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fish passage routes, applicable not only to Ice Harbor Dam but other dams as well. To 

meet the quea W S  refined procedures for installing and operating a radia-telemetry - 
system thst axarately monitors all routes of msmge available to r T - W e d  molts. In 

1 .  
-1 

prepation for a future curtain study, the r 

af 
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and &ld eloatmnk shop fsoiliti* Peaoo, 

~~ l l i l~ l tod-  

and equipment usxi to monitor passage 

routes through a powerhouse (w&' btdm and mklt -@pass ystsm) and spillway. The 

study was conducted in two phases, SpiFIo gadh fa thkstudy were covered by the 

following research tasks: 

Phase I 

Task 1: Determine the efficiency and effectiveness of NMFS rad&mlemetry 
equipment and procedures required to monitor the @sage of radio 
in s d a t e d  fish, through specific routes of passage ( tarbe intake, 
gatewellhypass orifice and collection channel, and taihace) at a hy tric dam. 

', 

Task 1.1: Determine tag range and reliability of prototype 30 
transmitters designed for tagging and tracking of juvenile c 
steelhead. 

Task 1.2: Determine optimum locations and positioning techniques for 
installation of underwater or air antennas at a turbine intake, a spillbay, the 
juvenile bypass/collection system, and the tailrace. 





by M S .  Self- 
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contained, nine-channel, r a d i o - t e l e ~ ~ i v e r s  - ---- were -eically ,installed to record the 

presence of radio-tagged fish within specific areas of test lpcations. - -  .z- 1 - - monitored ,& iic*r*li*i 
arm of the dam included Spillb-3 draft tubes, Gatewell 3B, juvenile 

dowYx@wm%.m**@b l _ r n d 2 + & T W * W & . s r  l ~ - : & ~ T  
C - - *n w . ;  ' ;  u - -- I 

mm31 t@ . Bf asim-'& and 
; :9 ( ' . I-,. ,(- ,"+ - I 

movement ernd behavior of do-taggd j u d c  - &  salmoids the,study EtM pa3od. Both 
' L .  . 

receivers consisted of a radio receiver, data processor, internal clock, and data logger and 
- T' ~ - ~ W *  

allowed monitoring up to nine channels s imdtaneo~s~~.  qach unit was powered by a 
, I _  

61 c?! ? . l ! ? ' E 1 5 1  3 3 r i ~ m d  

120 VAC pbwa cc%~%E~r, & could be operated using 12 VDC b ction with 
FG-QL-1 PP - r. q---R 

solar pan&. , 

, - W ~ . ' Y U  u w h l i ;  -- r7 Pd ddr 
e e  w e  .of miwagina l l -d  assembled by NMFS 

electronics shop personnd Tbe NMFS receiver unit was used in situations where the - 
nrJnrc.mW M m w  *@W 

scanning rate (1.25 seconds) was of primary h p o r t t m c ~ e  second type of telemetry 
*a 

meiver,-n(rde1 SRX-400, from Lotek &market, 
: .G 

Ontario, Canada and due ?o a slower scanning rate (12.45 seconds), was used .Ilr, locations 
I , . 2 . F.. <. T 

whe lo om. 



Overhead view of Ice Harbor Dam 

Figure 2. crf Ice H a r k  D m  (Scles in&- areas whm specific thts wre 



Table 1. LOQ&BD of d ~ - f ~ l e m w  monitors at Ice Ekbor Dam, 1W6. 
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F@e 3. ' shematic  fan Ice Hwbar Dm ~ t s i  wait. 



Figure 4. Cross section of the powerhouse at Ice Harbor Dam. 
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In order to detect radio tags at precise underwater locations near the spill gate, we 

developed a tube sttucture to house a d  position underwater antennas in the forebay about 

2.5 m in front of and above the bottom of the tainter gate. A single undefwater antenna 

was housed in a 6.35 cm diameter pipe on the upstma side of Spillbay 1 to record tagged 

fish passing under the tainter gate fiom the forebay to the tailwaters via the spillway 

(Fig. 6). A lead weight attached to the distal end of the underwater antmum facilitated 

lowering taL antenna tho& the hlbe structure to the desired depth. Therefore, the antenna 

could easily be pulled to the surface to check its condition and retmwd to the monitasing 

position. 

Juvenile Bypass/collection System 
1 

~ar&.underwater a n t e m ,  each with the distal end weighted, were suspended in the 

gatewell to detect the presence of radio-tagged fish. 

Two air antennas (loop) were mounted in the juvenile bypass/collection system to 

verify passage of tagged fish (representing fish guided from the turbine intake) fiom the 
. I .  

gatewell to the bypass channel. One underwater antenna located in Gatewell 3-B v d e d  

presence of fish. In addition, tagged fish exiting gatewells through the orifices were 

interrogated in the bypass channel. 

Air antennas were placed in the bypass/collection channel to verify the passage of 

radio tags from the gatewell into the bypass system. Passage from the bypass channel to 

the sampling facility was monitored by air antennas mounted on the flume upstream from 

the juvenile separator. 



Tainter gate 

/ Ogee 
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Figure 6. Chm H e n  of Spillbay 1 W g  testing at Ice k b r  Dm, 19%. . 
t 



Tailwaters 

Qne Celemmt Yagi air antenna was mounted on the north shore and two 3-element 

Yagi air aukmas were mounted on Goose Islmd to radio-tagged fish passing 

through the W W s .  - . 
i I 4h10- 

Simulated Fish 
- 7 .  

,/ 
1 

We a variety of obj- Iw w e  as wulsted tIsh and chose two for initial 

q u a  ball and added a d * t  amou&$f lead shot to $e buoyancy required 

for the ball +si bnder the water's surface. Finally, we fill& &P ball with insulation 

foam ftom a preammd ma (as usrd to spsots around h o w  R~.!I&ws) Imd d e d  the 

hole with silicon; caulking ampound. Th&pcquet b$l&bn of the simulated fish was 
L , - ,  , 

* .  

found to be w~Parenh#,  witer into the balls when thq( I were - ., - L- 

co~npmsed by ab&.i~&mo*&es of pressure in the turbine intake and draft tubes. 

In the second ef%oi-t to develop a simulated fish, k e  used a foam rubber, key chain 

float (as used with boats). We removed-the key chain Md insated the radio tag into the 
. *. 

hole in the.float and applied silicone to keep the tag in place. EMh, balls and floats, wek . - .  - ... - ; L '<?* 

spray paiutcd a f l u o k  orange color to aid in locating and recovering ;fll . . &ulatb$[ fish 
I >' , t 

in an effort to rewe the radio tags. 
; , e '  

t 

- 

The key GhElia float Eunctioned very well as a simulated fish.. The simulated fish 

appeard to pass through the release hoses and the passage routes in a manner similar to 

live fish. A total of 18 radio tags were embedded in simulated fish and utilized throughout 

Phase I of this study. ' 





1% 

fish and addressed tag detection and signal and location and eficiewy of antennas 



: , o, , l:j7t+dce, spillway, g&~e1Ybypar ~ o ~ c e  sad co11ectirn 
, ;lt a hydro-electric dam 

a 6 b@ai r r i , , ,  . I .  1 .  
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the initial testing in P P ~  I, mme difi* wm experienced tn 
t j  ?,, 1, ,n , . . ,: ,I./ h ~ ~ r ~ t d r t ~ a  

-q*~ng**sqfeEeafw -AfterwmiaX 
fl2t ~ & r  l i u i j a  &-M h Ifarb4 G:ki&ii5- : " . ~ b i ?  I T ~ S ~ U ~ ~  1: 1 .  

W riilrPring consultation with the manufacturw Of 
QJ$ !u h * f  & &  *$&qJ,&, 

tbs hg were tuned for total immersion in water,' 

*W*l 
- ' ~ d n i . ~ x g i p h  (200 I) h ~ 1  it-tr&.qmz 

lied the water, a BUS si'w' ha- cbuld mm. Su~&utni ksts m&$& 
'! ' t> I . , I  j 2 . j )  ? ' 4 - i ~  LA;-: L b  

h fish attached to weighted lines at a depth of at least 1 m resulted ia r 
1 s r ' , '  i Jli7 ?c >biz 

detection rate of 100% by the Yagi air antermnas at the downstream monitor sites.. - 

AltholSgh regovery ] - A .  of the simulated fish was desirable for subsequent reuse &* 
.335ltrq dl1 r,o tr- . I& tP d-4 *cavered downstram fiom the dam. The low recovery rate may haw 

,W sk* 3&~l.r=tvo i t t w  

high velocities, and water p r e m c ~  h,* 
L, 7 3 b  L pl 9 v m  tin.. 
d excessive d o  interfixence, coll -~%ZK~C~S 

l o  i w m  ~ ~ ~ I Q P U  v m v ~ ~ ~ ~  .'m c 1i~4 '- 
tb tags either visually CE by telemetq. 

. - 
,-L. :i.tiqa <.G t t ,  ., , r n ;  \ . , r t ) . t  .tr.,. r i  ~ n , r r q ' ~ t 4  . - . u O ( j ~  .+- y 1 '11 

,Task 1.1: Detexmhe tag range and reliability of prototype %O-MHE 
d d d m o n  . . .- c and 1- 

I 

P31 transmitters were recorded with up to a distance 
d$##>&i@@:*ta 
foT 3 detkaioh 

' of 3JU i P 1 OJ > 'b ' 
I 3  1 - I 

up 0 3-4 m. The ATS juvmile radio tags tested were judged reliable #k lamductins a ' 
I - " - 1I4W3bqc-11~ .iW+u 

b e  juvenile 
I- 1 L. , la-baka&!h&- x m l  m 

: Determine optimum b t i o n s  and positioning techniques fm 
erwater or air q temw at a t u r b  intake, a spilmPs*,! 

collection system, and the tailrace. 
. & l t % ~ ~ ~ , * ~ ~ j I B U B . ~  b 9 0 f t 9 L L I  



(m During this tad& we* haif nof recdv'b3 our full supply of radi; tags; therefore, rnos 
I -  71 14 J h  

of our testing with simulated fish was a@wmplished with tags having a 7-&y battery life 
;>;I 1, = . - 

combined with a signal output of 60 or 120 pulses/& (Table 2). Mounting und 
' : ) I  , 1 k,,;lumi2 

anteapas ~n a support &qgqg 1) 
w . w  

both equipment installation and detection of unguided radio-tagged juvenile salmonidg All 
i i @ k @ g i ~ ~ ~  yym% u a i m f m d b ~ r g & d  

simulated fish (100%) released into the turbine q e  were detected by the draft tube 
d p U ~ 1 R d Q I P r B  . = ~ ~ ~ ~ n r l e b b 0 ~ 1 1 ~ 1 & e a y ~ . m w f f * ~ r t m ?  

antenna array and'rnonitors, the h5e-mo3ted Underwater antenna monitoring the forebar 
w . - 4  :% d 

side of the tainter gate detected 100% of the simulated fish, and 100% of the buia ied  -- - - - - -. --- -- 7- --- emb 
introduced into the test gatewell were detecte@ 

h h R h d B & 3 0  w~-dara- 
At the upstream side of the spillway eed-loop air antennas located on the p a p e t  

& y ~ m * r r l l $ T  ~ d ~ a a n a . ~ - w D l w t n ( t  
wall overlooking the forebay were found to be of limited v a  These antennas were 

$ i & Y a # . a t  * 4 ! @ - ~ 4 C i l C ~ ~ - I L O S 1 ; - -  
only esective in recording radio-tagged Tish and simulated fish near the d a c e ,  to a depth 

m m q l m  -1w . l a 6  
of about 3 m& However, the M a - 1  ed on this & S m ~ f d n  side of 

1 
. " 
L - 

I 8 

.Spillbay 1 wem~ 10P! efficient at detecting simulated' fish as they paxed over the spillbay. 
4 14 
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ihls AM- rxfh '3-$ayllmtJqp&~ in tion channel. 

Detection **a:W of these tags may - .  have lmen - . affected by the ta antem's partial expome to air 
.*&Or-liA 

at the' surface of the-wata-ain settin required on the receivers fw 
n&q+i/, %"I +;-% -& T ~ W - ~ U  WY dltw !G "i.E D:,.-?Y f p 

ST@ 15 and 17 khe to hi& interfe- 1 e ~ ~ k ,  Lower gain settingr aati contribute t~ lower 
f t ! J  , f .?fh 1 7-,i  - $ m m  r n  L ~ l ~ ~ ~ ~ ~ P ~ l  *PC1wJYJ 

detection mtm mpcidly if signal output is 
& -' " h i  q$j RrLr d v *  

TWQ of fgw @.st tags were d*ctd at tk molt b w  
3(;1 -H~.o&~S J10 ~ J ~ Z O I J  bn: g ~ f ~ l ? ~ - < ) ?  T \ ~ # [ ~ I I ~ O  :>flu- iI.1 .&a " 

addition to intense radio interference in this area,=-very short exposure time for detection 
..*llir&bm-m 

existed due to the flow in the flume at thb upstream end df the sampling faciliq* NMFS 
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- rsrte to d-t &dently in the high 
--. ----I -- __-__ - ___  _ _ _  - _  

7 *43 bit:, -4- ' . f i t  , '  1 L 1.2.1: sonme and impmt of rabdio M- afkctixig reception at 

1 ~ i - 1  1 , . 
I t ' ,  I h ~ w  t w n  (interf& by 'd&d fields such as by 

'$:1- T 
- -- 

OW] R Z  , , , , : +. i . 1  -..,-.;-, .,I ~ , i  ',5ipfi*:f? -::\t.r , ? * I '  . 'fi?l j f f '  .i 
d b y ~ ~ ] d l ~ n a i ~ ~ ~ r &  aWb :v 

G- d tlw jbltmde sampling Mlity were pmiy =st likely due ta 

w iste1-6- [&&rid d tieqmcy mk), We found that the 

site to o DW l&on were of m m  value in mducixag d o  inkrf-. However, mom 

twtbqg in ahe vicinity of the tailawe d& of hydroelectric dams is n&. 

&team rimge is pghl ly  cktmmbd by the &am atrammi=. Due 

S c i e n ~ y '  of cb&&bn eq- em be mpmidly when the effects of 

stm@ w&Mity me mm with otha kcton swh as inWmn~3e, depth, 

range, a d  antenna s ~ a ~ e v n .  The bll+iFS mztiPsrt%-@c%iwr equip~l~tmt detembd radio tag 







~afludes four qf five f*. released into the gatewe& - , , , , , i;u.p. , :: -2 i - ! i . :  i ... ._  .... . L . _ _ -  . I ' .  I - , A .  . 
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faciliQ. 
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The monitorlreceiver and antema locations utilized in Phase I1 of this study (with the 

exception of the downstream spillway loop air antennas) were in locations that detected 

radio-tagged juvenile salmonids passing through all routes of passage through. Ice Harbor 

Dam and were based on testing with radio-tagged, simulated fish during Phase I. 



ged hatchery juvenile salmonids during testing at Ice ~ & r  Dam, 
w8.s n w  - ~ W Y  w - =ywq-?e- -r u.*-r -rry -w- 

I 

I Number of Number Number of detections Monitor 
Test site fishml& detected n Range M a i b  efficiency (A) 

Spfiwa2 - , i . , . I 10 3-16 a 
. d m 4  P,d b:: 2.-  , ii > ,T8%gk,* sy2,~LJ:, 2 



i ' ,- .: { r  - 2 1  h 

k n  posiriOn& cl-to the water column pup& ova  the ogot. However, r 

1 & Wlhliam:'a ,.*'ii& .@. * mdio- a y, *. 
fish. 

by the llfxbwW -y '%mad on de dnff tuk fnmes. A total of 2,426 
i 

par- * 6 9 . 5 ) - m  m M .  

The air mtmms ued at the tailwater monitor sites q p a r d  to function satidactorily. 

An impmvemeot might rrsult fmmr iostalkg mar antemas to span the greater expanse of 

the river. (i. e., antennas mounted on buoys). 

Task 2.4: Determine efficiency and effectiveness of NMFS radio-telemetry methods 
and equipment required for recording the passage of radio tags implanted in live fish, 
through the turbine intake (unguided f d ) ,  from the turbine intake to the juvenile 
bypass/collection system (guided fish), through a spillbay, and in the tailrace. 

Efficiencies of the 30-MHZ radio-telemetry monitors utilized at all test sites at Ice 

Harbor Dam in 1996 are shown in Figure 7. Monitors 1-12 recorded 100% of the radio- 

tagged hatchery juvenile salmonids passing through the draft tubes of Turbine Unit 3. 

Detection efficiencies for monitor sites at the gatewell, bypass channel, and sampling 

facility were 100, 100, and 44 2, respectively. 

Monitor 13 with 2 loop air antennas, located at the downstream side of Spillbay 1, 

was 70% efficient at recording the passage of radio-tagged fuh. Nine of 10 radio-tagged fish 

(90%) released were recorded on Monitor 14 on the upstream side of Spillbay 1. The fish 

that was not recorded on monitor 14 was recorded on the downstream side of Spillbay 1. 



1-12 13- - 1 4  ' 7 5  I 6  1-7 18&2dlbT*"' 

,cPClOpm v ? u i ~ M o n i t o r  numb* ;-A. n . ,. 
hl 1illh9 

2 J '  

P m  7, Man &ciency of 30-MHz radio-telemetry equipnwat WnIilcretror 
(See Table 1 for 

r l~catio#!~ I 3;: 

.1 
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LkWcwn e E i y  of CW $0- monitor was 71%. 

-* of sEap luge in the tat s p a b y  %w mt pt3dbk. Thmfore, thb task was not 

cony,-. 
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5. The method developed during this study far positioning underwater antemas at the 

upstream side of the spillway was higbly effective for both monitoring radio-tagged fish 

and antenna instahtion and ma-. 
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