CONF-NN DI~ ¢

CLASSIFICATION

DOCUMENT IDENTIFICATION NO.

PNL-SA-6606

$&Batielle

Pacific Northwest Laboratories
Richland, Washington 99352

COPY AND SERIES NO.

DATE

NOVEMBER, 197T

TITLE AND AUTHOR

COMPARATIVE FISH IMPINGEMENT AT TWO ADJACENT
WATER INTAKES ON THE MID-COLUMBIA RIVER

T. L. PAGE, D. A. NEITZEL AND R. H. GRAY

CONTRACT PROJECT NO.

[]- 1830
[ ]- 1831

RESERVED FOR TECH. INFO. USE

B s TR LB, W T 10 N
NAME COMPANY LOCATION NAME COMPANY LOCATION
ROUTE TO PAYROLL NO. COMPANY LOCATION FILEDSA1R‘(E)UTE SIGNATURE AND DATE

AEC-RL RICHLAND, WASH CLASSIFICATION




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



2
Wi

B L —

| misawe |

COMPARATIVE FISH IMPINGEMENT AT TWO ADJACENT

WATER INTAKES ON THE MID-COLUMBIA RIVER

T. L. Page, D. A. Neitzel and R. H. Gray
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ABSTRACT

Fish impingement on the mid-Columbia River is a concern only from April
through June, and is limitedAto a fe@ species. A comparison of fish impinge-
ment was made from May through June 1977 at two watér intake facilities
located 276 m (éOO ft) apart on the Columbia River at River Mile 380. The
iﬁtakes each have a capacity of over 25 m3/s (891 cfs), are similarly designed,
and have comparable water intake velocities. Collections from traveling .
screens at 100-N- intake yielded‘89 dead chinook salmon fry. During the same
period 766 chinook salmon fry were collected at the Hanford Gener;ting Pro-
ject (HGP). These dafa represent an estimated impingement of 2695 chinook
salmon fry, 977 of which survived.

Impingement for other fish species was similar at both intakes, except
that HGP. impinged twice as many yellow perch fry as lOO-NA(2642 versus 1296).
Several hypotheses are offered to explain thg differences in impingemenf
between intakes. These include subtle differences in forebay configuration,

curtain wall location, and possible differences in fish behavioral responses
BISTRIBUTICN €2 3718 DOCUMENT IS UNLIMITED™

to the intake facilities.
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COMPARATIVE FISH IMPINGEMENT AT TWO ADJACENT

WATER INTAKES ON THE MID-COLUMBIA RIVER* ‘
T. L. Page, D. A. Neitzel and R. H. Gray

Ecosystems Department
Battelle-Northwest Laboratories

- Richland, Washington

INTRODUCTION

This paper compares fish impingement at two adjacent water intakes on
the Columbia Rivef (River Mile 380) in southeasterp Washington étate on the
U.S. Depértment of Energy's (DOE) Hanford Reservation. The site is:between
Priest Rapids and McNary Dams and on the last free-flowing stretch of the
Columbia River above Bonneville Dam (Figure 15. Most of the Columbia River
io noﬁ a sefies of impoundments created by hydroelectric dams. River flows
through the Hanford Reach range from 1019.5 to >11,328 ma/s, and are regu-
lated daily and weekly by Priest Rapid Dam in response to power demands.

The lOb—N Re;ctor, operated by United Nuclear Industries for DOE, is a
dual purpose reactor providing plutonium for United States &efense purposes,
and steam for the adjacegt Hanford Generating Project (HGP), operated by
Washington Public Power Supply System. The 100-N water inlake 1s about 276 m

(905 ft) downstream from HGP (Figure 2).-

*Study was conducted for the U.S. Energy Research and Development Administra-
tion (now DOE) under Contract EY-76-C-06-1830.
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Fish impingement was studied at HGP from March 1973 through April 1976
(Gray et al., 1975; Page et al., 1975, 1976). Impingement at 100-N was
studied in 1977 (Page et al., 1977). We simultaneously compared fish impinge-

ment at the two intakes during 1977.

INTAKE DESCRIPTIONS

River water is Suppliéd to 100-N by four 6.6 m3/s (233.9 cfs) pumps.
Total pumping capacity is 26.4 m3/s (935.6 cfs). Only three pumps, 19.8 m3/s
(701.8 cfs), are required for normal operation. There are six pump bays each
with a-tra?eling screen. The two center pump bays are for emergency water
pumps and the four outer-most for the circulating water pumps (Figure 3). The
pump bays are connected by 1.8 by 1.8 m (6 by 6 ft) interflood gates.

River water is supplied to HGP by four 8.9 m3/s (314.1 cfs) pumps- (Fig-
ure 3). Total pumping capacity is'35.6xm3/s'(1256.6 cfs). Only three pumps,
26.7 m3/s (924.3 cfs), are operated when river temperatures are less than
.7.2°C (45°F). The HGP inﬁch has two puuwp bays with three traveling screens
each. The pump bays are not interconnected.

The traveling screens are constructed of a vertical row of panels each
3;05 by 0.61 m (10 by 2 ft) with 0.32 cm (1/8 in) square openings (Figure 4).
In front of the traveiing screens, each intake has a curtain'wall extending
down to about 116 m (380 ft) above sea level (Figure 5). The.lower edges of'
these curtain walls are 2 m below the water surface at,avetage river flows.
At HGP, the curtain wall is behind a trash rack. At 100-N, gﬁé trash rack.

)

extends down from the curtain wall. Each intake has fish eécape ports on the

exterior downstream wall.
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Trash accumulating on the traveling screens is carried to the top of the
intakes and washed into a sluice way that terminates in a sump pit (Figure 3).
A 40.6 ém (16 in) diameter pipe returns screen wash waﬁer, impinged fish and
other material to the river downstream of each intake. |

Studies at HGP (Gray et al., 1975) showed larger numbers of fish passed
through or around the screens than were impinged. Passage was apparently
through openings between the screen panels, along side of thé screens and‘
beneath the screens. To reduce screen passage, the majof suspected.fish
entry pointsAwere sealed. Similar entry ways at 100-N are not.closed and the
magnitude of screen passage there is unquantifiedﬂ

The traveling screens at 100-N are rotated and washed for 10 to 30 mih
daily with a high pressure, 63,279 kg/m2 (90 ﬁsi), spray wash. During our
observations the screens at HGP were rotated and washed continuously. The
high pressure spray was preceded by a low preésure, 10,546'kg/m2 (15 psi),
spray. The addition.of a low pressure spray and continuous screen washing
were made at HGP in 1976 to reduce fish‘mortality resulting from impingement

and/or removal from the screens (Page et al., 1976).

Tmpingement Velocities
The traveling screens are of similar design at both facilities-as is the
calculated watér velocity through the traveling:screens. Calculafed impinge-~
ment velocity (i.e. the velocity through the screen mesh) at HGP is 0.72 m/s
(2.36 ft/s); assuminé four—pump operatioﬁ and minimum river elevationms.
Calculated iﬁpinging velocity at the 100-N intake is 0.87 m/s (2.86 ft/s)

assuming one traveling screen for each circulating water pump and minimum
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river elevation. -‘If the incoming circulating water is assumed to enter equaily
through all six screens, the calculated velocity is 0.58 m/s (1.9 ft/s).

Actual velocity through the mesh probably lies between these two values.

PREVIOUS HGP IMPINéEMENT STUDIES

Studies at HGP (Gray et al.,‘l975; Page et al., 1975, 1976) revealed that
ove? 90% of the fish impinged were zero-age chinook salmon less than 50 mm
(1.97 in) fork length., These fish emerge as fry from redds in the river bed
between Priest Rapids Dam and the study site (Figure 1) and are present from
December through June. Impingement at HGP is generally highest in April gnd
May. About two million swim-up chinook salmon fry emerge each year above the
site and are.vulnerable to impingement (Page et al., 1976). The fry are the
offspring of the last major population of fall chinook salmon spawning in the
mainstem Columbia River.

Although other fish species were impinged during HGP studies, their
numbers were insignificant coméared to those of chinookAsalmon. Modifica~-
fions to the HGP intake, similar to those used at the Suxry Power Jtativu

(White ‘and Brehmer, 1977), have increased survival of impinged fish to more

than 93%Z (Page et al., 1976, 1977).

SAMPLING
A continous sampling device‘wés iﬁstalled at HGP in 1976 (Figure 6).
It consisted of an additional opening in the sump pit and a saﬁple pipe from
the sump pit to a net-lined swimming pool. The system diverted about 25% of
the HGP screen wash water to the swimming pool where fish and other material

were removed daily. The system sampled 31.5 ¢&/s (1.11 cfs) of screen wash
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water. Tests showed that 3.42 live chinook salmon fry were impinged for each
live chinook salmon ffy collected in the swimming pool, and 5.01 dead chinook
salmon ffy were impinged for each dead chinook salmon fry collected (Page et
al., 1976, 1977). Fish dead at time of collection may have died as a result
of impingement related injuries, or may have died prior to impingement.

At 100-N, all impinged material was collected by instaliing a basket,
lined with 0.32 cm (1/8 in) Vexaéa, in the sump pit (Figure 7). Screens
Qere usually washed once per day and tests showed collection of 1007 of

"impinged fish.

IMPINGEMENT

Seven fish species wefe collected from the traveling screens at 100-N
(Table 1). Yellow perch fry and chinook salmon fry were most frequently col-
lected (Table 2). Fourteen times more yellow perch fry were collected than
chipook salmon fry. All fish collected at 100-N were dead. Evidence indi-
cates most fish died as a résult of impingement.

Ten fish species were collected at HGP (Tahle 1). In addition tu Lhe
seven spéciés éncountered at iOO-N, the 1list included sucker, longnose dace
and threespihe stickleback. Chinook salmon fry (766 live and 13 dead) were
the most common fish impinge& (Table 3). Based on sample efficiency, it was
estimated that 2626 (766 x 3.42) live and 75 (15 x,S.Ol) dead chinook salmon
fry (2695 total) were impinged at HGP. If yellow perch fry are sampled with
the same efficiency as chinook salmon fry, then 2432 live and 210 dead yellow

perch fry (2642 total) were ‘impinged at HGP. Note, however, that 977 of the

C)Use of brand names does not imply endorsement by Battelle.
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2695 chinook salmon fry and 927 of the 2642 yellow perch fry survived impinge-
ment at HGP. Survival of other species was similar. Virtually equal numbers
of chinook salmon fry and yellow perch fry were impinged at HGP.

Twice as ﬁany ?ellow perch fry were impinged at HGP‘as at 100-N, and
30 times as many chinook salmon fry (Figure‘S). More chinook salmon fry were

impinged in May than June. Impingement of yellow perch peaked in June.

POSSIBLE EXPLANATIONS

Several hypotheses may help explain differences in impingement noted
in our studies. First, the HGP intake (located upstream from 100-N) removes
vulnerable fish from the river, thereby reducing the number of fish exposed
at-100-N. Since HGP immediately returns most impinged fish to the river
. alive, upstream of 100-N, this does not account for the observed differences.

Fish may'notAbe as likely to encounter the 100-N intake because it sits
further from the river, in a more pronounced forebay (Figure 2). However,
the removal of berms, which préviously created a similar forebay at HGP, had
no discernable effect on impingement (Gray Etva1.j 1975).

Fish in front of the intakes may be less likely to enter 100-N, perhaps
as a result of differences in the location of fhe curtain wall. Experimental
releases of rainbow trout fry, similar in size to the imﬁingéd wild chinook,
in the forebay-of‘both intakes showed HGP impidged three times more(fish ;hag
100-N.

Additional releases of live and dead rainbow trout fry immediately
(<1 m) in front of the traveling screens at both inﬁakes showed that HGP
impinges six times more live fish than 100-N, even when they were presented

directly to the screens (Table 4). However, the 100—N intake impinged about
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1.3 times more dead fish than HGP. The impingement of more dead fish and
fewer live fish at 100;N suggests that though velocities at the screen may be
higher, environmental stimuli at 100-N may induce fish to avoid the screens.

Fish may pass through or around the traveling screeﬁs at 100-N iﬁstead
of becoming impinged. Prior to modification to eliminate screen passage at
HGP, more fish passed the screens than were impinged (Gray et al;, 1975).
Although this hypothesis cannot be dismissed entirely, SCUBA diver observa-
tions of the intakes and sampling qf the pump wells behind the traveling
screens suggest écreen passage may beAless of a problem at 100-N than it once
was at HGP. Impingement of yellow peth fry at 100-N, which were smaller
.than the chinook salmon fry, also suggests screen passage may not explain
observed differences in impingement. |

Subtle differences in water velocity, circulation patterns, and design
and operation of the intakes- may provide behavior stimuli and induce avoid-
ance of the écreens by fish at 100-N. More detailéd examinations of the
complex interactions Between fish and water iptake facilities are needed to
understand which intake design feafufes and operationai procedures protect

fish.
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TABLE 1
Common and Scientific Names of Fish Collected from Hanford Generating Project

and 100-N Traveling Screens and by Beach Seining, May through July 1977

Common Name : _ Scientific Name , Collection Site*
chinook 'salmon:. Oncorhynchus tshawytscha H,N,B
Pacific lamprey Entosphénus tridentatus H,N
threespine stickleback Gasterosteus aculeatus : H,B
redside shiner ‘Richardsonius balteatus ‘ H,N,B
whitefish \ Prosopium williamsoni “H,N
squawfish Ptthocheilus oregonensis H,N,B
sculpin Cottus spp. H,N,B
yellow perch ' ' . Perca flavescens H,N,B
longnose dace ' Rhinichthys catafagtae H,B
sucker : Catostomus spp. H,B

*H = [lanford Generating Project, N = 100-N, B = Beach Seine
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TABLE 2
Numbers and Species of Fish Collected from 100-N

Screen Washings from 6 May through 28 June 1977

¢hinook Pacific ‘redside yellow

Date fry lamprey shiner squawfish Whitefish sculpin perch
6 May. 77 34 , 3

11 May 77 40

12 May 77

18 May 77 2

20 ﬁay 77 4 1 1

24 May 77 1 ' 1

26 May 77 |

1 June 77 1

2 June 77 » . 1

7 June 77 3

9 June 77 4 . S § 5
14 June 77 ’ . | | 143
16 June 77 ' : 262
21 June 77 2 1 . 747
23 June 77 | | 138
28 June 77 - _ _ _ - 1
TOTAL 89 2 1 6 1 1 1296

11



TABLE 3 ‘ . : )
Numbers and Species of Fish Collected from HGP

Screen Washings from 6 May through 6 July 1977

Pacific redside B ' o yellow

chinook lamprey stickleback dace shiner squawfish whitefish sculpin sucker perch
Date A D A D A D A D A D A D A D A D A D A
6 May 77 48 1 1 )
11 May 77 223 5 1 1 19 6 1 1
12 May 77 178 2 s | 323 ’ 4
18 May 77 134 3 1 4 13 1 19 1 5 1
20 May 77 60 2 2 . 2 - 7 12
24 May 77 41 1 32 4 9 1 BT
26 May 77 29 2 1 17 1 13
1 June 77 12 . - 3 1 » 9
2 June 77 19 3 8 : 8
7 June 77 12 . o 3
9 June 77 5 1 3 | 3
14 June 77 2 . 134
16 June 77 2 , 1 | ' | i 139
21 June 77 1 . 1 1 | 16 23
23 June 77 ’ T 1 , 408
28 June 77 1 _ _ o _ _ | . _ o 11 4

TOTALS 766 15 2 0 18 0 3 0 32 0 98 1 5 . 0 65 1 3 -0 711 42

*A = Alive; D = Dead

‘18 38 @8eg
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TABLE 4
Number of Experimental Rainbow Trout Collected after Release®

Behind the Trash Racks on June 1977 at HGP and 100-N

Number Fish Recovered in Screen Wash

Elapsed Time __HGP . 100-N

20 hr : 42 live 21 live
" 63 dead 428 dead
44 hr ' 0 1
' 0 5
68 hr : 1 0
‘ 0 0
92 hr ' 0 0
0 0
164 hr 0 0
188 hr 2 R
0 0
Total 45 live 22 live
: 63 dead . 433 dead
Adjusted for sample 154 live
efficiencyt : , 316 dead
Percent recovered . 267 4%
53% 72%

*600 live and 600 dead released at each intake

fPage et al., 1976

13
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Hanford Reservation showing location of 100-N area and Hanford
Generating Project.

Aeriallphoto showing relative locations of 100-N and Hanford Gene;—
a;ing Project water intakes, photo taken at minimﬁm river elevation.
Plan view of 100-N and Hanford Generating Projecf intakes.
Schematic of traveling screens at iOO-N.

Vertical schematic of 100-N aﬁd Hanford Generating Project intakes.
Schematic of HGP intake and sealwell.

Schematic of 100-N suﬁp pit showing sample basket and bar screen.
Comparison of chinook salmon fry and yellow perch fry impinged at
100-N reactor and Hanford Generating Project intakes in May and

June 1977.
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