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SECTION 1 - SUMMARY

The studies incorporated in this report may be
regarded as a preliminary assessment of the major possibili=
ties for hydro-electric power development in the Porcupine,
Peel, and Rat River region. Although the scope'of the investi-~
gations did not permit compilation of some of the basic data
necessary to definitely establish the technical and economic
feasibility of projects, the designs, estimates,'and power
evaluations were carried out in sufficient detail to provide
a reasonable indication of the magnitude of the hydro-~electric

power potential of the region and their costs of development.

l. Diversion Plan

P’

The studies show that development of the maximum
hydro-electric power potential of the region would involve the
diversion of waters of the Porcuéine and Peel Rivers to
generating plants on the Rat River. This plan would provide

about 1.1 million kw of prime power.

The proposed diversion system could be developed in
five stages. The initial stage, consisting of a storage and
power project on the Porcupine River at the Bell site, would
cost an estimated $95,000,000. It would produce about 590
million kwh of firm energy annually at a cost of about 10 mills
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per kwh at site. When the final stage has been completed, the
cumulative capital cost would amount to almost 31,000,000,000
and would produce 10 billion kwh of firm energy annually at an

average cost of about 6 mills per kwh at site.

The first four stages would involve only waters of
the Porcupine River. With storage developed ati two reservoirs
on the Porcupine for regulation and diversion to supply two
powerplants located on the Rat River, an estimated 660,000 kw
of primekpower would be made available. At the fifth 6r ulti-
mate stage, more flow would bé supplied to the Rat River plants
by diversion from the Peel River to produce an additional

190,000 kw of prime power.

The total estimated capital cost of the system before
the addition of Peel River water would be about $550,000,000.
Waters of the Porcupine River would produce in the system about
5.7 billion kwh of firm energy annually at an average cost of

about 5% mills per kwh at site.

The capital cost attributable'to the development of
the Peel River increment would be an estimated $450,000,000.
Waters of the Peel River would produce in the diversion system
about 4.3 billion kwh of firm energy annually at an average

cost of about 6 mills per kwh at site.



2. Non-Diversion Plans

If the water resources of the region were not to be
used in diversion development, then the studies would consider
projects on the Porcupine and Peel Rivers only. Sites on the
Rat River would'not warrant consideration for independent

development.

In a non-diversion plan, the water resources of the
Porcupine River in Canada could be developed by two storage
and power projects located at the Bell and Porcupine Canyon
sites. The system would be capable of generating about
175,000 kw of prime power, or fhe equivalent of 1.5 billion
kwh of firm power annuaily at an average unit cost of about
74 mills per kwh at site. The total capital costs of the two
projects would be about $180,000,000.

Thus, the development of the water resources of the
Porcupine River by diversion would result in almost a four-
fold increase in average annual firm-energy production over
the non~-diversion plan; that is, an increase in annual firm-
energy production from l.5 billion kwh in the non—diVersion‘

plan to 5.7 billion kwh in the diversion plan.

The studies contained in this report on the possi-
bilities for hydro-electric power development in the Peel
River basin without diversion are, incomplete. Three sites

were examined on the Peel River which could be used to develop

~ , - /
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the hydro-electric power potential of the river, but addi-
tional hydrologic data would be required, before a useful
appraisal could be made of their combined capabilities.
Therefore, ét the present stage of the studies, it is not
possible to indicate which plan of development, diversion or
non-diversion, would accomplish greater utilization of the

water resources of the Peel River basin.

A preliminary appraisal was made of a storage pro=-
ject at the Aberdeen Falls site on the Peel River in conjunc-
tion with a run~of-river project downstream at the Bonnet
Plume site. Projects in such a system, developed to produce
about 310,000 kw of prime power, would cost $290,000,000.

It would produce 2.7.billion kwh of firm energy annually at

an average cost of about 6% mills per kwh at site.

:/’
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SECTION 2 - INTRODUCTION

The Water Resources Branch of the Department of
Northern Affairs and National Resources has undertaken surveys
and investigations in the Yukon River basin in Canada to pro-
vide an inventory of the hydro-electric power resources of the

région.

The Yukon RiVer is an international stream. Its
basin occuﬁies an area of 330,000 square miles, including
about a third of the State of Alaska, over half the Yukon
Territory, and a small area in the northwest corner of British
Columbia. The Canadian portion of the basin covers some
127,000 square miles, and is divided by the Ogilvie Mountains
into two drainage areas. The southern region, with a catch-
ment area of about 113,000 square miles, is drained by the
main sfem[of the Yukon River, while the northern region, with
a catchment area of some Zh,OOO.square miles, is drained

mainly by the Porcupine River. The Porcupine River joins the

- main stem of the Yukon River at Fort Yukon in Alaska. (See

Plate 10) _

The results of investigations into the hydro-
electric power pdssibilities of the southern region of the
basin were presented in the Water Resources Branch report

entitled "Yukon River Basin Report", dated Decémber 1962.
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The report was prepared by the British Columbia and Yukon
District office of the Water Resources Branch.

The present report is concerned with hydro-electiric
power possibilities in the northern region; that is, the region
drained by the Porcupine River in Canada. In addition, since
attractive opportunities are available in the region for diver-
sion developments, the investigation was expanded to include
the contiguous areas drained by the Peel and Rat Rivers which
form part of the Mackenzie River system. The areal exfent,
geographic location, and relative position of the Porcuplne,
Peel, and Rat River region with respect to the southern region

prefiously investigated are shown on Plate 1.

1. Purposes of the Report

The main purposes of the investigations and studies
undertaken for the reportwere:
(a) to compile an inventory of the potential hydro-
electric power resources of the Porcupine, Peel,
and Rat River region; and ,

(b) to provide an estimate of the cost of developing
this potential.

2. Scope of the Investigations and Studies

. The investigations and studies were concentrated on

the appraisal of the major possibilities for the development
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of hydro-electric pbwer in the Porcupine, Peel, and Rat River
region. Other possible water uses, such as navigation,

A

fisheries and wildlife, were not investigated.

Field Investigations. Preliminary field examina-

tions were made in the summers of 1962 and 1963 involving
aerial reconnaissance and ground surveys. The Porcupine,
Peel, and Rat Rivérs, and their major tributaries, were
examined their entire lengths by air and, in part, by boat.
Streamflow gauging stations were established at strategic
locations in the region. Ground surveys were conducted at
the major demsites. The surveys included topographical and
geological mapping, and a limited geophysical appraisal of
subsurface conditions by the seismic method. Surveys were
also carried out to obtain'river profiles of the main stem
of the Porcupine, Peel, and Rat Rivers. In addition, baro-
metric sur#eys were undertaken to provide informafion relat-

ing to storage capabilities of potential reservoir sites.

Office Studies. The office studies covered the

following aspects. Hydrologic studies were made to derive
estimates of streamflow and flood potential at the various
project.sites. Power outputs and storage requirements were
examined on the basis of the streamflow estimates and informa-
.tion relating to site characteristics. Preliminary designs

and cost estimates were prepared for each of the major
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development sites. Several of the projects were considered .
both for independent development and as elements of a system

plan.

The investigations and studies were preliminary in
nature. The suitability of sites was assessed on the basis
of surface indications only, supplemented in part by a limited
geophysical appraiszl. The full determination of the engi-

neering and economic feasibility of the projects would require

subsurface exploration at the sites by drilling and power-

marketing studies. Intensive research into the construction
and operation of structures under permafrost conditions would
have to be carried out. An expanded program for the collec-

tion of data on meteorology and runoff would be required.

3. The Report e

The report presents a diversion plan which would

. incorporate many of the potential storage and power sites in

the Porcupine, Peel and Rat River area into an integrated
hydro-electric power system. The proposed system of reser-
voirs and hydro-electric installations was designed to produce
maximum feasible utilization of the available flow and head

in the region. Several other combinations of storage and

' power sites were studied and are also outlined in the Treport.

»
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In addition, the report presents a non-diversion
plan. for developing the hydro-electric power potential of
the region, assuming no diversiqn of water to adjacent river

basins.

Elements included in the diversion and non-diversion
plans are listed in Tables 2 and 4, respectively, together

with summaries of estimated project costs and power outputs.

Although the scope of the investigations did not a
permit compilation of data essential to a complete and
detailed analysis of the many projects investigated, the
designs, estimates and power evaluations are in sufficient -

detail to provide a reasonable indication of the magnitude of

ﬁa

the hydro-electric power potential of the region and their

costs of power production.

/,

L, Organization of Studies

This repqrt was prepared under the general
administrative supervision of the Director of the Water
Resources Branch, Department of Northern Affairs and National
Resources. The investigations and studies were undertaken by
the British Columbia-Yukon District office under the direc-
tion of H.T. Ramsden, District Engineer. The work was carried

. out by the Rivers Investigation Section under the supervision
. of W.Q. Chin, P.Eng., with the assistance of A.L. Ellis and
A.G. Smith, |
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Examinatibﬂ and geological mapping of the damsites
was carried out by E.B. Owen, Geological Survey of Canada,

Department of Mines and Technical Surveys.

Spirit levelling and barometric surveys were carried
out along the Porcupiné, Peel, and Rat Rivers to establish
vertical controls for reservoir mapping. This work, together
with the compilation of maps of reservoir areas and diversion
routes by aerial photogrammétric methods, was undertaken by
the Topographical Survey Division, Surveys and Mapping Branch,

Department of Mines and Technical Surveys, Ottawa.

Special air photography was taken in the region to

supplement existing aerial coverage.

i
[
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SECTION 3 - DESCRIPTION OF THE REGION

l., Location and Extent

‘The region under consideration in this report is
shown on Plates 1 and 6. It covers some 53,000 square miles,
and includes the areas drained by the Porcupine, Peel, énd
Rat Rivers in Canada. Except for the Rat River basin and a
small pértion of the Peel River basin, both of which lie in
the Northwest Territories, the region is located mainly in
the northern part of the Yukon Territory. About 21,000 squars
miles or Lo% of the total area lies north of the Arctic Circle.

2. ‘Physiography

Ve

éeneral. The Porcupine, Peel,'and Rat River area
lies within the physiographic region known as the North
American Cordillera. (Plate 2.) Much of the area is an
intermontane region of uplands, plateaus and lowlands. Thel
divides and drainage‘pattern of the three river basins are

determined largely by the many mountain groups which encircle

~and pierce the region. On the north the British Mountains

fo?m the divide between the Arctic drainage and the Porcupine

' drainage. Along the southern limits of the region, the Ogilvie

and Selwyn Mountains form the divide between the Peel River
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system and the Yukon River system. To the east the Richardson
Mountains penetrate the region in a north-south direction for
200 miles to form part of the divide between the Porcupine

River basin and that of the Rat and Peel River basins.

An important feature of the divide along the Richard-
son Mountains is the'existence of two relatively low passes
which afford attractive possibilities for trans-basin diversion
of water. Eagle Pass, located on the divide between the Porcu-
pine and Peel Rivers, near the head of the Eagle River at
Paimer Lake, has an elevation of 1,260 feet. DMcDougall Pass,
located on the divide between thé Porcupine and Rat Rivers at
Sumnit Iake near the head of the Bell River, has an elevation
of about 1,040 feet.

| Glaciation and Permafrost. The western portion of
the region,'embracing the Porcupine River basin and the upper
reaches of the Peel River basin, has not been subjected to
glaciation exéept for local alpine type. DPleistocene glacia-
tion appeared to have terminated on the eastern slopes of the
Richardson Mountains. No glaciers and icefields now exist in
the region although the region is everywhere'underlain by

1

permafrost.

‘Seismic Activities. The region may be subject to

1

earthquakes, but little or no information is available on

seismic activities in this area. Most of the major damaging
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shocks, however, have occurred southwest of this region, in
Alaska along the Pacific-rim area of the Aleutian Islands and

the Alaska Range.

3. Streams

Porcupine River. The Porcupine River in Canada

drains an area of 23,500 square miles. The river rises in

the Ogilvie Mountains at an elevation of about 6,000 feet,

and follows a general northeasterly course in the Yukon Terri-
tory for about 230 miles to its jﬁnction with the Bell River.,
The'Porcupine River then confinues in a northwesterly and
westerly direction for a distance of 140 miles to enter Alaska
at the 1hlst west meridian. The bed of the river at the inter-
" national boundary is at an‘elevation of about 720 feet. In
Alaska the river flows in a southwesterly direction for about
175 miles to its junction with the Yukon River near Fort Yukcn.
The proposed Rampart Canyon project on the Yukon River in
Alaska would flood about 150 miles of the lower reach of ths
Porcupine River. The’main tributaries in the Canadian portion
of the basin are the Bell and 0ld Crow Rivers, which flow
directly into the Porcupine River, and the Eagle River, which

is trivbutary to the Bell River.

' During the high-water season, the Porcupine River

is navigable by shallow-draught boats up to and beyond the
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junction of the Bell River. Commercial navigation is carried
out on the lower reach of the river to supply the Indian '
settlement of 0ld Crow, Y.T. '

Peel River. The Peel River starts in the Yukon

Territory at the confluence of the Ogilvie and Blackstone
Rivers, and flows eastward for 120 miles to meet the Snake
River. It then continues in a northerly course for 147 miles

10 Port McPherson in the Northwest Territqries. At this point

- the Peel River has a drainage area of 28,600 square miles.

North of Fort lMcPherson, the Peel River flows through a many-
channel delta to join the Mackenzie River. The main stem of
the Peel River has a total drop of about 1,250 fegt from its
‘headwaters at the junction of the Ogilvie and Blackstone
Rivers to its mouth on the Mackenzie River. In addition to
the Ogilvie and Bléckstone Rivérs, Which rise in the Ogilvie
Mountains, the other principal tributafies of the Peel River
are the Wind and Bonnet Plume Rivers, which drain the Selwyn .
Mountains, and the Snake River, which has its headwaters in
both the Selwyn and Mackenzie Mountains. The Rat River,
together with many small streams, originates in the eastern
slopes of the Richardson Mountains to drain directly into the

Peel River.

In the high~water season, the Peel River is navi-
’gable by small river craft along the lower 230-mile reach of
the river up to the foot of Aberdeen Falls.
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Rat River. The Rat River, located in the Northwest
Territories, has its source in the Richardson Mountains and
flows eastward from McDougall Pass in a 75-mile course to join
the Peel River near Fort McPherson. The river has a dréinage
area of about 900 square miles, and a total fall of about
1,000 feet from McDougall Pass to its junction with the Peel

River.

L. Climate

The Porcupine, Peel, and Rat River area is charac-
terized by long, cold winters and relatively warm summers.

Much of the area is semi-arid. During the winter months pre-

e

cipitation falls mainly in the form of snow. In the éummer,
precipitation is of fhe light, showery type caused by the
northward exfension of low~preésure systems which produce
occasionaI,C1oudbursts. Precipitation varies widely through-
out the basin. The greatest preéipitation occurs in the
mountainous areas of the south and west where the low-pressure
systems moving inland from the North Pacific induce frequenf

frontal and orographic activities.

| One of the striking characteristics of the area,
in common with all regions of high latitude, is the varying
length of the period of daylight. During the months of May,

June, and July, there is almost continuous daylight. In the

i

4
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winter months the period of daylight is very short. In mid-

winter the sun does not rise above the horizon.

At present there are no meteorological stations
located in the region except for the station at TFort McPherson
on the eastern edge of the area. Intermittent climatological
observations were started at 01ld Créw, Y.T., in 1951, dut were
discontinued in 1956. ITocations of climatological stations

in areas adjacent to the region are shown on Plate 3.

5. Economic Development

The region ié still at a pioneer stage of develop-
ment without any road access at the present time. The popu-n
lation in the region is estimated to be less than 300 persons,
of which approximately 200 are located at the Indian settle-
ment of 014 Crow, Y.T., and the remainder at Fort McPherson,'
N.W.T. Most of the native population are self-employed in :
fishing, hunting, and trapping. The majority have no stable

year-round means of livelihood.

During recent years the region has heen the scene
of extensive explorations for oil and gas. Also considerable
interest and explorations have been centred on a vast iron

deposit in the Snake River area of the Peel River basin.
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SECTION 4 - WATER RESOURCES

l. Hydrometric Records

Colleétion of basic hydrologic data in the region
was initiated in recent years. A total of four gauging .
stations are presently in operation. Two gauging stations on
the Porcupine River, one near 01d Crow, Y.T., and the second
below the junctién of the Bell River, were established in the
summer of 1961 and the fall of 1963, respectively. The third
gauging station, on the Peel River about 10 miles upstream
from Aberdeen Palls, was established in the summer of 1961.
d - The fourth gauging station, located 6n the upper reach of
the Snake River;'was established in the fall of 1963 as a
result of the recent interest and activities connected with
the iron deposits of the ar;a. No gauging station was
established‘on the Rat River because of its small drainage
contribution to the region and because of the difficulthand
'high cost of access. .Locations of gauging stations in and.

adjacent to the region are shown on Plate L.

2+« Runoff Characteristics

Most of the winter precipitation is retained in the
?egion as snow. Consequently, a large .part of the annual

runoff occurs during the snowmelt period, which usually begins
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about mid-May and ends by about mid-June. Itvis estimated
that about 50% of the annual runoff occurs in the two-month
period of May and June. And, because of the relatively short
summers, about 90% of the annual runoff is concentrated into

the five-month period from May to September.

Runoff in the winter months is very low. 3Beginning
in late September, freezing weather quickly reduces runoff to
the point where streamflow is believed to be sustained mainly
by ground-water discharge. The extreme vériability of stream-
flow can be seen in the records of the‘Porcupine River at 014
Crow, Y.T., for 1964. A peak flow of 237,000 cfs was recorded
on june 14 of that year, which is 377 times the low winter
flow of 628 cfs recorded in the same year. (Plate 5.)

On the main streams the peak flow for the year
usually occurs within one or two weeks of breakup, with snow=-
meit providing the majdr'portion of the flood runoff. On the
smaller streams peak flow may reéult from heavy summer rain-
storms. Since most of the region is underlain with permafrost,
the infiltration losses are at a minimum, and runoff following
rainstorms is very rapid. This condition causes extreme
fluctuations in the summer hydrographs of streamflows. Pro-
longed rainstorms over a wide area can produce high flood
flows in the region at any time in the summer months. Con-
»versely, prolonged drought after the snowmelt period can pro-’

duce near-minimum flows in the summer months.
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3. Water Supply

Because of the short périod that gauging stations
have been in operation in the region, the records available
could not be taken as representative of the normal runoff
pattern in the area. From an examination of climatic records
of stations adjacent to the region, it would appear that
greater-than-normal precipitation occurred in the region in
the three years that streamflow recordé have been collected.
This condition undoubtediy generated greater-than-normal

runoff during the period.

In order to provide a longer and more representa-

- tive period'for power-output analysis, annual and monthly

volumes of flow at project sites were synthesized to cover
an eight-year period from 1955 to 1963. (See Plate 6 for

7/

location of projects.)

The'synthesized flows were derived from an

analysis of precipitation records and streamflow recérds‘

at stations 1ocated'in adjacent regions. First, isohyetal -
maps of annual precipitation were developed based on precipi-
tation data from climatological stations throughout Alaska,
Yukon Territory, and adjacent areas of the Northwest Terri-
tories. In developing the isohyetal maps for the region,
considerations were given to elevation of terrain and loca-

tion of storm paths to estimate possible frontal and oro-

graphic effects. Secondly, annual runoff was computed for
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“the drainage area contributing inflow to the Yukon River

between the stream-gauging stations at Eagle and Rampart.

(The Porcupine River basin in Canada contributes about 26%

of the total drainage area between the two gauging stations.)
Thirdly, correlation was made of the computed annual runoff
and the estimated annual precipitation for the area between
the gauging stations at Eagle and Rampar‘c° Finally, these
correlations, together wifh the isohyetal maps of precipita-
tion, provided the basis for estimating the ahnual runoff from

the various sub-areas for each of the eight years.

The preliminary studies indicated the following
average distribution of runoff from the region during the

eight-year period from 1955 to 1963. (See Table 1.)

ks
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i TABIE 1 - DISTRIBUTION OF RUNOFF
Estimated Runoff -~ 8-Year Average - 1955 to 1963
Drainage
Area October - April - May - September Average Water-Year
Basin
sq.mi. maf cfs inches maf cfs inches maf cfs inches
Porcupine River 22,500 | 0.7 |1,800| 0.6 8.1 | 27,000| 6.7 | 8.9 |12,300| 7.3
at Porcupine - ‘
Canyon Site
Porcupine River 13,900 0.5 {1,200 0.7 5.4 | 18,000 7.3 5.9 8,200 8.0
at Bell Site :
Peel River at 10,200 | 0.8 | 1,900 1.4 5,1 17,000 9.b 5.9 8,200} 10.8
Aberdeen
Falls Site
Recorded Runoff - 3-Year ..verage - 1961 to 1964
Porcupine River 20,900 0.6 | 1,400 0.5 10.8 36,000 9.7 |1ll.4 | 15,800 10.2

at 01d Crow,
Y.T.
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SECTION 5 - PLANS OF DEVELOPMENT

l. General

Storage is the key to power development on streams
with wide variations iﬁ natural flow, such as the‘Porcupine
and Peel Rivers. Storage on the Peel River would be expensive
to develop but, fortunately, attractive storage sites are
available along the Porcuﬁine River in Canada which could -
effectively control 1004 of the flow and would involve

development of only moderate-sized structures.

Moreover, thelnatural topographic features of the
region lend'themseives to diversion developments which could
utilize, on the Rat River in Canada, a greater total head than
would be possible on the natural rivér courses of the Porcupine

and Peel Rivers themselves.

Because of these'possibilitiés, the investigations
that were carried out to evaluate the hydro-electric power
potential of the region considered“two general plans of
development: a diversion plan, in which Porcupine and Peél
River water would be diverted for development of power on the
Rat River; and a non-diversion plan, in which the water‘éf
the Porcupine and Peel Rivers wpuld be utilized within their

own basins, without any portion diverted elsewhere.
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The locations of the projects included in both the
diversion and non-diversion plans are shown on Plate 6.
Details of the various plans are discussed in the ensuing

paragraphs. -

2. Basic Assumptions

Site Seléction and Project Tayouts. In the selec~-

tion of sites for structures, areas with considerable thick-
ness of permanéntly frozen overburden were to be avoided where
possible. Bedrock foundations were to be considered essential
for powerhouse, spillways, concrete dams, as well as earth or
rockfill dams of any appréciable height. Where earth or rock-.
fill dams had to be founded on permanently frozen overburden,
only low-head structures would be considered and special treaf~
ment would be provided to ensure safety of the structures.

Such treatment might consist of either controlled thawing and

consolidation prior to cohstruction, or complete prevention of

thawing by insulation, or even the use of mechanical refrigera-

tion.

Water Supply and Storage Requirements. There are

possibilities for the development of reservoirs of enormous

capacities at the Bell and the Porcupine Canyon sites on the

" Porcupine River. The storage capacity that could be provided'
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economically is governed by the amount of water available for
f£illing the reservoirs. In order to obtain conservative esti-
mates of the water supply and storage requirements, the
following assumptions were made: '

(a) even with the enormous storage capacity available
at several of the reservoir sites for 100% regula-
tion of river flows, the firm regulated flows used
tor power-output computation not to exceed 99% of
the estimated average flows at the project sites
after deducting evaporation losses from reservoirs;

(b) storage requirements to produce firm regulated flow
to be increased by a 20% factor to insure against

the possible occurrence of a drier cycle than that
used in the studies. : ‘

Power. 1In selecting the size of power installations
for plant designs andvcost estimates, a plant factor of 65%
was used throughout the studies, as was done in earlier
reports, in ordef\to evaluate all the projects on the same
basis. The piant factor is baséd‘on an assumed 75% load
factor and a 10% reserve capacity. In computing power outputs,

overall plant efficiencies of 8?% were assumed.

Cost. The estimates of construction costs were
escalated from 1964 price levels in the Pacific Northwest to .
reflect the higher costs of construction in this remote
northern region of the Yukon and Northwest Territories.
Although located far from existing highway routes, the major
potential power sites would be accessible by river routes. .

While restricted to a four-month period during the summer,

Ca -
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the rivers would offer a means of moving bulky materials to
the sites during open-water season at less cost than by other
transportation. Such access was taken into consideration in

. the cost estimates.,

'In deriving annual costs,~an interest rate of 5%
and an amortization period of 50 years were assumed. Annual
operation, maintenance and interim replacement charges wers

included.

Sequence of Development. The present studies are

basically an inventory of the majof possibilities for hydro-
eléctric power developﬁent in the region. The timing of con-
struction of the elements in each of the plans studied would
depend upon the demand for energy and the rate at which the
demand growé. Such a market study is not available and
clearly beyond the scope gf this report. However, a sequence
of staged development is ﬁresented in the studies to pfovide
an indication of the contribution that each prgject would add
to a system on an incremental basis. In determining the uhit
cost of power production, it was assumed that all the firm

energy that could be produced by the projects would be salable,

3. Diversion Plan

The diversion plan, at ultimate development, would

consist of five major projects, two of which would be located
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on the Porcupine River for storage and diversion purposes,

two located on the Rat River for the devglopment of head for
power generation, and one located on the Peel River for diver-
s}on‘only. These projects are listed below, and their loca-
tions are shown on Plate 6. Profiles of the system are shown
on Plate 7. Other pertinent data are summarized on Tables 2

and 3.

Porcupihe River

diversion, pumping, storage,
and peaking development

Bell-McDougall Project

Porcupine Canyon Project - diversion and s%orage

development
f§ Rat River
1 Fish Creek Project - run-of-river power development
Rat Canyon Projéct - run-of-river power development
Peel River ‘
Aberdeen Falls Project - diversion development
The total active storage capacity of the system would
be 13.3 million acre-feet. The development would involve an
average annual diversion of 10,400 c¢fs from the Porcupine River
and 7,200 cfs from the Peel River, to provide a total regulated
flow of 17,600 cfs for power géneration at the Rat River plants.
With a total installed capacity of two million kw, the system
n would be capable of producing a net output of about 10.2 billion
. !

kwh of firm energy annually, equivalent to an average delivery
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rate of 1.1 million kw., At a load factor of 75%9 the firm-
power capability of the system would be about 1.5 million kw.

The total capital cost of the projects, at 1964
price leévels, was estimated to be about $996,000,000. The
average cost of fi:m-energy production with full development

would be about 5.§ mills per kwh at site.

The development of the diversion plan could be
accomplished bj stages. The five stages in the proposed
sequenée_of development are outlined below, followed by a

short description of each project.

&

Stage 1 - Construction of Beli Storage and Power Proiject

The first stage would consist of the development of
a storage and power project at the Bell site on the Porcupine
River about 12 miles downstream from the mouth of the Bell
River. Provisions would be made in the design of this project

© for enlargement to facilitate future diversion developments.

Reversible pump-turbines would be installed to be used initially
for power generation and, at later stages, for diversion pumping
and peaking purposes. The estimated capital cost of the first-
stage project is about $95,000,000, of which about $13,000,000

represents sunk cost for future expansion,

With 5.6 miilion acre-feet of active storage for

cyclical regulation, an average firm—powgr draft of 7,100 cfs
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would be available at the project. Operating under an average
head of 132 feet, the project could generate about 67,000 kw
of prime power, or the equivalent of 590 million kwh of firm
energy annually, at an estimated average cost of about 9.7

mills per kwh at site.

Stage 2 - Construction of Bell-McDougall Storage and
Diversion Project

and Rat Canyon Power Project

This phase would constitute the beginning of diver-
sion development. The Bell project would now be raised in
height to develop, in conjunction with a dam oﬁ the divide at
the McDougall Pass site, a reservoir for storage and diversion.
Water from the Porcupine River would be released through regu-
lating works at the McDougall Pass structure to supply a power-
plant at the Rat Canyon site on the Rat River about 23 miles
downstream,from the divide. During this stage, the power
installations at the Bell project would be relegated temporarily

for use as a peaking and reserve plant.

With a larger surface area on the rese;voir, and
consequent greater evaporation losses, the estimated firm-
power draft available from the Porcupine River would be reduced
from 7,100 cfs in the first stage to 6,900 cfs at the second
stage. The water would.be utilized at the Rat Canyon project

by an underground powerhouse, in conjunction with a system of

tunnels, to develop a gross head of about 770 feet. The
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project could genefate about 390,000 kw of prime power, or the
equivalent of 3.4 billion kwh of firm energy annually. At the
second phase of development, the average system cost of energy

production is estimated to be about 5.6 mills per kwh at site.

Stage 3 - Construction of Porcupine Canyon Storage and
Diversion Project

The third phase of development would consist of
increasing the water supply t0 the Rat Canyon powerplant.
This would be accomplished by constructing a second reservoir
on the Porcupine River. A dam on the Porcupine Canyon site,
located about eight miles upstream from the international
boundary, would create a pool extending upstream to the toe of
the Bell project. This reservoir would regulate the inflow to
the Porcupine River between the Bell site and the Porcupine
Canyon si?e. The installation at the Bell project‘would now
be activated és a pumping plant to carry an average regulated
flow of 3,500 cfs from the Porcupine Canyon reservoir, over
the Bell site dam, and into the Bell-McDougall reservoir, gt
an average lift of about 140 feet.

With an average flow of 3,500 cfs obtained by pumping
from the Porcupine‘Canyon reservoir, and 6,900 cfs available
from inflow‘to the Bell~McDougall reservoir, a total regulated
flow of 10,400 cfs would be supplied to the Rat Canyon power-
plant. Additional generating facilities would‘be installed
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in the underground station at the Rat Canyon project to utilize

the increased flow.

At the third phase of development, the Rat Canyon
project could generate about 570,000 kw of prime power or ths
equivalent of 5.0 billion kwh of firm energy annually. Of

‘this, about 460 million kwh of energy annually would be used

to satisfy the pumping requirements of the Bell pumping plant.
The average system cosﬁ of producing a net output of 4.5 billion
kwh annually at the third stage is estimated to be about 505
mills per kwh at site.

Stage L4 - Construction of Fish Creek Power Project

The fourth phase would complete the development of
all the available head on the Rat River. The Fish Creek site,
located about eight miles downstream from the divide, would be
utilized to develop the remaining head of 192 feet upstream of
the Rat Canyon pool. TUsing a system of tunnels in conjunction
with an underground powerhouse, the Fish Creek project would
make possible the production of an additional 138,000 kw of
prime powef. It would bring the total estimated net output
of the system, after deducting for pumpihg requirements, to
656,000 kw of prime power, or the equivalent of 5.7 billion kwh
of firm energy.annually. At the fourth stage, the estimated
tverage system cost of firm-energy production is about 5.7

mills per kwh at site.
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Stage 5 - Construction of Aberdeen Falls Diversion Proiject

The fifth and ultimate stage of development would
consist of increasing the water supply to the Fish Creek and
Rat Canyon powerplants by the addition of water from the Peel
River. A 560-foot-high dam on the Peel River at Aberdeen Falls
woﬁld divert the unregulated flow of the Peel River écross the
divide at Eagle Pass into the Bell-McDougall reservoir, follow-
ing the valley.of the Eagle River.

The active storage capacity of the Bell-McDougall
reservoir would be increased from 5.4 million acre-feet to 8.6
million acre-~feet to accommodate an average unregulated inflow

of 7,200 cfs diverted from the Peel River.

A total regulated flow of 17,600 cfs would then be
supplied to the Rat River powerplants. To utilize the aug-
mented flow, additionai genérating facilities would be installed
at both the Fish Creek and Rat Canyon projects. The ultimate
system would then be capable of‘prodﬁcing a net output of about
1.1 million kw of érime power, or the equivalent of 10.0
billion kwh of firm energy amnually. The average cost of firm-
energy production at'full development is estimated to be about

5.9 mills per kwh at site.

Bell Project. The Bell site is located on the Porcu-~

ﬁine River about 12 miles downstream from the mouth of the .

Bell River. The project would be a combined storage and power
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development. This project was selected as the first step in
the development program principally because of its strategilc
location as the key project in the proposed diversion plan.
However, the project would be a logical first choice from
other considerations such as cost of initial development,

length of time of construction, and>quantity of power made

~available. The first project would have to stand alone for

some time as an independent power producer until increased

power demand would warrant system expansion.

The projecf would be constructed initially to a
ful}—pool elevation of 1,030 feet, allowing about 10 fegt of
freeboard on the divide at McDougall Pass., In the event of
a major flood, the féss would serve as an emergency floodway.
About 5.6 million acre-feet of active storage would be
developed for cyclical regulation to provide an average firm-
power draft of 7,100 cfs. Reversible pump-turbines would Ve
installed, to be used’initially for power generation with a
total rated capacity of 107,000 kw and, at later stages, for
diversion pumping with a total pumping capability of 8,000 cfs
under 145 feet of pumping head. Throughout the later stages,
the installations would also be available for peaking and

reserve capacity.

A concrete-gravity structure about 180 feet high,
'with a crest length of 1,250 feet, was used in the preliminary

cost estimates for the project. FProvisions would be made in
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the design for future enlargement to accommodate a higher pool
elevation in connection with diversion developments. At the
full-pool elevation of 1;030 feet, the reservoir would inundate
about 300,000 acres of virgin territory. The flooding would

affect some land on which oil and gas-exploration leases sre

- held. The estimated capital cost of the project is $95,000,000,

of which $13,000,000 represents sunk costs for future expansion.

Bell-McDougall Project. The Bell-McDougall project

would be essentially an enlargement of the Bell project that
has been previously described. The dam at the Bell site,
together with a dam at the McDougall Pass site 6n the divide
between the Porcupine River basin and the Rat River‘basin9
wéuld create a huge reservoir for both storage and diversion.
Control works would be loéated at the McDougall Pass structure
to provide(regulated releases to thé Rat River powerpiantsa
Assuming staged development, the reversible pump-turbines
installed at the Bell project would serve eventually as a
punmping plant to 1lift water ffom the Porcupine Canyon storagg
and diversion development into the Bell-McDougall reservoixr,
and would also.be available for peaking and reserve capacity

at all stages.

The elevation of the proposed pool and the volums of
active storage required would depend on the stage of develop=-
ment considered. In the early stages, before Peel Rivér

diversion, a normal full-pool elevation of 1,063 feet with
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13 feet of drawdown would provide an active storage of 5.k
million acre-feet, sufficient for complete cyclical regulation
of the inflow to the Porcupine River above the Bell site.
Whereas, with the addition of Peel River water, 8.6 million
acre-feet would be required at the Bell-McDougall reservoir
for cyclical regulatién. To provide for the eventual use of:
a greater amount of active storage, the studies assumed that
the containing structures forming the Bell-McDougall reservoir
would be constructed initially with at least 22 feet of free-
board. Therefore; to increase the active storage from 5.4 to
8.6 million‘acre—feet would simply involve the raising of the

normal operating full-pool level from 1,063 to 1,070 feet,

.providing a reduced freeboard of at least 15 feet., At 1,070
feet the reservoir would flood about 472,000 acres of uninhabited

wilderness and would involve additional land on which oil and

gas-~exploration leases are held.

The structure at the McDougall Pass site would be a
rockfill dam sbme 88 feetkhigh and 2,600 feet long at the
crest. The dam would be constructed across the east end of -
Summit Lake, where it is assumed that overburden underlying
'the léke is presently unfrozen and would permit conventional
type of rockfill construction. Control works would be located
in the rock abutment of the north bank. The capital cost of
the structure is estimated at $l9,700,000,

s
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The capital cost of the additions to the first-siage
Bell project, which would involve raising the structure by
about 30 feet and modifications to the spillway, is estimated
at $17,300,000. The combined capital costs of the additions
to the Bell project and the control structure at lcDougall
Pass would be $37,006,000. (Plates 15 to 21 inclusive.)

Porcupine Canyon Project. The Porcupine Canyon site

is located on the Porcupine River aboﬁt eight miles upstream
from the international boundary. The project would be
developed for storage and diversion. The inflow to the Porcu-
pine River below the Bell site would be regulated in the
Porcupine Canyon reservbir tb be pumped more or less at a
uniform rate into the Bell-McDougéll reservoir for diversion

into the Rat River.

An‘active storag; volume of 4,8 million acre-feet
would be used for cyclical regulation to divert an average
flow of 3,500 cfs. At both the normal full-pool level of
928 feet and the minimum level of 900 feet, the reservoir - {
would be backed up to the Bell site, where the pumphouse

and appurtenant works would be located.

While either a concrete or rockfill structure

could be used at the Porcupine Canyon site, for the purpose

.0f this report the estimates were based on a concrete-gravity

structure about 270 feet high with a crest length of 1,050 feet.
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The reservoir would flood about 200,000 acres including the
Indian community of 0ld Crow, Y.T., and some land on which

oil and gas-exploration leases are held. The capital cost of
the project, excluding the pumping facilities at the Bell pro-
ject, is estimated to be about $69,000,000. (Plates 22, 23,

“and 24.)

Rat Canyon Project. The Rat Canyon site is located

on the Rat River in the Northwest Territorigs, about 23 miles
downstream from the divide at McDougall Pass. The project
would be constructed as a run-of-river plant for power genera-
tion, utilizing’water diverted from the Porcupine and Peel

Rivers.

A rockfill dam about 330 feet high with a crest
length of abdut 980 feet would develop the site to its physi-
cal limit, with the pool elevation set at 850 feet.

Power would be generated in an underground power-
housé'of the Swedish type and would involve tailrace tunnels
about seven miles long. The project would develop a gross |
head of about 770 feet with the tailrace tunnels discharging '

into the lower reach of the Rat River at an elevation of

about 80 feet.

_ Construction of the power facilities would be phased
so that at each stage sufficient plant capacity-would be

installed to accommodate the available firm regulated flow.
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In the initial phase of development, with an installed capacity
of 600,000 kw, the estimated capital cost of the project is
$188,000,000. The cumulative capital cost of the project at
ultimate development, with a total installed capacity of
1,500,000 kw, would amount to an estimated $328,000,000,
(Plates 25 to 28 inclusive.)

Fish Creek Project. The Fish Creek site is located

on the Rat River immediately below the mouth of Fish Creek
and about eight miles downstream from the divide at McDougall
Pass. The project would be a run-of-river power development,

utilizing water diverted from the Porcupine and Peel Rivers.

An earthfill dam about 120 feet high with a crest
length of 4,500 feet would create a pool with a’sﬁrface eleva-
tion of 1,042 feet, backing up to the toe of the control dam
at McDougall Pass. The dam %ould be founded, in part, on
permanently frozen overburden, and would requiré special ]

engineering studies to determine the best treatment to ensure

the safety of the structure.

Power would be generated in an underground power-
house to develop, in one step, the entire head of 192 feet
between the pool elevation of 1,042 feet at the Fish Creek
project and the pool elevation of 850 feet at the Rat Canyon

sproject downstream. Water would be delivered to the under- |

ground powerhouse through supply tunnels about three miles
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long, and would be discharged into the Rat Canyon pool through

tailrace tunnels about one-half mile long.

Construction of the power facilities would be phased
so that at each stage sufficient plant capacity would bg '
installed to accommodate the available firm regulated flow.

In the initial phase of development, with an installed capa-
city of 234,000 kw, the estimated capital cost of the project
is $129,000,000., The cumulative capital cost of the project
at ultimate development, with a total installed capacity of
389,000 kw, would amount to an estimated $197,000,000. .
(Plates 29, 30, and 31.)

Aberdeen Falls Project. The Aberdeen Falls site is

located on the Peel River about 13 miles upstreém from the
mouth of tﬁe Wind River. 1n the diversion plan, the Aberdeen
Palls project would be used principally as a diversion struc-
ture. No power installations and no regulatory storage,
except for flood-surcharge purposes, would be developed at

the projectQ

A 560~-foot-high dam at the Aberdeen Falls site would
raise the water level of the Peel River to a minimum elevation
of 1,260 feet to permit thé flow to be diverted over the divide
at Eagle Pass into the Bell-McDougall reservoir, following the

ywalley of the Eagle River. Cyclical storage would be provided
at the Bell-lMcDougall reservoir for regulating the inflow from

the Peel River for release to the Rat River powerplants.
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While either a concrete or a rockfill structure could
be considered for this site, for the purpose of this report a
rockfill dam was used in the preliminary layout. The estimated
capital cost of the project is $270,000,000. (Plates 32, 33,
and 34.) '

L, Alternative Diversion Plans Examined

Many alternatives are available in planning the
diversion system to utilize the water resources of the region
for hydré-electric power development. The reservoirs and dams
required for streamflow regulation, diversion, and p;wer
generation may be developed by projects at several alternative
locations., Dams of different heights are possible at some
sites, which would provide greatly different reservoir capa- °
cities and head utilization, and would resulé in additional

alternatives. Several of'the combinations of storage and

power sites that were examined are outlined in the following

paragraphs.

Porcupine Canyon-McDougall Reservoir. The means of

regulating and diverting the flow of the Porcupine River in
Canada to powerplants on the Rat River could be accomplished
by a dam at the Porcupine Canyon site together with a control .
gtructure at the McDougall site. At a full-pool elevation of

1,055 feet, the reservoir would have a total storage capacity

of some 150,000,000 acre-~feet.

&
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Preliminary studies have shown that such a largs
reservoir would be impractical. It would take‘the entire
flow of the Porcupine River in Canadadbout 15 years to fill
the reservoir before diversion could be accomplished. During
this long filling period, the system would not be able to
provide any financial returns to offset annual charges against

the structures.

Bell~FPish Creek Reservoir. This reservoir could bhe

developed for storage to serve the same purpose as the Bell-
McDougall reservoir in the selected plan of diversion develop-
ment. However, the control structure located at the Fish
Creek site would incorpérate a plant for power generation
incidental to the discharge of stored water down the Rat River,
The total average generating head in a system containing the
Bell-~Fish Creek project wouié be about 20 feet greater than
that of thé selected plan.

Preference was given in the selected plan to a pro-
ject at the McDougall site for two reasons. First, a dam at
the McDougall site would be much lower in cost than an initial
project at the Fish Creek site and, consequently, would be
more adapfable to staged development. Secondly, although the
Bell-Fish Creek proposal would provide for slightly greater
total-head utilization, the increase in head would be developed
at the expense of a higher dam at the Fish Creek site. And,

since part of the structure would be founded on permanently
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frozen overburden, a higher dam would add to the difficulties
in foundation preparation and permafrost control. Therefore,
in the selected plan of development, a lower dam was proposed
for the Fish Creek site as a run-of-river power project at a

subsequent and more opportune stage of development,

Alternative Run of River Projects on the Rat River.

A total of seven sites were examined on the Rat River; namely,
Fish Creek site, Bear Creek site, Horn Lake site, Rat Canyon
site, Barrier site, Longstick site, and Delta site, listed in

downstream order,

The 960 feet of head available on the Rat River,
froﬁ an elevation of 1,040 feet at the divide to the water
level of 80 feet at the lowest site on the Rat River, could
be developed using a comblnation of some or all of the above-
mentioned sites. However, only at the Rat Ganyon site is bed-
rock believed to be available throughout the site area at
relatively shallow depth. At all other sites, rock is availQ
able on the abutments for control works and powerplants, but
bedrock in the valley is believed tovbe buried beneath con-
siderable depth of overburden. Much of the ovérburden is in
a permanently frozen state which would require costly treat-

ment in the construction of dams.

’ Consideration was given to the use of a series of

low-head, run-of-river projects at the Fish Creek, Bear Creek,
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and Horn Lake sites. Studies and cost estimates were carried
out for projects at these sites, based on the use of earthfill
dams with upstream insulation and other special treatment to
prevent thawing of the foundation and to maintain a high level
of permafrost table under the dam. But, in viéw of the fact
that very little precedent and experience are ~vailable for
construction of dams on permanently frozen overburden, the
selected plan proposed in this report has reduced as much as

possible the need to locate dams on such foundations.

5. Non-Diversion Plans )

Without diversion, the studies of the hydro-electric (™

power potential of the region were confined to projects on the
Porcupine and Peel Rivers. Sites on the Rat River would not
warrant consideration because of small water supply and lack

of storage possibilities.

- The proposed plans for non-diversion development of
the Porcupine and Peel Rivers are outlined below. Locations
of projects are shown on Plate 6, and profiles of proposgd
plans of development are shown on Plate 13. Other pertinent

data are summarized on Tables 4 and 5.

Porcupine River System. Two alternative programs

1]

were open for consideration: first, development utilizing,

as a unit, a 170-foot-high dam at the Bell site, and a
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TABLE 4
SUMMARY OF COST AND OUTPUT DATA
[a]
IESTIMATED CAPITAL] ESTIMATED ANNUAL g:_‘_‘ AVERAGE ANNUAL FIRM ENERGY AT - SITE
cosT cosT <z | HK OUTPUT POWER COST
DEVELOPMENT LOCATION PURPOSE w2 I
INCREMENT | CUMULATIVE | INCREMENT | CUMULATIVE | 8 INCREMENT CUMULATIVE INCRE. CuM.
[+ 4
3 $ $ % chs | kwrcks | mw-vr | kwrio® | Mw-vR | kwrio® | miLsacown | MuLsaom
PORCUPINE RIVER SYSTEM
Beti Site Project Porcupine River [Storage And Power Generation] 82,345,000| 82,345,000] 5,082,000 5,082,000 7,100 89.78 €9.4 608 69.4 608 8.4 8.4
Porcupine Conyon Project Porcupine River [Storage And Power Gansrotion] 96,863,000{179,208,000} 6,024,000} 11,106,000 10,300 10.22 105.3 922 174.7 1,530 6.5 7.3
PEEL RIVER  SYSTEM
Aberdesn Folis Project Peel River L'orago And Power Generation [204,6856,000{204,856,000{12,148,000{ 12,148,000 7,200 26.29 189.3 1,658 189.3 1,658 1.3 ., 7.3
t
. %
Boanet Plume Project Psel River Power Generation 86,275,000i291,131,000f 5,298,000! 17,446,000 7,200 17.04 i22.7 1,078 312.0 2,733 4.9 ) 6.4
}

A70:3390

A-2L3 Gk
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TABLE 5
PROJECT DATA FOR NON-DIVERSION PLANS
POOL AVERAGE STORAGE HEAD HYDRAULIC
TAIL- No. CAPABILITYNOMINAL
PROJECT STREAM MAX. | MIN. JWATER TOTAL USABLE MAX.! MIN., |RATED]| OF |[GENERATORS| PLANT AT PRIME
ELEV. |ELEV.] ELEV, UNITSJUNIT RATING] CAPACITY |RATED HEADI OUTPUT
Feet | Feet Feet |Acre Feet|Acre Feetl Feet | Feet Feet K.V.A K.W C.F.S M. W
PORCUPINE RIVER SYSTEM
Beli Porcupine 1,030 | 1,008] 890 15,052,000| 5,652,000 140 118 134 3 40,500 114,000 12,600 69.4 1
W
-.Q
o’
Porcupine Canyon Porcupine 890 856 740 6,973,000 3,538,000 150 116 136 4 49,500 188,000 20,300 105.3 !
1 i
PEEL RIVER SYSTEM
Aberdeen Falls Peal 1,140 1,010} 740 3,323,000 2,913,000 | 400 270 353 4 118,000 448,000 18,500 189.3
Benner Plume Pes T4 g:c 230 zze z $%,20C 58,000 200 0 .zz.
| t
| ;
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200-foot-high dam at the Porcupine Canyon site, which together
would provide for complete regulation of the river; and, R
secondly, development of the éntire reach in a single step
utilizing a dam some 340 feet high at the Porcupine Canyon

site.

A high Porcupine Canyon project would permit greater

use of the'water resources, since the entire runoff in the
Pofcupiné River basin in Canada wéuld flow 6ver the héad -
created at this project. On the other hand, the pool created
by this project would have a surface area of some 2,700 square
miles, from which evaporation losses would just about nullify
any'head advantage it would have over the Bell-Porcupine T

Canyon combination. Tentative studies indicated a net gain

" in prime-power output of 1éss than 20 mw with the use of a

high Porcupine Canyon project instead of the two lower

projects., -

In a final analysis, the over-riding consideration
would be to select a system which could be developed in stages
to meet the growth in load demand, and at the same time, woﬁld
keep the initial capital costs and construction period to a
minimum. The studies indicated that these objectives could
best be met by selecting the Bell project for initial develop-
ment, followed by a low Porcupine Canyon project. Consequent1§:"Mm

»8uch a system was used in the present report to permit a more’

realistic appraisal of power output and costs.
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The total active storage capacity in the Bell-
Porcupine Canyon system would be 9 million acre-feet. With a
total installed capacity of 300,000 kw, the system would be
capable of generating about 174,000 kw of prime power, or the
equivalent of 1.5 billion kwh of firm energy annually. The
average system cost of energy production is estimated to be

about 7.3 mills per kwh at site.

Stage 1 - Bell Project, a combined storage and
power development

The project would be constructed to a full-pool
elevation of 1,030 féet to provide 5.6 million acre-feet of
active storage. With a firm-power draft of 7,100 cfs, and
operating under an average head of 132 feet, the project would
be capable of generating about 69,000 kw of prime ﬁower; or
the equivalent of 608 million kwh of firm energy annually.
With an installed capacity of 110,000 kw, the capital cost of
the project is estimated to be $82,000,000. The average cost
of firm-energy production in this initial stage of development

would be about 8.4 mills per kwh at site.

Stage 2 ~ Porcupine Canyon Project, a combined storage and
power development

The project would be developed to a full-pool eleva=
tion of 890 feet so as not to encroach on the tailwater of the

Bell project upstream. Regulation at the Bell project,
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together with 3.4 million acre-feet of active storage at the
Porcupine Canyon reservoir, would make available a firm regu-
lated flow of 10,300 cfs for power generation. With an
installed capacity of 190,000 kw operating under an average
head of 138 feet, the project would be capable of generating
about 105,000 kw of prime power, or the equivalent of 922
million kwh of firm energy annually.' The capital cost of the
project is estimated to be $97,000,000. The cost of firmw
energy production for the Stage 2 increment would be about
6.6 mills per xwh at site. The average system generation
cost, therefore, would bé about 7.3 mills per kwh at site.

Peel River System. Three sites were examined on

the Peel River which could be used to develop the hydro=-
electric power potential of the river. At all three sites,
the river flows through narrow rock-lined gorges where bedrock
is believed to occur in the riverbed at relatively shallow
depths. These sites are listed below in downstream order,
and their locations indicated on Plate 6.

Aberdeen Falls site - possible development as a combined

storage and power project

Wind River site - possible development as a run-of-
: river power project

Bonnet Plume site - possible development as a run-of-
river power project . -
Storage capacity on the Peel River would be expen—ﬂ

sive to develop because of steep river gradients and generally
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PEEL RIVER SITES

WIND RIVER SITE
LOOKING TOWARDS LEFT ABUTMENT

BONNET PLUME SITE
" LOOKING DOWNSTREAM
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narrow valleys. Favourable topography for construction of a
high dam on the Peel River to create appreciable storage
volume for streamflow regulation is found only at the Aberdeen
Palls site. However, below the Aberdeen Falls site, the Wind
and Bonnet Plume Rivers, with a combined drainage area of some
9,000 square miles, would contribute substantial inflow to the
Peel River. Unfortunately, downstream projects at either the
Wind River or the Bonnet Plume sites would not. develop any
significant amount of storage to cont?ol the highly fluctuatf
ing inflow from these tributaries. Conseéuently, ih order to
make the most efféctive use of tﬁe available water supply, a
storaée development at fhe Aberdeen Falls project would have

to-be large enough to firm up generation at these downstream’

plants.,

In view of the fact that hydrologic data is not
presently available for the area contributory to the Wind and
Bonnet Plume Rivers, no attempt was made to estimate the

capabilities of projecfs on the Peel River in system operation.

From the abové discussion, it is obvious that the.
initial step in the develdpment of hydro-electric power on the
Peel River would have‘to be a combined storage and power pro-
Ject at the Aberdeen Falls site. The economic height for the

project is not so apparent. As an initial project, the struc-

. ture would have to stand alone for some time asAan independent

power producer. Thg economics and costs of initial &evelopment
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would depend on conditions of operation and the load demand

which, in turn, would determine what amount of storage and

head should be utilized.

(a) Aberdeen Falls Progect. For the purpose of this

report, the study of the Aberdeen Falls project was based on
the arbitrary use of the top one-third of the reservoir for
streamflow regulation to provide a firm regulated flow equiva-
lent to 90% of the estimated mean flow of the river at the
project site. ‘

At a full—pool 1evel of 1,140 feet, the top one=-
thlrd of the reservoir would contaln 2,900,000 acre-feet of
usable storage. This amount of storage would be adequate for
cyclic regulation to yield an average firm reguiated'flow of
about 7,200 cfs. At an.average head of 355 feet, the project
would be capable of generating 190,000 kw of prime power, ox
the equivalent-of about 1.7 billion kwh of firm energy annually.,

While-eithef a concrete or rockfill structure could
be developed at the Aberdeen Falls site, in this study the
estimate was based on a concrete-gravity structure about 415
feet high. With an installed capacity of 450,000 kw, the
capital cost of the project would be about $205,000,000° The
average Qoét of firm-energ& production is estimated to be

about 7.3 mills per kwh at site.
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(b) Bonnet Plume Project. A study was made of the

Bonnet Plume project to develop in one step a gross head of
230 feet, backing water up to the tailwater of the Aberdeen
Falls project. This study was based entirely on regulated
releases from an upstream project at Aberdeen Falls. No pro-
visions were made in the estimates for the utilization of
uncontrolled inflow from the Wind and Bonnet Plume Rivers.
Such an estimate was made at this time merely to obtain a

rough approximation of the capabilities of the site.

A concrefe—gravity structure‘about 270 feet high
would create a pool with a surface elevation of 740 feet.
Opefating'as a run-of-river plant with an average regulated
flow of 7,200 cfs, the Bonnet Pluﬁe project would be capable
of generating 122,000 kw of prime power, or the'equivalent of
1.1 billion kwh of fiim energy annually. The total installed
capacity of the projeét woﬁld be 198,000 kw and the estimated
capitél cost of the project is $86,000,000. The average cost
of firm energy from the Bonnet Plume increment would be about
5 mills per kwh at site. The average system generation cost
including the Aberdeen Falls project would be about 6% mills
per kwh at site. | \ ‘

It is possible by system'operation to increase the

power butput of the Bonnet Plume project through the use of

’,.storage and power generation at the Aberdeen Falls project to

firm up generation from the uncontrolled inflows of the Wind
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and Bonnet Plume Rivers. Alternatively, it might be more
advantageous to provide electrical co~ordination with a system
on the Porcupine River, utilizing the vast and relatively
cheap storage available in that basin for firming purposes.
However, such considerations have not received detailed

study in this report.

6. Comparison of Plans

Poroﬁpine River System. The development of the

water resources'of the Porcupine River by diversion to the

Rat ﬁiver would result in almost a four-fold increase in
annual firm-energy output over the non-diversion‘blan. In

the absence of diversibn, the projects on the Porcupine Riﬁer
in Canada would be capable qf generating about 1.5 billion kwh
of firm energy annually; ana, with diversion, the water from
the Porcupine River basin in Canada could be utilized by pro-
jects on the Rat River to develop about 5.7 billion kwh of
firm energy‘annually.

s

Peel River System. Under the diversion plan, the

Peel River would be added only at the ultimate s?age of the
prdgram after complete develbpment of the Porcupine~Rat River
system. It would not be worth while diverting Peel River flow
éntil the water coulq be used through the entire head developed
on the Rat River. | s |

.
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On the other hand, early development of the Peel
River system in a non-diversion plan would present a problem.

of providing a project small enough to match up with initial

- market requirements. The regime of the river and the topo-

graphy of the basin are such that the necessary storage could
be obtained only by the construction of a large structure at

the Aberdeen Falls site.

At the presént stage of the studies, it is not
possihle to indicate which plan of development, diversion orxr
non-diversion, would accomplish greater utilization of the

water resources of the Peel River basin. Certainly, water

| diverted to the Rat River would be utilized over a greater.

head than that possible of development on the Peel River
itself. Such diversion, howeVer,vwould reduce appreciably
the volume of flow on the geel River at the Wind and Bonnet
Plume sites and would,'accbrdingly, reduce the usefulness of

these sites'for power development. In view of the large

inflow from the Wind and Bonnet Plﬁme Rivers, it is conceiv-

able that, by electrical co-ordination with other power

sources for firming purposes, a non-diversion system on the

‘Peel River could prbduce as much power as by diversion

deveiopment. Further studies would be required to provide a

more definitive appreciation of such a proposal.

P
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SECTION 6 - DISCUSSIONS

The results of investigations and studies of the‘
hydro-electric power potential of fhe Porcupine, Peel, and
Rat River region undertaken for this report have been pre-=
sented in the way of an inventory to indicate thekpossibilim
ties available for development when needed. No attempt was
made to deal with such aspects as the potential market for
hydro-electric power generated in the region, power trang-
mission, and the economics of water power versus thermal
power. Although detailed considerations of such factors are
beyonﬁ the scope Qf the present investigation, a general dis-

{ , cussion of these factors would be appropriate to found out the

- I

study.

l. Potential Market

No significanf development has taken nlace in the
region to date which would present a potential market for a
siéable block of power. Power requirements at nearby settle-
ments of 0ld Crow, Y.T., and Fort McPherson, Aklavik, and
Inuvik in the Northwest Territories are small and do not con-

stitute a potential power market of any consequence.

-  Knowledge of the mineral resources of the region is

Z " etill limited. Recently a major iron-ore deposit was found
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in the Snake River area of the Peel River basin. This dis-
covery may prove to be economically attfaétive for a develop~
ment requiring a subsfantial smount of power for processing
purpoées. A transmission line of less than 200 miles long
could deliver power from projects on the Porcupine or Rat *
River to a processing area located in the immediate vicinity

of the iron-ore deposits.

2. Power Transmission.

The terrain in the Porcupine, Peel, and Rat River
region would not present any difficult problem in transmission-

line design and in providing suitable right-of-way for trans-

“

mission routes. The entire region is virtually~uhinhabited,
and tree growth is sparse, requiring littlé or no clearing of

right-of-way. e

As a"rough approximation; the average cost of trans-
mitfing‘powerifrom projects in this region to a load centre
located some 200 miles away may'be taken to be about 2 mills = .
per kwh. In the initial stage, the cost would be much higher
because transmlssion facilities would not be fully utilized

until system development is well advancede
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3. Alternative Sources of Power

A common yardstick for appraising the economics of
hydro-electric power generation is to compare the costs with

alternative thermal-electric. generation.

Although mineral fuels such as coal, gas and.oil are
known to occur in the region, no comprehensive data are avail-
able as to the size of their occurrence. In the past few years
extensive explorstion programs have"ﬁeen undertaken in the
reglon by several oll companies in their search for petroleum
deposits. To date, four test wells have'been drilled in the
ares. Althoﬁgh shows 6f gas and oil were believed to have
been found in some wells, their potential is still unknown.
Therefore, at the present time, to provide a valid comparison
of therhal alternative to hydro-electric ﬁower generation, the
costs of large-scale thermal-electric generation would have to
be based on the assumption that fuel would be imported intb
the region._ |

Statistics of operating utilities in Alaska show
that the cost of power from fuel-burning plants ronges from
17 mills per kwh in southeast Alasla to nearly 50 mills per
kwh in outlylng areas of the interior part of the state. 1/ '

In Canada, power from thermal-electric plunts is marketed at

1 United States Depariment of the Interior, Rampart Project,
Alaska, l'arket for Pover and Tffect of Project on liatural
Resources, Juneau, Alaska, January 1905.
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Inuvik and Fort Simpson, N.W.T., for about 55 and 65 mills per
kwh, respectively. Power from hydro-electric plants ranges

in costs from about 7 mills per kwh for the Snare River planti

in the Northwest Territories to about 12 mills per kwh for the
Whitehorse Rapids and Mayc plants in the Yukon Territory.

It would appear, therefore, that the cost of power
from hydro-electric. projects in the Porcupine,. Peel, and Rat
River region would compare favourably with present power costs

in the north.
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