Coastal Zone and
Estuarine Studies
Division
Northwest Fisheries

Science Center

National Marine
Fisheries Service

Seattle, Washington

Wells Dam
Radio-Telemetry
Study, 1992

by

George A. Swan, Leslie K. Timme,

Robert N. lwamoto, Lowell C. Stuehrenberg,
Eric E. Hockersmith, Byron L. Iverson,

and Benjamin P. Sandford

September 1994



-y

™

)



WELLS DAM RADIO-TELEMETRY STUDY, 1992

by

George A. Swan
Leslie K. Timme
Robert N. Iwamoto
Lowell C. Stuehrenberg
Eric E. Hockersmith
Byron L. Iverson

and
Benjamin P. Sandford

Funded by

Public Utility District No. 1 of
Douglas County
1151 Valley Mall Parkway
East Wenatchee, Washington 98802-4497

and

Coastal Zone and Estuarine Studies Division
Northwest Fisheries Science Center
National Marine Fisheries Service

National Oceanic and Atmospheric Administration
2725 Montlake Boulevard East
Seattle, Washington 98112-2097

September 1994



JyaaT

newd LA Spicew
emmiT A ailasd
oJomewI ¥ rusdod
pradneadauss .0 [fawod
dtimazesood .3 0ixd
nogxevI .J noxyd
. bas
biolbnse .9 nime( ned

. oM IoiaFeid ¢ILLEMU o Lo
stnoa,asipvec
vewles9 [[sM yallsV (oIl
CRER 0B8R notpnidesW ,sorctsneW J

bns

foigivid esibure saiisurad bas saod
I9IA80 S0 idE BsiradalT Jaswd:
92ivYeZ eelyenzid salxsM Isaol
motdsrratnindA sixsdgaomiA bas 5iasso
tesd bisveluof odslrnoM 287
TeCS~-S1180 podpnidasd .8.338

peEL yedmesirgs?



EXECUTIVE SUMMARY

In 1992, the Natichai Marine Fisheries Service cénducfed a
radio-telemetry study to determine migration rates and timing of
adult sockeye salmon (Oncorhynchus nerka) between Rocky Reach Dam
and Wells Dam 1n the mid-Columbia Rlver'and to the spawning
grounds in British Columbia, Canada. Partlcular emphasis was ’
placed on identlfying fish passage preblems and determinlng the
extent of delay for fish at Wells Dam and at the mouth of the
Okanogan River. (

Ninety-six fish were collected and radio tagged at Rocky
Reach Dam. Travel time between Rocky Reach Dam and Wells Dam was
about 1.5 days.r The overall medlan passage time at Wells Dam was
1 day with the majorlty of the delay occurring prlor to flsh-

l

ladder entry. Tagged fish spent a median of 2 hours between

<

arrival at the dam and flrst attempting fish—ladder entry. ane
in the fish 1adders, median time for fish passage was 5 hcurs
Median passage time through the rzght-bank fish ladder was 4
hours compared te 6 hours for the left-bank flsh ladder. Fifty—
six percent of the fish passed between 1100 and 1700 h, w1th the
remainder dggided equally between mornlng and evening hours.
Fishway entrance efficiency was highest for the left-bank flsh
ladder. For each fish ladder, the end (downstream) entrance was
selected more frequently than the side entrance.

A fallback rate of 13% was found during periods of spill. A

correction factor of 0.853 to adjust inflated adult sockeye

iii



fallback was recorded during no-spill riods.
o8 s9liefaiv sax';::l Isnottst od3 ,0€€J al
Sockeye salmon entry imto the Okanogan Rlver began when
25 Abtm-emi e J~odian
water temperatures dropped and river flow decreased. Most of the
tpofl nsewind (eiian 2uddaydronaC) domis  eysidbos 3luba
radio—-tagged fish entered the river during early morning hourﬂ

Mre B TS INTIES sffz . 7 - 1l bns
between 23 and 28 August. Median migration time for the 117 km
rixs9 BLAdmy LoD el 8 o

reach from river entry to Zosel Dam was 4.6 days (about 25 km per
PORROPPTIUS DES MSIUORY DPBAERY NBLT PAIYIIMIWRL A0 BEDG& LG

M3 R (Juon a3t I silel 38 Anil 102 uweled 20 Ixedxe
The median migration time from Well# Dam to Zosel Dam
(=7 . el
(150.6 km) was 36 4 days (4 2 km per da A portion (15%) ef

HGIoa M 5y ‘ R e’

the radlo—ta ed socke%? salmon were exposed to the flshery at

aevw mBRO N bas dased YN a3 fovex? .48

Ch1ef Joseph Dam, About half of these fish appeared to range
(%] 8 3 /0N i I Jvode

between the tailrace at Chief Joseph Dam and the mouth of the
o yelob ad® >0 yviizol sk od3 ri2iw vsb |

Okanogan Rlver'gntil proceeding to the Bpawnlningrounds
LS : ioone wohhal
No appre01able delay prlor to passage was found at Zosel
1qme - 3 eb a3l o [(sviass
Dam. Most flsh passed over Zosel Dam during th& early morning
SR Loas STT nL

hours. Some fish may have passed Zosel Dam by‘lwimmlng under

D332

day) .

spill gates.
-yt Lebwe” deid Aasd-31al 3dr 0l gusod o 0 wersgmud 3ruoH
Median residence time in Osoyoos Lake before entry into the
-Ya I W bne 707 na Y 3 Q ooMAnIng WA

spawning area was 28 days. Sharply decreasing water temperature
.avoed phirame T galnybm aoRwdedl yilrmpe bLSbivib iebrismex

and slightly imcrea31nq rlver £low appeared to trlgger the -
: Ize NS | ~aw® yHwaAn 7
migration from the lake to the spawning area on about

1 October.
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INTRODUCTION r-

In recent years, the number of sackeye~§almaﬁ“(@neomhynchus
nerka) counted at Rocky Reach Dam, Rivér Kilometer (RKm) 762.2
[River Mile (RM) 473.7] ;n the mid-Columbia River (Fig. 1), have
differed from Epgpts}gp Wells Dah, RKm 829.4 (RM 515.5). 1In
1990, for example, the coﬁnt at Rocky Reach Dam was 18% higher
than the count at Wells'Dam Numerous factors could have
contributed to the:!disparity: 1) there may have been direct
mortality associated with Rocky Reach Pam passage or the Wells
Dam fishway entrance, 2) high spring apd summer flows may have
caused delay and mmrtality, 3) spill may;have caused increased
fallback through the spillways which in ‘turn resulted in inflated
counts in the fishways, 4) euumting teehnéques, species
identification, anﬂ-nuﬁﬁérs of days or hourly counting periods
may have d@:fared hagw&en the dam@, and 5) delay in the Wells Dam
ladders (possibly due to trapping operations) may have led to
rejectﬂnﬁ?of”ihé,laddér aﬁa&to subsequeﬁﬁ m@ft&lities,

Limited data exist concérnlng &ﬁult sockeye salingn migration
timing and survival from ‘Wells Dam to the spawnlng groundsi
Major and Mighell (1966) concluded thdt ﬂpe dqlay‘pf socheye
salmon near the mouﬁh of the Okanogan Rlver waﬁ dﬁ& £o a thermal
block or aggociated factors when water tg@pgrqggng was greater
than 21 .1%K ‘

As part of the enhancement plan for sockeye salmon stocks

upstream from Wells Dam, Pratt et al. (1991) recommended a
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radio-tracking study to assess pre-spawning mortality and to
assess spawning distribution. In late 1991, the National Marine
Fisheries Service (NMFS), in cooperation with the Douglas County
Public Utility District, conducted a radio-telemetry study of the
sockeye salmon migration in the mid-Columbia River. The results

of the 1992 research are presented in this report.

OBJECTIVES

The overall objective of the Wells Dam radio-telemetry study
was to identify problem areas that might be associated with adult
sockeye salmon passage between Rocky Reach Dam, Wells Dam, and
the spawning grounds. Major goals were to collect information on
1) passage times at Wells Dam and at the mouth of the Okanogan
River, 2) migrational behavior, and 3) run timing.

Specific goals for this study were covered by the following

research tasks:

Task 1. Determine passage time at Wells Dam under existing
spill, flow, and powerhouse operating conditions.

Task 1.1. Determine the median time between at-—dam
arrival (entering dam tailrace) and
fish-ladder entrance at Wells Dam.

Task 1.2. Determine the median fish-ladder
entrance to exit time at each
Wells Dam fish ladder.

Task 2. Evaluate fish-ladder entrance efficiency at Wells
Dam. Determine fish-ladder entrance preferences under
various operating conditions.

Task 2.1. Determine percentage of fish entries
associated with each of the four fish-
ladder értrance locations.

3



Task 2.2. Determine percentage of fish entries
associated with successful fish-ladder
passage.

Task:3.0" Petgradnedthesfaldkebsckonate and. routus under-garddus. ;. 1
condltlons of spill, flow, and powerhouse operation.

To vhboetz 13smaiad-oibrT b bsdovbaos 2oty o2iC i liaUoas ldu
Task 4. Determina percentage of the tagged population exposed
to the fishery at Chieflfiosdph :Dame: 1o 7 nowlve =scodoos

Task 5. Determingispatialiand tempoxad fackterd-associated. - ..
with sockeye salmon entry into the Okanogan River.

Task 5.1. Determine flows and temperatures.

Task 5.2. Determine dates and diel timing;
youle yurom&lat-nilienr msC oz [sW a2 70 svidosfoas L. cavl wudl
Task 5.3. Determine behavioral patterns of fish that
"lobs 0T W baisiloz pppwdatho Ohiedi Josephs Dam befpre: entering:
the Okanogan River.
bt Laiel @1 19W msQ e (AD0E NaswIsd NG IE T L 3T AT
Task 6. Determine overall timlmg and rate of migration o
na i tesockeye rsalbon EromiWelis Damxdoxebay:-to Zesel. Pamsc:z . -

Task ﬂﬁ?ﬂtEﬂﬁeﬁﬁ&néur&ﬁn@ﬁfjmﬂveﬂﬂnttQﬁnﬁa&kéyﬁ salmon. inothe:
Okanogan River between river entry and Zosel Dam.

corlimi s s {E bag v rciveds ) e ocaraesnir Lty 8
Task 8. Determine delay -and passage time of sockeye salmon at
caiwo gogedDame bov3von 57w yhiIz 210l to 2 osun i Irooeg

Task 9. Determine residence time of sockeye salmon: in:©soyoogs: ~:
Lake before entering the spawning area.

Task 10. Determine river flow and temperature durismg: the periocdesl
sockeye salmon leave Osoyoos Lake for the
spawnlng area.
0PI IR o TR Yo B 11 I GUURRE O f K- 1) A Y LA TSI IR T mosT
wan {scecller men priizin) LEv
.mer] i [eW Frn s3eaThe Tenbe -t



MATERIALS AND METHODS

Study Duration
Field work began in June 1992 at Rocky Reach Dam and ended in

mid-November with adult spawning.

Study Area
Sockeye salmon were trapped and radio tagged at Rocky Reach
Dam, released about 5.3 km upstresm, and tracked te spawning
grounds in the Okanogan River system (Fig. 1). The study -area-
included the Columbia River from Rocky Reach Dam to Chief Joseph
Dam, RKm 877.1 (RM 545.1) and the Okanocgan River to the spawning
areas near Oliver, British Columbia, Canada, Okanagan River REm

159.5 (”RM 99.1) .

Radio-Telemetry Tags

Radio-telemetry tags were sized for the smallest anticipated
adult sockeye salmon. 1In 1990,.the proportion éf B—year—oid fish
[mean fork-length (FL) = 37.9 cm] émong the Okanogan River fish
sampled at Wells Dam was 45% (Fryer and Schwartzberg 1991).
Four- and 5-year-old fish were the only other age groups found in
significant proportions--26% (mean FL = 50.1 cm) and 23% )
(mean FL = 57.2 cm),rrespectiveLy. Stomach-implant tags were

sized to fit fish as small as 35-cm FL.



Radio tags for the study were purchased from Lotek
Engineering Inc.!, of Newmarket, Ontario, Canada. Each tag was
powered by one 3.5-V lithium battery with a life span of about
5 months. The transmitter and battery were sealed in a
cylindrical plastic capsule 4.4-cm long x l.4-cm diameter. Tags
weighed about 10.7 g in air and had a 40-cm, 22-gauge flexible-
whip antenna attached %o one end. . Each tag transmitted a unique
identificatiqn code (20 per frequency) on one of five frequencies
spaced 20 kHz apart (149.720 mHz to 149.800 mHz).

Radio-Tagging

Radio téggihg of ‘adult salmon involved three méjor o

procedures: traésiﬁg, tagging, and releasing. Fish were radio

tagged on week days from 8 July to 4 August.

Trapping

The adult tf;bkin‘fhe fish ladder at Rocky'Reach Dam was
used to collect fish. The trap was lowered over the weir
orifices in the fish ladder. The trap floor in front of the
right-side (fécing“aownstréam).orifice was covered with a sheet
of white plastic to facilitate viewing fish from above water as
they entered the trap. The left-side orifice was closed by a
slide gate to prevent escape. The trap was raised as soon as the
daily quota (four to six sockeye salmon) was collected

(approximately 0.5 hour during most of the fish migration). Fish

lReference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.
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were then transferred from the trap to -a tank located on a3.05 X

6.1-m barge in the forebay wia a 46.l-cm diameter pipe. Non—

target fish were immediately removed from the: collection tamk and

released into -‘the Fforebay.

Tagging

s&bkeye salmon ranging from 40- to 60-cm FL were radio
tagged. Forfzggging, sockeye salmon were individually
transferred by dipnet from éﬁé collection tank to an anesthetic
tank canihiﬂing a SOppm Ms;222 solution. After exaﬁinaticm fcr
marks, tags, or inijuries, fish were weighed,zmeasured,‘and had a
scale sample removed. Each fish was then placed on its dorsal
surface in a vinyl tagging cradle, and a radio tag was inserted
through the mouth and into the stomach of the fish. During the
entire tagging procedure (approximately 2 to 5 minutes), fish
were continually moistened.

The age of the radio-tagged fish was determined later frem
the secale samples read by Columbia River Inter-Tribal. Fish

Commission (CRITFC) personnel.

Releasing

After tagging, fish were placed in a aluminum
holding/transport tank enclosed within a boat-shaped hull (tote
boat) for recovery and hblding. Tagged fish .were initiélly héld
overnight for post-tagging mortality and tag regurgitation

observations. Later, once tagging and holding procedures were



detefififed acréptable, fish were ctagged .in. tie morning andasmns

released at the end of the workday (about 1500 h) w».-' i epas
Taggedsﬂishurequiredvno~furtham;diremt:hnnﬂiing'pnimn%ziﬁ

release. For the release, the tote boat was towed 5.3 Jow. . __.__._.

upstream from Rocky Reach Dam (to RKm 767.5), about 1 km upstream

[EFe y"gﬂ
from Turtle Rock Island. The tank’s interior was then reexamined -
3 - { -~ E I oonions )
for regurgitated tags. A 30-cm cap on the stern of the tote boat
LB fhoriy myev OOmIBz o wdlD 3
was removed, and fish were allowed to escape. The inside of the
I Ang > Aot Jl : T -._.!
tank was then inspected a final time for tags. A 2.5-cm lip at
Y aolIepimsze (93N gzl ln S8S-2M pgqud oo paao s e Ansy
the bottom prevented tags from sliding out.
Li aiabhs misss ‘nvcuhm ths“’%wnn -y d‘a-}‘i o P \0?‘3 ! aJ('!ﬁﬂ

Radio Tracking

Radio tracking began on 9 July when the first tagged fish was
released. Tagged fish locations and instream progress were
continutigly, wecorded by fixed-site monitors (Figs. 1-=3)amd by .
mobile monitoring units that operated from autw, boat, om.nc> 3°
airplane.

Table 1 lists the location and numerical designation of the
fixed-site radio-telemetry monitors. Initially, Monitor 8 = washmmol

located on the left bank about 0.8 km below Chief Joseph Dam.

ol aif

However, the monitor was relocated downstream to the Colville

rwitimiils v 1l benelq sxoa L o 19314
Tribal Fish Hatchery (about 6.4=knm downstream) after about

LR ooty . At on i
2 weeks due to 1ntense radio 1nterference, apparently from the

Diad yllietzion “aw, . 2. DappsT .palriod Posorrevioios: tol
power facilities near the damn.
“‘ -'JJ' ~IIV‘.1- 'C' bf‘-'- o -l ‘Y‘IO LW I - T-‘.‘ r‘v‘r*r:

Mobile tracking was used to monitar fish between fixed site
arew 2o01Lbenng pnin.ort bos PﬂLQQSJ aune ,i9JEJ . 2auilsviendo
monitors and to locate and recover stationary tags. On the

spawning ground, tags were recovered by examining carcasses.

8
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Radio-Telemetry Monitoring Equipment and Data Collection

All fixed site monitors utilized Lotek Model SRX-400
telemetry receivers for signal detection and data processing and
storage. At Zosel Dam, receivers with underwater antennae
incorporated Lotek DSP-500 receiver/co—processors for
simultaneaﬁs scanning of all angennas:and‘rxequeneies (Fig. 3$i
The DSP-500 detected the signal from a transmitter (tag) and
passed information concerning frequency, verification, and data
storage to the SRX-400 receiver.

Four types of antennae were used for signal detection:
underwater, multiple element Yagi, hand-held 3-element folding
Yagi, and H antennas.

Underwater antennae consisted of coaxial cable;, with about
2.5 cm of the shielding stripped from the distal end, suspended
outside and within fish-ladder entrances and exits to detect the
presence and passage of tagged fish within about 4.6-6.1 m. Yagi
multiple element antennae were used as air antennae at fixed
sites to monitor fish in a general area. Hand-held or
staff-mounted three—element folding Yagi antennae were used for
tracking by boat or aute. Two wing—-strut-mounted H-pattern
antennae ﬁére used on a ndgh~winqéd aircraft for aeriﬁl tracking.

Fixed—-site telemetry data were downloaded to lap-top
computers at least once per week. When personnel were available,
mobile surveillance was also conducted at least once per week.
Rerial surveillance of the mid-Columbia River and major

tributaries was conducted on 2 days.
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River flow, water temperature, spill, and turbine operation

data were obtained frem apprepriate water management and power

1

producing agencies. Water temperature at the mouth Of the _
Toaan

Okenegan River was menitered when mobile tracking
Fish behavier between arrival and ladder entry at Wells Dam

was mnnitnred by ebeervxng activity near and 1nside the flsh—’

e
ladder collection system Entraace preference was evaluated by
vn_‘*- 5
the total number of tagbactivity perieds en each antenna._

Teg—activity periods were also used to determine the effects of |
adult trap eperation and spill on entrance preference.

The adult fish collection trap in the left—bank fish ladder
was operated periodieally by Wasningten Department of Fisheries,
Wells Hatehery. The trap was operated 8 hours per day (079&—1500
h) on Monday, Wednesday, and Friday from 6 July through 3 August.

WQrking tags were located by radio signal. N@n—werkinéwtags
were foend primarily by examining carcasses. To enceurage the

1
return of recevered radio tags and 1nformatien, a $20 rewerd was

ho.oa . - o

offered.

Entrance effic1ency was dete:mined from the number of
entrance attempts at each fish ladder relative to the numhez of
successful passeges.

Residence tiﬁe”in 6soyeee“£eke before entering the spawniﬁg

P I

grounds was determined frcm the last time tagged\fieh were

recorded u@stream from zQsel Dam to the first time they were

registered at Monitor 13 at the north end of the lake.

14 R
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RESULTS AND DISCUSSION

We originally planned to radio tag a representative cross-
section of the sockeye salmon population passing Rocky Reach Dam.
The receipt and installation schedule of electronic monitoring

based on adult arrival timing in 1990 and

1991. However, in 1992, adult £ weeks earlier
than expected. By 8 July, about 10,000 fish, representing 24% of
the 1992 sockeye salmon run, had passed Rocky Reach Dam.. The end
of the sockeye salmon passage at Bonneville Dam also occurred
much earlier than expected, requiring acce completion
of radio tagging about 3 weeks ahead of schedule. Appendix Table
1 lists and summarizes the fates of individual tagged fish. A
detailed tag life history for each radio-tagged fish is presented
in Appendix Table 2.

Sockeye salmon collected and tagged at Rocky Reach Dam ranged

in length and weight from 46-60 cm (mean = 50.5 cm) and 0.64-

Dam

gged

and the remainder by fixed-site monitors.
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Table 2.--Activity summary at Wells Dam of 96 radio-tagged
sockeye salmon released above Rocky Reach Dam.

Tagged fish recorded exiting Wells Dam 71

Tagged fish recorded by mobile tracking
‘ypstream from Wells Dam
"(but/nbt | fetdtded as eXiting Wells Dam) 7

Tagged fish recorded at fixed=site. .
monitors upstream from Wells Dam

®ut not recorded-as exiting Wells: Dam) -3
Tags within wetoVered fish on spawning grounds
(but not reccrded as exiting Wells Dam) 2

Tagged fish trapped in left-bank ladder at
Wells Daii apd transpoMed thow Batchery 2.

Tagged fish recorded in Wells Dam tailrace

(but not seen agazn) 8
Tagged fish never recorded after release 3
96

15



Immediate regurgitation of radio tags was not a factor.
During the tagging/releasing effort, one regurgitated tag was
found in the tofé boat. ASC ma W Al Tove YRR o e el Gaapnr e
Tables 2 and 32 summarize activity and locations,
respectively, of recovered fish or radio tags. Thlrty5@éﬁ§?}%5%
of the original 96 tags were recovered. ' Twenty-six tags, 11 of
which were.no longer transmitting a signal, were recovered on the
spawning qrounds The average maximum life span of the 11 failed
tags was less than 101 days (Table 4), well short of the desired
18 1ebboi 0ed-2Y60 o2 Dagass @ A3IR nesT
5-month life span. Non-recovered tags may have experiencedlgw
gimilar battery failure. - "&:!e mad 2l loW 10 mab: 51 03 cased
Five tags were recovered on the riyer ban;:Tw;iz aw;y froﬁ
the river’s edge, suggestiﬁz fish of’tg;éd:é;érihtéailﬁngii}'JHyr“r
removed from thf river.
Results for the specific research elements were:
Task 1. Determine passage time at Wells Dam under existing
spill, flow, and powerhouse operating conditions.
Seventy-nine radio-tagged fish (82.3%) were detected by
Monitor 1, downstream from Wells Dam (Figs. 1-2). Elapsed time
from release to the monitor ranged from <1 to 10 days with a
median of 1.5 days (Fig. 4 and Table 5). Seventy-one radio-
tagged sockeye salmon passed over Wells Dam according to the exit
monitors. However, tags in six of those fish failed to register
on Monitor 1, and tags in two fish failed to register on the
entrance monitors. Overall passage time for 63 tagged fish, from

the first downstream menitor (Monitor 1) record to the last

16



Table 3.--Recovered radio tags from sockeye salmon.
Abbreviations: CO - Columbia River, SI - Similkameen
River, OK - Okanogan River.

Tags Recovered

Location River RM RKM Active Failed
Colville Tribal Co 542 872 yl
Hatchery
Wells Dam' co 5317 832 2
Oroville, Washington SI 3 5 i
Below Zosel Dam OK 47-77 76-124 4
Spawning grounds OK 99-104 159-167 15 11

(British Columbia)

Z3 13 |

! Fish were trapped at Wells Dam and transported to Methow Hatchery,
Winthrop, Washington for brood stock.

17



Table 4.-- Longevity of failed radio tags. Abbreviations:
CO - Columbia River, OK - Okanogan River.

Maximum

Tag Release Last active record Recovery possible

date River-RKm Date date duration

(days)
2134 14 Jul OK - 0 27 Jul 20 Oct 98
2242 11 Jdl CO - 858 18 Aug 28 Oct 109
2247% 20 Jul CO - 762 20 Jul 29 Oct 101
2328 16 Jul Co - 872 24 Jul 21 Oct 97
2330 23 Jul OK - 166 5 et 15 oet 84
2436 17 Jul OK - 0 03 Aug 28 Oct 103
2437 13 Jul OK - 10 28 Aug 28 Oct 107
24471 14 Jul CO - 762 14 Jul 29 Oct 107
2534 10 Jul OK - 10 25 Aug 26 Oct 108
2535 27 Jul OK - 146 13 Sep 28 Oct 103
2550 19 Jul OK - 0 31 Jul 21 Oct 96

Average duration 101 days

! Never recorded after release until recovery of tag.

18
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Figure 4.--Travel times of radio-tagged sockeye
salmon from release above Rocky Reach Dam
to Monitor 1 at Wells Dam tailrace.
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Table 5.--Passage time (days) of radio-tagged sockeye

salmon (with complete passage records) released
5.3 kilometers upstream from Rocky Reach Dam and
monitored at Wells Dam.

Release Monitor 1
to Wells to first Ladder Passage Overall passage
Dam ladder record Overall Right Left at Wells Dam
n 79 79 69 24 45 63
Min 0.7 <0.1 0.1 0.1 0.1 0.3
Max 9.6 0.7 11.4 2.7 11.4 18.5
Median 1.5 6.1 0.2 6.2 0.3 - — 1.3

20



ladder—exit monitor record, ranged from <1 to 19 days, with a
median of 1.3 days (Fig. 5 and Table 5).

Due to migration rates and the time required for the monitors
to scan through the five freguencies, tags were not recorded at
all of the monitors.

Task 1.1. Determine the median time between at-dam arrival
{entering dam tailrace) and fish-ladder entramce
at Wells Dam.

Seventy-nine radio—tagged fish were detected by Monitor 1,

prior to being recorded at -the fish-ladder entranfff

1}Mon1Ep@s 2,

l,Al

3, 5, .0or 6). Elapsed time between arriving at WeldsPam and the

initial record at one of the four fish-ladder ent#@flnc@e

rang?ﬁ
from <1 to 17 hours, with a median of 2 hours (Fiéy,ié; ﬁ%%ﬁ#er,
many of the tagged fish did not proceed up the fish ladder
following the initial encounter with a ladder entrance. Time
from first record at the dam (by either Moq}@@@&@ﬁégiﬁhe 0f~ﬁﬁe
four fish-laddér enttiance monitors) until last réﬁorﬁﬂﬁmp§@e
ladder entrance (duratiof in tafirace) ok 69 tagged ¥ish ranged
from <1 to 16 days, with a medisti of 1 day (Fig. 7).

Task 1.2. Determine the median. fish-lagder entrance to exit

.vEdme at. each Wells Pam fish ladger.

Passage time through the fish ladders ranged from a minimum
of 2 hours to a maximum of 273 hours, with a median time of 5
hours, for the 69 fish detected at both ladder entrance and exit
monitors. Median passage time through the right-bank ladder for

24 fish was 4 hours, with a range of 2 to 64 hours. Median

21



£
o

&
o

N
o

PERCENT OF FISH (N=63)
o

DAYS

Figure 5.--Overall ladder passage times of radio-
tagged sockeye salmon at Wells Dam.
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Figure 6.--Elapsed times of radio-tagged sockeye
salmon between arriving at Wells Dam and
the initial record at a fish-ladder
entrance.
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passage time in the left—-bank ladder for 45 fish was 6 hours,
with a range of 3 hours to a maximum of 273 hours (Fig. 8).

Monitoring of the 71 sockeye salmon recorded as exiting one
of the two fish ladders at Wells Dam indicated that 40 (56%) of
the tagged fish exited between 1100 and 1700 h, 17 (24%) exited
between 0000 and 1030 h, and 14 (20%) exited between 1700 and
2329 h (Fig. 9).

Task 2. Evaluate fish-ladder entrance efficiency at Wells

Dam. Determine fish-ladder entraﬁ@e preferénces
" under various operating conditions:

Task 2.1. Determine percentage of fish gntries
associated with each of the ﬁ@g; fish-
ladder entrance locations.

Operation of the adult trapping facility signifigantly

2 = 5,84; P = 0.0156) increased, but not su@ﬁtantiaily,”iait-

bank esntrance activity. During trapping peziods, 63.9% of
entran@u.aativity was. at the le@ff fish ladder as opposed to 59.8%
during n@n-trap@;ng perlods. For the t@tal ﬁu;, activity at the
left and right entrance areas was,; §1.6 to 38.4%, respectively.

Fish activity increased at the left-bank entrance during
trapping periods perhaps indicating indecisiveness regarding
passage. However, overall passage was not affected.

At the right-bank fish ladder, the downstream entrance had
796 outside antenna records and 369 inside antenna records. The

side entrance had 201 outside antenna records and 58 inside

antenna records. At the left-bank fish ladder, the downstream
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Figure 9.--Ladder-exit timing for radio-tagged
sockeye salmon passing Wells Dam.

27




entrance had 735 outside antenna records and 1,132 inside antenna
records, while the side entrance had 367 outside antenna records
and 17 inside antenna records.
Task 2.2. Determine percentage of fish entries
associated with successful ladder
passage.

The left-bank fish ladder provided the highest passage (Fig.
10). Of the 69 radio-tagged sockeye salmon successfully passing
over the fish ladders, 45 (65%) .passed over the left-bank ladder
and 24 (35%) passed over the right-bank ladder.

In both the right- and left-bank fish ladders, the end
entrances provided much better passage than the side entrances.
Thirty-one tagged Fish (69%) passing over the left-bank fish
ladder selected the end ggprapggg and 16 (67%) of those passing
over the ri@ﬁt-ba@k fish ladder preferred the end entrance.

Entrance efficiency was 24.5 and 4g.§fentﬁaﬁee attempts at
the left- amd right-bank fish ladders, respectively for each

tagged-fish passage recorded.

Task 3. Determine the fall-back rate and routes under
. various conditions of spill, flow, and powerhouse

Spill occurred at Wells Dam during 1-27 July. Spill rate
ranged from 4.1 to 7.6% of the flow (66 to 114 kcfs). Of 69
radio-tagged sockeye salmon, 52 (75%) passed during periods of

spill and 17 (25%) passed during non-spill periods.

28



LEFT-BANK LADDER RIGHT-BANK LADDER
65% 35%

N =69

Figure 10.--Entrance selection by ladder by radio-
tagged sockeye salmon at Wells Dam.
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A "fallback" was defined as any fish passing the exit of a
fish ladder that was subsequently found downstream in the
tailrace. Nine (13%) of the 69 fish that passed Wells Dam fell
back once (Fig. 11). Two of the nine fish fell back twice
resulting in a total of 11 fallback occurrences. All of the
fallbacks occurred during periods of spill.

One of the nine fish that fell back disappeared downstream.
One fish fell back and reascended the fish ladder, but
cream frém the dam. Five fish /fell back, byt

; _@
subsequent.ly pasa&d thétgam and entered_fﬁ% Okanbgan Riyer. I}W@

disappeared.,

fish fel;‘back.twige,-pggore continuing upstream. One of thes*
entered tha,@gﬁhoégé;ﬁiver and the other was recorded in the
Chief Joseph Dam tailrace.

A total of 19 passes were made by tE® fiine fish that fell
back at Wells Dam, with eight fish continuing upstream after
final passage. Therefore, the 52 radio-tagged sockeye salmon
would have been counted as 63 fish passing the dam.

Fallback of adult sockeye 88lmech at Wells Dam during periods
of spill appeared to inflate fish-ladder counts. The 1992
sockeye samﬂhﬁlgaﬁ31ghba£ Uilﬂai@and!msséésﬂﬁd {U.0 8. hEgysCorps

-mat alleW 1a nomlisa avedioe ooepr
of Engineers 1992) with 35,303 (84%) pa331ng durlng spill
conditions, and 6,648 (16%) passing during non-spill conditions.

A correction factor to account for fallback at Wells Dam in
1992 was calculated by dividing 52 {(number of radio-tagged
sockeye salmon passing during spill conditions) by 63 (number of

passes made by radio-tagged sockeye salmon during spill

30



NO FALLBACK

NO-SPILL
25% P
FALLBACKS
9
ADULT PASSAGE FALLBACK
N =69

Figure 11.--Fallback rates of radio-tagged sockeye
salmon during periods of spill at Wells
Dam.
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conditions). This factor, multiplied by 35,303 (fish count
during spill), provided a corrected fish count of 29,139 fish
(during spill). By adding the 6,648 (fish count during non-
spill) the total adjusted run of sockeye salmon over Wells Dam in
1992 would be 35,787 fish. Dividing the total adjusted run
(35,787 fish) by the total count (41,951 fish) provides a
correction factor of 0.853 for the 1992 sockeye salmon count at
Wells Dam.

(1993) 1992 spawning pepulation é&stimate of 22,587 fish. However,
the comparison estimate of 34,679 fish (based on-the "Factor 5"
method) is relatively ¢lose. Difﬁ@gené;s in the estimates may be
due to small sample size of radio-tagged fish, pre-spawning
mortality, harvest, tributary escapément, etc.

In 1992, there .was virtually no spill during the sockeye
salmon run over'Rocky Reach Dam. Therefore, fallback due to
spill was non-existent. The fish-ladder count of sockeye salmon
was 41,800 fish (U. S. Army Corps of Engineers 1992), 151 fish
less than the count at Wells Dam, 61 km upstream. However, the
adjusted count (to correct for fallback due to spill) at Wells
Dam was 35,787 fish (6,013 less fish than the fish-ladder count
at Rocky Reach Dam).

Based upon Bonneville Dam fallback data, increased spill
rates would increase the rate of fallback (Liscom et al. 1985).
Spilling at Wells Dam in July 1992 was not due to excess river

flow, but was done to bypass juvenile salmonids downstream (Rick
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Klinge, Douglas Co. PUD, personal communication 1994). Since
1992 was a low-flow year, migration years with high flows will
have higher magnitudes of spill, potentially higher fallback
rates, and inflated ladder counts. Further studies during years
with mid- and high-flow conditions would provide data to develop

a model for the correction of annual fish counts over Wells Dam.

A dne AR At W Mol simm e ) Paa M Dl g BN
Task 4. Determine the percentam e thae tagged popul ien
ot s s exposed £b dhe .fishery st Cltbef (Joseph.Dam.r oz

A portion of the sockeye salmon run may have been exposed to

the fishery at Chief Joseph Dam. Fish entered the area, but
radio interference prevented recordings of valid tag codes.
Prior to relocating the monitor, only one tag (Tag 2328) was
recorded, but never detected again. It was later recovered (non-
working) on the spawning grounds. After relocation, 12 radio-
tagged sockeye salmon were recorded. Of the 12 fish, 6 were
subsequently recorded as entering the spawning area, and 6 were
never recorded again. One additional radio tag (never recorded
on Monitor 8) from a fish collected from the tailrace at Chief
Joseph Dam was turned in for reward. This fish was among those
recorded as successfully passing Wells Dam and was the only
radio-tagged fish verified as harvested by the fishery.

In summary, 14 fish (15% of the tagged population) were

potentially exposed to the fishery at Chimf Jomeph: DawitaldEace.

I 805 TR R4 A T [FRET P S R

Task 5. Determine spatial and temporal factors associated
with sockeye salmon entry into the Okanogan River.

Task 5.1. Determine flows and temperatures.
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Flows recorded at Tonasket (RKm 91.4) by the U.S. Geological
Survey indicated a marked flow reduction of about 400 cfs
beginning about 18 August and a substantial decrease in water
temperature beginning on 22-24 August (Table 6). The migration
up the Okanogan River coincided with the decreasing river flow
and -temperatures¢Fig.chl2p. .20 ccuroe Toouocm ovee iy Y Tac g
Major and Mighell (1966) determined that while high water

Trrsluqog bnuos? iu RS IUBT I -l BOLT ‘ & A =
temperaturﬁﬁ%wwww%ﬂ§1*m§3ﬁ>insage~ﬁkanagnm;ﬂﬁvmuamumw a major

cause of delay for entry of sockeye salmon from the Columbia
River, decreasing temperatures allow the migration to resume.
Water temperature in rivers may be decreased by cool weather or
through a mixing process (as at a confluence) by the addition of
cooler water or reduction of warmer water. This mixing process
at the egbnfliénce withothe Similkameen River appears to have been
instrumental in decreasing temperature in the lower Okanogan
River.:v o bre | ven o0 pwadn so Setioy TR R L ow L

Changes in flow proportions from the Similkameen and upper
Okanogan Rivers appeared to directly affect water temperature in
the lower Okanogan River. Prior to 17 August, 59% of the lower
Okanogan River flow came from the Similkameen River. On 18
August flow over Zosel Dam was reduced by about 400 cfs resulting
in an 84% contribution of Similkameen water to the lower Okanogan
River flow through 25 August.

By 24 August, the temperature of the lower Okanogan River had

! 2 Sk 24 R . .
beeh Luéeg;ﬁ“éuﬁ%ﬁamtlaii;?ﬂ~Ikﬁu;méﬁﬁmémm,xQrmviile-Tonaskéguc

Irrigation District, reparted that mean daily water temperature

Ao SR AR R NG TR SR R v
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Table 6.--River flow and water temperature associated with
radio-tagged sockeye salmon entry into the
Okanogan River.

Number Water River
Date of fish temperature flow
(°C) (cfs)
04 Aug 23.9
06 Aug 20.9
2 b : e
: ug
11 Aug 19.4 961
18 Aug 22.7 950
19 Aug 203 651
23 Aug 10 520
ug
24 Aug 4 15.9 540
25 Aug” 3 515
27 Aug 18.2 511
28 Aug 2 668
30 Eug 17.8
22
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Figure 12.--Flow and water temperature during entry
into the Okanogan River by radio-tagged
sockeye salmon.
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recorded downstream of Zosel Dam prior to 20 August was about
23.9° C, but decreased to 18.1° C by 24 August. However, water
temperature in the Similkapgen Biver was 21.8° C on 18 August,
but decreased to 13.5° C by 24 August, apparently due to’ cool
weather at the headwaters. The differences in water temperature
in the two rivers and change in flow contribiition resulted in tife
lower water temperatures of 22.7 and 15.9° C on 18 and 24 kagusf,
respectively, as measured at Elligfiofde (RKm +102.5) 16.8 RKm
downstream of the confluence.

Hansen (1993) also linked uata?iflows~and water temperatures
at the mouth of the Similkameen Rf§i?. Betwéen 1-14 July whern
air temperatures would have been mwah higher, he found that the
Similkameen River flowed cooler &ﬂﬂ a@parenﬁly lowered the
temperature of the Okanogan River at the comfluence by as much as
2. C

Task 5.2. Determine dates and giel timing.

Twenty—-four radio-tagged sackéﬁé salmon were recorded as thé&
migrated past fixed—-site Monitor 9 at Monse (Table 7). The first
record was on 9 August at 1854 h, and the last record was on 28
August at 1823 h. Only three tagged fish, each on separate days,
passed between 9 and 22 August. Ten fish (42%) passed on 23
August. The remaining 11 tagged fish entered the Okanogan River
between 24 and 28 August.

Most movement was during the early morning hours (Fig. 13).
Eleven (46%) of the 24 fish passed between 0400 and 0830 h. Six
fish (25%) passed between 1600 and 2230 h.
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Table 7v~<Dates andepdiel timing of madio-tagged .. . :

sockeye salmon entering the Okanogan

River.
Entry Number Tag Time recorded at
date of fish Monitor 9
09 Aug 1 2541 1854
10 Aug 1 2444 1611
22 Aug 1 2546 1737
23 Aug 10 2349 0148
23 Aug 2229 0409
23 Aug 2237 0419
23 RAug 2250 0450
23 Aug 2342 0453
23 Aug 2335 0506
23 Aug 2346 0543
23 Aug 2143 0546
23 Aug 2243 0651
23 Aug 2439 0821
24 Aug 3 2536 0649
24 Aug 2145 1014
24 Aug 2442 2359
25 Aug 3 2430 0645
25 Aug 2138 1136
25 Aug 2339 2103
28 Aug 5 2429 1801
28 Aug 2531 1806
28 Aug 2437 1820
28 Aug 2534 1820
28 Aug 2435 1823
24
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Figure 13.--Diel timing of radio-tagged sockeye
salmon entering the Okanogan River.
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Task 5.3. Determine behavioral patterns of fish
that approach Chief Joseph Dam
before entering the Okanogan River.

Three of the 14 radio-tagged fish detected near Chief Joseph
Dam were monitored at the mouth of the Okanogan River by mobile
tracking. Two of the three were recorded again on Monitor 9 (RKm
3.7), but only one was tracked further to RKm 69 in the Okanogan
River. The tag was never recovered. The third fish was detected
by mobile tracking at the mouth of the Methow River but was never
seen again.

Three other fish were subsequently recovered on the spawning

hose fish had been detected earlier by mobile

ned around the mouth of the Okanogan River

until the upstream migration began.

Task 6. Determine overall timing and rate of migration of
sockeye salmon from Wells Dam forebay to Zosel
Dam.

Twenty—-six radio-tagged fish recorded as exiting a Wells Dam

fish ladder were later detected at Zosel Dam. These fish took

over the 150.6 km at a rate of 4.2 km per day (Fig. 14).

TASK
the betwee

(22-25 August) and arrived at Zosel Dam between 26 August and
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4.6 days) to cover the 117 km distance from Monse (Monitor 9) to
Zosel Dam (Fig. 15).

Task 8. Determine delay and passage time of sockeye salmon
at Zosel Dam.

Twenty-nine radio-tagged sockeye salmon were detected when
passing upstream from Zosel Dam. After arriving at Zosel Dam,
overall time to pass ranged from 1 hour to a maximum of 240 hours
with a median of 3 hours (Fig. 16). However, nine of these fish
may have passed Zosel Dam by swimming under the spill gates or
passing through one of the ladders without registering on either
the fish-ladder entrance or exit monitors. Four fish had
recorded exit times but no entrance times. Passage times for the
remaining five fish ranged from 1 hour to a maximum of 111 hours
with a median of 3 hours.

Twenty fish entered one of the two fish ladders (Monitors 10
and 11). These fish remained below t!!‘dam from less than 1 hour
to a maximum of 235 hours with a median of 1 hour before entering
a fish ladder (Fig. 17).  Passage times‘werg different bggween
the two fish ladders. Of the 17 fish with known entrance and
exit records, the nine left-bank fish ladder entries took from 2
to 28 minutes before exiting (median = 14 minutes). The
remaining eight fish that entered the right-bank fish ladder took
from 5 to 50 minutes (median = 18.5 minutes) before exiting
(Fig. 18).

Of the 21 radio-tagged sockeye salmon with known exit
records, 11 (52%) exited between 0100 and 0700 h, 2 (10%) exited
between 0701 and 1400 h, and 8 (38%) exited between 1401 and 0100
h (Fig. 19).
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Task 9. Determine residence time of sockeye salmon in
Osoyoos Lake before entering the spawning area.

Residence time for 22 tagged fish ranged from 16 hours to 46
days with a median of 28 days (Fig. 20). No fish were detected
whiie they were in the lake, possibly as a result of holding in
deeper waters.

Task 10. Determine river flow and temperature during the
period sockeye salmon leave Osoyoos Lake for the
spawning area.

Beginning in early September, marked increases in Okanogan
River flow and decreases in water temperature were noted. On 5
September, water temperature dropped sharply from a long
sustained level of 21.1° C to 18.3° C, remained there for about
1 week, and then gradually decreased over the next month.

Coincident with the chéinges in river flow and water
temperature, the first of 24 radio-tagged sockeye salmon left
Osoyoos Lake on 5<BEpteﬁﬁer and migranga upétreamApast Monitor 13
to the spawning area (FiﬁEEZI and Tabkg 8).“The.last radio-
tagged fish was ae;egted at Monitor 13 on 17 October when the
average daily water temperature was 12.7° C. Hansen (1993) also
observed similar relationships among water temperature, river
flow, and spawning activity. He noted slightly warmer
temperatures in water ﬁhen it passed from Vaseau Lake through
Mcintyre Dam and that the water cooled as it proceeded south to
Lake Osoyoos. However, when the weather cooled (or possibly when
flows increased from releases) the water actually warmed by the
time it reached the mouth at Lake Osoyoos. Hansen concluded that
water temperature appeared to influence sockeye salmon movement
and spawning activity.

48



22

m
\

\
WA,
DY,

o %

2%
2

I
N2
N

R,

I,
Q222

(22=N) HSI4 40 LN3DH3d

50

15 20 25 30 35 40
DAYS

10

Osoyoos Lake before exiting to

in
the spawning grounds.

Figure 20.--Residence time for radio-tagged sockeye
salmon

49



[\~
o

(&)
[/p)
t 20-
i
(O]
&
0615
T
|2}
& 10
(@
o
=
= 5 === -5 == ---1250
= .
Z
0 >} Rg o R B R R 200
9/1 9/10 9/20 10/1 10/10
DATE

~WATER TEMP + FLOW E3 FISH

Figure 21.--Flow and water temperature during exit
from Osoyoos Lake by radio-tagged
sockeye salmon.

50



Table 8.--River floWw and water temperature assoclated with -
radio-tagyed sockeye salmon leaving Qsoyoos Lake for
the spawning area. ‘ - Soc :

Number Water River

Date of fish temperature flow
(°C) (cfs)
29 Aug 20.2
30 Aug 19.5
31 ang 191
01 Sep 7.3
02 sep 16.6
03 Sep 16.6
g; 2:? 1 163
06 Sep 1 16.8
07 Sep 16.5
08 Sep 2 16.6
09 Sep 15.9
10 sep 15.4
11l Sep 14.9
12 Sep % 14.3
13 Sep 14.2
14 Sep 1 14.5 291.1
15 sep 15.9 -
P "

17 Sep 16.1 318.3
18 Sep 1 15.9 378.2
19 Sep 1 16.4
21 e 15:5
y 4 Bp .
2% Sep 14.7 377 .7
23 Sep 14.5
24 Sep 1 14.4 381.2
26 Sep 15:0
27 Sep 2 15.3
i i : 17
30 Sep 1 14.9
01 Oct 14.4 345.4
02 Cet i 8 13.6 353.6
03 Oct 1 13,7
04 Oct 2 I3<1
05 Oct 3 13.2
0& Oct 13.4
07 Get 13.8
08 .0ct 14.6 426.7
09 Oct 14.4
10 Oct 13.9
11 Cct 13.2
12 oOct 12.9
13 Oct 2.7
14 Qct 13.0
15 Oct 18.3
16 Oct 183.3
17 Cct 1 12.7

24
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salmon leaving Osoyoos Lake for the
spawning grounds.

33



Table 9.--Dates and diel timing of radio~-tagged sockeye
salmon leaving Osoyoos Lake for the spawning area.

Exit Number Tag Time recorded at
date of fish Monitor 13
05 Sep 1 2250 0513
06 Sep 31 2342 2222
08 Sep 2 2336 2008
08 Sep 2430 2133
12 Sep ) 1 2585 2357
14 Sep 1 2344 1018
18 Sep 1 2348 1128
19 Sep i? 2148 0053
24 Sep 1 2143 0151
27 Sep 2 2439 2003
27 Sep 2442 2150
28 Sep 2 2544 1944
28 Sep 2542 1959
29 Sep 2335 0702
29 Sep 2339 2007
30 Sep 1 2337 2156
02 Oct g 2349 2028
03 Oct ; 2145 2020
04 Oct 2 2243 0430
04 Oct 2546 2125
05 Oct 3 2536 0400
05 Oct 2350 1802
05 Oct 2346 2255
17 Oct 1 2445 2359
24
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SUMMARY

Radio-tagged sockeye salmon migrated upstream from Rocky
Reach Dam to Wells Dam (67.4 km) in about 37 hours. Upon
# o . e
arriving at Wells Dam, median passage time was about 30 hours.

Summaries by ta$k were:

Task 1.1. The median time between at-dam arrival (entering
=
dam tailrace) and 1nitial record at a fiah—ladder entrance at

Wells Dam was 2 hours. Héﬁééer,.the median~£ime from first
record at the dam (hy elther Monitor 1 or one of the four fish—
ladder entrance monitors) until last record at a fish—la@é@rI
entrance was 1 day. -

Task 1.2. The median flsh—laddar entrance to exit time for
both fish 1adders cnmblned was 5 hours. Medlan passage time
through the right—b?nk fish ladder was 4 hours. xggéan passage
time in the left—b@nk fish ladder was 6 hours. .

Fifty-six percent of tiié fish exited between 1100 and 1700 h,
24% exited between 9000 and 1030 h, and 20% exited between
1700 and 23295 n o

s A

Task 2 1. The &eft-hank fish laddex had;a higher entrance
[REN 15 {I ﬁ_
activity anﬂ E mueh higher entrance eff1c1sncy than the rzgﬁt—

Aac Dar S e o 0 e foda IO Hws?
hank fiah laww@r. Gp@ration af the aéult trapping facility
v : T LA 1=

31gn1ficantly incrﬁased left—hank entrance act1V1ty Durlnq

ooynE M LI SR

AN

trappxng perluds, &3 9% of eﬂtrance activity was at the leﬁtebamk

T Tsd SIRLIV e

fish lud&er. For the tetal run, radio~tagged fish 8Gt1Vit¥ at

b om #es s semien mossion bopo

the left—bank entrdnce area was 61 6%.

He(e oy ges oF

@5



Task 2.2. Fish preferred the Al@ft~bank fish ladder at Wells

Dam. The end entrances provided better passage than the side
(4909 MmOIY meexrsqu kazsiplim nomlsz « 3dn0e D9ppsi-cibss
entrances in both the right- and left-bank fish ladders.
--..cti be s o A P —-q ﬂsﬁﬂﬂ
Task 3. Fallback of adult sockeye salmon occurred during
c23vod 08 tuods 28w amiI apbB22 neidbem M50 =l{aw I8 ivrvs
periods of spill at Wells Dam Fallback and its relatlonship to
Y SRS
varying spill conditions at Wells Dam may be related to
3) Llg. .11 A S T R | ST Y s AR S 4
operat10nal scenarios as well as to splll volumes. _
' Foomn Dot . 1T
Task 4. Fifteen percent of the radlo-tagged flsh were
BTN T T0 e SR TR ~ MeL ailoW
potentlally exposed to the fishery at Chief Joseph Dam tailrace.
welr d3 Yo ¢« > 30 [ 303iaoM yefis yd) mesb <A e
Task 5.1. The major migration of sockeye salmon into the
Cakol s = e B L A ST LA TR Y - §
Okanogan River coin01ded with a marked reduction in river flow
Conns 3T o gEng
(from about 950 to 510 cfs) beginnlng about 19 August and a

i r Fay 4
-~
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between 21 August and 4 October. Median migration time from
Wells Dam to Zosel Dam was 36.4 days at a rate of 4.2 km per
day.

Task 7. Radio-tagged sockeye salmon required a median of

4.6 days to travel the 117 km distance between Okanogan River

entry and Zosel Dam..

Pask 8. After airiving at Zosel Dam, the overall median
passage time past the dam was 3 hours. Median time before fish-
ladder entry was lesg than 1 hour. About 52% of the fish exited
between 0100 and 0700 h, and 38% exited between 1401 apd 0100 h.
Passage time differed between the two fish ladders. MNedian

passage time for radio-tagged-fish entering the left-bank fish

ladder was 14 minuteg, while median passage time for the right-
bank fish ladder was 18.5 minutes.
Some fish apparently passed Zosel Dam by swimming under the

spill gate’s oY mana

rg§d to pass through one of the fish ladders
without being recorded on either the entrance or exit monitors.

9. Residence time for radio-tagged sockeye salmon in

Osoycos Lake before entering the spawning grounds ranged from
16 hours to 46 days with a median of 28 days.

Task 10. A marked change in daily Okanogan River flow and
temperature was noted during the period sockeye salmon began to
leave Osoyoos Lake for the spawning area. Flow increased about
40 cfs, and water temperature decreased from a long sustained
level of near 21.1° € to about 18.3° C, remained there for about

1 week, and then gradually decreased to 10° C over the next
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The: lasy radie-tagged fish wag . dstected at Monitox 13.on. . 4
17 Octobex ohen the wvenage daily Mater temperature was 12.75.C. ..
Seventy-one percent of the radio—tagged sockeye salmon passed

from the:dake hgtvieen. 2000 ang 0880 B~ ... t-rpove s

R IC
Voosrd

58



RECOMMENDATIONS

1. We recommend, in the event of water shortage or restrictions
in normal fish—laddgr operations at Wells Dam, that the end
entrances be selectéd for use over the side entrances; in more
severe circumstances, we recqmmend that the left-bank fish ladder
be operated in lieu of the right-bank fish ladder.'

2. Fallback appears to directly contribute to inflatgd passage
counts at Wells Dam. A correction factor of 0.853 should be.
applied to total numbers of sockeye salmon counted over Wells Dam
in 1992 for a more accurate escapément estimate. Further radié—
tracking studies focusing on fallback and its effects during
varying spill conditions at all mid-Columbia River dams should be
conducted. ‘

3. We determined that 15% of the radio-tagged sockeye salmon
were exposed to the "snag" fishery in the Chief Joseph Dam
tailrace. Accurate harvest records for that fishery should be
implemented;

4, Results from radio-tagged sockeye salmon indicated that delay
was minimal at Zosel Dam and that most fish passed during night-
time periods when their movement could not be observed. No
structural changes to fish-passage facilities at Zosel Dam appear
to be warranted. However, a concerted effort to determine extent
of spawning, carcass counts, and harvest should be conducted for
the érea downstream of Zosel Dam and in the Similkameen River to

account for missing fish and determine extent of spawning.
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5. Increased flow, decreasing water temperature, and darkness
PN A fr Py
c01ncided w1th the period most radlc-tagged sockeye salmon left
s D altans - - w0

Osoyoos Lake for the spawning area. Manipulation of flow and

B Al BOUMAE.Z7. ' DILD 9I9VD
salmon spawning and prevent de-waterlng of redds.

Iects . 12XY A A -adpiz o9ds 1o o L2 230D ©d
6. A thermal block generally occurs each summer at the mouth of

“‘ §Y

the Okanogan River delayiﬂg the sockeye salmon mlgratlon until

oz 2o SN VI CENS RV -Se R Fo St At 210
water temperature decreases to less than 21.1°C. Proportlonate
RIS < o5 beiigq:
flows from the Similkameen River (cooler) and surface water
Yoo VAR T - aéQ-
passing over Zosel Dam from Lake Osoyoos (warmer) appear to
patwsb 28379Ye . bna xlaul. s oo oLolzu ot eelbo B84 Y
directly affect water temperatures in the lower Okanogan River.
fiye R 7-1 e b T 200 i It

Water regulation operations and their effect on water
o gl
temperatures and flows in the Okanogan River system should be
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Appendix Table 1.--Characteristics and fate of radio-tagged
sockeye salmon.

Tag Length  Weight —lagt record
(cm) (9) Age River RKm Fate
2128 52.1 1362.0 1.2 Columbia 832.4 Recorded
2130 48.5 998.8 1.2 Okanogan 3.2 Recorded
2131 58,5 1589.0 1.3 Columbia 763.1 Recorded
2134 50.8 1135.0 1.2 Okanogan 165.0 Recovered
2135 54.0 1362.0 1.2 Okanogan 0.0 Recorded
2137 50.8 1135.0 1.2 Okanogan 167.4 Recorded
2138 43.5 635.6 1.2 Okanogan 69.2 Recorded
2139 48.3 908.0 1.2 Columbia 858.1 Recorded
2141 50.8 1180.4 1.2 Columbia 832.4 Recorded
2142 50.5 1135.0 1.2 Columbia 872.6 Harvest
2143 51.9 1362.0 1.2 Okanogan 161.0 Recovered
2144 54.0 1498.2 1.2 Columbia 832.4 Recorded
2145 5.1 .5 1271.2 1.2 Okanogan lo4.2 Recovered
2146 46.0 771.8 1.2 Columbia 832.4 Recorded
2147 52.2 1225.8 1.2 Columbia 763.1 Recorded
2148 50.8 1362.0 1.2 Okanogan 161.0 Recovered
2149 54.0 1362.0 1.3 Columbia 872.6 Recorded
2150 53,3 1135.0 1.2 Columbia 832.4 Recorded
2229 48.5 1135.0 1.2 Okanogan 124.06 Recorded
2231 538 1180.4 1.2 OQOkanogan 4.8 Recorded
2234 5.2 1316.6 1.2 Okanogan 0.0 Recorded
2235 54.6 1816.0 1.2 Columbia 832.4 Recorded
2236 48.0 998.8 1.2 Okanogan 124.6 Recorded
2237 50.0 998.8 1.2 Okanogan 124.06 Recorded
2238 50.8 1135.0 1.2° Columbia 872.6 Recorded
2240 - 862.6 1.2 Methow 51.5 Hatchery
2241 47.2 953.4 1.2 Columbia 832.4 Recorded
2242 50.8 1135.0 1.2 Okanogan 162.6 Recovered
2243 45.7 908.0 1.2 Okanogan 161..0 Recorded
2244 56.2 1725.2 1.3 Columbia 829.2 Recorded
2245 52 :0 1271.2 1.2 Okanogan 162.6 Recovered
2246 60.0 1997.6 1.3 Columbia 872.6 Recorded
2247 50.5 1044.2 1.2 Okanogan 159.4 Recovered
2249 51.5 1135.0 1.2 Columbia 832.4 Recorded
2250 51.4 1135.0 1.2 Okanogan 161.0 Recovered
2328 50.5 1135.0 1.2 Okanogan 162.6 Recovered
2329 53.0 1271.2 1.2 Columbia 858.1 Recorded
2330 50.7 1180.4 1.2 Okanogan 165.8 Recovered
2331 48.2 1135.0 1.2 Columbia 832.4 Recorded
2334 60.0 1997.6 1.3 Columbia 829.2 Recorded
2335 52.:3 1362.0 1.2 Okanogan 162.6 Recovered
2336 58 .0 1725.2 1.3 Okanogan 165.8 Recorded
2337 49.2 953.4 1.2 Okanogan 146.2 Recorded
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Appendix Table 1.--continued.

Tag Length Weight Last record
(cm) (g) Age River RKm Fate

2338 5055 1089.6 1.2 Okanogan 124.6 Recovered
2339 50 5 1044.2 1.2 Okanogan 163.4 Recovered
2340 5055 1089.6 1.2 Okanogan 124.6 Recorded
2341 52 gl 1362.0 1.2 Okanogan 2.4 Recorded
2342 5310 1225.8 1.2 Okanogan 165 .8 Recorded
2343 47.0 908.0 1.2 Okanogan 0.0 Recorded
2344 51.4 1225.8 1.2 Okanogan 146.2 Recorded
2345 52 4 1271.2 1.2 ©Okanogan 0.0 Recorded
2346 48.3 908.0 1.2 Okanogan 163.9 Recovered
2348 53 3 1589.0° 1.2 Okanogan 162.6 Recovered
2349 48.3 998.8 1.2 Okanogan 164.2 Recorded
2350 5840 1452.8 1.2 Okanogan 162 .6 Recorded
2423} 54.1 1543.6 1.2 Columbia 829.2 Recorded
2429 49.7 1044.2 1.2 Okanogan 9.7 Recorded
2430 47.1 998.8 1.2 Okanogan 161 .0 Recovered
2431 47.5 908.0 1.2 Okanogan 124.6 Recorded
2434 48 .2 908.0 2.2 Columbia 875.8 Recorded
2435 49.5 1135.0 1.2 Okanogan 9.7 Recorded
2436 49.0 1044.2 1.2 Okanogan 162.6 Recovered
2437 49.5 1135.0 1.2 Okanogan 1626 Recovered
2438 49.5 I'i3s.0 1.2 -Columbia 832.4 Recorded
2439 52.4 1271.2 1.2 Okanogan 162.6 Recovered
2441 48.3 11350 1.2  Columbia 859.7 Recorded
2442 48.9 998.8 1.2 Okanogan 167.4 Recovered
2443 48.0 998.8 1.2 Okanogan 2.3 Recorded
2444 51.5 1089.6 1.2 Smilkameen 4.8 Recovered
2445 48.7 908.0 1.2 Okanogan 146.2 Recorded
2446 52.0 1271.2 1.2  QOkanagan 124.6 Recorded
2447 48.2 1135.0 1.2 Okanogan 162.6 Recovered
2448 45.0 771.8 1.2 Okanogan 124.6 Recorded
2449 42 .4 726.4 2.1 Okanogan 32 Recorded
2450 49.5 953.4 1.2 Okanogan B Recorded
2528 50 .0 953.4 1.2 Columbia 83.2 Recorded
2529 5058 908.0 1.2 Okanogan 90.2 Recovered
2530 50.8 1044.2 -1.2 Columbia 829.2 Recorded
2531 49.0 998.8 1.2 Okanogan T80 Recovered
2534° 47.0 908.0 nd Okanogan 164.2 Recovered
2535 49.3 908.0 1.2 Okanogan 164.2 Recovered
2536 48 .5 908.0 1.2 Okanogan 162.6 Recovered
2537 46.0 817.2 1.2 Okanogan Hv2 Recorded
2538 50...8 1362.0 1.2 Columbia 829.2 Recorded
2539 48.2 113550 1.2  Eelumbia 763.1 Recorded
2540 48.8 953.4 1.2 Methow 5.5 Hatchery
2541° 52.0 1225.8 1.2 Columbia 763.1 Regurg.
2541 46.8 862.6 2.2 Okanogan 123:.3 Recovered
2542 46.4 908.0 1.2 Okanogan 162.6 Recorded
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Appendix Table 1.--continued.

Tag Length Weight Last record
(cm) (g) Age River RKm Fate

2543 53.%4 1225.8 1.2 Columbia 829.2 Recorded
2544 30 22 1135.0 1.2 Okanogan 162.6 Recorded
2545 50.8 1135.0 1.2 Okanogan 124 .6 Recorded
2546 52 5 1407.4 1.2 Okanogan 164.2 Recovered
2547 46.4 8172 A  ‘Olcanogan 159.%4 Recovered
2548 49 50 998.8 1.2 Columbia 872.6 Recorded
2549 51 .0 1089.6 1.2 Columbia 872.6 Recorded
25510 52 .0 1225.8 1.2 Okanogan 162 .% Recovered

! Possible age 2.2 Wenatchee River sockeye salmon.

> Age not determined.
® Tag regurgitated in holding tank prior to release, therefore
reused.
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