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PREFACE

The réport entitled "Fisheries Problems Related to
Moran Dam'onvthe Fréser River" was released by the Minister
of the EnVironhent; Jack Davis, on Octbbef 7; 1971. The
body of this report contains a technical discussion of
the flsheries and hydrologicai implications of cohstructing
a dam at Moran. | . |

Since 1ts publioation,-a large number of requests
hévé been received from the general public for copies of
the report or for the general information it bontains, In
résponse-to this demand, this extract summafy.has béen
prepéred and'includes the Introduction, Discussion,
Summary and'Conclusions of the original documenﬁ. It thué
provides‘a statement of the prbposed»development and its
fishefies implications; a discuésion of costs, benefits,
and alternatives, and a genéral summary and conclusions,
The pagination of the original report has been retained to

permit ready reference.
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FISHERIES PROBLEMS RELATED TO
MORAN DAM ON THE FRASER RIVER

"INTRODUCTION

The FraserrRiver system Supports many valuable speciles
of fish that would be affected by the construction of Moran
Dam. These include five species of Pacific salmon, cutthroat,
- rainbow and steelhead trout, dolly varden char, sturgeon,
eulachon and other less valuable .specieg. The effects of
this dam on salmon and steelhead, the most valuéble species,
form the basils of this report. |

‘Salmon support a large, world-famous commercial fishery
in the coastal waéers of British Columbila and the State of
Washington. They also provide a significant source of food for
native Indians throﬁghout much of the Fraser River watérshed.

Pink, coho and chinook salmon_from the Fraser River
contribute substantially to the catches by sports fishermen in
the cbastal and estuarialrwaters. Adult chinook and coho‘
salmon and steelhead trout provide outstanding.sports fishing
in freshwater areas. The lakes and streams of the Fraser River
system provide spawning and rearihg'areaslfor the freshwater
phase of the life cycle of salmon and steé}head. The preéenée
of young and adults in these waters is an'important factor
supporting resident trout poﬁulations, which provide exceilent
sports fishing throughout the Fraser watershed. These various
‘sports fisheries support éver—expanding recreational and

resort industries.
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The protection of salmon and steelhead trout is
accomplished under provislons of the Fisheries Act
administered by the Department of the Environment, Flsheries
Service. The Internatlonal Pacific Salmon Fisherles Commission,
appointed in 1937 under a Convention between the United States
and Canada,, 1s reéponsible to the governments of both countries
for the protection, preservation and extension of the‘sockeye -
and pink salmon fisherles of the Fraser River system. The
PDepartment of Recreation and Conservation of the Province of
British Columbia.is responsiblé for the protection of steelhead
and reéident freshwater fish.  In Viemef the common interests
of the Commisslon and the Department of‘fhe Environment in
the salmon resources of the Fraser River system, this Jjodnt
report has been prepared to present the fullest possible
evaluatibh of salmon conservation problems that would be
created by a high dam on the Fraser River at Moran.

At various times in the past three decades, public
attention has been directed toward the possibility of constructing
a large hydrdelectric dam at Moran on the Fraser River 23 miles
upstream from Lillooet (Figure 1). A dam at this location would
intercept the drainage from approximately 56,000 sq miles, or
about 60 percent of the total Fraser River drainage area of
90,000 sq miles.

The dam would also obstruct the migrations of major
populatlons of salmon to and from spawning grounds located
on tributaries of the Fraser River.

The first development proposal was.made in 1955 by a

private company, Moran Power Development Limited. Thils company
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_prdposed to builld a 700-ft concrete gravity dam, with
auxlllary power, stofage ahd divérsidn dams on the Fraser
River and its tributaries and on the Babine and Peace rivers.
The prlmary objective of'the deVelopment was the establishment
of metallurgical industries requiring large amounté of electric
energy. At that time Provincial Government authorities advised
the Company that the application for a water licence could not
“ be received because of a reserve placed on the Fraser River
between Lytton and Quesnel. They also advised that it would
be necessary to obtain approval of the varlous fisheriles agencies
that would be concerned under the authority of Provincial and
Federal legislatitn; The filsheries prdtlems associatéd with
the dam proposed'by the Company were studied in the following
two years and it‘was concluded from these studles that the dam
would destroy a large segment of the Fraser River salmon fishery.
In view of the policy of the Provincial Government that no dams
would be permitted on major salmon streams unless ways could
be found to protect the fish, the proposals of the Company did
not prdceed.

Comprehensive studies of possible hydroelectric
devélopment and flood control on the Fraser River system have
been conducted by the FederalfProvincial Fraser River Board.

The Boérd considered both a high and low dam at Moran in
preliminary evaluation of'various systems, but did not recommend .
a dam at this site in the final report released in 1963. This
report recommended reconstruction ofbdykes as a ﬁrimary

requirement for protection from floods, with a series of flood
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storage and hydroelectric projects at locations that would
avoid major interference with salmon. This proposal, called
System E, would provlide complete flood protectioh withoﬁt-
requiring aﬁy dams on the maln stem of the Fraser River
downsfream from the Grand Canyon above Prince George.

Current study of the power resources of British Columbia
by the British Columbla Energy Board has revived interest in the
power poteﬁtial of the Fraser River, and specifically the Moran
site. This report i1s intended to provide information required
for assessing fisheries problems assoclated with the Moran
developméqt.-
| The basic ‘incompatibility of fish and dams, especially
with respect to Fraser River sockeye and pink salmon, has been
discussed comprehensively in Bulletin XI of the International
Paciflc Salmon Flsheriles Commission, published in 1960;

Bulletin XTI reviewed available information concerning ecological
requirements, possible effects of environmental changes and
methods of passing adult'and juvenile salmon over dams. The
complex nature of fish—dam problems and the impossibillity of
-predetermining all of the consequences of altering the.natural
environment were pointed out. These problems discussed in
Bulletin XI are not discussed again in.detail in the present
report but the pertinent fish-dam research completed in the
10 years since publication of Bulletin XI is reviewed and
foreseeable problems that would be created by a high dam at
Moran Canyon are described.

It must be emphasized that while thls report considers

the fisheries problems that would be associated with Moran Dam,
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many of the pfpblems would also be encountered atvother dams
of lesser height that;mightvbe»considered'as alternatives or
suppleménts to Mqran Dam. Much of the availlable infdrmation
on the fisheries probiems at dams has been obtained from
existing installations in the Pacifilc Northwest, particularly
on the Columbia River and its tributaries. Moran Dam would be
considerably,higher than any of these installations and much
larger salmon énd Erqut populations would be involved. The
fisheries problems associated with a seriles of dams on fhe
Fraser River and assoclated upstream storages on séveral lakes
were considered by the Fraser Ri?er Board in its Preliminary
Report (1958) a@d led tb the selection of the System E projects
in the Final Report mehtioned above. The inclusion of storage
projects on major lakes; such as Stuart or Quesnel lakes; would
réquire separate investigation, as previously doné for a
storage proposal on Stuart Lake (Canada Dept. Fish., Internat.
Pacific Salmon Fish. Comm., 1962) and in addition would
necesgitate reappralsal of the problems assoclated with Moran

Dam.
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DISCUSSION

The'total cost of the Moran hydroelectric_project,
exclusive of fish facilities, was estimated by the Frasef
River Board to be $493 million at 1956 prices. Updating
this cosﬁ to'1970 would increase it by'approximately 50
percent %o $740 million and further increases would be
anticipated in the period before the earliest date that
construction could start. The actual cost would alSo.depend
on design of the facilitles, which wouid be expected to
differ censiderably-from the design suggested by the Fraser
River Board in its 1958 report. A comprehensive economic
anaiysis of the total project cost would have to take many
factors into consideration, including the cost of the project
at the time of construction, interest rates and operating
costs at that time, the probable increased value of the salmon
and steelhead resources, the increased numbers of fish that
would be expected at that time due .to technologicel advances,
and the increased recreational value of the fishery at thaﬁ
time. Such an.analysis is beyond the scepe-of this report;
The following preliminary cost analysis, based on.1970
prices, indicates more favourable power costs than would‘be
obtained by projecting the costs to a future construction
and operating period. As such,_it significantly under-
estimates the miil rate that could be exeected if‘theAproposal

were to proceed,
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The several/components of the total power cost
Vostlmatcd for 1970 are listed in Table 50. The annual
costs are estimated on the basls of the Fraser River Board
annual cost factor of 7.l percent, as derived in the 1958
report, increased by 2;2 percent to provide the previously
discussed 1970 interest rate of 7.7 peroentv(B. C. Hydro,
1970). Transmissilon lines to deliver the power to a
distribution center 1in the southwestern section of the
Province would cost approximately $284 million on the basis
of the 1956 Fraser River Board cost estimates updated to 1970,
On the basisvéf the same annual cost factor as for power
generation, the transmission cost would add approximately
$27.3 million annually to the cost of power. The expected
minimum loss of all stocks above Moran would add at least
$10.9 million to the power cost and the probable loss of 50
percent of the commercial and Indian food fishery for salmon
and steelhead stocks originating below Moran Dém would
increase this cost to $24.1 million, At potential production
levels, the fishery loss would add $71.7 million %o ﬁhe cost
of power, not including any allowance for loss of marilne
specles or other salmon and steelhead stocks due to
environmental changes 1n Georgia Strait. Inclusion of the
preliminary estimate of recreational fishery losses would add
$22.2 million to the annual power cost., The total power cost
would therefore range from about $192.7-$214.9 million
annually. Based on the estimated average output of 1,937,000

kw £ ‘ less 7 percent
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for transmission losses, the total annual power production
Would be approximately 15.75 billion kwhr} The cosgt of this
power at the distribution center would thus rangevfrom
12.2-13.6 mills/kwhr. It must be emphasized thaf this is
only a preliminary analysis and that 1t understates the
‘power cost since costs in the construction and operating
periods would be highér than present-day prices and since

future fishery and recreational values would also be higher.

Table 50. Summary of estimated Moran power costs

Cumulative

Annual Cost Annual Cost
" Millions Millions
Plant cost forvon?site power S $71.1
" Transmission to Lower Mainland 27.3
Fish facilities 22,6 $121.0
Minimum loss of commercial and '
Indian fishery values
For existing populations 10.9
For potential populations - ho.8
Probable loss of commercial and
Indian fishery values
~ For existing populations 241
For potential populations 71.7 ' 192.7

Possible loss of recreational
fishery value

Above-~Moran portion only 1.5
Above-Moran plus 50% below-Moran = 22.2. . S 21h.9
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Morén Dam is not required for ensuring adequate
flood protecfion for the Fraser Valley, since dykes ooﬁld
provide this protection in‘the same way as 1s presently
done in the densely populated area below New Westminster,
where watervleveis are determined primarily by the tide
rather than by river discharge. With an adeQuate_dyking
system for flood protection it is questionable‘if the cost of
power from Moran could be reduced by assigniné part of the
project cost to flood control'benefits.

Recent study of the economics of thermo-nuclear
power plants of‘l.O million kw outpuf capacilty in the Pacific
Northwest area of the United States has estimated the cost of
on-gsite bower to be 3.0 mills/kwhr (Harty et al, 1967);

Since these plants could be built relatively closé to the main
load centers, the transmission cost would add only a fraction
of a mill/kwhr. The cost of the plants studied ranged from
$132,714,000 to $145,060,000 for 1.0 million kw output af
1967 prices. Testimony before a United States Senate Sub-
committee (Kolflat, 1968) indicétedlthat the cost of thermal
power plants ranged from $100-130/kw for a 1.0 millidn kw
plaﬁt, exclusive of cooling towers. A repprt to the Joint
Committee on Atomic Energy (Sporn, 1967) lists costs of
thermo-nuclear powér piants between $115.00 and $152.55/kw

of installed capacity with production costs ranging from

3.78 to 4.55 mllls/kwhr. The coal-fired Centralia steam;

electric plant in Washington is reported to cost $142.86/kw
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of installed capacity, including the cost of facilitieé for
controiling‘air and water pollution (Centralia Steam-
Electric Project, 1970). Data shown in the Fraser River
Board 1958'report indicates the cost of fossil-fired fhgrmal
power to be 5.78 mills/kwhr for firm power on the basls of
a capital cost of $200/kw capacity. | |

Using thé Centralia Project cost estimate, the firm
power capability of Moran Dam could be provided by means of
thermal power for about $164 miilion and the suggested
installed capacity of 3,600,000 kw‘coulq be providéd:for
about $514 million. Thermal_power plants, properly designed
and located, need not have any advérse effect on Fraser River
salmon fisheries. It is not the purpose of this report to
consider the relative merits of various altefnativé sources
of power but the foregoing.comparisoh of costs has been made
to show that alternatives are available which, for the same
output capébility,'would reQuire far less Capital in?estmént
and would produce power at a lower unit cost than the Morén
development. These alternate power soﬁrces, properly locéfed
and contrblléd, would have relatively little effect on the
environment and would permit full deveiopmént of the
flsheries resources of the Fraser system.

There are no proven means by which extremely high
losses of Fraser Rilver salmon could be prevented if the river
were harnessed for power production. Conditions affecting

survival of the sockeye runs that spawn above Moran WOuld be
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more adverse than those on the Columbia River>below the
conflueﬁce with the Okanagan Rilver, even with the provision
of all known protective facilities. On the Columbia River,
sockeye now pass over a succession of 9vdams from Bonneville

to Wells, with a total head of 687 ft (Table 51).

Table 51. Heads at Columbia River Dams from
Wells Dam to Bonnheville Dam

Head | . Year

Dam hilo Completed
Wells o 68 _ - 1968
Rocky Reach 93 K 1960
Rock Island :38 - 1933
Wanapum : | 814 1963
Priest Rapids 80 : 1959
McNary - 75 1954
John Day 104 , 1968
The Dalles 86 1957
Bonneville 59 1938

TOTAL 687

The turbine mortality at each of these dams has not
been reported, but dn the basis of tests at McNary,
Bonnevillé, Ruskin and Seton plants, an average rate of 10
percent would be a reasonable assumption. Application of a
10 percent loss of smolts at each of the 9 dams would result
in an aggregate survival of only 38.7 percent. Spiilway
mortalities would be much less than at Moran Dam, and the
reservoirs would not cause as much delay to the migrations;

The trend of the sockeye runs to the Columbia River since
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1938, on the basis of production per spawner and catch per

spawner, are summarized by cycle years in Table 52,

Table 52.- Total run production and catch
' per spawner for sockeye salmon
on the Columbia River 1942-65

Year of Total Run - Catch

Return per Spawner per Spawner
1942 5.5 3.34
1946 9.0 3.40
1950 2.4 1,13
1954 3.8 1.49
1958 3.6 2.26
1962 0.4 0.15
1943 b, 3 2.51
1947 21.3 13.75
1951 2.7 0.68
1955 2.5 0.66
1959 1.8 1.24
1963 0.9 0.20
1944 1.8 1.23
1948 29.0 7.05
1952 4.0 2,12
1956 1.8 0.76
1960 2.0 1.36
1964 1.8 0.35
1945 92.2 22.40
1949 7.4 1.15
1953 14.3 2.51
1957 1.0 0.46
1961 0.9 0.60
1965 2.9 0.32

From Davidson, 1966,

Davidson (1966) commented as follows on the trend in
production per spawner:
"The high ratios of return on the first two cycles of
each cyclib series greatly assisted iﬁ the establishment

of the blueback .(sockeye) populations during their
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transplantation from above Grande Coulee Dam, Had

.these high ratios‘of return beeﬁ_maintained the runs
would have continued.to improve in spite of the
generally less than 50 percent eécapements. Instead,
the ratios of return steadily declined and in -some
years to less ﬁhan 1:1 at the.end of .each cyclic‘series.
This brought about a cofresponding decliﬁe in the runs.
From 1962 to 1965 the commercial fishery was curtailed
to a point where the escapements ranged from 66 to 99
percent of the total runs in an effort to stem the
decline in the runs. The low ratios of‘return toward
thg end of each cyclic séries may be attributéd to a
number of causes, one of the most influential-being
the hazards, both physical and bilological, that are

developing in the reservoirs above the dams."

It is significant that the extensive sport fishery
and the Indlan fishery, as well as the commercial fishery,
were severely curtaliled on the Columbila River in 1971 due
to an exceptionally poor return of adults caused, at least
in part, by environmental changes. The decline in Columbia
River salmonvpopulafions~shows that a series of low dams
can create environmental changes that deplete the fishery
resource 1in the same way as would be expected from a single
high dam.

The reduced survival rates that would occur from

environmental changes caused by Moran Dam, or éven a seriles
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of low dams, give added weight to the previously drawn
conclusion that alternative methods of production would not
compensate for salmon and steelhead populations lost by
constructien‘of the dam. Because of the inefficiency of
hatchery culture for sockeye, there appears to be no way of
replacing the loss of any part of the existing sockeye
resource above'Moran. Hatcheries could probably be used to
replace at least part of the lost chinook and steelhead
regource but hatchery production might be uneconomilc after
dam construction. Furthermore, the.avallable sites for
construction of chinook and steelhead hatcheries are limited
by the stringent water requirements and by the physical site
requirements for rearing ponds and trapping, holdling and
egg—taking facilities for adults. Favourable water.sources~
are not always available ahd these are essgentlal to successful
hatchefy'operation. Good groundwater sources are often
essential in modern hatchery technology for temperature and
disease control. Since gurvival of the hatchery product ih
the Fraser River system would probably be lowered in the
smolt to adult stage if the environment was subjected to the
artificial controls that would be imposed by hydroelectric
development, the available hatchery sites would be more
profitably utilized under existing natural conditions, If
the available sites could be economically developed for
'hatchery production to maintain part of the fishefy resource

that would be lost by construction of Moran Dam, the same
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hatchery program would yield higher beneflt/cost ratios
without Moran Dam. S8ince ‘the hatchery sltes are limited
and since hatcheries presumably would be constructed by
government funds, it is.questionable whether hatcheriles
could be considered as compensation for 1ost'fisheries

values.
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SUMMARY'
Moran Canyon is located on the Fraser River 23 milles
upstream from Lillooet. The discharge from about 60
percent of the Fraser watershed flows through this
canyon. With a maximum head of about 730 ft, a dam at
this point wouid create a l?O»mile-reservoif thét could
be drawn down as much as 292 ft to provide 9,582,000
acre-ft of usable storage. The firm power output would
be 1,191,000 kw, based on the lowest discharge in 19
years of record. At maximum capacity, the plant would
produce 3,600,000 kw, which would require a discharge
of 74,000 cfs at full reservoir or 102,000 cfs for a
drawdown of 200 ft. The-maximum power output at the
lowest reservoir elevation would be 2,200,000 kw.
The annual commercial catch of Fraser River sockeye
averaged 4.0 million in the period 1952—69. Fraser
River séckeye provided 46 percent of the total British
Columbla sockeye pack during this period and sodkeye
from above Moran provided 20 percent of the total
Provincial pack. About 44 percent of the Fraser River
catch originated from races that sbawn above Moran and
they‘haa an average annual landed value of $4.5 millioﬂ
and a wholesale value of $8.9 million. Sockeye stocks:
from below Moran contribute annual landed and wholesale

values of $5.9 million and $11.5 million respectively.
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Production of chinook salmon above Moran also contribute
a substantlal share of British Columbla's salmon catzh.
The commerclal catch of Iraser River chinooks averages

about 480,000 annually. This represents about 15

" percent of the total British Columbia chinook salmon

catch. At least one-third of the Fraser River chinooks
spawn above Moran, and the catch attributable to these
stocké has an average landed value of about $1.2 million
and a wholesale value of $1.5 million. Stocks spawning
below Moran contribute an average annual landed wvalue

of $2.5 million énd wholesalé value of $3.1 million

in the commercial fishery. There 1s not sufficient

data availlable to make a meaningful estimate of the value
of the important‘chinook sbort fishery attributable to
the Fraser River stocks..

The total commercial catch of sockeye, chinook, pink,
and steelhead that presently spawn above Moran has an
average annual landed value of $5.7 million and
wholesale value of $10.4 million. Present populations
of all five species of Pacific salmon and steelhead
trout spawning below Moran provide commercial catches.
with an average annual landed value of $13.4 million

and a wholesale vaiue of $25.9 million.

The recreational values associated with the Fraser

River system are the subject of a two-year study now .
in progress. A superficial estimate indicates an annual

value in excess of $40 million,
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In addition to supporting a valuable commercial

fishing industry and recreational demands, the salmon

resource 1s highly valued as a food supply.by native

.Indians living in the interior of British Columbia,

who capture an average of 100,000 sockeye annually from
those races that spawn above Moran. Aboutvué,OOO
sockeye are taken annually from populatlons that spawn
below Moran. Anvestimated 10,000 1b of chinooks are
taken from ébove—Moran populations and about 140,000 1b
from below-Moran populgpions. The‘trug Value of.this
fishery tannot be determined at this time but it is
aésumed that the equivalent wholesale value of. $483,000
and $480,000 for the present catches of above- and below-
Moran stocks would proviae a minimum estimate-of regource
value. | | .

The potential sockeye production frOm‘areas above :Moran
would provide an average annual catch of 7.76 million,
which would have a landed value of'$l8.8 million and a
wholesale value of $37.3 million at 1970 pricesw‘
Information on the spawning and rearing environment of
other anadromous specles above Moran is not adequate at
the present time for estimating the potential level of
production. There 1ls 1little doubt, however; that the
available area is only paftially utilized at present.
Even without realizing an increase in production of - '

chinook, pink, and steelhead above Moran, the potentiai
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commercial catch would have a total annual landed
value of $20.0 million and wholesale value of $38.8
million. Similarly, assuming no ilncrease 1in-the |
production of chinook, coho, and steelhead, the below
Moran popuiations would produce a potentlal catch with
total annual landed and wholesale values of $26..
million and $60.9 million respectively.

Moran Dam would create mahy serious fishery problems
related to environmental change and passage of fish
over the dam. These problems may be summarized in
three broad categories: those which are unavoldable or
for which there 1s no known practieal solution, those
with no proven solution, and those for which a solution
is possible,.

Fisheries problems for which no practical solution can
be foreseen include the following:

(a) The large reservoir would delay the migration of

seaward migrants by 11-21 days., As a result, residualilsm

and predation would significantly reduce the number of
fish leaving the reservoir. Observations of the
migration of ohinoek fingerlings in Brownlee reservoir
on the Snake River suggest that 25-85 percent of the
fish would be lost 1n Moran reservoir.

The theoretical travel time of water passing
through the reservoir in April would be between 46 and

64 days compared to about 2 days in the exlsting river.
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In May, the travel time would be between 18 and 52 days,
compared to less than.l_day in the existing river,
Surface velocities wouid normally be higher than the
theoretical average veloclties but since fthere is a
predominant upriver wind in this area during spring

and summér months, surface velocitles affecting the
migration of young fish could be considerably 1dwer
than indicated by theoretical calculations.

| The anticipated loss of up to 85 percent of the
downstream migrants in the reservoif could only be
overcome by capturing the fish befsfé théy enter the
reservoir, either at the head of the reservoif, at the
lake outlets, or in the numerous tributary streams.

The fish would then have to be safely tfansported by
trucks or pipelinés to the river below Moran Dam,
Construction and operation:of such a screening and
transportation system would be so costly and would
involve so many biological and physiéél operating
problems for which solutions are not épparent at the
pfesent time that attempting to consefve the'dbwnstream
migrants in this way ddeé not appear feasible., Some
loss of migrants in the reservolr would therefore be
inevitable. If the loss of migrants was as high as
indicated by the tests on Brownlee reservoir, commefciai
sport, and Indlan fishing would have to bé prohiblted

on those runs destined for‘Spawning areas above the
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dam. However, important downriver populations migrate
through the commerclal and other fisheriles at the same
time and it»wouid therefore be impossible to protect
uprivef runs and coincidentally harvest downriver
populations, | |
(b) Altered water guality within the reservoir coﬁld
have a serious effect on both upstream and downstream
migrant salmon. The beneficial effect of river aeration
would be lost for a distance of up to 170 miles due to
creation of the reservoir. Oxygen replenishment in the
reservolr would be restricted primarily to wave action
and limited photosynthesisn Decay of plant and animal
material could céuse oxygen depletion both in the
reservolr and in the river below the dam. The loss of
the aerating effect of the river would have an
increasingly pronouhced influence in future years, with
increased industrialization, urbanization and mofe
intensive agricultural development of the upper Fraser
system,

Surface layers of the reservoir would be warmed
during spring, summer, and early fall months due to
increased exposure to solar radiation. The resulting
temperature change, especially during August and
September, could alter the migrational behaviour of both
adult and seaward migrant salmon. If adult salmon sound
to depths of 20-50 ft to avoid high surface temperatures,

they could encounter nitrogen supersaturation that would
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cause gas embolism when they return to the reservoir
surface. Substantial numbers of fish mlght thereby
be killed or injured 1n the reservoir.
(¢) An extensiﬁe change 1n thé discharge regime of the
Ffaser River would be an i1nevitable consequence of the
congtruction of Moran Dam and would cause pronounced
environmental changes, some of which could vitally
affect salmon and steelhead production.

Seasonal, dally and hourly variations in'poWer
requirements  would change the river discharge. Plant
discharées could range from 0 (under conditions of
emergency'shutdown) tb 102,000 cfs depending on the
amount of power generated. The mean monthly discharge
during June, the usual flood period, would be only 42~
45 percent of normal river discharge at Moran and this
reduction would cause the flow at Hope to be only 71~
73\percent of normal river flow. The mean monthly
discharge in winter months would be four or'five times
normal river flow at the dam. This would result in up
to 2.5 times normal mean monthly flows at Hope.
| Available. data indicate that the reduction in totél
volume of flow from June 1 to Sept 15 would extend the
period of migration of adult sockeye from the estuary,
which‘could result in an average 9-day extenéion of
the migratidn‘period for Adams River sockeye and possibly

for other races also. The productive potential of these
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1ate~migrating fish would be reduced because spawning,
egg incubation and fry emergence would be delayed in
relation to the environmental cycle.

| Reduced river discharge from July to September
would interfere With migration of salmon thfough.Hell's
Gate, Bridge River Rapids and poésibly cher péints of
difficult passage. Additional fishways wouid pfobably
be required at several locations. Despite'the provision
of such fishways, rapid fluctuations in water level
caused by changes in power output'at‘the dam, would
deter the passage of adults and further aggravate
problems caﬁsed by delayed spawning.

An observed correlation between marine survival

of Chilko River sockeye and river discharge during smolt
migration indicates that the lowered discharge during
spring months would reduce sockeye production by 20~50
-percent. The reduced discharge, through its effect bh
river velocities or estuarial conditions in Georgia -
Strait, could lower the smolt-~to-adult survival rate
for all salmon and steélhead runs to the Fraser River,
not just those that spawn above the dam site. The
effect of réduced f;eshet discharge on the environment
in Georgla Strait might also reduce the survival of fry
from pink and chum salmon runs of the Fraser River '~
system. There is also some indication that the supply
of certain essential nutrients in Georgla Strait is‘

partly dependent on Fraser River flood discharges and
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the inevitable flow stabilization that would occur
following construction of Moran Dam could have a serilous
adverse effect on production of Fraser River salmon and
steelhead populations, marine species resident in
Georglia Strait and other'salmon and steelhead stocks
that utilize Georgla Strait during part of their
saltwéter rearing period.

The altered discharge regime would tend to stabilize
-environmental conditions for resident predatory speciles
well downstream and predation losses‘in the lower river
would be expected‘to be much higher than under natural
conditions.

Variations in the Fraser River dilscharge at Hope due
to fluctuations in power generation at the dam would
cause severe fluctuations in water elevation and river
velbcities, which would greatly reduce spawning éfficiency
and egg-to-fry survival in the extenslve salmon spawning
areas in the main stem of the Fraser River below Hope.

In a low-water year, such as 1938, the daily change in
water level could be as much as 7.7 £t during the

spawning period and up to 10.0 ft during egg incubation,.
(d) Moran reservoir would collect the river bedload and
reduce the turbidity below the dam by settling out 85-

95 percent of the normal suspended sediﬁent load. The
increased water clarity would probably increase predation
loss of downstream migrants in the lower river, especially

in view of the moderated discharge and temperature
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regimes below the dam. Sudden increases in the silt
load of the.river, resuiting from the landslides

likely to occur 1in the reservoir, couid disorient
downstream migrants and make them more susceptible

to predation, deter upstream migrating adults and
interfere with the spawning of salmon in the Fraser
River below Hope. |

(e) Predation 1osses‘would be increased due to the
concentration of seaward migrants iﬁmediately above and
below the!dam. Assgming that a practical method couid
be devised for cdilecting'downstream migrdnts in the
forebay of thée dam and for transporting them fo tail~
water, it is 1nevitable that predators would feed
heavily on the milling fish in the forebay and»on injured
or disorilented fish released below the dam. | |

(f) Even with application of the most efficilent methods
for contfolling temperatures below the dam and for
passing adult salmon over the dam, there would be
unavoidable delays and could affect reproductive
productivity. The movement of adult salan would be
subject to the.following delays: (1) an undetermined
period by variable discharge resultiﬁg from hourly and
daily changes in operation of the turbines, (ii) 1-2
days finding entrances to the fish facilities,

(1i1) 1-2 days passing through the fishway, (iv) an

undetermined period of meandering and disorilented
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swimming in the reservoir, (v) an undetermined extent
by the disorientation caused by environmental changes
such as altered water quality below the dam, turbildity
changes, and increaeed water temperatures at the
reservolr surface. 

The determinate delay of 2-U4 days could prevent

-early migrating sockeye populations from reaching their

spawning grounds and the additional delays of un-
determined amount would increase the probability of the
lose of spawners....Any delqy would reduce the productive
potential of the fish even.if they were able to spawn,
siﬁce the spawning time would not coincide with the
environmental conditions to which each race is adapted.
Some of the.fisheries problems that would be created by
oonstruotion of Moran Dam might be solved by application
of biological and engineering data secured at existing
hydroelectric installatioﬁs. Even with the extensive
research that would be required before the experience
gaihed’at other installations could be applied at

Moran, total solution of these fisheries problems could
not.be guaranteed. Fraser River sockeye, especlally

the upriver runs that would be directly affected by
Moran Dam, appear to be particularly sensitive to
migrational delay. .There i1s no precedent for facilitiles
to pass the large numbers of adult salmon that would
have to be passed at Moran and there 1s no precedent

for preservation of any salmon resource upstream from
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a dam as high as that'suggested‘for Moran., However,
it 1s conceivable thét the following problems might
be solved on the basls of research data and experience
at dams on other river syétems and with other species
of salmon: |
(a) A conventional powerhouse collection system, with
auxlllary entrances on each bank to attract fish
during periods of spillway operation, appeérs to be
the most practical method of collecting adult salmon
below the dam. However, fish have been observed to
reject passage faciliﬁies at high dams and the same
might occur at Moran unless the water issuing from the
fish facilities had the same characteristics as water
in the river. ‘Temperature 1s known to be an important
characteristic but chemical differences may also be
important.
(b) A welr fishway would appear to offer greater chance
of success 1in passing adults over the dam than other
possible transportation methods such as elevators,
locks or tank trucks. ﬁowever, the height of the dam,
extent of reservolr drawdown and numbers of fish to be
handled are so uﬁlike conditions encountered at existing
installations that the effectiveness of a fish collection
and transportation system at Moran Dam cannot be predicted
with certainty. Extensive studies, including prototype
tests of certain aspects of the passage facilities,

would have to be completed before construction was
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undertaken. The facilities would have to be designed
to operate at all times of the year to pass present
runs of 200,000 fish/day and up to 750,000 fi$h/day
in future years. '
(¢) Preservation of the fisheries resources above
Moran would require that downstream migrants be
prévented from passing over the spillway or through the
turbines because, on the basis of tests at other dams,
the ﬁortality rates would probably be so high that the
survivors wouldq&oﬁ sUppprt commercial, sport and
Indian food fishéfies. ﬁéeply submerged spillway and
turbine outleté could not be used to prevent fish from
entering these outlets becéuse it would then be
impossible to maintain suitable river temperatures--“
below the dam. Collection of downstream migrants in
turbine gate wells or the use of artificlal gulding
stimuli to lead the fish to bypasses would not
éffectively'prevent the loss of figh in spillway and
turbine diséharges, |

A self-cleaning wire screen barriler appears to be
the only possible method of préventiné emigration of
seaward migrants from the Morah reservolr via the
splllway and tunnel outlets. 'However, this method
would involve unprecedented design and operating
problems because of thevlarge screen area réquired,‘the
extremely large reservoir drawdown, and the problem of

attracting fish to a bypass. The system would have to
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be designed to handle as many as 180 million fish/day.
(d) A pipeline from the bypass to tallwater appears
the most feasible method of transporting the very

large number of downstream migrants involved.
Temperature change from the forebay to tallwater could
causge a.significant mortality among downstream migrants
but the temperature difference could be minimized or
eliminated by control gates in the forebay.

(e) Spilling of surplus water at the dam would cause
supersaturation‘if aerated water from the spillway plunged
into a deep energy dissipating pool below the dam. The
resulting formation of gas emboll in adult and young fish
passing through this water could cause blindness, injury
and death. A large proportion of the fish could be
injured and possibly killed not only immediately below
the dam but possibly as far downstfeam as Seton Creek
and Thompson River. The effects of supersaturation in
the river below the dam would be accentuated among

adult salmon if water temperatures in the fish passage
facilities at the dam were higher than in the river.

The supersaturation could theoretically be solved by
careful design of the spillway but proof of successful’
application of the hypothesis has not yet been obtained.
(f) Protection of fish during the 5-year construction
period would require temporary fish passage facilities,

including a collection system below the construction
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area, a dong bypass channel and weir fishway through
the construction area and specilal heédgates would be
required on the diversion tunnels for controlling
river elevation upstream from the construction site.
Problems of collecting and safely transporting the
adults would be at least as difficult to overcome
during the construction period as during normal plant
operation. Since it would be extremely difficult.tov
collect the adults below the construction area if the
cofferdams were overtopped dufing high water, the
diversion‘tunnels would have to be large enough to carry
the expected maximum discharge during the period of
adult migrétion.. .
(g) Following completion of the dam, the reservoir would
have té be filled to the minimum operating level of the
permanent fish facilities as quickly as possible. it
would theoretically be possible to minimize the
interference to fish populations by filling the reservoir
durihg‘the period from June 10 - 25, ét which time the
flow below the dam would have to be reduced to ébout
2,500 cfs. This flow reduction might affect smolt
survival or the timing of migration of adults from the
estuary. o |
Some of the fisheries problems that would be createdvby
the dam could be overcome provided they were gilven

adequate attention in early stages of the design of
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the dam and provided enough money was made available
for construction and operation of the necessary
facilities. Problems in this category include the
following:

(a) The natural temperature regime below the dam would
have to be maintained by using a variable-depth ogtlet
works for both the spillway and turbine discharges.

With the powerhouse and spillway outlet structure
suggested by the Fraser River Board, river temperatures
below the dam would be somewhat colder than existing
river temperatures from April to September and warmer
than éxisting temperatures in October, November, and
December. The temperature in July and August would be
'8~l9OF colder than temperatures in the existing river
and up to 21° colder than the réservoir surface
temperature. In October and November, temperatures
below the dam would be 2-11°F warmer than the existing
river. Release of cold water during summer months could
lower the water temperatufes in the Fraser River at least
as far downstream as Hope. Warm water released in
November would.réise river temperatures over the whole
length of the river. From December to March the release
of warmer water at the dam would affect river
temperatures as far downstream as Hope but would have
little effect on natural river temperatures below Hope
because the water would be cooled in the intervening

section of river.
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The lower~than-normal temperatures in the river
the dam and higher-than-normal reservoir surfuce
temperatures during summer and early fall months
would reduce the swimming ability of upstream migrating
adults and the resulting migrational delay could reduce
the reproductive potential of the fish.

Increased river temperatures ih the Fraser River
below Hope in October and November would reduce the
prodﬁctivity of the large pink and chum populations
that spawn between Hope and Vedder Canal.

Preliminary examination indicates that it would be
possible to control the depth of flow from the reservoir
into the suggested outletlchannel at the dam by
constructing a wall of segmental gatés at the upstream
end of this channel. With such control, it is estimated
that the availlable wafer temperatures in the reservolr
would provide fhe necessary temperatufe regulation
below the dam. |
(b) The altered discharge regime of the Fraser River
below Moran would change the water levels during the
time of migration of adult salmon through Hell's Gate,
Bridge River and other points of difficult passage but
additional fishways could be constructed at these
locations to avoid delaying the migration.

Alternate methods of producing salmdn appear to be
completely impractical as a means of replacing the

losses that would occur if the hydroelectric potential
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ef the Fraser was developed. It would be impractical,
if not impossible, to substitute for the netural
production of sockeye abeve Moran. Artificial
spawning channels or other means of increasing the
production of sockeye fry would be useless 1in the area
below Moran unless associated with a lake rearing ares.
Most of the available rearing capacity for sockeye in
‘the downstream lakes 1s already utilized and nearly
all of the remailning capacity will be used by planned
development projects. |
Since natural rearing areas are therefore not avallable
below Moran, total artificial rearing in hatcheriesv
would be the only avallable means of replacing the loss
of natural rearing areas above Moran. The fish would
have to be reared for a full year until the normal
time of.seaward migration. Hatchery culture of
sockeye hes not achieved the success noted for certain
other species since nutrition and disease problems
frequently cause epidemic losses Jjust prior to
smoltification. Even if the'techniques of hatchery
culture of. sockeye could be improved so that production:
rates would eqﬁal those for chinook and coho salmen,
the hatchery would have to be located in the lower
river area and it would be dimpractical to reproduce
the early and mid-season stocks of sockeye that

currently spawn above Moran. The present races would
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have to be replaced by later runs, which have é
lower commerclal value. Assuming that hatchery
broduction of sockeye could be made as effective
as for other species, a hatchery to produce a catch
of 7.76 miliion sockeye, the annual potential of
natural rearing areas above'MQran, would cost about
$206 million and annual operating and cabital recovery
costé would be about $27‘milliona |
- Since pink salmon do not require freshwater rearing,
the pilnk salmon production potential above Moran
could conceivably be réplaced by artificial spawning
channels in the lower river area. Howéver, altered
environmental conditions in the river and estuary
could-cause a marked reduction in fry-to-adult
survival for all pink: salmon populations. Spa@ning‘
channels to offset this loss of production would
.subtract from the limited afea available in the 1oWef-
river for spawning channels that have been planned aé
development projects for increasing the total |
production of pink salmon. |
Hatchery culture of chinook and steelhead has become
more efficlent in recent years and, although the cost
would be very high, it 1s possible that the above-
Moran populations of chinook and steelhead could be
replaced by hatchery culture in thé lower river

area provided the river and estuary environment were
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not affected to such an extent that survival of the
hatchery product was greatly reducede Asguming the
same rate of survival as in other hatcheries, the
minimum cost of hatchery facilities would be $5.4
million and the annual cost would be about $700,000.
It 18 probable that Moran Dam would greatly reduce
the produétivity of below-Moran salmon and steelhead
populations and 1t would not be feasible to attempt
to compensate for the expected losses of all five
species of salmon as well as steelhead by means of
hatcheries or artificial spawning channels.
Expenditure of a minimum of $5.4 million for chinook
and steelhead hgtcheries might compensate for the
$1.55 million annual value of the chinook resource
above Moran but would not protect the $9.39 million
annual value of the above-Moran sockeye resoufce,
nor the $26.41 million annual value of populations
spawning below Moran. The potential for increasing
salmon and steelhead production would also be lost
for all time,
Fish-passage and temperature-~control facllitles at
Moran Dam are estimated to cost about $214 million
but there appears to be no feasible method of
avoiding losses of seaward migrants due to
residualism and predation'in the reservoir. If

these losses proved to be as high as indicated by
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measurements in Brownlee regervoir, the commercial,
Indian food fishery and sport fishery values of
above-Moran’populations would eventually be

destroyed.

‘It is estimated that the minimum effect of Moran Dan

would be the loss of above—Moran Salmoﬁ and_steélhead
production. It is probable that the commercial and .
Indian food fisheries on stocks spawning beloﬁ Moran
would be depleted by about 50 percent due to the

environmental changes that would inevitably occur in

the river and gstuary. Based on minimum values of the

Indian fbod fishery and with no allowance for the
expected loss of sport fishery vélués, the probable
annual loss due to Moran Dam is estiméted to be $24.1
million based on wholesale value of presentlcatches and
$71.7 million based on potential catches.

Preliminary calculations based on 1970 prices indlcate
that the cost of power from Moran Dam deiivered to

the Vancouver area, including the cost of fish
facilitiés'and the value of the fishery resource that
would probably be lost, would be about 12,2-13.6 mills/
kwhr. This power coét would be higher than alternative

thermal power generation. _ N
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CONCLUSIONS

The minimum effect of Moran Dam would be the
destruction of all sdlmon and steelhead trout

populations that spawn upstream from the dam.

It is probable that the catches in comﬁercial, sport
and Indian food fisheriles of salmon and steelhead
trout populations that utilize the Fraser River and
its tributaries downstream from Moran would be
reduced by‘about 50 percént due to environmental

changes in the river and estuary.

Hatcheries and other alﬁernate methods of pfoduction
could not be used to compensate for existing natural

production.

Thé resource valueé represented by exlisting runs of
salmon and steelhead that would be lost 1f Moran Dam
were constructed would iﬁcrease the cost of Moran
power to the extent that alternate power sourceé

would be more economical.
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