




WELLS DAM RADIO-TELEMETRY STUDY, 1992 

George A. Swan 
~eslie K. Timme 

Robert N. Iwanoto 
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 Wenatchae, Washington 98802-4497 

and 

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

National Ocemic and Atmasrapheric Administration 
2725 Mcrnt lake Boulevard East 

Seattle, Waohington 98112-2097 

September 1994 





In 1992, t h e  National llarine Fioherias -~eervice conducted a 
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placexi on icientiiying i i s h  problems and determining4 ihe 

extent  of h l a y  for f i s h  a t  Wells D m  and at t h e  mouth of the 
i 

Qkanogan Rives. 

zNinaty-six fish were col iec tsd  and radio -tagged a t  Fwzjiy 
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about 1.5 days.   he overal l  median passegc t i m e  a t  wel ib  D& w& 
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1 day w i t h  the majority of the &lay occurring p r i o r  t o  f ish- 
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2 - , .  
ladder entry. Tagged f i s h  &pent a w e d k  of 2' hours b-etwman 

L 4  . - 
a r r i v a l  'at the  &d f i r s t  attsmg+iag hish-lad&; entry.  ' O n c e  

1 ' t i : L ,  -i. + ,  : 

i n  t h e  f i s h  laddare,  median time for tiah passage was $ hours. 
.. .' : 

Median p&stge t ime through the right-bank: f i s h  ladder was 4 

hours cieaparad t o  6 hours f o r  the left-bank f i s h  ladder. Fifty- 
' ,  / '  
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s i x  pascent of t i e  f i s h  between i i o b  and 1700 h,' w i t h  t h e  
-( r~ 5 I - I -  t 9. 

remainder divide4 equally batwean morning &*d evening hours. 
. d , , .  i. 

Fishray entrance &ficien& nds hi&st dor the left-bank f i sh  

ladder. For each Eish ladaer, '  t h i  *nd (&strea& entrance was' 

selected wore frequently than t h e  side entrance. 

A fallback r a t e  of 13% was found during periods of spi l l .  A 

correction fac to r  of 0.853 t o  adjust  in f l a t ed  adult  sockeye 

b i i  



salmon counts  f o r  f a l l back  Sb~4BS93 determined. No 

f a l l back  w a s  recorded during no-s ill r iods .  
, . * r d  o9krs-L P BUS . f "  l m m l 3 ~ ~  963 ,SMJ i l j  

Sockeye salmon e n t r y  &&a t h e  Clkanog- Rivex begaa when 
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a t u r e s  dropped and r i v e r  flow decreased. Most of the 
boa nssw3& Chlttan aud~nx&~o3nG r . . i c l d e  sysdSop, fLuba 

radio-tagged f l ~ h  en te red  t&a? r i v e r  during e a r l y  m r n i n g  h o u ~ #  
WE A.14-'- 1 id, . L a  bns 

between 23 and 28 August. an migration t h e  far the 117 kg8 
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reach from r i v e r  e n t r y  t o  Zosel Dam was 4.6  days (about 25 km per 
m- - erpaampq *&a I $ I V L W X ~ *  ma mm&tq 

day) * 
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The median migration ,from Wel3E) Dam t o  Zosel Dam 
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(150.6 km) was 36.4 days ( 4 , 2  hn p r  da 
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A por t i on  (15%) of 
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t h e  radio-ta  ed socke e salmon were exposed t o  t h e  f i s h e r y  a t  
e m  laMl a # !  bne n& d3rylll.N- a : . ,  - 4 3  m g 8  -44 

ph Dam. About h a l f  95 these  f i s h  appeared t o  range 
*C1 -fi f !  a A :AO n '- f, - 1 3ua- 

Jose h D m  and the mouth o f  the P a fa crb ~2 1~ ~ ; t i a o t ~  943 d3iu Y L S ~  1 
t o  spawni grounds. 

I #3 6 4 " U '  "$. ' b * :  - . . t. -' rfb -"k3i3t 
No appreciable  delay p r i o r  t o  passage was eouhd st Zosel 

m a .  :W a s s  w 3 - LNIXTS 
Dam. Most f i s h  passed over Zosel Dam during th e a r l y  morning 

h , z .  : aa i m z n s  
hours.  Some f i s h  may have passed Zosel Dam by m i m i n g  under 

kt - - 
s p i l l  gat+&. 
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spawning a r ea  was 28 days. Sharply decreasing water t e m  e r a t u r e  
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and s l i g h t l y  *creasing g ive r  glow appeared t o  t r i g g e r  the ' 
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INTRODUCTION r 
In recent pars, the  number t i  of sackeye sala& (C&a&ynchuf 

t 

nerka) caunrl:e& at Rocky Rearch D m ,  Ri-r  K i l  
C 

differed fsoln PQLID~S a t  WeZl8 I%@, RB&I 829.4 (R84 515 .5) .  In 
. . I  I s -  7 .  

than the C Q U ~  ae+fiw.~* Numerous f a&brl -ct!nxt& :have 

contriWtm17tor- - r i t y :  1) there may have been direct 

mortality associar,Qed with Rocky Reach* passage or the Wells 

D m  fiahway entrance, 2) high spring i&zd s z- PPws may have 

cauaad delay and m~tality, 3) spill m y ,  
, 

s caused increased 

fallback through the spSll%qys which *'turn m m l t s d  fa 'inflated - ' .. , - 
counts in the fishways, 4 )  'wanting ~ - q i B s ,  spwies 

identiff oation, sad n&&%rs oP days or! hourly cast in9 periods 

may have &!$fared ~%&+w.M thB d w r  !&d 5 )  dolap in fhe Wells Dam .,> . 1 
1 --., ,PI 2 .J 

rejsctiPPt-of -&be ladder a m b  t o  s-sequerjP s l ~ t ~ l i t i a s .  . , 'I( r .  
c' i * ,  

Limited data exi~t c o ~ ~ k n i n g  &@a7bt s u c k s ~ ~ a  saL@w . - .- - - 
timing anel: sumf val '&lls D& tg the s*ming ground@. 

Major and MighelL (1366) conclu&d t h e  +e &loy yf' sockye '/ - I .  

sal-n nslar the woul2h of the Q k ~ o g ~  ww '#&a% to a t ~ r a a l  
1 4 . .: ' 

block ~r a t ~ p ~ e i a t e d  factors when water tcoperatuxB was greater .' 3 . - 

&s m - a f  the  enhancement pl& f&r sockeye saLRPan stock& 

upgtream from Wells Daa, Pratt et al. (1991) recommended a 
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Figure l.--B&&p gf study area showing fixed-site monitor numbers 
a and locat ions  and spawning area (adapted from Major 

and Mighell 1 9 6 6 ) .  



2.1. D ~ t a m h g  percenkq~ af fish antries 
~-TSS=%@%@@ w i t h  oi the! four EL&- 
ladder emt lmatisna. 



mg&Jadu 1 , t&%l@@% lgEl&~~8a~&&'13.~. ; -T 

powerhouse operation. 
; 0 2 ,: l , l3lf1313j-2~.t767 b b91?'r%~103 , L ' T  T,7h.! .r?c'  '!. -A'-, 

a-4.  ~etezaai f the tagged population exposed 
la  am^ : - t ~ .  T: 7 r, -.r I , . ?  =. ,,uAE $ .  -: 

~ ~ ~ ~ s @ ~ ~ $ ~ ~ ~ J ~ @ & I I ~ ~  mB.1l$j.aasr&3s~rn~ia2W~ e., . , a  

with sockeye salmaw =try into the Okanogan River. 

%ask 1.2. Detendne -tsar and die1 timing. 
-;;lr" eL ,; ' s ( L I s L ~ - ~ - ~ ~ L C  E - I  r r s C  3-19ti ~ j r i j  i~ 5 - r  t33dr . , - f l .  .Y i l  

'Pralc 5.3. n~eeraaine behrrviosal patterns sf f i s h  that 
- - -  blj C ?  ci b 3 ~ n i ~ 0 2  ~~~~~ .: . 

k ~ f ! f i  . !ib-J 3LI1'3W ,(r&u djg+f i  ';dsv.: 11*3y.;-t& L".1',5 :f, , T  :T - ,< 3. , = A  . . 
Euk  6. Detsmin f -migration of 

,>u f. ?~mga$ef ay-t.rs,~P@se&~ 1 B " ~ ~ i :  3 .. * 

Q&;>o t-M&e:m*c r~tka~af =WW% k*@o11Ugti~ saLmin*&r . 
Okaogan River bet r entry and Zosel Dam, . . . . I ;  iL'; ( ?  i . l G  , ! ivlir7f5; '6 ??J& ? ' ) : ' -  'I. , i y - d  ~ ' 8  

-St a. Determine delay wand passage time of sockaye salmon a t  
~rr rv?I .  b~mafci L - j ; g y l 3 r i  3-r. I-< r . f  L - ~  - d 2  -- 2 . 7 . k * , J  - 2 -: A t ) ;  1 1  ' z 1 ' 4  

Saak 9. Deternine resi&we ti= 09 amkeye salmanr &dj~@@o#aetraz % -  

Lake before entering the spawning area. 

~ - . - . a M a  per$who J' 

spawning area. - - 
f , ? ~  - :! .! C : ~ S , . :  :<3a %I!L ,, 2: . i i~  w, ,I:;. % ~ : r ~  ,...ff , :~:::, i ' , A >L++y 

~ i ~ ~ ~ ,  ( i : . c , . : j  i 6 ~* i~i;fi,Q ~ 1 7 ; - . ~  3 1 ; ; ' ) )  L ~ I J  L 
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Study Duration 

Field work began in June 1992 at Rocky Reach D9m a d  ended in 

mid-N~v- with adult spawning. 

Dacn, ra3eamcbd abhiut 5.3 Ian qpsr~xeam, and ts&cked t@ ap&a&%g 

g r o m d ~  in the Okam@g8-33 ~ i h r  eystem (Fig. 1') . ' The s$udp -a-l- 

included the Columbia River froan Rocky Reach Dam to Chief Joeeph 

Dam, RKm 877.1 (RVI 545.1) and the O k a n a g a n  River to the spawning 

areas near Oliver, British Columbia, Canada, Okanagzm River RKm . . 

Radio-Telemetry Tags 

Radio-teleanetry tags were sized far the spllest anticipated 

adult sockeye salmn. In 1990, the proportion of 3-year-old fish 

[ m e a n  fork-length (FL) = 37.9 cml among the 0kan.ogaa Kixrar fish 

sampled at Wells Qm w a s  45% (Fryer and Schwartaberg ,1991) . 
Four- and 5-yeax-old fish were the only other age groups fawd in 

significant gr.opoations--26% (mean FL = 50.1 cm) and 23% 

(mean FL = 57.2 an), respectively. Stmach-implant tags were 

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



Radio t ags  f o r  t h e  stw&.p~ge p+pgt~&@sed %porn Lotek 

Engineering ~nc . ' ,  of Hewmarket, Ontario, Canada. Each t a g  was 

powered by one 3.5-V l i thium batteky with a l i f e  span of about 
v - 

5 months. The tra&mitter and bat tery were sealed i n  a 

cy l indr ica l  p l a s t i c  capsule 4.4-cm long x 1.4-&I diameter. Tags 

weighed about 10 .7  g i n  a i r  and had a 49-cnr, 22-gauge f lexible-  

whip a@t@$ma atk@wd &@ .we' . _ &a&& &a,g trawnikted a unique 

identifi-tigga eo@e fmqum~y) Qn one of f i v e  f r e w n d e s  

, mu 
Radio tagging of 'adult salmon involved three major 

f i  6.. -1, . 
procedures:' trapping, tagging, and releasing.  Fish were radio 

tagged on week days from 8 July t o  4 August. 

~h; adul t  trap i n  the  f i s h  ladder a t  Rocky Reach Darn was 

used t o  co l l ec t  f i s h .  The t r a p  was lowered over the  w e i r  

o r i f i c e s  i n  t h e  f i s h  ladder. The t r a p  f loor  i n  f ront  of the  

r ight-side if acingdownstream) orif ice was covered with a sheet 

of .whi te  p l a s t i c  t o  f a c i l i t a t e  viewing f i s h  from above water as 

they entered t h e  t rap .  The lef t -s ide o r i f i c e  was closed by a 

s l i d e  ga te  t o '  prevent escape.   he t r a p  was r a i ~ e d '  a s  soon a s  the  

da i ly  quota (four t o  s i x  sockeye salmon) was col lected 

(approximately 0.5 hour during most of the  f i s h  migration).  Fish 

l ~ e f e r e n c e  t o  t rade  names does not imply endorsement by the  
National Marine Fisheries Service, NOAA. 



were them Iwnin~S~~zmsd f t o m  the tsap t+a -a lank Lacax& ~ l ;  3.05 X 

6.1- barge in t h e ' f i o ~ e b a y v & ~  a 46.1- diameter pipe- -M- 

target flak maire ietely- r ead 

released k&10 ;tk& &wmbay. 

§ukkoye sal&n ranging from 40- to 60-cm FL ware radio 
4.1. 

tagged. For tagging, sockeye salnon were ind9vibualPy 
- ( I  

transfezred by dipnet from the collection tank to an anesthetic 

tank containing a 50pgar W-222  soluticm. After examination for 

narks, tags, or in juries, fish were weighed, masured, m d  had a 

scale ample temaved. Each fdsh.aas than placed on its dorsal 

The age of the radio-tagged fieh was determined later fmam 

the m i e  ms -red b@ Columbia River Snbr-f x i b k ,  FA& 

2 '  
After tagging, fish were placed in a aluminum 

holding/trmsport tank enclosed within a boat-shaped hull (tote 

boat) for recovery and holding. Tagged fish .were initially held 

overnight for post-tagging mortality and tag regurgitation 

observations. Later, once tagging and holding procedures were 



d e f i  d t%E?SptZble, f &ah w e r e  i;tagge8'4~AAze 7marafng z%rrdmt 

release& :at the end of t h e  workday (ahout 15W W &.I . rl gp~sl 

Tagged-; E h h  ze@s& no f l r r t b .  rfbfrect:Bmnd%ing pdmr'&cif . 
r e l ea se .  For t h e  re lease ,  t h e  t o t e  boat  w a s  towed 5 3  -bk- - -- - - --. 

upstream from Rocky Reach Dam ( t o  RKm 7 6 7 . 5 ) ,  about 1 km upstream 
rc* n A bqaT 

from T u r t l e  Rock Is land.  The tank 's  i n t e r i o r  was then reexamined . 

3 - t  t m -  t ; ; 1 l y r ~ .  $ I 

f o r  r egu rg i t a t ed  tags. A 30-cm cap on t h e  s t e r n  of t h e  t o t e  boa t  
k c L .  . L ~ J ~ I : -  + ~ : b . .  , t ~ x : - ~  w j  

was removed, and f i s h  wars allawed t o  escape. The i n s i d e  of t h e  
I I > ! i > ~  a .IC; . , j 1 P ,  ..T * , - $  

tank was then  inspected  a f i n a l  t i m e  f o r  t a g s .  A 2.5-cm l i p  a t  
-:dZ a~,kj~-in?tj?-.~ -r t j?:: .  . I I ~ ~ . . & ' .  : ZSS-2Y ,rqq3S .- L I L ~  ~ I ~ : * W  s11]183. 

the bottaiii prevented tm frem s l i d i n g  out. 
t -iL: u,.., ,Yv*u--aa , b i i j r i c a . .  -jrr da.12 , L * . I  y f  \&ps3 ..aA-1cIR 

continutaSly, @mc;rzr&d 'by f fxead-dtd m a i t o r s  (Figs.  KL-3g I 

mobile monitoring u n i t s  t h a t  operated from im,xba+ &m&j$,. s s i - y n c s  3.  

f ixed-s i te  radio-telemetry monitors. InitisrLly, m a l t o e  8 7 -: 

loca ted  on t h e  l e f t  bank about 0.8 km below Chief Joseph Dam. 
mhtrlt 

However, the monitor was re loca ted  downstream t o  t h e  Co lv i l l e  
T U I T ~ ~ . . ~ . L :  5 :- b ~ 3 6 i q  5141: ::. 193% 

Tr iba l  F i sh  Hatchery (about 6.4-kin downstream) a f t e r  about 
. . , %- 1 i4 9 r :J n a :  !- 

2 weeks due t o  i n t ense  rad io  in te r fe rence ,  apparent ly from the  
1 2 .  L :. ~ ~ P F G T  . ~ : l k b . T ~ d  .k't-;ri ..-IIb' lr. i 

power E a c i l i t i e ~  near  the dam. 
+ ' ,'. 3 * - .'-l-';,TrQ;- - , , . - -  - - -  i : <  r .  + r ; .  

Mobile t r a ck ing  w a s  u m d  t o  m o n i t ~ s  f i s h  between f i xed  s i t e  
R Z ~ W  e s1r . i be3~~ . ;  pn i : : ~  b m  wiwa2 45CIQ , : L ~ J ~ J  . ~ S T U ~ ~ A S V ~ ~ ~  

monitors a d  ts l o c a t e  and recovef s t a t i o n a r y  t a g s .  On t h e  

spawning ground, t a g s  were recovered by examining carcasses ,  





Zosel Dam 





Radio-Telemetry Monitoring Equipment and Data Collection 

All fixed site monitors utilized W e k  Model SR&-4QD 

telemetry receivers for signal detection an@ data processing and 

storage. At Zosel I$m, recei~ers aith undszwaber antennae 

incorporated Lotek DSP-560 r~eivsr/ca-pro'~ss~rs for 

simultaneous saannizsg of a11 antenqas and fxequencies (Fig. 3) . 
The DSP-500 detected t M  signel fram a transmitter (tag.') and 

passed information concerning frequency, verification, and data 

storage to the SM-400 receiver. 

Four types of antennae were used for signal detection: 

underwater, multiple element Yagi, hand-held 3-element folding 

Yagi, and H antenna8 . 
Underwater antennas consisted of coaxial cable, with about 

2.5 cm of the Bhielbing stripped from the distal end, suspended 

outside and within fish-ladder entrances and exits to detect the 

presence and pissage 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 aut@. Two wing-strut-mounted H-pattern 

antennae w e e  used pn a high-winged aircraft for aerial tracking. 

Fixed-Bite teleaetry data were downloadkd to lap-tap 

computers at least once per week. When personnel were available, 

mobile surveillance was also conducted at least once per week. 

Aerial surveillance of the mid-Columbka River and major 

tributaries was conducted on 2 days. 



R i w e r  flow, water t EI~;:@sQ, wf la,  and t u rb ine  operatian 

data were abtain~d frm a m r a p r i a t e  water nnaaagment and power 
8 2 . - 

preciueiag mncios .  *at& t-erature a t  t'he mouth of the ' 

t 

-? ,r -$ ' 

okanopln ~ i v c ;  was ronitcrod when =bile tra'cking. 
. . ., 

PA bahavlor between a&ival and laddrrr entry a t  W e l l s  D& 
. . 

nu p~tonftor&i by obwrring a c t i v i t y  near and ins ide  the  fish-' 
1 .  I c , .. , ' . ' 

liwWer col ioct ion sy&cm. ~ntr& pcef&rsnce was ava~uated by 
1 -  1 f i ' r,  - ,  

the total iimr of tag-i i t ivi ty '  periods on aaci antenna..- 
I 

L 1 .  

Tag-actirfty periks were a l so  us& t o  deternine the  afiacts of ' 

adult trap aperation and spill on entrance preference. 
i I 8 3 

 hi a-lt 'fish col lect ion trap i n  t ~ e  left-bank f i s h  ladder 
. . ' 1 )  i 

was operated mi-iodicqlly by Mashington Department of IFis~;lks, 
, 8 

Wells ~ a t o b . r ~ .  T i e  trip wai operated 8 hours par day (0780-1500 

h) oh &rn'kYr ~;ig?eYne&&~) and Friday from 6 July through 3 &agu&. 
;. i -  

Working tags were located by radio s ignal .  Nun-working tags 
. , 1- 

were f m d  primarily by czsrzminiag carcasseg. To enc&uss& the 
' \  ( ,- 

re turn  of ~ e c ~ v e r e d  r a a o  tabs and iniormation, a $20 rerarY1was 
I .  , 

of f e r d .  

Entranee eff ic iency was deteminsd frm t h e  nuceer of 
1. ' 8 .'< 

mtranae 'attf&&ts a t  each f i s h  ladda~ ;elatlve t o  the  nudprr of 
. L 

r - 
suc~es s fu l  passages. 

I .  I' . l .  

time i n  6soyooa Lake  b f o r e  entering the spawning 
. 1 .  - !  . 

grounds was a t e r m i n e d  f;om tho  l a s t  tine tagged f i s h  &re 
4 .  # I  _ _ I  - 

recorded apetrea from 5 ~ ~ 6 1  Dan t o  the  f i r s t  time they w e r e  
, - ,. - 

" - 
r w r l s t e ~ i  at &&tor 13 a t  the  north end- of t h e  lake. 

b r  7 
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Tagged fish recorded e s i t i n g  Wells Pam 71 

Tag-d f i s h  re@@ @ i&o t ~ ~ @ k i w  
I;ta&tream frm Walls 

3 -1hg~ , *Q ss waa& 3 

Tag@&& I 5  sh- ~CU'F€&& a& , fJxed-slk~ - 
~ n i t o r s  upstream tram Wells D m  
Wut nat secsrde&Jmi exiting 3 

T* wlthtn =eo%md f i s h  bn .spawning 
(but nsst recorded as  exiting Wells 

. '  7 

2 
a .  

T W B d  
bFgc *ry 2, 

Tamed ffikh racorded i n  R e l l s  Dam tailrace 
(b&t not seen again) 8 

I 

Tagged f i s h  never recorded after  release 3 
r ;  + '> 1 



Sound i n  the to&& boat. XS( - L ,  -.::, - ;n :  * - . ,  A q -  l~. -* - : . J - + ~ z  L - . ~  

T a b l e s  2 and 3 s 
.- A .: 2 & ( 4 1  

yd@ust ..355% 

of the original 96 Zags were rbc 

@pawning gram&. 
t 
.A 

tags was less thm 1Q1 tbys ( T a b l e  41,  we11 short of the desired 
t 6  rt?bbr, L .-;led- :;-+,>I' 

9W 

similar battery foELure. - :! : E A r;., T ! P ~ W  -7.: ',3t I I ._a;, o f  : 
9 i' F. i : I.:-%< IJ .  t 

Five t ~ g s  were recovered on the river bank, w e l l  ar:y from 
C 9:3:9i 1-J -.:t . ?E  c,yi , >  ,+. :a\:pa,. . ' 2  .: 2b=+kbT 7 

the r i v & r c s  e&-, sugge8ting fieh o r  tag@ were i n t en t iona l ly  

ae<ip frm t@ river.  
-- - - - -  . ..--___.___ 

mrzrltr f er the apacif ic r6keiiiclh-$T~3fi-w%rS:- - -  

m a  1. D e t e d n e  paerage time a t  Wells D a n  under e x i s t i n g  
spi l l ,  flow, md gx%w;errcChou~e -rating corrditisns,  

Seventy-nine radio-tagged f i s h  (82.3%) were detected by 

Banitor  1, domstre.~aw frm Wells Dam (Figs. 1-2) . ELapd~ced t i m e  

fram raliesaae t o  the atanitox ximged from <1 t o  10 days w i t h  a 

d i m  of 1.5 clays (Fig. 4 and T a b l e  5 ) .  Seventy-one radio- 

tagged sackeys ralracrn passed over W ~ L L B  D a n  according t o  the e x i t  

monitors. However, tags i n  six of thoae fish failed t o  register 

an Maniter 1, and tag@ in two Zirh failed t o  r e g i ~ t a r  on t h e  

emtrance monitors. Otrferall passage time for 63 tagged f i sh ,  from 

the first d m ~ t r ~ t a m  xn~nitar (Monitor 1) record t o  the  last  







Figure $.--Travel times of radio-tagged sockeye 
salmon f r o m  release Wve EPoCky R ~ c h  Dabma 
t o  Monitor 1 a t  PrFsElls Dam ta i l race .  



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 t o  f i r s t  Ladder Passaue Overall passage 
Dam ladder record Overall Right Left at Wells D m  

n 7 9 7 9 69 24 4 5 6 3 
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 

W a n  1.5 Q. 1 0.2 0.2 0.3 - - 1.3 



la&&m-exit n ~ n i t o r  record, ranged from <1 t o  19 days, w i t h  a 

median of 1.3 days (Fig. 5 and T a b l e  5) . 
Due t o  migration r a t e s  axid the t i m e  required f o r  t h e  xto-nitors 

t a  scan through the  f i v e  frequencies, tags were nolt recordad a t  

a l l  of the rmanitors. 

Smk 1.1. lDe$termine the median time between at-ciaan a r r i v a l  
Sentsrin@ . t&lraa@) and .f ish-$addeae e n t r a ~ c e  
a t  Wells Dm. , *. . . 

Seventy-nine radio-tagged f i s h  were detected by Mamitar 1 ,  
,.-t 

p r i o r  to being reced& &z -the fi-~h-lwWer- . 7 .* ~ o n i p ~ k  41 I 2, 
8 I 

3, 5 ,  .or 6) . Elapsed time batween ar r iv ing  a t  and-t he 
.-.I 

,.us 

i n i t i a l  record a t  one of t h e  Eour fish-ladder eat ranged 
-* r 

f r a m  <I t o  17 hours, with a median of 2 hours (fib dk, .  d k q a r ,  

many af the taggad f i s h  did not proceed up the 

following t h e  in f t ia l  encounter w i t h  a lwider 

frcm first record a t  the dam (by e i t h e r  ~ o n i t p & $  .s; &I of #he 
.T . .' 

four gash-laddbr e n ~ h b e  mgttqrs) +nt?i.  .a&od-p& $be 
a 

ladder entrance ( d u r a t f ~ i  t i a l m d )  40% @!3 ka@@ed t i d b  ranged 
c ' '  F 

from <1 t o  16 days, with a se&& '6f 1 day (Fig. 7 ) .  

, &&em @-,QBtT 
. ,:-~&t@~p$. each3+ell@ Pam f i s h  la@@r, 

Ba~~agce time through the fieh Ia&krs rmwd from a dnimaum 

of 2 howas ta a ~abaxhum aP 273 hours, w i t h  a med.Lkm tifile of 5 

hours, fo r  the  60 f i s h  atestad a t  tnoth lad4er entrance am3 -it 

mn~nitoz-e. Mqiiam passage t i m e  through the right-bank l.ad&r for 

24 f i s h  was 4 houko, with a range of 2 t o  64 hours. Median 



ra add ~u besqnp  f o n  bib r!311 h-pp:;~  erl3 Lo yncm 

3 w c ?  
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Figure 7 .-DeAag _time in the   tailrace^ before 
passage. ~.adia+agqed s8okaye salmon at 
Wells Damc 



passage t i m e  i n  t h e  left-bank ladder f o r  45 f i s h  was 6 hours, 

with a range of 3 hours t o  a maximum of 273 hours (Fig. 8 ) .  

Monitoring of t h e  71 sockeye salmon recorded a s  ex i t ing  one 

of t h e  two f i s h  ladders a t  Wells Dam indicated t h a t  40 (56%) of 

the  tagged f i s h  exi ted between 1100 and 1700 h, 17 (24%) exi ted 

between 0000 and 1030 h, and 14 (20%) exi ted between 1700 and 

2329 h (Fig. 9) . 

Task 2. Wari@aXe fiab-l@&$4er egtrance eff ic iency a t  W e l l s  
Dm. Determine fish-lad-r e n t r  

' under various operating condition$ 7 *ref=acaS 
> -  

Task 2.1. Deternine percaritage of f i e  riw 
associated with ea@h of the f &ah- 
Iadder emtrance lacatiofis. 

Operation of the  adult  trapping f a c i l i t y  gkllg&fi*ntly 

( x 2  = 5 * @ 4 j  P = 0.8156) increasedr but not su&wt 1 irrfk- 
bank eS%ranoe q-ctivity. During 115mg@ing p s  

t 4 

e n t r a n a &  @#&tiv$$y was.at the lqBEf$ f@h.ladder  as opposed t o  59.8% 
; c 4  F 

during aon-trapp&ng &riotis: For the t c t a l  run, a c t i r i t y ' ' a t  t h e  

l e f t  and r i g h t  entrance areas  ~ ~ ~ $ 1 . 6  t o  38.4%, respectively.  

Fish a c t i v i t y  increased a t  the  left-bank entrance during 

passage. However, overal l  passage was not affected . 
A t  t h e  right-bank f i s h  ladder, the  downstream entrance had 

796 outside antenna records and 369 inside antenna records. The 

s ide  entrance had 201 outside antenna records and 58 inside 

antenna. records. A t  t he  left-bank f i s h  ladder, the  downstream 
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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 (68%) .passed over the left-bank ladder 

and 24 (35%) passed over the right-bank ladder. 

In both the right- ax@ lkft-bank fish ladders, the en& 

entrances provided much b t  'ssage than the side entrances. 

Thirty-one tagged fish (@9% ng over the left-bank fish 
J 

ladder selected thk end aptranszej and 16 (67%) a£ those passing 
1 -  I ;I 

over the ridt-bsy~k fits$ ladder preferred the end entrance. 

Entrance ef e i d  ' WBS 24.5  an&l 41 .@ entq-e attempts at - i 

the left- M right-bank fish ladders, respectively Ear each 

tagged-fish passage recorded. 

Task 3. Deternine the fall-back rate and routes under 
- V~%T.~.PY cc1n4i&i9p pf apill - , C ,  flow, . and paweyhouse - - 
s"%5n$ratim ,' 

Spill occurred at Wells Dam during 1-27 July. Spill rate 

ranged from 4.1 to 7.6% of the flow (66 t~ 114 kcfs). Of 69 

radio-tagged sockeye salmon, 52 (75%) passed during periods of 

spill and 17 (25%) passed during nan-spill periods. 
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A nfallbackn 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. A11 of the 

fallbacks occurred during periods of spill. 

One of the nine fish that fell back disappeared downstream. 

One fish fell back and -ascended the fish ladder, but 

disappeared,..xiqwtHam 8 . .  ,$!ram the dam. Five Sish back, but 8 3-7 
subsequa@%ly pariskd, tat@am and entered 6% Okantqur Myer. b 
fish f e U  back trice, before continuing ipst+eam.- One of the4  

' - -  4 

entered the ~ ~ ~ ~ ' W v e r  and the othez was# recbsded in th$ 

Chief Jof~zh Dam tailrace. 

dl total ef 19 passes ware m a t h  by tMBf&ine fiah that fell 

would 'have bn c o w t d  a& 63 fi@B gassing the d m .  

FaLLback of a h l t  sockey~ at Me11l D m  during periods 

of spill axad to inflate Of~h-lacMer counts. The 1992 
5, 

sackeye IPW mlar =~@&OQ.W:: -(u. (1 8 . CO-s 
.m&a if !PW 3lj ~ U ~ R I C ~ Z  *713k-, ,& r i~ , ; -~  , 

of  engineer^ 1992) with 35,303 (84%) garsin$ during spill 

cmncLit%ons, md 6,648 (16%) paoahg during nan-spill conditions. 

A sosrectim factor to account for'fallback at Wells Dam in 

1992 wag iialctalatted by dividing 52 (number of radio-tagged 

suckeye 8aUon giaaeiag during spill con&itions) by 63 (number of 

pames I&*& by radio-tagged aackeye salmon during spill 



NO-SPILL 
as% 



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. 

This total ad*- run estimate was greater than Hansents 

(1993) 1992 spawnlng population M i m a t e  of 22,587 fish. However, 

the c-.a.g&pn, - .  estimate of 34,679 fish ,(based 0q:th.e "Factor 5" 
,-I 
c. 

method) is relatively Close. Dif$mnces in the estimtes may be 

due to small sample sixe of radio-tagged fish, pre-spawning 

mortality, barves't, tributary esca-ment, etc . 
In 1992, there,wa& virtually no spill during the sockeye 

salmon run ove~'R66-w Reach Dam. Therefsre, f dl~ba& 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 krn upstream. However, the 

adjusted CQYZI~ (ta  correct.%^)^ faAaback dve 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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4. Determine tihe percent- tagged pOIIU&&f~ 
A ~BI[Q@~~@&&~UB~ 11 ? *: ,-: . 

os& to the LP&lm~y  at ad31 

. .- + ,  8 .  . .A . ' - % ,  - . . -. r,.,$ . 
Task 5. Determine spatial and temporal factors associated 

with sockeye salmon entry into the Okanogan River. 

Task 5.1. Determine flows and temperatures. 

33 
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Major md IPghsll (1966) determined that while high water . - 1 ?E : J TZP h:) iL -.+ . I -  3F-.!':9-% C - q  -- .: 9 0 L 1 i  .+> ! . b 366 F A  
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fnstr 
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By 24 Auwst,  the  temperature of the  lower Okanogan River had 
- L  

1. L -  7 E Z F  ? _  ( _ L S : . ~ ~ R C I J  1- - J ; - - 2 : ( ~ y f t  
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Irr igat ion District, reported that  mean dai ly  water temperature 
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T a b l e  6.--Wver flow and water temperature asoociated w i t h ,  
radio-tagged sockeye salmon entry into  the I 

Okanogan River. 

Number 
of f i s h  

watex River 
tepa9erature flow 
("C) (cfsl 

D a t e  

04 Aug 
06  hug. 
09 Aug 
10 Aua 
11 A U ~  
18 Aug 
19 Aug 
22  Aug 
23 Auq 
24 PIuq 
25  A U ~ '  
27 Aug 
29 Aug 
30 kwf 



DATE 

--WATER TEMP + FLOW FISH 

Figure 12.--Flow and water temperature during entry 
into  the Okanogan River by radio-tagged 
sockeye salmon. 



- - .  

t d@tczlre i n  the Sfmil . . - >  qtuar,,us - -  21.e c on l a  ++, - 

but decrsmsd to 13.S0 C by 2141 -. - -. .- t, applrent ly  dwb t o ' coa l  - - - * 

in the two rivers and ahamge i n  f ~ h ' c o r i t r f f i Y t e n  raouJted i n  W k  

raturrs of 22.7 &d 15. V C on 18 and 24 &gust, 

m~p~lti'p~a1y, as maasued a t  ~ l l i ~ & g i e  (RE@: $02.5) 16.8 
1 .  I 

. . 
d-t~e- of the confluence. 

Eaaega (1993) a l s o  l inked w a t e  .32lows a* water teWWratuZW 
: ; 

a t  the louth at the S i m i l k a m a n  I&%@?. I3et& 1-14 J u l y  whed 

a i r  t catures would have been highex, be found t h a t  the. 
I L  1 

Sirailkamsmn Rdvner flbwerd coa le r  &'kpparetr'y lowered t h e  

t ratuse of the Okmqan River ht' the emf f umce by as ,&a 

Ea&k 5.2. Determine dates and_@el thjpg, 
.-'a . .  

Treat y-f our eadio-tagged sockeye salmon were racorr*d as thoy 
migrated past f ixed-s i te  Mwiitsr 9 a t  Manse ( T a b l e  7 ) .  The f i r s t  

- . -  

r e c ~ x d  was an 9 August a t  1454 h, and t h e  Last record was an 28 

August a t  1823 h. Only th ree  tagged fish, each on separate days, 

pastmid between 9 and 22 August. Ten f i s h  (42%) passed on 23 

August. The  remaining 11 tagged fish entered the  Okanpgan River 

between 24 and 28 August. 

Most movement was during t h e  early m r n i n g  hours (Fig. 13). 

Eleven (46%) of the  24 f i s h  passed between 0400 and 0830 h. S i x  

f i s h  (25%) paseed between 1600 m d  2230 h. 



Table S ~ r ~ & 3 a t # @  l$t&aiqrM ai&&fa-tagg@@ ,:, . - 1  A. -, . =  
A emltering the Okanogan 

- - .-,. - - r! cl ; 



Figure lJL--Die1 tiplrSng af ra$ifo-t.agged roakeye 
salmon entering the Okanogan River. 



Task 5.3. Determine behavioral  p a t t e r n s  of f i s h  
t h a t  approach Chief Joseph Dam 
before  en t e r i ng  t h e  Okanogan River.  

Three of t h e  1 4  radio-tagged f i s h  de tec ted  near  Chief Joseph 

Dam were monitored a t  t h e  mouth of the Okanogan River by mobile 

t r ack ing .  Two of t h e  t h r e e  were recorded again on Monitor 9 (RKm 

3.7), but  only one was t racked f u r t h e r  t o  RKm 69 i n  t h e  Okanogan 

River. The t a g  was never recovered. The t h i r d  f i s h  was de tec ted  

by mobile t r a ck ing  a t  t h e  mouth of the Methow River but  was never 

seen again.  

grounds. Two of t 

t r ack ing  and refaari 

-- 

irm 18.4 &ye ta 13 days with a ~ & a m  sf 36.4 days go mimate 

9 .  Datarraaalna rat@ o f  t 02 C O ~ C ~ % ~ B . Q ~ ~ ~ @ ~  i n  
O.loaqm Riwsr R river entry and Zsaal 

]Dm. 

Bfrteea f i adz  m4azied tkm Q k a s ~ ~ r n  Umr over a 4-day period 

4 Oik:t:a&mr. There Fish miqratd rapstrew at r maian rate of  

rbsat $5 km per d a y f  with ~sr ra-e of 1.7 to 41.8 daya (md9;an of 





4.6 days) t o  cover t h e  117 km dis tance  from Monse (Monitor 9) t o  

Zosel Dam (Fig. 15) . 
Task 8. Determine delay and passage t i m e  of sockeye salmon 

a t  Zosel Dam. 

Twenty-nine radio-tagged sockeye salmon were de tec ted  when 

passing upstream from Zosel Dam.  A f t e r  a r r i v i n g  a t  Zosel Dam, 

ove ra l l  t i m e  t o  pass  ranged from 1 hour t o  a maximum of 240 hours 

with a median of 3 hours (Fig. 1 6 ) .  However, n ine  of t he se  f i s h  

may have passed Zosel Dam by swimming under t h e  s p i l l  ga t e s  o r  

passing through one of t h e  ladders  without r e g i s t e r i n g  on e i t h e r  

t h e  f ish-ladder entrance o r  e x i t  monitors. Four f i s h  had 

recorded e x i t  t i m e s  but  no entrance t i m e s .  Passage times far  t h e  

remaining f i v e  f i s h  ranged from 1 hour t o  a maximum of 111 hours 

with a median of 3 hours. 

Twenty f i s h  entered one of t h e  two f i s h  ladders  (Monitors 10 

and 11) . These f i s h  remained below td dam from less than I hour 

t o  a wazimum of 235 hours with a median of 1 hour before  en te r ing  
I a 

a f i s h  ,ladder (Fig. 1 7 ) .  Passage times were a f f e r e n t  between 

t h e  two f i s h  ladders .  Of t h e  17 f i s h  with known entrance  and 

e x i t  records,  t h e  nine left-bank f i s h  ladder e n t r i e s  took from 2 

t o  28 minutes before e x i t i n g  (median = 1 4  mfnutes).  The 

remaining e igh t  f i s h  t h a t  entered t h e  right-bank f i s h  ladder  took 

from 5 t o  50 minutes (median = 18.5 minutes) before  e x i t i n g  

(Fig. 1 8 ) .  

Of t h e  2 1  radio-tagged sockeye salmon with known e x i t  

records,  11 (52%) ex i t ed  between 0100  and 0700 h, 2 (10%)  ex i t ed  

between 0701 and 1 4 0 0  h, and 8 (38%) ex i t ed  between 1 4 0 1  and 0100 

h (Fig. 1 9 ) .  
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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 (F ig .  2 0 ) .  No fish were detected 

while 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 sha-18 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 nsxt month. 

Coincident w & h  the cbBnges in river f l w  and water 

temperature, the first of ,24 radio-tagged sockeye salmon left 
I 

Osoyoos Lahe on 5 Septea@tsr and migrat& updtream past Monitor 13 

to the spawning area ( ~ f & ~ ' 2 1  and Table 8 ) .  The last radio- 

tagged fish was detected 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 spawaing activity. He noted slightly warmer 

temperatures in water when 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. 







Table 8.  --Riser f l& an@>-&r temperature associated.'r&tb . 
a;afai-o-tagged ,&ackeye s ;~8Wn leawi~g ,Wa;y~uq M a  f o;lr 
the spawning area. . I 

Date 
aver 
flow _ 
(ofs) 

29 Elup 
30 aUrg 
31 Aksg 
0 1  - 
02 m p  
03 - 
04 scua, 
0s -P 
06 8ep 
07 -P 
08 sep 
0 s  w 
10 81Qp 
11 9ep 
J.2 Sep 
13 Sep 
14 Sep 
15 
1 6  Wp 
17 !m' 
18 85- 
1 9  - 
20 Seg 
21 sep 
22 Smp 
23 &sip 
24 m 
25 Sep 
26 %rsp 
27 h p  
28 SQCP 
29 -P 
30 -P 
01 mt 
02 Oct 
03 Cbot 
04 Mt 
05 O c t  
06 .pet 
07 Qct 
08 .€kt 
09 Oert 
10 a& 
11 Oct  
12 Oct 
13 &t 
14 Oot 
15 Oct 
16 Oct 
17 Oct 
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Figure 22.--Die1 timing for radio-tagged sockeye 
salmon leaving Osoyoos Lake for the 
spawning graunds. 



Table 9.--Dates and die1 timing of radio-tagged sockeye 
salmon leaving Osoyoos Lake for the spawning area. 

E x i t  
date 

Number 
of f i s h  

Time  recorded at 
Monitor 13  

05 Sep 

06 Sep 

08 Sep 
08 Sep 

12 s e p  

14  Sep 

18 Sep 

19 Sep 

24 Sep 

27 Sep 
27 Sep 

28 Sep 
28 Sep 

29 Sep 
29  Sep 

30 Sep 

0 3  O c t  

04  O c t  
04 O c t  

05 Oct 
05 Oct 
05 O c t  

17 O c t  
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Radio-tagged soekeye salmon migrated upstream frcm Rocky 
" , _  

Reach Dam t o  WLls Dam (67.4 b) i n  s$sut 37 hours. Upon 
I ., -- 1 .  

a r r iv ing  a t  Wells D$IR, median passage tine was abiout 30 hours. 
, 
I 1 I 

Summaries by t a p  were: 
I . I .  

b.L 1.1. The bedien time be t r e in  at+ a r r i v a l  ( In te r ing  
J - ' .  

dam t a i l r a c e )  and i n i t i a l  recard a t  a fish-ladder entrance a t  
. - , f  . 

wells D m  was z hours. ~ o w v e r ,  t h e  wedi&tiise from first 
, ' -  ' I .  

record a t  t h e  bua (by 'either Monitor 1 o r  one of t h e  four f i sh-  
I 

ladder entrance mnd to r s )  u n t i l  last racosd a t  a fish-la-r 
, . , '  

entrance was 1 day. 

f..L 3 . i .  T h e  eedian fish-ladder en t rMcc  t o  e x i t  ti= for - .  . - - ! . , 
both f i s h  ladders combined was 5 h o u k .  ~edian passage time 

thraugh t h e  right-&ank f i s h  ladder was 4 hours. Median paasage 
! - 1.' ? - 

t i m e  i n  the left-bank fish laser was 6 hours. 
I . , 

Fif tyweir  percent of the f i s h  ex i ted  b e t a a n  1100 and 1700 h, 
. 7- 

24% elite& between ,QOO0 a& 1030 h, and 20% exi ted  between 
I. 

- L ,. i .' J 

1300 and 2329 h. 
l T  7 ', , :a-  , r I j,; . . !. 1 . ' : -  : $ L  

t . r . keft-bank f i sh  i ~ e s  hati a higwr rntrurca 
, . A  . p . 2 ? . <  sq;<y:, 

activity anid a mclq hiqhes amtrance letfficimrty thm th6 rig&- . 2 - -  - . .  ' , - 
i _ ,  ," ' ' I r  . - '  - ? * I . ?  ., . t\d .+: . . . \.  -d ?k -= ..? 

bank fish 1 r .  &mratbn aPr the aau3t trapping facility 
. .) - L r - -  .' - - .3** , . - 4 . . ;  , - . 5 ,  1 -  - - , . . !  li .* 

sigaificanB2y incrqaaed left-hank antranee a c t i v i t y .  Dusina .- I . , - - - J # -  - - l L * L T ;  ,:-- , . 
L - , a .  . -4:. ! 4 J 

t r w i n g  periods, d3.9% of e a t r a c e  a c t i v i t y  wa; 'at tha left-bank 
- - _ .  - 

I " 1  ' ' '4 " 4 , :.> 

f i s h  L ~ ~ r .  Fur t/he total wn, radio-tb&ged fish a c t i v i t y  at -. . , r y L  .' - 
...\ 1 . -  - + I  ; -. - ::- , ! : L , r  - - '+ 

the left-bank entrance area rru 61.6%. 
- 8  2 ' 1 '  : r: . '  > : .2 1- 



Task 2.2. Fish preferred t h e  rank f i s h  ladder a t  Wells 

Dam. The end entrances provided better passage than the  s i d e  
?; ,1309 ats.12 rnserjscpr bs3a.1~k1n nonrlfia ,door: 49ppr 3-csibs; 

entrances i n  both r ight-  and Left-bank f i s h  laddere. 
----ad b r r l l  .*l, -*  -3 &s f l  

Tmk 3. Fallback e f  adult  sockeye aalmQn occurred during 
.2rrrod O€ .fun& 3 f i w  s m i f  4 ~ 6 . ~ 3  n6kbal ,gisU a1 lsk 3 8  : i -~ I- : h  

periods of s p i l l  a t  Wells Fallback and its gelationship t o  
.I !6i . .  . se 

varying s p i l l  condLtions a t  Wells Dam may be rel&ted t o  
. - r  C 

- . , A  9 )  i& 2 T I  , iT--l:.b " j .:t ?fK <. ,-, . i.L 
operational acenrricts a s  w e l l  as t o  s p i l l  volumes.) 

7 -  
- .  

F -:: , -  mu 
T88k 4. Fif teen percent of tkrg radio-tagged f i s h  were 

I - 2 1  2 'r . j >  A ~ 1 6 6  sit* 
po ten t i a l ly  exposed t o  . t he  f ishery a t  Chief ~ o s e i h  Dam t a i l r a c e .  

~ w t  d 3  30 r 1 T(:, 1 Z ~ I ~ L L I O M  ~ 9 d 3 1 s  ydj msb 5-ff T .if 
Task 5.2. The majbr migration of sockeye salmon i n t o  the  

,ha - . . " F . . l T C l  , -  > +'i. - L , i-Uf 1 * - 
Okanogan River coincided with a marked reduction i n  r i v e r  flow 

I , r ?  -; . E 1 R 9  

(from about 950 t o  510 c f s )  beginning about 19 August and a * .  - -.. _. . . _ \ .  

U l  i *  : r 

decrease i n  y&er tmpera tu re  (2Q,3 t o  15,9"C) hsginging on 
$ m i 3  -q r LbeM r.2- 3 W -4-3 C€S)*J d8JZ 

22-24 Auguat. 
. . 

t d .  3 A i 4 ~ b ~  ' " ,-; 1 LA.. *-#A +-.-" r i  & 2 f . b  

Task 5.2 .  Radia-tagged sockeye sfalmon entered the  Okanogw 
! 3 2 .  ew -. _t!st,f ' ,,,: , f ?I;,cr- .+L T . , -  i i  :.. 

River from 9 t o  28 ~ u k s t ,  with approximately 80% of the  -- . A 
Oi2rl a n k  C3'1 r- 5 :  , 3, 9d3 1:- J L ~ - + , - ~ '  , ;.,-a- - , 

migkation bceurring between 23 and 28 August. Forty-six percent 
.-resvT -isd ko.3. . - , bns ,I! l ' C : , ' d  ? 0 t-12 I .,? , I +  L:dt G b ; A :  

entered the Okanogan River between 0400 and 0830 h, and 25% 
PI' ,_ 2 x 8  O! . . 

between 1600 arid 2230 h. Moat movement, therefore,  was buririy 
.- . -C  r e  ' A .  --- A&&$- ----  -.-- - L - L  AZl; 

the  ea r ly  morning hours. 
-9d i-r mi3 naH3 y w a i l ~ i 9 s  %nOf,Q, rsliplci r f> : .4 ;~  5 &A& y f i ~ l ;  

TaskP.9.  About half  of tbc radio-tagged sockeye oalmw t h a t  
. > -  , rr:,, - . b&e 9 4x9 ' st-.' . .<P - . i  

approached chief ~ o s e p k  D g m  yere subbseaently recorded a t  or  
pilrrud . y ~ i v  rn W r 3 w  dn&@-$*1 bsauas'lar. yLfns3if;nr 

s l i g h t l y  upstreaa from the  mouth of the  Okanogan River or 62sl the  
. ..,. rAlsl . : -:- s? - . r ~ 3 3 6  S ~ R S X ~ A ~  ZP ~r C J  . ~ ~ o i t t s q  s n i c ~ * - - ~  

spawning grounds i n  Canada. 
' r  , [  2 - 7 '  

.& .. - 1- de K L hoibsx ,wx ' ~ $ 0 3  srl3 r e 7  . ~ . s b k s ;  ifi! 
Task 6. Radio-tagged sockeye salmon thak exi ted Wa3.b Dam 

. r  ,+ b ; ~  s 1;-1--m Ansdr ' 3 ~  !' 

f i s h  ladders between 13 July and 8 August arrived a t  Z W e l  D a m  



4.6 day~ to travel t@e 117 ks &&stmce between Qlmnoq~~gl Rims 

entry arrd &@@el Dam. ' 

%a&k %. Mtrr agriving at Zmel Dam, the overall 

paasage ti- pitst thb dam wbl;s 3 ~ W T S .  l4e&a t h  M f m  fix&- 

l a U s  emtry was lesp than 1. hour. Xbmt 52% of the f is$ e t e d  

0106 isad 0790 h, d 38% emit& ktwwm 1401 atrld 0100 h. 

P tEke two fish lddar~.  BWiian 

-fish emtaring the Left-- fi&h 

la&r 14 dautep,  while ma&4an paassgpe t h e  for the right- 

hank fish l a kbh r  mea 18.5 ainutes. 

8- £ i d  apgareptly paseed !&me31 &am by swimming u m h r  the 

spill pates or n F  to pass through one of tho fish 1-1 

w i t b u t  being rmeord@d a either the a t ~ ~ c e  or exit  monitors. 

9. R e r a l d m ~ s  t h e  far r d i o -  sackeym s d m n  in 

Wayoae Lake hefore entering the sgiwmizag groumb rmgCSd frm 

)r 16 hours to 46 clays with a median sf 2 1  days. 

' ?Baa& &a. b lmu-yd 

kearve Qs~ayoos Lake fjor the sgs-nnmi~bfi~ area. Flow inmeasad atmut 

level af near 21.1" C to abut 18.3' C, 'P:-ined there for &eyt 

P 
1 week, and then grqdually dscreased to.10' C over the next 



nont h . q113-~Q,; 3 

17 Oct 

Seventy-one percent of the radio-tagged sockrye salmon passed . t  l,. 
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1. We recommend, in the event of water shortage or restrictions 

in normal fish-ladder operations at Wells Dam, that the end 

entrances be selected for use over the side entrances; in more 

severe circumstances, we recammend that the left-bank fish ladder 

be operated in lieu of the right-bank fish ladder. 

2. Fallback appear$ to directly contribute to inflated 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 escapement estimate. Further radio- 
+ 

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 nsnagn 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. N o ,  

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 area downstream of Zosel Dam and in the Similkaneen River to 

account for missing fish and determine extent of spawning. 



5. Increased flow, decreasing water temperature, and darkness 
,-. . ' . 5  J LC, ' :s :g W 

coincided with the <&iod nost radio-tagged sockeye salmon left 
, : 1 . 7  A ! , & .  * - 

J I l  1 'vi 
Osoyoos Lake for the spawning area. Manipulation of flow and 

Dm q.: ,221 , . E ; x L 8 . r r  *u @: r s l ~  3 EOP be3 3ia;?r au smwna 
?, 'k water together by water management agencles may en ance soc eye 

rl - .- .-, Xi E 9 L l X E -  Z.7.. '3XL3 9'ff)VS 
salmon spawning and prevent de-watering of redds. 

. Y " - . C ?  I A .  - 3 j .  . I ' ,  I ; r . , , x + ~  & 
6.  A thermal block generally occurs each sununer atthe mouth of 

2 s & KT. 
the Okamgan River delaying the sockeye salmon migration until 

:(, -492 K T ?  li. ; JLb.. ,! t s - , J l  R :il 

water temperature decreases to less than 21.1°C. Proportionate 
: J :  A . b , :  -, h -i beii mi 

flows from the SMlkaneen ~iv& (iwler) and surface water 
7 : -  1 .  j l Q , - l 5 -  6 - Tee* 

passing over Zosel D& from Lake Osoyoos (warmer) appear to 
pn i 1r;b ef 79339  , - , ~ I - L A  ! . , a ~ A  . : , T e  . 2 k P.S~&PJ +.ILi3(31 

directly affect water temperatufas in the 10mr Okanugan ~iver. 
t ,  ? ' r q b -  i a  1 r f  c ?,A,(, . LrLY Y'l 

Water regulation operations and their 'effect on water 
be33 

temperatures and flows in the Okanogan River systeak should be 
3 y s x ~ c r a  osppsi-osrrsx s n ~  I: R C L  . l t i ~ ~  ~.F)T. L ; ~ I T C + J ~ ~  sw . t 

reviewed. 
~ - 4  liqsec ?+id.- n-r (:th 9 7 . 3 ~  
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