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-_."'._.------~-ieveloped jointly .by.· the Bureau 

.', " PURTHEll RESEARCH ON A FINGERLING BYPASS 
i 

, ... FOR LOW-HEAD DAMS (1970) 
• 

INTRODUCTION 

Long and Krcma (1969: attached) have described 

afingerlin~ bypass system for low-head dams being 

and Corps of Engineers. 

lig. 1 shows the system installed at a typical dam. This 

report c~.e~s res~arcb in 1970 on t~is fish-protectiv. 

system at Ice Harbor Dam. Experim~nts measured (1) 

-efficiency of a prototype traveling screen in diverting 

juvenile chinook and steelhe~d from turbine intakes into 

gatewells, '(2)' escapement of fish from gatewells back into the 

intak" and, (3) rate .at wh:f.chfish, entering a gatewell' found 

aDd pas'sed through, the siDgte submerged port leading to the 
. '--­

ice slu1ce~ 

METHODS AND PROCEDU,RES 

Methods and procedures used were similar to those 

described by 'Marquet te, et' &1.(1970: at tacheel) • 

The traveling screeD was in~talled in intake A 

of turbine N~. 3. Numbers 01 Iish entering the associated 

--Ia(iwell ,des1gD.ted3-A. , V-ire compa. ...ed viththose en,teriDg 

,C, -.) the.adjace"t'gataVeli •.3"'B" vh,:l.cb.. served ' .s'th. 'control. 

'f , 
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Figure l.~-)ishibypass system for low-head dams ~mploys traveling-screen fish-guiding 
device in turbine in~akes to intercept flows containing about 75-80 percent of the 
fish. Fisha~e diverted up into gatew.lls, then pass through sUbmerge, d potts and t' 
are carried t~rough the dam to the tailrace by flows in the ice sluice. ~ 
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1 
f ',,' _~,_._.......___­

l::'"--'W'-~8,.ondl/,. had"p rt'!'toualy determined that about 20 percent 
'. ' . 

b'f the. chino.ok entered standard ,. unmodified gatewells of 

their own volition and' remained long enough to be removed 

by dip netting at intervals ranging from once every 24 hours 

~~~nc_~ every 72 ~o_u:~s. Furthermore, b~th chinook and 
-----_.-- ­

steelhead volitionally entered gatewells 3-A and 3-B in 

----.. ~~.--

a~out e~ualDumbe~s. implying'tha~ fish entered both 
 ,;,'t.. 

(' 
,

intakes 1~ equal numbers. Therefore, the efficiency of the '~., 

. . 

tra:veling . screen."could. be approximated by th~ following 
...... ,i 


steps:- (1) Co~pute the total numb.er of fisht entering control, 

j 

int~k~3-B; i ••• , the number of fish taken from ~atewell 
. . . . . ., 

3-B - 20 percent of the total. (2) Assume an equal number 

of fish ~ntered test intake3-A. (3) Convert the number of 

fish removed, from gatewell 3~A to a percent of the estimated 

total entering intake. 3...A. These steps are simplified by 

multiplying 20bythe ratio of fish taken from 3-A to fish 
" ' . ,;, . 

takenfrom3-Bj·if the ratio was 4, then guiding efficiency 

would be 80 percent (4 x20 -gO). 

During the season we determined that the drive 

mechanism of the t-raveling sc.reen was malfunctioning. 

Thoughdat.mayha~ebeen obtained part of the time when 

the .creen was ~ot trav~ling.we feel this probably had a 

---_._----_.._-_.­
Ilper.sonalcommunication. B.oward L., Ray~o~d. Biological 

Labora,ory. Bureau of Coa.ercta.1 Pi.heri... Seat tie, Washington. 
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miniaal effect ~Dthenumber guided.,.' One might expect 

th~t more~lsh would'be guided with the scre~n traveling 

th.n when it was s~ationary • 

.Fishentering gatewells at Ice Harbor Dam normally 

faced thTee choiees~ t ••y could (1) pass through a s~b~erged 

port (one per gat~well) leading to the ice sluice. (2) 

remain i~ ·the gatew~ll. or (3) escape back into the intake. 

Fish pas'sing throug,h the submerged ports in 

gat~~ella ~-A.and '3-B were automatically collected and held 

in ~ninc11ned plane trap. 
.. " 

Fiah re.aining in a gatewell at the ~nd. of a tes~ 

were removed. by dipne~,using a minimum of three dips •. or 

u:ntl1 leas than 12 fiahwere taken.in a aingle.dip 

tMarquette,et al., 1970). The combined catchea of the 

trap and ·from dip net'ting was taken as the t~tal number of 

f.i.sh tbat bad. entered a gatewell dur.ing a test. 

C~mparisonof the trap catch and dip net catch 


at the ertdof any test periodga~e a measure of the. rate 


at which fl'sh entering the gatewell found and passed. through 

i .

r:';f 

. t.be, submerged port. ~.. "~ 

r"':","" 

:, Experience bad indicated few fish escaped from ~·.'···.··.··:····~···· 
standard., unmodified gate,we~ls 'for at least 72 hours. i in r

II: ·1

l',,·', . ­spiteofeaay access to the. 'intake. .Model studies have .'~ 

'.'- tl........•...· ." .•.' 

" ,,)

sbown~howe~er. tbat the presenc~ of a trave1inl screen.·in· .. 
an intake would divert. a . gre·ater than noraai voluae 'of water 

3 
.. \ . 

,"./ " " 

·~~,·\,..,....'l!'lt_.-rr,,"l'I:.,-<~""""'~~"m:"'..,..,~~"'!:"'.,-r~~""">T"'""'~~..,.,.,~"T'~~~m~~r['1"""i"!~!""'l!"~~~'l!""'"'?""~r""!"'!'!l"'---'ll"!l!lli~·~:.·~,~:-~-.. ":""':.~k'.:_. 
, ',,' 

... ,\ 

http:taken.in


.. 
into (and through) the associatedgatewell (Fig. 2). We 

, " '. . . ".If 
'an~icipated that the resulting stronger wate~ velocities ... 

',. ,,:. -"; ," "... "",__ might..__ .c.a.use~J.gn.1-fJ..4:&1lt.~ea cap••eD t. ~·-·-Therefore. . special 

·,screeus,·(called closurescreeus) were installed so that 

esc.~ement,eould be pr~vented (r1g. 3). Tests with the 

sc'reena ~10.ed gave data on the total nu.ber offish 

guided, a~'Citt~t8 with the sc~eens open' gave the total 
. H" ­

numberguidetminu~the number that voluntarily ~8caped 

back into ~he intake. 

N~ closure screens were i~8talled in the control 

gatewell, to eonf~rm with conditions -that 

original estimates were, ~ade by Raymond 

. of fish ent~ri~g gatewells of their own 

All tests ~ere conduct~d with 

of 

volition. 

r;....•..·_...... \'" ,.... ~;
.' ,:,dark~ned gatewells I

and lighted orificesafte,r the fashion described 

Marquette (1970) because these conditions, tested 

Da. in 1969, resulted in the least delay of fish 


· and passing t~rough s~bmerged ports; residual!sm 


".. 
.' .".'" '.prevjiled when ;,~
,\,-: .:.•••....:.'.. t... ,the percentage ,ir:., 
~ 1-' 

.~~: ' ' 

by -· 
~. ::1 

at McNary '.'. i,~.-t't 

in finding t' 
at the end k'of only 24 bours at McNary averaged 26 percent for chinook 

I
~ ­

and 7 percent forsteelhead.,:· 

• t.>: 
•. Tests of 2.4-. 48.. ; and 72-hour duratic:)lls were .. 

~onducted at .lce Harbor pam. 
I 

!
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'-TRAVELI 
SCREEN 

FOREBAY 

-F1-gure 2. --The traveling-screen 'fish-g,uiding device dire'cts 
additional water up lnt~ gatewells.~ Most of the water 
returns to the, intake through openings on bot'h sides of 

- the -stc,red gate; -:guided fish can return ,to the intake with 
'theflow~ 
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Figure 3.--Screenswete attached to the stored gate to prevent 
(by closing) or allow (by op~ning) ~.capement of guided 
fish back to the intake. . \ . 
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GUIDING EFFICIENCY QF THE TRAVELING SCREIN 


, , 
Significant numbers of both chinook and steelhead 

were available during tests conducted from April 22 to 

May 14,,' This series of tests was made with thl! "closure 

screens clo~ed to prevent escapement of fish from the 
"', .,_" ':.'f'.'~' ~-_ -, .. ~ .. "--"~-'" _. ___..._5..;...,......__....... __ ....._-'_.____---'--.•_,_...._--"-~... """...I--'" 


gateweli. ~rap and dipnet catch are summed in Table 1. 
,,' ~ 

A gr'aphic comparis.on of the average number of fish taken 

from, the ,test and control gatewells (Fig. 4) shows that 

chinook were'successfull:v guided, for the number,antering 

teat'gatewell.3-At.averaged 3~2, times the number entering 

~ontrol g~tewell 3-1 'of, their own volition; individual test 
~ 

ratios ranged from 2.2 to as high as 8.7. 

Steelhead, howeveri ~ete apparently avoiding the 

scr.en;only 0.7 as many were taken in the test gatewell 

as in the control.~atewell~ 

The success obtained with chinook implies that 

similar succe~si~ possible Yithsteelhead. Research 

proposed for 1971 is based on an analysis of how steelhead' 

might,be avoiding,the guiding device. and what ,methods might 

be employed to counteract e~ch pos~ible avoidan~e ~eaction ' 

'toac,hievesucces~fui guidt'ng of steelhead.' 


,Steelhead may be avoiding" the traveling screen 

, ' 

'111 'one ofth,efoll~wing ways: (1) The'fish may be selecting 
/, 

adjacentuns~re~ned intakes' because vater velocities at" the 

. ,." . 

t' 

5 

':. \ .,' ,<,'
.-'" .

"" 
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Table 1.-~Nu~bers of chln~ok 'sa1mon 'and.stee1head trout 

:.taken from test and control gatewe11s during 24-, 48-, 

and 72-l)our st.udtes; escapement pre.ented • 


- .. --,~-~-~.-- - ~<-., ,---"--.->....._-- • - -. - <. ._•• _.- .---,,~-.~.-.-,~-.--

CHINOOK STEELHEAD 

-'0 "t:J -
QI -I:Q QI -I:Q
III 0 ...... ClIO 0 ......
0 ~ ~. < <O~ ~ 

.-I ~ ~ .-I~ ~ u ::,:, ::,:, - I. u::,:, ::,:, -E-4 E-4 ~ E-4 E-4 ~ 

III p., p., 0 1Ilp.. p.. 0
'J:: < < E-4 J::< < E-4

aH,' . U U QlU .U U .. < QI I:Q - . < < QI I:Q < 
~ • rz. ~ . - • rz.

...:I u (:) ...:I .-I 0 ...:1<')0 ...:1.-40 

...:I III Z ...:I 0 Z t,!)' ...:ICIIZ ...:IOZ c.!) 
~ ~ ~ Z ~ '~ ~ Z
3 .c:: ...:I 3 '" ...:I 1-1 :s.c...:l 3"'...:1 1-1 

.~ ~ ;J:: < 0 ~"'< f&lt=< 0

fo4 '1"4'" <fo4 fo4 0 fo4 1-4. fo4'1"4E-4 fo40E-4 1-1
< :. 0 < u 0 ::,:, <:'0 <uo t::)

t,!)-E-4 U-E-4 t,!) U-f04 U-E-4 .CI 

TEST PERIOD 

24 hr. TESTS. 

----.~ . ---APR. 22-23 338 39 8.7 15 
 15 1.0 

APR. .28-29 216 42 . 5.1 7 3 2.3 

APR, 29-30 98 38 2.6 14 10 1.4 

APR. 30-MAY 1 196 43 4.6 12 14 0.9 

MAY 1-2 231 50 4.6 16 12 1;.3 

MAY 5-6 135 26, 5.2 35 30 1.2 


48 hr. TESTS 

APR. 23-25 648 91 7.1 13 12 1.1 

MAY 6-8 1053 376 ' 2.• 8 340 362 0.9. 

MAya-l0 1930, 642 3.0 1272 . 1462 0.9 

MAY 10-12 1405 635 2.2 1446 2452. 0.6 

MAY,·12-14 2738 1087 2.5 2296 3.699 0.6 


72 hr. TESTS 

APR. '25-28 . 1300 173 7.5 82 31 2.6 

MAY 2-5 577 143 . ,'4.'0 100 112 0.9 


. ',~: 

TOTALS ·10865 3385 5648'· '. 8214 

, 

AVERAGE 3.2 0.7 
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Figure 4.--Re1ative rtumbers of fish entering gatewe11s 3-A and 
3-B (based upon th~ number of fish enteri~g gatewe11 3-B). '. 
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entrance ar~higher (the screen reduces the velocity of water~ 
, . 

, , 

~t intercepta from about 6 f.p.s. toa'range of from 1 to 

3 f.p.s., causing a "cone of resistance" that probably 

2/
extends upstream beyond the entrance of the intake)..- . 

(~T~e fish ~~r_en_~_er the intake, but upon contacting the 
- :-----------'--' ­

IIcre~_~_,_.@.~.~JIl,.J"'~lL,t.J).tQ..J:h. forebaY, ..to enter .,s,omeother 

-----(unsc.reened) inta~e. (3) The fish, upon contacting the screen, ' 

may sou~d and pa~s under the screen. 


The soluti6ns to these problems are as follows~ ~-:' 


~'.(.,># 
If fish are avoiding the slower entrance velocity to the ~' 

, , 

'intak~or contacting the screen and swimming hack out, the 

addition of traveling SC1:'een8 to all intakes will cancel 

this type of behav~or; i.e., there will be no velocity 

diff.ren~esbetween intakes,and fish that avoid one SC1:'een, 

must ultimately be guided by another. Ifs~eelhead are 
" j 

contac tingthe, screen· and sounding to pass under 'the device, 

this esc.pe route can be blocked, with a horizontal flow 

'splitter or false floor in the intakes (Fig. 5). Although 

this modification may be out of the question at exis.ting dams, 
. 

there is 
, 

no problem including it in Lower Gra~i~e Dam for 

which w .... have at le"st one m01:'e· year to make design 

modification·s. 
, . '---'--_.._.. _----­
!IS1milarb,ehavio1:' by juven:ll~steelhead. has been observed 

in the Snake ItveriD conjunction with large slIolt traps. ,f. 

1' ~ 

I' 

:'1,' 

mailto:IIcre~_~_,_.@.~.~JIl,.J"'~lL,t.J).tQ..J:h
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Figure 5~--The addition of a. flow splitter, or false floor: 
..~. 	 in turbine intakes would prevent steelhead in the upper 

water ma88 fr0'!l8ounding and passing under the traveling 
screen. 
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I 
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i' 

install"t 
I' 

year. 

(3-A) to 

int.ke. 

in 

i6 

data for 

.' -~ .. 

." --,,\, 

" ',,' 

Research proposed ;~or 1,9:7'1 :\ibuld determine whether 
. ;i~.~' 4 

ateelbead a're esc~~ping bene~ ,t~,:e:, screen-. The support 
" \:.' - ," ~ ~~. . .. "'~ 

,structure of three trav'eling ~,cl'~,eps w~~'Idbe ,modified to 

hold fyke net•.·(FiS •. ~) to c ..jreali·N~~ .f.. t~e:water 
mass passing beneath the acreens. Thus, alloi\;£;l.sh entering. ,",' '.: 

'. \ :~ 

the three intakes of one turbine will be capture"d;i. e., 
, \' .... ., 

, gu1de.'l-fi,.h Mll enter' thegatewells, and unguided"'f~,sh 
• t 

,/will be captured i~ ~he nets ~ This plan not only woui"ci'\.· 

remove all doubts concerning experimental results, but 

could b.. accomplished with a minimum number of tests. 

The importance of bbtaining ~ d~finite answer 

by, next year cannot be overemphasized; 'any decision 
" . ~ 

, . . 

modify the i'ntakes of Lower Granite Dam--suc~ as to 

the'horizontal flow splitter-·must be made within a 

.' 

ESCAPEMENT OF GUIDED FISH 

" 
Tes~s conducted from May 14 to June~'~ere made 

with the closure screens open in the test gatewell 

allowv~luntary esc~peme~t of fish back into the 

The data are listed in Table 2 and presented graphically 

Fi~. 7, together with data obtained,when e8capem~nt was 

prevent,ed ~. 

~he data clearly show that chinook escaped 

significant numb,ers ,unless prev.nted from doing so; 
. ~~ .. 

ateelhead. ~o~ever. are inconclusive • 

• , , 

.. 

.' '.';.1..;:' 
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Table 2.~-Nullbers ofcbiiloo.k salllon and steelbead trout 
taken frolltest and. iontro1g~te~e11sduT1n8 24-, 48-, 
and 72';'.bour: ·studies; escapeaent· allowed • 

. ~-.. ---- ----­ "---;---..-------_ .. _-­ ~-

CHINOOK 	 STEELHEAD' 

-I:Q ........ 
 -aQ t=I...; 	 Q,I:~ .~ 

Q,~ ~. -	 O:;J ­=­
.' J~ 	 ~E-4 E-4.' 0 CD P. . p.' 0'.. E-4. a...; ...; E-4 

to) 	 Q,lU to) U'. tiff 
...; ...; QJ 
ra. 	 ... . I:Q - • ~ 

..:I' u o· . ..:1 ..-4 0
Q ..:ICD~ ..:I Olii!: U 

Ji;1 Ji;1~. 	 ... lii!:.... ~.c~ ~ ~..:I 1-1.' 
jQ' .Ji;1 ~."'; Ji;1 a...; t=I 

, .. M E-4'f'4E-4 E-40E-4 
.;, ~ ...; :'0 ...: uo 'S 

'U:-E-4 U - E-4, U 

TEST PERIOD 
'r <­

24 br'. TESTS, 	 , .\ 
\MAY 14-15. 730 452 1.6 780 942 0.8 ,

'MAY 15~16 ..·526 217 2.4 546 0.9 l584 	
\MAY 19-20 "'170 

o. 

99 ,1.7 264 ' 324 0.8 ':" ,",L.·--- .' 	 '\~. 

\ ,JUNE; 2-3 98: ·77 1.3 69 ~39. 0.5 1,. 
" 

>. 

MAY 25-26 130 54 2.4 203 . 311 0.7 
. (.,JUNE 3-4 	 3~ 28 1.4 44 ~92 0.$ I 

' ..-48br. TE,STS .... 
.,\

\.{.. 

, 
MAY 23-25 240 144 1.7 615 1235 0.5 V" 	

'. . ., 
"72 br.TESTS .... 

.. MAY 16":19 . ·692 562 "1.2 541 1279 0.4 
MAY 20-23 .. 701 386 1.8 1385 1712 Q.8 

:",' 

TOTALS 3326· ;'2019' 	 4447 6618 
.. 

AVERAGE 	 1.6 0.7 . 

• , , 

... 

:~,--- . 
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-~;two test cOI\ditions) and 3-B (based upon the numbers of fi~h . ·r 
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1 The solution to the problem of escapement is 

relatively simple. A selection of one of several alternatives 

has been--lIlacle.--becaua.of the potential application of this 

methodto.reduce the delay of , fish in finding and passins 

-through subm~rged po~ts. The meth'od and its description ,I 

are included in the next section. 

PASSAGE O,F F1SHTHROUGH aUBHERGED PORTS 

.At the'outset ofitesting it was apparent that 

,f .. 
residualism in the gatewells.would be much higher than we 

,.,'. I. 
I Ifound at McN.~y Dam. Data for six 24-hour t~sts, five 

48-:hour tests, and two 12-hour tests (Table 3) bear out 
I' 
I, . 

. ,this initial finding. Results obtained at. Ice Harbor' Dam 

""are compared with those for HcNary Dam in . the bar graph in 

Fig- 8 •.. 

The percent residualism in unmodified (control) 

_g~teyells at .HcNary Dam was surprisingly small for 24-hour 

periods.Urider the sa~econditions (control) at Ice Harbor 
O;j , 

. . . . 
·· 

.'"t 

J; Dam (1910), however, residualism.was very high, implying 
'···"..···:.·1··.'·'··.·,· 

! 

the ~a~se is inherent in the ~am (gatewell) ,it~elf. By 

ad~1~g the "traveling screen and closing off the~escape routes ./ 

.tothe intake' at· Ice Ha,rbpr D~~, residualism was reduced, 
.~~ , ; 
:~. 

but not t~ an accept~bl~ low level • 
. , 

l8 [. 
i 

. '.;' ,; " 

> . '. 

http:been--lIlacle.--becaua.of


T.b1~ 3.--Number of chinook salmon and stee1head tT~utt~main~ng.in gatewe11s (called 
residuals) at the end of 24-, 48-, and 72-hour test periods. 
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TOTALS 3725 7140 10865 __ ~,~lA 2111 3385 3576 

I 
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1 56~ 3675 4539 8214 

OVERALLRE~IDUALS (%), 65.7 80 •.1 ! 36.7 55.2 
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Closer examination of Table'3 shows that percent 
~ '. 

residualism of chinook in both test and control gatewells 

reduced:as duratlon-oi--'testsincreased;e.g.,. in gatewell 3-A 

,the ~verage 'for 24-hour tests was SO percent i for 4.S-hour 

tests" 66 percent; and for 72-hour tests, 55 percent • 

.Even after 72 hours, however, residualismwas too high for 

acceptability. 
. 

A possible solution to this problem is shown in, 

Fig. 9. By installing a vertical, stationary screen in 

each gatewell, as shown in t~efigure. the f~sh in the gatewell; 

will be restricted'to about one-fourth of the area normally :
• 

available to them. This ~hould increase the rate at which 

searching fish are expos~d t~ the s~bmerged orifice and 

reduce the delay of £ish accordingly.,
• 

The use of avertic.l screen has the effect also 

of preventing guided fish from escaping back into the intake 

through the downstream openings of gatewells,thusproviding 

" a solution for the problem 'of, escapement described in the 

preceding section. 

CONCLUSIONS AND RECOMMENDATIONS 

Evaluation of :the prototype traveling' screen 

yielded poaitive results for juvenile chinook salmon, one of 
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Figure 9.--Installing a barrier screen 'in all gatewells• 
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will (a) prevent guided'fish. from e'Bcaping to the intake· 

, i 
\ 

"t' 

i the orifice. 

through the 'd~wnstream cpening of the gatewell, and 
(b) reatrict fish to a smaller ar.a in the region of the 
submerged orifice, thu's enhancing passage, of fish through -
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I 	 pr~tectl~n at low-head dams. Consideration o( methods 

for enhancing the diversion of steelhead leads us to the 


j~dgment ,that successful guiding of this species probably 


will b'e achieved, no matter, what avoidanee behavior is 


employed by the steelhead. Therefore, indicated research. 


should be pursued. vigorously. 


Although signific~nt numbers of chinook will 

escape from gatewells ~hen traveling screens are installed 

in the associated ~ntakes, one solution to this problem 
\ .. 
~,

has alre~dy been dem~nstrated (rig. 3), and the proposed 	 ~,- .., 

tt:!; --. 
barrier screen (Fig. 9) also should be adequate. I 

r:'!,Difficul~y of fish locating and passing through 
t 

submerged ports is a problem only if the additional delay 
~-: 

eauses residualism of fish in the river syste~~i~here fish 

are bypassed,.ather than collected, fortrattsport) orexcessiye ~ 
f 

accumulations of fish in gatewells, which could result in 	 ~,,',"fi 
excessive predation, a higher disease transmission factor, 

high suscep~ibility to ga~ bubble disease, and possibly 


deoxygen.tion of the water in the gatewells. 


For these reasons, we strongly recommend that 


.'
research continue on ~ethdds for reducing delay of fish 

in gatewells.e, 

• 

10 
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