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INTRODUCTION

Research was conducted by the Bureaurof Commercial
Fisheries during 1969 to evaluate a method for safely |

bypassing fingerling salmon (ehinodk, oncorhynchus tShawytsdha;

coho, O. kisutch; and sockeye, O. nerka) and steelhead t:out,

Salmo gairdneri, around low-head dams (figs. 1 and 2). The

work entailed the (1) construction and‘preliﬁinaty testing

'~ at Ice Harbor Dam of a prototype traveling screen for

diverting fish from turbine intakes into gatewells (Long and’
Marquette, 1967) and (2) evaluation of the gatewell—sluice
fish bypass at McNary Dam. These investigations were

conducted in cooperation with the U.S. Army Corps of Engineers,

_Walla Walla.District, under contract No. DACW68-69-C-0082 to

develop a successful bypass system'fbf'use a%.all‘existing '
and proposed Qams. | !

The first section of this report deals with the
construction of, and results of preliminary tests with, the

‘traveling screen. The primary objective  of these studies

‘was to conduct mechanical tests with the device installed in

an operating turbine to examine performance and to pinpoint
potential problem areas. The second section of the report

concerns evaluation of the gatewell-sluice fish bypass at

" McNary Dam. The objectives of this research consisted of

(1) measuring the effect of illumination of the gatewells_

and orifices on the passage of fish into the sluice,




(2) determieing the survival of fish passing from gatewells
through orifiees to the downetream end of the sluice, and

(3) making dbservations on (a) the species of fish using Ehe

" bypass and (b) the abundance of predators residing in the
bypass system. A final dbjective (4) was to determine survival‘
of the bypassed fish in relation to vhere they were released

in the tailrace,
PRELIMiNARY TEST OF TRAVﬂLING SCREEN

Medhenieal tests of the.traveling‘scfeeh (fig. 3)
were made in the sprinq and falifof i969 at Ice Harbor Dam.
Construction of the device was completed in time for only
brief testing during the latter part of the spring migration -
of juvenile fish. At that time, eqlettempt was also made to
measure the number of fish diverted into the gatewell that
contained the traveling ecreen.' During the fall, the device
was operated continuously in a.nonopereting turbine unit to
assess wear oﬁ mdbile-gnits of the se:een»ever an extended
.period. : ) - ' S . |

In the spring, the traveling screen was installed
in turbine intake 3-B (fig. 4). A test was made on May 28,
bue was limited to 3 hours Qhen the screen failed to t;avel
j. undér full turbine loads. At the completion of this test,

' a 24-hour test was accomplished by reducing the load on the
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;turbine every 3 to 4 hours to eneble travel of the screen
fand permit intermittent cleaning.» R B

~ Diversion of fish into the gatewell was measured

;if)k‘fézieuring two brief tests in the spring. The number Of £ish-
o 'ﬁii;that entered the gatewell (3-B) containing ﬁhe traveling
'LE“-screen was compared to the number of fish entering an ad;acent;z;'”
‘ iyw‘gatewell (3-A) that served as a control. Fish.were removedw;:;if"
'""vft from the gatewells with a standard gatewell.Qipnetr(Bentley“};’~'{l.
t?~ and Raymond, 1968). Gatewells 3-B and 3-A wére dinnetted”‘ e
' (fig. 5) before the start of each test to remove all fieh ‘
;.VZiévand again at the end of each test to determine the number oﬁirff'k
’}i‘o_fieh that had entered each gatewell during the intervening
igiﬁgperiod._ The turbine was qperated at the normal generating
:‘giload of 103 megawatts except during intermittent periods of',
H.Athe 244hour test as previously noted. _ ;
| ;_ Results of the tests are shown in teble 1.';At'the" |
"'fene of the 3-hour test, 62 fish_had entered ghe gatewell “ .;’gi
ik:jicontaining the traveling screen (3-B) compared to 18,fieh 1¢i!ia?t“"
. the adjacent control gateweii (3§Ai. In the longer test ; ‘. o
B (24 hours) on Mey 28-29, fewer fish (74) wereifound'in 3-B .w'-ii
vi;.than in 3~A (111). Due to the brevity of these‘teete'and-
‘ ;the fact that the screen ‘was not functioning as designed,ie?.ar_.

'{’5g'determination of the efficiency of the screen must await
B further teeting. ‘ - - A L v




‘Figure 5.

==Dipnet used to remove fish from gatewells.
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. Table l.--Number of salmon and trout removed from gatewell containing
traveling screen (3-B) and number of salmon and trout removed from
gatewell without traveling screen (3-A) at Ice Harbor Dam, :
spring 1969 ' i “ ‘ :

Date, length of : .
o Fish removed

j;:i:né%:ses),’and : Gateweli;Without screen Gatewell wiﬁh scfeen
species of fish o (3-a) . (3-B)
| - . Number . " Number
'~ May 28.(3 hours) ; o ; » a )
~ Species mixed o T e S e
'May 25-29 (24 hours) o _ _ ) _
Chinook 29 . m
Steelhead R . a3
ceho 0 7 | o 0

' Sub-total 11 ST 74




bﬁring the fall, the traveling screen was again

- giveﬁ a mechanical test when it was installed in intake A of
 skeleton unit 4. Although no load was exerted on the scr'eenﬁf'f',,..‘.;_,;.‘i
- because of lack of flow, this iest was made to reveal any

Aprdblems that might occur during continuous operation for an

extended time. The screen traveled at 1.5 f.p.s., which is
three times the propoéed normal operating speed. It‘qurated
successfully from October 23 to November 21, a period of 29

| days. At that time, tﬂé screen suddenly stopped and the test '

was terminated. Examination showed that a connector link on
the drive chain of one of the four screen sections had failed
because it had been improperly secured. A complete inspection
of the.screen seétions and drive chains revealed no other
detectable wear; no modification o§ Phis_component is
recommended at this time other than Ehe repai; of the fauléy
connectot link. |

- Completed and proposed modifications of other

. components of the travéling screen are summarized as follows:

‘1. A faulty relief valve in the hydraulic drive

unit was replaced; tests show that the drivé unit is now

functioning prqperly_and should propel the screen under usual
oPeiating loads. | |

_ 2. All welds made by outside contractors were
inspeéted;.queétionable welds were removed and remgde.by a

certified welder under direct supervision of the Bureau,




be increased so that the large—diameter hinge bar will be

3;-,The length (height) of the support frame"will

positioned in the gatewell during operation. Moving the
hinge bar’ ‘'upward into the gatewell should reduce the amount
of flow deflected from the intake into the gatewell.

" 4, A submerged gear box, now leaking, will be
modified to prevent further Loes of fluid.

S. The sides of the frame of the traveling screen

. will be covered to prevent debris from entering the interior

of the operating structure.
EVALUATION OF GATEWELL—SLUfCE FISH BYPASS

The gatewell-sluice bypass system consists of
getewells, gatewell-orifices, and.a sluice (or special bypass)
to divert fish around the dam. Suceess of the system depends
on 1arge numbers of fish entering the gatewells and
voluntarily passing through the orifices into the sluice or
special bypass; An evaiuation of a typical system was made
at Mcﬁary dam in the spring of 1969~when.the_entire bypass |

was operational for the first time.

Research Area and Field Conditions . S

‘Some low-head dams on the Columbia and;Snake Rivers

.-~(Bonheville, The Dalles, McNary, and Ice Harbor) contain

sluices to divert-ice and trash around the dams. A single

wall (approximately 4 feet thick) separates the gatewells

N S
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' from the sluice. Small orifices drilled through this wall

into each gatewell provide an effective method of discharging

~ downstream migrant f£ish into the sluice for bypass around .

the dams (fig. 6).

' Most turbine-intake gétewells‘of low-head dams are'
covered with conéfetg slabs, steel grills, or a combination |
" of both, but some may élways be uncovered. Illuﬁination '

within the gatewells varies, therefore, and éomes from sources

such as daylight, available hight light, or electric lights:- )

"some gatewells are always dark unless opened for turbine
overhaul or oéﬂer'furposés.' | ‘

ﬂ | lOrificgs were installéd'ih'all 44 gatewells at
;McNary Dém by éhe Corps of Engineers before the fingerling
“migration in fheKSPring of 1969. These Qéeningé are 6 inches
in diameter and are submerged 2 toﬂi_feet, depending upon

the water level in the fofebay. Eqdh orifice is 20 inches
from the north corner of the gatewell. Previous research ﬁy'
Liscom (l§66) indicated that more fish would enter the
orifices ifrﬁhey were located in a gornei of the gatewell.
The orifices were drilled horizonfally into the wail at an
angle of 15 degéées to prevent the.discharged water from
striking the opposite wall of the sluice. Discharge from
each orifice averaged about 2.75 c.f.s. The éngle'of

' discharge (159.)'was in line with the dbwﬁstream flow of the

cluicgway..
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Figure

--Orifices at McNary Dam permit fish in gatewells to pass into

ice sluice where they are bypassed around dam and discharged into

tailrace.



'systems recently inco:porated at John Day, Lower Monumental,

‘At McNary Dam and similar structuies, the upper
section of the sluice is exposed to ambient light, to which

the gatewell orifices are also exposed. Gatewell bypass

and Little Goose Dams operate in complete darkness. As

" jllumination can directly affect the rate of fish passage'

throuch the orifices, therqptiﬁum light condition conéucive

to the greatest passage of fish must be determined. |
The sluice at- McNary Dam contains two modifications .

to lessen the possibilities of fish loss during bypass. A

weit.at<the downstream end: (north end) of the upper sluice

maintains a water depth of-aboct 3'feet in this section and

provides a plunge pool to receive fish that pass through the _

orifices and‘fall about'ls feet into the sluice. This weir

contains an overflow area (or notch) which directs the .

waterfall into deeper portions of the plunge’pool'ic the

lower sluice. Another weir at the.downstream end of the

lower sluice (fig. 7) provides a pcol 10 feet deep except for

a shallcw pcrtion in the extreme northeast corner. A valve

at the base of the lower weir permitted dewatering of the

lower sluice-whec‘required._ The waterfall between the upper

"and lower sluice'was 33 feet high. Approximately 120 c. f.s.

was discharged from the sluice when all orifices were

] qperating.




Figure T.--Dipper trap (arrow) end notched weir in the downstream section

of the ice sluice at McNary Dam. Spillway dischaerge is on right a.nd
turbines on left. Hoses extending from wall of sluiceway are for

release of migrants in speéiﬁc tallrace areas. -
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A high runoff during the spring of 1969 resulted in
an extended period of spilling at all dams on the COlumbiaA
and Snake Rivers. Spillage prevailed at McNary Dam from
March 29 to July 22, As a result, our proposed test procedures
add requiremente were adversely affected by the unusual spilld '
condiﬁions. For example, many fish that normally would have
" entered the tufbine intakes were carrled downstream through

the splllways. This greatly reduced the nuﬁber of naturally
migraelng fish available for test purposes. In addition,
Widespfead spilling at upriver dams created high levels of
nitrogen gasdsupersaturatioh which;produced gas bubble disease
among the captured mlgrants and made. many of them unfit for
test animals, COntlnued‘heavy Spllling also resulted in
severe turbulence ﬁhroughout the tallrace area which, in turh,
ruled out the possibillty of comparlng surv1va1 of fish
discharged into slackwater areas (nonexistent) with that of

- those released in the frontroll of the turbine discharge. |
Despite these difficulties, most tests proceeded as ﬁlannedr
with the major exeeption ef Ehose_i;volving;release of fi9h~
in the tailrace area. ﬁild or naturallx migrafing fish were
_used .in all- tegtg_except the ‘tailrace releases'whefe?hatchery-
reared cdho salmon were employed to augment the limited sample

- of wild fish.
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Effect of Illumination on Fish Passage

The effect of illumination on the rate of fish

passage tﬁrough the bypass system was determined by SdbjeCting ‘

' the gatéwells and orifices to various light’ conditions and bf

comparing the numbers of naturally migrating fish remaining in
a gatewélluwith the number of fish passing Ehrough‘ité'
associated‘ofifice.  The expeiiment was conducted in the A

and B gatewélis of units 8 through 11. Bentley and haYmond

(1969) previously estaglished that fish enter the A and B

gatewells in'equal numbers at McNary Dam. In additicn,-units
7 through 12 were operated at equai ioads_thrdughout the

- entire experiment to ensure (as much as posiible) an equal

distribution of fish between the units. f
. Fish remaining in the gatewells and those passing
through the associated orifices were captured independently

to permit comparative enumeration. Naturally migrating fish

 were removed from the gatewells with a standard gatewell

dipnet (fig. 5). The gatewells were fished to a depth of

'30 feet; each gatewell was dipnetted three timés._ Fish

passing through the orifices were éaptured in inclined-plane
traps (fig. 8) mounted in the sluice adjacent to the outfall

from the gatewell orifices. The top section of each trap

was screened to permit a continuous overflow of excess water

ﬁiﬁhout loss of fish. Eadh'trap was lined with.a net to
facilitate the rapid removal of captured fish. All fish

»




Figure 8.--Inclined-plane traps permitted capture of a.il fish passing

-foot section

a3

of trap was covered with black plastic sheeting to darken exit of orifice.

In this view,

through seven test orifices at McNary Dam.
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removed from the gatewells and orifice traps were transported

around the dam and released downstream to avoid inclusion

of these fish in another study that was also being conducted
at this time. ) ' -

The effect of illumination was determined by testing",.
various lighting conditions for the gatewells and orifices.nsméw

The gatewells were either (1) ‘uncovered or (2) covered and

" totally dark.w\Light conditions (gatewells uncovered) whidh‘

existed when high effidiencies of passage were obtained in

‘the spring of 1968 (Bentley and Raymond, 1969) were used as -

the control. The orifices were.subﬁected to (1) normal
anbient light, (2) electric light over the orifice exit, and
(3) total darkness.' Electrical lighting was provided by a
150-watt weatherproof floodlight a?egﬁ.i foot above the.
orifice exit (discharge side of orifice) and 1 foot away from
the sluieeway wail. The orifices were darkened by covering
the inclined-plane'portion of the traés with black plastic
sheeting; In the first series of tests, a 3-foot section of
the £rap adjacent to fhe orifice was covered,.but in the
follow1ng tests, the entire trap (inclined-plane section) was
darkened. Although the first condition prdbably produced a

desirable degree of darkness, the entire trap was darkened -
[ ] .

; during the remaining tests to ensure complete darkness.
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Unit 8 served as a;control throughout the - L

experiment. All gatewells of this~unit were ugcovered,7k“

‘ ”
i v
s

ﬁermitting‘entrj of normal ambient light. The orifice in ~ '~ '

" gatewell 8-A was always'closed;'andifish entering this

gatewell were removed with the'dipnet‘to determine numbers
of-fiéh entering this gatewell. The orifice in-gatewgll 8-B
was always open, and all fish passing through it were )
cabtured in the orifice trap. 'Gatewel} 8-B was not dipnettgd .
to avoid interference with the normal movement of the fish
into the gatewell and through the orifice.

‘Testé td determine the eff;ct éf illumination on
the passage of fish through the ga£ewe11 orifices were made
in units 9, 10, and 11. Each combination of }ight conditions
was alternated between each pair of gatewells (A and B) in a
single unit and Also between paired gatewells of the other

units to reduce the effects of possible variations between .

»these stru#tures. All orifices were simultaneously opened

and closed at fhe beginning and end sf each test. This
procedure was‘necessary to obtain teég périods of eﬁual
léngth and to facilitate the remoﬁal of all fish frﬁm the
gatewells and orificé traps; .

| The tests were désiéned according'fo the choices

availéble to fish entering the gatewells; that is, they

.could elect to (1) return into the turbine intake (escapement),

(2) delay making a choice and remain in-the gateweil‘(retention)o
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or (3) pass through the submerged orifice (passage). - Ideally,e

. all flsh entering gatewells would elect to pass through the,w?w]x‘

2 s e i o a3

orifices within a short time after entering the gatewell;

[RUSA.

) escapement to the intake or retention in the gatewell would ?‘s*

" be minimal at any time.-

.' Fish entering the gatewells must ultimately make one
of two‘choices to leave the getewe11~;(1) they may pass out .
of rhe gatewell through the submerged orifice (bypassed fish)
or (2) they may escape ;rom the gatewell back intovthe intake
(escapementj. Prior to making a choice the fish may remain
in the gatewell for a variable lengﬁh of time (retention).

At any particular time a fish will be in some stege of this
'passage'process.. After an initial time interval, the process
would be ekpectea to reach a steadyrsrate condition. During
_the initiai phase relatively more fish would remain in the
éareweii, but after a passage of time the two exit stages
(bypass or escapement) would assume greater importance. One,
therefore; can sampleﬁthe process at different time intervals
and obtain data for estimates of the process parameters during
various stages. For example, 24-hour sampling periods should

" provide retention estimates corresponding to'the ipitial. |

vstage of the process. Thirty-six and 48-hour sampling periods
~should provide escapement and bypass estimates during the

r-steady-state,stageaof the process, Thns,ﬂwe have~o varyingi w;wf
process in'which‘some of the intervehing and terminal

magnitudes are known, but the remaining magnitudes are unknown.
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This, of course, limits the typé of analysis which can be
applied to the data and dictates the form in vwhich the éatﬁ

are collected. = . ‘ : . @guwy{a/;

No direct measurement of escapement is possible,v’
although indirectly a minimum estimate of the influence of
-this factor can be obtained. Fish are presumed t6 enter"'
adjacent paigs_qﬁ A and B gatewells in épproximately equal -
numbers. vaéhe combined catéh from the orifice trap .
(bybéssed £ish) and from dip netting (retention) of an A
gatewei; exceeds that of the adjécent'B-gaﬁéweli theﬁ the
differencé must be due to eScapemenf from the B gatewell;

This estimate is a minimum because escapement may have occurred
in the A gatewell. The difference in total catches between .
the two gatewe;l systems means that there wa; more escapement
from one gatéwéll than from the other.

The efficiency.of a bypass system depends upoh the
speédy MOvement of'fiéh. If fish are diverted into a'gatewell
and accumulate there, a dense concentration éould adversely o
affect the migrants. The escapement of fish. indicates that
the bypass is ineffective. The measurement.of the retention
and éscapement parameters p:ovides a meansﬂpf evaluating the
efféct of illumination on the efficiency of a bypass system;'

" Information for evaluating the fesulté from short term (24-hour)
'£e§ts in gatewell unitsAQ,_lg. and 11 is given in table'z.
Numbers of fish caught in the bypass traps and by dipnetting

e —
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Table 2.--Total catches during 24-hour tests

- , : Idght conditiond ____ Catch Percent ,,
Species = 1  Gatewell ‘Gatewell Orifice Trap Dipnet . retentio
Chinook 9 - L Ll .. 123 203 62 .
- . 9 D pL. . 221 ns - 3k
. - 10 L L. 196 295 60
10 L - D 113‘1; ’ 222 : gs
b L Al 13 2 . 5
n D w' o o2 s - 26
Coho 9 L 7 Ll S (¢ 65 b8
- 9 ‘D D1 165 § sh - 25
10 L . /s R 105 13 52
104 L D1 108. 91 ~ 46.
n: L 11 105 ¢ 78 .. k3
1 - D - L1 - 191 31 1k
Sockeye - . 9. L Il 20 - 18 LY ¢
N 9 D nn . M 6 8
10 'L 1. 28 16 36
10 L pmp 22 20 48
b - L Al 23 1 32
n D L1 67 .2 3
_ 'Steelhead 9 L’ L1 - 139 55 28
9 . D D1 173 Ll 20- -
10 L, L. -——-230 i 25
10 L D1 C1Th T2 . 29,
1 L 1 290 : 3 15-
11 D ¥ 439 33 7
All species 9 L 11 352 341 ko
' -9 D D1 630 219 - 269
10 - L )/ I 559 501 N Y ¢
10 A DL 438 436 50
1 L n . ' 561 ' 408 42
1 D

. . 969 - 161 ©oak.

1

1/ The notation for the light conditions is:

L Ambient light for gatewell
Ambient light for orifice
Completely darkened gatewell
Darkened oriﬁ.ce and trap

- D
| D1:

' _/ Percent retention is computed ‘from:

d:lpnet catch °
trap catch + dipnet catch
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LLf oDl LLE LDl Ll oLl
_ LIGHT CONDITIONS IN GATEWELL UNITS (FIRST LETTER) &
| ORIFICE (SECOND LETTER AND NUMERAL) FOR EACH GATEWELL

. Figure 9. --Percent retention of fingerling chinook salmon during 24-hour.
' tests  for var:.ous gatewell—onf.xce light cond:.t:.ons. : '
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" are tabulated for each species'separately and totaled for all'
. species eombined;f The 1mportant result from these Short-term
L tests is the measurement of retentlon.xk Tﬁemggreegt~ 4
retention by species is graphed in figures 9 through 12.

Figure 13 is a graph of percent retention for.all species.- - -
. . _combined. ‘These figures show. that retention is lesswfor'they
~ darkened gatewell regardless of the oriflce condltlon, and -
1nd1cate that the 11ghted orlflce results in less retentlon
,regardless of the gatewell condition. The cpmblnatlon ofw
conditions which gives'the minimum'retentioﬂ is'dbtai;ed with
the darkened gatewell and lighted orifiee'éonfiguration.
| Loﬁgétermvtests4wereicendueted‘in uaits.lo ahd'ilnuu
to dbtaln a measurement ‘of escapement of flsg'back into the
turbine intake. These data are listed in table 3 they composet‘
one 36-hour test and three -48-hour tests. In the evaluatlon
of these data the total catdh is used, i e., oriflce trap |
plus dip net eatches. A graph of the data (flg. 14) shows
- ~that coho: and ‘gteelheadfaeeept _both the dark and lighted ™
~orifices equally, but the chinock preferithe.lighted orifice..
_ It'is also clear from the graph thatﬂa significant number of
A L;chinodk~failed:te use the-orifice h&pass When'the»ﬁrifice'ﬁas '
darkened, and these fish mnst have escaped badk into the

turbine intake. '

DO i
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'Table 3.--Trap and orifice catches durlng long term

(36 and 48 hour) tests

Gate- : . Light conditiont/

VA The notatlon for ﬁhe light conditions is:

‘D
‘D2: Orifice-darkened and entire trap covered

L2

¢ Completely darkened gatewell

s Orifice lighted with an electric light

: well Test = Gate- - Catch SN
Spec1es ‘unit period well  oOrifice Trap Dipnet  Total
Chinook 10 1 D D2 17 7 24 -

30O 10 1 D L2 62 2. . - 64
: 10 2 D D2 10 4 14
. 10 .2 : D~ L2 21 o-: 21
(1Y 3 D D2 31 8 39
11 -3 . D L2 143 -1 144.
11 4 D D2 15 4 19
11 4 . D L2 36 2 . 38
Coho™ 10 X D D2 2 0 2
- 10 - X D L2 6 o 6
10 2 D . D2 1 o 1
10 2 D’ . L2 5 -0 5
11 -3 D’ D2 <« 14 1l 15
11 3 D L2 § 10 0 10
11 = 4 D D2 -6 .0 6
11 4 D L2 2 .0 2
" Steelhead 10 1 D D2 43 3 . 46 "
L. 10 PR | D TTL2 . 66 0 - 66"
- 10 .2 D D2 11 5 l6 -
10 T2 D L2 27 o 27
11 .3 D D2 103 5 . . 108
11: 3 D L2 8l 5 86
11 4 D D2 20 4 24
11 4 D L2 28 1l 29
All species 10 1 D D2 62 10 72
- 10 1 D “ L2 134 2 136
10 2 D . D2 - 22 9 31
10 2 D L2 - 53 0 - 53
11 3 D D2 148 14 162
- 12 -3 D. L2 234 6 240
11 4 D D2 41 8 49
11 4 D L2 66 3 69
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Ideally, the optimum criterza for a gatewell-orlfice.‘
bypass system is one in vhich the fish entering the gatewells l
'would pass through the orifices with ﬁhe least delay and w1ﬁh
" no escapement back into the turbine 1ntake. These testsA o
indicate thac the llqht condition which best satisfles this
qbtimum is one in which the gatewell is darkened and the.

orifice is lighted.

Survival ofﬂﬁigrants in-Ga;ewell—Sluice.Bypass

- The gatewell-sluice fish bypass was evaluated by
_ releasing groups of marked fish at selected locations and
comparing the live recoverles of these fish at the downstream

end of the system. The test fish were carefully selected

' from all wild migrants that were available immediately

preceding each test. These fish-were'harked with thread tags
‘or an opercular punch and held for 24 houfs to sort out
migrants unfit for testing due to handling stress or other
causes. Because of the_prevalence‘of gas-bubble disease in
tﬁe migrants, some of the test groups necessarily contained
small numbers of fish. |
‘ Four groups of marked fish were passed through a

normally operating orifice and recovered after they had
: passed‘through the bypass. The marked fish were released into
‘a laége cage placed in gatewell 13-B. This cage was constructed
to allow the fish to pass naturally through the orifice but l

to prevent them from’ escaping into the gatewell. Each group~

-
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of fish was introduced into the release cage with a pen,

4 lowered from the intake dedk to a position directly above‘

the - cage. The pen contained a solid, funnel-type bottom with
a stopper that permitted the tran5portat10n and dlsdharge of

fish with water into the release cage. At the end of eadh

. - =3-hour test period, the .cage was removed from the gatewell

and the number of fish passing through the orifice to the
sluice Qas obtained by sdbtracting the count of fish remaining
in the cage from the or1g1na1 total,

Four groups of marked flSh were also released at
specific locations in the sluice (flg. 15) to prov1de a
comparison of the survival-of-these flsh Wlth test fish that
"had passed threugh the orifice and the sluice. Groupkl was

released in the upper slaice beneath the orifice outfall from

-gatewell 13-B; group 2 was released at the south end of the’

upper sluice; groﬁp 3 was released into the waterfall at the

head of the lower sluice; and group 4 was released 10 feet

‘ia'front of the recovery trap in the lower sluice, Fish

passing through the orifico and éhose released in the sluice
were recovered in a dipper trap (Mason, 1966), near the en& |
of the lower sluice. |
Recover;es of fish released at‘varlous points in the»
hypass system appear in table 4. Wzth a single exception,

a1l fish in the four tests involving passage Ehrough the

' ,
e g e o e o2

-



Table 4.--Number and percentage of marked fiéh'(released at various ébiﬁts in
_ the gatewell-sluice bypass) that were recovered alive at McNary Dam, spring 1969

Release site and L Fish Fish Fish 1/
date (in parentheses) Species released . recovered ~ descaled
: ‘ - . Number ~ Number Percent Number
Gatewell 13-B ' Chinook, coho, : L o E
(June 3) L and steelhead = 20 . ..20 ¢ - 100.0 : 0
Gatewell'lBéB o ‘Chfhébk, coho, f . ﬂi':“ N - ' .
(June 3) S . and steelhead l9 .19 100 - . - O
Gatewell 13-B Chinook and | R
(June 5) ‘ steelhead 7 .o 7 . 100,0 : 1
Gatewell 13-B - : E [ S
(June 5) | , Steelhead , 7 . 6 ' 85.7 0
Lower sluice in front‘ Chinock, coho, | L | _x‘..' .
of dipper trap . and steelhead 30 26 . 86,7 1
(May 27) ST R o L
‘ |

Lower sluice beneath ! P , o : R
waterfall * Hatchery coho 26 0 25 '9%6.2 O
(May 28) L : B . e

" Upper sluice below outfall Chinook, coho, - - ST e
from gatewell 13-B - -and steelhead, "~-. 40 -+ 35 87.5: . 0
(June_ 3) . S : A I L D
Upper .sluice at south end . Chinook and - | L S R
(June 5) . : . steelhead =~ -~ 14 .~ 12 = .- 857 1.
1/ Moderate to severe descaling. '@ o , ;'_1.' ‘,E“"'"'T“

274
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orifice in gatewell 13-B were recovered in the dipper trap.‘;'} . F;

Recoverzes of fish released at various points in the upper .:flf

“and ‘lower sluice ranged fromf86 to 96%.f Approx1mate1yfequa1‘ £

recoveries were made from releases at the extreme upper end LR {
of the sluice (group 2) and at the lower end immedietely in ;
:ffront~o£ thejdipper?trapn(group94).' Overall, the recovery7of!2%= J~%3
| £ish released in the sluice areas was sOmeWhatilower than :
- that of fish rEIeased in the gatewell Questaons arise, then,
“*concernlng the fate of those’fiSh that were not recovered e

| pid they succumb due to hazards in the bypass system or was

their loss due to other causes?

oo »Several factors could-have been responsible for the

loss of test fish; Most obvious, perhaps} was the éenerally

poor physical condition of the majority of the wild migrants

due to nitrogen gas supersaturat1on. Although only those fish

in the best phys;cal condition were selected for testing, it

is possible that some may have succumbed‘shortly after release
"due to prior stress during'handliné. Fish that may have died e
during passage in:the byoass system could not be recovered.

Thls was determihed by experimental releases ofcdead fish in
lthe sluice which revealed that these fish dld not appear in

-the recovery trap.
} Loss of fish due to escapement at theArecovery
.fecility‘cannot be ruled oﬁt completely. Although care was
taken to make the trap as "fish tight" as possible, some fish .

may have escaped capture by passing through undetected cracks .
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or small holes in the recovery installation. Another possible -

:.explanatlon for the unaccounted fish is that they remained in f#iﬁ

the slulce for an indetermlnate perlod and simply failed to
move down to thé collection site. Unfortunately this factor
:oould not be assessed because of a breakdown of the trap .
shortly after the tests were concluded. Had the.trap‘remained‘r, : ;
intact, evidence of delayed migration may have been detecteu' |
by continued monitoring. Most fish released in the gatewell %

or sluice areas @ppeared in the recovery trap within 1 or 2 ,,2;
days, but in several instances recoverles were made 6 or 7 |

.days after release. ' One flsh‘released immediately in front

of the dipper trap was recovered 7 days after release, It is o %

[
s

possible that the dipper- trap may have delayed migration‘out

R

of the sluice and that without this structure, migration
through the sluice may have been more rapid. ,,ce,:” S
 Loss of thread tags could expiain the disappearance | !

of some test fish, but this is only a remote possibility. |
Finally, predation.in the .sluiceway cannot be ruled out as a -
-possible explanation for the‘disappéarance ofrtest fish.
Predatory flsh pa551ng through the sluice were captured in the
-,xdipperftrap, and examlnat;on -of=their stomach contents'revealed ri

 some mlgrant salmon. None contained evidence of the marked
'r,test-fiSh, However. If predators remained in the sluiceway

- during theseatestsipit isvpossiblelthat theyicouldlhave:;x:;: L:L;:f

’ preyed on the test fish. This was never determined, however.


http:ppeared.in
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Evidenee'of descaling among fish descending'through .
the bypass offers another possible means‘of assessing the
‘efficiency of fhe system. Only 3 of 150 fish (2%) that were
recovered from test releases in the gatewell and sluice
showed evidence of moderate to severe descaling. Even in
these instances._it is.poss%bleithat the eombaratively,minor'
" occurrences of descaled fish could have resulted frem_capture

and handling of fish in_the dipper trap and not from passage

- --/.<-.._.‘.

: through the bypass. -Effort was made to dheck the dipper trap e

and remove flsh as frequently as possible (every 2 hours or
so durlng dayllght hours), but if fish remained in the trap
for longer perlods (8Ahours or-more), descallng very likely
could have resulted from the extended conflnement.

'wWild fish pas51ng naturally through the bypass during

a 3-day period (May 27-29) were also examined for “evidence of

descaling (table 5). of 1,738 fish recovered in the dipper

trap, 101 (6%) were considered descaled. 1In this instance, a

. nunber.of these flsh may ‘have been descaled before they
- entered the bypass system at McNary due to previous experience

during migration or release from hatcheries. In general,

- descaling was more prevalent ameng sockeye and steelhead -and =~

'~ least prevalent among chinoock and coho.
- Summing up, we conclude that descallng of fish due to
: passage in the McNary gatewell bypass is apparently“minimal

and that virtually all of the migrants passed safely through

the system.
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_Table 5,~-~Number of juvenile salmon and steelhead trout that
were captured~}p dipper trap at McNary Dam and number that.
Ma ,

wege descaled1

y 27-29, 1969

FiSh T

oL . B Fish g N
Date - - Species captured descaled
S . Number Number Percent

. May 27  éhinodk - 189 | 3 ——
May 28 Chinoék 182 12 -
May 29 Chinock ‘594 8 -

Total 965 23 2.3

May 27  coho 46 0 _—
May 28 Coho 80 4 - -
,May 29 - Coho 73 7 —

Total - . 199 11 5.2
May 27 . Sockeye 5. 0 _;
May 28  'Sockeye 2 0 -
Maf 29 ..séckeye ’7 4 —
‘Total 14 4 22,2
May 27 Steelhead 76 6 -

‘May 28 Steelhead 137 16 -
‘May 29 Steelhead 347 a1 -
 rotal 560 63 10.1

1/ Fish were considered descaled if the injury ranged from
moderate to severe.

-

Most descaling was in the moderate category.
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Use of Bypass by_other Species

Several species of fish other ‘than juvenile salmon

‘and steelhead trout were captured in the oriflce traps and

migrant dipper (table 6). In order of abundance, the most f;fgq,

numerous were Pacific lamprey (496 ammocoetes), sudkers (128),
.adult steelhead (88), northern squawflsh (60), carp (54),
whitefishes (42), and chiselmouth (22). Ammocoetes of the
- Paciflc lamprey were recorded in the or1f1ce traps only
because the oPenlngs in the dipper trap were too large te ,
‘retain them., -

| The largest steelhead captured in the orifice traps
.was 28 inches long and 13 inches in girth Four larger
steelhead were captured in the dipper trap; the largest
measured 32 inches and was 15 inches in glrth. Table 7
presents the length-frequency dlstrlbution for steelhead
.captured in both types of traps. Fish captured in the dipper
traf could possibly,have entered the slujce by leaping over’,
the stop l_ogs- that separate the forebay from the sluice,
‘especially vhen the ferebay was high because of ponding.

Plans ipc;ﬁded dewatering of the sluice after the

‘peak of the‘spring migration to remove predators ﬁhat‘ﬁay have
remained in the bypass system. A sudden storﬁ; however, |
deposited a large'amount of debris in the sluice which damaged
'ghe dipper trap and permitted the escape of any fish #has may
have remained in the sluice. Although data on Eheiabundance
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Table 6.--Number of'fish other than juvenile éalmon and
steelhead trout that were captured in dipper trap and
orifice traps at McNary Dam, spring 1969 ,

Fish captured . - = . .

- Common and - (in parentheses) In orifice - In dipper @ . _

scientific name of fish ~ traps . trap ' potal
D - S S0 S 0 s S Eu“ber. N .. - .
Pacific lamprey ;/ _ S {‘ . e f  3.
" (Lampetra tridentata)™ . 496 ' 0 e . 496 - .
_Suckeré (catostomus spp.) - . 29 : .4~ 99 o k128
Steelhead trout 2/ ; o : 4 ‘ '
(Salmo gairdneri) 24 64 . 88
Northern squawfish ) : Lo - |
(Ptychocheilus oregonensis) .- 5 55 ; : 60
carp (Cyprinus carpio) f o . 43 | . 54
Whitefishes (Prosopium.spp.) 6. 36 o 42
Chiselmouth o L ' o
(Acrxocheilus alutaceus) , 6 _5 16 v - 22
Redside shiner ' SRR o , -
. {(Richardsonius balteatus) ‘ 0 - JERE AT 7 AEERE R EE
" Peamouth (Mylocheilus caurinus) 4 L 2 S
' White sturgeon K “ _— ' :
(Ac;penser transmontanus) L2 - 2 oo 4
Threesplne stickleback : < .
(Gasterosteus aculeatus) . 4 - S 0 ’ 4
Brown trout (Salmo trutta) 1 ' 1 a 2
.Channel catfish . - - . o R
" (Ictalurus punctatus) 0 : 1 3 1l
Yellow perch (Perca flavescens) o » :1 ' ‘ 1
Bluegill (Lepomis macrochirus) 1l - 0 o 1

p V4 Ammocoetes’
2/ Adults
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. Table 7.--Length frequency of adult steelhead trout

ra

E"f;;: 13._:34;4,‘:c:~32.5}

et - ——r " o e+ — o © ———— A A T A M
N . .

captured in orifice traps and dlpper trap at McNary Dam,
sprlng 1969

i ‘ oo S Steelhead captured
Length ’,mWMm_ _,mﬁma
R e b S txaps - . - trap .7

 Inches . _.' wi} Cn, ( Number ,‘;-; - Number - -

o
w

127 777 30,0

LS

i

14 7., 35,0
L A5G 37.5 -
16 - 40.0
17... ... ' 42.5
18  45.0 ’
19 - a1 S
.20 - 50,0

|
\

H W M 0 MW e e N M O O O.

21 52.5
22 - 55,0
23 . s1.5
2 ji 60.0
25 . e2.5 - -

4

26 65.0 o
27 61.5
28 70,0 -
20 2.5
30 ' 75.0.
31 77.5

F O F N M O N WU WU WL NO W W S O W

© © 0o 0o K O W

32 . 80.0
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'-.of predators in the sluice is insufficient, comparatlvely

few predators were captured and these showed no indlcations.

.

»of significant predatlon.

Survival of Bypassed Fish in the Tailrace ’

An experiment was 1n1t1ated ‘to determine survival

of bypassed fish in Ehe tailrace by comparlng the recoveries .

—from releases at three locations., One group was released in
the frontroll of the turbine discharge, a second in the '
backroll, and a_thlrd‘group at the exit of the north sluice.
The experiment could.not be completed;lhowever, because of
unfavorable field conditions.

A total of 46,590 fish were marked and rcleased into
the tailrace. These releases consisted of selected wild
'mlgrants captured in the dipper trap (table 8) and hatchery-

. reared coho salmon that had been intended for another
f. experiment. The ratio of hatchery to wild fish in thesev'
’releases was approxlmately 3 to l.'_Unfortunately the
recoveries of these flsh downstream from McNary Dam were too
low for-statistical comparison of the various groups, and no

conclusions'can be made from this experiment.
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‘Table 8.--Number of juvenile salmon and trout &{;v‘..”
(downstream migrants) collected in the orifice
- traps and dipper trap at McNary Dam, spring 1969

Fish captured

In orifice

In dipper

Sgeciesvr;r\“' traps trap T
————— 'Nuﬁbe%-.
Steelhead troﬁt o - 10,331 . 37,7i1
- Chinook salmon - 5,220 20,048
Coho salmon 2,016 " 15,852
SOckeye salmon 959 . 1,510

Total 19,426 _ . 75,121 94,547
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Conclusions and Recommendations

Conclusions and recommendations are as follows:

1. The passage of downstream mlgrants fhrough

'crlfices is increased s;gnlflcantly when the gatewells areuﬁ ]
dark and the orifices are lighted. Fish passage is hlgh at‘;e;
dams where the orifices exit into an ice slulce that is- ;;i“ S
_ illumlnated with normal amblent 11qht. To achleve maxlmumv L
fish passage “for all SPECleS, however, we recommend that
orifices discharging into ice slolceways be.llluminated
continuously with electric lights during the downstream_
migration. Our tests also show that fish passage is reduced
81gn1f1cant1y when both the gatewells and oriflces are
contlnuously darkened. For this reason, we recommend that
‘where completely darkened fish bypasses have been incorporated ﬂ
in hydroelectric structures (such asﬂdohn Day, Lower
~ Monumental, and Little Goosef, every reasonabie-effort should
be made to illuminate the orifice area with electric lighﬁs.,
2. Survivalbin the bypass was determined to be
high by the release and recovery of marked test fish "and the
low incidence of descallng. Much of this descaling, moreover;
probably occurred‘when the fish were captured in the dipper
trap and subsequently handled and examined. ' predation in
'~ the bypass could not be evaluated completely because of
‘storm damage to the dipper trap which prevented capture and

‘examination of potential predators remaining in the bypass.
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Ne test fish were found in stomachs of predetors captured

in the dipper trap, but these same fish did contain remains

of salmon taken at undetermined times and places. In Eheﬁq‘*%F“f“f

‘future, if congregations of predators are observed iq the

'sluiceway, we would recommend periodic flushing of the sluice

with large flows from the forebay.

3. Determination of the survival of fish released
into VarioﬁS'afeas of the tailrace depended in part on the
existence of a slack-water area adjacent to the north slﬁice.
exit. Because of continuous spilling during the study perlod.
this phase of the bypass investlgatlon could not be

satlsfactorlly completed. Previous experience suggests'that

survival of fish bypassed to the tailraee could be sighificantly._

1ncreased by releas1ng them in predator-free areas such as

— "

ﬁhe frontroll of a turblne disdharge or in the spillway

.'discharge.'

|
1 .
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