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HINPOSB OF NEFONÎ

The New Projects unit of the Facility operatlons Divlsion of the salnonidEnhancenent Progran (sEP) is responsible for provlding biol0gicar input to thedesign of salnonid enhancenent projects in BritÍsh colunbia and the yukonTerritory. This responsibilÍty includes site reconnalssance, enhancenent andoperational strategy selection, and conceptuat design and review of detailedfacllity design and construction. For eách project, selected staff fron theappropriate geographlc operations unit, (Norttr còast, Souttr coast, or FraserRiver, Northern B.C. and.. Tukon) are invol.ved in the developnent through thecoordinating efforts of the New Projects unit, and take over responsibilityfor operation of the facility upon conpletion of constructlon.

the purpose of this report ls to consoridate and update the biorogÍcalcriteria for the shuswap River hatchery and to relate thèse to the productioncapabÍrities of the as-bu1lt facility. This review was prepared after twoyears of pilot operation, such that the proJected perfomanäe iron tr¡e designnenos could be updated based on actr.¡al perioroance. The expanded pllotr orExperimental. facility, at Shuswap Has constructed in 1986 using dÍfferentltaÈer sources than the Pilotr so conparison of sone tinings nay not be veryva1id.

The review is nainry intended to infom interested partles as to why thefacility was planned and built the way Ít r¡as and how it was expected tooperate' Changes in priorities, nethods and resources no doubt will resurt inchanges in operational strategies and adaptation of the structures provided toserve new needs in the futr¡re.
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mGrEcr Bu¡ÎoRr

The Shusnap Rlver Salnoaid Enhancenent Faclllty ls located on lhe west bank of
the Shusr¡ap Rlver ln tl.J. Tolley Park, a 4 ha parcel of land owned by the
North Okanagan Reglonal Dlstrlct. The park ls na¡ed after Mr. Tolley, a
faroer Ín the a¡ea who owned the island untll 1980. The facillty 1s t h
dor¡nstrea¡ of the B.C. Hydro lJllsey Da¡ at Shuswap Falls near the torn of
Lr¡by, B.C. (Fieure 1). The altltude of the slte fs approxinately \25 ø above
sea level.

Wilsey Dan ls a 26 n hlgh concrete arch dao spanning the Shuswap River canyon
where Brenda Falls was once located. The da¡ and powerhouse were put into
sen¡1ce for the l{est Ceâedlan Hydro Co. ln 1928. The two penstocks dran
18.7K LPM of water frø the rlver, produclng 6 Mtl of electrical power.

The hatchery is sltuated on en lsland on an elevated gravel pad fill area. A
flood channel is located on the west slde of the faclllty and the naln rlver
channel on the east. A gravel road and a brldge froo tbe west bank over the
flood channel allows vehfcle access to the property.

General reconnalssance was carried out througlrout the Thopson Rlver systeu
fron 1978-1981 to ldentffy potentlal hatchery s1tes. Thls resulted 1n a
ntnber of bio-basellne studies of adult and Juvenlle salnonld.s ln the
Thoopson/Shuswap watershed being contracted out (Borvuan and Stewart, 1984; Fee
and Jong, 1984; Sebastlon, 1983). Four facllltles have recently been bullt to
serve salnonld slocks of the Thonpson trlbutartes: Clear^water (at Cleamater)
for North Thopson stocks, Eagle (at Taft) for Eagle and Salnon stocks, Spius(at Canford) for Nicola stocks and Shusrap (at Shuswap Fa1ts) for Shuswap
stocks. These facilitles have been collectively known as lhe Central fnterion
Pilots.

The Shuswap Falls area was origlnally selected for a potentlal hatchery site
for a nuuber of reasons, lncluding:

+< a. potenflal for gravity flow supply fron llilsey Dan;
b. nearness to a naJor road for convenlent access;
c. nearness to llne power for prups and other electrlcals;
c. Iocation at the upper lf-Bit of salnon nigratlon of a najor run of

chinook i
d. nearness to lhe town of Lruby, precluding the need for an on-site

resldence.

Plans to use penstock water or water dlrectly froo the dan headpond were not
realized, partly because of the lack of a large enough slte for a facillÈy and
partly because of the high cost of buylng water fron B.C. Hydro. Since the
river r¡ater tenperatures were not entlrely sultable for a saloon hatchery, a
search was nade for well water.

Growtdwater exploratlon ln the area (Aqr¡at,eme Consultants 1 983 , 1984 )
revealed bhat the bedrock which forred t,he falls and supported the dan
ext,ended for sooe distance downstrean. No substantlal aqulfer was for:nd unbil
downstrean of the canyon, st,art,lng in the area of the lsland naklng up l.I.J.
Tolley Park. A Pllot hatchery was built on the flfth well drilled (after
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three dry weIls and one r¡ith very li.nited yield) r but acceptable quality andquantity of water were not found until the sixth well.

The facilities eonstructed at Shuswap (Figure 2) have been a producb of the
amount and kind of fundfng provided. There lras no troney set aside in Phase Iof SEP for construction of facilitles in the B.C. Interior, other than on the
Quesnel River. A special enploynent initlative (tne so-ca1led Senatorrs
Package) was created in 1983 bo help decllnlng chinook stocks fron interior
streâms' while providing some local econonic stj-mulus. Projects were quicklyput together for the Spius, Eag1e, Shuswap, Cleanrater and Stuart sites.
These were designed as pilot facllitles, sized to handle a few hundred
thousand eggs to provide tag groups of fry to test release strategies.

-c-The constraints of the Senatorts PacÈage nere that local Labour and naterials
be used as nuch as possible. This resulted, for instance, in the buildings
being built of wooden franes with netal cladding rather than the usual
concrete block' naking then nuch less expensive to construct than previous
hatchery buildi.ngs.

Another constraj.nt of the Senatorts Package r¡as that construction of eachproject had to result in an operable facility with the Eoney provlded.
Because the total a.uoun! of troney was gnaJ.I anct distribugecl a¡nong fiveprojects' the facillties provided were nini¡al. Therefore, productloã fron
each was nol great enough to be of signlficant econonic benefit. The approach
taken was to construct a working facility that was amenable to fut¡¡¡e
expansion, such that later funding would allow refurbishing the existing
nini.nal structures and expandlng to nore reasonable, larger slze. The tes!results of the first, snall-scale Pllots were !o be nesbed to give the naxinun
understanding of apropriate outplanting strategies fron the 1i^nited nrnbers offish being released. Expansion would allow duplication of release strategiesat nore than one facility' to help deteraine how speclfic retu¡n resuLts arefor different l¡atersheds.

0f the five Central fnterior sites, Shuswap was the snallest pilot built. Asnall' portable building, which had been used at the Ada.ns River 1982 nsalule
to the Sockeyen to denonstrate the plans for Interlor Pilot facj.Iities, waserected on the banks of the flood channel 1n t{.J. Tolley park. An aeration
Lower was built over l{elI #5, which was the best perforning well at that time.This pilot was disnantled once the construction of bhe futi sized facility was
conpleted on the island.

FoIlowing fhe Senatorrs Package, fundlng cane froo the SEp Transltion plan,
which included noney for initiatives to begin to address the problen ofdeclining stocks of Fraser Rfver chinook and coho salnon. Unlike SEp phase f,
where projects (titce Quesnel) had to pass Treasury Board scrutiny in terus oibenefil:cost analysis, the lransition projects were charged with starting a
chinook and coho rehabllitation and enhanceuent initiatÍve for inland stocks.This was interpreted and used by the Enhancenent Operatlons group of SEp as anopportunlty to conduct studies designed to define enhancenent techniques nosl
appropriate for Interior B.C. hatcheries. This was acceptabJ.e to Treaswy
Board becakuse the expected costs for the expanslons were below the $1.¿)nillion naximum Iinit for capital projects which did not require econonic
review.
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In this vein, the objectives of facililies on the Thæpson River tributaries
ltere reva!¡ped to provide relatively conplete experf-uental progra!¡s to test a
nunber of enhancement strategles for chinook and coho. The facilities thus
noved fron rpilott to rexperimentalr status, being too big to be consideredpilots, but without, the specific adult return goals associated withrproductionf facilities. The credibility of the SEP is linked to proper
assessnent of these techniques before launching into ful1 production at thesefacili tie s .

For Shuswap' this neant that the Experinental facillty was constructed fron
scratch' since the Pilot was located oyer an r¡¡suitable well and was not
constructed in a lray that could be properJ.y expanded. The new construction
included site fill, bridge, raceways, welIs, building and river intake.

Construction of the PiIot hatchery was conpleled in 1984, and the Experinental
facility was conpreted in 1986, ,.iter two years of pilot operation.
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Pnourcrloil oBJEcrrYEs

Project StaeÊs

A ntuber of different stages 1n the developnent of an enhancenent facility at
the Shuswap River site have been proposed, deslgned or constructed, as
f ollor¡s:

- Pilot as-designed - the original pilot plan based on 110K eggs fron one
stock (Appendix 1a).

- Pilot as-built - the facility constructed to provide fish culture
capabillty for the P1lot target.

- Experinental as-proposed - the requirenents of the integrated experi-nental
design proposed to test a nr.¡nber of enhancenent strategies (Appendix 1b,
1c, 1d).

- Experlnental as-designed - the capacity of the rdownslzedr requests for
structures to neet the experinental requlrenents (Appendix 1e, 1f, 1S).

- Experinental as-built - lhe capacity of the struclrrres actually provided
by the end of lhe construction of the pilot expanslon (Appendix 1g).

- Ultinate site capacity - the li¡ibations of the site in terns of water and
space avaiLabl.e.

- Ultinate Geographic lJorking Group (GWG) target - stock handling
requl-renent based on translation of the original reconnendations for area
streans to be serviced (Appendix 2) into facility handling requireoents as
per SEP survival biostandards (Appendix 3).

This report conpares these dlfferent concepts for the Shuswap faciJ-ity,
focusing on lhe present situatlon of carying on the experi¡entaI progran with
the structures provided by the end of facility construction. The words Pilot,
Experiaental and Ul-t,i-uate have been capitalized throughoul bhls report r¡hen
referring to those specific stages of the project developnent.

G'eneral largets

The Fraser River Geographic l{orkÍng'Group (GIIG) aubhored a ¡I¡eoo in 1980 which
reconnended enhancenent targets for the nain Fnaser River stocks of salnon and
anadronous trout (Appendix 2). This docunent forned the basis for sizing mosl
najor Fraser River enhancenent projects (e.g. Inch, Chehalis, Chilliwack,
Quesnel) in Phase I of SEP.

The Central Interior PÍIots have not been bound by the targets set out j-n the
GWG neno because initiallyr âs snall scale PiLot facilitles, ffieir expected
adult produetion nas insignificant in relation to the Gt{G reconnendations.
Presently, as Experinental facillties, their purpose fs not as nuch adull
production as to evaluate different neans of acconplishing Interior strean
enhancenenb.
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The actual structwes provided and constructed
biological criteria set out in the desÍgn trenos
the Engineerlng group provided conbinations of
very closely the structures requested (Appendix

A conparison of productlon targets (translated
various concepts of the Shuswap River facility

are supposed to be based on the
(Appendix 1), but at Shuswap,
structures bhat did not natch
1e).

to
is

equivalents in eggs) for the
glven in Tab1e 1.

Table l. StnarT of ContaLner Capacitfes for tbe Shusrap Rlver Facf.Iity.

=========================================================================
. Eggs Incubator Capilano Finat Maxinr¡n

Stacks Troughs Rearing Flow(#K) (#) (#) (n3¡ (LpM)

PILOT
As-Designed

As-BulL t

EXPERIMENTAL
As-Requested

As-Buil!

ULTII,TATE
Site Li-nited

GHG Target

110 3 4

26064

1900 \7 40

1680cN 42 34
or 2856C0

4320CN 1 0g
or 7344C0

- 240

- 750

540 9100

360 7187

42 540 26000

11189 268 243 2385 50000

Notes - Assrues no rearing past 5 g.
- Capilano trough figures represent actual troughs or

their equivalents in large starter r¡nits.
- Sibe li-nited naxfnun flow asstues 10K LPM grorrndwater and

16K LPM surface water
=========================================================================
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Erperi^nental Ptan

The plan fon sizing the original Pilot r¡as to provide enough incubation and
rearing capacity for one group of tagged chinook to test outplanting of fry
into the headwaters above l{ilsey Dan. The ntuber of fry to be'released (110K)
was based on an eslimate of the nuuber of validly tagged juveniles required bo
obtain sufficient returning adults to generate stabistically significant
survival values. The Pilot releases were also to provide a first-cut at the
nunbers requÍred to filI the unubilized upstrean rearing capaclty.

The release strategy was changed to outþlanting lnto the lower river, with
upriver releases delayed until eÍther the hatchery productlon capacÍby was
increased or the escapetrent to the lower river increased to the optinun va1ue.

The Experinental stage was designed to address specific questions regarding
the applicability of various enhancenent sbrategies to Central Interior

oconditions. The nain purpose was to deternine what release nethods would
! ngëry¡Lze juvenile utilization of natural rearing habitat and survival to

adult, while nlnlmizing adult sfraylng. A uodular approach was taken to bhe
design of the individual experirental prograns for each facllity, as there nay
be differences in optinal enhancenent strategy between different geographical
areas within the Central Interlor. The nodules were set up to include the
following variations in releases for each species (refer to Appendlx 1b for
detailed lot size requÍrenents for each experj-nental nodr:le):

- size of fish; fron 2-5 g in spring to 5-10 g in falI to 10-20 g in the
second spring. This would test survlval and, to sooe extenb, i¡printing'
with eval-uation by assessnent of coded-r¡ire tagged (Ct{T) adult returns.

- tine of rel-ease; gross tining as above and fine tuned using separate
releases up to 4 wk on either side of the peak natural downstream
nigration. This woul.d also test survivaJ., again eval,r¡ated by CTT
detection in adult returns.

- Iocation of release; upstrean versus downstream of facility and single
point versus scaltered Locations. Inprlnting, habiLat utillzatlon and
perhaps survival, would be evaluated by sbudying rearing disbributions of
narked fish.

- nethod of release; varylng holding/rearing in'bhe outplant strean fron
none to up to one nonth. This would nainly test imprinting, with
evaluation by assessuent of C'lùT returns of adults.

- density of outplants; varying the nruber of fish released into various
kinds of habitat. This would help deter"nÍne the rearj.ng capacity of
apparently underulilized streans, with evaluation by pre- and post-release
rearlng studies.
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Chfaook ObJectlves

rnitial Pilot plans (¡ppenaix la) called for incubation of a totar of 11oKeggs fron the Lower shuswap chinook stock at the shuswap facility (Tabte 21.Biostandard estinat,es predicted a total return of 64ó adults (catch plusescapenent) fron this progran. Fry were to be planted al 2 g- Lnfo the MlddteShuswap River above B.C. Hydrors l{ilsey Dan (Figure 1)

The Experinentar progran prans and urtlnate GIJG production targets incLudeboth the Lower and Middle Shuswap chlnook stocks. The 19S4-ãt 
-"pã"ãIi""

serviced Lower shuswap stock orùy, while in 1985-86 both iower ana Middlechinook stocks were included.

Actual egg to fry survivals of 96.6f in the 19g4_g5 pilot operation weresubstantially higher lhan biostandard survivals (90f). si-Bi1arly, th;expected biostandard swj_u-up to 2 S fr.y survlval of 9Ol was exceeded duringthe 1984-85 operation (9Tl).

Chinook survivals in 1985-86 were 96.61 frorn egg t,o f ry, exceeding thebiostandard of 90f. .sinirarly, fry survlvals fron "rt.-up tä'rerease at-3-5 Àwere also very high (98.8f).

No dÍsease lras encountered at the facility during the pirot operation.Mortarities were attributabJ.e only to fry jmpout and pinheadÍng. ,, -\ _
The acrr:at piror operarion 1n 1984 collecred 133.6K eggs fron the \Y:f{! /*
Shuswap stock (Table 2). The operation r¡as expanded j.n 1tS5 to incLude 153.5Kl4iddle shuswap and 106.9K Lower Shuswap eggs. These should resuÌt in adultreturns of 1732 and 2487 based on an egg to adulf survival biostandard of
1 .621.

The Experinental plan as originally proposed called for the incubation of1600K chinook eggs during Tear 1 and ltiO eggs during year z. The 19g6-g7tarSefs include incubation of 11ooK Lower sttuswap ano 500K Middle shuswape88s, for a predicted adult return of 25920 fÍsh (cåtcn plus escapenent).

The tobal target of 160K chinook adults originalry set by the Gt{G could not beacconmodated by fu1l expanslon of the Shuswap facility to its site li¡itedUltimate capacity. The ntnber of incubation aåo rearin! containers that couldbe provided falls short, and wouLd sr¡ffice only if, thã large target for theLower Shuswap (152K adults) is downslzed substantially.
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lable 2. CtLnook Productlon ObJectÍves at the Shrlsrap Rlver pacllity.

============================================================================
EBgs

(#K)

Swin-up Flngerllngs Snolts Total

( #K) ( ûK ) Retr.¡rn
Fry
(#K)

(2e) (5 e) Adulr

PTLOT
PLanned Stock

Lower Shuswap

1984-85 Operatlon
Lower Shuswap

1985-1986 operation
Lower Shuswap
Middle Shuswap

Total

EXPEBIMENTA.L

Plan Year 1

Lower Shuswap
Mldd1e Shuswap

Total

PIan Tear 2
Lower Shuswap
ì{iddle Shuswap

Total

1986-1987 Prans
Lower Shuswap
ltiddle Shuswap

Total

ULTIMATE GI{G Target
Lower Shuswap
Middle Shuswap

Total

110

134

107
154
261

99

129

105
147
252

89

125

567
729

1296

405
527
932

932

7600
400

8000

105
147
251

1732
2487
4219

_ 649

1 19 2164

700
900

1 600

500
650

1 150

1 100
500

1 600

93 83
494

9877

630
810

1 440

450
585

1 035

1 035

8445
444

8889

504 1 1 340
648 14580
1152 25920

360 81 00
468 1 0530
828 1 8630

880 17820
400 8100
828 25920

6756 152000
356 8000

7112 160000

Notes - Survival rates: egg bo swi-u-up, g}N; swi-o-up to fingerlings, 9Ol;
swi.n-up to srnolt, 801; egg to adult, 1.621 for 5 g release, 0.571
for 2 g release.

Figures for the operation are based on actual survivals to reLease
The 1984-85 and 1985-86 operatlons did not rear all fish to 5 g,

sone were released at a soaller sÍze.
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Coho ObJectlves

rnitial Pilot plans (Appendix 1a) did not include coho production at the
Shuswap Pilot facility and they were not included in the pilot operation(Table 3).

Experirnental plans (Appendix 1d) originally called for coho production fromthree stocks (Iiap, gJgggljg and Lower s_husryap). The 1996-gz pians target the
Lower Shuswap stock-onty (200K egg5l.-:ff ttris target is net, the predlcted
adulb return would be 4320 flsh wlth a 6 g release.

The lotal Gl'lG target of 16'OOO returnlng adulfs for systens the facility wouldservice is well withirl the facÍIltyts UIti-nate site li-oitation capacity f orincubation and rearing, as long as chinook are not sinultaneously reared tothe Gl'lG reconmended Levels. The requireoents for the GI{G óono targetproduction are only approxinately one half of the incubation space currentlyon site.
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lable 3. Coho ProductÍon ObJectlves at the Shrisuap River Facittty.

_-__--D_----______

Eggs Swin-up Fingerllngs Snolts Tobal
(#K) Fry

( #K)
(ze) Qo B) eau:.t
(#K) (#K) Return

PILOT
Planned Stocks

-no coho
1984-1985 Operatlon

-no coho
1985-1986 operation

-no coho

EXPERIMENTAL
Plan Year 1

ltap
Bessette
Lower Shuswap

TotaI

Plan Tear 2
l'lap
Bessette
Lower Shuswap

Total

1986-87 Plans
Lower Shuswap

ULlIMATE
GI.IG Targeb (2 e option)

llap
Besselte
Lower Shuswap

Total

GWG Targeb (25 g option)
ïlap
Bessette
Lower Shuswap

TotaI

100
100
100
300

100
100
100
300

200

328
574
410

1312

39
69
49

157

90
90
90

270

81
81
81

243

81

81
81

243

162

266
465
332

1063

32
56
40

127

68
68
68

203

68
68
68

203

26
47

33
106

10130
10130
10130
30390

10130
1 0130
10130
30390

\320

4000
7000
5000

1 6000

Ir000

7000
5000

1 6000

90
90
90

270

180

295
517
369

1 181

35
62
44

141

Notes - SurvÍvaÌ rates: egg to swin-up, 90Íi swin-up !o fingerlings, 901;
swi-n-up to solt, 751; egg to adult, 1.221 for 2g release, 2.16 I
for 5 g release, 10.131 lor 20 g release.
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FÂCILIfT DESCTIPTrcI

Ä)ULÎ Ed.DIXG

Biologfcar Characterlstlcs

Broodstock holding requirenents for the design of the Shuswap PiIot facility
were forecast using Fraser River biostandard averages of aduJ-t weight and

fecundity (Tabtes 4 and 5). l{elghts for chÍnook broodstock were not recorded
during the pÍIot operatlon, so the blostandard assrnptlons cannot be checked.

In 1984, Middle Shuswap' stock nales
(POHL) of 62.9 +/- 7.5 cn while fenales
vae 62.0 +/- 10.3 cn for nales and 65.5

To date, Middle Shuswap broodstock have
or held at the Eagle River faclllty,
facility.

The Shuswap facility was designed assuulng a pre-spawning nortallty of 251 of
the broodstock collected. Despite the fact that the acbual nortality
experienced during adult holding 1n 1984 and 1985 was negligible, the 25f
figure was nainfained in the calculations as a safeguard against disease or
other problens in the future.

The design trernos (Appendlx 1) were based on the asglnpti.on that a 0.6:1 rnale

to fenale sex ratio would be used during egg takes. During the 1984 Pilot
operation, nale to fenaLe ratios were 0.58:1, while during 1985 they were 1:1.
For aII projections in this report, the calcuLations have been done assuming a
sex ratio of 1:1. This ratio accou¡¡Dodales genetic concerns that as large a

gene pool as possible be naÍntained for hatchery stocks.

The design nenos (Appendix 1 ) used feeundity estinates of 6000 eggs for
chinook. Egg-take fecr¡nditfes for chinook recorded in 1984 averaged 5800 and

in 1985 averágeO 5365. These represent those taken fron green fish onIV' not

fish that were ripe and running at the ti¡e of egg takes (G' Conway, pers'
conn. ) . An average of 5600 eggs has been applied to all projections' based on

the two yearsr data.

had a nean posborbital-hypural Iength
were 7 1 .5 +/ - 4 .7 cD. In 1985 ' POHL

+/- 6.2 cn for fenaLes.

been spawned lnnediately upon capture
and have not been held at the Shuswap
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Table l. Adult Chlnook Eoldlng Requlrerents at the Shr¡suap [lver Faclltty.

============================================================================

Eggs
( #r()

Donors Donors Volrne Flow
Fenale Total Bioass Requlred Required(Le) (n3¡ (LPM)

PILOT
Planned Stocks

Lower Shuswap
1984-1985 operation

Lower Shuswap
1985-1986 Operation

Lower Shuswap
l{idd1e Shuswap

Total

EXPERTMENTAL
Plan ïear 1

Lower Shuswap
Midd1e Shuswap

TotaI
Plan Year 2

Lower Shuswap
Middle Shuswap

Total
1986-1987 PLans

Lower Shuswap
Midd1e Shuswap

Total

ULTII,ÍATE
GWG Target,

Lower Shuswap
Middle Shuswap

Total
Chinook Only

110 20

134 31

40 200

49 245

1 80 900
232 1 160
412 2060

392 1960
1 80 900
572 2860

3352 16761
178 890

3530 17650

600 3000
1544 7720

6 167

I 20¡l

7 183
13 350
20 533

700
900

1 600

154
107
160

1 100
500

1600

93 83
494

9877

1 042
1342
2383

750
967

17 17

1 633
750

2383

196
90

286

167 6
89

17 65

300
772

22 44 220
42 84 420
64 128 640

125 250 1250
161 32? 1610
286 572 2860

500 g0
650 1 16

1 150 206

39
50
89

28
36
64

61
28
89

As-BuiIt Capaciby 1680
Sile Li-nited Capacity 43ZO

524 13968
28 742

552 14708

94 2500
2\1 6433

Notes - values for the 1984-1986 operatl-on represent actual nuobers of
fish used. Theee were ¡rere spawned at the capture location.

- Fecundity, 5600; Mean adult weightt 5 kg; Sex ratÍo, 1:1
- Load rates are 32 kg/n3 and 1 .Z ke/Lpt4
- As-Built and Site Llolted Ulti¡ate flgures are derived fræ the

linitations inposed by incubation space.
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lable 5. Adult Coho Eolding Bequfrerents at the Shusuap River Faclllty.

____--_--____
Donors Donors Volrue Flow
Fenale Total Bioass Required Required

(Le) (n3) (LPM)
Eggs
( #K)

PILOT
Planned Stocks

-no coho
1984-1985 Operation

-no coho
1985-1986 Operation

-no coho

EXPERIMENTAL
PIan Year 1

l{ap
Bessette
Lower Shuswap

Total
Plan ïear 2

l{ap
Bessette
Lower Shuswap

TotaI
1986-1987 Plans

Lower Shuswap

ULTTI,TATE
Gl{G Targer (25 I option)

t{ap
Bessette
Lower Shuswap

lotaI

100
100
100
300

100
100
100
300

200

328
574
410

1312

80
80
80

240

240
240
240
720

40
40
40

120

40
40
40

120

80 240
80 240
80 240

240 720

160 480

262 786
460 1380
328 984

1o5o 3150

I
I
I

22

200
200
200
600

I 200
I 200
I 200

22 600

15 400

655
1 150

820
2625

80

131
230
164
525

16
28
20
64

1 142
2938

32
56
40

128

96
168
120
384

25
43

31
98

GI{G Target (20 g option)
r'lap 39
Bessette 69
Lower Shuswap 49

ToÈaI 157
Coho 0nly

As-built Capaclty 2856
Site Li¡ited Capaclty 7344

2284 6852
5876 17628

380
5 140
4 100

12 320

214 5710
551 14690

Notes - As-BuÍlt and Site Ll^nited UltÍ¡ate capacities are derived from bhe
Iinitations inposed by incubation space.

load rates are 32 ke/s3 and 1 .2 ke/LPlí.
Fecr:ndity, 2500; Mean adult weight, 3 kB; Sex ratio 1:1
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Captnre and Eoldlng Facilltles

During broodstock collection in 1984, adult chinook were captured by angling
deep pools in the Lower Shuswap River during Septenber over a 2-3 wk period.
Fish were held in a net at the angling location, then earied one at a tine in
a water fi.lled innertube up a 20 n bank and a further 75 n bo the transport
vehicle. The fish were transported approxiuately 80 kn to the EagIe River
Facility in a 1400 L fibreglass tank on a 1.0 ton flatbed tnuck. Transport
tirne was estinated to have been 1-2 hr. Upon arrival at the Eagle River
Facility, fish r¡ere transf ered to alr¡¡inr¡n racelrays (1.8 m wide by 21.0 m

long by 1.0 n high) and held to naturity 1n 7.5oC groundwater. The fish wene
held until ripe for up to 3 wk at the Eag1e Facility. The eggs and spern were
stripped fron the fish at Eagle and transported in cool.ers to.the Shuswap
Pilot, where the eggs werre ferbilized.

In 1985, difficultÍes l¡ere encor¡¡tered during the broodstock collection
period. An aLtenpt was nade to capture chinook by neans of a broonstick fence
and trap constructed across the ltiddle Shus¡tap River about 2 kn downstrea-u
fron the Pilot site. It was thought that chinook salnon spalrners nay have
been holding in Mabel Lake and would nove upstre¡n onto the spawning grounds
in nid-Septenber. Th_e-_!ggge*¡qa_q efeqted-Å4__eqry.S9_n_t¡g,Qgl but by Septenber
20 no fish had been trapped. It was discovered that nost broodstock !¡ere
already in holding areas upstrean, and nusl have passed by the fence prior ùo
construction.

Chinook salmon began to spawn in the Middle Shuswap River on Septenber 15 in
1985. I.lhen no fish were caught in the fence trap by Septenber 23, an atte¡npt
was made to capfure broodslock with tangle nets. Fl.ows in lhe river proved to
be too slow for this nethod. A 50 n adult beach seine was borrowed fron the
EagIe River Faciliby and on Septenber 24 seining was initiated. lwo
productive sites to seine broodslock were identified, e¡s irnnsdÍately upstream
of the riffle in front of the hatchery and the other at the tail of a large
pool near bhe nouth of Bessette Creek. Most fish were seÍned froo these two
sites. After capture and before spawning, Middle Shuswap adults were held in
pens neasuring 1.0 n by 1.0 n by 3.0 n, constructed r¡ith wooden franes and
covered with nesh. These were inadequale and sone fish escaped by danaging
the pens, while six other fj-sh were apparently stolen.

InitialIy, sufficient Middle Shuswap feuale chinook were caught to supply the
target of 250K eggs. However, approximately one-half escaped or were stolen'
which pronpted the collection of approxinately 1 00K chinook eggs fron the
Lower Shuswap River. Most of the broodstock fron the Lower Shuswap River were
collected by DFO Field Services Branch using a beach seine during a tagging
operation in a long run upstrean frm the Cook Creek carnpsÍfe. Fish were
spawned innediately on the ri.ver and eggs and spern transported back to lhe
Pilot hatchery in coolers wlth an average transit tine of 2.5 hr. Eggs were
fertilized upon arrival at the Pilot facÍIify.

Most chinook broodstock fron the Middle Shuswap River were caught between
Septenber 24 and October 2, 1985. Chinook broodslock from the Lower Shuswap
River were caught October 4 to 10, 1985.

Chinook salnon typically spawn frou Septe¡ober 15 to Septenber 30 in the Middle
Shuswap River, and fron October 1 lo October 20 in the Lower Shuswap River. '*-
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After these dates there are very few unspawned fish available (Brown et âI.,
1979) .

Difficulties are anticipated for broodstock collection in the 'future,
especially for Lower Shuswap coho requirenents. 0n spawning grounds, the

re river is large. Angllng for green adults
¡n. ).

Lf green fish are captured during broodstock
: held to naturity at the hatchery, rather

than in net pens at the capture locatlon. Thls is reconnended 1n light of the
escape and theft problen experienced during the P11ot operablon.

The concrete raceneys now on site can be used for holding. Tenperature
regulation during holding is possibJ.e by running a hose fron the incubation
roon bo the raceways to supply 800 LPM of river water.

Chlaook Eoldf'ng

Table 4 lists the adult chinook holding requlreuents for the Shuswap River
facÍllty based on the various design !¡enos and the actual 1984-85 brood
sta tistics.

The ExperinentaL plan design neno (Appendlx 1d) assrned the adult hotdlng of
the sabellited stocks woul.d be done withln the donor systens and that the
raceltays woul,d be used for lhe MÍddle Shuswap Rlver broodstock only.

The design trelno also stated that early chinook holding r¡ould be done using
well water, as the river water tenperature exceeds 15oC in srûner. Al.so, the
neno predicted a critical ti-ne would be in JuIy ancl August when chinook adult
holding was required and all the conlaÍners would be filÌed to capacity for
rearing.

The existi.ng raceways now on site could hold 11520 kg of adults, which would
satisfy aII the target options except the GI{G targets which called for 17650
kg of adulls.

Coho Eolding

Adult coho holding requirenents for the Shuswap River facilily are lÍsted in
Table 5 for the various stages of the hatchery design.

The design netros (Appendlx 1 ) used a fecundity of 2500 and a sex rati.o of
0.6:1.0 (nales to fenales) to calculate the nr¡nber of donor coho adulfs
required for the Shuswap faclI1ty. Further, like that for chinook, the sex
ratio for coho has been increased to 1:1 to naintaln a large gene poo1. The
2500 assuned fecundity figure has been applied to the targeted stocks.

As there is no najor overlap in the holding requirements of adult chinook and
coho, bhe raceways can be devoted to acconnodate either species when needed.



Table 5 indlcates
required to neet
Experinenbal plan
raceway. The GWG

hold adults.
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that there is nore than
any coho target set
naxj.ntm target equates

2 g rearlng option coul,d

anple spece to hold the adult coho
for the Shuswap facility. The
to use of only one-third of onebe net using only one racehray to

Br.ood Stock AvaÍIabillùy

Accordlng to the spawnlng records (Brown et a]., 1gTÐ, coho broodstock fronBessette creek and l{ap creek nay be dlfficurt to obtain (Tabte 6). neceni
escapenents to Bessette Creek have averaged or¡ly 29 fish and the naxinum for
1981-1985 is only 50, less than the $Q-fish requirenent to neet the obJectivesof the Experinental PIan. The 1986-1987 plans are ]ikely achievable,providing the 1986 returns are not at uini¡un.

Bvent Ti-uing

The design Ineto tinings asstued that lhe well water tenperature would be 9oCyear round and that j'ncubation and rearing would be carried out on well wateronly. these assunptions have proven to be corect to date.

The design ¡¡eûo coruectly predicted the naJor events in chlnook cul-ture at
Shuswap during lhe 1984-1985 and 1985-1986 operatÍonat years, except that
aduLt holding was projected to occur ln July, ralher than late Septenber(Table 7). Thls occurred because only ripe filh on spawning gror.mds have beentaken, not green fish upon arrival.
the ATu projected for the developnent of chinook eggs to swim-up has been
bracketed by the range of ATU at each stage during the actual operation. Mos!fish however, have been ponded at over IOOO ATU.

No coho culture has been done at Shuswap, so operational tinings cannot beconpared to those projected.
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Chinook

Lower ShuswaP 10000
Middle ShuswaP 900

Coho

392
1805800

580

80
80
80

80
80
80

80
10

200

161
29

310

2200
300

250
322

180
232

l{ap
Bessette
Lower ShuswaP

250
50

500
16;

Notes -
year 1984-1985
conn. )

1965 hish of 2500.

==========================================================================
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lable 7. Event Îf.¡{ng at the Shusrap FacllS.ty

1. DATES

Species Adult Holding Incubatfon Ponding Size (2g) Release
& Egg Takes

Chinook 
:

ProJected: Jul18-0c131 Sep21-Feb1p Jan10-Feb19 Mar10-!fay19 Apr29-Ju1 I
Actual: Sep24-0ct10 Sep24-Feb10 JanlA-Feb10 Apr 1-Apr16 May 1-May2Oa

Coho

Projected: 0ct16-Nov30 Oct31-Feb27 Jar¡26-Feb27 Apr 4-l4ay 4 !fay30-Jr¡r28
Actual: no coho

2. ACCUMULATED THEN}ßL UNITS (ATU's):
Eyed Hatch Ponding

Chinook - projected
- actual

Coho - projected
- actual - no coho

280 520 980
252-351 492-576 970-1197

220 480 780

llote a - Most fish have been released aü a slze snaller than 5 g at Shuswap
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IICTIBAÎIOf,

Yertical llay Iacubators

Eight-tray verticat incubator stacks (Figure 3) are used for incubation of
chinook, coho and steelhead at nosb SEP facilitles. Each eight-tray stack is
81 cn high by 62 cn wide by 63 cn deep. Each incubator tray has a screen
lined insert fon holding the eggs with lnslde neasureoents of 35 cn by 3O cE
by 4 cn high and an egg holdlng volrue of about 4 L.

Each stack is routinely run at 10-15 LPM,.but flush flows of 19 LPM have been
allowed for Ín the plr¡blng design. During 1984, only seven of the eight
trays were used in each stack, wlth the top tray unused ln an attenpt to
reduce air bubbles. Duning 1p85 all eighb trays were used in each stack.
Each stack received a flow of 13-15 LPM during ln lhe two-year Pilot
operatÍon. Flush flows were not used.

At the start of 1984 operatlons, the Shuswap Pilol facllity had only three
stacks (24 trays fully operatlonal). This nunber was increased to six stacks
(48 trays) in 1985 to acconnodate the larger egg take.

The Experlnental deslgn nerûo requested a total of 47 stacks and the provision
of heated water to one bank of stacks. No heated waber has been supplied and
onLy 42 elght-tray stacks were inltially installed in two batteries ln the
incubalion rootr. One battery conslsts of two lines of nine stacks set back to
back, two stacks high. The second battery is only one stack high. The six
stacks fræ the Pilot were placed above one group of nine in the second
battery.

In the as-built facility, '108 eight-tray stacks could be acconmodated in the
incubation roon, bringing tt¡e Ultl¡ate buildlng capacity to 864 trays.

Each batbery of J6 stacks (area of 18 only) takes up about 7.7 n2 of floor
space. The aisles between batteries are approxf-nately 1.5 n wide.

A single header supply line feeds water to each of the upper and lower groups
of stacks. Since the only water suppJ.y was groundwater, no neans of
regulaling incubation water tenperature existed at the Pilot. The as-built
Experimental facility is capable of delivering 800 LPM of river water to bhe
incubation room, whlch allows for sone lenperature nanfpulation.

Eggs and speru¡ have been taken fræ flsh at the captr.rre location or fron
adults held at the Eagle Rlver Hatchery during past operations, and
transported in iced cooLers to the Pilot hatchery. At Shuswap, eggs have been
fertilized by the dry nelhod at Shusnap, noved to their pernanent stack' and
treated with 0vidine the followÍng day.
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Cìinook Incubatlon

Loading rates for chinook were estiuated al 5000 eggs per tray for hatchery

design purposes. l;- 
-iôA¡-AO nearly SOOO eggs per tray of Lower Shuswap

chinook were incubated during operation. This was necessary to acconmodale

the large egg take. Atteupts wêre nade during the Pilot operatLon bo llnit
the loaã1ng to one fenalers eggs per tray'

requirenent for three stacks
deslgn u¡eno (Appendlx 1d)

chinook eggs. Chinook eggs
1984-85 (TabIe 9).

used.
During

The A2 stacks provided in the as-bulrt facility contaln sr¡fficient incubation

"p"o"-fo" 
1680rt chinook eBBSr j.f this were the only specles er¡hanced and all

ãiãr,t trays in the each stack were used. The urtinate capacity of the shuswap

facility to incubate excrusivery chlnook would be 4320K eggs in 108 stacks'

This is ress than one-half the incubation space requlred to neet the GliG

target but is sufficient to ¡oeet all lhe other target optlons'

unless tray loadings were lncreased, the Experinental PIan Year 1 and proposed

1986-S7 targets for both chinook and coho could not be net by bhe cumenf

incubation capacity of the as-built facility. chlnook objectives alone would

require 41 of the 42 stacks on-sife'

Shuswap chinook have been ponded at approxinalely 970-1197 ATU' conpared to
the coast-r.¡ide average of 900-1ooo An bo swin-up used in design'

shuswap chinook incubation in 1984-85 spanned the first egg-take october 1 to

the last ponding on January 2?¡ 1985. In 1985-86, incubation occurred fron

iéptenUer 24 to Febrr:ary 10 with the last ponding of Lower Shuswap fry'

Survivals of Shuswap chinook to pondlng were 96f and 971 respectively in the

1984-85 and 1985-86 opera¡ions. This ls substanttally higher than the egg-fry

frátcnery survival btoi¿andard of 90f, used ln the project design'

Considering the conparatlvely higlr incubator tray toadings and egg survivals
experienced in 1985-86, lncubabión capacities outlined in Table I ¡nay be lower

than is actually posslble. However, pÍIot sr¡rriival's often exceed bhose

obtained during routtne productlon, thus capacftÍes have been Ieft at the nore

conservative level.
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Table 8. Cbinook Incubatfon RequJ.rereats at tbe Shr¡,grap Rlver Facltlty.

============================================================:===============
Eggs Eggs per

Tray
(#K) (#)

Trays Stacks FLOll
Nornal. Flush(#) (#) (LPM) (LPM)

PILOT Planned Stocks
Lower Shuswap

1984-1985 Operation
Lower Shuswap

1985-1986 operation
Lower Shuswap
Mj-ddle Shuswap

Total

EXPERIMENTAL
PLan Year 1

Lower Shuswap
Middle Shuswap

TotaI

Plan Year 2
Lower Shuswap
l'liddle Shuswap

lotal

1986-198? Prans
Lower Shuswap
l,liddle Shuswap

TotaI

ULTI}.IATE
Gf{G Targe!

Lower Shuswap
Middle Shuswap

Total

Chinook only
As-Built Capacity
Site Linited Capacity

140
180
320

100 13
130 17
230 30

110

134

107
154
261

700
900

1 600

500
650

1 150

1 100
500

1600

9383
494

9877

1 680
4320

5000

6000

8000
5000

5000
5000

5000
5000

5000
5000

5000
5000

5000
5000

270
345
615

195
255
450

420
195
615

342
437
779

247
3¿5
570

532
247
779

4116 5
¿ql

47 tz

798
2052

5745

45

22

21

30
60
90

16

32
48

220
100
320

18
23
41

2
4

6

28
13
41

1877
99

197 6

336
864

235
13

248

42
108

3525
195

3720

630
1620

Notes - Chinook load rate nomally 5000 eggs per tray
Flows are 15 LPM nornal and 19 LPM flush
Eight trays per stack, except 1984-85 when seven trays were used
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Coho l¡cubaùloa

The Experinental plan deslgn treno requested six stacks of trays for use by
three stocks of coho. The as-built facilÍty contalns 42 stacks, which
translates to a totaL lncubatlon capaclty of 2r856K coho eggs if this was the
only species enhanced and all elght trays per stack were used at the 8500 eggs
per tray loading rate.

For the 1986-87 plans, three stacks would be requlred to rneet the 20OK egg
target ( I slock). Including chinook, 'this is a total requi.renent of 44
stacks, two nore than were provÍded on site, requiring elther higher tray
loadings or provision of lwo nore stacks.

The Ultinate site lj¡ited capacity of the Shuswap facility to incubate coho
exclusively is 7344K eggs. The requireuent of the GllG target would be a

maxinun of 19.5 stacks for coho, Ieavfng 88.5 stacks available for chinook if
the ulti¡ate incubatÍon space af the facllity was provided.
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labte 9. Coho l¡cubatlon Requircrents at the Sbusrap RÍver Facillty.

============================================================================Eggs Eggs per Trays Stacks
Tray

(tK) (#) (f ) (#)

FLotl
Normal FIush
(LPM) (LPM)

PILOT
Planned Stocks

-no coho
1984-1985 Operation

-no coho
1985-1986 operation

-no coho

EXPERTMENTAT
Plan Year 1

l{ap
Bessette
Lower Shuswap

Total
Plan Year 2

l{ap
Bessette
Lower Shuswap

TotaI
1986-1987 Plans

Lor¡er Shuswap

ULTII4ATE
GllG Targeb Q e option)

l'lap
Bessette
Lower Shuswap

TotaI

100 8500
100 8500
100 8500
300

100 8500
100 8500
100 8500
300

200 8500

328 85oo
574 8500
410 8500

1312

8500
8500
8500

12
12
12

36

12
12
12
36

24

39
68
48

155

4.5
I
6

18 .5

336
864

1.5
1.5
1.5
4.5

1.5
1.5
1.5
4.5

3

23
23
23
69

23
23
23
69

45

75
128
90

293

15
15
15
45

630
1620

29
29
29
86

29
29
29
86

q7

GWG Targer (25 g opfion)
I{ap 39
Bessebbe 69
Lower Shuswap 49

Tota1 157
Coho only

As-built Capacity 2856
Site Li-nited Capacity 7344

5
8.5
6

19.5

1

1

1

3

42
108

95
162
114
371

19
1g
19
57

798
2052

Nofes - Coho tray loadlngs usually 8500/tray
Nonoal- ftow 15 LPM, flush flow 19 LPM

Eight lrays per stack
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Capflaao lrougha

capilano troughs (Flgure 4) are used ln nost SEP facltities for the start-uprearing of fry. Each trough is 6.4 n J.ong by 0.8 n wide by 0.6 m high wich anoperating water depth of about 0.5 n. Each trough holds 2.3-2.¡ n3 of wafer,depending on overflow setting and botton slope. A 0.4 n section separated bya tail screen li¡its the vortme of water avallabLe for rearlng toapproximately 2.2 ø3. The capilano troughs used at shuswap are nade of wel.dedaluninun with support struts.

The troughs are set in Ìines of two, such that one water supply feeds bothtroughs in a series. The flrst trough is set, 300 nn above ground and the
second 100 nn above gror:nd. This allows oversplll froo the firs! trough tofall 200 nu into the second trough, provldfng sotre re-aeration. The troughsare supplied with adjustabte style legs and bolfed to the concrete fl.oor ofthe building.

Two troughs were requested and provlded insfde the pilot building, withanother two being added on outslde the bulldlng for the second y"ar-óf thePilot. This was because the purpose of the Pllot changed froo provÍding 2 goulplants above the dan to the release of larger fish into the -rivei
dor¡nstrean.

Up to 22 lines of troughs (44 troughs) were requested for the Experinentalfacility' but this was later downsized to six lines in conbination with eightinitial rearÍng racenays. In bhe as-built facil1ty, five lines of Capilano
troughs (10 troughs) are housed in a fully enclosed rearing room adjacent tothe incubation roon. The four troughs fron the Pllot were not used and werein storage at the tl¡e of writing.

Typically, the flow to each line of troughs starts aE 120 LpM for newly pondedfry and increases to a naxj-nuu of 240 LPM when fry reach 1.5 S. This nethod
was used durlng both years of the P1lot, operation, resulting in a naxinr.¡n fLowrequi.renent of 480 LPM.

Loading densities asstued during the design of the facility were 40K chinook
and 57K coho per Capilano trough. PÍIot loadings öriginally were assuned at
57K for chinook a1so. Loadings were 23-38K chinook per trough at the start ofinitial rearing 1n 1984-85. In 1985-86, bhe large nr¡nber of fish at thefacility necessitated loading the fbr.¡r Capilano troughs on site with fron 6qI(to 78K flsh at the start of fnitial rearing.

Teuporary covers nade of plywood and nettlng lrere placed on each of the twotroughs housed outslde durfng the Pilot project. Peroanent covers nay norhave to be provided ln future operations, as the troughs are encl-osed in therearing roon.

The technique for reaning fish 1n Capilano troughs noroally j.nvolves crowding
newly ponded fry into the upstrean end by placing a screen about one third thedistance fron the inlet. This crowding helps lnitÍate the feedlng response inyoung flsh. Once the fish are feeding, the rearing space nade avaj.lable is
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increased by repositioning or reuoving the screens. fn 1984-85, screens Here
enployed to initially crowd fry into the lower or downstrean third of thetroughs for a period of tr¡o weeks. After initiation of feedlng, the crowding
screens Here relloved and feeding frequency was reduced. Screens were used iñ
1985-86 to separate each trough into two or three conparttrents.

During the Pilot, the fish in the Capllano troughs were fed daily over aneight how period at an initial rate of twice per hour and a final rate of
once per hour. Oregon Moist Peltet (OMP) was presented to the fish at a rateof approxinately 60-70Í of the rate recoruoended by the nanufacturer. The feed
rate was deternined nainly by the amount of food the fish would accept at any
one feeding to mininize waste.

Each trough was cleaned ù¡¡ice per day, once in the nornlng and again in the
afternoon ab tbe end of the work day. Troughs were partJ.ally drained during
cleaning and waste naterial was swept out with brushes. To reduce thepotential for spread of disease, each llne was cLeaned with its own brush.

Tnttl¿f Rearing Racerays

An inter¡oediate-sized rearing unit between Capilano troughs and conventional
rearing raceHays was designed for the Interior Pilot facilities. This was to
allow for start-up rearing of larger groups of flsh bhan would fit in a single
Capilano trough and thus cut down on the Eanpol¡er required for early reari.ñg.
These initial rearing raceways (also called large start,er units) were designãdto be equivalent in overall dfnenslons and flow to tr¡o lines of Capilano
troughs such that if the new r¡¡its were not found lo be acceptable at somefuture date, troughs could be directly substituted in place of the larger,initial rearing race$rays.

No inÍbial rearing raceg¡ays were requested for the Pilot. For the ful-l-sized
Experi-nental facllityr the equlvalen! of 20 Capllano trough lines hrere
requested' or 12 troughs and seven inÍtlal rearing racehrays. This request wasI'aler adjusted to six troughs and eight initlal rearing racelrays to
acconmodate downsizlng. Six inltial rearing raceways were provlded in fheas-built facility In cøbinatton wtth the 10 Capltano troughs placed in the
rearÍng roon' the equivalent of 17 lines of Capilano troughs has been
provided.

The initial- rearÍng raceways at Shuswap (Figure 5) ,"""*" 13.2 n long by 1.2n wide by 1.2 n deep with a nortal operating depth of 0.8 n. The rêaring
volu¡ne of each raceway ls approxiuately 13 n3, after allowlng for fish and
water control features at the ends of the raceïays and freeboard to prevent
fry junp-out. Each raceltay can be screened into four conpartnents, each
approximately 1.0 n long containing 3.0 n3 of rearing space, enough for ZOKfed fry.

The initial rearing racel¡ays at the Shuswap facitily are constructed of steel
reinforced concrete. I{alls are 150 nn thlck and the units are nounted on a
150 nn thi.ck concrete slab. The bottou slope is 1f.

Sinilar lo Capilano troughs, these raceways are arranged in paj.rs side by
sider such that one riser pipe splits Ínlo lwo valved spigots to feed the two
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eways. The flow is single pass and does not go through two raceways inies, as does the flow for (bpilano troughs.

er fron any of the four wells can be suppJ.ied via lhe aeration tower
ough a 300 nn dia.neter nainline and piped via 100 nn dianeter lines to thed of each raceway. Drainage is acconplished through 150 nm dianeterlets. All the initial rearing racegrays were equlppea witrr low flow alarus.
ign flows to each initial reartí8 nacenay are equj.varent to the amountuired to supply two Capilano troughs llnes (lnitiai and finaJ- flows of Z\O480 LPM per racenay, respectlvèly) pea¡< fl_ows to all initial rearingeways conbined would be approxi-nately 2ggO LpM.

ding and cleaning routines used for these racel¡ays closely resenbre those
-"loyed for Capilano troughs.

Éfnaf Rearlng Racerays

he bulk of the final rearlng at the shuswap facllity is expected to be donethe final concrete rearing r"aceways (Ftgtre 6).- No iin¿ rearing -wàã
nned for the Pilot. A total of four unitã, placed in pairs side by side,: provided in the Experlnental as-bullt facllity.
1 raceway Eeasures 28.7 n J.ong by J n wfde by 1.4 n high and likely will beLed to a depth of 1.2 n during operatlon. Allowlng for water and fishtror features at the end of lhe raceway, the usable voltue of water isroxinabell 90 n3 for each raceway, or 36ô n3 total. This is less than then3 requested for the full-slzed Experinental facility (Appendix 1d) but: than lhe 150 n3 requested for the downsized Experinental- plan (Appendix

¡ision is available to arlow screening of each raceway into four>artnents, each 6.25 n long contaÍnlng ZZ.5 ø3 of rearing space.

naceway exterior wal.ls are 200 un thick reir¡forced concret,e, r¡hile the
'der walls between paÍrs are 150 nn thick. Ttre racenays sit on a zOO u1!t:k concrete slab seü at a slope of 0.3f.
Ited well water 1s supplied to each raceway via a, 400 trtr diameter naj.nl_ine
150 nn diameter supply plpes controlled wlth gate valves. The raceways-n into a transport channel then to a 900 nn dianeter draÍnpipe which dunpsr¡ater into the downstrean end -of the lslandfs flood channel. All the)ways are equipped with lor¡ flow alams.

flow requireuent to operate all four raceways at 2000 LpM each would:ed the current well output of Z1g7 LpM. Therefore, the operation of the;ainers will have to be carefully nanaged to controt flow denands and not:ed well output.

feedlng wiLl have to be done by hand, slnce autonatic feeders were not
'1ded.
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Chinook InItlaI Rearlng

Year 1 of the Experinental Ptan would require 't7 llnes of troughs o4 their
equivalent and Year 2 would require 13 lines. The progran proposed for
1986-87 woufd requi.re 18 lines to neet chinook obJectivès alone. If thetarget egg coJ-lections are net' careful container tranagesent will be required
by slightly increasing loading rates or ooving ponded fish earller. To neetthe naxj¡r¡¡ objectives of the EXperinentaÌ program (year 1) with the
containers on siter chinook load rates would need to be increased bo 50K fryper trough. This should be approached cautiousJ.y, but evldence fræ the pilol
operation indicates that it, would be posslbte.

The design u¡eno (Appendix 1d) requested that a sr¡rface water back_up of atleast 250 LPM per line ôf Capilano troughs and 500 LPM per initial rearing
raceway be supplied because it was expected that these contaÍners would b;
used in the future for rearing on surface water durlng sunner, when water
tenperalures are quite high. This was not provided for at the as-builtfacili ty.

The requirenents to neet the GI{G target for chlnook far surpass the uttlnate
capacity of bhe facility. The Lower Shuswap stock larget alone would require
the equivalent of 105 llnes of troughs, but if such large nuubers of fish wereto be raised, they would probably be ponded directly into the top end of thefinal rearing raceways at swJ-u-up.

Çeþe Tn{tial Rearing

Experiroental plans for both Year 1 and Year 2 called for use of six troughs(ttrree lines) each year (Table 11). Coho have not yet been enhanced at the
Shuswap facility, but are planned for inclusion in 1986-82 when the target of
180K swin-up fry will requi.re three troughs.

The 25 g option for coho 1n the GI{G target would require only three troughs,
while the 2 g option ¡¡ould require 21 troughs. The differences reflect the
nuch lower bio-standard survlval for saller-size releases. If coho are
released at a snaller size' tnore nust be lncluded in the operatj.on to achieve
a set adult reiurn target.

The Experinental design meûo (Appendix 1d) raised a nr:mber of points
concerning coho initlal rearing and the effect of water tenperature. If coho
incubation ltere delayed using swface water, the tenperature of the nix would
have to be lncreased up to over 6oC before ponding to ensure a good initial
feeding response. Also, if coho incubatlon is delayed such that swin-up doesnot occur untll nfd-l'farch, the initial rearing containers can be double-used
during years when eoho are not released in the spring as 2 g or 5 g fry.
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lable 10. frlnook rnrtial Rearlng [equJ.nenta
at tbe ShusvaP Rlver Facllf'tY.

==========================================================================
Fry Capilano Trough FLOI{S

Troughs Lines Start End
( #K) (# ) ( #) (LPM) (LPM)

PILOT
Planned Stocks

Lower Shuswap
198¡l-1985 0peration

Lower Shuswap
1985-1986 Operation

Lower Shuswap
l,liddle Shuswap

Total

EXPERIMENTAI,
PIan Year 1

Lower Shuswap
l,liddle Shuswap

TotaI
PIan Year 2

Lower Shuswap
Middle Shuswap

Total
1986-1987 Plans

Lower Shuswap
Middle Shuswap

TotaI

ULTII,TATE

GÍiG Target
Lower Shuswap
Middle Shuswap

TotaI
Chinook 0n1y

As-Bullt Capacity
Site Linited Capacity

240120110

1?9

105
147
252

20
16

36

15
11

26

4

1.5
2.5
4

2 2U0 480

i ,io 4ão

10 1200 2400
8 960 1920

18 2160 43eO

7 .5 900 1800
5.5 660 1320

13 1560 3120

12.5 1500 3000
5.5 660 1320

18 2160 4320

105.5 12660 25320
5.5 660 1320

111 13320 26640

17 2040 4080
21 2520 5040

810
630

1 440

585
450

1 035

990
450

1 440

8444
444

8888

1 360
16 80

211
11

222

25
11

36

34
42

Notes - Chinook load rates are 40K'fry per Capilano trough
Pilot requirenents were based on 57K fry per trough
Flor¡ starts at 120 LPM per llne, ends at 240 LPM per line
Each large starter unlt ls equlvalent to four Capilano

troughs (two llnes)
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lable 11. Coho rñrtlat Rearlng lequlrerents at tbe Shnsuap RÍver Facftlty

-_===========================
Fry Capilano lrough FLOI{S

Troughs Lines Slart End(#K) (#) (#) (LPM) (LPM)

PILOT
Planned Stocks

-no coho
1984-1985 Operation

-no coho
1985-1986 Operafion

-no coho

EXPERIMENTAL
PIan ïear 1

I'lap
Bessette
Lower Shuswap

Total
Plan lear 2

Ílap
Bessette
Lower Shuswap

Total
1986-1987 P1ans

Lower Shuswap

ULTII,IATE
GI'IG Targeb (2 e option)

llap
Bessette
Lower Shuswap

Total
GI{G Targef (25 g option)

I'lap
Bessette
Lower Shuswap

TotaI
Coho 0n1y

As-built Capacity
Site Li¡lted CapacÍty

90
90
90

270

90
90
90

270

180

295
516
369

1 180

36
62
44

142

1 938
2394

1

1

1

5

1

't

1

5

1.5

120
120
120
360

120
120
120
360

180

240
240
240
720

240
2\0
240
720

360

2
2
¿

6

¿

2
¿

6

5

9

7
21

a
I

1

1

3

34
42

2.5
4.5
3.5

10.5

tr

.5
tr

1.5

300
540
420

1260

60
60
60

180

2040
2520

600
1 080
840

2520

120
120
120
360

4080
5040

17
21

Notes - Aluninun racenays and lnltial rearing racel¡ays are each considered
to be equlvalent to four Capllano troughs (two tines)

- load rate is 57K coho fry per Capllano trough
- flows start at 120 LPM per line, end at 240 LpM per line
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ptnet Rearlng

Fj.nal rearing reguirenents for chinook and coho for the various stages. of the
Shuswap facility are su!¡DarLzed in Tables 12 and '13'

There lras no final rearing requlreuent assoclated with the Pllot plans for the
Shuswap facility, as chinook fry were to be released at 2 g. However, due to
a change Ín the Pllotrs obJecllve, extended rearing of 52K chinook fryto 5 I
was done at, bhe Pilot facility in tr¡o Capllano troughs ln 1984-85.

In 1985-86, with construction of the habchery buildlng, fry were noved to the
Capilano troughs ln the new rearing roon in early to ¡nld-February. They were
then transferred to the initial rearing racelrays outside at a size of 1.5 g on
March 18-19. Five of ttre slx inltlal rearing raceltays were used' but not to
capacity, and screens were enployed to separate groups of fish. Flow to each
initial rearing raceway nas nalntained at 450 LPM. Although all wells were
operational, only tJell #8 r¡as used to supply all five contafners. In 1985-86'
only 45.5K MiddIe Shuswap fry and 14K Lower Shuswap fry Ìtere reared to 5 8.
The renainder were released at 4.0 g or soaller.

The Experi-nental Plan neuo (Appendix 1d) requested 434 n3 of voh¡e to rear
the required nunber of chinook and coho to 5 g and suggested five rectangular
rearfng racelrays with dinensions of 30 n long, 3 n wide and 1.3 n high walls
would be sufficient. The ne¡no also suggested that Shuswap stocks could be

reared to larger sizes in net pens ln the rlver adjacent to the site' in the
Ïlilsey Dan headpond, or near the outlels of l4abel or Sugar Lakes'

The Experinental Plan neno sbated that rearlng chinook to 10 g and coho lo
20 g would require at least 720 n3 of space during srrrner before chinook are
relãased, and that this denand could be net by construction of eight final
rearing racev¡ays, supplenented by the use of seven initial rearing raceways
and six Lines of capilano troughs, for a fotar of 840 n3 of-finar rearing
volrne. the as-built capacity of all containers is about 460 rn3.

The neno predic¿ed that the use of rlver water for rearing during sutrtrer would
double the flow requfred conpared bo groundwater, due to the higher
tenperature of the surface supply.

The GWG objectives for chinook produetlon could not be net by bhe Ultinate
site capacity, even if all rearing containers were used soleIy for this
species.
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lable 12. Chlaook Fin¡r Rearing Requtrcreats at the Shr¡rap Rl.ver Faclllty.

- --- - - - - - - - - - - - - - - - - - - - -- -- - - == == == == = = = = == == = = === = =: = = =!,faxi¡u¡n Total l,faxi-nrm l4axi¡r¡n l,laxfnr¡n
Size Released Biooass FIow Volr.¡ne(e) (#K) (xe) (LPM) (m3¡

PILOT
Planned Stocks

Lower Shuswap
1984-1985 Operatlon

Lower Shuswap

1985-1986 Operation
Lower Shuswap
Mfddle Shuswap

TotaI

EXPERIMENTAT
Plan Year 1

Lower Shuswap
Middle Shuswap

Total
Plan Year 2

Lower Shuswap
l'liddle Shuswap

Total
Ten gra.m Rearing Option

Lor¡er Shuswap
Middle Shuswap

Total
1986-1987 Plans

Lower Shuswap
Middle Shuswap

TotaI
TJLTIMATE
GIJG Target

Lower Shuswap
Middle Shuswap

Total

2

Ito5

3to5

89

119

104 .5
146 .5

no flnal rearing

all fish reared in
Capilano troughs

all fish reared in
inltial raceways

)q1

10
10

504 2520
648 3240

1152 5760

360 1 800
468 23\0
828 4140

473 4730
608 6080

1081 10810

880 4400
400 2000

1280 6400

6756 33780
356 1780

7112 35560'

3390
4360
7750

2\25
3150
5575

1 5590
12130
277 20

5946
2703
8649

161
207

368

115
150
265

339
264
603

281
128
409

45650 2158
2400 1 13

48050 2271

Notes - voltne and flow loadings deterrnined by Load Rate Model (Appendix 5a)
using the follor¡lng values: - tenperature 9oC - ration 0.9 OMp

- correctlon factor 1.35 - 951 D0 saturation
==========================================================================
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lable 13. Coho Ffn¡r Rearlng Requirereats at the Shusuap Rlver Faclllty.

===-=-!-- ____!______

lfaxi¡un Total I'taxf¡un l4axinun llaxi¡un
Size Released Biæass Flow Vo1r¡¡ne(e) ( #K) (¡.e) (LPM) (n3¡

PTLOT
Planned Stocks

-no coho
1984-1985 Operation

-no coho
1985-1986 operatlon

-no coho

EXPERIMENTAL
Plan ïear 1

l{ap
Bessette
Lower Shuswap

Total
Plan Year 2

lJap
Bessette
Lower Shuewap

lotaI
1986-1987 Plans

Lower Shuswap

ULTII*IATE
GWG Targeb (2 e option)

Itlap
Bessette
Lower Shuswap

Gl'lG Targe E Q5 g option)
}Jap
Besselte
Lower Shuswap

TotaI

20
20
20

5
5

5

68
68
68

204

72
72
T2

216

160

1 360
1 360
1 360
4080

360
360
360

1 080

960

1280
1280
1 280
3840

445
445
445

1 335

1 107

64
64
64

192

22
22
¿¿
66

58

27
4T

33
107

25
25
25

-no final rearlng

675
1175
825

2675',

580
10'10
710

2300

29
50
35

114

Notes - volune and flow loadlngs deteruined by Load Rate Model
(Appendix 5a) using the following values:

- tenperature 8oC - ration 0.7 OMP

- netabolic correction 1.35 - 951 D0 satr¡ration
==========================================================================
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Release Strategtes

In 1985, all fry were released at a sÍze of 4-6 g back to the Lower ShuswapRiver. Release locations included the outlet of Mabet Lake, the Cook Creet<
campsite and the Trinit,y Valley Bridge. Release dates spanned Apri1 27 lo liay
26.

In 1986, Lower Shuswap fry were released only at the Cook Creek campsite. OnApril 28, 41K fry were released at a slze of approxfnalely 3.5 g¡ while on May
29 the renainder (approxfnately 65K) were. released at 4 g.

Middle Shuswap fry were released in the river adjacent to the facility in1986. 0n April 28, 71K fry were released at 4 g, while in late May therenainder (approxiuately 80K) fry were released at 6 g.

For transport to the release locati.ons, two 900 L alr¡ninr¡ transport tar¡ks
nounfed on pick-up trucks have been used. Tanks have been supplied with
oxygen fron a portable cyllnder uslng alrstones and nonitored by a ySf DOneter to naintain 10-12 ppn of oxygen during transport.

Sone fry stocking estinates have been conplled for the Shuswap area.Griffiths (I'ts 1979) felt that fhe t{lddle Shuswap River hact anpre rearingcapacity for lhe progeny of 1000 fenate chinook. Fee and Jong (1ggqt
estinated that 670 adult chinook would be optintn to fully seed rearinghabilat below Shuswap FalIs.

Fee and Jong (¡æ 1984) further estlnated Bessette Creek and Middle Shuswap
capacities at 112.5K and 36K coho fry, respectiveJ.y. Tt¡e l'llddle Shusuap uaÀestinated to be able to acco¡onodate 190K 2 g chinook fry upstream of ShuswapFalls and 168R 2 g fry downstrean of the falls.
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FLOT DEHAXI)

A stunary of the rearing requirements for Year 1 of the Experinental progra.n
is presented in Table 14. The rearing requirenent sunnary was used to develop
estinates of the naxj.ntu required flow denand to neet lhe objectives of lhe
ExperÍmental progran (lable 15, Figure 7).

If all containers (Capilano troughs, initiaL and final raceways) were filledto capacity for final rearlng sj^Eultaneously, the cmblned water deuand would
be 12080 LPM. The ExperÍnental design neuo proJected that naxinun flows forfinal rearing past 2 g could peak at 12000 LPM. The current output capacityof lhe four wells at Shuswap ls, howeverr only 7187 LPM. fn addition, the g00
LPM of surface r¡ater supplied to the incubation roo@ could be diverted by
surface hose to the rearing area. This would increase the water supply to
7987 LPM. ft has been estimated that the aquifer at the Shuswap hatchery
could produce a naxinun of about 12800 LpM (Aquatere, 1984).

The Experinental desi.gn rneno (Appendlx 1d) stated that for the tworst casen
situation' where river water would be used to rear chlnook to 10 g and coho to
20 g in containers, the flow of river water requlred through the sL@trer could
peak at 38000 LPM. The ne¡no requesled thab in negotiations with B. C. Hydro, a
flow of 42000 LPM should be dÍscussed, to allow for full back-up of the well
supply during the tj¡e of naxi-urm river r¡ater denand.

I'lith the exception of the post-release period when no water was required, the
period of lowest water denand in the Ptlot operatlon occumed during
incubatÍon. Peak flois were requlred ln mid-April, i-unediately prior fo the
start of releases when the fry were reared in the lnitial rearing raceÌrays.

Mininurn flows for the Experinental Progran would occur in July and December,
when the only requirenent wouÌd be lhe early stages of adult holding and
incubation, respectively.

The flow denands projected in Table 15 are slighlly higher than what was
predicted in the Experimental design l¡¡eno (Appendix 1d). Modificat,ions
refLect changes in adult holdfng requirenents, based on the lower fecundities
found during operatfon for chinook.

The flow denand table indicates that the curent water supply at Shuswap could
be taxed by high deuands for the full-scale Experi-nental program during l'larch,
April and May when final rearing is in progress. A sinilar situation nay
develop if 1986-87 target, egg collections are achieved.
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lable 14. Eperfrental Rearlng Reqr¡irereats at the Shuruap River Faetllty.

- -- -- - - - - -- - - = - - - - - - - - - - - - - - - = = = = = = = = == == = = ==== = = = = = = = = = = =
SPEC]ES

Stock Portion
CHINOOK

Early Middl-e Late Total
coH0

Early ltiddle Late Total

ADULT HOLDING
adults
in space (n3)
at flow (LPM)

fron
to

INCUBATTON
eggs (#K)
in frays
in stacks
at flow (LPM)

fron
to

INITIAL REARING
frv (#r)
in lroughs
in l1nes
at flow (start)
to end (LPM)

fren
to

FINAL REARING
fingerlings (#K)
in space (u3)
at flow (start)
bo end (LPM)

frou
to

Produces
Smolts (#K)

143 286
22 45

596 1 191
July 1 8

400 800
80 160
10 21

150 315
Sep 21 Oct 1

Jan 10 Jan 20

360 720
9 18
59

600 1080
1200 2160
Jan 10 Jan 20
l,far 10 Mar 20

32\ 648
92 184

1013 2026
1938 3876
ldar 10 Mar 20
Apr 29 May 9

288 576

75 300
936
16

15 g0
Nov J0
Feb 27

67 270
16
-3
- 360

a4^
- I /ll

Feb 27
May 4

61 21+3

16 66
178 7 14

960 3840
May 4

Jun 23

54 216

143
¿¿

596

Oct 31

400
80
10

150
Oct 31
Feb 19

360
9
4

480
960

Feb 19
Apr 19

324
92

1012
1937
Apr 19
Jun 18

288

572
89

2383

1 600
320

41

,615

1 500
36
18

2160
4320

1 300
368

405 1

7751

1200

75
9
2

30
Oct 31
Jan 26

68
2
1

120
240

Jan 26
Apr 4

61
17

179
960
Apr 4

May 3O

'54

150
18

3
45

Nov 15
Feb 12

135
5
¿

240
480

Feb 12
Apr 9

121
33

357
1920
Apr 9

Jun 13

108

240
¿¿

600

Notes - requirenents as outlined in-Year 1 of the Experlnental progran
- lbading rates as outllned in earller tables

========= _¡__--__,
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lable 15. ProJected FIa Dera¡d at the Shusuap Bfver Facfllty
for fear 1 of the Brperlreatal Prograr. (florg in LPll)

.---:
JAI'I FEB MAR APN MAY JUN JT'L AUG SEP . OCT NOV DEC

ADULT HOLDING
Chinook
Coho

TotaI

INCUBATION ,.

Chinook 615 150
Coho 90 60

Total 705 210

INITIAL REARING (to Z g¡
Chinook 2000 3600 4200 900
Coho 120 450 600 720 240

Total 2120 .4080 4800 1620 240

FINAL REARING (2 e+)
3500 6000 7751 2000

1000 1335 1335

3500 7000 9086 3335

TOTALS
Chinook 2615 3750 7700 6900 7751 2oOO IOOO 2OOO 2530 3oz5 1305 TO5
Coho 210 510 600 1720 1575 1335 - 630 690 90

GRA¡¡D TOTAL
2825 4260 8300 8620 8326 3335 loOO 20oO 2530 3655 1305 705

HoRST CASE EXAMpLE (Chinook to 10 g; Coho to 20 g, both on river water)
FINAL REARING
chinook 3500 6000 9000 1 5000 25000 29000
Coho 4000 4000 4000 5000 1500 3000 4800 4800 4000 4000 4000 4000

Total 4000 4000 7500 11000 9500 18000 2g8oo 32800 4oo0 4ooo 4ooo 4ooo

WORST CASE GRAND TOTAL
6825 8290 8300 12620 97qO 18OOO 3O8OO 33800 6530 7655 5305 4705

Ncte - worst case exanple is based on rearing at hatchery, not 1n net pens
===================================:====================:====================

1000 2000 2380 2380
600 600

1000 2000 2380 2980 600

1 50 6 15 615 615
30 90 90

150 645 61)5 6tt5

Chinook
Coho

Total
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TATBN SUPPI.I

fÂTEn Qrilxrrrr

IeIl later

For the Pilot water supply, orùy I{eII #5 was used. At present, Wells #6, #g,
/i9 and #10 are in use at the Shuswap Facillty. The water characteristics
indlcate that t,he wells lap the same aquÍfer.

The f irst ptup tests on wells drilled to .a productive aqulfer at Shusrrap lrere
conducted in March 1983. llell #5 was tested îor 29 hrs at a screen depth of
28 n and a rate of 760 LPM (2OO US gptr). l{eII #4 was tested for 48 hrs at a
screen depth of 12 n and,e punp rate of 295 LPM (210 USSpn) (Aqr¡aterre, 1993).

For the Pilot operationr l{ell #5 was used as its tenperature }ras considered
more suitable for the desired fÍsh developnent and growth tining. I{eIl #5 was
supplied with a 10 hp punp with a capacity of 750 LPM for the Pl1ot operation.

Groundwater exploration at the site continued with pruplests on tlells #6, #g
and #9 between March 11-15, 1984. Hell #B was punped for 4g hrs at a rate of
3028 LPM (800 USepn). I{ett #9 ¡¡as tested for 24 hrs at 2400 LpM (640 USgpn),
while l{ell #6 was tested for 22 hrs at a rate of 960 LpM (254 USepn). -Wefi
#10 was pr.up bested May 21-ZZ, 1985 (Aquatere, 1984). Alt four of these new
wells are located near the slte of the Experi-nental factrity (Figr.¡re z).
l'leÌls #4 and #5, located near the Pllot facilfty, are no longer in operation
and have been capped. llell characteristlcs of the producing Shuswap we]ls are
presented in Table 16.

i

Table 16. Tell Characterlsttcs at the Shr¡suap Facilfty

--------_ _______--
Vlell Casing Dianeter Screen

(nn) Locations
(n depth)

Puup hp
and Type

l{axinun Safe
Estinated

Yie1d (LPM)

10

32
18
26

200
200
200
200

#6
#8
#9
#10

25.65
24.85
25.35
25.35

subnersible
subnersible
subnersible
subnersible

.f tr.f
IJI

3030
1510
1 890

Total 7 187
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hergency power for a1l plEps is supplied by a genset located in the
nechanical roon I'leII #6 1s connected by a 100 nn dlaneter supply pipe bothe aeration toner. Supply lines for tJells #8, *g and #10 are 150 nrDdiameter. Punps #8, #9 and #10 are equipped with pressure gauges, #6 is not.All have low water probes for autæatic shutdown. The flow neters for pr¡ps
ll8, #9 and #10 are vertical upflow type.

The current totaL output of the wells Ís about 5000 LpM less than the yield
requesfed in the design tre&os and ls not adeqnate to supply all conta:.neri onsite during final rearlng. If all the lnltial and final rèaring racelrays wererun at flows of 480 LPM and 2000 LPM,.. respectlvely, 10880 LpM woutA berequired. ff all conponenbs of the facflity were run at naxinun requireuents
sinuLlaneously, the flow denand would be 12828 LpM. Thls includes ai1 initial
and final rearing conÙainers and the incubatfon rom. Therefore, operationsin 1986-87 will therefore necessitate careful container and water distribution
nanagenent. Provislon of at least two addltional wells or a large capaclty
surface water source would be needed to run the facllity at full capacity.

Surface later

The as-built facllity 1s capable of supplylng 800 LpM of river r¡ater to the
incubation rodl only. The water is punped fron an infllt,ratlon gallery nearthe river by a 6 hp punp to a rlver water manlfold in the lncubation rooû.
The infiltration gaIlery is Located to the east of lhe hat,chery site past the
toe of the fill area and passes water through a 100 ron dlaueter pipeline fothe hatchery.

The shuswap River was nonitored by I'Iater survey of canada (stn. No. oglcoo3)fron 1913 Eo 1973. Mean annual flow was 49.8 tr3ls lrlth a naxinun dailydÍscharge of 552 n3ls on Mray 28 , lgZB and a nininr¡n daily discharge of 0.57n3ls on April 27, 1g2g (Ìratêr Survey of Canada, 1980). ine systen has beenregulated by da.ns at the Sugar Lake outlet and near the hatchery sj.nce 1940.
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rÂÎEN QTIILIT

fe.Il later

I,later quality analysis results frot the Shuswap wells are conpared to the
recomnended values for intensive fish culture (Signa Resource Consultants,
l{s 1983 ) in Tabre 17 .

The two wells nonitored in llarch 1983 for the initiaL Pitot operation (I,lells
It4 and f5) seeued to be tapping different'aqulfers. tlell #5 produced water of
higher nineral content and t,enperature 13.9oC) that was virtually anoxic (0.4
nglL oxygen), with detectable ¡rnr¡e¡i¿ (0.008 ng/L total) and high nitrile
(0.099 ne/L) levels. lJe']I #4 produced cooler (7.1oC) water, quite high in
dissoLved oxygen (8.5 nell) with higher nitrate (0.15 to 0.17 ne/L) and
detectable nitrite (0.007 ng/L) Levels. One of the four sanples fron WeIl #\
produced barely detectable Ìevels of chronium (0.013 øg/L) and zinc (0.005
ne/L). The Íletl #4 aquifer seened to be nore dj.rectly influenced by the river
while the ÍJeIl #5 aquifer appeared to contain much noldern grourdwater. The
waters fron both wells were classifled as narginal for use as hatchery
supplies (Appendlx 3).

Durlng operation of the PÍlot, there was so¡De concern regarding the anount of
iron in the water, which was quite high (up !o 0.2 øg/L) but not over the
reconnended li¡it of 0.3 se/L. The lron had little effect on incubatlon or
rearing results. At the eyed stager eEBs had a tight coat of rust, but from
first shock to hatch, they were disturbed enough by picking that the buitd-up
did not re-occur. Sone Shuswap chÍnook eggs were transferred to the Eagle
facility to guard against potential high nortalities caused by the iron
precipitate but the eggs at the Shuswap Pllot survived nuch bebter than those
sent to Eagle, because of water quality problens wj.th the Eagle well r¡ater.

fn March 1984 pr¡p tests of l{ells #6, #8 and #9 water qr.alfty for aLl three
wells was sinil,ar and probably fron the sane aquifer. The water quality of
fhese three wells conbined the best aspects of the two wells lested
previousJ-y. There ltere no anonaLous high heavy netal concentrations like l{el1
/É4 had exhibited, and no annonia r¡as detected. Marginally high levels of
nitrate (up to 0.2 ne/L) detected in tJell #8, and of phosphate (0.2 ne/L) in
Well #6 indicated the aeration tower should be shaded to prevent algae growth.
The three wells were classified as generally suitâble for salnonid culture,
with the exception of dlssolved gases, trhich could be corected by aeration.

WelI #10 was punpbested in lfay 1985 and water quality was conparable to the
results fron tJells f6, #8 and f9, with one exception. Zinc concentration r¡as
slightly above the reconmended leve1 (0.01 uglL versus 0.005 sS/L) in one of
the three samples. In general, l{elI #10 seened to be tapping the sane aquifer
as fhe other three wells and was felt to be suitable for intensive culture of
salnonids.
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Tûla 17 . l¡tcr 0¡¡.l.itt Y¡l,lr¡ for
(Bel.ot detection Lim.its

( 1 s83-> l
PARAHETER RECOilMENDED

LEVELS

thc $rurrp fct[¡.
=ol

===::=-:-:==::-=::_:
l,lAR21 MAF22 MAF22 HAFA3 t{AFl9 ¡{ARAO i.TAFAO

1600H8 0830HR 1600HF 1030HF 15oOHR 088¡OHR 12oOHF
WELL'4 WELL'4 WELL'4 WELL'4 TELLTS WELL#s WELL,s

Atka t i ni ty-Tot 20-300
A¡nnoni æTot <.002
Chlonide <'l7O
Conduct iv i ty-f Ld f50-2000

- Lab 150-e000
D i s. 0x ygen ( pprn I 6-8
0xygen Saturat. 100N

Di s.Tot.6ae <109f
D i s. Ni t nog en '100Í
Ha ndness 20-¿¡{¡0

Ni r ¡i te <.012
Nitrate <.12
pll-FlELD 6.8-8.s
pll-LAB 6.8-8.5
Phosphatê <.tb
Ree.Fi Itnab[e 7O-ÆO
Fes.Nonfi tt. <3

Sitica <10{0
Su Lphate <90

Tenperature 4-18C
Tunbidity 1-60
METAL9-

50 50 51 51
0000

.9 .9 .8 .s
68 6S 69 ô8

118 .t17 117 117
8.9 I 8.3 8.1
.,78 68 .9 72.1 70 .7

1fE.3 ,t02.3 103.2 102.5
113.1 114 111.5 11,1

55.1 53.8 55.1 57 .7
,012 .007 0 0

.17 .,t5 .18 _lg-
7.1ã 7.2 7.'l 7.1
7.5 7.5 7.4 7.4

0 .005 .007 .OO7
84 7S 80 72
0000

3.3 3.4 3.4 3.4
g 7.4 7.'l 6.9

6.7 7 7.1 7.1
.1 .1 .2 .2

0000
0000

.009 .008 .009 .009
18.6 18.2 18.6 19.5

0000
0000
0 0 .013 0

0000
.01 .006 .038 0

0000
.78 .79 .81 .79
2.',1 2 2 2.1

00.0030
0000

1.2 1 .1 ,l .1 1,2
0000
0000
0000

3.1 3.1 3.2 3.4
0000

.079 .079 .081 .084
0000
00.ofF0

78 88 80

.oo7 .008 .009
.8 .g .g

1e0 132 132
175 209 2't4
.5 .3 .4

4.5 2.6 3.6
90.6 90.4 89.4

113.5 113.7 112.2
89.9 94.6 57.7
.099 .017 .011
.o4 .07 .04
7.9 7.7 7.7
7.8 I I

.o22 .O22 .O22
127 137 136

000
5.9 5.9 5.9

15.3 16.7 17

8.9 8.8s 8.9
.8 .8 .8

000
000

.0,t6 .018 .018
29.1 30.9 31.9

000
000
000
000

.157 .2fE .209
000

1.6 1.67 1.69
4 4.1 4.2

.038 .0¡6 .04€
.0200
3.3 3.9 4

000
000
000

5.9 5.5 5.6
000

.203 .203 .208
000
000

At

As

Ba

Ca

cd

Co

Cn

Cu

Fe

Hg

K

MS

Mn

llo
Na

P

Pb

Se

si
Sn

Sr
V

Zn

('1
<.5
<1

4-1s0
< .0004

<.01
< .006
<.3

<.000fF
<50

<10

<.fts

<500

<.01
<2.5
<1 0-€0

<.0(F

Note6 - undenIined vaIuee
- atI values in rng./L

indicat€ rasuItE in excess of
unt€s6 otheñi6e.noted

necommended Iimits
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Tó[o 17 lconrtl . fctcr qnlity Y¡l¡r¡ fon thc Shurq lcl[a.
IBel.or detoct'i on timit = 0]

PARAT.IETER

)4 Rt5/84 |4AÈ'15/84 !AR16/84 t4AÈ11/84 |4AR11/84 !4AR1U84 t AR1U84 t4¡¡È't3/94

BECO].I}iENDED 1230HRS 2130HRS 0800HRS 'l100HFS 2100HFS 0900HRS 2100HFS 0900HRS

LEVELS WELL#6 WELL}6 WELL'6 WELL#8 WELL'8 Ì{ELL#8 TELL#E IIELL'8

Al.ka L i ni ty-Tot 20-300 60

Ammoni æTot <.002 0

ChLoride <170 .6
Conduct i v i ty-f Ld 150-2000 98

- Lab 150-2000 139.4
Dis.Oxygenfppml>6-8 6.4
Oxygen Satunat. 100Í 56.9
Dis.Tot.Gas <103Ë 93.1
Dis.Nitrogen 100Í 102.8
Handness 20-/m0 55.2
Nitrite <.012 0

Ni t rate <.12 .1'l
pH-FIELD 6.8-8.s 7.1
pll-LAB 6 .8-S.5 I
Phosphate <.05 .003
Res.FiLtrab[e 70-¿l{¡0 94

Res.Nonfi Lt. <3 0

SiLica
Su Iphate

<1 0-60
<90

Tempeneture 4-1 8C

Turbidity
t'IETALts
AL

As

Ba

Ca

cd

Cr

Cu

Fe

Hg

K

MS

ì,tn

Mo

Ne

P

Pb

Se

Si
Sn

Sr
V

Zn

7.7
8.4

1-60

<.1 0

<.5 0

<1 .OO7

4-150 22.2
<.0004 0

0

< .0't 0

<.006 0

<.3 .0',t6
<.00005 0

<50 '1 .06
<10 2.S
<.05 .004

0

<500 1.6
0

<.01 0

<2.5 0

<1 0-60 3.9
0

.096
0

<.06 .002

57 57

00
.6 .6
97 94

141 't 38

7.8 7.3
69.4 65

s8.2 97.5
1(E.9 106.2
66.1 65.3

00
0 .11

7.2 7.2
7.9 7.8

.003 .024
96 97

00

7.8 7.6
s.2 8.2

00
00

.006 .006
22.5 22.3

00
00
00
00

.016 .016
00

.92 .94
2.3 2.3
.001 0

00
1.7 1 .6

00
00
00
44
00

.1 .098
00

.003 0

61 61

00
.7 .6
93 101

139.4 139.4
5.4 5.6

4S.2 51

5.7 95.5
't08.1 107.3
67.6 68.2

00
.1 .11

6.3 6.7
88

.003 .003
92 94
00

7.5 7.6
8.8 8.7

00
00

.008 .008
23.1 2S.3

00
00
00
00

.019 .009
00

1 .01 .1.03
2.4 2.4

00
00

1.5 '1 .4
00
00
00

4.3 4.3
00

.097 .098
00
00

63.5 69

00
.6 .8

107 116

147 172
5.8 5.6

52.8 51

s.8 96.3
107.1 108.3
72.',1 81 .8

00
.'t5 .1 I
6.5 6.4

I 7.9
.003 .002

97 107

00

76

0

1.1
133

196

5.3
¿18.3

96 .2
108.9

93 .6
0

.?1
6.5
7.8

.002
126

0

9.8 11.6 15.2
8.7 8.7 8.7

000
000

.009 .oo7 .007
24.7 28 32

000
000
000
000

.008 .009 ,006
000

1 .05 1.06 1.12
2.5 e.8 3.3

000
000

1.4 1.4 1.5
000
000
000

4.9 4.3 4.3
000

.1f¡5 .119 .138
000
000

Notes - undenlined vatuee

- a[[ vÊlues in mg./L

indicate re6uIts in ercses of racon¡rended Limits
untes6 othefrì6s noted
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Tû1o 17 (con'tl . f¡tar q¡¡¡litt v¡lrp¡ ?or tha Slrrp tcl[e.
(BeIor detection Limits = 0]

ï14R13/ E4 t4AÈ1 ry 84 ÄAR1 4/ 84 ÄAy21/ 6
PARAI.,IETER HECOI.IMENDED l gOOHFS OSOOHBS .tTOOHPS l 9OOHFS

LEVELS WELL'g WELLÍS ïELL'9 WELL'.IO

===-=-:
!4AY2?r'6 ì4AY2?./tf,

0500HFs 1700HFS
ïELL'10 ÍIELLÍ1o

ALkatinìty 20-300 ã7
Anmonia <.002 O

Chloride <170 .7
Conductivity-fl.dî50-2000 98

- Lab 150-2000 1gs
Dìs.0xygen(ppmJ >6-8 6.s
Oxygen Sarunat. 100N SB.g
Di s.Tot.Gas <109Í 'Ò7

Dis.Nitrog6n 100Í ,lO7

He rdness 20-¿m0 64.6
Ni tri te <.0,l2 0

Nitrste <.12 .19
pH-FIELD 6.8-8.5 7.1
plFl-AB 6 .8-8 .5 7 .9
Phosphete <.05 .004
Ree.Fi ItrabIe 70-400 gg

Fes.Nonfi !t. <3 0

Silice <10{0
Sutphate <90 ?.6
Tenrpenature 4-18C B.B
Turbidity 1-60
METALS.-

64.6 89.8 71.7
000
1 1.1 .8

109 ,t 10 114
168 170 175
4.4 4.4 4.5

Æ.4 ¿t0.4 41.3
s.6 94.6 s.2

110.6 109.5 109.8
83.3 85.3 89.2

000
.0F .086 .094

7 ,5 7.54 7 .4
7.9 7.6 7.9

000
98 99 104
000

11 ,12

8.5 I
.3 .18

<.1 0

<.5 0

<1 .001
4-150 22.1

<.0004 0

0

< .0,t 0
<.006 0

< '3 .o'l
<.00005 0

<50 ,l

<10 2.2
<.05 0

0

<500 1.3
0

< .0,t 0
<2.5 0

<10-60 4.1
0

.0s
0

<.0(E 0

6P.5 69
00

.8 ,8
106 118
,155 173
6.5 6.5

59.2 58.8
96.5 96.6

106.4 106.7
72.5 80.6

00
.15 .17
7.ã 7.1
7.9 I

.002 .002
108 116

00

'r0.,r 1e.6
8.6 8.7

00
00

.007 .0,1

24.8 27.6
00
00
00
00

.006 .006
00

1.fF 1.08
e.5 2.8

0 .001
00

1.4 1.4
00
00
00

4.1 4.1
00

.lf¡s .117
00
00

00
00

.011 .011
28.8 29.4

00
00
00
00

.0't .008
00

.9 .97
2.8 2.8

.002 0

00
1.5 1.s

00
00
00

3.7 3.6
.02 .03

. r 1s .119
00
0 .01

11

8.8
.3

AT

As

Ba

Ca

cd
Co

UI
Cu

Fe

Hg

K

0

0

. 012

30.8
0

0

0

0

0

0

1.O4
ó

0

0

1.5
0

0

0

3.8
.04

.1 23

0

0

Mg

Mn

Mo

NÊ

P

Pb

Se

Si
Sn

Sr
V

Zn

Notes - underIined vaIues indicate r€6uIts in excess of reconmended Iimits
- a[L vatues in mg,/L untess otherîise notad

::-=========-===::=:=:==-=====-======::==========-=
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Surfaee ïater

Surface water quality was nonitored in the area has been conducted since lggz(TabLe 18). That year, saopling was done at four different locations; threeat Wilsey Dan and one at the hatchery site. At the dan, sanples were taken at
the surface of the head pond above the dan, inside the powerhouse fron
Penstock //1 (13.7 n depth) and fron penstock #z (7.6 n depth).

AnnonÍa was detected in one sample at Penstock #1 (0.019 nS/L) and once in the
forebay (0.006 ng/L) but was not detected 1n the other sanples. Calculation
of the un-ionized portion of the total a.ononia (upon which the recoonended
value is based) showed that leveLs were well wlthin the range reconnended for
salnonid culture. All olher values were wlthin the recor¡nênded 1i-oits forfish culture. One of thrêe sanples fron Penstock #1 showed a high chromiun
value (0.368 ng/L), all other netal concentrations were acceptable and
reconmended nitrate leveÌs l¡ere exceeded in one sa.nple fron the headpond (2.11
ng/L). 0n two occasions tobal dissolved gas levels exceeded the recoumended
leveL of 103f. Aeration of surface water nay therefore be required if usedfor halchery operations.

River water qualÍty was sanpled again in l4arch 1984 at the hatchery location.
High levels of dissolved gases lrere detecled (up to 106.51 dissolved
nitrogen), and the reconmended Ievels of nitrate were exceeded narginally(0.13 ng/L). All other results l¡ere acceptabJ.e.

Concurrent with sanpling during the May, 1985 UeIl #10 ptuptests, the river
was sampled during a spring freshet. Results were sinilar to those of earlier
sanples' but some paraneters ltere different. This water had l-ower alkalinity,
sulphate and conductivity conpared to the prevlous sanples. Field pH values
were slightly acidic and turbÍdity values were considenably hÍgher, no doubtattributable to freshet. Phosphate'levels (0.115 nS/L) during freshet werewell outside the reconnended li-uits, and high enough to accelerate algalfouling. Annonia (0.010 ngll) also exceeded that reconnended. Both totatdissolved gas ( 1 06 .3f ) and dissoLved nltrogen ( 1 09. 1f ) were above the
reconnended linits. Levels of alr¡rninuu (0.61 ng/L), iron (0.82 ne/L), zlnc(0.007 ne/L) and nanganeee (0.064) also were above the recon¡ended linits.
The river water is characterized as noderalely soft (totat alkalinity \Z-50
mg/L, conductivity 102-136 rmhos/cu, hardness 49-65, ng/L) and slightlyalkaline (pH 7.4-8.4) ' and would be suitable for intensive cultwe of
salnonids with aeratlon. The situatlon would be i-nproved if use of surface
water was avoided during freshets.
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T¡bto t8. ht!? 0¡rrlity Yetrrs for th¡ gnrrlp Rivor
fBeIor det€ction Li¡nits = 0)

BESSETTE

PARATIETER REC0].{¡{EN0ED CFEEK

LEVELS JULYq5/82

:=-=========-========:=-=:_=
WILSFY DAI,I WILSFY DAil TILSFY DAI,I

FOREBAY FOREBAY FOREBAY PEN45#1 PEI€5Í2 HEADPOND

APRU94 APF€,9/84 JUNEZB4 tttfuæi/Ap t¡i,¡æ,t/Ae OgtA6/Ba

Al.kaL ini ty-Tot 20-300 70.s
Annonia <.002 <0.OOs
ChLoride <'l7O
Conductivity-fl.d 150-2000 114

- Lab 1s0-2000
Di s.Oxygen[ppmJ >6-8 I
0xygen Saturat. '100N

Di s.Tot.Gas <103X >11O?

Di e. Ni t rogen 1OOT

Hs rdness
Nitrite
Nitrate

pIFLAB
Phosphate

Si t ica
Su tphate

5't

0

.7

123.9

82.54
102.27
1 06.21

49.2 53
<.ofF 0

.18 .08
7.ã

7.9
.018 .005

78 53

9.5
6 8.3

c

4.6 T
.14 0

0

,009
17.4

<.002 0

0

.368
0

.043
0

,.81 1.02
2.3

.003
0

1.3
0

<.02 0

0

3.'l
0

.079
0

0

87.55 79.37
100.67 .t 04.13
105.51 110.74

5P.9 50.1
00

. 13 .03
7.75

7.8 7.8
0 .006

52.9 50.3

3.4 2.8
8.4 6.8

39
.2 .1

00
00

.009 .009
17.4 17.1

00
00
00
00

.ES7 .042
00

.F .79
2.2 1.8

.003 0

00
1.3 1.2

00
00
00

3.1 2.6
00
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.037

<0.00,1

<0.(F

<0 .002

4.8
<.0(E

.08
7.8
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<5

6.4

.2

<.05

<.0f8
.07
7.4

.005
74
24

8.7

.1

Fes.FittrabIe 70-tl{¡0
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Temperature 4-18C 18
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Ca
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Co

Cr

Cu

Fe

Hg

K
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Na

P

Pb

Se
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Sn

Sr
v
Zn
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<.1

<.5
<1
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<.01
<.006
<.3
< .00005

<50

<10

<.05
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< .01
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<.002 < .0f¡5

< .000t¡5
.9

< .00005
.79
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Notes - undertined vatues indicete ra6utt6 in excess of reconmendecl Limit6
-a[[ vatues in nglL untass oth€rri6a noted
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ïûte 18 [conrtl .
I Be tor
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K
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P
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TATEN IEHPBRÂT{IRE

Water tenperatures collected fron the Shuswap wells and the Shuswap River are
sur¡rnarized in Table 19.

lell later

During their pr:np test,s, the water fron l{ell #4 was ToC, while that fron l{ell
/15 was 9oC. Due to the greater influence of the rlver on llell #4, it was
decÍded to use l{ell #5 for the Pllof operation ln order to provide a greater
flexibility in rearing strategy. l{ater Lenperatures in !{ell #5 were recordedwith a Ryan thernograph fron JuIy to nid Decenber, 1983 by DFO. During thisperiod, the tenperature ranged fron 8.3oC to 10.9oC with the hÍghest neannonthly tenperature (10.7oC) occurring in Sept,enber. Monitoring of punped
water fron I'leIl #5 fron March 1984 to the end of the Pitot phase indicated a
conslant tenperature of 9oC.

During punp tests in l'farch 1983 and 1984, water teuperatures averaged 2.0,8.9, 8.2r 8.7 and 8.6oc in i{erls 4, 5, 6r g and 9, respectlvely. These
differences are probably related to the distances of each weII fron the
recharge source, the Shuswap Rlver. Long teru high yleld punping could alter
the apparent high tenperature proflles of these wel1s.

Surface Tater

lJater Survey of Canada (1977) has recorded spot tenperatures in the niddle
Shuswap River since 1949. Based on these spot tenperatures, the average
rnonthly temperature in the niddte Shuswap River would be lowest 1n January at
about 1.0oc and highest in Jury and August at about 15oc. rn 1992, DFoinstalled a Ryan thernograph in the Shuswap River. Tenperatures increased
lrom 2.0oC at the end of M,arch Eo 1Z.0oC in early June.

Temperatures behind l{ilsey Dan were nonitored ln late 1982 and early 1983 Uy
PFO. Ryan ttrerroographs recorded tenperatures near the surface (1.0 n) and at
8.0 n depth. Tenperatures were siniLar at the two depths, the deeper r¡ater
being slightly warr¡er (1.OoC) than surface water over winter.
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Table 19. Srnat? of Tater Te¡peratr¡res lecotded at the Shusrap Factllty.

=============================================================================
SITE JAN FEB }ßR APR MAY JUN JUL AUG SEP .OCT NOV DEC

Well #5a

Min

Mean

Max

Shuswap River at Lr:rnbYb

Min 0.0 0. 0 1 .0

Mean 0 .7 0.7 2-6

ldax 2.0 1 .5 6 .5

6 .5 9 .5 10.0

11.2 14.6 13.8

13.5 17 .0 18.5

8.3

8.6

8.9

8.3 9 .2 10.0

8.8 10.1 10.7

9 .5 10.8 10.9

9.5 9.5 9.5

9.8 9.8 9.5

10.1r 10.11 9.5

1.8 3.5

4.8 7.2

8.3 11.8

9.0 9 .0

14.1 9.0

16 .5 13.5

0.0 1 .0

3.6 3.0

5.5 4.5

0.5 0.2

3.0 1 .0

6 .0 2.5

0.5 0.5

3.5 1.5

7.0 3.0

Hilsey Dan ( 1 .0 n dePth) c

Min 0.2 0.5 0.5 2.0

Mean 0.5 1.0 2.0 4.0

ldax 1.0 2.0 4.0 8.0

t{ilsey Dan (8.0 n dePth)c

Min 0.5 1.0 1.5 4.0

Mean 1 .5 2.5 3 .5 6 .0

l,l,ax 2.5 3 .5 6 .0 9 .0

4 .0 8.0 10.0

8.0 11.0 12.0

12.5 14 .5 14 .5

5.5 9.5

9.0 12.0

13 .5 14 .0

5.0

6.5

8.0

6.0

7.5

9.0

a fron Shuswap Pilot Hatchery records
b fron tJater Survey of Canada, 1977
c fron MacKinlay' ì'fS 1984

= = = = = = = = = = = = = = = = = = = = = = =: = = = = = = = = = = = = ========== = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
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strPPoRl SlnUCrunEs

Eatchery BuÍldlng

The as-built hatchery building layout (Figure B) was designed specifically toacconnodate expansion to a production level greater than that required to neetthe Experinentaf needs. rb has an overall size oi 17 n by 24 n (40g n2) andcontains an incubation rootrr a tagging roon, a nechanical rootr, a storagerootr' a workshopr two offlces, a lab, a lunchroon, separate nenrs and wonenîs
washroosrs and an entrance lobby. A conparison of the floor space provided
r+ith that of other recent sEP facilities is given in Table 20.

Tabre 20. BuitdJ.ng ccpoaent slzes - shusrap ccpared to other
Recently Constn¡cted SEP Facllltles (ú¡

=========================:===================================================
Egg

Capacity Office Lab.
Facility (M) Area Area

tJork Lunch llash
sfiop Storage Roon Lobby Roon
Area Area Area Area Area

Shuswap
Cleanrater
Eagle
Chehalis
Chilliwack
Conuna
fnch
Ki tinat
Ni tinat
Puntledge
Quesnel
Spius

2.3
4.5

6

18
I

25
10
14
29
¿¿

4

4

27
42
41

53
¡1j

22
62
ç?

54
28
18
26

10
26
26

52
69
28
15
44
1g

38
15
18

61
72
72
94
80
65

't57
160
88

144
70
81

¿¿
72
40

152
41

252
110
29

9
23
10

7

11
10
11

16

17
0

0
23
18
¿,t

0
0

12
28
¿¿
14
17

15
1nrl
41

37
19
10
't1

11

23
23
¿¿
24
2t+

27
18
22
23
12
15

Means 40 32 99 68 21 11 21(excludlng Shuswap)
=============================================================================

the incubation roon, neasuring 9.9 n by 8.5 n (g4 m2), has the capacity forthree conplete banks of incubator tray stacks, capable of holding a totál of
108 eighl-tray slacks. It is plr.ubed bo supply well or rÍver water. Theincubation rooul also contains two large stainless steel sinks for traycleaning.

The rearinS rooE measures 8.5 n x 13.5 n (115 n2) and contains five lines ofcapilano troughs. The roon j.s plrrnbed to receive well waler only.

the nechanical roout' neasuring 5.2 n by 6.8 n (35 n2¡, contains the energencypolter Sensef' aeration tower controL panel, electrical panels and three
donestic water supply tanks.
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Figure I Shuswop River Holchery Building Loyoul
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The storage roon neasures 3.3 n by 6.8 n (ZZ,û4 and is used to store itens
such as naingear, a snoÌr blower and power washer.

The workshop, neasuring 8.4 n by 8.6 n (72 û4, has both an overhead roll-updoor and nan door access. Power equipnent housed here includes tr¿o householdfreezers, a radlal alu saw, portable generator, welder and drill press. The
workshop area should be supplied wlth circuits hlgher than 15 a.up as these are
now fripped with the operation of the power tools.

The two offices neasure 4.1 n by J.2 n (t3 ne¡ and 3.2 n by 4.5 n (14 n2),respectively. One office is used as a rgceptlon area and contains a oou"úithe other is used for adninistrative purposes and contains one desk.

The lab, neasuring 2.5 n,by 4.0 B (10 tr2), conlains a fu1l_tength laboratory
workbench with a double sink wiüh cupboards belor¡ and a dissection nicroscope.

The lunchrooE, neasurlng 2.8 ø by 4.0 n (ll mz), contains a table, threechairs, eupboards, a sink and a fridge.

Separate nenrs and lrouenrs (wheelchair) washroo¡os are provided, the lattercontains a shower.

The lobby (actually a hartway) neasures 1.3 n by 8.3 n (11 tr2). This area isnot used for any specific purpose at present, but could serve as a locationfor public infornation displays fn the future. It houses the process al-arncabinets (intrusion, fire, low water and low aeration) whlch are linked to adiaLer.

Cræ Residence

No crew residence was provided at the facllity. Security is currentlyprovided by hatchery personnel who live next to the sit,e.

Flshray

There is no fishway at the facllity at present, but one could be constructedto the Shuswap River. At its nearest point to the facility, the distance tothe river is 100 n. The elevation difference between the hatchery pad and theriver is approxinately 4 n.

Freezer BuJ.ldf.ng

The freezer buildÍng is located to the west of the concrete raceways(Figure 1) and is used for flsh feed storage. The building neasures J./ nwide by 9.3 n long, wibh the first 1.8 u of length fron the ãntrance aáorway
used as the cooler. This gives 28 m2 of freezer and 6.5 n2 of cooLer 

"pae".The freezer could reasonably accoutuodate approxinately 500 bags (1t,566 ¡i¡ offish food.
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Bffluent Ârea

Effluent water fron the Capilano troughs and incubation roon enpties into a
375 nn dia¡neler line, which connects to the nain 900 nn dianeter raceway drain
pipe which discharges to the nornally-dry river flood channel- to the north of
the raceways.

The existing area will provide adequate drainage for the facility during
Experilental operations, but nay have to be fornalized with provision of a
separate sludge lagoon for cl.eanlng wastes in the future.

hrp Houses

There are three punp houses enclosing each of the wells #8 and ll9 and #10 at
the as-buitb facility. Ilell #6 does not have a punphouse and is controlled
directly fron the mechanical roon. Each punphouse is equipped with the
necessary valves and electric controls for the punps, as weII as a bypass
valve used to cfear out the wells and lines upon start-up.

Slte Fencf.ag

There is no site fencing at the Shuswap hatchery. At least token fencing
should be erected !o discourage the curious during off hours.

The access road is secured by a wooden swing gate at property line, which can
be easily bypassed on foot. A culvert is needed to drain run-off under the
access road. Meltwater currently runs over the road during spring.

Aeration louers

The aeration tower (Figure 9) serves two purposes: aeration and stripping of
well water to improve gas characteri.slics, and supplying sufficient head to
ensure distribution throughout fhe hatchery facility. The n¡.¡nber of buckets it
contains was deteruined by entering ran well water gas pressures i.nto the
Aeration Model (AppendÍx 5).

The original aeration tower constructed for the Pilot facility was located
near the Pilot buildlng. It was sheaLhed in plywood and had sone vertical
staggered venfilation strips. That structure has now been renoved. The new
tower is situated to the r¡est of 'the hatchery building with the three punp
houses clustered near it. The tower contalns two rows of five aeration bucket
col-umns, each colunn with eight buckets fllled with nedia. llater is supplied
to the colunns by a 200 no dla¡eter alunlnum header pÍpe.

The structure is wooden and supported by wooden posts and cross bracing from
below. It is anchored to a concrete pad by comosion proof sbeel colurn
bases.

The alu¡oinun reservoir in the tower has a usable volune 5.4 n3 and supplies
aerated water via lwo 200 nn supply 1Ínes to all facilities on-site. It lras
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originally used
in 1984.

This tower was
insediate needs
replaced if the

at the Eagle River facllity until a nel, tower was built lhere

designed aa a tenporary structure r¡hich will serve the
of the ExperinentaL facility but which will have to be

facility ls expanded.

ooHcLUsloxs

The Shuswap River Salnonid Enhancenenl Facility lras constructed to test
production strategies for chinook and coho salnon er¡hancenent in the Shuswap
Riven area of the B.C. cenlraf interior. ft is therefore !ûore inportant for
lhis facility to test a nunber of different rearing and outplanting options
than it is fo attenpt to produce large quantities of fish by connitting lo a

few set strategies. Rehabilitation of local stocks to levels that will
significantly benefit the various fisheries has to be approached cautiously,
given the current lack of knowledge.

Expansion and construction of the Shuswap hatchery fron the original. snall
scale pilot to the as-buiLt facility has resulted in considerable increase in
the capaclty for handling fish and servicing the experinental needs for target
stocks of coho and chinook. Expansion was originally proposed to provide lhe
faciliby with incubation and container space to handle 1.9 nillion eggs and
1.3 nillion juveniles. The as-built facility however, cannot accomnodate
these nunbers, and a variety of conponents would require expansion to meet
these objectives. This neans that fewer experiments can be done in any one
year.

Most liniting is the fact that the as-builb facility can only provide 7197 LÐ4
of groundwater and 800 LPM of rj-ver waler (the ta¡¡er to the incubation roon
only). This 1s insufficient flow to supply the containers currently on site
if aLl were operating sinultaneously. therefore, the provÍsion of nore flow
should be rated as lhe nr.¡nber one priority at Shuswap for future developnent.
As the aquifer has been assessed as having a 121800 LPM naxinr¡n capacity'
river water is probably the most readily available alternate source.

Adult coLlection ¡nethods for chinook need to be inproved, since the staff
experienced brood stock acquisition problens during the Pilot operafion.
Difficulties are also anticipated for the collection ,of Lower Shuswap coho.
One solution would be fence conslruction on the lower Shusrrap' but bhe river
is large and this approach nay be dffficult. A more realistic nelhod nay be
to angle brood stock fron holding areas early in the runs and hold then to
naturity at the hatchery (G. Conway, pers. conn.).

In 1 984, adult chinook were held at the Eagle River hatchery for up to three
weeks in 9oC wellwater. That season, pinheading and drop-out ltere a problen,
but not in 1985-1986, when the Shuswap ftsh were captured ripe and spawned at
the capture }ocation. Perhaps holding the fish in cold welL water nay cause
unnatural egg developnent and pinheading. If these problens re-occur when
adults are held on well water at Shuswap, this should be further investigated.
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The site has good expanslon potential, in that the property fiII area can beextended' creating nore area for additional lnitial and finat rearingraceways. The provision of sr.¡fficient flow wiLl be the liniting faclor indeteruinÍng the Ultinate slze and enhancenent production fron this facility.
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The Shuswap River Facility project design tean was conposed of the fg1lowingindividuaLs:

SEP Enhanceuent Operattons Divlsion

F.K. Sandercock, Chief, Enhancenent Operations
B.G. Shepherd, New ProJects Coordinator
D.D. MacKinlay, Deslgn BiologÍst
C.N. lfacKinnon, Head, Fraser River ünit
G.F. Berezay, Operations Support Biologlst

SEP Engineering Division,.

A.F. Lill., Chief, Engineering
J.ll. McNaIly, Senior fnpleuentatÍon Englneer
W. Leung, Senior project Engineer
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Thanks to XY3 Graphics for drafting the figures and to p.L. Rosberg for helpwith word processing this report, which was prepared using lhe Appleworki
Progran on Apple II nicroconputers and printed on a NEC Spinwriter printer.
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APPENDIX 1a. Pllot Deslgn Heno

J.l{.c. ttcNally
Sr. Inplementation Engineer
SEP Engineering

B.G. Shepherd
New Projects Coordj-nator
D.D. llacKin1aY
Desigm Biologist
SEP Operations
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I

SUBJECT
OBJ ET

SHUSI{AP RIVER PII¡T PRq'ECT

Table I gives the general container requirements for a pilot
facility to handle 11O,OOO chinook salmon of the Shuswap River for outplanting
at 2 gram size into the l{iddle Shusuap River above the l{ilsey Dâñ near
Lr:nby, British Columbia.

Due to the snall síze of this facility, and the incompleteness
of sater temperature and water quality data to date, no attenpt has been

nade to try to incorporate the pilot into a fuII scale facility design.
For a facility this surall, the reusable metal building approach would
probably be nost suitable, perhaps conbining the two Kelly Closu;es fron
Àdams and Finn.

part of the building should b€ cìesigned for bench-top work fot
fish sampling and record keeping, lab analysis and rePort writing, and

should be lighted and heated as a office,/Iab' Small hose bibs should be
provided about the facility fot sashdown, tagging, and sanpling work'
Á fridge and freezer ( lO - cu ft) are also required for storage of feed,
chenicals, and fish sanPles.

Since the water quality characteristics of the source water
are not yet known, provision should be nade to aerate all ltater before
distribution, including that going to hose bibs.

We hope this infor¡ation is sufficient to se¡r¡e preliminary
engineering design needs. If there are any questions please contact us
anytine.

DDI¡IACK/M

Aft. (1)

c.c. F.K. Sandercock

sEcuR[Y . CrlssrFrc lloN-oE sÊcunfTÊ

OUR FII.Ê'NOIRE RÊFÊFENCE

5903-85€ 160

January 20, 1983.

/)
' lt a

t'-t: {
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Table I. Container Reguirements for Shuswap River
Pilot Project.

Production

Incubation

Rèaring

Criteria

Fish:

Sunrivals:

Containers:

Eggs

Fry

Outplanted Fry

Àdult Return

Trays

SÈacks

Regrular Flos (LPM)

Flush Flov (LPl¡t)

Troughs

Lines

start Flow (LPt¡t)

End FIos (LPl{)

chinook salrcn; outplanÈ at

9Ot eggs to fry; 9Ot fry to
2t outplant to adult.

5K eggs/tray, I Èrays,/stack,
(19 LPl,t flush).

IIOK

99K

89t(

I.8K

22

3

45

57

2

'I

L20

240

2 gran size.

outplant;

15 LPt{,/stack

57K fry/trough, 2 troughs/LLne,
flows:I2O LPll (start),
240 LPtt (end) .



-t

I

-69-
Appendlx 1 b. Experinental Pllot ProposaÌ

F.K. Sandercock' Chief
SEP Enhancement Operations
À.F. Lill, Chief
SEP Engineering
R. Harrison, Chaiman
Fraser River Gl{G

B.G. Shepherd
New Projects CoordinaÈor
SEP Enhancement OPerations

Background

For the Thompson region Èo date, SEP has completed a pi.lot facility
on the Eagle River which is now beginning broodstock collection, and

will have three other piloÈs ready for operation in the fall of 1984

on the Cleanrater, Nicola and Shusuap systems. The Eagle facility was

funded from phase I of SEP, while Èhe other Èhree faciliÈies are Pert
of a Special Employment IniÈiaÈive Progran (SEIP nor ERI). Each pilot
was designed to ask a few specific questions regarding inland enhancetnent

strategiesr iÈ tdas hoped thaÈ their combined results would provide
overviews of Eore general rorth uiÈh res¡rect Èo outplanting and inprinting
strategies, etc. Targets for these facilities were based on the statistical
number of tags reguired (Table I) -

planning for the conÈinuation of SEP has resulted in the so-called
Transitional PLan, which enphasizes reconnaissance, feasibiliÈy, and

pilot projects, wiÈh soße expansion of existing facilities. Àn integral
part of Èhis plan was the inunediaÈe expansion to the above four facilities
in order. . . "to arrest the serious declines in chinook and also coho

stocks on the Fraser." (P 5OO, Annex II, Addendum A, l{arch I, 1983)'
However, EnhancemenÈ OPerations views the ilrÛîediate expansion Èo production
Ievels (see proposed targets in Table r) as very risky, until adult
returns resulting from Èhe existing pilot's are known. The Fraser GWG

recosmended not Èo proceed with large-scaIe chindok enhancement for
thj.s reason, and because of a desire to increase escaPements through
managenent actions, and an uncertainty as to the value of enhancing
stocks that nay contribute mainly to the Àlaskan fisheries (see Harrison-
swan meno of Juty 26,1983; file 5830-85-F107). In any event, the capital
funds allocated to construction of the expansions may not be adequaÈe

to achieve the proposed higher targets (A.F' Lill, Pers' com¡n') '

In sumnary, Èhen, the proposed expansion targets are regarded
as not feasible on several fronts. Yet in Èerms of not prematurely
foreclosing on any options, it seems Èo ¡ne to be desirable Èo continue
our initiative on Fraser chinook and coho in particular, and on definition
of upriver culture techniques in general.

BJÉCÎ
lJET

s¡cuftrì . cr¡ssrtrcA¡o¡ of Stcu¡fÎt

Oua Frrl ¡Oltf rCF€rtr.C¡

5903-85-T85
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The Purpose of This ltemo

I emphasize that ex

is that,
than the ,'marginal addi.than the ,'marginal addi.
identified in fhc îr:n¡ì..^_J :; _ :î,: L¡¡s l)resenE prlot oPerations,,
::"":i:;3,¿'? :, l' "::-'.'-' "* i11l il;' = 

* "; . ";:i1'. J;i:: :ff ï i :: :ï;
;tr.".ä"".-"'":.,,.^îi: -"::::_^.ro:{:r"-1, 

;;- .;";=ï:'."""*.ff'.-; .iååì;iï:T
:."'"i : 

"i 
".ãïï ï* 1' - :- " i'^::- ::: ;-": ;;" "u "T ï='1""i "n'i . # . : Ï: :il : :åiiiïl;"':,",:".'"'"î,.*;:,:l:f ï* j}:¡i{äi:i;J";un:i.ii.:;-:::i:i

#"iä"::::"r'r"r1ï';..'"ll:"";'-:-.'^1;i:;^:";h';";;"ä::1ä';ffi i;;;.;äi"iJ"""".:ï :ï:ì::unresolved -unresolved.

Outline of Àpproach

fashioT :3";:ìi:r"wirhin 
rhis memo has been approached in a ste¡xrise

l) 
l:":"J""::;;""= 

resardins upriver enhancmenr srraresies need ro
2) what are the experimentar requirements of the program modulesneeded to answer those questions?
3) 

i:::."".t"ä-L;#.r:ie,existine sites dear wirh, and whar are their
4) what are the physical constraints at each site?s) 

:ïïàï';ir":.T above items, whar wourd rhe Èarsers be ror each

(t) 
rateqies:

i)
The
was in excess of present levels of utiri:stocks. Bioreconnaissance sÈudies done by
f:;r.tl' iîåîi""t="run'...#:'_ .n: rasr rwo years do indicare empry
capabirirv were made, and ,liï. F ";::: ,Ii:T'ri"in]"""i".:r."';ïï:some upper timiÈs' However, it is p"i"i"a out that the habitat

/3
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may be vacated of necessity, because of the prolonged downstrearr
migration that Thompson juveniles face. Rearing in the Thompson
and Fraser mainstems is at Present a tblack box' entity. Moreover,
recent studies of Ceratonqrxa shasta infectivity in the lower Fraser
have indicated thaÈ outnigrants may have to fit through a very
narrow timing window. The productivity of juvenile rel-eases into
apparentJ.y underutilized areas of the thompson therefore deserves
a close look, both in terms of ¡rcst-release juvenile distribution
and survival, and of juvenile-adult sun¡ival.

ii) What release methods must be used to
in chosen areas and survival to aõftz rit,e and size release exper-
imentation is required. Às a g"t.ET-guide, BilÈon's work at coastal
facilities would indicate that size of fish at release has much
Iess effect on survivaL to adult than does the timing of release.
For the Thompson, there is additional complexity in that rearing-
and dow¡stream migration success must be separated and evaluated.

iii) t{hat methods must be used to minimize aduÌt straying? l,tethods
of release to ensure imprinting to return sites must be investigated.
In general, Lister's review would indicate that much higher sÈraying
rates can be expected where the returning fish passes the hatchery
prior to the release site (ie, upstrea¡n outplanÈs). Size at release,
time of release, and holding period are oÈher ¡rctentially im¡:ortant
factors requiring evaluation for both upstream and downstream
outplanÈs.

iv)
The uncertainty as to whether coastal data wirl appty inland has
been mentioned previously. Horrrever, even within the Thompson region
there is a marked disparity in climate between the North and South
Thompson. In addition, the South Thompson requires fish to migraÈe
through a highly complex lake system.

v) How can hatchery effluent be controlled or treaÈed? This is
an inPortant technological question for the Interior Drybett systems.
Either we avoid producing effluent during the crucial periods
of the year by early outplanting of Èhe fish (as pro¡rcsed for
the Eagle) t ot we find ways of treating or disposing of it (eg,
overland spray irrigation at Nicola).

2t:
The following Progr¿rm modules were developed in consultation with
T- Perry, and are based on preferred minimum numbers required
to provide sÈatisticarly-vatid answers to the questions ¡rcsedin the previous section:

i) Gross strategies for Release. At a minimum, one chinook and

/4
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per geographically-distinct area
be subjected in the same year

(two would be pre-
to four strategies,

Species
Release
Period

Fish
Size

No. of
Tags

to0K
80K
80K
50K

310K

t00K
75K
75K
25K

275K

No. of
hEggs"

t50K
t25K
l25K
t00K

500K

Chinook First Spring
First Spring
First Falt
Second Spring

First Spring
First FalI
First Fallc
Second Spring

2g
59
59

tO-t59o

'29
59

lOq
ro-iosa

l50K
t20K
lloK

50K

430K

apreferred size underlined
'b=rrr.ri.ral rates used are

biostandards, to ensure
obtained.

tthi= group optional.

(corres¡rcnd to wild smolt eggs)

-]0t more conservative than
that tag group nu¡nbers are

:. Where smolt-size fish are beingon period, the release should be3ases of 59 sub-l and lO_I59 sub_coho should be examined in this
geographically distinct region-- 

l hatchery-return stocks in each

Release
Timing

4 wk early
2 wk earLy
at peak
2 wk laÈe
4 wk late

l0g+ 5 lots
(sub-2) (as above)

No. of
Tags

2s-sof
zs-ior€
zs-sof
2s-sof
zs-sore

No. of
E99s

4o-€qK
40-80K
40-80K
40-80K
40-80K

125-250K 200-4ooK

25-50K So-rooK
(x s) (x s)

125-250K 250-5ooK

/s
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109+ 5 lots
(sub-2) (as above)

25K
(xs )

125K

45K
(x5 )

225I(

a preferred nr¡mber underlined.

iii) Itlaximization of Rearing in Release Areas. Where f ish are
released at times and sizes meant to encourage instream rearing.
allowance should be made for various experimental groups to investi-
gate details of release methodology (eg, upstre¿ìm versus downstream
dump sites, ¡rcint versus scatter releases, etc.). Some of these
items may be best eva.Luated by instream survey during the. juvenile
rearing period, which would require additional fin clips or marks
that would be recognizable without sacrifice of the juveniles.
If four tag lots per stock rdere arbitrarily allowed for this
purpose, nu.nbers would be as follow--

)

Species

Chinook

Release
Size (Time)

2g
(Spring)

No. of
Tags_

lOOKx4
= 4O0K

No. of
Eggs

15OK-:(4

= 6O0K

59
( FaIl )

8OKx4
= 32OK

L25Kx4
= 5O0K

Coho 2g
(Spring)

100Kx4
= 40OK

l5OKr(4
= 6OOK

59
1 rall )

75Kx4
= 300K

120Kx4
= 480K

log
( FaIt )

75Kx4
= 300K

ltOKx4
= 44OK

These studies should interface with the rearing capacity determÍn-
ations outlined in Section 3.'

iv) Strategies to Ensure Imprinting. Artificial rearing of juveniles
may be required to ensure homing of adults to satellite streams.
In each geographic area, both an upstream and a downstream stock
of each species should be subjected to various durations of instream

/6
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artificial rearing. Suggested numbers are__

Release Imprinting
Species Size (Tine) period

No. of
Tags

100K
tooK
IOOK

300K

50K
50K
50K
50K

400K

No. of
Eqqs

t50K
I5OK
t50K

450K

80K
80K
80K
80K

320K

Chinook 29^ none
(Spring) I day

I week

1s
( Spring)

none
I day
l- week.
I month

Coho 2g^
( Spring)

-a5g+
( Fatl )

109+
(Spring)

none
I day
I week

none
1 day
I week

none
I day
I week
I month

IOOK
100K
tooK

t50K
t 50K
I5OK

300K

75K
75K
75K

450K

l20K
t20K
l20K

225K

25K
25K
25K
25K

360K

50K
50K
50K
50K

l00K 200K

a optional (see text conments following)

'a-luating irnprinting of potential
oint releases of premigånts are)r to release may promote naÈural

unrque marks recosnizabte on ,r"" lll!;i.å1t 
be best handled usins

/7
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(3) Determination of Rearing Capacities:

Biological baseline studies done to daÈe by BCFIr¡ and consultants
have used various methods to predict fry stocking capacities for
most of the systems of interest in this region (Table -21. Shuswap
surveys are being done in 1983 by BCFÍ{. These predicted capacities
are highly theoretical; the acid test of their accuracy would be
to Load selected small-Èo-medium sized streams to saturation in
each geographically distinct area, with post-sÈockÍng assessment
of juvenile production. In addition, densities could be varied by
reach within certain streams ¡ for each' stream and species so treated,
six l00K tag groups (high, medium and low densities in both uPPer
and lower sections of the watershed) would be required for 29 fish'

(4) Broodstock Potentials of EnhancgÞIg 9Ej!98:

Table tists the major stocks in the region that were recommended
for enhancement by the Fraser cwc (meuro of February 27 ' 1980; fj-le
583O-13-I) - Pro¡rcsed targets in Table 3 have been adjusted from
that original memo by halving the large mainstem chinook and all-
coho targets (8. Pearce, pers. co¡nm., l'lay 14, 1982).

(5) Site Constraints:

Site investigations to date (see Table 4) indicate that some
of the sites may be better suited physically to certain experimental
approaches than others. For example, temperature manipulation is
critical for time-and-size experimentation: the Clearwater and
Nicola sites show Èhe most potential for temperature manipulation
folLowed by Eagle, while the Shuswap site is not yet defined.

AJ.though construction cosÈing has not been done Èo date, the
maximum possible without requiring a TB Submission (ie, a minor
project) is now $1¡1. This apparently is in addition to any existing
invest-ment, thus the Shuswap facility would be at or under $ltt and
the other sites could total SI.5l¡t. Às a rough guide, this would
limit the Shuswap facility to something slightly larger than Tenderfoot
(S0.75M estimated Èotal; adulÈ returns of lOK chinook, l5K coho
and 2K steeLhead; 3800 kg of juveniles released) and the other facil-
ities to something slightty smaller than Inchrs ($2M estimated total;
adult returns of Il4K chum and 25K coho; 9OO0 kg of juveniles released).

(6) Putting the Pieces Together:

Using the information conÈained in the previous section, it
is predicted that the annual capacity of the expanded facilities
would be 50OO kg for Shuswap and 70OO kg for Èhe others. The demands
of the pro¡rcsed experimental program alone (Table 5) are far in
excess of these projected capacities. This suggests that $re must
priorize our 'studies and stretch the progran beyond one year. In
terms of prioriÈies, gross time and size studies are considered

)
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to be first, imprinting strategies
maximization of rearing fourth. It
of rearing could be investigated concr
and that the imprinting and detail
well (as per the I9g3 euesnel prograrnl

Targetting shourd remain frexible for these facirities; sampreapproaches have been outrined for each facirity in Tables 6_g, but itis emphasized that there are a urultitude of equally workable (and perhapssible. To-achieve this flexibility, therevolve around a basic lot size of 2OOxrough to the release point. To meet theuire that much of the separation during
. vj-a screening within a common container,rather than via separate containers. rt is im¡rcrtant to identify thisconsequence; arthough disease surveys to date have not rturned up trib_utary-unique diseases that courd trave major impact on the other stocksof each area' our sampÌing is incompr.eie. Therefore, such an approachwirl be a calcuLated risk' and may result in extensive retrofits whenmore data become available.

The rationale resulting in the suggesÈed targets as outLined inTables 6-8 are discussed by faciliÈy betowll

i) The North Thom area facility at Clean¿ater (Table 6)
Of the six chinook and eight coho major stocks (ff systems) recommendedfor enhancement by the GWG (Table 3) , it i s crrdôêê+Ã,¡ +L_!pil_ an expandedpil all but the 

crn exPanoecl
cre instem chinook .:11 !""t:tha ects Division rs presumed

tl- continueon rt is emphasized that the existence of anrcessarily result in non_consideration
nities for cooperative programs thatof stocks reared both on_site and
Lemieux Creek coho have been included
¡f satellited fish versus fish reared; of piloÈ efforts, the North Thompson
due to the Iogistical difficutLiesthat their monitoring would present.

,tftrater River are proposed as hatcherv _
l0g size might be achievable in th;echannel or in pens). Their timits
and GWG targets are relatively high,e is considered ¡rcor. The CLea¡*raterstocks therefore would be emphasized in terms of ,smolt, time and sizeexperimentation' The high brooàstock and GWG rimits versus the row rearingpotential similarry resulted in the selection of l,tahood River chinookand Lion creek coho for 'smoltr time and size experimentation upsrream

/e
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of the hatchery. Finn Creek is usable for chinook premigrant outplants,
both to check on rearing capacity predictions and to evaluate upstream
imprinting Èechniques. Raft River is of special interest for both chinook
and coho, nainly due to its proxiutity to the hatchery site; it is con-
sidered most suited to a rearing capacity check for premigrant chinook
and rearing,/imprinting of premigrant coho. Coho tine and size releases
at Clean¡ater were natched to upstream (Blue River) and downstream
(Dunn Creek)releases in the same year.

In general, the facility as proposed would deal with approximateJ-y
2 . 8I'1 e99s , resulting in up to I .6tt j uveniles released, and total adult
production of l9K chinook and 18K coho. The facility should have the
¡rctential to separate the. juveniles into 14 lots.

ii) The South thostpson area--Eagle and Shuswap facilities (Table 7).
Save for the South Thompson mainstem chinooks, the six major chinook
and six major coho stocks recommended by the GWG for enhancement (Table
3) are dealt with between Èhe two facilities.

The Eagle facility (Table 7A) emphasizes Eagle, Salmon, and Adams
chinook and coho sÈocks, âs the others are constrained by broodstock
availability or GWG targets to below the useful level for release experi-
mentation. It should be noted that the use of Àdams stock may be argued
against by the IPFSC or other interest group; if it is preferred, South
Thompson nainstem chinook stock could be substituted for Adams stocks.
Outplanting liutits to the Perry, Crazy and South¡rass systems would
be tested, and build-up of stocks in the Seymour River wouLd be initiated.
Tappen and Trinity Creeks have been identified as having some rearing
potential for coho (Table 2l buÈ have not been included in the present
plants; they should be kept in rnind as possible alternatives, but may
be better handled via SPD. As pro¡rosed, the Eagle facility would handle
total numbers of eggs and juveniles (2.8ü and 1.7M, respectively) thaÈ
are similar to those pro¡rcsed for Cleanrater; however, coho receive
more emphasis at Eagle, resulting in toÈal adult production of l3K
chinook and 30K coho. Às for Cleanrater, physical separation of up
to 14 lots should be aimed for.

The Shuswap Falls facility (Table 7Bl, on the other hand, would
concentrate efforÈ on the two major mainstem chinook stocks of the
!,liddle and Loriler Shuswap Rivers. Às rearing capacity studies of the
Middle Shuswap area are not yet complete, the pro¡nsed outplant levels
for the Midd1e Shuswap above the dan and for Èhe Lower Shuswap River,
Wap Creek, and Bessette Creek are subject to further adjustrnent. The
facility as proposed would require a capacity of up to I.9Èt eggs and
L.2yt juveniles released, with se¡nration of up to I0 lots ¡rcssible.
Total adult production is tentatively projected at l6K chinook and
6K coho.

iii) The Lower Thompson area facility at Spius Creek (Table 8).
Of the four major chinook and four major coho stocks recommended
the cwc for enhancement, alÌ but Thompson mainstem chinooks would

by
be
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utilized. rn addition, three minor stocks--spius creek chinook and Makaand Guichon creeka coho--are proposed for the pilot faciriÈy, in order
:: ilability for experimentaÈion and perforn checks
::, Thompson mainstem is avoided, due to J_ogisticalcrrr separation and collection ês well as in monitoring.
i: e spius coho li¡rit suggested by the cwc is exceededr¡r advantage of hatchery reÈurns in the monitoringof s.

rn general, t-he facility should be sized to carry up to Lz separableJ'ots, comprising 2-3M eggs and 1.4M juveniles released. projected totaladult production wourd be in the order of l3K chinook and. 23K coho.

SUl.tl.lÀRY

The preceeding nay seem an overry circuitous and comprex approachto targeÈting for these facirities, especially in light of the very sinirartarget levels produced for the different progr¿rm combinations--

Facilitv

Cl-eat*¡ate¡
Eagle
Spius

Shuswap

Capital
Linit (kg)

7000
7000
7000

5000

Maxinun
Suggested

Capacitv (kg)

6975
7075
7L25

4700

Maximum
No. of

Eggs

2 .8M
2.91,1
2 .Avt

l.9M

Maximlun
No. of

Juv. Rel.

t.6M
I .8M
I .4Ir{

t .2lri

Total Adult
Production

37K
43K
36K

22K

No. of
Stocks

9
L2
TO

6

However' r feel that it is necessary that the development of the expanded-prrotconcept and its targetting rationale be thoroughly documented, understood, andcouunited to bv all grouPs prior to undertaking more detailed pranning and design.rf anyone has proUtems witn the concept as äeveloped here, your rapid feedbackwould be most appreciated.

aBroodstock may have to be taken frour the Nicola River.

BGSr/uuut

c. c. C-N.
E.A.

J.
w.
B.
N.
D.
M

MacKinnon
Perry
IrlcNally
Schouwenburg
Pearce
Schubert
Deans
Sheng

B.c. Shepher



Table I. Prior rationale and targets for Thompson area pilots.

PILOT AS PRESENTLY CONSTRUCTED

Project

Clearwater Upstrean and
downstream CN and CO

release strategies; fall CO

outplant;
familiarization with
systems

Eagle Srrllmer outplants to
underutilized areas;
upstream and downstream CO

and downstream CN release strat-
egies; effluent treatment

Nicola Effluent control; solar
heating; outplanting
to underutilized areasi
familiarization with
systems

Shuswap Spring outplanting to
area upstream of dam

Purpose Species

CN

CN

co

Clearwater
Raft
Finn
Lemieux
Lion
Dunn

EagIe
Salmon

Eagle
Salmon

Coldwater
Spius
Coldwater

Shuswap

t10K
IIOK
l10K
IIOK
IO5K
105K

l25K
125K
250K.

2xr2srcl
2xI25KD

IIOK
IIOK
lo5K

lloK

Stocks (Release Size)
Number of

Eggs Adultsa

TRANSITIONAL
PI,AN TARGETS

Àdultsa frour
AII Systems

25K

18K

3lK

l7K

9K

2K

26K

5K

(ss)
( ss)
(ss)
( 5s)
(ss)
(ss)

(5s)
( 5s)
(zsl
(2sl
(2sl

(zsl

I .8K
I.8K
I .8K
I .8K
2 .3K
2.3K

2.OK
2. OK

4.lK
3 .lK
3 .lK

I .8K
I .8K
2.3K

I .8K

I

\(o
I

(5s)
(5s)
( ss)

a

b
Total adult production.
Divided into upper and lower watershed plants (uniqueJ-y marked) -



Tabre 2- sugqested rearing capacities for Thompson area systems-

SYSTEITI

PREDICTED
FRY STOCKING

CÀPÀCITY REFERENCES REMÀRKS OF METHODS USED

NORTH

THOMPSON
Louis Cr

Lion Cr

Blue R

N. Thompson R

Finn Cr

Raft R

Lemieux Cr

Joseph Cr

Dunn Cr

McTaggart Cr

N. Barriere R

E. Barriere R

Harper Cr

Fennell Cr

Eagle R

Salmon R

Àdams R

S. Thompson R

,,. Seymour R

500K (CO)
1032K (CO)

o (co)

28OK (co)

3OOK (CO)

Ptolemy (t982)

flhelan et al (f982)

FHfS approach; 29 CO and CN per EOSC survivalstandards.

Marshall approach; smolts i fOt to give nos. of29 fry; prernigrant CN releases not recommendedon basis of natural emigration from headwater
areas.

FHfS approach; O.5 fishr/m2 (maximu¡n)/see
remarks above.

8OK (cN+co¡ aTtsor(co) b stewarr
Whelan

565K (CN+ CO'ta /288K(CO) 
b

83K (CN+CO)a

19OK (CN+CO)

40K (CO)

6K (CO)

/,385K (CO)

t22K (co)

5OOK (CO+CN) a

7K (CO)

24OK (CO)

3L6OK (co)

r43OK (CO)

28OK (CO)

76OK (CO)

84K (CN) a

et aI
et aI

(L983t /
( r982 )

I

@o
I

SOUTH

THOITîPSON I{helan et al (1982) Marshall
29 fry¡
on basis
areas.

FHIS and
outplant

approach; smolts ; l0S to give nos. ofpremigrant CN releases noÈ recommended
of natural emigration from headwater

Marshall approaches; 59 CN and fall
of CN-

Sebastian (1993)



Table 2- (continued)

AREA SYSTtt't

PREDICTED
FRY STOCKING

CÀPÀCITY REFERENCES

SOUTH Perry R
THOMPSON

Crazy Cr

South pass Cr

Tappen Cr

Trinity Cr

I,oI{ER Nicola R
THOMPSON

l,laka Cr

Coldwater R

Spius Cr

Guichon Cr

Deadman Cr

1t4K (CN) a (See previous page)
25K (CO)

Ìr45K (CO) 
.-

7K (CO)

25K (CO)

7sK (Co)

370K (Cìt) Sebasrian (f982)

23R (CO)

24OK (CN)
423K (CO)

72K (C1.¡)

6OK (CO)

45OK (C1¡) Sebastian (L9B2l;
Tredger (f980)

REITIARKS ON METHoDS USED

FHIS and Marshall approaches¡ 2 - 39 CN and
59 Co.

FHIS and Marshall approaches¡ 2 - 39 CN._

I

@

I

a àccessible and inaccessible sections combined-

b in"""..sible section only.



Table 3- Broodstock Potentials and cwc Èargets for ma¡or stocks of the Thompson region recommended for enhancemen¡ by the Fraser GWG.

CHINOOK coHo
Proposed Àverage Broodstock Limits Proposeda

Increment

9K

l3K
3K
4K
4K

6K
5K

loK

]K
l7K
l2K

3K
2K
4K

4K
6K
IK
3K

Àveraqe -,-tl
Escaperìent

8t8
97I

L7
52

t843
4tl
752
369
416
57t

IO06

4to
192

t 8l9
t409

365
2t6
4?L

L92
367
5t8

52
364

Broodstock Limitsu
No. of Femal.es No, of E99sSysÈem Incrementà EscapemenLb No. of Fenales No. of Eggs

NORTH

THOMPSON

sourH
THq{PSOt{

TõdER
THOI{PSON

Harnstem
Clearuater R

M¿hood R

Finn Cr
Lours Cr
Raft. R
Bðrriere R

Blue R

Dunn Cr
Lemier¡x Cr
Lion Cr

llainsteD
Middle Shusyap R

Louer Shusuap R

Eagle R

Salnon R

Àdams R

Wap Cr
Bessette Cr

l{a instern
Nrcola R

CoLduater R

Deadman Cr
Sprus Cr

t5K
l5K

5K
8K
2K

3K

40K
8K

75K
7K
5K

24K

25K
28K
t4K

3K

1840
I 790

275
5t5
94

20f
23
t8

20
2I

4't73
495

8490
401
266

r320

29

24t7
2950
6tt
I52
34)

350
340

50
loo

20
30

2IOOK
2040K

300K
600K
I 20K
l80K

5400K
540K

9600K
400K
250K

1500K

2760K
3360K

720K
90K

400K

t50
t80

150
80

140
70
80

t ì.0
t90

40
140
270
70
40
90

70
too
to
70

ìt25K
450K

875K
200K
l 50K
I 75K
200K
275K
475K

I OOK

850K
6 75K
t75K
looK
225K

I 75K
250K

25K
I 75K

I

@
Ì\)
I

900
90

1600
ao
50

25(J

460
560
t20

30'lo

u tot.I adult productlon-
b IgZì.-tgrO averdges from Fraser et al (I9a2).
" 3Or of aver¿rge escapemenci 3:5 M:F; cN fecundity 6K except E¿gre and sarmon 5K

o o
and Deadm¿n 3K; CO fecundity 2-5K for dll stocks.



Table 4- Possible site constraints for expanded Thompson fæiriLies-

Facility t{ater Qual-ity and Quantity Adequate Land S.
clearsater 2 wells - oK YEs - wells simiLar but higher temp than ygs lMDutch Lk_ NO river through winter; both .ã,r."."

Clearwater R - OK feasible as pumped supplies

Eagre wetr *l - oK (yES) - wetr #r higher temp than river ygs rMWelt ll2 - OK? (metals) through winter; weII ü2 may
crazy Cr- oK approach river temps in prolonged
Eagle R - OK? (disease) pumping; all sources pumped except

Crazy Cr (preferred sfc source).

Nicola 2 wells - oK YEs - wells higher temp than river through yES I¡,t
spius cr- oK? (silt, perurit) winter (?); all sources pumped for

incubation, maybe gravity for rearing;
solar heating expt-

Shuswap existíng wells - No ? - only proven source to date is dam ? tM ((inadequate quantity) (gravity) /river (pumped) (

ShuswapR-OK? (silt,
BCH cooperation)

a 
Haximum possibte without TB Submission.



Table 5.

84-

sunmary of tagging requirements of experimenÈar modures for each9eographically-distinct area.

ModuÌe species size "i;n3t *.T31."u ¡"rll".a l.tinimum pref erred

l5oo 3OOOa
2-1O9+

2-109+

500K

320K

3loK

200K

1500+

825 825 3150b

GROSS
TTME & SrZE

DETÀTLED
TIüTNG

MAXTMIZE
REARING

59
IOg+

lOg+

200K
250K

t80K

125K
125K

l25K

625
1250+

l25O+

625
t250

r250

I 35Oc
25ooc

2500c

800
0

800
1500

o

co

2g
59

2g
59

log

600K
500K

600K
480K
440K

400K
320K

400K
300K
300K

800
r_600

800
1500
3000

800
1600

800
1500
3000

I¡{PRTNTING
STRÀTEGTES

co

2g
59

2g
59+

109+

450K
'320K

450K
360K
200K

300K
200K

300K
225K
looK

600
1000

600
112s
1000

0
lo00

0
1125

0

600
L000

600
tt25
I000

TOTÀI.

GRÀND TOTÀL

CN

co
2820K

3090K

5910K

t780K

2000K

3780K

51 75

5425

I0600

l_0850

L2525

23375

a

b

c

Two stocks/area.
lwo stocks/area,
Tag lots doubled

plus 109 in
in size.

first fall (75O kg/srock).



Iablc 6. 0cvcloprcnt of targets (all but suggested capacity ou.bers e¡pressed in kg of juveniles released) for a 7000-19 expandcd pilot facility
¿t Clcar¡ater to scrvicc thc Iorth fhorpson area. -

(sI¿t fOR EROOD IODIfItO RTARIIIG

cil,c 0f slocf GIG CAPACI lY

SUGGTSIIO FACILIIY PROGRAI su66tstt0 f Acil,t lY cAPAc¡ lY

sptctts sr0cÍ r.trrls)a urll tlltll l-ll¡T YR I (PuRPoSt) tR 2 (PURP0sr )

lo. uf lo. of llo. of

YR 3r tggs Juv Rel Adults

YRt YR2 YRt YR2

500r( (00Í 310Í 250f

500f 300f 3tor ?001( |

300r( 80of looÍ 3ool 3
Rcpcat yrs I 500f 500f 200f ?00f I

and ? high- 18001 2000r gzor 950t( -tgx
priority itcrs

OR

3001( 200Í 200f 100(

Pro9ra¡ t00f 0 80x 0

0 200f 0 l00f

t000t( 000l( 680f (251( - 18(

2s001( 2800r '1600( l37sr --l¿!-

CHnt0ot( CttARtA¡tR (5Sl t300 5000 0? 1500 (tirc € size; HY rel.)b 1250 (S9 tiring, llY rcl.)
' tAH000 (59) ll00 1700 0? 1500 (ti¡c t si¡c, US rcl.) 1000 (59 irprinting)

FItil (zs) 900 2100 200 200 (29 LIS cap. chcck) 600 (29 irgrinting)

RAfI (ZC) 300 800 400 {00 (?9 uS cap. ch¿ct) 400 (pc¡ Yff l)

su8tolÂr 3600 3250

C0[0 Ctt^RtlrtR (2S) 6100 1300 O? 825 (ti¡c 0 si¿e, ttt rcl.)b 1250 (19+ tiring, llY rcl.]

RltI (ss) 700 500 l5oo o

StUt f5s) 600 700 1500 825 (ti¡e I siz¿, US rel. ) 0

Duttc (ss) 700 1000 250 825 (ti¡¿ E si¡e, DS rel. ) 0

lililtuxc (59) ¡000 800 400 100 (59 DS cap. check) 0

L I0r ( zs ) 6400 1300 o _0
28t5

ll25 (59 uS irprinting) study lorer- 0 (00f 0 2251(

Þrioritl*iters 3ooÍ o 2oot( o

redirect 3001( 0 2001( 0

su8I0Itt

GffANO TOTÂI-
64 ?5

1250 (-t09. tiring, tlS rel. )

3625

68 75

a 
t0SC biostandards uscd to conYert t¡rgets to reight of juveniles ¡cleascd'

b R.u..d beyond l0g in river sidechannel/pens?

c 
Coopcrative prograr rith CIIC Projcct ray be possible to evaluate offsitc vs onsite irprinting.



IabIc TA.0cvcloprent of targets for a 7000-k9 cxpanded pilot facility on thc Iagle
kg of juveniles releascd) to scrvice the South lhorpson arca.

River (all but suggested capacity nurbers erprcssed in

(stzt fofl BR00D
-cttc 0f sroct(

SlOCx ¡ttIS)a ¡i¡l

IOOIfIID RIAflII{G
GIG CAPACI]Y

ilil t tllil t

2400 0

_ 500

t700 0

8000 0

_ 400

2833 6100

t00

_ 200

-50
2000 2900

s00 600

- 400

SUGGf SIIO f ACII-¡ IY PROGRAII

sPtctts llo. of
YR 3+ tggs_

YRI IRz

llo. of
Juv. Rel.

Y8 I fR2

3l0r( ) 3 7sf

o)
200r( (00x

3t0x 200t(

50x 50(

6 tol( l02st :_!¡_

260r( t85f

20f 20(

200Í 225X

300x 300f

20t( Iot(

790r( 740t( - 30t(

llo, of
ldul ts

cHllt00t( tÂGtt

PIRRY

sAtt0I

a0lts

ST Y TOUR

SUSI()IAt

c0H0 t^ctt

PTRRY

CRIZ Y

s0u I ltPAss

s^u0r

a0ilts

st lË0uR

SU8IOIAI.

GRANO IOIAT

YR I (PURP0SI) YR2

1500 (tire t sire, lty rcl.) tZ50

0 500

1000 (59 irprinting) 800

1500 ( tirc t size, 0S rel. ) t000

100 (build stoct) f00

{ I 00 3650

8?5 (tire 6 sirc, HY rel.) fZ50

t00 (59 cap. chect) t00

200 (59 cap. check) 200

50 (59 cap. chect) t00

825 (tirc G sire DS rcl.) il25

600 (29 irprinting, cap. 600

chcck )5u 50

2650 3{25

6125 7075

( l0g+ tiring, HY rel. )

(2e irprintine,ncap,

(29 cap. chrck)

(5g oS irprinting)
(pcr Yfl l)

(109' tiring, HY rcl.)
(pcr Yß t)

(per YR r)

(59 cap. check)

(5g+ DS irprinting)
(29 irprinting, cap.

check )

Repeat 500t( )

YRs 0)
I and 2 l00t(

high-priority 500t(

i t¿¡s 50f

0R I 350r

I (00x

Study )

lorcr-priority )

i tc¡s 251(

300x
08

750f

fledircct 
25Í

Pro9rar 1500x

( PURPoST )

(ssl

(2e)

(5s)

(ss)

(2e )

(ss)

(ss)

(5e )

(se)

(5s)

(5s)

(ss)

11500

)

900

5400

t00

)rroo

)

I

¡00

2500

õ00

50

600t(

300f

300x

50r

I 250f

300r(

50f

100r

t50f

25Í

I 525X

2t tst

I

@o,
I

2850f ¡660r( 1765x -43t(

a 
tOsc biostandards uscd to convcrt targets to yeight of juveniles relcased.



Iablc TS.0cveloprent of targcts for a 5000-k9 pilot facility on thc liddlc Shusrap River (all but suggcstcd capacity nurbcrs crpressed in
k9 of juveni lcs rcleased) to service the South Ihorpson area.

(stzt FoR BRooD

c^t-c 0f stocr(
SI0CX g¡tS)a rti¡

ITODITIIO RTAffING

GIG CAPACIIY

tIIIII LIIIII

SUGGTSITO f ACITI IY PROGRAII succtsttD FÂcil-¡ lY cÂPAclil

sPtctts

cH ¡ t00t(

c0H0

GR^10 I0Ilr.

YflI ( PuRPosr ) YR 2 ( PuRPoSr )

l{o. o f
YR 3. t ggt

YRI YR2

tlo. of lo. of
Âdu I ts

l. sltust^P

ASOYT DÂI

r. sHust^P

suSI0tAt

trP

Stssttrt b

t. SIIUSTAP

su8 I0 I tr

(ss )

(2s)

(ss)

(5s)

(ss)

(5s)

) zooo

)

34600

400

800

400

'12100

)

25000

1500 (tire t size, HY rcl. ) 1250

500 (2g cap. chect) 500

1500 (tirc t size, 0S rel.) t625

33 ?5

{00 (59 cap. chcck) 400

400 (59 cap. chcct) 400

400 (59 cap. chcck) 400

( 109+ tiring)

(29 cap. chcct)

(59 D5 irprinting
I tiring)

(pcr l[ l)

(per YR l)
(pc¡ YR l)

¡ tcrs

OR

Study

lorcr-priority

i tc¡s

OR

Rcdir¿ct

pro9rar

Repeat 5001(

YRSland2 400t(

high-priority 700t(

3r0( l25t(

250t 250Ã

4 35X 325t(

700x - I 6t(

00x Eot(

80r( 80t(

80r( 80x

1600t(

I 00Í

l00r(

I 00t

250t(

{00x

500f

I l50f

l00f

I 00f

l00r(

I

@\
-l3500 995f

{00

700

400

7

1

I 200

{ 700

I 200

{575

300t( 300Í 210t, 240t õ(

1900r( t450r( t235f 940t( 22t1

a 
t0SC biostanda¡ds uscd to convGrt targets to reight of juveniles rrleased.

b Cooperativc prograr rith SPD?



lable S.0eveloprent of t¡rgets (all but suggested capacity nurbers erpressed
on Spius Crcck to service the Io:er Ihorpson area.

in kg of juveniles rele¿sed) for a 7000-kq erpanded pilot facility

(stzt f0R 8R000 ioDIflt0
c^tc 0f srocí 6rG

r-¡rils) a util ttil t

ßt^Rt¡G
cÂP^c I I Y

r-ililt

800

200

500

900

( PURP0ST )

SUGCtSItO f ICIII IY PROCRAT sucGtsttD FAcil-t IY c^P^ct n

sPtclts sIocf

cHli00t( tiIc0tA

SPIUS

c0t-0tl I t R

Dtt0tât

su8 t0 IAt

c0H0 u c0t-l

c0t0tAI f R

Dt ADIAI

SPIUS

tlr( 
^

GU I Cfot

su8 I0 rlt

GRAIO IOITL

600 0 I 250 (59+ irprinting, US/DS

rcl. )

(59+ irprinting)

(l0g+ tiring. llY rcl. )

( 59 cap. chccl )

(59 cap. chcct)

lo. of lo. of
t 99s Juv. Rc I .

YR¡ YRz YRI YRz

200x 300f r 25[ 2o0t(

500r( 250f 3t0Í l?5i

500r( 450f 3l0x 300t(

200f 200f I 00t( t00t

1400t( I 200t( 8( 5X 'ì251

200f 400t(

300r( 400f

50r( 0

3001 200f

0 50x

0 t00f

850r( I l50i

2250r( 2350t(

I 25f

YRI YR2 ( PuRPosr )

lo. of

^dults

{ zs } szoo

(ss) l4{o

l2gl I loo

(zsl 2oo

(zoe¡ ztoo

(ss) 9oo

( zos ) 4oo

(zoe¡ 27oo

(ss) ?

(5g) ?

,500

0

3800

800

t000 2100

400 0

400 0

- 100

- 300

625

I 500

I 500

200

38?5

(59 tirins)
(ti¡c C sizc, HY rcl.)
(tirc 0 sizc, 0S rel. )

(2g build stoch)

( lo9. tiring)

(tire 0 si:c, US rel.)
(¡ect li¡its)
(tirc t sirc ltY rel.)

1000 (59 irprinting)

1250 (109r tiring. ly)

600 (29 irprinting US)

200 (29 build stock)

3050

YR 3..

flcpcat YRS

I znó2

high-priority

i tc¡s

OR

St udy

I orcr-

priority

ite¡s

()R

Rcd i rcc t

Pro9ra¡

825

400

825

0

0

3300

1 t25

It25

I t25

0

I 250

100

300

3900

6950

200t( 2?5t

?0f 0

?00f I 25f

0 20x

0 60t(

5{5X 655t(

I l90x I 380t(

I

_@
o

I3f I

z3t

36f

a 
t0SC biostandards used to cony.rt tergcts !o reight of juveniles released.

a
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B.G. ShcPhcrô

Nev ProJcct¡ CoordLutor
FacilitY qFnttu

D.D. l{acKlnlaY
Design Biologlst
Ncw Projcctt Unit

FEASIBILITT À¡¡D SIZING FOR PROPOSED E¡(PAI¡DÐ TËOI{PSON PII¡TS

Thl,s ne¡o le a follor-up to your BGro to Sa¡rdcrcock, LIII and Earrleon of
Scptcabcr 14, 1983 on tl¡lg flle. ID ft you pro¡need expertncntal deslga¡ and flsÌF
ca¡nclty tårg€ts for thc four piloÈ facllltlc¡ r¡¡rdsr congÈructlon in thc fholpron
Rlver systeo. Ttris Eeno uaes thaÈ expcrincntal plan to dcter¡1no rh¿t ¡12¡ ot
facltity ie rcgulrcd at each sLte. Íhc aencral feagibillty of thc er¡lcrlr¡t¡l
prograns is brlefly discuesed.

Dcstgn æEoa havc already been w¡ltten on each of thcsc facllltic¡ (for
cleamatcr: shepherd and H¡cK[nIay to ¡.lcNatly and Peterson, îeb 22' 1983 on flle
5903-85{261; for Eagle: Sandercock, Shepherd a¡¡d tlacKinlay to Lill, rbNally and

peterson, July 31, 1981 on file 5903-85-E7¡ for Shuewap: tlacKLnlay to Shcphcrd,

Jr:¡re g, 1983 and Shepherd and UacKinlay to llcNally, Jan 20, 1983 on f lle
5go3-g5-s160; and for Sptua¡ sandercock, shephcrd and t{åcKinlay to l{cNally,
Nelleon and Rowland, April 25, 1983 on filc 5903-85-Nl l0) and tàe discuEsion on

fleh culture technlque and evcnt Èiolng prescnted In thoee neno sÈj'II holds Èrt¡ê.

Onty the container and flow sizi,ng changes rlth tìe change in tårgets.

1. Pilot Sizing

Ba¡cd relnty on Tablcg 6. to g in the Shepherd proposal neno, Tables I to 4

harc g1Ë tlrc rcquirenents in terns of fish culture (incr¡bation and

rcarlng) cont¿lncrg for the four pilots.

The critieria uaed in the calculations are given in Table 5. Standard

culture techniques for coho and chinook are assuned -- that is, incubaÈion

in Heath treyt, start-uP rearing in Capilano-style troughs and final
rearing ln rectangular concrete racesayE.

Appendix 1 c.
89-
Gross Sizing of Experinental Phase

-1

I
-l

-J

StcLñÎY. ñ ^GÊCAI1o¡ . oC StcLrÎt

llt.' Fn¡^roilE ¡ÊFrÊl¡¡ct

5830-85-T85



2.

-90-

-2-

ltre naximu¡ rcquireuents for each facility, not considering such things as

handling nore than one etock in a Heath Etack or trough line, dot¡ble-use of
troughs for final rearing of snall lots of fish or overlap in flow of
containerg, are as follæE:

Pilot Heatl¡ Stacks Trough Lines Raceway Volune l,taxinu.n FIow

Cleamater
Eagle
Shuswap

Spius

64

)5
47

50

itr'' 26

1, 24
.;, 

-.17
,,i 23

337 ¡n3

401 n3

281 n3

431 n3

6240 LPtr

6031 LPÈr

10482 LPr,r

841 7 LPM

Itre highest flows for Clearwater occur during initial rearing because nany of
the stocks are released aÈ 2 grane and therefore do noÈ require concrete
raceway rearing. Ttre very high flows for Shuswap are based on the
possibility that river water or itE tenperature equivalent (up to l4oC) could
be used for rearing. This is mosÈ probably an overestimate of requ:.re¡Denrs
but no better estinaÈe can be nade until a s¡ource for this pilot is
discovered and characterized.

Table 6 nakes a gross estinate of freezer requiremenÈs for storage of feed
for the four pilots. Criteria used were: 1. maxi¡nr¡m fish biornass assu¡ned
to occur for all stocke at the same tine 2. maxinum feeding applied over a
3 nonth period. These calculation asgumptions boÈtr lead to over-estimaÈions
of probable actual requirenenÈs buÈ at least show their general nagnitude.

Experinental l.todule Feasibility

It is inportant in tÌ¡ese facil.ities for fish groups Èo be separable into
relatively snall lots in containers. Ttris is no problen for incubaÈion and
iniÈial rearing which allow separation into loÇs of fron 40K to 1 gOK due to
the snall capaciÈies of Heath sÈackE and Capilano troughs. Final rearing
requirements range fron 4 13 to 1 09 n3 for particular groups of fish in the
experinental plan. Using a cross-Eection of 1 n deep by 3 n wide, a number
of different racettay lengths were evaLuaÈed Èo cone up with a rsÈandard'
racevtay which could be used at alt four facilities. t"hirty neter long
raceways divisible into five or six sections nere the best configruration for
handling both snall and large lots of fish with the nininu.m nixing of groups
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r¡ithin one raceway. Nt¡¡bers of such (30 n x 3 n x 1 n) raceways required for
the pilots are: Clearwater = 5; Eagle = 5 Shuswap = 4 Spius = 6. Rearing
reguirements for Èhe very snall groups can be ¡¡et using Capilano troughs.
Hovrever for stocks which require, for instance, Z7 m3 rearing space, iÈ would
be better to use Èwo sections of a large raceway rather tl¡an a dozen troughs.

It should be understood thaÈ any
considered ÈenÈative unÈil a proven
tenperature profile of , the river
available due Èo delayed development
Èo Shepherd memo, June 8, 1983 on

calculations).

plans for the Shuswap Pilot nust be
source of nater supply is found. The
would Ii¡nit t}te experinental opÈions
and rearing event tining (see tfacKinlay
file 5903-85-S160 for detailed tining

fhe constant Èemperature regines of the other sit,es nay also linit the range
of ouÈplant options available. llhe relatively waril tenperaÈures (7 to 9 Co)

available a1los, for instance, 5 gran spring release of chinook (see design
nemos for detailed timing summaries). Some tt¡e tine and size experinents
require simultaneous release of 2 and 5 gram fish in the spring, which is

\ probably tl¡e nost difficult scenarj.o to achieve fron a fish culture event
I timing viewpoint. De1ay of growth can really only be effected ttrrough
a reduction of raÈion. À number of conputer sinulaÈione nere run using

SÈauffers growth equation to estinate what reducÈion in ration was required
to delay growth such tl¡at 2 gran and 5 gran fish could be released aÈ the
sa¡¡e time. À reductj.on fron 0.9 to 0.5 of tl¡e reconmended ration produced an

average delay of abouÈ one nonth in growth, whereas a delay of abouÈ two

¡nonths would be required to slmchronize 2 g and 5 g fish. A reduction of
ration belo¡r 0.5 of tlte recommended level was not considered, due to possible
side effects of low feeding rates. However it would be possibJ-e to
accelerate the developnenÈ of the 5 gran fish by one nonth by heating
incubation waÈer to 2oC above amhis¡t. lltreref ore a conbinaÈion of
acceleraÈing one group while delaying the other could feasibly produce 5 g

and 2 g fish for concurrent release.

Facility Proposal

Íhe present incubaÈj-on roons at Spius, Clearwater and Eagle have enough space

for over 50 stacks of Heâth trays or over 10O stackE dor¡ble high. This is
nore than sufficient for Èhe needs of any of the ex¡nnded piloÈs. HeaÈer/re-
aeration systems should be insÈalled in each of the incubation roo¡ns. A

system like the one installed at Chehalis could produce a 2oC increnenÈ for

3.

)
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over 300 LPl,t of flow, the equivalent of about 18 stacks of Heath Eays. Ít¡is
j.s one conplete bank of Èroughs (both sides) off one header tank according to
the layouts of Èhe piloÈ incubation rooms. Tfris Is nore than sufficient to
neet Èhe tine-and-size experinenÈ needE. Such a systen should cost 10-15
thousand dollars. Partial recirculation of heated water during incubation
could decrease the operations cost and increase Èhe heating capacity of such
a systen.

Íhe buildings at Eagle and Cleanrater are of adequate size for the expanded
pilots and probably of adequate size for 5 - 6 nillion egg production
facilities in Èhe fuÈure, therefore do not reguire expansion of the building
Perj.meter. glhat is required is closing off the open area under the roof to
incorporate ÈÌ¡e needed workshop, office and lab space. A suggested layout
plan is shown in Figure 1. rhis layout can easily acconmodate ex¡nnsion if
so required in Èhe future. lltre only missing ite¡r is a freezer. Freezers for
pilots should be freesÈanding to allow for potenÈial e:çansion, to better
utilize sPace within the building layout, to altow location near Èo rearing
containers and because freezers come as self supported structures which cosÈ
very liÈÈle in extra exterior cladding to make into separate buildings. The
Spius Creek hatchery building is already a courplete package and requires no
alteraÈion Èo neet the expanded pilot requirenents, other than relocating the
f¡eezet as a freesÈanding sÈructure and using the freezer space in the
building for storage off tl¡e incr.¡bation room. ttris is necessary because tÌ¡e
expanded pitot requires a larger freezer (35 .2) than is provided in Èhe
present buitding (2O r2'), A storage room would allow the operator to renove
the Heath st-acks fron the incr¡bation room, rnove a couple of Capilano troughs
in and use Èhe same space (already supply and drain plumbed) for a tågging
room. Tttis would be a great advantage considering Èhe tremendous anount of
tagging required for the expanded pilot. The Shuswap building should be
buirÈ to maÈch the layouts of the spius or Eagle (fulLy encrosed) buildings,
with a separated freezer.

Capilano troughs are useful for geÈting good init,iatj.on of feeding of
swin-up try and for rearing-to-tern snall lots of fish. They are
Particularly well suited to pilot faciliÈies such as these. Each facitity
should be suPPlied with 20 - 26 lineE of troughs with lines arranged in pairs
for space effÍciency.

Each facilit should be provided with six concreÈe rec r rear:'
racewayS, each 30 n long and 3 ur wide wiÈh a ¡ntential wacer depÈh of 1n
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('l .2 n watl height). Each raceway should be a.ble to be divided into five or
six sectione by fry proof acreens. Flows to each raceway should be able to
be adjusÈed anlmhere fron 5OO LPl,t uP to 1500 LPlr. Raceways should also be

arranged in ¡nirs with vehicle accesg between paira for eaEe in handling and

transporting fish and food. Ma:rinr¡n flow dena¡rd for each facility should be

about 12,OOO LPtt, with all troughs running and racewayE starting up.

Considerations should be given to provision of good covered storage areas at
all sites, residences and crew quarters. Also bearing in nind the original
source of funding for ttre pilots and the tentative funding of the SEP, public
access and displays should be an integral part of these facilities.

erryry
D.D. MacKLnLáY-

cc F.K. Sandercock
\ C.W. MacKinnon

a c. Berezay
7 J.D. Buxton

J.lf .C. McNalIY
G.O. Neilson
l{. Peterson
A. Rowland

)



Species Stock

Eggs Heath Incubation
Trays Stacks FIow

Initial Rearing
Troughs -Lines FIow

Final Rearing
Space Flow

#r * il LPM # # LPH m3 LPII

Year 1

CN

co

Year 2

CN

co

Cleanrater
I.lahood

Finn
Raft
Clearwater
Blue
Dunn

Lemieux

TotaI

Clearwater
Mahood

Finn
Raft
Clearwater
Raft
Lion

Total

500

500

300

500

300

300

300

100

2800

400

300

800

500

200

400

200

2800

100

100

60

100

36

36

36

12

80

60

160

roo
24

48

24

13

t3
I

13

5

5

5

2

64

10

I
20

13

3

6

3

63

247

247

152

247

95

95

95

38

1 216

190

152

380

247

57

114

47

1 197

I
I
5

I
5

5

5

2

7

5
't3

I
4

7

4

4

4

3

4

3

3

3

1

25

4

3

7

4

2

4

2

26

960

960

720
960

720
720
720
240

6000

960

720
r 680

960

480

960

480

6240

100

to:

5;
55

27

337

84

67

?;
74

300

1745

1745

878

878

431

5677

r 454

1 163

121;
1 169

4996

TABLE 1 CONTAINER SIZING SUMMÀRY FOR EXPÀI{DED CLE,ARVTATER PIIOT FACILITY

I

(o
Þ
I

- naximum requirements are underlined



v
TABLE 2 CONTAINE4 srzING SUllt'lÀRY FOR EXP E,AGLE PIIOT FACILITY

I

(o
(tt

I

Final Rearing
Space Flow

tnitial Rearing
Troughs Lines Flow

Heath Incubation
Trays Stacks FIow

1547

1 031

1547

1072

48

603 1

r 59:

1 031

1 477

96

1072_

527 4

100

67

100

75

4

uu-

401

84

67

10;
7

337

960

720

960

240

960

240

720

?20

240

5760

1 200

720
720
240

720
240
960

720

240

247

152

247

38

114

19

95

114

19

1 045

2A5

152

152

38

95

19

114

114

19

988

13

I
13

2

6

1

5

6

1

55

15

I
I
2

5

1

6

6

I

52

120

60

60

10

36

6

48

45

3

100

60

100

10

48

3

36

45

3

500

300

500

50

400

25

300

375

25

2475

600

300

300

50

300

50

400

375

25

2400

Eagle
Salmon

Adams

Seynour
EagIe
South Pass

Salnon
Adans

Seymour

Total

EagIe
SaImon

Adams

Sel¡mour

EagIe
South Pass

Salmon

Àdams

Seymour

Total

Year 1

CN

- ur,aximum requirements are underlined



TABLE 3 CONTAINER SIZING FOR EXPÀNDED MIDDLE SHUST{AP PILOT FACILITY

I

(o
(t)
I

Species Stock

Eggs Heath Incubation
Trays Stacks FIow

Initial Rearing
Troughs Lines Flow

Final Rearing
Space Flow

*K # t+ LPl.{ * il LPM n3 LPI{

Year 1

CN

co

Year 2

CN

co

Ì.liddle
Lower
I{ap

Bessette
Lower

Total

l.liddle
Lorrer
¡{ap

Bessette
Lower

Total

900

700

100

100

100

1 900

650

500

100

100

100

r 450

180

140

12

12

12

130

100

12

12

12

23

18

2

2

2

47

17

13

2

2

2

36

437

342

38

38

3B

893

323

247

38

38

38

684

15

12

2

2

2

l1
I
2

2

2

I
6

I

1

1

17

6

4

1

1

1

13

1920

1 440

240

240

240

4080

1 440

960

240

240

240

31 20

100

100

27

27

27

281

74
't 09

27

27

27

264

3846

3846

930

930

930

r 0482

2A4t
41 67

930

930

930

9798

- maxt-mr¡m requirements are underlined



- -TÀBLE 4 CONTAINER SIZING FOR EXPÀNDED SPIUS PILOT FACILITY

I

(o\
I

Species Stock

E99s Heath Incubation
Trays Stacks Flow

Initial Rearing
Troughs Lines FIow

Final Rearing
Space Flow

llr * * LPl,t * # LP¡.{ n3 LPII

Year 1

CN

co

"/ ,','/-
CN

co

Nicola
Spius
Coldwater
Deadman

NicoIa
Coldwater
Dead¡nan

Spius

Total

Nicola
Spius
Coldwater
Deadnan

Nicola
Coldwater
Spius
l.taka

Cowichan

Total

200

500

500

200

200

300

50

300

2250

300

250

450

200

400

400

200

50

100

2 350

40

100
't oo

40

24

36

6

36

60

50

90

40

48

48

24

6

12

5

13

13

5

3

4

1

5

50

8

7

12

5

6

6

3

1

2

50

95

247

247

95

57

95

19

95

950

152

133

224

95

114

114

57

19

38

950

4

8

I
4

4

5

1

5

5

4

I
4

7

7

4

1

2

2

4

4

2

2

3

1

3

21

3

2

4

2

4

4

2

1

I

23

480

960

960

480

480

720

240

720

5040

720

480

960

480

960

960

480

240

240

5520

42

100

100

74

55

20

40

431

67

75

75

74

7

20

392

845

2027

2027

1344

1019

377

778

a417

1 351

1 506

1 389

1 389

1344

108

323

7410

- maximum requirenents are underlined
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TABLE 5 CRITERIA USED IN CA¡CULATION OF CONTAINER SIZING

Incu.bation - based on egg nr¡¡nber as outlined in Shepherd memo.

5,000 CN/traY
8,500 CO/t-taY
I trays,/stack
19 LPl4 naxinun flowr/stack

- based on survival of 90t fron egg to ¡rcnded

57,000 fryltrough
2 troughs /LLne
240 LPM. naxinum flow/Iine

Only those stocks reared ¡nsÈ 2 gram size, as

try

ltays 
:

Stacks
Flow

IniÈial Rearing

Troughs -
Lines
FIow

Final Rearing -
neno

Ration Correction Factor
Percent SaÈuraÈion

per Shepherd

1.35
95

rVolume Loading

Tenperatu-re

rFlow Ioading

( Kgr/LPt't)

1 5 Kgln3 for 5 gran fish
t7 Kg/n3 for 1 0 gran fish
21 Kg/n3 f,or 20 gram fish

0.9 OMP for CN

0.75 oMP for co

ClearwaÈer
ragle
Shuswap
Spius

ClearwaÈer

Eagle

Shuswap

Spius

80C
7.20C
I 40C
90c

CN (SS) 0.86
co (5S) 0.93

(109) 1.07
cN (Ss) o.e1

(10s) 1.9e
co (sg) 1.0s

( 1og) 1 .2o
cN (Ss) 0.3e

( 1 0s) o.44
co (Sg) 0.43
cN (5S) o.74

( 1 0s) 0.83
co (5S) 0.81

( I og) 0.93
(209) 1.06

nodelr Values derived using LOÀD RÀTE
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TABLE 6 PROJECTED FEED STORÀGE REQUIREüENTS FOR THE EXPANDED THOI{PSON PILOT FACILTTTES

a according to OMP schedule
b 2o Kg per bag
t 32 bags per square neter of floor space
d inclr¡des 4 ur2 for aisle apace

I

(.o
(o
I

Facility llaxi¡nr¡m

Biomass
Rearing

Temperature
Feed

Ratea
Daily
Feed

3 ttonth
Feed

Bagsb Àrea of
Freezerc

Kg oc t K9 K9 f m2

CLearwater

EagIe

Shuswap

Spius

Total

6875

7075

4700

7125

25775

I

7.2

10

9

2.A9

2.54

3. 56

3.24

r98.7

179.7

167.3

230.9

776.6

174A2

16173

r 5059

20777

69891

894

809

753

1 039

3495

28(32)d

26( 30)

24(281

33( 37)

111(115)



-100-

FTGURE 1 Proposed Layout for Expanded Eagle and creanrater pilots
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T{ATER DEIIAND FOR EXPANDED SHUSI'AP PILOT FACILITY

As pcr your verbel request, this ì.lttc, ¡dd¡ to tfrì
conputations in my memo to yotr of Octobar 7, f983 (on this
file) on th. biological requirenrnt¡ for exprnsion of thc
Shuswap pilot facility.

OBJECTTVES

A detaihd rationale for ctçangion o{ tlrc Eìhsxrp pilot
is contained in your rèno o+ Septrcbcr 4, 1983 (on thir
{ile). In suímåry, rxpansion is mcant to providr ån
experimental proqfem th¡t testg severul oprration¡l
strategies each year. This Ehould guard egeinst faitur- óf
adult returns i+ an inappropriate strategy is tc¡trd. Thr
maximum targets proposed for the Shuswep elganded pilot are
1.9Ìl eggs and 1.311 :i¡veniles (Table 1). Specirs oix rnd
nunùer of stocks per Érpecies rill lrrry tr¡ch yeår xithin ürc
guidelines that chinook (CNt fron the l,liddlr ¡nd Lower
Shuswap River and coho (CO) from ülap and Bcssettc Creek¡ and
the Lor¿er Shusxap RÍvcr be used. Separation iqto ¡cvcral
fish culture lots is also reqt¡ired.

Because . flexible expcrinental progrem ha¡ brrn
proposed¡ wat\r demand cen only be approximated for the
expanded pilotJ This nerno presentl the naxinu¡ ¡¡tlr dea¡nd
{or the oper¡tion as laid out by yotr for thc first two yc.rs
of operation (CN and CO rerred to 5 g), ¡s vrell ai thr
demand for an 'extremc' cå¡e (CN to lO g, CO to 20 g).

In :;unnåryr this mearc, proposes å fecility with 48
stacks oÍ Heath trays, six lines of Capilano trotrgÈrÉr seyen
large initial rearing troughs and five rerring r¡cG¡råy¡
(each 50 m long by 3 î wide by LS r deep). Provision
should be m¡dc to add tlrer morc fin¡l reering r¡csråys
without replunbing.

-101-
APPENDIX 1d. Detaited Flor for ExperÍnental plan

stcr.ñÎY. ã¡as¡Frc fi(tt . o€ 3Êcuãf1¡
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EITLÍ¡EICâI- REOUIR€IæNTg

ljnlrl¡ strtrd othrmi¡rr ry raæ of Octobrr 7 tt u¡rdås . b¡¡l¡ fú t¡. follorring q.rtline.

AD{.N.T HOLDING

Eç.ripn:nt

Rcqlircr¡nt¡ are givur in T¡blr 2 Ttr¡l o'f th. flnrl
ruring r.cr¡r.y¡ (t¡æ 'fc CNt crr for CO, Fould povidr
enor.rgh holdng f¡cilitlel +û rll tltl ¡tock¡ to br
handled at the Shu¡mp Pilot.

Totel brood¡tock roquiren ntt fü th¡ proporrl tro yr¡r
study årc 5'L2 chinook rnd l?2 colra Thl¡ rrgu¡r.3
broodstock frcunditio¡ of 6000 ftr dtinooa( rnd 25OO .for
coho ¡nd a ¡ex rrtio of 1F:O.ó1'L

If eithcr å prc-*perning mtrlity o¿Í ?,Jl r I E.
geneticelly balancrd (eccord{ng to Dr. E. Rlddrl) ¡rx
ratio of l:1 ¡r€ro u¡r$ brooértæk requimnt¡ n¡ld
bc rai¡cd to ó4O CN ¡nd 24O CO.

It is expcctrd th¡t ¡dr¡lt holdfng of tlr ¡¡ttllltrdgtocks wor¡ld bc don¡ rithin thr donr ryrtcrn, br¡t thrt
thc fin¡l reering r¡c.r.yr rculd b¡ ugrd for th. tËd¡trr
ShuspF Fliver broodstæk.

Floxs

- ñaxinum flor requir¡d i¡ rbor¡t 4OOO t¡lt (TrO¡. Zr.

Thc flor ¡nd volum crp¡cittcr of toooo Lpñ rnd a5o
cu.r. provid:d ,Ft ror.ring xould ¡lla ftr holding l2OO
kg of adults, uting loeding critrrlr oÇ 12 kgll.pl{ end
32 kglcu.n. Arruaing ån lvrngr rdult right of J kg
for chinook and S kg for coho, r¡p to ZAAO chi¡'rook or4ooo cotro could br hold in thr rrclíeyr if no ruril¡
occurred at thr ¡¡oa tim.

Tining

Chinook xould b. held brùræn l¡tr July rnd ridoctobcr, r*ril¡ coho holding ¡ould rprn î¡os rid flctócrto thr end of l{oveÉrr (Tabh s). Ttrrse rrtinrt¡l rnb¡red on thc spewning tldng reportcd by thr fi¡try
of{icrrs (T¡bh 4).

Eerly chinook lrolding rotrld probebly hrvr to br on ¡rüxater since the rivrr xrter tcæ¡r¡turua rxcrld ls'c in
the sumilcr (T¡ble 5).

2
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The sprrning periodr for thr t¡ro rpcctrl ovrrlrp ln
l¡tr tlctobG? (Trblr 4), rcqrrirfng ccncurrmt holdingb

Ovrrlep betnrcn rú¡lt holding end rurlng roufd crccur
if rtrring tl.re to continue ürough thr ¡unr rnd
fell. ThG criticrl tinr would br in July rnd Augurt
lñen chinooft adr¡lt hofcttng t r rrçrtrrd rnd rll ttrr
rearing containerg nrld b. fülod to ceprclty. llrtlc¡s
so.lc rearing r.r c¡rri¡d out off ¡itr (¡uch ¡r in nrt
P.n! in ti¡G rivrr crr hk:r), s:prratr ¡dult holúing
cont¡lncrs rpuld h¡vc to bc h¡ilt. Thr¡r rculd rcqrrlrc
thr dincnsion¡ end flor¡ q.ltlincd tn Trblr 2. Hrtrr
supply sttould bG both xrll and rivrr ¡rltlr.

INCUBATION

Equipment

Eigttt-tray vcrtlcal ¡trck¡ ¡¡r to br utrd rxclurivdy(bulk inct¡bators ræuld dccrr¡¡r tå¡ nu¡brr of rrptrett
lotr possfbl.). Tr.y tordng3 lru SOOO Cttl tgpt prr
trey end *tOO CO Gggs pei? trey. Lr¡ing tJr rprclrn
nixrs propo'scd Çor thG first tro yrrru of oprretlon
(Tablc l), 47 st¡c*s lru reçrired (T¡ble 6).

To improve flexibility lor tire-r¡rd-lzr ef rchr¡r
experinents, provition o+ lnrtrd wrtrr to or: b.r* o'f
stacks is sugg:sted. Thc adv¡ntrgr of thi¡ opticr rrr
discussed undrr Timing, bclorr.

Flows

Using ror¡tine end flu¡h flots o{ 15 rnd l9 LPll prr
steck, n¡xir¡¡ flors nrld br 7æ rnd A9S LPlf,
respectivrly (Trbl¡ ó1.

)

Althougtr surfacr r¡trr i¡
úlring the winttr (T¡bh

tæ cold fr irrub¡tion
5) ,Íor th. qrretion

)

strategier pfannrd, rn ütergerrcy back-up supply to
irrubation rs.¡ld bc dr¡ir¡bl¡ in carr of lo¡¡ of thc
pr¡rpcd ¡cll rrtcr rupply.

Tining

ThG period of irrr¡b¡tion m,¡ld br fror Srpttrbrr to
February +ü chlnoo* and fron Octob.r to F¡brt¡rrry f.or
cofio (Tablc Ð. Thig r¡¡unrs thrt grotrnörrtrr i¡ ut¡d
Íor ineub¡tion (rsscntiaD ¡nd that tht gra.rndrctrr
teæeraturc prefilc is that chlrüt in T¡Þlr 5 (7C r1t
yclr). Sincr thr nlls on sltr hevr not bern ¡¡onitorud
¡t operrtional Fr¡.pin4¡ rltr¡ ov.r th. rxprctrd
irrubrtion period cfirnges fron thr grdcttd tiningn
are possible.
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rt oåy bc edvrntrgnous to cool ¡o.. of th. cohoincubrtion xrtrr ¡cith ¡urfrcr rrtrr ûrr{ng thr rintrr.Evrn if crrly rprrtrd coho nr¡ irrr¡b¡t¡d rrclurlvdyon ß¡rf¡cl nter, rrin-up Hq¡ld not occur untfl rld
June thr folloring yr.r (¡t ¡n .v.nglr t¡rFer¡turo of
3.5'C Íor thc ¡hoh p.rioö (T¡bþ 7). Thir option
xould only bt suitrbl¡ if cotrc irrl to br r¡¡r¡d ¿lq t
full ye¡r (to 20 g). l{ol.yerr if ntrr trnprrturlr
wlr. ¡d-ir¡sted to only drhy c€ho rrir-up until ¡ld
f¡lerch (requiring tn .yrr.g. t¡¡prnturr cf J.7'e +ú
thr pcriod), fry could ¡till bc.4þ¡¡rd rt 2 g in lley,
5 g in July or 1O g in Septe¡òlr. In thi¡ ctt., dor¡bhurl cor¡ld be nadr of thc inithl rc¡ril¡ contelnrr¡
bec¡uge chinodr rqdd havl e.lrceg7 Þrrn p¡d to fi¡r¡l
relring.

Convrr¡elyt hmting of thr incr¡betion r¡t¡r for chinook
xould gain scr.t tiaing edventeg: ttra.rgh rccrhretlqr
of egg devtlopnent (T¡bIc 81. Thi¡ rrould rlls tin togroä lergrr chlnook (to 10 O tn tlm to mt th¡
n¡tur¡I fry migr¡tion by oerly llry.

IMTIAL REARTNB -Ponding to 29.

Eqtripmmt

An ¡rbitrary linit o+ 20 linr¡ of troufi¡ h¡¡ brlrr ¡ctJÍon the Intrrtor pilot f¡cilitir¡. Thts f¡ll¡ slrt of
th. 22 lirn¡ ruçrlred fc Str¡¡rap (Tabh 9), berd ør
th. lorúlng critcri¡ o{ 55K CO er /tOK Ct{ pcr trouúr rt
ponding. It ig rxpccted th¡t tl-i¡ ghortfrll can bt
made up by carcful crneg:rcnt of thr¡ tiaing ef poncfirn
and transfrr of diffcrent groups o+ tÍry el thr trc
spccies by the op¡r¡tor (¡æ tf: ¡rcqrd it¡r undrr
Tining, belor).

If the expcrincntrl lergr initi¡l ruering unit¡ plennrd
for othrr pilotr .r. u¡rd at Silrurwrp¡ I good
co*ination ¡rq¡td b. to hrvr sey.n lrrgr trought rnd
six lines of ¡rcrnrl ¡ize tro.rgha hqutvrl¡nt to 20
nornel lirng). Thi¡ nr¡¡lÈrr enrur.f th¡t rrrcugh
flcxi^bility i¡ m¡int¡inrd to hrndh both lerqr end
se¡ll groupc of figh. Tln lergrr units .rl ¡lsu¡¡cd to
be t'zrt wide, L2n detp sith O.9r ¡¡trr drpth ¡nd 12 r
long.

Flow
Flon requircnents p.r nomal line of trc Cepilrr¡o

trougtrs ar. 12O LPll at Fondng ¡nd z¿tO tptt et fry
tr¡ngfrr. Flows p€1. linr n¡lcl b. doubhd if th. lergr
strrter unitg ¡rt u¡.(L Thir rrsult¡ in r totrl
maximun flo¡ órr¡and of ¡lgOO LPtl fr initl¡l rrerlrrg



)

-105- s

(regardlc¡s of contriner) (T¡bl¡ g).

Beck-up eurfacr rupply ef rt hut 2SO Lpil prr Linr ofconvrntionrl troughr GIOO Lpñ prr lrrgr ¡trrtcr unit)
is reconntndrd. Thi¡ ir ¡bor¡t th. ltrit thtt th.
strnd¡rd drrin plr.uÉing fro¡ Crptlrno trougürr c¡n
hrndle. GÞcrter flæ th¡n the nomrl .21O LPtl prr tinl
is requestrd brc¡utr it ig .rrp.ctd th.t tht¡r
containers rill bc u¡ed in th. futr¡r¡ for ruring øt
gurface x¡trr drrring tha ruñrar,
tenperaturl3 era çritr Mgür.

ldr.rr rrttr

Timing

Initial rrering ig rxprcted to rpen Ç¡o¡ J¡m¡¡ry to
llarch for chinæk and fro; Jenuery to April for coho(lable S). The¡e tt¡ing egtin¡tc¡ rru be¡cd on rtaring
on rrell x¡ter ¡t 9'C.

Rivrr ¡ater ig too cold to initirtr rtering until t{ry(Table 5), well aftrr ell ¡tock¡ ¡ould br pondcd. If
cotro irruò¡tlon lrrl drlayrd uting ¡urf¡cr rltlr, th.
toæer¡turc of ttË rix rculd h¡vr to br grrd,relly
irrcreased up to oycr â'C ûrring thr n¡k¡ bcforu
ponding to etrsurr ¡ good initirl fcding rG¡potrt¡.

If coho irrcubation is deleytd ruch th.t rwiætrp dorf
not occur until nid ll¿rcf¡ dor¡bh ulr c¡n b¡ mdr of
thc initial rcarirq cqrtainrrc, elhviating thr probhr
mentioned ¡bovr o+ hrving tæ ..ny ft¡h fr too fot
containerg. Thi¡ option ig dtly suitrblr in lrter

' yeårs whcn coho ¡ru lpt to bc rclea¡rd ln the rpring er
2gorSgfry.

FINAL REARING

Equipment

Rearing chinook ¡¡rd colro to 5 g will rr$¡irr 134 cu.n
of volune (Tabh lO'. Firn rrctengulrr rrering
receü,eys with dirpn¡ionr of S r ridrr. 1.5 ¡ high mllr(nater to 1.O il drcp) ¡¡rd 30 r lang routd providr
sufficient (45O cu.¡n ) rrering voluac for thi¡ otrtplent
stratcAy.

The Sil'nrswep stoc*g could br rur¡d to lergcr gizr¡ in
net pCn¡ in thr $rurrap Rtvrr ¡djrcrnt to thr proict
site, in ttË drn hc¡d pon4 or nê.r tfn otrtlet¡ of
ì'l¡bcl or Suger L¡kcs.

Rearing chinook to 1O g md cotro to 20 g r-.qcrirrr ¡t
ha¡t 72O cu.ñ of ¡prce rt th. ¡o'¡t critical ti¡r
during thc sunnCr brfce th. cñinook h¡vr ba.n

)
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This wq¡td b€ nrt by building eight fin¡l
rcaring r¡cCrnys (72O cu.r). Fin¡l rearing cq.rld ¡l¡o
br carrlcd out in thc !Êvcn lerge initlal rrrdng
r.cr¡,¡ys (9O cu.d ¡nd thr ¡ix lincs ùÍ Crplleno
troughs (3O cu.d for r total of 84O cu.. tv¡ihblc.

Flo¡s
The TIOO LPñ required to rGår both chinook ¡nd cotto to

5 g (Table lOt s¡ld be mct by elloring 2OOO LPll prr
r¡cexey to five reering r¡ce¡ray3. Hith r totrl of
eight ncfl.y¡ bring built to nctt futurc dnanrdrt fls
den¡nd for rell w¡ter rpuld bG 16000 LPlL

Hater source hag bren ¡ssurod to be q¡oundrretrrt brtt e
back-up surf¡cl supply i¡ recomndl4 Rl¡rirtg on
rivr w¡ter during tha suiner ¡pt¡ld rrqtrirr gnortrr
flows (4OOO LPñ versug 2OOO LFñ prr rrcrmy) th.n urÍng
well rater, due to the higher reter teæcr¡turle

Tining

Chinook fin¡l rearing coñorcncrs in llårch rnd go.r until
the begirning of July (or thr cnd of Auqurt if rr¡rcd
to tO $ (Teble 3). Ttr: nrtural riqnetion of chinook
fro¡ th. ttiddle Éilrurwap is in nid April to rerly llry
(Federenko and Pearce, l98.2r. Rrlrase of 5 g ræltr et
that timc would rrqsire sool lnrting of irn¡b¡tion
water to accelcratr mbryo drvclopocnt. Thir nry rrct
b€ necess¡ry glncc chinook in thi Sturxap/llærpson
systen see. to re¡r in thc l¡krs during the errly p.rt
of the surilner rnd cignate out .- l¡rgc rrolt¡ in
August.

Coho final rearing coñr.nces ín eerly Aprif end gorl
until June for 5 g rulrasês, August for lO g rchrræ
and until the following rprirrg Íæ 20 g rclcerrl.

Delryed incubation o{ colro, ¡s q,rtlincd ¡bov:, rotrld
still allory colm to outplantcd ar fry in ttr ¡umr ¡nd
fall or rrared to ¡¡olt siz¡ (2O gù by tho follorring
rprlng.
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SIJPPORT ITE}rS

Thc uruel st¡pport structuru. .r. ruç¡ir.d ¡t th.
shtrsrrap Exp¡n¡iqr. Thr drteil¡ ¡trould br rcrkrd out in ¡bio-engirnrring consult¡tlsr nræting Þut th. gnncnt
requiruent¡ rill br ronrüring likr tJrc follaing llrt¡

- Aeration tower
- Laboratory (nct)
- l{orkshop
- Storage Oergc q.¡tôrr vol¡tllr¡ ¡¡rd tndoor)
- Officr¡ (2 privetr, I ceunn)
- Lunch rcrcr.n
- Hrsh roor¡ (nrh ¡nd fcnrlrt
- Stçeping quertrrs
- Freezer {probebfy frtr strndingD
- Aú¡lt hrndlingr'rpr*ring frctllty
- Site stcurity fcrrcing

Thc s¿ríE bullding lryout r¡ et the Spiut Crtet pilot ir
recommcrÌdêd Ç* thr Stru¡r¡p pilot, gilrc¿ tÌp .fi¡nction¡ ¡¡rd
scales of tfn pilots arc thc s.nt and thc Epiur tryout is
efficirnÇ rufficicnt and inexpe'nsiv¡ to builû

}IfITER DEIIAND

The Flor Sche¡ntic in Figure I ¡um¡rizr¡ ttr ¡rrirr¡¡
flor¡s required to bc pluùcd to r¡cfi cqrtaincr linr for both
well and river water. All cqrtrinrr:r requirr r¡ll r¡trr
sr¡pplies if tha expnrimcntal phn goel¡ ¡re to bc FG¡É:lìd.
River xater is cqt¡id¡red mainly ¡¡ ¡ b¡cft-.¡p for thr
expanded pilot.

The timing of th. ;,.11 r¡t¡r flor¡ rcqtrirod H.s
detcrnined fron th. Ev¡nt Tlning (Tabh 5) by bruking thc
runs of e¡ch spccicr into thrc. grouP¡ ¡nd asunitq th¡t 2JZ
of ttte run ¡r.E in r¡ch of thr 'Erirly' and tetr' gror.rpr end
5OZ H¡s in th. 'Perk' gÌroupr Thir rc¡ultrd ln e Stretrqy
Sumnary (Table 12, rhich ¡hors hø nrny cqrtrfnrs rnd lþr
much flow is u¡rd by which qroup during xh¡t pcriod. Thit
table w¡s u¡cd to drtcrrinc thr o¡xinur flor d¡nrnd for r¡cfi
month (Table 13).

The rraxint¡r xell wrter de¡¡nd for thr pilot fecility erplanrnd is for about l2ooo LPll during Aprü and lt¡y trcn
five final recerey3 ¡nd sevrn rinr¡ oiÍ initi¡t rueringt
containcrs arc oprreting. This is ñore thrn th¡ ¡r.¡xinun of
E62o LPI'I ¡tro¡n in the tl¡ter Dr¡rnd rebtc ff¡bh ls) bcceure,
in nornal operatior¡ flows are srt ¡t ct¡nd¡rd nrxinue
levels for e¡ch contair¡cr (2OOO LPñ for finrl rrering¡ 24O
LFîl 'Íor initial reeringD ¡nd kcpt ttrcrc rcAardher of
whether t}re BIÍI-LOAD modal r.yi th¡t h¡¡ flq ig n¡edod(e.g xhen so¡De fry hrve b¡cn r¡¡rovrd fr ouþl¡nts). This
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i: good, eafc, fish culture pråcticc.

A notr fron È t{rilssr rugpmtr th.t thr rclt fhld ¡tthe slrrsrap ptlot gitr could pr-odr¡cr ¡bout raEoo Lpfl (doublr
the output of 6400 LPll fro¡ tht rxisting rdlt Gi, tBr *9
¡nd oil .cre ncr oncl. Thi¡ ic ju¡t mor.rgh to met thr
expected rcquirercnt¡ of thr facility for wcll wrt¡r.

The flor of rivcr n¡trr reçrircd lt t 'rr¡t ct¡a'
condition of rearing both colro .nd chinook ttrouqñ the
sutnncr is givrn ¡t thc botto ef t?r H¡trr Dce¡nd T¡bh(Table 1Ð. Tha m¡rinuo w¡tlr dG.¡nd in tlric sr3a rctrld br
almost 35OOO LPlt If thc initiat rtrring cont¡iner¡ lr.re
also used for rearing ú.ring thir prrio4 o¡xlnua drr¡rnd
could b€ over the' systca capecity of SAOOO LPft In üri¡
light, e value of about /I2OOO LPll lO.7 cr¡) ¡hot¡td br
requestcd in the A.C. Hydro negotf¡tion¡.

q_*_r¿
Iþn D.

c.c. F.K. Sandcrcock
C.lü Fl¡cXinnúr
6. Bcruzey
A.F. Lill
J.ld. ì,lcNally
G.O. Nirl¡on
A. Rowland
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Table l. Juvcnile Production 0bjective¡ for thr
Shurrrp Pilot Expenrion.

========--=t===¡=9aatEútt==t:3t83:t!33=gatas¡t333AAat=:==t3-==3=-====t=!!

?

! Spcci es Stock
I
I

I
I

I
I

YEAR TIIO

Ch i nook

Coh o

Eggr Frt Tro Fi ve Trrnty i

8r¡r 6r¡¡ ¡

Siz¡ Size i

T¡kcn Pondrd 6r¡r
(tK) (tK) (lK] (lK) i

I
I

i YEAR ONE
i Ch i nook lli ddl c
I Lorer
i Coho H¡p

Bec srt t e
Lolcr

Iot¡l

lli ddl e

Lorer
l¡p
Brs¡rt t r
Lorlr

Tot¡l

Si ze
(tK)

900
700
t00
t00
r00

810
ó30

90
90
90

72?
5b7
8l
BI
8r

ó48
504

72
72
72

I
I
I
I

I
I

I
¡

óBi
ó8i
âgi

I 900

ó50
500
t00
t00
100

l7t 0

585
aú0

90
90
90

I 559

327
t05

81
8t
8t

I 368

t68
3ó0

72
72
72

201

ó8
ô8
ó8

I
I

I
I

II
I
I

I
I

I
I

I
a

I
I

I
I
I
I

I
I
I
I

I
I

I
t
I
I

I
¡

I
I

I
I

I
I

I
I

I t50 I 305 It75 I 044 201

r* Thr fol lo;ing rurvivrl r¡tes rrrc usrd for thr c¡lcul¡tion¡¡

Speciec Egg to Fry Fry to 29 Fry to 59 Fry to 20g
Chi nook ?0I i}7 gOf
Coho 90I 901 B0I 7SI

==3========-===r-:all=taÊ-=t:a!atatlS====¡a=t¡==!:=att-¡¡=t=a==:!-===E==A
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Table 2. Adult Hotding Require¡rnt¡ for thr
Shurrrp Pi lot Exprnsion.

==a==========3=3==a===r3t3É-=ar==Éat==3t¡tE¡¡laEt:tt-a=a===tt¡!t==t-=g:r:¡=a=É=rt
i SPec i c¡
I
¡

I
I

YEAR ONE

Chi nook

Coh o

YEAR THO

Chinöok

Coho

Stoc k

lli drl I ¡
L orer
l¡P
8e¡¡et t e
Lorcr

Tot¡l

lli ddl c
L orcr
HrP
Ber¡rt t c
Lorer

Tot¡l

ót 80
ó{ 80

Egg¡ Adult¡ Raquired Donor¡' Volu¡c Flor I

T¡len Tot¡l +231 Hci ght ,

(t9) (cu.rl (LPñ) i(tK) (l) (l)
!-------- ------ !

t
tl

I

900
700
100
r00
r00

I 900

ó50
500
100
t00
t00

288
221

ó4

ó4{

208
160

åa
6l
ó4

5ó0
240

80

I 800
I 100
210
2t0
210

5ó. 3
r3. I
7.5
7. J
7.5

I 500
Ir70
200
200
200

805

260 t500
200 1000
80 210
B0 210
80 2t0

5920 122.6 s270

i

{0.ó 1080 |

31.3 8S5 i

7,J 200 I

7.5 200 !

7.5 200 i

i

I {50 5ó0 700 3020 9¡t.+ 2315 I
I
I

i-------- ------, I
Irl

rr The folloting ¡rturptiont rrr r¡de in thr c¡lcul¡tion¡:

Fecundity of 5000 for chinook ¡nd 2500 for coho
leight per adult of 5 kg for chinook ¡nd 3 kg for coho
scx R¡tio of 1.0 f¡¡¡lr to 0.ó rrles, or 1.0 le¡¡lr to 1.6 tot¡l donor¡
Pre-spr;n rortality of 25I;
Volure loading qf 32 *glcu t1
Fl or I oadi ng of I . 2 kglLPll

======t==l==:==:=Elr-!3t=l3t133==ala3-¡r!=!atr==-3¡r=:8=--!tt¡!a¡-t==a!==!a=:rr
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T¡ble 3. Projrcted Evrnt Tiring {or thc Shusrap Pilot Expenrion.

==:!=:ag¡=!gta===-a==t=-===atÊ¡l===-ta-a=-==-===:==-ara=!======a=a===a¡
i EVENT Start Pr ak End

! cHt N00K
I

Adul t Holding
Spaxning Date
Eyed D¡te (280 ATU)
Hatch D¡te (S20 ATU)
Ponded D¡te (980 ATU)
Re¡rrd to - 2g size

- 5q ¡izc
- l0g rize

lt

Jul tg
Scp 2l
Ûcl 22
Nov 20
J¡n l0
ll¡r l0
Apr 27
Jun l8

0ct ló
Oct 5l
l{ov 25
Dcc 25
J¡n 2ó
Apr 4

ñey 30
Jul 2S
Srp 26

Oct 3l
Oct 3l
Dcc I
J¡n I
Fcb t9
lley l9
JUI I
Auq 27

sep
0ct
Iov
Drc
J¡n
ll¡r
ll¡ y
Jun

I
I
I
I
20
30
?

2e

c0H0

Adul t Hol di ng
Sprrni ng Drtr
Eyed Dete (220 ATU)
Hatch D¡te (480 ATU)
Ponded D¡te (780 AïU)
Re¡red to - 29 ¡izr

- 5q ¡ize
- l0g rize
- 209 sizr

Nov I
Ì{ov l5
Drc l0
J¡n 9

Frb 12
Apr l9
Jun l5
Aug 7

0ct I I

ilov 50
l{ov 30
f}rc 25
J¡n 24
Feb 27
llry {
Jun 28
Aug 22
0ct 26

I

i--------
i rr The ¡bovç tieingr ¡¡¡urr th¡t thr rrll ¡¡trr terpcr¡tur:¡ ¡t
i the Shusrap Pilot rill be ?'C ¡ll yerr long and th¡t incub¡tion
I ¿nd rearing err c¡rriad out on rell rater only.
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T¡blc l. Sparner Tiring in thr Shutrrp Pi lot
Erood¡tock 6trr¡¡¡.

la¡ l!a alsal ¡EtEtt - ÉErr3a3ga¡l!:tl:a ¡r rltrÊ!3 =E ¡ t¡AE =3¡l3tEBt3a¡Et¡B¡!3Éa 3Ê =
¡¡l
i Speci cr 6tock Arr i vc Strrt Pr¡k End I

i-------- ---------- !
I.i
I Chi nook
II
I
I

I

I
I

I Coho
I¿l

I
I

II
I
I

a
I

lliddle 6hurrrp

Lo;er Shurrap

Irp Crrrk

Be¡¡rttr Crerl

Lo¡lr Shurrap

ll. Jul

ñ, Jul

0ct

It.0ct

E,0ct

f1. Sep

E. 0ct

E. Nov

L.0ct

E. llov

L. Srp

E.0ct

ll. Xov

E. Nov

ll.llov

ll.Oct i
I
¡

E. ilov !

I
I
I

Dec I
I
I

Drc I
,
I

L. Nov i

I
¡

,¡ tt
I

td

D¡t¡ i¡ fro¡ thr DFO Str¡¡r gprrnlng fil:r, rur.¡rlzed in
Brorn ct ll., 1979. Errry ¡nd X¡hl ilgg2l ¡l¡o gurr¡rlzrd
th¡¡r fi lc¡ but ririntcrprtted thr not¡tion in the Strcar
rrportr (rr¡d 'E.' ¡¡ 'rnd' r,¡ther th¡n 'early' ¡nd thrref or¡
rrny of their tieing t¡Þlc¡ Cre incorrect.

llatltBlta¡t!r=ElSrllllB===aEtËÊa:-t¡tatEt!=3==t=E=-a=Elttl|=:t=E-=B=¡=Br=!
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i r.n
i Frb
I ñ¡r
I Apr
i llry
I Jun
I JUI
I Aug
I Sep
i Oct
! Xov
I Dec
I

8.6
8.8

l0.l
r0.7
9.8
9.5

0.3
0.5
0.5
2.0
5.8
8.0

10. 0

5.0
0. J
0.3

t.2
3.5
ó.0
9.0

13. 5
tt.5
r1.5

8.8
6.8
3.5

0.8
1.5
5.5
5.0
7.5
9.5

13. 0

7,0
3.5
1.5

0
J.0
{.0
ó.0
7.0

10.0
14. 0

2.0
' 5.0

5.0
10. 5
12. 0
17 ,0
ló.0
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t3

T¡ble 5. llern ñonthl y Terper¡tur¡s Data for the
Rivcr ¡nd llrllc ¡t the Shu¡;ap Pilot Site.

¡¡ltlf t!l¡laltlatl!t¡El¡3¡¡tESagt=lrt:tlB!¡ratgt!StttaraE¡a=a-ttttB-t=¡r8t
Iil
I
t

I

I

DFO Therrogreph Data Contrrct lloni tor I)¡t¡
Hrll River tel I Ri ver! ltren Lor Hi gh llean |le¡n Lor Hl gh llean I

¡------------------l
I
I
I

r.0 I

1.0 r

¡l .l i

7,0 I

9.5 I

tl,o !

15.0 !
II
I
I

I
I

I
I

I
I

EE!lSalalElIl¡a!a!aEtllaE!tIa¡B3rtl3l!i:tar¡r¡ISEtIgE!at=a=lEa!¡:Ca:trlat!!¡=t

?

I
I
I
I
I

--/
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Trbl e ó. Incub¡ti on Requiretentl for the
Shurrrp Pi I ot Expanri on.

!ÊE=E==Et¡lEtaEs-t==a==3aE=EEa:======8at8rt==E-ÉE-t==EiGr==EiÉtB!!=E:tg=a==t===r=É

I Specier 9tock
I
I
I

He¡th Incubrtor Rcgul ar Fl ush i
Trrys Stack¡

Egg¡
T¡len
(tKr

Fl or
(LPñI

Fl ox I

(LPlt) !m) (t)
t--------_-_-__i
tr. lI YEAR OIIE
! Chi nook |li ddl e
I Lorar
I Coho lrp

900
700
t00
t00
r00

r80
t{0
t2
t2
t2

23 345
l8 210
230
230
230

I,

{57 I

342 I

38!
58 I

58!
I
a

I
I

I,
II

Be¡ ¡et t e
Lo¡er

Tot¡l

Ecr ¡:t t r
Lorrr

Tot¡l

l7 705 893 i

I

I
I

I rro* ,ro
I Ehi nook lli ddt c
I Lo¡rr
I Coho lrp
I

I
I
I
II

r 900

óJ0

62A

tJ0 2ã3 325 it7
IJ500 ¡00 r9J 2t7 !

100 t2
t00 t2
100 ' l2 230 58i

t t50 266 Só 5t0 ó8t i

230581
23038r

Ill
I

| -------- ____-_ 
tI'lI rr Arrurptl onrr ,

r''lf ggg¡ prr trry - 5000 for chinook rnd 9500 for coho iI Eight trryr per rtrcl i¡ Flot of 15 LPll rrgul¡r ¡nd 19 tpi flu¡h par rtrcl i
1

'!
' 

r' -B! l'31!ttlltllt=attÉEaEttt¡ atÊ8lr!r!rrr¡8=a -r!ú¡SaEttaltaagS¡8¡r l¡tEEar=- û r !
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T¡blr 7. Coho Incub¡tion Tiring Uring Shut;rp River H¡ter.

-=a=tg-a!3!EE==t=--=l=t=E¡taE==tlr¡r!Bt==!:l=a===aE=-==:=a=!EG3aÊ=t=Ea==-=a=g=
I

'lI Period
!To

lleen llonthl y
Terprreture

5. S

t.5
t.0
1.3
3.5
r.5
7.0
8.0

Dryr to
5ri r-up

t09
98
89
82
73
70
ó5

ATU '¡ f or
llon th

r05
17
30
5ó

t09
r35
2t7

9ó

Cu¡rul at i ve I

ATU's ii--------__-_i
Itt

II llov 30
I Dtc 3l
I J¡n S0
i Frb 28
I lt¡r 3t
I Apr S0
! llry Jl
! Jun 12
I
I

t05
. tJ{

rt{
220
32i
aó{
ó81
797

I
I

I

I
I

Ir eycd I

I

rt hetched I
¡
I

rr r;l r-up I

I

I¡
II
I
I

I
I
I
I

I
I

I
I
a

I
I

t
I

i-------- ---- r

Irt
tI Trrprrrturrr y¿ ócr i vrd f rot thr d¡tr i n T¡b I e 5.I Eprrning d¡tr i¡ ¡s¡ured to bc October Jl.

t,
,l

ll¡¡l!¡laSlaf3Ea!3!ttE!E=t¡r¡¡¡¡t-rilaEra=Ear=l=aBB!Ê=!r!!=rfr¡l:¡Errrrr=!===

T¡ble 8. chinook Ponding Tiring uring Hrrtrd Incubation H¡ter.

3!!rratsrrrtrrrrr=¡Ê:a=3=3r==3¡ÊratÊ¡=Es-=s=8333=ra=--tlllr!¡¡
Irl

Dryc I

Srvcd I

, Incub¡tion
I Tcrper¡ture

9
t0
u
t2
IJ
l{
l5

Sri r-up
D¡t r

J¡n 20
J¡n ?

Drc 3l
D¿c 2l
Drc l7
Dac 12
Orc 7

0
It
20
27
3{
39
{4

l--------------l
Itl

Srir-up i¡ r¡¡uttd to occur ¡t gEO AtU

vrl

aartrlltt=aa=rEsr¡-3==3=3C!-r¡ar¡¡¡-a=tE=!rgtaaarta:g3=r3¡aGr



-116-

ló

Tabl e 9. Ini ti ¡l Re¡ring Requirerents for the
Shucrrp Pi I of Expan:i on.

= == =====E3== ==t========3===3gt-áE=g¡-:f:3aÊ=3===Ê=rE|=3=3====8==¡_ _ rE =a=
Speci es Stock Fry Crpilano Trough 6t¡rt End I

Flor Flor iPonded Troughs Li ne¡' (tK) (l) (l) (LPñI (LPlt¡ |

YEAR OIIE
Ch i nool

Coho

YEAR TIO
Chi nool

Coho

Itiddlr
L orer
l¡P
Eer set t e
Lorrr

Tot¡l

ñi ddl I
Lorcr
l¡p

810
630

90
90
90

2t
ló

2
2

2

il
I
I
I
I

210
240
210

I 320
q60

t20
t20
t20

II

2ó10 . i

t120 I

72? 43 22 2610 5280

900 t800
6 720 t{{0

585
{50

rJ8
t2

I
I

I
t

I
I

I
I

I
I

II
I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

l

¿d

902 t t20 240
B¡¡rrttr 90 '2 I 120 2{0
Lorer 90 2 I lZ0 Z,O

ïot¡l 1505 JJ tt Z0{O 1Og0

------!
I
Irr A¡¡urption¡:

Fry gcr trough - aOK for chinookr 5SK {or coho
lro troughr per linc
Flor per line - 120 LPlt to rtrrt, incre¡¡ing to Zl0 Lpñ

=EatlSElAS=3=E:E==31=gttt=E-3rtE3E¡Blf=ElltttlaG:ÊE==E!=EtfEÊ:=È!EEEa=:
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T¿ble 10. Fin¡l Reering Requirtrents tor the
Shurrrp Pi I ot Expanri on.

Ê===a======t=l==-=t3======a======É83-==3===EÊt===t==r-=¡g=:==tt!=r==a==E====Er=Ë

(tK) (tK) (gl (cu.r.) (LPll, (LPll) I

! Chinook ltiddle
! Lorer
i Coho lep
I
I

I
I
II
I
I

8er¡ctte
L orer

Tot¡l 1559 tssó 5ó0 47b1 I ts90 i
I
I

i

t50 t617 5150 I

I l5 t266 2423 i

i Speci es Stock
t'
I

I

i

I YEAR TTO
I Chtnook lliddlr
! Lorer
I Coho lrp

Be¡¡ette
Lorer

Tot¡l

I TEN 6RâII REARIXG
II

! Chinook lliddle
I Lorer
I Coho l¡p

29 Fry Rel e¡sed Srot t Vol uae Fl or i

Ponded S¡ol ts Si ze St¡rt End i

729
5ó7
8l
8l
8t

6r8
50f

ó8
óB
ó8

5
5

20
20
20

,207 2278 t5ó0 i

I ó I t772 3390 i

6a 238 t2g0 |

ó/t 238 t280 i

ó4 238 t280 I

.J
327
{05
gt
8t
8t

4ó8
5ó0

72
72
72

5

5
5

5

5

22
22
22

2J8 t45 I

2J8 4¡t5 i

238 {43 I

a /j'
l!

| ,-r 1¡r
Ba¡sctte
Lorer

ô08 t0
{73 l0
70 l0
70 t0
70 l0

tt75 I 0{1

729
567
8t
8t
8t

--;;;----;;;;---;;;;- 
I

i

I

i

339 2278 15590 i

26a t772 12t50 I

39 238 I 590 |

s9 238 I 590 i

s9 238 I 590 I
I,t ,, '"' i ( - ii ). Total 1539 tzgl 7zo 4764 sz49o iI /ì . ,,/) t
It

I

I -----'--- ------ !
,t

'!i Arrurptionr ¡rr givrn in T¡bla tt. II Ïon grrr ehinook ¡nd coho ¡re ¡¡¡ulrd to rt¡rt ra¡ring on;ell rater í! but br rlrrrd on rivrr r¡tlr (¡t ls'cl during the su¡rer. iIt!
lEt¡l3la!tlfl¡ratlE=3=CÉ-!-at-G8r:aE 3 trt¡EGtEAt¡!ar=B!1:lltt!¡r!lE:¡! 3!8= t Et G Et=
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T¡ble lt. Lo¡ding Crlcul¡tion¡ for thc
Shusrep Pilot Exprnrion.

=====t=!-==3=ta!=t¡=t==aEg3==t!Baa=f=¡-tal¡!¡3Êt3tE¡==l=!===3=3=3=3ta=atrl
I

t8

Spcc i rr

Ch i nook

I
ils',C) I

Coh o

Fl or Lordi ng
(kglLPlll

Volure Loeding
(kglcu.r)

15.01
t5.ó5
t7,9J
17,9ã

t3.01
15. 65
t7.65
21.18
17. 95

9ize
(g)

(15'.C)

0, ól
0,7 4
0. 83
0. 39

0. ó8
0.8r
0.i2
t.0ó
0. 4/l

2

5
0
0

2

5
t0
20
t0

, O.ru.ptionr (fror thc LflâD RATE ¡odel ) ¡
r!
I

i Terprrrturo of 9'C¡ R¡tion of 0.9(Clll ¡nd 0.75(Cl{} of 0ñP r¡r¡ i

i llrt¡bolic Correction of 1.35; D0 in{lor of 951 of saturrtion¡ I

ii
===3:====t======33==t=t=3=====¡=aa=t===-=:lt3tg=tlralSl=a=!t3t3a!==!=É=ll
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0perrtion Str¡tegy Surrery for the
Shurrap Pi I ot Exprnri on.

)

T¡ble 12.

Spec i et

Stock Porti on

cHIil00K
E¡rly lliddlr L¡te Tot¡l Errly

c0H0
Itiddle L¡te Tot¡l

ADULT HOLDII{6

Adulte(ll
i n Spece (cu. r)
at Fl or (LPll)
fro¡
to

I NCUBAT I OI¡

E99s ( lX )

in lrays (l)
in St¿ck¡(l)
¡t Flor(LPll)
fror
to

INITIAL REARI}I6

t Fry (lX)
a in lroughs (l)- in Linc¡(l)

St¡rt Flor(LPll)
End Flor(LPll)
fror
to

FIilAL REARIN6

Fingerlings(tX)
in Sprce(cu.r)
St¡rt Fl or (LPll)
End Fl o¡ ( LPfl )

fror
to
Produces
S¡olts(lX)

3á0 720
I l8
59

600 1080
1200 2160
J¡n I 0 J¡n20
llrr 10 ll¡r 20

t60
23

670
Jui l8

520
50

I 300

640
. 100
26a0

l.óll
320
{t

615

ó0
â

150
0ct1ó

210
21

600

300
36

6

90

270
ó

5
360
720

243
óó

7tt
38{0

t60
23

670

t20 60
t26

500 tã0

Nov50

400
80
t0

r50
Srp2 I
J¡nt0

800
ló0
2l

3r5
0ct I
J¡n20

73
j
2

30
0ctJl
J ¡n2ó

68
2
I

120
210

Jan2ô
âpr I

150
¡B

3

{5
llov l5
Frbl2

75
I
I

l5
Nov30
F th27

ól
tó

t7g
9ó0
llry {
Jun23

54

0ctSl

t00
80
l0

150
0ctJl
Febl9

JóO
I
I

180
9ó0

Fcbl9
Aprl9

l. ilt
36
t8

2l ó0
1320

321
92

1013
I 938
ll¡r l0
49r29

288

ó{8
t8{

2026
3876
ll¡r 20
lley ?

37b

61
L7

t71
9ó0

Apr 1

Itry30

51 2t6

321 I .slt
?2 368

t0t2 405t
t937 773t
Aprl9
JunlS

zEB 1.2â

135 67
3r
2-

210
{80

Fcbl2 Feb27
Apr 9 ltay 4

t2t
33

357
ti20
Apr 9

JuntS

r08

a=3==433==aaE-=:ta3-ttt g¡=¡=r
=t= -34:= a ==!at! t:3É¡= ãt==ta l|- = I
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T¡ble 13. H¡tcr Der¡nd for the

-r20-

Shusrrp Pi I of Exprnsi on

PURPOSE JAI{ FEB ñAR APR IIAY JUI{ JUL AU8 SEP 0cT N0v DEC

I ilCU8AT I ON

CN ôI5
c0 90

r50
ó0

150 615
30

ó 15 61t
90 90

Tot 705 210

INITIAL REARI116 (to
cN 2000 3å00
c0 t20 {50

150 6{5 ô{5 ór5

2gl
r200

ó00
900
720 210

Tot 2120 1080 4800 lô20 210

FINAL REARI116 (29+¡
CN

c0

Tot

3500 ô000 7731 2000
r000 1335 t3J5

3500 7000 9086 3335

ADULT HOLD T }¡6
CN

c0

lot

1000 2000 2b10 2610
600 600

SPECIES TOTALS
cN 2615 J750
c0 210 510

6RAIID Tf¡TAL
2A23 4260

1000 2000 2ô{0 3210 600

77oO ó900 7731 2000 I 000 2000 2710 3255 á I 5 6l 5
ôoo t72o 1575 1335 - ó30 ôt0 90

8300 8620 8526 3335 1000 2000 27i0 s855 lJ05 70s

HoRST CASE (Chinool to l0g¡ coho to 209, both on river r¡ter)

F I NAL REAR T I¡6
cN 5500 ó000 8000 15000 21000 23000
c0 40oo {0oo 4ooo Sooo lã00 3000 4800 4800 4000 {000 4000 4000

Tot¡l 40oo {ooo 7500 ltooo 9Jo0 18000 29800 32800 4000 4000 4000 {000

ITORST CASE 6RAI{D T(¡TAL
6825 8290 85oO 12å20 9740 t8oo0 30800 s5800 6790 7855 5305 1705

g====3=====-'l:=E==========.=:=g3E¡'l======t3='a3=3=¡=g=.-l¡.==t3=l===!======a-
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Figure l. Flor Sch:r¡tic for the Shuslap Pi lot Expanelon

(TT NUI1SERS REPRESEI{T FLOH I N L I TERS PER ñ I ilUTE TT )
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J. llcNal.lY, Sr. Implementation Engineer
W. Leung, Sr. project Engineer
SEP Engineering

lhflblùrÖ*-.+
New Projects Coordinator
SEP Facility Operarions

Qq!rysIzrNG oF SHUSWAP prLoT EXPANSTON

To recap our discussion of November 28, 1984 regarding the Shuswappilot expansion, my understanding of the problems you face is as follows:
A facility of the size proposed in my memo of september 14, r9g3and D. MacKinlayrs memos of october 7, 19g3 ánd september 24, l9g4 (al.r onfile 5830-s5-T85) is projected to cost about twice what the avai-Lablebudget is rn addition, the maximum amount of gravity-feed surface waterthat can be provided using the existinc pipe on the BCH Dam is \7,OOO Lp¡4,which is hal-f of that required for MacKinlay's extreme-case projection.Accordingly, malor savings in both costs and water are required. costs arerelatively higher than at the oÈher pilots because of the gravj.ty-feedprpeline, and because site preparation and access costs have not beenabsorbed by a pre-existing pilot.

Because the central rnterior piJ.ots are commj.ted to maximumexperimentar flexibility and not to specific production targets, suchdownsizing can be relativeLy easily accommodated. This will mean thatfewer studies coul-d be carried. out simultaneously at Shuswap, but as longas the reduction does not jeopardJ.ze the mj-nimum slze of any basrc program
'module', the overall program objectives can stitl be satisfied over tirne.

r have re-examined the minimum and preferred module srzes, andstocks involved, for the shuswap facility 1Tab1e 1), and downsizing of the
Shuswap facilrty to a r-r'r egg facirity of the stage r Eagle type shourd not
¡eopardize any of these basic modules, although there are constralntsplaced on the number of study combinations that could be undertaken in anyone year (increasing capacity to t.2l'1 eggs would make a greater number ofstudy combinations possibre) . The Middle and Lower shuswap stocks cannotbe dealt with simuLtaneousLy at t.his smal-ler size, and the Middle shuswapstocks probably are more properly dealt with at this facility if a choicemust be made.

-122-
APPEIDII 1e. Downefzl¡g of the pitoù Expauston

facility
flow and
flow and

reared in

out Fr¡./t{otRE nÊFÊtÉrËE

5830-85-T85
58 30-85 -sI60

November 29

Elimination of Lower shuswap chinook and coho from Èhewould result in about a 4ot decrease in incubation and rearing
volume requirements- An additionat 4ot decrease in finat rearing
volume requirements may be possible if ¡aiddte shuswap stocks arenet pens in the river (preferably in the BCH Dam forebay) .

/2
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In terms of final rearing containers, four separate raceways, each
capable of being divided inÈo 3-4 compartments with screens, should give
adeguate experimental flexibiliÈy

I am also given to understand that, even if downsizing to the Il.{
egg size occurs, funds are still insufficient to provide Èhe gravity-feed
surface water supply line as parÈ of the first stage, and the facility
will have to be fully pwnped. Although this situation is similar to what
has happened at several other facilities I find it discomforting,
especj.ally considering our various recent problems hrith wells. If there is
any way in which a surface water supply can-be incorporated, I would urge
its inclusion.

The numbers (Table'1) represent a simplistic first cut at Èhe
probJ.en. I will have D. l"lacKinlay examine this approach in more detail ,
and Don will provide reworked design requirements and water demand as soon
as possible.

À final note re constructj-on scheduling. You have suggested--and I
certainLy agree--that we not commit to operating the expanded pilot until
in the fall of 1985. r think all of us would appreciate the longer
planning and preparation time that this would give us. This would rnean
that the existing pilot woul-d have to be run for a second year or be shut
down; C. MacKinnon may wish to com¡nent further.

B. c. Shephercl

BGSrzmmm

F.K. Sandercock
C . N. l'lacKinnon
G.F. Bérézay
D.D. MacKinlay

D. Buxton

)

)
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Table I. Summary of numbers of eggs and stocks required to undertake

experimental study rmodules' at Shuéwap facility.a

No. of Eggs (No. of Stocks)
Study Module gp - llinimurn preferred

Gross Time o¡ 500K (f) I000K (Zl
& Size co. 320K (t) 640K (2t

TOT 820K (21 1640K (4)

Detailed CN 250K (I) 500K (l) (109 + module)
Tirning co tSoK (1) 36oK (1)

TOr 430K (21 860K (2)

l'laximize cN 600K (1) 600K (I) (29 modute)
Rearj.ng co 600K (I) 600K (1) (29 module)

TOT trot - 12OOK (21

Imprj-nting CN 450K (I) 450K (I) (29 module)
Strategies CO 450K (1) . 450K (1) (29 module)

ror 900K (2) 900K (2)

Rearrng
Cap. Checks:

- u/s Dàrn cN 4OOK (1) 4OOK (1) (2s)

- wap co l00K (1) 100K (r) (ss)

- Bessette cO 100K (I) 100K (l) (5S)

t Tuk"r, from Shepherd memo of September 14, 19g3,
on file 5830-85-T95.

É
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B. G. Shepherd
New Projects Eoordinator
S. E. P.

Don D. MacKinlay
Design Biologist
s. E. P.

SUEJECTOSJET IXTI{IIEIZIìI€ fF TTIE S}T.HÍIP EXPfl{DED P¡LOT

Thi s m€rrno di gcusses reducti on i n si ze of the Shusnap
Expanded Pilot facility in order to meet the site water
supply conEtraints, aÉ requested by you in your meno to J.
llcNallyt November 29, 1984 on this fiIe.

lly rneno to yoL( of September ?4, 1984 get out the
biological criteria required for ên expanded pilot facility
at the Shuswap site neår Shuswap Fall¡. The major items
reguested werE! as follows:

- 48 stacks of Heath traYs
- 6 lines of Capilano troughs (12 troughs)
- 7 large starter råcewèyE
- 5 final rearing recÊways (3OmL)

lSK LPM of wel I water
- ?5K LPM of surface w¡ter

Engineering is working on a first cut conceptual derign
åË fol Iows:

- 36 Heath stacks (18O stack caPacity)
1O Capilano troughs (singler under cover)

- O I arge starter recehrËlys
- 4 +inal rearing recewåYs (24mL)
- well water capacity

4. óK LPll pregent I y
ó.5K LPFi with one more well

- ùlOK LPI'lr Jnex i mun aqui f er capaci ty
- surface water

- none in firgt conEtruction Phase
17K LPM¡ fiàXimum pipe capacity

As can be s;elen , the provi ded trornpcrnents bear I i tt I e
resemblance to those requested. What needS to be considered
in designing the Expanded Filot ere:

1. the requirements of the experimental module¡
2. the ultimate capacity of the facility

These are discussed below.

-l

_l
-l

J

)

)

s¡c¡fiîl . cl¡st¡Ftcanora . oc sacuãtl

OUi FII.¡./XOTRC RÊFÊFII€€

5830-85-TB5

January 18, 1985
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EXP€R II.ENTâI. REOI,¡fr€ICNT8

Thc key to fitting all the experimental ¡rodule¡ into a
pilot fecility which ig within the budget for the fir¡t
stage of congtruction is to be able to adjuEt the timing of
diffcrcnt group¡ such that double use of rearing containere
cen be made. Timing adjustment is alEo essentl¡l to produce
the correct slze of fi:h at the appropriate time for noEt o'{.

the experimental rnoduleg. The following diEcu¡r¡icln esiunìGs
th¡t the pilot facility will have such ån ebility.

Florr

Comparing the present site capacitiee (4.6K LPÈt) with
the requested flowsr there ic alnogt nnough well water
avai I abI e to sati sf y the i ncubati on (912 LFll) and i ni ti tal
rearing (4. BK LPI'I) requirement¡ of the pi Iot plan. The
limiting flow requirement ig Çor final rearing.

I have re-ex¡rnined ycrur proposed experimental nodule¡
(memo to Sandercock, Li I I and Harrison of Septenber 14,
1983) .in some detail and have deternined that only about
SöOK chinook need to Þe reared to the 5 g+ stagc eech ye¡r.
This requires aÞor-rt two r¡cewåys (SOOK + 5 g / t3.é5 Kg/cu.m
= 159 cu.rn¡ /c).74 Kg/LPll = 34OO LPll). If r et the ¡a¡ne time,
coho ere in the initial rearing containers (due to delayed
developrnent during incubation), their requiremen.ts would be
less than lK LPI'1. The total (412() LPtl) is within the flow
capåcity of the present wells.

To åcco,npl i Eh the ti mi ng ad justment¡ ¡B r¡enti oned
above, cold, river water needs to be made available at leagt
during incubation and inltial rearing. Since only coho need
to be delayed slgnificantly during incubation, a provieion
of col d water equral to thei r total requi renent ( 90 LPI'| )
would be an acceptable ninimt¡n. Atl the coho requirc only
72O LPf't Íor initial rearing, so e provlsion of 4OO LPI¡i of
ri ver water would be ¡n accepteble minirnum f or ad justing
rearing temperatures. Thig could be provided by a lOO USgpm
purnp with a small intake out in the river..

Contrincrs

It cen be agsumed that incubation spece lr not
limiting. The nunber of Capilano troughsr lerge Etartcr
units and f in¡I, rearing råcefråysi avai l¡ble depcnds only on
priorization of expcnditure¡.

Since only two large chinook stocks and thrce sm¿II
coho stocks åre planncd îor the Expandcd Ptlot, thrae llne:r
(oî si x requested) of Capi I ano troughs would be ¡n
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eccetrteble flÌininu.n to be in pl¡ce af ter the f irst st:ge of
con¡truction. A large nunber of cepilano troughs is of Ies¡
use at this pilot than the equivalent in Iarge st¡rter
unitgr lince the starter unit¡ cen be better used Íorrearing to larger sizes in lieu of final rearing racewåy5.
The entire requirement of etght sterter unlts shor¡ld beprovided' since this stage of rearing is the mort inportantpart of thc pilot operation.

As mentloned under 'Flow', tro finel rearing rece¡rey:¡
would be enough to meet ttre pilot require'ments if soít€r event
t i mi ng rnani pul ati on werel done. t¡ri thout those r¡GEìHay! |about trro thirds of the chinook could be rerred to the s g
size in the Iarge starter unltg, not con¡idering the
conflict with coho being reared at the seme tine.

Therefore, the adJusted ninimun requiremcnt¡ for the
Shuswap pilot äre ås followE:

' Æ stackE o{ Heath trays
- 3 line¡ of Capilano troughe
- B large starter units
- 2 fin¡l reðring rectweyr (25mL)
- 4. óK LPll of wr=I I x¡ter
- 4OO LPI'I of river water

Flor Drarnd

A revised fIow demand for the down-sized Eihuswap
Expanded Pilot iE shown in Tabte l. The changes mentioned
above have been incorporated into this table, including
reduced final rearing flow and tining adju¡tnent of coho
incubation and subsequent rearing.

The coho timing cån be delayed by onÊ month by
incubating them on é.5t E water during incubationr This
wor-rld require 3o-4o7. ol the flow to be cold curface water to
cool the 9t C xell water.

Overlap of containcr flows haE bc+en taken into account
in the flow densnd t¡ble. For exacpler.in Harch, when sclrrte
of the chinook iry ere transferred from initial reering(sBoo LPM) to final rearing (tooo Lptt), only the highci
value is ¡dded to the grand total f lorr¡.

)
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If-TT{.NTE FACIL¡TY CPÆITY

The main limiting factors at the shusrrcp site are theflows potentially avail¡ble fron the .well¡ (roK Lpl{) andriver (17K LPM). These can be used to determine the naxinumpotential requircmentg for fish culture f¡cilities and the
urltimate size and capacity of the facility. Slnce chinook
reguire more flow and contain€rs per {ish than coho,
trepecities will be expressed in terms of chinook eggs.

If rearing hrere to continue to the S g smolt stage, the
l7K. LPM of river water could sustain å m¡ximum of about z.sM
smolts 14.Q1'l eggs), This would require eleven Zrlr¡L or nine
3OmL råceways (BOO cu. m).

If rearf ng only went to the ? g strge, the lOK Lpl.l of
well water could sustain r måxinum of 3.2f'l fry (s.6f.l eggs).
This would require 20 large Etarter units, each r+ith 16oK
{ry ponded to i t. sonre augnentati on of f I oc. wi th ri ver
srater could raise initial rearing capacity to the 4.ol't egg
mark wi th mi nor decrease i n growth ratee due to I orrer
temperatur€l:;.

- Incubation space and f low requirennntE {or the 4.Of.l egg
rnax i rnum reari ng capaci ty åre 1oo rtacks of Heath trays and
l5t)t) LPM' respecti vel y. However the Eagle style of bui ldingproposed for this site has a cäp¿tclty for lBo st¡cks of
Heath trays, equivalent to 7.zn eggs. This is obviously
overEized Íor the limited flows available at this Eite. The
Spi us styl e of br-ri I di ng, whi ch has an egg cepaei ty of 4.Zn
eggs (1o4 Heath stacks)¡ would be a much more eppropri¡te
size Íor the shuswap project. The spÍus building can be
considered the minintrn acceptable size Jor e hatchery
building which still contains enough of the maln conponent:
for e fish culture openation (workshop, lab, office.l
mechanÍcal room, storage).

Therefore the ul tinate
Salmonid Enhancemcnt Faci I ity
fol I ows¡

size of the Ehuøxap River
should be ch¡racterized as

1ÐO Heath stacks (Spius hatchery building)
- 6 lines Capilano trourghs (- 3 large starter¡)
- 20 large starter units

lO final rearing receeråyr (27nLl
lOK LPll of wel I water
17Þí LPl.t of river water
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PRIORIZATIfil

The most important conponrnts of the shuswap Expanded
Pilot ere those dlrectly relatcd to fich culture. Becau¡e
o{ the regfonal cli¡rate, the biologic¡l/operations group
feel that tt is escential that the initial rearing
containers be sheltered. since the initiat rearing
containers are the key to the oper¡tion of the pilot, if
only one major structure cen be afforded at thi¡ time at Èhe
shuswap sitet it should be the rearing building. Tenporary'incubation could be incorporated lnto e cclrner oÍ it and erented trailer could serve aE office/lab.

I would priorize the constructÍon of ite¡rs at the
Expanded Shugwap Pilot as followE¡

O. site f i1t, åccess road, pu.nps, aeratioR
1. El starter units and building pad
2. rearing building shell
3. 3 lines of Cap. troughs (in building)
4. temporary pumped river cupply
5. hatchery building¡ complete ghrll
6. 2 f inal rearing rece¡rey-
7. hatchery building conplçtion
8. 5 more Cap. trough lineg
?. 2 more final rcering racew¡y¡

1O. more wells, gravity surface supply
1 I . reari ng bui I di ng compl eti on
72. creh, residence
13. final rearing råcewåy completion
14. adult handling facility
f5. sludge lagoon

The SEP OPS group should have a meeting as soon ås
possible to ågree on or adjust theEe priorities and
coíìmunicate them to Engineering.

)

c. c. F.K. Sandercock
C. N. I'lacKinnnon
6. F. Berezay
J.D. Buxton

A.F. LiII
J.l{. l,lcNal I y
Y.W. Leung
A. Mache}

)
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T¡blr l. R¡virrd l¡trr Drtrnd for th: Shu¡r¡l Pilot Erp¡n¡ion

PURPOSE JAII FEB ItâR APR IIAY JUII JUL AU6 SEP OCT ÌIOV DEC

IICUBAf t0X
cll ó 15 150
c0 90 e0 ó0

150 ó15 ó15 ót5
50 90 90

Tot 705 210 60

llllT¡âL REARIN6 (to 29)
cÌ{ 2000 3ó00 3800 900
c0 120 150 720 720 210

tJo 6{5 ó{5 645

Tot 2000 5720 1250 1620 720 210

FIIIAL REARIT{8 (29+¡
cH 1000 2000 3t00 2000
c0 500 t000 ts35

Tot 1000 2000 J900 3000 r335

âDULT HOLDIN6
cN 1000 2000 2610 2610
c0 ó00 600

Tot 1000 2000 2610 32{0 600

ERAIID TOlAL
2703 59å0 4510 Jô20 tt20 32{0 23}5 2000 27i0 3855 r305 70s

t=!Er=a==== = 
33= ¡E====t=!=33=-3!l3==3=-A-133=3===:3===aart-== ===t =a== tl=43433!a= =
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APPEIÍDIX 1g.. As-Deslgned vs Aa-Requested
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B. G. Shepherd
New Projects Coordinator
CFÉI

Don D. I'lacKi n I ay
Design Biologist
S. E. P.

SHUBbIAP PILOT: AS-fES¡GñED vcrsur REOI-ESTEI)

This rnemo compåres the deEcription of the facilitieg to
be provided (as-designed) by the fall of 198ó (as outlined
by t¡lai Leurng i n hi s rnerno to you o{ Jul y 18, 19BS) to the
facilities requested to fulfill the experimental
reguirementg of the Shuswap Pilot.

The design oÍ this pilot should have been based on two
previor-rs memos: the f irst gåve the requirements to meet the
experimental progràrn as originally outlined by youi and the
second described the minimal facilities required to handle e
truncated range of €rxperimental options.

WATER SUPPLY

The 7l(. LFf'l available from the four main wellE at the
Shuswap site ere only half of the requested 15K for the full
si ¡e pi I of br-tt ere greater than the 4.61{: requi red to ¡neet
the minimal demands oi the down-sized pilot. However, the
7l'; LFM provided are not enough to adequately supply the f our
large råcewåys being constructedt if they are all operated
at once (at lBO(ì LPI'I each they reqltire 72AO LPl"t total ).
Cont i nnous Lrse of the max i mnrn groundwater cåpac i ty may al ¡o
lead to a decreaEe in the total yield from the welIst as has
happened at rneny facilitiês. This proviEion of too many
containers Íe,r the water available will probably result in
chronic water shortage problems at this pilot. The operator
should be advised that the design allows for only two of the
large receweys to þe supplied with adequate flows when the
other rearing units are in operationt as will be the norrnal
Ei tuat i on .

The 8Or) LPI'I of river water to be provided (sr-rpplied to
the incubation roofn only) exceeds the minimum of 4OO LPM
requested for e down-sized pi lot. It obviously is
insufficient to make any signifieant contribution to rearing
or ås å back-up slrppIy. The pilot operator should

-t
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s€cur¡Tv. cr¡s!¡¡Flc nox. ot !ÊcurfG

July 21, 1985.
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understånd that there is no back-up sLrpFIy avaitable.

AERAT ION

The old Eagle aeration tower is to be used, which
consists of lt) segmented columns, each with one distribution
system and 6 standard aerator pots. This seven segnent
system should be adequate to bring the approxinately 4ÐZ
oxygen wel I water up to ?57. of saturatron and reduce
nitrogen supersaturation. Th€ 10 colunns wiII be able to
accommodate the 7K LPf'lr at the.normal f low rate of 7oo-?oo
LPI'I per col urnn.

FISH CULTURE CONTAINERS

The following ta::le summarizee the main fish culture
container requirements Íor performing the releese stretegy
e:{periments compared to the facility being built at the
Shuswap Pi lot:

Ful l -Si zed
Ex per i ment

Down-Si zed
Experi ment

As-Desi gned
F¡ci I i ty

Tray
Stacks 48 48 54

Trough
Lines 6 3 5

Large
Eitarters 7 El 6

Raceways
(25m long, 6 2 4

This table showE thet sufficient incubation capacity
wi 1l be provided but that f inal rearing is only sr-rf {icient
for the down-sized pilot and initial reering capacity is
insufficient for either option.

Due to the nature of the experimental plan, empharie
wåe to be placed on initial rearing. The total initial
rearing capacity required îor the full-si:e and dov*n-size
pilots were calculated to be the equivalent of ?O and lg
Capi Iano trough I ineg, respectively, whereas only the
equivalent of t7 lines will be provided. It would have been
preferable to build more large starter units in lieu of the
extra I arge receweys that ere bei ng provi ded. t¡Ji th the
presently de=igned setr-rp, the facility operator rriey be
forced into e situation where coho have to be ponded
directly into the large råceh,¡ys, à pråctice that has not
been tested at DFO facilities, to my l:nowledge.
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The operator should be advised that incubaton timinq
for 'the coho to be reared through the second winter should
be delayed (using cold eurface water) to swirn-uP after the
bulk of the chinãok 2q Íry releeses have been cårried out.
ThiE strategy was taken into account in asseesing the design
requi rements o{ the down-si zed pi I ot, theref'ore t wi I I
probably not be sufficient to allevi¡te the problem of
insufficient initial rearing cäPecity.

Since both water ànd snall-Eized rrering ePece will be
in short suppty at the Shuswap Pi Iot t the exPerimental
objectives should be reduced by about 25f.- Dropping the
coho over-winter reering component in favor of fall releases
would seve the most water, while reducing the proportion of
early 4ry releases' would sieve the moEt initiat rearfng
sPåce.

I therefore suggest th¡t the operator be given
relatively modest egg-teke targets and e rimple relee¡e
strategy plan to follow for the firEt ye¡r of operation, to
reduce the impact of problems encountered while the bugs are
being ironed out and the facility capacity and performåncçl
are being assessed.

D. l'lac

F.K. Sandercock
C. N. MacKinnon
E. F. Berezay

)
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Enhancement Targets and Strategy for Fraser River Chinook, Coho,
Salmon and Steelhead Trout.

SECUSIÍY. CLASSIFICAT¡ON . DE SÊCUR¡TÊ

OUR FILE/NOTRE RÊFÊÂENCE

qq?n-t ,l-1

YOUN FILE,/VOTRE RÊFÊRENCE
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Elalrrrrrvrr 1? ì Oa^
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The Fraser River, Northern B. C. & Yulion Geographical Working Group (GlrIG) has
developed a tentative plan for the enhancement and management of Fraser River chinook,
coho and chum salmon and steelhead trout. This plan includes sr¡bstantj-al- increases in
the productj-on of all species through artificial enhancement and Lhrough greater spawning
escapements to tal<e advantage of presently underutilized sparvningr and rearing areas.
It must be stressed that Èhe enhancement levels proposed here are tentative and. are
subject to change pending development of a strategy for sockeye and pink salmon. However,i+ ic avna¡+'a¡r +hat the magnitude of any changes wou1d, in most cases, be relatively
small.

Tn ¿larra l nni n,'---r-..9 production levels for artificial erù¡a¡cement of chinook and coho
bot-l. migration timing through the lower Fraser River and present natural spawning
populations were taken into consideration. In the case of chum sal-mon the level of
enhancemenl for individual stocks was based on tÌre predicted size of that stock aÈ
ful-l- utilization of the natural spawning grounds. Steelhead enhancement levels are
presented as desired returns of adults to individual tributaries. As some steelhead
runs will be threatened by overfishing due to heavy expJ-oitation of erùianced salmon
runs, the total steel-head production levels required can be determined only after the
plan for enhancing and managing salmon is finalized. In general, no attempt has been
made to assign individual stocks to particular enhance¡nent facilities. The actuaL
assignment of stocks to facilities on the basis of technical, engineering and
economic considerations has been left to SEp.

There are numerous streams supporting relatively small numbers of fish that have
not been included in this proposal. fhe total number of salmonids util-izing these
small streams is relaÈively low compared witl¡ the number found in streams selected
for enhancement. However, the importance of these smaller stocks is often much
greater than their size would suggest, particularly when they are locaÈed close to
areas of human settlement. Many such streams may be suitable candidates for assessmênt.
through t.l.e Pr¡blic Involvement Program or Small Projects, etc. Some may indirectty
benefit as a result of straying of adjacent enhanced stocks. If there is no erùrance-
ment effort on these stocks or they do not benefit from straying it is anticipated
that some may be faced wiÈh extinction.

cont I d



-136-
(2)

Tt-re phasing in of erùrancement tacÍ-tities is imporÈant as it has an effect on t-t¡emanageability of stocks and species that overlap in migration timing. For tt¡e same
species it is highly desireable that aLl stocks with similar timing not only be
enhanced to the same relative degree but also be phased into productj-on at the
same time to avoid overexploitation of unenhanced stocks or overescapements of
enhanced stocks.

2. Chinook Salmon

The average spawning escapement of Fraser River chinook saLmon is about 66,OOO
and the total stock has been tentatively estimated at approximately 600,OOO. The
migration tirning through the lower Fraser River is very extended (Fig. l) with
chinook entering the river from March through october. As ind.icated in Fig. I the¡imì'^ at ìnái"ìdual stocks can be broadly separated inÈo earl-y, middle and late timinq
segments - The early and middle-timing segments are comprised of numerous stockswhile the l-ate-timing run is thought, to consist solefy of the Harrison Rj-ver stock.

The enhancement plan for chinook involves increased producÈion through greater
escaÞements and by artificial rneans. The extent. of increases through additional sparvners
is difficult to quantify because of tÌ¡e paucity of information on spawning and rearing
capacities. The proposed increases through artificial enhancement facilities
total 1'006'000 for the entire Fraser River system. Table I lists t.lre proposed
Íncreases for individual streams grouped by migration timing and geographical areas.
There are numerous streams supporting chinook salmon that have not been included
in this proposal. They represent 40 percent of the total number of chinook spawning
streams but onry three percent of current totar production.

a) Early liming Chinook

The early-timing chinook run is comprised of the small- run of Birkenhead
River chinook (now being enhanced) all- stocks spawning north of prince George and a
few spawning to the south of prince George (I,Iestroad, cottonwood) . Early-timing is
defined as having a main rnigratory period through the lower Fraser prior to JuIy
1. The average escapement (1969-78) of tlle early run is 13,OOO while the total catchin al-1 areas is estimated to be 1O4rO0O. rt is estimated tJre currently underutiLized
spawning areas could support at least 70,OOO additional early chinook spawners.

Because the migration timing of early run chinook salmon through Area 29
does not coincide to any extent with -'trat of otfier salmonid species and commercial
fisheries can be specifically targeteC on them, the early run provides an excellenc
enhancement opportunity that shoul-d be deveLoped imned.iately. Ho\,rever, in ord.er to
obtain a balanced production within t}tis timing segment and minimize l-oss of natural
runs through overfishing it is important tl:¡at as many stocks as possible be enhanced
and tìat enhancement Proceed as far as is practicable, simultaneouslv on all stocks
qp I o¡+o'l

The stocks reconmended for enhancement and the suggested level-s are 1isted inTal¡Ie 1. For the early-timing run as a whole the GWG is proposing an increase of
198,000 fish (catch plus escapement) .

cont'd
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b) Middle-limingChinook

Th¡e middle-timing chinook stock is comprised of the Quesnel Sub-oistrict
escapement (Quesnel, Chilcotin-Chilko-Taseko Rivers) that is not included in the
early-timing stock, the Thompson River watersheC escanement and the lower Fraser
River escaPement (excluding the Harrison River "white:" chinook) that migrate through
Area 29 after July 1. The middle-timing stock has an aveiage (1969-28) escapement
of approximately 35'000 and a total catch of 280,000. It is estimated that currently
und.erutilized spawning areas within middle-timing chinook streams could support an
additional I00r000 chinook spawners.

There are no Area 29 target fisheries for middle-tinr-ing chinook sal-mon.
Management control of the Fraser River is exercised by the International pacific
Salmon Fisheries Commission (IPFSC) during t].e period of the middle-timing chinook
spawning migration (approximately July I to September 30) . TLre IpSFC manage the river
for sockeye and pirll< salmon. Chinook salmon captured during IPSFC control are caught
incidentally to sockeye and pink. Enliancement of middl-e-timing chinook should. increase
the incid€n-ual chj-nook catch in Area 29 Curing the IPSFC control period. No target
fisheries on middle-timing chinook shoutd occur until all designated middle-timing
stocks have been enhanced and are of sufficient strength to suppgrt additional exploi-
¡^s.l ^-Lq ur9¡¡.

Table I shows the stocks proposed for enhancement and the associated incremencs.
Íhe total proposed increment for this timing segment is 673,000 chinook. Because ofntrr i n¡Þrì I ì rrr +n control the Area 29 commercial- fishery during the time that middle-
timing chinooks are migrating through tlis area the cbIG recorunends tiat enhancemenc
of middle-timing chinooks be given lower priority than that of early or l-ate timing
chinooks.

c) Late-Timinq Chinook

The l-ate-timing run is considered to be comprised entirely of the white-fl-eshed
Harrison River chinook. These fish occur in substantial numbers in the Area 29 conmer-
cial- catch in mid-Àugust and comprise the greater portion of the catch in September
and October. TLre Harrison River supports an average (1969-78) escapement of 18,OOO
chinook while the total catch in all areas is estimated at 144,000. It is estimated
tlrat there is sufficien-' unutilized spawning gravel in,the Harrison Rir¡er rô qnr'nort
an additj-ona} 35,000 chinook spawners.

fhe peak migratory period for Harrison River chinooks through the lower Fraser
ie rar¡+irrarr' ¿riscrete from the migration of other chinook stocks although they do
coincide with coho, early chums, pinl<, late sockeye and steelhead. Because of their
large size they can be fished with large meshed nets which would minimize the inci-
dental- coho catch. fl. e chum salmon run is relatively small at this time and may be
protected to some extent by enhancement. The peak migration of Thompson and Chilcotj-n
steel-head is about'mid-october thus these fish could be subject to severe over-
fishing if the late-timing chinook run is increased substantially during this period.
However' by focussing enhancement on the early-timing segment of the Harrison chinook
stock and enhancing the Thompson and Chilcotin steelhead the impacts should be mini-
mized.

cont'd
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fhe Gf'lG proposes that the Harrison River chinook stock be enhanced by
I35,000 adults with enhancement aimed at the early portion of this run to minimize
tìe adverse effect on chum sal-mon and steelhead trouc.

3. Coho Salmon

The estimated average (1969-78) spawning escapement of coho salmon to tÌ¡e Fraser
River is 64,000 while the total stock is in the order of 25O,OOO assuming a catch
to escapement ratio of 3: l. As indicated in Fig. 2 coho migrate through the 1ov¡er
Fraser from August to November with a peak about the beginning of October. Thereic ¡rrrron+rrr i^'ufficient information availa.ble to separate individual stocks into
specific timing segrments. The migration timing of coho coincides with that of
late sockeye' pink, late chinook, early chum and. steelhead. At tìe present time
coho are not commercially fished del-iberateJ-y in the Fraser River area', the entire
catch is taken incidentally to tÌ¡at of other species.

The enhancement strategy for coho involves increases in product.ion through
greater escapements as well as by artificial means. Based on rough estimates
of tle gross spawning area an additiona] 150,000 coho spawners could be accommodated.
However, in many areas rearing capacity will probaJrly be limiting before tJle spawning
qrounds are fi l-Ied to capacitv.

Because many of the coho stocks in the Fraser River are in poor condition and
because of the overlap in timing with other species, enhancement plans for otÌ¡er
species \,rith sinilar tj-ming must also take coho into consideration. Ttre broad
geographical spawning distribution of coho is also a problem if all coho stocks are
to be enhanced at a similar rate as it will necessarily involve many individual
facilities or extensive satelu-ting from central facirities.

rn tlte lower Fraser River there are several facilities either under construction
(Chilliwack) or planned for the near future (Chehalis, Stave) which will- erùrance
coho, chums and steel-head. In order to minimize the impact on unenhanced. coho and
steelhead stocks it will be necessary to keep exploitation rates,at current leveLs
until production is available from all facilities in both the upper and Loler Fraser.rhìq m¡rr rocrrl+ in substantial overescapements and hatchery rack harvesting until
a bal-anced increase is achieved. To minimize this effect it is recommended that
cono production from the lower Fraser facilities be initially held at a reì-atively
low leveL. In the meantime it is essentiat that a com¡irehensive facility plan be
formuLated that allows each stock to be enhanced at the rates proposed i-n Ta-bLe 2.

The proposed enhancement increment for coho is 913,OOO at fuII production
(Ta-ble l-) . As most or the production is from relatively smaIl stocks this may
Present serious problems from a benefit-cost point of view. However, tl:e Gl{G
urges SEP to take a cÌose look at the feasibility of small projects on individual
strearns wherever possible ratÌÌer than trying to achieve aII production from a
few large central hatcheries.

There are many small coho spawning streams thaÈ have not, been included in this
proposal. Together they include 50 percent of the known coho spawning streams but
only 5 percent of the current total coho production. Many may be suit¿bIe candidates
for Public Involvement programs, etc.

cont I d
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and October with a peak in mid-October (Fig. 1). fhis run coinci-des in timing
with coho, piri<s, early chums, late sockeye and HarrÍson River chinook. Most su¡nmer
run steelhead spawn in the Chilko-Chilcotin and Thompson River systems which have
current escapements in the order of 400-500 and 6 '000 fishr A
smalLer su¡runer run, spawning in the Coquihalla and Silverhope Rivers, migrates
through tl¡e lower Fraser from May to JuIy.

The winÈer run of steelhead starts Èo show up in abundance in December and
coincides with tle late portion of the chum run. Winter run steelhead are confined
to streams in the lower Fraser Valley, the largest being the run to the ChÍIliwack
River.

¡ l Mi d-Fra ser Stocks

fhe mid-Fraser sÈeelhead stocks are particularly vulnerable to overfishinq
during commercial openings for salmon during late September and October 29 any
enhancement plans for these salmon stocks must also consider steelhead.

lable 3 Iists the proposed enhancement plan for mid-Fraser steelhead. The
total enhancement increment in terms of adults returning to the river is 2,000 for
tle Chilko/Chil-cotin and 12,000 to the Íhompson River. Depending upon the final
salmon increments selected there may be a need to provide even greater levels of
enhancement to these t\.¡o systems.

b) lo\.{er Fraser Stocks

Ttre Ìate-timing steelhead, stocks are relatively discrete in their migration
timing although 1-here could be some conflict wittr late-timing chums if the latter
are enhanced substantially and fished commercialty in the river. They are a very
important sport fish and in order to reverse tl¡e recent downward trend of many
stocks and restore sport fishing potentials a steelhead enhancement program has been
proposed. Table 4 lists the selected stocks and levels for enhancement. úte total
proposed increase in adults returning to the strearns is about 18,000 of which the
Vedder-Chilliwack would account for nearly half.

CONCLUSIONS

Thre GWG concludes that SEP must develop a facility plan for tJ:e enhancement
of Fraser River salmonids, that examines the economics of enhancement from a broad
point of view taking alL stocks into consideration. Some facj-Iities may show
unfavourable benefit,/cost ratios when examined indivi-dually. However, because
of the need to simultaneously enhance stocks with similar migration timing a compre-
hensive enhancement facility plan might include both large and small facilities.
rr ìc imnnrr¡nr that a situation does not occur whereby a few facilities with hj_ghly
favourable benefit/cosE ratios are constructed first Ieaving the unfavourable ones
for nhasê TT nr never. This situation would result in overexploitation of unenhanced
stocks possibly leading to their extinction. The necessity of phasing in all stocks
with similar timing at the same rate cannot be over-emphasized. Management of enhanced
production is dependent on this concept.

RECOMMENDATIONS

fhe Fraser River, Northern B. C. and Yukon GWG makes the following
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4. Chum Sal-mon

Fraser River chum salmon have an average total stock of 905,000, a commerciaL
catch'of 462'000 and a spawning ground escapement of 443,000. TL¡e average exploi-tation rate is approximately 50 percent. An estimated two thirds of the spawnersutilize tltree major tributaries: the Harrison, Ved.d.er-Chilliwack and Stave Rivers.
The Harrison River alone suPports 40 percent of the spa\^¡ners on the average. l"lostof the remaining spawners have been attributed to the mainstem of the Fraler while
smaller numbers utilize more than thirty other tributaries. In most vears the
spawnj-ng grounds are underutil_ized.

îrha 'l^hd l-ôyr¿rç lv¡¡y us¡Tll ftêDâgement and enhancemenÈ plan involves increases in producti-on
through larger escaPements to the spawning grounds and through artificiaL erù¡ancement.
To achieve increases in the spawning populations the GldG recommends an initial
reduction of the commercial fishery in Johnstone Strait and the Fraser River. Asartificially-produced chum sal-mon begin to be phased. in it is suggested tl¡at thelevel- of exploitation noÈ be increased untj-l it is evident that tìe natural spawning
grounds are being fil-led to capacity. Eventuall-y the combined runs of natural and
enhanced chums will support a higher level- of expl-oitation that will still a1l-ow
an optimum number of fish to reach the spawning grounds.

: fhe recommended plan for artificially increasing Fraser River chum salmon consistsof ã total increase (catch plus escapement) of 7O0,OOO fish involving six different
sto.cks (Chehalis, Squakum, Harrison, Vedder, Stave apd Nicomen and tributaries
including Inches Creek) (talte Z¡. The level of enhancement for each stock was
derjved by allocating a portion of the Too,ooo totaL on tl¡e basis of the relative
number of naturaL spawners each system was estimated to be able to support. Inthis 'way each system would tlteoretically be in balance with all the otjrers and asingle exploitation rate (67 percent) could be used to optimize escapements to all
areas - It Ís assuined that the same enhancement technology would be used for allstocks (i.e- fed fry with an egg-to-adult survivar of r.44 percent). Erùrancement
met-hods resulting in lower egg-to-adul-t survivals would require greaE,er escapements
and therefore somewhat lower exploitation rates.

i In addition to rna.io:: enhancenent of these six stocks ttrere are a number of
opgortunities for "Jow leve1 technology,, in enhancement of some stocks by such
me-uhods as side channel improvement, gravel placernent/ etc. Íhe GIVG strongly supports
enhancement projects of this nature. Ho\^¡ever, it is r'equested that proposals besent to the GWG for approval prior to implementation.

one of the costs of this enhancemeint program wiLl be the loss of production
(el'en extinction) of unenhanced, stocks due to overfishing. The largest stock isthe mainstem spawning population with an average estimated escapement of 126,000fish' There is, however' some doubt about the validity of escapement estimates fortltis population and it may actually be considerably lower. In addition, there area number of small stocks with have not been incl_uded.

5. Steelhead Trouc

' There are two
and a winter run-

cont 'd

malor runs
Tho crrmnar

of steelhead into the Fraser River, a summer run
run passes tJrrough the lower Fraser mainly in september
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reconrmendations regarding Èhe enhancement of Fraser River Salmonids:

1. that enhancement of individual stocks of chinook coho, chum
and steelhead take place according to the level-s indicated in
the attached tables. Alternate1y, aI1 stocks with similar
rn-igration timing (e.9. all early chinook stocks) may be propor-
tionately enhanced to an alternate level after consultation
and approval of the GI^JG.

2. that all saimonid stocks with similar timing be phased into
production at the same time, as far as is practical.

3. that immediate emphasis be given to enhancing early-tining chinook.
This may require a mixture of large and smal-l facil-ities to
incLude as manv stocks as possible.

4. that enhance¡nent of late-timing chinook (Harrison River)
coincide with enhancement of mid-rraser steelhead. Í.Í enhance-
ment of Harrison River chinooks precedes that of steelhead then
production shoul-d initially be kept relatively low and Èhe early
portion of Èhe run should be enhanced.

5. that a comprehensÍve facility plan for all Fraser River coho and
niddle-timing chinook be developed.

Di s tribution

H. Swan
A. Lill_
A. !.lood
R. PaLmer
J. McNally
F. Fraser
tr Çì.r anh ar¡l

D. Wilson
D. Marshall

GlnlG members: J. Cartwright
J. Barnetson
O. Sweitzer
J. Leggett
D. Aurel
P. Caverhill
R. Bell-Irving
G. Zeal-and
B. pearce



Chinook Salmon
Early Timing Stocks

Birkenhead River

Bowron R iver
McGregor R iver
Slim Creek
Upper Fraser R iver
Other Upper Fraser Tributaries
Nechako B iver
Stuart R. and Tributaries
Westroad and Cottonwood Rivers
Salmon and Wíllow Bivers

Total

Middle Timing Stocks
Ouesnel and Horsef ly Rivers

Chilco and Taseko Rivers
' Clearwater R iver

N. ïhompson River
Other NTR Tributaries
Shuswap River
Aclams River
S. Thompson River
Other STR Tributaries
Nicola River and Tributaries
Thompson River and Tributaries
Misc. Fraser Tributaries
M isc. Harrison Tributaries
Pitt and Chilliwack Rivers

Total

Late Timing Stock
Harrison R iver

Sockeye Salmon
Pink Salmon

Chum Salmon
Coho. Salmon

5 Ycar
(1974-1978)

Mean Esca¡rcment

360
1 ,190

690
1,280

1,940
1,360
1,930

700
1,570

480

11,500

1,340
7,900
2,25O

1,800
830

10,480
1,47o
4,700

980
4,210
1,830

750
490
660

39,750

19,500

Figure 1. Relationship between Racial Migration Tirning of Chinook Salmon Stocl<s and Other Salmon S¡rccies through tlre Lower Fraser River Fishery (Area 2gl.

Feb. March April May Jurre July Aug. Sept. Oct. Nov. Dec. Jan.
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Figure 2. Relationship between Racial Timing of Coho Salmon Stocks and Other Salmon Specics tlrrough lhe Lower Fraser River Fishery (Area 29).

5 Year
(1974 - 1978)

l\4ean Escapement

Feb. March . April May June July Aug. Sept.

Coho
Slocks Above Hope

N. Thompson River and Tributaries

S. Thompson River and Tributaries
Thompson River and Tributaries
Misc. Fraser River Tributaries

Total

Stocks: Steveston to Hope, N. Side

Tributaries above Lillooet Lake
Harrison R iver and Tributar ies

Misc. Fraser River Tributarles:
Hope to Mission Bridge
Mission to Steveston

Uppcr Pitt River

Total

Slocks: Steveslon to Hope, S. Sidc
' Chilliwack-Vedder R. and Tributaries

Misc. Fraser River Tributaries:
Hope to Mission Brirlge
Mission to Steveston

Total

Sockeye
Pink

Chum

Chinook
Steelhead

Oct. Nov. Dec. Jan.

7,600
5,270
1,530
2,420

16,820

7,890
7,510

3,210
3,1 00
7,000

28,710

. 11,230

t 1,390
6,050

18,660

I

È
G'
I



lab1e I

I. CHINOOK SALMON

A.

Ilnnêr Fra ser R i wer

Bovrron River
M¡êren¡r Þì rror

Slim Creek
tTl^rhrr Þi rrar

Holmes (Beaver) River
SaLmon River
Stuart River
Nechako River
I^lestroad River
Cottonwood River.
Birkenhead Rivert

CURR.ENT STOCK AND PROEþFFD ENHA¡JCEMENT COMPONENT

OF SELECTED SlOCl(S OF FRÀSER RT\ÆR

CHINOOK AND COHO

Early Timing Stocks

Current Stock

Í.yrc,f¿-se-
Proposed Enhancement

T na rêmêñ +

'l I tqô.., 
-Jv

6 ,750
I q ?qñ
-- , r¿v

11 ,700
? tqrì¿, Lrv

2,5OO
2,25o
4,950

I O ?R^L¿ , JJV

12 ,150
900

3 ,000
q? ?aìn¿ t , Jvv

(1ower Fraser River)

23,000
14 ,000
39,000
24,OOO

6 ,000
5 ,000
5 ,000

10, 000
39,000
25,OOO .

2,OOO
6 ,000

198,000

19, 000
I30,000
13,000
8,000
5 ,000
4, 000
2,O0O

181 ,000

l-) tributary to Lillooet Lake

Central Fraser River

Quesnel River
unt-rKo K1ver
Little Chilcotin River
11:col¿a Þír¡a-

Rrì ¡lca Þì rrar

Portage River *
Nahatl-atch River

* also coho sal-mon

Lower Fraser River

Chi 1 I iwack*River
Pitt River

* also coho saLmon

Middle Tirnincr Stocks

ì n ?qrì

72,OOO
7,2OO
4,500
2,7OO
¿, ¿)v

900

oo o^aì

450
4,500

4,95O

1,000
8 ,000

9,000
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North Thompson River

North Thompson River
Clea:r^¡ater River
Mahood Creek
F i nn l-raol¿
l.nrr i q l'rpol¿-- --*
Raft River

* also coho salmon

South Thompson River

South T'hompson River
Midcle Shuswap River*
Lower Shuswgp River
Eagle River *
Q: l mn¡ Þi rror

Adarn s River

* also coho sal-mon

lower Thompson River

t|fhnmncnn Pi rror"-'x-
Nicola River *
Coldwater Rivçr
Deadman River

* aLso coho salmon

c.

Currènt Stock
Proposed Enhancement

Tñarêhêñ+

33,000
34 ,000

5 ,000
I ,000
2,OOO
3 ,000

85 ,000

80,000
8,000

152 ,000
7 .000
5, 000

24,O0O

276,OOO

49,000
56 ,000
14 ,000

3 ,000

I22,O0O

135 , ooo

18, 000
18 ,9oo

2,7OO
4,500

900
I ,900

46,goo

44,LOO
4,500

84 ,150
3 ,600
t ,qaì

13 ,050

]51 ,650

27 ,0OO
3I,050

/rÞf,u
I ,800

67,500

Harrison River

IÏ. COHO SALI\'ION

LaE'e't'Im]-ng ÞE.ocK

135,000

1 ,600
1,600

North Thompson River

Barriere River
Bl-ue River

7,000
7,000
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North Thompson River, cont'd

Clear:vr¡ater Ri-ver*
Dunn Creek
Lemieux
Lion *
Loui¡
Ãd! L

* also chinook salmon

South Thompson River
*

Lower Shuswap
Wap Creek *
Eagle River *
Q¡ I nnn Þi rra-"*'"*
Adams River
Bessette Creek

* also chinook salmon

Lower Thompson ,/ Central Fraser River
*

Nicola River *
Coldwater River
Spius Creek *
Deadman Riveç
Rri Áao Pi r¡ar

lì¡laq Pirrar"-'"*
tt-L^!f ^!^LI\4¡14 LI4 LUIT

Kawkawa*
Portage

* also chinook salmon

Current Stock

4,000
2,4O0
2,OOO
4 ,900
5 ,000
1,200

22,600

Proposed Enhancement
fncrement

18,000
rl_ , o0o

9 ,000
21 ,000
26,OOO

5 ,000

104,000

I,2OO
'ì 

^rìñ
/ , ÞL/\J

5,2OO
I,2OO
I ,600

17,800

1,600
¿,ovv
I,2OO

200
1 ,800
3 ,000
1 ,800
1,800
r, 4oo

15 ,400

< ^^^

33,000
23,000

5 ,000
7 ,000

77 ,OOO

7 ,000
11,000
5,000
1 ,000
I ,000

I3,000
8 ,000
I ,000
6 ,000

67,000

North Side Lov¡er Fraser Ri.¡er Hope to Mission
*Harrison River

Big Silver Creçk
Chehalis River-
Coho Creek
Ir¡eaver Creek
Siddle (8e11's) Creek
Hicks Creek
Maria Slough

6,4OO
2,goo
4, 800
4,900
6,000
3 ,400
3, 000

600

28,000
12 ,000
22,OOO
22,OOO
26,OOO
15 ,000
13 , oo0

3 ,000
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North Side Lower Fraser River Hope to Mission, cont,d

Current Stock
Proposed Enhancement

Increment

9 ,000
4 ,000
4,000

158 ,00035 ,600

North Side Lorver Fraser River Mission to Mouth

I

Stave River-
Salmon River
North,/South Allouette Rj-ver
Coquitlam River
Kanaka Creek
M¡.Tnf\¡rê l-rool¡

Silverdale Creek
Widgeon (Silver) Creek
Whonnock River

1) proposed Hatchery site

LillooeÈ River

Nicomen Slough
Norrish Slough
Squakum Creek

1) proposed Central Hatchery site
* aLso chinook salmon

Birkenhead River
Lillooet River
PooI Creek
Railroad Creek
Ryan Creek
Salmon Slough

* also chinook salmon

2 ,000
L,000

800

800
10,000

?')^^

I,2OO
400

I,000
800

3,600
1 ,000

22,OOO

8 ,800
5 ,600

800
800
800

3 ,400

20,2OO

8f000
't 1 1^^

1, 200
I,600
2,0oo

4 ,000
44,oo0
14,000

5, 000
2,OOO
4,000
4 ,000

16 ,000
4, 000

97 ,000

39 ,000
25,000
4,000
4, 000
4, 000

I q rìôn

tt 
"*

Pitt River 38,000
* also chinook salmon

South Side Lower Fraser River Hope to Mouth

Chilliwack Riverl*
Chilliwack tributaries
Dunville Creek
E1k Creek
Kelly (Clayburn) Creek

167,000

34,000
74,OOO

5 ,000
7 ,000
9,000
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South Side Lower Fraser River Hope to Mouth, cont'd

Current Stock

Beaver (Nathan) Creek
West Creek

'lì l-an{-r¡'l ll¡f¡}L t ..u uvrìêfl
* also chinook salmon

4,000
I,2O0

29,20o

Proposed Enhancemenc
Increment

19,000
5 ,000

152,000

I¿I. ALLOCATTON OF PRODUCTION

current current Proposed Totat Enhanced Enhanced Required surplusr)stock catch Erùlance . product. catcl: Escape. Escape . Escape -

E¡ r"l rr al.ì i ñ^^L

Middle Chinook

Late Chinook

97,300

370 ,800

1 ?q ñ^^

86,499

329,600

120 ,000

198,000

673,O0O

135, 000

?oq ?^ô
-¿J 

' 

¿vv

I, U¿IJ, õUU

ta^ ^^^- tw rvvv

262,499

927 ,822

240,OOO

32,3L]-

LL) tY tó

30 ,000

15,700

)I róLl

18, 333

'l? ltl

r'otal Chinook 603, 100 I ,006 ,000 I ,609 ,100 1 ,430 , 311 L78,789

Coho 200, 800 150,600 913 ,000 I ôÁ, ? Ã^rìr t vvJ, vvv 797 ,7OO 265,goo 57,4ro 208,49O

I \ c,!eñ1Lt Þurpr-us escapement to service underutilized spawning areas; an add.itional 76,ooo
Ear'ìrr .Finì-¡lqrrÌ rltLr¿¡¡v Chinook spawnerst lOO,OOO Middle Timing Chinook spawnersi 35,OOOLate Timing chinook spawners and r5r,ooo coho spawners.

Rq
ðð



TABLE 2 AVERAGD STOCK SIZES, ESCAPEMENTS AND CO}ÍI.ÍERCIAI, CATC}IES

FOR I.!\JOR FRASER RIVER CITTII'Í SAI,MON STOCI(S AI¡TI]R ENHAIICEMENT

sTocK SIZE REQUIRED ESCAptiMIiN'I,'. COT-D.IERCIAL CATCII
Na tural Enhanced Combined Natural Enhanced Combined Natural Enhanced Combined

Chehalis

Squakum

Harrison

Vedder

S tave

Nicomen &

tributaries

Total

200,000

30, 000

350,000

300,000

200, 000

60, 000

1 , 140,000

l22,OOO

18,000

2 15,000

1 85 ,000

t22,OOO

3B,000

322,O00

48,000

565,000

485,000

322,000

98,000

100,000

t5,000

175,000

150,000

100,000

30,000

lo5,6o0

l5,800

1 85,000

158,600

105,600

31,800

100, 000

t5,000

175,OOO

150,000

100,000

30,000

1 1 6,400

t7,200

205,000

17 6 ,4Oq

116,400

36,2OO

216,400

32,200

380, ooo

326,4OD

2t6,400

66,2OO

5,600

800

l0, 000

8, 600

5,600

1,800 I

Hr¡(¡ {È

I

700,000 1,840,000 5 70, 000 32,4O0 602,4Oo 570,000 667,660 t,237,600

* Assumes egg-to-adult survival of 1.44% f.or enhanced fish; 50:50 sex ratio.
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Proposed Steelhead Enhancement GoaLs for the Thompson and Chilko,/Chilcotin
Rivers

Production goal-s (summer steelhead adults returned to Ttrompson River),
production system and enhancement strategy for Thompson River steelhead,
and for Chilko-Chilcotin.

Thompson River

System Strategy
Il'ì Èìm¡la

Producti-on Goal
(Adu1ts to

Deadman River

Bonaparte River

Nuaitch Creek
Skubun Creelc
Shakan Creek

Spius Creek

NicoIa River
Coldwater River

Tôiâ I rr'l f i me l-a nf OdUCtiOn

Ì,iajor production facility

Chi lkolChilcotin River

r.i l-l''lo l'hi1¡a+i¡

Taseko River System

TOTAL PRODUCTION -

Habitat improvement
Rearing ponds

Colonization
Habitat improvement
l{= l- ¡}r a rrr

Falls Removal
Þ'ì rrc Helri l-a1- Tmnrnrro-

menE

Habitat improvement
Pa¡rì hd +^ amnl +-_ _^,._- _s
ôn cì l.'a

Native involvement

Fish culture
Stream restoration

Àc rro,l- rrnirlan{-ì-

fied.
!ùater storage and
controlled reLeases
¡ri l-i ¡a ì

I

'l rì^r'ì
1 

^^^

2,OOO

2,OOO

J- r \JVtJ

1 ,000

t ^rì^

- 12,000 additional

not included but may

:Ärrl fc la ri rrar

Ìro raarri ra¡l

Col-oni- zation 500
Lake rearing 1,500

2,OOO additional adults to river-
Major production facil_ity not included, but
m¡rr l-ra ranrri rarlt vae¿¡ eq.



TABLE 4

Alouette River
Coquihalla River

CoquitÌam River
Chehalis River

Inches Creek
Kanaka Creek
Li llooet/Birkenhead Riyer
Natåan Creek
Norrish Creek
Widgeon Creek
Ruby Creek
Silverhope River

Stave River
Sumas River
Vedder-*rilliwack River

-151-

Proposed. E¡ùranced Production Levels of
Steelhead Ín tÌ¡e Lower Fraser Valley.

20,000
30-40 ,000

12 ,000
I2,000
tS, ooo
3S,ooo
12,000
12 ,000
25,000
12, O00
12,000
12 ,000
12,aoa
a1 

^^^LZ ¡ VVV

6,000
12, 000 ?

12f000
150 ,000

\t3ooo

AdulÈs to River

800-I,000
I ,000

500
500

. äs00
\. Rnar

E 
^rì

500
l,0oo

500
500
<^rl¿vv
q,rìrì

500
¿)v
500 ?

500
7-9,OO0

¿o ,5s01¿ 7so
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To: Hugh Sparrow Date: February 7, l98O

SUBJECT: SEee1head/CutÈhroat !n Federal Productlon Facllitles - Re fon II
InÈroduc tfon

ThÍs wtll clarify our requirements for sÈeelhead/cutthroaÈ fn Federal hatcherles
fn this region. For any ne\t facillty, our feellng 1s that we should requesÈ capaclty
for the Èwo species. Our job, lnittaüy, 1s to consLder whether these specÍes
would be feasible when consldering bÍology and poÈential angling benefits. On affrst look at a Federal facllity we may reject Èhe fdee of either specles or both.
There's no point in producing anything where no angllng wi1l occur or where there Ls
strong knowledge Èhat there would be bÍological problens. Once we have decidedto ask for flsh and provide some goal numbers and rationale, it should be up Eo
Federal exPertise (and ours?) to deÈermine s1t,e capability. Goal nunbers rationale
and conoenÈs are províded below for proposed Federal Fac111tÍes in Èhís regfon.
(Cornments regarding steelhead and cutthroaE ln exisÈLng Federal Facflitles, fe.
Capilano, will be dealt with separaÈely.)

Federal Facllftles

1) lnches Creek (Nicornen Slough)

Species: CT, SH

Species Prlorlty: CT

Distributlon & Angling (present/hlstorlcal): CT are present Èhroughour
NLcomen Slough and dor¿nstreau¡ into the Fraser River. A considerable aro,rnc of fishtngstil1 occurs in the slough despite depressed numbers of CT and salmon. Hlstorically(20 years ago), Niconren Slough was highly regarded for CT. AnglabiliÈy in rhe sloulh
would be good (bank and small boat). SH are found 1n Suicide Creek in suall numbers
compared to t,he past. Angling is límited to the lower several n11es of stream.

BeneflÈs: Better anglíng for more anglers in a presenÈly depressed. anglÍng
area. Close to Vancouver population.

Produceion Goal: CT - 8000 smolts to produce
SÌ1 - 12000 smolrs t,o produce

Stock Oriqin: CT to come fron slough, slough
fron Suicide Creek or nearest other source on Fraser

Stockinq Sires: CT'- 3-4 síres along slough.

Problecs:
^-^1 {-^éÀ¡ó¿¿¡¡Ë.

2000 adults.
500 adulcs -

trÍbs. or Fraser Rlver. SH
north side (1e. Chehalls River).

SH - Suiclde Creek below falls.
Proposed dam and water use from Sulcide creek nay degrade sÈeelhead
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2) Chehalls/Harrfson Rfver

Specles: CT, SH

Specles Priorlty: ProbablY equal

Specles Dlstributlon & Ar-rgllng (present/htstorlcal): Harrlson Rfver area has

beennotedover@ãng11ng.F1shandang1ernumbersarepresent1y
depressed. cT are found as Ehe domlnant trouE specÍes throughout Èhe Harrlson $taEer-

shed. Steelhead in the Chehalis Rlver system, a Harrlson tributary, number 200-300

adulc fish. This 1s suspecEed to be dor¡n conslderably from hlstorlcal numbers.
RestoraEÍon of winÈer run sceelhead and Èhe lnËroducÈion of su¡¡ner steelhead are
possibilltles.

Benefits: Better angling, more angler days, close Èo Vancouver for SH & CT.

ProducÈion Goal: CT - 20000 surolts to produce 5000 adulÈs.
SH - 12,000 smolts (Ì.IRSH) to produce 500 adulÈs.

12,000 smolts (SRSH) Eo produce 500 adults.

CT fron llarrison systeE (rlver). SH from ChehalLs and Coqulhalla

Problems: Introduction of summer steelhead must'

the Statlu. PossiblY also
I.IRSH, ie. Cogburn, Big Silver.

be consfdered criEicallY.

3) Stave River

Species: CT and SI{.

Species Prioritv: CT

Species Distribution & AngIíng (present/historical-): Cutthroat trouE and

steetnumbersareprobabIyextremely1ow.AngI1ngfor
cuÈchroaË, occurs in SEave February through ì4ay.

Benefics: Increased anglfng for CT especialiy, would generat'e greater angler
aays cn"r, "c presenÈ,. Good angfaUffity (bank and boac). BenefiEs dow¡r Fraser througl
bar fisheries.

producrion Coal: CT - 4000-6000 adults from abouÈ 40,000 smolts reEurnÍng
E,o Fraser and SEave Rlvers.

SEock Orísin: CT - Harrison River, SÈave or Fraser Rlver.
SH - r¿ould have Èo cone from soue local area sErean' le. AloueÈtr

Chehalis.

CT - Harrison River
SH - Chehalis and lts trlbuÈary

Harrison Lake tri.bs. with



4) Bfrkenhead

-154-

Species: SH and CT.

Specles PrÍoritv: Both (buÈ PrlorfÈy leans toward SH).

Specfes Distrlbutlon & Angllng (present/trtstorical):

Steelhead - Small numbers of steelhead are presenÈ ln the Llllooet River below
Llllooet Lake frou December Èhrough lby. The Birkenhead RLver has a very surall run
of sceelhead of 7-12 lbs. that appear april through nid-May (scale readings tend to
confiro these flsh). Thre Blrkenhead also has runs of Rafnbow and Dolly Varden whlch
ent,er che river witþ sockeye fn late August. Size of the DV and RBT fn the run
lncreases unEil mld-October to the end of Novenber when ralnbows are 2-7 lbs. and
Dollles are 2-4 lbs. It ts felÈ (scale readings) that the rainbows are lake resident
fish.

CuÈthroaÈ - Larget adults are present throughout the systen, lncluding the
upper Lillooec, generally fn Èhe period February through March. BÍrkenhead cutÈhroaÈ
ere noÈ nunerous and the great.est numbers appear below Llllooet Lake. Also, lt fs
noÈ known 1f these flsh are sea-run, lake resident or a mlxËure.

Angling for both specfes, partlcularly 1n the Llllooet Rlver below Llllooet
Lake is lncreasing.

Benefits: BeÈter angllng opportunfty. More angler days. The area froo below
Llllooet Lake will fncrease 1n angler use 1n the fuE,ure especlally if access uP

Harrison L¿ke (dor¡n Llllooet Lake) becoues nore of an all seeson reality. Ttre Duffey
Lake road, linking the cariboo via Llllooet, wlÈh the Lor.¡er Ìfalnland is Ín a constant
process of upgrading and w111 become a paved all weather hlghway 1n the near fuÈure.
Enhanced SH/CT r¿ould be used by anglers from Èhe Fraser Rfver Eouth upstream and
lnto the Lillooet/Birkenhead.

Production Goal: 1000 adult SH (25,000 smolts) distrlbuted throughout the
Lillooec sys-Lero and Birkenhead River. 3000 cuÈthroaÈ (12,000 snolts) sÍnilarly
discributed (ie. stock 50"/" of sEeelhead in Birkenhead and remainder at other sices
on LlllooeE. Probably nosc of cutthroaE at sit,es on Lillooet).

SÈock Orlgin: Brood avaflabllity - may be dlfffculE to obtain 10-15 females
and 5-B male SH fron the Lillooet system. (This wÍIl have to be explored further).
CuE,throaE probably are no problen. AlternaEe sourCes of steelhead could be Sloquet
(spring) Creek aE Ehe N.W. end cf l{arrison Lake or Cogburn Creek and Blg Silver on
I{arrison Lake easE s1de. Tt¡ese would be the closest poEenrially viable sources of
\H

Problens: Posslbly the Blrkenhead River naÈive food flshery for chinooks in
the sprlng and summer roay inE.ercePE some spring sEeelhead.

(=
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5) Vedder/Chlllfwack

Specíes: SH & CT.

Species PrlorLtY: SH

Details are already worked out and construcÈ1on 1s well under!¡ay. It should
be emphasized Èhat rearíng adult holdlng ls to separaEely acconmodaÈe early, niddle
and late cor¡ponents of the Vedder SH run and the capacity f.or 2 additlonal, as yeÈ,

unspecified, stocks.

6) Cheakarnus

Soecies Priorlty: SH

Beneflts: Cheakamus Rlver steelhead angling has decllned fn recent years.
As more restrictive regulations are applfed to oÈher regional sEreams pressure ls
focused on the Squauish and Cheakamus Rfvers. Some degree of enhancemenÈ \{111 be
necessary if the sysÈen is to provide a s1mllar or beÈt,er angllng success than whaÈ

1s available now. Other enhancement opPortunltles throughout the systeo are llolted.
Benefits r¡lll come from greater angler success and a mqre equltable distrfbutÍon of
anglers throughout the Squamish systeru. (Poor angltng in the Cheakamus has caused
a shift in pressure t,o the Squamfsh River.

Productlon Goal: 500-1000 adults from L2-24,000 surolt,s.

Stock Orígin: Cheakamus (easlly obtained by angltng).

1È should be noted Èhar productlon goal figures for the various federal
faclIltles roåy have Èo be adjusted due to rearing condlclons (le. production of
2 years insread of I year snolts). CalculatÍons have been based on smolÈ Eo adu1E
sur..rivals for cutthroaE and st,eelhead of. 257, and 4Z respeccively.

,4'ú-¿,4
Pecer A. Caverhfll

' Flsheries BiologisÈ

PAC/ rc

c.c. - Dave Narver
- Vic Swfackíewicz
- Robin Harxison,-/
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APPEUDI¡( 3. $'nYIYAL BIoSÎAÌÍDAnDS

FROH: LlIl, A.F.¡ A. lautzr B.G. Sbepberd, J.n. ï111d, D.E. l{arehall,
lf. Scbourenbr¡rgr and B. Tutty. 1983 l,lS. Opportunitles for aalnonld
enhanoenent proJeats ln B.C. a¡d tbe Iulon.
Report of the Enhancenent Opportunltles Suboomlt,tee of the
Salnoald Enhanonent Progran, DFO, Yanoouver. 160 p.
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SUBJECT
OBJET I|ATER OUALITII AT SET'ST{AP FN.LS PlrPA SITE

This merc reports the results of one yearrs nonitoringr of:-he Shuswap
River at Shusrrap FaIIs Dan and the results of punp tests carried out during
Irtarch 19 to 23, 1983 at a pro¡nsed site dosnstream from the dam. DFO staff
collected sanples from the dam and placed Ryan thernographs to rcnitor rater
teuperature. Sigra Regor¡rce Consulta¡rts carried out sanpling during the
IlEp test. Nralysis ras done on site for sone parameters and sau¡rle bottles
were sent to the EPS DFO Quality Laboratory at Ciç)ress Creek for fuLl 'haÈchery"
series analysis.
I. Surface lfater

llater quality ¡nraneter values for Èhe for¡r dates shen the Shustap
River ras sam¡lled are srmarized in Table 1. All values excePt gas Pressures
(see Appendix 4 for requirenents) fall within the recomended linits for
fish cr¡lÈure. Routine aeration/stripping can elininate this problen. There
is one anomolously high nitrate value, but nitrate is not toxic to fish.
Ctrromium, copper and zinc were all detected, but not consistently nor at
toxic leve1s.

Samples were tal<en from for¡r different locations: the surface of the
head pond above the dâlni inside the powerhouse fron Penstock I (dans from
45 ft. below the surface) and Penstock *2 (draws fron 25 ft. below the surface);
and from the river adjacent to the proposed hatchery site, near Èhe wells
(see Sigma report, appended, for naP.)

Surface sater temperatures have also been nonitored. The first thetmographs
placed in the intake chanber to the penstocks were destroyed bry water turbulence
but one set of data was recovered (Figure 21. Tïo more thetnographs were
placed on October 27, 1982 in the head pond, one at 3 ft. deep and the other
at 27 ft. deep. The first set of records from these are graphed in Figures
3 to 6. The 3 ft. themograph is consistenÈly colder than t-lre 27 ft. themograph,
due no dor¡-bt to reverse themcline caused by air tenPeratures which were
colder than the water tenperature. Temperature records fron the Departfrent
of the Environment Inland !{aters Directorate book 'Vùater Tenperatures, B.C.
a¡rd Yukon", L977, are graphed in Fígure 7 for con¡nrison. These records
indicate that the Shuswap River water tenperature does not reach rearing
temperature for fish cutture (6t) r:ntil trtay each year.

-160-
APPEIIDIX 4a. Quallty of Rfver and tlells f4 and f5

sEcuñfry ' cr-assrñc^noN - oE sÊcuRflE

OUR FIIJINOÌNE RÊFÊRENCE

IOUR FII-€ /VOTTE RÊFÊNÉNCE

OAfE

!¡tay 2, L983-
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2. Gror¡nd¡rater Quality

Ta.ble 2 sr¡marizes the quality values for the water drawn from t{e]ls
*4 and {15 during the ¡nup tests, llarch 19-23, 1983. the Sigrna report (appended)
sumarizes sarpling conditions.

The two sells seen to be ta¡ping different aquifers, although a Ec,re
info¡ned opinion as to the cause of differnt value profiles for Eany of
Èhe paraneters analysed rill be provided in the groundnater hydrolog¡z consul-
tant's report. tlell f5 produced water of higher terperature (8.9oC) which
was virtually anoxic (0-4 W/L OZl. Detectable ¡nnonia (0.008 W/L totaL
or 0.000067 nglI NHp see Append.ix III) and'toxic nitrite (O.099 ry/ll levels
were also for¡nd. weÍI *4 produced cooler (7.1oC) sater rith some high nitraÈe
a¡¡d detectable nitrite levels. Chromir¡m and zinc shosed up in one of the
four sanples from tlell lì4, at barely detectable levels. Signa nonitored
the river water tenperature during the pr¡np test of l{ell *4 (see Appendix
II) .

The rater fron either of these wells nould be suitable for fish cr¡Iture
if aeration,/stripping sere carried out (see Appendix fV for requirenents).
l{ell #5 seems to be tappinç a stagnant -aquifer shich Eây not be very large,
indicated by the fact that several values were changing over Èhe period
of prr'npinlt. The tenlreratr¡¡e advantage nay be usefi¡I for snall incubation
floss. tfell *4 water requires less treatnent to be acceptable for fish culture
and nore closely'reseubles the river water in characteristics.

Recomendations

1.

2.

gse either gravity su¡rply from the da¡
fron lfell *4 for Pilot Eatchery supply.
l{ove the Ryan themograph from the 3
in in tlell #4.

(deep source) or ¡nrnped supply
Both sou¡ces require aeration.
ft level at the dan and place

DDt'tÀcK/@

Attachments
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Figrure 2. ShuswaP River tem¡eratures, intalce chamber, L982-
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Figrure 3. Shuswap River tenperatules, 3 ft. deep 1982.
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Figure 4. Shuswap River tenperatures, 27 f,t. deep I9g2.
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Figure 5. Shuswap River tenperatures, 3 ft. deep 1983.
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Figure 7. Shuswap River tenPeratures' s¡tot obserr¡iations near
Lunby by Water SurveY of Canada.
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SIGMA ENVIRONMENTAi CONSUTTANTS tTD
801-1155 W. Georgia St., Vancouver, B.C. Canada V6E 3H4

Telephone: (6(X) 686¿2ñ

March 29r I98t File¡ 8055V

Mr Bruce Shepherd
Department of Fisheries and Oceans
1290 West Pender Street
Vancouver, BC

Dear Bruce:

g-ü.JSWAP R¡\'ER IYATER G¡TJALTTY
F-IELD DATA

From March 19 to March 25, I98f water quality samples and field data were
collectad during a series of pump tests at the proposed Shugwap River hatchery
site. Sets of samples were collEctEd from Wells ll4 (4 samples) and ll5 () samples),
and the Shuswap River (I sample). The well locations are roughly as indicated on
Figure 1. All well and river gampling procedures and water analyses we¡e
performed as to our proposal of March L9S2rrrWater Suality Analyses of Selected
Salmon Enhancement Projects". All field results ane summarized in the attached
table.

L SAMPI-E COI-LECTION A¡lD Af\¡ALYSIS

Gerpral

Two separate pump tests were performed throughout the testing program.
The work regime was es follows:

TEST

Well /15

TESTING PER¡OD

March 19, 11:00 to
March 20, 20:00

March 21, 14:00 to
March 23, L4IOO

COMMENTS

- 29 hr test duration
- sc¡een depth @ 28 m
- pumping rate @ 200 US

gpm

- 48 hr test duration
- screen depth @ t2 m
- pumping rate @ 210 US

9Pm

WeIl /14
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Samples wene collected daily during the pump tests. AII field analysis was

pãrfãrmeA using the continuous flow through sampling method. The water
ããmptes were óoüected from a short hose attached to a faucet on the

wellhead. The water from the hose wag directed into an overflowing bucket

from which the field readinga were teken.

one river sample was taken during the .testing period. The sample was

co¡ected in a tast ìfon ing stretch immediately upstream of the weII testing

arêa. As some variation ias observed in the water temperatu.re of 
. 
WelI ll4

u¡ l^¡r¿ r j ( Ññg fie-lump test, the river temperature was monitored Bhroughout lhe

1 n 1v't / Well /f4 pump !est./,_v\.,^ , !._
il ¿,:,*â tc Tr-^ ^^a¡too aallanra¡{ fnn lnh analvsis were transferred back to Vancouver byjþThesampleseollectedfortabanalysiswere.transferl

i n;r*ri ¡us. RU'samples wene received at ttr" taU within the required 48 hr period'

- tí il
r, i\ \ f':';-- - 

^ 
_.. ii iì Ternpereh¡re

r-i¡,¿ 'l.L;l -'''
f '^' 

i ) bvl 
Temperaturrs were measurpd with a Fisher total immersion primary

reference mercury ih"r-o."ter (range -l.OoC to 50oC) and checked with the

lhermocouples oí the D O and conductivity meters. The expected accuracy

of the measuremenLs is + 0.1'oC.

Cørductivity, Dirsotved Oxygen, Total Qa¡ Press¡.net pl-l and OFI'P

AII instruments functioned satisfactorily and werc calibrated prior to each

analysis.

Ryznar and Larq¡isr Stability Indicea

As has become customary, the Ryznar and Langlier Stability-lndices of the

different nr"i"r ãmples 'óoüecteå have been dètermined. The calculated

indices are based on tt" fietd temperaturs and pH readings, and the Total

Filterable Residue, calcium, and Total Atkalinity which were determined by

lab analysis.

2. DISCUSSTON tr WATER GT'JALITY

G€rEral

Tha waters from the two wells had different water quality characteristics.
Well /14, which is h), seems to be highly influenced

by the iiv"r. W te hþh in dissolved oxygen, plus

.óft"r, and colde er. fhe pumping characteristics
of WeÍl /15 which ¡n WeII /14, were unstable during the test'
The welt /15 aquifen apPeaÎf¡ to contain much 'roldeilr groundwater and is
anoxic, ¡¡o." tin"nalizåó, and m¡ch warmer than /14. The waters f¡om both

wells appear to be marginal for use as hatchery water supplies.
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Wetl f5

Well l|, is tlì€ deeper of the two wells tested. Typical water quality
chanacteristics a¡e ag follows:

The calculated stability indicea indicate Èhal the water from this souree is
moderately comosive (Ryznar = 8.8r Langlier = -L.2).

The well was unstable and had a pumping rate of only 2I0 US gpm.
Indications ar€ that the aquifer is rather poor quality. Ae stated previouslyr.
this well appeers to be of marginal quality for hatchery use.

Wetl #4

well /14 is the shallower of the two wells tested. Typical water quality
characteristics of this well ane es followe:

Conductivity
TGP
pH
Tamperature
DO
ORP

Conductivity
TGP
pH
Temperature
DO
ORP

Conductivity
TGP
pH
Temperature Range
DO
ORP

- l10 umhoe/cm @ 8.9oC
- 90.r%
- 7.75
- g.goc
- 0.4 mg/l
- -10 mV

- 68 umhos/cm @ 7.0oC
- 101,0%
- 7.I5
- 7.IoC
- 8.3 mg/l
- +lfO mV

- ,7 unhos/cm @ l.7oC
- 105.0%
- 7.t5
- t.6o0 to 5.2oC

l2.l mg/l
- +lfO mV

The calculated stability indices indicate that the water from this source is
quite corrosive (Ryznar = I0.4r Langlier = -I.8).

With the exception of temperature, the characteristics of this water a¡e in
the acceptable range for fish rearing. The well is very shallow, however, and
indications ara that it might be directly recharged by the river. For this
reason, the well may be of only marginal value for hatchery use due to
potential temperature vaniations.

Struswap River

As stated, the water chenacteristics of the Shuswap River are very similar to
Well /14. The water is ggitesol! and has a slightly basic pH. Typical water
quality characteristics are as follows:
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The river showed some diumel tempenatune vEriation. In addition, the fairly
high TGP level of the river did not appear to be related to a supersEturation
effect from Shuswap Falls, which is located half a kilometer upstream of the
sampling point. This observation is beeed on the small difference in TGP
levels from the well site (105.0%) to a point I km downetream (10t.9%).

It is hoped that the work was performed to your expectations. If you have any
questions regarding the testing, please contact me at SIGMA.

Yours truly
SIGMA ENVIRONMENTAL COT{SULTA¡\¡TS LTD

ñt/tn.,g'/L
DAVID W GRAHAM, MASC, P ENg

DWG:ejw-27



File: 8055V

FIELD RESLI-TS: SI.USWAP R¡VER ruMp TESTS

Date, March l98l
Time of Day
Pumping Time (hr)

Weather
Air Temperaturc (oC)
Banometric Pressure (mm Hg)

Lab Sample Number
Water Temperature (og¡
Conducti vity (umhos/cm)
pH
Dissolved Oxygen (mg/l)
Total Gas Pressure (mm Hg)
oRP (mV)

Total Gas Pressure (%)
Saturation of Ox. (%)
Saturation of Nit. (%)

Ryznar Stabitity Index
Langlier Stability Index

2L
l6:00

2

Sunny
ll.6
729

t9
l5:00

2

Sunny
8.2
7tt

850172
8.9
t20
7.8
0.5
-68

0

90.6
4.5

tll.5

9.4
-I.6

?o
08:10
L9.5

Cloudy
5.0
7t5

Itot72
8.85
L'2
7.7
o.t
-69
-10

90.4
2.6

LT'.7

20
l2:00

25

Cloudy
9.8
7tt

8ro572
8.9
Lt2
7.7
0.4
-76
-r5

89.4
,.6

LLa.2

8.7
-L.2

Ito57L
6.7
68

7.L5
8.9
+fB
+lI0

105.1
76.0
II'.I

22
08:10
t8.5

Cloudy
t.4
729

Ito57L
7.0
69
7.2
8.0
+I8

+L25

LOz.t
68.9

114.0

22
09:00

L9

Cloudy
,.6
729

15057I
t.7
57

7.15
12.t
+16
+Il0

105.0
95.7
r07.5

Lt Rain
6.9
724

8lfl4t5
7.L
69
7.1
8.1
+21

+140

LO'.2
72.L
Itr.5

Cloudy
6.5
727

8104t5
7.1
68
7.t
8.1
+18

+140

LOz.5
70.7
rtl.0

2t
I0:10
44.5

I

\¡(¡
I

10.4
-1.8

10.4
-1.8

t0.5
-t.9

I0.4
-I.8

r0.4
-1.8

8.8
-L.2

a) Ifte PuTp test of Wetl //4 was started at It:00, March 19. The pump test of Welt /t5 was started at 14:00,
March 21.



\>\

NOT TO SCALE

SHUSWAP RIVER PUMP TEST
SITE PLAN



Appendix tt .signa tfater tenperatitå7ãonraoring -

MEVIORA¡$)UM

To:

From:

Subject:

Date:

File: 8055V

Bruce Shephend, Department of Fisheries and Oceens

David Graham, Sigma Envirtnmental Consultants Ltd

Temperature Data Collected at the Shuswap River Pump Test,
March 19 to March 2t, L98,

April 18, I98l

Please find below the relevant tempenature data you requested.

Tinp of
Ebv

16:00

08:10

09:00

t2:00

14:00

l6:00

l8:00

08:10

10:10

14:00

\[cll f4

8.5

6.8

4.5

Timc
ThÐ--

2hr

18.5 hn

19.0 hr

22.O lr

24.0 hr

26.0 hr

28.0 hr

42.5 hr

4/r.5 hr

48.0 hr

5.r5

t.7

5.7

4.r

4.6

4.5

4.t

4.0

4.7

4.8

Tcnpæah¡s-Toef
6.7

7.O

7.2

6.5

7.I

7.1

:
7.1

7.1

DAVID W GRAHAM
f¡ t/Llwlr

DWG:ejw-18
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Appendix III. Calcarlation of Amonir¡n concentration
fron Total Amonia, pH and Tenperature
for Well ll5 Punp test.

Hours TeEEerature
Punped (oc) pH

Toxic FractionTotaI
NE

(ry/Ll

2

19 .5

23

8.9

8.85

8.9

7.8

7-7

7.7

.007

.008

.oo9

0.oooo744

0.0000674

0.0000761
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Appendix IVa. Aeration RequirenenÈs for

INITIAL 02 CONC. (Z SAT) = ,3
NUIIBER OF SCREENS = ?f)
SEREEN DISTANCE (CH) = 3().3
AERATION CONSTANT = .f,S
SCREEN TYFE = PACþIED troLUHN

SCREEN # 02 (7. SAT)
¡aa¡¡

..J
?9.73
3f).47
å5. Cr9

73.39
93. ó5
87.77
?1. 18
93. ?E

9 9:J.73,
10 96, gg

Various Input Values.

rl
1

?
?

4
5
É
7
g

11
13
1f,
t4
15
16
L7
1B
19

97.A7
98.3
98.94
99.?6
99.47
99. â3
99.74
99.8?
9q, a7

2C, 99.91
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Appendix IVb. Aeration Re-quirements for Various InPut Values

INITIAL O? CONÊ. (Y. SAT) = ?.6
NUMBER OF SCREENS = 10
SCREEN DISTANCE (CM) = 10.3
AERATION CONSTANT = .. 3
SCREEN TYFE = PAtrl'iED trOLUllN

SCREEN fi
¡l¡J..rl

a
I
3
.jt

4
5
6
7
g

o? (z sAT)
aaaaa

?.6
81.58
51. å1
68. s9
73.?ê
B.l, f15
BE. {]6
?1.59
94.Q7

? 98.A3
10 97. 05
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Appenxid lvc. AeraÈion Require¡nents for various InPut Values.

II{ITIAL OE trANC, (Z SAT) = 7?
NUMBER OF SCREENS = 1o
SEREEN DISTANCE (CM) = 3t).3
AERATION CONSTANT = .35
SCREEN TYPE = PAtrþ]ED trOLUMN

SEREEN *
Ira¡a..at

al

I
4
3
4
5

03 . (z sAT)
¡aaaa

7?
BO. ?6
8ó. Q9
9A. L9
93. Qg
93. 1E

â s6.ã7
7 97.=¿Bg 98.te
9 98.8

10



appendix rvd. Aeration Requir"r"ialE?o-r v.tious rnput values.

INITIAL N3 EONE. (7,

NUMBER OF SCREENS =
SDREEN DISTANCE (CM)
AERATION CONSTANT =
SCREEN TYPE = PACI{ED

SCREEN #

r)
1
I
3
4
5
6

5AT) = 113.5
1(l
= 30.ã

.l
COLUlIN

N3 (Z SAT)

113.5
110
tQ7.4L
Ló=,49
LQ4.Q7
1Q5. C)2

1(l?. ?ã
7 101.6ó



Appendi-x rve . Aeration Requir"r"ìtl83eolt

INITIAL N? EONC. (7. SAT) = 110
NUHEER OF SCREENS = 10
SCREEN DISTANCE (CH) = 20.3
AERATION CtrNSTANT = ..=
SCREEN TYPE = PACÍ,ïED COLUMN

SEREEN {+ N2 (Z SAT)

Various Input Values.

i i'i' ' " ' ' ¡

LO7.4L
105.49
LO4.A7
1(13. Õ 1

1Ð2.23
1(11 . å5
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AppEt{DIx 4b. Furtber notea on Pllot lfell selectlon

)
L-

f

TO
B.G. Shepherd
New Projects Coordinator
SEP Enhancement OPerations

D.D. MacKinlay
Design Biologi-st, Ne'i/ Projects Unrt
SEP Enhancement OPerations

-]

I
-l

toM

IL-

AA IFT FURTHER ON WELL SELECTION FOR SHUSWAP PILOT

In my memo to you May 5, 1983 on file 5830-13-16 in regards to
the q¡ater guality of Èhe h/ater from tv¡o weIIs PumPtested near the Shuswap

Falls between t"larch I9 to l'larch 23, 1983, I recommended that r.raÈer f rom

either the river or from Well #4 (now called Well #I) be used for the
pilot hatchery. After reading the Groundwater Hydrologists report (Shuswap

Fa]l-s pil-ot project, Aquaterre Consultants Inc., Àpr:-I 1983) and assessing
the effect of projected temperatures on fish development and growth tirning,
I wish to reverse that recommendation and recommend instead that Well
#5 (now called Well #2) be used for the hatchery ,:upPly. Although WeIl
+Z is not of as good quality as the river or Well #1 (the reason it was

not preferred in Èhe previous memo), it is further a\¡ray from and less
1ikely to be closely hydrotogical.ly associated wrth the river Èhan WeLI

#1. The problem is that the river water 1s too cold for normaf hatchery
operation.

Data collected on temperatures of the Shuswap River were presented
in the previous meme. llonthly averages are summarized in Table l. Since
our knowledge of ground\.rater temperatures from the area are limited to
the spot checks from We]l- #1 (7oC) and WeIl *2 (9oC) during the PumPtest,
temperature estimates had Èo be generated mathematically. To produce the
'Delayed' set of monthly averages i-n Table l, I took a 7 month running
mean of surface water temperatures to smooth out the curve a bit, then
simulated a 5 month delay (such that August becarñe January, for instance)-
This manipulation put the groundwater temperaEure at about I "C during
mid t:4arch - the time of the plxnptsest. For an estimate of an even stabler
groundwater environment, I compared the mean annual temperature of the
Lurnby area from the Canadian Climate Normal-s 195I-1981 (Volume I, Temperature)
and the average temperature of Èhe monthly averages from Table 1. Both
these values hrere 6.7 , so I used that for the third set of calcufatj-ons.
Figure I shows Èhe rel-ationship of the three sources graphically.

I calculated deveJ-opmentaJ. timing usrnq my ATU program on the
TI 59 and growth timing using my GROWTH TIMING Program on the APPLE, both
of which use Fouri-er Curve estimates for temperature for each 5 day iteration.
Timing resul-ts are shown in lable 2.

sEcuârw - cLAsstFtcalroN oE sEcusllE

ouR FrLE /NorRE RËFÊRENCE

t7)1-?';- :/i Ò

YOUR FILEIVOTRE RÊIÊRENCE

June 8, 1983.

/)
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-2-

Chinook salmon could not be planted out until August if river
water were used as the source. Fish on the'Delayed'or'Constant'ground-
water could be planted out in epril or ûlay, or later, at a larger size.
l4uch greaÈer flexibilj-ty in rearing sÈrategies would be obtained. if a
ground\^¡ater source not closely associated with the river were used for
the pilot.

DD[,]ÀC'I(,/rûn¡n
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Table l. Surnmary of Projected Temperatures
from Shuswap ProjecÈ 'S j.te.

Average MonthJ-y TemPeraÈures

l,lonth

January

February

l'{arch

April
t'tay

June

July
August

September

October

November

December

Average

Source + River Delayed ConsÈant

1.0

2.4

4.L

7.L

11.3

13 .5

14 .0

13 .5

9.0

3.3
I l'l

Lt'J.¿

9.4

t.ó

6.0

4.3
?ô

z. t

3.9

5.6

7.6

9.4

r0 .4

o.t

6.'7

6.7

6.7

6.7

6-7

6.7



Table 2. Event Timj-ng Sunrmary for Shuswap
Project Based on Different Source

River Delaved

Spawning

Eyed

Hatch

Swimup

2 gram

5 gram

Sep 27

Nov I

Mar 26

Jun 14

Jul 24

Aug 23

Sep 27

Nov 6

Dec 1

Jan 15

Mar l,L

May 30

Sep 27

Nov 11

Dec 16

Feb 24

Itay 15

Jul- 24



I

lr
@o
I

ì,-.

t

I¡
_t.

!
I
I

tl
ol
(t)¡
;1.
{J
o
H
0)
9aF
OJ

Fr

l-igure I- Cornparison of projected temperatures of L¡âter soures
for ShuswaP Prlot-

"¡".t--r
tl-- '

Èt I

.¡ i.. Ê

a'
¡lI i *-':- DeIaYed

¡ 
t i _,--".Ê'P-

l- t o-{
i - 

-+E-I t 
..-Át

l-F
L:''l'i

'-rr_---..-....,.¡. -.¡.¡'lÏ- -..i.' - Constant
'¡"'ru .''' ,¡'F ¡

þL t 
-- 
o'''* t,

¡ .-. +=t

, ¡ 
r-¡-¿a, 

^!'f- 
!

a L -!t .t¡-- |
i¡ 

!i*---'*r-.-f= 
'ra

e

".- - River

¡ ¡ r' ! .r
- +-- Í¡lâ lt Ê-t i'l .--! ..-l í t "r;; ¡-,i ï'l í, t

MONTH



-189-
Appendix la. Fish Growth at. River Temperat.ures

- AssumÞtr-ons.



(;f al)lr lb- Growtl¡ on ltivt-:r hrdter source beLween Jurre 14 (swim-up date) and Novernber ll.
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TabIe lc.
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Fish Growth on River water source between
an<i November Ì1.

June 14 (swì-m-up date)

Period Ud LE Temp.



Appendix 2a.
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Growth on 'Delayed' water sources
beÈween Jan 15 (swim-up date) and

..
Jun 15.



(ìraprr 2b- Growth on 'Del.ryc'd r¡rater
and Jun 15.

source l¡etween Jan I5 (swirn-up date)
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--*rÆPF

---- +'-'-_4"

---* ¡-.J_-'..-.¿-

I

H(o
(¡'
I

;t
l¡



Table 2c. Growth on 'Delayed'
(swim-up date) and

-194-

water sources between Jan
Jun 15.

Weight

l5

Period Date Temp
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Appendix 3a. Growth on Constant water source between

Feb 24 (swim-up date) and Ju1 24.
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Table 3c. Gror^rth on constant waÈer source betrdeen Feb. 24(swim-up date) and Jul 24.

Date Temp. Weight
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Ecneral I Y t
fish culturer ås

¿'\.i",'(r,,,-
'4-t IV .. ) .j r'-'-.' )

r, - i tf--r" 
" ,.- '-t l* :)

Thi¡ .Ìrno reports on th¡ wetrr quelity of thr w¡trr dr¡wn fron
lrlell¡ *ó, *B and 19 ¡t the Shurwep Pilot Hetchcry ¡ite nllr Lunbyr B.
C. during pump tr¡tg carrird out there from flarch 11 to l'l¡reh lSt
I 984. On ¡ite cempl ing ¡nd field enalyri r ¡t.¡ contrrctrd to
Envirocon Linited end laborrtory ¡nrly¡t¡ wlrt donr rt thr DFO/EPS
lrlater Ouallty Laboratory in hlrst Vlncouver.

Thr wetcr fron thr thrcr nc¡, wrll¡ ic vrry ¡irnllrr rnd probrbly
comer f rom the ¡¡,ne aquif er. The quality æcm¡ to comblnr thr br¡t
arpectr oÍ the two previou¡ well¡ te¡ted on this tit:r blcll¡ t4 end tS
(see Table 1¡ and,ny fnemo to you of I'lay 2r l9BS on thig file).

Thc total ¡nd nitrogrn g¡¡ prc¡3uro¡ w;re lowcr (Irr¡ thrn løøT.
and I e;¡ then Lø97.r re¡Pecti vel y) r oxygen w¡¡ hi ghcr (up t'o 697.1 ,
there wag no ammoni¡ ¡nd there ¡lrere no ¡nonelou¡ high heavy mrt¡l
detections compared to the previous wells. The water still requiree
aeration but not er much e! doe¡ the water from Ù{ell ll5 (which is
being uEed lor the Pilot). The hardness perrneterr (conductivityt
hardñes¡, calcium, tot¡l ¡lkaltnity, fittrable regidur) are all wfthin
good F¡nges for ft¡h cultur:. The w¡ter temperature (e.2' C to B.B'e)
is v3ry good for ¡ I'lrrch campllng, indic¡ting a Fcver¡c temperature
curve compered to the ¡mbicnt river w¡ter. This ehould Prove
advantagrous for ft¡h culture.

Thrre were two on-site low reedingr of pH (å.3 and 6.4 in t¡lell
*B) but the¡e ware not reflected in the laboratory anelysis of the
same sempler, therefore måy have becn due to in¡trument malfunction.
Marginally high levels of nutrients (nitrate and phosphate) indicatc
that the -=rãtio., tower ghould probably be covered to sh¡de front
sunlight t¡hlch mey ceuse aIgal blooming but othcrwlse are not e

serious problem.
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INTRODI CT|OÌ.|

ln portiol fulfillment of o coniroct with the Deportment of Fisheries ond Oceons
(DFO) Envirocon Limited conducted woter guolity sompting ond onolyses ot the
Shuswop Folls solmon enhoncement project site. This work wos conducted
befween Morch llond Morch 16, 1984 os port of the wetl development ond pump

testing of three wells condrcted by Aquo-Terr Consulionts Ltd. ond Aquo-Flo
Testing ond Equipment Ltd. This report presents the results of oll on-site woter
quof ity onolyses condrrcled ot wells ll 6r B ond 9 ot the Shuswop Folls site os wetl
os doto obtoined for the Shuswop River ond well // 5. Anolyticol results of woter
quolity onolyses conducted of the EPS-DFO Cypress Creek Loborotory, which
will be srbmifted directly to fhe Scientific Authority, ore complimentory to the
results reported here.

t739
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LO METt-{O6

Wells 116, I ond 9 qt the Shuswop Folls solmon enhoncement project sife were

PUmP tested for 48 hours, 24 hours ond 24 hours, respectively, between Morch t I

ond Morch 16, 198¿r. The pumping of the wells wos conducted by Aquo-Flo
Testing ond Eguiprnent Ltd. while srpervision of the pump testing procedure wos
underloken by Aquo-Terr Consuttonfs Ltd. On-site onolyses were condtrcted ond
loborolory somples collected two hours ofter tlre commencement of pumping ond
of subsequenf twelve hour intervols from the commencement of pumping of eoch
well.

Well woter for woter quolity onolyses ond somple collection wos obtoined during
eoch pump test from o bock pressure volve locoted upstreom of the end of the
dischorge pipe (Plote lr 2). No oir wos entroined in the woter collected. The
woter wos run through o short length of hose into o norrow necked corboy. The
norrow opening of fhe corboy ond o conslont flow of woter minimized contoct
between the pumped well woter ond the otmosphere.

woter temperoture, dissolved oxygen concenfrotíon, fotol gos pressure, pH ond
conductivity were oll meosured in the corboy. Wofer somples for the DFO
hofchery series of woler guolily onolyses were cottected directly from the hose
leoding from the bock pressure volve. Aír entroinment into the somples wos
minimized os mrrch os possible while these somples were being co¡ected.
Additionol woter lemperoture doto for the well wofer wos obtoined using o Ryon
Peobody thermogroph. The thermogroph *os plocåd in ihe pool creoted by the
PUmP dischorge old recorded woier temperoture for the durotion of eoch pump
lest.

1739
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Woter quolity somples were olso collecled ond on-site onolyses conducted in the
Middle Shuswop River on Morch l2 ond Morch 13. Sompling ond onolyses were
conducfed odjoceni to the projecf site opproximotely 100 m upstreom of where
the pump dischorge flow enlered the river. The Morch l3 somple wos collected
to provide on ir¡dic¡lion of chonçs in river woter quolity ossocioted with
increosed lurbidily due to heovy roins which occurred the níght of Morch l2l13.

Woter quolity somples were collecied ond woter temperofure, dissolved oxygen
concentrotionr totol gos Pressure ond conductivity were olso meosured in ihe
pilot hotchery reoring troughs ot the project site on Morch l6ot the request of
Mr. G. Neilson. Woter supply to these lroughs from Welt //5 hod been pumped for
one to two hours príor to somple collection ond woter çolity meosurement.
These somples were submitted to the EPS-DFO toborotory opproximotely 69
hours ofter being collected. This deloy wos unovoidoble due fo the hour ot which
the somples were collected ond the foct thof the woter quolity loborotory wos
closed on Morch l7 ond 18. These somples were frozen to preserve them untit
they were submitted to the woter quolity loborotory on Morch 19.

Schedules of somple collecfion, shipping ond delivery for oll the somples
submitted to the EPS-DFO Woier Ouolily Loborotory ore detoiled in Appendix l.

LI Arpl>'tical Methods

The onolyticol mefhods used were those described in Stondord Methods for the
Exominotion of Woter ond Wostewoier (Americon public Heolth Associotion,
1976) with the exception of the meosurement of tolol gos pressure. Totol gos

Pressure wos meosured using o Novotech Designs Model 300 B Gos
Tensionometer, occording 1o the monufocturers recommended methods of
operotion. A hondheld oltimeter ond the tensionometer were used to meosure
locol borometric Pressure ot eoch sompling lime os required for iþe colculotion

t739
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of lotol dissolved gos soturolion. The oltimeter wos colibroted using borometric
pressure doto obloined ot the Kelowno oirport. Totol dissolved gos soturotion
ond dissolved oxygen concentrotion doto were used 1o colcutote dissolved
nilrogen ond orgon concentrotions ond soturotions. Doto used to determine the
dissolved gos results ore presented in Appendix 2. The equotions used for these
colculotions were previously presented in the doto report describing woter
quolity sompling conducted by Envirocon Limited in september, 19g3.

Dissolved oxygen concentrotion meosurements were mode using YSI Model 544
ond Model 57 dissolved o4rgen meters which were colibroted using the
monufocturers recommended methods before eoch series of meosurements.

An Orion Model 407A elecfronic pH meter with o single combinotion electrode
wos used for oll pH meosurements. The mefer wos colibroted on site ond
monuolly odjusted for woter temperoture.

A YSI Model 33 Solinity/Conducfivity/Temperoture mefer whích wos monuotly
compensoled for woter temperoture wos used for oll meosurements of
conductivíty.

Woter temperotures were meosured using o colibroted mercury thermometer.

t739
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3.0 RESTTTS

Well //8 wos pumped from 0900 hours Morch ll to 0900 hours Morch 13 ot o

constont roie of opproximotely 800 U.S. GPM. During the pump test on-sife

onolyses were conducted ond woter somples collected of 21 121 24r 36 ond 48 hour

intervols (Toble l).

After 48 hours of pumping, conductivity ond pH in the well woter meosured 133

umho/cm ond 6.5, respectively (Toble l). The dissolved oxygen concentrotion

wos 5.3 mg/l ond nitrogen ond orgon concentrotion wos l9.2mgll (Toble l).

Totol gos sofurofion wos 96.2% with on oxygen soîurofion of 48.3% ond o

nilrogen ond orgon soturotion of 108.9% (Toble l). The woier femperoture wos

8.7oC. Porometer levels were retotively sloble wilh lillle chonge from levels

eorlier in the test, with the exception of conductivily which increosed groduolly

from 93 umho/cm ot the 2 hour intervol of the lest (Toble l). M hydrogen

sulfide odour wos detecfed duríng the test period ond the woter wos cleor ot oll

times.

Well tl9 wos pump lested lor 24 hours ot o constont rofe of opproximotely 640

U.S. GPM commencing ot 1700 hours Morch 13. On-site onolyses were conducted

ond woter somples collected ot the 2, 12 ond 24 hour intervols.

AT the 24 hour intervol of the pump test, conductivity of the well woter wos I l8

umho/cm ond pH wos 7.1 (Toble 2). The dissolved oxygen concentrotion wos

6.5 mgll ond the dissolved nitrogen ond orgon toncentrofion wos 17.0 mg/l
(Tobte 2). Totol gos solurotion wos 96.6% while oxygen soturotion wos 58.8% ond

nilrogen ond orgon soturotion wos 106.7% (Toble 2). Woter temperoture wos

8.fC. These porometer levels were relotively constont throughout the pmp
lest period wilh only o smoll increose in conductivity between the two hour

intervol ond the end of the tesl. The pH result obtoined ot the 12 hour intervol

t739
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TABLE I
WsÌer Qr,nlity DolJ' Collecffi ct Sh.rsvop Folls Project Sile, Well 4
During o 48 l-{q¡r fomp Test Cond¡cled Morctr I I lo 13, l98l}

lnlgrvot Afier Pumping B.gonl

Porometer

Totol gos soturotiør (%)

Dissolved N" ord ,Ar
(mg/l) L

Dissolved N, ond Ar (%)

Dissolved O, (mg/l)

Dissolved 02 (%)

Temperoture fC)

pH (rel. units)

2 hrs. 12 hrs. 24 hrs. 36 hrs.

95.7

t9.0

t08. r

5.4

49.2

8.8

6.3

93

95.5

¡8.9

t07 .3

5.6

5l .0

8.7

6.7

r0l

95.8

18.9

t07. I

5.8

52.8

8.7

6.5

t07

96.3

t9. t

t08.3

5.6

5t.0

8.7

6.4

n6

48 hrs.

96.2

t9.2

I 08.9
)

5.3'
)

48.3'

8.7

6.5

133Conductivi ty (umho/cm)2

woter quolily somples were collected for complete onolysis eoch time on-
site onolyses were conducted. Well woter wc¡s pumped of o rote of
opproximotely 800 U.S. GPM fø the durotion of the fesf.

Volues represent the meon of duplicote somple doto.

1739
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TABLE 2
Wqter Qr,nlity Doto Collecîed or sÌus*op FollsP^rojæ! S!1"_rWell 9'
During o 24 t{q.rr R¡mp Test Cond¡cted M<rc*r 13l'o l4r l98tt

lniervol of ter Pumpt¡g Beqonl

Porometer

Tolol gos solurot¡m (%)

2 hrs.

97.0

¡7. !

r07.0

6.5

58.8

8.6

7.t

98

l2 hrs.

96.5

17.0

106.4

6.5

59.2

8.6
?

7.5 "

106

24 hrs.

96.6

17.0

106.7

6.5

s8.8

8.7

7.t

il8

Dissolved N, ond Ar (mg/l)

Dissolved N, ond Ar (%)

Dissolved Or(mSll)z

Dissolved OZ(%f

Temperoture (oC)

pH (rel. units)

Conductivi ty (umho/cm)

2

3

Woter quolity somples were collected for complete omlysis eoch time thot
on-site'onolysis w'ere conducted. Well woter wos pumped ot q rote of
opproximotety 640 U.S. GPM for the durotion of the test.

Volues represent the meon of duplicoie somple doto.

Meter irstobility mokes this volue questimoble.

1739
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is questionoble due 1o meier difficullies encountered ot ihoi time. l',lo hydrogen
sulfide odour wos detected during the lest period ond the woler wos cleor ot oll
times.

While the levels of the porometers meosured on-sile were similor in most coses
for both well /18 ond well /19 some differences were opporeni. The most
signific-ont is the difference in pH from thot meosured in wetl ll8 (6.5) to thot
meosured in well #9 (7.1). Doto for dissolved gc¡ses indicote slightly lower
oxygen levels ond higher nitrogen ond orgon levels in well /18 relotive to those in
well ll9. Conductivify levels for well tt9 loll within the ronge observed in woter
from well //8 while woter temperotures von/ by only 0.1 to 0.2oC between wells.

Well 116 wos Pumped for 22 hours to o constont rote of opproximotely 254 U.S.
GPM' beginning ot 1030 hours Morch 14. Sompling wos conducted ot the two
hour, eleven hour ond twenty one hour intervols. The lost woter somples were
collected ond on-sife onolyses conducted eorlier thon usuol to insure lhot the
somples could be submitied to the EPS-DFO Woter Quotity Loborotory within the
required lime.

After 24 hours of pumping, conductivíty ond pH in ihe well woter were 94 ond
7.2, respectively (Toble 3). The díssolved oxygen concentrofion wos 7.3 mg/t ond
the dissolved nitrogen ond orgon concentrotion wos l9.l mgll (Toble 3). Totol
gos soturotion wos 97.5% while dissolved oxygen soturotion wos 65.0% ond
nitrogen ond orgon sofurotion wos 106,2% (Toble.3). Woter temperoture wos
8.2oC. Tolol gos soturotion ond dissolved oxygen ond dissolved nitrogen ond
orgon concentrotions ond soturolions increosed from eorlier volues ond
conductivity dropped slightly. The woter wos cleor of oll times ond no hydrogen
sulfide odour wos detected during the test period.

1739

envirocon



-?L6-

TABLE 3
W"l"r Qunlity Doto CollecH sf Slusvop-FollsP-roie.ct Site^, Well 6'
O"ì,tg oZ2fuir Pump Test Condrted Mcch 15 to l6\ l98I+

I

lntervol ofter Pumpinq Beqon'

Porometer

Totol gos soturot¡on (%)

Dissolved N, ond Ar (mg/l)

Dissolved N, ond Ar (%)

Dissolved Or(mSll)z
.,

Dissolved OZ(%)'

Temperoture (oC)

pH (rel. units)

Conductivi ty (umho/cm)

2 hrs.

93. I

t8.s

t02.8

6.4

56.9

8.4

7.t

98

I I hrs.

98.2

19. I

105.9

7.8

69.4

8.2

7.2

97

2 I hrs.

97 .5

t9. t

t06.2

7.3

65.0

8.2

7.2

94

Woter quolity somples were collected for complete onolysis eoch time on-
site onàlysij were conducted. Well woter wos PUmPed ot o rote of
opproximotely 254 U.S. GPM for the durotion of the test.

Volues represent the meon of dulpicote somple doto.

l0t739
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The levels of the meosured porometers in well //6 were generolty similor to those
meosured in wells //8 ond 9. Totol gos soturotion ond dissolved oxygen ond

dissolved nitrogen ond orgon concentrolions were slightly higher or equol to fhe
uPPer end of the ronge of volues meosured in wells ltï ond 9. Conductivity levels
fell wilhin the ronge of volues meosured in wells //8 ond 9 while pH remoined
similor 1o thot meosured in well /19. Woter temperoture wos 0.2 to 0.6oC lower
in wells //8 ond 9 thon in well /16.

The levels of the porometers meosured for eoch of the three wells were
generolly suiloble for solmonid culture with the exception of dissolved goses

which wor¡ld require some oerolion 1o roise the dissolved oxygen soturotion.
Conductivíty ond pH were within the ronges occeptoble for solmonid culiure
ollhough the pH meosured ot well //8 wos low compored io recommended levels
(Sigmo, 1979). Woler femperotures in oll three wetls were sotisfoclory. Woter
treotment in the form of oerotion would be necessory f or oll three welts fo lower
the dissolved nilrogen soiurotion ond roíse the dissolved oxygen soturotion to
levels occeptoble for solmonid culture.

Wofer somples were collected in the middle Shuswop River ot l0l5hours, Morch
l2 ond of 0930 hours, Morch 13. On-site onolyses were olso conducted ot these
times. On Morch l2 conductivily meosured 79 umho/cm ond pH meosured 6.85
(Toble 4). Ttre dissolved oxygen concentrotion wos 13.6 mg/l ond the dissolved
nitrogen ond orgon concrentrotion wos 20.3 mgll (Toble 4). Totol gos soturoiion,
dissolved oxygen soturotion ond dissolved nitrogen ond orgon solurofion meosured
!01.7%' 106.5% ond 100.3%' respectively (Toble'4). Woter temperoture wos
2.95oC (Toble 4). The levels of these porometers were olmost unchonged when
meosured on Morch l3 wilh the exception of woter temperoture which decreosed
to 2.6oC ond dissolved oxygen soturotion which decreosed to 103.8% (Toble 4).

il1739
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TABLE 4
lvqler Qr.nlily Doto Cotlecled in the Midle Slu-sv.o^q-River l\le([,
lhe Shusury Folls Project Site, Mccl¡ l2 ond 13' 1984

Porometer

Totol gos soturot¡m (%)

Dissolved Nt ond Ar (mg/l)

Dissolved Nt ond Ar (%)

Dissolved Ot (mg/l)z
.,

Dissolved OZ(%)'

Temperoture (oC)

pH (rel. units)

Conductivi ty (umho/cm)

l2 Morch

t0¡.7

20.3

t00.3

13.6

I 06.5

2.95

6.85

79

l3 Morch

l0r .4

20.4

100.8

13.2

r 03.8

2.6

6.8

78

Woter quolity somplirE wos conducted opproximotely l00m upstreom of
where the pump test flow wos entering the river.

Volues represent the meon of duplicole somple doto.

l2
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Sompling of the woier supply to the pilot hotchery ofter ¡t hod been oeroted wos
conducted ot Mr. G. Neilson's requesl on Morch 16. Conductivity meosured 170
umho/cm (Toble5), which is higher thon wos encountered in welts 116r B ond 9.
The dissolved oxygen concentrotion wos 10.5 mg/l ond the dissolved nítrogen ond
orgon concentrofion wos 18.0 mg/l (Toble 5). Tolol gos soturotion wos lQl.0%
while dissolved oxygen soturotion ond dissolved nitrogen ond orgon soturotion
were 95.6% ond 102.0%, respectively (Toble 5). Woter temperoture meosured
8.8oC (Tobte 5).

l3t739
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TABLE 5

t01.0

t8.0

t02.0

r0.5

95.6

8.8

t70

two hours prior to

lYoter Ouol¡ty Doto Collecied ot the Shusryp Folls Proiect Sile' Pilot
hbtctrery Reoring TrorryhE Morch 16' 198¡l'

Porometer

Totol gos soturotion (%)

Dissolved N, ond Ar (mg/l)

Dissolved N, ond Ar (%)

Dissolved Ot (mS/l)

Dissolved C2(%l

Temperoiure (oC)

Conduc tivi ty (umho/cm)

Well woter from well /15, pumped for opproximotely
somple collection ond on-site meosurements.

1739 l4
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APPEI$IX I
Collectic¡ $¡pp¡F crd Elivery Scheó¡les fa DFO Woter Gld¡ry
scnples collecled ct lhc shusmp Folls Proiect site, madt ¡ l-16, lgstl

Site

Well No.8

Shuswop River

Well No.8

Shuswop River
Well No. 9

Well No.6

Time Sompledl

-TrfrT-
I 100 hrs, Morch
2100 hrs, Morch
0I)0 hrs, Morch
I 100 hrs, Morch

2100 hrs, Morch
0900 hrs, Morch
0930 hrs, Morch
0f)0 hrs, Morch
1900 hrs, Morch

1230 hrs, Morctr
1700 hrs, Morch

Time
Somples
Shipped
from Field

( r e84)

2100 hrs, Morch 12,
from Vernon vio bus

2100 hrs, Morch 13,
from Vernon vio bus

2100 hrs, Morch 15,
from Vernon vio bus

0945 hrs, Morch l6
vio oir corgo

Time
Somples
Delivered
1o Lob.
Ti@

0900 hrs, Morch l3

1300 hrs, Morch 15

0900 hrs, Morch 16

1230 hrs, Morch l6

0830 Morch 19

Somple
ldentif icotion

Shuswop Folls
somples lJt
DFO Lob No.
8¿10337-lrr

Shuswop Folls
somples l-5
DFO Lob No.
&10352-l-5

Shuswop Folls
somples l-2
DFO Lob No.
840355-t -2

Shuswop Folls
somples l-2
DFO Lob No.
8t10357-l-2

Shuswop Folls
DFO Lob No.
84036 | - I

il (t)
il (2)
t2 (3)
t2 (4)

ts fl)
t4 (21

I

l\)
l\t(¡,

I

n0:,
t3 (21;
I 3 (3)'
t4 (4)
t3 (s)

Well No.6
Well No.9

21 30 hrs, Morch l5 ( l)
0800 hrs, Mqrch 16 (2)

of
s.I
0
o
o
J

l--lotchery Trough I 100 hrs, Morch I 6 ( l) with technicion,
Morch l6

I Brocketed number refers to DFO Lob No. subsomple.

2 Somples submitted to DFO loborotory loter thon 48 hr. requirement due to tronsil deloys.
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APPEI.D¡X 2

Doto Us€d 1o Delermine Disolvcd
Gos Sctrrotiør crd Cqrcsrtrotiqr Dolo

t8
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ïAAI.E A2.t
F¡Gld ad Coh¡loûcd DbìrGd Co Dolo Fc
SluarçFollrPtolæt Sllc' ìlcll 8, ta'dr ll-11 198¡

Field Doto Colcr¡lot¿d Dolo
Tlmc Aftcr
Punrpirp Woter Bcsn. Tcnsiqromcler Btnscr¡ Tolol Gos l$ _od Ar
Bcdon- Tcrrpcrolure Prcssr¡re Diss. Ot Reodim PqO Cæff. Sot. - Sof.

(%) (%)

3r.
(%)(}r) Pcl (mm l-lgù (me/D (mm l-þ) (mm l-lg)

2.0 8.8 724 5.0 -03t 8.49ô 0.0392 9s.7 108. | 4t.2 lt.0

t2.0 8.7 7ZO s.6 432 8.437 0.0392 95.5 107.3 51.0 18.9

2f .0 8.7 7a6 5.8 -{Ir 8.437 0.0392 95.8 107. I 52.8 l8.t

36.0 8.7 716 5.6 426 8.437 0.0392 96.3 l(n.3 51.0 l9.l

¡8.0 8.7 716 5.3 427 8.437 0.Ott2 96.2 læ.9 {8.3 a9.2
f\)l\tul
I

o
si'
0
o
0
J



ïAB|.E. A2¡
FacI ad Cob{o¡¡d Dbhlrd Gc Dafo Fc
9ua Folr Pto¡æt $rq fcl lb !' Icrdr l]lf, Itt

Ficld Dolo Colcr¡loled Dolo
Timc Aftcr
Pwrp¡ng Wotcr Bcorn. Tensiqpmctcr Br.nsen Totll Gc 19 -d At 9tBcóon- Tcnpc¡oture Pressrre Diss. O. R¿.odim PH-O Cæff. Sol. 'Sot. Sof.

(}r) t"cl (mm l-lg) (mg/l) (mm l-{s) (mm Flg) (%) (%) (%)

2.O 8.6 712 6.5 421 8.380 0.0392 97.0 107.0 59.2 l7.l
6.4 58.3

t2.0 8.6 716 6.5 425 8.380 0.092 96.5 1(¡6.4 59.2 17.0
6.5 59.2

2¡.0 8.7 7t8 6.4 424 8.437 0.0392 96.6 lß.7 58.3 17.0
6.5 5r.2

I

l\)
l\)q)

I

o)
ï'
0
o
of



ïA8tE A2-3
F¡cld ad C-olcr¡lolcd DbþhrGd GcOoto Fa
Slun4 Follr ho¡æl $rc, tlcll ¡b,6' ma,ú ll.11 lt8f

Ficld Dolo Colcr¡lotcd Doto
Timc Aftcr
Puøping Wolcr Bcqn. Tcnsia¡ornetcr Bunscn Tolol Gos il" crd Ar
Bcoon Tcnrpc¡olue Prc¡¡r¡rc Diss. Ot Rcodirn Pt-hq Cæff. 5or. '99

. (}r) fcl (mm l-þ) (mCD- (mm Fts) (mma6¡ (%) (%)

2.0 8.¡ 7t9 6.¡ {){9 8.267 0.040t 13. t t02.8 s7.0 t8.56.3 56. I

I 1.0 8.2 72, 7.9 4t3 8. r5s 0.040t 98.2 t05.r 70.3 tr. I7.7 68.5

2t.0 8.2 7?4 7.3 {)t8 8. t55 0.$0t 97.5 tß.2 65.0 t9. t

*.
(%)

I

t\)
1\)\
I

o
si'
o
o
of



TAB¡ F AZI
F¡cld ad Colq¡loaçd D¡shrd Cf, Dolo Fc Tlr n¡dlc Sh¡¡rç Riwr
lta Ih. 9r¡æ Foll¡ holæl Sirq tcdr 12 cd 11 l98t

Colcr¡lotcd DotoField Doto

Dqlc
(l r8¡)

Mcclr l2

Mqch 13

Bcqn.
Presqrc
(rrrn l-lg)

7r5

7t6

Diss. O.
(rndl)-

13.6

r3. t
13.¡

Pt-t-o
(mm1-19)

5.685

5.525

0.0455

0.0455

Tcnsispnrcler
Rcodim
(mm l-þ¡

0t2

010

'?t(%)

emscn
Cæff.

Tolol Gos t$ md Ar
Sot. - Sal.
(") (*)

tot.7 t(n.3

tot.4 lm.8

1t|., atd Ar
tcr.
(mcD

ã¡.3

20.{

t06.5

1o2.6
to{.t

I

r\)
I\'
æ
I

o

s

0
o
of



TâALE A¿5
Fldd oú Cdtr¡lc¡d Dt¡lr¡d Gc Dolo Fc Shrrq Fdlr
Þqlæl Sltq, P¡hl tbdtút REht lru gb 16 ftdr |tt

Flcld Doto licosr¡rcd Dqto

Wotcr Bcqn Tcnsidþmêlcr Burscn Totol Go¡ l$, crd Ar
Dotc Tcnpc¡otrrc Prcsqrc D¡¡$ % Rcodim eLbA Cæff. Sal. - 5or.

(!9sf) tocl (mm l-þD (mc/l)- (mm tþ) (mm-l{gù (%) (%)

ùladr 16 8.8 T2l 10.5 mf 8.¡r¡ 0.03t2 101.0 102.0 95.6 18.

&.
(%)

I

l\)
f\)(o
I

o

¡'t
0
o
0f
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L

B¡'-'G¡ Elrrplr¡rd
New Frojects Coordinator
qÊtr¡

-J
-1

Don D. llacl"ii n I ay
Desi gn Bi ol ogi st
s. Ë. F.

I

I¡JATER OUALITY OF SHUSWAP t¡tELL {tlO

FIease find attached the final report from Gary Birch
o'f Aqrtatic Resourrces Limited on the water qurality sårnpling
and analysis of l¡Jell #1(l at the Shuswap River Hatchery site.

In ELrrnrnåryr this well is essentially identical in
qual i ty to tJel I s #é, #B and *9, whi ch h,ere di scussed i n my
merrìo to you of April 19, 1984, on this .fiIe. AII these
wells can be considered very suritable {or {i:ih culturre.

The trace iron concentretion and high nurtrient Ievels
írày cåuse some contai ner stai ni ng and aI gaI f or-rl i no, ås Plr.
Bi rch sugeests , br-rt the er'l tent cannot be lu:nown r-rnt i I lhe
{aci I ity is i¡r operation. 9ome provision for fi Itration of
i ncutbat i on wat-er måy be requri red i f the i ron concentr¿rt i on
rncrÉâses in the {ututrer ås it Àppeårs to have done in t¡JeIl
#5t butt simple retro-f it Ehourld be possible. The high
nuttrients sr.,rggest that an enclosed aeration tower be ursed at
thi s si te

F.l{:. €iandercocl.:
C. N. Macl'iinnon
G. F. Eerezay
6. Conway
J . l^J. I'lcNaI I y
W. Y. Leurnq
A. Machel

ROM
OE

s€cunfrY. cl¡sgFEAnoil . oE sÊcunffÊ

5B¡(l- 1J- 16

JuIy 1 1, 1985

Don
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INTRODUCTION

This proJect was deslgned to provlde the New Projects Unlt of the

Salmonld Enhancement Program (SEP ) wlth basellne water quality
informatlon to aid ln determlnlng the sultabillty of selected water

sources as potentlal enhancement facillty suppües. Thls report wlII deal

wlth water quallty measurements collected durlng a pump test of well

#10 at the Shuswap Hatchery site whlch was conducted over a 24 hour
period durlng May 21 to 22, 1985. The report should be considered as

an addendum to a revlew of prevlously collected groundwater and

surface water data (Envlrocon MS f985).

SITE LOCATION

The Shuswap Hatchery slte ls located on the west bank of the

Shuswap River immediately downstream of Shuswap Falls and the B.C.
¡C

Hydro Wf{"V Dam. The gazetted locatlon of the slte is latitude 50o,

Iongltude II8o, and quadrant SW (Anon. 1966). The watershed code is

03-5400 (Shera and Grant 1980 ) . The altitude of the slte is

approximately 1400 ft (427 m) above sea level.

The hatchery gravel pad is situated on an island wlth a flood

channel located on the west slde and the maln river channel on the
east. Flow into the flood channel has been diverted by a berm placed

upstream of the slte. Road access was available around the berm at the

time of the sampllng, however an access bridge from the west bank is
currently under construction. WeIl #I0 is located on the north end of

the property along the edge of the pad. WeII #8 is the closest
prevlously tested well, and is located just to the southwest.
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METHODS

LOGISTICS

The slte was accessed by truck from Vancouver, B.C. The access

route from the nearest town, Lumby, ls vla Mabel Valley Road towards
Shuswap Falls. Shuswap Falls Road leads off the maln road to the
hatchery site. The crew camped on-slte to facflltate easler maintenance

of the sampllng schedule. Alternatlve routlng includes scheduled

commercial fUqhts to Kelowna or Kamloops alrports, car rental, and

resldence at a hotel ln Lumby.

SAIÍPLING SCHEDULE

The sampllng period was to extend for the 24 hours of pump

testing. Longer testlng was deemed unnecessary since indications were

that the same aqulfer as prevlously sampled in adjacent wells was being
pumped. Water quallty measurements and samples were taken at 2, 12,

and 24 hours after pumplng beqan. Slnce the river was dlrty and in
flood, additlonal sampling of the river water at a site next to the
hatchery pad was conducted just after the LZ hour well sampllng.

Table I below llsts the pertlnent collectlon and lab deliverv schedule

lnformatlon.

Table I: Collectlon and Lab DeUvery Schedule

lvlethod of
Sample Shlpment

Laboratory
Number

Coilectlon Delivery
Date & Tlme Date & Tlme

Well #I0
2hr

WelI #I0
12 hr

Shuswap
River

WeII #I0
24 hr

Personal
dellvery

Personal
dellvery

Personal
dellvery

Personal
dellvery

8502 r0
#1

8502 I0
#2

8502 Ì0
#3

8502 I0
#4

85-05j2 I
1900 hr

85-0s-22
0500 hr

85-05-22
0600 hr

85-05-22
1700 hr

85-05-23
II35 hr

85-05-23
II35 hr

85-05-23
1135 hr

8s-05-23
lI35 hr
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SAIÍPLING PROCEDURES

Durlng the sampllng perlod, notes were kept of general changes ln
afr temperature, barometrlc pressure and weather condltions. For each

water sample set, sampllng took about 30-40 minutes and spanned the
hour.

For well sampllng, water was drawn from a tap welded on close to
the well head. It should be noted that previous samples have

apparently been taken at a pressure llne (C. Dunwoody, pers.

comm.) whtch, durlng this test, was located about l0 m from the weII

head. Samples taken at this distance may have been contamlnated

durlng passage through the pump llne. A plastic tube fed water from

the tap to a 15 liter bucket whlch was allowed to contlnuously

overflow. All measurements were taken in the bucket.

It was also observed that the driller was uslng a lead based plpe

Iubricant whtch could contaminate the samples, although no hlgh levels

of lead contamÍnation were subsequently noted. Conslderatlon should,

however, be glven during future pump testing to the substances being

used by the pump test crews which may contrlbute to unusually high
metals values.

At the start of each test period, ô1r temperature and barometric
pressure were noted. Water temperature was taken and the

tenslonometer probe lnserted Ín the water following zeroing. Whiie the

tensionometer stablüzed, pH, conductivity, and. dissolved oxygen were

measured. The tenslonometer reading was then taken and the

barometrlc pressure checked for any change. The tenslonometer was

then allowed to restabllfze ln air, while water samples were collected for
dissolved oxygen Wlnkler tltratlons, and nutrients, metals and mercury

analyses. Water collectlon techniques followed those descrlbed by

MacKinlay (1984) and APHA Standard Methods (Anon. 1975). Water

samples for oxygen determlnatlons were preserved for later tltratlon
(Strlckiand and Parsons 1968).
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Rlver water was sampled at a slte next to the hatchery pad.

Sampllng procedures were comparable to those for well water. Water

samples for oxygen determlnatlon were collected with a Van Dorn
bottle.

EQUIPIIENT

The techniques used to collect water samples and to measure ln situ
temperature, pH , conductfvlty, dissolved oxygen and gas saturation
followed those descrlbed by MacKlnlay (1984). Speclflc fleld equipment

models and thelr measurement accuracles are llsted in table 2.

Table 2: Water sampllng equipment and accuracy for
different measurements.

Measurement Equlpment Proposed Accuracy

Temperature -ASTM mercury reference t0.05oC
thermometer,

pH -Fisher pH/Temp. Meter J0.05pH
Model ll9,

Dissolved -YSI Model 5IA Oxygen/ t0.I mg/IoxYgen 
-ili,lftr"ålili,"" , !<o.or mg/i

Salinity/ -YSI Model 33 SCT meter t2.5-3.0t Cond.
Conductlvity (umhos/cm)

Dissolved Gas -Novatech Tensionometer r2-7 mmHg
Pressure Model 300C,

Barometrlc -Lufft anerold barometer t0.2 mmHq
Pressure

AII meters were calibrated caref ully. No problems were

encountered wlth the equlpment during the tests, although the pH

meter requlred recallbratlon during the last measurement set.
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Laboratory nutrient sample analysls technlques were documented by
MacKlnlay (1984). Metals samples were all analysed uslng Atomlc

Emisslon Spectrophotometry whlch employs an Inductively Coupled Argon
Plasma (ICAP) excitatlon source. More sensltlve analyses were carried
out for toxic heavy metals lncludlng cadmlum, copper, mercury, Iead

and potasslum using flameless Atomic Absorptlon Spectrophotometry
(AAS). Quallty control measurements of the catlon/anlon balance and

dfluted conductance of each sample were used to check measurement

accuracles. Lab analysls units, preclsion and detectlon ilmlts are llsted
ln table 3 (MacKlntay 1984) for reference.

Wlnkler tltration values for dissolved oxygen were used

preference to the YSI meter values. Levels measured with the meter

the field were conststently 0.3 to 0.4 mgll high.

RESULTS AND DISCUSSION

IYEATHER

Throughout the test pertod, the weather was hot and sunny. The

skles were generally clear, and there was an occaslonal sllght breeze

from the south to southeast. Alr temperatures ranged from I6oC in the

mornlngs to 29oC tn the midafternoons. Temperatures around the weII

head were even hlgher. Barometric pressure was relatively stable,

ranging from 732.6 to 735.4 mm Hg. There was a slight tendency for
the barometric pressure to fall in the evening as thunder storms moved

into the area. However, there were no lncidences of sÍgnlficant change

in pressure durlng water quallty sampling periods.

GROUNDWÀTER QUALITY

Nutrlent sample results and field measurements are listed in table

4. Values outslde the recommended llmits have been underllned for
easy reference.

in

1n
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LAKRATCFU N$L)FIS AElwlqffto¡s, INnS, PRECÍ.SICN Àl€) DEfæfIcN IJMITS
(Éær mcrtr¡laY 1984)

ParaÉter l¡anÊ

Table
¡beviattcn

RetÞrEd
tTÉts

Itlnnal
mecÍsist

Þte(Êicn
Lfuút

All<aliniw - lbtal
¡¡nruria - lbtal
Gùoriè
61or
6rñrtivitY
rhrdregs
NitriÞ
lüitraæ
ttÉræn Ion
Eào€,fhaæ - fbtal
Ilctal ResidrEs
FilÞrable Þsidtæs
llcrrfilterable RËidlg
Satinity
Silica
SulfaÞ
lbtal Dissol\ted Solids
'nrbidity
l,Þtals -

Alk.lbt.
lgrronia
Cltl.ori¿b
@lor
Grd.-räb
Þrdrnss
NitriÞ
NLtrate
Ët-Iåb
Érosph.
Èsid.Ibt.
resid.Fi1.
Ësid.N.F.
seli ntty
Silica
Sulfate
T.D.Sol.
n.lrbidity

ry/r æ caq
ry/r N

trsll
6l-0r tÌÉts
rmtæ/cn
ry/l as C@3
ÍSlI N

rSlf N

ÉI tlÉts
rq/L P

Ísll
rrS/L
\sA
07- {¡pt)
rs/l
Ís/L
rsla
rornrazin (mJ)

t 1.0
t1r
t 0.1
t 5 units
f3r
J5r
t 0.8t
t 2.3r
t 1.*
t 0.0
tsfr
t 10r
t1G
r 0.05
t 0.04
r 0.5
t1G
N/À

> 1.0
> 0.æ5

¿ 0.5
> 1.0

0.0
> 0.03
> 0.005
> 0.01

0.0
> 0.æ5
> 5.0
> 5.0
¿ 5.0
> 1.0
f 0.5

¿ 1.0
> 5.0
J t.o

A1trnfurum

A¡:serric
Bariun
Calcirm
caÅtlitm
ftÞ'alt
Ct¡rcnÉun
@Eper
IrcN
l'þrq¡r]f
Potassir,m
¡aaqresium

¡laryarEse
llclybdenm
soèium
Niclcel
Ptmophon:s
Led
AntüonY
Selerútm
Silicon
Tin
Strørtlun
EitarÉm
Vanadim .

7,Lrr

AI
As
Þ
G
G
Oc

Cr
O¡
FÞ

l!
K
lg
I'tt
¡|)
tË
Nt
P

Éc

sb
Se

st
St
ST

Ti
v
tr

nS/I
fq,A
fq/r
Íg/a
nS/L
rfq,/l

w/L
ÍsÃ
Ís/L
ÍsL
nS/L
nS/L
Ís/r
Ís/1
Ís/T
nsA
w/r
Í9,/l
Ís/L
rs/l
rrg/L
frsA
Ís/L
w/r
Ís/L
frsA

> 0.05
f o.os
f o.oot

> 0.m5
> 0.005
> 0.m5
I o.mr
> 0.æ5
> 0.0002

> 0.001
i o.æs

> 0.02
> 0.05
> 0.æ1
> 0.05
i o.os

> 0.01

> 0.002
> 0.æ5
f o.ooz
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BE;E 4
mlER. Q(Ar,rIY EB (NUIRTINTS) rq. nU SÌilrSiAP mIclüRY

WELL SfE 10 ArD EtE RNER¡ l.ßY 21 tD 22, 1985

a- ftqn sfEFhÊld (1982), SIoa En¡irqnental Gsultants Lü. (tts 1983) aId !äcKlnJay (1984)
r- Recqnrerd.ed leræI belo¡ deEcticn ümit (see rable 3)

fÞørnerdeil 1t¡clc
Par¿ilêter I-errela I€\¡eIa

SE¡,PT,E STE ¡ùiD III¿E
tËu #10 Sl¡rsmp River

tÞy 21, 1985 rtày 22, 1985 [ãy 22, 1985

1900 hcr¡cs 05O0 ho.rs 17æ hc¡.rs
ltay 22, 1985
06æ t¡c¡rs

Alk.lbt.
¡flîcrÉa i
q
Gr,loride
6lor
6rd.-Field
6rd.-Lab.
D%-FCn
Dq-t Sat.
És.Ibt.
æas.NLt.
fÞrdness
H2s
Nitrite
Itltrate
ÉrField
Ë+Lab
ItræFh.
Resid.'Ibt.
Resid.Fil.
Þsid.N.F.*
Salinity
SiIica
Sulfaë
Tasæ
T.D.Sol.
lEnFerau,trîe
.IìEhidity

Þ300
<0.002
T5

<1 70

<15

15Þ20æ
1Þ2000
>6-8
1m

<1 03r
10Gru

<0.002
<0.01 2

<0.1 2

6.8-8.5
6.8-8.5

<0.05
<2000
7H00
<3.0

<1HO
<90

CK

500-1000
lF18t
1-60

>o.æ
>n
xæ

<4.0

>11G

Ð.004
o.2

(5, )9
(5, )9

15m
<2, >25

>10æ

1.0

1(B
168

4A
&.a
95.6

110.6
€8.3

0
0.G5
7.5
7.3
0

s
0

11

CK

8.8
0.30

1 .1

110
170

4A
$A
gL.6

1G).5
85.3

0
0.æ6
7.y
7.6
0

I
0

11

CK

8.5
0.æ

71 .7
0

0.8

11¿l

175
¡1.5

41.3
95.2

1(B8
æ.2

0
0.æ4
7.4
7.8
0

69.8
0

4.6
0

104
0

12

CK

9.0
0.18

34.3
0.oro

0.9

il
æ
10.9

1æ
1(t.3
1æJ
4.9

0
0.1 15

6.85
7.4
0.115

56
1(5

5

SILTY

8.5
33.0
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In general, the groundwater from weII #10 at the Shuswap Hatchery

slte ls acceptable for flsh culture assuming the necessary aeration and

nitrogen strlpplng ls conducted. Water from the well was moderately

soft wlth hardness from 83.3 to 89.2 ^g/I, and borderllne conductivity

values (I09-l14 umhos/cm ln the fleld, 168-175 umhos/cm in the lab).

Temperature, pH, turbtdity and other nutrlent parameters were wlthin

recommended llmits. Nftrate levels (0'085-0'094 mg/I) may cause llmited

atgal foullng withtn the planned hatchery faclllty.

Metals and mercury values are glven ln table 5. Measurements

beyond recommended values are agaln underllned. Groundwater samples

were generâlly low ln metalllc content. Calclum levels were acceptable

(28.8-30.8 mS/I) reflectlng the hardness values. Only the 12 hour zinc

value (0.01 mg/t) was just outside the recommended value. Iron levels

were (0.008-0.0I mS/I) at least a magnltude lower than values for weII

#5 (0.134-0.209 mSlI) (MacKinlay 1984), which is currently providlng

water for the pflot hatchery and is causlng stalning problems ln that

facility (G. Conway pers. eomm. ). Cleantng requlrements shouid be

considerably reduced tn the new facillty uslng groundwater from wells

#6, 8, 9 and I0, all of which have consistently low lron levels.

The water quallty values for well #I0 are comparable to those

reported for wells #6, I and 9 (MacKinlay i984). With a few

exceptlons , the nutrlent, metals and mercury values for well #I0 are

wlthln the range of values established for these associated wells. WeII

#I0 waters were sllghtly hlgher in conductivity, and I to 3 mg/I lower

ln dlssolved oxygen levels. Dlssolved nltroqen gas saturation levels

were correspondfngly sllqhtly hfgher. Generally, pH values for well

#10 were also hlgher (by <l pH unlt) particularly |n comparison to well

#8. Amongst the metals, only barlum (0.01I-0.0I2 mg/I) and calclum

( 28.8-30.8 msli) values were sllghtly higher, while the already

mentloned zinc value was occaslonally borderllne, a condition which has

not been prevlously observed in the other wells.
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r$GR. QtnI¡IY DRÍA (È@r^S) FtR rHE SHUSmP IÐÍclæRY
VIE';L SIIE 10 ¡ùD IHE Fin¡ERr IAY 21 tþ 22, 19æ

a- fi:qr StÞFhenf (1982), Stcl'lA Illvirytrental @¡sr¡ltants Ld. (lts 1983) ard llacKi.¡Jay (1984)
*- Èmrerdd lewl belor deEcÈim Ii¡nit (see tbble 3)

Èomerded Tc:clc
Pañr¡eter Lerela Leræ14

S¡¡,PIE STÍE À¡Ð TII,TE

r{elt #10 Stn:smp Rircr
May 21, 1985 VÀy 22t 1985 Vay 22, 1985

19æ tn.rs O5O hqrs 17æ trctrs
l.lay 22, 1985

60 ho¡rs

Ì,þtals
Àt
As

Ba

G
d*
6
G
Cl¡
¡Þ
rE
K

ry
¡tr
I'll
lib
ñi
P

Ë
sb
Se

si
S!
s
ri
v
ùr

<0.1
<0.5
<1 .0
+1n

<0.0003

<0.01
<0.002
<0.3

<0.00005

<10.0
<0.05
<0.01
<50.0
<0.045

<0.004
<0.05
<0.05
<1HO

>5.0
>1.0

>3æ

>o.0002
>50.0

>100.0
>1 5.0

>500

>2.5

<0.005

0
0
0.011

æ.8
0
0
0
0
0.01
0
0.9
2.8
0.002
0
1.5
0
0
0
0
0
3.7
o.o2
0.1 15

0
0
0

0
0
0.01 1

D.4
0
0
0
0
0.m
0
o.97
2.8
0
0
1.5
0
0
0
0
0
3.6
0.03
0.1 19

0
0
0.o1

0
0
0.01 2

30.8
0
0
0
0
0
0
1.O4
3.0
0
0
1.5
0
0
0
o
0
3.8
0.04
0.123
0
0
0

o.t5
0
0.019

14.1

0
0
0
0
0.15
0
1.0
1.5
0.0'l 5

0
0.9
0
0
0
0
0
4.2
0.01
0.62
o.o22
0
0.(rt
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WeII water temperatures reflected some lnfluence from the rlver and

were suggestlve of dlel fluctuatlons. Measurements in the mornlngs

were coolest (8.3-8.soC), whlle mldafternoon temperatures were as hlgh

as 9.SoC.

The water quallty values for weli #I0 suggest that the well was

drawlng from the same aquifer as the surrounding wel]s. WelI #I0 is
3I.4 m deep (M. Schibll pers. comm.) and therefore comparable to wells

#6, 8 and 9 which are 3I .7 to 32.6 m ln depth (Envlrocon MS 1985).

SURFACE WATER QUALITY

Sfnce the Shuswap Rlver was ln spring flood during the test
perlod, surface water quallty measurements and samples were taken at a

site next to the hatchery pad. The results are given ln tables 4 and

5. Resulting parameter values are similar to those reported by

Envirocon (MS I985) and MacKlnlay (1984) , but the hlgh phosphate,

non-filterable residue, and metallic ion levels indlcate the hatchery use

of river water should probably be avolded during freshet. Aeratlon to

control nltrogen saturatlon levels will be necessary lf surface waters are

used in flsh culture.

In comparison to previous samples (MacKinlay 1984), the flood

waters showed lower alkallnlty (34.3 ms/t compared to 42'50 mg/i)

sulphates (5 msll compared to 6.7-9.1 ms/I) and conductlvlty (54

umhos/cm in the fleld compared to 57'79 umhos/cm, and 83 umhos/cm fn

the lab compared to 103-136 umhos/cm). Hardness levels were slmifar,

although calclum and magneslum values were slightly lower. Fleid pH

values were slightly acidic (6.85 pH), and turbidity values (33 FTU)

were much htgher than prevlously recorded (0.I to 4.6 FTU).

Turbidity and pH values were, however, wlthin recommended limlts.
Filterable residues were comparable to prevfous records.
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Phosphate levels were up to a magnltude higher than prevlously

reported (0.II5 mg/l compared to 0.005-0.0I mg/I) and well outside the

recommended limlt. These levels are hlgh enough to accelerate algal

foullng. Nltrate levels were comparable to prevlous samples but were

also hlgh enough to contrlbute to alsal growth ln the planned facllity.

The rlver waters also exhibited hlgher than recommended levels of

alumlnum (0.46 ms/I), lron (0.45 ms/I) and zinc (0.007 ms/I). These

levels were, however , well below the toxlc values ( table 5 ) .

Non-filterable resldue levels were also above recommended levels for

both fncubatlon (g mg/l), and rearlng and holding (25 mgl\\ (SIGMA

Envfronmental Consultants Ltd. ). These levels of suspended solids

could be responsible for the hlgher levels of heavy metals which would

have been transported as absorbed pollutants ln suspension. Alumlnum

(0.I-0.13 ms/t) , zLnc (0.005-0.007 msll) and chromium (0.368 mg/l)

have prevtously been observed above the recommended levels ln river
samples (MacKinlay 1984). Chromium, however, was acceptable durlng
thÍs trlp.

The levels of non-filterable resfdues were high enough to

contribute to egg suffocation, gill irrÍtation and the culture of nuisance

organlsms, and would necessitate extra maintenance during periods of

freshet. Unfortunately, the iron levels were high enough to result in
stalnlng of contalners ln the hatchery which would also require extra

attention.

The surface water total gas saturatlon level (I06.3t) was above the

recommended level (I03t), due largely to a highl nitrogen gas saturation

Ievel (I09.It). Similar nitrogen saturation levels have been previously

noted, but totôl gas saturation levels were generaliy lower

(I00.7t-I05?) (MacKinlay 1984). Nitrogen stripping will be necessary

prior to hatchery use of rlver waters.

The surface water temperature was comparable to well water

temperatures.
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QUALITY CONTROL TESTS

Quallty control tests of the samples indlcated the presence of one

or more undetected anlons. All catlons and major anions were,

however, retested and the Ievels reconflrmed. Flouride lrevels were

measured at 0.06 mg/t for each of the well samples, and at 0.05 ms/I

for the river sample, neither of whlch are toxic. McKee and Wolf

( 1963 ) cited 2.3 ms/I flourlde as toxic to fish, and I *g/t has been

recommended as a drlnking water standard.

CONCLUSIONS

WelI #I0 at the Shuswap Hatchery slte was tested for water quallty

over a 24 hour pump test perlod. The water quallty ls acceptable for

flsh culture, althouqh aeration wlll be necessary. The well water was

moderately soft, and low ln metalllc content. Nitrate and iron content

may result in alsal foullng and contalner stainlng , respectively. The

lndication ls that weII #I0 was drawlng water from the same aquifer as

assoclated wells #6, I and 9.

Surface water quallty from the flooded Shuswap River suggests that

river water would be acceptable as a short term backup to the wells but

should be avolded during freshet perlods. Nltrogen stripping would be

required prior to hatchery use. The river waters were softer than the
groundwater and may be sllghtly acldic. The higher than recommended

values for phosphates, non-filterable resldues, aluminum, iron and

zinc suggest future sampllng durtng freshet is in order, however all

but posslbly the non-fllterable residue leve1s would be acceptable over

the short term. The turbldity level was higher than previously

recorded, but wlthln the recommended range.
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APPENDTX 5. MODELS USED IN DESIGN

a. Load Rate Model

b. Gno¡¡th Model

c. Aeratlon ModeL

FROM: Kllng, 4.E., C.L¡ Cross, W.E. Mclean and C.J. I{est

1985 M¡!. A guÍde to the ffshculture lnfornaüion systen

for haücherfes (FISH) utlllty prograns and the

Apple II nicroconputer. Draft Report, SEP. 156 p.
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APPENDIX 5a. Load Rate Model

PLTRPOSE fij.s progran wll calculate thc mctabolie oxyoen uprake raie of
thc f ish in a pond, and ùte reccnnended loaCrng ratcs (ma¡<rmum
ani "safe").

IllPl-'T Or(voên coneentratron rn outflow (pp'¡l) Scrêen 1

Food raÈ: (ærcenc of ma¡<i¡nun) ,,

ueiol_.t (rndrvtdual) (quams) r
TenÞerature ( oC) u

ReroneÈric pressure (nnHo) (defaulÈ r 760 m¡nHq) n

SaLrnrÈy (ppÈ) "

. rnf low cirssol,ved c2 eonccntratron (t of saa¡raÈron) -

¡t'TPrf Load raÈe ( Xel]i ter /mrnure )

Safe load raÈe (KqlliÈer,/ninute)
H€rabolre ratc of oxygen uprale (RO) 6o a2/ka/hour)
Inflow dissolveo oxyocn (nç/tl
DaiI:¡ raiion (t dry / ðavl

USI}IG THF PROGR$T

Screen þ1 Enter data as pronoted. Eåronetric oress'.::e dcf aults @ 160
nìnFi('. If Ehrs value rs suttalrle, sim-oIy .:ess <ReÈurn> . If
not, en?-er the apnrcirrlace value.
If foo<i rate is o?eater Èhan 1COt, ti *:I- automatical. Iy bê
redueed -.þ 100t for --he calculatj.ons.
Ê.lso, if you ask for ano-.her n_rn, (Return> wrl_l re-encer anv
value.

NCT: : The mociel is only valid bcÈween 3oC anci 16oC because cf inor¡:It
Iinicacrons. Hovrever Enls rs the l-€si Þresen--lv avarlable.
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LOÀE RATE

LC¡n FÀTF Screen : l

rrr LoAD RÀÎE CÀicuLÀTIC¡r rri
ti. FteLEA.¡. . Àtlc . 31 lP1

5Ì:î:e .

c2 PPr., It' orJ?Pt ov; =
PFRCE}!î OF IlÀXII.lUM PÀ?IO¡,: =Ì.,ErcF? ( cpA¡¡s) ( lt.:¡¡.,.¡¡¡uÀ!)_
FFt.ÞrE|À1r1ÞF t c^t

!/ 
=

FAPOTTFTFIC PFESSURF (n¡rlo) = 75C
SAL:i\-ITY (PPT) 

=
il\t 11 

^f 
.r ñ^¿ ¡- ' L\"t JL

(PEFCE¡IT CF SÀTURÀTIO|') =

I OÀ.D PèTE ( KG/Lpf.) =
SAFE LOÀD R¡TE (KG/Lpt4) 

=
Re(11clKG HP.) =

ItlFi,ow Do (uGlL ) =
DÀILY R.ATIOt' ( rDP Y,zDÀ.Y ) =

I{¡.RDCOPy ? <_vl¡r>
Alio?t{EP. FLtt ? <Y,/t'>
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APPENDIX 5b. Gnowth Modet

Ft-IRFôSE GROI^ITH òIODFL'^':.!l..oreCrct r¡ean f!sh we:eh-- over
at äny oarrrcuLar Level of feed raee.

IÌ:?UT Fooci tvD€
lleån f tsh ',seion'. (e )

Mean r.onÈhiy eemocra:ure ( oC )

Rêt).cn levcL (t)

Ílsh weioht
Snec:.fie etov.':i: race
Feec¡ rå ee

a rEr),oc or:lme

Sc rce n

oulPr-'T

ft<?r,'¡. fÊ¡Ê ÞÞôcÞÂÀ.

Sereen F, 1 InFut the tvrc of fooC Þpino feC. Note Èhat Ol.,lP is con-cidered
ro have 30t Forsture anC dry fooC 0t. If you arc dealincr w!--h e

oifferenc encunt of !ìorsture:/ou ney alier Llnc 55 of -.hc
proorarì. 9there ¡-he l: ne reads " FLG o 1 / .7" drange the .7 to
:he approprrata fractron of solrd rn your food. (for o<ample,
12t norsture qlves e81 solrri so:hat.7 is replaceC by.88)

-iereen t 2 Input the da ta as promo;ecì ( f or more i.nf c:-atron see FrGtråF
partrculars ). If yotr ask for a ¡{ARDCOPY, !'ou are given che
onrlorEunÌtv ea enter a Èrtle for the -.able. if you hr.sh to run
:):e erooreF agai:':, eYpe "Y" 1n resPonse 3 ehe aPProprlate
cuesEion. If you choose tc use ehe sane fooi again, ehe outPut
w:, II re¡rain on rhe screen so Èhat you na:, enter the last wetoht
for Froîress¡ve crrowth. 1þ Fê-er''ìter anY value, srmply ÈyFt
< Fe'-urn > .

ICTE : tf retlon Ievel ¡-s enterei es Fr)re Èhån 100t, '-ire
Frocrðñ wrIl euÈornae¡calIv reciuce cne Ievel eo 100t f or al, I
caLcula trons .

PFOCP ¡-I/ F AFTiCLËè.R.C

ltis prooram is <iesione¡i'-e rrreitct the averaoe frs!: werqh:
(srans) over trne (davs). Se inltrel vreiol'--, :he averaoe t¡¡aEer

teFparature (oe) over che t,!me Pertod of :îterest (un Eo 30
riays ) and ehe ra'-1on Ievel Fust h€ known. ür:h these rnPuÈs,
:he orooar¡ oreCrcts -'he ðverage t erdl'.t ât f :ve iav lneewals.
Àt the end of 30 days an optlon ts provtdeC for ne'"¡ input daCa

ani con:lnuatron cf the frooran. RaÈron lnnut r¡ust be o<pressed
tn cerrFS of Èle fraccron of '-he F,¿tx!lîunr S:auffer rat!on.
'I)'n!cal IeveIs are shown in Tabl.e 1. 1l.is table ls very cIc€e,
but noc rrientreal tô th: I'Ell O .y .P . naxrmuF raE,lon quide ( Tab Ie

i:rÈh Èhe proF€r rnDut daÈa:he Froqran oroceeCs co calcul.åee the
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followino values darly (output every fifth day):

(a ) the mean !:.sh werql t (crrar¡s )

(b) the s¡æc!.frc qrowth ratc in rrnrrs
per øran of frsh per day. (Note :
oer_ t weioht qain pr day)

the feeC raÈe in uni ts of qra¡ns of
100 qrans of fish per day (this rs
Ol-tP per day; i.e. t Þrody weiqhr) .

(c)

of eam of c?or.rÌh
multrply by tOO ro

dry feeC or OHp F€r
Just t dry food or

rt shoulri be notec that Èhe pre<ireted food eonversron can be
a:'ì arr I ¡ {-a¿l F¡a¡ .

Food rate (t f oocl ,zday)

Speci f ic qrov¡tir ra te r 1 OO

''ris 
nodel was devel0pec by Garv stauffer ( 1973) . rÈ has manyassuf¡Ftlons and weak Foin.-s but we believc ic is the best todate. The stauffer crowth nocer is a ¡nore gcneral case of theFi-sh and wirdlife steerhead qrowth ¡noder ( rwana arri Tautz,1981). under concirtions of naxinurr raÈion (raÈ¡on revel - t)anc cons Èent teFÞêra:çure the trvro grol.rth ncde ls are a.Lmos Èidentieal. Fecause erot^'th is dependan-_ on ratron leve1,stauffer's nodel shourri be used rn prace of :he sÈeerhead nodelr¡hen tire naximun racion is not feci Èhrouohout. Þth of thesenoCels have a number of [niiatrons :

(i) -,he¡r Co nor apnJ.y eo nevLy ponoei fish. S,,r¡m-uF fry
can !e very inef f icient feeders and we of Èen fecd crr¡er
Ène maxrmun'' ration lust to get the fish star--ed. of
eourse' the no<ìeI assumes that alI the the foodpresente(i rs inoes te<i, so qrov,tjr FrredrctJ,ons are
opti!îrs tt c .

(:. r ) che noders do not eake rntc accoun-- seasonaJ.
varj.atlons in qrowÈh. Fbr exanple, !t j.s well known
that eoho qrowt!-. sroçs dos¡n in octo'oer-ìv'ovem.ber. rtrrs
reduction occurs even at qrot¡¡C r¡re:er harcherj.es where
the tengerarure rs nearJ.y cons tenÈ. the reoucti.on rsprobablv a response to decreases in photoper:.od or
light inr'-ensi tv and is not taken inco aceount þy the
mooe I . For coho the Fro-orarn qi ves reali s._tc
predrctions from l,'lay to Octol-rer anC frorn December Eo
release.

(r:i ) qrov,'tir models assune healthy f ish and reasona.Þie
cuiture Þractrces.

fi sh

of(rv) pre<ìieeec values have lrttre value dur:-nq perrods
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intens rve ¡ond d:,sturbanee. (ec . mark:nc, çrrdation ,
etc.)

(v) the Froqranì is not sensitive to species (however the
prooraF was deveroped wi.th cohc, êhrnook anc steerhead
rn nin<i ) .

è more complete descrir:Èion of the Stauffer nrcdel (1973) and the
Fish anC wrICIife ¡nociel ( Iwa¡na and Tau¡-2, t9B1 ) is qiven in
AopenCix 2.



lable l' Tlre rarln¡n ratlon (stauffer, t97lf expresaed rn t.erns of grars of o.n.p. per loo gransof f lslr ¡rer day (or I O.ll .p. ¡ær rlayf .
îEHP.

c .00 l -o 2.o 3.O LO 5-O 6.0 7-O e.o 9.O lo. o l2.O lt.o l6.o l8.O 20.o
3 t-7t
1 2-5s

5 l-29
6 {-OO

7 1.6e

I 5.t1
9 5.96

lo 6.56

ll 7. ls
12 7 .71

I I A.26

l{ B-79

15 9. rO

16 9.7e

17 lo.2B
l8 lo.7t
19 ll .2()

20 ll.6t

1.6{ t. Jo

2. t6 I .88

t.05 2.t2
l. 7t 2 -95

l. t{ l.t5
a-95 3.91

5.51 t. t9
6.()9 t -8a

6 -61 5 -27

7. 16 5.68

7 .67 6.08

B-16 6-47

B.6l 6-05

9.o9 7 -22

9.54 7 -s7

9.97 7 -92

lo-lo a.25

lo-81 8.50

l.lt l -oa .96

l.6a l.a9 t.3S
2-t2 1.92 t.79
2 -57 2.t4 2 -17

t. ol 2 .7t 2 -sl
t. al 3. 12 2 -s9

3.8{ l.a9 t-21
l.2t 3-8t t.56
{.69 ¡1.18 l-80
4-96 {-51 l-t9
5.t2 I.8t t-t8
5.66 5_t{ 1.77

5.98 5.{a 5-()5

6. lo 5.71 5 - t2

6 -61 6.Ol 5 - 58

6 -92 6 -2A 5 -81

7-2t 6-55 6-Oe

7.a9 6.Ol 6,-12

.90 .86

l .lo t .21

t.68 l -60

2 -O1 I .9{
2-t9 2-27

2.72 2 -59

3.O¡l 2.A9

t. t5 1. 19

3 -65 3.lt
l.91 1.7¡l

t1.22 a-Ol

1-19 4.26

a .75 I .5r
5.OO 1.75

5-25 I-99
5.19 5.21

5 .72 5 -,ll
5.95 5.65

-o2 -79

l.l8 l.ta
I _51 l.t7
l -86 1.78

2.t7 2.()9

2.17 2.t8
2.77 2.66

l.05 2.9f
r.12 t-19
3.58 1.at
t.8t t-69
a.o8 t -92

a-t2 l-15
t.55 l.!T
a-71 a-59

1.99 t.8(l
5.2() 5.OO

5.{O 5.20

.76 .72

l.lo l.o1
l -a2 l - l1
l.l2 1.62

2 .O2 I .9(¡

2.lo 2.t6
2 -57 2.t2
2.8t 2 .66

J -OO 2.90

t.t2 t.ll
1.56 t. t5
1.79 t-56
l.ol !.77
1.22 1.97

a-lr t.l7
1.61 a. J6

l.8t 1.5a

5.02 1.72

-68 -65 -61

.90 .9t .9()

t.27 I - 21 l. 16

l.5l t.{, t.12
l -80 t.72 I .66

2.05 1.96 I -89

2- 30 2.20 2 - tl
2.51 2.a2 2.tt
2 -75 2.61 2 -5t
2 -97 2 .A1 2 .tt
t.lo t-ot 2.9t
1.lo t.2t 1.tl
t.50 f-tt 3-29

t.77 I_6t t-a7
3.96 I.79 I-61
t.tt f.!t6 t_8t
{.tl t-II t.9?
{-48 a.29 l.t2

.61

.87

r - 12

l.17
1.60

I .82

2 -Oa

2 -25

2 -is
2 -6a

2.A2

t-ot
f.t8
1- t5

r-51

t -67

t.8l
3.9A

I

N)('t
l\)

I

t¡t Ir agsured that the O.ll .P. has a fol rcleture content.
To get the quantlty of dry f<xrd per loo graf,s of floh ¡rer day nltlplï the values ahoyn_ln tl¡e Table_ÞI o-7.
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la.bre 2 : lla;irm¡n reÈion grride developed by l'loore-clark expressed rn g=ans ofO.!{.P. per 100 graars of fish per day (or percenragg of booy we:.gh:¡r

Fish size - nr:¡rber per por:nd
hlater

t,e.nperature
/Ft

65

{) 34

Jq43

39

54

JJ

40
1

I

4:)

1

1.45

'r o<
,.) 

^<

a 
^<

¿..1)
¿.ë)

3.25

¿ .6C)

4.e0
1 .c5

1 1^
'r t<
1 .40
r.ou
r.õu

a 1^

¿.ö>
? 

^ô
J.¿V

J. )(l

.i.ul
, tq.

t '2^

U . :'U

^ o<

1 .00
1 1q

1 ?ñ

1 .50
I ?n
10^

¿. zJ

2.5)
a1Ê

:._)
1 î^

J. ¡ i'

1 rìa'l

1 lrl

r.eL;
r . ðu

t 1ô

2.23
2 .45
2.63
t ?q

¿.Y>
2 /1ç

J.¿U
1 ?<

3.45

1 .30 1 .20
1.50 1.40
1.7C 1.6C
10ô1Q^

't 1l^ a 
^^&. r\ ¿.VV

2 .30 2 .15
t <r'ì I '¡^

z.b: ¿.>\)
¿.Ì1U Z. b5
¿.v) z.uu
3.20 3.00
? '?n ? î('

3.45 3 .30
3.60 3.45
3,75 3.60

4. C5 3 .90
¿.20 4.05
4 . 3 5 4 .20
4.50 4.35
I '1 

^ 
A <^

0 .85 C .8C
u.ru u.ë)
0.90 0 .9c
I ¡UU \,.YU
1.10 1.OC
1.30 1.2C
I <^ I r'^
. a^r. /L, t.OU
1 A< 1 tC

2.00 1.90
2.15 2.05
t¡JU ¿.¿V
a<^.L^a.J\' 1.aV

î a/ì 1 1^

2.90 2 .80
3.10 2.95
1 trì ? n<
? ?( 2 r^
1 <rl ? '¡rl

3 .60 3 .40
J¡ /U J.)U

õ

:L;
1

)
_1

-:
n

7

;
c.^

* esti¡îa'-eC guantrty of fooC --hat fish wiLl consume :i held aÈ consÈanc waÈer
cemperature and fed two ttnes per dayf seven days _cer lveek baseC on laboratory
experi$ents wtth coho fingerlings.
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GROv¡TH HODEf, Screcn 11

rrr GROhrll{ MoDEI ttt

CHOCSF OPTIOÀ' É

( 1 ) Ol"P (30r lre¡g1ar¡¿¡

(2) DFY FOOD (.0 t I.'OISTJRE)

GPOWTF I¡ODEL Screen *2 (sanple screen, dry food)

rrr GRo9¡TIr f.tonEl rrr

INITIAI 9rFfcHT (cl'¡) = !
"EÀÀl ÎEMP (30 DÀv ÀVERAGE (oC)) r t0
RATIOI^ (PERGÌ'T CF r.ÀXIMUI) = gO

qÞFa I tr Îf.

GROiìrTl.i
DAY VJEIGII? .Þ.ATE

.0166

.0162

.0158

.0154

.01 5

.t/ l¡{o

.0143

FEÐ RATE
(r DFY /
DAY

ì . Yy)y

1 0< r'r

1 .891 1

1,8128

| . / yc:,

1,7332

't .71 16

n < ^^^e J. /vv

( < /atJ J.aat

rL/ ).ë /Ë

1q Á, lq?

2C 6.852

?q 1 1'r1

30 1 .928

IiAFDecPY ? <Y /t:>
îÎft F -

AtrcTI{EP Pt'l: ? < Y,/Ì: >
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Specific Arowth raÈe
rat,ion as a function
ship is described by

x 100 for L gtn flsh at
of hrater temperaÈure.
a poJ.ynomial.

'ìô
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FIGURE 9 Comparison of predicted
confidence intervals of

20 40

l'Ì l,t't't

and measured qrowth at reduced ration levels.selected measured values are shown.

(d i sturbance )

Mean measured values
confidence intervals

Predicted values

Ninety-five l)ercent

and

loo J2()

May

Þ

160 t8o 200

Time (rl.eys)

l4() -l(ro

ì I .)78

I (x) 120 22r.] 24() 261) 2B(l
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APPENDIX 5c. Aeratlon Model

PC'RPOSE

NOTE

INPI'I

outPtlT

TÌtis progran is varid for bto-rings and other aeratlon
substraÈe oatertalg, provided that they are arrarged tnsicllar unlté, wlth constant dlstånces betrreen Èhen.

Gas (Oxygen or NiÈrogen)
Infloy concenÈratton (t saturatlon)
Nunber of screens

I
2

nist¿nce bctween Ecreens
lYpe of screens (optlonal
Aeratlon consÈant,

SaÈuraÈton of gas aÈ each

(cm)
IabeI )

Screcn
Screcn

¡
¡
T

;

Bcreen level

5-1




