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FISHERIES PROBLEMS RELATED TO

THE PROPOSED MORAN DAM ON THE FRASER RIVER

INTRODUCTION

At a meeting on November 17, 1955, fisheries agencies in
British Columbia were advised that Moran Power Development Limited
had been formed for the purpose of constructing a large hydroelectric
dam on the Fraser River at lMoran. Auxiliary power, storasge and
diversion dams would be constructed on the Fraser River and its
tribubtaries and on the Babine and Peace Rivers, The primary ob-
Jject of the development would be the establishment of metallurgical
industries requiring large amounts of electric energy, although
surplus power could be made available for other uses.

The company reported that it had applied to the Provincial
Government for a water license for the initiasl stage of the proposed
development, lMoran Dam, but had been advised that the application
could not be received because of a reserve which the government had
placed on the Fraser River between Quesnel and Lytton. Provincial
authorities also advised the company it would be necessary to obtain
the approval of the various fisheries agencies that would be con-
cerned under authority of Provincial and Federal legislation. Sub-
sequently, several meetings were held with the company to obtain
information on which %o base studies of the fisheries problems. The

fisheries agencies indicated considersble time would be required to
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make an adequate appraisal of the fisheries problems and to investi-
gate possible solutions to them. It was agreed that when such
studies had been made, & report of the findings would be submitbed
to the company.

Since the initial meeting vbiologists and engineers have
been studying the fisheries problems related to one particular phase
of the proposed project: the protection of salmon and trout at the
proposed high dam at Ijoran. The additional problems that would be
created by the many storage and auxiliary dams proposged for construc-
tion after Moran Dam is completed have not been studied in detail
although they may be as aifficult to solve as those assoclated with
Moran Dam. This report, dealing solely with loran Dsm, describes
the fisheries problems that would be created at Mormn Dam and reviews
the status of present knowledge of various means that might be con-
sidered for overcoming these problems.

DESCRIPTION OF THE PROPOSED IOR:N DAM

The following information, which is pertinent to the evalua-
tion of fisheries problems at Moran Dam, is teken from a report -
"oran Dam Brief®™ - which was transmitbed to the Federal Department
of Fisheries on January 24, 1956. The preliminary plan and sections
of the dam are shown on Figures 1 and 2.

lioran Dem would be constructed on the main stem of the Fraser
River 25 miles upstream from Lillooet, It would be a concrete gravity-
arch structure having a total height of neerly 800 feet and a total

cregt length of about 3,200 feet., Maximum head at the dam would be
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750 feet, but for substantial portions of each year the head would be
less than this due to reservoir draw-down and increased tailwater
levels. The reservoir would extend upstream for a distance of 172
miles, almost to the town of Quesnel., The average width of the reser-
voir would be 3,140 feet and the area of the reservoir at maximum
elevation of 1,540 feet would be 65,000 acres. &t this elevation the
water would also flood approximetely 9 miles up the Chilcotin valleye
It is proposed that a live storage of 9,000,000 acre~feet would be ob-
tained at loran Dam and that water would be removed from storage from
October through iarch and probebly in April. The dam would be designed
for a maximum reservoir draw-down of 200 feet. In arn average water
year, the reservoir would not be full until some time in July.

The proposed initial stage of develorment would consist of
18 turbine-generator units, 9 on each bank. Each turbine would be desig-
ned for a flow of 2,850 cfs. These turbines would be placed in two power-
houses facing each other on opposite sides of the river below the dam. It
is stated that in the ultimate development, which might be reached within
15 to 25 years from the start of the original project,; 30 units would be
required. However, upstream storage plus diversions into the Fraser
system from other watersheds would be required to provide sufficilent
regulated flow for this ultimate development.

Water for power generation would be drawn from the forebay
through two tumnel intakes on each bank located 230 feel below the maximum
reservoir elevation. The initial development would require the construc-
tion of two 30-foot cdiameter tunnels on each bank but provision would be
made for the future construction of a third tunnel on each bank.

Surplus water would be spilled by means of twenty 8-foot



6.

diameter regulating valves or pipes through the dam, 10 of which would be
placed 490 feet below the crest of the dam and the other 10 would be 290
feet below the crest. If the reservoir rises higher than the crest of
the dam, spilling would occur along a 500-foot length of crest. The spill
discharge valves would have a capacity of 100,000 cfs, and the crest over-
flow a capacity of 100,000 cfs. The spillway would be design«d go tuat
considerably greater flows would not harm the structure.

Upstream civersions and supplementary storage dams would add to
the power potential at loran. It is proposed that 8,550,000 acre-feet of
storage be obtained at Babine Leke, Stu:." Lake, Grand Canyon, Cottonwood
Canyon and Quesnel Leke. If these upriver storages were developed, the
Moran reservoir could be operated with o maximum draw-down of about 100
feet. The proposed diversions would corsist of a low dam on Babine Lake
to divert 2,080 cfs into Stuart Leke by a canal and tunnel, and a high dam
on the Peace lilver to divert a regulated flow of about 15,000 cfs to the
Fraser hiver.

It has also been suggested that a power dam having a head of 125
feet would be constructed 10 miles downstream from lioran in order to take
advantage of the regulated flow provided by Moran Dam.

EXPECTED FLOW CONDITIONS AT FORAN DAM

Moran Dam, like other large hydroelectric projects, would probably
be developed initially to produce a relatively smell amount of power, with
additional generating units being installed later from time to time when
needed. Eventually, however, the full potential of the lloran reservoir
would be reached, and it would not be possible to increase the plant output
without the benefit of additionsl storage. The large upriver storage sites

that have been proposed would be developed as they were needed.
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It is evident, therefore, that operating conditions at Moran Dam would
be changing constantly for a number of years. &s thep' nt.operation sltered,
so too would the reservoir levels, tailwater elevations, plant flows, spillway
discharges, forebay velocities, etc., all of which are important considerations
in evaluating fishery problems and in designing necessary fish facilities at
the dam. Since these facilities would have to be operakle at all stages of the
development, the operating limits can be estimated by eanalyzing the plant
characteristics and operations during initial development, maximun development
without auxiliary storage, and maximum development with auxiliary storage.

It is anticipated that upstream storages would be utilized chiefly to
maintaein full reservoir at Moran in order to benefit from maximum head on the
turbines at this site. Thus, since the net effect of upstream storages and
diversions would be to reduce reservoir drawdown and to meke more water avail-
able for power generation, the effects of upstream storages need not be consi-
dered in tais analysis except in that they would increase the plant discharge
ot certain tloos of the yoars.

Daily discharges of the Frager River at Jesmond have been recorded by
the W..ter liesources Division since 1935. Flows at uoran can be agsumed to
be the same as those ab Jesmond. However, for the purpose of this analysis,
the discharges recorded prior to October, 1952 must be reduced to compensate
for the Hechako iiver diversion.

Examination of the discharge records, adjusted for the Nechako
diversion, discloses that the lowest mean annual flow occurred in the water
year 1943-/4l, whereass the highest mean mnnual flow and the highest daily
flow occurred in the water year 1947-48. The computations show that in 1943~
4y with 9,000,000 acre~feet of storage available in the l.oran reservoir,

the mean daily plant discharge at full development with 18 turbine-generator
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units but without additional upstreanm storage would have varied between
35,000 cfs and 45,000 cfe, depending upon the prevailing head. There
would have been no wastage or spill. To maintain these flows, however,
the reservoir would heve to be drawn down 180 feet at the end of April.
Since this estimate is based on only 20 years of record, however, it would
seem logical to assume that the proposed full draw-down of 200 feet could
occur at Moran Dam.

For the production of the same quentity of prime power in 1947-48,
plant discharges would be smaller than in 1943-44 because of higher
prevailing heads. Computations with rezard to spill are based upon the
supposition that the reservoir would be filled as soon as possible after
draw-down in order to be assured of thal quantity of water, as well as 1o
operate at the highest possible heads. Thus, it wes found that in 1947-48
the reservoir would have been filled by June 3, 1948. Natural flows would
have orevailed below the dam for some time thereafter, with part of the
flow passing through the plant and the remainder being wasted as spill.
Calculations show that under these conditions the maximum daily flow to
be passed at full reservolr in 1948 would have been 219,000 cfs. &% full
head the meen daily plant flow would have been approxinately 35,000 cfs,
so the remainder, or 184,000 cfs, would have been wasted as spill.

The maximum recorded daily discharge of the Fraser ILiver at Jesmond
occurred on May 31, 1948, when it reached 289,000 cfs. If the Nechako
diversion had been operating at this time, it is estimabed that the flow
at Moran would liave been epproximately 206,000 cfs.

On the basis of discharge records, the 50-year flood of the Fraser

River at Jesmond, allowing for the Nechako diversion, has been calculated
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to be about 285,000 cfs. It is possible that a flow of this magnitude
might occur at a time when the reservoir is full. FPrior to development

of additional upstream storage the mean daily plant flow would be about
35,000 cfs. It is conceivable, however, that mean daily flows might be
as low as 15,000 cfs during the initial stage. Therefore, during all
stages of development, it is expected that daily flows below the dam
might vary from 15,000 cfs to 285,000 cfs. Preliminaiy plans of the loran
Power Development Limited include the ultimate installation of 30 turbines,
each discharging 2,850 cfs. Thus the maximum instantaneous plant dis-
charge might be as high as 85,500 cfs, Tor a fluctuabion in discharge
from 15,000 cfs to 285,000 cfs, the tailwater would very between eleva-
tion 782 and elevation £28 = a range of 46 feet.

In summery, the foregoing analysis has shown that the following
estinates outline part of the design criteria for fish facilities at
loran Dams

Minimum daily plant discharge - 15,000 cfe.

Maximum instantaneous plant discharge - 85,500 cfs;

Maximum discharge through reservoir - 285,000 cfs.

Maximun spill discharge - 270,000 cfs.

Headwater fluctuation ~ elevation 1340 to elevation 1540,

Tailwater fluctuation - elevation 782 to elevation 528,

VALUE OF THE FISHEATES n#ESOUHCES

&t the present time a substantial number of spring salmon and steel-
head trout and aout 39 per cent of the Fraser rlver sockeye salmon

originate above the site of the proposed dam. &5 a result of efforts
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being made to rehabilitate certain races in this area that were decimated
by the obstruction at Hell's Gate, the populations originating upstream
from the proposed dam have a tremendous potential for future expansion.
Removal of obstructions to migration, rehabilitation of sockeye popula-
tions in depleted areas, and scientific regulestion of the commercial
fishery to ensure adequate escapements of fish to the spawning grounds
have brought about substantial increases in production. By continued
application of scientific managemen®t procedures, and by constant attention
to the maintenance of proper environmental conditions along the migration
routes and on the spswning grounds, the commercial catch can continue to
increase and the tremendous catches made prior to the disaster at Hell's
Gate in 1913 might again be realized or even exceeded in the near future.
Table 1 presents statistice on the catches of sockeye in the period
1910-13 and the period 1953~56. It will be noted from this table that
at current provuction levels approximately forty per cent of the commer-
cial catch of Fraser River sockeye is taken from runs originating above
the dam site. This catch is valued at $7,343,966 annually at 1956
domestic wholesale prices, However; the sockeye catches for the four
years prior to the Hell's Gate slide (7910-13) were almost double present
catches. On the basis of the distribution of present production and known
areas in which former large runs occurred, it is estimated that at poten=—
tial levels of abundance 60 per cent of the production of Fraser River
sockeye will come from the watershed - e the Moran Dam site (1), The
catch from these runs would be valued at $21,6%8,579 annvally at 1956

wholesale prices.
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Valuc of thc Sockeyc Runs

Originating Above The Proposcd Moran Dem Site

In The Periods 1910-13 and 1953-56

Total Sockeye

Total Sockeye Total Sockeye Production in Percentage Percentage
Production in  Production in Cases B.C, Origin Fraser Re
Cases Cases Origin wbove From hLbove fibove Value 4bove Mean Value

Year (B.C, Origin) (Fraser R. Origin) Dan Site Dam Site Dan Site Dam Site Per Year
1910 680,884 398,446
1911 511,270 186,248
1912 629,442 308,559
1913 Rs645,277 2,392,895
Totals 5 4,66,873 3,286,148 1,971,689 blped 60,0 (1) $86,754,316 $21,688,579
1953 688, 470 3544420 322,522 46.8 91.0 $14,190,977
1954 1,182, 214 988, 301 128,479 10.9 13.0 $ 5,653,082
1955 329,957 180, 513 87,007 26,4 48,2 $ 3,828,320
1956 404,176 168,348 129,628 32.0 772 $ 5,703,632
Totals 2,604,817 1,691,582 607,636 25.6 39.5(dMean) %29,375,984 & 7,343,996

411 Values Based on Mean Doumestic prices - 1956,



12

The present wholesale value of the Fraser River spring
salimon run is approximately %3,000,000 annually (1). Since about 50
per cent of these fish spawn above lMoran, the present annual value of
the spring salmon runs that originate upstrean from the proposed dan
is approximately $1,500,000, No information is available concerning
the potential or historical production of spring saluon in these
areas but it is likely that the preecent nreduction could e cucccdeds

It is very difficult to assess the commercial and recreational
values of the steelhead and other trout fisheries that would be affected
by the proposed dam. In 1954, the commercial catch of steelhead in the
Fraser iiver zill net fishery had a wholesale value of %$22,600 but this
amount is insignificant in comparison with the recreational value of
this species. It has been estimsted that the present salt-~water sport
fishery in the Vancouver, Howe Sound and Sechelt areas is worth $3,000,000
annvally. In addition, e substantial fresh-water sport fishery would
be affected by the proposed roran Dei.

The sockeye runs to the Traser River above the ldoran site have
been for centuries and still are a principal source of food for many
native Indian families. Each year substantial numbers of sockeye are
caught at numerous ancestral fishing sites all along the Fraser Hiver
fron Hope to Fort 5t. James (32). While it is difficult to assizn a
monetary value to these catches, they are nevertheless a significant
contribution to the total income of these fanilies.

In swmary, the present annual wholesale value of the commer-
cial fishery for sockeye and spring salmon originating above the loran
Dann site, is approximately 8,800,000 and the potential annual value ab

today's prices probably exceeds $23,188,57%
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he present wholesale value of the Fraser River spring salaon
run is approximately $3,000,000 annually (1). Since about 50 per cent of
these fish spawn above iMoran, the present annuel value of the spring salmnon
runs that originate upstreanr from the proposed dam is approxinately
$1,500,000, No informetion is available concerning the potential or
historical production of spring salmon in these areas but it is likely
that the present production could be exceeded.

It is very difficult to assess the comaercial and recrestional
values of the steelhead and other trout fisheries that would be affected
by the proposed dem. In 1954, the coumercisl catch of steelhead in the
Fraser itiver zill net fishery had a wholesale value of ;22,600 but this
amount is insignificant in comparison with the recreational value of this
species. It has been estimated that the present salt-water sport
fishery in the Vancouver, Howe Sound and Sechelt areas is worth $3,000,000
annually. In addition, a substantial fresh-water sport fishery would be
affected by the proposed Moran Dai.

The sockeye runs to the Fraser Liver above the Moran site have
been for centuries and still are = principsl source of food for many
native Indien families. Each year substantial numbers of sockeye are
caught at numerous ancestral fishing sites all along the Fraser Hiver
from Hope to Fort St. Janes (32). While it is difficult to assign a
nonetary value to these catches, they are nevertheless a significant
contribution to the total income of these fanilies.

In sumnary, the present annual wholesale value of the colllercial
fishery for sockeye and spring salmon originating above the Moran Dam
site, is approximately $8,800,000 and the potential annuel value at

today's prices probably exceeds 23,183,579,
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It should be noted that this potential velue is conservative and
that a much larger value could be derived on the basis of the evaluation
nade by the Gordon Economic Commission. The value of the salt water and
fresh water fisheries and the Indian catches must also be added to the tot-
als, although it is difficult to determine their actual monetary value.

PROBLEMS ARTSING DURING THE CONSTRUCTION PERIOD

The first problems involving the protection of fish at the pronosed
Moran Dam would arise during the construction period, which is expected to
lest about five years. During this period, facilities would have to be pro-
vided to ensure the safe and undelayed passage of both downstream migrants
and adults. The numbers of adult salumon to be passed would depend upon the
tining of construction with respect to the progress in rehabilitation of
the sockeye salmon runs. &t the present time, the maximum daily escape-~
nent consists of approximately 140,000 sockeye, but in a very few cycles
this may be increased to 750,000 sockeye (1) as a result of current re-
hebilitetion of depleted runs.

It has been proposed that two cofferdams be constructed across the
river about 3500 feet apart, above and bhelow the work site and that all
river flows up to 100,000 cfs would be diverted through two diversion
tunnels, each approxinately one mile long. The upper cofferdam would be
at leagt 100 feet high to create the necessary head on the diversion tunnels.
Two 50-foot diameter unlined circular tunnels have been proposed for the
divergion and it has been suggested by ioran Power Developuient Limited
that these tumnels could be utilized for upstrean and downstream pessage
of salmon and trout.

Downstrean migrations of sockeye, spring and steelhead smolts occur

each year in the period 4pril 15 to July 15, After deducting the
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Nechsko diversion river flows in this period would range from 13,000 to
61,000 cfs at 4pril 15 to a maximum of 94,000 to 285,000 cfs at the flood
peak in May or June. 4&dult migretions of sockeye occur in the period
July 2 to October 2, spring salmon in the period March 1 to November 15,
and steelhead trout possibly throughout the year. Thus, adult salmon
and trout would require upstreem passage at the dam during all river
stages, from the minimum low flow to the maximum flood discharge of
285,000 cfs.

Since the diversion tunnels as specified are designed to pass
only 100,000 cfs, there would be a period, at least in the first year of
construction, when the cofferdams would be overtopped and water would flow
through the construction area during both the upstream and downstream
migrations of salmon. Overtopping could also happen in one or more
subsequent years, depending on river flows and the height of the partial-
1y constructed dam. The head on the diversion tunnels could be 70 feet or
more before the cofferdam was overtopped, and velocities through the
tunnel 30 fps or more. Because of these high heads and velocities, the
diversion tunnels could not be considered as a means of passing adult
salmon and steelhead trout around the construction area, nor could they
be considered as satisfactory for the passage of downstream migrants.

Furthermore, passage of downstream migrants through the con-
struction area could not be considered satisfactory due to the mortalities
that would be incurred by the figh in falling up to 70 feet or more over
the rough surface of the cofferdam. Trap;ing of the migrants between

the two cofferdams would also have to be avoided.
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Because of the large size of the fishways necessary during the
construction period it is considered impractical to attempt to provide
passage for the adults through a tunnel, even if it could be so constructed
and suitably baffled to operate over the enticipated range of heads,
since in effect it would be necessary to construct a special third
tunnel. This tunnel would be approximately one mile long and it is
not known to what extent fish would usc it since it would be dark through-
out most of its length. Cuw . rent informetion does not indicate to what
extent artificial lighting would be successful in promcting migration,
even if the practical difficulties of such lighting could be overcome.
Therefore it is considered that the most feasible sclution would be to
provide sultable fishways passing through the two cofferdams and the
construction area.

Construction nhase fishways would have to be operable through-
out the year right up to the time when the diversion tunnels are closed
and reservoir filling comunences. Thus the dam would have to be construc-
ted around the fishway and recessary closures would have to be made when
the diversion tunnels are closed.

In order to permit taese fishways to operate over the expected
range of river flows and To prevent mortality to downstream migrants at
the two cofferdans, the diversion tunnels and upstream cofferdam should
be - constructed to permit the entire maximum viver flow to pass through
the tunnels withoubt overtopping the cofferdam. Horeovsr,; in order to
prevent delaying the downstream migrants and to reduce velocities and
heads in the tunnels during the period of downstream uigration, tunnel

inteke submergence should be limited to 30 or 40 feet at maximun flow.
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It might clso be neceszary to line the tunnel walls, since at higher water
velocities there might be considerable mortslity to migrants in passing
through tunnels with rough walls. Reference to the measured mortalities
to young salmon vassing over the spillways at Baker ard Elwha Dems empha-
sizes the severe mortalities which can be caused by abrasion on rough
surfaces (2, 3).

It is estimated that these requirements could be satisfied by
two 70~foot diameter tunnels with upstream invert at elevation 785 and en
upstream cofferdom high enough to provide sufficient frrnbaard above
elevation 896, With this arrangement, the construction period fishways
would have to overcome heads varying from a minimum of about 13 feet to
a maximum of about 70 feet. The operating range would be 47 feet at
tailwater and 104 feet at headwater.

Because of the attraction of the ocutflow froam the diversion
tunnels, it would not be feasible to attract the migreting adults to a
fishway entrance in the vicinity of the tunnels or upstream from them.

It is considered thot the only feasible method of collsction would be

to install a low barrier dam downstream from the diversion tumnels which
would create impassable velocities across the midsection of the river and
thereby lead the fish naturally to fishway system entrances located on
each bank, This collection system could become part of any permanent
fish facilities considered feasible., While two fishway entrances would
be necessary, it may be possible to design the collection system to lead
into one fishway structure.

The fish exit would have to be located well upstream from the
diversion tunnel portals and should be designed to prevent fish from keing

carried downstream through the tunnels., Even at Bonneville Dam, where
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there is a wide forebay with low velocities, there is evidence that
adults pass downstream over the spillway. There is no known mebthod of
ensuring that adult salmon would not be swept downstream through the
tunnels after passing through the fishways at Moran and it seems inevitable
that a proportion of the fish would be lost in this way. The only method
of alleviating this problem would be to release the fish in a relatively
low-velocity area as far upstream from the tunnels as possible.

Thus the entire fishway system from entrances to exits would
be over Iy miles long. There is no precedent for such structures, either
in length or in operating requirements. Because of the large difference
in headwater and teilwater variztions, it would not be possible to use the
Hell's Gate type fishway baffle., It is possible that either the weir
type of fishway with segmental weirs, or the vertical slot type with
adjustable width slots, could be used. Extensive hydraulic model studies
would be required to determine the feasibility and design of the hydraulic
features of such fishways, Detailed consideration of operating problems
would also be required before an acceptable design could be made.

It must be emphasized that these construction phase fishways
would have to overcome a head greater than that at Boancville Dam and
would have to operate through more severe ranges of water level. While
the Bomneville Tfishways do provide passage for adult salmon, there are
still unexplained differences in the counts of salmon et Bomneville and
lieNary Dams which indicate a considerable loss of salimon between the two
dams. Vhether or not this is due to the effects of passage over Bonne-.
ville Dem is not known. However, it is such unknowns that make it impos-

sible at this time to determine the effectiveness of the fishways required
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for the comnstruction period at Moran Dam. It is possible that the fish
would be reluctant to remain in such a long fishway system and would drop
backs Variations in flow pattern are known to interrupt the movement
of fish causing large numbers of them to retreat down the fishway.
It is essential that all such interruptions be avoided, but it wmay be
difficult to do this when continuous adjustments to the fishway are
necessary to meet constantly changing hydraulic conditions.

The barrier dam suggested as a means of leading fish maturally
to fishway entrances is unprecedented in scale., Hydraulic wmodel tests
would have to be made to design and test the spillway and fish entrances
to ensure that the desired flow patterns would be obtained.

Thus, it is evident that considerable investigation and s tudy
would be required before the fish protective facilities for the construc=-
tion phasc alone could be designed.

PROBLELS DURILNG fBESEVOIR FILLING PanIOD

Since the construction phase fishways could not be in operation
when the reservoir is filling, the permanent fish facilities would have
to be operable as soon as the temporary ones are abandoned. This require-
ment would extend the operating range of the permanent facilities beyond
that which would otherwise be required, since the initial forebay level
could be 450 feet or more below normel minimum operating forebay eleva-
tion. However, if the reservoir filling period is properly timed with
respect to upstream and downstream movements of sockeys, this require-
ment could be .nodified without interference with essential performance
of the facilities,.

Interfercace with the salmon migrations at the dam during vthe

filling period could be held to a minimum if the reservoir were filled in
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the period between the end of downstream migrations of sockeye and the
beginning of upstiream migrations of sockeye or conversely, between the
end of the upstream migretions of sockeye and the start of downstrean
migrations of sockeye. Interference with the migrations could not be
completely avoided since adult migrations of other species occur through-
out most of the year. Therefore, even though these periods are used for
filling, auxiliary facilities would be required for the other species.
approximately 5 million acre-feet of water would be required
to fill the reservolr to normal minimum forebay elevation of 1340 feet,
The entire flow of the viver could not be impounded during the filling
period, since a residual flow would be required for transportation of
adult salmon, maintenance of flow over pink salmon spawning grounds in the
Fraser fiver below Hope, and possibly to protect other interests downstream.
In determining the magnitude of the residual flow consideration
must be given to the effect of reduced flows in the reach from Moran to
Lytton and from Lytton downstream. In the Moren to Lytton reach; two
rapids near the confluence of Bridge Hiver with the Frager River formerly
obstructed the passage of sockeye. These obstructions were remedied by
two fishways constructed at the site in 1945. These fishways are designed
to operate over a range in river flows from 90,600 cfs to 19,200 cfs and
a renge in water surface drops ranging fron 2.75 to 1.5 feet at the upper
limit to 9 to 10 feet at the lower limit. While the fichways were designed
to provide passage for sockeye salmon, they also assist spring salion

and steelhead trout. Since the drops continue to increase as river flow
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decreases, additional remedial action may be required if the river flow
isartificially reduced below 19,000 cfs. Additional information on
extreine low water profiles at these points would be necessary for
assessment of a posgsible low water obstruction.

In the reach below Lytton, fishways at Hell's Gate provide
passage at all discharges between 64,000 cfs and 282,000 cfs for salnon
runs to the Thompson Liver system as well as those to the Fraser River
systen above Lytton. Sockeye nigrations in this reach start on July 9
and in some years continue until October 26. Spring salmon and steelhead
migrations heve about the same duration as at Moran. Pipk salmon mlgra-—
tions start on about September 1 and continue until Octeber 15, and
coho salmon migrate between august 1 end November 30, If the Fraser
River were shut off at ldoran durinz these migretions the discharge at
Hell's Gate would be reduced below the operating range of the fishways.
This flow reduction would have no special significa. 2= ~t Hell's Gate
if it occurred after October 15 since this is a normal ceccurrence in-60
per cent or more of the years of record. The populations of fish in the
river that would be affected after that date would be suall and could
find adequate passage on the left benk at Hell's Gate. Such reductions in
flow prior to October 15, however, could result in a serious obstruction
to passage at Hell's Gate due to the large nunber of salion that would
be affected by the abnornal river levels. In order to gvoid such an
occurrence it would be essential, therefore, that the dan not be closed
during the adult migration prior to October 15. This requirement limits
the two possible filling periods to between October 15 and &pril 15 and

fron gbout June 15 to July L.
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Reductions in flow in the period October 15th to 4pril 15th
could very seriously affect the success of spawning and incubation of
large pink and chum salmon populations which spawn in the Fraser River
below Hope. Pink salmon are present only in odd numbered years but chun
salmon are present every year. Careful considerstion would have to be
given to the timing of the closure of the dan with respect to the spawaing
tines of these fish and to the required residual flows to mininize loss
of deposited ezgs through exposure,

It is tentatively suggested that at least the minimun river
flow of 4000 cfs be passed through the dam at all times, although this
nay have to be increased on the basis of analysis of the flow require-
nents in the Fraser Hiver below Hope during the spawning and incubation
period of pink and chun salmon. If the reservoir filling could proceed
so as to reach the minimum operating level of 1340 before the downstrean
nigrations start about april 15, it would not be necessary to extend
the operating range of the downstreen migrant facilities to water
levels prevailing at the stert of £illing., On the basis of 4000 cfs resi-
dual flow, the necessary storage could have been obtained between October
15 to 4pril 15 in fifteen out of twenty years of recorded flows. However,
even in the year of lowest recorded runoff for the period, the required
nininun storage could have been completed by about ey 5, which would
still be in advance of the bulk of the downstrean nigrations. Reser-
volr f£illing during this period thus would provide a ncans of avolding
extension of the operatinz range of the downstrean nigrant facilities.
However, spring salmon and steelhead trout would be migrating in part if

not all of this period. Since the numbers of these fish involved in any
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particular year would not be large in comparison to the sockeye runs,
teuporary measures to handle them during the filling period wmight be
considered. These measures might involve the use of zn aerial brail or
tank trucks or similar devices. alternatively, if these measures are not
possible, it would be necessary to extend the operating range of the
adult facilities.

If the reserveir could be filled to minimum forebay elevation
in the period June 15 to July 1, the same conditions as above would prevail
with respect to upstream and downstream migrations. 4llowing the 4000 cfs
residual flow as before, examination of the flow records for the period
shows thzt the reservoir could not be filled to ninimum forebay in this
period in any year of record.

Thus it appears that the time of filling of the reservoir could
be scheduled so that the adverse effects on the fishery could be held to
a ninimum, at the same time avoiding excessive operating requirements
for any pernanent fish protective facilities.

It should be emphasized, however, that the conclusions reached
in this section are based on prelinminary estimates of the actual depth-
volume relationships in the proposed reservoir, anc that the length of
the filling period, and storage volume required may be umodified when more
accurate estimates become available,

PROBLEMS RELATED TO DOWHSTHEl rlGiHaTION

e Reservoiy Zowirorient

Each year young sockeye and spring salmon and steelhead
trout migrate down the Fraser Hiver past the site of the proposed dam at
Moran. The sockeye are principally one yeer old fish which originate inthe

rorring crcas of the Chilcotin, wuesnel, Bowron, Btuart and Necheko River



2L

systeuns. The exact timing of these migrations is not known for all
of these rearing areas, but at Chilko Lake the seaward migrations
comuence about April 15 and continue until June 15. These nigrations
are associated with rising water temperature and the river freshet.
Periodic sampling indicates that sinilar dates apply to the other
rearing areas. lMost spring salmon nigrate to sea as advanced fry
although some remain in the rearing streams for a year and nmigrate

as yearlings or smolts. The tining of these nigrations is fron April
15 to June 30. TYoung steelhead trout migrate seaward after two or
three years residence in fresh wabter rearing areas. In the Nicola
River system these mizrations start on about April 15 and continue to
July 15 and it is believed that the same timing applies to the runs
in the Fraser above Horan.

The mechanisms that initiate the seaward migrations and lead
the fish through and from lakes are not completely understood at the
present time, but it is known that these migrations are related to
the environmental cycle and complex physiological processes.

There is a considerable range in length of the various species
as they migrate downstream. Yearling sockeye usually range in length
from 2 to 5 inches, butbt sockeye that spend more than one year in
fresh water are sometimes as long as 7 inches. Some spring saluon
and steelhead trout are as much as 8 inches long, but most spring
salmon migrants have about the same range of length as year-old

sockeye.
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Of the several species of salmon and trout that nigrate down-
stream past the loran Dam site, sockeye are the most abundant. At the
present time, in the years of maximun abundance, the Chilcotin systen
produces about 30,000,000 migrants, the Nechako system about 15,000, 000,
the Stuart system about 40,000,000, and the Bowron system about 1,000,000,
The Wuesnel system runs are now being rehabilitated ard it is currently
estimated that at least 100,000,000 and possibly 150,000,000 migrants
will be produced in the meximum year when these runs are restored to
historical levels. The adult runs to the Stuart system are also
increasing and it is estimated that these runs will produce at least
75,000,000 migrants in the dominant cycle. Studies at Chilko Lake
have shown that about 35 per cent of the migrants leave the lake in
a single 24~hour period. If the Quesnel system migrants behave in
a similar manner, an cstinzted meximun of 45,000,000 nigrants may be
expected to leave Wuesnel Lake in a 24~hour period. It is possible
that, dvue to climatic conditions, the peak nigrations from the various
rearing areas may be concurrent, and taking into consideration the
different years of cyclic production in the individual runs, the peak
daily migration at Moran could be far in excess of 45,000,000 and
possibly as much as 100,000,000 migrants.

The variability in the timing of the migrations of the various
species has been mentioned. Since most of the migrations occur in the
period april 15 to June 30, this period will be used as the basis for
considering the problems related to the passage of young salmon and

steelhead trout through the reservoir and over the proposed dai. The
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problens associated with migrations at other times of the year will

be essentially the same, although perhaps modified in detail, and will
not be dealt with separately except where it is known that special
problems might arise,

Azsuming as previously discussed, that the reservoir is filled
initially to reach a minimum forebey elevation of 1,340 by April 15,
the vanguard of the first downstream migration would enter the reser-
voir in the vicinity of the mouth of the Chilcotin River. 4s the
reservoir continues to fill, the point of entry would move upstrean
until abmaximun reservoir elevation it would be in the vicinity of
Quesnel, In subsequent years, the point of entry would vary between
these limits and would be determined by the reservoir draw-down during
the winter and the rate of £illing in the spring. This reservoir
would produce an entirely different environment for the migretion than
that of the existing river and the effects of this different environ-
nent on the migration must be carefully considered.

One of the important changes would be a reduction of velocities
in the flooded section of river. During the period of downstrean
migrations recorded discharges in the Fraser River range from a mininum
of 12,600 cfs below Quesnel and 13,000 cfs at Jesmond to a maximunm of
205,000 cfs below Quesnel and 266,000 cfs at Jesmond, after deducting
the Nechako River diversion, Data concerning the Frascr River between
Quesnel and Moran is insufficient to meke precise estimates of the

time required for water to traverse this reach. On the basis of the
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river sections at Quesnel and Jesmond and the average river slope for
the reach, it is estimated that at winimum flow for April 15, the travel
tine from wuesnel to the Chilcotin River would be 26 hours and from the
Chilcotin River to Moran would be 19 hours, or a total of 45 hours from
Quesnel to Moran. At meximum river flow the travel bine from Guesnel
to Moran is estimated to be 18 hours. Recently completed surveys in the
Chilko River have shown that the rate of moveuent of nigrants downstream
is approximately the same as river velocity. It was also found that
the fish feed during the nigration.

Velocities in the forebay of the proposed den would range from
3 to 14 fps in the normal river at the head end, down to 0,026 fps or
less near the dan depending on forebey elevation and river and plant
discharge, It is not considered necessary at this time to study in
detail the velocities that would occur with different combinations of
plant and river discharge and veservoir elevation. Sufficient indication
of the magnitude of the difference in velocities can be obtained by
considering an everage water year with avarage plant discharge and an
allowance for by-pass discharge. Assuning a ninimum reservoir
elevation on April 15 conszistent with an average water year the average
tine water would take to travel from the head end of tha reservoir to
the dem during the period of downstrean - igration would be as shown in
Table 2. These estimates show, that for an average year, the time re-

guired for water to travel from Guesnel to the Moran site would be



28,

increased from less than 2 days in the natural river to at least 57
days in the reservoir, an increase of aluost thirty times. Figure 3
shows the travel time from the upper end of the reservoir to the dam

for the various conditions of inflow, outflow and storage listed in

Table e
Table 2
Bstinated Total Elapsed Time for Movement of Water Through
the Proposed iloran Reservoir in an 4verage Water Year
Reservoir
Elevation At Average Average Average ;
Starting End Of Inflow Outflow Storage "Total Time
Period Period cfs cfs cfs Hours Days
April 15-20 1,410 43,000 43,000 0 1,609 67.0
hpril 21-30 1,420 55,000 43,500 11,500 1,535 644 0
May 1-15 1,440 73,700 43,500 30,200 1,425 5944
May 16-31 1,490 113,000 43,500 69,500 1,369 57.0
June 1-10 1,515 121,000 43,500 77,500 1,436 59.7
June 11-30 1,540 113,500 61,100 52,400 1,621 67.5
July 1-15 1,540 101,500 101,500 0 2,253 93.8
July 16~31 1,540 85,000 85,000 0 2,778 116

It is not possible to predict with certainty whet effect these
reduced velocities will have on the downstreanm migrants. The migrations
from the various rearing areas are timed to suit a relatively fixed
environiental cycle., Complex physiological changes take place in the
fish before and during these migrations to prepare the figh for their

ocean environment. For each particular race of migrants these changes are
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probably adapted to the particular migration path and enviromiental
changes encountered. Thus the Stuart River runs are probably adapted
to long nigrations through Stuart and Trembleurlekes, whereas the
Chilko, Horsefly and Stellako runs nay not be. For any of these races,
however, the addition of a 170-mile long artificial lake in the
Fraser River would create an extreme change in environment to which
the fish may not be capable of adapting themselves. The rate of
nigration of these fish through lakes is not known but it is certain
that either they will have to swinm through this reach of river which
they are not now required to do, or they will be delayed from eight to
ten weeks in their migration. Either of these alternatives could
have serious effects on the fish. They nay not have sufficient body
energy to enable then to swim this distance and there may not be
sufficient food in the reservoir to enable them to replenish their
energy reserves. 4alternatively, due to the genetic timing of the
physiologicel changes the fish nay not be able to tolerate an abnormal
addition to the migfation tine to reach the ocean. Each race of
sockeye has been genetically adapted over a long period to their
particular environment, While it generally :cquirc. a najor change to
destroy a race, even a ninor change in environment can seriously
reduce a population of salmon. Consequently, e much better under—
standing of the environnental factors influencing downstream migrations
is required before any evaluation can be nade of the effect of extended

migration time caused by the reservoir above lMoren Dan.
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Velocity would not be the only envirommental chenge that would
occur. Temperaturcs and possibly dissolved oxygen ard other dissolved
substances would be different in the reservoir than in the normal
river. Water temperature records in the Fraser River in the vicinity
of Moran are very meagre., However, several years of records (Figure 4)
of water temperature are available from a thermograph station at Hell's
Gate below Lytton, which can be used to estimate ocorresponding tempera—
tures at ioran. In the period April 15 to June 15 the annual pattern
of water temperatures at Hell's Gate is quite consistent within a 59 F
ronge Study of the relationship between teuperatures at Hell's Gate,
Lillooet and Dog Creek for years in which concurrent records are avail-
able indicates that during the period April 15 to lMay 30 water tempera-
tures at Moran would be almost identical to those at Hell's Gate.

In the period June 1 to possibly as late as Hovember 30, tenperatures

at Hell's Gate are higher than those at Horan due partly to heating

of the river as it flows downstreaimn and partly to the effect of the
Thonpson .«iver which delivers a substantial volume of warmer water
drained from a large leke system. The annual pattern of btenperatures
in this period is more varieble than during the remainder of the year,
the temperature range being 5°F to 13°F for a given date. The relation-
ship between temperatures at Hell's Gate and iloran is also variable,
with temperatures at voran being as much as 605OF cooler. Figure 4

also shows the average annual water temperature cycle at Hell's Gate

and the estimated corresponding water temperature cycle at lMorans
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Also shown is the average weter temperature cycle at Quesnel, which
was estinated from the temperature change recorded between Dog Creek
and Lytton.

It might be supposed from the wide range of temperature prevailing
during the time of downstream migration that the seaward migrants
have a wide tolerance to water temperature. A closer examination of
the times of migration in relation to water temperatures is necessary
to determine the actual environient of any particular migramt. Enumera=-
tion of the seaward migrant sockeye leaving Chilko Lake during the
spring months of 1954, 1955 and 1956 has shown that the migrants leave
the lake rearing area in the period April 15 to June 15, with peaks
of migration occurring in late April, early and mid-May. Data on the
concurrent water temperatures in Chilko River and the Fraser River at
Hell's Gate are given in Figure 5. As previously noted, water tempera-
tures at Moran are probably about the same as at Hell's Gate during the
spring months. Hence it appears that migrants from Chilko Lake may
encounter a temperature rise at the confluence of the Chilcotin and
Fraser Rivers ranging from zero to not more than 8.50F. It has been
estimated that migrants take about five days to travel from Chilko
Lake to the Fraser River. Thus, the temperature encountered by any
given migrant may increase up to 12,5°F during the course of the migra-
tion; with a maximum tenperature of about 56°F. Sinilar variations in
temperature may normally be encountered by migrants from other upriver

rearing areas such as Quesnel, Stuart, Fraser and Francois Lakes
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although the change may be spread over a longer period of time.

Due to the greatly increased tinme required for water to travel
through the reservoir, the surface layers of the reservoir would be
subject to more heating than they would be in the existing river, and
consequently surface temperatures would be higher than in the
existing river. The great depth and slow velocities probably would
result in temperature stratification at least at certain times of the
year. 4 stidy of meteorological and liinological conditions would be
required to determine actual reservoir temperatures for any given set
of conditions. «&% the present time little work has been done in ana-
lyzing the effects of meteorological conditions and river flow on
thernal stratifiec~tion in reservoirs and a lengthy study of existing
reservoirs would be necessary to obtain sufficient background infor-
mation for a study of the reservoir that would be formed by the pro-
posed dam., Until such a study can be iade, sufficient indication of
the probable concitions in the reservoir can be obtained by referring
to nessurements available from Lake Roosevelt above Grand Coulee Dam
on the Columbia river,

Table 3 lists the various characteristics of the two dams and
reservoirs. It will be sccn that the two reservoirs are about coumparable
with respect to loagitude and elzsvation and while they are 3° apart in
latitude, they are both located in the continental climatic zone east
of the Cascade lMountains and tius would have approximately similar

exposures to climatic -~ ltions, the one important difference being



Table 3

Conparison of Characteristics of
Roosevelt Lake and the Proposed loran Lake

Latitude of Dan
Longitude of Jan
Reservoir Elevation
Drainage Area
Lvero.e  River Flow

Maximun River Flow

Mean 4Annual Runoff

Head at Dan

Dan Crest Width

Drawdown

Drawdown Per Cent of Head
Reservoir flreco

Reservoir Length

Average Width

Shore Line Length

Reservolr Volume

Lctive Volume

Per Cent Active Volume

Ratio of Runoff to 4ctive Volume

average Cross Section
(estinate only)

Velocity at Average Section
at Maximua Flow

average Turbine Discharge

Roosevelt Lake
48° W

119° W,

1,290 feet
74,100 sqg. miles
104,150 cfs
637,800 cfs
77,200,000 a.f,
348 feet

Ly 173 feet

80 feet

3%

85,000 acres
151 niles
4,650 feet

600 miles
9,700,000 a.f.
5,165,000 a,f.
53%

1449

530,000 sq. ft.

1.2 fps

65,000 cfs (1950)

% ifter deducting Nechako River Diversion.

36.

Moran Lake
51° .

121° 52! W,
1,540 feet
50,000 sq. miles”
48,300 cgs”
266,000 ofs™
34,480,000 a.f."
720 feet

3,200 feet

200 feet

27+ 8%

65,000 acres

172 miles

25140 feet
13,300,000 a.f.
9,000,000 2. f.
€7.5%

3,82
640,000 sq.fte.

0.42 fps

37,400
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that Roosevelt Leke runs generally East to West, whereas the lioran

Lzke would run from North to South. Moran Lake would have a 37 per
cent larger volume than Roosevelt Leke and a mean annual outflow

54 per cent less than Roosevelt Leke. Consequently there would be

much greater opportunity for heating and thermal stretification in

Moran Leke than in Roosevelt Lake.

Figure 6 presents some dete on depth-temperature relationships
in Roosevelt Lzke at several locations for the period lMey to October
(45 5)s There are definite periods of stratification in lay, August g
and September., In May, the stratification resembles very closely
that occurring in natural lekes, but in august and September, it is
nodified by the displacement of cold water which tekes place during the
freshet period. By October, continued turbine withdrsawal of the colder
waters results in nearly isothermal conditdems, but at a much higher
tenperature than would occur in the noriel river at that time due to
the time lag in passage of water. Leference to Figure 6 shows that
during May there can be as uwuch as 15°F temperature difference between
the top and bottom of the reservoir at Grand Coulee Dan and it can be
predicted safely that a differential of at least this amount could
occur during May in the lioran reservoir. Actual water surface temperatures
in the Moran reservoir would be determined by the interrelationships
of all the climatic and hydraulic conciitions affecting the reservoir
but there is strong circumstential evidence that they would be at
least as high as those in Roosevelt Leke and higher than in the normal

river. The surface water temperatures for Shuswap Leke shown in
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Figure 7 probably represent about the maximum surface temperatures that
night be expected in lMoran Reservoir.

The effect of such higher temperatures on the I iwvior of migrants
will require careful study, since any change in bchovior could have
considerable bearing on the design of facilities for passing these fish
over the proposed dam. It is known that there are optimum and preferred
temperatures for various activities and development: during the life
cycle of the fish, although the actual values of these temperatures have
not been well established for all phases of the life cycle, particularly
the downstream migrant phase. It is quite possible however, that if the
surface water temperatures are not those suited to or preferred by the
fish during their migration, they may alter the course of their migration
to obtain such temperatures. Conversely if they do not alter their
course, any deviations in temperature from normal may affect the migrants
ability to swin through the reservoir. The new tenpecrature nay not be
suited to meximum efficiency in the metabolic processes. It nay also
affect the survival of the fish since it is considered fthat unnatural
environnent 1s in a large measure responsible for the incidence of
disease in Tish that are artificiaslly held or reared.

The possibility of other physical and chenical changes in the
characteristics of the water in the reservoir must also be considered.

In some rcscrveirs in the Tennessee Valley suthority systen in the eastern
United Stetes, studies have disclosed that density currents of extremely

low dissolved oxygen content pass through the reservoirs between 40 and 60
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feet below the reservoir surface. In some cases the dissolved oxygen
below 60 feet of depth was aluost entirely depleted. These oxygen deple=-
tions are the result of high water temperatures and the oxygen demand of
water-borne uaterials entering the reservoir (6). Fish kills have been
observed as a result of fish entering the strata of low oxygen content.
Tables 4 and 5 list some data available regarding the dissolved oxygen

in Roosevelt Lake. These data show a gradual depletion of oxygen in the
reservoir in a downstream direction, at the deeper levels, but there is
no evidence of depletion below concentrations considered safe for salmon,
nor 1s there any indication of density currents carrying oxygen depleted
water. The available dissolved oxygen measurements for the Fraser River
in the vicinity of Moran Dam are given in Table 6. The river is generally
saturated with oxygen although there is a small depletion at Quesnel due
to a small BOD of about 1.5 ppa (7). In view of the similarity between
Roosevelt Lake and the proposed lioran reservoir, it is considered that
the dissolved oxygen concentrations in the loran reservoilr would follow

a pattern similar to that in Roosevelt Lake and should not give cause for
concern insofar as migrations through the reservoir are concerned.

Tables 6, 7 and & provide additional data on the physical and
chemical qualities of the Fraser River and NHoosevelt Leke. Turbidities
in Roosevelt Lake were less than 7 ppi in September 1952, compared with
19 ppn in the incoming Columbia River, indicating a considerable clarifi-
cation of the incoming water. Similar effects may be expected in the

proposed reservoir, This clarification of the river water probably would
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Table 4

Dissolved Oxygen in Roosevelt Lake
September 23-30, 1952

% of
Depth D.0, Saturation
Statian L. fojuin! (a)
C-736 1 8.4 89.2
(River at
Northport) 40 8.4 88,2
C-703 1 8.2 88,2
150 8.1 87.1
C-694 1 8e2 90,0
150 Tats 8lel
C-674 1 8.3 91.2
200 7.7 82.8
C—b44, 1 8.7 974
200 8.0 87.5
C-641 1 8,0 91.0C
250 7.0 77.C
C-615 1 8e2 » 92. 1.
200 7ol 81,1
340 6.7 7365
G- 597 1 7.9 90,3
(Grand Coulee
Dam) 200 7e3 82,0
350 6'3 6901;

(a) Computed on basis of normsl barometric pressure at 1,250 feet
altitude.

From: Ref. (4).



Table 5 43 ®

Dissolve? Op e in wwosevelt Leke

1948
% of
otation Date D;th g;g° Sa?z§ation
San Poil River July 8 0 10.2 106
50 10.6 109
100 10.4 107
200 10.4 ’ 105
300 10.4 105
hug. 17 0 8.8 08
50 10.2 112
100 8.6 93.5
200 8.8 9345

(a) Calculated on the basis of normal barometric pressure at
1,250 feet altitude.

Secchi Disk Readings in Roosevelt Lake
Measured in Feet

Location At
San Poil Spokane Hall Colville Kettle Flat

Date River River Creek River River Creek
J'U.ly 6"'16 8.0 5.0 6.0 6.0 5.0 5.0
iug, 16-20 16,0 15,0 - ~  10.0 -
Sep. 7"'9 26. O 18‘ O - - 1.3- O bad

Froms: Ref. (5)0



Table 6

Chemical Characteristics of the Fraser River at Selected Points e
A. Lytton
Dissolved O : - CE&LD- ﬁﬁ;— PPM Concentretion
DM/Y ppn (a) PH@ tC ppm (b)  ppu(e) Na K Ca Mg Fe PO, 8i0y Nog Nop C1 SO,
29/8/50 9.4 102,0 7.8 23.0 4.0 - 52,0 = = - - - - - e w
4/10/50 12.0 102.5 7.94 9.0 1.7 1.5 55.2 1.3 1.2 - 34 0.27 - 0.4 0.1 - - -
15/2/51 14«5 100.8 7.48 6.9 6,0 1,3 28,6 3.2 0.4 21,6 9.2 0,21 - - - = 0.7 15.9
19/4/51 1346 100.0 7.7 11.0 2.8 8.12 6L.1 3.9 1.7 19.5 8.9 1.6 - - ~ = L1554s2
29/5/51 12,1 105.0 7.53 11s6 4e2 4.97 418 2.8 1.3 16.2 2.1 042 - = =~ - 0.83 6.9
9/7/51 10.7 106.8 8.0 18,0 2,0 1.0  43.1 0,72 1.05 17.8 4.5 1.83 - - - = 0% 5.57
3/8/51 10,0 108,0 7.95 28,1 1.92 0.30 49.5 2.1 0.6 16.5 4«25 0.46 0,06 - - Nil 0.78 7.70
3/9/51 10,8 107.1 8.0 215 L7 1.9 549 16 133 18.9 4.2 131 - 4.7 0,16 -  0.341Q9
8/10/51 10.7 94«7 7.75 17.5 3,35 L4 61,0 2,1 1.3 21.5 5.6 0.36 Tr - 0,017 Nil 1.0 12.9
B. Lillooet
27/9/50 11.3 107.5 7.92 12.5 1.8 0.5  47.0 1.4 0.3 - 3.2 0,27 TIr - 0Y - - -
11/4/51 14.9 107.8 7.6 15.8 4e8 7.17 63.5 4ol 1.6 211 6.3 9.5 =~ 6.4 0.61 -  1.86 40.6
5/7/51 10,7 109.8 7.95 19.0 1.9 0.43 43.7 1.0 0,72 17.5 4.2 1.7 = 3.2 0,47 =~  0.88 6.45
30/8/51 11,1 112.0 8,0 19,5 L.7 0.97 50,7 1.6 1.4 18.9 4.2 1.56 0,021 = - N1l 1..10 8.0
3/10/51 11.8 101.5 7.75 12.3 3.3 0.64 57.2 2.0 1.3 21.9 4eb 0,64 Tr 4e6 0,06 Nil 1.2 12,0
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Table 6 (Cont.)

Ce. Wuesnel

Dissolved Oxygen C.0.D. Alkal~ |
% Sat. i C0a ppm  inity _ PP Concentration
D/1i/Y ppm  (a) P tC  ppm (b))  ppn(c) Na K Ca Mg Fe PO, 8i0p  log Moy CL S0,
2/10/50 10.9 94.8 7,96 12,0 1.8 1.6  57.2 1.2 0.2 - 3.3 0.23 Ir - 017 - - -
17/4/50 12.6 96.5 7.6 8.9 3.0 3,36 51L.5 2.9 L1l7 17.1 4O 8.8 - - - - 2.33 399
8/7/51 10,0 10L.8 8.2 17,0 1.1 1.6 42.5 1.0 0,66 138.4 45 16 - - - - 118 370
2/9/51 9.8 99,0 7.85 142 2.5 29 5409 Lluhkh b 18,9 Loz 1,24 0,037 - - 0,013 0.68 6,85

5/10/51 11,1 96.5 7.55 9.7 5415 2.5  65.2 L6 L6 219 5.37 1.36 Ir he?7  0.28 Nil 1.1 12,1

From: Ref. (8).
(a) Estimated by International Pacific Salmon Fisheries Commission.
(b) KMnO, reduction oxygen consumption.

(c) Methyl orange alkalinity.
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Table 7

Immediate Turbidity and Specific Conductance
Frager River at Selected Points

A. Lytton
Immediate

Dape Turbidity Specific Conductance

DA/ pom(a) € 25°C iicromhos
4/10/51 85 126,0

15/2/51 - 164,

19/4/51 _— 131

29/5/51 - 104+ 5
9/7/51 - 95
3/8/51 90 106
3/9/51 64 119
8/10/51 30 135

B. Lillooet

27/9/50 78 116

11/4/51 4,000 152
5/7/51 100 103.5
30/8/51 70 113
3/10/51 38 131

C. Quesnel

2/10/50 53 123
17/4/51 —_— 110
8/1/51 — %
2/9/51 70 118
5/10/51 52 137

From: Ref. (8).

(a) Estimated from Figure 8 in Reference (8).



Characteristics of Roosevelt Lake Water, September 23-30, 1952

Table 8

47,

Alkal- Specific Ca, Mg Fe 50, PO, N0,

Depth G0,  inity Conductance

Station Ft. PH @ 1tC ppm ppm  micromhos Goncentration ppm Total Solids

C-732 1 7.7-16.5 0 60 140 20 6.0 0.13 20 0,09 0.13 110

C-703 1 7.8-17.0 0.5 61 150 21 6.0 0.07 16 0.12 0.17 110
150  7.6-17.0 1,0 62

G-69/4 1 8&.2-18.0 0 65 150 21 7.0 0,07 16 0.10 0.01 110
100 7.9-17.0 0.5 62 140 21 6.0 0,08 15 0.09 0.09 110
150 7.7-17.0 1,0 62

C-674 1 8,2-18,0 0 59 140 20 7.0 0,07 15 0.04 0.13 110
200 7.7-17.0 1.0 58

C-644, 1 8,0-19.0 0 58 130 19 La'T 0,09 12 0.04 0.25 66
200  7.8-17.5 1.5 58

C~641 1 ——— 0 58 130 19 48 0,05 11 0.03 0.07 63
250 1.5 60 140 19 L3 0. 14 12 0,07 0.10 57

C-615 1 —— 0 59 130 18 5¢5 0.06 10 0.04 0.0 40
200 -— 1.0 58

G-597 1 8.2-20.0 0 60 120 21 4ol 0,08 11 0,01 0,12 51
350  7.4-18.0 4.0 58 130 19 5.0 0.14 10 0.06 0.16 54

Froms

Ref. (4).
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not present any problen with respect to misrations through the resevioir,
but in may provide increased opportunity for predators tc feed on the
nigrating smolts and fry. The other nhysical and chenicel properties
listed in the tables do not show any significant differences between
Roosevelt Leke and the Fraser River.

< biological exemination of Roosevelt Leke has shown the plankton
population to be extremely poor, although there were more zooplankton,
on which sockeye feed, in the reservoir than in the river downstrean
(5). TDottom fauna were also found to be very _imited duc to the large
winter drawdown and botbom deposit of silt and send. TFish in the reser-
voir were found to be predominantly of undesirable and foraze species,
Food and gane fish were present, but in reletively few nunbers. It
was concluded thet Roosevelt Lake was biologically poor due to lack of
inconing nutrients, deposition of sediment, frequent renlaceaent of
water, sparsity of shoreline shallows, and large winter drawdowns.

Since conditions in the proposed Horan reservoir would differ from
those at Roosevelt Lake only by exbent, it apnears almost certain that
the Moran reservoir would also be biologically poor and would support
primarily coarse fish populetions, soume of which are known to be predatory
in their feeding habits.

B. Pagsage over the Dan

l. Effect of Spillways and Turbines on Survival of Migrantse
If and when the nigrating smolts and fry have traversed the
length of the proposed reservoir, they nust be collected and provided

with safe passage over the dan without delay.
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& great deal of evidence has been obtained in the last few years
which ~hows that downstream nigrants suffer a severe mortality rate
in passing over spillways and through turbines. No experiments have
been conducted at a deii as high as the proposed Moran Dam but at Baker
Dan, which is about one third of this height, 64 per cent of the
sockeye yearlings were killed in passage over the spillway and 34
per cent in passage through the turbines (2). On the basis of this
information alone it may be concluded that conditions at the proposed
Moran Dam would probably be so severe that practically all downstream
migrants would be killed if they passed over the spillway or through
the turbines. Mortelities measured at other dams are of interest
in that they show the variation in mortality rates for different
heads and different spillway and turbine designs. The available
information is summerized in Table 9.

These investigations have revealed that the causes of mortality
in passage over spillways are =hrasion, pressure change, cavitation
and turbulence. Probably most of the injuries sustaired by fish
passing over the spillway of Baker Dam are caused below the point
where the free falling stream from the spillway gates impinges on
the concrete spillway about 100 ft. below the crest of the dam. After
impinging on the spillway face, the stream spreads oult to a thin sheet
of extremely turbulent and fast-flowing water. Since the concrete
face is very rough, many injuries are caused by abrasion and cavitation.
It was also determined that the violently turbulent pool at the base
of the spillway causes mortalities. Obviously, mortalities caused

by abrasion, pressure change, cavitation and turbulence would



Table 9

Measured Mortality Rates Suffered by Downstream-Migrant
Salmon and Trout in Passage over Spillways and Through Turbines

Average Spillway

Dan Head Species
(feet)
Cleveland (9) 295 Coho
(Capilano River) Steelhead
Baker (2) 250 Sockeye
(Baker River) Coho
Puntledge (10) 350 Steelhead
(Puntledge River) Kemloops
Kamloops
Pink, chum,
coho, spring,
keoloons
Glines (3) 184 Coho
(Elwha River) Spring
Ruskin (11) 130 Sockeye
(Stave River)
Elwha (3) 100 Spring
(Elwha River)
Bonneville (12) 60 Spring
(Columbia River)
McNary (13) 90 Fz1ll Chinook

(Columbia River)

e 6 M&m
(Inches) (per cent
? 57

69
3.75 64
hel 54
4e9 ——
2- 7 bl
.l. 8 janand
lt 4— —
Lo 25 82
2.75 6
3 . 4— -
2.75 37

? 15%%

A 0

v 50

Turbine

Moxrtality
(per cent)

34
28
42
28
29
33

30
33

10

11

Notes: %= The spillway at Glines Dem consists of a free fall or ski-jump
where a small quantity of water drops into a large, deep

pool.

w. It was not possible to separate spillway and turbine mortalities
in this experiment at Bonnev1lle Dane
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increase for higher dams.

Experinents at the two dams on the Elwha River (3) also showed
that a large proportion of the mortalities could be attributed to
pressure changes and mechanical injuries. The relatively low mortality
rates measured at the 200-ft. free-fall spillway at Glines Dem nay be
explained on the basis that pressure changes and mechanical injuries
were virtually elininated because nost of the drop occurred through
air. Nevertheless, there was a significant mortality, possibly
caused by impact and turbulence in the pool below the spillway and by
inhibition of respiration. lortalities of 17 to 32 per cent were
measured in dropping hatchery-reared coho yearlings 250 ft. over an
experinental ski-jump spillway at Beker Dam (14). 4t Cleveland Dam
on the Capilano River, the water drops 295 ft. but about one-third
of this drop is a free fall. It is believed that the very high norta-
lity of 57 to 69 per cent was caused by insufficient depth in the
tailwater pool and abrasion on the spillway face and canyocn walls.

In general, mortality rates suffered by downstream-migrant salmon
in passage through Francis turbines are lower than those suffered in
passage over spillways having the same head. However, it can be
seen that the turbine mortality, like the spillway mortality, increases
as the height of the dam increases. It may be concluded, therefore,
that the mortality to sockeye yearlings passing through the proposed
750-ft. head Francis turbines at loran would be considerably higher
than the 34 per cent measured mortality rate in the 250-ft. head

Francis turbines at Baker Dan.
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One very important aspect of fingerling mortalities during
the seaward migration is the fact that they cannot be compensated
for by a higher survival rate in loter stages of the life cycle,
Furthernore, it seems likely that the actual mortality rate of
Tingerlings would be higaer than the mortality rate neasured at a
dam because sone fish that survive passage over the danm would be
weakened to the extent that they would not be able to withstand
subsequent additional stresses such as those inposed in escaping
from predators; withstanding the effects of pollution end in
naking the transition from fresh to salt water. There is no ilnmedi-
ate prospect that the design of turbines and spillways can be
sufficiently improved to eliminate mortalities to downstrean nigrants.

It nay be concluded, therefore, that in order to preserve the
fisheries resources originating in the Fraser xiver watershed
above the proposed Moran Dem it would be necessary, among other
things, to ensure that none of the downstrean—-uigrent selnon and
trout would pass through the spillway or turbine outlets, Methods
would have to be devised for attracting or diverting these fish
to effective by-pass outlets in preference to spillway and turbine
outlets and for transporting them from the forebay to tailwater
without delay or undue stress.

2« Lrtificial Guiding Stimuli.

In recent years, considerable work has been docne on neans that

night be employed to divert downstrean nigrant salmon and trout away
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from hazardous paths at dams to safe by-passes, Most of this work
has been directed toward development of artificial stimuli to con-
trol the movements of the fish in anticipation of finding a more
economical and more satisfactory method than physical barriers such
as screens. OStimuli such as light, sound, magnetism, electricity,
alr bubbles, moving objects, chemicals and louvres, have been
tested by different experimenters. Sound and magnetism produced
no response by the fish. Other stimuli, such as light, electricity,
moving objects and louvres have shown varying degrees of success under
the conditions of the experiment and it is not inconceivable that
such stimuli or devices could be developed for practical application
in situations where the prevailing conditions would be similar to
those of the experiment. The practical limitations (i.e. turbidity
and structural problems) on the use of light, moving objects and louvres
at large dams are apparent and no large scale experiments with
these methods have been attempted at large dams. Laboratory and
small scale field experiments have shown a high degree of success
with various forms of electrical stimuli, but the only lerge scale
experiment to date with electricity (15, 16) has proven to be un-
successful and after four years, the International Pacific Salmon
Fisheries Commission has decided to discontinue further investigation
of electrical stimuli in févor of other approaches to the problem.

It is concluded, therefore, on the basis of all available

experimental evidence, that no artificial stimuli have yet been

-
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developed which could be reconmended for practical application to
the problenm of guiding downstrean nigrants at large dams such as
HMoran.

3e Screen Barrier.

Fixed and mechanical wire screens have been employed for nany
years with varying success to keep young salmon out of river water
diversions for power, irrigation, and water supply projects. The
success of such screens depends on the type of screen employed
and on the provision of suitable water approach velocities. Where
approach velocities are low amd the screens are protected from
clogging, either fixed or travelling belt types of screens can be
successfully enployed with a mininun of nmortality to fish. If
these criteria are violated significant nortalities or carry-over
can occur. Due to the fine mesh screen necessary to exclude salmon
fry end the problems of keeping the screens clean, as well as the
cost of providing the required screen area and the alignment 1o
satisfy the velocity criterion, and the structure to surport the
screen, such screens have not been used as a means of guviding
nigrants 1n the forebay of large deins.

Recently, experiments have been conducted at Baker Daz to
study the effectiveness of screen barriers where forebay velocities
are very lov. t was known fron previous cxperinents (17) that
najority of the sockeye and coho yearlings migrated in the top
15 feet of the reservoir, and an experinent was made to determine
the guiding efficiency of a webbing L-riar 15 feet deep and 240

feet long angled across the forebay of Baker Dam to a surface by-
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pass trap. This barrier significantly increased the percentage

of coho migrants entering the by-pass trap and further experiments
were conducted in 1957 with a barrier 30 feet deep when both sockeye
and coho were present. The results of this experiment are not
completely analysed, but an important difference in the behavior of
sockeye and coho nigrants was observed. In all the tests the
success of guiding sockeye was less than for coho, particularly
when the sockeye were not intermingled with coho. Sockeye showed

a greater tendency to sound under the barrier than did coho.
Similar observations of behavior differences between spring salmon
fry and coho yearlings were made in recent tests at IMud lMountain
Dam on the White River (19), where the spring salmon fry were

found to be more reluctant to sound than the cqho yearlings. These
observations are extremely significant in that they emphasize

that experimental results obtained with one species of salmon do
not necessarily apply to all species and that they require careful
and cautious interpretation.

Extensive model studies of the forebay of the proposed lloran
reservoir would be required to determine the actual approach
velocities for the proposed location of turbine and spill outlets,
but on the basis of a maximum flow of 285,000 cfs, the average
approach velocity at full reservoir would be 0.2 fps which would
closely duplicate the experimental condition at Baker Dam. However,

the length of screen required at Moran Dam would be perhaps twenty
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times that used at Baker Dam, and even if additional experiments
prove this type of barrier to be successful at Baker Dam, further
investigation would be required to determine the effect of greatly
increasing the barrier lcnghhe Also, as previously mentioned,
before any guiding device could be recommended, the effect of
reservoir environment on the behavior of migrants must be known.

Huch additional information is necessary, therefore, befcre any
decision could be made regarding the probable effectiveness of screen
barriers as a practical means of guiding migrants in the forebay

of Moran Dam.

4e Deeply Submerged Turbine and Spill Outlets.

In the Moran Dem Brief, and in discussions with Moran Power
Development Limited, the Company representatives have suggested that
the spill and turbine outlets be placed at great depth below the
crest of the dam, in order to prevent migrants from being attracted
to these outlets. Surface by-passes would be used to provide
the migrants a path over the dam to tailwater.

Observations at Baker Dem (2) have shown that only a small
proportion of the downstream-migrant sockeye and coho salmon
migrated through the 95~foot deep turbine intake when a surface
spill was available, but that significant numbers did sound to
this depth when there was no surface exit. A&t the Glines Dam (3),
hatchery-reared spring salmon readily sounded to a depth of 65 feet

when no surface exit was available, but very few hatchery-reared
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coho yearling sounded under the same conditions, Both species pre-
ferred the surface outlets when they were available, although the
depth of intake submergence was not sufficient to prevent migration
throuzh the tunnel.

The arrangement of turbine intakes proposed for Moran Dam would
place then at elevation 1,310, or only 30 feet below the minimum
anticipated forebay elevation. Since the maximum drawdown would ocecur
in April prior to the pring freshet, at the same time downstrean
migrations occur, it is apparent that the proposed arrangement would
not prevent migrants from passing into the turbine outlets even if
surface outlets were provided at the elevation of maximun drawdown,

It cannot definitely be determined at this time whether or not
it would be possible to design an arrangement of deeply submerged
outlets and surface by-passes which would successfully prevent downstream
nigrants from entering the spill and turbine outlets and lead them to
safe surface paths.

In the absence of any proven means of preventing migrants from
entering the surface spillway proposed for the dam in addition to the
submerged spillway outlets, it would be necessary that thae submerged
spillway outlets have sufficient capacity to prevent surface spills
for 211 inflows up to and including a 50-yeer flood. The design of
the actual capacity of these outlets would depend upon the stage of
developuent considered and the assumed nanner of operation of the
reservoir. It is unlikely thet this project would reach its full
initial stage developument of 18 turbines in the first few years of

operation, whereas it is always possible that 50-year flood could
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occur in any year. Since the reservoir would remain almost full
throughout the year when only a few turbines are operating, it is con~
sidered essential, if no surface spills are to occur, that the sub-
nerged spillway outlets have a capacity equal to a 50-year flood at
lMoran or about 285,000 cfs. The twenty 108 inch ring-follower valve
spill outlets proposed have a capacity of 193,000 cfs at full reser-
voir and therefore would not be adequate to prevent surface spill.
4t least thirty such outlets would be required.

The informetion available regarding conditions in the forebay
of Baker Dam is not sufficient to delineate the various factors in-
fluencing migration and the relative effect of each. Velocity, tempera-
ture gradients, and turbulence are believed to be the principal
factors involved.

In the forebay of Donueville Dam, where velocities and tur-
bulence are presumably relatively high due “o the large discharge
and shallow river depth, the downstrean migrants have been observed
to be distributed over the entire 60 feet of depth at the dam (18).
As already noted, most of the migration at Baker Dam is in the top
15 feet of the reservoir, with only very few fish found below 30 feet
of depth. &t full load, full forebay, and no spill the average approach
velocity upstrean from Baker Jam is about 0.06 fps. 4t Zonneville
Dam with a discharge of about 300,000 cfs on the first of May, the
average velocity at a section just upstream from Bradford Island would

be more than 3 fps. The Beker Dam reservoir also develops a well



59.

defined thermal stratification during the period of downstream migration
(2) whereas there is no evidence of thermal stratification in the
Bonneville reservoir (4). These significant differences in the character—
istics of these two reservoirs undoubtedly are the principal reasons for
the differences in the characteristics of the respective nigrotions
through then.

Measurements of the numbers of migrants using the submerged
tunnel intake at Baker Dam during periods of no spill and variable
forebay elevation indicate an inverse relationship between the numbers
of fish and the depth of submergence (2). Since fish ccntinued to
use the tunnel at Baker Dem at full reservoir elevation even when
spilling occurred, the tunnel submergence and its approach character-
istics are not such that migration is prevented.

Recent observations at Mud Mountein Dem have also indicated an
inverse relationship between depth of outlet submergence and percent-
age of migration using the outlet (19). These experiments igdicated
a very small percentage of the fish (coho yearlings and spring fry)
leaving the reservoir when the outlet was submerged 160 feet. Again,
these results are not applicable to sockeye, which are known to sound
more readily than coho.

The apparently normal approach of a large rrcrortion of the
downstream migrants to Beker Dam is to first traverse the face of the
dam in search of an outlet. This traverse may be mede by swimning
directly along the face or by randomly approaching it at various

points along its length. This pattern of search suggests that the
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water velocities adjacent to the tunnel intake in the surface
layers normally frequented by the migrants are not sufficient to
attract them and that it is only by sounding that they encounter
velocities that attract then.

Data on water velocities and temperatures at Baker Lam show that
in the top 30 ft. of water adjacent to the intake, velocities are too
low to be measured‘by a regular Price current meter (in this instance
less than 0,1 ft. per second) (2). it the time the neasurements were
taken (May 1350), this depth coincided with the thermocline. The
data also indicates that below the 20 foot depth velocities increase
al an average rate of 0.0154 fps per foot down to the top of the tunnel.
The distribution of isovels at the inteke, and temperatures in the
powerhouse tailrace indicate that the tunnel draws water principally
from the layer between 60 and 110 feet below the surface. Iuch addi-
tional information nust be obtained regarding the effects of velocity
and temperature gradients in the Baker heservoir and other deep
reservoirs in order to establish the criteria that govern the move-
ments of fish toward submerged outlets. Once the criteria are known,
it should be possible to examine, by means of a large hydraulic uodel,
the methods that might be employed to duplicate these criteriz in the
nroposed Moran reservoir. Until the factors influencing the sounding
of migrants to submerged outlets are fully understood, end the hydraulic
conditions created by subuerged outlets can be predicted, there is
no rational basis for any suggestions as to depth, placenent, and

number of submerged outlets that might be provided at the proposed
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Moran Dam as a means of preventing downstream migrants from passing

through such outlets. It will be shown in subsequent sections of this
report that such deeply submerged outlets would also present problems
in maintaining a suitable temperature in the river below the dam.

Mere exclusion of the migrants from these outlets is not the
full answer, however, since by-passes must be provided to attract
the fish to safe paths over the dem.

5+ Surface By-pass Requirements.

Whatever device or combination of devices, if any, may be
proven to be an acceptable means of excluding migrants from hazardous
paths at the proposed dem, by-passes would be required to lead the fish
to safe paths. Since these by-passes would have to be provided over
the full 200-foot range of drawdown, and possibly more dspending on
accurate estimates of conditions during the initial filling period, the
design of these by-passes is important not only for the successful
passage of migrants, but possibly also for the structural design of the
dane

There are no known successful by-pass installationsat large dams
that provide any precedent for the design and operation of by-passes
at Moran., Four experimental migrant by-passes were incorporated in
Bonneville Dem but those have not been successful in sttracting signi-
ficant numbers of fish away from the turbine intakes and spillway.

Some indication of the requirements of a successful by-pass can be
obtained by considering natural lake outlets, where the fish are
gradually confined to the surface waters and there is a very gradual

acceleration of water velocity. Under such circumstances the fish do



62,

not exhibit any reluctence to leave the leke and enter the stream.

Reference has already been made to thc inverse relationship
between the proportion of the migrating fish sounding to the tunnel
inteke at Beker Dam and the depth of submergence of the intake. When
the reservoir at Baker Dam is full, there is also =z relatlonship
between relative proportions of migrants sounding to the tunnel and
the magnitude of sp:ll (15). The results of observations mede in 1955
are shown in Table 10. The spillway gates at Baker Dam are 9.5 feet
wide by 13 feet deep and discharge aboubt 1700 cfs each. The tunnel
discharge is 2200 cfs.

Teble 10

Percentage of kigration Using Tunnel During Surface Spills

Spill Condition

Species One Gate Two_ Gates Three Gates
Native sockeye 6.2 4e 0 244
Native coho 1,7 1.4 e
Hatchery springs 2.0 2.0 ——

These figures are significant in thet they indicate the relative
magnitudes of spill and tunnel discharges required for the relatively
narrow 350-foot crest width of Baker Dam to provide attrzction to the
surface outlets.,

Experiments at Baker Dem with a 24 cfs by-pass (15) were not
successful in passing migrants, probably because of the rapid accelera-
tion of water into the by-pass opening. Further experiments (16)

with a 265 cfs by-pass with more gradual acceleration of approach
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velocities still did not attract a significant proportion of the
migration except when aided by a long webbing barrier to divert the
nigrants to it. Even with this by-pass the migrants showsd reluctance
to enter. Other experiments in the design of attractive oy-passes
have been conducted at the Lekelse iiver (20). This by-pass was
constructed to provide gradusl ecceleration of flow with mirrors
installed on the sidewalls to reduce or eliminate reference points and
to lessen the tendency of fish to be clarmed by the accelerating flow.
This by-pass was used in conjunction with a travelling cable guiding
device but was considered only noderately successful since it was not
efficient enough to prevent the accumulation of fish in the deflection
area. Lt nust be emphasized that this experiment was conducted in a
river with only 3 to 4 feet depth of water and therefore camnoct be
considered indicative of the efficiency that would be obtained in

the forebay of a large dan.

Present knowledge of by-passes is not adequate to permit any
determination of the size, shape, number and distribution of them at
the proposed lioran Dam. Research on the requirenents of a successful
by-pass is being accelerated end ncw developments are being followed
closely.

In the ahsence of proven means of guiding migrants to by-passes,
it appears that one essential requirement of any by-pass at a large
dan would be a relatively lerge flow of water. The uagnitude of flows

required for Moran Dam cannot be predicted with certainty at this time,
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but: there is a possibility thet the flows would be a considerable
portion of the flow for power developuent. In this case it would
probably be suggested that some means be sought to recover a large
percentage of the by-pass flow either by recirculation or by diversion
to the power turbines. Such a proposal has already been made for the
proposed Mayfield Dem on the Cowlitz River, but the device proposed
has been designed solely on the basis of hydraulics and there is no
guarantee that it will achieve the desired results or that it will
not cause injury or mortality to the migrents. 4t this installation,
forebay levels would be controlled over a very narrow range. At Moran
Dam, a similar device would have to operate over a 200-foct range in
water levels and would require a very complicated structure. However,
the principal difficulty concerns the design of a screen to separate
the nigrants from the flow to be recirculated or diverted. Not only
wouli such screens present a serious operational problem cf cleaning,
but they also would have to be designed to prevent fish from being
plastered on them due to head differential.

This requires that velocities through the screen by very low;
and consequently, if large flows are to be handled, the screening
structure required could become immense. In essence, the completed
structure would be a section of spillway crest moveable over a 200 foot
range of forebay levels. The practicability of such a moveable structure
with respect to engineering design and biological effectiveness remains

to be proven.
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Recently, several experiments have been conducted with
floating by-passes or "skimmers" ubilizing pumps to create a flow
of water into a trap in which nmigrants would be separabed from the
nmain flow of water. These devices are experimental variations of
the by-pass proposed for Mayfield Dem which are being tested to
determine their efficiency. In essence, they are no different
than the by-pass trap used at Baker Dan, but they are linited to
nmueh smaller discharges due to the limitation of pump capacity.
Results to date do not indicate sufficient efficiency to warrant
practical epplication at large dems. In view of the previously
stated observation that large flows would be required to attract
the migrants away from turbine or spill outlets, it seems certain
that by-passes using small flows will never be successful at large
dams except possibly when used in conjunction with an efficient
and practical device for gulding nigrants to it. The results of
current research do not provide any basis for conclucding that any
form of by-pass or guiding device has been developed which could be
recormended for practical application at large dams.

6. Transportation to Tailwater,
o

Once the migrants have been collected in a by~pass they
must be szfzly transported to tailwabter; a vertical distance of 520
to 720 feet depending on forebay elevation. Again there is no
precedent for such facilities for this magnitude of drop.

A number of methods of transporting the migrants to tailwatber
night be suggested, such as flumes, pipes; elevators, free drops and

gravity locks, but at the present time there is 1ittle or no basis on
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which to make a design or to determine the suitability of any of these
nethods. On the basis of available information, however, a number of
observations can be made regarding the problems assoclated with each
of these nethods.

411, except gravity locks and possibly conveyors, would require
a large number of openings through the dan to provide continuous
operation through the entire 200 feet or uore of forebay fluctuation.
This requirement .18y or may not present a structural problenm in
designing the dam, but it would certainly necessitate a complicated
systen of valves or gates to regulate the flow through the openings to
correspond to the by-pass inflow and to maintain suitable water
levels for the fish after they have entered the by-pass. The sub-
nerzence of any opening in use would also have to be limited to prevent
possible harnful pressure changes in passage through the openingse
The linitation on submergence would cdeternine the vertical spacing
of the openings. While it may be possible to prepare an engineering
design that would function hydraulicolly, it is a more difficult task
to assess the effectiveness of any design in providing safe and suitable
passage for the migrants. Such factors as turbulence, abrasion,
local pressure changes, and stresses on the fish created by a suddenly
changed environment nust all be considered in evaluating a particular
design, and at the present time it is not possible to essign any permis-
sible naximun numerical values to nany of these factors against which

to judge a design.
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Gravity locks or an enclosed vertical conveyor systen
operating on the upstream face of the dam would require only one
opening through the dam at tailwater elevation for each lock or
conveyor. These nethods of handling fish have other problems how-
ever, which will be discussed in following sections.

(a) Flumes, Canals or Chutes.

Free water surface conduits of suitable design would have the
advantage of providing flow paths most nearly resembling the normal river
environinent and therefore might be expected to minimize stresses due to
enviromzental change.

Sone experimental work on steep flumes has been done at Alder
Dam (21)s A semi-circular smooth steel flume, 36 inches in diameter
was constructed to transport fish over a drop of 135 feet and deposit
then in a teilwater pool approximately 90 feet deep. The flume was 400
feet long and the celculated velocity of the water was about 40 fps.
Various sizes of migrant fish were passed down this flume with discharges
of 5, 10 and 15 cfs and no measurable nortality was observed. It was
considered that the best hydraulic conditions at tailwater were obtained
when the discharge at the end of the flume was directed upward at an
engle 30 degrees above horizontal.

The results of this experiment cannot be extrapolated to much
larger by-pass flows and heads and steeper slopes. 4dditional information
would be required on the effect of these variables to assess the suitabi-
lity of flumes or chutes as a means of transporting migrants at the

proposed Moran Dam. Experimental evidence obtained from investigations
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of nmortality to migrants passing over spillways indicate that limitations
on head, slope, roughness and tailwater pool size and depth could be
expected beyond which there would be significant mortalities to the
nigrants.
(b) Pipes.

Experimental evidence on the mortality to uizrants passing
through turbine penstocks indicates low nortalities (0-15 per cent) when
the heads are 100 feet or less. Frobably all of the mortality can be
attributed to the turbine itself, but the significent fact in this data
is the naximum sudden pressure gradient that the fish can withstand
without injury. The available data is too neazre to nake any specific
conclusions regarding the relationship between pressure change and
mortality but the indications are that pressures below atmospheric in
the turbine draft tubes have an important bearing on the mortality.

Tests comtucted by the U, S. Fish and %Wildlife Service and the
Corps of Engineers, U. 38, ary, indicate that fish subjected to a sudden
increase in pressure lose buoyancy and swimaing equilibrium (22). The
fish appeared to becoize acclimated to the pressure after about 16 hours
exposure, but then only if a "head space® of compressed air was provided
in the test vessel. Once the fish were acclinated to the test pressure,
a sudden release of the piessure caused mortality among them that varied
froi zero to 65 per cent. In general, the higher iortalities occurred
when the pressure dropped below atmospheric during pressure releases.
The test pressures used were 40 and 18 psi above atuospheric. The

duration of the pressure release period also has bearing on the rate of
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mortality. Fast releases in a fraction of a second cause higher morta-
lities than releases longer than s second. In other tests, however,
it was found that fish were not killed by rapid increase and release
of pressure if they were not acclimated to the raised pressure. 411
these data, however relate to pressures of 100 feet of water or less and
cannot be extrapolated to draw conclusions as to the effect of the
pressure from 720 feet of head.

Therefore, the application of pipes as a means of transporting
migrants for a head of 720 feet in a single drop or in stages would have
to be fully investigated experimentally before any rationsl decision could
be made as to the probable success of the method.

(e) Free Fall,

Evidence collected during experimental testing cf the
nortality to downstream migrants passing over high dems indicates a
relationship between height, type and condition of the spillway and the
mortalities incurred. For comparable heights, mortalities are not as
severe for a free fall to a deep pool as they are for a spill over an
inclined concrete surface, although mortalities are not eliminated.

Lg previously stated, the mortality at the 184~foot free fall
spillway at Glines Dam was from 6 to 8 per cent. Experiments have been
conducted at Baker Dam (14) with a free fall spillway to investigate
mearg of reducing mortality to migrants at that dam. These experiments
indicated a minimum mortality of 17 per cent for the 250-foot fall, as
compared to mortalities of 54 to 64 per cent over the existing spillway.

In some tests mortalities as high as 32 per cent were recorded.
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During all these tests 1t was observed that some fish fell or swen
out of the main body of the water and landed on the face of the spilliray.
& strong up-river wind was an important factor causing the fall-out of
fish. The effects of turbulence in the tailwater pool aad of predation
on impaired fish have not been measured, nor has any indication been
obtained of the volume of the stilling pool required to provide condi-
tions necessary for good survival of migrants.

Drops of fish from helicopters ontc lake surfaces have pro-
vided additional informetion regarding free-drops (23). These drops
however, do not take into consideration the effect of turbulence in
the stilling pool and the limitetions in size of the stilling pool
into which the fish must be directed. Since only very small quantities
of water are involved in such drops from aircraft, the fish fall freely
through the air, a much different circumstance than would occur at a dam.

4t ©he present time, therefore, the evidence available indi-
cates that a single free fall drop of the magnitude that would prevail
at FMoran Dam would result in considerable mortality, either due to fall
out onto the dam or adjacent structures;, or due to the effects of tur-
bulence in the stilling pool. liuch additional study would be necessary
to determine the feasibility of this means of transportation as applied
to a single drop or to a series of smaller drops.

C, CLailwator Invirormcnt. <

In discussing the means that mizht be considered for trans-
porting downstrean migrent saluon over the proposed iloran Dam, it has

been stressed that by-passes ot the surface of the reservoir would be
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essential, provided that the migrants maintain a normal path of mi~.a-
tion it cccurs -t Leker Dam and in laekes. It has also been mentioned
that tenperature stratification can be expected in a reservoir such
as would be formed by Moran Dam. During the tine of downstrean
nigration, the surface by-passes and the turbine discharge would be
the only outflows from the dam, except possibly in the initial years
of operation or in unusual climatic years when there may be spills,
Since the turbine outlets would draw water from a considerable depth
in the reservoir there would be a difference in teupersture between
the colder turbine water and the warner surface water spilled through
the by-pass. The nagnitude of this difference would depend on the
depth of subnergence of the turbine intakes and on climatic conditions,
but it would range from almost zero at the start of the downstrean
nigrations to about lSOF to 24OF or nore at the end of the migrations.
Figure 11 ﬁresents the results of estimates of tailwater river tempera=-
ture conpared with reservoir surface tenperature and existing river
tenperature assuning turbine intakes at elevation 1310 and spill
outlets at elevation 1250. Thus, migrants passing over the dam in
the relatively smaller by~pass flow would be subjected to a sudden
decreasge in tenperature of their environiient when they entered tailwater
at the powerhouse. Table 11 illustrates the probable differencesin
temperature that would occur,

It has been shown (24) that sudden changes from tiae acclimation
temperature can cause mortality to young sockeye and other species of

salnon. The severity of the mortality depends on the acclimation
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Reservoir Surface and Teilwater Temperatures, loran Dam
During Period of Jownstrean Salmon kigration

Reservoir Surface Tailwater Difference
Date 7 e op oG o
May 1 42~43 506-642 39-40  h-lel A
Jdune 1 50-58 10-14e4 40=42  hed=546 8-18
June 30 58-66 e 4=18,9 L4243 5.6=6,2 15-24

tenperature, the amount of change in teuperature, and the time of exposure.
Figure 8 shows the relationships between these variables which produced a
50% nortality in the test specimens. For a temperature of 4°C a 50%
nortality occurred in from 1 to 3 days depending on the scclimation tenpera~
ture,

While the teuaperatures listed in Teble 11 may not be precise estinates
for any given year, they nevertheless are of the correct order of magnitude
on the basis of recorded temperatures on Roosevelt and Shuswap Lekes and in
the Fraser diver at Hell's Gate. It is evident that if deeply submerged
turbine outlebts are used exclusively, severe icortalities to downstrean
nigrants could occur in the tailrace. It would be necessary, therefore,
to provide a means of regulating the temperature of the water drawn to the
turbines so that there would not be more than a 2 to 3°C differential in
tailwater tenperature and the temperature of any surface by-pass water
carrying downstreen nigrants. This requireuent would necessitate locating
the turbine intekes in a manner that would ensure withdrawal of a large
proportion of water of the sane tenperature as the water in the by-passes.

This precludes the possibility of using deeply submerged tubine outlets
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as a means of preventing migrants from being attracted to such outlets
and also the possibility of using deeply submerged spillway outlets,
except during the early period of downstream migration before the sur-
face layers of the reservoir have opportunity to warm up., It will be
shown subsequently that such deep outlets would also create temperature
problems during the period of upstream migration of adult salmon.

Another important factor to be considered in the tailwater en-
vironment is the effect of predation on the downstream migrants. In
the normal migration pattern, a large proportion of the downstream
migration occurs in a relatively short time and the fish are distributed
throughout the river. Thus, the opportunity for predation on this seg-
nent of the migration is minimized. It is possible that the reservoir
and the collection and by-pass systems may tend to spread the migration
more evenly throughout the mlgration period and thus afford more opportun-
ity for predation. The by-pass system would also deliver the migrants
to a fixed position at tailwater, and would concentrate the migrants
and meke them more available to predators.

The mortality to migrants inflicted by predators is difficult to
megsure, and no accurate assessment of it is available. It is believed
that any impairment of the migrants swimming ability as a result of
passage over a dam makes the fish more susceptible to predation. No
information is available on predator populations in the Fraser River,
but, teking the Columbis River as an example, it can be expected that
substantial numbers of predatory fish would be present. At Bonneville
Dam these fish accounted for 29.2 per cent of the fish counted through

the fishways in 1953 (29).
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FROBIEMS RELATED TO UPSTREAM MIGRATIONS

Le  ITiming and Msgnitude of ..dult igrations
«dult sockeye salmon migrate up the Fraser diver past the site

of the proposed Moran Daim to reach spawning grounds on the Chilko,
Quesnel, Bowron, Stuart, and Stellako River systems. The runs to these
rivers conprisc all the major early runs to the Fraser River system,
with the first arrival at the Moran site on July 1 and continuing
through to September 30, It is these early sockeye runs that were most
severely affected by the blockade at Hell's Gate and they contain the
greatest potential for increasing production back to pre~l914 levels,
particularly in the Horsefly and carly Stuart runs. It is estimated
that by careful management of the fishery and preservation of natural
environment through watershed protection, the runs to the spawning
grounds on tributaries upstream from the loran site can produce an
average of 6% million sockeye annually. It has been conservatively
estimated (1) that with all these early runs fully rehabilitated, escape—
ments during closures in the commercial fishery could be at least
750,000 sockeye in a gingle day. It is noteworthy that this is more
than all species of salmon passed over Bonneville Dam in a whole vear.

«dult spring salmon migrate past the loran site from about March 1
to November 15 of ecach year. In total numbers of fish, spring salmon
escapements are much smaller than sockeye escapements, and the design
of facilities for upstream passage of spring salmon would not be appreci-
ably affected by considerations of spring salmon except with respect to
details that may be affected by size of fish or other limitations

peculiar to spring salmon such as temperature and pressure tolerances.
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However, the extended period of migration of these species does have z
bearing on the operating requirements of any fish facilities that might
be considered.

Steelhead trout migrate past the Moran site throughout the entire
vear. The total number of this species ig also small relative to sockeye
and their effect on design of fish facilities would be similar to that
of spring salmon.

Thus any permanent fish facilities for the upstream passage of adult
salmon and steelhead trout would have to be capable of handling 750,000
fish per dey without deley, and they would have to be operable throughout
the entire year although not necessarily at maximum capacity. Following
sections of this report will present more detailed considerations of
the problems associated with upstream passage of adults.

B. Maintenance of River Environment

It has been proposed that the turbine intekes at the proposed dam
would be located 230 feet below meximum forebay elevation and about 30
feet below minimum anticipated forebay elevation and that the spill
outlets be located 60 and 260 feet deeper still. Regardless of reservoir
level, the turbine and spill flow would be withdrawn from a fixed eleva-
tion. It has already been pointed out that the withdrawal of turbine
water from great depth would create a serious problem in maintenance
of a suitable environment in the river for downstream migrant salmon,
and 1t will be seen that the same would be true for adult migrations.

It is difficult at this time to make precise estimates of the dis—
tribution of water teuperature in the reservoir behind the proposed
dam, since the factors controlling such distribution are not fully

understood. It is known that meteorological and hydrological conditions
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and river inflow temperatures are the principal, if not the only,
factors involved and that because of this, temperature distributions
can be expected to vary considerably from year to year. This is well
illustrated by the data for Lske Koosevelt, particularly in ..ugust, as
shown in Figure 6, where there is a spread of temperature from 510F to
59.5°F at 300 feet depth, compared with 66°F to 70.5°F at the surface.
The highest temperature at the 300 foot depth occurred in 1948, a year
of high discharge which presumably resulted in greater than average
replacement of the water in the reservoir and consecuently introduced
warmer water to the bottom of the reservoir. In the months illustrated
in Figure 6, none of the water is at the temperature of maximum density
(39.40F) comaon in most deep lakes in British Columbia (Figure 9)
nor is there any thermocline., Since the rate of volume change in the
proposed Feran reservoir would be between that for Roosevelt Lake and
that for Shuswap Lake, it is indicated that the depth-temperature
relationship at Moran Dam would lie between these two limits. Limited
data for Lake Shannon (Figure 10) behind Baker Dam in the Skagit River
illustrates such an intermediate type of depth~temperature relationship.
Preliminary estimates of the probable depth-temperature relation-
ships at Moran Dam have been prepared for an average yecar on the basis
of viver inflow temperature, travel time, rate of replacement of reser-
voir volume and using the surface temperature of Shuswap Leke as a guide
to reservoir surface temperature. Thesec estimetes indicate that the
temperature of the water discherged from the reservoir through spill

and turbine outlets during the period ofadult migrations would range
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from 430F on July 1 to 56°F on September 30, These temperatures are
11°F colder and 9°F warmer respectively than average normal river
temperatures at those dates. Figure 11 depicts the estimates of the
combined temperature of all outflow from the dam compared with normal
river temperatures for an average year. River temperatures downstream
from the dam to the confluence with the Thompson River would gradually
be modified by the weather and by tributary inflow. On the basis of
records of river temperatures at Gang Ranch and above Lytton it could
be expected that during July, August, and September there would be
a rise in temperature of 0.3, l.5, and 2.OOF respectively between
Moran and Lytton. Mixing with the flow of the Thompson River would
further reduce the differential. On the basis of maintenance of average
flow in the Fraser hiver;, and the average flow of the Thompson River,
the temperature differential below Lytton would be 62 per cent or more
of the temperature differential above Lytton. These calculations are
based on averages ecnly and there would be variations from year to year
depending on river flows and temperatures. In a year such as 1941,
for example, when the reservoir would not be refilled until the end of
September, the subsurface waters in the reservoir would remein colder
than in the sverage year and outflow would be lower than for the average
year.

It is well established that the effective spawning of various "races"
of sockeye takes place within a narrow range of temperatures and that
the timing of the various races up the river system is critically

adjusted so that the fish will arrive on their respective spawning
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grounds at the optimum water temperature, regardless of the distance
from the sea. Consequently, the water temperatures encountered in the
Fraser River by different races enroute to their spawning grounds vary
from about 35°F to 66°F, but the temperatures encountered by the early
migrating races that pass Moran varies within the much narrower range
of 5OOF to 66°F from year to year and bthe Temperabure range encountered
by individual races is even less. For instance, during 4ugust, when
the Chilko and Horsefly runs are passing, the temperature range is 57OF
to 66°F from year to year. The metabolic rate of fish is known to vary
with temperature, reaching a maximum value at a certain optimum tempera-
ture, and declining with increased or decreaged temperatures. Data
for sockeye are not currently available, but data (Figure 12) for lake
trout (Salveligggwgégézgggg) indicate that for the temperature range
of 57OF to 66°F the metabolism rate of these fish is 0% or more of
the meximum rate, which occurs at 61°F. At a temperature of 43?%,
the metabolism rate is only about 55% of the maximum (25). These changes
in metabolic rate are reflected in a similar relationship in the steady
swimaing speed of the fish.

Jt kas becn established that the early migrating sockeye runs migrate
faster than the late runs (26), and it may well be that the recorded
variations in rate of migration are a function of metabolic rate, as
determined by water temperature. From the above data for trout, it is
evident that the lowered water temperatufes resulting from operation
of the dam in the proposed manner would greatly reduce the metabolic
rate of the affected sockeye, perhaps to 55% or less of the maximum
rate., Such a reduced metabolism rate can only result in a longér

nigration tize in the river up to the dam, which would add to the total
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STEADY SWIMMING SPEED AND
ACTIVE STANDARD METABOLISM
LAKE TROUT

® - | Year stock Ref.- Gibson and Fry,
X - 2 Year stock Can. J. Zool.N.32,1954
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delay caused by the proposed dam. A similar problem could exist in the
forebay of the dam due to the increase in surface water temperature over
normal river temperature, although in this situation the fish would be
able to select a more optimum water temperature by sounding, if they are
able or willing to do so.

On the basis of the available evidence, therefore, it is considered
essential that the temperature of the Fraser River downstream from the
proposed dam should remain within the normal range of temperatures in
the existing river. To satisfy this criterion, it would be necessary
that the turbine and spill outlets be cepable of withdrawing water from
various levels to obtain the desired temperatures in the combined dis-
charge., There can be no control of forebay temperatures, and the willing-
ness of fish to sound to avoid high temporatures cannot be predicted.

It is evident that this reguirement would necessitate withdrawal of
turbine and/or spill discharge from & wide range of reservoir levels
with great flexibility of control.

C. Collection of Advlts

Before upstream migrating salmon can be passed over any obstruction,
it is first necessary that they be suitably collected or led to the
fish passage facility. At natural river obstructicns this is not
normally necessary, since the turbulence and veloclty of the river are
sufficient to confine the fish to a narrow path along the river bank
where they are easily collected. At large dams, however, this condition
is not always readily achieved and in many cases elaborate collection

facilities are required to minimize, insofar as possitle, delays in
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leading the fish to the fish passage facility. Bonneville, The Dalles,
and MclNary Dams in the Columbia River provide examples of this type of
collection system. It has been suggested in the Moren Dam Brief that
such collection facilities be placed at the downstream end and along
the tailrace face of the two powerhouses immediately below the dame
This arrangement, however, is not considered feasible since fish could
swim past the powerhouses into the spillway stilling basin area,
particularly when there is little or no spill, and may be delayed
several days before dropping downstream to reapproach the facilities.
& much more positive means of collection is considered essential. In
connection with the construction phase problems, it has already been
suggested that the most effective means of collection wculd be a low
barrier weir at a point downstream irom the diversion tunnel exits.
Such a structure would be constructed to create conditions resembling
natural river obstructions so that the fish would be led naturally to
the river banks below the obstruction where they could be atiracted
more readily to fish passage facilities.

The design of such a structure will not be attempted here, since
it would depend to a large extent on river bottom topography and could
best be determined by hydraulic model studies. The basic requircment
would be that the structure create a concentrated fall of 15 feet at
all times, and that suitable areas be provided at both banks from which
the fish can be led to the fish passage facility. This type of structure
is not new in principle, but application to a river of the magnitude

of the Fraser Hiver has not been attempted.
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From this collection structure, a transportation channel would be
required, on one or possibly both banks, leading to fish passage
facilities. The decision on whether facilities would be required on
both banks could not be made until the form of barrier dam structure
is established. It would be most desireble that facilities be provided
on both banks in order to minimize delay, but it might be possible to
design the barrier dam in such a manner as to lead the fish to a
transportation channel on one bank only.

The present river level at the lioran Dsm site, which would
correspond with tallwater level, ranges from elevation 828 at 285,000
cfs flow to elevation 780 at 4,000 cfs flow, a range of 4& feet.
Tailwater level variation with the dam in operation would be modified
depending on the number of powerhouse units in operatior and the effective-
ness of the reservoir in controlling floods, Facilities provided in
connection with the construction stage would be required to operate
throughout the above range in water levels, and since the range in water
levels in the initiel poricd of operation of the dam may not be sub-
stantially different, it is considered that the same range in tail-
water levels would apply to any permanent facilities. Such a large
range in tailwater levels would create extreme complications in the
fish entrances of any fish facilities and it is considered to be
necessary, as well as most economical, to first raise the fish to a
level where constant tailwater conditions can be maintained. Allowing
3 feet of drop in the river between the dam and the collection barrier,
it would be necessary to raise the fish 51 feet to get them into a

tailwater chamber with a constant elevation equal to the maximum tailwater
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elevation below the dam. Thus, regardless of whet type of facility

might be considered for passing adult salmon over the dam, the firgt
step after the collection system would be a fishway (cr fishways)
leading to a transportetion channel. This fishway would consist of
52 weirs with pools 16 feet long by 10 feet deep with a total width of
130 feet. Water for the fishway and trensportation channel would be
pumped from the forebay of the barrier dam, and auxiliary water
necessary to maintain a transportation velocity of 2 fps at the downstream
end of the fishway would be obtained by gravity from the same source.
It is possible the fishway could be subdivided longitudinally and certain
sections closed off when the full capacity of the fishway is not
required.
D. A4dult Salmon Fecilities

There are three general types of facilities that might be con-
sidered for moving adult salmon over the proposed dam, conventional
fishways, pressure and gravity locks, and elevators.

1. Fishways.

The conventional method of providing passage for adult salmoR
would be one or more fishways of the weilr or vertical slot type. Such
structures would be approximately 2.3 miles long exclusive of holdover
pools, which might be necessary because of the length of time required
for the fish to negotiate the fishway. Assuming that the rate of migration
observed on the Columbis River fishways, l.e. an ayercge cf two hours for
35 pools (1), would apply, an average of 44 hours would be required for
figh to ascend the fishwey, Since the dally migrations are limited to
the daylight period, about 15 hours, an average of three days migration

would be required and the fish would heve to spend ab least three nights
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in the fishway systems It must be emphasized that these are aversge times
and that a substantial number of fish will require doubls that time or
six deys to ascend the fishway., There is no precedent in fishway opera-
tion for this situation, bubt on the basis of observation of the migration
pattern in the Fraser River, combined with present knowledge of adult
passage tarough fishways, it is considered that the fish could not be
expected to maintain their position overnight in the typical fishway
pool, and that large resting pools would have to be provided. Two or
possibly three such pools would be required for each days's migration,
cach proportioned on the basis of the hourly rates of migration and the
number of hours migration expected to be held over. If each pool is made
the same width and depth as the fishway, the total length reguired for
each dey's nigrotion would be about 2200 feet. Thus the total length
of the fishway would be about 3.6 miles. Due to the expected 200 feet
veristion in headwater elevation =t the dem, approximately 3200 feet of
the fishway length at the w per end would have to be designed to accommo-
date such a variation. Since a slot 130 feet wide by 200 feet deep
through the dam appeasrs gructurally infeasible, this upper portion of the
fishway would either have to be consbtructed within the forebay of the dam,
or in a channel through the canyon wall around the abutment of the dam.
Alternatively, the fishwaey system might be carried to approximetely
maximum forebay elevation before passing through the dem into the forebey,
and a number of segmental weirs provided to accomunodate a range of forebay

levels for which structural design of a slot through the dam is feasible.
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It would then be necessary to provide a pumped water supply for forebay
elevations below the selected range to supply not only the fishway but
also locks or possibly a channel in which the fish could be lowered to
the prevailing forebay elevation. While this scheme might simplify the
structural problems, it is not biologically sound since it would create
a variable flow pattern at the upper end of the fishway and would involve
additional handling of the fish in a manner for which there is again
no precedent and no assurance of success. It is not iatended to deter-
mine here the practicability of any of these schemes, but merely emphasize
that the provision of adequate fishways, if considered blologically sound,
would present serious structural and hydraulic design problems which
cannot be overlooked.

In addition, there ave several objections, phvsiologically, to such
a fishway system. The ascent over the dam could represent, the equivalent
in energy expenditure of the 176 mile swim through the normal river from
toran to Quesnel, which would normally take the carly sockeye runs
about six days. The three or more days involved in ascending the fishway
would require the expenditure of energy without commensurate advancement
in their migration to the spawning ground. A& further complication arises,
in that if the water supply of the fishway comes from the surface of the
reservoir, the temperature of the water in the fishway will differ from
that normelly encountered by the fish. The sitvation here would be the
reverse of that encountered in the river below the dem in that temperatures
would be higher than normal, by as much as llOF, with a meximum temperature
of about 70°F. Referring again to Figures 10 and 11 it will be noted

that during the months of July and 4ugust, the time when most of the
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Sockeye nigrate past the dem site, the metabolic rate would be reduced to
55 to 72 per cent of the maximum. Under these conditions, the fish would
not be able to expend their available energy at the moximum rate and

may require more than three deys average to ascend the fishway. Experi-
mental evidence and date on rates of migration in the sea indicate that
the low velocities in the forebay would unot reduce the time required to
swim from the dem to the head of the reservoir althouga there would be

a considerable reduction in the energy required to traverse the 172
miles. There 1s also evidence on the Columbie River that there is no
compensating increase in movement of spring chinook salmon through the
slack pool after passing through the fishways at Bonneville Dam (33).

It appears certain, therefore, that using fishways, the dam would result
in the equivalent of at least three days average delay, and considering
the effects of higher water temperatures in the fishway, it is reason-
able to expect several additional days delay on the average., The signi-
ficance of such delays has been mentioned in earlier reports. Thompson
(27) in his studies of the Hell's Gate obstruction found that 12 days
deley was sufficient to prevent sockeye from reaching their spawning
grounds. Killick (26) found in studies of the Early Stuart sockeye runs,
thet death occurred from & to 14 deys after arrival on the spawning
grounds. Current studies of the rate of energy expenditure by sockeye
indicate, from preliminary analysis, that a deley of three to six days
could be critical for the Early Stuart runs. Such delays might allow the
fish to reach the spawning areas but leave insufficient energy material

to permit the fish to carry out the pre-spawning and spawning activities.
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On the basis of the probable delay resulting from the use of fishways
as a means of transporting salmon over the proposed dam and the establi-
shed effects of such a delay, it is concluded that fishways would not be
a sultable fish passage facility. In addition, there is a serious
question of whether the fish would meintain their normal behavior pattern
in such a long fishway. If any of the characteristics of the fishway
caused an alteration in normal behavior and frightened the fish, or if
the fish merely became reluctant to continue migrating up it, the eon=
sequences could be disastrous.

From the foregoing discussion on fishways, it is evident that the
only facility that could possibly provide sultable passage for the adult
salmon would be one that delivers them without delay from tailwater to
headwater with little or no energy consumption by the fish. Locks or
elevators therefore appear to be the only possible means of attaining
this type of facility.

. 2. Gravity and Pressure Locks,

Gravity locks for passing fish over dams are in limited use
et dams on the Columbia Liver (Bonneville, TheDalles, Mcllary) and at
smaller dems in other countries, (chiefly Scotland and Ireland).
Bonneville Dam has four locks each 20 feet by 30 feet in section with a
1ift up to 60 feet. Equipment of one of the original five locks was
removed and installed in McNary Den, where the 1ift is 85 feet. The
Dalles Daem has one experimental lock 20 by 30 feet with en average 1ift
of less than 90 feet,

The locks at Bonneville Dem are reported (28) to be unable to attract
fish into the lock chamber. The lock at lMcNary Dem was placed in a

location adjacent to the l.ashington shore fishwey which it was considered
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would provide better attraction to the lock. Tests are being conducted
to determine the optimum method of operating this lock. These locks,
however, are used only infrequently (29) for demonstration pUrposes or
trapping of fish other than salmon.

The Torr Achilty Dam on the River Conon in Scotland has a sloping
gravity lock 12 feet by 6 feet in section with a 1ift of 50 feet (30).
During an eight month period this lock passed 3,400 salmon as well as
trout and eels. Three other similar locks (Borland type) were constructed
(1955) at dems upstream from Torr Achilty, and a fourth is planned at
the Orrin Dam. 4 similar lock with a 65 foot 1ift was installed in the
Leixlip Hydroelectric development by the citby of Dublin.

None of these existing gravity locks can be considered to provide
any basis for optimism regarding their usefulness in passing the large
nunbers of salmon migrating in the Fraser Kiver. Nevertheless, the
physical end biological problems inherent in the use of locks must be
considered and evaluated insofar as is possible.

The size and number of locks would depend on the operation cycle of
the locks and the maximum rate of migration of the salmon. The maximum
hourly rate of migration would be about 14 per cent of the total daily
migretion (1) or 105,000 fish per hour. The maximum fishing depth of a
lock would be the same as for the fishway, 10 feet, on the basis of
present knowledge. The lock dimensions should be the maximum practicable
consistent with limitations on the necessary gates and openings through

the dam.
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Due to the artificial confinement of fish in the lock and the need
for preventing impairment of fishing efficiency due to overcrowding, it
is considered, as a preliminary estimate that 4 cubic feet of space
should be allowed for each fish. & lock 50 feet square would thus be
able to hold 6,250 fish, or about one-twentieth of the maximum hours
migration. Since each lock would require at least a one hour cycle
period (30 minutes for loading, 10 minutes each for filling, unloading
and emptying), a total of twenty locks would be required., At any given
time 5 locks would be in the same phase of operation. Thus, a flow of
15,000 cfs would be required merely to £ill the locks when they were
all operating. Because of space limitations it would not be possible to
place such an array of locks on the face of the dam, unless they could
be grouped in batteries of five locks each arranged in series, provided
such an a rrangement would maintain fishing efficiency. The number of
high pressure gates required would be minimized with this scheme, although
other structural problems may be complicated. The locks could be placed
on either the upstream or downstream face of the dam, whichever would be
most feasible structurally. Alternatively, the locks could be arranged
in parallel along one or »oth banks of the canyon wall downstream from
the dam with a special e xit channel leading into the forebay. Whatever
arrangement might be considered suitable, the same fish exit problems
would be encountered as with the fishways due to the extreme range of
forebay fluctuation. Water temperatures in the locks need not create
any problem, however, since they could be controlled by multiple entrances

in the forebay for the necessary water supply. Setting aside structural
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probleis, the most critical problem in connection with such locks would
be the lack of assurance that fish could be attracted into them in any
substantial numbers without delay. Mechanical "forcing" screens might
be employed to ensure continuous movement of fish into the locks from the
transportation channel leading from the barrier dem. However such devices
create an artificial movement which may injure fish due to crowding on
the face of the screen, and which may be undesirable physiologically if
the fish are excessively frightened. The excessive energy consumption
rogulting from fright, and the associated accunulation of body wastes
nay well nullify the purpose of the locks, which in part is to provide
passage requiring little energy expenditure by the fish. The i1l effects
of handling and frightening must not be underestimated when considering
the suitability of any fish facility. lMechanical injury to the skin of
the salmon results in flooding of body tissues with excessive amounts

.
of water, liberation of toxic materials from injured tissues and ready
penetration of pathogenic organisms (31). Such injuries can result in
premature death. Extreme exhaustion due to handling can also result in
a delayed mortality, even though there may be no immediate symptoms.
In order to avoid such ill effects, it is necessary thet the fish facility
avoid all possible sources of mechanical injury, and that it be operable
in such a fashion as to provide ready acceptance by the fish. The fish
themselves are the ultimate measure of the success of any facility, and
preCictions of the acceptance of a facility by fish are impossiblé. Such
facilities can only ne developed on the basis of experience. Gonsider-

able research on the design and acceptability of gravity locks would be

necessary before any definite conclusion could be mede regarding the
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application of such a facility at the proposed Moran Dam.

Pressure locks would be no different from gravity locks in respect
to capacity. Their advantage lies in economy of water and possibly in
reduction in required cycle time since the main shaft of the lock would
not have to be filled and emptied each cycle. In addition to the pro-
blems already discussed for gravity locks, there would be the problem
of the effect of 310 psi pressure on the salmon when the lock is pressurized.
This problem would not exist in a gravity lock since a brail would be
used to force the fish up the lock as it fills. Such a brail would pro-
bably be required in a pressure lock also, but the pressure problem would
remain.

4n experimental pressure lock has been incorporated in iMcNary Dam,
with pressures up to 37 psi. This lock has no forcing brail, and experi-
ments to date have been concerned with determining the optimum cycling
time and with observations of figh behavior within the lock. The fish
do not appear to suffer any ill effects in this lock, although no tests
have been made to measure survival after leaving the lock and success of
spawning. Extrapolation of experience with 37 psi pressure to 310 psi is
obviously not possible. Therefore a thorough study of the effects of such
high pressure would have to be made in order to permit assessment of the
suitability of pressure locks as a fish facility at the proposed dam.

3+ Elevators.

Elevators are essentially gravity locks in which the increments

of water and fish are lifted mechanically, rather than hydraulically
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Their advantage would lie in the economy of water use and consequent
power saving.

Elevators are in use at the present time at some dams where the
total number of fish to be handled is relatively small. 4t Baker
Dem, sockeye and coho salmon are lifted about 270 feet in a small
tank transported on an aerial cableway. The fish, until recently
were then hauled up the reservolr several mileg in a barge before
being released. This process involved much handling of the fish
which it is believed was the gausec of a substantial nmortality,
It was known that many fish never appeared on the spewning grounds.
An elevator system is 2lso in use at the recently (1557) completed
Beechwood Dam on the St. John River in New Brunswick. The 1ift at
this dam 1s 50 feet and a small annual migration of Atlantic salmon
is expected to be passed over the dam by a single elevator tank., The
adult coho and spring salmon migrations in the White River are collected
at a low power intake dem and transported by tank truck around Stevens
(Mud Mountain) Dam, and similarly the coho migrations in the Capilano
River are transported around Cleveland Dam by tank truck. In all of
these operations, less than 25,000 fish are handled annually, and the
facilities provided are eble to cope with these numbers of fish without
undue delay, but not without subjecting the fish to stress due to
handling and transport.

Transport by tenk truck is inconceivable at the proposed dam
due to the large numbers of fish to be handled and limitations of tank
capacity. Tank trucks used at Stevens Dam carry aboul 400 pounds of

fish in a 1000 gallon tank, which is the equivalent of about 70 sockeye.
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Thus during the maximum hour of migration at Moran Dam 1500 tank
loads would have to be transported a minimum distance of about three
niles,

Elevators consisting of tanks on hoists would operate in the
same manner as described for gravity locks and would be subjectto
similer space and structural limitations, as well as the same biological
problems.

For all of the foregoing types of facilities that might be used
Tor transporting adult salmon over the dam, the limiting factors in
determining their relative success are the unpredictaeble acceptance
of the facilities by the fish and, if accepted, the relative efficiency
in delivery of uninjured, unimpaired fish as compared with the normel
river. lieasures of these factors can only be obtained by experience
with such facilities, and until such measures are available none of
the facilities could be recominended for application at the proposed
dem with any guarantee of success. It is possible to make engineering
designs for a number of mechanical and hydraulic devices which would
provide a theoretical means of passing adult salmon over daas, and
which probably would pass fish to a certain extent, depending on
the acceptance of the device by the fish. However, tas fish facilities
at any dan are costly znd are of necessity a corporates part of the
design of the whole structure. Fallure of the facilify to achieve
the desired result could not be readily rectified, aad would be
synonymous with the loss of the fishery to the extent o which the
facility was unsuccessful for whatever reason.

It is unlikely, on the basis of present knowledge, that any
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adult salmon facility could be provided which would not result in
mortality to the salmon runs migrating past the proposed dam site.
Until the bases are aveilable for predetermining the extent of this
mortality due to all causes, i.e. energy consumption, delay, fatigue,
physical injury, end refusal to enter the facility, there could be
no guarantee that the adult salmon could be passed over the proposed
dam successfully.

It nust be emphasized that the solution of one phase of the
fishery problens at the proposed dam, for example the adult fish
facilities, does not eliminate the need for solution of the remain~
ing problems that have been discussed previously in this report., A1l
of the requirements to ensure safe unimpaired passage of the salmon
to and from their spawning grounds nust be satisfied before the dax
could be considered compatible with maintenance of the fishery. It
cannot be sufficiently stressed that the solution to these problens
cannot be based on wishful theorizing, but only on the basis of adequately
proven scientific fact,

Ag previously stated, this report has considered only the effects
of the proposed Moran Dam, since it would be the key element in the
composite hydroelectric development proposed. However, each of the
other elements such as additional power dams on the Frascr River, upstream
storage dams; and flow diversions from other river systems would compound
some of the provlens associated with Moran Dam and would create addi-
tional problems affecting not only Fraser River salmon, but also the
fisheries of the systems from which water is diverted. The economic
effect of this proposed ultimate form of development mast therefore

include these additional fisheries. In the final analysis of the effect
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of the proposed dam it would be necessary to eveluate the composite
effect on the fishery of all the suxiliary daus, storages and diversions.
4ny resulting limitations in the use of water could also limit the extent
of development of the Moran site, and consequently alter the cost of
power at that site. At the present time, however, in the interests of
expediency and due to lack of details of the operation of these auxiliary
developuents, the extent of the fishery problems has becn described only
for the singlc dam at Moran.
CONCLUSIONS
It has been shown that the proposed Moran Dem on the Fraser River
would create the following mejor problems in maintenance of the Frascr
River salmon fishery for which there is no solution available on the
basis of current knowledge.
le The collection and transportetion of downstream migrant salmon
and steelhead trout from the forebay reservoir to tailwater
by safe routes, and the prevention of migration through hazardous
routes such as turbine and spillway outlets. It is expected
that the use of such hazardous routes would result in mortali-
ties considerably in excess of the highest known mortality
rate of 70 per cent for a 295 foot head., The use of deeply
submerged outlets, if proven to be a sultable means of preventing
entry of migrants, does not appear feasible, due to the need
for tailwater temperature control to prevent mortality to
downstream nigrants.
2. The collection and transportation of upstream migrant adult

salmon and steelhead trout from tailwabter to forebay elevation



1004

without delay, injury, excessive energy consumption or other
physiological impairment. Conventional fishweys are not
considered to be applicable to a dam of such height due to the
three or more days required to ascend them and the critical
energy reserves of the early sockeye runs which will not
tolerate delays of more than 3 to 6 deys. All the available
evidence indicates thet the low velocity forebay would not
provide any compensation for delay incurred at the dam. The
design criteria of other types of facilities or the acceptance
of them by fish are not sufficiently known to permit assess-
ment of their efficiency in handling the runs of up to 750,000
salmon per day which occur ¢ the Fraser River. At the
present time, therefore, no adult salmon facilities could be
recomnended for use with any guarantee that the salmon and
steelhead trout runs of the Fraser Hiver above the dam site
could be mainvained,

The circumstances creating either of these problems would be
sufficient to destroy all of the affected salmon and steelhead trout
runs which have a commercial value of $8,844,000 annually at current
levels of production, and at potential production levels would be worth
$23,188,000 annuvally at 1955 prices. In addition to these commercial
values, these runs contribute substantially to the fresh and salt water
sport fighery in the Fraser River and its esbtuarial waters and provide a
valuable source of food for a large number of native Indian families.

In addition, the enviromment in the reservoir would create problems

in connection with the migrations of both young and adult fish which
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cannot be fully evaluated at this time, but which potentially present

no less hazard than migratory problems at the dam. Delay to downstream
migrants due to the time required to traverse the 172 mile reservoir,

end lack of suitable food in the reservoir could result in the death

of downstrean migrants. High water temperatures in the river below the
dan during adult migrations could result in excessive energy consumption,
and high temperatures on the surface of the reservoir could be lethal

to the fish unless they are willing and able to descend to depths where
such temperatures could be avoided. Uater temperatures may also affect
the swimming behavior of the migrants in the reservoir and thus influence
the design and effectiveness of any facilities that might be considered
for downstrean migrants.

4 host of other fishery problems would be created during the con-
struction and operation of the dam, each of which could result in destruc-
tion of the salmon and steelhead runs unless careful attention is given
to magintenance of the necessary envirommental requirements. Such problems
in many cases must be considered in combination with other concurrent
problens rather then individually and, as with waber tenperature, can be
a determining factor in the design criteria for fish passage facilities
at the dem. Following are the most obvious of these problems as dis-
cussed in this report on the basgis of the proposed form of developmente
Others mey become apparent for different methods of development.

1. Adequate upstream and downstrean passage during the

congtruction period, which may last five or more years.

2. Timing of the initial reservoir filling period to reach

ninimunm forebay level in the period between upstresm ancd down-

stream salmon migrations,
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3. Temporary facilities for passage of salmon and steelhead
trout during the filling period.

4. Maintenance of necessary residual flows during the filling
period to provide adequate water depths over pink and chum
salmon spawning grounds in the Fraser River below Hope for
transportation of salmon and steelhead trout.

5. The construction of possible remedial ueasures at blockades
which may develop along the migration route at such residual
flows at such places as Bridge River Rapids near Lillooet.

6. River temperature control to maintain the normal temperature
cycle during the period of spawning migrations, aad to prevent
morbality to downsiream migrants in the teilwater of the dam
due to high temperature differential. Satisfaction of this
requirement would necessitate the use of multiple depth out-
lets for both turbine and spillway discharges.

Finally, in summary, from review of all the fishery oroblems that
would be created by the proposed Moran Dam, and of current knowledge of
techniques for overcoming such problems where they are sufficiently
understood on the vasis of present knowledge of salmon behavior, it is
concluded that there are no means currently available which could be
utilized to maintain the affected salmon and steelhead trout runs in
the Fraser at their present levels of abundance if the dam were built.
Until all the varied problems are fully understood and techniques for sol-
ving them, if any, are available, the construction of Moran Dam would
destroy a large segment of the Fraser River salmqn fighery, which at
potential levels of abundance would supply more than $23,000,000 anaually

of renewable food resource.
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