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ABSTRACT

The Lake Manitoba - Garrison Reservoir Diversion
is a feasibility and cost estimate study of diverting water
from Lake Manitoba to the Garrison Reservoir on the Missouri
River.

The study indicated that is is feasible to carry
out this diversion by a series of pumping stations in con-
junction with a canal, a series of dams and reservoirs on the
Assiniboine and Souris Rivers and tunnels through the divide
between the Souris and Missouri Rivers.

The estimated capital and annual per acre-foot
cost for the Lake Manitoba - Garrison Reservoir Diversion

for the four levels of supply studied are as follows:

Estimated Annual
Acre-Feet Capital Cost per
Flow per Year __Cost Acre-Foot
70,000 cfs. 51,100,000 $5,820,000,000 $11.18
52,500 cfs. 38,300,000 $4,556,000,000 $11.78
35,000 cfs. 25,500,000 $3,287,500,000C $12.52

17,500 cfs. 12,775,000 $1,978,000, 000 $14.85
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CHAPTER I
PRELIMINARY

1. 1Introduction

The Lake Manitoba-Garrison Reservoir Diversion
is a scheme to divert water by pumping from Lake Manitoba
via a canal, the Assiniboine and Souris Rivers and tunnels
to the Garrison Reservoir on the Mississippi River.

It has become apparent in recent years that
Canada should be conducting a water resource study to in-
vestigate and establish a plan for the development of the
water resources of the nation. This is particularly true
in the Prairie Provinces where local water supplies are in-
sufficient for future development of agriculture and industry.
To ensure growth and prosperity of the agricultural and
industrial communities of the semi-arid region of the prairies
it will become necessary to import water from the McKenzie and
Churchill River watersheds which flow into the Arctic Ocean.

In order to develop a plan for water resources
development of the prairie provinces, an interdiciplinary
study of water resources and water utilization in Western
Canada was initiated at the University of Manitoba.

It is proposed that the interdiciplinary study

will indicate the magnitude of the future water requirements

of Western Canada, and establish the amount of water avail-




2

able for diversion from the north. Should the water avail-
able for the diversion from the northern part of Canada
exceed the water requirements of Western Canada, Canada could,
if it chooses, be in a position to export water to the U.S.A.
to help finance the developments of water resource schemes in
Western Canada.

The Lake Manitoba-Garrison Reservoir Diversion is
one possible scheme for water export.
2. Scope

The purpose of the study is to establish whether
it is feasible from an engineering point of view to divert
water from Lake Manitoba to the Garrison Reservoir and, if
so, to establish the capital cost and annual cost per acre-
foot for water delivered to Garrison Reservoir for the four
levels of flow: 17,500 cfs., 35,000 cfs., 52,500 cfs., and
70,000 cfs,

3. Limitations

For the purpose of this study it was assumed
that up to 70,000 cfs. could be available throughout the
year at Lake Manitoba for use elsewhere.

It was assumed that the quality of the water
delivered to Garrison Dam was of sufficient high quality for
use in the industrial, agricultural, and municipal applica-
tions. No attempt was made to determine what the demand may
be at Garrison Dam for Canadian water or to what specific

use it may be put.
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Water is not available "free" at Lake Manitoba.
This study did not assume a cost for water at this point nor
was any attempt made to establish this cost .

4. Thesis Organization

The main body of the report was divided into
eight chapters: Chapter 1, an introductory chapter; Chapters
I, III, IV, V, each dealing respectively with the following
sections of the diversions: Lake Manitoba-Assiniboine River
Section, the Assiniboine River Section, the Souris River
Section, and the Velva-Garrison Reservoir Section. Chapter
VI covers the pumping and power aspects of the diversion.
Capital costs and annual charges are covered in Chapter VII,
Chapter VIII contains the summary and conclusion of this
report,

Hydraulics and Hydrology of the Souris and Assini-
boine Rivers; Dams; Reservoir Damages; Canals; Velva Tunnels;
Pipelines; Pumping Stations; Power; and Unit Costs were covered

in Appendices A to I respectively.

1. G.A. Filmon in his April, 1967, Department of inil
Engineering, University of Manitoba thesis entltleg
"An Investigation of the Diversion of Northern Manitoba
Waters into Lake Manitoba' established the cost of )
53,000,000 acre-feet of water diverted grom the Churchill
River, Saskatchewan River and Lake Winnipeg, at $2.05
per acre-foot at Lake Manitoba.




CHAPTER II

LAKE MANITOBA-ASSINIBOINE RIVER REACH

1. Introduction

The Lake Manitoba-Garrison Dam Diversion for the
purpose of this study was divided up into four basic reaches;
a reach from Lake Manitoba to the Assiniboine River, a reach
on the Assiniboine River from a point a few miles upstream of
the City of Portage la Prairie to the confluence of the Souris
River with the Assiniboine River, a reach on the Souris from
the outlet of the 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 alternatives available for the lLake Manitoba-Assiniboine
River Reach.

2. Description of Reach

The Lake Manitoba-Assiniboine River Reach orig-
inates on the shore of Lake Manitoba and terminates at the
Assiniboine River. The reach is 20.5 miles in length lying
one mile west and parallel to the Portage Diversion. As
----- shown in Figure 3, ground rises from elevation 812 on the
lake to elevation 925 at the river, an average of 6 feet per

mile. In the first 16 miles the ground rises 28 feet with

the remaining 85 feet of rise concentrated in the last four
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and one half miles. The soils in this area vary from a sand
to silty sand; to silty clay to clay.

This section enters the Assiniboine River five
miles upstream from the City of Portage la Prairie. Five
roads including the Trans-Canada Highway and five railroad
tracks are transversed by this section of the diversion.

3. Lake Manitoba-Assiniboine River Canal

A canal system with suitably located pumping
stations was selected to convey the diversion water along
this reach.

The first reach of the canal consists of a three-
mile long inlet canal originating one mile offshore of the
beach on Lake Manitoba. The inlet canal was designed 13
feet deep corresponding to the average depth of Lake Manitoba.
The inlet canal terminates at the first pumping station where
the flow is lifted 25 feet into an above prairie canal and
flows by gravity a distance of 7 miles to the next pumping
station. Here again.the flow is lifted 25 feet and flows a
distance of 6 miles to the third pumping stations. From this
point on the ground rises rapidly necessitating two pumping
stations in the last three miles.

It was assumed that the entire length of the
canal upstream of Pumping Station #1 would have to be concrete
lined because of the pervious nature of the foundation mater-
ial. It is possible that a small portion of the canal, which

transverses impervious material, may not require lining.
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However, it was assumed that the entire canal would require
lining. Lining was assumed to be carried to a point five
feet above the design water surface.

Although the allowable velocity for a concrete
lined canal is in the order of 5.0 fps., the limiting velo-
city in this study was set at 3.0 fps. Im order to increase
the velocity from 3.0 fps. to 5.0 fps. additional head would
be required at the pumping stations with the result that
power and capital costs for the pumping stations would 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
was beyond the scope of this report.

The design sections that were used for the design
of the lined sections of the canal are shown below. A dyke

freeboard of five feet was assumed for all flows studied.

Base Depth
Flows Width n Side Slopes of Flow Gradient
70,000 cfs, 790" 0.015 6 25" 0.0000135
52,500 cfs. 5507 0.015 Horizontal 25! 0.0000140
35,000 cfs. 310" 0.015 to 25 0.0000146
17,500 cfs. 80! 0.015 1 Vertical 25! 0.0000168

The design for the 70,000 cfs. Lake Manitoba -
Assiniboine River Canal is shown in Figure 3. The design of
the canal is covered in detail in Appendix D.

4. Alternatives to Lake Manitoba-Assiniboine River Canal

It is possible that the existing Portage Diversion

could be modified as a conveyance system to accommodate the
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design discharges studied. The Portage Diversion originates
on the Assiniboire River, three miles downstream of thé
entry point for the Lake Manitoba - Assiniboine River Canal
and therefore if used could require at least one additional
dam on the Assiniboine 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 therefore this alternative was
not investigated.

A preliminary design was carried out on a pipeline
as an alternative to the Lake Manitoba - Assiniboine River
Canal. The pipeline was sized at 40 feet in diameter with a
limiting velocity of 14 fps. for a flow of 17,500 cfs. per
conduit. It was found that the cost of the pipeline would
exceed the cost of the canal for all discharges studied. The
design and cost estimate for the pipeline is contained in
Appendix F.

5. Capital Cost Estimate

A detailed cost estimate for the 17,500 cfs.,
35,000 cfs., 52,500 cfs. and 70,000 cfs. capacity canals was
made and is contained in Appendix D. The capital cost of
the pumping stations in covered in Appendix G. The capital
cost for the eanals including the cost of the pumping stations
was estimated at $73,655,000; $118,475,000; $162,375,000; and
$194,735,000 for the 17,500,cfs., 35,000 cfs., 52,500 cfs.,
and 70,000 cfs. flows studied. Capital cost for both the

canals and canal pumping stations are summarized in Table 3.




CEHAPTER III

ASSINIBOINE RIVER REACH

1. Introduction

The Assiniboine River Reach of this diversion
was required to life the diversion water from elevation 925
N at the outlet end of the Lake Manitoba - Assiniboine River
Canal to elevation 1150 at the confluence of the Souris
River with the Assiniboine River.
This Chapter will deal with some of the design

considerations for the reach.

2. Description of Reach

In the region between the Souris River confluence
with the Assiniboine River and the City of Portage la Prairie,
a distance of 76 miles, the Assiniboine River transverses the
Upper and Lower Assiniboine Delta formed during the glacial
period of Lake Agassiz. In this region the river flows in a
wide and deep valley, actively eroding its valley banks and
degrading its bed. The valley averages 1/2 to 1 mile in
width,

The bottom of the valley has a ditch-like shape
with alluvial deposits forming a thin layer on top of the
original delta formation. The average slope of the river

is about two feet per mile.
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Although there are no villages or towns located
in the Assiniboine River Valley along this reach, there are
approximately 83 farmsteads and 4 vehicular crossings. There
are no railroad crossings.

3. Conveyance System

The conveyance system in this reach was designed
as a series of dams, pumping stations, and an impounding
reservoir.

In order to keep the pumping 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 sufficiently high positive head over the pumping station
intake to keep pumping efficiencies as high as possible (8).
Channel velocities were kept below 3.0 fps. so as not to
cause any unnecessary channel erosion. The above criteria
essentially set the location of the dams.

For the 70,000 cfs. and 52,500 cfs. design flows
studied, it was found that four dams and three pumping sta-
tions were required. The height of the dams varied between
75 and 195 feet. It was found for the 35,000 cfs. and 17,500
cfs. flows that one of the dams could be eliminated; the 195
foot high dam reduced in height by 50 feet and a new dam
constructed to replace the reduction in height of the 195
foot high dam. This scheme reduced the flooded area by 3,000
acres.

It is possible that if the number of dams on the
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Assiniboine River Reach of the diversion is increased, that
the 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. It should be noted that
the cost of the pumping stations for the 70,000 cfs. and
17,500 cfs. flows make up 51% and 53% of the total cost of
this reach. As was shown in Appendix G, the unit cost for

‘‘‘‘ pumping stations are particularly sensitive to the MW size
of the installation with unit costs rising sharply for low
MW pumping stations. If the number of dams are increased,
it is conceivable that with the lower pump head per dam that
increased cost of the pumping stations would offset the saving
in reservoir damages and dam costs. This aspect was not in-
vestigated since it was felt a study of this nature was not
justified for the purpose of this report.

The Assiniboine River Valley in this reach is
particularly suited as a conveyance system as proposed here.
For example, it was calculated that the channel friction loss
from Dam #1 to the confluence of the Souris River with the
Assiniboine River, a distance of 71 miles, was 0.2 feet for
the 70,000 cfs. flow.

Percolation losses into the banks of the Assini-
boine River are expected to be significant at the beginning
of the flooding of the reservoirs. Although high initial
losses are expected, it is anticipated that losses will drop

sharply as the available hydraulic gradient is flattened by
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the raising of the water table in the general area of the
reservoir. It is anticipated that the general ground water
conditions within twenty miles of the reservoir will be
affected by the empoundment of water behind the proposed
dams. The grouhd water regime may be noticeably changed
with a significant increase in the number of springs devel-
oping along the slope of the Manitoba Escarpment.

The hydrology and hydraulics of the Assiniboine
River, dams, reservoir damages, and pumping stations required
for this section were covered in Appendices A, B, C and G.

The design for this reach for the 70,000 cfs.
is illustrated in Figure 4.

4. Alternatives to Assiniboine River Section

No alternatives were investigated to the Assini-
boine River Section of the Diversion.

5. Capital Cost Estimates

A detailed cost estimate for the various compon-
ents of the reach for each of the four levels of supply
studied was made and is contained in Appendices A, B, C and
G.

The capital cost for the dams, dyking, channel
improvements, reservoir damages and pumping stations was
estimated to be $240,437,000; $212,547,0003 $172,674,000;
and $135,857,000 for the four levels of supply studied.

Capital costs for the reach are summarized in Table 3.




CHAPTER IV

SOURIS RIVER REACH

1. Introduction

The Souris River Reach of this diversion was
required to 1lift the diversion water from elevation 1150 at
the confluence of the Souris River with the Assiniboine River
to elevation 1550 at Velva, North Dakota.

This chapter will deal with some of the design
considerations for this reach.

2. Description of Reach

The 8Souris River Valley from its confluence with
the Assiniboine River to Minot, North Dakota, has three dis-
tinct reaches.

The reach of the Souris River from the Assiniboine
River to near the west end of Lang?s Valley is an example of
stream piracy. After the receeding of the glaciers from the
last ice age, a tributary of the Assiniboine River eroded a
channel through the Tiger Hill Region separating Glacial Lake
Souris area from the Assiniboine River Delta and captured the
Souris River as it outletted through Lang’s Valley. The
Souris River Valley is deep, "V" shaped, averages 1/8 mile
to 1/2 mile in width, and very irregular. The river is
actively eroding its valley banks and degrading its bed in

this reach., The valley bottom has a slope of 6.0 feet per
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mile. This section of the Souris River Valley is twenty-two
miles in length,

The Souris River Valley from Lang?s Valley to a
point a few miles downstream of Verendrye, North Dakota, a
distance of approximately 165 miles, is located in the plain
once occupied by Glacial Lake 8Souris., The valley width varies
from 1/2 to 3 miles with the valley extended less than 100
feet below the surrounding plain and in places shows practi-
cally no valley incision. The valley in this area has an
averaging bottom slope of 1.5 to 2.5 feet per mile.,

The portion of the Souris River Valley upstream
from Verendrye to Minot averages 3/4 miles in width and lies
100 to 200 feet below the surrounding plain. The valley walls
are steep-sided. The valley bottom slope averages l.5 feet
per mile in this reach. The section of the Souris River Valley
from Verendrye to Velva is 10 miles in length.

The towns of Wawanesa, Souris, Melita, Upham,
Velva, and Sawyer are located on the valley floor with 174
farmsteads, 9 railroad bridges, 30 vehicular bridges, and 11
small dams.

On the American portion of the diversion from the
international border to a point south of the town of Verendrye
the U.8, Fish and Wildlife Service has established a wildlife
refuge known as the Lower Souris National Wildlife Refuge.

The wild fowl refuge was developed by constructing 5 small
dams on the Souris River causing the creation of very shallow

marshy empoundments.
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3. Conveyance System

The conveyance system in this reach was designed
as a series of dams, pumping stations and impounding reser-
voirs.

As on the Assiniboine River Section an attempt
was made to concentrate the static 1lift at as few pumping
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 stations were required along with two additional
dams, one to prevent the loss of water down the Blind
Souris, and another on the divide (Lang's Valley) between
the upper end of the Pembina River system and the Souris
River to prevent the loss of water down the Pembina River
system. The height of the dams on the Souris River varied
between 35 feet and 160 feet. It was found necessary to
use one layout of the dams for all the discharges studied.

It is not expected that problems related to water
percolations will be as severe as on the Assiniboine River.

In order to keep channel velocities below 3.0
fps. it was found necessary to carry out extensive channel
improvements along certain reaches of the Souris River.
With the improvements in effect it was calculated that the
reservoir water surface at the inlet to the pumping station
would vary between 3 and 6 feet from the FSL during the

period of pumping.
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o For the purpose of calculating the size of pump
installation these channel losses were assumed to be included
in the loss of efficiency of the pump units,

All of the dyking, as was the case on the Assini-
boine Reach, was required to provide freeboard requirements
around the abutments of the dams,

The towns of Wawanesa, Souris, Melita, Upham,
Qfgaél Velva, and Sawyer would be flooded by this diversion,

. The hydrology and hydraulics of the Souris River,
dams, reservoir damages, and pumping stations required for
this section were covered in Appendices A, B, C, and G,

The design for the 70,000 cfs. flow in this reach

is illustrated in Figure 5, Sheets 1 and 2.

4. Alternatives to Souris River Section

The Bunclody Canal was investigated as an alter-
native to using the Souris River as a conveyance system between
a point downstream of the town of Souris, near the village of
Bunclody and point upstream of the town of Melita,

The Bunclody Canal is essentially a contour canal.
The water is lifted out of the "low reservoir® behind Dam #7
(FSL 1350) to elevation 1465 on the high bank of the Souris
and gravity conveyed to the Blind Souris, an abandoned channel
of the Souris River above Melita, and then to the reservoir
behind the Dam #10 (FSL 1450). The soils along the canal
route vary from silty sand, gravel, fine sand, loamy sand
and silt, It was felt that with these foundation conditions

the canal would have to be concrete lined.
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It was found that for all discharges studies ex~-
cept the 17,500 cfs. flow the canal was more expensive than
the Souris River conveyance system, For the 17,500 cfs. flow
a 10% saving resulted., For the purpose of this study it was
assumed that this small saving was insignificant and that the
water would be conveyed up the Souris River. A comparative
cost estimate between the 8ouris River between Dam #7 and
Dam #10 and the Bunclody Canal is shown in Appendix D, Table
D-3.

It was found that it could be possible to con-
struct a contour canal along the east or west high bank of
the Souris River from the vicinity of Dam #9 to either of the
reservoirs behind Dams #11 or #12., These contour canals would
be in the order of 90 to 120 miles in length. Based on unit
costs per mile for the Bunclody Canal it was found that the
capital cost of these canals would exceed the saving in dam
costs, reservoir damages, and pumping stations that would
result because of their construction,

5. Capital Cost Estimate

A detailed cost estimate for the various compon-
ents of the reach for each of the four levels of supply studied
was made and is contained in Appendices A, B, C, and G.

The capital cost of the dam, dyking, channel imf
provements, reservoir damages, and pumping stations was esti~
mated to be $579,217,000; $542,676,000; $447,349,000 and
$367,196,000 for the four levels of supply studied. Capital

costs for the reach are summarized in Table 3.




CHAPTER V

VELVA-GARRISON RESERVOIR SECTION

1. Introduction

Diversion water was to be conveyed from elevation
1550 near Velva on the Souris River to elevation 1850 at the
Garrison Reservoir on the Missouri River.

This chapter will deal with some of the design
considerations for this reach.

2. Description of Reach

Between the Souris and Missouri Rivers lies the
divide that separates the watersheds draining into the
Hudson Bay and those draining into the Gulf of Mexico.
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 distance 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 Reservoir by twenty some miles.

The north and south sides of the divide are very
steep with slopes in some reaches being 40 to 50 feet per
mile. The top of the divide is covered with a series of

sloughs and is very undulating.
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3. Conveyance System

It is proposed that the diversion 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 17,500 cfs. each at a velocity of 14 fps.2

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 Association (10) which is similar
to the Turtle Mountain Formation in Manitoba. The Fort
Union Formation is covered by 50 to 150 feet of glacial
drift. Except for the last three or four miles of tunnels,
where the tunnels are expected to be located in glacial
drift, the tunnels will be lccated in the Fort Union Forma-
tion. |

Since the Fort Union Formation is young, tunnel-
ling should be relatively easy. However, because the Forma-
tion is very young it is not expected to be highly consoli-
dated, particularly within 75 feet of the surface of the
bedrock. This aspect may present some problems in tunnelling.

The pumping staticn for the tunnels would operate
against a static head of 300 feet and a friction head of 155
feet.,

The design and cost estimate for the tunnels is

covered in Appendix E. A profile of the tumnels in contained

2. See Appendix E for analysis of optimum pipeline diameter.
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in Figure 6.

4. Alternatives to the Velva Tunnels

As an alternative to the Velva Tunnels it would
be possible to construct a canal from Reservoir #12 along a
line drawn straight south of Velva to a point where a saddle
occurs in the divide. The elevation of the top cf the saddle
is 2060. The length of this canal would be 20 miles from
Velva to 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 Wildlife Refugee
and thus to Long Lake and Crooked Lake. From this point, the
canal would flow south-southwest to enter the Garrison Reser-
voir at elevation 1850 approximately the same point as the
Velva Tunnels.

No actual design was carried out on this canal.
However, an approximate cost estimated based on the average
cost per mile for the Lake Manitoba-Assiniboine River Canal
was prepared. It was found that an additional pumping head
of 145 feet was inherent in the design of the canal over that
required for the tunnels. Since additionsl gemerating sta-
tions would have to be provided an allowance for this was
made. The ccst estimate for this canal is contained in
Appendix D, Table D-5.

On this basis it was found that the canal would
be slightly more expensive for the 17,5CC cfs. diversion,
and 10%, 20% and 24% less expensive than the Velva Tunnels

for the 35,000 cfs., 52,506 cfs., and 70,000 cfs. flows
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respectively. The Velva tunnels were estimated as separate
entities and it is possible for example, if two or more
tunnels were contracted together that the cost of the tunnels
could drop 10% or more bringing the cost of the tunnels more
or less in line with that for the canal. Since the purpose
of this study was to establish the feasibility and the order
of magnitude of the cost of the diversion, it was not felt
that a detailed cost comparison between the canal and the
tunnels was justified. For these reasons, it was decided
to use the Velva tumnels in this report for conveying the
diversion waters from Velva to the Garrison Reservoir. How-
ever, no reduction in the cost of the tumnels for the 35,000
cfs., 52,500 cfs., or 70,000 cfs. flows was made to account
for possible volume discounts.

Another alternmative to the Velva tunnels would
be to comstruct a pipeline from Velva to the top of the
divide at elevation 2060. This pipeline would replace the
first twenty miles of the canal mentioned above. However,
the pipeline was found to be far too costly to serve as an
alternative.

5., Cost Estimate

A detailed cost estimate for the various compon-
ents of the Velva tunnels is contained in Appendix E and G.

The capital cost for the Velva tunnels including
the pumping stations for the 70,000 cfs., 52,500 cfs., 35,000
cfs., and 17,500 cfs. flows was estimated at $1,162,600,000,
$874,950,000, $583,300,000, and $297,150,000 respectively.

Capital costs for the tunnels are summarized in Table 3.




CHAPTER VI
PUMPING AND POWER

1. Introduction

Approximately 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 with care and that
power be made available to the diversion at the lowest poss-
ible cost.

2. Pumping Stations

The pumping stations in this study varied in
size from 18.3 MW to 3550 MW. Pumping total heads ranged
from 10 to 455 feet.

With the range of sizes of pumping stations and
pump heads it was found that it was very difficult to estimate
the cost of the pumping stations. A megawatt size versus
cost per megawatt pump stations capital cost curve was de-
rived. It was felt that a much more accurate costing could
have been carried out if a megawatt size versus cost per
megawatt pump station capital cost curve was available for a
range of heads from 10 to 500 feet since it‘was felt that
the costs of the pumping stations should vary with MW size
as well as head. However, sufficient information was not

available to derive such curves.
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Capital costs per megawatt for the pumping
stations were obtained from Appendix G, Figure G-1. The
method that was used in obtaining Figure G-1 is described
in Appendix G. The pumping stations were assumed to have
an efficiency of 80%.

3. Power
The power consumption for the four levels of

supply studied was as follows:

Level of Supply Power Required
70,000 cfs. 11,000 MW
52,500 cfs. 8,000 MW
35,000 cfs. 5,500 MW
17,500 cfs. 2,700 MW

Presently the combined thermal, gas turbine, and
hydro generated output of Manitoba Hydro and Winnipeg Hydro
is 1640 MW. A potential exists for the development of another
5,000 MW of hydro generated electrical power.

Assuming a constant yearly increase in electrical
consumption of 10% over the next two decades; it can be ex-
pected that the electrical demand by 1985 - 1990 will be in
the order of 5,000 MW.. It is apparent from the above figure
that electrical power imput for the diversion could not be
supplied from the existing electrical generating system nor
does the potential exist for developing the power required
from presently undeveloped hydro electrical generating sites
since these sites are already committed.

It was assumed that the large block of electrical
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power required for this project could be best produced by
atomic powered generating stations. Presently the largest
plants under consideration are 1000 MW capacity. The power
plants were assumed to be located along the diversion with
one station on Lake Manitoba and another on Garrison Reser-
voir. Cooling water would be drawn from the diversion
itself.,

Capital and annual energy charges were calculated

as shown in Appendix G.




CHAPTER VII

CAPITAL COSTS AND ANNUAL CHARGES

1., Capital Costs

The capital cost of the project includes the
cost of the reservoir damages, canals, pumping stations,
power generating plants, dams, tunnels, and all other civil
engineering works necessary to make the diversion functional.

The total capital costs of the LakebManitobéa-
Garrison Reservoir Diversion for the four levels of supply

were found to be as indicated below:

Level of Flcw Capital Cost
70,000 cfs. $5,820,000,000
52,500 cfs. $4,556,000,000
35,000 cfs. $3,287,500,000
15,500 cfs. $1,978,000,000

The capital cost in dollars are itemized in
Table 3.

2. Percentage Breakdown of Capital Costs and Annual Charges

A percentage breakdown of the capital costs and
annual charges of the major components for the 70,000 cfs.
and 17,500 cfs. flows are tabulated in the table on the
following page. By inference the order of magnitude of the
percentage breakdown applicable to the 70,000 cfs. and 17,500
cfs. diversions is true for the 52,500 cfs. and 35,000 cfs.

diversions.

As can be seen from the table that over 70% of
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the capital cost of the proposed diversion is accounted for
by three items: Atomic Powered Generating Stations, Velva

Tunnels, and the Pumping Stations.

Capital Cost and Annual Charge Distribution

70,000 cfs. Diversion 17,500 cfs. Diversion
Capital Annual Capital Annual
Cost Charge Cost Charge

Atomic Powered
Generating
Stations 9 40.5% 43.7% 31.6% 33.0%
Velva Tunnels 22 .5% 21.3% 17.3% 17.0%
Pumping
Stations 20.6% 19.6% 21.2% 20.8%
Powerline 5.2% 4.9% 4.5% 4 .4%
Reservoir
Damages 4.6% 4,3% 13.0% 12.7%
Dams 3.5% 3.3% 9.1% 8.9%
Lake Manitoba
Assiniboine
River Canal 1.8% 1.7% 2.3% 2.2%
Channel
Improvements 1.3% 1.2% 1.0% 1.0%
Dyking - -- -- --

2. Interest, Operating and Maintenance and Amortization
Allowance

At the present time financing of large public

projects are running considerably above the figure of 7% used

3. Capital cost of the atomic powered generating statioms
was included in the total cost since this capital must
be raised if the diversion is to be constructed. The
annual energy charge for the diversion was calculated
using a cost per MW /hour as shown in Appendix H.
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in this report. Since it was difficult to predict what
interest rate would apply, 7% was arbitrarily chosen.

The maintenance allowance was taken as 1% of
the estimated capital cost.

Since various components of the project such as
the pumps and civil works have different lengths of useful
life it is difficult to assign an amortization allowance.
For the purpose of this study, it was assumed that the
amortization allowance was 1% of the capital cost of the
project with the amortization fund yielding 4%%. Under
these conditions the total capital cost of the project
would be recovered in 40 years.

3. Annual Charge

The annual charge for the project was calculated
by multiplying the total estimated capital cost 1less the

capital cost?

of the generating stations by the interest,
operating and maintenance, and amortization allowance.

The period of construction for the diversion was
taken as eight years with interest during construction paid
at a rate of 7% on half the capital value of the project,
not including the power stations, for this eight year period.

The annual charge for power was calculated on a
per MW hour basis. This charge included operating, mainten-
ance, interest, interest during comnstruction, fuelling costs,
and amortization allowances for the nuclear generating plants.

The reason that the annual charge for the nuclear

plants was not taken as 1% as was done for the remaining

works was that the combined operating and fuelling costs
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for the nuclear plants run considerably more than 1% (20).
The estimated annual design for the four levels

of supply studied were found to be as indicated below:

Level of Flow Annual Charge
70,000 cfs. $570,800,000
52,500 cfs. $450,440,000
35,000 cfs., $319,300,000
17,500 cfs. $189,840,000

The annual charges in dollars are itemized in

Table 2.




CHAPTER VIII

CONCLUSIONS

As was pointed out in the last chapter over 70%
of the total capital cost of the proposed diversions is
accounted for by three items: generating stations, Velva
tunnels, and the pumping stations.

One would have to assume that by the nature of
the background information (20) used in calculating the cost
of the generating stations, which account for between 30%
and 40% of the capital cost and annual charges, that the
capital and operating costs for the generating stations are
firme.

The capital cost and annual charges of the pump-
ing stations were found to account for approximately 20% of
the costs of the project. The capital costs, as estimated,
are based upon hydro generating stations on the Nelson River
(19) and other data (18), It was felt that the costs as
derived from the background information were lacking in that
the costs did not reflect the foundation conditions and more
specifically the head conditions at each pumping station site.
If more studies of this nature are contemplated it is recom-
mended that an extensive study be carried out to arrive at a
more precise costing technique for the pumping statiomns.

The Velva tunnels account for 17% to 22% of the
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capital cost and annual charge of the project. Although
little information is available as to the exact nature of
the material through which the tunnels will be bored there
appears little doubt that tunnels can be constructed in this
manner, The question, of course, is at what cost. Existing
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 comparison to quantities experienced on some of the tunnels
constructed in the past., For these reasons, it was found
difficult to estimate this section of the diversion., Unit
prices used were those experienced on local construction
projects where the volume of the work involved is consider-
ably less. Barring unforeseeable foundation problems, the
volume discount on a single tunnel could run 10% or more and
possibly higher on two to four tunnels. It is interesting
to note that even with these possible savings (based on 10%
discount) that the total capital cost of the project for the
17,500 cfs. and 70,000 cfs. schemes would only be reduced
1.7% and 2.3% respectively,

One of the more difficult items to estimate was
found to be the reservoir damages. Since the area to be
flooded was rather large in the order of 430 square miles,
the study lacked detail in accounting for present land useo.
The rather broad classifications of treed, pastured, and
cultivated, were used to classify the land. In a number of

areas where it was difficult to establish the exact nature of
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the use of the land, the land was assumed to be pasture. Since
land prices have fluctuated rapidly in the last few years, an
attempt was made in this report to use an average cost per acre
based on land purchases made or contempleted by various govern-
ment water resource agencies. Figures used in North Dakota
were land costs for comparable land in Manitoba.

The relocation costs were calculated by establishing
the replacement cost for the farmstead or town flooded. The
relocation cost may be low in that it does not include an
allowance for a decrease in earnings that may occur because
of the move necessitated by flooding. Since it is difficult
to estimate what these losses may be at this time no allowance
was made for them. However, the reservoir damages account for
between 4% and 13% of the total capital cost for the levels of
flows studied and a large increase in relocation costs would
therefore not influence the overall cost of the project signi-
ficantly.

Although the dams associated with the diversion
are significant structures themselves they were found to only
represent between 3.5% and 9% of the total capital costs of
the diversion slightly more than the cost of the powerlines
for the 17,500 cfs. capacity diversion and slightly less than
the cost of the powerlines for the 70,000 cfs. capacity diver-
sion.

1t 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 costing of

the pumping stations, the Velva tunnels, and alternatives
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to the Velva tunnels.

A number of possible effects of the diversion
were either covered lightly in this report or else were
completely ignored and are therefore areas of possible
further studv. These areas are:

1. the effect of the reservoir scheme on the
ground water regime,

2. sociological effect of the diversion,

3. the effect of the diversion on the ecology
of the area,

4., the quality of water delivered to Garrison
Reservoir.

In conclusion, it was found from this study that
it is possible to divert water from Lake Manitoba to Garrison
Reservoir via the Assiniboine and Souris Rivers and tunnels
through the divide separating the Souris and Missouri Rivers.

It was estimated that for the four levels of
supply studied: 70,000 cfs., 52,500 cfs., 35,000 cfs., and
17,500 cfs. that water could be delivered to Garrison Reser-
voir from Lake Manitoba by this diversion at an annual cost
of $11.18, $11.78, $12,52, and $14.85 per acre-foot respec-

tively.
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APPEWDIY 4

UYDROLOGY AND HYDRAULICS

-}

F THE

SQURIS AND ASSINIBOINE RIVERS

1. Introduction

The proposed diversion scheme required the con-

struction of a number of dams and the creation of a corre-

sponding number of reservoirs on the Souris and Assiniboine

£

Rivers for the purpose of conveying diversion water from a

#

e Assiniboine River a few miles upstream o

Portage la Prairie, Manitoba to the vicinity of Velwva, North

Dakota, on the Scouris Rivers,

Since 70,000 c¢fs., the maximum diversion reguire-

ment, is considerable in excess of the natural runoff of the
Souris and Assiniboine Rivers, it was necessary to verify
> o o

whether or not the river wvalleys in guestion would be capable

he hvdrological study of the Souris and Assini-
along the diversion route, was limited to a
review of published and unpublished hydrological reports,

The purnose of the hvdrclogical study was to establish the

order of magnitude of the spillway design flood for the
dams and also to determine the effect of average runoff on




2. Descrintion of the Assiniboine River Vallev

@

with the Assiniboine River and City of Portage la Prairie, a
distance of 76 miles, the Assiniboine River transverses the

al

e
1o

Upper and Lower Assiniboine Delta formed during the glac

It

.
.

"lows in

=3
h

n this region the rive

d

period of Lake Agassiz.
a wide and deep valley, actively eroding its valley banks

and degrading its bed., The valley averages % to 1 mile in
widthe.

The bottom of the valley has a ditch-like shape
with alluvial deposits forming a thin layer on top of the
original delta formation. The average slope of the river
is about two feet per mile,

L1thouch there are no villages or towns located
in +the Assiniboine River Valley along its reach, there are
approximately 82 farmsteads and 4 vehicular crossings. There
are no railroad crossingSe

The 4Assiniboine River Valley is approximately

1

£0% covered in with tree growth with the open area devoted

O

to pasture and cultivated land.

2., Description of Souris River Vallev

The Souris River Valley from its confluence with

the Assiniboine River to Minot, North Dakota, has three

The reach of the Souris River from the Assini-




.I.’:“s — 3

iver to near the west end of Langts Valley is an

e

boine I

xample of stream piracy. After the receeding of the gla-

Fh

rom the last ice age, a tributary of the Assini
River eroded a channel through the Tiger Hill Region separ-
ating the Glacial Lake Souris area from the Assiniboine Riwver

Delta and captured the Souris River as it outletted through

Lang®s Valley. The Souris River Valley is deep, "V' shaped,

ot
]

averages 1/8 miie to 1/2 mile width, and very irregular,
The river is actively erocding its valley banks and degrading
its bed in this reach. The valley bottom has a slope of 6,0
feet per mile. This section of the Souris River Valley is
twenty-two miles in length.

The Souris River Valley from Langts Vallev to a
point a few miles downstream of Verendrye, North Dakota, a
distance of approximately 165 miles, is located in the plain
once occuplied by Glacial Lake Souris. The valley width
varies from 1/2 to 3 miles with the valley extended less than
100 feet below the surrounding plain and in places shows
practically no valley incision. The valley in this area has
an averaging bottom slope of 1.5 to ZQS'feet per mile,

The portion of the Souris River Valley upstream
from Verendrve to Minot averages 3/4 miles in width and lies
100 to 200 feet bhelow the surrounding plain, The valley

walls are steep-sided. The valley bottom slopes average 1.5

vy

D

feet per mile in this reach.

The towns of Wawanesa, Souris, HMelita, Upham,




Velva and Sawver will be affected by the diversion if the
diversion uses the Socuris River Valley in the reaches where
these particular towns are located as part of the convevance
system,

It is possible that as many as 174 farmsteads,

9 railroad bridges, 30 vehicular bridges, and 11 small dams
will be affected by the diversion.

On the American portion of the diversion from
the international border to a point south of the town of
Verendrye, the U.8, Fish and Wildlife Service has established
a wildlife refuge known as the Lower Souris National Wildlife
Refuge., The wild fowl refuge was developed by constructing
5 small dams on the Souris River causing the creation of very

shallow marshy emnoundments,

In general, on the Canadian portion of the Souris

O

River considered in this study approximately 50% of the area
to be flooded is covered by tree growth. The remainder is
either left to pasture or is cultivated, Dﬁ the American
portion approximately 10% of the area to be flooded is covered
by marsh, a very small portion by tree growth and the remainder
is pasture or cultivated land,

Reservoir damages for the proposed Assiniboinme

and Souris River empoundments are covered in Appendix C.

(SR

4. Source of Toporsravhical Data Used in the Study

£

¢ information was obtained

from topo-

bale

Topograph

graphical charts prepared by




-5
Canada Depnartment of Mines and Technical Survevs Tor areas
£ o 5

in Canada and from charts prepared by the Geoclogical Survey
i i (o o

terval with limited coverage available at 1:25,000 scale

with a 10 foot contour interval. Coverage in the U.5.A,

for the area studied was available at 1:25,000 scale with

a 5 foot contour interval, with limited coverage at 1:50,000
scale with a 25 foot contour interval. The key plan used in
both the U.S.A, and Canada portion of this study was at
1:250,000 scale with 50 foot contour interval and 100 foot
contour interval respectively. Additional contour informa-
tion on the Souris River and Assiniboine River in Manitoba

3

was available from the Department of Mines and Natural Re-

.

sources, Water Control and Conservation Branch, Province o

(>}

1

Manitobas

=

Yosad
)
Y
<t
i}

Hvdrolosical

Hyvdrological information for the Assiniboine

Piver between Portaze la Prairie and the Souris River con-

fluence was obitained from the report WAssiniboine River Storag

Prairie Farm Rehabilitation Administration Ingin
Canada

hetween the Souris River confluence with the Assiniboine
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niver and Minot, North Dakota, was obtained from:

RS AW;

£

1, Review Survey of Souris River, HNorth Dakota
trict, St. Paul, Corps of Engineers, St. Paul, Minnesotao.

2, TFlood Frequency Studies for Drainage and
Waterway Design in the Province of Manitoba, March, 1063,

f]

Water Conbrol and Conservation Branch, Department of Mines

3, Assiniboine River Storage Project, Holland

for the Culhppelle - Assiniboine Study, P.F.Rsh,, 1003,

5, Assiniboine River Hvdrolaogy

<

Past hydrological studies (1) have indicated

T3

that the maximum probable flood for the Assiniboine River,
at +the confluence of the Cypress River with the Assiniboine
would be 87,000 cfs. This is indicative of the magnitude
of the flow that would have to be used as the flood peak
she spillway design flood of all dams between Portage

The average annual flow of the Assiniboine River

Q

for the period 1911 - 19056 in this reach was 1,287,243 acre-
feet (2). Since the average annual flow represents only 2%

and 8% of the 70,000 cfs. and 17,500 cfs, flow respectively

(o)

i+ ecan be concluded that the average annual Tlow o the

.




Assiniboine River will have 1little or no effect on the

diversion scheme,

The average annual gross evaporation from lake

areas for the Asgsiniboine River along the proposed diversion
route is about 27.5 inches (3). Annual net evaporation
{(gross evaporation less precipitation) averages about 0,0

inches (3).

7+ Souris River Hvdrology
In a report (11) prepared by the Corps of Engineers

he maximum probable flood calculated for the Socuris River

C}..

just upstream from Burlington {contributing area = 2500 sguare
miles) and for the Des Lacs River near Kenmore (contrihuting
arca = 250 square miles) was 45,200 cfs, and 21,500 cfs, res-
sectively., The conbtributing drainage area of the Souris

River at lMinot, 19 miles downstream of the confluence of the

o

sisting of 3500 sguare miles of contributing drainage ares

e from Des Lacs River with low inflow between Burlington

3 274 3 TT he 4.1 e 1. - 2
and Minot. Using the method and
f71 L1 . E Wad
(11), the max £lood

Po)

Using a period of study of 1021 - 10865 at Wawanesa




the 0.,1% floods on the Souris River at Westhope and VWawanesa
of 87,000 cfs. and 24,000 cfs. respectively.

from the above mentioned figures

ED
0
=3
Lt

that the order of magnitude of the maximum probable flood on
inot and VWawanesa would be 50,000

ince it is proposed to operate all

&)
Hh
n
L3
Cu%.
Q
o0
~
o
&
)
-
@]
Fb
n
L3
2]

reservoirs with no design storage allowance for floods, it
can be anticipated that the maximum probable flood will lie
towards the maximum of the suggested range. Therefore, for
the purpose of this study £0,000 cfs, was used to indicate
the order of magnitude of the spillway flood on the Souris

The average annual flow of the Souris River for

s flow

LJ.

the period 1011 - 1056 was 228,000 acre~feet (2}, Thi

constitutes part of the average annual flow reported in the

H

7 this appendix,

&

N..Ia

Assiniboine River Hydrology Section of
The average annual gross evaporation from lake
areas for the Souris Basin in the U.8,A. is about 32 inches
(7). YNet evaroration (oross evaporation less precipitation)
averages about 17.5 inches per vear.
The average annual gross evaporation from lake

~

areas for the Souris Basin in Canada is about 20 inches {(23).

he reach of the Assiniboine River Valley hetween
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is practically suited to a reservoir system such as proposed
in this diversion scheme. The river valley is wide and deep
providing more than adequate cross-sectional flow area for
the diversion flow,

The dam sites were selected with the view of
concentrating the head 1lift at as few pumping stations (dam
sites) as possible, provide sufficient (35 feet or more)
tailwater (8) for pump submergence, and keep channel velo-
cities below 3 fps., With the dam sites selected on this
basis, the operating reservoir water surface was set,

Twenty-one cross-sections were established along
the seventy-six miles of the Assiniboine River Valley for
the purpose of carrying out backwater computations through
the reservoirs., For the 70,000 cfs., flow it was calculated
that the channel friction loss for 76 miles of the Assini-
boine River Valley was 0.2 feet. Water in this reach is
raised and conveyed from elevation 925 at Reservoir #1 to
elevation 1050 at the confluence of the Souris and Assiniboine
Rivers, This rather small friction loss does indicate quanti-
tively the adequancy of the cross-sectional area of the Assini-
boine River Valley available for flow.

Tt is possible to raise the terminal water surface
of this reach higher than elevation 1150, however, any addi-
tional raising in this water surface would cause a determinal
backwater effect at Brandon during flocods on the Assiniboine

River. Brandon is located 25 miles upstream of the confluence
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of the Souris and Assiniboine Rivers on the Assiniboine
River.

No channel improvements are required for the
70,000 cfs. and 52,500 cfs. design flows. However, in
order to provide sufficient submergence for the pumping
stations at Dam #3 and Dam #4A some channel excavaticn
will be required for the 35,000 cfs. and 17,50C cfs. design
flows. These improvements would be local and minor in
nature. Approach velocities at both Dam #3 and Dam #4A
are less than 3.0 fps. under natural conditions. Table
A-1 contains an example of a backwater calculation.

9. Souris River Hydraulics

The Scouris River Valley is much smaller than the
Assiniboine River Valley and not as ideally suited for
conveving the diversion flow.

As on the Assiniboine River, dam sites were
selected with the view of concentrating the head lift at
as few pumping stations as possible, provide tailwater (8)
for pump submergence, and keep channel velocity below 3 fps.

Ninety-six cross-sections were established along
the two hundred and twenty miles of the Souris River Valley
forming part of the proposed diversion.

In order to keep the channel velocities below 3.0
fps. it was found necessary to carry out extensive channel
improvements along the Souris River. The exception to this
was for the reservoir behind Dam #9 for all discharges

studied and for the reservoirs behind Dam #7 and Dam #8




A-11
for the 35,000 cfs. and 17,500 cfs. flows studied. Local
channel improvements at the intakes to the pumping stations
at Dam #8 and Dam #9 will have tc be made to provide suffi-
cient submergence for the pumps. These improvements will
be minor in nature.

It was felt that an economical channel improve-
ment design would be established by enlarging the channel
to the point where the incremental annual charge on the
capital cost of the enlargements equalled the incremental
annual saving in power costs. However, before that point
could be reached the velocity in the improved channel
equalled 3.0 fps.

It was found that with the channel improvements
proposed that the reservoir levels were drawn down from
four to six feet from the F.S.L. at the inlet to pumping
stations for all the design flows studied. Table A-2
contains a list of river improvements for dams on the
Scuris and Assiniboine Rivers.

10. Capital Cost of Channel Improvements

Capital cost and yardage involved in the channel

improvements are listed in Table A-3.




SAMPLE BACKWATER CALCULATION
From Dam #1 to Dam #2

Szction 1-1 near Dam #1

Q = 70,000 cfs.
POL = 925
Flow Arsa (A) at 925 =

- 141,000 sq. 7%
Width at water surface {(tw) = 3600 ft.

Wetted Perimeter = tw + 24
tw

]

Conveyance factor (Xd)

Let n = 0,03

Kd = 1,485 x 141,000 ft,
0.03
6
=79 x 10
Slope of water surface = Q 2
Kd
= 70,000 2
79 x 106
-8
=79 x 10
Section 2~2 nesar Dam #
FSIL = 925
Flox Arsa (A) to 925 = 121,000 sq. ft,
Width at water surface (tw) = 3320 ft.
Wetted Perimeter = tw + 24
L
Jetted Perimeter (P) = 3320 + 2(121,000)
2200
PP rav,
= 3392

]

Hydraulic Radius {R)

141,000
3680

348.3
= 1,486

L 23

n

2
x (11.3)2/’
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7
i
Let n = 0.03 nfn
ar ' N r-i\’d/l.)
Xd = 1.486 x 121.000 x (30.7J
0.03
6
= 64 x 10
, - 2
Slope of water surface 5 = Q_
Kd
2
= 70,000 -

Average Slope = Slope ab Ssction 1-1 + Slope at Section 2~2

= gverage slope x distance
A
8.5 x 10 ~x 4.5 miles x 5200 ft/mile




CHANNEL IMPORVIMENTS
(4) 70,000 cfs. Length Base Elevation
of for
Location Improvement mprovament Improvement
Downstream of base = 200° 5 A -
s g . 3.0 miles 1100
Dam #5 side slopes
=6 to 1
Dovmstream of same as above 2.8 miles 115C
Dam #6
Dovmstream of same as above  156.5 miles 1350
Dam #8
Downstream of same as above 14.0 miles 1360
Dam #9
Downstream of base = 550¢
Dam #11 side slope
=6 to 1 26,0 miles 1415
Dovmstream of Dam #12 base = 5507
side l opes
=4 %0 1 7.5 miles 1465
A I ~ i)
(B} 52,500 cfs
length of Base Zlevation
Location Improvement Improvement for Improvement
Downstresm of base = 100¢ .
D - 3.0 miles 1100
Dam #5 side slope =
6 to 1
Downstream of base = 100¢%
Dam #6 side slope = 2.8 miles 1150
6:1
Dovwnstream of bagse = 1507
Dam #8 side slope = 16.5 miles 1350
6:1
Dovmstream of base = 1507
Dam #9 side slope = 14.0 miles 1360
611
Downstrezam of base = L7572
Dam #11 side slope = 28.0 miles 1415




Location

o £
tream of
-

FL

2

Dowr
Lam

3&0}

Dam #3
Downstream of
Dam #4A
Dovmstream of
Dam #5
Downstream of
Dam #6

Dovnstream of
Dam #38

Downstream of
13
Dam #9

Downstream
Dam #11
of

JJOW'*'IS tream

Dam #12

(D) 17,500 cfs.

35,000 cfs.

Location

Downstyream of
Dam #3

O
[

Downstrean

0

™
Dam

Downstream of
Dam #5

Downstream of
- i
Dam #8

=
Y
R
=
&
L)

A~15

Improvement

base = 475¢
side slope = 6:1

Improvement Inprovemen
Local I”provarant to provid
sufficient depth for pump submergm
Local Improvement to provide
sufficient depth for Pump submergen
base = 50°F

side slope = 6:1 3.0 miles
base = 501

side slope = 6:1 2.9 miles

Improvemsnt

Local Improvement to

sufficient ertu

Local Improvement to
SU depth for

ufficient

base 257
side slope = 6:1
ba = 25¢%

se
side slope = 6:1

.
A
&

Tt ent
LCLENY

depth

ient Japuh fer

£

Local Tmprovemsnt to
"
;

for pump submerge
provide
for pump submergsn

Local Improdclpnb to
4 ES 1

Length of

Improvement

-
.5 miles

iy
I
l

Length of

Base Blevation
for Improvement

provide
pump subme

provide

7.5 miles

Length of
Improvement

rgence

pump submergencs
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Downstream of base = 80
Dam #11 side slope = 6:1 28,0 miles 1415
Downstrean of bage = 80°%
Dam #12 side slope = 6:1 7.5 miles 1465

~

mprovenents Downstream of Buneclody Canal Pumping Station

.

(E)

Length of Bass Elevation
Flow Improvenents Tmprovements of Imorovement
70,000 cfs. bass = 550¢
side slope = 6:1 4.0 miles 1315
62,500 cfs. base = L7517
side slope = 6:1 L.C miles 1315
35,000 cfs. base = 200°¢
side slope = 6:1 4.0 miles 1315
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Location Yardage cost/cubic yard Capital Cost

am # 2,600,000 cu.yds. @ $0.40 feu.yd. = $ 1,040,000
Downstream of

Dam #6 1,750,000 cu.yds., @ $0.40 feu.yd., = 700,000
Downstream of
Dam #8 16,800,000 cu.yds. @ $0.40 fcu.yd. = 5,700,000
Downstream of
Dam #9 24,300,000 cu.yds. @ $0.40 Jeu.yd. = 9,700,000

Downstreamn of
Dam #11 88,000,000 cu.yds. @ $0.40 feu.yd. = 35,200,000

Downstream of
Dam #12 7,500,000 cu.yds. @ $0.40 fcu.yd.
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Dam #8 13,500,000 cu.yds., @ $0.,L0 /cu.yd, = 5,400,000
Downstream of
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Dam #9 21,000,000 cu.yd. @ $0,L0 Jeu.yds, = 8,400,000
Dovmstraam of
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Dam #1131 83,800,000 cu.yd., @ 30.40 [cu.yd. = 33,500,000
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Dam #12 5,800,000 eu.yd. @ $0.40 /cu.yd. 2,320,000




Location Yardage cost/cubic yard Capital Cost
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Downstream of Assumed to be included in the capital
Dam #LA cost of the pumping station
Downstream of

Down Sbf am of

y M b
Dam #6 930,000 cu.yds. @ $0.40 fou.yd. = 370,000
Downstream of Assumed to be included in the capital
Dam #8 cost of the pumping station
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Dam #9 cost of the pumping station
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Dam #11 32,000,000 cu.yds. @ $ 0.40 feu.yd., = 12,800,000
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Downstream of
Dam #12 1,870,000 cu.yds. @ $0.40 /ecu.yd. = 750,000
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17,500 cfs. 1,000,000 cu.yds. @ $0.40 /cu.yd. 4L,00,000
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1. Inbroduction

The purpose of this section is to carry out a
cursory review of the foundation conditions at each damsite

the dam cannot be built
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to suggest the type of dams to

ey

In addition a brief review is made of the spill-

way and gate design criteria; water diversion during con-

il

3 1

struction; availability of construction materials; and

water losses from the reservoir svss

2. Foundation Data

]

Frq

or the Canadian section of the diversion,
foundation and soils information was obtained from the
following reports:

1. Report of Reconnaissance, Soil Survey of

Carberry Map Sheebt Area, Soils Report No. 7,

e

1057, Manitoba Department of Agriculture and

Tt*.‘,mj_@‘rat 10,

2. Report of Reconnaissance So0il SBurvey of

Manitoba, 50il Report No. 4

v, 1043, Dominion Department of Agriculture

and Soils Department, The University of Manitoba.
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3., Reconnaissance Soil Survey South-Western
v
Manitoba, Soil Report No, 3, December, 1040,

o

Dominion Department of Agriculture, Provincial

Department of Agriculture and Soils, University

of Manitoba.

4. Surface Deposits and Ground-water Supply of

Winnipeg Map Area, Manitoba, Memoir 17, Bureau

of Econonic Geology, Geological Survey, Depart-

ment of Mines,

Additional soils information in Canada was ob-
tained from bridge soil logs made available by the Bridge

£~

Office, Department of Highways, Province of Manitoba and

M

rom the report "hAssiniboine River Storage Projects, Holland
Dam®, January, 1060, Manitoba Regional O0ffice, Prairie Farm
Rehabilitation Administration Engineering Branch, Canada
Department of Agriculture.

For the American Section of the Diversion, founda-
tion and soils information was obtained from the following

o]

reports:

o
L3

Report on Garrison Diversion Unit, Garrison

O

Diversion Appendix IV, United States Department

of the Interior, DBureav of Reclamation, October
2, 1056,

2. Geology of the Souris River Area, North

Dakota, Geological Survey of Professional Paper
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River

e

3. Review of Foundation Conditions on Assiniboine

In the region between the Souris River conflu-

ence with the Assinibeine River and Porta:

0

e la Prairie, the

Assiniboine River iLransverses the upper and lower Assiniboine

Del‘ta o
The Upper Assiniboine Delta area consists of
outwash and lacustrine plains located above the Manitoha

Escarpment, The lacustrine plain is composed of course,
medium to fine textured deposits.

The Lower Assiniboine Delta area consists of

%

a smooth sandy lacustrine plain located below the Manitoba
Escarpment, The sandy deposits vary from three to fifteen

feet in thickness and are underlain by lacustrine deposits

Dams #1 and #2 and associated structures are

located on an avrea covered by §5 to 15 feet of sand developed

on lacustrine deposits., Internal soil drainage in the area

is imperfect-to~poor which would suggest that little or no

water loss should occur from the reservoir area to ground

water. Depth to bedrock below the valley is unknown.

ks
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Dam #3 is located at the toe of the Manitoba
Bscarpment at the lower boundary of the Upper Assinboine
Delta., The lacustrine deposits in the area are covered
by 5 to 15 feet of loamy sands. Bedrock consists of sand-
stone, shale and low grade cocal. Depth to bedrock is un-~
known, BRoth valley banks show evidence of erosion. .The
south bank of the reservoir area formed behind Dam #3 is
developed on sandy-to-medium textured lacustrine deposits
which are internally well drained. The north bank consists
of sandy deltaic deposits to a depth of up to 200 feet,
These deltaic deposits have good-to-excessive internal soil
drainage which would indicate a high permeability of the

sandy material, The nature of the deposits on the south and
north banks of the reservoir suggests that considerable loss
of reservoir water could occur to these depositse

Highways Denartment test borings for the P.R.
#244 crossing of the Assiniboine River approximately 3 miles

upstream of Dam #3 indicated that grey silty sand underlain

the river to a depnth of 70 feet. Depth to bedrock is unkiown.

Dam #4 is located in the vicinity of the once
nronosed Holland Dam immediately downstream of the Cypress
& Fs v [
River confluence., The area adiacent to the north abutmemt

.

of the dam consists of a deltaic deposit of sand developed

on a lacustrine deposit up to 200 feet thick. These sandy
soils have a high permeability indicating that there may be
high loss of reservoir water to ground water storage. The
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south bank of the river vallev in the area of the dam is
eroded and consists of sandy soils., The reservoir banks
are formed of coarse textured materials. Internal drainage
is good-to~excessive. Bedrock in the area of the dam and
reservoir consists of shale and bentonite,

Actual field soils drilling have been carried
out at the proposed location for Dam #4 which would be located
in the vicinity of P.T.H. #34 Assiniboine River Crossing,
This location is the location that was originally selected
as the proposed site for the once proposed Holland Dam,

S0il drilling (1) at the site indicated that shale would

be located at approximately elevation 960 and was covered

by glacial clay, alluvial clays and silts, with sand located
at the surface., The river itself has been able to cut its
channel down to shale at this site exposing on its valley
sides the different soil horizons., This generally confirms
the information obtained from the soil sheets,

In review, the Assiniboine Valley in the reach
from Dam #1 to the Souris River confluence with the Assini-
boine consists of alluvial deposits, The depth of the

alluvial deposits is not known, Generally the river is

~de

in the process of degrading the

N

eroding its banks and is

L

7o The problems anticipated with this type of

o

foundation conditions are settlement, possible piping, ex-
cessive percolation losses, ercsion of the river banks, and

the largest problem of all, embankment stability. However
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none of these problems appear to be severe enough to rule

out the possibility of constructing dams at the selected
locations,

4. Review of Foundation Conditions on the Souris River

Dams #5, #6 and #7 are located in the reach of
the Souris that lies between the Assiniboine River and the
confluence of the Souris River and the Pembina River Valley,
This section of the Souris River is relatively young and is
eroding. This section of the river is characterized by a
narrow valley with steep banks. After the last glacial age
Glacial Lake Souris drained to Lake Agassiz by following
what is now the Pembina River Valley., With the glacier
receding to the north, a tributary of the Assiniboine River
eroded back and "captured® the Souris River giving it an
outlet alongs its present course. The west end of the
Pembina River Valley {(known as Lang's Valley) and the Souris
River Valley are located at elevation 1375. Because the
F.8.L. of Reservoir #7 is 1400, it will be necessary to
construct Dam #74 east of the confluence of the Souris and
Pembina River Valleys in order to prevent water spilling

out of the Souris River into the upper reaches of the Pembina

River Valley. For Dam #7 (FoS.L. 1350) associated with the

s

Bunclody canal, Dam #7A will not be required,
Soils din this reach of the Souris Valley are
very fine, sandy loams to clay loams which are founded on

lacustrine deposits in the area of Dams #5 and #6 and on
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boulder t£i11 which is found in the general area of Dams #
and #7!« e

It is anticipated that problems associated
with construction of Dams #5, #6, #7 and #7A will be seepage
and stability problems associated with the dam and the wvalley
banks. It is not expected that settlements will be excessive.
The potential frost heave associated with sandy loam soils
may cause problems with the design of the spillways,

Dam #8 is located immediately west of Hartney
in an area where the soil is essentially a loamy sande.
Seepage problems can be expected with this site., Settlement
or dam stability should not be a problem.

Dams #0 and #10 are located immediately upstream
of the Village of Napinka and the Town of Melita on th
Souris River. These dams are located in an area in which
the Souris Valley is covered by loamy, coarse sand over
cravel deposits. Settlement, and dam settlement should not
be a major problem at these two sites., There is a possib-
ility that if the silty clay deposits covering the valley
in this area does not extend to full supply level of Dam #9
that some water may be lost to the gravel deposits forming
the high banks,

Dam #11 is the first dam in the proposed system
located in the U.,85.A. Dam #11 dis located immediately up-

3 T

strean of the Town of Towner in the vicinity of U.S. Highway
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Dam #11 is located on the floor of Glac

Souris., The Souris River in this area has cut into the

‘bettom of the lake. In general, the river bottom consists
of outwash and inwash deposits. No information is availal
as to the nature of the material forming the foundation for
the proposed dam but is assumed that the usual »nro
settlement, seepage and stability associated with glacial
lake bottoms will be present,

Dam #12 would he located in the general vicinity

of the proposed Velva Canal Siphon, a component of the Gar-

&

»

rison Diversion Unit (12}. The preliminary investigation

of the proposed siphon site revealed that materials

=h

the foundation for the siphon are chiefly of two types:
glacial till and associated sands and gravels on the abut-
ments, and alluvial clays and sands in the valley. The

valley floor may present some problems associated with settle-
ment and seepage losses. The valley walls, however, should

present suitable foundations for the dam abutments.

In general, the Souris River provides a much

o

hetter foundation condition for the construction of dams
than does the Assiniboine River. There does not appear to
be any problems severe enough to rule out the possibility

of constructing a dam at any of the sites selected.

5., Tvne of Dam
Foundation conditionsg along the Assiniboine and

Sounris Rivers are such that general and differential move-

e
(5o}
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ment of the dams and structures associated with dams can
be expected., For this reason, maximum flexibility will
have to be built into the strucbtures. Since foundation
requirements for earthfill dams are less stringent than
for other types of dams, earth dams will be used on this
diversion,.

6., Availabilitv of Construction Materials

It would appear by a general appraisal of the
available materials in the area that much of the construct-
ion material for the construction of earth embankment dams
is readily available near each dam although much of the
material will not be of the highest grade. It is expected
that much of the aggregate for the concrete work will have
to he manufactured by screening and washing native material,
Suitable material for rip rap may be difficult to find in
sufficient guantities., However, in general, most material
will be available within twenty miles of each site.

7. Desicn Considerations for Dams on Assiniboine River

For the deisgn of Dams #1, #2, #3 and #4 it was

o

assumed that the fine to coarse grained alluvial soils form-

ing the Assiniboine River Valley bottom in this area had
sufficient bearing strength to withstand the loading of the

dam would impose upon it without excessive amounts of settle-

ment developing. However, it was assumed that the shearing

& 5]

L3

strencth of the fine gzrained alluvial deposits was low and
g 2 P

that these deposits extended to a depth greater than the
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height of the dam., Decause of the possibility of the slip
failure developing under these conditions, the design of

=

the dam called for flat side slopes.

Because of the availability of impervious and
pervious f£ill material in the general vicinity of the
structures, a rolled earth fill zoned embankment type of
construction was adopted for the design of the dams. The
available pervious borrow consists principally of sand and
silty sand, which is not ideal, but is acceptable for per-
vious sections of the embankment. Impervious material
would be available from the lacustrine deposits underlying
the sandy surface deposits in the area., The spillway would
be located largely on overburden and would transverse mat-
erials varying from sands, with high potential frost heave,
to impervious clays with probable swelling problems, The
pumphouse conduits would be located on the wvalley floor on
an impervious foundation. Probable problems would be initial
swelling of the consclidated clays, settlement, and differ-
ential settlements caused by the weight of the dam embankment.

The preliminary examination of the dam site in-
iicates that dam construction will be difficult and costly.
However, there is no reason to believe that the problem will

hbe so serious as te rule out the sites chosen.

2. Desien Consideration for Dams on Souris

Eag
i

In general, the foundation conditions for th

dams on the Souris River are much better than those on the

)
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Lssiniboine River. The valley bottom on the Souris River
should have sufficient bearing strength to withstand the
loading imposed upon it without excessive amount of settle-
ment., It is anticipated that because the depth to firm
foundation {till on the Souris) is less than that on the

Assiniboine River that foundation conditions on the Souris

River are expected to be much less severe than on the Assin-

bt

hoine River. However, it was assumed that the shearing
strength of the fine grained alluvial deposits was low and

hat these deposits extended to a greater depth than the

)
x

eight of the dam. Although this is probably not true for
many of the sites on the Souris River, it is difficult to
assume otherwise without actual soil borings on the proposed
sites. Under these circumstances it was deemed advisable
to assume the worst possible conditions. Because of the
possibility of a slip failure developing under these con-
ditions, the design of the dams called for flat side slopes,
Decause of the availability of impervious and
pervious £fill material in the general vicinity of the
structures, a rolled earth fill zoned embankment type of
construction was adopted for the design of the dams. In
general, the comments attributed to the availability of
borrow, spillway locations, and pumphouse conduits appli-
Assiniboine River are applicable

to the dams on the

The preliminary examination of the dam sites
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hat +the dam construction will be difficult and

[0}

costly. It is not anticipated that any foundation problems
will develop that would be serious enough to rule out the

0, Dam Design

s

4 preliminary design of a number of dams was
made using approximate design procedures (9) for the con-
dition where the depth to bedrock under the dam exceeds the
height of the dam., It was assumed that the foundation
material consisted of fine grained material with a low
shearing strength,

The resulting dam cross-section for the condi-

3

.

o

tions described above is indicated in Figure B-l.

¢

4

L1though it was anticipated

¢t

hat foundation
conditions would be considerably less severe on the Souris
River than the Assiniboine River, the same design assump-

for the dams on the Souris as were made for
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10, Svillwav and Gate Desicn Criteria

As nointed out in Appendix A, the maximum poss-

ihle floods on the Souris and Assiniboine Rivers are in the
order of 80,000 cfs. and 87,000 cfs. This is the order of

magnitude of flow that the spillways on the Souris and Assin-

ndh

ihoine Rivers would have to be designed to handle. Since in

a supply system such as this diversion little or no storage

e

would be available in the reservoir to reduce the maximuan
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possible floods, it would be necessary to pass the floods
hrough the system without any appreciable reduction in the

“’ea, te

1

For this reason the spillways would have to be

fitted with gates so that the reservoir levels could be
manipulated to pass the design flood with little increase

in the water surface of the reservoir.

11. Water Diversion During Construction

For the purpose of this study it was assumed
that the diversion of the normal river flow was accomodated
in the pumping station conduits during the construction of

he dam, The conduits would be constructed at the beginning
of dam construction and the river flow divered to them
while the dam was completed,

Tt is possible by constructing the upstreanm
dams on the Souris and Assiniboine Rivers first that a sig-
nificant saving in cofferdams costs could be realized during

4

construction by storing peak runoffs in the reservoirs
created by these dams and releasing the water during the
vear and thus reducing the peak stages on these rivers.

S5ince this study is preliminary in nature this
J k o

12, Water Losses - Evanoration. Percolabion and Seenage

Bvanoration losses on the Assiniboine and Souris

4

secments of the diversion are expected to average 60,500

acre-Ffeet and 244,000 acre-feet respectively based on a net
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ssiniboine and

.’C'

annual evaporation of

0
p=s

and 1§ inches on the
Souris Rivers respectively.
Percolation losses into the banks of the Assini-

ke

boine and Souris Rivers are difficult to calculate with any
accuracy., <The loss of water to the groundwater aqguifer dis
dependent upon the type of agquifer, the hydravlic conduct-
ivity, storage capacity, and existing hydraulic gradient
available in the aguifer, as well as the level of the water
table in relation to the F.S.L., of the reservoir system (22).
Even if high initial losses are experienced it is anticipated

that the losses will drop sharply as the available hyvdraulic

gradient 4is flattened by the raising of the water table in

fod

s anticipated that

fde

the general area of the reservoir. It
the general ground water conditioﬁ within twenty miles of
the reservoir will be effected by the empoundment of water
behind the proposed dams., In the case of the reservoirs on
the Assiniboine River the ground water regine may be notice-

ably changed with a significant change in the number of

cr

springs developing along the slope of the Manitoba Escarp-
ment. No attempt was made to calculate the amount of water
that may be lost due to percolation since it was felt that
this type of a study was beyond the scope of

Percolation losses into the banks of

ad e

regime significantly along the Souris. Some Springs may

<2

2




develor in the vicinity of Dam #11 where the Souris River
o

T
leaves glacial Lake Souris. Most of the problems along

the Souris are expected to be related to seepage losses
rather than percolation losses,

Seepage losses which are usually considered to
be the loss of water from the upstream impoundment to the
tailwater of the dam are expected to present a piping prob-
lem in the dam foundation for most of the dam locations
considered. It is anticipated that in order to control this
loss so as nobt to cause any distress to the dam foundation
that suitable cutoffs will have to be constructed., The
design of the dam embankment will have to be such to reduce
seepage through the dam proper to control seepage to an
acceptable level,

132, Cost Estimate for Dam

For the purpose of estimating the cost of con-
structing the dams, a review was nmade of all dams of any

significant size {in excess of 230,000 cubic yards} either

i
)
=
&=
=3
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proposed or built on the Assiniboine, Bouris o

In total nine dams were reviewed. The actual

cost for the dam propen including conduits, spillways, and

o

clearing c
in each dam were tabulated as shown in Table B-1, A cost

per cubic yard of embankment was established and these



niotted to

3

¥

cubic yvard

-1

i @

s ]

calculated
dam site, u
side slopes

50 foot dam

-16

)

Torm a “volume of embankment versus cost per

of embankment™ curve. This is shown in Figure

Cost of constructing the dam in this study was
by computing the volume of embankment at each

sing the site ecross-section and seven to one

both upstream and downstream of the dam and a

top, and obtaining the appropriate cost per
of embankment from TFigure B-1,
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Table B-1

COST OF ACTUAL DAMS

The cost of the dams listed in this table were
obtained from construction costs for dams actually
built and from cost estimates prepared by various
federal and provincial agencies for dams not yet
built,

Assiniboine River Dams

Volume of* Cost/Cu, ¥d,*
Dam Cost Embankment of Fmbankment
Proposed Dam Upstream of Brandon
Reservoir Level 1 $ 5,204,000 1,953,000 cu.yd. $2.67
Reservoir Level 2 $ 6,461,700 2,720,000 cu,yde. $2.38
Reservoir Level 3 $ 7,310,000 3,700,300 cu.yde $1.98
Holland Dam $12,828,000 4,200,000 cu.yd. $3.06
Shellmouth Dam $ 6,805,000 8,810,000 cu.yd. $0.77
Souris River Dams
Proposed Dam
Upstream of Wawanesa $ 7,869,360 6,750,000 cu.yd. $1.16
Proposed Dam
Upstream of Wawanesa $ 4,740,000 4,000,000 cu.yds $1.18
Proposed Dam
Upstream of Souris $ 1,627,370 330,000 cu.yde Sl Ok
Pembina River Dams
Pemoilier Dam
FSL 1141.5 $15,296,000 9,965,000 cu.yd. $1. 54
FSL 1093.0 $ 8,978,000 4,750,000 cu.yd. $1.90
FSL 1053 $ 6,57L,000 2,450,000 cu.yde $2,68
Swan Lake
FSL 1340 $ 3,951,000 1,624,000 cu,yd. $2.43
FSL 1365 $ 6,428,000 4,945,000 cu.yd. $1,30
Pembina Dam
Low Scheme $ 3,220,000 1,248,880 cu.yd. $2,50
High Scheme $ 5,213,450 2,969,560 cu.yd. $1.76

1. See Figure B-2 for a plot of these figures.
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LPPENDIX C

RESERVOIR DAMAGES

1. Introduction

nT

A major component of the Lake Manitoba-Garrison
Diversion is the reservoirs. A study was conducted of the
some 430 square miles of area to be flooded to assess th
damage caused by tle construction of the reservoir system.

It was found that the Towns of Wawanesa, Souris
and Melita, Manitoba and Upham, Velva and Sawyer, North
Dakota would be flooded by the diversion, In addition,
over 250 farmsteads, 34 vehicular bridges, 9 railroad bridges

and 11 dams would be effected by the diversion.

2. Study Data

ata for

4,

the study was obtained from topograph-

T

joer

ical plans prepared by the Government of Canada for that
portion of the diversion in Canada and from topographical
plans prepared by the U.8.A. government for that portion
of the diversion in North Dakota.

4dditional information as to the location of
vehicular bridges was obtained from the Highway maps pre-
pared by the Province of Manitoba and the State of North
Dakota,

3. Items Included in Reservoir Damages

Ttems included in the assessment of reservoir
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damages were land costs, clearing costs, replacement costs
for railroad and vehicular bridges, relocation costs for
farmsteads, villages and towns flooded by the diversion.

4o Relocation Costs

Relocation costs for towns and farmsteads were
calculated as follows:

{(a) Cost of Relocating Towns

In order to establish a monetary wvalue to the
damage caused by flooding of these towns, it was decided
that this would be represented by the cost of relocating
the population of these towns in new towns.

The 1060 Community Reports, Department of In-
dustry and Commerce, Province of Manitoba, in conjunction
with unit costs for homes, businesses, and services, were
used to establish the cost of constructing the new towns
of Souris and Melita., These figures are shown in Tables
C-2 and C-3,

Since similar community reports were not avail-
able for the remaining towns it was decided to use a per
capita basis for estimating the cost of relocating the
remaining towns based upon the per capita costs established
for relocating the Towns of Sowris and Melita. For this
purpose, the per capita costs of relocating for Souris and
Melita were nplotted to obtain the per capita cost shown in

iy

Detailed cost estimates of relocating the Towns
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of Wawanesa, Upham, Velva and Sawyer are shown in Table C-4,
In summary, the costs of relocating these towns

were as follows:

Town Population Total Cost of Relocating
Wawanesa 456 $ 7,500,000
Souris 2000 $23,000,000
Melita 1200 $17,000,000
Upham 333 $ 5,650,000
Velva 1330 $18,000,000
Sawyer 390 $ 6,640,000

It was assumed that the salvage value of the

buildings would cover the cost of removing or demolishing

(b) Cost of Relocating Farmsteads

To establish the cost of purchasing or relocaﬁing
the farmsteads, it was assumed that an average farmstead
consisted of house complete with a running water and sewer-—
age system, barn, implement shed, and various other mis-

cellaneous sheds,

The cost of an average farmstead was established

as follows: Homes $30,000
Barn: 15,000
Implement Shed: 5,000

ﬁiscellaneous Sheds: 5.000
Total Cost: $55,000

1
&

he cost o

£

The above cost does not include ©

)

purchasing the farm land. This is included under right-of-

&

.

vay costs. It was assumed that the salvage value of the

e

3

buildings would cover the cost of removing or demolishing

1

the old buildings.



5, Land Costs

Land costs were based upon prices paid or anti-

&

hich the Water Control and

cipated for land in the area on w

Conservation Branch, Province of
were proposing to construct or have constructed water resource
proiects,

6, Civil Engincering Works

. . -

Cost of constructing civil engineering works

such as bridges were estimated using the prices outlined in

Table C-1 contains a detailed accounting of

.

damages for the 70,000 cfs. scheme, Damages for the 52,500

cfs,, 35,000 cfs., and 17500 cfs, flows are not presented

1

» here in detail because of lack of space. BRasically the

b
o

damages for lower flows were found to be lower because o
shorter lencth of bridge required, With the 17,500 ctfsSoe
and 35,000 cfs., flows the reservoir system on the Assini-

hoine was changed from the 52,500 cfs. and 70,000 cfs.

system vesulting in a smaller flooded area (35000 acres

less). This also resulted in somewhat smaller reservoir

damages for the 17,500 cfs. and 35,000 cfs., systems, The

Damages were assessed for each reservoir and
compiled in Table C-1. Tobal damagescosis for the four
£ F +11d4 ed s s -
levels of flow studied are summarized at the end of Tahle
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£11 ecosts are in Canadian Deollars.

Surveved

h

Damarses Not
Mo assessment was made of mineral or wildl

LT e

that could be effected by these empoundments.

Socialogical changes that may be caused by the

Yanitoba~-CGarrison Dam Diversion were

erection of the Lake ¥

not considered,
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TABLE C-1

RESERVOIR DAMAGES
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TABLE C-2

COST OF RELOCATING TOWN OF SQURIS, MANITOBA

Populations: 2,000

No, of Homes:

Noo

of Commercial Buildings:

2,000 people divided by 4 people /

= 500

70

Lineal Feet of Streets Required for:

Homes:

500 homes X 60 /home = 15,000 1lin,

2

Commercial Buildings: 70 bldes. X 100°f /blds,

Plus 30%

S4Y

Estimated Cost

Sewer & VWater Lines
Paving

Water Treatment Plant
Sewage Treatment
Homes

Commercial Buildings
hAssembly Halls

Motor Hotel

Hotel

Churches

Schools

Hospital

01d Folks Home

<t

home
homes

= 3,500
2 lin. fto.

= 18,500 lin. ft.
6,200 lin. ft.
24,700 1lin. ft.
25,000 lin. fto.

25,000 1lin. ft. @ $12 /lin.ft. = $ 300,000

25,000 lin. ft. @ $30 /lin.ft. = 750,000

2,000 people @ $200 fcapita = 400,000

2,000 people @ $ 60 /capita = 120,000

500 homes @ $25,000 each = 12,500,000

70 @ $100,000 each = 7,000,000

2 @ $150,000 each = 300,000

1 @ $150,000 each = 150,000

i @ $150,000 each = 150,000

6 @ $ 75,000 each = 450,000

2 @ $250,000 each = 500,000

1 @ $250,000 each = 250,000

1 @ $175,000 each = 175,000

$23,045,000

SAY 23,000,000

of relocating = $23,000,000 = $11,500

Cost per capita

2,000 people
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TABLE C-3

OF RELOCATING TOWN OF MELITA,., MANITOBA

CoST

Population: 1,200

No. of Homes: 1,200 people divided by 4 people /home
= 200 homes
No. of Commercial Buildings: 60

Tineal Feet of Street Reguired for:

Homes s 300 homes X 60 /home = 9,000 lin, ft.
2
Commercial Buildings: 60 bldss, X 100% /bldes., = 3,000
2 lin. £k,

= 12,000 1in, ft.

Pius 30% 3,600 1lin, ft,

15,600 iin, ft,

SAY 16,000 lin. fto,

Estimated Cost

Sewer & Water Lines 16,000 lin. ft., @ $12 /lin.ft. = $ 192,000
Paving 16,000 lin. ft. @ $30 /lin.ft. = 480,000
Water Treatment Plant 1,200 people @ $200 /capita = 240,000
Sewage Treatment 1,200 people @ $ 60 Jcapita = 72,000
Homes 300 homes @ § 25 000 each = 7,500,000
Commercial Buildings 60 @ $100,000 each = 6,000,000
Assembly Halls 1 @ $150,000 each = 150,000
Motor Hotel 2 @ $150,000 each = 300,000
Hotel 2 @ $230,000 each = 460,000
Churches 5 @ $§ 75,000 each = 3,J§OOO
Schools 2 @ $200,000 each = 400,000
Hospital i @ $175,000 each = 175,000
01d Folks Home 1 @ $175,000 each = 175,000
$16,519,000
S4Y $17,000,000

O Aat - 4t £y
Cost per capita oI
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TABLE C-4
COST OF RELOCATING TOWN OF WAWANESA, MANITOBA
Populatio 456
Cost of Relocating = $16,500 /capita (From Figure C-1)
tal Cost = $16,500 /capita x 456 people = 37,500,000

COST OF RELOCATING TOWN OF NORTH DAKOTA
Population: 233
Cost of Relocating = $17,000 /capita (From Figure C-1)
Total Cost = $17,000 /capita x 333 people = $5,650,000
05T OF RELCCATING TOWN O VELVA, NORTH DAKOTA
Population: 1,330
Cost of Relocating = $13,600 /capita {From Figure C-1)
Total Cost = $13,600 Jcapita x 1,330 people = $18,000,000
CO5T OF RELOCATING TOWN OF SAWYER, NORTH DAKOTA
Population: 390
Cost of Relocating: $17,000 /capita (From Figure C-1)
Total Cost = $17,000 /eapita x 390 people = $6,640,000
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POPULATION OF TOWN
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LAKE MANITOBA - GARRISON RESERVOIR

DIVERSION
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CANALS
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APPENDIX D

CANALS

1., Introduction
A number of canals were investigated for this
diversion. The purpose of this appendix is to cover the

design aspects of these canals and to establish the capi=~

tal cost of the canals,

2.

Lake Manitoba = Assiniboine River Canal

The Lake Manitoba - Assiniboine River Canal is

required to convey the diversion waters from Lake Manitoba

to

the reservoir behind Dam #1 on the Assiniboine River,

The diversion water is lifted from elevation 812 on

Lake Manitoba by a series of four pumping stations (two

each with a 1lift of 25 feet and 33.5 feet respectively)

to

in

to

the elevation 925 behind Dam #1.

The Lake Manitoba - Assiniboine Canal is 20,5 miles
length including a 3 mile inlet channel from Lake Manitoba
the first pumping station.

Bunclody Canal

The Bunclody Canal was investigated as an option

using the Souris River as a conveyance system between a

point downstream of the town of Souris near the Village of

Bunclody and a point upstream of the Town of Melita,




The Bunclody Canal is essentially a contour canal,
The water is lifted out of the "low reservoir® behind Dam #7
(FSL 1350) to elevation 1465 on the high bank of the Souris
and gravity conveyed to the Blind Souris, an abandoned
channel of the Souris River above HMelita, and thus to the

reservoir (FSL 1450) behind Dam #10,

4o Velva-Garrison Reserveoir Canal

As an alternative to the Velva ftunnels it wonld
st

be possible to construct a canal from Reservoir #12 along

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

1.

saddle occurs in the divide between +he watersheds drain-

the Hudson Bay and those draining to the Gulf of

ing into 1353
Mexico, The elevation of the top of the saddle is 2060,
The length of this canal would be 20 miles from Velva to the
tor of the divide and 32 miles from the top of the divide
down to the Garrison Dam. The canal would follow a route
due south of Velva to the upper end of Camp Lake and Straw-
berry Lake in the Camp National Wildlife Refugee and thus %o
Long Lake and Crooked Lake, From this point the canal would
flow south-southwest to enter the Garrison Reservoir at
elevation 1850 at approximately the same point as the Velva
tunnels,

The average slope of the ground along the Lake
Manitoba-Assiniboine River Canal is 6 feet per mile. The

~

average slope of the Velva-Garrison Dam Canal is 20.5 feet

per mile from Velva to the top of the divide and then 6.5
Teet per mile from the top of the divide to Garrison Dam,




D-3
It is expected that the cost per mile for the Velva-Garrison
Dam Canal particularily that section from Velva to the divide
to be much higher than on the Lake Manitoba-Assiniboine River
Canal. The entire 20 miles would look much like that from
Mile 16 to Mile 19 on the Lake Manitoba-Assiniboine River
Canal except be much steeper. Pumping stations would be
required every mile. This would necessitate the use of low
megawatt pumping stations much similar to that used on the

1

Lake Manitoba-Assiniboine River Canal.

A design was not carried out for this canal.
Rather an estimate (and it is probably low for the reasons
explained above) of capital cost was made based on unit cost
per mile for the Lake Manitoba-Assiniboine River Canal. It
was found that an additional head of 145 feet was inherent
in the design of the canal over that required for the tunnels.
Since additional generating stations would have to be pro-
vided an allowance for this was made. This estimate is
contained in Table D-4.

For the purpose of estimating it was assumed that
20 miles of the 32 miles to Garrison Dam from the divide would
he contained in similar canals as the Lake Manitoba-Assini-
boine River Canal with the pump station replaced by drop
structures. The remaining 12 miles would be contained in
natural lakes such as Camp Lake, Strawberry Lake, Long Lake,
and Crooked Lake and assorted interconnecting marshse.

5. ©Other Canals

It was found possible to construct a contour canal
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along the west or east high bank of the Souris from the
vicinity of Dam #9 to either of the reservoirs behind Dam
#11 or Dam #12. These contour canals would be in the order
of 90 to 120 miles in length. Based on unit costs per mile
for the Bunclody canal it was found that the capital cost
of these canals would exceed the saving in dam costs, reservoir
damages, and pumping station costs for Dam #10.

6. Canal Design

Although the allowable velocity for a concrete
lined canal is in the order of 5.0 fps., the limiting velocity
in this study was set at 3.0 fps. In order to increase the
velocity from 3.0 fps. to 5.0 fps. additional head would be
required at the pumping stations with thz result that power
and capital costs for the pumping stations would go up. On
the other hand canal costs would probably decrease bhecause
of the smaller channel cross~sections required. To obtain
an opitmum design a number of alternative designs would have
to be examined. It was felt that such a study was beyond
the scope of this report.

Foundation conditions along the Lake Manitoba -
Assiniboine River Canal vary from fine sandy loam to silty
clay, Red River clay and coarse textured sands.

Foundation conditions along the Bunclody Canal
varied from gravelly till, weathered shale, gravel, clay
loam, sandy loam and loamy sand.

With this type of foundation conditions, it is

possible that a considerable amount of water could be lost.
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The economics of whether to line a canal or not depends on
two things = how much water you can expect to lose and
secondly, what the water cost to get it to the point that
it is lost at., Water for this diversion is not available
free at Lake Manitoba. It is possible that a number of
reaches on both canals could be unlined. However, without
detailed knowledge of the permeability of the subsurface
along the canal route it is impossible to make a iudgement
of what sections could be unlined. For the above reasons,
both canals were assumed to be lined with concrete.

Design sections and gradients for the four levels
of flow studied are indicated in Table D-1.

7. Capital Ccst Estimates

Cost estimates were prepared for the Lake Manitoba-
Assiniboine River Canal and Bunclody Canal and are contained

in Tables D=2 and D-3.




(1)

(2)

(3)

(4)

b-6

TABLE D-1

DESIGN CROSS-SECTIONS FOR CANALS

70,000 cfs.,

base = 790 ft.

side slopes = 1 vertical

depth of flow = 25 ft,
n = 0,015
slope of water surface

52,500 cfs,

base = 550 ft.

side slopes = 1 vertical

depth of flow = 25 ft.
n = 0.015
slope of water surface

35,000 cfs.

base = 310 ft.

side slopes = 1 vertical

depth of flow = 25 ft.
n = 0,015
slope of water surface

17,500 cfs.

base = 80 ft,

side slopes = 1 vertical

depth of flow = 25 ft,
n = 0.015
slope of water surface

to 6 horizontal

0.0000135

to 6 horizontal

0.00C0140

to 6 horizontal

0.0000146

to 6 horizontal

0.0000168
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TABLE D-§

CAPITAL COST OF VELVA-GARRISON RESERVOIR CANAL

(1) Statistics

Average cost/mile for Lake Manitoba-Assiniboine River Canal

17,500 cfs. flow = $1,920,000
35,000 cfs, flow = $2,630,000
52,500 cfs. flow = $3,640,000
70,000 cfs, flow = $4,600,000

Velva-Garrison Reservoir Canal
Static Lift = 2060 - 1550
= 510 feet

Length: 20 miles Velva to the top of the divide
31 miles top of the divide to Garrison
Reserveoir

Top of divide to Garrison Reservoir
= 2000 - 1850
= 210 feet

Drop structures required: 210 ft, drop = 70
30 ft. drop/each

Maximum Elevation of Energy Line

Velva-Garrison Reservoir Canal = 2150
Tunnel Schenme = 2005
Increase in Energy Line 145 £t
Total head from Lake Manitoba to Garrison Dam
= (2005 - 830)
= 1175 feet

Tncrease in total head due to 145 feet additional head
= 145 ft.
1175 ft, * 100

= 10% (approximately}

Additional Capital Cost of Genmerating Station for
Velva-Garrison Reservoir Canal should be equal to
10% of the total Generating Capital Cost. This is
a capital cost chargeable to the Velva-Garrison
Reservoir Canal,



(2)

(3)

(4)

(5)

70,000

52,500

35,000

D-30

Table D-5 (continued)

cfs, Capacity Estimate

Additional Generating Capacity
10% of $1,700,000,000
Canal: 40 miles @ $4,600,000 /mile
Pumping Stations:
3700 MW @ $155,000 /MW
Prop Structures:
7 @ $1,800,000 each

cfs. Capacity Estimate

Additional Generating Capacity

10% of $1,240,000,000 :
Canal: 40 miles @ $3,640,000 /mile
Pumping Stations:

2820 MW @ $160,000 /MW
Drop Structures:

7 @ $1,400,000

cfs. Capacity Estimate

Additional Generating Capacity
10% of $867,500,000
Canal: 40 miles @ $2,630,000 / mile
Pumping Stations:
1850 MW @ $180,000 /MW
Prop Structures:
7 @ $1,000,000 each

17,500 cfs. Capacity Estimate

Additional Generating Capacity
107 of $432,000,000
Canal: 40 miles @ $1,020,000 /mile
Pumping Stations:
920 MW @ $200,000 /MW
Drop Structures:
7 @ $600,000 each

[}

$170,000,000
$184,000,000

$574,000,000

=$ 12,600,00

I

i

[

I

i

$040,600,000

$124,000,000
$345,000,000

$450,000,000

$ 9,800,000

$728,800,000

$ 86,750,000
$105,000,000

$333,000,000

$ 7,000,000

$531,750,000

$ 43,200,000
$ 77,000,000

$184,000,000

$ 4,200,000

$208,400,000
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APPENDIX ©

VELVA TUNNELS

1. Introduction

The Velva tunnels are intended to convey the water
from the reservoir behind Dam #12 to Garrison Dam with a total
1ift of 325 feet,

2., Precedence

Mechanical and highly antomated tunnel machines,
vsually referred to as "moles™, have been emploved success-
fully in the past on both large and small diameter tunnels,
In 1965, on the Mangla Dam Project (13) five diversion
tunnels were constructed with moles with a bore diameter of
367-8" to give a finished reinforced conecrete lined tunnel
with an external diameter of 230?'-0%, The five diversion
tunnels were each 1,650 feet long. On the San Juan-Chana
Project (14) in New Mexico, a "mole"™ was used to drive the
12,8 mile long Azotea tunnel. The project was completed

in 1967. Moles have been used to construct tunnels of 25%-8%
on the South Saskatchewan Dam (13) in Saskatchewan and of
20¢-6" on the Oake Dam (15) in South Dakota. It was proposed

that a similar Bmole® would be used to construct the Velwva

tunnels.
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3. Geology

Existing information (10) as to the geology of
the proposed route of the Velva tunnels is very general in
nature and based upon several dozen drill holes putdown
either in connection of petroleum or ground water explora-
tion., The bedrock in the area is known to consist of Fort
Union Formation, which is similar to the Turtle Mountain
formation in Manitoba., The Fort Union Formation is fairly
thew! rock formation overlain by glacial drift., The Fort
Union Formabtion consists of beds of sandstone, sand, silt-
stone, shaly clay and lignite.

Depth to the top of the Fort Union Formation
varies from 50 to 150 feet below the surface. At Velva
the formation is within 50 feet of the surface and at a
few points is exposed. In the viecinity of Garrison Reservoir
the formation is within 100 feet of the surface., In between
Velva and the CGarrison Reservoir the formation is located
100 to 150 feet below the surface.

Except for the last three or four miles of the
tunnels, where the tunnels are expected to be located in
glacial drift, the tunnels will be located in the Fort Union
Formatione

Generally the tunnels will be located 50 to 150
feet below the top of the formation. Since the Fort Union
Formation is relatively Twvoung®, Wsoft®" moling should be

relatively easy. However because the formation is relatively
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Hyoung! it is not expected to be highly consolidated, particu-
larily within 75 feet of the surface of the bedrock. This
feature may present problems in that the formation may not be
strong enough along some sections of the tunnels to support .
itself even with tunnel bracing spaced every 5%'-0%, It is
expected that it may take up to three months after completion
of "moling® before the tunnel is lined with concrete. However
this aspect cannot be determined without more detailed inform-
ation., This detailed information can only be obtained by
actually field drilling of the proposed tunnel locationse.

The exdisting geological information for the
proposed tunnel route in no way precludes the construction
of the tunnel. However it is apparent that from the general
geological nature of the bedrock in which the tunnels are
located that problems of stability of the tunnel walls prior
to the placing of the reinforced concrete lining may develope
along certain portions of the route.

4., Physical Dimensions of the Velva Tunnels

The Velva tunnels would be 31 miles in length
with each having an internal diameter of 40%-0%, Each tunnel
would convey 17,500 cfs, at a velocity of 14fps. Other dimen-
sions relating to the tunnels are listed in Table E-1,

5o Selection of Size and Number of Tunnels

It was felt that the tunnels should be as large
as possible so as to reduce the friction loss in the tunnel

to as low amount as pcssible so as to keep ener costs downe
B & g
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It was felt that at the present time that tech-
nologically it is possible to construct a 40 foot diameter
tunnel as indicated in Section 2 of this Appendix.

To determine whether the tunnel was too large
economically it was decided to compare the incremental cost
in using a smaller diameter tunnel wversus the 40 foot diameter
tunnel. A 35 foot diameter was assumed and it was found as
indicated in Table E-2 that the friction loss in the tunnel
increased to 300 feet versus 155 feet for the 40 foot tunnel.
The increased capital cost in electrical generating and pump-
ing capacity was found to be $50,000,000. The reduction in
the capital cost of the pipe was calculated by assuming the
cost of the tunnel is a function of the raduis. This is true
to a large extent particularily in relation to the number of
cubic yards of concrete, pounds of reinforcing and tunnel
bracing used in tunnel construction., Excavation varies as
the sguare of the radius., However moling costs probably
don®t vary directly as the radius., It was assumed for the
purpose of this study that the cost of the tunnel varied
as the raduis.

In reducing the size of the tunnel from 40 foot
diameter to 25 foot diameter the cost of the tunnel reduced
14%. On this basis the saving in tunnel construction costs
amounted to $32,600,000,

It should be apparent from this that the econom-

ical size of the proposed tunnel was about 40 feet in diameter.




E-5

It should bhe noted that to get a head loss of 300
feet in a 40 foot conduit the velocity would have to be in-
creased from 14 fps. to 19.5 fps. A€ this velocity, the
conduit could accomodate 24,500 cfs. It would appear from
this that it could be possible to reduce the number of
tunnels for 70,000 cfs. capacity flow from four to three
with an increase in the cost in pumping and generating
equipment of $50,000,000 versus a saving of $236,150,000 in
the construction of one less tunnel for a net saving of
$176,150,000, However with velocities in the order of 10.5
fps., the volume of flows being considered, considerable
study would have to be given to water hammer and strength
of the tunnel liner. It was felt that the study required
to djustify the reduction in the number of tunnels to be
used was bevond the scope of this report particularily in
view of the fact that the design and cost estimates given
in this report were based on preliminary information as to
the geological nature of the bedrock in the area.

6, Hvdraulic Transients

Water hammer can develop a design pressure far

the static head and friction loss in the pipe-
line. Water hammer occurs where there is a sudden change

in the velocity of flow in a pipeline penstock, or tunnel,
For example, water hammer can develop when a pump is suddenly

shut off or started up or if a valve is suddenly opened or

closed. It can be shown that if the flywheet effect of the
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pump will slow down slow enough that there is no appreciable
water hammer effect.

However, this is rarely the case. Usually the
flywheel effect is small in relation to that required to
carry the pump on to suppress any possibility of severe
water hammer occuring., Therefore if the pump stops rotating

cita. 2L .
within 5£ seconds of power failure a negative pressure of
magnitude DH = g DV occurs where:

L = length of conduit, feet

a = water hammer wave velocity, fpse.
g = acceleration of gravity, feet per second

If this negative surge is greater than the static head plus
32 feet a vacuum will occur in the pipeline causing the steady
state continuous water column to degenerate to several flow
reaches moving under ill-defined, independent boundary con-
ditions. The system static head and the resistance would
eventually overcome the original kenetic energy of flow
at which point the water within the conduit would reverse
and accelerate back towards the pumping plant, Severe
pressure rises would result as the independent moving
columns rejoin, thus subjecting the system to water-hammer
pressure peak lcading substantially in excess of normal
operating pressures. Consequently protection components
provided to control pressure rise following water column
reversal could not be selected on adeguately rigorous terms.
Fumerous methods are available to control water

hammer and these include slow opening and closing discharge
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valves, conventional surge tanks, and large hydro-pneumatic
surge tanks., The surge tanks are designed to dampen any
possible water hammer effects and to keep the column of
water in the pipeline from separating.

The Velva tunnel would regquire seven service
vertical shafts along its 31 mile length leading from the
tunnel wvertically to the ground surface. These shafts
would be approximately 40 feet in diameter to accomodate
ventilation ducting, hoist equipment for the removal of
excavation, and elevators for workers. It is proposed that

hese shafts be converted into surge tanks to prevent the
possibility of water hammer pressure developing to a mag-
nitude that would cause damage to the pumps and tunnel,

No design of the surge tanks was undertaken for
this report,.

7. BStructural Desisn of Tunnel Walls

The tunnels will be reguired to work against a
static head of 300 feet with a friction head at the pump-
house of 150 feet (plus what ever water hammer may develope).
This total head of 450 feet is equivalent to 200 psi.

Since the concrete is usually pumped into the forms under
a slight pressure it may be possible to take up some of
this stress in the supporting rock foundation. However
without having more specific data on the bedrock form-
ation it is impossible to conduct any design.

The design used for estimating cost of the

concrete lining and ring beam support system is a copy of
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=
!

the design used for the 307-0" Mangla Diversion Tunnels ({see

&

Figure E-1 for a cross-section of a tunnel),

8. Cost Estimate

A cost estimate for one of the four Velva Tunnels
is given in Table E-1, This estimate was based on unit costs
for concrete, steel, and labour that have been experienced
in the Manitoba area, The cost of the moles were based on
rices quoted in various technical advertisements and articles,
The volume of material involved was based upon the tunnel
section illustrated in Figure E-1l, On this basis the capital
cost of a sigle Velva tunnel was estimated at $236,150,000.

In order to check the above estimate, another
estimate based on the costs experienced on the Azotea tunnel,
shown in Table E-4, was made. The capital cost of the Velva
tunnel by this method was estimated to be $335,000,000. How-
ever it was felt that this estimate is high since the wvolumes
of excavation, concrete, etc., on the Azotea Tunnel Project
was considerably lower than that for the Velva tunnel and'
therefore would reflect a higher unit price., For example,
the excavation and concrete yvardages for the Velva tunnel
are 10,000,000 cubic yards and 2,480,000 cubic yards respect-
ively. Excavation and concrete vardages for the Azobtea tunnel
were 350,000 cubic yards and 27,300 cubic yards respectively,

fizotea Tunnel unit prices would have to be reduced
30% to give the same tobtal capital cost for the Velva tunnel,
It would seem reasonable thabtthis reduction in unit cost would

occur if yardage as required for the Velva tunnels were exper-

ienced.
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TABLE E-1

COST ESTIMATE FOR ONE VELVA TUNNEL

Tunnel Features:

Diameter = 4O ft., internal diameter

Length = 31 miles (170,000 ft,)

Bore Diameter of Mole = L6 ft,

Tunnel Lining = three foot thick Reinforced Concrete Walls
= 12" WF 75 lb, @ 59-0" on centres

Tunnel Advancement = 2000 ft. /month Average

Hydraulic Characteristics:

Flow = 17,500 cfs,
Velocity == 14 fps,
Head at Pumphouse =

Contract Quantities:

(a) Excavation /ft. = 62 cu, yds.
Excavation /mile = 327,000 cu. yds.
Bxcavation for Tunnel = 10,000,000 cu, yds.

(b) Volume of Concrete {ILining) /ft. = 15.1 cu. yds.
Volume of Concrete (Lining) /mile = 80,000 cu. yds.
Volume of Concrete (Lining) for Tunnel = 2,480,000 cu. yds.

(¢) Reinforcing Steel: (See Figure E-1)
#11 @ 11-07 c,c, = 680% /f‘b, of tunnel
# 8 @ 1%=5" c,c, = 234% /ft. of tunnel
Total Q1% /fta of tunnel
Reinforcing Steel /mile = 4 ,800,000%
Reinforcing Steel for Job = 150,000,000%

(d) Weight of 12" WF 75 1b. Supports:
Weight /ft, = 2200 lbs.
Weight /mile = 11,500,000 lbs,
Weight for Tunnel = 360,000,000 lbs.

(e) Shafts:
- One approximately every 4 miles for a total of seven
- $1,000,000 each

(£) Tunnel Railroad:
-~ 14 miles of track, hopper case and electric locomotive
- Lump Sum = $1,000,000

(g) Ventilation Fouipment:
- $l,OOOjOOO @ each shaft
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TABLE E-1 (continued)

Labor Cost in "Moling®:

60 men /day (20 men /shift) @ $40 /man - day = $2400 /day
Supervision  25% $ 600 /day
$3000 /day

Cost /month = 30 days X $3000 /day = $90,000

Time Required to Complete Job:

Tunnel Advancement: 2000 ft., /month Average
Time Required for Job:

(31 miles x 5280 fi. /mile) & 200 ft. /month = 82 months

Say 85 months

Total Construction Cost:

Labour: $90,000 /month X 85 months $ 7,650,000
Moles: 2 @ $1,000,000 each 2,000,000
Concrete: 2 >o 000 cu, yds. @ $30 /eu. yd. 71,000,000
Reinforcing +oel 150,000,000 1bs. @ $0.15 /1b. 30,000,000
WF Supports: 360,000 ooo 1bs. @ $0.25 /1b. 90,000,000
7 Shafts @ §1, OOO 000 each 7,000,000
Tunnel Reilroad @ $1,000,000 1,000,000
Ventilating System -~ Lump Sum 7,000,000

Disposal of Bxecavation at Surface: :
10,000,000 cu. yds. @ $0.35 /cu. yd. 3,500,000
Modification to Shafts for Water Hammer:

7 @ $2,000,000 each 14,000,000

TOTAL $236,150,000
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TABLE E~2

TUNNEL SIZE SELEBCTION

(1) 40 diameter Tunnel

Static Lift = 1850 - 1550

= 300 ft,
Q = 17,500 cfs.
A= (20)°
= 1256 sq. Tt.
Vv = Q/A
= 17,500 cfs, /1256 sq. ft,
= 14,0 fps,

Length = 31 miles
= 170,000 ft.

Friction Loss = £ L/D v /2g
Friction Loss = f 170, ooo Lo fLO fh, (v) Jblioly
= 66 F (v)~
Calculate T
o = 0001 + 0,010 _ 0.0055

£ = 0,0055 /40

D
= 1,37 x 10-4
A2
VD = 14 x 4&O
= 4730
£ = 0,012
Friction Loss = 66 x 0,012 (14)°

=155 ft,

Total Iift = Static Lift and Friction ILoss
= 300 feet -+ 155 feet
= L55 feet

MW Rating for Powerhouse and Dumphouse
_ 455 fi. x 17,500 cfs. x 62.L 1bs/cu. ft, %
550 ft. lbs. x 0.8 efficiency
2

{ 736 watts/h.p.
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TABLE E-2 (continued)

Capital Cost /MW Pumping Stations =5 72,000
Capital Cost /MW Generating Stations = $122,000
$194,000

Capit al Cost of Pumping Stations and Generating Stations

= $194,000 AW x 830 MW
= $160,000,000

Capital Cost of Tunnel: $236,150,000

35 Foot Diameter Tunnel

| Static Lift = 1850 — 1550

= 300 feet
@ = 17,500 cfs,
A= (17.5)2
= 962
vV = Q/A
= 17,500 cfs. /962 sq. ft,
= 18,2 Tps.

2
Friction Loss = 155 ff, X l%iﬁ) % &%

= 300 ft,

Total Iift = Static Iift and Friction Ioss
= 300 ft. + 300 ft,
= 600 ft.

MW Rating for Powerhouse and Pumphouse
_ 600 ft, X 17,500 cfs, X 62.416 [fou., ft,
550 ft, lbs. X 0,8 efficiency

= 1100 MW

Capital Cost AW of Pumping Stations =

Capital Cost AW of Generabing Stations =

Capital Cost of Total MW =

X 736 watts/ h.p.

$ 70,000

$120,000

$190,000

Capital Cost of Pumping Stations and Generating Stations

= $190,000 X 1100 My
= $210,000,000
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TABLE E-2 (continued)

Tneremental Cost of Pumping Stetions and Generating Stations
over that reguired for the LO foot Diameter Tunnel

=$210,000,000 = $160,000,000
= $50,000,000

Saving in tunnel cost over that required for 40 foot diameter
tunnel 20
% decrease = (Eg -~ 1.,0) 100

= 14%

Capital Saving = $236,150,000 x C.14
$32, 600,000

Il



(1) Statistics

Bore Diameter = 13 ft., = 3 inches
Pinished Diameter = 10 ft., - 11 inches
Length = 12.8 miles

Reinforced Concrebe Iining = 1%-2" thick
Cost of Contract =$13 million

Bid Price for Bxcavation = $23.60 /cu. yd.

(2) Contract Quantities

Excavation /foot of Tunnel = 5,2 cu, yds,
Ixcavation /mile of Tunnel = 27,300 cu. yds.
Total IExcavabtion for Tunnel = 350,000 cu. yds.

Concrete /foot of Tunnel 7 cu. yds.

:la
Concrete /mile of Tunnel = 9,000 cu. yds.
Total Concrete for Tunnel = 115,000 cu. yds.

(3) Unit Prices

Bid Price for Excavation = $23.60 /cu. yd.
Tobal Cost of Excavabion = $23.60 /cu. yd. x 350,000 cu, yds.

i

$8,250,000

Cost of Concrete Lining Including Steel and 6" WF Ring Beams
=$13,800,000 - $8,250,000
= $5,550,000

Cost /yard of Concrete Including Reinforecing Steel and b
W F Ring Beans

$5,550,000 + 115,000 cu. yds.
$48,40

It



COST ESTIMATE FOR VELVA TUNNEL BASED ON

AZOTEA TUNNEL UNIT PRICES

(1) Statistics of Velva Lining

Bore Diameter - 4L6%-07

Finished Diameter - LO%-0OW

Length -~ 31 miles

Reinforced Concrebe Lining - 310" thick

(2) Contract Quantity

Total Excavation for Tunnel: 10,000,000 cubic yards
Total Volume of Concrete : 2,480,000 cubic yards

(3) Cost of Tunnel Based on Azotea Tunnel Unit Prices

Cost of Bxcavation: $23,60 fcu. yd. ¥ 10,000,000 cu, yds.
= $236,000gOOO
Cost of Concrete : $48,40 fcu., ydo X 2,480,000 cu, yds.
= $119,000,000

TOTAL $355,000,000
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APPENDIX ¥

PIPELINES

1. Introduction

Pipelines were considered as alternatives to the
Lake Manitoba-Assiniboine River Canal, the Bunclody Canal
and the Velva-Garrison Canal,

Although there are numerous water conveying
tunnels of the diameter required for this diversion, there
are no water conveying pipelines as such., However, there
are many vehicular "pipelines™ of this size so it does not
seem impractical that water conveying pipelines of this
diameter could not be constructed,

This chapter will deal with some of the general
features assaciated_with the pipelines and their method of
design,

2. Lake Manitoba-Assiniboine River Pipeline

The Lake Manitoba-Assiniboine River Pipeline
would convey water from Lake Manitoba to the reservoir behind
Dam #1 on the Assiniboine River, The pipeline would operate
against a static head of 113 feet, The pipeline would be

16,5 miles long,



2 Bunclodvy Pipeline

The Bunclody pipeline would convey water from a
point near the Village of Bunclody on the reservoir behind
the "low level®™ Dam #7 (FSL 1350) south-south west to the
Blind Souris which forms part of the reservoir behind Danm
#10. The pipeline would be 47 miles in length., The pine-

pip g Pt
line would operate against a static head of 0 feet,

4o Velva-Garrison Dam Pipeline

This pipeline would convey water from the reservoir
behind Dam #12 (FSL 1550) to the divide between the Souris and
Mississippi Watersheds., The divide is located at elevation
2060. From the divide the water would flow by canal and
natural channel to the Garrison Reservoir as described in
Appendix D, The pipeline would be 20 miles in length and
would operate against a static head of 510 feet,

e Size Limitations

It was assumed that the maximum velocity that
could be tolerated in the pipline was 10-15 fps. and that
the maximum size that could be economically constructed was
a forty-foot diameter pipeline. This criteria resulted in
each conduit being able to carry 17,500 cfs. at 14 fps.

It is possible that each conduit could carry flow

5

at a higher velocity and, therefore, carry more water, Bu
the increase in velocity would result in higher friction
heads and higher design pressures both from the point of

view of water hammer and pump head, The economical limit
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to increased velocity would be reached when the incremental
capital cost of higher head pumping stations, larger gener-
ating stations, and heavier wall pipe equalled the capital
saving either in the reduction of the number of conduits or
the size of the conduits,

However, before a study of the above nature was
carried out it was decided to investigate the economic
feasibility of the pipelines versus the other alternatives
available, It was decided for the purpose of the feasibility
study that a 40 foot conduit conveying 17,500 cfs. would bhe
investigated.

6. Design

Of the three pipelines under consideration, the

Bunclody Pipeline would operate under the lowest head (see

Table F-1)., It was decided to carry out a preliminary design

The design pressure for the pipeline was based
upon the static head plus 50% for water hammer allowance,
It is possible that with adequate water hammer dampening
devices, such as surge tanks, that the allowance for water
hammer could be lower. However, this could only be deter-
nined by carrying out a series of water hammer analysis with
different sizes of water hammer dampening devices until an
economical balance was reached between the incremental capital
cost of providing adeguate water hammer dampening devices and

the incremental saving in the capital costs of the pipe result-
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ing from the lower design head, It was felt that suech a

study as described above was beyond the scope of this report,
The Bunclody Pipeline wall was designed using the

hoop stress method. This method is valid only if the pipe-

line is small in diameter and thin walled, If the pipe is

substantially larger than 3 to 4 feet in diameter, the

method will yield low design stresses and therefore an unsafe

pipe design. Since the design in this report was only for

estimating purposes, it was concluded that the "hoop stress®

method of design would suffice. The design method used is

o

outlined in Table F-2, The design is illustrated in Figure

-1,

7. ELconomic Feasibility of Constructine Pipelines

The average capital cost per mile for the 17,500
cfse. Bunclody pipeline was estimated at $7,300,000 per mile
(Less the cost of right-of-way, railroad, vehicular bridges,
and earth moving).

The Bunclody Canal was estimated to cost $1,365,000
per mile and $4,336,000 per mile for the 17,500 cfs. and 70,000
cfs., flows respectively (see Appendix D, Table D-3). The
pumping station for the Bunclody Pipeline would of course he
more costly than the Bunclody Canal Pumphouse because of the
increased Megawatt rating of the pipeline pumphouse caused
by the pipe friction. It is obvious from the above figures

that the Bunclody Pipeline is not an economical alternative

for the Bunclody Canal,
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The average cost per mile {(not includ ing the cost

o

of the pumping stations) for the Lake Manitoha-Assiniboin

be $1,920,000 and $4,600,000

et
o)
2
ot
o

River Canal was estima
for the 17,500 c¢fs, and 70,000 cfs. flows respectively {see

Appendix D, Table D-5) which is considerably lower than the

1 .

mile cost of the pipeline. The pumping station

,.a

average per
costs for the canal for the 17,500 cfs., and 70,000 efs. flows
was estimated to be $42,000,000 and $119,000,000 respectively,
(see &ppendix G, Table G-2),

The pumping station costs for the pipeline for

y

500 cfs. and 70,000 cfs, flows were estimated to bhe

&%
[N)
[¥]
‘o
]
(@)
o]
©
)
o]
fon]
Q

nd $83,500,000 respectively. It was interesting
to note that with the consolidation of the pumping at one
station on the pipeline rather than four stations on the
canal the cost of the pumping station for pipelines was less
than that for the canal even with a higher pump head on the
pipeline., lowever, because of the increased head { and
therefore MW rating) of the pumping station of the pipeline
over that required for the canal, the power generating
capital costs will go up $14,000,000 and $57,000,000 for
the 17,500 cfs, and 70,000 cfs. flows. The increase in the
power generating costs would erase any saving made in the
pump station capital costs, Therefore it can be seen from
the above figures that the pipeline is not an economical
alternative to the Lake Manitoba-Assiniboine River Canal,

With the design pressure of the Velva-CGarrison

Pipeline being approximately 3.7 time higher than the Bunclody
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Pipeline, and the average cost of the Velva-Garrison Canal
being about equal to the Lake Manitoba-Assiniboine Diversion,
it is apparent that the pipeline in this case also would be
an uneconomical choice,

In the above discussions on economic feasibility
of constructing pipelines, the discussion was limited to
17,500 cfs. and 70,000 cfs. Be inference the comments
applicable to these flows are true for the 35,000 cfs. and

52,500 cfs. flowse
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TABLE F-1
PIPELINES

(1) Statistics

Internal Diameter Pipeline -- 40% 0F
Flow Velocity -= 14 fps
Flow/conduit == 17,500 cfs

(2) Operating Head-(Static Head & Friction Head) 1.5

Pipeline Static head Friction Head Desicn Head
Lake Manitoba- 113 £t 54 £t 250 ft
Assiniboine River
Bunclody 0 ft 154 ft 231 ft
Velva=Garrison 510 ft 65 ft 86C ft
Reservoir

(3) Megawatt Ratinge of Pump Stations
70,000 cfs 52.500 c¢fs 35,000 cfs 17,500 cfs

Lake Manitoba-

Assiniboine River 1230 Mw 930 MW 610 306
Bunclody 1980 MW 1500 MW 09835 492
Velva-=-Garrison 4250 MW 3200 2100 1050

Reservoir
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TABLE F~2

BUNCLODY PIPELINE

(Static Head & Friction Head) 1.5
(0 + 154) 1.5

231 ft.

100 psi

Assumed design head

I

Pressure x Radius of Pipe x 129
100 psi x (20 ft.x12 in.) x 12 in,
288,000#/ft.

Hoop stress/ft

288, 0007t /40,000 psi
7.0 sq.in.

Hoop Steel Req®d.

No. of #11 Bars/ft. required for hoop stress =
7.0 sq.in,/1.56 sq.in. /#11 bar
4.5 say 5.0

on

Longitudinal Steel Assume #6 bar @ 1% o" c.c.
Base steel #11 Top and Bottom @ 12# c.c.
Concrete Wall thickness: Assume as shown in Figure #F-1

Materials/ft, of Pipe

Steel: #11 bars - 165 ft, x 5 bars x 5.313 #/ft. = 4,400 1bs.
# 6 bars (outside) 152 bars x2.36#/fs = 360 lbs.

# 6 bars (dinside) 130 bars x 2.36#/fs = 306 1bs,

#11 bars (base) 2 bars x 42 ft x5.13#/fs = __ 430 lbs.

Total Steel 5496 1bs,

Concrete: 16 cubic yards,

Cost Estimate/ft of Pipe

Steel: 5496 1lbs, @$0.15/1b, = $820
Concrete: 16 cu. yds @$35/cu.yd.___560
$13890

Cost/mile $1380 /ft. x 5280 ft/mile

o

$7,300,000/mile
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APPENDIX G

PUMPING STATIONS

1. Introduction

The pumping stations,which form a significant portion
of the capital cost of this project, are required to 1lift the
diversion water from Lake Manitoba at an elevation of 812 to the
Garrison Reservoir at elevation 1852,

Although the pumping stations were not actually de-
signed, it was found that there were a number of features of
the pumping stations that would influence the location of other
works on the diversion, This section covers these features and
describes how the capital cost for the pumping stations was esti-
mated.

2. Submergence Requirements for the Pumping Stations

It was assumed that a minimum of thirty five of
water ( 8) must be available over the pump station intakes to
prevent unnecessary intake loss, It was found that this criteria
required that the intake channel of some of the pumphouses be
depressed below the natural channel bottom. This feature of the

channel design is covered in Appendix 4.
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3. Foundations for Pumping Stations

The foundation conditions available at each pumping
station location are covered in Appendix B,

The construction of the pumping stations in con-
Junction with the earth dams will present some problems
related to differential settlement. It is expected that
settlement under the earth dams will occur due to consoli-
dation of the dam foundation. BRecause of the heavy loads
associated with the pumping stations and the inflexible nature
of the pumping stations, the pumping stations will have to be
constructed on a pile foundation in order to transmit the high
loads to a suitable bearing layer and so as to keep settlement
to a minimum. The pumping stations will therefore not be
subject to the same settlement as will the dams.

Because of this, the pumping stations and discharge
conduits will probably have to be completely disassociated
from the dam embankment. The pumping stations would be
located downstream of the dams with the discharge conduits
constructed through a dam abutment in virgin material.

4. Civil, Mechanical and Electriecal Works

In general other than the considerations for sub-
mergence of the pump units and general considerations for
foundation conditions no attempt was made to size or design
any portion of the c¢ivil, mechanical or electrical works
associated with the pumping stations.

For the purpose of estimating the electrical imputb
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into the pumping stations, it was assumed that the overall
efficiency of the pumping stations was 80%,

5. Capital Cost of Pumping Stations

C, W, Hubbard (18) developed a cost per kilowatt
versus size of installation curve for pumped storage plants
in the size range from 300 to 2,000 megawatts for heads of
350 feet or more,

Since pumping station sizes in this study ranged
from 18 to 3,350 megawatts, it was necessary to try and extend
+the Hubbard curve over these ranges. To do this and also to
verify the Hubbard curve, capital costs for proposed hydro
generating stations on the Nelson River {(19) were obtained
courtesy of Manitoba Hydro. It was assumed that the capital
costs of the hydroc generating stations would be essentially
the same as the capital cost of pumping stations of the same
size range., These figures are tabulated in Table G-1. It
was found that the figures for the hydro generating station
spanned the size range of 257 to 1610 megawatt well within
the range being considered for pumping stations in the report.

Although it was possible to draw a curve through
the hydro generating points, it was decided to use the Hubbard
curve for estimating the capital cost of the pumping stations
for the pump station size range of 300 to 2000 megawatts., In
order to estimate capital costs for pumping stations less than
300 megawatts in size, it was decided to extend the Hubbard

curve by setting the cost of a 50 megawatt station at $200,000
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per megawatt and joining this point by a straight line with
the last point on Mr. Hubbard's curve, For pumping stations
in excess of 2,000 MW rating the capital costs per megawatt
was taken as the same value for the 2,000 MW station (See
Figure G-2),

It was felt that the capital cost per megawatt
would vary with the head and discharge pumped. An attempt
was made to establish capital cost per megawatt versus size
of installation curves for 10 foot, 50 foot and 100 foot
pump discharge heads. However, sufficient information was
not available to do this,

The Hubbard curve reflects the total cost of a
pumped storage plant (percentage of total cost indicated in
brackets) including land and rights (3%); reservoirs; dams
and waterways (40%); powerhouse (7%); major and auxillary
equipment (33%); and transmission line (2%); administration
and engineering (15%). It was possible, with these figures
to reduce the capital costs per megawatt figures by 40% at
least since essentially the information reguired for this
study is the cost of powerhouse and major and auxillary
equipment.

However on reviewing the plot of the Hubbard curve
on Figure G-2 in relation to the points of the Manitoba Hydro
generating stations it was felt that if this reduction was
carried out that the Hubbard curve would yield per MW costs
well below that experienced by Manitoba Hydro. Therefore,

it was decided not %o reduce the Hubbard curve.
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The estimated capital cost of the pumping stations

are listed in Table G-2.
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APPENDIX H

POWER

1. Introduction

Approximately 2,650 MW and 10,560 MW of electrical
power will be required for the 17,500 cfs and 70,000 cfs
diversion flows respectively.

""""" Presently the combined thermal, gas turbinej
and hydro generated output of the Manitoba Hydro and
Winnipeg Hydro is 1,640 MW. A potential exists for the
developments of another 5,000 MW of hydro generated elec-
trical power.

Assuming a constant increase in electrical con-
sumption of 10% over the next two decades, which would
result in an electrical demand of 5,000 MW by 1985-1990, it
is apparent from the above figures that electrical power
input for the diversion could not be supplied from the exist-
ing electrical generating system nor does the potential exist
for developing the power reguired from presently undeveloped
hydro electrical generating sites.

This appendix covers the selection of an electrical
generating system to supply the electrical power required for
the diversion, location of plants, and capital cost of the

generating units and distribution system.

2. Blectrical Generating Svstem

Tt was assumed that the large block of electrical

power reguired for this project could be best produced by




H=2
atomic powered generating stations.

Since the unit cost of power generating decreases
(20) with the size of the nuclear plant, it would be advan-
tageous to make the units as large as possible, Presently
the largest plants under consideration are 1,000 MW capacity
(20).

Practical considerations such as the availability
of standby power would to a certain extent govern the size
and number of power plants built. Further it is apparent
from todays technology that a nuclear unit cannot be shut
down for repairs without a delay of some 2 to 3 months.

For these reasons it was felt that it would be
unrealistic to consider no 1éss than three plants with an
installed capacity of 120% the demand load. Since the
nuclear plants would be constructed with two units per
plant there would always be one unit in reverse.

Although it would appear at first glance that
the cost of distributing the power would have an influence
on the locations of the nuclear plants it should be noted
that to ensure adequate standby power in event that one unit
or one of the nuclear plants has to be shut down adequate
transmission facilities must be available to interconnect
the nuclear plants,

3. Location of Nuclear Plants

Since large volumes of cosling water will be
required to operate the nuclear plants, it will be necessary

to construct the plants near the large bodies of water.
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Locations meeting this reguirement would be the shore of
Lake Manitoba, upstream of Dam #3 and #4 in the Assiniboine,
upstream of Dam #10 on the Souris River and adjacent to
Garrison Dam., Except for the Lake Manitoba and Garrison Dam
locations, the plants would largely depend upon cooling water
being supplied from the diversion itself,

Ao Distribubion System

Presently the largest capacity transmission lines

being built in Manitoba are 250 MW (230,000 volt) (21) lines,

The capital cost of these lines is approximately $35,000 per
mile (21).

The distance paralleling the diversion from the
Garrison Reservoir to the shore of Lake Manitoba is approxi-
mately 350 miles. The total estimated capital cost for
transmission lines is shown in Table H-1,

5. Capital Cost of Generating Stations

The capital cost for the nuclear power generating
station was obtained from Figure O contained in an article

"Nuclear Power is Competitive® by J.0, Holt, published in

October 1966 issue of the E. I, C., Engineering Journal., The
total estimated capital cost of the generating stations is
contained in Table H-2, A copy of Mr. Holt's article is
appended to this appendix,

6, Opmerating Cost of Generatings Stations

The total unit energy costs, including amortiza-

tion, fueling costs, and other operating costs per kilowatt




Hel
hour, was obtained from Figure 12, contained in J.0. Holt's
article mentioned above. The total estimated annual energy

charge is contained in Table H-3,
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Table H=L4

Nuclear Power

is Competitive

J. O. Holt

Atomic Power Department
Canadian General Electric Company
Limited

Peterborough, Ontario

EIC-66-THERM & NUC 2

The past two years have seen a striking
change in the nature of commitments
for electrical generating plant through-
out the world. The early promise of
nuclear power, which seemed for some
years so slow in materializing. has now
shown the proof of its substance. This
period has been marked by a pronounced
upsurge in nuclear power plant orders
placed by utilities in many countries,
and by the large number of bid sub-
missions and tender negotiations under
consideration and in progress. All this
activity is clear evidence that nuclear
power is now firmly established as a
major production source to meet the

ever growing demand for electrical
energy.
This world wide swing to nuclear

power is of impressive amplitude. In the
first six months of 1966, U.S. utilities
placed orders for nearly 9.000 megawatts
of nuclear power compared with about
4.800 MW in 1965. Some of the largest
orders have been placed by utilities that
have access to coal burning plants with
fuel costs of less than 21 cents per mil-
lion BTU's. As of August 1, 1966, over
one-third of all large turbine-generator
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PAODERATOR

}«w,wm .
b o
t

FUEL
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Engineering Journal, Octoher 1964

HEAT TXCHANGER

Paper presented to 11th Maritime Pro-
fessional Engineers’ Conference, Dighy,
N.S., September, 1966.

sets ordered this year in the United
States were destined for nuclear plants,
and this proportion is likely to increase
over the balance of the year.

Britain earlier displayed a similar
trend. With much of her original pro-
gram of 5.000 MW in gas-cooled, graph-
ite-moderated, natural uranium-fuelled
reactors in service or nearing comple-
tion, she has recently initiated an even
larger program of construction for ad-
vanced gas cooled reactors (AGR) using
slightly-enriched uranium as a fuel. As
we write this we note that France will
all but cease to build coal-fired stations
by 1973, and from that date will rely
almost exclusively on nuclear power.

Turning now to the Canadian scene,
Ontario Hydro has Douglas Point at
200-MWe scheduled for operation later
this year but, more significantly, has
committed two 500-MWe units at Picker-
ing. near Toronto, with plans for ex-
pansion to possibly 6.000 MWe on the
same site. Hydro-Quebec, despite a con-
tinuing program of large hydro-electric
projects, has plans for a 250-MWe-proto-
type station ncar Trois Riviéres, which
will undoubtedly be the forerunncr of a
series of large scale plants for service
in the seventies.

Thus, we find that almost every indus-

Fig. 2.

trialized country in the world, and indeed
many developing countries, are nOw ac-
tively planning for nuclear power genera-
tion; there is no doubt that all expanding
utilities must carefully compare the cost
of nuclear power generation with all
other available sources before commit-
ting new power generation projects.
Nevertheless, we in the nuclear industry
do not believe that nuclear power will
completely displace conventional sources.
Applications and cconomic environment
vary so widely that hydro, fossil fuel
and nuclear power generation must com-
plement each other for many years to
provide reliable and low cost electrical
energy over the range from peaking to
base load operation. ’

Development of Competitive
Reactor Systems

The sharply competitive position now
enjoyed by nuclear base load generation
derives from several sources. One, of
course, is the technology gained from
experience in the pioneer installations
such as NPD in Canada, Dresden and
Yankee in the United States, various
plants in Europe and the iong line of
MAGNOX plants in Britain. Another is
the growth of power systems and the
spread of interties to the point where ever
larger units can be added; nuclear power
plant capital and unit energy costs are °
particularly sensitive to the economics of
increasing sale. Finally, as nuclear plant
construction grows to a level comparable
with that for conventional plants, the
costs of equipment manufacture and fuel
processing are reduced because of the
benefits of experience and larger volume.
Even though nuclear power may be an
obvious choice, utilities in many countries
still face the problem of selecting a
suitable reactor concept to meet their
needs.- To reach a decision they must
consider such factors as:
(i) Initial investment

- FISSILE - ATGM
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Table H-4 (Continued)
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(i) Fuelling cost slowing down the fast or high energy water reactors is only about one mill per

(iif)
@v)
)

Other operating costs

Risk of economic obsolescence
Stability of production costs
(vi) Availability of fuel

(vii) Ease of repair

(viii) Load following flexibility

(ix) Simplicity of design features.

Several reactor types are now com-
mercially available on the world market.
The immediate choice lies between:

—Graphite moderated, gas-cooled re-
actors using either natural uranium
or slightly enriched uranium fuel (Brit-
ain and France).

—Boiling light water reactors using
enriched fuel (USA and Germany).
—Pressurized light water reactors using
enriched fuel (USA and Germany).
—Heavy water 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. 1).
They are called thermal because the
nuclear chain reaction is sustained by

neutrons released by fission to low or
“thermal” velocities by means of a mod-
erator such as graphite or water. They
are termed converters because, while
burning the fissile isotope uranium 2335,
they generate fissile plutonium through
neutron capture in fertile isotope urani-
um 238 (Fig. 2). Some of the plutonium
is burned in turn to produce energy, but
the 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
(Fig. 3).

Heavy water moderated reactors are
called *“advanced converters” because
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 residual plutonium
in the spent fuel. With plutonium re-
cycling it is possible to convert up to
about three per cent of the potential
energy. Low though this utilization may
seem, the fuelling cost of the heavy

Fig, 6.

kilowatt hour using the “once through”
cycle. Higher utilization does not of
course necessarily result in lower unit
fuelling costs because of the costs associ-
ated with reprocessing spent fuel for
plutonium separation and recovery.

It is worth noting that it seems pos-
sible to use over 50% of the theoretical
energy content of natural uranium in
“breeder” reactors (Fig. 5). The reactor
is designed in such a way that more
fissile atoms are produced than are used
in the fission process. There are, how-
ever, many technical problems to be
solved before such reactors can be re-
garded as commercially feasible. Present
estimates suggest that 10 to 15 years of
development, prototype construction and
experience will be necessary to make
such reactors commercially competitive.
When breeders are proved and available,
they will not, however, make the ad-
vanced converter reactors obsolete. The
two types will 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-
versions is shown in Table 1, from which

Nucféar Fuel

HWR NATURAL URANIUM HIGH BURNUP REACTOR

MURE W) ~
- © fissions C”_J}] b2 et O¢ G
g u»
‘;‘,E“ Processing . Reactor Starage Bay
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‘ o) FISSion  FAST S U238 TO : ENRICHED BEACTOR Storage
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Table 1
Conversion Comparisons

Distribution of

Released Neutron LWR HWR Breeder

Tission 409% 40% 3%
Conversion to

Plutonium 269, 329 39%
Conversion Rate 0.65 0.80 1.16

more fissile material than it consumes.
it is seen that the breeder produces

The Canadian Program

Canada has many sound and excellent
reasons for concentrating on the develop-
ment of heavy water moderated reactors
capable of burning natural uranium fuel
effectively and efficiently. Because of the
low investment in natural uranium and
the unique properties of the heavy water
moderator, the fuelling cost is less than
one mill/kWh — by far the lowest
fuelling cost of any commercial reactor.
This 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 reprocessing
costs or long term estimates of the value
of recovered plutonium. (Fig. 6).
Canadian reactors now being designed
are the world’s most efficient converters.
For a given energy output they use about
25% less uranium feed than do the light
water enriched reactors, and about 45%
less than do the graphiic moderated re-
actors. Even greater reductions in foed
are possible with fuel recycling. Because
of their high conversion rate and low
natural uranium feed requirements, the
fuelling cost of heavy water reactors is
less sensitive to possible increases in the
price of natural uranium than are the
fuelling costs of other reactors, so that
production costs will be much more
stable over the life of the HWR station.
The “once through” system does not,
however, preclude the posibility of plu-
tonium recovery and fuel recycling, for
the plutonium content in the discharged
fuel averages about 3 gm/kgU or 1
gm/MWD. Normally fuel consumption
averages about 100 kgU/MWe/year, but
economic plutonium recovery costs are
dependent on a volume equivalent to an
installed capacity of not less than 2,000
MWe or 200,000 kgU/yecar. At the cur-
rent price of $8-89/gm, it is obvious that
this plutonium has a large potential value;
some years hence, when a stable market
is established, operators of heavy water
systems may be able either to obtain
revenue from their spent fuel, or, by
recycling plutonium, reduce their uranium
requirements by about 50%. Another
possibility for these neutron economical
reactors is their promise as “near
breceders” using the thorium-uranium
233 cycle. Thorium is a fertile material
which, as in the generation of plutonium
from uranium 238, can be transformed
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H-4 (continued)

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, those stations
having the lowest operating costs will
always be loaded in preference to others.
The spectre of economic obsolescence is
largely banished if future technological
improvements can bring only marginal
reductions 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-power refuelling,
common to light water reactors, can re-
sult in the loss of at least 19%: days a
year according to British studies. This
loss of availability must probably be
made good from other less efficient sta-
tions held in reserve.

With all these advantages, Canada has
committed herself confidently to the
continuing development of heavy water
moderated power reactors using natural
uranium fuel. This confidence has been
underlined by the decisions of the Fed-
eral Government to underwrite the con-
struction in the Maritimes of two heavy
water production plants, by contracting
for the purchase of at least 700 tons of
heavy water per year over a ten-year
period. This production corresponds with
a station construction rate approaching
1,000 MV e per year.

Nevertheless, the designers of heavy
power reactors must seek continuously
to reduce the cost of comstruction by
improved engineering and general simpli-
fication of design. Many advantages have
been made as the result of experience
with NDP and Douglas Point. For ex-
ample, in June 1966, Canadian General

Fig. 7.

Electric. announced a simplified version
of the Canadian heavy water moderated
and cooled, natural 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 new
features are added. A lower capital -in-
vestment results from shorter construc-
tion times, simplified nuclear components
including a  single-ended  on-power
fuelling system, fewer but larger steam
generator units, a smaller reactor build-
ing of prestressed concrete construction,
and a reduction in the initial inventories
of heavy water and uranium fuel.

Capital Investment in Nuclear
Generating Stations

There is a widespread but mistaken be-
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 being designed for installation in
the early seventies. In making compari-
sons one must remember that one has
the choice in reactor design of using
natural uranium fuel with heavy water
moderation (“enrichment” of water), or
of using enriched uranium fue! with a
less efficient and less costly moderator
(Fig. 8). In the consideration of capital
investment it can be shown that the total
cost of the first charge of natural urani-
um fuel and heavy 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.
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If one now examines the balance of
the physical plant, one finds only nomi-
nal differences which in nearly every case
are handsomely offset by the lower fuel-
ling cost of the heavy water reactor.

Contract Prices for Physical Plant

In comparing the relative costs of gen-
erating stations, one must clearlv under-
stand what is, or is not, included in
construction cost. Here construction cost
is defined as the total cost of building
a station: it consists of physical plant
costs and indirect costs, The indirect costs
include interest during construction. com-
missioning, training, and consultants’
fees; many of these costs are associated
with the economic environment and re-
quirement of a particular utility, and may
vary widely, For this reason we will
restrict our discussion to the physical
plant and consider estimated contract
prices covering the main structures,
power generation equipment, and basic
site improvements within the immediate
station area.

Estimated contract prices for physical
plant, fuel and heavy water are presented
in Tables 2 and 3, and Fig. 9. Estimates
are based on current (1966) Canadian
dollars for stations coming into opera-
tion in the early seventies, but they do
not include taxes, duties or escalation,
and apply to average Canadian supply
and construction conditions.

Trends in Heavy Water Prices

In the nintecen-fifties the price of heavy
water from US production plants was
$30.25/1b. ((US $28.00) but by 1962 the
price had fallen to $26.50 (US $24.50).
Within the past two years, Canadian

heavy water production projects have

been committed which will make heavy
water available at $20.50/lb. in 1967
with further reductions in later vears to
$16/1b. (Fig. 10).

Fig. 8.
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Table 2
Physical Plant—Estimated Contract Prices—$/kW

Unit Size (MWe) 100 150 200
Single Units

250 300 400 500 600 800 1000
267.0 232.0 207.5 1930 1S1.0 1640 1520 142.0 133.7 128.1

Two Units 242.7 210.9 188.6 1754 1654 140.1 1382 120.1 121.5 116.¢
. Table 3
Heavy Water and First Fuel Charge—$/kW
Unit Size (MWe) 100 150 200 250 300 400 3500 600 S00 1000
Heavy Water @ $20.50/1b 35.0 33.4 32.1 30.6 30.1 20.2 28.5 27.9 26.7 258
Fuel @ $62.50/kgU 10.}9 10.7 10.6 10.5 10.3 10.2 10.1 100 9.9 98

This history of the Canadian projects
began in 1963 when Atomic Energy of
Canada Limited invited Canadian indus-
try to submit proposals on the under-
standing that AECL would purchase not
less than 200 tons/year over a five-year
period. The winning bid came from Deu-
terium of Canada with an offer of
$20.50/1b. from a plant now under con-
struction at Glace Bay, N.S.

In 1964 AECL issued a second invi-
tation to industry; an offer made by
Canadian General Electric was accepted
in March 1966 for the supply of 5,000
tons at up to 500 tons/year over a maxi-
mum period of 12)4 years at a starting
price of $20.50/lb. and a sliding scale
to $16/1b. at the end of the period. This
second plant will be located at Port
Hawkeshury, NS,

Fuelling Costs

For any given HWR station operating on
a “once through™ fuel cycle, the equili-
brium refuelling cost is proportional to
the delivered price of the fuel (including
all uranium and fabrication costs). The
forecast trend in natural urapium fuel
prices is shown in Fig. 11. The curve
begins at $74/kg of contained uranium
in 1964 (the price of the first fuel charge
for Douglas Point) and falls to a level of
$45/kgU or less towards the end of the

Fig. 9.

seventies. This reduction in price is based
on an increase in production volume,
and the availability of U,04 feed at less
than $11/kg.

In recent years theré has been a grow-
ing trend in the utility industry to base
economic assessments on the “present-
worth” technique which translates all
future economic commitments to their
“present-worth™. The results permit a
direct comparison between schemes which
show a marked difference in variation of
their economic commitments with time.
There are large variations in such com:
mitments between nuclear and conven-
tional plants, and indeed between various
designs of nuclear plants, so that there is
a strong case for the application of pres-
ent worth techniques in making economic
comparisons. The area of greatest interest
is, of course, that of fuelling cost, since
variations in both price of fuel and sta-
tion output may be expected over the
life of the station.

Typical fuelling cost estimates calcu-
lated by this method for a 20 year life
at 7¥2% simple interest and an average
capacity factor of 0.75 are presented in
Tablc 4.

Operating and Maintenance Costs

Operating and maintenance costs include
all salaries and wages for operating and
maintenance personnel, an appropriate

BWR & PWR
Light water reactnrs

i e Estimsted Conliact Price for Physicat Phant

= tstimated Price Including Fuel & Heavy Water
Heavy Water © 52050 1%

- Fueb < $62.50 Kg U
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Table H-L (continued)

overhead or burden charge, supplics, pur-
chased services, replacement materials,
heavy water makeup and upgrading, and
insurance.

In comparison with other nuclear gen-
erating stations, the question of heavy
water makeup and upgrading must be
examined. Adequate control of heavy
water losses and downgrading is inherent
in the design of HWR stations, and sys-
tems have been 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 size.
the cost increasing as the size decreases.

Unit Energy Costs

Many factors influence total unit energy
cost, and a detailed study is required to
establish costs appropriate to any given
physical and economic environment.
However, we have calculated the total
unit energy costs for a range of HWR
station ratings and capital charge rates
using reasonable figures for the customer
costs associated with a nuclear project
in Canada. We believe the resulting costs
are typical of stations constructed on
Canadian sites with adequate fresh-water
cooling supplies, and committed for ser-
vices in the early seventies.

The ground rules for these calculations
are as follows:

. Unit energy cost at generator bus;

. 48-month construction;

. Straight line interest during construc-

tion;

. Customer costs $10/kW;

. No escalation;

6. 8% allowance on physical plant for
purchase and sales tax, etc.:

7. Nominal expenditures for training and
commissioning:

8. O & M include D,O makeup and up-
grading, and nuclear insurance at
$1/kW;

9. Fuelling costs on a Present Worth -—

20 year basis.

(PR S N

o
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Fig. 11.

The unit energy costs thus calculated
are shown in Fig. 12,

Comparison of Power Generation
Systems

The title of our paper “Nuclear Power
Is Competitive” really needs qualifica-
tion, for there is no one system of power
generation that is competitive under all

conditions and circumstances; again we
would emphasize that we in the nuclear
industry believe that hydro, fossil fuel
and nuclear power generation must com-
plement each other for many years to
provide minimum cost electrical energy
over the operating range from peaking
to base load. Nevertheless, nticlear power
generation is now competitive for base
load operation in many locations and
will become so in many more locations

Table 4
Fuelling Costs — Present Worth Method

(Using Fuel Price Trends from Figure 11)
0.75 Capacity Factor — 20 year life — 714% int.

Unit Size (MWe) 100 150 200 230 300 400 500 600. 800 1000
First Charge $/kW 10.9 107 106 105 103 102 101 100 99 98
20 Year Replacement 594 547 526 50.5 49.5 46.8 456 450 441 433
Fuel $/kW
20 Year Total 70.3 654 632 610 598 57.0 3557 55.0 540 53.1
Fuelling Cost S/kW* Yoo
Unit Fuelling Cost 1.05 0.97 0.94 0.91 0.89 0.85 0.83 0.82 080 0.9
Mills/k¥Wh .

* Thesc figures represen the capilal required, at startup, lo finance the

Sfuelling of the station orer 20 years al 0.75 capacity factor operation.

Fig. 12.

090 Capocity Factor:
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Table H-4 (continued)

PWR would be a decided economic
choice over a coal fired plant.” While
we do not have access to all the data
and ground rules of the TVA study, and

Table 5

Energy Cost Comparison ef Coal Fired and Nuclear Planis
Initial 12 Year Period

therefore cannot claim complete accuracy

US Mills/kTWh
BWR PWR  Coal HWR for our estimates, we believe that these
Interest and D ot Plant Tavestment Ogél’llishgdggy T“algo Esltigllale figures show that the Canadian heavy
nterest and Depreciation on Plant Investmen . . . . . .
Interest and Depreciation on Heavy Water — —_ — 0.19 Water power reactor can offer real com
Average Fuel Cost 1.250 1.390 1,69 0.69(  petition for any other power reactor
Operations and Maintenance 0.19 0.18 0.24 0.21 system and for fossil-fuelled plant.
Nuclear Insurance 0.04 0.04 — 0.04
Total Bus Bar Cost 2.37 2.54 2.83 2.14

Note: (1) Includes interest and depreciation on first fuel charge.

with the passage of time. To present
comparative figures one must consider a
specific set of conditons which are applic-
able to all sources of generation con-
sidered.

By their commitment of 1,000 MWe
at Pickering, Ontario Hydro are obvi-
ously satisfied that nuclear power is com-
petitive with fossil fuels in Southern
Ontario; commitments by other utilities
are also supported by detailed and ex-
haustive studies,

One of the most detailed economic
comparisons yet published is that by the
Tennessee Valley Authority which com-
pares power generation by BWR (boiling

30

water reactor), PWR (pressurized water
reactor) and a coal fired plant, In each
case the station consisted of two 1,000
MWe units. The TVA operation is char-
acterized by rather low capital charge
rates (4Y2% and 35 year lifetime) and
the availability of coal at U.S. ¢ 18.9
per million BTU’s.

Table 5 shows the published TVA esti-
mates for the BWR, PWR and coal fired
plants, and our estimate for the equiva-
lent HWR station. First, 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

Conclusions

Nuclear power is now competitive with
other energy sources in many locations,
and current Canadian designs are priced
competitively with other reactor types,
assuming that comparisons are made on
the basis of total initial investment, in-
cluding physical plant, first fuel charge
and heavy water. .
Heavy water power reactors promisc
low, stable production costs over their
lifetime through the simplicity and effi-
ciency of the natural uranium fuel cycle.
No other commercial reactor design can
approach the low operating cost of the
heavy water power reactor or offer the
flexibility of its fuel cycle. ]
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APPENDIX T

UNIT COSTS

1. Introduction

Although it is anticipated that costs will vary
from area to area along the diversion depending upon terrain,
working conditions and availability of materials, it was
assumed that the following unit prices would be applicable
to the entire project. All costs are in Canadian dollars.

2. Common Excavation

Common excavation and overhaul costs were obtained
from Portage Diversion Contractsand similar large earth exca-
vation projects undertaken recently in the Province of
Manitoba by the Water Control and Conservation Branch.

Common excavation costs used in this study were as followss:
Common Excavation - Good Working Conditions - $0.35 Jcu. ydo
Common Excavation - Poor Working Conditions - $0.60 Jcu. ydo
Overhaul - - $0.02 /sta. ydo
3. Bridges

Railroad bridge costs were obtained from the
Portage Diversion, highway bridge costs from the Highways
Branch, Department of Transport, Province of Manitoba. Pro-
vincial Road and municipal bridge costs were obtained from

the Water Control and Conservation Branch, Province of

Manitoba.




Railroad Bridges - 2 track $1800 per lineal foot
Railroad Bridge -~ 1 track $ 900 per lineal foot

Provincial Highway Bridge
- 40 feet wide $1000 per lineal foot

Provincial Road Bridge ;
- 32 feet wide $800-$1000 per lineal foot

Municipal Road - 24 feet wide $600-31000 per lineal foot
4., Highways

Highway construction costs were obtained from the
Highways Branch, Department of Transport, Province of Manitoba.
Concrete Surfaced - 2 lanes $125,000 per mile
Asphalt Surfaced -~ 2 lanes $ 70,000 per mile
5. Railroads

Railroad construction costs were obtained from the
Canadian National Railwavs.
Single Track $150,000 per mile
Double Track $225,000 per mile

6. Municipal Services

Municipal services were estimated on the following

basis:

Water Distribution System $ 7.00 per lineal foot
Sewage Collection System $ 5.00 per lineal foot
Water Treatment Plant $200.,00 per Capita
Waste Treatment $ 60,00 per Capita

Street (Grading and 6% Pavement)
-~ 24 feet wide $ 30,00 per lineal foot

The above costs were obtained from the Manitoeba

Water Supply Board and the City of Winnipeg.



7. Canal Lining

Canal Lining (6" thick concrete)
8., Concrete

Formed One Face

Formed Two Faces

9. Steel

Reinforcing $Steel

Structural Steel

$ 3,00 ¢

$30.,00

$35.00

$ 0,15

$ 0.25

per

per

per

per

square yard

cubic vard

cubic yard

pound

pound




