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L. INTRODUCTION
General

The University of Manitoba is presently undertaking a
broadly based, lnterdisciplivary study of Water Resources and Wster
Utilization in Wegtern Canada. The Department of Energy, Mines
and Resources, Government of Canada has provided part‘of the funds
for the research and investigation required for the study. It is
intended that this study will result in the submission by the
University of a report on future water development in Western
Canada. The major objectives of the study are an assessment of
the possible fubture scope of water development in Western Canada
and the feasibility of water export to the United States.

T@is interdisciplinary study luvolves the Faculties of
Engineering, Agriculture and Law snd Eepartmenﬁs of Economics,
Commerce, Geography, Political Seience, Soclology, Geology and
Biology. Each of the disciplines involved, through research and
investigation, will provide informaticon which will contribute
towards realization of the objectives of the study. Specifically,
there is presently an sbundance of water flowing through northern
Manitoba which discharges into Hudson Bay, whereas the need for
‘Waféy invthe United States and in the southern reglons of the
Prairie ?reyinces is steadily increasging. This gives rise to the
technlcal proﬁlém of diverting the water from the Nofﬁh to the
area in which it is needed. I% is thus intended that the Engineering
sbudies will reveal the divefsion potential of the rivers investigated,
the future requirements for water use in Western Canada and through
the preliminery design of the proposed diversioﬁ works, an assessment
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of the feasibility of proposed diversions. The objective of the
Agricultural studies will be to determine the ultimate water

demand for irrigating the Canadian Prairies. The obJjectives of

the Political Science and Law studies will be to assess Jurisdic-
tional interests in water planning in order to establish stan-
dards for analysis of future developments in thié field. Similarly,
each discipline will contribute special knowledge to the overall
study;

This thesis has been writter as part of the research
and investigation performed under the direction of the Department
of Civil BEpgineering within the scope of the interdisciplinary
study of Water Resources and Water Utilization in Western Canada.
The obJeect of this thesis is to combribute to the store of basic
knowledge on several diversion schemes, principally the Churchill
River diversion via the Sturgeon-Weir River and the diversion of
the Saskatchewan River into Lake Manitoba, by the accumulation
and correlation of available information and through ubilization
of this information to arrive at logical and meaningful results
and conclusions.

Scope of Study

Ag gummarized in the tifle, this thesis concerns an
imvestigation of the diversior of water from several sources into
lLake Manitoba. The main featurss of the investigation are the
diversion of the Churchill River into the Saskatchewan River via
the Sturgeon-Weir River, the diversion, by pumping of waterﬁ%rom
Lake Winnipeg into Cedar Lake, the headpond of the Grand Rapids
reservoir,bamd the diversion of these flows, combined with the
Saskatchewan River discharge, into lake Manitoba via Lake Winnipegosis.
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The proposed diversions represent different engineering
design requirements and require separvate analyses to assess the
economic feasibility of each scheme. For imstance, the Churchill
River diversion reguires the construction of relatively short
sectigns of concrete dams, less than 60 feet in height, a rel-
atively short length of earth fill dyking less than 40 feet in
height and two sections of splllway to aivert\an average flow of
approximately 22,000 c.f.s. by gravity into the Saskatchewan
River. The diversion from Lake Winnipeg would require the
installation of large pumps capable of discharging 38,000 c.f.s.
against a head of approximately 125 feet. To produce the design
average discharge of 29,000 e.f.8. would cost approximately
9.0 millionvdollars annually for pumping and would decrease the
production of hydroe;ectric power at Grand Rapids with a potential
annual Value of approximately 5.5 million dollars. Fipally, the
diversion to Lake Manitoba would require excavation of two large
diversion channels and a countrol structure at the outlet of Lake
Winnipegosis.

In addition to the capital cost and operating cost of
all the proposed schemes, an estimate must be made of the value
of the energy foregone by development of these diversion schemes.
Since the water which would be diverted would otherwise flow
either naturally, or by the proposed Burntwood diversion througﬁ
approximately 600 feet of developed head on the Nelson River,
its value for this purpose must be assessed against the cost of
the diversion schemes.

Lake Manitoba has been selected as the terminus of all
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thess divers

ong ecause it is a potential distribution reservoir

for various proposed =« for the diversion of water %o
agricultural areas in Manitoba and Saskatchewan or to water
deficient areas of the mid-western United States. This latber
scheme 1s under investigation at the University of Manitoba by
P. N. Pegchuk in a thesis entitled "lake Manitoba - Garrison
Reservoir Diversion.'" Since this proposed diversion requires
raising the water by pumping up the Assiniboinme River and over
the helght of land ianto North Dakota, it is of great advantage
to have thé supply reservoir at the highest possible elevation.

Therefore, Lake Manitoba is preferable to Lake Winnipeg because

it is approximately 100 feet in elevation higher at virtually the

same latitude in southern Manitoba.
Programme of Study

This thesis is divided into three main areas of study.
The first comprises the compilation of available discharge
records in each draimage . i under investigation for the purpose
of determining the flow avellable for diversion from these drain-
age basins at key locations. Without storage, the dependable
flow available for diversion would be the minimum recorded
discharge in the river. Since this ls normally ouly a small
fraction of the average discharge in the river (approximately
one eighth on the Saskatchewan River, for example) it is of great
advantage to develop storage reservoirs to increase the depend-
able flow available for diversiomn. Therefore, by combination of
of the available discharge records with the storage capacities
of the various potential reservoirs throughout the river systems
investigated, the firm discharge avalilable from the combined
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divergion schemes hag been established.

The second part of the study involves an engineering
design and cost estimate for each of the diversion schemes inves-
tigated~~the Churchill River diversion, the pumping diversion
from Iake Winnipeg and the combined diversion intc Lake Manitoba.
Egtimates of cost for the required engineering works such as
dams, spillway structures, canzals snd pumping works were made in

order that the cogt of these diversion schemes and thelr related

. benefits may be compared with alternative schemes for wiilization

of this water.

The third aspect of this study involves a discussion
of other proposed water resource developments, sucﬁ as the diversion,
by pumping, from lLake Athabasca and diversion of ‘the South Seal
River into the Churchill River, which may affect the schemes
presented in this thesis, and a proposal for scheduling these
schemes so as to best co-ordinate them with existing and proposed
water utilization schemes im this area.
Limitations of Study

The validity of the results and comclusions derived
from this study is partly dependent on the accuracy of the basic
data on which the various aspects of the study are founded. Thus,
it follows that the reliability of the cost estimates is dependent
in many cases upon the accuracy of the assumed geotechnical
conditions at the sites of construction for the various engi-
neering works. The assumptions wade were considered to be real-
istic, commensurate with the available information and indications
relating to site conditioms. If ﬁhe‘assumptioms appear to be
optimistic,’it is because the information available leads logically
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to the conclusion of favorable engineering conditlioms. For
instance, at the site of the downstream control structurs for the
Churchill River Diversion, the observed existemce of bedrock‘
outcrop on both banks, and the high velocities and shallow depth
of the channel led Yo the assumptioan ﬁhat the channel bottom
was bedrock. This may not be the case, however, test holes
would have to be drilled to evaluate the assumption. It has
aleo been recognized that since the assumed soils and geological
conditions have such a large beariag on the over-all cost of
construction, there is a definite requirement for a substantial
contingency factor. If the scils and geological conditions prove
to be worse than those assumed, construction of the proposed
engineering works wowld be more difficult, and consequently, more
costly. However, it is felt that construction wduld not be
infeasible, since there are no other valuable entities which
would be affected by design changes.

The cost estimates presented in this thesis are only
a first estimate of the order of cost of the proposed schemes.
A firm estimate of cost wouwld reg. & more complete study which
would include obtairing further %opog:aphical and geotechnical
information, but the time and cost required to produce these
results 1s certainly beyond the scope of this thesis. Nonetheless,
this study was carried out in the belief that the engineering
design and estimates of cost presented inm this thesis are suffi-
cently reliable to influence a decision as to whether or not

raion schemes should be included in the

these proposed water 4

future planning of the water resources of Westerm Canada.
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Sources of Trformation
The information reguired for the preparstion of this
thesis falls inmto three main categorieg.-
Hydrological records
Topographical debtall
Gectechnical description

The hydrological records which comprise basic data for

the report inelude the following:

TABLE I. 1.
Hydrologlical Records Used In Thesis
Loecation ' Data Recorded  Pericd of Record Source of Information
Churekill River Discharge 1929 - 1964 Department of Erergy,
at Island Falls Mines and Resources,
Water Resources Branch.
Reindeer River Discharge G - 1964 "

at outlet of
Reindeer lske

Reindeer Lake Water Levels 1970 - 1964 "
at Brochetd
Saskatchewsn River Discharge 1003 - 196k "
at the Pas

In general, topographical detail for this study was
oﬁ%;&;;érégégﬁégé léésd;bOC scale topographic map series published
by the Department of Mines and Technical Surveys. However, some
valuable supplementary debtail on the Sturgeon-Welr River system
in the form of 1 inch®4000 foot scale topographic mapping from
aerial photography was obtained courtesy of Manitoba Hydro. This
mapping, which ineluded 25 foot interval combour lines, was used
as the base map for Plates 3-2 and 3-4.

Topographical detasil on the area between Cedar Lake

and Lake Winnipegosis and Lake Winnipegosis and Lake Manitoba was




obtalred from the Water Control Branck, Department of Agriculture
and Conservation, Province of Maanitoba. This consisted of topos,

¢ mepping bo various scales giving 5 foob imterval contour

lines at the proposed comstruction sites, as shéwm‘on»Plates b2
and 4-3.

Geotechnical information was cbtained in limited
detall from various reports and publications on this area,
referred to in the bibliography. Some further information on
the Sturgeon-Welr River ﬁas obtained from cbservations made
during a recomnsissance trip to the site of the diversion
structures at Frog Portage and Reindeer River in Séptember of
1966. However, no drilli@g or testing wes carried out. Photo-
graphic coverage of this trip is presented in Section II of the
appendix of this thesis.
Summary

Although the complexity of the engineering works required
for each of the diverslons investipgated in this thesis varied
greatly, all the schemes were found tc be fessible.

The reguirements of the pumpiﬁg diversion st Grand
Raplds would present a more difficult challenge than the design
of structures for the Sturgeon-Weir Diversion. A;so; the pumping
diversion would be a ﬁ§re expensive source of watef dvue to the
inherent operatiomal cost of the energy requirements of the scheme.
However, the decision tg develop each scheme would be influenced
by “the demand for waﬁer:émégthe valve which is placedkoﬁ water
by this demand.

The water budgéﬁ irdicated that the proposed system of
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diversion < i oy p & constant dependable inflow to

Lake Manitobs of 72,000 o the thres sources of

diversion, the Churchili River st Frog Portage, the Saskatchewan

River at Cedar Lake and Iake Winnlipeg st Grand Rapids. Plates

o

1.2 and 1.3 give a compar

of pregent long term average

inflows in Manitcba with proposed

average infllews snd ontfliows as produced by these gehemes.

Plat

41

L.h shows a wster surfane rro¥ile of the combined diversion

routes.
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II. WATER AVAILABLE FOR DIVERSION

1. General
The water zvaillable for diversion to Lake Manitoba is
derived principa.illy from t.ree malin dralnage hasing, the Churchill
iver basin, the SBaskatchewan River & the Lake Winnipeg

drainage basisc.

_Althoug *be respective drairage basins of the three
sources of diversion are adJacent to one another they are dissim-
ilar enough in physiograghy to have discharge patterns which do

not closely correspond to cpre snother. The Churchili basin for

instance, begins in the cre? wents of Alberta, north

of Edmonton and flows through ths Precazbrian Shield of Saskatchewan

to the point of diversion at Frog Portags. The wain river stream

consisting of a succession of | , has a great deal of natural
gstorage and thus a feairly well mrsgulated patural flow. The
Saskatchewsn River, borderad on the north by the Churchill basin
and on the South by the Missourl basin aloug the international

border in Alberts and Western Saskatchewan, rises in the foobt-

hills of the Rocky Mountail

4 fiows ncrth easterly across

the prairies to the Grand Rapids reservoir, at the outlet to

Lake Winnipeg. The Winnipeg River and cther eastern tribubtaries
of Lake Winnipeg drsin the Pracambriarn Shield region of Western
Ontario and Bastern Manitoba from Just south of the International
Border to the northern end of the lake. The dissimilar discharge
patterns of these river systems mean that a combination of

flows from the two wivers partially dsmpens out the natural

extremes without requiring a gresat volume of storage capacity.




iT.

That is, the historical period of minimum flows in the Baskatchewan

River d4id not coincide with wminimum flows in the Churchill River

Proposed Storage
Without storage, the deperndable flow of each diversion

s considered to be the minimum rscorded river discharge. For

folo

the Churchill River at the proposed diversion site, the minimum

flow was 9500 c.f.s. For the &

wetohewan River at Cedar Lake,
the minimom flow was 2700 c.f.s. By the addition of regulated
storage to the diversion schemes it has been found possible to
increase the dependable flow to 18,000 o.f.s. on the Churchill
River diversion and 16,000 c¢.f.s on the Saskatchewan River.

The addition of regulated pumping inflow fromw Lake Winnipeg

represent

2]

The storage available for the diversions in this
developmert scheme is made up from various potential and pre-

sently existing reservoirs in the respective river systems.

i
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It is proposs 1= feet of regulated

storage which represents 21 million acre feet on Reindeer Lake
as the regulation for the Churchili River diversion via the
Sturgeon-Weir River. At present, by means of the Whitesand Dawm,
ten feet of live storage on this lake is utilized for regulation
of flows to the hydroelectric power station at Island Falls.
Control of discharge on the proposed diversion wowld be effected
by the dam and splllway at Frog Portage, thus eliminating the

function of the Whitesand Dam.

essentially a fivm dependsble discharge of 38,000 ¢.f.s.




At present, 12 feet of live storage on Cedar Laks is
operated for the regulation of flows to the hydroslectric power

station at Grand Repids, between elevations 830 and 842. It is

;-r‘

proposed to operate 5.5 feet of live storage on Cedar lLake,

between elevations which represents a storage

volume of 1.9 wmiliicn scre-feet.

Lake Winnipegos:

sents a storags capaclity of 7.8 million acre-feet A control

gtructure in the proposed diversion channel between Lake

Winnipegosis and Lake Mpuitoba would regulate the storsge capac-
ity on both Lake Winnipegosis and Cedar Lake. This control

structure would regulate concurrently the levels of the two
1akes which would te connecited by a chaanel to be excavated
through Messey Poriag

1t is alsc proposed to place a level comntrol on Lake
Winnipeg to provide five feet of live storage between elevations
709 and Tl4 which represenis a storage capaclity of 30 million
acre-feet.
Assumptions Regarding Operstion of Diversion Scheme

In performing the reservoir operation study, assumptions
were made to establish the discharge capacities of the control
works and the pathern of regulaticn of storage.

With regard to the Churchill River Diversion via the
Sturgeon-Weir River, the matural extreme flows at the point of

diversion ranged from a minimum of 9500 c¢.f.s. to a maximam of

57,300 c¢.f.8. compﬁred with the srage flow of 23,250 c.f.s8.




The timits which were used for the

pvolr ope ton study

were 5 meximum discharge of 25,000 c¢.f.s. and a wiaimom discha

of 18,000 «¢.f.s. The upper limit provided a high uegree of
utilization of Churchill River flows withoub providing an excsse
give discharge capacity to accommedate rarely occurring high

o

peak flows. This waximum also places a limitation on the
flooded ares along the diversion roube. The minimum diversion

discharge of 18,000 c.f.s. was obt

ained by operation of the

reserveir in accordance with a rule curve, designed to make

le allowing

t—uu

optimam use of the available storags capaclty wh

that a winlwom discharge of
300 c.f.s. combinuous would be supplied to downsbream interests
on the Churchill River.

Tt was assumed that the waximan discharge on the
Soakatcehewan River would be Llimitzd %o 100,000 c¢.f.s., a discharge
gt which the ey dykes in the reclammatiorn arsa would not be endan-

gered. In casss where the diversion of the Churchill River imto

Uk

the Saskatchewarn River would result in a discharge greater than
this maximum, it was assumed that the Churchill River flows
would be decreased or withheld cowpletely as required. For the
purpose of the study, it was assumed that the full discharge

of the Saskatchewan River would be available to Manltoba. It
is Likely that only 10,000 to 15,000 c.f.s. of the long term
average of approximately 22,000 c.f.s. will be available to
Manitoba in the future due to censumpbive uses of the water in
Saskatchewan and Alberta. This would reduce the long term
average flow available for diversion and would also reduce the

13
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storage capacity requlired within the diversion scheme.

A further assumption was made that the Cedar lake--
Lake Winnipegosis reservoir would he cperated so as to wminimize
the pumping head from Lake Wiunipeg. Tius, Cedar Lake would be
drawae down to elevation 8331.8 before any pumping commenced.
Slmilarly, the outled control on Lake Winnipeg would maintain
2 higher average tail-water than under normal clreumstances o
reduce the pumping head. Storage hydérographs are shown on Plate Z.L.
Water Budget

The water budget for -the cowmbined scheme of diversions
was Jderived by combination of the avallable discharge records
(1929 <o pressent) with the storage capacities at the various
locations cubtlined in section II. Z., copersted so 8s Lo produce
the meximun firpm diversion dilscharge into Lake Manitoba. This
complete operation is glven in ssction I. of the appendix of
this thsasis.
Available Diversion Capacities

The diversion of the Churchill River &t Frog Portage
would produce an average of 21,880 c.f.s. out of the long term
average of 23,210 c.f.s5. at this point. The diversion of the
Saskatchewan River at Cedar Lake would produce 21,220 c¢.f.s. out
of the long term average of 21,350 c¢.f.s. at that point. Finally,
the pumping diversioa from lake Winnipeg at Grand Rapids would
produce an average of 28,960 ¢.f.s. The discharges from both
the Churchill and Saskatchewan Rivers represent in exeess of

90% utilization of flows.




6.

Quality of Diverted Watexr

1)
&

The luntention of this proposed development 1s to

provide water for maltipurpose uee such as for lrrigation,

industrial consumption and coasvaption.  Thus, it is
important to make an assessment of the gquality of the water

available from the various sour

Concern has been exp the fact that the

diverted flows from Northerrn Manitoba water courses will be
vassed through Lake Manitoba which coatelns rather poor quallity
water. Reference to the report by J. F. J. Thomae entitied

1

"Industrial Water Resources of Canada--Water Survey Report No. 10"

.2

verifies the poor quality of the watar sampled from Lake Manltoba.

A ]

In comparing it with common standards for water quallty, it ls
apparent that the Lake Manitoba water does nobt meet domestic
consumption requirements. It has g high dissolved sodium
content which makes it substandard for most ilrrigation purposes
and it 1s rather poor for most Industrial needs due to such
characteristics as high total solids content, high total hard-
negs, colour and turbidity.

However, various sources familliar with problems of
water supply and treatment have expressed the common opinion
that the chemlcal characteristics of the water samples largely
reflect the conditions of the source of the water supply. In
the cage of Lake Manitoba, which draws water from a low relief
poorly drained area, ground weter malinly from gravular sedimern-
tary deposits is the source of supply.

It is stated in "Ground Water llydrology" by D. K. Todd,
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"A11 ground waters comtain salte carried in solution. Ordinarily,
higher proportions of dissolved constituents are found in ground
waters than in surface waters because of the greater exposure
to soluble materials in geologic straba--Poorly drained areas,
particularly basins having interior drainage, contain high salt
concentrations. Sedimentary rocks are more soluble than igneocus
rocksmmﬁgdium and calcium are commonly added cations; bilecar-
bonate, ;arbonate and sulphate are corresponding anions." It
appears that the chemical characteristics of the water in lake
Manitoba are indicative of the grouand water gupplied to the
lake. It can, therefore, be presumed that the quality of the
water which discharges from Lake Manitcba under the proposed
system of diversions will reflect a combination of the chemical
charscteristics of all the sources of supply. Since the long
term average inflow to Lake Manitcba is in the order of 3000 ¢.f.s.,
these inflows will have only a small effect on the guality of
the outflow compared to that of the 70,000 c.f.s. diverted from
other river systems. However, assuming a diversion outflow
from Lake Manitoba of 72,000 c¢.f.s., it would reéuire 2 to 3
months to flush out the volume of undesirable water currently
stored in the lake.

An analysis of the water sources from the Churchill
River, Saskatchewan River and Lake Winnipeg, given in the
"Industrial Water Resources of Canada" indicates that the water
from all these sources i1s well within the suggested water quality
tolerances given by D. K. Todd for both industrial and agri-
cultural uses snd with varying degrees of treatment it would
be economically feasible to improve these supplies to domestic

consumption staundards. ¢
L




ITXI. DIVERSION OF THE CHURCHILI. RIVER INTO THE SASKATCHEWAN
RIVER VIA THE STURGECON-WEIR RIVER.

General

The diversion of flows from the Churchill River to
other river basins is not a new or unusual proposal. Investi-
gations of various possible diversions to lncrease hydroelectric
power produchbion in adjacent river basins have been carried out
by various interests during the past fifty years. Currently,
the initial phase of the development of hydrcelectric power cn
the Nelson River by the Manitoba Hydro and the Federal Government

i,
includes the diversion of the Churchill River via the Burﬁﬁﬁ%ga
River into the Nelson River.

As early as 1917, in & report by Bust, 1920 in a
report by Flanagan, and in 1922 in & report by Patterson, it
wag proposed to diverdt water from the Churchill River intc the
Sturgeon-Weir River for the purpose of pggducing hydroelactric
power on the latter. In all the early iﬁvestigations, however,
the diversion flow under consideration was less than 5C00 c.f.3.

Biversion of the Churchill River via the Sturgeon-
Weir River at Frog Portage is not an unuéﬁal suggestion for
another very important reason. Because of the topography of
the river basin in that viciﬁiﬁy, a matural diversion of the
Churchill River inbto the Sturgeon-Welr River takes place at
Frog Portage at times of high discharge on.the Churchill River.
The flood swollen river overflows its banks and spills into
Wood lake, the northern end of the Sturgeon-Weir drainage basin.

Profeszor E. Kuiper observed this phenowenon in a canoe trip

Ly
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40 this area in September, 1954 end from his interviews with the

natives at Pelican Narrows, it may be concluded that thls over-

T

flow condition has occurred five times since 1880.

13
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The location of the poimt of diversion 1ls at Frog
Portage, approximately twenty miles upstream of the confluence
of the Reindeer River with the Churchill River. It is, however,
most benificial to comstruct & control dam downstream of this
confluence in order to utilize discharge from the‘Reindéer River,
which is approximately equal to the Churchill River discharge
at that point, and take advantage of the vast storage capacity
cn Relndeer Lake, for regulation of the diversiom flows. The
diversion\siﬁe is approximately 80 miles northwest of Flinm Flon,
Manitoba, the nearest cenbre served by rail and highway conrnec-
tions.

The waximum headwater level, elevation 1106, which
would provide the shorage capacities and dependable flow, as
outlined in Chapter 2, would incresse the level of the entirs
Reindeer River and the Chuarchill River between Keg Lake and
the downstream conbrol structure to elevation 1I106.

Topography and Geology

The general topography of the diversion route under

" investigation can be separated into two natural divisions,

corresponding to the underlying geological units. The Churchill
River channel and the upper reaches of the Sturgeon-Welr River,
as far downstream as Maligne Iake are in the Pre-Cambrian reglon
and the lower reaches of the Sturgeon-Welr River flow through a

f1at area which is underlain by bedrock of the Paleozolic group.

1.3




The major porbion of the diversion route 1ls situated
in the Pre-Cambrian region. Many sheep rock faces are visible
along the banks of the Churchill River in the section lmmediately
upstream and downstream of the proposed diversion site and rock
formations are generally in the form of knolls and ridges.

The banks of the Churchill River upstream of Frog
Portage range from one hundred to several hundred feet in height,
rising steeply from the water*s edge, in general. However, at
Frog Portage, the high ridge on the south bank drops rapidly
to a low ridge covered with willow and poplar growth, which
continuss at less than 25 feet above the water surface elevation
for approximately one mile in Jlength and then the bank rises
rapidly again to a height of approximately 200 feelt above the
wiver level.

From an gerial reconraissance of the grea by the
writer, in September, 1966, the Frog Portage site was observed
to be overlain by an undetermined depth of overburden. However,
the existence of bedrock oubcrops at the sibte and less than &
thousand feet upstream and downstream of the proposed spillway
suggests the overburder may be fairly shallow. The report on
a survey of Frog Portage in 1917 by H. P. Rust presents rock
contours which indicate the depth of overburden to be less than
10 feet at the spillway site.

From an inspection con fé%t of the site of the down-
stream comtrol structurs in Septewmber, 1966, rock outcrop on
both abubtments was observed. Tree cover is predominantly spruce

and poplar. From the water surface, where the channel width is

O
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approximately 200 feet, the rocky banks rise steeply to a level
of approximately elevation 1200 approximately 100 feet above
the proposed headwater level at elevaticm 1106. Depth sounding
teken in this narrow channel showed a falrly shallow depth of
13 %o 15 feet. This shallow depth and the existence of rock

on both abutments indicated the probable existence of rock in
the channel bottom.

The northern reach of the Sturgecn-Welr River consists
of a series of lakes, Wood, Manaswan, Pelican, Mirond and Corameille,
a1l of which have high banks {up to 200 feet above the water
surface.) Tree cover is predominantly spruce, poplar and birch.

Downstream of Cornellle Lake, the chaunel has high,
rocky banks and as the river emerges from the Pre-Cambrian
region to the Paleozcic region, the banks become lower, with
wore marshy stretches in evidence, Amisk ILake is characterized
Wy a limestons shoreline ranging in height from 5 feet to 30
feet.

Dowastream of Amisk Lake the relief is very low with
the general ground level being less than 50 feeb above the river
channel. The channel drops rapidly a total of approximately
100 feet in the 25 miles bebween Amisgk ILake and Nawmew Lake.

Low level aerial photographs of the diversion route
taken in September, 1966, provide a more graphic indication of
the topography of the area. A selection of some of the more
pertinent ones is given in the appendix of this thesis.

Climate

The Atlas of Canada, 1957, classifies the Churchill

e
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River basin as a sub-arctic climatic region. The mau@geon~Weir

"
River has it headwaters in this sub-arctic region but flows
primarily through a climatic region classified as "Humid Conti-
nental, Cool Summer, no dry season." The temperature range in
“this general ares of the diversion is -60 téiﬁ&OQ degrees Farenhelt.
The total annual precipitation is approximatel& 16 inches and
there are approximately one hundred frost-free days. This along
with the fact that the diversion site is in an area of discon-
tinuous permafrost may possibly demand a shorter than normal
vearly construction period and some specialized construction
techniques.

IIT. 4. Ceneral Arrangement of Structurss

The general arrangement of structures for the proposed
Churchill River diversion shown on Plates 3.2 and 3.4 assumes
2 headwater level of elevation 1106. The arrangement consists
of & gate-controlled overflow spillway with a capacity of
155,000 c¢.f.s. and comcrete gravity dams to a maximum height
of 65 feet, founded on bedrock downstream of the confluence of
the Churchill River with the Reindeer River plus a gate-control-
led slulceway at Frog Portage for the release of‘%gumted
diversion flows as high as 25,000 c¢.f.s. and short sé&tions of
earth £ill dykes with a miimm height of 40 feet.

Plate 3.3 shows the downstream éontrol gtructure
consisting of a concrete gravity dam and gate-controlled over-
flow splillway located in a narrow section of channel on the
Churchill River, 1200 yards downstream of the confluence with

the Reindeer River. The gate-controlled spillway is intended
2.
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to provide an outlet for extreme flood flows as well as wain-
taining & specified minimum discharge from the reservolr to
gserve downstream interests on the river. The entire structure

would be congtructed within cofferdams while a tunmel comstructed

wodm the south bank of the river would convey the natural river

flowe during the comstruction period. Road access to the site
would be from the southwaﬁﬁp with a parking area on the south
oank. i |

The Frog Portage comtrol structure showa on Plate 3.4
congists of & gate-comtrolled miniteway Tlauled Ly two short
sections of concrete gravity dam and approxlmately 5000 feet of
earth f11l dyke to the south of the slulceway which would com-
plete the reservolr enclosure to & level of elevatlon 1112,
Because of the elevation of the site above normal water levels,
the eatire structure would be comstructed in the dry. Road
sccess would be from the east, with parking area on the east
gide of the structure.

Dams

The downstream control structure would be connected
to the abutments by two sections of concrete gravity dem, each
approximately 200 feet in length with a maximum helght of 65
feet and founded on bedrock.

Two other short sections of concrete gravity dam
totalllng about 150 feet in lemgth would separate the siuloewdy
at Frog Portage from the earth i1l dykes onm the left and right
abutments. Rarth £ill dykes adjacent to the conerete gravity
deme would be ofphoﬁogeneous mataerial. -

7]
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Two other lengths of earth fill dyke, totalling aboub
5000 feet in length, are reguired to complete the reservoir
enclosure. These dykes to the sonth of the sluiceway at Frog
Portage would have mainly homogeneous ﬁecﬁions with transitions
to zoned earth fill ewbankments for dykes greater than 25 feet
in height to & wakimam of 4O feet inm height. Since it is Likely
that areas of permafrost will be encountered, an allowance has
been made for sand drains and Touddation treatment in these
sreas. From the available topographical mapping, it appears
that no saddle dyking will be required beyond the limits shown

on Plates 3.2 and 3.4.

gection is shown on Plate 3.%3. Cross sections through typical

earth 111 sectiocns are shown on Plate 3.5.

diversion via the Sturgeon-Weir River comprises a siulceway at
Frog Porbage and spillwmy immediately downstream of the
confluence of the Reindeer River with the Churchill River.

The spillway which is located approximately 1200 yards
downstream of the confluence of the two above-mentioned rivers
serves g ‘two fold puzyoée. The first function of the spillway
wouwld be to pass extreme flood discharges which might occur in
the Churchill-River basin, while the secornd functlon would be
to pass a constant riparian flow to the channel downstream of
the control dam. The design discharge for the spillway was

selected by means of a frequency plot of annual peak flows at

RN




Island Palls for the reriod of recrod 1929 tc the present. From
this flood freguency aralysis s discharge of 155,000 c.f.s8.,
which corresponds to a Tfrequency of 1 in 10,000 years was
salected as the spillway design capacity. The value of property
damaged or the number of lives endangered by a possible dam
failure is swall. However the cost of Providing this spillway
capacity rather than thah corresponding to 1 in 1000 years is
not great. Therefors, the spillway was desiguned for a flosd
frequency of 1 inm 108000 years. At the maximum headwater level
of elevation 1106, five 38 by bh feet fived-wheel vertical 13t
gates placed at & sLill elevation of 1065 would provide the
required spillway capacity. The gates would be operated by
fixed hoists placed in a gallery supported above the de¢k by

steel towers founded cn the plers. A wmoncrall with hoist Jib
would be ased %o imstall the upstream stop logs which would be
provided for maintensnce of +he gates. The downstream side of
the gates would be dewatered with the gates closed because of
the elevation of “he sill above tailwater at the site. A crosg-
section through this spillway is shown on Plate 3.3,

The sluiceway or control structure, at Frog Portage
would regulate the diversion flows to the Sturgeon~-Weir River.
Four 31 feet by 37 feet fized-whesl vertical 1ift gaﬁes placed
at a sill elevation at 1072 would be capable of passing the
maximom diversion flow of 25,000 ¢.f.s. 8t a headwater level
at elevation 1089, or the minimum diversion flow of 18,000 c¢.f.s.
vith a headwater level at elevation 1086. As in the downstrean
spillway the gates would Dbe operated by fixed hoists placed in

It
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a gallery supported above the deck by steel towers founded on
the pilers. Upstream stop logs, serviced by a hoilst Job and
monoraill, would be provided for waintenmnce of the gates. A

section through this sluiceway is shown on FPlate 3.5.

The mzxizum headwater level of elevation 1106 would

o

cause some flocding on the Churchill River upstream of Frog
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he western end of Keg Iske. The entire
Reindeer River and the Churchill River downstreanm as far as
the combtrol struacture would also be raised to elevation 1IC6.
The flocding in thess areas wouwld be confined wmainly to the
river channels since they ars contalned by banks which rise
steeply mora than one hundrsed fest above the present water

surface. WNo habitaticns, othsr than a few seasonal huntiag and

fishing shacks would be affected by these luncreased levels.
Backwater compubebtions which were performed in this

study indicate that the maximum diversion flew conditions would
ralse the water levels along the Sturgeon-Welr River channel

less than 10 feet. This wouwld result in only slight effects

on the two setilements along the divesrslon route, Pelican Narrows

and Sturgeon Landing. These effects would present no insar-
mountable problems, the main reguirements belung possible relo-
cation of few shoreline structures and relocation of all docks,
landings and bridgeﬁo The flooding along the diversion route
may be decreased by excavatlion of rapids and control sectiocns
at key locations to reduce the level of the backwater upstresm

of these sections. Gated control dams would be installed to

f\J
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maintain water levels under low flow condi®icns. These works
have not been designed in detail, bub a lump sum of 2.5 million
dollars has been inecluded in the cost esbimate for them.

Topographic surveys will be reqguired to provide the
information for & wore precise computation of backwater curves
in order to make an sccurate foresast of Tuture water levels.
The approximate exbtent of Fflooded areas ig shown on the location
map Tor the propossd diversion shown on Plate 3.1,

An allowarnce bhas been made in the cost estimates for
cogts dncurred in flooding arsas along the diversion. Ths cost

-

of any propossd channel lmwprovement for the purpose of lowering
the water levels alcng the diversion rowte would have Lo be
compared with the cost of flooding in order to decide on the

Y

extent of channel mewovenent which is reguired.

v °

Congtruction Diversion and Scheduling

Because of its elevation above the normal water levels
on the Churchill River, the siuiceway, concrete gravity dams
and earth £ill dykes at Frog Portage would be oan tructed with-
out any need for cofferdamming or diversion of flows. The
constructlion of these works would take plsce prior to construction
of the downstrean spillway section in order to provide an outlet
capacity for a portion of the excess flows of a possible flood
on the Churchill River during the constructio A version period.

This scheduling would allow a reduction in the size of the

diversion tunnsl and, hence, & reduction in the large cost of
the diversion works. The comstruction time for the Frog Portage

control structure would bhe approximately two years.




The downstream conbtrol structure would be constructed
entirvely within cofferdams with a diversion tuanel in the south
bank of the Churchill Biver which would bypass the maximum
diversion flow of 40,000 c¢.f.s.

By means of the Whitesand Dam and spillway at the oub-
let of Reindeer Iake, this storage reservoir could be drawn
down prior to comstricition on the downstream combtrol structure.
Reindeer Lake could then be ubtilized &s a detention basin during
the comstruction period in order to raduce the outflow to the
Reindeer River and, thus, reduce the required capacity of the
diversion tumnel. It womid gppear that the potential saving
in cost would warréﬂt including this measure in the construction
schedula.

The eoﬁsﬁrueﬁicn time on the sscond phase of the
diversion would be approximmtely two and a halll years. However,
part of the construction such as the bunneling could be carried
on concurrently with construction at Frog Portage, making the
total construction time approximately four years.

1T1. 9. Estimate of Cost

An estimate of capital cost shown on the following
pages has heen prepared for the development ocutlined. The cost
egtimate does not include the cost of acguisition of flooded
lands.

The cost of all cther iltems associated with the work,
including interest during construction, engineering and inspection,
exploration, administration, access and transportation, and
congbructicn camps have been included.

The total estimated cost for the development is $18,000,000.

(5
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. CHURCHILL “RTVER DIVERSTON

" ESTIMATE OF UA?ITAL'COST

DIRECT ITEMS | , |

A. ~ DOWNSTREAM CONTROL STRUCTURE = .
1. Diversion and Dewatering
2, Spillway and Concrete Gravity Dam

‘B, FROG PORTAGE CONTROL STRUCTURE N v
3. Spillway and Concrete Gravity Dam
4, Earth Fill Dykes
5. Channel Improvement

Total Direct Items
Contingencies
Total Direct Capitai Cost

_ INDIRECT ITEMS

6. Access and Transportation
T. Construction Camp
8. Cost of Flooding
Sub-Total (6,7.8)
Contingencies
Sub=Toetal
9. Engineering and Supervision
10. Surveys and Investigations
11, Administration and Insurance

Sub-Total (Ttems 6 to 11)

12. Interest During Construction

TOTAL INDIRECT CAPITAL COST

TOTAL DIRECT CAPITAL CosT |

TOTAL CAPITAL COST

e
75

Pl

$1,610,000
4,030,000

950,000
. 790,000
2,500,000

$9,880,000

1,120,000

$11,000,000

$2,790,000
250,000

1,000,000

4,040,000

190,000

$L4,230,000

660,000
500,000

440,000

$5,830,000

1,170,000

$7,000,000

*M

$18,000,000




"CHURCHILL RIVER DIVERSTON

" DETAILED COST ESTIMATE

Tten Quantity  Unit  Rate.

CONTROL STRUCTURE 7

1

RSO

Diversion and Dewatering

rockfill . 24,000 ec.y. $ 2.50

. impervious fill o .5,800  coy. 1.75

~remeval o o des.

Downstream cofferdam
rockfill v ’ 13,000  e.y. 2.50
impervious fill L,560 e.y. 1.75"
removal l.s.

tﬁewateringwand Seepage
Control ‘ o 1es.

Tunnel S ; .
rock excgvation 21,000 Co¥ o 50,00
liner : 2,600  c.y.,  50.00
closure 1l.s.

Total
Say
_ Spillway and Concrete Gravity Dam

Clearing and grubbing = . 5 acres 500,00

Earth excavation 5,000 c.y. 1.50-

Rock excavation 14,250 c.y. - h.50

Foundation preparation 5,950 s.y. . 5.00

Pressure grouting , l.s.

Concrete

in piers and side walls 9,210 c.y,  41.00:
in deck 390 . c.y.  110.00-

in rollway and apron 21,724 c.y.  28.00

in gravity bulkhead 10,662  c.y. 28.00-

29

$ 60,000
10,150
. 1h,900

32,500

7,980
8,780

150,000

1,050,000
130,000

150,000

51,614,310

d
$1,610,000

2,500
T5500
64,125
29,750
59,500

377,610

42,900
608,272
298,536




| : , : . b
 Ttem Quantity Unf? Rate ik

,;‘;‘:, ‘;‘I:‘«
93, 000,00
‘_.f'",r.',Gate hea’q’erc.",'v"‘“"w_\f_ o]
_ Cement o 185,738 bags. l 70 . 315 755
Reinforcing steel 829,260  1bs. .18 149,267
Foundation contingency o : .,: f id'IQSGO,OOON

 Total , §h3029!715
s S say  $L,030,000

B, FROG PORTNGE GONTHOLSIRICTURE

':f3;  Splllway and Concrete Gravzty Dam e

 Earth excavatlon 5,700 c.y. 1.25° 7,125
Rock excavation o 2,100  e.y. . k.50 9,450
Foundation preparation 1,900 So¥o 5,00 9,500
Pressure grouting ) l.s. ' ' 19,000
Concrete , A

in piers 2,800 c.y.  k1.00. 114,800
in deck , 266 c.y.  110.00 29,260
in rollway and apron 5,0TL c.y. - 28:00. 141,988

in gravity bulkheads 5,960  c.y. 28.00 166,880

Waterproofing joints : “l.s, 12,000
Miscellaneous steel “l.s. 10,000
Gates and hoists . L ea, 55,800.00 223,200
Stoplogs. - . . 3 . 1.5, , 17,250
Gate heaters ‘ . L ea.. 5,500.00 22,000
Cement 61,649  bags 1.70 104,803
Reinforeing steel - © 321,390  1bs. 18 57,850

Total . : $950,356
%, say - $950,000

L, ‘Barth Pill Dykes _
Clearing and grubbing 15 acres 350,00 5,250

_ Stripping 15,000  c.y. 1.25. 56,250
Earth fi1l : 263,570 c.y. 2.50 658,925
Rip rap and slope

*  protection 15,000 c.y. 3.00 45,000
‘Sand drains l.s.- 25,000
Total - $790,425
Say 790,000

*0




Ttem o - Quaﬂtifyb ( Unitﬂu“
qruem AUaNT1 BT

Amount

10,

11,

c12.

" Channel Improvement 0 l.s.

Total Direct Items
’”Contingénciéé
Total Direct Capital Cost

Access and Transportation

Acecess roads T2 m:
Maintenance 1.8,
Parking areas les,

Total

 Construction Camp

s
o
[(]
°

Buildings, services and operation

~ Cost of Flooding -

Relocation of structures affected l.s.
by flooding
Sub=Total (6,7,8)
Contingencies

Sub=Total

Engineering -and Supervision l.8.

‘Burveys- and Investigations 1.8,

-Administratioen -and Insurance -

Interest During Construction

4,000,000 @ 5.5% for 36 months
4,890,000 @ 5.5% for 18 months
6,900,000 @ 5.5% for 6 months

Total Interest During Construction

Sayb“

"TOTAL"INDIRECT CAPITATL COST
TOTAL DIRECT CAPITAL COST
. TOTAL CAPITAL COST

33
3L

$ 2,500,000

9,880,000

1,120,000

Lot 3

$11,000,000

i. $35,000.00  $2,520,000

150,000
120,000

$2,790,000

- 25,000

imsz

$1,000,000

4,040,000

250,000

$4,330,000

$600,000

$500,000

$uoogooo

$572,89k4
- 480,921

187,190

*$12169;oo§

$1,170,000

o, P

$7,000 000

11,000,000
$18,000,000
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Potential Power Development on the Sﬁurgeqnfwc1r River

The proposed diversion of the Churchill River via the
Sturgeon-Welr River to the Saskabchewan River would descend
gome 230 feet along the Sturgecon-Welr River. A portion of this
cowld be &eveloped at various sites for the production of
electrieal energy. Some of these sites have already been
investigated in studies by Rust, Flanagan and Patterson, which
were mentioned previously. These gtudies, which considered
only the matural flows of the river and the posgible addition
of up to 4500 c.f.s. concluded that several sites could be
developed economically for the production of hydroelectric
power. However; due to thelr remoteness from markets and the
existence of sites with greaster energy potenbtial, the Sturgeci-
Welr Rlver was not developed as a source of hydroslectric
power. The great Ly increassed flows resulting from the diversion
of the Churchill River wowld now make development of potential
power sites an attractiv onglderation.

A brief emmingtion of the topogravhy of the diversion
route indicates three good pcteutial sites. Approximately 30
Teet of head could be dévelope& gt t gite of the control
stracture at Frog Porbage. AL a site referred to as Birch
Rapids, located 2 miles uwpstream of Maligne lake, it appears
economically feagible to develop approximately L5 feet of head.
This would, however, greatly raise water levels upstream at the
gettlenent of Pelican Warrows. It appears economically attrace
Tive to develop a;@fcﬁimaﬁely 35 feet of head at Spruce Raplds,

located five miles upstream of Amisk Iake. Although no egtimates




of cost have baen made for development of these sites, thers
are no apparswt costly debsrrents to their development. The
remaining 100 feet of head downstreszmm of Amisk lLake appears

uneccuomical to develop because of

flat relief of the
surrounding arsa and the lack of 8 good potewtial site along
this strsich of the piver.

The power which would be obtained from development of
sites along the Sturgecn-Weir River could replace the power
loss due to the proposed diversion of approximabely 50 feet of

developed tead at the Island Falls Generating Station on the

Churchill River.

Bffects of the Diversion on Other Interssbs
It is apparent that ths diversion of the Churchill
.

Biver via the Sturgeon-Welir River inbto the Saskatchewan Rivar

u

would affect other resourcss and actbivities in the arsa. The

[ 3d
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effects on resources such as mining, fishing, wildlife and
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foreglery as well as humn activity and enterprise is of
intersest and lwmportance in the oversll assessment of the scheme.
The interdlscilplinary study can ﬁgke?aﬁwantage of the special
experience of representatives from varicus disciplines to make
& detailed agsessment of the effects. However, from an exam-
ination’ of the extent of flicoding and the areas in which it
ceeurs, several observations can be made.

The 2 foot incremse in maximun storage level on
Reindeer lake would likely have Little effect on the'@&ﬁlg
amount of comwercial fishirg which Is casrried on in this lake.

%ince 1ittle or no fishing of apy value i3 carried om in the

vy g
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Reindeer Rivar or Churchill River beabtween Frog Portage and the
confluence with the Reindeer, the effects wowld not be harmful
economically. The incressed levels om Wood, Manawan, Pelican
and Mirond lakes would likely affect fishing on these lakes %o
a certain extent. The inhabitants of Pelican Rarrows might
require recompensation for food losges until the blological
cycle wonld adjust to the new conditions. Downstream of this
area, the effects of the diversion on fishing would be small.

The effects of the diversion cn wildlife in the srea
are likely to be insignificant, since flooded areas are very
small in conparison to present water areas and are well distrib-
gted throughout the diversicn roube. The matural habitat of
water margin dwelling crsatures might be altered slightly, but
no reduction of species should result.

Since thers are undoubtedly potential commercial
timher stands in the avea, the diversion provides large flows
for & potential timber logging route to the proposed pulp and
paper development at The Pas. The slight increase in water
levels affects only narrow strips of timber along shorellnes,
Tittle of which has any potential commercial value.

Since the flooded areas are generally unarrow belts
along the present water's adge, the effect of the diversion on
potential mimihg development in the ares would not be adverse.

The access rcads which wowld e reguired to the pro-
posed construction sites would be an asset to other forms of
development in the area. Transportation facilities would
encourage mors mining explorabticn as well ag potential logging

cperations.




The diversion would ﬁot require the relocation of any
communities inh the area. It is anticipated that some bulldings
and waterside structureé_at Pelican Narrows gnﬁ Sturgeon
Landing weu;d require relaeafion, however, the mﬁaor part of
these settlements would be unaffected. Construction activity
wouid provide short term employment for the inhabitants, while
increaged activity in the area might lead to long term emplLoy=

ment in Industrial aparatiwn@,
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IV. DIVERSION FROM CEDAR LAKE TO LAKE MANITOBA
General

The diversion of flows from Cedar lake to Iske
Manitoba involves construction at two Llocations. Firstly, a
channel would be sxcavated through the marrow neck of land
which separates Ced&? lake Trom Leke Winnipegosis and secondly
4 channel would be excavated between Lake Winnipegosis and lake
Manitoba. This latter channel wonld be integrated with a gate
controlled splllway to regﬁﬂat@ storage on Cedar Lake and ILake
Winnipegosis and earth fiii dykes to conbrol flooding at the

southern end of lake Winnipegosis, and block off the Waterhen

River, a natural water course which presently drains Lak:
Winnipegosis into Lake Manitoba.

The spillway at the Grand Rapids Hydroelectric devel-
opwent with & capacity of 83,000 c¢.f.s5. at a headwater level
£ elevation 835 and the assumed ronztant divewrsion flow of
T2,000 ¢.f.8. to Lake Manitona would provide a spillage
capacity of 155,000 c.f.s. for release of flood flows on the
Saskatchewan River, which is greater than the present capacity
of the Grand Rapids spllilway. The control structure on the
Fairford River provides an outlet capacity of 10,000 c .
while the proposed turbine pumps at Grand Rapids are capable
of passing 50,000 c¢.f.8. It has been assumed that the diversions
to the south would regquire a constant Flow of 72,000 ¢.f.8.
The reservoir at Cedar Lake - Lake Winnipegosis was made a
commcn one with meximum level at elevation 835 to provide a
smaller head for the proposed Grand Rapide pumping iunstallation.

3
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If, however, it must be assumed that the diversion flow to the
scuth might be cubt off at any time, there would not be gufficient
flood gpillage capacity in the system, in which case a control
structure would be required in the channel between Cedar lake
and Lake Winnipegosis. This control structure would permit
raising of the water level on Cedar Lake to elevation 845 in
order pass & design flood of 140,000 ¢.f.s. at the Grand Rapids
spillway.

The diversion channel hetween Cedar Lake and Iake
Winnipegosis would be located at Mossey Portage a relatively
Tow-relief mavrowing of the isthumus which separates the two
lekes. Mossey Fortsge iz 8 ?pubﬂid&t€1y 11 miles west of
Easterville and some 26 miles west of the hydroelectric devel-
opment at Grand Repids. The present ground elevations acress
the route of the propossd diversion channel rise from & shore-
line elevaticn of approximately 842 on Cedar Lake to a high
point of elevation 370 and then deciine mors sharply to a
sherelive tevation of 832 on Iake Winnipegosis. The location
of the proposed diverslon chamnnel is shown on Plate 4.1.

The diversion channel to be consiructed hetween Lake
Winnipegosis and Lake Manitoba would be a less costly alternative
to fmprovement of the 25 mlles of matural channel of the
Waterhen River. This matural channel has a present capacity
of less than 10,000 c.f.s. as compared to the proposed diversion
flow of T2,000 c.f.s. The new channel would be located at
Meadow Portage, at the south east end of Lake Winnipegosis. The

channel would be excavated through the narrowest point of the
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to an existing section road approximately 3 miles south of the

pressut Meadow Porbage Post Office and some 12 miles eget of

the town of Wisnlpegos Pragewt ground e1lowv

the route of the proposed diversion channel rise Lrouw a shore-
1ine elevation of approximately 832 on Lake Winnipegosls to a

meximin elevation of 838 and than decline to a sh

twately 812 on Lake Menitoba.

the Memdow Portage site is presently avall-

able, howev g wites of road would have o

be cons Top access to the Mossey Poriage site.

e & oonghant coutilow of 72,000 ¢.f.8.

from coumbinatlion BiLL River flows, natuesal
Smskatchewan River Flows spd pumping iuflows from lake Wianigpeg,

on acra-fast of storage would e reguired in this

Sines present agricoltural and other development
around Lake Manitoba would tolerate a very small range of
levels on the lake (the Water Cowbrol Board have proposed cegis

slevation 811 and 813), this gtorags regquirvement
2 -

detnoomn hetwe

was made wp on Cedar Lake and Lake Winnipegosis.

contrel structure st Meadow Portage would regulate an inflow
of 72,000 o.f.s. to Lake Menitoba, which would be equal to the
outflow Tor diversion to the south and west. By maintaining
the same storage range on Cedar lake and Lake Winnlpegosls, the
requirement for a control structure ln the Mossey Portage

channel i «li

4. Also, the maximum reservolr level at
elevation 835 would reduce the pumping head by 7 feet Lfrom the
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Cround cover consists of haviand, marsh and wooded
areas. Maximum ground level is approximately elevation 8L0.
Climate

The Ablss of Canada, 1957, describes the area in
which the diversion channels are proposed as "humid continental,
cool summer, no dry season”. The temperature extremes range
from -55 to fLEQO degrees. The total annual precipitation is
approximately 18 inches and there are approximately oune hundred
frost free days. Some permafrost was encountered during drille
ing operations at Moassey Portage in 1950. This is;, however,
more common under a cover of moss, and 1t may be expected that
removal of the moss ground cover would bhasten thawing of perma-
frost pockets.

General Arrangemen®

The proposed general arrangement for diversion of
flows Trom Cedar Lake to Ilake Manitoba comsists of two elements.
Plate 4.2 shows the diversion channel between Cedar lake and
Iake Winnipegosis, while Plate h.% shows the diversion channel
between Lake Winnipegosis sud Iake Maﬁitobéo

The proposed channel between Cedar Lake and Lake
Winnipegosis, at Mossey Portage, would be excavated almost
entirely in the dry, apart from short sectioms at each end;
which would require dredging. The arrangement shown on FPlate k.2
assumes & maximum reservoir level of elevation 835 on the two
lakes which would be connected.

The proposed general arraﬁgement at Meadow Portage

shown on Plate h«@_assumes a maximin headwater level of elevation

5o




835 and construction primarily in the dry. Excavation of the

diversion chanael at both snds e completed by means of

dredging.

The general arrangsment
chamnel, spproximately 35 miles of howogeneous earth fi1l Jdvkes
most of which are less than 10 feet in height and a gate-
controlled spillway, located approsimately 1000 feet from the
dowastream end of the diversion chamnel. The earth £ill dvkss
extend north eagtwird beyond the Waterhen River in order to
cut off the present natural cutlet of Lake Wimnipegosis and

approximately 5 miles scuth of the

Oykes adjsacent
to the channel would complete the regervolr enclosurs to the
elevation 842

Road access to the Msadow Portage cﬁms%fv tion site
exists in the form of section roads between Poubes Aldes gnd
Meadow Portage P.0. This road would aliso form the line of the

priwary dyking in this ares. 12 miles of road

would be constracted frowm Eas Mosgey
Portage site.
5. Diversion Channels
The diversion channel at Mossey Portage would be
approximately 20,000 feet in length. The channel has a bottom

width of 1400 feet, side slopes of 2:1 and a wminimum depth of

flow of 14.5 feet. The invert at the upstresm end has been

set at elevation 815, while the downstream invert is at elevation

813.8. The chamnel cross-section has been designed to pass the




than 3 f.p.s. The head loss under thsse

1.2 feet. Under temporary comdit gl would pass

In)
=
o

extreme locd flows at maximum vel 5 fopes. In

order to a@veid erosion of the chennel . the channel

velocities have been maintained with ocut by

,Jo

Fortier and Scobey, 192 A cross-section through the Trap-
ezoldal chammel is shown on Plate b , while the plan view is
shown on Plate L.2.

The divers sion channe!l at Meadow Portage, which is
trapezoidal in cross-section would be approximately 10,000
feet in length. The chamnel has & bottom width of 1600 feet,
side slopes of 2.5:1 and & winimum depth of flow of 14.5 feet.
The control structure and earth FLLL dykes which border the
diversion channel have a top elsvation at 8h2, which allows
T feet of freeboard above maximun water Tevel. The upstream
lavert is at elevation 815, while the s1ll elevation at the
comtrol structure is at elevation 812. A local despening of
the thannel upstream of the sp illway would wadintain veloed S
less than 3 feet per second. The channel downstream of the
spillway would have an invert elevation of T92. A cross-section

)

through the channel is given on »

tate L., while the plan view
is showm on Plate L 3.

To allow for some overload to compensate for temporary

reducations in flow due to control structure wglntenance or
mis-operation of storage, the control structure snd charnels

have been checked for a discharge of 80,000 c.f.s The structure and

st

channels are capable of passing this discharge, which is equive

L}.’
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alent to 10% greater than normal, within the allowable velccities.
Earth Fill Dykes

Approximately 35 miles of homogeneous earth £ill
dykes would be required to complete the reservolr enclosure at
the southeastern end of Lake Winmipegosis. This dyking is made
up of approximately 7000 feet adjacent %o each bank of the
diversion channel betwaeen the spillway and the upstream end of
the channel, approximately 5 miles of dyke to the southwest of
the channel at less than 10 feet in height, and approximately
26 miles of dyks to the northeast of the channel. The latier
section of dyke, most of which is less than 10 feet in helght,
crosses and contains the Waterhen River, the present natural
outlet of Lake Winnipegosis. The maximom earth fill section
1s approximately 25 feet in height and the average ls 10 feet.
The cross section has & top width of 20 feet with slde slopes
of 2:1L and 331. Sections through the earth £111 dykes are
shown on Plate L.4. Available topographic mappiag with 25 foot
contour intervals was used to determine the limits of the
required dykes.
Control Strueture

The conbtrol structure at Meadow Portage would bé
located In the centre of the diversion channel, approximately
1000 feet from the downstresm emd. Nine 26 £t. by 40.5 ft.
fixed-vwheel vertical 1ift gates placed at a sill elevation of
812 would provide the required spillway capaclty of 72,000 c¢.f.s.
at a minimum headwater level of elevation 829.0. The gates
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would be operated by fixed holsts supported above deck level
by structural steel towers. Upstream stoplogs would be provided
for maintenance of the gates. The spilivay would be flanked on
each side by two sections of reinforced comcrete breastwall
which comnect the spiliway with an earth 1Ll section. A bridge
deck wowld be comstructed for access across the splllway. The
spillway chute would be constructed on original groﬁnd with
well compacted conmsolidated gravel fcr drainage and concréﬁé
cutoffs would be provided at the upstresam and downstrean ends
of the spillway.
Development Schedule

The tobal comnstruction time for this diversion projsct
would be approximately 3 years. Comnstruction would be carried
out simultanecusly at the two sites in order to have completion
of the two portions coimcide falrly closely.
Effects of Raised Water Levels

Although the proposed reservolr gtorage range on
Lake Winnipegosis is within the range of historical extremes
on the lake, there would undoubtedly be a more common occur-
rence of higher levels than is presently experienced. According
to information obtained from the Lakes Winnipeg and Manitoba
Board Report, the eﬁﬁrem& range of levels on Lake Winnipegosis
during the historical period of reccrd was elevation 826.6 to
elevation 835.6. It is proposed to regulate 5.5 feet of storage
between elevations 829.5 and 835.0 on Lake Wiannipegosis. Whereas
the Tlevel of Lake Wianipegosis exceeded elevation 833.5 three
times during the 4h year period of record, this level would

Ll




1ikely have been exceeded at least once & year in all but three
years under the proposed storage reglation conditions. However
under the assumed reservolr copsration conditions, elevation

83k wowld have been exceeded only approximately once in 3 years.
A comparison of the present Stage~Duration Curve with one
corresponding to the proposed diversion scheme is shown on
Plate 4.5.

From investigaticn intc available topographic and
geodetic informatiom, it is apparent that flood damage oceurs
in varicus developed areas along the lake at & water level of
elevation 835. Moreover, the maximum storags level of elevatiun
835 could likely be increased temporarily in the order of two
feet due to wind setup conditions. Thus, it is necessary to
appraise the possible extent of damage due to flooding by high
water levels.

An examination of a topographic plan of the town of
Winnipegosis, showing one foot combour intervals, iadicates
‘ that & portion of the town adjacent to the Mossy Rivew wonld
‘wbe inundated at a lake level of elevation 835, which was ver-
1fied by the experiences of 1954 and 1935. Most of the remaine
der of the town, however, would be wnaffected. Most recent
puildings and appurtenances, such as the hospital and the
gewage lagoon, (dyke elevation 840.5) have been deslgned to
cope with high water levels. The town of Campsrville and
gettlements &t Duck Bay and Shosl River, all located on ‘the
1ekeshore are affected to some extent by high Take levels.

The post office at Meadow Portage could be located in the lee
h3
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of the proposed dyking at the southeast eod of the lake.

In view of the damage which can be anticlipated from
the proposed high water level on Iake Winnipegosis some perms.
nent dyking near developed areas might be warranted. Thus, an
amount of $1,000,000 has been allowed in the cost estimate for
relocatlon of structurss snd congbructlon of permanent dyking.
Should this amouwnt be greatly exceeded, 1t need not be greater
than approxi@-temy $2,000,000, which would be the cost of
congtructing a conbrol stracturs in the chamnel at Mossey Portage.
If flooding costs prove to be excessive, an alieraative would
e to develop the reguired storags capaciiy by resgulating eight
feet of storage on Cedar Lake, bebween elevations 83h and 842,
and three feet of storage on lake Winnlpegosis belween elevations
820 and 833, with the additicu of a gate~-controlled splllway
at Mcesey Portage.

Estimate of Cost

An estimate of capital cost has been prepared for
the development cutlined assuming & constaud diversion of
72,000 ¢.f.8. The cost estimate, presented cn the pages that
follow, includes the cost of all fteoms associated with the
work such as interest during congtruction, engineering and
inspection, administration, comstruction camps and exploration.
No recompensation for the loss of potential power production
wag included since this will be referred to elsewhere lo this
thesis.

The unit price which has the greatest influence on

the cosgt of this scheme ig that of earth excavation. According

A




to information recelved from the waﬁer Control and Conservation
Board, Provivce of Mamitoba, the price range for earth excavation
on the Red River Floodway wasz 18.9¢ to Wi¢ per cubic yard. The
average price forvreasonably good clay materdal such as found
- In the Mossey Portage and Meadow Portage area was 274 per cubic
yard. However, it 1s believed that the remoteness of the site
and thevlﬂmitea-working season would necesgitate a considersbly
higher unit price. Therefore, 40¢ per cubic yard was uéedu
Information supplied by Atomic Energy of Canada
Limited indicateﬁbthat at present cost levels, the Mossey
Portage chanpel could be excavated by large scale Nuclear
blasting {2 M.T. charges) for approximately one third of the
cost of conﬁemﬁiamal means. However, the coet of the present
and Llowg berm effects of radiation on'biologicaﬁ 1life in the
ares, &s well as the poténtiai effects of shock waves on mearby
gtructores are Hoo. oomplax 1o assesé at presgent. Nevertheless,
techalcal advancement may make this metbod npore attracﬁive i

~ the Fforesesable fwbure.

The total estimated cobt of comstruction is $48,000,000.
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DIVERSION FROM CEDAR- LAKE
TO LAKE MANTTOBA

" SUMMARY

" HSTIMATE OF CAPITAL COST

DIRECT TITEMS-

A, CHANNEL BETWEEN-CEDAR-LAKE AND LAKE WINNIPEGOSIS- (MOSSEY PORTAGE)

-1, -Diversion Channel

_Bﬁ ijHANNEL“BETWEEN“BRKE’WTNNIPEG@SIS‘AND"LAKETMANIT@BA*(MEAD@W-PORTAGE)

$19,430,000

2. Diversion Channel

3, Earth Fill Dykes

b, Spillway and Stilling Basin
. Total Direct Ttems

Contingencies

INDIRECT: TTEMS

5, Access and-Trans%oftation
6. Construction Camps
T. Cost of Flooding
Sub-Total (5,6,7)
Contingencies
Sub=-Total:
8, Engineering and Supef#isién
.9, Surveys-and Investigations:
10, Administration and Insurance
Sub-Total (Items 5 to 10)
11, Interest’Dufing Construction
TOTAL INDIRECT- CAPITAL.COST
- TOTAL DIRECT- CAPITAL COST

TOTAL CAPITAL COST

L8

7 ,650 ,OQO‘

5,690,000

2,280,000

$35,050,000

3,550,000

- $38,600,000

et

470,000
400,000

- 1,000,000

$1,870,000

. 90,000

$1,960,000

s,

$2,200,000
350,000

1,460,000

$5,970,000

3,430,000

$9,400,000

38,600,000

$48,000,000
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_ DIVERSION FROM CEDAR LAKE

TO LAKE MANITOBA

__ DETAILED COST,ESTIMATE

e et g

CTTRECTCos T

S It‘em T RN TSN AL

L quantity

- hmount

L

B

" CHANIET, “BETWEEN CEDAR LAKE AND LAKE WINNIPEGOSIS (MOSSEY PORTAGE)

‘Diversion Channel
Clearing ‘and grubbing 688 acres $300.00 $ 206,400
Earth Excavation K ‘
scraper 45,842,000  c.y. 4o 18,336,800
dredge 2,181,000 Co¥o .50 1,090,500
Total 19,121,300
Say 519,430,000
CHANNEL BETWEEN LAKE WINNIPEGOSIS AND LAKE MANITOBA (MEADOW’PORTAGE)

2,

Diversion Channel

Clearing and grubbing
Earth excavation
scraper
dredge

Earth Fill Dykes

Clearing and grubbing
Stripping
Earth fi11

re-use

from borrow
Rip-rap
Slope Protection

5Tk

12,170,000

5,567,000

Total

596
950,000
256,000

2,061,000

250,000
250,000

Total

!v
&

acres
[P

Co¥o
C.Ye
Ce¥o
CoYo

300.00
Jho

50

Say

300.00"
.70

.50
1.50
4.00
2,50

Say

172,200
4,868,000
2,783,500

$7,651,500

57,650,000

178,800
665,000

128,000
3,091,500
1,000,000

625,000

3526903000

d
!
Y

%

55,688,300
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B, CHANNEL. BETWEEN LAKE D AN LY B
o C T PORTAGE) CONT'D

Spillvey end Stilling Basim

A

" Foundation preparation 12,690 = s.y- $ 4,00 $ 50,760

Concrete o oo

in piers _ 5,555 oV o 41.00 22

in rollway slab 10,448  c.y. 28,00 . 2

in stilling basin slab .

- 13,103 c.y. 28,00 366,884

in stilling basin walls »

e e R 150 ey
"in breastwall 900  c.¥.

in deck 1,547  c.y. 110,00 170

in cutoff 896 c.y 5

Rip-rap - 4,636 <.
Backfill 9,900 ¢
Waterproofing joints 1.
Gates and hoists es. 45,000,00 405,00
Gate heaters £a, 5,500,00 49,500
Stoplogs ios ;
Miscellaneous steel 1.8,
b
1

O @

Cement 155,696 ags 1.6% 256,898
Reinforcing steel 1,303,450  1b, 218 234,621

say _*L;nml_m;
Total Direct Items $35,050,000
Contingencies $ 3,550,000

Total Direct Capital
Cost (& + B}~ $38,600,000




ITtem | Quantity " Unit Rate Amount

5. Access and Transportation

Access Roads 12 mile $35,000.00 $ 420,000
Maintenance i 50,000
Total $ 470,000

6. Construction Camp

Buildings, services and operation 1.8- $  1o0,060

7. Cost of Flooding

Relocation of shoreline facilities l.s. $L200u,000
and possible permanent dyking

Sub-Total (5,6,7) $1,870,000

Contingencies m_~7902000

Sub-Total $1,960,000

8. Engineering and Supervision 1.8, $2,200.600
9. Surveys and Investigations 1.8, ~$ 350,000

10, Administration and Insurance 15, $1,460,000

T0% of Total Direct Capital Cost)

m?iiki;infégééftDﬁfihg'Construcﬁion

7

11,300,000 @ 5.5% for 30 months $1,618,431
17,400,000 @ 5.5% for 18 months 1,455,075
13,200,000 @ 5.5% for 16 months 358,103
Total $3,431,609

Say §33u303000

TOTAL INDIRECT CAPITAL COST $ 9,400,000

TOTAL DIRECT CAPITAL COST $38,600,000

%
TOTAL CAPITAL COST $48,000,000




V. INSTALLATION OF PUMFING CAPACITY AT GRAND RAPIDS
Genera’l

Approximately W psrcent or ag dverage of 25,060 o f.8.

out of the total divertsd flows to the Lake Manitoba wate:

have been assumed to be available frow Lake Wianipes, by w
if & pumping installation at Grand Rapids.

This average pumplug discharge represents the usable
water supply for diversion to Lake Manitoba, corresponding to
an installed pumping capacity of 38,000 c.f.5. That is,
depending on the katehewan River discharge and the shorags

level of the Cedar laks - lake Winwlipegosis reservolr, water

from Leke Winnipeg would not be pumped at all times, &s ILius-

trated in ths Reservelr Regulstion Study pr tad in Section L

oy

of the Avpendix. This, an installed pumplog 7 of 38,000

e.f.s. would be required Lo pouy an average of a8y96@ c.F i
A thesis entitled "The Co.ordinaticn of Water Bxport
With Power Development cn the Nelscn River' Ls currently belng

o

written by Mr. E. T. Wagr the University ol

o

Iisciplinary Water Resources Study. An objective

Manitoba Iunte
of this thesies wouid be to establlish ths discharge required -
maintain the firm capacity of the proposad Nelscn River Hydro-
electric developments when placed in the peak of a fubure
energy load curve. Howsver, prelimimary resuwlts have Indlcabed
a maximam pumping capacity in the ordsr of 40,000 c.f.8. could
be installed on Lake Wimnipeg. Morveover, assuming a wminlmum
dependable dlscharge requirsment of 3000 ¢.f.8. cn the Nelson

River, five feet of storage would have to be regulated on Lake




winnlpeg to provide a firm pumpiug capaclty of 38,000 ¢.f.8.
This 18 considered 4o be the maximum desirable range of regulation
on the lake.
This proposal would definitely Le a more expensive
source of water supply than the cnes previcusly lnvestlgatsd,
due to the inherent operational coet of providing the energy
required to pump the water agalnst a head of more than one
hundred feet.

This pumping diversion, as well as the other diversious
proposed in this thesis would reduce the flow at the proposed
power developments on the Nelsen Rlver. An assessment off tha
value of power lost is made in Chapter VII of this thesls.

Thepre are two obvious alternative arrangements for
pumping water between the two lakes. One would be to comvert
the Grard Repids Hydwoelectric Generating Station to a dual
purpose pumping-generating installation. This proposal would
maintain the hydrvo-electric capacity of the station for short
term operation im the peak of the system load, while also
providing the capacity for pumping the required water demand
for diversion to Lake Manitoba. The alternative to this arrange-
ment would be the comstruction of a new pumplng installation
on the Dauphin River--Falrford River system which would pump
directly between Lake Wimnipeg and Lake Manltoba. Although
this latter scheme would reduce the pumping head by 20 feet
gnd thus reduce the operational cost of the scheme, 1t was
rejected after a brief economic comparison of the two schemes,

presented later in this chapter. The proposed water levels of




the various lakes Lltugtrated on Plate L.2.

Assuming that & watar diverzlon scheme of this nature

would not be

it may be pos
to co-ordingate the propo on with the evenbual.

arators at the end of

replacersnt of the pres

thelr service 1ife, some 50 to 60 years from now.

Jeneral Arrangement
e dngtallaticn of pumping capaclty at (rand Rapids
would require the replacement of the turbines with Deriasz or

Francis pump-turbines aod the Tacement of tle generators

with reversible motor-gen

rators. It may alsc be possible for
the generators to be adapted to moter~generator duties. Replace-~

YJustmentg to the

draft tubesg,

traghracks on

Juste

merts when the conversion s The operation of

purping from Lake Winnipeg wewld glso e

= g conbrol at

ratural cutlst of Lake W o maintain a level of elevation

714 in order to provide

Controiiing

the lake level would prevent excessive oubfliows from the lake

during pericds of low inflow. Since the pumping installation

would withdraw an aversge of ¢
sborage 1s requirved to maintaizn the pumping capacity firm during
= 5 k- £ . =

prolonged pericds of Low inflow to the lake. As discussed

3

earlier in the Chapter and in Chapter II, Lfive feet of storage
would be required {709 to Tilk). This coatrol need only be an

S
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overflow welr to provide discharge cepacity for maximum flood flows
and a low level gate controiled cutlet to provide a minimum depend-
able discherge . of 3000 ¢.f.5. to downstream interests on the Nelson
River. A more sophisticated control arrangement at Warren's Landing
is. currently under. investigation by Manitoba Hydro:

The. .presently instelled turbines et Grand Rapids have

their distributor centrelines set at elevation"691a3'which is well

.below. the minimum tailwater level at slevation 709. A pump-turbine
. would . not likely require any lowering of the draft tube or blade
- gsetting in order. to. function as a selfispriming pump. In an article

. by F. E. Jaski entitled "Pump-Turbines - 1954 Progress Report,”

it is stated, "Reversible pump~turbines can be built in sizes as

. large-as:are practical for Francis turbines: They can-be bullt

to.develop 150,000 h.p. and more in a single machine, if a sultable

. .motor generator can. be mabtched to their speed and power." It would

‘be desireble to.replace the Grand Rapids units which are rated

© o et 150,000 hipe with. reversible units of a similar size which

-~ would_ also.provide:the required discharge capacity of 38,000 c.f.s.

3.

. If, however,. it is:not possible to design four units to provide

.the required.punping. capacity, it would be necessary to use a

greater number of smaliler units.
Estimate.of Cost. ...

An-estimabte of capital cest has been prepared for con=-

- version. of the:Grand Repids Hydroelectric Generating Stetion

.to a pumping-generating. instaelistion. The totel capital cost

of $22,000,000 includes replacement of turbine~generators with

o5




reversible machines, adjustments to civil works necegsitated
by the nmew units and construction of a control for the natural
outlet of Lake Winnipeg. The loss of potential power genergtion
at Grand Rapids amounts to approximately 5.5 milllion dollars
annually, on the basis on a unlt cost of 3 mills per kilowatt-
hour.

The esgtimated cost for replacement of units, which .
18 the largest item of the estimate, is congidered to be con-
gervative, but fairly accurate. Manufacturers do not supply
estimmtes without detalled design data on the machinery. The
extimate was, however, based on the most recent costs avail-
able form Manitoba Hydro.

The estimate of cost for the installation is as

follows s
Replacement of turbine-generators with $15,000,000
veversible units
Adjustments to civil works at Grand 3,000,000
Rapids development
OQutlet control for Lake Winnipeg 1,000,000
Engineering and contingencies 3,000,000

TOTAL $22,000,000
Heonomic Comparison of Altermative Pumping Ingtallations
As mentioned earlier in this chapter, there le an
alternative to the instalistion of pumping capaclty at Grand
Rapids which would reduce the operating cost of the pumping
diversion. Insgtallation of a pumping station on the Feirford
River - Dauphin River watercourse between Lake Mani%dba and

Lake Winnipeg wouid weduce the pumping head by approximately

56




St

20 feet.

Assuming *he valve of firm electrical energy %o be %
wills per kilowatt hour, the 20 foot reduction in pumplng head
would represemt & saving in the operatiomal cost of 1.5 mitlion
dollars annually. Taking the annual charges on the new pumplng
staticn to be 7.5%, an expenditure of $20,000,000 in excess of
the cost of comversion of Grand Rapids would be warranted.
Thus, if the capital cost of installation of a pumping station
at the Fairford River wers less than $42,000,000, this altern-
ative would be preferable to the scheme at Grand Raplds.
However, it is estimated that a new pumping installation of
this mageitude at the Fairford River would cost in the order
of $75,000,000 to $1p@,ooo,oogu
Schedule of Development

The completion of ths Grand Raplds pumping scheme
wowld require approximately two yesrs. At the Grand Raplds
site, access and accomodation for the construction pericd are
available. Adjustments to the civil works would take approxi-
mately one year, while imstallation of units would take another
year. The reversible pump-turbine wnite would have to be
ordered approximately two to three years prior to installation.
The construction of the outlet coatrol works would requlre
approximately one year and could be scheduled gimulianeously

with the construction at Grand Rapids.




VI.

VI. OTHER DIVERSIONS

freneral

Brief consideration has been given to two other
dilversion schemes -~ the diversion by pumping from Lake Athabasca
to Wollaston Lake and thence by gravity into Reilndeer Lake,
and diversion of the South Seal Eiver into the Churchill River
at Sounthern Indian Iake. An zssesspment was made of the effects
of these two proposed schemes on the developments investigated
in this thesisg. No attempt has heen made to egtimate the cost
of these diversions, or the wagnlitude of the diversion works
regquired.
Punpling Diversion From lake Athabasca
a) Introduction:

A thesis entitled "A Study of the Feasibility of
Water Diversion From Lake Athabasca to Lake Manitoba' is
currently belng written at the Unitversity of Maunitoba by
R. A. Madder. This thesis involves the design and cost esti-
mates for the maJjor works required for the pumping diversion
of water from lake Athabasca via the Fond-du-Lac River to
Wollaston Lake, and thence by gravity along the route of the
proposed Churchill River Diversion to ILake Manitoba. The
economic and engineering feasibility of thls scheme wili be
assessged as well as the optimum diversion capacity. Preliminary
investigations indicate that an average discharge capacity of
50,000 to 60,000 c.f.s. would be available through this

diversion.
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VI.

VI. OTHER DIVERSIONS

feneral

Brief comnsideration has been glven to two other
diversion schemes ~ the diversion by pumping from Lake Athabasca
to Wollaston Lake and thence by gravity into Reindeer lLake,
and diversion of the South Seal River into the Churchill River
at Southern Indian Lake. An cssessment was made of the effects
of these two proposed schemes on the developments investigated
ig this thesis. No attempt has been made to estlmate the cost
of thesge diversions, or the magnitude of the diversion works
requlired.
Pumping Diversion From lake Athabasca
a) Introduction:

A thesis entitled "A Study of the Feaslblillty of
Water Diversion From Lake Athabasca to Lake Manitoba' is
currently being written at the University of Manitoba by
R. A. Madder. This thesis involves the design and cost esti-
mates for the major works required for the pumping diversion
of water from Lake Athabasca via the Fond-du-Lac River to
Wollaston Lake, and thence by gravity along the route of the
proposed Churchill River Diversion to Iake Manitoba. The
economic and engineering feasibility of this scheme will be
agsesged ag well as the optimum diversion capaclty. Preliminary
investigations indicate that an average discharge capacity of
50,000 to 60,000 ¢.f.s. would be available through this

diversion.




L) Assessment:

A backwater computation was performed on the Sturgeon-
Weir River for & maximum discharge of 40,000 c¢.f.s. This back-
vater computation indicated that a headwater level of elevation
1086 would be reguired at Frog Portage in order to pass this

scharge. Thals compares with a level of elevation 1082

required to pass the design discharge of 25,000 c¢.f.s. from
the Churchill River diversion. Both of these levels are much
below the minimum storage level of elsvation 1093 on Relndear

Taks reguirad Tor storage of Churchill River flows. From thess

caloulations saaonaole to assume that the headwater
level reguized to pass 70,000 c.f.s. down the river channel
would not be greater than elevation 109%. The spillway at Frog

Portage is capable of passing 70,000 c.f.s. at a headwatsr

level of elevation 1106. Gates would hsve to be added to allow

the structure to pasg 70,000 c¢.f.5. &t @ mm headwater
Tlevel. L
c) Conclusions:

It would be Teasible tc pass the combined flows of
+he Churchill River diversion and 8 pumping diversion from Lake
Athabasca down the Sturgeon « Wedr River channel, hovever,
more detailed investigations would be regquired to assesy the
effects of the greatly increased flows on walter levels along
the river and the exbtent of flooding. The settlements at

Pelican Narrows and Sturgeon Ilandiug x

require relocation,

under these conditions. The would likely be

contained within the high banks of the upper reaches of the
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river, north of Maligne Lake, however downstream of Aplsk lake
where the banks are lower the adjacent lands could be innundated
in wany areas. The possibility of diversion of Iiows from lLake
Athabasca would also have effects on the Saskatchewan River.
Dykes in the Saskatchewan Delta Reclammation area would have
to be ralsed. A rough estimate of the order of cost for such
a measure would be 10 million dollars, however, a more thorough
study would be required to obtain an accurate cost. The
possibility of upstream developments decreasing the avallable
Saskatchewan River discharge would make available capacity for
greater diversion flows.
South Seal River Diversion
a) Introduction

The close prozimity of various lakes on the South
Seal River basin to various tributaries of the Churchill River
invites consideration of the South Seal as a possible source
of additional flows to the Chuorchill River which could then be
added to the Nelson River by the proposed Churchill River
diversion route, via the Rat and Burntwceod Rivers. At one
point along the South Seal River, a divide of less than a mile
geparates the southern tip of Blg Sand Lake from the Churchill
River drainage basin. Similarly, approximately 50 miles down-
gtream, a divide of less than & mile separates Trout Lake which
discharges into Chipewayan Lake on the South Seal River from
Little Sand lake which discharges ilato the Churchill River at
Southern Indian Lake. Therefore, an assessment was made of the
probable discharge which would be available for discharge into

the Churenill River.
€0




b) Assessment

No records of discharge on the South Seal River were
avallable, other than miscellaneous measurements ftaken by the
Water Rescurces Branch. Thus, an estimate of the runoff Factor

of the drainsge basin was wads; by comparison with nearby drain-

age tasins on which a long term period of discharge records
was avallable. The average runoff on the Burntwood River,
which 1s approximately 100 miles to the south of the South Seal
draimage basin is 0.56 c.f.s. ber square wile. The average
runoff of the Reindeer River basin located approximately 150
miles te the west of the Segl River is 0.52 ¢.f.3. per square
mile. Basins farther north show a slightly swaller cunoff.
For example, the Snare River, in the Northwest Territories,
has a runoff of 0.28 c.f.s. ber square mile. According to

the Atlas of Canada, the mean annual number of degree days
above hEOF Tor the Reindeer River and Burmtwood River basins
is approximately L70C, while the corresponding figure for the
South Seal River basin is approximately 1400, which is about
the same as the Spare River basin. The mean apnual total
precipitation on the South Seal River basin is approximately
15 inches, which compares with 16 inches cn the Relindeer River
bagin, 17 inches on the Burntwood River basin and 9 inches on
the Snare River basin. Taking an average of these conditions,
the runoff for the Sowth Seal River basin was estimated at
0.45 c¢.f.5. per square mile. With a drainage area of 11,200
square miles tributary to Chipewayan lake, an average digchargs
of 5050 c¢.f.s. would be expected at this point. Development -
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of the vasgt storage potential on Big PSand Lake would result in
a high vtilization of flows for diversioa purpcses. Thersfore,
it is considered that an average diversion discharge of approxi-
mately 4500 c.f.s. could be obtained from the South Seal River.
Availlable topographic information indicates that construction
of & dam approximately 100 feet in helght downstream of
Shethanel Lake would make it possible to divert water from the
North Seal River, as well, to Southern Indian ILake on the
Churchill River. This would increase the drainage area tributary
to the dlversion point to approximately 18,200 square miles,
with an average discharge of 8200 c.f.s. and a potential
diversion of about 7500 c¢.f.s.
¢) Comclusions

Prefimivary indications suggest the SBeal River basin
to be an attractive gource of water for diversion into the
Churchill River. Further investigations should be initlated to
assess the feasibllity of diverting water from the Seal River
bagin for the purpose of increasing the power production of
the preoposed hydroelsctric developments on the Burntwood River
and Nelson River. This diversion could provide a partial
replacement of flows to the currently proposed Churchill River
diversion via the Burntwood River, if flows were diverted

upstream at Frog Portage at some future date.
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Vii. SEQUENCE OF DEVELOPMENT OF PROPOSED DIVERSIONS

The seguence of development for this water plan will
undoubtedly be dictated by economic considerations. None of
the proposed diversions will be undertaken until the value of
water for multi-purpose consumptive use exceeds its value Tor
the production of hydro-electric power plus the cost of the
diversion works necessary to make it available for consumptive
use. This situation has already ocecurred in the southwestern
United States, but it is likely tc be a considersble length of
time before we experience this ocerrrence in Western Canads.
Neighbouring interests may, however, be willing to pay a
sufficient price for this water in the near future.

When the demand for this water increages its value
to the proper level, the sequence of development will again
be governed by economic considerations. The project which
requires the lowest initial expenditure %o divert water will
be the first to be constructed. Sinece the diversion works at
Mossey Portage and Meadow Portage are required in order o
provide any water to southern Manitoba, these would necessarily
be the first to be constructed. Secondly, the diversion of
the Churchill River would be constructed. Although the initigl
capital cost for this project would be greater than the cost
of & pumping instaliation at Grana Rapids; the operational cost
of pumping in the l.tber scheme makes the unit cost of water
greater. Finally, the Grand Rapids pumping installation would

be wade. The South Seal River diversion, if it Proves economical
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for the producticn of power cn the Burnbtwood and Nelson Rivers
would likely be scheduled simultanecusly with the Sturgeon-Weir
diversion in order to partially maintaln generating capacity
in the Manitoba electrical generating system. As referred to
in V.L., the %Zhesgls by E. T. Wagner is intended to determine
the minimur discharge requirsment to maintain the firm capacity
of the Nelson River Power Developments. Whether the water
would be supplied from Lake Winnipeg or from awother scurce,
such ag the Seal River would be declded by future investigatiocnsg.
An alternative sequence of development could be
influenced by the potential value of the Churchill River
diversion via the Bturgeon-Weir River for the producticn of
hydroelectric energy at presently developed hvdroelechric
installations. It may be found that the value of the power
which could be produced at the Grand Rapids and Kelray Generat-
ing Stations 1s sufficient to Jjustify development of the
Sturgeon-Welr diveraion in a combisation with the presently
plamed diversion via the Burntwood River. If this alternative
development were followed, the construction of the diversion
works at Mossey Portage, and Meadow Pertage would divert the
combined flows of the Saskatchewan River and Churchill River -
approximately 40,000 c.f.s. in total - into the lake Manitoba
watershed. The installation of pumping capacity at Grand
Rapids would be the final phase of this development. The devel-
opment of the South Seal River diversion would likely coincide
with the initial phase of this plan, which represents a consid-

erable diwinishing of flows tc the Nelson River.
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VIII. COST OF DIVERTED WATER
VIII. 1. Introduction
The total cost of the water which would be made avail-
able at Lake Manitoba from the proposed diversion schemes would
be made up of two. elements - the annual cost of the diversion
works. and.the annual. value of the energy foregone by diversion
of water which would otherwise discherge through 125 feet of
-developed: head sk Grand Rapids; 56 feet of developed head &t -
Island-Falls and.approximately 60C feet of head to be developed
- on.the:Nelson River. during the next 25 years:
.. .. .The apnwal. cost of the diversion schemes consists of
..the snnual charges applied to the development, expressed as a
" . .percentage.of  the:capital investment and the cost of energy for
oany punmping whichiis. reguired in the scheme: The annual‘charges
~on.all. schemes;.consist of interest, deprecietion, operation and
comaintenance, . taxes; adninistration -and insurance which amounts to
.75 percent.of the capital c¢ost.. The cost of pumping, at the
.proposed . Grand. Rapids development was based on an energy cost of
3 mills per kilowatt=hour.
Petentisl energy foregone by diversion of water was
valued-at 3 milis per-kilowatt-hour, assuming that the Grand Rapids
~and Nelsmn'River'power:plants can be placed in the peak of the future
system- lowd curve without loss of capacity benefits. If this is not
- -true, & considersbly higher value must be-assigned to-the energy lost
-~ from-these plents, The energy foregone annuglly at the Island
“:FailsnGeneraﬁingfStatﬁ@anould'haVE"a’value‘of approximetely- 2
- wmitlion: dollarsw . The energy foregone annually at the Grand Rapids
- Generating Station would have a value of approximately 5.0 million

deollars. The value of the energy foregone on the Nelson
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River would be approximately 76.5 million dollars per annum.
In this last instance, it was assumed that Churchill River flows
would ctherwise produce power on the Welson River by means of
the proposed diversion via the Burnitwood River.
Unit Costs

Developuent of the Saskatchewan River Diversion to
Lake Manitcba would convey 16,000,000 acre-feet per year to
Lake Manitoba. The total capital cost of this diversion woul
be $48,000,000. Assuming annval charges of 7.5%, the anuual
cost of this scheme would te $3,600,000 plus $5,000,000 for
energy forsgone at Grand Rapids, plus $2L,100,000 for energy

]

foregone on the Nelson River. Thus, the total annual cost is
$32,600,000 or $2.04 per acre foot.

Development of the Churchill River Diversion via the
Sturgeon-Weir River would convey an additiomal 16,000,000 acre~
feet of water amrually to Lake Manitoba. The capital cost of
this diversion would be $18,000,000, resulting in an snmval
cost of $1,300,000, which would be added to the annuval energy
loss at Island Falls worth $2,000,000 and the annual energy Lloss
on the Nelson River worth $16,700,000. Thus, the incremental
cost of water from the Sturgeon-Weir diversion would be $20,000,000
pér vear or $1.25 per acre-foot. The unit cost of water from
this diversion combined with the Saskatchewan River diversion
would be $1.64 per acre-foot at Iake Manitoba.

Development of the pumping iunstallation at Grand
Rapids as outlined previously would convey 21,000,000 acre-feet
of water annually to Lake Manitoba. The capital cost of this
scheme would be considered ag the cost of conversion of the
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generating station, $22,000,000, pius the initial development
- gost of $130,000,00C0, This results in annual charges of

$11,400,000 plus an annual pumping cost of $9,000,000 and an

o

annusl energy loss.of $3%,700,060 on the Nelson River. Thus,
the incremental cost of water from the Grand Rapids pumping
installation would be $56,100,000 per year or $2.67 per acre-
foots The unit cost of waber from all three diversions combined

would be $2.05 per mere-foot ab Leke Manitoba.




IX. RECOMMENDATIONS AND CONCLUSIONS
1. From an engineering pcint of view, it would be feasible to
develop the diversion schemes investigated in this thesis:
diversion of the Churchill River via the Sturgeon-Weir River
into the Sasiatchewan River, diversion of the Saskatchewan
Rivaf into Lake Manitoba, and diversion, by pumping at Grand
Rapids of water from Lake Winnipeg into Cedar Lake and thencsa
to lLake Manitobs.
2. Development of the three sbove mentioned diverslons would
convey 53,000,000 acre-feet per year to Lake Manitoba at a
cost of $2.05 per acre-foct, while development of the first
two diversions would convey 32,000,000 acre-feet per year at
$1..64 per acre-footb.
4. It is recommended that an ilnvestigation be wade of the
Seal River diversice to asssess lts value for fubure Water
Resources Planning.
Ly, It 1s recommended that & more detalled investigation be
made of the three diversions outlined in point 1 of this
chapter, to assess the effecte of altering water levels and
flOWS‘Qn human activity, fishing, forestry, mining and other
cther resources in the area.
5. As noted in Chapter VII, the Churchill River Diversion via
the SturgeommWeir River would have immediate energy Lenefits at
the Grand Rapids and Kelsey Generating Stations, as well ag
future benefits from Nelson River power development. Therefors,
it would appear worthwhile to investigate co-ordimation of twe
diversious oo the Churchill River - the diversion via the
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Purntwood to provide energy benefits now and to maintain the
capaclity of the Nelson power stations in the future when diversions
are contemplated, and the diversion via the Sturgeon-Weir to

provide energy benefits now and wulti-purpose benefits in the

future.
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a) .

b)

c)

' APPENDIX I

RESERVOIR OPERATION FOR TOTAL DIVERSION SCHEME

ASSUMED ' CONSTANT OUTFLOW FROM L: WINNIPEGOSIS = 72, 000 Cs f 8,

Operation of Storage for Sturgeon - Weir Diversion

Agsumptions .

le

NOTE:

Operation of 13 feet of live stofage'on;ReiﬁdeerHLake.between elevations
100.0 and 113:0. (Corresponding approximately:to Geodetic elevations:
1093 'and 1106). Storage capacity is.345, 000 s.f.m.

20,000 's.f.m. storage can be. obtalned from drawdown of resexrvoir area -
,downstream of Reindeer Lake between elevations 1093 and 1085,

AmMax1mum.d1verted flow would be 25,000 c.f.s., minlmum'lS,OOO,eofesa

‘Minlmum spillage to Island Falls ‘would be 300 c.f.s

Rule Curve as follows

Reservoir Elevation - .Diversion Release
»110.4 25,000 c:f.s.
109 9 to 110, 4 Rising 1imb hydrograph: 25,000 ¢c.f.=.
: Falling limb hydrograph 18,800 c.f.s.
101.9 to 109.9" ' 18,800 c.f.s.
£101.9 : 18,000 c.f.s.

Reindeer Lake Inflow'was reconstructed by u51ng Reindeer Lake Outflow,
plus or minus the.¢ ,nge in storage. (Churchill River flow upstream
of  the confluence' wium the Reindeer River was reconstrtucted by using
discharge of 'the Churchill River 4t Islgnd Falls minus Reindeer River
at ‘the outlet of ‘Reindeer Lake;

Operatioh of Storage for Regulation of Flows to Lake Manitoba

Assumptions’

10

2,

Regulation of .5 feet of storage on .Cedar L. ~ L. Winnipegosis between
elevations 829.5 and 835.0 would provide the requlred storage volume
of 149,000.8.F.M. -

Since there is no ‘pumping requirement .when. there is storage in the upper
35, 000 S.F.M. of the reservoir, the maximum H.W.L., during pumping ‘at
Grand Rapids would .be 833.8,

Operation of Storage on Lake Winnipeg.

Five

feet of :live storage on Lake Wlnnipeg between .elevations 709 and 714

would previde ‘the required pumping capaelty at Grand- Rapids during the
eritical dry, perlod of record.
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Year
O

1930~June
~July.

Aug.
Sept.

Oct.

Nove

Dec. .
1931-Jan.
Feb,
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov,
Dec,
1932-Jan.
Fab.
Mar.,
Apr.
May
June
July
Aug,
Sept.

Oct.‘.

Nov.

Dec,
1933-Jan.
. Feb.
Mar.

Trade L.

R, @

’

M & Churchill

;
8,100
9,400

. 9,200

10,400
10,200
9,200
9,000
8,300

11,000

14,900
16,200
17,300
17,500
17,900
18,900

17,100 -

14,100
12,400
9,900
8,100
9,000
15,900

22,400

23,900
30,700
34,000

27,300 -

18,900
13,400
10,400
8,800
9,200

B O
oS
= R]

ASSUMED CONSTANT OUTFLOW FROM LAKE WINNIPEGOSIS - 72,000 c.f.s.

indeer L,
Elevation

w
112.00
112.37
112.23
111.71
111.54
111.42
111.27

111.13 -

110.79
110.49

110.23

110.66
1311.10
111.63
112.10
112.46
112.80
113.00
"

112.96
112.67
112.45

I Storage
~ Reindeer L.

oY)

~-.14

- 22

wn Qutflow
Reindeer L.

N

,300

cef.s.

Diverted
Flow

w Spillage to
© Island Falls

2O

Saskatchewan
River Flow

34,000
41,700
28,700
18,700

11,600 -

8,600
4,700
3,900
3,600
4,200

16,900
15,600

17,800

36,900

28,800
22,700

19,200

11,300

3,100

3,700
4,700
4,600

~ 20,200

40,100

52,900

62,500
37,200
28,300
17,900
12,400
6,400
6,000
5,600
5,300

Pumping from
L, Winnipeg

L. Winnipegosis

Cedar L,-

i
(9,1
-
B~
Q
o

Budholi ol
B
=)

o)

&

- 5,900

- 5,100

— 4,100
- 4,200
+11,200
+ 8,100
+5,900
+15,500
- 9,800
-11,600
2,600
3,000
3,400
3,700

i

§

Storage

Cumulative
A

~13,000

18,300

235,000
LT

"

-35,400
-39,700
~44,,800
~50,200
-55,000
-47,100 -
~40,500
-35,000
1t

"
"
it

115

-40,900
-46,000
-50,100 -
-54,300
-43,100
-35,000
~29,100
-13,600
-23,400
-35,000
1
~-37,600
-40,600
~44 ,000
-47,700Q



1933-April
May
June
July
Aug.
Sept.
Ocrt,
Nov -
Dec.
1934~Fan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Novs
Dec.
1935-3an,
Feb.
Mar.
Apr.
May
June
July
Aug .
Sept.
Oct.
Nowv.,
Dez.
1936-Jan.
Feb.
Mar.
April

8,800
20,000
26,900
23,300
24,200
22,800
19,800
16,900
15,100
13,700
12,700
11,700
11,800
21,900
35,000

33,100 -

25,400
19,900
17,900
16,300
13,200
11,700
11,100

9,100
10,200
17,200
19,800
17,200
16,700
15,700
13,400
12,600
10,000

9,200

16,800

5,900
7,500

8,100
37,900
33,800
27,000
8,500
8,200
6,500
11,600
8,000
6,200
9,700
7,400
5,500
13,200
38,500
28,800

20,800

20,800
13,400
18,000
15,400
12,700
10,900
7,000
7,800
35,000
18,900
2,100
8,100
12,700
10,900
12,100
12,700
11,500
8,400
5,600
9,900

112.45
112.14
113,00

112.92
112.72
112.54
112,31
112.02
112.38
113.00

"

112.97

112.85

112.51

112.24

113.00
"t

112.78
112.76
112.87
112.82
112.81
112,71
112.54
"

112.03

111.74

-.31

" +.86

25,300
34,400
60,700
50,300
32,700
31,000
26,300
28,500
25,300
13

25,000
1)

300
9,400
35,700
25,300
7,700
6,000
1,300
3,500
300

1

18,000
50,300
53,700
53,400
32,300
24,200
14,900
11,400

8,600

6,100

7,100

8,300
23,900
54,800
50,100
56,800
35,500
23,200
16,600
15,000
10,400

6,800

5,100

7,500
19,000

37,300

38,200
48,900
44,200
22,200
11,700
5,500
4,700
3,600
3,200

15,400

38,000
400

1,600
22,800
32,100
35,600
38,000

it

81,000

75,700

78,700

78,400

58,900

72,000
1"t

th
71,600
69,100
70,100
71,300
775900
79,800

75,100

81,800

60,500

62,800

72,000
11

69,800
68,100

70,500

79,600
72,000
it

73,900

70,100

72,000
i1

68,500

67,700

66,600

66,200
"

78,400

+9,000
+3,700
+6,700
+6,400
~13,100

=35,400
-38,300
=40,200
-40,900
-35,000
-27,200
~24,100
-14,300.
-25,800
-35,000
g8



00 11,500 111.70 N4 25,300 25,000 BOﬁ 536,400 9,000 90,400  +1i8,400 —353200
1i,5 111 - .04 B, 2! “

May 12,9 Ll . oy 2. 72, 00t -
Ju;e 13,300 11,600  111.69 -.01 " - ¢ ,;gﬁggg iggfgg ,zygoo _ 1
B . : 1] kL 2 S, 90, L .
July 12,800 29,100 112,30  +.61 A 18 700 28300 " . |
Aug. 10,400 16,200 112,35 +.05 " " " :5?5‘200 25 800 " "
Sept. 8,800 9,400 ;%gco? -cgé : : : ”9:200 3?;800 " ~ L
Der. 9,200 3,800 iil.6a -4 N " . 5,800 18.000 68,200 - 3,200
Now. 7,800 9,600  111.35 ~-.29 00 ﬂ c6 100 - 5900
Des. 7,100 6,900 110.94 -4l " ) ! 5" 169 " 55 100 - 6,900
1937-430. 5,500 5,600 11042 -.52 ) . . 27090 " 38,800 13,200
Feb. 3,400 7,100 110.i1  -.31 19,100 18,800 " 3 509 L 59,100  ~12,900
Mar. 2,800 5,400  109.7%  -.36 ) " . 17909 o 25700+ 2,700
Apr. 5,400 11,000 109.66  -,09 " o C s 00 " 79,300+ 7,300
May 7,000 15,500  199.79  +.13 ) " . 22,100 o 78,900  + 5,900
Tune 6,000 16,900  109.84  +.15 ) . " 32,900 " 89,700  +17,700
July 4,300 16,500 109.92  +.08 ) ’ 25,100 35,500 79,500 + 7,300
Aug. 5.700 12,200  109.89  -.03 " " L LA 38,000 70,500 = 1,500
Sept 4,000 8,000  109.64 -.23 I v 13,700 o 67,500 - 4,500
0ct. 2,900 1,000 109.08 -.56 i ¥ 3 10,700 " 65" 300 - 5700
Nov. 3,300 3,100 108.62  -.46 ) . " 8,500 @ 0,400 11 600
Der. 3.100 7,000  108.30  -.32 " ; ” 3,600 0 50,300 -11.700 —71,000
1938-Jan. 3,000 3,900 107.86 -.44 o " i 39300 w 597700 12,800  -83,800
Feb. 2,700 6,500  107.50 -.36 " " " 2,200 " 20 100 11,900  ~95.700
Mar. 2,500 5,500 107.12 -.38 " " " 3,300 . 227000 + 5.000 ~90.700
apr. M 6,300  107.13 -.38 " " o 20,200 " 79°800 + 7.800 82,900
May 5,600 28,000 107.68 .53 " " "o 23,000 . 92,900  #20,900 62,000
June 4,500 26,800  108.15  +.45 " " "o 36,1000 97.000  +25.000  -37,000
o - p " " n o 48,000 30,200 7y ) s
July 8,700 23,500 108.65 +.48 ""”6 0 33 800 74,000 + 2,000 -35,000
Aug. 6,900 12,300  108.67 - " " " 3f9£00 307700 72,000 - 2
Sept. 5,500 8,200 108.49 ~ -.20 . . 23300 380000 71,800 - 200  =35,200
0ct.  4.600 1,600 108.04 - 47 " " 1" 15,000 e 62,’_200 - 9,800 -45,000
Nov. 3,800 5,200 107.69 -.37 " 3 ) 3,200 " 60,000 ~-12,000 ~57,100
Dec. 3,900 9,100  107.49 -.22 " " " 3,009 " 59,900 -12,100 -69,100
1939-Jan. 3,400 5,100 107.12 -.39 " " " 2,900 " 59?400 -12,600 -81,700
Feb. 2,700 5,700 106,75 -.39 ) " " 2,400 " 59.800 12,200  =93,900
Mar. 2,600 6,500 106.41 -.35 " " "o 2,800 w 77,300 + 5,300 -88,600
Apr. 2,800 7,200 106.10  -.33 " . "o 20,500 " 81,100 + 9,100 -79,500
May 8,100 34,500 106.98  +.86 " " " 24,300 ol

e

RLY



Now -
Dec.
1943i~Jan.
Feb.
May.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov,
Dec.
1942-Jan.
Feb.
Mar.
Apr.
May
June

23,300
15,300
23,300
8,300
14,400
8,600
8,300
9,700
5,300
5,700
3.700
20,800
16,5090
8,000
1,400
2,400
5,000
2,700
4,800
3,900
4,700
17,589
22,400

36,400

30,400
34,600
9,300
8,800
14,200
10,000
12,900
8,200
11,600
8,700
29,000
15,400

107.54
107.87
108.35
108.27
108.20

108.09

108.02
107.87
107.58
107.25
106.97
107.26

~107.40

107,21
106.66
106.13
105.65
105,17

104.69
104.19
103.72

1

103.91
104.67
105.19
105.89
105.63
105.36
105.28
105.04
104.90
104.58
104.20
103.98
103.70

- 104.22

104.33

+.56
+.33
+.48
-.08
-.07

3
= ok

-.07
-.15
~.29
-.33
-.23
+.29
+.14
-.19
-.35
-:53
-.48
-.52
—-. bk
-.530

+

<19
<76
032
.70
<26

i+ o+

-.08
~.24
~-.14

-.38
.22
-.28
+.52
+.11

24.900
30,200
28,900
16,300
10,700
5,000
6,800
3,500
2,400
2,700
14,400
44200
33,590
24,300
21,300
14,700
15,000
6,700
4,100
3,500
2,700
it
21,900
13,700
12,700
19,100
16,600
14,600
9,700
9,400
3,000
2,000
2,200
2,400
15,000
19,000
40,500

81,700
97,000
81,800
72,000
67,500
61,800
63,500
50,300
59,200
59,3500
71,200
97,000
90,300
81,100
78,100
71,500
71,800
63,700
55,100
60,600
59,700
1Al
78,700
70,500
69,500
75,900
73,400
71,400
66,500
66,200
59,800
58,800
59,000
59,200
71,800
75,800
97,000

ke

9,700

+25,000

e
3

9,800

4,500

-10,209

8,400

~11,700
~12,800

-12,500
—- 8090
+25,000
+18,300
+ 9,100
+ 6,100
- 500
— 200
- 8,300
-10,900
=11,400
-12,300
+ 6,700
- 1,500
- 2,500
+ 3,900
+-1,400
- 600
- 5,500
- 5,800
-12,200
=13,200
-13,000
~12,800
- 200
+ 3,800

69,800

-44,800
=35,000
1t

=39,500
~49,700
~38,100
-69.800
~82,600
-95,100
-95,900
-70,900
=52,600
~43,500
=37 ,400
-37,900
=38,100
~-46, 400
=57,300
-68,700
~81,000
-93,300
=86,600
-88,100
~90,600
-86,700
~85,300
=85,900
-91,400
=97,200
-109,400
-122,600
-135,600
~148,400
-148,600
~144,800

+25,000 -119,800



1942-July
Aug .
Sept
Oct,
Nov,
Dec.

1943-Jan
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept
Oct,
Now .
Dec.

1944-Fan.
Feb.
Mar.
Apr.
May
June
July
Aug .

Sept.

Oct.
Nowv .
Dec.
1945-Jan.
Feb.
Mar.
Apt-
May
Junes
July

7,800
5,100
3,100
2,000
3,100

2,000

2,200
1,800
1,500
2,800
5,400
6,300
7,300
7,500
5,900
6,000
6,100
5,400
5,000
4,100
4,300
5,600
6,200
6,100
6,000
5,800
5,900
6,600
7,800
7,300
7,000
6,700
5,700
5,500
8,700
10,400

16,700

10,600
700
400
5,300
4,300
4,000
1,800
900
4,000
19,900
20,300
25,500
22,800
9,900
5,000
10,000
8,600
7,400
4,100
3,200
44300
10,900
6,700
13,300
23,600
22,400
12,300
5,700
10,800
2,900
4,400
5,700
12,700
2,500
17,400

14,900

104,52
104.40
103.84
103.23
102.84
102,37
101.90
101.36
100.78
100.36
100,62
100.92
101.45
101.89
101.80
101.53
101.45
101.29
101.07
100.70
100.31
100,00

#.1100
~6600
~5500
100.21
100.58
100.60
100.42
100. 41
100.10
~4400

-11,200

1"

-18,300
-8,700
~1,600

*5tovage

+,19 19,100 18,800 300
-.12 1" ) 1" "
-.56 1" " "
-.61 " n "
_039 9 n 1"
- 47 n 1 1
- 47 " " "
— .24 18,300 - 18,000 "
__58 " . n "
-.42 n iH 0"
+’026 R " i
+.30 b " g
+.53 " " "
+.44 " " .
-.09 [} " "
-.27 n " 9"
-,08 " " "
-.16 " 1" "
-.22 1" n "
-.37 " " "
-.39 " " "
-, 31 " e W
-1109 " " .
-5300 B " w
+1000 " " "
+.41 " " =
+.37 n " "
+,02 n it o
-.18 " " 1
-,01 i " .
-.31 " 1 "
-.26 u l "
-6800 " " 1
— (3} " "
~-7100 " " "
+9600 " 1 “
+7100 " " "
volume D./S. Reindeexr Lake.

57,400
53,200
33,300
21,600
11,200
6,300
5,600
4,700
5,200
36,400
48,200
35,600
50,200
38,400
22,300
12,200
9,600
4,300
3,900
3,700
3,600
21,200
17,500
31,100
52,000
38,600
27,500
15,400
7,600
4,800
3,500
,200
4700
18,100
29,100
42,500
49,300

1

o~

30,800
27,900
3,800
15,600
31,700
38,000

[A N

97,000
"

90,100
78,400
63,000
63,100

62,400

60,700

61,200

92,400

97,000

81,500

72,000
1"

EH
Jt

68,200
65,600
60,300
59,900
59,700
59,600
77,200
73,500
87,100
97,000
83,900
72,000
71,400
63,600
50, 800
59,500
60, 200
50, 700
74,100
85,100
97,000
87,600

425,000
1"
+18,100
+ 6,400
~ 4,000
- 8,900
- 9,600
-11,300
~10,800
+20, 400
+25,000
+9,500

= 3,800
- 6,400
=11,700
-12,100
=12,309
~12,400
+ 5,200
+ 1,500
+15,100
+25,000
+11,900
- 600
= 8,400
~11,200
-12,500
-11,800
-11,300
+ 2,100
13,100
£25,000
+15,600

~38,800
-45,200
~56,900
~69,000
-81,300
-93, 700
-88,500
-87,000
~71,900



1945-Aug.

Sept. :
Oct. -

Nowv.

Dec, .

15&6fJanw
Febo, .
Mar.

Apr. -

May

June
July
Augb

Sept

Oct.
Novs
Dec,
1947=Jan..
' Feb.
Mar.
Apr,
May
June
July
Augb
Sept
Oct.
Novs
Dec.

1948-Jan. -
Feb. .
Mar.

Apr.
May

June
July

Aug.

8,200
6,900.
13,500
13,700
11,300 -

9,500

85000

© 7,200

© 8,000

13,700

15,100 -
"

9,700

9,900
13,600

74100 -
5,800

5,300
5,100

4,700

4,400
14,200
17,700
17,000
19,900
15,300
16,400
16,700
14,500
12,400
10,100

9,500

9,100
15,700
12,200
13,800
18,800

- -1900

"o

100.16.
100.37
100.50 |
100,56

100,26

100,12 -
100,24
100,50 -

101.69 .

101.39

101.51

101.35

101.14

100.96

100.50 .
100,47
"

100:29
100,17

©100.39
103,91

101,99
102576
104,23
104.98
105.37
105.49
105.42
105.30
105.19
105.75
106.80
107.13
107 .46

-300

+.23
+:21
iﬁ13

- #,06
-.30
=l
4,12
+.26
44637

+.56

-.30
+.12
-.16

-.21

-.18

- 46

-.03

-.18
-.12
+:22

+L1:52
+.08 .
w77
+1347
+o75
+.39
+.12

-.07

-.12
-.11

+,56
+1.05
+.33
+.33

18,300

19,100

300
19,100
"

18,000
1

18,800
¥

300

"

30,900
20,600
18,600
10,100

6,800

6,100
6,000

6,800
35,500
25,300

34,400

43,100
29,400
20,100
15,200

8,700

4,200

5,800
5,400
6,100
28,900
51,500
46,900
46,800
30,100

23,900

22,700
16,600
10,000
9,300
7,200
6,400
11,700

79,600

100,700
78,600
51,400

66,800
66,100
64,000
63,200
68,500
98,400
100,700
97,400
70,200

- 5,900
- 9,200

- 9,900

~10,000
- 9,200
+19,500
+ 9,300
+15,400

- 800

- 7,300

-13,800

=10,200 + -65,100.-

-10,600
- 9,900

+12,900
+25,000
+12,700-

=

=

i

5,200
.5,900
8,000
- 8,800
- 3,500
426,400

i

28,700

+25,400
-1,800

-35,000
"
YH

-40,900
~50,100
-60,000-
=70,000,
-79,200 -
=59,760
-50,400
=35,000
ki

%i

Ad )
~35,800
~-43,3100
=54,900

=75,700 .
-85,600
=72,700
~47,709"
~35,000
11 BN

98
LI
1

1"

=40,200 -

_=46,100

~54,100
-62,900
-66,400
~40,000
-11,300

FULL
- 1,800



1948-Sept
Oct,
Now .
Dec.
1949-Jan,
Feb-
Mar .
Apzr,
May
June
July
Aug.

Sept

Oct.
Now .,
Dag.
1950~Tan.

Feb. ..

Mar.
Apt,
May

June
July
Aug.
Sept
Oct,
Now .
Dec.

19533i-3Jan. -

Feb.
Mar.
Apr.
May

June
July
Aug.
Sept

20,500
9,800
6,200

10,800
8,100
4,800
3,100

9,600

34,100
54,300

33,900

28,300
11,400
16,700
17,200
15,400
6,700
9,100
3,600

6,000

26,700

19,800
17,300

9,600
11,300
9,100
13,300
11,000
7,900
4,100
4,600
5,700
36,600
24,400
16,100
11,100
4,600

108.08
108.22
108.15

108,21

108.11
107.86
107.54
107.47
108.43
109.93
111.08
112.08
112.39
1i2.78
112.98
113,00
112,63
112.33
111,78
111,31
111.65
111,95
1i2.13
i11.98
111,87
111,60
111.42
111.19
110.82
110.27
109.73
109.46
110.31
110.90
111.13
111.23
111.03

+.62
+,14
.07
+.06
-.10
-.25
-.32
-.07
+.96
41.50
1,15

+1.00

+.31
-.39
-.20

£
o4
N

~.35

-.32
-.55

+.34
+.30
+.18

-.27

-.18
-.23
-.37
-.55
=.54
-.27
+.85
+.59
+.23
+.,10

-.20 .

100
300

1]

18,800
1

it
i

18

18,800
25,000

300

21,400
13,100
7,600
5,300
6,200
5,500
5,600
26,800

"7 53,300

51,500
59,300
63,800
60,500
59,900
59,500
60,400
81,900
74,500
90,900
87,800
80,800
72,000
134

3]

57,200
66,400
67,300
67,200
78,700
85,200
72,000

74,200

69,800

72,000
: 1.

70,5600
68,300
69,200
68,500
58,600
83,600
78,300
81,100
86,800
82,000
70,700

-20,500
=12,700
- 8,200
-11,500
=12,100
-12,500
=11,500
+ 9,900
+ 2,500
+18,900
+15,800
+ 8,800

= 4,800
= 5,600
- 4,700
- &,800

+ 6,700

+13,200

+ 2,200
- 2,200

U
b L3 i N W ‘
Ut 00 ~d

§

¥ w W W W

+11,
+ 5,300
+ 9,100
+14,800
+10,000
- 1,300

~22,300
=35,000
~-43,200
~54,700
-66,800
-79,300
-90,900
=81,000
78,300
=~59,660
~43,800
=35,000



1951-0ct. .
Nov,
Decs

1952-Jan.
Feb.
Mar.
Apr. -
May
Juné
July
Aug.
‘Sept.
Oct..
Nov .
Dec,

1953-Jan.
Feb.
Mar.
ApTs.
May-
June-
July
Aug,
Sept
Oct,
Nov.

" Dec.,
1954-Jan.

Feb;
Mar.
Aprb
May
June -
July
Aug.
Sept.
Oct.

144300
11,600

9,900
8,400
75900
7,100
745900
7,700
9,200
13,800
13,000
13,100

11,700

11,600
9,800
8,200
8,100
7,100
7,000
8,500
7,800

8,100 .

7,500
6,900
7,400

9,400 .

- 8,800

. 75800

7,300
6,800
6,500

8,700 -

13,200
16,000
24,100
30,000
21,800

3,400
3,900
7,600
3,500

4,000

2,800
8,100
11,100
20,600

17,100 -

7,800
15,300

11,300

12,900
12,000
6,400
6,900

3,000,
7,200

13,300
17,000

11,400
75300
14,200 -
123490.
9,100
9,800

11,100

4,100
- 4,300
: 49709'
16,500 .

21,000

21,700

6,600
5,000
10,400

110,75

110.39 .

110.10

109.61 -
109.35

109.01
108.90

108,89 .

109.28

109.71 "

109.77
109.99
109.91
109.88
109.98
109.59

109,44
109.11

108.93
108,99
109,19
109,20
109.04
109,11
109.14
109,11
109.09

1109.08

108.80
108.51

108.22
108.44 -

108.99
109.67
110.10

110.46
110.71

. -.28
=236
S =29
~.49
- 26

-.34

-.11,
-.01
+.39
.43
+,06
+.22°

-, 08
-.03
+.10
-39
=.15
"'033
-.18
+.,06
+.20
+.01
“916
+.07
+,03
-,03
-.02
-.01
-.28
~-.29
-.29
+.22
+.55
+.68
+.43
+.36
+.25

25,300 25,000 .

91 ?i
1 lﬂ
" R
1 ‘3%
[T 9%

3§ 79
1] "
] "
" "
1] 0%
1] "
] "
1 "
" 0
1" n
3 m
" "
4] it
" "
" %
1 "
Lk a8

25,300 25,000
R Co "

39,300
25,300
14,000
7,500
8,100
8,500
42,200
64,900
48,100

65,100

52,500
32,300
18,700
13,500
5,400
4,800
4,500
5,600

18,100

43,100

57,600

72,900

52;800-

36,000

18,200
11,300

5,100
4,700
mn .

6,600
10,700
44,700
66,300
73,200
60,000
69,800
59,400

64,300

50,300

67,700

70,500
64,900
65,300

87,300
83,700
66,900
83,900
71,300
90,000

72,000
1

62,200
67,800

61,300

62,600
74,900
97,000
65,600
91,700

71,600
79,200

69,900
68,100
61,900
61,500
S B8,

63,400

67,500 -
97,000

95,100
92,000
78,800
94,800
81,400

- 7,700
-21,700
349300
1,500
7,100
- 6,700
+15,300
+11,700
- 5,100
+11,900

1

3

- 700
. +18,000

- 9,800

- 4,200

-10,700"
~.9,600

+2,900
+25,000
- 6,400

419,700
T= 400
+.7,200.
- 2,100

4

/3,900

~10;,100 .

-10,500
(3 I

~ 8,600
- 44500

+25,000
423,100
+20,000
+ 6,800
+22,800

-9,000
-30,700
-35,000
=36,500

-43,600
=50,300
-35,000

=23,300"
~28,400
-16,300
-17,000
~35,000 -

1"

it

-44,800
~-49,000
-59,700
-69 ;300
-66,400
-41 ,400
-35,000
-15,300
~-15,700
~32,900
-35,000
=38,900
-49,000
~-59,500"

70,000

-78,600
-83,100
-58,100
-35,000
-15,000"
- 8,200

FULL -

1"



1954-Nov.

Dec:
1955-Jan.
Feb.
Mar.
Apr-
May
June
July
Aug,

Sept’

Oct.
Nov.
Deg.
1956-Jan.
Feb.
Mar.
Aprb
May -
June

July

Aug.

Sept-

OQﬁe
Nov.
Dez,
1957-Jan.
Teb:
Mar.,
Apr.
May

June
July-

Aug,
Sept
Oct.
Nov.

18,900

17,800
14,600
13,100
11,700
14,400
28,400
24,500
23,300
18,800

15,500
11,800

12,800
11,600
10,500

9,500

8,700
' "

12,400

10, 600
11,000

12,800
11,100
© 10,500
10,200
9,500

9,200
9,300
8,800

9,400 -

16,600
22,100

21,700

20,500
15,400
12,500
11,100

110.62
110.78
110.67

110.56
110,18 -

110.04
111.23
111.83

112,02

112.11

111,75

111.35

111,08

110.83

110,43

109.87
109,61

109.42

109.56

109.71

109.57

109.45 -

109,46

108,85 -

108.68

108.52 "

108.27

1.07 a 95 E

107,69

107.51

108.27
109.23
110.08
110.40
110,58
110.45
110.26

=.09
+.16
- 11
-.11
-.38
-.14
S +1.19

+.60
+,19
+,09
=,36

=40

-7
- -.25

"c'&'o

~.26 "
-.19

+olk
+415
~.14
C-.12
~.29
-.31
-, 17,
-.16
-.25
-.32
-.26
-.18

+.76

+.96
+.85
-s32
+.18
-.13
-.19

25,

19,

25,

300 25,
1"

000

1§

40,600
28,800
13,000
12,200

9,700
40,900
64,100
66,200
57,300
42,300
21,300

15,000
5,800
5,100 -

5,300
6,200
6,500
21,900
69,100

$2;100 .
50,500 -

37,800

24,200
16,600
10,800

5,500
4,600
3,400

4,400

20,300
52,500
48,200
32,200
20,500
18,200
13,300
13,500

65,600
60,200

55,200
72,000
13

"

89,100 -
91,200

82,300
67,300
46,300
714800

68,800
68,100 -

68,300

69,200

63,300
78,700

87,900
80,900

69,300

65,500

72,000
¥t

67,600
62,300

61,400

60,200

61,200

77,100

97,000

89,200

72,000
1"

7Y
"

9%

- 6,400
-11,800
~16,800

+17,100
+19,200
- 49700
-25,700
= 200
3,200

]

i

1

[

2,800

8,700

+ 6,700
+15,900
+ 8,400
-.2,700
- 6,500

- 4,400
~--9,700
-10,600
~11,800

-10,800

+ 5,100
+25,000

+17,200

v

e

-

3,900
3,700

- 6,400

-18,200-
~35,000
"

il

"
~17,900
FULL
FULL
- 9,100

234,800

-35,000
~38,200-
~42,100
-45, 800
~48,6007
-57,300
~59,600
~34,700
~25,800
-28,500-
~35,000
2

~39,400
49,100
-59;700
=71,500
-82,300
=77,200
~-52,200
=35,000
"

5
1"
Lk

1



1957-Dec,
1958~Jan.

Feb. .

Mar,

Apr. -

May

June
July
Aug.

Sept.

Oct.
Nov.
Dec.
1959-Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept
Oct.
Now.
Dec.
1960~-Jan.
Feb.

May .

Apr.
May-
June
July
Aug.

Sept,

Oct.
Now .
Dec.

10,400
10,000

9,200

9,100
12,600
16,300
17,900
17,400
14,500

11"

14,000
13,400
12,300

10,600
9,500
n

10,300

15,900:

23,300

23,600

17,400

14,400
144300 -
13,700
12,800

11,500
o

10,800
10,900
16,200
30,400
27,300
20,900
16,200
17,800
16,600
15,200

8,700
5,000
5,600
3,700
9,000

24,400

15,600

15,400
10,600
10,400

11,200
9,500
" "

6,700
5,100
2,600
4,000

16,600 .

38,800

20,100

10,100

7,000

7,500

8,400

8,100
5,200
1,800
3,900
5,400
34,400
41,500
26,900
65,200
10,000
8,300
5,700
7,800

110,03
109,65
109,49
109,26
109,35
109.91
110,21
110.48
110,46
110.44
it

110.35

110.22

109.93

109.54
109.28
109.10

109.59

110,94
111.61
111.69

111.55

111.42

111.30°

117,14

110,83

110,39
110.00

109,67

110.59

112.29

113.00

112.89
112.81

-.23

-.38

-.23
+.09 -
+.56 -

+.30
+.27
~,02
=, 02
'_509
”013
-:29
-39
-.26
-:18
+.49
+1.35

+.67
08
=o 14
-.13
~a12
=.16
-.31

~. b4
=.39
=.33
+.92

+1:7

+. 71

-1

~.08

25,300,
1

i

it

25,000

3]
18,800
1"

25,000
n

18,800
.
25,000
2
.

"
48

300
B
"

9,300
2,100
1,200
1,100

300

11

7,300
5., 400
5,600
6,900

37,400

42,600

42.500

42,000

31.900

17,400

12,700
7,900
4,400
5,400
5,000

33,800

23,100

33,500

50,400 .

324300
17,400
16,800
10,800
9,300
74300
6,300

6,100

36,700
34,400
36,000
37,400
27,700
13,800

9,600

6,600

5,200

34,400
13,500

11,300

29,600
30,200

36,200

37,700

38,000
1 }

"

18,600

12,600

11,000

9,500
19,300
332200
37,400

138,000
N " .

70,900

67,400
68,400

68,000

52,400

90,600

76,300

72,000

75,400

68,600

72,000
2%

1"

%

70,300

69,300

69,100

79,300

72,000
1"t

R

0

0

1,700
- 3,600
- 9,600
6,300
+21,200

1

1,100
4,600

4,000

= 9,600
+18,600

+4,300

+ 3,400
- 3,400

~36,700

=40,300

_49,900

-56,200

~35,000
1

-36,;100
=40 ,700
-44,300
~48,300
-57,900
~39,300-
-35,000

~31,600
~35,000°
1t
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1961-Jan. 13,30 10,300 112,75 -.06 25,300 25,000 300 4,800 38,000 57,800 = 4,200 =45,400
Feb. 12,500 5,700  112.49 -.26 " " " 4,500 v 67,500 - 4,500 =-49,900
Mar. 12,800 6,300 112.26 -.23 N " " 4,906 " 67,900 =~ 4,100  =54,000
Apz. 13,100 8,800 112:14 ~.12 " n " 18,600 " 81,600 + 9,600 -44,400
May 20,600 31,100 113.00 +.86 28,200 " 3,200 22,400 34,000 81,400 + 9,400° -35,000
June 24,400 23,500 " - 47,900 « 22,900 39,300 7,500 72,000 - "
July 18,000 900  112.77 -.23 23,300 " 300 28,200 18,800 w - "
Aung. 14,700 800  112.41. =.36 B s » 21,600 25,400 n - ’
Sept 11,800 26,700  112.89  +.48 " 4 " 13,000 34,000 1 - "
Oct, . 11,500 9,500 112.73 =.16 I " - 8,100 38,000 71,100 - 900 -35,900
Nov. 10,000 7,500 112,44  =.29 " n " 5,500 i 68,500 = 3,500 =39,400
Dec. . 8,300 11,000 112.22 -.22 " " e 3,100 " 66,100 ~— 5,900  -45,300
1962-Jan. 7,400 6,400 111.80 -.42 " " " 4,400 @ 67,400 = 4,500  =49,900
Feb, 7,000 5,100 111.32- -.48 " i " 5,400 Mo 68,400 ~— 3,600 53,500
Max, 6,700 6,700 110,88  -.44 " . " 6,300 " 69,300 - 2,700  =56,200
Apr. 7,000 3,900 110,35 ~.53 = . ” 14,000 "o 77,000 4 5,000 ~-31,200
May . 20,900 24,100 111,07 +.72 " o "o 39,800 23,400 88,200 +16,200 =35,000
June. 22,400 13,400 111,45 +.38 " e W. 30,000 17,000 72,000 T ".
July. 185200 20,700 111,95 +.50 " s " 31,700 15,300 " - #
Aug.. 14,300 800 111,58 -.37 -oo. " " 26,600. 20,400. g - "
Sept 13,100 - 3,700 . 111,27 =.31 " " "o 14,900 32,100 - i o ",
] Oct..  12,200- 7,200 111505 -.22 "o @ o 4,400 38,000 67,400 = 4,600 —39,600.
| Now, . 10,900 9,000 110.85 =-.20 " e " 3,700 . ™ 66,700  ~'5,300 =445900
2 Dec. . 9,800 4,300 110.44 -.41 . " " 3,900 " 66,900  -.5,100 ~-50,000
1963-Jan. 9,000 3,500 - 109.97  ~-.47 " n ", 2,800 s 65,800 - 6,200 ~56,200-
Feb. 9,300 4,100 109,33  -.44 " " " " " "o L 6,200 62,400
Mar.. 8,800 4,200 109.08 -.45 19,100 18,800 " 3,100 e 59,900 -12,100 =74,500
Apr. 9,600 29,100 109.80 +:72 " i " 23,000 " 79,800 + 7,800 -66,700
May 15,700 26,300 110.41  +.61 25,300 25,000 " 28,900 " 91,900 +19,900 ~46,800
June 15,400 29,400 11l.12  +.71 o " " 27,400 31,400 83,800 +11,800 -35,000
July 28,300 8,500 111,43 +.42 " o ! 39,100 7,900 72,000 - o
Aug. 17,400 16,400 111.835  +.31 o " i 11300 14,700 " - "
Sept 18,300 18,200 112.26  +.41 " " " 20.800 27,200 ¢ - i

AVERAGE 21.820 1,390 21,330 28,9560




APPENDIX 1II

PHOTOGRAPHS
TAKEN DURING THE
RECONNAISSANCE FLIGHT OF THE.

STURGEON-WEIR RIVER

SEPTEMBER, - 1966,




This photograph shows the outlet of the. Sturgeon-Weir River fldwing into
Cumberland Lake.- The channel.does not appear to be deep and is:cut in

overburden with low relief on both banks. Phbtoitaken,looking North,

This-photograph taken 1ooking East shows-the Stu:gégn-Weir River flowing into
Namew Lake and the settlement'at Sturgé6n1Landing°_ The very shallow nature

of the channel can easily be seén from the photograph.

This'photograph was taken looking East and shows the confluence of ﬁhe Goose
River and Sturgeon-Weir River to the‘right.in-the upper middle portion of. the
photograph. The Sturgeon-Weir Channel with some small islands in view flows
from the lower left to upper right. The channel appears narroﬁ and less than-

10 feet deep.










This photograph shows the Sturgeon-Weir River.at the inlet to- Amisk Lake.
The pictyre was taken looking northwest. Chanﬁelnappears to be less than .

10 feet deep.

Spruce Rapids on the Sturgeon-Weir River.is ‘seen in this photograph., The"
water appears very fast and the drop.in - two sections totals about 10 feet,
A very definite rock: control with much rock visible in the rapids section of

the channel. This is discussed as a potential power site.

This photograph shows Scoop Rapids, another very narrow .constriction in the.

Sturgeon-Weir River. Total drop is about 6 feet.




This photograph shows ‘Birch Rapids‘én the~Sturgeqaneir‘River9;a potential -

power site, A fairly cqnceﬁtratéd-drop'ofgabout;ld-fegt'ocgufs,at'thi$~sitea

s

The~constriqted;poftipn appeags'tqybe formed by a gravel, bar. .

This .photegraph shows Three ‘Portages, 'a series ofvtpreeTnarrqw-roqk*cqntrolledj
constrictioﬁs,in’the‘upper-Sturgeqn*Weir Riﬁefﬁsystéﬁd 'The discharge is presentl
very small through the three.constrictions, ard the:tdfal drop in water. level is

approximatély'24 feet,

This-phctogrgph-shpws'Grassy:Narrqws on‘Wood‘Lake,nwhich isztypical\ofrthg lakes-

in. the upper, Sturgeon-Weir, Densejspruce with some.marshyvaréas is typical.










'This photograph shows the height of land .known‘as Frog Portage-betWeen Trade Lake
on the €hurchill River. and the‘heaewaters.hf the<StﬁrgeoneWeir River channeIO, The
well-worn portage trail which has been inztse forghuné:e@s*ottyeets is clearly in.
evidence in‘the_upper part.of the photbgfaph;t'The”hathtel}oVetfidw~Channe1 of "
the Churchill Rlver is .evidenced by a.dark. ;strip of vegetatlon Whlch joins Trade .
Lake .to the small’ pool in the photograph and then 301ns the pool to the. stream

at.the upper.right. -

This- photograph shows the narrow. control sectlon of the Churchill River, 1mmedlately‘
downstream of the confluence with -the Relndeer, in which it is proposed to

construct the Downstream Control Structure, The photogreph was taken looking
east-with thekReindeet_RiVer flowing into the Churchi}l:ffqm the. left.of the

picture. The narrowest part.of the Churchill,is the proposed'structure centreliﬁeg‘

This photograph was taken dlrectly over . the structure 31te descrlbed above,. The
photo was taken over the south bank ‘of the Churchlll looking north The -
swiftness of .the Waterlls.apparent'w1th~a few rocks visible in the channel.

Rock'outerop can be seen on, both abutments.
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MAXIMUM DAILY READINGS AS FOLLOWS:
835.30 NOV. 13, 1955,

835 35 SEPT. 3,1953.

TAKEN FROM LAKES WINNIPEG AND MANITOBA
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