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INTRODUCTION 

I n  1981, t h e  Nat iona l  Marine F i s h e r i e s  Se rv i ce  (NMFS), under c o n t r a c t  

t o  t h e  U.S. Army Corps of Engineers  (CofE), cont inued r e sea rch  t o  develop 

improved methods f o r  p r o t e c t i n g  f i n g e r l i n g  salmon and s t ee lhead  from l o s s e s  

a s s o c i a t e d  w i t h  h y d r o e l e c t r i c  dams operated by t h e  CofE on  the  Columbia and 

Snake Rivers.  

A segment of t h e  r e sea rch  focused on development of f i n g e r l i n g  

p r o t e c t i o n  f a c i l i t i e s  and so lv ing  problems now e x i s t i n g  i n  t h e  p re sen t  

bypass a t  John Day Dam. The r e sea rch  was conducted a t  McNary Dam i n s t e a d  of 

John Day Dam f o r  economic and p r a c t i c a l  reasons.  Much of t h e  needed t e s t  

equipment was a l r eady  on s i t e  a t  McNary Dam and t h e  ope ra t i ng  g a t e  could be 

r a i s e d  from t h e  s t o r e d  p o s i t i o n  t o  s imu la t e  ga tewel l  f low cond i t i ons  found 

a t  John Day Dam (demonstrated i n  a  model s tudy) .  Therefore ,  t h e  r e s u l t s  of 

t h e  r e sea rch  obtained a t  McNary Dam were a p p l i c a b l e  t o  John Day Dam. This 

r e p o r t  summarizes t h e  r e s u l t s  of t h e  s tudy  t o  da t e .  

Objec t ives  of t h e  r e sea rch  a t  McNary Dam were a s  fol lows:  (1)  

determine t h e  f ish-guiding e f f i c i e n c y  (FGE) of t h e  submersible  t r a v e l i n g  

sc r een  (STS) without a  s t o r e d  bulkhead g a t e  ( s imula t ing  c o n d i t i o n s  a t  John 

Day Dam), ( 2 )  e v a l u a t e  t h e  e f f e c t i v e n e s s  of an  a i r l i f t  system f o r  l i f t i n g  

j uven i l e  f i s h  ou t  of t h e  ga t ewe l l  s l o t ,  ( 3 )  measure f ish-passage e f f i c i e n c y  

(FPE) of a  ga tewel l  o r i f i c e  submerged 8  o r  17 f e e t ,  and (4) e v a l u a t e  t h e  

o r i f i c e  cyc l ing  ope ra t i on  and r e s u l t a n t  r e t e n t i o n  and i n j u r y  l e v e l  f o r  f i s h  

i n  t h e  g a t e y e l l  s l o t .  



EVALUATION OF AIRLIFT SYSTEM FOR LIFTING 
JUVENILE FISH OUT OF GATEWELL SLOTS 

Desc r ip t i on  of Dam and Experimental Equipment 

Figure 1 i l l u s t r a t e s  a  t r a n s v e r s e  s e c t i o n  through a  t u r b i n e  i n t a k e  i n  

a  t y p i c a l  h y d r o e l e c t r i c  dam i n  t h e  Columbia River  a s  descr ibed  by Krcma e t  

a l .  (1980). The experimental  and s tandard  f i s h  gu id ing  and handl ing 

equipment used i n  1981 i s  a l s o  shown. The support  frames shown below t h e  

STS would not  normally be r equ i r ed  i n  an  o p e r a t i o n a l  s i t u a t i o n  because t hey  

were on ly  needed t o  support  t h e  fyke n e t s  used f o r  e s t ima t ing  the  number of 

unguided f i s h .  

The a i r l i f t  system t e s t e d  was t h e  "funnel" a i r l i f t  pump system 

descr ibed  by Sims e t  a l .  (1981) (F igures  2 and 3 ) .  

The d i p  baske t  used t o  sample the  ga t ewe l l s  was s i m i l a r  t o  t h e  device  

used by t h e  NMFS i n  s t u d i e s  a t  va r ious  h y d r o e l e c t r i c  dams on t h e  Snake and 

Columbia Rivers  (Swan e t  a l .  1979) (F igure  4) .  

The t u r b i n e  i n t a k e s  of McNary and John Day Dams a r e  b a s i c a l l y  s i m i l a r .  

One major d i f f e r e n c e  i s  t h e  presence of a  s to r ed  opera t ing  g a t e  i n  t he  

downstream s l o t  a t  McNary Dam. To s imu la t e  ga t ewe l l  f low cond i t i ons  found 

i n  the  ga t ewe l l s  a t  John Day Dam, t h e  opera t ing  g a t e  i n  t h e  B-slot of Uni t  

6 was r a i s e d  and dogged of f  a t  t h e  i n t a k e  deck (F igure  4 ) .  

Experimental Design and Tes t ing  Procedures 

Procedures f o r  a  t y p i c a l  t e s t  of t he  a i r l i f t  system and i t s  e f f e c t  on 

t h e  FGE of t h e  STS were a s  fol lows:  

1) Unit  6 was shut  down. 

2 )  The STS with a t t ached  fyke n e t  frame was lowered i n t o  p o s i t i o n .  

3 )  The bypass o r i f i c e s  i n  6-B s l o t  w e r e  c lo sed ,  and the  ga t ewe l l  was 

dipped to  remove a l l  f i s h .  



Figure 1.--Transverse section through Intake 6-B of McNary Dam showing 
experimental and standard fish guiding equipment used in 1981 to evaluate 
an airlift system. 



Figure 2.--The "Funne l "  a i r l i f t  purap system t e s t e d  at McNary Dam in 1982. . 
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a /  Simulated John Day cond i t i on .  - 

Figu re  4.--Cross s e c t i o n  of  a t u r b i n e  i n t a k e  and a s s o c i a t e d  s t r u c t u r e s  i n  t h e  
McNary Dam powerhouse. 



4 )  The a i r l i f t  funnel  and connecting pipe were lowered i n t o  p lace .  

5) Unit 6  was re turned  t o  s e r v i c e  and brought t o  peak e f f i c i e n c y  

speed. 

6 )  A f l o a t i n g  pen was lowered i n t o  t h e  ga tewel l  t o  r ece ive  t h e  pumped 

f i s h ,  and the  a i r l i f t  system was s t a r t e d .  

7 )  The a i r l i f t  pump was turned on, and t h e  t e s t  was conducted f o r  a 

s p e c i f i e d  period of time. 

8 )  The t e s t  was terminated by s h u t t i n g  down t h e  u n i t  and r e v e r s i n g  

the  above procedures.  

9 )  The f i s h  i n  t he  pen and those  dipped from t h e  ga tewel l  were kept 

s epa ra t e  and so r t ed  by spec i e s ,  counted, and examined f o r  desca l ing  and 

i n j u r y .  

10) The STS wi th  a t t ached  fyke n e t s  and frames was brought t o  the 

su r f ace ,  and the  f i s h  were removed from t h e  n e t s  f o r  enumeration and 

i d e n t i f i c a t i o n .  

F i sh  Guiding Ef f i c i ency  of Travel ing Screen 

The FGE of t h e  STS was measured during a s e r i e s  of t e s t s  with fyke 

n e t s  mounted below the  STS t o  provide information on numbers of f i s h  

passing under t h e  STS and on through the  tu rb ine .  The number of f i s h  

guided was obtained by d i p n e t t i n g  the gatewell... The number of f i s h  guided 

compared to t h e  t o t a l  number of f i s h  guided and unguided provided t h e  FGE. 

The average FGE f o r  chinook salmon and s tee lhead  was 75  and 79%, 

r e s p e c t i v e l y  (Table 1) . Due to  i n s u f f i c i e n t  numbers of f i s h ,  informat  ion 

on o the r  spec i e s  was not obtained.  

The FGE of t h e  STS wi th  the  a i r l i f t  system i n  p lace  f o r  l i f t i n g  f i s h  

from the  ga tewel l  i s  given i n  Table 2. Placement of the  a e r a t o r  a t  the  

20-ft depth did not  adversely a l t e r  the FGE. Af te r  t he  e f f e c t  of t h e  



Table  1.--Fish gu id ing  e f f i c i e n c y  of t h e  STS wi th  f i s h  be ing  removed from t h e  
g a t e w e l l  by d ipp ing .  

Chinook S t e e lhead  
R e p l i c a t e  Guided T o t a l  FGE Guided T o t a l  FGE 

no. (no. > (no. > (%> (no. > (no. > (%I  

Ove ra l l  ' 708 942 75 146 185 79 



Table  2.--Fish gu id ing  e f f i c i e n c y  (%) of  t h e  STS wi th  an a i r l i f t  sys tem i n  
p l a c e  f o r  l i f t i n g  j u v e n i l e  sa lmonids  o u t  of t h e  ga t ewe l l .  

Chinook S t ee lhead  
A i r l i f t  R e p l i c a t e  Guided T o t a l  FGE Guided T o t a l  FGE 
p o s i t  i on  no. (no. > (no. > ( 2 )  (no.  1 (no. > (3  

Shallow 
( 2 0 f t  deep)  1 180  204 8  8  9  1 5  6  0  

O v e r a l l  - 414 465 89 14 9  179 83  

Mid-depth 
( 3 0 f t  deep) 1 



a i r l i f t  cone on FGE was e s t a b l i s h e d ,  t h e  fyke n e t s  were removed from t h e  

suppor t  frame of t h e  STS and were no t  f i s h e d  du r ing  t h e  remainder of t h e  

t e s t s  of t h e  a i r l i f t  FPE. 

F i s h  Passage E f f i c i e n c y  of A i r l i f t  System 

The FPE of t h e  a i r l i f t  pump was t e s t e d  w i th  t h e  STS and s imu la t ed  John 

Day Dam f low c o n d i t i o n s  i n  t h e  Turb ine  I n t a k e  6-B. An i n v e r t e d  porous cone 

funne l l ed  a l l  f i s h  e n t e r i n g  t h e  ga t ewe l l  t o  t h e  a i r l i f t  pump (F igu re  2 ) .  

The FPE o f  t h e  a i r l i f t  system is shown i n  Table  3 .  The FPE of  t h e  

a i r l i f t  pump a t  t h e  20-ft  d e p t h  ( t h e  number of f i s h  e n t e r i n g  t h e  f l o a t i n g  

pen d iv ided  t h e  t o t a l  number of f i s h  e n t e r i n g  t h e  g a t e w e l l )  was 

cons ide r ab ly  lower t han  d e s i r a b l e .  The t e s t  a t  t h e  30-ft  dep th ,  however, 

i n d i c a t e d  a p o t e n t i a l  f o r  more f a v o r a b l e  FPE. 

Condi t ion  of F i s h  

The c o n d i t i o n  of t h e  f i s h  passed by t h e  a i r l i f t  system was determined 

by comparing t h e  d e s c a l i n g  r a t e  of r e s i d u a l  f i s h  i n  t h e  t e s t  g a t e w e l l  and 

f i s h  passed through t h e  system t o  f i s h  i n  c o n t r o l  ga t ewe l l s .  F i n g e r l i n g s  

w i t h  20% o f  t h e i r  s c a l e s  miss ing  were cons idered  de sca l ed .  G a t e w e l l s  

7-B and 8-B with  STS's o p e r a t i n g  were used as t h e  c o n t r o l s  th roughout  t h e  

t e s t  pe r iod .  F i sh  were a l s o  sampled f o r  c o n d i t i o n  i n  Gatewel l  14-B, a 

ga t ewe l l  wi th  no STS. The a i r l i f t  system d i d  no t  appear  t o  i n c r e a s e  

d e s c a l i n g  s i g n i f i c a n t l y  (Tab le  4 ) .  

EVALUATION OF SUBMERGED ORIFICES 
FOR PASSAGE OF JUVENILE SALMONIDS FROM GATEWELLS 

Exper imental  Equipment and Tes t i ng  Procedures  

The ope ra t i ng  dep th  of t h e  s t anda rd  bypass  o r i f i c e s  i n  each  g a t e w e l l  

a t  McNary Dam ranges  from 5 t o  10 f e e t  dur ing  t h e  s p r i n g  season.  The 



Table 3.--Fish passage  e f f i c i e n c y  o f  t h e  a i r l i f t  sys tem t e s t e d  w i th  a  t r a v e l i n g  
s c r e e n  and g a t e w e l l  f low c o n d i t i o n  s imu la t ed  f o r  John Day Dam.  

FPE 
Chinook S t ee lhead  Sockeye Coho 

Dura t ion  of  t e s t s  (2) ( % >  (2)  (XI 

Shallow depth--20 f t  

4 hours  (even ing)  6 1 7 2 

24 hours  ( n i g h t  
b  / t e rmina t ion) -  5 1  60 5 1  - a  / 

24 hours  (day cl 
t e rmina t ion) -  5  2 

4 hou r s  (evening)  7 5  
(Only one r e p l i c a t e )  

a /  I n s u f f i c i e n t  numbers of f i s h  t o  v a l i d a t e  t e s t s .  - 

b /  Tes,ts. s t a r t e d  and s topped  a t  ab..out midnight .  - 

c/ TesAts, s t a r t e d  and s topped  a t  a b ~ u t  noon. - 



Table 4.--Condition o f  f i s h  expressed as percent  descaled.  

- - 

% desca led  
Chinook Steelhead Sockeye Coho 

Fish passed by t h e  
a i r l i f t  system 

Control--with STS 6 10 7 5 

Cont rol--without STS 6 6 4 3 

Residual  f i s h  i n  
t e s t  ga tewel l  8 



standard o r i f i c e  t e s t s  were conducted a t  an average depth  of 8 f e e t .  To 

s imula te  t h e  John Day cond i t i on ,  an a d d i t i o n a l  deep submerged o r i f i c e  was 

d r i l l e d  through the  concre te  wal l  between Gatewell 6-B and the  i c e  and 

t r a s h  sluiceway (Figure  5 ) .  The deep o r i f  ice loca t ed  d i r e c t l y  underneath 

t h e  e x i s t i n g  no r th  o r i f i c e  was 1 7  f t  below t h e  s u r f a c e  during t h e  tests. 

The diameter of bo th  o r i f i c e s  was 12  inches.  The e x i s t i n g  o r i f i c e  and the  

deep o r i f i c e  of 6-B were connected to  a  t r a p  f a c i l i t y  i n  t he  sluiceway by 

sepa ra t e  12-inch diameter pipes with valves f o r  opening and c l o s i n g  the  

o r i f i c e s .  Figure 6  shows t h e  con f igu ra t ion  of t h e  t r ap .  

The FPE's of t h e  deep and shallow o r i f i c e s  were measured over per iods 

of 24 h  f o r  both the  McNary Dam (opera t ing  g a t e  i n  p lace)  and John Day Dam 

(opera t ing  g a t e  r a i s e d )  flow condi t ions .  To determine FPE, t h e  number of 

f i s h  passing through the  o r i f i c e  was compared to  the  t o t a l  number en t e r ing  

t h e  ga tewel l .  The a i r l i f t  system was no t  operated during t h e s e  tests. 

O r i f i c e  Fish-Passage Ef f i c i ency  

The o v e r a l l  FPE was not  acceptab le .  The only FPE g r e a t e r  than 75% was 

fo r  s t ee lhead  (Table 5) .  In  gene ra l ,  t h e  FPE was b e t t e r  f o r  t h e  McNary 

cond i t i on  than f o r  t he  John Day condi t ion .  

F i sh  Passage Ef f i c i ency  f o r  O r i f i c e  Cycling 

Two o r i f i c e  cyc l ing  t i m e  per iods f o r  t h e  John Day cond i t i ons  w e r e  

t e s t e d :  (1 )  8 h  of f  and 4  h  on and (2 )  5 h o f f  and 2  h  on. Nei ther  period 

produced an accep tab le  FPE (Table 6 ) .  

Condition of F i s h  

The r e s u l t s  of t h e  desca l ing  t e s t s  ( f i s h  condi t ion)  a r e  summarized i n  

Tables 7 and 8. Descaling r a t e s  were gene ra l ly  unacceptable f o r  t h e  John 


