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ABSTRACT 

' 

F i s h  impingement on t h e  mid-Columbia River  i s  a concern on ly  from A p r i l  

through June ,  and i s  l i m i t e d  t o  a few s p e c i e s .  A comparison of f i s h  impinge- 

ment w a s  made from May through June 1977 a t  two water  i n t a k e  f a c i l i t i e s  

l o c a t e d  276 m (900 f t )  a p a r t  on t h e  Columbia River  a t  River  M i l e  380. The 

3 
i n t a k e s  each have a c a p a c i t y  of over  25 m /s (891 c f s ) ,  a r e  s i m i l a r l y  des igned ,  

and have comparable wa te r  i n t a k e  v e l o c i t i e s .  C o l l e c t i o n s  from t r a v e l i n g  

s c r e e n s  a t  100-N.intake y i e l d e d  89 dead chinook salmon f r y .  During t h e  same 

pe r iod  766 chinook salmon f r y . w e r e  c o l l e c t e d  a t  t h e  Hanford Genera t ing  Pro- 

j e c t  (HGP). These d a t a  r e p r e s e n t  an  e s t ima ted  impingement of 2695 chinook 
4 

salmon f r y ,  97% of which su rv ived .  
-!*;I 

& 

Impingement f o r  o t h e r  f i s h  s p e c i e s  was s i m i l a r  a t  bo th  i n t a k e s ,  except  

t h a t  HGP.impinged twice  a s  many yel low perch  f r y  as 100-N (2642 v e r s u s  1296).  

Seve ra l  hypotheses a r e  o f f e r e d  t o  e x p l a i n  t h e  d i f f e r e n c e s  i n  impingement 

between i n t a k e s .  These i n c l u d e  s u b t l e  d i f f e r e n c e s  i n  forebay  c o n f i g u r a t i o n ,  

c u r t a i n  w a l l  l o c a t i o n ,  and p o s s i b l e  d i f f e r e n c e s  i n  f i s h  b e h a v i o r a l  responses  
DIGTRI~UTIC=SJ GI' 5'3S DOCIJPdENT IS UNEIMITE 
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' INTRODUCTION 

Th i s  paper  compares f i s h  impingement a t  two a d j a c e n t  water  i n t a k e s  on 

t h e  Columbia River  (River  M i l e  380) i n  s o u t h e a s t e r n  Washington S t a t e  on t h e  

U.S. Department of Energy 's  (DOE) Hanford Reserva t ion .  The s i t e  is- between 

P r i e s t  Rapids and McNary D a m s  and on t h e  las t  f ree- f lowing  s t r . e t c h  of t h e  

Columbia River  above BonnevilAe Dam (F igu re  1). Most of t h e  Columbia River  

i o  now a se i leb  UP Inlpoundments c r e a t e d  by h y d r o e l e c t r i c  dams. k i v e r  f lows 

3 through t h e  Hanford Reach range  from 1019.5 t o  >11,328 m Is, and a r e  regu- 

l a t e d  d a i l y  and weekly by P r i e s t  Rapid Dam i n  response  t o  power demands. 

.' The 100-N Reactor ,  ope ra t ed  by United Nuclear  I n d u s t r i e s  f o r  DOE, i s  a 

. 
d u a l  purpose r e a c t o r  p rov id ing  plutonium f o r  Uni ted  S t a t e s  de fense  purposes ,  

and s team f o r  t h e  a d j a c e n t  Hanford Genera t ing  P r o j e c t  (HGP), ope ra t ed  by 

Washington P u b l i c  Power Supply System. The 100.-~N water i i l ~ a k e  is  about  276 m 

(905 f t )  downstream from HGP (F igu re  2) . 

*Study was conducted f o r  t h e  U.S. Energy Research and Development Administra- 

t i o n  (now DOE) u n d e r  Cont rac t  EY-76-C-06-1830, 

1 
I 
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F i s h  impingement was s t u d i e d  a t  HGP from March 1973 through A p r i l  1976 

(Gray e t  a l . ,  1975; Page e t  a l . ,  1975, 1976).  Impingement a t  100-N was 

s t u d i e d  i n  1977 CPage e t  a l . ,  1977). We simultaneously compared f i s h  impinge- 

ment a t  t h e  two i n t a k e s  dur ing  1977. 

INTAKE DESCRIPTIONS 

3  River water  is  supp l i ed  t o  100-N by four  6.6 m I s  (233.9 c i s )  pumps. 

3  3  
T o t a l  pumping capac i ty  i s  26.4 m /s (935.6 c i s ) .  Only t h r e e  pumps, 19.8 m /s 

(701.8 c f s ) ,  a r e  r equ i red  f o r  normal ope ra t ion .  There a r e  s i x  pump bays each 

wi th  a  t r a v e l i n g  sc reen .  The two c e n t e r  pump bays a r e  f o r  emergency water  

pumps and t h e  four  outer-most f o r  t h e  c i r c u l a t i n g  wa te r  pumps (F igure  3 ) .  The 

pump bays a r e  connected by 1 . 8  by 1 .8  m (6 by 6  f t )  i n t e r f l o o d  g a t e s .  

3 
River water  is supp l i ed  t o  HGP by four  8.9 m /s (314.1 c i s )  pumps-(Fig- 

3 
. u re  3 ) .  T o t a l  pumping c a p a c i t y  is  '35.6:m /3 '(1256.6 c f s )  . Only t h r e e  pumps, ' 

3 
26.7 m /s (924.3 c f s ) ,  a r e  opera ted  when r i v e r  temperatures a r e  less than 

7.2"C (45OF). The HGP intalcc has  two puup bays wi th  t h r e e  t r a v e l i n g  sc reens  

each. The pump bays a r e  n o t  in terconnected .  

The t r a v e l i n g  sc reens  a r e  cons t ruc ted  of a  v e r t i c a l  row of pane l s  each 

3.05 by 0.61 m (10 by 2  f t )  w i th  0.32 cm (118 i n )  squa re  openings (Figure  4 ) .  

I n  f r o n t  of t h e  t r a v e l i n g  sc reens ,  each i n t a k e . h a s  a  c u r t a i n  w a l l  extending 

down t o  about 116 m (380 i t )  above s e a  l e v e l  (F igure  5 ) .  The lower edges of 

t h e s e  c u r t a i n  w a l l s  a r e  2  m below t h e  water  s u r f a c e  a t  , average  r i v e r  f lows.  

A t  HGP, t h e  c u r t a i n  w a l l  is  behind a t r a s h  rack .  A t  100-N, t h e  t r a s h  r ack  
I 

extends down from t h e ' c u r t a i n  w a l l .  Each i n t a k e  has  f i s h  escape p o r t s  ?n t h e  

e x t e r i o r  downstream w a l l .  
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Trash  accumulat ing on t h e  t r a v e l i n g  s c r e e n s  i s  c a r r i e d  t o  t h e  top  of t h e  

i n t a k e s  and washed i n t o  a s l u i c e  way t h a t  t e r m i n a t e s  i n  a sump p i t  (F igu re  3 ) .  

A 40.6 cm (16 i n )  d iameter  p i p e  r e t u r n s  s c r e e n  wash w a t e r ,  impinged f i s h  and 

o t h e r  m a t e r i a l  t o  t h e  r i v e r  downstream of each i n t a k e .  

S t u d i e s  a t  HGP (Gray et  a l . ,  1975) showed l a r g e r  numbers of f i s h  passed  

through o r  around t h e  s c r e e n s  t h a n  were impinged. Passage was a p p a r e n t l y  

through openings between t h e  s c r e e n  p a n e l s ,  a long  s i d e  of t h e  s c r e e n s  and 

benea th  t h e  s c r e e n s .  To reduce s c r e e n  passage ,  t h e  major suspec ted  f i s h  

e n t r y  p o i n t s  w e r e  s e a l e d .  S i m i l a r  e n t r y  ways a t  100-N a r e  n o t  c lo sed  and t h e  

magnitude of s c r e e n  passage  t h e r e  i s  unquan t i f i ed .  

Th.e t r a v e l i n g  s c r e e n s  a t  100-N a r e  r o t a t e d  and washed f o r  1 0  t o  30 min 

2 
dai. ly w i t h  a h igh  p r e s s u r e ,  63,279 kg/m (90 p s i ) ,  sp ray  wash. During o u r  

obse rva t ions  t h e  s c r e e n s  a t  HGP,were r o t a t e d  and washed con t inuous ly .  The 

2 
h igh  p r e s s u r e  s p r a y  w a s  preceded 'by a ldw p r e s s u r e ,  10,546 kg/m (15 p s i )  , 

sp ray .  The a d d i t i o n . o f  a low p r e s s u r e  s p r a y  and cont inuous  s c r e e n  washing 

were made a t  HGP i n  1976 t o  reduce f i s h  m o r t a l i t y  r e s u l t i n g  from impingement 

and/or  removal from t h e  s c r e e n s  (Page et a1 . , 1,976). 

Tmpin.gemenf V e l o c i t i e s  

The t r a v e l i n g  s c r e e n s  are of s i m i l a r  des ign  a t  bo th  f a c i l i t i e s  a s  i s  t h e  
I 

c a l c u l a t e d  water v e l o c i t y  through t h e  t r a v e l i n g  s c r e e n s .  Ca lcu la t ed  impinge- 

ment v e l o c i t y  ( i . e .  t h e  v e l o c i t y  through t h e  s c r e e n  mesh) a t  HGP i s  0.72 m / s  
. . 

(2.36 f t / s ) ;  assuming four-pump o p e r a t i o n  and minimum r i v e r  e l e v a t i o n s .  

Ca lcu la t ed  impinging v e l o c i t y  a t  t h e  100-N i n t a k e  i s  0.87 m / s  (2.86 f t / s )  

assuming one t r a v e l i n g  s c r e e n  f o r  each c i r c u l a t i n g  water  pump and minimum, 
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r i v e r  e l e v a t i o n .  . . I f  t h e  incoming c i r c u l a t i n g  water  i s  assumed t o  e n t e r  e q u a l l y  

through a l l  s i x  s c r e e n s ,  t h e  c a l c u l a t e d  v e l o c i t y  is 0.58 m / s  (1.9 f t / s ) .  

Ac tua l  v e l o c i t y  through t h e  mesh probably l i e s  between t h e s e  two v a l u e s .  

PREVIOUS HGP IMPINGEMENT STUDIES 

S t u d i e s  a t  HGP (Gray e t  a l . ,  1975; Page et  ' a l . ,  1975, 1976) r evea l ed  t h a t  

over  90% of t h e  f i s h  impinged were zero-age chinook salmon less than  50 mm 

(1.97 i n )  f o r k  l e n g t h .  These f i s h  emerge a s  f r y  from redds  i n  t h e  r i v e r  bed 

between P r i e s t  Rapids Dam and t h e  s t u d y  s i t e  (F igu re  1 )  and a r e  p r e s e n t  from 

December through June.  Impingement a t  HGP i s  g e n e r a l l y  h i g h e s t  i n  A p r i l  and 

May. About two m i l l i o n  swim-up chinook salmon f r y  emerge each y e a r  above t h e  

s i t e  and a r e  v u l n e r a b l e  t o  impingement (Page e t  a l . ,  1976) .  The fry a r e  t h e  

o f f s p r i n g  of t h e  las t  major popu la t ion  of f a l l  chinook salmon spawning i n  t h e  

mainstem Columbia River. 

Although o t h e r  f i s h  s p e c i e s  were impinged du r ing  HGP s t u d i e s ,  t h e i r  

numbers were i n s i g n i f i c a n t  compared t o  t h o s e  of chinook salmon. Modifica- 

t i o n s  t o  t h e  HGP i n t a k e ,  similar t o  t h o s e  used a,t t h ~  Surr,. Fowcr 3 t a t i u ~  

(White ,and Brehmer, 1977) ,  have inc reased  s u r v i v a l  of impinged f i s h  t o  more 

than  93% (Page et a l . ,  1976.. 1977) .  

SAMPLING 

A con t inous  sampling d e v i c e  w a s  i n s t a l l e d  a t  HGP i n  1976 (F igu re  6 ) .  

It c o n s i s t e d  of  a n  a d d i t i o n a l  opening i n  t h e  sump p i t  and a sample p i p e  from 

t h e  sump p i t  t o  a  ne t - l i ned  swimming pool .  The system d i v e r t e d  about  25% of 

t h e  HGP s c r e e n  wash wa te r  t o  t h e  swimming pool  where f i s h  and o t h e r  m a t e r i a l  

were removed d a i l y .  The system sampled 31.5 R /S  (1.11 c f s )  of s c r e e n  wash 
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water .  Tes t s  showed t h a t  3.42 l i v e  chinook salmon f r y  were impinged f o r  each 

l i v e  chinook salmon f r y  c o l l e c t e d  i n  t h e  swimming poo l ,  and 5.01 dead chinook 

salmon f r y  were impinged f o r  each dead chinook salmon f r y  c o l l e c t e d  (Page e t  

a l . ,  1976, 1977).  F i s h  dead a t  time of c o l l e c t i o n  may have d ied  a s  a r e s u l t  

of impingement r e l a t e d  i n j u r i e s ,  o r  may have d ied  p r i o r  t o  impingement. 

A t  100-N, a l l  impinged m a t e r i a l  was c o l l e c t e d  by i n s t a l l i n g  a baske t ,  

l i n e d  wi th  0.32 crn (118 i n )  vexarB, i n  t h e  sump p i t  (F igure  7 ) .  Screens 

were usua l ly  washed once per  day and t e s t s  showed c o l l e c t i o n  of 100% of 

' impinged f i s h .  

IMPINGEMENT 

Seven f i s h  s p e c i e s  w e r e  c o l l e c t e d  from t h e  t r a v e l i n g  sc reens  a t  100-N 

(Table 1 ) .  Yellow perch f r y  and chinook salmon f r y  were most f r e q u e n t l y  col-  

l e c t e d  (Table 2 ) .  Fourteen t imes more y e l l o ' w  perch f r y  w e r e  c o l l e c t e d  than  . 

chinook salmon f r y .  A l l  f i s h  c o l l e c t e d  a t  100-N w e r e  dead. Evidence ind i -  

c a t e s  most f i s h  d ied  a s  a r e s u l t  of impingement. 

Ten f i s h  s p e c i e s  w e r e  c o l l e c t e d  a t  BGP ( T a . h l ~ !  1.1,. I n  a d d i t i o n  tu Ll~e 

seven spec ies  encountered a t  100-N, t h e  l i s t  included sucker ,  longnose dace 

and t h r e e s p i n e  s t i c k l e b a c k .  Chinook salmon f r y  (766 l i v e  and 1 5  dead) were 

t h e  most common f i s h  impinged (Table 3 ) .  Based on sample e f f i c i e n c y ,  i t , , w a s  

es t imated  t h a t  2620 (766 x 3.42) l i v e  and 75 (15 x ,'5.01) dead chinook salmon 

f r y  (2695 t o t a l )  were impinged a t  HGP. I f  yellow perch f r y  a r e  sampled wi th  

t h e  same e f f i c i e n c y  a s  chinook salmon f r y ,  then  2432 l i v e  and 210 dead yellow 

perch f r y  (2642 t o t a l )  were impinged a t  HGP. Note, however, t h a t  97% of t h e  

@use of b r a i d  names does n o t  imply endorsement by B a t t e l l e .  . . 
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2695 chinook salmon f r y  and 92% of t h e  2642 yellow perch f r y  survived impinge- 

ment a t  HGP. Survival  of o t h e r  species  was s i m i l a r .  V i r t u a l l y  equal  numbers 

of chinook salmon f r y  and yellow perch f r y  were impinged a t  HGP. 

Twice a s  many yellow perch f r y  w e r e  impinged a t  HGP a s  a t  100-N, and 

30 t i m e s  a s  many chinook salmon f r y  (Figure 8 ) .  More chinook salmon f r y  w e r e  

impinged i n  May than June. Impingement of yellow perch peaked i.n June. 

POSSIBLE EXPWATIONS 

Severa l  hypotheses may help  expla in  d i f f e r e n c e s  i n  impingement noted 

i n  our s t u d i e s .  F i r s t ,  t h e  HGP i n t a k e  (located upstreain from 100-N) removes 

vulnerable  f i s h  from <he r i v e r ,  thereby reducing t h e  number o f , f i s h  exposed 

at - 100-N. Since HGP immediately r e t u r n s  most impinged f i s h  t o  t h e  r i v e r  

a l i v e ,  upstream of 100-N, t h i s  does not  account f o r  t h e  observed d i f f e r e n c e s .  

F i s h  may n o t . b e  a s  l i k e l y  t o  encounter the'100-N i n t a k e  because i t  s i ts  

f u r t h e r  from t h e  r i v e r ,  i n  a more pronounced forebay (Figure 2 ) .  However, 

the removal. of bermo, which iJreviously crea ted  a s i m i l a r  forebay a t  HGP, had 

no d i sce rnab le  e f f e c t  on impingement (Gray e t  a1 . 1.975) . 
Fish  i n  f r o n t  of t h e  in takes  may be l e s s  l i k e l y  t o  e n t e r  100-N, perhaps 

a s  a r e s u i t  of d i f f e r e n c e s  i n  the loc.ation of t h c  c u r t a i n  wall .  Experimental 

r e l e a s e s  of rainbow t r o u t  f r y ,  s i m i l a r  i n  s i z e  t o  t h e  impinged wild chinook, 

i n  t h e  forebay of both in takes  showed HGP impinged t h r e e  times m o r e , f i s h  than 
. '  

100-N . 

Addit ional  r e l e a s e s  of l i v e  and dead rainbow t r o u t  f r y  inmediately 

( < 1  m) i n  f r o n t  of t h e  t r a v e l i n g  screens  a t  both in takes  showed t h a t  HGP 

impinges s i x  t imes more l i v e  f i s h  than 100-N, even when they were presented 
. . 

d i r e c t l y  t o  t h e  screens  (Table 4 ) .    ow ever, t h e  100-N i n t a k e  impinged about 
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1 . 3  t imes  more dead f i s h  than HGP. The impingement of more dead f i s h  and 

fewer l i v e  f i s h  a t  100-N sugges t s  t h a t  though v e l o c i t i e s  a t  t h e  s c r e e n  may b e  

h ighe r ,  environmental s t i m u l i  a t  100-N may induce f i s h  t o  avoid t h e  sc reens .  

F i s h  may pass  through o r  around t h e  t r a v e l i n g  s c r e e n s  a t  100-N i n s t e a d  

of becoming impinged. P r i o r  t o  modi f i ca t ion  t o  e l i m i n a t e  sc reen  passage a t  

HGP, more f i s h  passed t h e  sc reens  than  w e r e  impinged (Gray e t  a l . ,  1975). 

Although t h i s  hypothes is  cannot be  dismissed e n t i r e l y ,  SCUBA d i v e r  observa- 

t i o n s  of t h e  i n t a k e s  and sampling of the. pump w e l l s  behind t h e  t r a v e l i n g  

s c r e e n s  sugges t  sc reen  passage may be less of a problem a t  100-N than  it once 

was a t  HGP. Impingement of yel low perch f r y  a t  100-N, which w e r e  sma l l e r  

than  t h e  chinook salmon f r y ,  a l s o  sugges t s  sc reen  passage may n o t  exp la in  

observed d i f f e r e n c e s  i n  impingement. 

S u b t l e  d i f f e r e n c e s  i n  water  v e l o c i t y ,  c i r c u l a t i o n  p a t t e r n s ,  and des ign  

. .and ope ra t ion  of t h e  in takes .may provide .behavior  s t i m u l i  and induce. avoid- 

ance of t h e  s c r e e n s  by f i s h  a t  100-N. More d e t a i l e d  examinations of t h e  

complex i n t e r a c t i o n s  between f i s h  and water  i n t a k e  f a c i l i t i e s  a r e  needed t o  

understand which i n t a k e  des ign  f e a t u r e s  and o p e r a t i o n a l  procedures p r o t e c t  

f i s h .  
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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* 

cKiimok .saZho.n:. .. 

Pacific lamprey 

threespine stickleback 

redside shiner 

whitefish i 

squawf ish 

sculpin 

.pellow perch 

longnose dace 

sucker 

Oncorhynchus tshawytscha 

Entosphenus tridentatus 

Gasterosteus aculeatus 

.Richardsonius balteatus 

Prosopium williamsoni 

P ty chocheilus oregonensis 

Cottus spp. 

Perca flavescens 

Rhinichthys cataractae 

Catostomus spp. 

*H - IIanf oid Generacing Project , N = 100-N, B = Beach Seine 
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TABLE' 2 

Numbers and Species  of F i s h  Co l l ec t ed  from 100-N 

Screen Washings from 6 May through 28 June 1977 

chinook P a c i f i c  . r e d s i d e  ye l low 
Date f r y  lamprey s h i n e r  squawfish w h i t e f i s h  s c u l p i n  perch 

11 May 77 40 

12  May 77 

1 8  May 7 7 ,  2 

20 May 77 

24 May 77 

26 May 77 

1 June  77 

2 June 77 

7 June 77 

9 June 77 

14  June  77 

16  June 77 

21  June  77 

23 June 77 

28 June 77 - 

TOTAL 8 9 2 1 6 1 1 1296 



TABLE 3 

Numbers and Spec ies  of F i s h  Col lec ted  from HGP 

Screen Washings from 6 May through 6 J u l y  1977 

P a c i f i c  r eds ide  yel low 
chinook lamprey s t i c k l e b a c k  dace s h i n e r  squawfish w h i t e f i s h  s c u l p i n  sucker  perch  

Date A D * A D  A D A D A D  A D A D A D A D  A D 

1 2  May 77 1 7 8  2 .5 

20 May 77 60 2 2 

24 May 77 4 1  1 3 

t-' 
r3 

2 June 77 19 

9 June 77 5 1 

14 June 77 2 

16 June 77 2 
. P, 
t-' 

21 June 77 

23 June 77 

28 June 77 1 - -  - - - 

TOTALS 766 1 5  2 0 1 8  

*A = Alive ;  D = Dead 
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TABLE 4 

Number of Experimental Rainbow Trout  Co l l ec t ed  a f t e r  Release* 

Behind t h e ' T r a s h  Racks on June  1977 a t  HGP and 100-N 

Number F i s h  Recovered in Screen Wash 

Elapsed Time HGP 100-N 

42 l i v e  21 l i v e  
63 dead 428 dead 

164 h r  

188 h r  

T o t a l  

Adjusted 'fox sample 
ef f i cj.encyt 

Pe rcen t  recovered 

45 l i v e  
63 dead 

154 l i v e  
316 dead 

22 l i v e  
433 dead 

*600 l i v e  and 600 dead r e l e a s e d  a t  each i n t a k e  

t p a g e  e t  a l . ,  1976 
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