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INTRODUCTION 

Research s t u d i e s  t o  develop and test components f o r  an improved 

f i n g e r l i n g  bypass system f o r  John Day Dam conducted a t  McNary Dam i n  1982 

showed an unacceptable  ((70%) f i s h  gu id ing  e f f i c i e n c y  (FGE) a s  w e l l  a s  

r e l a t i v e l y  poor o r i f i c e  passage e f f i c i e n c y  (OPE) f o r  subyear l ing  salmon. 

Underwater video observa t ions  made dur ing  t h e  course  of t h e s e  t e s t s  

i n d i c a t e d  t h e  v e r t i c a l  b a r r i e r  s c r eens  (VBS) accumulated d e b r i s  a s  t h e  

f i e l d  season progressed.  By l a t e  J u l y  ( t h e  t ime when FGE t e s t s  were be ing  

conducted on subyea r l i ng  chinook salmon), f ou r  of t h e  f i v e  screened pane l  

s e c t i o n s  of t h e  balanced flow v e r t i c a l  b a r r i e r  s c r eens  (BFVBS) were found 

t o  be v i r t u a l l y  occluded, on ly  t h e  bottom panel  s e c t i o n  (20% of t h e  open 

a r e a )  remained unplugged. 

We hypothesized t h a t  t h e  lower FGE measured on subyear l ing  chinook 

salmon could have been caused by t h e  plugging of t h e  BFVBS from d e b r i s  

which would s u b s t a n t i a l l y  reduce f low up i n t o  t h e  ga t ewe l l  wh i l e  d e f l e c t i n g  

flow and presumably f i s h  below t h e  submersible  t r a v e l i n g  sc r een  (STS). I n  

a d d i t i o n ,  plugged sc reens  could a l s o  be causing increased  i n j u r y  and 

m o r t a l i t y  of f i s h  i n  t h e  ga tewel l s  by c r e a t i n g  exces s ive ly  h igh  v e l o c i t i e s  

through t h e  p o r t i o n s  of t h e  s c r een  remaining unplugged. This  hypo thes i s  

was t e s t e d  i n  1984 beginning i n  mid-July and cont inu ing  i n t o  August. 

Tes t s  of OPE were a l s o  conducted t o  determine whether  modi f ica t ions  t o  

t h e  BFVBS would improve OPE a s  s i m i l a r  modi f ica t ions  had done a t  Lower 

G r a n i t e  Dam. 



RESEARCH OBJECTIVES 

The 1984 s tudy  a t  McNary Dam had t h e  fol lowing o b j e c t i v e s :  

1. Determine t h e  normal v e r t i c a l  d i s t r i b u t i o n  of subyear l ing  chinook 

salmon f i n g e r l i n g s  e n t e r i n g  t h e  t u r b i n e  i n t a k e s  wi th  a  c l e a n  BFVBS. 

2. Measure FGE of t h e  STS wi th  a  plugged vs a  c l ean  BFVBS. 

3. Measure OPE wi th  a  modified BFVBS and subyea r l i ng  chinook 

salmon . 

METHODS AND PROCEDURES 
. . . .  .-. 

V e r t i c a l  D i s t r i b u t i o n  

A determina t ion  of t h e  v e r t i c a l  d i s t r i b u t i o n  of f i s h  i n  t h e  t u r b i n e  

i n t a k e  was needed t o  o b t a i n  base l i n e  in format ion  f o r  t h e o r e t i c a l  maximum 

FGE. No previous in format ion  on v e r t i c a l  d i s t r i b u t i o n  f o r  subyea r l i ng  

chinook salmon a t  McNary Dam e x i s t e d .  Standard procedures  were used t o  

o b t a i n  measures of v e r t i c a l  d i s t r i b u t i o n .  Conventional fyke n e t s  were used 

t o  f i s h  t he  i n t ake  whi le  a  s p e c i a l l y  designed d i p  basket  was employed t o  

c o l l e c t  t h e  f i s h  e n t e r i n g  t h e  gatewell .  V e r t i c a l  d i s t r i b u t i o n  was 

determined by t h e  percentage of t h e  t o t a l  f i s h  captured t h a t  were taken  i n  

t h e  ga tewel l  and i n  each  h o r i z o n t a l  row of fyke n e t s .  Percentage of f i s h  

i n  t h e  ga tewel l  p lu s  t h e  percentage of f i s h  i n  t h e  upper 13.5 f e e t  of t h e  

i n t a k e  gave t h e  t h e o r e t i c a l  maximum FGE. 

FGE Tes t s  

FGE t e s t s  were o r i g i n a l l y  planned t o  be conducted s imultaneously i n  

two u n i t s ,  one w i t h  a  c leaned b a r r i e r  s c r een  and one wi th  a  plugged screen.  

However, one of t h e  two tes t  u n i t s  was no t  a v a i l a b l e  s o  t h e  s tudy  plan w a s  
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modified t o  t e s t i n g  on ly  i n  one u n i t .  
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P r i o r  t o  each t e s t ,  t h e  u n i t  was dewatered and t h e  BFVBS was 

thoroughly c leaned.  An uncleaned s c r een  was c r ea t ed  by i n t r o d u c i n g  l a r g e  

amounts of water  soaked shredded ceda r  a t  t h e  bottom of t h e  ga t ewe l l  and 

a l lowing  t h e  c u r r e n t s  t o  c a r r y  i t  a g a i n s t  t he  sc reen .  Each t e s t  was 

r e p l i c a t e d  t h r e e  t imes t o  o b t a i n  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s .  An 

underwater t e l e v i s i o n  camera w a s  used t o  v e r i f y  t h e  cond i t i on  of t h e  BFVBS 

p r i o r  t o  each r e p l i c a t e .  

The procedures f o r  de te rmin ing  FGE were s i m i l a r  t o  those  used i n  

p rev ious  experiments of t h i s  type. Gatewel l  d i p n e t  c a t ches  provided t he  

number of guided f i s h ;  c a t ches  from t h e  gap and fyke n e t s  a t t a c h e d  t o  t h e  

STS provided numbers of unguided f i s h .  FGE was c a l c u l a t e d  a s  guided f i s h  

d iv ided  by an  e s t ima te  of t h e  total  number of f i s h  pass ing  through t h e  

i n t a k e  dur ing  t h e  t e s t  per iod .  

FGE t e s t s  were i n t i a l l y  conducted i n  Unit  6-B which was equipped w i th  

a s t anda rd  STS i n  normal o p e r a t i n g  p o s i t i o n  and a c l e a n  o r  uncleaned BFVBS 

(depending on t e s t  cond i t i on ) .  La t e r ;  FGE t e s t s  were conducted i n  Unit 

10-B equipped wi th  a s t a n d a r d  v e r t i c a l  b a r r i e r  s c r een  (SVBS) t o  measure . 

d i f f e r e n c e s ,  i f  any, between a BFVBS and SVBS. The t e s t s  i n  Unit  10-B were 

conducted w i th  normal s ea sona l  accumulations of d e b r i s  on t h e  sc reen .  

During a l l  t h e  t e s t s ,  t h e  ope ra t i ng  g a t e  was a t  t h e  s t anda rd  s t o r e d  

p o s i t i o n .  

OPE T e s t s  

OPE t e s t s  were conducted i n  Uni t  6-B equipped w i th  a BFVBS- To 

enumerate f i s h  pass ing  through t h e  n o r t h  and sou th  o r i f i c e s ,  each of t h e  

two 12-inch d iameter  o r i f i c e s  was connected t o  a t r a p  i n  t h e  i c e  and t r a s h  
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s luiceway.  The BFVBS o r i g i n a l l y  c o n s i s t e d  of f i v e  s c r een  panel  s e c t i o n s  on 



t h e  lower p a r t  and t h r e e  s o l i d  panel  s e c t i o n s  on t h e  upper  p a r t .  For  t e s t s  

t o  measure OPE wi th  a modified BFVBS, t h e  second s o l i d  pane l  s e c t i o n  w a s  

modif ied so each end (approximately  one- th i rd  of t h e  t o t a l  wid th)  cou ld  be 

conver ted  from s o l i d  t o  s c r een ,  and t h e  t h i r d  pane l  w a s  changed from a 

s o l i d  t o  a  sc reened  s e c t i o n .  

I n i t i a l  t e s t s  were conducted w i th  t h e  n o r t h  o r i f i c e  on ly  and a s o l i d  

second pane l .  Each end of t h e  second pane l  w a s  uncovered f o r  t h e  second 

t e s t  s e r i e s  w i th  t h e  n o r t h  o r i f i c e  on ly .  The t h i r d  t e s t  s e r i e s  was t h e  

same as t h e  second bu t  w i t h  a sou th  i n s t e a d  of n o r t h  o r i f i c e  only.  

When each  o r i f i c e  was t e s t e d ,  i t  was open f o r  24 h ,  and f i s h  pa s s ing  

i n t o  t h e  t r a p  were r o u t i n e l y  monitored.  A f t e r  24 h ,  t h e  o r i f i c e  was c lo sed  

and t h e  d i p  baske t  was used t o  remove r e s i d u a l  f i s h  from t h e  ga t ewe l l .  The 

OPE was measured by comparing t h e  number of r e s i d u a l  f i s h  t o  t h e  t o t a l  

number of f i s h  caught i n  t h e  t r a p  a f t e r  24 h, 

RESULTS 

V e r t i c a l  D i s t r i b u t i o n  and FGE T e s t s  

R e s u l t s  of i n i t i a l  v e r t i c a l  d i s t r i b u t i o n  t e s t s  w i t h  a c l e a n  BFVBS 

i n d i c a t e d  a  t h e o r e t i c a l  FGE p o t e n t i a l  o f  77% - + 11 (pe r cen t age  of f i s h  

caught  w i t h i n  13.5 f e e t  of t h e  i n t a k e  c e i l i n g )  (Table  1 ) .  However, FGE 

measurements i n  t e s t s  conducted immediate ly  fo l l owing  t h e  v e r t i c a l  

d i s t r i b u t i o n  t e s t s  were 34-39%, 50% of t h a t  expected.  These t e s t s  were 

conducted w i th  bo th  c l e a n  and p l u g g e e /  BFVBS and dur ing  post-dusk hou r s .  

The process  f o r  c r e a t i n g  a  plugged s c r e e n  w a s  no t  complete ly  - 
s u c c e s s f u l .  The extremely s t r o n g  upward f lows  i n  t h e  g a t e w e l l  tended t o  
c o n c e n t r a t e  most of t h e  m a t e r i a l  on t h e  upper  sc reened  pane l  s e c t i o n s  
l e a v i n g  t h e  bottom pane l  s e c t i o n  v i r t u a l l y  c l e an .  4 



Table 1.--A comparison of t h e  percentage of subyear l ing  chinook salmon 
guided by t h e  STS and t h e  percentage t h e o r e t i c a l l y  a v a i l a b l e  f o r  
gu id ing  a s  determined from v e r t i c a l  d i s t r i b u t i o n  d a t a  a t  McNary 
Dam - 1984. 

Actual  ~ h e o r e t i c a ~ ~  
Date and tirne Tes t  FGE es t ima te  Water temp. 

of test  condi t ion  ( % I  . ( % I  (OF) 

J u l y  14-16 c l ean  
Pos t-dusk BFVBS(6-B) 

J u l y  18-20 
Pos t-dusk 

J u l y  21-23 
Pos t-dusk 

J u l y  24-29 
Pre-dusk 

J u l y  31-August 2 
kre-dusk 

August 4-6 
Pre-dusk 

August 7-9 
Pre-dusk 

c lean  
BFVBS(6-B) 

uncleaned 
BFVBS (6-B) 

c l ean  
BFVBS(6-B) 

c l ean  
BFVBS (6-B) 

a /  Percentage of t h e  f i s h  es t imated  t o  be w i th in  13.5 f e e t  of t h e  c e i l i n g .  - 

b/ Number of r e p l i c a t e s  ( ). - 
c /  + c a l c u l a t e d  a t  t h e  90% confidence l e v e l .  - - 



The t e s t  was r e p e a t e d  d u r i n g  pre-dusk hours  w i t h  a  c l e a n  BFVBS t o  d e t e ' m i n e  

i f  d i u r n a l  d i s t r i b u t i o n  cou ld  have been t h e  c a u s e  f o r  t h e  low FGE [ p r e v i o u s  

FGE s t u d i e s  conducted a t  McNary Dam showed t h a t  h i g h e r  FGE occur red  d u r i n g  

d a y l i g h t  (Krcma e t  a l .  1978)l .  R e s u l t s  showed a  s l i g h t l y  h i g h e r  FGE (46% - + 

13)  b u t  s t i l l  w e l l  below a c c e p t a b l e  s t a n d a r d s .  A second s e r i e s  of v e r t i c a l  

d i s t r i b u t i o n  t e s t s  w i t h  a  c l e a n  BFVBS but  d u r i n g  pre-dusk hours  r e s u l t e d  i n  

a  t h e o r e t i c a l  FGE p o t e n t i a l  of on ly  59% - + 8--18% l e s s  than  t h e  e a r l i e r  

post-dusk t e s t .  A s e r i e s  of v e r t i c a l  d i s t r i b u t i o n  and FGE t e s t s  were t h e n  

conducted i n  U n i t  10-B w i t h  a  SVBS (unc leaned)  d u r i n g  pre-dusk hours  a s  a  

means of de te rmin ing  whether t h e  BFVBS was p o s s i b l y  r e s p o n s i b l e  f o r  t h e  

lower  FGE. These r e s u l t s  showed a  t h e o r e t i c a l  FGE of  o n l y  56% - + 9  ( n e a r l y  

t h e  same a s  i n  Unit  6-B) and a n  a c t u a l  FGE of o n l y  33% - + 13. It shou ld  be 

no ted  t h a t  f o r  t h e  l a t e r  t e s t s  t h e r e  was no s t a t i s t i c a l  d i f f e r e n c e  between 

t h e  t h e o r e t i c a l  o r  a c t u a l  FGE because of t h e  o v e r l a p  of t h e  conf idence  

i n t e r v a l  a t  t h e  90% l e v e l .  I n  summary, FGE f o r  a l l  t e s t s  conducted were 

w e l l  below a c c e p t a b l e  l e v e l s  f o r  t h e  s u b y e a r l i n g  chinook salmon a t  McNary 

Dam. 

Water t empera tu res  were s t e a d i l y  r i s i n g  th roughout  t h e  t e s t i n g ,  and 

t h e  t empera tu re  l e v e l  showed a n  i n v e r s e  r e l a t i o n s h i p  w i t h  t h e  magnitude of 

t h e  t h e o r e t i c a l  e s t i m a t e  of FGE from t h e  v e r t i c a l  d i s t r i b u t i o n  t e s t s  

(Tab le  1 ) .  On 15 August ,  a  t empera tu re  p r o f i l e  t a k e n  approximately  100 

y a r d s  upst ream from t h e  powerhouse i n d i c a t e d  t h e r e  was over  a  2°F 

d i f f e r e n c e  between t h e  20-foot dep th  (68.4"F) and t h e  s u r f a c e  (70.7"F) i n  

f r o n t  of Uni t  7  (Tab le  2). There i s  a p o s s i b i l i t y  t h a t  t h e  reason  f o r  

s u b y e a r l i n g  chinook salmon running deeper  d u r i n g  t h e  l a t e r  t e s t s  was t o  

avo id  t h e  h i g h e r  (70°F) s u r f a c e  water  t e m p e r a t u r e s .  During t h e  e a r l i e r  
4 

t e s t s  s u r f a c e  w a t e r  t e m p e r a t u r e s  were o n l y  65OF. 



Table 2.--Temperature p r o f i l e  taken approximately 100 yards upstream from 
the McNary Dam powerhouse, 15 August 1984. 

Elevation Unit 3 Unit 7 Unit 10 Unit 14 

338 surface  69.8 70.7 69.8 69.8 

333 5' 68.5 70.7 69.8 69.6 

328 10' 68.5 69.1 69.1 68.5 

318 20' 68.0 68.4 68.4 68.4 

308 30' 68.0 68.0 68.4 68.4 

298 40' 68.0 68.0 68.4 68.2 

288 50' 68.0 68.0 68.4 68.2 

278 60' 68.0 68.0 68.0 68.2 

Bottom 68.0 68.0 68.0 68.2 



An average  of 30% o f  t h e  f i s h  (60% of  t h e  unguided f i s h )  were found i n  

t h e  f i r s t  f u l l  fyke  n e t  below t h e  STS f o r  a l l  FGE t e s t s  combined ( F i g u r e  

1) .  T h i s  s u g g e s t s  a  combinat ion of d e f l e c t i o n  under t h e  STS and f i s h  

runn ing  t o o  deep t o  be i n t e r c e p t e d  by t h e  STS. An a d d i t i o n a l  d e f l e c t o r  

l o c a t e d  a t  t h e  t r a s h r a c k  would o f f e r  a  means t o  i n t e r c e p t  t h e s e  deeper  

runn ing  f i s h  and t h e o r e t i c a l l y  improve FGE of s u b y e a r l i n g  chinook salmon by 

20-30%. 

OPE T e s t s  

I n  a l l  c a s e s  t e s t e d ,  t h e  12-inch d i a m e t e r  o r i f i c e  provided a d e q u a t e  

OPE ( F i g u r e  2) .  The n o r t h  o r i f i c e ,  i n  c o n j u n c t i o n  wi th  a  s o l i d  second 

p a n e l  s e c t i o n  i n  t h e  g a t e w e l l ,  had a n  OPE of 79%. The n o r t h  o r i f i c e ,  

combined w i t h  a  BFVBS t h a t  had a  p a r t i a l l y  sc reened  second p a n e l  s e c t i o n  

( s c r e e n e d  a t  bo th  e n d s ) ,  produced 78% OPE. The most b e n e f i c i a l  

c o n f i g u r a t i o n  f o r  Ga tewel l  6-B was wi th  bo th  ends  of t h e  second p a n e l  

s e c t i o n  sc reened  and a n  open s o u t h  o r i f i c e ;  t h i s  provided 95% OPE. 

U n f o r t u n a t e l y ,  t h e  s o u t h  o r i f i c e  i s  n o t  normal ly  used because  of t h e  

p e c u l i a r  way t h e  water jets i n t o  t h e  bypass  f lume. 

CONCLUSIONS 

1. T h e o r e t i c a l  FGE, based on v e r t i c a l  d i s t r i b u t i o n ,  v a r i e d  from a  

h i g h  of 77% e a r l y  t o  o n l y  56% l a t e r  i n  t h e  m i g r a t i o n .  Higher  s u r f a c e  w a t e r  

t e m p e r a t u r e s  dur ing  t h e  l a t e r  p e r i o d  may have caused t h e  deeper  

d i s t r i b u t i o n .  

2. A c t u a l  FGE ranged from 33 t o  46%, w e l l  below a c c e p t a b l e  l e v e l s ,  

and o n l y  40 t o  50% of p o t e n t i a l  FGE (f rom v e r t i c a l  d i s t r i b u t i o n  t e s t s ) .  



Figure 1.--Results of a l l  FGE tests combined for  subyearling Chinook salmon 
showing the  distr ibut ion of the unguided f i s h  a t  McNary Dam - 1984 
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3. No s i g n i f i c a n t  difference , i n  FGE f o r  a clean or uncleaned BFVBS 

was measured. Cause of the low FGE is  therefore not due to  plugged barrier 

screens . 
4. Acceptable OPE for  subyearling chinook salmon a t  McNary Dam was 

measured with a modified BFVBS. OPE f o r  a south o r i f i c e  was higher than 

for  a north o r i f i c e .  
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