûvey the rvater

fc'orii the c'eser"¡oir beTrå¡rd nam /fLZ to Ganriscn Ðarr rvith a total-

låft of 325 feet"

2 " -LrepS_4e_ngg

l.fecl:anåcal- ai-lC hågh3-y automated tunnel rnac,håc.es,

usuaS-ly ref,e::red to as îrrnolestr, have been erapl-o¡¡ed success-

fuliy ån tire past on hoth X-arge and smalI. dåaraet,er tunnels,

In 1965, ocì tÏre &lang3-a sain Fr.oject (f g) fíve dio¡ersior¡

tunnel-s were constrllcôed wit,h ¡nol-es wi-tir a bore dia¡neter of

36v-gn t,o gj-ve ô. fínistred c.einfoncecl coneneöe l-ínecl tunne'Ì

rvith an external- díaiaeter af 30e-0t¡" The f,í'¡e dj-versåocl

trr,nnels trl'etre each 11650 feet l-ong, *n th.e $an Juan-Cha¿ra

Project (:-¿-) izr þTew î'.fexico, a Îs$ole$s was Lr-sed to d.nive the

l-2,8 míl-e J-ong .hzoLea Èu-nzrel, The Froject was cemplsf,sd

in L967 " i.loles have been- ¡-lsed to constr¡-rct tlrclnels of 2qe-Brs

on t.he ,$calt,h Saslca'çchewan Ðara (f :) ån #askatclaer,¿an and of

?þe-,fin on tTre tal<e ftam {fS) ån $out.l: Ðakota" Tt rvas pz"oposed

'i;hat a sj-riil-ar ??iaole?? wav"-3-ç7 be u.secl to cons'br¡-tc'1. the Velva

tu-nnel- s ,

&ryEllÐ-.çT,_g

VALVå ?UN}"TÐLS



3 u Qç"dssx

Ðxi-st:i-r,tg i::forniati-on (l-0) as to the geotrogy of

t\-:e proposed rou-te of, the Vel-va tunnels ås ver1r general- in

nati-ra.e ancl based upon severatr dozen dri-l1- holes putdown

eåthen ín connection or-o petroleurn or ground rvater expl-ora-

tion, The ?:edrocl'- in the area is tr<nou'n to consist of trort

uni-on Formaäi-ol-r, rvhich is sicri-la-r' to -bhe Turtl-e l4ouc"'{:a:l-n

for¡:ratíon j-n Ì'{anåto!:a' The For'á; Urríon Fornation ís fairly
rsnel,Jel roci< f orrnat-i on overlaån by ogl-acial cli"'ï f,t, The ¿Ðort

Uníon Fr:rr.iatj-orì consåst-,s of ï¡eds of, sanctrstone, sand, s:i-1-t-

s"bone, shaly c1.ay ancl 3-ígnite'

Denth to the top of Èhe Fort Union Formatåon

varies froi:r 50 to 150 feei; bel-or+ tlee surrface, .At Vel,va

the for¡natíon is witl:rj-n 5O feet of the surface and at a

11 ,

f,erv points is exposed" In the víeåni-ty of Garnison Reservoír

tlee formatíon is t,':lthin 1,00 feet of the su.rface' Ïn hetr^¡ee¡z

Vel-va and t,he Garri-son F.eservoir the formabi-on is iocatecl

100 to 150 feet bel-oi'/ t}ìe su.rface'

Exce¡:t for tl"re last three ÐT fou-t" uij-les of

tunnel-s, v¡h.eg.e the tunnels ane expecteel to J:e lccatecl

glacåa3_ clrif,c, the Lu.nne1s v.¡i-11 be l-ocaöed ín the Forb

Fcrnatåon,

Genera'lly the tunnels 
",rå'!1 

be l-r:cated 5C to 154

feet ?:el-oi.,' i'he top oi the fcrrnatåon' Såirce the trort Ðnioæ

For:nation is ::ela'civel-v Î?;rol'"ngr?, tl softl? moX-åilg siro¡:J-cl be

c'elatåve3-,rr easy" Iior"reven because 'r:1ue f,os'inatl-ion ís re3-ative3-y

t,he

ín
{Jnion



tîyou.ng18 ít ås ncb expected to he highly consoS-idatecl, ¡:artåeu-

1arå33r a,¡i-thin 75 f,eet of '{:he surface of the bedrocl<, ?his

fea{:une nlay nresent problens isr that the for"rnation nay not i:e

strong enough aJ-ong socle sections cf tire tlinnels to support

ítself everi r+'ith t¿rnnetr bracíng spaceC eveã']¡ 5e-01? " T"t is

expectecl -bhat :'-t ma3' take up tc three rlon'bhs after cor*pletion

of, ?Înoli-ngEl before the tu-nnel ås lined with concc'ete. I'Iowever

this aspect cannot be detec"¡ri.aei wii;hou'c more cietail-ed i-nform-

atíon, This detailed inf,orniatåon can on13' ]¡e ob'cained by

actual1y field dri 13-ing of the pi"oposed tunnel- l-ocations,

The existi:lg geologícal infonrnat'ìocr for the

pnoposed t¿rnnel route in no ïtay pa'ec3-udes the consiructíon

of the tunnel-, Iïo'svever it is apparent that from the general-

geoS-ogåca1 na{:ure of the hednock in which the tun¡rels are

l-ocated that problems of stabil-ity of 1-he 'c¿lnnel rva3-ls pri or

to the placíng of the rei-nforced concrete 1íning may develope

along certain porti-ons of the rou.te,

l. ^ Fhvsícal Ðimensions of the Velva Tunnel-s

The Velva tu.nnels wo¡-rld he Jl miles ín I-eng"bh

with each having an in'ces"nal diarnreter of 40s-0t1, Each turnnel

l'/oul-d corì.verl 1-7j500 cfs" at a velocíty of l{fps, Otieer då¡;ren-

sions rel-atíng to Llae tunnels are l-åsteci ín TaT:le E*1,

5 , S e1Sqt*sq_-af,* å¿gs_-esd*"Splmb.eq_ q.f_ 3g"pe1 s"

E-3

T'c was fel-t i;hat the tunnels shoul-d be as lange

possi?:1e so as to redu-ce t,he fri-cÖi-on l-oss in Èhe tr-r.qn*1

as 1o&' ai?lount as possítr:le so as to keeg: erìergy costs dowx'r'

as

to



Ib rvas felt that aL, t!:e present tir¿e that tech-

nologieal-ly it j-s possihle to cons'Lruct a 40 foot diameter

itrnnel as iadícated in Section 2 of tirj-s Appendi-x"

To deternine rv!:ether the t¿rn¡'rel rvas 's,oo large

econoe:icaLLy -!t lvas decided to compare t.he ínaremental- cost

ín using a s¡ral,l-er día:neten t¡:nerel- versus the 40 foot dåameter

tunnetr, Ii" 35 foot dåa¡neter u'as assumed and it rvas found as

'indieated ín TaÌ:l-e Ð-2 that the f,ri-ction tross ín the t¡.rnnel

increased to 300 feeÈ versus 155 feeÈ fo¡: the 40 foot ÈunneL,

The íncreased capíta1 cost in electrical generatíng ancl Flump-

ing capacåty was fo¿rnd to be $50r0001000* The reduction ån

the capital- cost of, the pí¡;e r"vas ealc¡-rlated by assuining the

cos-b of the tunnel is a function of the raduis" Thi-s is tnue

ta a lange exteat particuX-arily in relati-on to-Lire nu.flr'l:ec. oi
cubic )¡a.rds of concs'ete, pounds of, reinforcing and bu-nnel-

baracing uised in t¡-rnnel consl.nu-ct-ion, Excavatj-on varies as

the square of i;he ractrj-us. liol.Jever mol-ing costs probal:]y

don?t vary <iirecÈtr-y as the radíus, It lvas assumed for the

Ilu.rpose of ,chis study that the cost of '¿he t¡-rnnel -¡aried

as the r-a<1uis"

E-4

fn reducing tlre size af 'blte tunnel from {0 foot.

dianreter to 35 foot diameter i;1ne cost of Èlre t,unnel redueed

Ll,%, On tl:is basi-s :Li:e savS,ng in 'cunnel eonstru-ction costs

amor:Lnted 'Lo $32 ,600r 0OCt 
"

:tt shoul-d be a¡;paren-b fc"or,i ttrrås tira'b 'i;?re eccnom-

a-ceA sj-ze of -btr-¡e proposed tunnel- '¿.¡as abc¡.lt /"Û feet ån diane"rer,



ït shoul-ctr 1:e noted thaù to ,-eet a head loss o-f, 300

feet in a 4A foot conduåt the velocity wot-ll-d have to l:e'ãn-

creased fror¡ 14 fps, to 19,5 fps" .Ai thj-s velocity, the

ccnrluit coul-d acco:noclat,e 24r500 cfs, It r'¡ould ap't-ìear" fro¡:r

this that åt could be possåhle to s'eduee tl-re n¡.r¡aber of,

tu.nnels fo-¡' 70r000 cfs" capacitS' fl-ou' frorr f,o¿rr to three

witle an incc.ease in the cost ín pu"r:rping and generati ng

eqi-ri pment of $50r 000e 000 versu-s a saving of $ 236 ,l-50e 000 ín

the constrr-iction of one less ti-rnnel- for a net saving of

$f Ze , tr50 e CI00 , Iiorvever wì tir vel-ocities ín the order of 1Ç , $

fps", tlne volu.ne cf florvs being consi-dered, coi-rsiclerai:l-e

str-'.d]r would ha-,¡e to i:e given Lc'uqater hamrner and strengtla

of tl-le tu.nnel liner, lt r.¡as fel-t thal tlie study requ.årecl

to ju.si,ify the reduct:i-on in the nuni¡er of tunilels to be

u.sed I'/âs 3:e-;rond the scoFe of {-his report l:art:i-cu.1ari1-3r íer

u/iew of the fact that the clesi¿pr and cosl- estir¿ates given

ín tl:,ís report l{ere based on preliminary ínformatíon as ta

t,he geological nature of the hedrock in the areaø

6, -¡in'dra¡-11íc Transíents

E-5

'[vat,er Traüuner can cle"/e3-op a design p]ressure f,az'

in excess of tl:e static head ar:.d friation loss ín the påpe-

line" r'Jater ha.¡n¡,te:: occlr"l"s wirere there ås a srtcìden change

in 'che velccít-v of f'lor'¡ i-n a påpeiir:e penstocl-: t or t¡-ri:.¡:el'

For e:eaclpS-e, rva'ber han¡:'er can deveiop r*hen a. ptr-!?1ft -{-s s¡-rddenl:t

sl:"¡:t off cr stari;ec1 L¡"p or' íf a vall'e is sudcienly opened øT

c'f osed, T-'r, can be sho'l,r't1 Litat if, bire f,3-y',,¡¡"*¿ effec'c of the



E-6

pumrr i4rí11- slo'.ç down sl-or'r enough that there j-s no apprecåab ! e

asater hameien eff ect."

T{ol,;ever, thi s ís rarely èhe case" TJsual-ly t,lee

flywheel- ef,fect j-s snall ån re'l atíon to that required to

carr.y ti-re purnp on to sl-lppress âTly possi.båtr_åt,y of severe

h'ater ha:ä:nen occuring, The¡:efore íf -Lhe pump .stog:s z'otating
o1l'rithín #r seconds of ílo;"Jer faíl-ure a negatåve press.¡.r.re of

magnåtucle ÐIl : $ nV occurs r,,rhere:

tr : lengËh of conduåt, loeet

a = rvater hammer wave velocJ-ty, f¡rs a

g : accelee.atj-on of, gr"avíty, feet per second

Tf, thj-s ne.qatj-ve si-rrge is greater than the static lread p.!-us

32 feet a vacutr-1r1 wi-1.1- occr,lr' ån the pípe3-i-ne causing the steady

state conti-ntrous watei: colurnn to degenerat.e to several flow

reaches nlov'íErg under i,l-l--defåned, ånc,lependent houndary con-

cli-tions' The sysÈem static head an¿1 the resj-s'{:ance þ¡r:Tr.l-d

eventuatrS-y or¡e-.reome t1-re original kenetic energy of, fl-oru

at ivhich '¡:oìnt the i'¡ater wit,hin ttre concluj-t rsoutrd reverse

and- acceles'ate i:actrc tor,¡ards the punpS-ng pl ant " Sevene

pr"essllre rises wou.l-ri. resu_trt as the índeperadent i,.'roving

col-¡-rmc1s nejo:'-n, thus subjecting the sys1ren to water-[ra¡nrnen

press!.¡re peak 3-oacling subsianÈi-ally ín excess of n-or¡laJ-

operatång Fressl-lres. Consequently protectS-on cci:lp<lnents

pz"ovåded to control- glress?-lre rise fsl-laivi;rg vtater col¡-lr:zr

:z:eve:¡:sal. cctul-d no'b be se'l ected 6n adeclualeT_y rj-fioro¡-¡.s 1..errns *

Ì{ärrlez"ous rrettr:ods âr.e a¡¡ai-trab1e tc eontr'*3- vtate-r

llacir¡rer" and- these ínc!ucle sLow o'¿:enång and atr-osing dischange



'r"'al-x¡es, corrï./eÍltiona-1 slrrge -Lanks, and. large le;rdro-pneunatic

sllrge tanks, Tlie sl:rge tan!:s are ciesigned to dampen ani/-

g;ossi'b3-e o*'ater ham:::ren effects and to keep the cclunn of

r";ater ån {-he pipeline f,ro¡n separatång,

-The r/el-va tunnel- r+oul-ri nequire seven service

vertical- shaf,ts along íÈs ltr- mi-1e length 3-eading fnor¿ the

t¡-iilnel verti-cal-tr-3r to the grou.nd surface, These shaf'cs

r*oulc1 ire approxårlate13z 4.0 fee'c ín dåameter to acconodate

venèíl-ation ductj-n€¡ hoist equåprnent for the remo¡¡al of

excavatíon, and el-evators fo:: workens, Lt is prcposed Èhat

these shafts be conves'ted into sÌ-rrge tanks to 3¡revent the

trossibílity of, rvaten hamr¿er presslls'e developing to a Ílag-

i'litude tha'c 'rsoul-d cause darcage to the pumps and tunnetr,

Itlo desìgn of the sLlr'ge tanks rr'as undertatr¿en f,or

this report.

The t¡-¡.nnel-s wí11- be reo"uírecl to work agai-nst a

staf;j-c head of 300 feet ¡.¡åth a fnictioil head at the pLr,nìp-

?rcu-se of 150 feet (p3-r-rs what ever r+ater hanxner may devel-ope)

This total hea.d of, 450 feet is equival-ent to 200 Brsí"

Since the concrete is rzsualtr-y g:um1:ed ínto the forms uzlder

a slight pressure it ma-r' be possåbl-e to take urp soir.e of

thj-s stress j-n the sr-rpportíng rock foundatåon" l-Iorsever

without. havång rlore sireci-fåe data ona i;trre T:ecle"oek f,o¡rn,-

Stru-ctural Ðesirrn of Tu.ranel- Wall-s

atåon í'c is 5-mpossåT:1e to cond-uct any design"

The desågn u.sed fo¡: es'bj-maÈing cost af tlne

concrete I-ånårag arad ring hearn suppo::t sys'ceni ås a e*p3, o'Ê



the desi-gn usecl for tlie

l'igure E-1 fon a cross-
Õ^ö, Cost Est.i¡-t:ate

.Ët cosjr esf:i¡-¿ate for crne of, the fo¿:,r Vel_"¡a Tunnel_s

is given in Tal:le E-l-, This estínate rças ï:ased on unåÈ cûsts

for cone-rete, stee1, and laÌ:our that have Treen experienced

in the l,Íani Loba area" The cost of tlle nloles were l:aseci orå

prices quoted ån van'i ous 'cechnåcal aclvertisernents and articl-es

The vol-ur,rte of niaterial invol-rted ryas T:aseC upori the tunnel-

section i]-l-r-rstrated 'i¡r Ìrigure E-1, On t,his basis the cap:l-t,ai

cost of a sigle velva tunnel was estinatecl at $ege,1S0r000"

ïn order to chec!: the above esti¡nate, another

estir¡eate based on the costs experj-enced on t,he Àzoiea tunne]-u

slrorvn ån Tai:l-e î,-4t rvas made. ?he capii.al cost of the velva
'bunne] by this nethod was esti-sra'ced 'co be $335r000e000" Florv-

ever it v¡as fel-t tirat Èhís estj-rnate ís trigh since the vo3-urrres

of, excavatåon, concrete, etc, on the .þ,zctea Tunnel Fnoject

was consiclez'ahJ-y lolver than that f cc. tSre Velva tunnel ancl

therefone r.¡ourld refJ-ecb a hågher uni'b pnice, Fon example,

t1-le excavation and concre'ce yardages f,or the velva tunnel

are 10e00Cr0C0 cubåc ]¡ards and 2r48Oe0C0 cuiric yards respect-

ive13.. Ðxcavati,on and concre'be yardages for tire ^åzotea tunnel

þ'ere 350e000 cuT¡ic yards and 27 eSAA ci-li:j-c )'ards respeetive1_y,

þ.,2o+-ea ?uErnel- unit pr.ices r"¡ould have i;o 1:e redueed

3C/" '{;o gåve ttre sa*le to'bal- capitaJ- cosÈ f or the Vel-va tunnel 
"

Tt r*o¿r.l-ci seefl reaso¡-rable thd.'ciris reduction ícr. uniå cos¿ wauS-å

occ¿lr :-f, yardage as z'equired f,or the lel-va tu.nnel-s were exper-
; ^h-ô-1¿v¿rvvq @

ñOlf,- (J

30 e-Oss T'fangla Ðir¡ersíon Tl'-nnels ( see

sectåon of a tunnel),



Tunnel F'eatgres":

Dianeter : 40 -ft, inberna-'l_ diameter
Length : 3l nr-1les (iTorooO fL,)
Bore Dianeter of Ì,4oie : l+6 ft"
Tumel Lining : three fooi thick Reinforced Conc¿"ebe t¡tra]ls

: 121î Í¡lF 75 lb" O 5?-0î1 on cen-r,res
Tunnel- Aclva.ncemenb : 2OOO ft" /month Average

Hydraul=Lç_..llhqta c-Ler:i st i.c s :

Fl-ow : Ur500 cfs,
Velocity == 1{ fps,
Head at Pumphouse *-

Contraci Ouanlities:

COST BSTT,TATE FOR OIE \¡]ILVÄ TTii\TIdNT,

iì- o

TABI,E E-l

(a) E:<ca.vation /tt" : 62 cu, yds.
Excava.lion ,/nrite : 327 ,OOA cu, y-ds"
Exca''¡ation for Tunnel : 1010001000 cu" yds*

(u) Vol-ume of Concrete (tinine) /ft " : I5,I cu. yds"
Vohxne of Concrete (Lining) ,/mile : SOTOOO cu-, ycls"
Volume of Concrebe (Lining) for Tu:rnel : 2TUBOTOOO cu, yds.

(") Reinforcing Steel: (See Figure E-l)
,ítr e le-olr c"cu : 5gç:t /tL, of tunnel
# S a 1l-5tt c6c" : ry+ /n. of tumel

Total 91,-tì? /fL" of i:u-nnel
Reinforcing Steel /rirlt" : 4-TBOOTOOO-)í
Reinforcing Steel for Job : 15010001000-:i

(a) I^,Ieight of 1211 l.lF Z5 l_b, supports:
lleight /fi, : 22OO lbs"
lJeight /rnJ.e: 1l-rJOO,OOO lbs,
',Ieight for Tunnel : 36010001000 'lbs,

1\
\ e / ùnafrs:

- One approxlnately everf À, nriles for a t,ota,l of seven
- tÞITOOOTOOO each

( i') Tunnel Raj-l::oa.cl:
- 14 mi.les of tra.ck, hopper ca.se and electric locomotive
- Lump Sum : $I-TOOOTOOO

/\(S) Venbilation Eo*rpnenL:
- $lrOoor0oO o each sha-fl



l¿bor Cos'r, in ?ticl-ing?¡:

qî1ñõ-','uqirvr "l-s].on 2ï;

Ccsl ,/monlh == 30 days X $3OOO /Ae,y

T:-me Regu-ired io Conplete Joþ:

Tunnel Advancemeni: 2OOO ft,, /'rrroniln
Ti-nre Required for Job:

óO men /aay (zo rnen /shift) o g/¡o /man

TABLE Il-1 (continued)

E-10

(3t miles x 52BO fi" /rlite) +
say

Total Consiruction Cost,:

Labo'ur: $gOrOoO /month X B5 monfhs $
I'foles: 2 O $lr0OOrOOO each
Concre|e: 214801000 cu. yds" O $30 /cu" yd,
Reinforcing Steel: l_50r000r000 lbs, 3 $0.15 Êb"
Ï.IF Supporis: 36010001000 lbs, o $O"ZS /fb"
7 Shafts o {]r)lrO0OrOOO each
?unnel Railroa.d. O $tTOOOTOOO
Ventilating Sys'r"em - Lump Sunr
Disposal of Excavation at Surface:

1010001000 cu" yds" @ #O,35 /cu, yd.
l4odifica,i;ion to Shafts for l'trater Hanmer:

7 @ $2,OOCrOOO each

- day - $zloo
$ óoo
6troo: $gorcoo

Average

ft, /monlh : 82 nonths
months

200
à5

/duv
/,0,u"
/ c.a.:"r

7 ,65a oooo
2r000r000

T4rooorooo
30,000r000
90,000r000
Trooo,ooo
fr000r000
Teooo,ooo

3 r5OO,OAO

l/+r 000 r 000

TOTAI $z36,t5o,ooo



(r ) 4oe dianeier Tunnel

rÏ^ÐT1¡ ¡r ôIñUlj] ll-,/_

TUI{I\EL SIZE SEI,ECTIO}I

Static Lifb : 1850 - 1550: J00 ft"
n : 17 t500 cfs"

a
¡1 : ( c¡\'

\4v,/: 1256 sq, ft"

E-l_l_

V-
:
:

alA

L7,5oo cfs, ft256 sq" fL"
l.{"0 fps"

Length :31- miles
: 1/01000 ft"

F¡'íciion Loss : f L/D ,f /rf
Fricüion Loss : 

åutl.i?îg 
iL"/t+o rL"

Calcul-a|e f
o"Oc'l -r- o

2

o"oo55 /40
f.37 ;ç l-0-Å.

vn_

v

f4 -x 480
6730

e
D

Re:

VD'=

: 0.0055

f : O l^l'19Á vov!tu

Frici.ion Lcss : 6ó x C,OIZ (IÐ2: 155 f.i,

(v)2 /6t+"L

To'ua,l Lift -- Static lift ancl Fri ctior lass
'= J00 feet -l- l_55 feei_ t:.)> leeL

Ra'i;ing fo¡ Poi,¡erhouse a"nd. purnphou-se
lrr ¡: -- ìñ:
55O f+"" lbs. x 0"8 efficie;icy

- 
-\ô^ :sr- öJU t.ru

:\ 736 waiLs/h"p,



Capii;al- Cos.t, f"íif Punping Statj-ons

Capit,al- Cost 74:.'fi/ Genera'l,ing Stat,icns

TILBLE E-2 (continued)

Ër 1,

lijf g/+,000

Capi.tal Cosf of PiNrping S-,,aiions and Generating Stations: $t94,ooo 

^'ilI 

x 630 t.ltf: lþi6o,ooo,ooo

Capital Cos'b of Tunnel: $23ó,t5O,OoO

(z-) 35 Foct Dianeter Tun¡e-l

S¡a,tic LiÍt : tg5O _ 1550: 300 fee.b

t' : 171500 c-fs,
.)

li - (:-7.5)'
- aA)/v+

v : Q/i\: L7 ,5OC c-fs" /962 sq" fb,
-- -ì cl Õ -.,*^-- fOÞ É -LPùo

Friction f,oss : 1-55 'fL, 
", 

(W)' X#
: J00 :fi "

To'Ì;a.l Lj-ft : Statj-c Lifl ancj. Fricii on Lcss: 300 f,i. -ì- 300 ft": óoo fi.

I:.'iid Ra.ting for Por,¡erhouse and Pr-rm.phor;-se

óoo ft," x r7.5oo cfs. f, 6z"I¡L6 /cu" ft,

* 7z,ooa

$tzz,ooo

55O fL, Ibs. X 0,8 efficiency
- 1100 l'.rr',I

Capital Cosi; ¡.1,fl,1 of Pirnping Staiions

Sapii;al flost' fiæ* of Generating S'r,ations

Ce.pi'i;at Cost of Tota--ì- i.,lltr : $19O,OOO

Capiia.l Cost of Pu-mping Staii-ons anC Genera.ling Staij-ons: $t_9o,ooo x ltoo t.'¡,{
: $210r00Ce000

Y, 736 uratts/ h"p"

{; 7o,oco

$tzo,ooo



Incremenial Cost of Pr:nping Sl,ations and Generating Stabions
over -birat requ-ired- for the À.0 fool, Diarire",,er Tunnel

ieto,ooo,ooo - $1óo,ooo,ooo
*- $5o,ooo,ooo

Sar¡ing in tunnel cost over tha'i; reçiuired- for 40 foot dianeter
tu:r¡el

Ø decreas* : (ä - I"o) loo
:1hf

cap5.bar saving 

=.,ili?¿tó?¿B8r 

x c"r.A

TABIJ E-2 (continu-ed)

E-13



Bore D'i ameter' : L3 fL" - 3 inches
Fi-n-ished lJi-aneter : l0 fi." * il inches
Length : !2"8 mi.les
Rein-forced Concrel,e Táning : l?*21r ì;hiclc
Cost of Contr"a.ct :$13 ¡rittion
Bid Price for Excavatj-on : ç23.60 /cu' yd'"

{z) Copiract .Qua.ntities

Dxca.ve.tion. /iooï of Tunnel : 5,2 cu-u yds"
Ixcar¡at,ion /mile of Tunnel : 27 t3OO cu" yds'
Tobal llxcavafion for Tunnel : Jl0r000 cu-u ycÌ-su

Concrete /'loot" of Tur¡rel : L.7 cu-' yds"
Concrete /mi-fe of Tunnel : 91000 cu, yds"
Tota} Concrete for Tunnel : 1I5r000 cu, yds'

E-LA,

TABI,E E-3

AZOTEA TIjTrtlrtEL

0) unit Pric.es

Bid Price for lixcaval,ion '- iÐ23"6a f cu-. yc)-"

Toial Cost o-f Excava.tion : $23" 6o /cu, )¡d" x 35O.OO0 cü' 1rd5': $Br25orooo

Cost of Concrete T,inin¡¡ TncJ-uding Steel ancl 6¡r tr'ät Ring Bearns

{1.3rBOO,ooo - :|8r25orooo
- i\5 r55o,oao

Cosl /yard. of Concrete
ll F Ring Beams

Tnclud.ing ReÍnforcj-n6; Steel and 6tt

: $515501000 + 1151000 cuo ;/ds,: $À'8"À0



/ì \(l) Siatj s'r,_ics of Velva _LirËinq

cosT lrsLI'raTE_jiOR VELVA Tm'ü]EL B.A,SED 0¡T

AZqTES Tültlmr- ui{rT Prìïcils

Ð-l-5

TirÞI,E tr-/"

Bore Dianeter - l¡$?-6tt
Fín-i-shed- Ðiamet,er - 40t-Otr
Lengbh - 3l niles
Reinforced Concrete Lining

(2) Contract Quantitr-

\)) Cosi, of Tunnel Eased. on Azoiea Tunnel Unit Prices

Total lJxcava-bion -for Tunnel:
Toì;al ''Iolume of Concreie :

Cosi; o f lh.,ca,r,'a,tion:

Cost of Concreie i

- 3 ?-01r thiek

l-0r000r000 cubi c
2u[-9O,000 cubic

'ô?-3,60 /cu" yd.. X I-OTOO0TOOO cu". yds": $23órooo,ooo

$4s.Ào /cu" yd" x ,,too$113,ðåö,ä3å"

yards
yarcÌs

TOTAL $355,000, ooo
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L^

Pi¡rel-ånes wel.e corlsídered as alternahåves tr:ø 'cke

Lal<e l'{aní'Loba-.A.ssånåboj-ne River canal, the Bunclody canal

and the Vel-va-Garrison Canal,

Althou,gh there are nLrnerous r.,rater conveyång

tunnels of t,he dåame|er requ-i-red for this dívension, {.irere

are no water conveyíng pipelines as such" T16r.¡s1¡s¡, tlçe?e

are marì)¡ vehicrilar rîpj-peli-nesrr of this size so it does not

see¡n impractical- 'bhat water conveyíng pípef ines of, this

rli-arneter coul-d not Tre constrlrcted"

This chapter wå11- deal with some <¡f the general

f,eabu-res assocíated lvi-tir the píg:eli-nes and t,heir raethod of

desígn 
"

2, Lake i4aníÈoha-Assiníilc¡ine River Pånelåne

ïntnocluction

frPFÐl"TÐTX F

EIqElJNÐq

Tl-re Lake þ{anít,oba-rlssj-nål¡oåne P.iver trá-pe3-ine

p¡ou.l-d convey rn¡a'ber f,ror¡r Lake i'"f,anitol:a to t,he reservoj-r behånd

Ðar¡ #l- on '{-ire Assini!:oíiee River, The pipelíne lqo¡il-d og:erate

agaånst a statíc head of 113 f eet * The pípeline rr'ould ?:e

-l_0,5 nl_Jes l.on"g,



a
,1 ø

?he R*nclody pígreline woil-l-d conve_l¡ T{ater frorn a

point near tl-le Víl-l-age of B¡-'.nclody on the reservoir Ìreirínd

tlre 111-olv l-evel-ÎÎ lsayr, /17 {pSf 1350) soi-rt,tr-sou{,h r.vest to the
Blind souris v¡hich f,on:;is part of the reservoír behind Dan

íllo" Tlee pi-peline l'roul-ri be 47 niíles in length, Tlre pi.pe-

J-¡'-ne uro¡,rl-d operate against a stat:Lc heaci of O feet"

4" IelgA-_Gar ison Dam Fipeline

Bunc] 661r,' Fineline

Ê.-2.

This pipeline 1,.'6r3J cl eorìvey rvater frorn the reservoiz"

behind Ðan #1-2 (pS¡, 1550) to the clir¡ide betrveen tl-re Souris and

l,l'i s sis s-i pç-,i Ilratersheds , Tl-re dåvíde ís located at el_evation

2a6a" Fro¡*"r tl-re d'ivide the r¡ater wou-l-rl floiv l:y canal and

na'cural channel- 'co tÏre Garrison Reservoir as described in
.t-\ppendix D. ?he pipelíne rvould be 20 niå1es i-n te¡g¿h and

ryo¡-r.Xcl operate against a sta'Lic head of 5lO f,eet,

5, Size Lirnitati.ons

î-t vtas assrìmed that the maxii:num -,,e1_oeíty ttrat
cor-rl-cl }:e tolerated in the påptr-ins w¿s l-0-l_S fps" and t,hat

the maximilm såze that coulci be economically constructed i,/as

a font,3'-f,66¿ diameter pipeline. Thís criteria r-esultecl in
eaeh ccnduå'o Ï:eing able to earrl. X-7 , SOO cf s " at L4 fps,

ït is possi-bxe Lhat, each conduit eo¿i-ld carry flo¡¡
at a hígher velocíÈy anrl, thez'ef,ore, aarry rnore lvater" Bu-t

the increåse j-n vel-oci'cy wou'! ci resuJ-t i-n hi_gher fri_ctj-on

lreads and lr.i-gire:: design pressr,r.:res ho,rh fro::r tl:e point af
,¡iet'¡ of ivater hainnea" ar-ld pufl?F head, Tïre economical- liniil:,



to i-ncreased vel-oojt3. r{oulc1 'ûe reae]ed rvhen tI:e i-ncre:ilental

eapâ-ta: cost cf irigl-ren head punping sta'Lj-ons, larger gener-

ating statio¡ls, and heavíe:: rval-'! pipe equal lecl tTre capita3-

savir:g ei,ther ii: t,he reduc'cion of the nu_mber Gf conduj_ts or

þhe size oil tire aonciu.-its,

l"Io¡¡¡ever, befoz-e a star.d;z of the a?:ove natrrre r,¡as

caÍ's"ied o¡,rt it was deciclecl to in"¡estigate t!:e economic

f,ea.sJ-bility of the pipelånes rr/ersus the other al-ternatåves

avail-abl-e, ft :ças decåded f,or the purÍ]ose of the feasí?rá-tr-ity

stucly tlrat a 4.Ð foot cond¿rj-t conveyång 17e500 cfs" rr¡or',ld be

i-nvestigia-tecL u

6, þ*g
Cf the thnee pipe'l ieres urnclen consicieratíon, the

tsurnc3-od3' tripeline rt'ou.lal opera"te i:nCer the lorvest head ( see

Ta?:l-e F-tr). It rvas clecåde.J to carry ol:-t a prelíreinary desågn

on tlij.s pipeli-ne to deternine the relative oost of 1.1ne pipe-

l-ånes,

The design 1rs.essllre for tÏre piSrelirae i.ras based

upon tl;e s'bat'ic head ptr-us 5O/., for water hâ¡nmer al-lor,uance,

It ås pessib3-e that i1'åth adequ-ate l.,'ater" hanrner daragreníng

cl-evi.ces, such as sLlrge tantrrs, ttrrat {,he al-lowance f,or water

iraïimer cculci i¡e Aouter " Ilolvevetr, tlr-i,s couXcl only l:e detea"-

rairaed hy earryiiag oirt a ser:les of v¡ater har¡rner analysås lcitir

clifferent sizes af wa"cer ha¡¡¡.aer dampeaì-ng devices ¡-,.ratíl- an

econor:'ícal- bal-ance :vas c'eacllec1 lretrr'een +-he inarerr,ent,aL capi-ta3-

ccst of ç'ro'tíding adequ.ate r'¿ater hanr¡er rlainpening devices and

-b]:e i-ncremenl-a3 sa'¡ing in the capi'cal- costs o1o Èire pipe s"esul-t-



ång; fron the 1or.;en Cesígn head, Tt v,'as felt tha,c such a
stud¡r as descrj-bed above lt'as be3'sn6 ¿r-i. scope of thís reporf"

The Buzrclody Pipeline wal-l ivas designed usj_i-rg the
hoop stc'ess ¡ne'Ltrod" Thj-s rnethortr ís valid only if, the pipe-
line i-s snal1 in dia¡neten and thin r''all_ecl" rf the pÌ-pe ås

su?:stantiall-;. large:: than 3 to 4 feet i_¡l dianeter, the
¡rethod rvil-l- yield 1ott dlss-!gp s'Lresses and tT:erefore an ui-lsafe

pipe design" since the design ìn thi-s report was only for
estìna'bing; pl'lrãloses, j-t i'¡as concluded t,hat ÈTre ?lhoop stressrf

i:rethoctr of clesígn rvcul-d sr¡"ffj-ce, The design meflrod used ís
outlined in ?abl.e F-2, The clesís¡r is il-lustra-{:,ed iir Fic¡rn"e- 4o!.4 v

!r_ | -

7 * J]çary Ðs_.Pjr?elige-E

The average capít.a3_ eost per mile for the IZrSOO

cfs" Bunctr-ocl}' p:i-pe].ine r'vas es'birnated at fi7 r300e000 pe:: míJ_e

(:-ess the cost of r5-ghi;-of-lvay, rail-r"oad, vehícular brídges,
and earth rnov-i-ng),

The BuncJ-ody Cairal_ was estinatecl to cost $fr365r000
per rirí1e anci $4.u336e00c per mi-le for t.ire LT riaa cfs, and 20r000

cfs" florvs respectiveS-y (see .ê,¡.:pendj-x Ð, ?ab1e D-3), Tlie

pr-r:aping sl;ation f,or the Bunclociy Fi-petri-ne wci-rld of cou.tr3se J:e

iilore cost,l5' tl:an ;Lhe Bl:^nclorly Cana! Pr-rr¿phou.se ?:ecause of the
increased ?'{egal^;at:b rat:-ng of tl-le påpe1íne puinpho'-rse causeri

b]' tlie pitre 'friction. r is of:viou-s fr.o¡e trre above figures
'Ltrra'L t3:e Bunclady Fipelj-ne is not am econo¡rícal el-ternative

f on the Br-rne3-od3r Canal- *



The average cosij per rnile {noû iacluding ti:e ccst
of tl-re pumpíng sta'cions) fcr t.¿'re Lal.:e l'íanito?:a-.Ê"ssi-niboine

iìir¡er canal !,r'as estina{.erj -i;o 1:e ii3, s9z0r 000 anci $A r6c)0e 000

fo:: t.he Wr500 cfs. anci TArQûÐ cfs, flor.¡s respect,ive'¡y {see

l.'rppendix Ð, Tahl-e Ð-5) 1.r?rich i.s cons-i-dera.bly 1owec" tl:an .bhe

average per" ili]s ccst o'f, the tr"rípetr-ine, Th.e pu-mping station

ccs'bs for 'che canal for the l-7r500 cfs, and 70r000 cfs, fl-ov¡s

Þras est-ima'{;ed to ]:e $42, CI00e 000 ancl $}19r CI0Or 00Cr respec'Li-vely"

{see frppendi-x G, Tabl-e G-2),

The ¡ruraping .statj_on cos'i.s for ti:e pipelíne for

t\-,e 3-7 r500 cfs. and 7ûr00C cf s, fl-ol,Js x.Íere estimatecl tc Tre

$33, OOCa 000 anci $83r 500r 000 respecLj-vetr-;,* Tt v¡as ånterestjng
to note tira-L '¡i-Lh the consolida.tion of tÏre purnpíne at oïre

sÈatíon on tÏ're pipe3-ine ratirer 'í:han fou'.n sta-tíons on the
canal-'Lhe cosÈ of the pr;.rrrpån.g stai;ion for" pipelj-nes was less

than bi:at foc" the canaJ- eveTl ¡vj-tii a il-ighen puni:r heacl on the
pi-irelåne" Iiolever, 'because of t,ir-e increased heaci ( ancl

tl:rerefore i.f"f rating) of tire punping sta'Lion of b]'re pj,peline

ove¡: 'blla'¿ reqi;i rec? f or the cana'l , t-be por.rer ge:eez.ating

ca¡:ital cos.bs v¡i-AA go up $14, OCOe 00t and IIjSZr 000r 000 :f or

tlrc L7 r50CI cfs, and 70r000 cfs, flor.rs, The increase j-n the

por.r/er geileratinS costs wor-r.l-d erase any sav-ing ruade in the

pump sta'i-i"on capi-'Latr_ ccst,sø ?herefore z-,c can be seen from

the ai:ove eoj-gu"z'es 'l,hat the påpeJ-íne j,s not an econcrnåca1

a3-Lernatå¡,¡e tc bJ:e Lake Flani-Lo?:a-.A."ssíaai,?_roåne Råver Cana3,

ïIå-bh bhe des_i_gn grressu.?"e of the vel¡¡a_Gaz,ri-sor:.

PipeS-i.ne ,?:eing appæaxi-rnat,eLy 3.7 {-ise hig?:er tiran the Þ¿lila]-od-y

F-(



Pípe3-íne, ancl the aver"age cos-{, of the Vel-va-Garríson Canal-

i:eing a?:out equal to the Lake l..ianitoba.-Assiniboine Díversion,

it i s apparent 'bhat th.e pipel-ine in thj-s case also rvoulcl be

an Llnecononi-cal ahoice,

Tn the above cliscurssions on economic feasibá-1-åty

of constrlrci:íng '¡:'ipelines, the discussion i'ras l-imited to

17r500 cfs, and 70r000 cf,s" tse inference ttrre comments

appl-ícabl-e i;o t,r'rese flows are true for the 35r00C cf,s" and

52, 500 cf s . fJ-ows 
"

F-6



( r ) gtat,isr.ics

(Z) OÐera!-ine l{ead- (Stati-c Head t/ Frictíon }tead ) 1.5

Ìtnr-J

TABLFi F-l
PTPELINES

Internal Diameter Pipeline 40e grt
Flow .Velocity 14 f ps
Flow/conduit 17,5itO cf s

Pioeline

Lake Þ{anitoba*
.Assiniboine River

Bunc locly

Velva-Garrison
Reservoir

(:) lt{eqawatt Ratins of Pumo Stat,ions

Lake Manitoba-
Assíniboine River

Br-rncl-ody

Velva-Garrison
iìeservoir

Statíc head _ Friction Heacl

113 fr

0

510

ft,

ft

70. 000_ cf s

1230 lv{w

19 Bo Èfw

4250 lil'/

54 rt

754 fr
65 fr

Desisn l{ead

250 ft

23L ft

86c ft

52. 500 cfs

930 Mt{

1500 ¡{l{

32DO

35 " 000 cfs

610

985

2100

17.5!0 cfs

306

492

1050



Assumed desígn head =

=

F-B
T,A"BLE F-A

BUI{CLODY PTPELTNË

Hoop stress/ft

Hoop St eel t{eq 1d .

No " of /ltt uars/f t . required f or hoo¡r stress :
:7"a sq.in"/1.50 sq.in" /lltt bar: 4"5 say 5.0

Longitudinal Steel- Assume #6 bar @ 1? oft c.c"
Base steel- #fl Top and Botton @ LZ# c.c"
concrete lvall bhi-ckness: Assume as shown in F'igure #p-L
Material-s/ft " of Píoe

( Static Hea<l û Fríction l{ead ) f . S(o + 154) 1"5
231 fr.
100 psi

= Pressure x lìadius of Pipe x 7Zt1: l-00 psi x (eO ft.xl? i.t") x IZ in,: 288,ooo///f t"
= z88,ooé/ft/+a, ooo psi

/.v sq.l_n"

Steel-: #I7 l¡ars 165 ft"
# 6 bars (outsíde)
# 6 bars (insíde)
#1f bars (tase) e

Coz-rcretes 16 cubåc yards,

Cos.b Estirnate/ft of Pioe

Steelt 5496 fbs. @$0.15/Ib" : $BZo
Concrete : 16 cu , yds @$ 35 f cu "ycl " 56_0

$lsBo

cost/mi1e : $å3Ss, (åli*îrszB0 rtf mire

x $ bars x 5,313 #/tt
I5z bars x2 " j6ll /f s

1J0 bars x 2"36#/ts
bars x 42 ft xJ.Illl/Îs

Total Steel

404ÐA lbs 
"

360 lbs,
306 lbs 

"
430 lbs "

5496 lbs 
"
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1.

The prrrnping statíonsrrvhich form a significant portion

of the capital cost of this project, are required to tift the

di-version ì,{ater from Lake lt{anitoba at an elevati-on of 812 to the

Garrison Reservoir at elevat j-on 1852.

Introdr-rction

APPENDIX G

PU}TPING ST,ATIO

.A,lthough the pumping stations were not actual ly de-

signed, ib was found thaL there were a nurnber of features of

the oumping stations that, would influence the l-ocation of other

works on the diversion. This section covers these features and

describes how the capital cost for the prrmping stations was estj--

nated "

NS

2. Strbmergence Iìequj-rements f or the Pumpinc Stations

It, was asstimed that a minimltm of bhirty five of

water ( I ) mtrst be available over the pump station intakes to

¡rrevent unnecessary intake 1oss. It was found that this criteria

required that the intake channel of, *some of the pumphouses be

depressed below the natural channel trottom. Thís feature of the

channel cìesign is covered in Appendix ,L"



.5a

?he foundation eonditions availabr-e at each g:ilmpíng

st,ation loaation as.e covered in .Appendj-x B 
"

the constrLreti-ore of the ç:umpíng stations ån cclxl-

junct-ion r¿ith the earth dams w'i11 present son'e g:robtr-ems

rel-ated to differentíal- settlement" rt is expect,ed that,

settlement under the earth da¡ns will occuí. due to consolí-
dation sf the darn foundation, Because of the heavy loads

assocíated rvittrLtre pumpíng statåons and the infl-exible nature

of t'Ïre purnping stations, the pumping statj-ons v¿il_l_ have to 6e

con-stnucted on a pitr-e foundat,j-on in order to transmít the hågh

loads to a suít,abl-e bearing layer and so as to keep settl_ement

to a mi.nimurm" The irumping stati-ons will therefoe"e not be

subject to the same sett3-ement as r.vàll the ciams.

Because of this, ttre pumping s-bati.ons and dJ-schange

conduíts wil-l- probablS' have to be eompletely disassociated

fror* the dam eml:ankment, The pumpíng stations would be

located dow¡-rstneam of tlee darns wíth the discharge conduíts

constnucted t'hrough a dam abutment in vingi-n ¡nat,es"ial"

4 * Çiv.íl*_ l'3eqh_an.Lgå*l-.jìgr_4_E].ec;Ç,,r";!s_ai_ HoeLæ

Ïn geileral- other than the ao¡-rsíderatlons for sub-

mergerìce of t'lne rlu:"¿p ¡-rníts and general consídenatåocrs f,og"

fouErdation condåtions no a-t,tempt tras nrade to såze oT desågn

an3' portåon of the e'ivål, rnechanieal o3r elect-*ícal- works

associa-Led wi-th tlze pur,rping statíons"
For the ptlrpose of estj-mating the el-ec'br:-caL d,rtzpz-tt

Foundatiogrs f,oa. Fur¿pins Stations

11 
'



ínf,o f;he prurnpi-ng stations, 'i'i; was assu.med 'd;hat ttrre overa'll-

ef,f,icåe¡rcy of the pumping s'catj-ons was 8A%"

5, !-e-Fi{eå"-S-oS*t sf-*&¿mpåag* 8teÞio*r1-s.

C" W, i-{u?:barctr (18) developecl a cost g:en ki3-ovratt

veï.sus såze of insta.l-l-at'-ion c¡-rnve foc" g:umped stor^age ptr-an'bs

ín the sj-ze range frorn 30Ð to 2eÐ00 niegawatts f,os' ]aeads of

350 f,eet or fr:oi:Oø

,6ince purnping staÈiorl såøes ìn t?:ås study ranged

fros'. L8 to 3r35CI naegarvatts, it rvas necessâry to tny and exteEed

the Flul:bard clls"ve oT,/er these ranges' To do thås and also to

ver'L-fy the ]-trubbard clls've, capi'La]- cosös for proi:osed hydro

generat'ìng stati-ons on ttr-ie lilelson Ri-vea' {19,\ \qere obt'ai-ned

cou.e"t.esy of Î'fanit,oi:a [{ydro' Tt was assr.rmed that the capital

costs of the hydr6 gerìerating statåoe'rs v¿ould be essenti-atr-ly

the sarne as tÏ:e capåtaI- cçst of, pa:lmpíng statíons of the same

sj-ze range, ?hese fígtlres are tabulated in ?abl-e G-l-. Tt

was f,o¡.rnd that the fi-gures fos' ttree hydro generating statíon

sg:arrned the size range of, 257 ta 1610 megawatt i"/e11 withín

'Lhe range i:eiirg considered for pumping statíons in the report"

fil_though it was possi-l:1e to dnarç a el.nrve thnough

tlee hydro generâting g:oínts, ít was decj-ded {,o use the Fï¿rbbae"d

aus.ve foc' estír¡iatíng the capi-taI- aost of the pu-mp5-ng stations

f or t'he pr.em'p sta'{'åon size range cf 300 to 2000 rnega&'aÈès " Ïn

order to esüimate capi-i;a3- costs f,o¡: pumpíng statåons less ttrran

30CI megawai;'d;s ån sJ øe, it was decåded to extend t?-re Ï{u-bbard

ei-rnve b3r se'ctíng the cost of a $0 rnegawatt statåoa at' $ZCO,CO0



per megawai¿lr and joining thís point by a straigirt låne i¿ith

the last point on I'tr, Fïul¡bardes curve. For pumping stations
in excess of 2e000 þ{lv rating the capåtal eosts per megawatt

T{as taken as Èhe saÊle value for the ze00o I'iw station (see

Figure G-2),

ït ço¡as felt that the capit,al- cost pel" megawat,t

would vary wíth the head and dischaæge pumped, An attempt

iøas made to establish capital- cost per rnegawatt versus síze

of ínstallation eurves for l-0 foot, 50 foot, and 100 foot
punlp discharge heads, I-troweven, sufficient inforrnatj-o¡r was

not available to do thís,
fne Hubbard curve refl-ects bhe total cost of a

pumped storage plant (pencentage of total cost indicated j-n

bracl<ets) incx-uding ]-aird and rights (s%)a reservoårs; dans

and waterways (+o/") a Srorvenhouse (7Ð s niajor ancr auxil-lary
eqtrípinent (SS%); ancl transnissio¡r line {z%)a administratåon

and engineering {,t5%)" Tt rvas possible, with these figures
to reduce the capit.al costs per meelaiuatt figures by 4O% at
least since essesrtåal3-y tTre infonmation requíred for this
study is the eost rlf powenhouse and rnajor and aurxi-LLary

equipnent 
"

I{owever on revie'øing the p3-ot of the Ilubbard cur.1¡e

on Fågr-lre G-2 ån z"el-ation èo the points of the ?'{asxi'boba Flyctrg

genenaÈing st,atj-ons it was fel-t t,traat if thís s'eductior-¿ was

carried out tirat tÏre I{u-l:bard cu¡:ve wol-ll-d yåetr_cl .¡:er l{t1 costs

well l¡el-oru tl"rat experienced by ÞÍanitoba l{yclno. TFrerefore,

it r,{as deaåded- not Èo ned¡.lce ttee FTubbac.d cus,?e*

G-4



G-5

The estima'{:ed capitar cost of t,he gru.mping statåons
are li-st,ed ån Tabl-e G-2"



,3
.L

at
,io

n

U
pp

er
: 

G
lù

I
P

ro
 je

cl
:

l,,
ov

¡e
r 

G
u,

ll-
P

ro
 je

c'
i;

T
,A

,B
I,E

 C
-l

C
aP

IT
A

L 
C

O
S

T
 0

ll 
ltr

ill
S

oN
 R

IV
E

R
 F

ffp
R

o 
E

LE
C

T
R

IC
 .

G
E

N
E

R
À

T
T

I]G
 S

T
A

T
I0

\T
S

I}
q:

v

75
r0

00
 c

fs
"

I2
Jr

O
00

 c
fs

,

líe
ti;

le
 ll

.a
pi

cì
.s

'i 
5 

eo
oo

1-
25

,O
O

O

75
,o

co

:t 
25

 ,0
00

75
, 

oo
o

12
5 

r 
oo

o

H
ea

d

lt5
1

Iv
5 

?

Lo
ng

 S
p:

rr
-r

ce

V
Jù

o

l.f
i¡,

I 
&

tb
i4

g

)q
'/

42
S

Li
m

es
.b

on
e 

75
,0

00
 c

fs
,

12
5r

00
0 

cf
s"

h.
3 

" 
51

4)
u)

'

98
"5

r
ôc

) 
Ã

7o
o 

)

78 n(
\

((
)

l_
69

 ,5

ro
y"

 )

C
IS

ó

\, 
I 

Þ
 6

G
i-l

la
m

w
f,ù

ô

vf
ù6

Ç
a,

pi
ta

l C
os

t

$3
5,

3t
or

oo
o

56
,7

5A
 ,O

O
A

t.Þ
b,

5g
o,

o0
o

55
,8

60
,o

oa

4&
,5

oo
, 

oo
o

70
,0

00
,0

00

2l
+

8

hL
l+

75
10

00
 c

fs
"

J-
25

,0
00

 c
fs

"

)o
¿

q"
A

t+
h5

.l 
),

)

$;
t3

3,
oo

o

13
/+

r0
00

I8
0,

00
0

l-3
 5

,0
00

5U
u 

)

öu
o 

)

96
6

ró
r.

0

45
9

76
5

39
 ,g

LA
,O

O
A

63
,5

1*
o,

oo
o

54
ro

50
,o

oo

88
,5

20
ro

oo

L,
Lr

57
O

,O
O

O

6?
r 

2o
or

oo
o

tJ
O

r0
00

75
, 

oo
o

90
ro

oo

86
,o

oo

5ó
9o

oo

55
,o

oo

90
,o

oo

88
,0

00

-ì I c¡
.



flo
70

.0
00

 c
fs

 
C

an
ac

itv

(r
) 

La
ke

P
um

I{
an

it,
ob

a*
A

ss
in

ib
oi

ne
 R

iv
er

 C
an

al
in

,r
r 

S
ta

ti

T
À

Ð
lE

 G
-2

C
,{

P
IT

A
L 

C
O

S
T

 O
F

 p
lj}

fp
lN

c 
S

T
A

T
IO

N
S

(2
) 

Â
ss

.in
j-b

qi
ne

 R
iv

er
 D

am
s 

P
un

l:i
ne

 S
gt

tío
ns

Þ
{i1

e
l{i

1e
M

ile
lv

iil
"e

4.
0

11
.0

L7
 "

o
rB

.5

D
am

 #
 I 

* 
F

S
L 

92
5 

0 
fr

. 
tif

r
D

am
 #

 z
 *

 F
S

L 
95

0 
zS

 
ft 

" 
lif

r
D

am
 ll

 3
 *

 F
S

L 
1o

5o
- 

10
0 

fr
, 

lif
r

D
ar

n 
ll 

A
 

F
S

L 
1r

5o
- 

lo
o 

fr
. 

l-i
ft

(l)
 

S
ou

rj-
s 

R
iv

er
 Ð

am
s_

P
um

pi
ng

 _
st

ab
io

ns

oa
nr

 #
5 

Þ
-S

L 
12

00
_ 

5o
 

ft.
 

lif
b

D
am

 #
6 

F
S

l, 
r3

oo
- 

1o
o 

fr
 "

 l
ift

D
an

r 
#7

 
F

S
L 

t3
5o

* 
50

 
fr

. 
]if

r

25 25 33
s

JJ
')

ft fr ft ft

r 
ifr lif
r

lif
r

lif
t

r8
4 

IM
 @

 $
15

5,
00

0/
D

M
18

4 
bn

f 
@

 $
15

5,
00

0/
lv

1t
\I

24
8 

}il
v 

@
 $

rz
5,

oo
o/

uw
24

8 
r\

fr
,f 

@
 $

r2
5,

00
0/

1,
flú

T
ot

al
 C

ap
ita

l 
C

os
t

--
 

Iil
,/ 

@
 $

--
 

N
lW

19
4 

¡r
r{

 @
 $

rs
s,

oo
o/

}f
rr

/
73

5 
l,f

i,{
 @

 $
 z

0,
oo

o/
}f

r,
ú

73
5 

¡'M
 (

s 
$ 

10
,0

00
/l1

w
T

ot
al

 
C

ap
ita

l 
C

os
b

$ 
zB

,5
oo

, 
oo

o
$ 

zB
,5

oo
e 

oo
o

$ 
31

,0
00

u 
00

0
$ 

3r
- 

" 
oo

o.
 o

!o
$ 

rr
9,

 o
oo

, 
oo

o

3ó
 B

 I'
fir

r 
cs

 $
rO

+
 r

 0
00

/Þ
ß

v
73

5 
}{

iv
 @

 $
 7

6,
00

0/
t\f

1{
T

ob
al

 C
ap

it,
al

 C
os

t

36
8m

vo
 $

20
,0

00
/N

fr
,f

T
ot

al
 C

ap
ita

l 
C

os
t

$-
-

$ 
zB

,5
oo

, 
oo

o
$ 

56
, 

oo
o,

 o
oo

$ 
qo

 " 
oo

o.
 o

oo
S

- 
a0

l5
sõ

, 
oo

o

$ 
3T

 ,z
oa

, 
oo

o
$ 

5ó
"o

oo
"Q

oo
$ 

93
,2

00
, 

oo
o

$ 
3B

, ¿
oo

. 
oo

o
$ 

3B
,4

oo
, 

oo
o

n ¡ \l



70
, 

C
IO

C
I 
cf

 s
 . 

ao
nt

in
rÌ

ed
 

T
/L

B
LE

 G
-2

 
co

nt
in

ue
cl

C
.A

,P
IT

A
,L

 C
O

S
T

 O
F

 P
U

M
P

IN
G

 S
T

,4
T

IO
N

S

( 
¡ 

) 
$q

qr
j-s

 R
-iv

er
 D

am
s 

P
lrm

ni
nu

 S
ta

tio
ns

D
an

t 
/1

7
D

am
 #

B
D

an
r 

#9

D
am

 /
11

0
D

am
 /

11
1

na
m

 ll
l.Z

(¿
)

F
S

L 
14

00
 1

00
 fr

.
F

S
L 

14
10

 
10

 fr
 "

F
S

L 
14

40
 

30
 ft

 "

F
S

L 
14

50
 

10
 fr

.
i.-

sl
. 
15

00
 

50
 fr

.
F

S
L 

15
50

 
50

 ft
 "

Y
_e

1v
_a

 I
'u

nn
el

 s
 P

rr
rn

pi
ng

 S
ta

bi
on

( 
S

 ) 
B

tr
nc

lo
rlI

¡ 
C

an
aI

 P
rim

pi
rlg

 S
ta

tio
n

Â
t 

R
es

er
vo

ir 
7 

F
S

L 
l3

5O
 

I1
5 

ft 
. 

lif
.tr

A
b 

Iìe
se

rv
oi

r 
IZ

 
F

S
L 

15
50

 
45

5 
ft"

 
lif

b 
- 

33
50

 ¡
{h

/ 
@

g6
5,

00
0/

}1
tv

: 
$e

lg
,O

O
O

"O
Q

g

t_
if 

r
lif

r
lif

r

lif
r

lif
t

tif
t,

73
6 

N
'rw

 @
 $

7ó
,O

O
O

/r
nv

73
ó 

l'i
lV

 @
$2

00
, 
00

0/
III

V
22

0 
¡il

v 
@

$1
33

,0
00

/M
w

T
ot

al
 C

ap
it,

al
 C

os
t

73
6 

I'M
 @

$z
oo

,o
oo

/Þ
Ilv

3ó
B

 l"
M

 (
E

$1
04

, 
C

Io
o/

Þ
rw

3ó
B

 l
tlt

¡ 
@

$1
04

, 
g'

C
I/M

l{
T

ob
al

 C
ai

:it
a1

 C
os

t

$ 
56

, 
oo

o,
 o

oo
$ 

r¿
 ,T

Z
o,

 o
oo

$ 
_ 

¿
g,

-3
oo

,o
oo

$ 
ro

or
 o

zo
r 

oo
o

$ 
r¿

 ,T
Z

o,
 o

oo
37

 ,2
00

, o
oo

_ 
37

. 
20

0.
.0

00
$ 

B
g 
,r

zo
, 

oo
o

85
0 

Þ
Ir

{ 
@

$7
2,

 C
I0

0/
pn

4/
 : 

g 
61

. 
eg

.Q
, 

oo
o

!r ! oô



("
) 

5z
,.5

Q
Q

__
sr

q

(r
)

La
lc

e 
lt{

an
ib

ob
a 

Â
ss

in
ib

oi
ne

 
Iìi

ve
r 

C
an

al
 P

um
oi

nr
r 

S
ta

tio
ns

tr
{i.

l-e
M

ile
M

ife
Itt

ile

(s
)

4.
0 

25
 

fr
 "

t1
"0

 
25

 
fr

.
77

 "a
 

33
.5

 f 
t.

18
.5

 
33

"5
 fr

.

r\
ss

in
ib

oi
-n

e 
Iì.

iv
er

 D
am

s 
P

um
oi

n¡
, 

S
t,a

'b
io

ns

D
ar

u 
#l

 F
S

L
D

an
r 
#2

 F
S

L
¡a

m
 ll

3 
F

S
L

tla
m

 /
14

 F
S

l.

(:
 )

 S
ot

rr
is

 R
iv

er
 D

am
 P

un
rp

ín
g 

S
ta

tio
nsT
ab

le
 G

*Z
 c

on
bi

nu
ed

92
5 

0 
ft"

95
0 

25
 ft

 "
10

50
 1

00
 fr

.
11

.5
0 

10
0 

ft,

lif
r 

13
8 

M
r^

/ 
@

 $
l-6

0,
00

0/
M

W
lif

t 
13

8 
N

flt
/ 
@

 $
r0

0,
00

0/
M

W
lif

r 
18

6 
tv

rr
{ 

@
 $

rs
s,

00
0/

M
r\

r
lif

r 
18

6 
tv

rr
,v

 @
 $

15
5,

00
0/

M
,,{

T
ob

al
 C

ap
ita

l 
C

os
t

D
an

r 
ff$

Ð
am

 #
6

D
an

 /1
7

F
S

L 
12

0{
)

F
S

L 
13

00

F
S

L 
.1

35
0

F
S

L 
14

00
F

S
L 

14
10

Ir
sL

 J
 4

4C
l

F
S

L 
14

50
F

'S
L 

15
00

F
S

t, 
1.

55
0

na
rr

. 
/1

7
Ila

m
 if

 B
D

am
 #

9

D
an

 1
0

D
an

 1
1

D
am

 L
z

tif
r

líf
r

lif
t,

lif
r

50
 fr

, 
lif

r
10

0 
fr

 "
 l

ifr

5O
 ft

,. 
r 
ifL

-1
00

 ft
" 

lif
r

10
 fr

. 
lif

r
30

 ft
. 

lif
r

10
 fr

 "
 l

ifr
50

 fr
" 

liu
r

50
 fr

. 
rj.

fr

l'I
hl

l-3
8 

N
flv

5 
55

 Þ
fw

55
5 

M
!'/

T
ot

al

@
 $

 -
* 

/i'
ov

@
 $

-t
.6

0,
 o

oo
/t'

ñ/
@

 $
 B

e,
oo

o/
M

h'
@

 $
 8

e,
oo

o/
Ir

u
C

ap
ita

l 
C

os
t

27
7 

"5
 }l

hi
 @

 $
rr

5,
00

0/
M

t{
5 
55

 Þ
nf

 @
 $

 B
z 

, 
00

0/
i\{

w
T

ot
al

 
C

ap
ita

l 
C

os
b

27
7 

"5
 r

{r
{ 

@
 $

t 1
5,

00
0/

l{W
T

oÉ
aJ

- 
C

ap
ita

l 
C

os
t

55
5 

Þ
n^

/ 
@

 $
 B

Z
, 

00
0/

l''
ft{

55
.5

 Þ
ír

v 
@

 $
Z

O
O

,O
0o

/l{
t\/

1.
66

"5
 M

t^
/ 
@

 $
15

5,
00

0/
M

W
T

ot
al

 C
ap

ita
l 

C
os

t
55

{5
 }

{r
V

 @
i 
$e

O
O

,0
00

/Þ
ri{

/
27

7 
.5

 N
{r

{ 
(4

 $
rr

5,
00

0/
}f

lv
27

7.
5 

r'M
 @

 $
 8

e,
00

0/
Iv

ft,
J

T
ot

al
 C

ap
ita

l 
C

os
t

$ 
ee

r 
oo

o,
 o

oo
$ 

zz
r 

oo
o,

 o
oo

$ 
eq

 e
 o

oo
, 

oo
o

$ 
e9

, 
oo

o.
 o

oo
$r

oz
, 

oo
o,

 o
oo

$ 
--

*
$ 

zz
, 

oo
o,

 o
oo

$ 
45

,5
oo

, 
oo

o
$ 

4ç
.5

oo
.o

oo
$r

r3
, 

oo
o,

 o
oo

$ 
31

,6
oo

, 
oo

o
$ 

4q
.i_

oo
,o

og
fi 

lZ
, 

to
o,

 o
ûo

$ 
3f

,6
oo

"o
gq

$ 
31

,6
00

,0
00

$ 
45

, 
5o

o,
 o

oo
$ 

rr
, 

oo
o,

 o
oo

$ 
z5

 " 
B

oo
. 

oo
o

$ 
8z

,3
oo

, 
oo

o
$ 

rr
, 

oo
o,

 o
oo

$ 
3r

,6
oo

, 
oo

o
$ 

31
. 

ó0
o,

 o
oo

$ 
74

, 
zo

o,
 o

oo

n ¡ \l)



("
) 

52
,5

oC
I

(¿
 )

cf
 s

 c
on

tin
tr

ed
.

V
e-

l-v
a 

T
un

ne
ls

 P
um

pi
ns

 S
ta

tio
ns

A
t 

R
es

er
vo

j-r
 t

.2
 F

S
L 

15
50

 4
55

 ft
. 

líf
b 

25
60

 lv
tw

 (
@

 $
65

,O
O

C
/p

w
¿

(s
)

B
rlg

cl
od

v 
C

an
a!

 P
um

rr
in

g 
S

ta
bi

on
s

rlt
 R

es
er

vo
ir 

7

T
ab

le
 G

-2
 c

on
ti.

nu
ed

F
S

L 
13

5A
 

1r
5 

ft.
 

lif
r 

63
5 

Þ
fl{

 @
 $

77
,O

O
O

/U
I¡

$ 
16

6 
. 

5 
00

_"
 0

0-
Q

$ 
16

6,
50

0,
 o

oo

L*
4q

, 
oQ

o.
 o

oo
$ 

49
, 

oo
o,

 o
oo

6) I F c)



("
) 

L5
,o

oo
_c

fs
.

(r
)

M
ile

 
4

M
ile

 
l1

M
íl-

e 
I7

M
ile

 
18

(Z
) 

Â
,s

si
qj

-b
gí

ne
 R

iv
er

 D
am

s 
P

um
r¡

in
s 

S
tg

tio
ns

to
ba

-.
4.

T
ta

m
 ll

l 
F

S
L 

92
5 

0 
fr

. 
lif

 
L 

@
 

5 
_-

O
ar

r-
 /1

2 
F

S
L 

95
0 

T
hi

s 
da

m
 is

 n
ot

 u
se

d 
in

 t
hi

s 
sc

he
m

e-
-

oa
nr

 #
3 

F
S

r.
 1

05
0 

L2
5 

f r
. 

líf
 b

 4
58

 m
v 

o 
$ 

gz
,0

00
/I,

nd
 :

 
$ 

q2
,0

C
I0

,0
00

na
n 

/1
4 

F
S

L 
11

00
 5

o 
rr

. 
tif

r 
tB

3 
tv

{t
{ 

@
 $

15
5,

 o
oo

T
m

v 
: 

$ 
ág

, 
+

oó
,0

00
D

am
 4

A
 F

S
L 

tt5
0 

5O
 fr

. 
tif

r 
18

3 
M

tv
 (

o 
$r

S
S

,o
oO

/lc
v 

=
 $

 z
B

.4
oO

_o
oO

T
ot

at
 c

ap
j-t

al
 c

os
t 

$ 
gg

. 
B

oO
. 

O
_O

g
(S

) 
S

ou
ris

 R
iv

er
 D

am
s 

P
um

ni
ns

 S
ba

tio
ns

0 0 0- 5*

25 úJ 33
 .

5
33

 "
 5

T
A

B
LE

 S
.:.

à 
_c

on
!,i

_n
qe

d

fr
. 

lif
t

fr
 "

 l
ifr

ft 
" 

lif
b

ft.
 

lif
L

D
an

t
D

am

92
 w

t 
@

 $
 r

8o
, 

o0
0/

M
w

92
 I'

f\{
 @

 $
 rg

O
,0

00
/M

tV
12

4M
rr

/@
 $

 r7
O

,0
oo

/M
tv

12
4 

lv
Il,

V
 @

 $
 f

Z
O

,0
00

/M
W

T
ot

al
 

C
ap

ita
l 

C
os

t

#5 lt6

D
ar

n 
ll7

I)
ar

r,
 lf

7
D

am
 #

B
D

am
 #

9

D
am

 1
.0

D
am

 lI
D

am
 l-

?

F
S

L 
1 

2O
O

F
S

L 
13

00

F
S

L 
13

50

F
S

L 
1.

40
0

F
S

L 
14

10
F

S
L 

r4
4O

5O
 fr

10
0 

fr

50
 fb

10
0 

ft
l0

 f
t

30
 f

t,

lif
t, 

18
3 

M
t'/

 @
 $

rS
S

,0
00

/lv
¡h

/
lif

r 
36

6 
Þ

ri{
 @

 $
r0

4,
00

0/
}r

w
T

ot
al

- 
ca

pi
ta

l 
co

st
lif

t 
l.B

3 
N

M
 @

 $
rS

S
,O

00
/M

W
T

ot
al

 C
ap

ita
l 

co
st

rif
 L

 3
66

 þ
,ft

v 
@

 $
10

4,
00

0/
þ{

t:v
lif

t 
36

ó 
I{

IV
 @

 $
zo

o,
 0

00
/M

w
líf

 r
 

11
0 

I{
W

 @
 f

it7
2,

00
0/

M
tü

T
ot

al
 c

ap
ita

l 
co

st
È

-s
L 

14
50

 1
0 

fr
F

S
L 

15
00

 5
o 

fr
F

S
L 

15
50

 5
0 

fr

: 
$ 

t6
r 

5o
or

 o
oo

: 
16

r 
50

0,
00

0
: 

21
,1

00
r 

00
0

: 
21

., 
1-

0!
 " 

0-
Q

0

$ 
25

, 
zo

o,
 Q

oo
_

lif
r

lif
r

lif
r

36
ó 

M
IV

 @
 $

zo
o,

00
O

/I1
w

r8
3 

M
W

 @
 $

rS
S

,o
O

O
/U

w
18

3 
M

rV
 @

 $
rs

s,
00

0/
1.

{r
{

T
ot

al
 

ca
¡r

ita
1 

co
st

$ 
eA

,4
oo

, 
oo

o
$ 

38
, 

oo
o 

" 
oo

o
$ 

66
14

oo
, 

oo
o

$ 
2B

,4
oo

. 
oo

o.
$ 

e8
,4

oQ
 " 

oo
o

$ 
38

, 
oo

o,
 o

oo
$ 

z,
3o

oo
 o

oo
$ 

rq
"o

oo
"o

oo
$T

A
" 

ãõ
0.

 o
oo

$ 
7,

3o
o,

 o
oo

$ 
zg

r4
oC

I,o
oo

$ 
z8

.4
oo

. 
oo

o
$ 

É
4.

 r
oo

 " 
oo

o

C
I

I H H



("
 )

 3
5,

 0
00

 c
f 
s.

 
co

nt
in

rr
ec

l "

(¿
) 

V
el

va
 T

r.
rn

ne
ls

 p
um

pi
ns

 S
ta

.ti
on

¡.
'b

 R
es

er
vo

ir 
12

 F
S

L 
15

50
 

4S
S

 ft
,"

(S
) 

B
un

cl
oc

l)'
 C

an
al

 P
um

rr
in

c 
S

ta
.b

io
n

A
t 

R
es

er
vo

j 
r 

#T
 F

S
L 

I3
5O

 _
 1

15
 f

t.

l'a
bl

e 
G

-2
 c

on
tj-

nu
ed

lif
t 

- 
16

75
 I

M
 @

 $
66

,o
oo

/r
un

u
T

ot
al

 
C

ap
ita

l 
C

os
t

lif
r 

42
5 

I,f
iV

 @
 $

g5
,o

oo
/¡

rw

$1
¿

1 
" 
00

0.
 0

00
$r

11
, 

O
0O

. 
O

0O

$ 
4o

.4
oo

, 
oe

lo
$ 

4o
,4

oo
. o

po

|î\ I l"J N
)



("
) 

r7
" 

(o
o 

cf
s

(1
) 

(1
)

T
ot

al
 

C
ap

ita
l 

C
os

t
(e

) 
¡\

ss
in

ib
oi

ne
 

R
-iv

er
 D

am
s 

P
.u

m
pi

ne
 S

ta
t,i

on
s

M
ile

 
4"

0
F

fil
e 

11
.0

M
i.l

e 
l7

,A
Iv

lil
e 

lB
,5

It{
an

it,
ob

a-

D
am

 ll
 I

 
F

S
L 

gz
s

D
an

 ll
 'z

 
F

S
L 

g5
o

D
ar

:t 
ll 

3 
- 

F
S

L 
to

so
D

an
.#

 4
 

F
S

L1
t0

0
oa

rn
 #

4¡
.tr

 * 
F

S
L 

1.
15

0

25
 fr

. 
lj-

fr
25

 fr
. 

lif
r

33
 .5

 ft
. 

lif
r

33
.5

 fr
, 

li.
ft

( 
g 

) 
S

ou
gi

s 
R

iv
er

 
D

ar
ns

 P
um

pi
nq

 S
ta

tio
n

T
ab

le
 G

-2
 c

on
tin

ue
d

D
ar

n 
lf 

5
D

an
r 
# 

6

D
an

/"
7-

0 
fr

 "
 l

if 
r 

--
I{

i{
T

hi
s 

da
m

 n
ot

 u
se

d
L2

5 
ft,

 
lif

t, 
23

0 
¡ir

Ìt/

50
 ft

. 
lif

r 
91

.5
 }f

ll/

5o
 fr

' 
rif

 r
 9

1"
 5

 Þ
rv

/

T
ot

al

46
ì,t

w
46

1'
tw

6z
vt

w
6 

et
'n

v

F
S

t. 
12

00
F

S
L 

13
00

F
S

L 
13

50

F
S

r.
, 

14
0e

i
F

S
L 

14
10

F
S

r.
 1

44
0

D
am

D
am

D
an

l

@ @ @ (¿

lJ
o llB

*
lfe

*

$z
oo

, 
oo

o/
¡M

$e
oo

, 
oo

o/
Þ

M
$r

go
, 

oo
o/

M
iv

$r
go

, 
oo

o/
M

w

50
 fr

"
10

0 
fr

 "

50
 fr

"

10
0 

ft.
1.

0 
fr

.
30

 fr
"

lif
t 

91
"5

 M
lv

 @
$l

8o
,o

oo
/m

u
1i

ft,
 1

83
 M

t{
 @

$1
55

,0
00

/Þ
{t

v
T

ot
al

 C
ap

it,
al

 C
os

t
lif

r 
gI

.5
 I

'M
 (

d$
19

0,
00

0/
þM

T
ot

aJ
- 

ca
pi

.b
al

 c
os

t
lif

r 
18

3 
}it

ì/ 
@

$1
55

,0
00

/M
w

lif
t 

1B
 .

 3
N

{\
,{

 @
$2

00
, 

00
O

/}
rw

1i
f 
t 

55
. 

O
ul

v 
@

)$
20

0,
00

0/
Io

{
T

ot
al

 C
ap

ita
l. 

C
os

t

in
 

th
is

 
sc

he
m

e
@

$1
2 

T
 , 

oo
o 

fu
ttr

t 
:

@
$1

80
, 
oo

o/
Þ

tl:
co

$1
80

, 
oo

o/
Ir

rv
:

C
ap

ita
l 

co
st

$ 
9,

 z
oo

, 
oo

o
$ 

g,
zo

or
 o

oo
$t

r 
" 

8o
o,

 o
oo

$t
t, 

B
oo

, 
oo

o

$4
2,

 o
oo

 u
 $

oo

õ;
;, 

2o
o,

 o
o0

f6
 r

 5
00

, 
0c

0
16

, 
50

0,
 o

0o
$6

2,
 z

oo
. 

oo
o

$r
6,

 5
oo

, 
oo

o
$z

B
.4

.g
o 

" 
oo

o
$4

4"
9o

oo
oo

o

$1
6.

 s
00

, 
oc

o
$r

6,
 5

oo
, 

oo
o

$e
 B

, 
4o

o,
 o

oo
$ 

3,
7o

o,
 o

oo
$1

1,
 o

oQ
 " 

oo
o

$¿
3,

 J
 o

o,
 o

o_
o

qì I H 6,
t



("
) 

17
"5

c0
 c

fs

(g
) 

co
nt

in
ue

cl
.

t:a
m

 lÍ
 r

0 
F

's
[, 

14
50

D
an

r 
# 

I l
- 

F
S

L 
15

O
o

D
am

 #
 1

2 
F

S
L 

t5
S

0

(¿
)

V
el

va
 T

un
ne

l-s
 P

Lr
m

oi
ns

 S
ta

tio
n

A
t, 

R
es

er
vo

ir 
J-

Z
 F

'S
L 

15
50

 4
55

 ft
,.

B
tr

nc
l-o

dv
 C

an
al

 P
um

ni
nq

 S
ta

tio
n

10
 fr

. 
lif

t
50

 fr
, 

lif
r

50
 ft

 "
 l

if 
tr

T
ab

le
 G

-2
 c

on
tin

ue
d

¿
\t 

Iìe
se

rv
oi

.r
 7

 F
S

L 
13

50
 1

.1
.5

 ft
,

18
.3

91
.5

91
.5

tfi
,v

 
@

Ifi
V

 
@

l'f
iV

 @
T

ot
al

$z
oo

, 
oo

o/
lv

llr
/

$r
go

, 
oo

o/
r{

w
$r

B
o,

 o
oo

/¡
4w

C
ap

it,
al

 C
os

l"

lif
t 

B
ss

 M
I^

/ 
(o

 $
73

,o
oo

/¡
flv

T
ot

al
 

C
ap

ita
l 

C
os

t

lif
r 

21
c,

 I
{h

/ 
@

 $
r3

s,
00

0/
M

r\
r

T
ot

aI
 C

ap
j.'

ba
J-

 C
os

b

$ 
3,

 7
oo

, 
oo

o
$1

6,
 5

oo
, 

oo
o

$r
6 

" 
S

go
. 

og
o

$,
?6

,7
00

 -
 o

oo

$ 
6t

"o
oo

"o
oo

$ 
ól

"o
oo

.Q
oo

$ 
zB

"4
oo

"o
oo

$ 
eB

.4
oo

.-
oo

o

cl I þr .{
-\



-TYPICAt_ 
PUMPIi{G

S:tA-ltcNS

H EADS TO 50 FEET

HEADS 60 TO 45Ô FEET

UN\YERSìTY ÓF MANI-TOBA

r IGUR.t \_J .J-



CCST CT FUKiPING

STATICN CURVI

7 t6o
5.

o
LJo
# t\o

Nrr.sor
,oHs S

L-
o 500

MW sIZE

1000 t500

ÕF INSTALLATION

TIGURE *2



LA3íE ¡'IÉ'NTTOB.É" - GlåPrllISON

ÐÏVER.STO}.7

.ÄPFÐNDTT

P01{¡Eit

RESÐRVOTR,



sEc?Tot{

A* Introductíon a o @ @ e ö @ @ @ ð e ø @ @ @ ø o €

2* Electrical- Generating Syst,em @ @ o ø @ ø e @ @ @

3, LocaLíon of }Tucl-ear pl-ants ø ø @ @ ø @ @ ø ø @ ø

4, Ðistribution System @ ø a @ o @ ø 6 @ ø @ ô @ @

5" CapitaS- Cost of Generating $tatíons ø @ ø ø ø @

6, Operating Cost of Generating $t,at:.-ons a @ @ ø ø

É.FPE}'TÐÏX FJ

ï¡rÐEX

Ð¡. /1La¡ .h. (¡l_i

l-Ia

Tr a¡1--L

t¿- Á

?-l a

TT 4

ll- 2



T.ÀBLÐ

H-1- Capi'La1

Tí-2 .Annual-

1I-3 Capi.ba3-

FI-4 NucleaE-

Cost

Energy

Co s'b

Fower"

,AP]?Ð}TÐTX }.I

LTST Otr T.ê,BLE$

of Genec"ati-ng $tatåons ø o ø

Chargçes @ @ € @ ø @ ø @ 6 @

cf Fower Dåsts.ì-bu-tíam S)'stem

isConpetitivee@øøoo

@@ø@ð

@@@és

ô9ø@ø

qóø60

Ð ¡{ rall

I-T F

rr OIi- (l

H-:I.C)

T-T 1"



1, Tntrocluction

Approxímately 2r65a þi{'f and l-0r560 I'it'J of el-ectrical

poïrer vri]-l be requrired for ttre 17r5OO cfs and 701000 cfs

cli-version fl-orus nespeetively'

Fresently t'he co¡nbined Ûhermal¡ 9âs turbine,

and hydro generated outg:Ert of, the ?'lanitoba Fïydro and

ì,finnipeg Hydro is l-1640 l'ibl, þ' potential exísts for the

devel-opments of another 5e000 Î"F¡/ of, hydro genenated el-ec-

t,ricaJ- porr/êr ø

Assumíng a aonstant increase in electri-cal con-

sumptåon o'E LO% olrer the next two decades, wlzich would

s'esult in an eleetríeal demand of 51000 }ffi by 1985-1990, it

ís apparent frora the above figunes that el-eetrícal- pol4Ter

ínpuÈ for the <iíversioe'r could not be supplíed from tiee exíst-

ing el-ectrical generating sgrstem nor does the potent'ial exist

for develop:ing the power required from pnesentS-y irndeveloped

iryd.ro elecörical- generating såtes *

This appendix covers t,he selecti-on of, an elecðrj-cal

gener.atj-ng s¡rs'rem to stlppl-y tl're electc'j-eal power required fo'r"

the divensíon, J-ocatíon cf p3-airts, and capåta3- eos'b of the

generatíng units and distrihution sysüemu

2 " ef ec$r:lc4å"jgeæeagínq

Tè r'ras assucred that bhe 3-arge bl-ock of, electriea3

g)orl,er requá-red for thås projeet cor¡.ld be ?:est procluced hy

Á.PPETTÐT,Ï Ïì

FOWER.



atomic porvea'ed gerrer.atång stati_ons,

since the unit cost of power generati.ng decreases
(20) wåth the size of, the n¡.:.eleac. plant o ít rsoul_d be advan-
tageous to ¡nai<e t,he units as large as g:ossible, Fresently
the J-argest plants under consideratåo¡-r are l-e000 ?,{lt capaci.Ly

{za1 '
Pnactj-eal consi-denations such as thre avaålaïrJ.J-íty

of, standby por'rer p¡oul d to a centain extent govern t.he si-ze

and nu¡nï¡er of poïrer plants buir-t" F"urthe¡" it is appaneni:

frora todays €echnol-ogy that a n¿rcl-ear unit eannot be shut
clown for nepairs r+ít,hout, a de1-ay of sonle z t,o I months"

For these reasons it was f,elt ilrat it would be

unrealíst'ic to consider no less &hare three plants wíth an

install-ed eapaciêy of Lzo% the demand load, since the
nuclear plants would be cons'bructed wåt,h tr^¡o unåt,s per
p1-ant ttrees"e woul-d ælrvays Ï:e one unåt in reverse"

"Âtr-though i.t, r*ould appear at fírst glance i'l*at,

the cost of dist,u"ib¿iti-rng the power wou.l-el have an influence
on the l-ocations of, the nucl-ear pJ-ants j-t, should be noted
that t'o ensure adequate s.Laactrî:3r Fox\ier' ån even.L that oc?.e ¡*riå*

or one of, the ¡-rucl-ean plants tras to be sh¡_rt clown acequate
'{;ransrnission facål-it,ies nust l¡e avai_l-able to interconnecb
tlle nucl-ean p3-ants.

3, _loslaÞjqg!__pf,_ Sgre.l_e_qjr *Påagþ_A

$iEree Ta.r,ge tr'ctrucnes of coø3_j-zrg v¡atr,er wí11_ 'be

requS-red to opes"ate the n¿rcl-eaa- p3-arats, å,1 lsil-L be necessarS/

to consÈnr¡-c+; f,?,e p3-ants r-rear trre large bodj-es af; wa'çe**

T-f4



Locatio¡rs meetång thís requirei::len1, woul<f be the shore of
Lake l,lani'boba, upstrean of Ðan /13 and #4 in the .Assfníboímo*,

r-rpste-earir of Ðain ill-0 on the $ounis iìiver and acljacent to

Garnisr:¡r Ðan, Ðxcent for the Lake Manitoba and Garcison Ðam

trocations, the prlai1¿s r,çou'ld tr-a::gel-y depend Llpon cooling water

being¡ supplied from ttrre divea"sion i'cse1f 
"

4 " Di. sÍrj-Þu'¿i_o_n .r5ys-þe¡n

Pnesently the largest capacit,;.' transmissåon l_jnes

?reing buj-lt, ín i'tianitoba are 250 Þítü (ZSAr000 vol-t ) (ef) l-ånes,

Tire capríta'l cos'L of i,irese lines ås apprcx:-rnately $35rooo per

nile (zr) 
"

rI- J

The clj-stance paralleling tire diversion fc'o¡.n the

Garråson Reservoìr to th.e shone of T-ake l.,Íanítoba is approxi-

mateX-y 350 alå1es, The total estånated eapital- cos-L f r¡s.

transmåssíon lines ås slror"¡c't in Tabl-e Ïi-l_,

5, =Caæ-t_at _Ca.qL-qÉ cenerae¿ns_êþÊ¿_anp

T'ire capí-bal cost for Èlae nuclean power genenatíng5

station r,¡as obtained fno¡a îigur.e 9 coniained in ae'r artícle
Î?ÏIuclear ?orver ís Competiti-veÎ3 T:y J,O" }åolt, pnl:tr-åshed j_n

ûctoÏ¡er 1966 åssu-e of the E, T" c, Engineering Journal-* The

total estímaterl capítal aost of i.ire geneeating statíons ís
contaåned in Tabl-e Tl-2, .A cap7 of ttrr, Flo'tt,?s anticl_e is
appended to 'chj-s appendix,

6, Os¡erating Cost of Generatin¿: S{,atíons

The 'cotal u.nit eî?er-gy costs, inalud.i-gig a:nortíza-

tj-ozr, fue3-íng; cos'bs, and other operatierg costs per kålou¡att



'{t-4

!:ou.n, þras obtaåned fron Fígu.re L2,

article menLj-onecl above" Tl:.e total

charge i-s contaåned in Tahle !I-3 
"

contained

estimated

in J, O, I-Iolt ? s

annual energy
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Nuclear Power is Competitive

H-Tz

Table H-4

J. O. Ilolt
Atomic Power Department
Canadian Gencral Electric Company
Limited
Peterborough, Ontario

[,IC-66.THERì\Í & NUC 2

The past two years have seen a striking
chan-qe in the nature of commitments
for electrical generating Plant throu-qh-

out the world. The earl¡r promise of
nuclear porver, rvhich seemed for somc
years so slorv in nrateriaiizing. has norv

shorvn the proof of its strbstance. This
period has been marked by a. pronottncerl

upsurge in nuclear porver plant orders
placed by utilities in many countries,

and by the large nttntbcr of bid sub-

missions and tender negotiations under
considc¡ation and in progress. Alt this

activity is clear evitlencc thát nuclear
porver is now firmly established as a

major procluction sotlrce to mect the

ever growing demancl for electrical
energy.

This world rvide srving to nttclcar
power is of inrpressive amplitude. In the

first six months of 1966. U.S. utilities
placed orders for nearly 9.000 megawatts

of nrrclear porver compared rvith abottt

4.800 lrfw in 1965. Sonre of the largest

orders have been placed by utilities that
have access to coal btlrning plants with
fuel costs of less than 2l cents per mil-
lion BTU's. As of August l, 1966, over
one-third of all Iarge tur'oinè-generator

Papcr presentcd to lltlL lvfaritinte Pro'
lcssional Engineers' Conlerence, DigLty,

N.5., Septcmber, 1966.

sets ordered this )'ear in thc Unitcd
Statcs sere destined for nuclear plants.

and this proportion is likely to increase

over thc balance of Lhe Year.
Britain eârlier tlisplayed a similar

trend. With mtrch of her original pro-
gram of 5.000 IfW in gas-cooled, graph-

ite-moclerated, natural uranium-fuelled
reactors in service or nearing comple-

tion. she has rccently initiated an even

larger pro-uram of construction for ad-

vanced gas cooled reâctors (ACR) using

slightly-enriched uranium as a fue[. As

we write this u'e note that France will
all br.rt ceasc to bLrild coaì-fired stations

by 1973. and fronr that date will rely
clmost exclusively on nlrclear power.

Turning norv to the Canatìian scene,

Ontario Hyclro has Douglas Point at

200-MWe scheclulccl for operation later
this year but, ntorc significantly, has

committed trvo 500-lr'fWe units at Picker-
in-e. near Toronto, with plans for ex-
pansion to possibly 6.000 lr{We on the

same site. Hydro-Quebec. despite a con-

tinuing program of Iarge hydro-electric
projects. has plans for a 250-N'lWe proto-
type station ncar Trois Rivières, rvhich
will unrJoubtedly be thc forerunncr of a

series of large scale plants for service
in the seventies.

'fhus, we find that almost every indus-

trialized country in thc rvorld, antl indced

many dcveloping countries, are nolv ac-

tively planning for nuclcar Power genera-

tion; there is no cloubl that alt cxpanding
utilities must carefully compare tlìe cost

of nuclear po$'er gcneration rvith all

other available sotrrces before commit-

ting ncw power generation projects'

Nevertheless, we in the nuclear industry

do not believe that nuclear pou'er rvill

completely clisplace convctrtional sr.¡urces'

Applications and ccononric envi¡onn:ent
vary so widely that h:,'dro, fossil fuel

and nuclear Powcr generation mtlst com-

plement each other for man-r- years to

provide reliable antl low cost electrical
encrgy over tlrc range from peaking to

base load operation.

Dcvcloplncnt of ConrPetitive
Rcâctor SYstems

The sharply cornpetitive position now

enjoyed by nuclcar base load generation
tlerives from scveral sources. One, of
course. is the technology gained from
experience in the pioneer installations
such as NPÐ in Canatia, Dresden and

Yankce in thc Unitctl States, various
plânts in Europe and the iong line of
N{ACNOX plants itl Britain. Anolher is

the growth of Power systems and the

spread of interties lt; the point whgre ever

larger units can be added; nttclcar power
plant capital and unit energy costs are

particularly sensitivc to the economics of
increasing sale. Finally. as nuclear plant

construction grows to a level comparable
with thât for conventional Plents' the
costs of equipment nìanufactilre and fuel
processing are reduced because of the
benefits of experience and larger volttme.

Even though nuclear Power maY be an

obvious choice, t¡tilitìes in many cotlntries
still face the problem of selectin-s a

suitable reactor conceP! to meet their
needs. To reach a decision theY must

consider such factors as:

(i) Initial investment
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Table U-4 (Continued.)

.i,lt/

'u235
rJ 

F tssroÍ,¿
TfitHi¡i,ìl(St0'f/) tti.
t{EUT!:iûi.l

H-l3

i.
I
L-*-

Fig.3.

qçt-tlSf.$
FAST
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(ü) Fuelling cost
(iii) Other operating costs
(iv) Risk of economic obsolescence
(v) Stability of production costs
(vi) ,A,vailability of fuel
(vii) Ease of repair
(viii) Load follorvìng flcxibility
(ix) Simplicity of clesign features.

Several reactor types are now com-
mercially available on the rvorld market.
The immediate choice lies between:

-Graphite moderated, gas-cooled re-
actors using either natural uranium
or s'lightllr enriched uranium fircl (Brit-
ain and France).

-Boiling light water reactors using
enriched fuel (USA and Germany).

-Pressurized 
light water reactors using

e¡¡iched fuel (USA and Germany).

-Heavy 
\ryater. moderated and cooled

reactors using natural uranium fuel
(Canada).

Although only heavy water or graphite
moderated reactors can use natural urani-
um fuel, all these reactors may be de-
scribed as thermal converters (Fig. l).
They are called thermal because the
nuclea¡ chain reaction is sustained by
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slowing down the fast or high energy
neutrons released by fission to lorv or
"thermal" velocitics by means of a mod-
erator such as graphite or rvater. They
are terr¡led converters because, rvhile
burning the fissile isotope uranium 235,
they generate fissile plutonium through
neutron capture in fertile isotope urani-
um 238 (Fig. 2). Some of the plutonium
is burncd in turn to produce energy, but
thc unburned (or unfissioned) portion re-
maining in the spent fuel may be re-
covered for other purposes. This process
is typical of the light water reactors
(Fie. 3).

Heavy water madeteted reîctcts are
called "advanced corverters" tecaÌlse
they "convert" with great efficiency (Fig.
4). They use considerably less natural
uranium for a given output of energy
than do the other reactors listed, because
they produce and burn more plutonium.

The advanced converters use only
about one percent of the total potential
energy in the fuel if there is no recovery
and recycling of the ¡esidual plutonium
in the spent fuel. rr'r'ith plutoniurn re-
cycling it is possib.le to convert up to
about tbree per cent of the potential
energy. Low though this utilization may
seem, the fuelling cost of the heavy

Fig.6.
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water reactors is only about orre mill per
kiloivatt hour using the "once through"
cycle. Iligher utilization does not of
course necessarily result in lorver unit
fuelling costs because of the costs associ-
ated with reprocessing spent fuel for
plutonium scparation and rccovery.

It is worth noting that it secms pos-
sible to use over 50c/o of thr theoretical
energy content of natural uraniu¡n in
"breeder" rcactors (Fig. 5). The reactor
is dcsigned in such a way that more
fissile atonrs are produced than are used
in the fission process. There are, how-
ever, nìany technical problerns to be
solved bcforc such icac:ois c:n L.c rc-
garded as commercially feasiL'le- P¡esent
estimates suggest that l0 to 15 years of
development, prototype construction and
experience will be necessary to make
such reactors commercially cor:rpctitive.
When breeders are proved and available,
they rvill not, howeyer, make the ad-
vanced converter reactors obsolete, The
two types rvill be complementary, for'
the fissile material required for the ini-
tial fuelling of the breeders can be
supplied most economically in the form
of plutonium generated in advanced con-
verters. A comparison of the three con-
ve¡sions is shown in Table 1, from which
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I'able 1

Conversiou ComParisons

Distribution of
Released ì'Íeutron
Fission
Conversion to
Plutonium
Conversion Rate

Tab1e H-4 (continued)

more fissile material than it consumes.

it is seen that thc breeder produces

The Canadian Program

Canada has many sound and excellent

reasons for concentrating on the develop'
ment of heavy lvater modetated leactors
capablc of buning natLrral uranium fuel
efíectively and efficiently. Because of the

low investment in natural nranium and

the unique properties of the heavy rvater

moderator, the fuelling cost is less than
one mill/klVh - bY far the lowest

fuelling cost of any commercial reactor.
Tbis fuelling cost is all inclusive and can

be accurately predicted now - the costs

of the once through system are not de-
pendent on the variability of reproccssing
costs or long t€rm estimates of thc value
of recovcred plutonium. (Fig. 6)'

Canadian reactors now being designed

a¡e the world's most efficient converte¡s.

For a given energy output they use about
25Vo Tess uranittm feed than do the light
watcr enrichecl reâctors, and about 45%
less rhan do the grapliiie moiieratcd rc-
actor's. Even grcater r€ductions in fccd
are possiblc with fucl recycling. Becatlsc

of thei¡ high conversion rate and lorv

natural u¡anirtm feed requirements, the

fuelling cost of heavy lvater reactors is

leÈs sensitive to possible incleases in the
price of natural uranium than are the
fuelli¡g costs of other reactors, so that
production costs rvill be much nrore

stable over the life of the IIWR stâtion.
The "once through" system does not,

however, preclude the posibility of plu-
tonium recovery and fuel recycling, for
the plutonium contcnt in the dischargcd

fuel averages about 3 gm/kgU or 1

gmlMWD. Nornrally fucl consumption
averages about 100 kgU/NfWe/year, but
econonriq plutonium recovery costs are
dependerrt on a volume equivalent to an

installed capâcity of not less than 2,000
Mrffe or 200,000 kgU/year. At the cur-
rent price of $8-S9/sm, it is obvious that
this plutonium has a largc potential value;
some years hence, u'hen a slable market
is established, operators of heav-v rvater

systems may be able either to obtain
revenue from their spent fuel, or, by
recycling plutonium, reduc¿ thcir uranium
requirements by about 507o. Another
possibility for thcse neutron economicâl
reactors is thcir prornise as "ltear
breeeders" r.rsing thc thorium-uranium
233 cycle.'lhorium is a fertile ma¡crial
which, as in the gencration of plutonium
from uranium 238, can be transformed

Engincering Journal, Octobcr 1966

L1YR II1YR Breede¡
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by neutron capture into the fissile isotope

uranium 233,
The inherent low fuelling cost of the

heavy water power reactor has a signifi-
cant effect on long term station eco-

nomics; in any system, lhose stations

having the lowest operating costs will
always be loaded in preference to others.

The spectre of economic obsolescence ís

largcly banished if future technological
improvements can bring only marginal
¡eductions in operating costs. The full
benefits of low fuelling cost can come

of course only if the station offers high
availability. Canadian HWR stations have

on-power refuelling; off-porver refuelling,
common to light water reactors, can re-
sutt in the loss of at least 19l: days a

year according to British studies. This
loss of availability must probably be

made good from other less efficietlt sta-

tions held in reserve.
With alt these advantages, Canada has

committed herself conf idently to the

continuing developntent of heavy rvater

moderated power reactors using natural
uranium fuel. This confidence has been

rrnderlined by the decisions of the Fed-
eral Government to underw¡ite the con-

struction in the lvfaritimes of two heavy
water production plants, by contracting
for the purchase of at least 700 tons of
heavy water pet year over a ten-year
period. This production corresponds with
a station consttuction rate approaching
1,C00 \'fV/e per yâar.

Nevertheless, the designers of heavy
power reactors must seek continuously
to reduce the cost of construction by
improvcd engineering and general sinrpli-
fication of design. N{any advantages have
been mlcle as the result of experience
with NDP and Douglas Point. For ex-

ample, in June 1966, Canadian General

Fig.7.

Electric announccd a simplified version
of the Canadian heavy water moderated
and cooled, naturâ1 uranium fuelled re-
actor, which has a vertical rather than a

horizontal configuration (Fig. 7).
All the advantages of the earlier hori-

zontal design are retained and many nerv

features arc addcd, A lorver capiial in-
vestment results from shorter construc-
tion times, simplified nuclear components

including a single-ended on-Fower
fuelling system, ferver but larger steam
generator units, a smaller reactor build-
ing of prestressed concrete construction,
and a reduction in the initial inventories
of heavy water ând uranium fuel.

Capital Investmenf in Nuclear
Generafing Sfations

There is a widespread but mistaken bc-
lief that the capital investment in heavy
water power reactor systems is higher
than that of other systems. While this
may have been true in the case of
earlier stations, this is no longer true of
stations bcing designed for installation in
the early seventics. In making compari-
sons one must remembef that one has
the choice in reactor design of using
natural uranium fuel rvith heavy water
moderation ("enrichmenf' of water), or
of using enriched uranium tiel with a

less efficient and less costly mcderator
(Fig. 8). In the consideration of capital
investment it can be sho\ryn thât the total
cost of the first charge of natural urani-
um fuel and lteavy water moderator is
about the same or possibly a little less

than the cost of the first charge of en-
riched uranium fuel for a power reactor
system using a less efficient but lower
cost moderator.



If one now examines the bâlance of
the physical plant, one fintls only nomi-
nal differences which in nearly every case
are hanclsomely offset bl,the lower fuel-
ling cost of the heavy water reactor.

Contract Prices for l,hysical Plant

In comparing the relative costs of gen-
erating stations, one must clearly rrnder-
stand what is, or is not, included in
construction cost. llere construction cost
is defincd as the total cosr of building
a station: it consists of physical plant
costs and indirect costs. The indi¡ect costs
inclltlc intercst during constructio¡ì. com-
missioning, training, and co¡rsultants'
fees; many of these cosis are âssociated
with the economic envi¡onnrenr and re-
quirernent of a particular utility, and mav
vary widely. For this reason $'e rviìÌ
restrict our discussion to lhe physical
plant and consicler estimatccl contract
prices covcring the ntain structures,
Powef generation equipment, anrl basic
site irnprovements within the imnrediate
station area.

Estimated contrâct prices for physical
plant, fuel and hea'rv water are presented
in 'l'ablcs 2 and 3, and Fig. 9. Esrimates
are based on current (1966) Canadian
dollars for stations coming into opcra-
tion in the early seventies, btrt they do
not include taxes, duties or cscalation,
and appl¡r to average Canadian supply
and construction conditions.

'Irends in Heavy lYater Prices

In the nintecen-fifties the price of heavy
water from US production plants was
$30.25llb. (US $28.00) but by 1962 rhe
price had fallen to $26.50 (US 524.50).
Within the past two years, Canadian
heavy tvater production projccts have'
bcen cqmmitted which will nìakc heavy
water available at $20.50//lb. in 1967
w¡th further reductions in later vears to
$16ilb. (Fie. l0l.

Tabl.e H-l+ (continued-)

H-T5

Physical Plant-Estimated Confr¿rct prices_$/k1y
l-nit. Si-z¡ .(ùll\ie) 100 150 200 2ó0 800 -100 ó00 600 S00 1000
[inglc-Lirits 267.0 2J2.0 202.5 193.0 lsl.9 t6{ó 152.0 r42.0 t33.2 1ts.iTrvo Lrnirs z+2.T zro.g 1SS.0 175.1 ro¡.+ iìri.i lAS.2 129.1 lzi.; iiõ.]

t:nit, Size. (NIWe) 100 150 200 2J0 800 J00
Flcr.vr- \\'¡Ltcr (r S90.j0/ltr 8.5.0 38.+ 32.1 B0.ai ¡b.i Zr¡.2l'ucl (r 502.50/kg[- 10.9 10.? t0.ii 10.5 l0.S 10.2

Table 2

'fhis history of the canadian projccts seventies. This reduction in price is basecl
began in 1963 rvhen Atonric Energy of on an increase in procruction vorur,re,
canada Linrited invited canadian indus- and the availability of u.o, feecl at lcss
try to submit proposals on the under- than $ll,zkg.
standing that AECL would purchasc not In recent years theré has been a grour
less than 200 tons./year over a five-year ìng trend in the utility industry to basc
pc'riocl. Thc rvinning bid canre from Deu- economic assessmcnts on the ..presenr-
tcrium of canada rvith an offer of rvortrì" technique which transrites ail
s20'50./lb. from a p¡ant norv under con- f.ture econonric commitments to thc¡r
struction at Clace llay, N.S. ,,present-worth". The results permit a

ln 1964 AECL issued a second invi- direct comparison between schemes which
tation to industry; an offer made by show a nrarketr difference in variation of
canadian ceneral Electric was accepted their economic commitnìents with time.
in March 1966 for the suppl¡r of 5,000 'fhcre are large varíations in such com_
tons at up to 500 tons/'yeâr over a maxi- mitments between nuclcirr and conven.
nrum period of l2vz years at ¿ì startíng tional plants, and incleed betrveen various
price of S20..50,,1b. and a sliding scale riesigns of nuclear plants, so thar there is
to sl6/lb. at the end of the period.'rhis a strong case for the application of pres-
second plant will be located at port ent worth techniques in making econònric
Harvke<btrrv' N S 

ïî?'ä.îï,1i;,^:ï,.":,îiil'::ï:',",'"î
variations in both price of fuel an<l sta-

Fuelling Costs tion output may be expecred over rhc
lifc of rhe station.

For any given HwR station operating on Typical fuelling cost estimates carcu-
a "once through" fLrel cycle. thc equili- laterl by this method for a 20 year life
brium refuelling cost is proportional to at ivzc,/o simple interest ancl an average
the delive¡ed price of thc fuel (includin-q capacity factor of 0.75 are presented in
all uranium and fabrication costs). The 'fablc 4.
forecast trend in natural L¡raaium fuel
prices is shown in Fig. ll..The curve Operafing and lilaintenancc Costs
bÈgins at 574lkg of contained uranir¡m
in 1964 (the price of the first fuel charge opcrating and maíntenance costs inclutle
for DoLrglas Point) and falls to a lever of all salaries ancr wages for operating and
$45lkgU or less towards thc end of the mainrenance personnel, an áppropriate

Heavy \Yatcr and First Fuel Chargc-g/kW

Tablc 3
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Tabte H-4 (continued)

H-].6

overhead or bur<len charge, supplies, pur-
chased scrvices, replacement materials,
heavy water makeup and upgrading, ancl

insurance,
In comparison rvith other nuclear gcn-

erating stations, the qucstion of hcavy
water makeup ancl upgrading must be

examincd. Adequate control of hcavy
watcr losses anrl dorvngrading is inherent
in the dcsign oi HWR stations. and s)'s-

tems have bcen developed to the point
where the added cost of operation is

estimated not to exceed 0.03 to 0.1

mill/kWh depending on the unit sìze.

the cost increasing âs the size dccreases.

Unit Encrgy Costs

Many factors influence total unit encrgy
cost, and a detailed study is required to
establish costs approprirte to any ¡tivcn
physical and. economic environ¡nen[.
However, rve have calculated the total
unit encrgy costs for a range of FÍWR
station ratings and capital charge ratcs
using reasonable figures for the custonìel'
costs associíìted with a nrrclelr project
in Canada. We believc the result¡ng costs
are typical of stations constructed on
Canadian sites rvith adequate fresh-rvater
cooling supplies, and committed for scr-
vices in thc early seventies.

The grortnd ¡ulcs for thesc calculatit¡ns
are as follows:

l. Unit energy cost at gencrator bus;
2. 48-nlonlh construction;
3. Strai-cht line interest <.luring construc-

tion;
4. Customer costs Sl0rkW;
5. No escalation;
6.89á allorvance on physical plant for

purchase and sales tar. ctc.:
7. Nominal expenditures for training and

commissioning;
8. O & Nl inclucle D.O maketrp antl up-

gradin-e. and nuclear insurance at

$ l"¡1ut
9. Fuelling costs on â Present Worlh --

20 year basis.

Engineering Jourrral, Octobcr i966

The unit encrgy costs thus calculatcd conditions ând circumstances; again we

are shorvn in Fig. 12. would enlphasizc that we in rhe nucleal

industry believe that hydro, fossil fuel

and nttclear Po\ver generation must con-

comparison of Po$.er Generation plement each othe¡ for nìany years to

Sysfcms provide minimum cost electrical energy

over the operating range fronr peaking

The title of our paper "Nucleat Porver to base load. Nevertheless, nttclear porver

Is Competitive" really needs qualifica- generation is now compctitive for base

tion, for thcre is no one system of power load operation in many locations and

gencration that is conìpetítive uncler all will become so in many more locations

Table 4

Frrelling Cosfs - Prcsenf Worth h{ethoil
(Using Fuel Prir:c Trerrds fron: I'igrrre ll)

0.7ã CnpÀcity I'rctor - 20 year lifc - 7 )4c,ø inr'

Fig. I L

lJnit Size (II\l¡e) 100 150 200 2áO
Iìirsi Charge .S,rk\\' 10.9 10.7 10.0 10.õ
20 Yerr Rcpl:rcenrcnt ó9.4 51.7 ö?.0 50.5
1''u0l S/k\\¡
20 \i:rr Tot¡rl 70.3 6õ..{ {i3.2 01.0
Fuolling Co-\t S/k\\¡*
Lrnit Ifuolling Clost 1.05 0.97 0.9-t 0.91
l'lills /k\Yh

'l'hcæ Jìour¿s repr¿$n the ûþílnl reqiliîe¿, nl $ûr¡kp. lo liilance lhe
luellini oi lhe si¿íot otc¡ !0 ueors aI 0.iõ cûpocilU Ítclot operation.

Fis.12.
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59.8 õ7.0 õ-o.7 55.0 54.0 ,53.r

0.89 0.s5 0.83 0.82 0.80 0.7ó



US l[itls/kll'h
BIYR PVn CoaI HVn

Ioterest cnd Depreciation on prut Invesrmenr o.åf"ttoå'.# 
ttTno o\'if"

l¡tercsf snd l)-eprecirtion on Hcavy \Yatcr 0.lg
Averogc ¡'uel C'os-t. 1.25(Ð 1.39(r) I.69 0.69(r)
upcrsuons ând luarntenance 0.19 0.fg 0.2+ 0.21
r\uclesr trìsurance 0.04 0.0+ 0.0{
Totnl Bus B¡r Cosi Z.J7 2.54 2.89 2.14

Nofe: (1) Jnctudes i¡rtoesl onil ìlepeciation o4 Jiîs! Íuel char4e.

Ilnergy Cost Comparison of Coîl Fircd and Nuclear Plants
Inifial 12 Yca¡ Period

Table H-4 (conf,inued)

H--r-?

with the passage of time. To present
conrparativc figures one nrust consider a
specific set of conditons rvhich are apptic-
able to all sources of generation con-
sidered.

By their commirment of 1,000 MWe
at Pickering, Ontario Hydro a¡e obvi-
ously satisfied that nuclear power is com-
petitive with fossil fuels in Southern
Ontario; commitments by other utilitics
are also supported by dctailed and ex-
haustive studies.

One of the most dctailcd economic
comparisons yet publislìed is that by the
Tennessee Valley Authority rvhich com-
pares porver generation by BWR (boiling

Table 5

water reactor), PWR (pressurized water
reactor) and a coal fired plant. In each
case the station consisted of two 1,000
lvfWe units. The TVA operation is char-
acterizcd by rather low capital charge
Âtes (4V2Vo and 35 year lifetime) and
the availability of coal at U.S. d 18.9
per million BTU's.

Table 5 shorvs tbe published TVA esti-
mates for the BWR, PWR and coal fired
plants, and our estimate for the equiva-
lent HWR station. F'iÌst, to quote TVA:
"It is evident from the results of the
evaluation that .the nuclear alternatives
have a decided advantage over the coal
fired plant, and that either a BWR or

PWR would be a decided econo¡nic
choice over a coal fi¡ed plaot." While
we do not have access to all the data
and ground rules of ihe TVA study, and
thereforc cannot claim complcte accuracy
for our estimates, rve believe that these
figures show that the Canadian heavy
warer power reactor can offer real com-
petition for any other power reactor
system and for fossil-fuelled plant.

Conclusions

Nuclcar porver is no,¿/ competitive with
other energy sources in many locations,
and current Canadian designs are priced
competitively with other reactor typcs,
assuming that comparisons are made on
the basis of total initial investment, in-
cluding physical plant, first fuel charge
and heavy water.

Heavy rvater power reactors promisc
Iow, stable production costs over their
lifetinre through the simplicity and effi-
ciency of the natural uranium fuel cycle.
No othcr cornmercial reactor design can
approach the low operatilg cost of the
heavy water power reactor or offer the
flexibility of its fuel cycle. Frl

30 Engineering iourual, October 1966



LAT{Ð ],,IA}'{TTOR.À GÁ,PGTSO}I RE$ÐÏ{VOTR

DTÍ/EP,STOI'T

AFPE}'ii}TX r
UNTT CO$TS



SECTTO}I

1' TntrcducÍ;ion ø o è @ ø @ @ o @ Ð ø ø @ ê ø ø @ @ T-1

2, Common Excavatiorr € 6 @ @ & o @ @ @ @ a @ @ @ . T-1

3" Ericiges ø ø o € o @ 6 o o e à e e ô ø ô ø ø 6 ð I-1

y'r. I{åghways @ o @ @ ø ë ø @ @ ø o @ @ @ e @ @ o @ @ T--2

5" Raile'oadS o å o @ ø ø ø ø @ ø ø @ @ o @ ø @ e e T-2

ó, Î.íunicípal $ervices 6 @ @ o ø @ ô @ o e ø @ ø @ , T-2

7, Canal- -l-åning @ @ ø @ @ @ ø @ @ ø @ @ ø @ @ @ o 6 T-3

B" Concrete o @ ø ø à @ o o @ @ o ø @ o @ @ 6 ø @ @ T-3

9. $teel" @ @ 6 o @ @ @ ø a ø ø E o â ø 6 o ø @ o , l-3

}.PPÐNÐTX T

ÏHÐÐ.r

1ö Â ¡.r l:rà tr\3u



'¡ ^ Tntnodueöion

Althoughiti-sarrtícipatédthatcostst¡i]-3vary

frorn area to area a3-ong the dåvec"síon dependíng Ltpon tea'raia-lu

workì-ng concli,cions and avaiS-a:bilit,y of rnaterial-s, it was

assunied that the fo110wíng unåt príces vrould be appS-icabl-e

to the entire proiect,, All costs are in canadian dollars'

2u cç-@
Comgonexcavationandoverha¿r]-costsþiereobtained

from Fortage Ðiversj-on contraetsand sj-mj-l-ar tr-arge earttre exca-

vatåor¡ ps'oiects nndertaken recently ån the Frovínee of

Haní.Lcba by the water controtr and conservati-on Branch*

comrnos-r Þxcavatj-on costs ¡.rsed in thís stud3r wefle as fol-l-ol'/s:

commo¡-r Ðxcavation - Good T.fonking conditions $0"35 /ctt^ yd"

Common tsxcavation - Fooe' Wonking Conditions $0"60 /eu" Yd"

r ññn1ÎñTV T
.fa¿ å Ð¡Yv¿J! 4

uì{rr _çç$gå

ôve¡"hauL

2 ^ Bri-ds'esæ
Raí]-roadbnídgecostswereobtainedf,romthe

Foz.tage tsåversion, !-righway brådge eosts f,rom thre F1íghr4'ays

BranchrÐeç:ae1craer-ltofTranspontrProvinceolÎ"{anitol¡a'Fro*

vårrciaL Proad and ear-.r¡icipa I l:r'i-1ge costs x¿te?e oJ:taåned f,ron

t,lee Þ"'zate-c" Coptrol- asìd Conservatíon Braneh, Frovínce of

ltiar,i-t.oba,

$Q"oz /st'a. fd"



r_-2

Railroad Bridges 2 tæac.Ta

Rail-road Ba.idge I traak

Provínaíal Highi,ua¡r Bric.lge
40 f,eet wåde

Frovåncial- Road Bri-dge
32 f,eet r.¿ide

ÞIlrnic3.pal R.oa"l - 24 feet rvírle

4" HLehygvE,

Highway construeti-on

Flighways Branch, *epar'Èn"er:l.f- of,

Concrete $unfaeed - 2 lan.es

AsphaS-t, Suz'faced 2 lanes

5 ' Be;i3æe-¿ç.

$t8Oc per lineal foot

$ 9co per lineal foot

$l-ooo per lj-neal foot

Canadian Flatic¡nal- Railways 
"

Single Traek

Ðouble Tracl*

6, Mun{€ripaLéeqvipeg

$8oo-$rooo per

$6oo-$rooo per

Railroad constr¿:.ction costs r"rere ol¡tai.ned f,rora t,he

costs l{ere obtained front t,he

Transgrort, Frovince of Tdan:i-toT¡4,

$fz5eoo0 pen erål-e

$ Torooo per mitre

basis:

l-ineal- foot

l-ineal- foot

trtlater Ði- stni-bt¡.tío¡a System

Servage Co13-ectíon Systecr

r"{at,er Treat¡nent trlant

T4unicipal sec"víces ?rere esäårnated on the fotr-tr-owång

tr{aste Treaöment

$treet (Gracli-i:.g and 6r?
2A, feet, v¡ide

$15orooo per mile

fiZZ5 e 000 per rniLe

?he a?¡ov'e costs
r,'{ater Srrg:p3-y Board and Èlee

$ 7.00 pen l-ineal f oot

$ 5,00 per 1i-neal foot

$ZOC'"OO per Capita

$ 6o"oo per Capíöa

Faveraent )
$ 3O"OC per. l-ås'ieal- foot

were r:bÈaåned fro¡n the Tdani-to"ne

City of X{:i-naipeg,



7, C_anal Linigg

Canal Lånång (6*

8 " Coryçg-e-tq

Foa.med One Face

Fonmed Trr'o Faces

I " $teel

Rei¡rfoecing St,ee'l

Structural- Steel-

bhi-ck concrete)

ï-3

$ 3,oc per

$3o"oo per

$35,00 peî.

sEuare yard

$ o,t5

$ o,e5

cubic yard

cubj-c yard

pen: pound

per pour-ld


