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ABSTRACT

A description is presented of each of the five spawning
channels and one incubation channel operated by the Commission.
Details of survival from eggs deposited to returning adults are
presented, together with the costs and benefits.

The six channels were built over the period 1960-197, at a
cost of $1,682,000, Five of them, costing $921,000, have
produced sockeye and pink salmon with a landed value of $10,000,000
in this period. As utilization of these channels increases to
optimum levels, it is expected that the average annual landings
will be doubled.

The construction of additional similar facilities as
recommended by the Commission is considered fully justified.
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INTRODUCTION

As part of its responsibilities under the Sockeye Salmon Convention of 1937,
the Commission investigated the possible use of prepared spawning channels and/or
incubation channels for increased production of Fraser River sockeye and pink
salmon, The results of preliminary investigations have been reported previously
(Andrew and Geen 1960) (Cooper 1965), and in the justification reports that
accompanied Commission recommendations for the construction of production
facilities (IPSFC 1959, 1964, 1965, 1966, 1966a, 1969, 1970, 1972). Fundamental
to these Justifications was the determination that fry produced by the channels
were the equivalent of wild fry (Brannon 1965). Examination of fry produced by
channels has verified this f£inding (Mead and Woodall 1968).

The purpose of this report is to describe the facilities that have been built,
and to present information on production of these facilities.

OPERATING PRODUCTION FACILITIES

The Commission now operates spawning channels for sockeye salmon at Weaver
Creek, Gates Creek and Nadina River, an incubation channel for sockeye at Upper Pitt
River, and two spawning channels for pink salmon at Seton Creek (FIGURE 1), Details
of start of operation and size are summarized in TABLE 1..

TABLE 1 - Summary of operating facilities,

Channel Start of Operation Ares Sq Yd
Upper Seton 1961 6,019
Upper Pitt 1963 711
Weaver 1965 20,846
Lower Seton 1967 20,886
Gates | | 1968 13,489
Nadine 1973 21,639

Each of the production facilities utilizes the concept of increased intra-gravel
flow of water to increase the survival from eggs to fry, but the details of
construction and water flow employed at each facility have evolved through experience
and the spscial requirements of the sites,
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FIGURE 1 - Fraser River watershed showing location of existing

production facilities,




UPPER SETON CREEK CHANNEL
Degeription

This channel for pink salmon was the first of its kind to be built by the
Commisslony, and was therefore regarded as an experimental production facility.

Its purpose was to partially compensate for the 30,000 sq yd of natural spawning
ground lost upstream from the 3. C. Electric Co. (now B, C, Hydro and Power
Authority) power intake dam on Seton Creek.

The channel is located on 25.6 acres of land between the power canal and
Seton Creek (FIGURE 2), leased from B, C. Hydro and Power Authority. The upper
portion of the channel is eoxcavated in land ebout 30 ft above Seton Cresk, but
the lower portion is close to the level of Seton Creek and dykes were necessary to
confine the flow in the channel. The channel drops 21,5 £t in its length of 3029 £,
and there are 21 cobble drop structures provided, The chennel is 20 £t wide by
2918 ft long at the gravel surface (FIGURE 3), and deducting the areas occupied by
drop structures, has an area of 6019 sq yd of spawning gravel. The gravel is
16 in, deep and was placed level at 1 ft elevation steps beiween drop structures,
Above the upper drop structure there is 880 ft of channel at a slope of 00,0006,

This slope was calculated to provide & water depth of 1,5 ft at an average velocity
of 1.25 fps for a discharge of 40 cfs with Manning's n = 0,035, The crests of the
drop structures were placed 0.84 It above the gravel surfoce upstream to maintain
the same depth and veloclty between drops. The sides of the channel are lined with
cobble to protect the banks from erosion and digging by the salmon, and also to give
& natural appearance to the artificial stroam.

The water supply of 40 cfs is obtained from the B, C. Hydro and Power Authority
canale Two 20 in. steel pipo siphons 103 £{ long 1lift water over the canal
embankment and discharge it in%o a diffusion basin at the upper end of the channel,

Because of the high elovation of the upper end of the channel relative to
Seton Creek, it was anticipeted there could be leakage of water from the channel to
the creeks, Tha chennel vas dxcavated in 1260 and temporary wooden drop structures
instaliede Water was then run throush the channel and a substantial leakage loss
of 11 c¢fs out of a flow of 30 efs was found in.the top 1014 £t of chennel, Clay
was then added to the water flow and also dumped in specific areas of large leakage.

After 157 cu yd of material was added, the leakage was reduced to 6 cfs. In
the summer of 1961 the excavation was trimmed to design grades, and the cobble lining
and drops and the gravel wore placed, ready for the 1961 spawners. In the summer of
1966, a check on the leakage loss showed the loss was still 6 cfs.
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The spawning gravel was mamufactured from & nearby hillside in a glacial
1111l deposit. This material was dry sieved to obtain the fraction between 4 in.

and 1/2 in, sieve sizes. The specification limits for the gravel are given in
TABLE 2,

TABLE 2 - Gravel sieve size, specification limits and actual size placed.

Specification

Square Sieve Percentage Dry Weight

Size, Inches Passing Sieve . Actual Placed
4 100 100
3 77-100 86.9
2 50-100 70.1
15 3489 53.0
1 16=74, 28,5
3/4 0-64, 12,6
1/2 0 2.5

The gravel obtained from the deposit had a substantial amount of angulay
pieces which had a tendency to fracture when handled repsatedly. This characteristic
has contributed to an increase in fine material in the gravel since placing.,

A picket fence with V-trap at the downstream end of the channel is used to
control the entry of salmon. Initially, all salmon were counted into the channel,
but as experience has bsen gained, the fish have been allowed free access until the
approximate desired population has entered, based on live counts., Initially, the
capacity of the channel was estimated to be about 1,5 pink salmon per sq yd, or
approximately 10,000 spawmers, but this was modified to about 1 £ish per sq yd when
the lower chennel was tuilt,

Results

The channel has been operated each pink salmon cycle year since 1961. Data on
the numbers of spawners, egg deposition and fry production are given in TABLE 3, ,
In 1963, the entrance closure gate failed when the channel had been nearly filled,
and an excess of spawners entered the channel overnight before the situation could
be rectified. Trom 1971 on, en effort has been made to limit the number of spawners
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to approximately 0.6 to 0.7 females per sq yd (IPSFC 1972a), as it was indicated
that this would be the optimum number for meximum fry production. However, data
for subsequent years (FIGURE 4) suggests that the optimum number mey be as high as
0.9 females per sq yd or about 5400 females.

TABLE 3 - Upper Seton channel pink salmon spawners, egg deposition and fry production.

Spawners Success of Eggs Fry Survival
Brood Spavmning Effective Deposited Produced FEggs to Fry
Year Total Q Only Percent Q Fecundity Millions Millions Percent
1961 6,711 3,322 2,065 6.860 3.592 52.4
1963 14,106 8,107 1,976 16,022 3.480 21,7
1965 7,000 4,082 1,903 7.767 2,681 3L.5
1967 75143 3,985 1,795 7.154 3.180 bl o by
1969 3,975 2,452 1,950 4,781 Ra222 6,5
1971 6,007 3,831 26.7 3,705 1,764 6.535 5.587 85.5
1973 6,708 4,165 98,9 4,120 1,778 7.325 54777 4.8
1975 7,995 5,228 97.2 5,083 1,821 9.300 7,632 82,1

In 1962, 1964, and 1966, the fry output was measured by collecting all the fry
at o weir located at drop #3. This location was necessary to avoid the posaibility
of backwater from Seton Creek., The fry were measured volumetrically and the total
number was extrapolated for the pertion of the channel downstream from the weir site.
In 1966, 1968, 1970 and 1972, the fry output was sampled by fyke net and extrapolated
from this sample, using the correlation obteined with the weir measurement in 1966,
In 1974 and 1976 the fry output has been measured by release of known numbers of dye-
marked fry and recapture in a fyke net,

Comparison of egg to fry survival with density of spawners does not indicate
any relationship up to a spawner density of 0.9 females per sq yd (FIGURE 5).

The production of returning adults and the catch obtained are given in TABLE 4.
These data are prorated on the basis of numbers of fry produced by the channel and

by the whole Fraser River system.
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TABLE 4 - Upper Seton channel adult pink salmon production and cateh from channel

SPAWNETE .

Brood Adult Percent Return Commercial Catch .
Year Total Run From Eggs From Fry Fish Pounds ILanded Value
1961 133,200 1,94 3.7 84,356 425,998 $ 47,243
1963 28,000 0,17 0.8 13,426 84,852 11,200
1965 126,900 1.63 &o'7 108,800 578,816 86,186
1967 50,700 0,66 1.6 30,588 182,610 30,331
1969 110,000 2.92 5.0 87,893 448,254 82,523
1971 156,500 1,78 2.8 114,176 605,133 212,583
1973 92,200 1.12 1.7 67,711 401,526 148, 564
Total 697, 500 506,950 2,727,190 $ 618,630

#*
At esach catch ysar's prices.

The channel produced more veturn spawners than were sllowed into the channel,
and these "surplus® fish spawned in the adjacent natural spawning ground., The
incrementel vate of returm for these surplus fish would be less than for the total
ersek population beceuse of the effect of density of spewners, but an additional
increment of cateh would be produced, at least until the natural spawning grounds
are fully utilized. When this cccurs, the addition of surplus spawners could
cause an ineremental vreduction in veturn., Because of Aifficulties in assessing
the setual returns from the "surplus" gpewmers, production values for these fish
can only be estimated. In the six cyele years from 1963 to 1973 there was an
average of 19,879 surplus gpsvners, sud allowing for reduced vate of production of
this increment of spawmerg, it is estimated that an additional 735,000 1b of catch
was obtained, with a cumalative lsnded value of $191,376 at each year's prices,

The initial stock of 6711 spewners vaed to start the projest would have produced a
coteh with a landed value of %169040 if they bad spswmed in the creek. Daducting
this value giver a tobtal sdditional benefit of $175,336 at each year's prices. The
percentage return from eggs in the chamnel compared to the return from ell the
natural pink salmon spawning areams in the Frager River system (TABLE 5) shows that
the channel produced returns at & rate from 1.8 to 6.4 times greater than the natural
spavning grounds, with an average of 3.8 times greater return.
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TABLE 5 - Percent return of adults from eggs in the Upper Seton channel
compared to all natural pink salmon spawning grounds in the
Fraser River system.

Brood Upper  otincl Someming  Oheenes to
Year Channel Grounds Natural
1961 1.94 04332 5.84
1963 0.17 _ 0.093 1.83
1965 1.63 0.860 1.90
1967 0.66 0.174 3.79
1969 2,92 0.454, 6.43
1971 1.78 0.329 5.41
1973 1.12 0.246 4e55
Weighted Average 1.24 0.328 3.77

Benefits and Costs

The capital cost of the channel was $32,259 in 1960-61, Allowing for only
a 20=-year life, the annual capital recovery cost at 6% interest would be $2,812,
The channel has been in nperation for 15 years now, and it is obvious that its
life expectancy is more than 20 years, so this is a conservative assumption that
increases the annual capital recovery charges.

The normal operating costs are now shared with the second channel built in
1967, as one operator handles both projects. Converting each year's operating
costs using the Vancouver cost of living index, the average annual operating cost
has been $2,708 in 1961 dollars. The capital and operating costs combined thus
total $5,520 in 1961 dollars (TABLE 6).

The pink salmon pfoduced by the channel spawners from the brood years 1961-73
have resulted in landings with a total value of $618,630, However, at the 1961
landed value of 14¢ per 1b for pink salmon, the total landed value would be
$381,806 or an average of $27,272 annually in 1961 dollais.
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TABLE 6 - Summary of costs and benefits for Upper Seton channel.

On Basis of On Basis of
1961 Dollars 1975 Dollars
Capital Cost $ 32,259 $ 87,422
Annuald Costas
Capital Recovory $ 2,812 $ 7,621
Operating 2,708 4,576
Total: 5,520 12,197
Armual Benefites
Channel sprvners & 27,272 $ 72,076
Surplus spawners lees initial brood T,243 9,142
Totals 34,515 81,218
Benefit/Cost ratio 6,25 6.66
Averzga fry outmut, millions/cycle 423
Average cost per million fry $ 2,595 $ 5,767
Average landings, 1lbs/cycle
Channel spawnera 389,598
Surplus spawners
less initial brood 103,474
Total: 493,072

Average cost per 1lb 2o 2ht 4o95¢

As previously menticned, the incremental ceteh from "surplus' sparmers
produced by the chamnel would add to the benefita produced by the channel, In
its first year of operation, the chamnel took 6711 spewners which otherwise would
have spewned in the creek and produced e return in 1963, Deducting the catch
attributeble to these.fish from the benefits produced by the surplus spawners
gives a net benefit of $86,918 at 1961 prices for the six eycles of returns,
or $7,243 average annual benefit., The tobal anmmal benefit thus has been $34,515
for a benefit/cost ratio of 6.25,

To agsiat in comparing this project with each of the others described in this
roport, the foregoing costs have also been converted to 1975 dollars (TABLE 6),
using 1975 landed values, Vancouver cogt of living index, as above, snd Engineering
News-Record Seatile Congstruction Coat Index,
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Operation and Maintenance Problems

At the outset an operaling problem srose with the siphons due to loss of
prime caused by air entering the submerged upper end of the siphon through
vortices that formed with certain opsrating conditions in the power cenal. This
was overcome by extending the siphon deeper into the canal to give at least 8 ft
of submergence and by installing a large hood near the end of the pipes to
discourage the formation of vortices. ,

The channel requires periodic removal of tumbleweed from its banks, bub
otherwise plant growth in the dry climate at Lillooet has not been a problem,
Brown algae grow on the surface of the rocks in the channel, and form a mat
which accumulates very fine sediment particles. During the period when the
channel is not in use, which is 16 months out of every 24 months, this mat dries
to form & cake which has en appearance mich like dry cattle feces., For a number
of years the gravel was raked by machine to break up this mat so that it would
be flushed out when the water was turned on. The hydraulic gravel cleaner
developed by the Commission also will remove this material, However, at this
channel the cleaner has nob been very successful in maintaining the quality of
the gravel because of the character of the gravel, The gravel was produced from
8 nearby hillside of glacial deposit, and containg a substantial emount of shale-
like material which is eesily fracturad., Over th%ﬂyears there has been a buildup
of small stone chips from fracturing of the gravel, The hydrculic gravel cleaner
flushes the chips out of the gravel, but they are so sbundent and of such size
that the surface flow of water in the chanmnol is not sufficient to transport them
dovnstream and out of ths chennzl, Despite the obvious accurmlation of fine
material in the gravel, which amownts to thick muck batween the stones at the
bottom of the gravel layer, there has not bsen sn accomponying decline in egg to
fry survival., This may be because tho eggs are not placed deep enough to be in
the muck, or beceuse the action in digging redds clears the muck out of the gravel
in which the eggs are deposited. However, the accumulation of fine materiel is
not regarded as favorsble, since it reduces intragravel flow of water in the areas
affected.
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UPPER PITT RIVER INCUBATION CHANNEL
Description

In 1960, the Commission started operation of a hatchery for sockeye adjacent
to Corbold Creek, a tributary of the Pitt River, about seven miles upstream from
Pitt Lake. The 9.3 acre site was made available by a Crown Provincial Reserve,
The hatchery was intended to supplement the production of sockeye fry from the
Pitt River in an effort to halt the decline of the sockeye run. However, the
fry produced in the hatchery were smaller than the fry produced in the natural
spavning grounds (IPSFC 1963) and in the fall of 1962 an experimental upwelling
flow gravel incubation bed was put into operation to agsess the quality of fry
produced by this method. The results indicated the fry from the incubation bed
were aboult the same size as fry from the natural spawning grounds, whereas the
hatchery produced fry were smaller (Harvey 1963). Consequently, in 1963 a
pair of upwelling flow gravel incubation beds were put in operation (FIGURE 6),
Further tests in 1966 (Mead and Woodall 1968) also showed that fry from the
incubation channel were comparable to fry from the natural spawning ground.,
whereas hatchery fry were smaller,

The upstream bed measures 33.75 ft by 100 ft and the downstream bed 50.5 £t
by 60 £t in plan, giving a gravel ares of 6400 sq ft.. The gravel bed is 16 in.
deepo

The gravel was obtained from a commercial pit, using the fractions from
3/8 in. to 3/4 in. and was shipped in by barge to the upper end of Pitt Lske and
then trucked to the site. The subgrade of each basin was covered with polyethelen¢
sheet laid over a heavy kraft waterproof paper to minimize leakage of water into
soil around and under each bed.

Water for the incubation beds is obtained from Corbold Creek either from a
gravity inteke above the falls, or in emergency situations, by pump from the pool
below the falls. The water is passed through a settling tank with a 20 minute
retention time, and then through a degasser tower (Harvey and Cooper 1962), and
is delivered to a pipe manifold slong each long side of the beds. Polyethelene
pipes at 12 in, centérs run under the gravel bed between the manifolds, and f{low
enters the bed through 3/16 in. diameter holes spaced at 12 in. centers along the
top of each pipe. The total flow delivered to the beds is 2,0 cfs, giving an
upwelling apparent velocity of 338 mm per hour (0,0094 cm/s). On the basis of
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experimental data from tests by Pyper (Andrew and Geen 1960) this flow would
give a survival of about 76% from eyed eggs plantéd to emerging fry.

The water above the gravel in each bed is about 12 in. deep at the shallow
end, Partitions above the gravel make a channel 6 £t wide with alternate ends
open for a 6 ft width. About one month prior to fry emergence the water flow
1s changed gradually from upwelling to stream flow between these partitions to
promote emigration of the fry. A portion of the flow, ranging from 10% to 25%,
is maintained as upwelling. The numbers of fry leaving the beds are determined
by a 5% sampler (Davis and Hiltz 1971).

Eggs are taken from female sockeye at the natural spawning grounds in the
Pitt River commeneing late in August, These are fertilized and placed in the
hatchery where they are incubated to the eyed stage. Infertile eggs are removed
during the initial 48 hours, after which thers is no handling of eggs until they
are eyed, Dead eggs are again removed and the live eggs are placed in excavations
in the gravel bed and covered with gravel. The incubation bed was built as large
as could be accommodated on the land available and an initial objective of 4 million
eggs was set, with the possibility of an increase in future if more than 4 million
eggs could be obtained. At 4 million eggs, the density would be 625 eggs per sq ft,
compared to 1000 eggs per sq ft wused by Pyper in his tests,

Results

The channel started operation in 1963, Date on the numbers of sockeye used
for the egg take, and the number of eggs and fry are given in TABLE 7. The number
of eggs planted hes averaged 91,9% of the number taken from spawners, indicating
only minor loss of eggs to the eyed stage. The survival from\eggs'spawned to fry
emerging has averaged 82.2% and the survival from eyed eggs planted to emerging
fry has averaged 89.7%, about 13,7% higher than indicated by Pyper's tests., There
1s no indication that density of egg deposition hag had any effect on the survival
from eggs planted to emerging fry.

The production of fry from the natural spawning grounds of the Pitt River system,
~ compared to the channel production, are given in TABLE 8. These data are used to
determine the proportion of the returning adults asttributable to the channel, For
the brood years 1963 to 1971, the fry produced from the natural spawning grounds
have been estimated from the egg deposition by the 4 and 5 year old femaiea and
from a relatlonship between winter dlacherge patterns of the Pitt River and
estimated egg to fry survival for the years 1951 to 1961 (Cooper 1967). For the
years 1972 to 1975, the viver fry production has been calculated from release and
recapture of fry marked with Bismark brown dye.



TABLE 7 - Sockeye spawners, eggs and fry, Pitt River incubation channel.,
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el . A~ S
Female ) from Eggs
Spawned
1963 618 1,059 3,189,000 2,967,000 2,417,000 75.8
1964 478 1,118 3,700,000 3,465,000 3,256,000 88,0
1965 384 791 2,133,000 1,987,000 1,776,000 83.3
1966 513 1,198 3,658,000 3,260,000 2,868,000 7844,
1967 359 1,485 45529,000 3,842,000 3,300,000 72.9
1968 498 985 3,163,000 2,870,000 2,673,000 84.5
1969 559 1,383 4,881,000 4y 547,000 4,192,000 85,9
1970 205 619 2,151,000 1,997,000 1,744,000 81.1
1971 187 772 2,652,000 2,408,000 2,291,000 86.4
1972 226 1,142 3,359,000 3,359,000 2,998,000 79.0
1973 175 567 2,366,000 2,107,000 1,793,000 75.8
1974 365 1,033 3,437,000 3,196,000 2,622,000 76.3
1975 400 1,787 4y 554,000 4,192,000 4,119,000 90.4
1976 411 1,262 4,648,000 4,310,000 3,861,000 83.1

There is no indication of correlation between the number of fry produced from

the channel and Pitt River spewning grounds and percent survival to returning
adults (FIGURE 7),
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TABLE 8 ~ Pitt River incubation channel sockeye fry output, and estimated sockeye
fry output from natural spawning grounds of the Pitt River system,

Brood Incubation Pitt Percent from
Year Channel River Total Channel
1963 2,417,000 1,187,000 3,604,000 67,06
1964, 3,256,000 2,260,000 5,516,000 59.03
1965 1,776,000 1,773,000 3,549,009 50,04
1966 2,868,000 2,314,000 5,182,000 55.35
1967 3,300,000 656,000 3,956,000 83,42
1968 2,673,000 1,970,000 4,643,000 57.57
1969 4,192,000 2,764,000 6,956,000 60,26
1970 1,744,000 1,200,000 25944,000 59.24
1971 2,291,000 45353,000 6,644,000 34.48
1972 2,998,000 4y111,000 7,109,000 42.17
1973 1,793,000 1,959,000 3,752,000 47.79
1974 2,622,000 10,632,000 13,254,000 19,78
1975 453119,000 3,790,000 7,909,000 52,08
1976 3,861,000 15,067,000 20.40

18,928,000

Data on the adult returns and catehes produced by the channel are giveh in
TABLE 9, showing a total cateh of 440,412 fish for the brood years 1963 to 1971,
with a landed value of $1,892,947.

The channel produced more return spawners then required for use in the
channel, with an average "surplus" of 7183 spawners in the years 1967 to 1971l.
These surplus spawners produced a cumulative cateh of 110,837 sockeye weighing
860,690 1b with a landed value of $716,318, In the first four years of operation
the channel utiligzed 6159 sockeye spawners which otherwise would have spawned in
the river and would have produced a catch of 33,119 fish with a weight of 251,668 1b
and a landed value of $104,394. Deducting this from the above catch produced by
surplus spawners reduces that benefit to $611,924,

Comparison of the percentage return from eggs taken for the incubation channel
and eggs deposited in the natural spawning grounds shows that the channel has been
9.89 times more effective tham the natural spawning grounds. (TABLE 16).
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TABLE 9 - Pitt River incubation chamnel adult sockeye production and catch from
channel eggs.

Brood Aduly Percent Return Commercial Catch

Toar Total Run From Egge From Fry Fish Pounds Landed Valus*%
1963 95,807 3,00 3.96 86,818 618,310 $ 246,537
1964, 113,353 3.06 3.48 9%,,037 751,654, 311,135
1965 19,453 0.91 1.09 16,232 120,164 50,166
1966 42,972 1,18 1.50 34,891 265,094, 114,632
1967 56,519 1.25 1,71 47,530 368,345 174,902
1968 60,733 1.92 2,27 51,256 417,251 288,399
1969 39,517 0.81 0.94 29,156 238,839 183,916
1970 31,300°  1.46 1.79 22,955 170,161 142,776
1971 75,550 2,85 3.30 57,537 416,207 380,484
‘Total 535,204, 440,412 3,366,025  $1,892,947

#

Age 4 end 5 combined.
it

At each catch year's prices.
P preliminary.

TABLE 10 - Percent return of adult sockesye from eggs taken for the Pitt incubation
chammel compared to returns from the natural spawning grounds in the
Pitt River system.

Incubation Chennel Pitt River Ratio of
Brood gilgicns of Aduld Peréent giléions of Adult Percent gg:ﬁ?ii to
Year Tgien Return Return Dgggsitad Return Return Return Rete
1963 3,189 95,807 3,00 19,781 47,060 0,24 12,50
1964 3,700 113,353 3.06 25,193 78,673 0431 9.87
1965 2,133 19,453 0.91 11,822 19,421 0,16 5,69
1966 3,658 42,972 1,18 46,274, 34,664 0,08 14,75
1967 40529 56,519 1.25 16,395 11,232  0.07 17,86
1968 3.163 60,733 1.92 31,511 Lh,T6L 0,14 13.71
1969 40881 39,517  0.81 49,780 26,061 0,05 16.20
1970 2,151 31,300 1,46 11,250 21,535 0.19 7.68
1971 2,652 754550 2,85 29,020 143,563 0,50 5,70

Average 1,78 0.18 9.89
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The record of total Pitt River sockeye runs since the 1948 brood year is
given in TABLE 11. The record by return years is plotted in FIGURE 8,

TABLE 11 - Total adult Pitt River sockeye produced from brood years 1948 to 1971.

Brood Total Adult

Year Sockeye Produced Channel River
1948 122,720

1949 20,778

1950 146,275

1951 120,302

1952 72,178

1953 _5,807

1954, 51,052

1955 166,952

1956 70,308

1957 29,207

1958 16,523

1959 62,483

1960 33,314

1961 102,961

1962 57,229

1963 142,867 95,807 47,060
1964, 192,026 113,353 78,673
1965 38,874, 19,453 19,421
1966 77,636 42,972 34,664,
1967 67,751 56,519 11,232
1968 105,494, 60,783 44,4761
1969 65,578 39,517 26,061
1970 52,835 31,300 21,535
1971 | 219,113 754550 143,563

The amual totel run for the brood years 1948 to 1962 averaged 73,206 sockeye,
whereas for the brood years 1963 to 1971 it has averaged 106,908. From 1963 to
1971 the return from the river has averaged 47,441, indicating a general decline
from the previous 15 years. The chamnel produced an average total run of 59,467
in this period and was responsible for the overall increase in average run.
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Benefits and Costs

The capital cost of the hatchery and incubation channel was $74,142 in 1961-
1963. Allowing for s 20-year life, the annual capital recovery cost at 6% interest
would be $6,463 (TABLE 12),

Converting each year's operating costs to the 1963 base, the average annual
operating cost has been $13,667 in 1963 dollars. The capital and operating costs
combined thus total $20,130 in 1963 dollars.

The sockeye produced by the channel in the brood years 1963-71 have resulted
in landings with a total wvalue of $l,892,9479' At the 1963 landed value of 34¢ per 1b,
these landings would have an average annual velue of $127,161 in 1963 dollars.

The catch produced by surplus spaswners, after deduction of the catch that would
have been produced by the spawners teken for the channel in the first four years,
added $19,67, to the annual benefit, making a total of $146,835 at 1963 prices. The
benefit/cost ratioc to date has been 7.29.

- For comparison with the other projects, costs and benefits in terms of 1975
dollars and landed values are also given in TABLE 12,

TABLE 12 - Summary of costs and benefits for the Pitt River incubation channel.

On Bagis of On Basis of
1963 Dollars 1975 Dollars

Capital Cost $ 74,142 $ 186,838
Annual Costs:
Capital Recovery $ 6,463 16,288
Operating 13,667 22,632
Totals 20,130 38,920
Annual Benefits:
Channel spavmers $ 127,161 $ 325,532
Surplus spawners less initial brood 19,674 50,342
' Total: . 146,835 375,874
Benefit/Cost ratio 7.29 ‘ 9,66
Average fry output, millions - 2,773
Average cost per million fry $ 7,259 $ 14,035

Average landings, lbs
Channel spawners 374,003

Surplus spawners 67,669
Total: 441,672

Average cost per 1b 4o 56¢ 8.81¢
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Operation and Maintenance Problems

One major operation and meintenance problem at the Pitt statlon is the
gravity water intake in Corbold Croek. A large bed load of sand and gravel
i1s carried down the creek during freshets and enters the intake works where it
deposits in the tunnel aqueduct. OSpecial procedures and constant attention during
such periods are nocegsary, and often the emergency pumped supply has to be used.
However, the water supply system has never failed.

Another major problem is suparcaturatlion of dissolved oxygen and nitrogen
in the water supply during psriods of large discharge in the creek. This was
solved by the installation of a degassing tower (Harvey and Cooper 1962).

The only problem spscifically assoclated with the upwelling fiow gravel bed
hes been the accumulation of fine sediment and dead eggs in the gravel. Each
spring after the fry have emigrated,the gravel has been cleaned by turning it
over manually with & shovel while directing a high pressure jet of water into
the gravel. A surface flow of water carries the flushed-outl, material away
downstream as the bed is cleaned f{vom the upstresm end,

Capacity of Reaying Avea

The sockeye fry produced from the Upper Pitt River migrate downstream into
Pitt Lake, where they reside for one or wore yesrs before migrating to the sea
as smolis, Pltt Lake is unique in that its level is affected by tidal levels,
and in that it has an estvary where the Upper Pitt River enters and a larger
reverse estuary where flowe in the Lower Pitt River enter from the Fraser River,
The deep section of thoe lake batuecn the two delias is the area where the young
sockeye rear,

It has been estimated (IPSFC 1972) that Pitt lake hes the capacity to rear
at least 10 million sockeye fry. Onc indieator of the degree of utilization of
8 lake rearing area by sockeye is the number of scale circuli laid down during
the year of lake resildence. The nuaber of circulil decreasses as the numbers of
fry being reared increases, and with large popuvlations, such as occurs with the
dominant cycle Ademg River runs in Shusvap lake, as few as 10 cireuli will be
formed. This does mol mean that the rearipg capacity of the lake is fully
utilized, but it is an indlcation of substential utilization, At Pitt Lake, the
first year scale circuli (withoui spring growth) (TABLE 13) do not suggest that
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the rearing capacity of the lake has besn approsched for the brood stocks 1947 to
1972, It is believed that the sockeye fry production for the 1974 brood may have
bsen the largest ever reared in Pitt Lake, but the effect of this larger population
on scale circuli will not be known until the return of adults in 1978,

TABLE 13 ~ First year scale circuli counts (without spring growth) for Pitt Lake 42

sockeye.

Brood Brood

Year Circuli Year Circuli
1947 13.53 1960 19,84
1948 16.94 1961 14.43
1949 18.14 1962 20,00
1950 16,40 1963 18,39
1951 17,13 1964 14,05
1952 15.43 1965 17.08
1953 16.74 1966 14.82
1954 18,41 1967 19.83
1955 16,90 1968 16.58
1956 16.61 1969 15,17
1957 16.30 1970 15,30
1958 21,30 1971 15.28
1959 18,70 1972 19.55

The index of standing crop of zooplankton may also reflect the cfopping by
large populations of sockeye. The evailable data for Pitt Lake (TABLE 14) do not
indicate any correlation between the index of annual abundance of zooplankton and
the numbers of sockeye fry produced from the Upper Pitt system (TABLE 8). The index
of .11 in 1971, with only 2,944,000 fry present, is little different from the index
of .12 in 1975, with 13,254,000 fry present.

TABLE 14 - Mean annual index of standing crop of zooplankton in Pitt Lake,

Year Index Year Index
1956 0,09 1972 0,12
1965 0,17 1973 0,12
1968 0.12 1974 0.15
1970 0.13 1975 0,12

1971 0.11 1976 0.10
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WEAVER CREEK CHANNEL
Pescription

This spawnlng channel for sockeye salmon was the first of its kind in
operation., Its purpose was to restore the Weayar Creek sockeye salmon run which
had declined as & result of the unstable condition of the spawning ground following
logging in the watershed,

The channel is 9614 ft long by 20 ft wide, at the gravel surface, laid out in
& serpentine arrangement to use all of the available land in the 33.5 acre site
adjacent to Weaver Creek (FIGURE 9). It provides 20,846 sq yd of gravel., The fish
entrance to the channel is located in Weaver Creek about one half mile upstream
from its mouth at Morris Lake (FIGURE 10)., The entrance comsists of a weir type
fishway with 9 pools 6 £t long by 12 ft wlde and 10 drops. At minimum creek level
the total drop is § ft. The surface entrance to the fishway may be closed, and the
discharge dlverted into a diffusion chamber for discharge upward through a gfating
under the entrance bay. This procedure is followed after the desired number of
spawners have been obtained in the channel.

A collapsible steel grating barrler 39 ft long is located across Weaver Creek
just uvpstream from the fish entrance and is used to divert sockeye into the channel.
When the ch&ﬁnel is filled to capacity the barrier is removed. One panel of this
barrier has a flap gete thalt can be opened to allow salmon to continue upstream past
the channel entrance when this can be done before the channel has been filled to
capacity.

A basin 29 £t wide by 24 £t long is located at the top end of the entrance
fishway, and was used for a V-trap for counting adults into the channel and for a
5% sampler to enumerate the emigrating fry. Use of the V-~trap has been stopped as
1t impedes the entrance of flsh. Numbers of spawners are estimated by counts along
the length of the channel, and a final count is obtained from the dead pitch. All
dead fish are removed and buried,

The gravel bed in the channel is 16 in. deep and consists of screened and
washed material obtained from a pit in old stream material near the Chehalis
River. The average grading of the gravel as placed 1s given in TABLE 15. The
specifications were the same as for the Upper Seton Channel {TABLE 2},
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TABLE 15 -~ Sleve analysis of gravel as placed in the Wemver sgpawning channel,

Square Sleve Percentage Dry Weight
Size, Inches Pagging Sieve

3 100

2 Mol

14 51,5

1 31.6

3/4 . 16,0

¥ , b

The channel has a slope of 0,0006 between drop structures, and it has 27
drops, making a total elevation difference of 23,26 ft from upper to lower end.
Most of the drops have a 0,5 ft elevation change, but 8 of them have an elevation
change of 1 ft., The drop structures are constructed with stone cobble (materisl
larger than 4 inches from the gravel source) and the channel side slopes are lined
with cobble also, to present s natural appearance. The channel is designed for a
discharge of 20 cfs, giving a velocity of 1,2 fps and a depth of 0.8 ft. For
stability of the cobble lining, the sides of the channel are on a 1 to 1.5 slopes
Bacause of the low site elevation with respect to Weaver Creek, leakage loss from
the channel was not expected to be a problem, and no spécial treatment was gilven
to the subgrade, . '

Water for the channel ig diverted from Weaver Creek just above its confluence
with Sakwi Creek. A small grouted rock dam creates a pond giving sufficient depth
for operation of screens in the intake structure. A small vertical slot fishway
provides fish passage and also maintains a minimum flow below the intake. The
diverted water is piped to a 100 ft by 100 ft settling basin near the channel and
then to a diffusion chamber at the upper end of the channel. Because Weaver Creek
at the intake does not always have sufficient water to supply the channel as well
as maintain adequate minimum flow below the intake, supplementary sources of water
were provided. A small intake dam on Sakwi Creek is used when necessary to divert
flows in excess of 5 c¢fs up to the cepacity of 20 cfs, The flow is passed through
8 130 £% by 170 ft settling basin and then discharged to Weaver Creek upstreaﬁ
from the main intake. Sakwi Creek is generally cooler than Weaver Creek, and thus
Sakwl water can also be used to moderate temperature in the channel., A pipe
siphon was also constructed at the outlet of Weaver lLake which can discharge 20 cfs
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from storage on Weaver lake, The authorized storage capacity of 2160 acre feet
would be obtained by drewing down Weaver Lake a maximum of 12.5 ft.

At the outset, fry emigrating from the channel were enumerated by taking
photographs at short intervals and applying rate of travel to the count in the
photographs. This procedure was changed in 1969 to a 5% sampler, by which a
5% sample is obtained continuously and weighed to obtain & count (Davis and
Hiltz 1971). TFolded perforated plate screens are used to reduce the volume of
water to be handled in the sampler. -

Resulis

The channel started operation in 1965 and has been operated every year
since then, Detalls of the numbers of sockeye spawners, egg deposition and fry
production are given in TABLE 16. A few pink salmon spawn in the channel on each
odd numbered year, and simllar details for the pinks are glven in TABLE 17. Chum
salmon also spawn in an assigned section of the channel, and detalls of spawners
and fry production are gilven in TABLE 18, |

TABLE 16 - Sockeye spawners, egg deposition and fry production, Weaver Creek channel,

. Spewners Sgcce§s of ' | Eggs . Fry Survival
rood Spawning Effective Deposited Produced Eggs to Fry
Year Total @ Only Percent % ~ Fecundity Millions Millions Percent
1965 4,403 2,986  96.15 2,871 3,986 11444 7.845 68,6
1966 6,129 3,424 95,8 3,280 4,309 14,134 10,758 76,1
1967 2,861 1,631 88.8 1,448 4,197 6,077 4,501 74 .1
1968 1,392 784 92,73 727 3,990 2,901 2.559 88.2
1969 17,011 9,671 96,97 9,378 3,887 36,452 32,622  89.5
1970 4,327 2,519 92,03 2,318 4,202 9740 8,193 8hal
1971 2,508 1,520 99.0 1,505 4178 6,288 4e513 71.9
1972 10,625 6,418 98,73 6,336 4,163 26,377 15.210 57.7
1973 21,235 10,857 98,06 10,646 4,250 45 . 245 35,054 775
1974 24,061 15,044 88,0 13,239 44527 59,933 36,850 61.5
1975 18,433 10,287  95.0 9,781 4,261 41..677 25,682 61.6

1976 27,366 16,517  94.19 15,557 4,182 65,059 52,753 81.0
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TABLE 17 - Weaver Creek chammel pink salmon spawners, egg deposition and
fry production.

Spawners Sucecess of Survival

Brood Spawning Effective Lggs Fry Bggs to Fry
Year Total ® Only  Percent Q Daposited Produced Percent
1965 50 32 56,15 31 63,000 43,000 68.3
1967 123 70 8e,8 62 140,000 109,000 779
1969 2217 108 96,97 105 211,000 187,000 88,6
1971 29/, 178 99.0 176 352,000 235,000 66.8
1973 640 364, 98,06 357 691,200 536,000 7.6
1975 1,201 633 96,05 608 1,231,200 387,100 31.4

TABLE 18 « Weaver Creek channel chum salmon spawners and fry production.

Spavners Fry
Brood Produced
Year Total Q@ Only Millions
1965 1,186 487 0.982
1966 170 92 0227
1967 464, 202 0.471
1968 2,503 © 1,138 2,703
1969 2,365 1,286 3,234
1970 865 482 1,240
1971 1,277 696 1,758
1972 12,664 75333 12,507
1973 5,654 3,077 40294
1974 5,762 2,893 6,182
1974 5,682 25532 6,239
1976 10,066 6,322 5,862

M .
An additional 9,451 transferred from the chennel
to Vesver Creek above the water intake,
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Egg to fry survival of sockeye was consistently high for brood years 1965
to 1971 (FIGURE 11), The decline for the 1972 brood was attributed to the
effects of the accumulation of sediment and organic debris within the gravel.

The gravel was cleaned prior to the 1973 spawning using a cleaner developed

for this purpose (IPSFC 1973), and the survival rate returned to the expected
level for the 1973 brood. The depression of survival rate for the 1974 and
1975 broods may be further evidence of the need for cleaning. The channel was
cleaned again prior to arrival of the 1976 run, and survival increased to 81.0%.
There is no Indication of reduction in survivael rate attributable to density of
spawners and there is no indication that maximum output of fry hes been reached
yet (FIGURE 12), The highest density of sockeye recorded so far has been 0,90
females/sq yd, or 16,517 females, in 1976 in the area used exclusively by
sockeye. This is substantially more than the estimate of 10,900 femeles used
when planning the project,

The production of sockeye fry from the natural spawning grounds in Weaver
Creek, compared to the channel, is given in TABLE 19. For the brood years 1965
to 1971, the numbers of fry produced by the natural spawning grounds were estimated
from the female spawners and a reletionship between density of spawners and egg to
fry survival obtained in earlier years, modified by judgment according to the
severity and frequency of fall and winter freshets. For the brood year 1972, the
fry produced by the sockeye spawning upstream from the barrier fence were enumerated
by release and recapture of marked fry., Femsle sockeye spawning below the barrier
were assumed to produce a proportionate number of fry. This latter assumption
attributes more fry to the creek than were probably produced, since the spawning
grounds below the barrier are more subject to shifting and gravel movement than
the grounds upstream, and also to more superimposition of spawning.

The numbers of fry produced in the creek from the 1973 brood were also
determined by hydraullc sampling of the spawning grounds as well as by marked fry,
The egtimate obtained by this method agfaed with the marked fry method for the area
above the barrier fence, and the hydraullec sampling estimate for the area below the
fence was added to get the total. This procedure was considered the best to adopt,
because the lower part of Weaver Creek was quite severely altered by freshet during
the fall. A similar procedure has been followed for the 1974, 1975 and 1976 broods.
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TABLE 19 - Sockeye fry production Weaver Creek and Weaver Creek channel,

Brood Fry from Creek Fry from Percent of Total

Year Spawning Grounds Channel Total from Channel
1965 1,475,000 7,845,000 9,320,000 84617
1966 2,100,000 10,758,000 12,858,000 83.67
1967 2,500,000 44 501,000 7,001,000 64,29
1968 1,025,000 2,559,000 3,584,000 71,40
1969 4,4150,000 32,622,000 36,772,000 88,71
1970 1,650,000 8,193,000 9,843,000 83,24
1971 720,000 4,$513,000 5,233,000 86424,
1972 45191,000 15,210,000 19,401,000 78,40
1973 3,763,000 35,054,000 38,817,000 90,31
1974 6,777,000 36,850,000 43,627,000 B4 47
1975 279,000 25,682,000 25,963,000 98,92
1976 4,825,000 52,760,000 57,585,000 91.62

The record of total Weaver Creek sockeye rung, and the portion produced by
the channel starting with the 1965 brood year, is given in TABLE 20 and the record
by return years i1s plotted in FIGURE 13, The total runs produced from the brood
years 1965 - 1972 have averaged 203,800, compured to an average of 84,500 from
the brood years 1948-64. Production of the run from the 8 brood years 1965-72
has averaged 73,700 annually greater than the best 8 brood years (1948555) prior
to the construction of the channel,

Details of production and catch of sockeye from the channel are given in
TABLE 21. The biggest run go far was obtained from the 1969 brood fry output,
the largest output for whiech a return hes been obtained so far (FIGURE 14).

The channel gspawners produced more returning spawners than required for the
channel, and these "surplus" fish, which spawned in the creek, have produced an
additional 303,500 1b of catech valued at $250,000, taking into sccount the effect
of the additional aspawners on the rate of return, The 14,785 spawners in the
channel in the first four years would have produced 132,600 1b of cateh valued at
$56,600 if they had been allowed to spawn in the creek, and this represents a cost
to the channel. As shown in FIGURE 15, the data suggest a lower rate of survival
of fry for large populations than for small populations, although some small
populations also have a low rate of survival.



TABLE 20 - Weaver Creek total adult sockeye runs from
breood years 1948 to 1972,

Brood Total Adult

Year Sockeye Produced Creek Channel
1948 131,635
1949 54,928
1950 182,836
1951 116,935
1952 10,933
1953 217,870
1954 232,492
1955 73,378
1956 : 21,572
1957 g, 801
1958 30,715
1959 39,208
1960 4,623
1961 57,472
1962 47,854,
1963 161,915
1964 R4, 962
1965 202,996 32,073 170,923
1966 75,501 12,329 63,172
1967 26,641 30,940 55,701
1968 152,420 43,592 108,828
1969 408,935 46,169 362,766
1970 271,395 45,486 225,909
1971 172,718 23,766 148,952

1972 248,39¢ 53,654 194,744,
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FIGURE 13 - Numbers of adult Weaver Creek sockeye produced from the natural
spavning ares and the spawning channel.
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TABLE 21 - Weaver Creck channel adult sockeye production and catch.

Brood Adult Percent Return \ Commercial Catch

Year Total Run From Eggs From Fry Fish Pounds Landed Value¥#
1965 170,923 1,49 2,18 119,134 769,570  § 320,704
1966 63,172 0.45 0,59 56,061 411,208 172,113
1967 55,701 0,92 1.24 515524, 351,164 155,985
1968 108,828 3.75 4o 25 107,407 664, 804, 339,522
1969 362,766 P 0,99 1.11 313,548 P 2,173,940 1,674,706
1970 225,900 P 2,32 2,76 177,216 P 1,267,494 979,262
1971 148,952 P 2,37 3,30 124,200 P 761,865 665,352
1972 194,744 P 0.74 1,28 157,130 P 1,055,914 997,838
Total 1,330,995 1,106,220 7,455,959  $5,305,482

Age 4 and 5 combined.
A% each catch year's prices.

P Preliminary.

Data on the mean annuol index of zooplankton standing crop abundence in
Harrison Lake for the brood years 1969-75 do not indicate any rveduction in standing
crop that could be attributed to abundance of sockeye (FIGURE 16). However, the
scale circuli for the first yesr of lake residence {without the second spring
growbth) do indicate a emsll suppression of growth for the fry from the 1969 Erood
(FIGURE 17). The circuli count of 16.2 for this brood is the lowest of any year on
record, extending back to the 1947 brood. Because of the longer growing season
available in the coastal climate area compared to the interior plateau climate
sres, it is not known if the circuli count can be depressed to as low as 9 to 10
in Harrison Lake, g9 occcurs in Shuswap Lake for large populations in the dominant
cyele . A

The percentage rates of return from eggs deposited in the channel and in the
creek are compsred in TABLE 22, and show that the channel is 9,00 times more
effective than the natural spawning grounds,
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FIGURE 14 - Weaver Creek sockeye production in relation to the numbers
of fry produced by the natural spawning area and the
gpawning channel.
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FIGURE 15 - Weaver Creek fry to adult survival rate in relation to
the numbers of fry produced by the natural spawning
area and the spawning channel.
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FIGURE 16 - Index of plankton abundance in Harrison Lake in relation
to the numbers of Weaver Creek sockeye fry in the lake.
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FIGURE 17 - Freshwater scale circuli count of returning adult Weaver
Creek sockeye in relation to the number of fry in the
brood year,
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TABLE 22 - Percent return of adult sockeye from sockeye eggs deposited in Weaver
Creek channel compared to return from eggs deposited in the natural
gpawning grounds in Weaver Creek.

Channel Creek Ratio of
Brood Millions of Adult Percent Milllons of Adult Percent Channel to
Year Eggs . Total Run Return Eggs - Total Run Return CUroek Percent
Deposited Deposited Return

1965 11.444, 170,923 1.49 17.75¢ 32,073 0.18 8,28
1966 144134 63,172 Q.45 28,353 12,329 0.0/ 11,78
1967 6.077 55,701 0.92 38,486 30,940 0.08 11,50
1968 26901 108, 82¢ 3.75 5,885 43,592 0.74 5,07
1969 36.452 362,725 0.99 82,630 46,169 0.06 16.50
1970 9,740 225,909 Q.32 11,013 L5, 486 0.41 5.66
1971 6,288 148,952 237 4 . 809 23,766 0.49 48l
1972 26,377 194,744 0,74 36,185 53,654 0,15 493
Weighted Average 1.17 ‘ 0.13 9.00

Benefits and Costs

The channel was bullt in 1964-65 at a cost of $280,725, With a replacement
time of 20 years and interest at 6%y the annual capital recovery cost would be
$245423. Converting each year!s operating costs to the 1965 base using the Vanéouver
cost of living index, the average annual operating cost has been $16,486 in 1965 dollars.
The total annual cost is thus $40,909 in 1965 dollars (TABLE 23),

Sockeye produced by the channel from the brood years 1965=72 have resulted in
landings valued at $5:305,482 (TABLE 21), At the 1965 landed value of 38¢ per 1b,
these landings would have an average annual value of $354,158 in 1965 dollars.

Catches produced by surplus gpawners, after deduction of the production that
would have beer produced by the first four years of spawners in the channel if they
had spawned in the creek, would add $8,115 to the average values of landings for
the brood years, The benefit/cost ratio has been 8,86 on the 1965 dollar basis,
Additional benefits may be produced by the pink and chum salmon that spawn in the
channel, but these benefits have not heen evuluated.

For comparison with the other projects in this report, costs and benefits -
are also converted to 1975 costs and values (TABLE 23),



TABLE 23 - Summary of costs and benefits for Weaver Creek channel,

Capital Cost

Annual Costs:
Capital Recovery

Operating
Totals
Annual Benefits:
Channel spawners
Surplus spawners
less initial brood
Total:

Benefit/Cost ratio

Average fry output, millions/cycle 22,50
Average cost per million fry
Average landings, lbs/cycle

Channel spawners 931,995
Surplus spawners
less initial brood 21,356

Total: 953,351
Average cost per 1b

On Basis of On Basis of
1965 Dollars 1975 Dollars
$ 280,725 $ 659,704
$ 24,423 $ 57,513
16,486 27,400
40,909 84,913.
$ 354,158 $ 811,022
8,115 18,580
362,273 829,602
8.86 9.55
$ 1,818 $ 3,77
4.29¢ 8.91¢
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Opsration and Malntenance Problems

A number of operating problewms have beon encountered at the Weaver channel,
but. the only one of these that has affected survival from egga to fry has been the
accumulation of silt end orgenic detritus within the gravel. In the early years
of operation this accummlation was noticed in the bottom portion of the gravel bed
at the upstreaw end of the chennel., Despite the provislon of a settling basin, it
was obvious that the gravel was acting as a {ilter in removing material from the
vater as it flowed throwgh the gravel. Most of the materisl was collected in the
upper end of the channel, and the amount deecreased further dcwnstresm, with very
little at the lowser end of the chennel. Several methods of cleaning the gravel
including using & bulldozer to turn Lt over iln {lowing water, and a buried grid of
perforated pipss to ereate an upwelling flushing offect; and a high pressure jet
of water directed into the gravel, weve only partially effective., The need for an
effective method of cleanlirg led to the development of an apparatus using Jets of an
alr and water mixture which could be dragged through the gravel, The materials
flushed ocut are carried away by the surface flow of water (IPSFC 1973). Using this
apparatus, the channel was cleaned prlor to arrival of the 1973 run. On the basis
of appearance of the gravel, it was cleaned agoin prior to the arrivel of the 1976
run. Thus, despite the provislion of a settling bagin, which is effective in
removing much suspsnded material from the vaiter supply, some sediment collects in
the gravel and there is a need for periodic cleaning of the gravel.

From the start of operation, thorc bas besen s leakage of water from the channel,
averaging about 7.6 c¢fs, with o rangs frem 5 efs to 12 ¢fs., No correlation between
the loss and inflow, creel level; or time 1s cvident. Most of the loss occurs near
the downstream end of the chamnel and appeavs ag & surfacoe flow into Weaver Creek
along the perimeter of ths rock facced dyke protecling the channel. There 1s no
indication that this loss of flow has affectzd prodvction from the channel, and it
has not been considered necessary teo preveat the leakage.

A portion of the water supply for the channel 1s obtained by diversion from
Sakwi Creek. Need for this water is cwitical during periods of low discharge in
Weaver Creek. However, during periodsg of heavy rain or snow melt, considerable
amounts of very fine silt enter Sakwi Creek from cut banks in an access road to a
ski area at the headwaters of Sakwi Creek. AL such times, the intake on Sakwi Creek
hag to be closed.



One problem thet was not anticipated for the Weaver channel, was the formetion
of frazil lee during elear eold weather in the winver. In the first winter of
operation, frazil ice caused obatructlona in the shamnnel, especlally at drop
structures, and water floved over the berms between channel legs., Ice blockages
were moved manually to keep the flow woving 1n the channel, The problem has not
been as severs since that first year, but there are times when the above measures
heve to be taken. No other remedial wessures are practical at the Weaver chennel,
but at any new installations consideration should be given to deaign to avoid
ice problems, such as was done for the Nadina River channel (IFSFC 1970).

The Weaver channel is located in a forest area with predominantly deeiduous
trees. During the fall, collection of leavaes in the intake screens presents a
persistent operating problem. This has boeen alleviated by improvements to the
intake to provide o sweeping flow acroas the face of the seoreens., Tha screens
vere also‘chang%d from wire mesh to perforated aluminum plate to provide a
smoother face for essier cleaning.

Decomposing dead egge in the gravel are a source of nitrogen and phosphorous
in the water, as ars eggs and flsh carcasses in Weaver Creek uwpnatream from the
water intake. Bach spring there ia & faivly abundant gvath of bluo green algae
in the chabnel (also in Weaver Cresk). This algae does not appear to hemper the
movement, of fry out of the chennel., However, during the period of fry enumeration,
pleces continually brenk loose and are emivled down the channel. These pleces are
collected by the fry enumeration screens end collected in the holding pen of the
5% sampler, making it more difficwlt to romove {ry for counting.

Movement of gravel during freshets in the section of Wesver Creek downstream
from Sakwi Creek results in deposlilon of grevel to a depth of 1 to 2 ft on the
conerete apron for the fish divercion fence at the fishway entrance to the channel.
This gravel has to be removed aoch fall in preparation for installing the barrier
fence. Several operating procsdurves ror the fence have haen followed, Tnitially
the earliest arriving sockeye were allowed to migrate upstream past the fence to
the stable spawming grounds upstresm from the channel weter intake. This practice
was adopted 4o avoid the problem of fish spawning im the low flow in the section
of Weaver Creek between the channel water intake and the fish entrance after the
channel was put in cperation. However, this procedurs wes found to be unsatisfactory.

It was subsequently decided to £ill the chennel first, end then remove the diversion
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fence. It is believed to he sdvaniageous to get the channel filled as quickly
as possible so that most of the fish spawn at about the seme time thereby avoiding
the disadvantages associated with late spawning fish digging up eggs deposited
sarlier. |

~ Because of the increasing numbers of chum salmon entering the channel,
probably a result of the chum salmon fry production in the channel (TABLE 18),
in 1973, 1975 and 1976 chum salwmon were separated from sockeye when they entered
the channel and diverted to a 3200 sq yd are&lat the lower end of the channel.
In 1973 all fish entering the channel passed through & narrow passage and were
diverted by a swing gate operated by an observer. The location of this device
at the channel entrance slowed down the entry of fish, and when the separator
was installed agsin in 1975, it was placed about 1000 ft upstream to provide
unimpeded entry Lo the lower end of the chamnnel. This location was used again in
1976, but becauss of the numbers of chum salmon entering the channel, it was
neceasary to remove some of these fish and trensport them back to Weaver Creek
above the water intake. A total of 9451 chum salmon were transferred this way.
In addition the single separator could not handle the fish fast enough; and a
large number were manually lifted over the divider fence. Plans are belng prepared
for a modification of the @hannei to facilitate the separation and return of chum
galmon to the creek,



46

LOWER SETON CHANNEL
Descripbion

Because of the need foi additional spawning ground for pink salmon in
Seton Creek, a second larger spawning channel was recommwended (IPSFC 1965)
and was constructed in time for operation for the 1967 adult return to the

spawning grounds.

This channel is located adjacent to Seton Creek approximately one mile
downstresm from the upper channel (FIGURE 18). The 17.9 acre site is leased
from the Cayoosh Indian Band, A further 0.3 acres for the water supply is
leased from B. C. Hydro and Power Authority, and the operator'!s residence occupies
a l.1 acre site, also lesged from B. C. Hydro and Power Authority. The land is
protectad from high water in Seton Creek by a rock faced dyke.

The channel 1s 9486 f£i long and 20 £t wide at the gravel surface., Deducting
the 10 cobble drop structures between the water inlet diffusion chamber and the
fish inlet welr,the gravel area 1g 20,886 sq yd. An additional 7 rock drop
gtructures at 40 £t intervels form a fishwasy between Seton Creek and the fish
inlet weir., At each drop structure the water surface drops ome foot. The channel
hag a slope of 0.001 between drop structures, designed to provide & mean velocity
of 1.46 fps at a depth of 1.25 i1 for a flow of 40 cfs; The water is obtained
from B, C. Hydro and Power Avthorlity canal through two 500 ft long steel pipe
siphons, with a 102 £t drop in elevation from the crest at the cenal embanlment
to the valve at the diffusion chamber in the spawning channel. The upper part
of each siphon 1g 18 in, pipa and the lower 291 ft is 12 in, pipes The siphons
are primed by {illing the downstream leg by a pump from the canal,

The spawning gravel was produvced from a river deposit on & bench on the
eagt side of the Fraser Hiver. Thls materilal consisted of sound well-rounded pleces.
Boulders and some sand were.sepsrated at the plt, and the gravel was then trucked
to the channel and stockpiled for screening and washing,after whiech it was placed
in the channel to a depth of 16 in. The specifications were the seme as for the
Upper Seton and Weaver channels. The average sieve anslysis of the gravel as
placed is given in TABLE 24,
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TABLE 24 - Average sieve analysis of gravel as placed im the Lower Seton
spavning channel,

Square Sieve Percentage Dry Weight
Size, Inches Passing Sieve

4 100

3 87.9

2 66,0

1% 4605

1 27,1
3/4, 12.3
3 0.8

ys 0.0

The sides of the chennel ave lined with broken rock larger than 6 in. placed
on a1l to 1.5 slope. This material was selected beecanse of its better stebility
than the cobble used at the Upper chsnuel end the Weaver chennel., Because of the
level of the site with respsct to Seton Creek water levels, it was not expacted that
leakage would result in a significent loss of water eud no specisl treatment was
given to the channel subgrade. ’

At the top end of the entvrance fishway cﬁgnn@lg a concrete structure provides
the supports for a picketed fence and V-trap used to control the entry of adult
pink salmon, and also for the 5% sampler gear used to enumerste the fry emigration.
In the first year of operation, the fry were enumerated photogrephically, but since
the spring of 1970, the 5% sampler has been used.

Resulte

The channel has been opsrated each pink sslmon cycle year simce 1967. Date
on the numbers of spawnervs, egg deposition, and fry production ave given in
TABLE 25,

Maximum output of over 16 million fvy so far has bzen obtained at & spavning
density of nearly 0.7 females per sq yd (FIGURE 19} and in view of the results
obtained at the Upper Seton channel, it appesars larger €ry output would be obtained
if the number of spawners wes increased, possibly to as many as 0.9 females per
8q y& or about 18,800 females. There is no indicetion that density of spawmers
up %o 0.7 females per sq yd has affected the survival rate from eggs to fry.
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TABLE 25 - Lower Seton channel pink salmon spawners, egg deposition and fry production.

Spavners Success of Eggs Fry Survival
Brood Spawning Effective Deposited Produced Eggs to Fry
- Year Total @ Only Percent @ Pecundity Millions Millions Percent
1967 20,630 12,435 1,795 22.322 8,977 40.2
1969 14,868 8,717 1,950 16.998 10,509 61.8
1971 24,882 14,239 89,06 12,681 1,764 22,369 12,770 5741
1973 23,602 14,909 97.36 1,515 1,778 25.808 16,227 62,9
1975 23,874 13,910 96,66 13,445 1,821 24,4500 16,327 66.6

The production of returning edult pink salmon and the catches obtained are given in
TABLE 26, The sdult return date are prorated on the bagis of the numbers of fry
produced by the channel and by the whole Fraser River system.

TABLE 26 - Lower Seton channel adult pink salmon production and catch.

Percent Return Commercial Catch
Brood Adult 7
Year Total Hun From BEggs From Fry Fish Pounds Landed Value
1967 144,500 0,65 1,61 87,059 519,742 & 86,329
1969 525,000 3.09 5,00 429,124 2,188,532 402,909
1971 357,600 1.60 2.80 266,412 1,411,984 496,030
1973 276,700 1.07 1,70 197,823 1,173,090 434,043
Totels 1,303,800 980,418 5,293,348  $1,419,311

#* At each catch year's prices.

As with the Upper Seton channel, the Lower Seton channel produced more return
spawners than weve allowed in the channel. In the four cycle years from 1969 to 1975,
there was an average of 60,470 surplus spawnera. Allowing for reduced rate of return
from this increment of spawners, it ie estimated that en additional 2,642,000 1b of
catch were produced from the surplus spewners in 1969, 1971 and 1973, with a cumulative
lended value of $665,883 at each year's catch prices. The 20,630 gpawners in the
channel in 1967, the first year of operation, would have produced e catch of 14,637
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FIGURE 19 - Pink salmon fry production in relation to spawning density in the
Lower Seton spawning channel,
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in 1969 with a value of $14,506 if they had spawned in the creek. The benefit from
surplus spawners less the value of catch foregone gives a benefit of $651,377. The
percentage veturn from eggs in the channel compered to the return from all natural
pink salmon spawning areas in the Fraser Hiver system (TABLE 27) shows that the channel
produces returns at an average rate 5.33 times greater.

TABLE 27 - Percent return of sdulis from eggs in the Lower Seton channel compared to
all natural pink salmoun spawning grounds in the Fraser River system.

Percent Return from Eggs Deposited

Ratio of

Brood Natural Channel to
Yoar Lower Channel Spawning Grounds Natural
1967 .65 174 3674
1969 3,09 o454 6.81
1971 1,60 » 329 4 .86
1973 1.07 o246 b 35
Average 1.60 0.30 5033

Benefits and Costs

The channel cost $218,665 to build in 1966-67. Allowing a 20-year life, the
annual capital vecovery cost at 6% interest would bs $19,133 (TABLE 28).

The operating coste ave gshared with the Upper Seton channel. Converting each
year's costs to a 1967 base using the Vancouver cost of living index, the average
annmual opsrating cost Bas been $6,491 in 1967 dollars. Thus the total annval costs
have averaged $25,624 in 1967 dollars.

The pink‘salmon produced by the channel spawmers in the brood years 1967-73 have
resulted in lendings valued at $1,419,311. At the 1967 landed value of 14.9¢ per lb,
the average annual value of the landings was $98,589 in 1967 dollars. In addition,
the pink salmon produced by "surplus® apawners less the initial brood have produced
catches with an sverage snnual value totaling $47,577 at 1967 prices. The benefit/
cost ratio has been 5.70 at the 1967 dollar base. For comparison with other projects,
the coste snd benefits have also been converted to 1975 dollars and values (TABLE 28).



TABLE 28 - Summary of costs and benefite for Lower Seton channel.

Capital Coat

Annual Costs:
Cepital Recovery
Oparating

, Total:
Annual Benefite:

Chanuel spawmers

Surplus spavners leas initial brood

Total:
Benefit/Cost ratio
Average fry production,
millions/ecyele 12,962

Average cost per million {ry
Averoge landings, 1bs/cycle

Chamnel spawmers 1,323,337

Surplus spavners 638,617

Totals 1,961,954

Average coat por 1b

On Basis of
1967 Dollars
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On Basis of
1975 Dallars

$ 218,665

19,133

6,491
25,624

@

$ 98,589

47,577
146,166

5.70

¢ 3,954

2@61¢

Operaticn end Maintenance Problems

$ 467,943

$ 40,795

9,873
50,668

$ 244,501

118,144
362,645

7,16

$ 7,817

5.17¢

There have been no operational problems at the Lower Seton channel.

Maintenance has been primarily removal of tumbleweeds that roll into the

channel end, on several occasions in the off-cycle year, grading of the

gravel surfece to smooth out the humps and hollows crested by the spawners.
Leakape of water through the channel subgrade has not been a problem.
A test prior to start of operations in 1967 showved a losa of 2.5 cfas out of

the 40 cfs entering the channel.
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GATES CREEK CHANNEL
Deseription

The spswning channel at Gates Creek was constructed in 1967-68 to improve
the production of sockeye in Gstes Creek and Anderson and Seton Lakes. Deteriorating
environment in Gates Creek, attributed to logging and encroachment of other human
activities, was believed to be restricting the sockeye population.

The channel is located adjacent to Gates Creek approximately one-half mile
upstrean from Anderson Leke (FIGURE 20). The 16.2 acre site occupled by the channel
is leased from the Anderson Lake Indian Band., Additional small parcels of land are
occupied by pipe lines, intake works end s pump house. The channel alte is protected
from high water in Gates Creek by s rock {aced dyke.

The channel is 6201 £t long by 20 £t wide at the gravel surface., Deducting drop
structures, the gravel area is 13,489 asq yd. In planning the project the capacity
wag estimated to be 9000 female sockeye spawners but on the basis of results at
Weaver Creeck, the capacity could be sbout 12,000 females. There are 15 cobble drop
structures, each with a drop of 4 in. in the water surface. Between drops, the
channel bottom has a slope of 0,001, giving a %total drop of 11.2 £t in the channel,
There are 5 quarried rock drop structures in the entrance fishway channel, each with
a drop of 1 £t in water surface. A concrete atructure at the upper end of the
entrance fishway contains two additional drops, and provides support for a picket
fence and V trap to control entrance of fish, and for the 5% sampler used 1o enumerate
fry.

A typieal cross section of the channel is shown in FIGURE 21. It was anticipated
that leakage from the channel would be s problem because of the porous materials at
the site and the drainege gradient down the valley floor. This was confirmsd by tests
after completion of the excavation. Accordingly, the sides and bottom of the channel
vere lined with 10 mil black polyethelene sheet. The subgrade was specially graded
and compacted before ﬁlacing the liner. A leakage test after completion showed a
loss of 0.25 cfs. The channel sides are lined with cobble, as this material was
more readily avallable than quarried rock.

Spawning gravel 16 in., deep was provided to the same specifications as for the
other chamnels. The gravel was manufactured from the channel site. The sieve
analysis of the material as placed in the channel is given in TABLE 29.
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TABLE 29 = Average sieve analysis of gravel placed in the Gates Creek
spawning channel,

Square Sieve Percentage Dry Weight
Size, Inches Passing Sieve
4 99.1
3 86.0
2 65.1
1% 46,8
1 21.3
3/4 7ok
+ 0.7

The channel was designed for a flow of 40 ofs giving e depth of 1.25 £t
and a mean velocity of 1.46 fps. A conerete sill across Gates Cresk diverts
water to the inteke structure. This structurs incorporates special features
intended to cope with the expected bsd load movement of gravel in Gates Creek, as
well as frazil ice problems in the winter, It also incorporates a perforated plate
screen to exclude fry produced from the natural spewning grounde. The screen has
an area of 360 sq £t at minimum opsrating water level and has a sweeping flow glong
its entire length to facilitate bypass of fry and also to facilitate cleaning of
the screens, From the sersens, the water flows to a settling basin, The settling
basin width expands from 10 £ to 40 £t in the first 230 ft of length, and continues
at 40 ft for another 240 ft. The minimum water depth is 3 ft. The water then
flows to a diffusion chambar et the upstream end of the channel. If necessary, the
flow can bypass the settling basin through a pipe direectly to the diffusion chamber.
Because of anticipated problems with frezil ice in winter, and alsc because of
enticipated temperature centrél vequirements at apewning time in lete August,
provision was made for a flow of up to 10 cfe from a depth of 200 £t in Anderson
Lake., Thie water has s tempovatuvre of 399% to ABGF and thus can be used for
melting ice and also for‘r@ducing temperature in August, A pump located adjacent
to Anderson Lske delivers the flow through 4011 £t of 18 in., dlameter asbestos
cement pipe. This water can be discharged in front of and behind the trash rack
at the intake in Gates Creek, and divectly to the diffusion chamber at the upstream
end of the channel.
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A concrete slab across Gates Creek just above the channel fish entrance is
used to support a vemovable eloping barrier fence at the time of the aduli
migration to divert sockeye to the chanmnel, In times of very high discharge in
Gates Creek, it is not possible to instell this barrier fence, and instead steel
rails embedded in the slab surfece are used as electrodes for an electric fence,
using 110 v AC power,

Resulis

The chanusl has bsen operated each vear since 1968. Date on the numbers of
spawners, egg deposition and fry production ave given in TABLE 30, Similar data
for the natural spewning grounds in Gates Creek are given in TABLE 31, However,
in this case, because of the smell numbers of spawners and the resulting small
potential egg deposition, no actual measurements of survival from eggs to fry have
been made. Instead, a comparatively high egg to fry survival rate of 15% has been
assumed so thal the contribution of the creek to production would not be under-
estimated. At Adams River the survival from potential egg deposition to fry has
been between 15% and 19%. The spawning grounds in Gates Creek are unstable
compared to Adems River and it is considered unlikely thet the survival rates could
be as high as those messured in Adams River,

Egg to fry survival in the chennel was low for the 1969 brood because of an
accumulation of silt in the channel in the uppsr half, Spawning for the 1970
brood wes restricted %o the lower half, and survival was 87.5%. Prior to the
dominant cycle spawning in 1972, the gravel in the channel was cleaned using an
apparatus devised by the Commission (IPSFC 1973). This resulted in high survival
for both the 1972 and 1973 broods. The accumulation of silt after 1973 caused
lowered survival foxr the 1974 and 1975 brood yesrs, and the channel was cleaned
again for the 1976 brood spawning. There is no evidence that the density of
spawners obtained in the chsnnel so far has affected the egg to fry survival.

The fry outputs from the chennel and from the natural spewning grounds
(TABLE 32) are used as the basis for determining the relative contributions to the
returning adult runs.

The record of Gates Creck total adult sockeye runs is given in TABLE 33,

The total runs of adults from 1968 to 1972 have averaged 43,222 compared to
15,961 for the years 1948 to 1967. The chennel has produced 92.5% of the returns
for the brood years 1968 to 1972,
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TABLE 30 -~ Sockeye spawners, egg deposition and fry production, Gates Creek chamnel.

Spawners Success of Eggs Fry Survival
Brood Spawning Effective Deposited Produced Eggs to Fry
Year Total @ Only Percent @ Fecundity Millions Millions Percent
1968 6,174 3,527 69.41 2,448 3,242 7.936 6,971 87.8
1969 596 388 72.04 280 3,308 0.926 0.334 36.1
1970 40 16 4375 7 3,400 0,024 0,021 87.5
1971 282 199 36,93 73 3,596 0.263 0,216 82,1
1972 64643 3,399 65.93 2241 3,502 7.848 6.342 0.8
1973 570 383 75,26 288 3,448 0.993 0.899 90.5
1974, 64, 43 79,07 34 35523 0,120 0.082 68.3
1975 1,612 1,146 87.80 1,006 3,451 3,472 2.137 61,6
1976 4,34 8,727  84.61 7,384 3,502 26,177 17.533 67,0

¥ Tacludes 318,000 eggs planted from moritund unspswned females.
it
Inclndes 251,400 £ry from the planted eggs.

TABLE 31 - Sockeye spawmers, egg deposition and estimated fry production,
Gates COreek natuval spawming grounds.

Spawners Succesg of Bges Egtinated

Brood Spawning Bifective Deposited Millions of
Year Total ? Only Poreent Q Fecundity Millions  Fry Produced
1968 3,939 2,321 - 5977 1,387 3,242 be 497 0.675
1969 181 118 67.39 80 3,308 0.265 0.040
1970 38 15 4375 7 35400 0,024 0.004
1971 144, 99 42,05 42 3,596 0.151 0,023
1972 1,680 1,298 68.36 887 3,502 3,106 0.466
1973 225 69 91.67 63 3,448 0,217 0,033
1974 6 4 79.07 3 35523 0.011 0.002
1975 370 273 87,80 240 3,451 0.828 0.124

1976 2,789 1,697 84,61 1,435 35502 5.025 0.754




59

TABLE 32 ~ Sockeye fry production, Gates Creek and Gates Creek channel.

Brood Fry from Craek Fry from Percent of Total
Year Spawning Grounds Channel Total from Channel
1968 675,000 6,971,000 7,646,000 91.2
1969 £0,000 334,000 374,000 89.3
1970 4,000 21,000 25,000 84,0
1971 23,000 216,000 239,000 90.4
1972 466,000 6,342,000 6,808,000 93,2
1973 33,000 899,000 932,000 96,5
1974 2,000 82,000 84,000 97.6
1975 124,000 2,137,000 2,261,000 95
1976 754,000 17,533,000 18,287,000 95.9

Details of production and catch of sockeye from the channel are given in
TABLE 34. The biggest return so far was from the 1972 brood, the second return
from the dominant cycle,

In the first year of return, 1972, the channel produced 956 spawners more
than used the channel, and these spawners produced an additional 23,325 1b of
catch in 1976 valued at $22,159. In the first four years of operation,

196871, the channel was used by an average of 1773 spawners which otherwise
would have spawned in the cresk and produced s reburn totaling 73,760 1b valued
at $40,774 st each catch year's prices.

Date on survival of chamnel fry to total adults produced (FIGURE 22), suggests
improved survival rates for the 1971 and 1972 broods comparad to 1968, 1969 and
1970. This may reflect the improvements to fish passage at the tailrace of the
Seton Creek hydreslectric plant resulting from increased dischargesin Seton Creek
in 1975 and 1976, These improvements reduced the delay of sockeye at the tailrace
substantislly end greatly reduced the losses of sockeye at that point. Although
the data suggest lower survival rate ms the number of fry increases, results to
dnte (FIGURE 23) show the biggest totsl adult runs from the largest £ry outputs
to date.

The return rates {rom eggs deposited in the creek and in the channel are
compared in TABLE 35, The average vate of return from the channel has been five
times greater than from the natural spawning grounds.
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TABLE 33 - Gates Creek total adult sockeye runs from
brood years 1948 to 1972,

Brood Totel Adult

Year Sockeye ‘FProduced Creek Channel
1948 30,026

1949 590

1950 300

1951 623

1952 38,000

1953 7,811

1954 698

1955 2,472

1956 15,438

1957 1,081

1958 526

1959 9,315

1960 83,013

1961 13,556

1962 312

1963 75449

1964 100,140

1965 2,216

1966 310

1967 5,339

1968 73,774 6,492 67,282
1969 3,772 P 404, 3,368
1970 277 P b, 233
1971 10,738 P 1,031 9,707
1972 127,549 P 8,673 118,876

- Preliminary
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TABLE 34 - Gabes Creek channel adult sockeye production and catch.

Brood Adult Percent Retumn Commercial Catch -
Year Total Run ¥From Eggs From Fry Fish Pounds Landed Value
1968 67,282 0,848 0,965 59,744, 372,780 $ 182,885
1969 3,368P 0,364 1.008 2,541 16,269 12,533
1970 233 0.971. 1,110 179 789 608
1971 9,707P 46113 4o 4,94, 6,804 4552477 39,365
1972 118,876P 1.515 1.874 95,062 644,520 609,072
Total 164,330 1,079,605 $ 844,463

Age 4 and 5 combined,
At each catch year's prices,
Preliminary,

TABLE 35 - Percent raturn of adult sockeye from sockeye eggs deposited in Gates Creek
channel compared to return from egges deposited in the natural spawning
grounds in Gates Creek,

Chennel Creek
Ratio of
Milliona of Millions of Channel to
Brood Eggs Adult Percent Eggs Adult Percent Creek Percent
Yeay Deposited Total Run Return Depogited Total Run Return Return
1968 7.936 67,282 0,848 Lo 97 6,492 0.144 5.83
1969 0.926 3,368 0,364 0,265 404 0,152 2037
1970 0,024 233 0.971 0.024 bd 0,176 5,51
1971 0.263 9,707 4,113 0151 1,031 0.605 6.79
1972 7.848 118,876 1.515 3.106 8,673 0.279 541

Veighted Average 1,095 0.214 5,09
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Benefits and Costs

The chennel cost $215,452 to build in 1967-68, With a 20-year life and 6%
interest, the smmual capital vecovery cost would be $27,500 (TABLE 36).

Converting sach year's opereting cogt to a 1968 base using the Vancouver cost
of living index, the average annuel opsrabting cost has been $16,858 in 1968 dollars.
The total annual cost is thus $44,358 in 1968 dollars.

The sockeye produced by the channel from the brood years 1968-1972 have
resulted in landings vaeluved at $844,46%. At the 1968 price of 40.2¢ per 1lb, the
lendings had an aversge annual value of $86,800 in 1968 dollars.

The value of the ecatch foregone from natural production from the spawners used
in the initial four years exceeds the benefits produced in 1976 by the surplus
gpawners from the fiwset return run in 1972, giving a deficit from these two sources
averaging $4,055 annually at 1968 prices. The benefit/coat ratio for this initial
period has bzen 1.87,

For comparison with the other projects, costs and benefits in 1975 dollars and
values are given in TABLE 36.

TABLE 36 - Summary of costs and benefits for the Gates Creek chammel,.

On Basis of On Bagis of
1968 Dollars 1975 Dollars

Capital Cost $ 315,452 $ 608,822
Annual Cogtss
Capital Recovery $ 27,500 $ 53,077
Operating 16,858 24,781
Amus) Benefibs: Totals 44,358 77,858
Channel spawiners $ 86,800 $ 187,488
Surplus spavners lass indtial brood = 4,055 - 8,776
Tovals 82,745 178,712
Benefit/Cost ratio 1.87 2.30

Average fry output, millions/cycle 3.8
Average cost per millien fry $ 11,552 $ 20,275
Average landings, lbs/cycle '

Channel spawners 215,921
Surplus (net) 10,087
Totals 205, 84d,

Average cost psr 1b R1.6¢ 37.8¢



65

-7
Yo N9aI) S998N
*pouu®




66

However, these facilities require considerable attention by the operator, and as

a result have met with varying success., Cravel and sand are carried through the
intake opening and are depogsited in deeper water in front of the screens. This
deposit reaches almost 3 feet in depth at times and has to be removed sach yeér
prior to the start of the operating sesson. Modifications to the intake structure
were made in 1977 to reduce the inflow of gand and gravel. Oravel also accumlates
over the concrete base slab at the fish barrier fence in Gates Creek at the channel
entrance., If water levels permit, this gr&vel‘is removed by machine to allow
installation of the fence prior to the arrival of the run., However, in some years
it has not been possible to do this because of high water levels. In these cases,
the electric fence has been used to divert fish to the channel and has worked well.

NADINA RIVER CHANNEL
Description

The spawning channel on the Nadina River near Nadina Lake was constructed in
the summers of 1970 to 1973 to improve the production of the Late Nadina sockeye
run end increase utilization of the rearing arsa in Francois Lake.

The channel is located adjacent to the small natural spawning grounds used by
the Late Nadina run, just below the falls on the Nadina River, approximstely 1500 ft
downstream from Nadina Lake (FIGURE 25). The 45-acre site occupied by the channel
and its facilities was provided by a reserve on Crown provincial land. An
additional 0.5 acres for pipelines was provided by easement on park reserve and
Crown land under water.

The channel is 9759 ft long by 20 ft wide at the gravel surface, with a
spawning area of 21,639 sq yd. The capacity was estimated to be 14,450 female
sockeye spawners but results at Weaver Creek suggest the capacity may be larger,

The channel has a bottom slope of 0,0005, with a total drop of 4.9 ft in the chénnel.
To avoid ice problems associated with drop structures, the channel was designed
without drop structures. The average depth of 1,56 ft and average velocity of

1,17 £ps at a flow of 40 cfs were selected to promote the formation of a surface

ice cover, thereby minimizing problems with frazil ice,
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There are 6 quarried rock drop structures in the entrance fishway channel,
each with a drop of 1 £t in waler surface. A concrete structure at the upper end
of the fishway contains an additional drop, and slso provides support for a
picket fence to comtrol entry of fish and for the 5% sampler used %o enumerate
fry. For winter operation, the entire flow of the chamnel can bypass the fishway
through a pipe. This feature was provided to eliminate problems with ice buildup on
the drop structures. An asuxiliary fish entrance is provided from the lower end of
the main natural spawning area Lo s point in the channel approximately 930 ft
upstream from the chamnel entrance. This entrance was provided after the first
season of operation to assist in diverting fish into the channel, and is closed at
all other times. :

The channel has side slopes of 5:6 lined with quarried rock. A typical
section is shown in FIGURE 26. It was anticipated that leakage from the channel
night be a problem bscause of the necessity to construct part of the channel on
£ill materials. The £ill material was obtained from part of the excavation for the
site and contained a mubstantial proportion of clay. Construction specifications
required compaction of the berms and subgrade ss the materials were placed. When
this was completed, a leakage test was made in the section of the channel adjacent
to the river considered to bs the area wheve leakage would be most likely to occur.
Leakage from a 900 £t length of chaunnel was measured at 0.16 cfs after 44 hours of
testing. This wae less than criterion of 0.5 ¢fs/1000 £t that had been sstablished,
and consequently it wes not considered neceassary to take any other measures to limit
leakage. In October 1973, soon after the cheamnel was put into operation, with an
input of 36,26 cfs, the loss of water for the entire channel was measured at 1.26 ofs.

The 16-in, deep layer of spewning gravel was produced from a presumed glacial
deposit a few miles from the site, using the same specifications ss for the other
channels. The sieve analysis of the materisl as placed in the channel is given in
TABLE 37,

TABLE 37 - Average mieve analysis of gravel as placed in the Nadina River
spawning channel,

Square Sieve Percentage Dry Weight
Size, Inches Passing Sieve
4 100
3 89.3
2 68,4
1% 52,3
1 2.6
3/4 1o 5

1/2 0.8
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The chamnel water supply of 40 cfs is obtained by gravity from Nadine Lake
and ig delivered through approximstely 1500 £t of coated corrugated steel pipe
and asbestos cement pipe. A tutterfly valve al the lower end regulates discharge
to the diffusion chambsr ot the uppar end of the chamnel. The location of the
intake at the outlel of Nadina Lake wes selected to take advaniage of the fact that
even in very severe winter weather there is a emall aves that ie always ice free
where the ocutflow enters the river. A 30-in. corrugated pipe extends 720 £t into the
lake to a depth of 30 £1 to provide a flow of up o 22 c¢f's for temperaturs control
during spawning. The intake structure provides for blending of the two sources of
water as may be required. The intales are screened to exclude fish resident in
Wadine Lake.

Due to the Jocatlion of the chavnel fish entrance at the upper end of the
natural spawning grounds, it was not considered nscessary to provide a bage structure
for a fish diverting fence.

Regultis

The chaunel started opsration in 1973 and has bsen operated each year since
then. Detaile of the numbers of sockeye spawners, egg deposition and fry production
are given in TABLE 38, Similar dste for the natursl spawning grounds is given in
TABLE 39, BEgg to fry survival in the maitural spawning ground was determined to be
20% for the 1975 broed spawning, using hydveulic sempling methods. This rate has
been assumed vo apply for the two previousg brood yesrs. Based on the comparative
Lry outputs, the proporbion of the returning rune ettributed to the channel will be
determined from the comparative fry outputs given in TABLE 40. The first returns
are expacted in the fall of 1977, sc return rates cennot be determined yet.

TABLE 38 - Snckeye spawners, egg deposition and fry production, Naedina River channel.

Spawners Success of Eggs Try Survival
Brood Spawning Effective Deposited Produced Eggs to Fry
Yoar Total @ Only Percent Q. Pecundity Millions Millions Percent
19‘73 89‘78‘1 :l&;a 935 94330 «4’»9654 2,87(:' 1.3 3357 90906 7‘4.2
1974 873 498  96.29 419 2,911 1.394 1.001 71.8
1975 11,296 6,592 87.11 5,742 3,288 18,880 12,113 642

%

1976 1,354 722 G7.22 702 3,437 2.413 1.593 66.0

#
Age 4 and & combined,
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TABLE 39 - Sockeye spawners, egpg deposition end fry production; Late Nadina
natural spawning grounds.

Spavners Success of ' Eggs Fry Survival
Brood Spawning Bffective Deposited Produced Eggs to Fry
Year Total @ Only Percent Q Fecundity Millions Millions Percent
1973 7,939 5,138 97.0 45984 2,870  14.304 2.861 (a)
1974 2,857 1,629 97.88 1,593 2,911 4e637 0.927 (a)
1975 4,013 2,874 91,04 2,616 3,288 8,601, 1.740 20,2

%

1976 271 L4 100.0 A 3,438 0.495 0,099 (a)

Assumed 20% egg to fry survival,
Apge /L and 5 combined.

(a)
%

TABLE 40 - Sockeye fry production, Nadina spawning channel and Late Nadina
gpswning grounds.

Brood Fry from Fry from Percent of Total

Year Nadina Eiver Channel Total from Channel

1973 2,861,000 9,906,000 12,767,000 7.6

1974, 927.000 1,001,000 1,928,000 51.9

1975 1,740,000 12,113,000 13,853,000 87.4
Costs

The channel cost $761,159 fo construet over the period 1970-74. Using a
life expectancy of 20 years and 6% interest, the annual capital recovery cost is
$66,400, For the first three operating years, the average annuel operating cost
has been $30,200, The estimated cost in 1975 is $1,130,000,



72
Operation and Msintenance Problems

The channel has not had any eperating problems with ice, and has functioned
as designed without incident. After four years of operation there is indication
of some accumulabion of fine silt and erganic debris at the upper end of the channel
and the gravel was clesned prior to the 1977 spawming.

Tn the first year of operation a temporary wire fence was placed across the
river leading to the chemnel fish entrance to direct fish to the channel, and this
has been used each year. In 1975, in an effort to get as meny spawners as possible
into the channel, 3020 sockeye wers captured by seining and wers carried over the
dyke into the chamnel. The euxiliary fish entrance was not effective in attracting
fish to the channel.
| Because of the isolated location of the channel and the extreme winter
conditions encountered, special measures have bsen taken in terms of radio
communication (two stationary end one mobile sets}, snow removal equipment, winter
transportation (snowmobile and snowbrack vehicle), end power supply (two sets).

SUMMARY AND DISCUSSION

The resulie to date from four spswning channels and one incubation channel
operated by the Commission show an asggregate benefit to fishermen of $11,7 million
in landed value of sockeye and pink salmon (TABLE 41). Since none of these projects
had reached full capacity in the brood years that produced these veturns, it is
expected that benefits will increase im fubure yeers. The five channels that
produced these benefite cost $921,243 to build. First returns from a sixth channel,
at Nadina River, are expected in 1977,

Benefit/cost ratios for the five projects, expressed in dollars of the year of
start of each channel, have ranged from 1.87 to 8,86, with a weighted average of
5,66 (TABLE 42). If the costs and benefits are expressed on a common base of 1975
dollars, the sverage benefit/cost ratio is 6.91,

The six channels now in opsration cost a total of $1,682,402 to build, with the

cost per sq yd of spswning avea reflecting year of construction, type and complexity
of construction (TABLE 43).
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TABLE 41 - Summary of benefits from spawning snd incubation chawmels in dollars

of each catch yvear.

3
Accumilated Benefite §

Channel Brood Yesrs Chamnel Spawners Surplus Spawners Total
Upper Seton  1961-1973 $ 618,630 $ 175,336 $ 793,966
Pitt 1963-1971 1,892,947 611,924 24504,871
Weaver 1965-1972 5,305,482 192,851 5,498,333
Lover Seton 19671973 1,419,311 651,377 2,070,688
Gates 1968~1972 844,463 .= 18,615 825,848
Total 10,080,833 1,612,873 11,693,706

#
Landed value of sockeye and pink salmon.

TABLE 42 ~ Summary of benefit/cost ratios.

Channel

Upper Seton
Pitt

Yegver

Lower Seton
Gates

Weighted Average

On Bapies of Costs On Basis of
of Year Started

1975 Dollars

6.25
7:29
8,86
5.70

487
5.66

6.66
9.66
9.55
7016

2630
6@91

TABLE 43 - Summary of costs of construciion of the five chamnels in dollars of

completion year and estimated unilt cost in 1975 dellars.

Construction Conatruction Cost per Est. Cost/Sq Yd
Channel Period Cost Sq ¥d 1975 Dollars
Upper Seton 1960-1961 & 32,259 $ 5.36 $ 14.52
Pitt 1961-1963 Tl 142 104,28 262,78
Weaver 19641965 280,724 13:47 31..65
Lowsr Seton 19661967 218,665 1047 2240
Gates 1967-1968 315,452 23,39 45,13
Nadina 1970-1974 761,159 35,18 82,22

1, 682,402
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On the basis of results at the two pink salmon chennels at Seton Creek, it is
believed that spawning density could be at least 0.9 females per sq yd. The
capacity of the upper channel at this density would be 5,400 females, and the
estimated fry production would be 7.5 million each cycle, twice the 3.75 million
average for the brood years 1961-73., The capacity of the lower channel at this
density would be 18,800 femsles, and the @stimaﬁed fry production would be
approximately 17 million or l.4 times the 12 million average {or the brood years
1967-73, In both of these cases the increased {ry oulput would result in
proportionate increase in catche

The capacity of the Pitt River incubation channel was arbitrarily set at
4 million sockeye eggs. However, because of the difficulty of collecting eggs in
Pitt River, the number of egge planted in the brood years 1963-71 has averaged
3,038,000 and fry production has averaged 422 per sq ft. On the basis of
experimental data (Pyper MS) and theoretical considerations of oxygen consumption,
it is estimated that the maximum fry output of the channel would be 864 per sq ft,
or about twice the observed average output. With the increased numbers of spawners
in the Pitt River system in receht years, effort will be made to increase the number
of eggs planted to double the fry output. Since there is no evidence that doubling
the fry output will reduce the survival rate, this increase 1n fry output should
double the catche

The capacity of the Weaver Creeok chamnel was originally estimated to be 10,900
female sockeye, whereas the number of female spawners in the brood years 196572
has everaged 3,619. The fry output for these years has averaged 10.8 million annually,
and it ig estimeted thet with 10,900 female spawners, the fry output would average
32 million annually., It ie now estimated that the spawner density could be increased
to 0.9 females per sq yd, which would accommodate 16,500 females. However, until
adult returns from the large fry output from the 1976 brood are knowm, it is
considered that production at full capacity should not be forecast to be more than
approximately 400,000 sockeye total run from the channel each cycle. The average
total run from the brood year 1965-72 hes been 166,369, and the increase of
approximately 234,000 fish would be available for harvest.
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The capacity of the Gates Cveek chonnel wes estimsted to be 9000 female
spawners. For the brood years 1968-72 the actunl mumber averaged 1506 females.

With the chanuel wtilized to ite design capacity op the dominant cycle and the sum
of the other three cycles et 10 of the design capecity as estimated im the
Justification veport, the fry oubtput would average 7.1 million anmnually compared
£0 1,885 million armually for the cyelic pericd 1968-71, The additional fry would
increese landings and benefits by 3.76 times. On the basis of resulte at Weaver
Creak; the chamel capacity could ba 12,000 feméle@y but in Justifying the channel
it was estimated that the unutilized rearing capacity of Seton Lake would
accommodate 9000 female spawners, The rearing capacity of Anderson Lake needs to
be assessed more fully before considering increasing the numbsr of spawners in the
channel above 9000 females.

Uging the foregoing, estimatea were made of landings that would bas obtained
at full utilization of each project (TABLE 44). The total, averaging 779,000 fish
annuelly; would be more than twice the present aversge of 363,000 fish snnually.
Additional lendings may accrue from surplus spawners, depending on hervest rates
and size of the spawning population, but bthese have not been included in egtinmating
the benefit/cost ratio at full utilizetion. The bonefit/cost rabios for the projects
vore determined on the basis of costs and valuea for th@‘y@af of start of operations,
and also for 1975 costs and values. The relatively high bsnefit/cost watio for the
Pitt end Weaver chennels is partly attributable to production on each of the four
cycle years, The two chanuels for pink salmon at Seton Cveek only produce returns
every other year, thus lowering the benefit/cost ratic. Similarly the channsl for
sockeye at Gates Creek preduces returns primerily in the dominent eycle, or once

avery four years, and this lowers the benefit/cost vatic relative %o the other
projects. In the event it subsequently is found possible to incrsase one or more of
the subdominant cycles, the benefit/cost ratio could be incrsased. The weighted
average benefit/cost vatio on the basis of ysar of construction is caleulated to be
11,5, end on the besis of 1975 dollare it is @s&imat@d to be 14,0,

The vnit coste of praduction of fry ave summarized in TABLE 45. ‘The date show
the advantege of spawning chawnels at Wesver Creek and Seton Creek over the Pitt
incubation channel. The costs for the Gates Creek channel are higher, again beceause
production is primarily once every four yesrs.
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TABLE 44 - Estimeted aversge smnual landings produced by chammels at full
utilization and ecaleculated benedit/cost ratios.

Average Predicied Landings Benefit/Cost Ratios
‘ Coste & Values Costs & Values
Channel Fish Pounds for Year Starved for 1975
Upper Seton 144,000 776,000 9.6 11,7
Pitt 98,000 748,000 12,6 16.7
Yeaver 372,000 2,509,000 233 25,7
Lower Seton 3439OGO% 1,853,000 5.39 6.8
Gates 65,000 416,000 377 AN YA

#
Average per 2-year cycle.

TABLE 45 - Average costs per million fry from the spawning end incubation channels
on the basie of costs in dollars of the year started and in 1975 dollars.

Recorded Production Full Production
Channel Year Started In 1975 Year Sterted In 1975
Upper Seton $ 2,595 & 5,767 $ 1,463 $ 3,252
Pitt 75259 14,035 3,660 75076
Veaver 1,818 3,714 1,278 2,654
Lower Seton 3,954 7,817 3,015 5,961
Gates 11,552 20,275 6,248 10,966

Weighted Average & 3,620 $ 7,015 & 2,360 $ 4,573

The calculated costs per pound of sdult salmon catch ave given in TABLE 46, The
everage cost has Leen 4.8 cants per pound in terms of the cosis of the ysar of start
of operation for sach project. At full production levels it is estimsted that this
coat would be lowered to 2.7 cente per pound. The costs of the Gates Creek sockeye
are higher than for th@ other four installations, agein because production is primarily
once every four years. The costo per pound for the other four installations at full
production have a range of only 1.4 cents per pound.
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TABLE 46 - Average cost in cents per pound of fish lended, produced by the spawning
' and incubation chennels on the boeis of costs in dollars of the year
started and 1975 dollars.

Recorded Production Full Production
Channel Yeayr Started In 1975 Year Started In 1975
Upper Seton 2.2 ¢ 5.0 ¢ led & 3.1 ¢
Pitt 4ol 8,9 2.7 5,2
Weaver Ao 8.9 1.6 3.4
Lover Seton 2.6 5o 2.8 5.5
Gates 21.6 37.8 10.4 18,2
Weighted Average Lo8 ¢ Ol ¢ 2.7 ¢ 5.3 ¢

To give psrspective to the coste in TABLE L6, comparison can be made wiﬁh the
costs of producing salmon at hotchevies. It im estimated from data on the contribution
of hatcheries to the commercial hervest of Columbia River fall chinooks (Worlund, Wahle
and Zimmer 1969), that it cost 21.5¢ per pound to produce s cateh of 3.86 million
pounds fvom the 1961 brood. The caleoulated cost of expected commercial catches of
chinook, coho, chum and pinlk salwon from Washington State hatchery operation in 1958
was 19.6¢ per pound (Ellis and Noble 1959). The cost of the contribution of one
Washington State hatchery to the commercial cateh of cohe in 196/ was estimated at
21.1¢ per pound (Semn and Noble 1967). Ourvent estimetes of cost of production are 25
to 50% higher than these earlier figures.

On the basis of these comparisons, the spawning and incubation channels reported
nere can produce pockeys and pink salmon for harvest at a compacatively low cost per
pound of catch. Since pink and sockeye selmon are not amenable to hatchery production,
the spawning and incubstion chaunels ave the only mejor production methods applicable
with present technology. Experience with the chennels described in this report
suggests that the choice of an incubstion chennel or a spewning channel would depend
to a considerable extent on the objectives and the applicability of the sites
available to meet these cbjectives. In general, however, apawning chennels offe?‘
substantial practical advantage for large scale application.
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CONCLUSTONS

1le a) The incubation chenmel for sockeye at Upper Pitt River has restored the
Pitt River sockeye run and increased 1t to an average of 106,908 sockeye,
1.5 times more then the previous average rune

b) ‘The spawning channel for sockeye at Wemver Creek has restored the Weaver
Creek run and inereased 1t to an average of 203,800 sockeye or 2.4 times

~more then the previous average run,

¢) The spawning channel for sockeye at Gates Creek has increased the sockeye
vun to an average of 43,222 sockeye or 2.7 times more bthan the previous
BVerage Irih,

d) The two spewning channels for pink salmon at Seton Creek have replaced 90%
of the 30,000 sq yd of netural spawning ground estimsted to have been lost
because of construction of the Seton Cresk hydroelectric project. Egg to
fry survival in the two chennels hss been 5.3 times greater than for all
obther natural pink sgelmon spawning grounds in the Frager systen.

Thugs these installations already have more than accomplished the objectives for

each of them, apnd further lncrease in production ils expscted.

2. Using the year of start of operation as the bage for evalustion of each of the
foregoing projects, the avernge benefil-cost ratio has been 5.66. The benefits were
produced by only partisl utilization of the channels, and it is estimated that the
total number of fish produced will be doubled at optimum utilization of the projects
giving a benefit/cost ratic of 11.5.

3s The cost per pound of sockeye and pink sslmon caught averaged 4.8 cents per
pound at recorded production levels, and it is estimated this cost will be lowered
ta 2.7 cente per pound at full produetion level at the prices and costs of the year
of astart of esch project. At 1975 prices and costs, Lhese costs would be 9.4 and
5,3 cents per pound respectively.

4e  Spawning and incubatlion channels are a pracileal and sconomlcally highly
beneficial means of producing sockeye and pink salmon to supplement natural

spawning stocks. Expanded use of such facilitiesy as recommended by the Commission
in 1972, is fully justified by the results obtained to date with the channels now
operated by the Commisgion.
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