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INTRODUCTION 

Lower Grani te  and L i t t l e  Goose Dams a r e  t h e  two c o l l e c t o r  dams f o r  t h e  

f i s h  t r a n s p o r t a t i o n  e f f o r t s  on t h e  Snake River  (Fig.  1 ) .  Acceptable f i s h  

c o l l e c t i o n  e f f i c i e n c y  a t  t he se  dams is  necessary  f o r  t h e  success  of t h e  

program. The U.S. Army Corps of Engineers (CofE) and t h e  Nat ional  Marine 

F i s h e r i e s  Serv ice  (NMFS) a r e  cont inu ing  t h e i r  e f f o r t s  t o  improve f i s h  

c o l l e c t i o n  a t  t he se  dams. Submersible t r a v e l i n g  sc r eens  (STS), t h a t  d i v e r t  

smolts  from t h e  t u r b i n e  i n t a k e s  i n t o  ga t ewe l l s ,  and o r i f i c e s  i n  t h e  ga t ewe l l s ,  

t h a t  a l low t h e  f i s h  acces s  t o  t he  f i n g e r l i n g  bypasses ,  a r e  v i t a l  components of 

t h e s e  c o l l e c t i o n  systems (Fig.  2). Turbine i n t a k e s  a t  Lower Gran i t e  Dam a r e  

unique because t h e r e  is  a  s p e c i a l  f i s h  s c r e e n  s l o t  (FSS) a s  w e l l  a s  t h e  normal 

bulkhead s l o t  (BHS) and ope ra t i ng  g a t e  s l o t  (OGS) (Matthews e t  a l .  1977). 

E a r l i e r  s t u d i e s  determined t h a t  t h e  FSS were not  a s  e f f i c i e n t  as  t h e  BHS f o r  

STS ope ra t i on  and, t h e r e f o r e ,  a r e  no longer  used (Park e t  a l .  1976 and 1977). 

F i s h  guiding e f f i c i e n c i e s  (FGE) of about 75% and o r i f i c e  passage 

e f f i c i e n c i e s  (OPE) of 70% have g e n e r a l l y  been considered accep tab l e  l e v e l s  f o r  

c o l l e c t o r  dams. S tudies  conducted a t  Lower Gran i t e  Dam i n  1982 revea led  t h a t  

FGE f o r  y e a r l i n g  chinook salmon was only about 50%, cons iderab ly  below 

accep tab l e  l e v e l s  (Swan e t  a l .  1983). Flow p a t t e r n s  from model s t u d i e s  

performed i n  t h e  f a l l  of 1982 suggested t h e  f i s h  might be d i v e r t i n g  under t h e  

STS. These model s t u d i e s  a l s o  showed t h a t  r a i s i n g  t h e  ope ra t i ng  g a t e  reduced 

the  amount of f low d e f l e c t i n g  under t h e  STS and inc reased  t h e  flows up t h e  

BHS 

Pro to type  tests of t h e s e  op t ions  conducted a t  Lower Gran i t e  Dam i n  1983 

showed a  p o s i t i v e  improvement i n  FGE ( t o  74% + 7  from 53% + 7)  by r a i s i n g  t h e  - - 
ope ra t i ng  g a t e  about 20 f e e t  (Swan et a l .  1984). I n  a d d i t i o n  t o  r a i s i n g  t h e  



O R E G O N  

Figure 1.--Main stem dams in the Columbia River basin. 



Fish screen slot 

F igure  2.--Cross s e c t i o n  of Uni t  4-A t u r b i n e  i n t a k e  a t  Lower G r a n i t e  
Dam showing STS, f yke  n e t s ,  and p o s i t i o n  of o p e r a t i n g  g a t e s  
when r a i s e d  20 f t  and 62 f t  f o r  FGE t e s t i n g .  



ope ra t i ng  g a t e  i n  1983, t h e  fo l lowing  modi f ica t ions  were made: ( 1 )  lowering 

t h e  STS, ( 2 )  adding a  c e i l i n g  beam extens ion  r e l a t i v e  t o  lowering t h e  STS, (3 )  

r ep l ac ing  some of t h e  s o l i d  p l a t e s  from i n s i d e  t h e  STS wi th  pe r fo ra t ed  p l a t e s  

i n  an e f f o r t  t o  i n c r e a s e  s c r een  p o r o s i t y ,  and ( 4 )  c lo s ing  t h e  FSS. An 

a n a l y s i s  of t h e  model s t u d i e s  regard ing  t h e s e  modi f ica t ions  l e d  t o  an 

assumption t h a t  t h e  major reasons f o r  t h e  improved FGE were t h e  r a i s e d  g a t e  

and, t o  a  l e s s e r  degree ,  t h e  removal of t h e  s o l i d  p l a t e .  

Tes t ing  i n  1984 was designed p r imar i l y  t o  determine t h e  e f f e c t s  of a  

f u l l y  r a i s e d  ope ra t i ng  g a t e  (up 62 f e e t )  on FGE. It was a l s o  necessary  t o  

determine i f  a  balanced f low v e r t i c a l  b a r r i e r  s c r een  (BFVBS) would be r equ i r ed  

t o  prevent  i n j u r y  o r  de sca l ing  problems caused by t h e  increased  f low i n t o  t h e  

BHS . 
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 not included i n  t h e  i n i t i a l  r e sea rch  

plan (based on t h e  p o s i t i v e  r e s u l t s  of 1983 t e s t i n g ) .  However, a f t e r  

measuring low FGE i n  t h e  e a r l y  t e s t s  of 1984, a  d e c i s i o n  t o  i nc lude  v e r t i c a l  

d i s t r i b u t i o n  tests was made. 

I n  1982, an  eva lua t ion  of t h e  s tandard  8-inch diameter  o r i f i c e s  (two per  

g a t e w e l l )  r e s u l t e d  i n  unacceptably low l e v e l s  of OPE f o r  both y e a r l i n g  chinook 

salmon and s t e e l h e a d  (Swan et a l .  1983). Tes t ing  of a  s i n g l e  12-inch diameter  

o r i f i c e  i n  l i e u  of t h e  s t anda rd  two 8-inch diameter  o r i f i c e s  i n  1983 r e s u l t e d  

i n  acceptab le  OPE f o r  y e a r l i n g  chinook salmon (74% + 7 )  but  not  f o r  s t ee lhead  - 
(52% - + 11) (Swan e t  a l .  1984). Tes t s  i n  1984 used two 12-inch diameter  

o r i f i c e s  t o  measure OPE wi th  a  f u l l y  r a i s e d  ope ra t i ng  g a t e  and t o  compare a  

s t anda rd  v e r t i c a l  b a r r i e r  s c r een  (SVBS) t o  a  BFVBS. Also, no r th  vs south  

o r i f i c e  l o c a t i o n s  and var ious  placements of s o l i d  p l a t e  b a r r i e r  s c r een  

modi f ica t ions  f o r  improving OPE were t e s t e d .  



METHODS AND MATERIALS 

Experimental Equipment 

The fol lowing equipment and s e r v i c e s  were needed t o  conduct t h e  research :  

1. STS 13 and 5 were equipped with a  f u l l  complement of fyke and gap 

1 / nets,  

2. Two po r t ab l e  o r i f i c e  t r a p s .  

3. Two ga tewel l  d i p  n e t s  (Swan e t  a l .  1979). 

4. On-deck f i s h  examining f a c i l i t i e s .  

5. Two mobile cranes.  

6. Spec ia l  plugs t o  s e a l  o f f  t he  Wagner Horns t o  prevent f i s h  e n t r y  

i n t o  t he  t e s t  u n i t s .  

7. Two 12-inch d iameter  o r i f i c e s  i n  4-A BHS. 

8. Two 12-inch diameter  o r i f i c e s  i n  3-A BHS. 

9. Two c l o s u r e  devices  i n  3-A and 4-A FSS. 

10. Modified BFVBS i n  4-A and a  modified SVBS i n  3-A. (A BFVBS c o n s i s t s  

of a  SVBS wi th  a  30% p o r o s i t y  p l a t e  a t t a c h e d  t o  t h e  downstream s i d e  of t he  

screened panels . )  

11. One v e r t i c a l  d i s t r i b u t i o n  ne t  frame. 

12. CofE s e r v i c e s .  

a .  Provided g a n t r y  c rane  s e r v i c e  f o r  p r epa ra t i on  and performance of 

STS FGE t e s t s .  

b. D r i l l e d  out t he  two 8-inch diameter  o r i f i c e s  i n  3-A t o  12-inch 

diameter .  

1/ Midway through the  t e s t i n g ,  i n t e r n a l  s o l i d  p l a t e s  of STS 13 were changed 
t o  pe r fo ra t ed  p l a t e  (46% open a r e a )  a t  t he  lower end of t h e  t r a v e l i n g  sc r een  
and STS 5 was rep laced  wi th  STS 15 a l r e a d y  equipped wi th  pe r fo ra t ed  p l a t e .  



c. Made s p e c i a l  p rovis ions  f o r  t emporar i ly  r a i s i n g  t h e  ope ra t i ng  

g a t e s  i n  3-A and 4-A. 

d. Ass i s ted  t h e  NMFS w i t h  t h e  modi f ica t ions  t o  t h e  b a r r i e r  sc reens  

i n  3-A and 4-A p r i o r  t o  t h e  t e s t i n g  season. 

Measurements and Procedures 

STS F i s h  Guiding E f f i c i e n c y  

Tes ts  were mainly conducted i n  Units  3-A and 4-A. Unit 3-A ( t h e  c o n t r o l  

u n i t )  was equipped wi th  a  SVBS, a  s tandard  STS ope ra t i ng  a t  a  55O guid ing  

ang le ,  and t h e  ope ra t i ng  g a t e  s t o r e d  a t  t h e  f u l l y  r a i s ed  p o s i t i o n  (hyd rau l i c  

cy l inde r  removed and g a t e  dogged a t  deck l e v e l ,  62 f e e t  above the  lower 

concre te  beam). Unit  4-A ( t h e  t e s t  u n i t )  was a l s o  equipped wi th  a  s tandard 

STS a t  a  55O guid ing  angle ,  a  BFVBS, and t h e  ope ra t i ng  g a t e  dogged off  a t  deck 

l e v e l .  In a d d i t i o n ,  t h i s  g a t e  had t h e  c a p a b i l i t y  of being r a i s ed  from i t s  

s tandard  s e t t i n g  (0)  t o  46 f e e t .  

For FGE t e s t s ,  t h e  STS were equipped w i t h  a  composite of n e t s  f o r  

recover ing  a  percentage of t he  unguided f i s h .  A n e t  frame suspended below t h e  

STS supported a  v e r t i c a l  column of f i v e  fyke n e t s .  On t h e  upper p a r t  of t h i s  

frame, these  n e t s  were f lanked on each s i d e  by a  column of t h r e e  a d d i t i o n a l  

fyke n e t s  (F igs .  2 and 3) .  The uppermost ne t  (one-half fyke n e t )  i n  each 

column was approximately 3.5 by 6.5 f t ,  and t h e  lower n e t s  ( f u l l  s i z e  fyke 

n e t s )  were approximately 6.5 f t  square.  A gap n e t ,  a t tached  near  t h e  t o p  of 

t h e  STS, captured f i n g e r l i n g s  t h a t  passed through t h e  space between t h e  t op  of 

t he  STS and t h e  conc re t e  beam t h a t  d i v i d e s  t h e  OGS and BHS. Closure n e t s  

a t tached  t o  t he  back of t h e  STS captured those  f i s h  pass ing  below t h e  STS but 

over  t h e  t op  of t h e  fyke ne t  frame. 
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F i g u r e  3.--Layout of fyke  n e t s  used t o  measure FGE a t  Lower G r a n i t e  Dam. 



The n e t  frame used f o r  determining v e r t i c a l  d i s t r i b u t i o n  was cons t ruc ted  

from t h e  two STS FGE n e t  frames. It f i s h e d  a  s i n g l e  v e r t i c a l  column of fyke  

n e t s  i n  t h e  middle one-third of t h e  c ros s - sec t iona l  a r e a  of t h e  i n t ake .  

Standard fyke n e t s  were used t o  sample f i s h  from t h e  i n t a k e ,  and t h e  d i p  

basket  was used t o  c o l l e c t  t h e  f i s h  e n t e r i n g  the  ga tewel l .  

P r i o r  t o  t h e  t e s t i n g  program, c lo su re  devices  were i n s t a l l e d  i n  t h e  FSS 

of Uni t s  3-A and 4-A t o  prevent  t h e  e n t r y  of f i s h  so  a l l  t h e  guided f i s h  could 

be recovered by only having t o  d i p  t h e  BHS. Also, a  s p e c i a l l y  designed 

b ladder  type  plug was i n s t a l l e d  t o  prevent  s i m i l a r  e n t r y  i n  t h e  Wagner Horns 

of Uni t s  3-A and 4-A. 

The t u r b i n e s  i n  Uni t s  3  and 4 were run only dur ing  t h e  t i m e  of t h e  day 

t h a t  FGE t e s t s  were conducted. During t h e  t e s t s ,  t h e  STS were opera ted  i n  t h e  

s tandard  s c r e e n  cyc l ing  mode, t h e  same a s  t h e  r e s t  of t h e  STS. Bypass 

o r i f i c e s  i n  Uni t s  3A and 4A remained c losed  throughout t h e  t e s t i n g  season. 

The fol lowing sequence of even t s  was t y p i c a l  f o r  conducting an  STS FGE 

t e s t :  

1. The STS i n  Uni t s  3-A and 4-A wi th  a t t ached  fyke  ne t  frames were 

lowered i n t o  t h e  i n t a k e  wi th  t h e  gan t ry  crane.  

2. The BHS were dipped t o  remove a l l  f i s h  presen t  a t  t h a t  t i m e .  

3. The ope ra t i ng  g a t e  i n  Unit  4A was s e t  f o r  t h e  p re sc r ibed  t e s t  

condi t ion .  

4. Units  3  and 4 were brought t o  peak e f f i c i e n c y  (135 MW). 

5. The numbers of f i s h  e n t e r i n g  each BHS were monitored by p e r i o d i c  

d ipne t  t i n g  . 
6 The test  was terminated when adequate  numbers of f i s h  f o r  

s t a t i s t i c a l  needs were c o l l e c t e d .  



7. The t u r b i n e  was shu t  down, and f i n a l  c leanout  d ip s  were made i n  t h e  

BHS i n  Uni t s  3-A and 4-A. 

8. The ope ra t i ng  g a t e  i n  Unit 4A was lowered (when app rop r i a t e )  t o  i t s  

normal pos i t i on .  

9. The STS wi th  a t t ached  fyke n e t s  and frames were brought t o  t h e  

s u r f a c e ,  and t h e  f i s h  were removed from t h e  n e t s  f o r  i d e n t i f i c a t i o n  and 

enumeration. 

Each t e s t  was about 2  t o  5  h  long ,  s t a r t i n g  between 1700 and 1800 h and 

t e rmina t ing  about 2000 o r  2200 h when adequate  numbers of f i s h  had been guided 

i n t o  t h e  BHS a s  determined by g a t e w e l l  d ipne t t i ng .  For each cond i t i on  t e s t e d ,  

t h e  experimental  des ign  c a l l e d  f o r  a  goa l  of 300 f i s h  per  r e p l i c a t e  (ga t ewe l l  

c a t ch )  and a  minimum of t h r e e  r e p l i c a t e s  t o  s a t i s f y  s p e c i f i e d  s t a t i s t i c a l  

s i g n i f i c a n c e  l e v e l s  f o r  d e t e c t i n g  r e l evan t  d i f f e r e n c e s  of a  s t a t e d  magnitude 

(Appendix A). Contingency t a b l e  procedures us ing  t h e  G-test were used i n  t h e  

s t a t i s t i c a l  a n a l y s i s  (Sokal  and Rohlf 1981). 

The procedures f o r  determining FGE were s i m i l a r  t o  those  used i n  previous 

experiments of t h i s  type  (Swan et a l .  1983 and 1984). Gatewell  d ipne t  ca t ches  

provided t h e  number of guided f i s h ;  ca tches  from t h e  gap and fyke n e t s  

a t t ached  t o  t h e  STS provided t h e  number of unguided f i s h .  Guided f i s h  

inc luded  f i s h  from t h e  BHS only. FGE was c a l c u l a t e d  a s  guided f i s h  divided by 

t h e  t o t a l  es t imated  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 = G W x  100 
GW+GN+FN + 1.5(CN) 

GW = ga tewe l l  c a t ch  (BHS) 
GN = gapnet ca t ch  
FN = fyke  ne t  ca t ch  ( t imes  3 when f i s h i n g  only  t h e  

cen t e r  one-third of t h e  i n t a k e )  
CN = c l o s u r e  ne t  ca t ch ;  t h e  c l o s u r e  n e t  ca t ch  was 

expanded by 1.5 because t h e  c l o s u r e  n e t s  only 
f i s h e d  two-thirds of t h e  a r ea .  



Two 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 conducted i n  Unit  4A midway through 

t h e  season  i n  an  e f f o r t  t o  de te rmine  t h e  cause f o r  t h e  low FGE. The o p e r a t i n g  

g a t e  w a s  i n  i t s  normal s t o r e d  p o s i t i o n  s o  t h a t  r e s u l t s  ob ta ined  could be 

compared w i t h  1982 measurements. A s t anda rd  r e p l i c a t e  f o r  v e r t i c a l  

d i s t r i b u t i o n  was conducted i n  a similar manner a s  t h e  FGE t e s t s ,  i.e., c l o s i n g  

t h e  o r i f i c e ,  lower ing  t h e  n e t  f rame,  d i p n e t t i n g  t h e  g a t e w e l l ,  e t c .  A t  t h e  end 

of each t e s t ,  i n d i v i d u a l  n e t  c a t ches  were i d e n t i f i e d  and enumerated by 

spec i e s .  V e r t i c a l  d i s t r i b u t i o n  was based on an estimate of 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  i n t a k e .  S ince  t h e  s i n g l e  column of f y k e  n e t s  f i s h e d  t h e  

middle t h i r d  of t h e  i n t a k e ,  each n e t  c a t c h  w a s  m u l t i p l i e d  by a f a c t o r  of t h r e e  

t o  e s t i m a t e  t h e  number of f i s h  i n  t h a t  n e t  l e v e l .  The sum of t h e s e  e s t i m a t e s  

p lu s  t h e  g a t e w e l l  c a t c h  provided an e s t i m a t e  of 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  i n t a k e s  d u r i n g  t h e  t e s t .  The percen tage  of f i s h  f o r  each  n e t  

l e v e l  ( v e r t i c a l  d i s t r i b u t i o n )  w a s  determined by d i v i d i n g  t h e  computed n e t  

l e v e l  c a t c h  by t h e  t o t a l  i n t a k e  e s t i m a t e .  

O r i f i c e  F i s h  Passage E f f i c i e n c y  

Tes t s  were conducted t o  d i r e c t l y  compare OPE th rough  12-inch d iamete r  

o r i f i c e s  i n  g a t e w e l l s  w i th  v a r i o u s  mod i f i c a t i ons  t o  a  BFVBS and a  SVBS and t o  

de te rmine  i f  t h e r e  w a s  a b i a s  between n o r t h  and s o u t h  l o c a t i o n s .  I n i t i a l  

t e s t s  were conducted w i th  f u l l y  r a i s e d  o p e r a t i n g  g a t e s .  

The 87-foot h igh  v e r t i c a l  b a r r i e r  s c r eens  a r e  made up  of s i x  sc reened  

pane l  s e c t i o n s  a t  t h e  bottom and f o u r  s o l i d  pane l  s e c t i o n s  a t  t h e  top .  For 

t e s t s  i n  1984, t h e  lowes t  s o l i d  pane l  ( pane l  f o u r )  i n  Un i t s  3-A and 4-A were 

changed t o  a sc reened  pane l  s e c t i o n .  The second and t h i r d  s o l i d  pane l  

s e c t i o n s  were modif ied i n  a  manner t h a t  al lowed t h e  c e n t e r  one- th i rd  of t h e  

t o t a l  wid th  t o  remain s o l i d  w i th  t h e  o p t i o n  of exposing b a r r i e r  s c r e e n  mesh on 



e i t h e r  s i d e  of t h e  s o l i d  p o r t i o n s ,  e i t h e r  s i m u l t a n e o u s l y  o r  s e p a r a t e l y .  A l l  

t h e  sc reened  p a n e l  s e c t i o n s  i n  Unit  3-A were SVBS and i n  Uni t  4-A BFVBS. 

The n o r t h  and s o u t h  o r i f i c e s  i n  U n i t s  3-A and 4-A were e n l a r g e d  t o  a  

12-inch d iamete r .  I n i t i a l l y  each  s o u t h  o r i f i c e  was connected t o  a  t r a p  i n  t h e  

bypass  g a l l e r y  t o  compare OPE f o r  a  SVBS w i t h  a  BFVBS. Following t h i s  i n i t i a l  

test s e r i e s ,  t h e  t r a p  from t h e  g a t e w e l l  w i t h  t h e  lowes t  OPE (3-A) was 

d i sassembled  and moved t o  t h e  n o r t h  o r i f i c e  of Ga tewel l  4-A f o r  n o r t h  v s  s o u t h  

o r i f i c e  comparisons ( s p a c e  l i m i t a t i o n s  i n  t h e  bypass g a l l e r y  d i d  n o t  a l l o w  

enough room t o  i n s t a l l  t r a p s  on a l l  f o u r  o r i f i c e s ) .  

The remainder  of t h e  OPE t e s t i n g  was conducted i n  Uni t  4-A and t e s t e d  

v a r i o u s  o p e r a t i n g  g a t e  l e v e l s  and c o n f i g u r a t i o n s  of t h e  modified BFVBS t o  

induce  f low p a t t e r n s  i n  t h e  g a t e w e l l  t h a t  would b e t t e r  gu ide  f i s h  t o  t h e  

o r i f i c e .  

Each t e s t  was 24 h  long ,  and f i s h  p a s s i n g  i n t o  t h e  t r a p  were r o u t i n e l y  

monitored.  Each hour  t h e  o r i f i c e  was c losed  t e m p o r a r i l y  w h i l e  t h e  t r a p  was 

emptied (approx imate ly  5  min).  The c a t c h  was a n e s t h e t i z e d  u s i n g  MS 222 f o r  

s p e c i e s  enumerat ion and he ld  i n  a r e c o v e r y  box u n t i l  t h e  nex t  h o u r l y  check and 

t h e n  r e l e a s e d  i n t o  t h e  f i n g e r l i n g  bypass  g a l l e r y .  A f t e r  24 h ,  t h e  o r i f i c e  was 

c l o s e d ,  t h e  t u r b i n e  was s h u t  down, and t h e  r e s i d u a l  f i s h  were dipped from t h e  

g a t e w e l l .  A f t e r  d i p p i n g ,  t h e  t u r b i n e  was r e t u r n e d  t o  s e r v i c e  and t h e  o r i f i c e  

was reopened. T e s t s  s t a r t e d  a t  1200 h  a f t e r  d i p p i n g  o u t  t h e  r e s i d u a l  f i s h  and 

ended 24 h  later .  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  at  t h e  end of t h e  t e s t .  A l l  test 

c o n d i t i o n s  e x c e p t  one c o n s i s t e d  of t h r e e  r e p l i c a t e s .  During t h e  t e s t s  , 

t u r b i n e s  were opera ted  c o n t i n u o u s l y  at  peak e f f i c i e n c y  ( 135 MW). During peak 

p e r i o d s  of f i s h  m i g r a t i o n ,  OPE t e s t i n g  was t e m p o r a r i l y  d i s c o n t i n u e d  t o  avoid 



h a n d l i n g  l a r g e  numbers of f i s h .  Contingency t a b l e s  u t i l i z i n g  t h e  "G" 

s t a t i s t i c  were used t o  a n a l y z e  t h e  d a t a  f o r  s i g n i f i c a n c e .  

F i s h  Q u a l i t y  

Desca l ing  of f i s h  i n  t h e  BHS was monitored as a measure of f i s h  q u a l i t y  

f o r  each  FGE and OPE t e s t .  Samples of f i s h  t aken  from Gatewel l  3-B ( a  

s t a n d a r d  Lower G r a n i t e  condition--SVBS and o p e r a t i n g  g a t e  a t  t h e  0-foot l e v e l )  

were used t o  p rov ide  a b a s i s  f o r  d e t e r m i n i n g  i f  d e s c a l i n g  was s i g n i f i c a n t l y  

d i f f e r e n t  i n  t h e  test  u n i t s  (3-A and 4-A). Desca l ing  was determined by 

d i v i d i n g  t h e  f i s h  i n t o  f i v e  e q u a l  a r e a s  p e r  s i d e ;  i f  any two a r e a s  on a  s i d e  

were 50% o r  more d e s c a l e d ,  t h e  f i s h  was c l a s s i f i e d  a s  desca led .  Using t h i s  

c r i t e r i a ,  f i s h  c l a s s i f i e d  a s  d e s c a l e d  a r e  cons idered  t o  have a poor chance of 

s u r v i v a l .  Under a  s e p a r a t e  c o n t r a c t ,  y e a r l i n g  chinook salmon were sampled 

from U n i t s  3-A and 4-A and s u b j e c t e d  t o  a s t a n d a r d  seawate r  c h a l l e n g e  stress 

test ( P a r k  e t  a l .  1983) i n  a f u r t h e r  e f f o r t  t o  measure t h e  e f f e c t  of a  BFVBS 

v s  SVBS on f i s h  c o n d i t i o n .  

RESULTS 

STS F i s h  Guiding E f f i c i e n c y  

The i n d i v i d u a l  numbers of y e a r l i n g  chinook salmon and s t e e l h e a d  t a k e n  

d u r i n g  f i s h  g u i d i n g  e f f i c i e n c y  tests and v e r t i c a l  d i s t r i b u t i o n  d e t e r m i n a t i o n s  

a r e  shown i n  Appendix B. 

T e s t s  on 23 and 24 A p r i l  w i t h  a 62-foot r a i s e d  g a t e  d u r i n g  p e r i o d s  of 

heavy s p i l l  (40% of t o t a l  r i v e r  f l o w )  r e s u l t e d  i n  e x c e p t i o n a l l y  low FGE (33- 

46%) f o r  y e a r l i n g  chinook salmon--about h a l f  t h a t  measured i n  1983 (Swan e t  

a l .  1984). I n  a  follow-up test on 27 A p r i l  t h a t  compared a  20-foot r a i s e d  

g a t e  w i t h  t h e  s t a n d a r d  Lower G r a n i t e  c o n d i t i o n  (Ga te  n o t  ra ised-3B),  FGE was 



Table  1.--STS FGE T e s t  r e s u l t s  f o r  y e a r l i n g  chinook salmon a t  Lower G r a n i t e  Dam, 1984. 

3-A, 4-A, 3-B, 
SVBS , BFVBS , s t and ard 

FSS and Wagner FSS and Wagner Lower G r a n i t e  
Horn c l o s e d  Horn c losed  c o n d i t i o n  

Average 
Tes t % T e s t  FGE T e s t  FGE T e s t  FGE 

no. Date spilla1 c o n d i t i o n  (2)  c o n d i t i o n  c o n d i t i o n  (%> 

1 23 Apr 3  7  62 '  g a t s -  b  / 3  3  62 '  g a t e  b/ 34 

2  2 4 A p r  37 62 '  g a t e  3  8  62' g a t e  46 

3  2 6 A p r  40 62 '  g a t e ,  3  3  20'  g a t e ,  37 
no s p i l l  no s p i l l  

d u r i n g  t e s t  

4  27 Apr 40 20 '  g a t e ,  39 0 '  g a t e ,  26 
no s p i l l  no s p i l l  
d u r i n g  t e s t  d u r i n g  t e s t  

5  1 May 14 62 '  g a t e  5  5  20'  g a t e  4  7  

6  3  May 14 62 '  g a t e  5  3  20'  g a t e ,  49 
wlper f .  p l a t e  

7  4  May 2  4  62'  g a t e ,  6  5  20'  g a t e ,  5  6  
w l p e r f .  p l a t e  w l p e r f .  p l a t e  

8 5  May 2  4  62 '  g a t e ,  60 20'  g a t e ,  53 
w l p e r f .  p l a t e  w l p e r f .  p l a t e  

9  6  May 24 62 '  g a t e ,  7  1 20'  g a t e ,  5  8  
w l p e r f .  p l a t e  wlper f .  p l a t e  

10 7May 25 62 '  g a t e ,  6  7  20'  g a t e ,  66 
w l p e r f .  p l a t e  w l p e r f .  p l a t e  

11 8 M a y  2  5  62 '  g a t e ,  6  9  46'  g a t e ,  63 
w l p e r f .  p l a t e  w l p e r f .  p l a t e  

12 9May 25 62 '  g a t e ,  6  6  46'  g a t e ,  5  7  
w l p e r f .  p l a t e  w l p e r f .  p l a t e  

dl P e r c e n t  s p i l l  i s  t h e  average  of t h e  p e r c e n t a g e  of t o t a l  r i v e r  f l o w  s p i l l e d  d u r i n g  a 3 d a y  
per iod  ( t h e  2  days  p r i o r  t o  and t h e  day of t h e  t e s t ) .  

/ The 46-foot g a t e  and t h e  62-foot g a t e  a r e  cons idered  comparable i n  terms of t h e  
amount of w a t e r  p a s s i n g  th rough  g a t e w e l l .  



a l s o  about h a l f  t h a t  measured i n  1983 (39 v s  26%, r e s p e c t i v e l y ,  Table 1) .  FGE 

improved a s  t h e  season progressed ,  averag ing  60-69% dur ing  t h e  l a s t  series of 

tests when t h e r e  was on ly  low t o  moderate s p i l l  [25% of t o t a l  r i v e r  flow 

(Table  I ) ] .  By c o n t r a s t ,  FGE f o r  chinook salmon throughout 1983 was 

c o n s i s t e n t l y  between 66 and 78% when s p i l l  ranged between 20 and 40%. FGE f o r  

s t ee lhead  remained high and comparable t o  1983 throughout t h e  1984 season 

(Table 2) .  

The FGE was s i g n i f i c a n t l y  b e t t e r  f o r  t h e  f u l l y  r a i s e d  (46 t o  62 f e e t )  

g a t e  than  f o r  t h e  20-foot g a t e  f o r  both chinook salmon and s t ee lhead .  Because 

i t  appeared t h a t  s p i l l  may have a f f ec t ed  FGE f o r  chinook salmon, w e  used t h e  

fo l lowing  a n a l y s i s  of va r i ance  tests blocked according t o  d a t e  t o  e l i m i n a t e  

t h e  a f f e c t  of s p i l l  on FGE: 

Two-Way ANOVA Table 

Source Df SS MS F Prob (F)  

Gate he igh t  1 45.995 45.995 7.28 0.027- b / 

Date 851 763.222 95.403 15.11 

Er ro r  &/ 50.515 6.314 

Tot a1 17 859.732 

d/ Df reduced by one due t o  e s t ima t ion  of missing value.  

L1 S i g n i f i c a n t  a t  t h e  0.05 l e v e l .  

A s i m i l a r  test on s t ee lhead  a l s o  yielded a s i g n i f i c a n t  b e n e f i t  f o r  t h e  

f u l l y  r a i s ed  g a t e  (F = 6.46, d f  = ( 1 , 6 ) ,  P of F = 0.04, s i g n i f i c a n t  a t  

0.05). Because it appeared t h a t  FGE of s t ee lhead  was less inf luenced by 

s p i l l ,  w e  a l s o  r a n  a paired comparison T-test  (no blocking of d a t a  t o  



Table  2.--STS FGE T e s t  r e s u l t s  f o r  S tee lhead  a t  Lower G r a n i t e  Dam,  1984. 

3-A, 4-A, 3-B, 
SVBS, BFVBS , st and ard  

FSS and Wagner FSS and Wagner Lower G r a n i t e  
Horn c losed  Horn c losed  c o n d i t i o n  

Aver age 
Tes t % T e s t  FGE Tes t  FGE T e s t  FGE 

no. Date spilla1 c o n d i t i o n  ( % >  c o n d i t i o n  (%>  c o n d i t i o n  ( % >  

1 23 Apr 37 62' g a t s -  b l  8  6  62'  g a t s -  b/ 76 

2  24 Apr 37 62 ' g a t e  7  9  62 ' g a t e  7  0  

3  26 Apr 40 62 '  g a t e ,  8  1 20' g a t e ,  77 
no s p i l l  no s p i l l  
d u r i n g  t e s t  d u r i n g  t e s t  

4  27 Apr 4  0  20' g a t e ,  8  5  0 '  g a t e ,  7  7  
no s p i l l  no s p i l l  
d u r i n g  t e s t  d u r i n g  t e s t  

5  1May 14 62'  g a t e  8  5  20' g a t e  6  6  

6  3  May 14 62 ' g a t e  49 20' g a t e ,  74 
wlperf .  p l a t e  

7  4May 2  4  62'  g a t e ,  80 20' g a t e ,  6  3  
w l p e r f .  p l a t e  wlper f .  p l a t e  

8  5May 24 62 '  g a t e ,  8  0 20' g a t e ,  78 
wlper f .  p l a t e  w l p e r f .  p l a t e  

9  6  May 24 62 '  g a t e ,  82 20' g a t e ,  73 
w/perf . p l a t e  wlper f .  p l a t e  

10 7  May 25 62 '  g a t e ,  88 20' g a t e ,  85 
wlperf  . p l a t e  wlperf  . p l a t e  

11 8 M a y  2  5  62'  g a t e ,  8  6  46' g a t e ,  85 
wlper f .  p l a t e  wlper f .  p l a t e  

12 9May 25 62 '  g a t e ,  8  9  46'  g a t e ,  8  9  
wlper f .  p l a t e  wlper f .  p l a t e  

9 P e r c e n t  s p i l l  i s  t h e  average  of t h e  pe rcen tage  of t o t a l  r i v e r  f l o w  s p i l l e d  d u r i n g  a  3 d a y  
per iod  ( t h e  2  days  p r i o r  t o  and t h e  day of t h e  t e s t ) .  

/ The 46-foot g a t e  and t h e  62-foot g a t e  a r e  cons idered  comparable i n  terms of t h e  amount of 
w a t e r  p a s s i n g  th rough  g a t e w e l l .  



e l i m i n a t e  i n f luence  of s p i l l ) .  This t e s t  y ie lded  a  s i g n i f i c a n t  T-value of 

2.56, df = 6,  P = 0.04 f o r  t h e  f u l l y  r a i s e d  g a t e  cond i t i on  (Table 2,  1 through 

7 May d a t a  w i t h  3  May removed a s  an o u t l i e r ) .  

Tes t s  comparing t h e  e f f e c t s  of a  BFVBS v s  SVBS f o r  both chinook salmon 

a d  s t ee lhead  showed no g r o s s  d i f f e r e n c e s  i n  FGE ( T e s t s  1 ,  2, 11, and 12; 

Tables  1 and 2). 

Attempts t o  i s o l a t e  t h e  cause f o r  t h e  d e c l i n e  i n  FGE f o r  y e a r l i n g  chinook 

salmon i n  1984 were l a r g e l y  inconc lus ive .  There were two major d i f f e r e n c e s  i n  

test cond i t i ons  between 1983 and 1984: (1 )  per fora ted  i n s t ead  of s o l i d  p l a t e  

on t h e  lower end of t h e  STS and (2 )  a  new t r a s h  boom i n  t h e  forebay. The 

s o l i d  p l a t e  was replaced w i t h  per fora ted  p l a t e  midway through t h e  t e s t i n g  

immediately upon t h e  d i scovery  t h a t  pe r fo ra t ed  p l a t e  had not  been i n s t a l l e d  

according t o  plan. The one t e s t  (#6 ,  Table 1)  on 3  May t h a t  compared s o l i d  v s  

per fora ted  p l a t e  showed a  s l i g h t l y  but not  s i g n i f i c a n t l y  h ighe r  FGE f o r  t he  

STS wi th  a  s o l i d  p l a t e .  The t e s t i n g  conducted i n  1982 t o  compare s o l i d  w i t h  

per fora ted  p l a t e  showed a  s t a t i s t i c a l l y  s i g n i f i c a n t  but on ly  6% i n c r e a s e  i n  

FGE f o r  y e a r l i n g  chinook salmon and a  6% dec rease  i n  FGE f o r  s t ee lhead .  I f  

t h e  s o l i d  p l a t e  were t h e  major problem, then FGE f o r  chinook salmon should 

have only  been down about 6% not  30 t o  40%. Also, t h e r e  was no apparent  

change i n  FGE f o r  s t ee lhead  throughout t h e  t e s t  s e r i e s  (Table 2) a s  opposed t o  

an i n c r e a s i n g  FGE f o r  chinook salmon a s  t h e  season progressed (Table  1). 

Ear ly  i n  t he  s t u d y  ( T e s t s  3 and 4) ,  a  temporary no - sp i l l  t e s t  cond i t i on  

was examined i n  an at tempt  t o  determine i f  heavy s p i l l  (approximately 43 k c f s )  

was i n f luenc ing  guidance. No major changes i n  FGE were seen i n  t h i s  t e s t  

condi t ion .  However, t e s t i n g  a  temporary no - sp i l l  cond i t i on  ( n o - s p i l l  on ly  

dur ing  t h e  t e s t )  probably did not a l low s u f f i c i e n t  t i m e  f o r  forebay f low 



condi t ions  t o  s t a b i l i z e  and/or  t h e  f i s h  concen t r a t i ons  i n  t h e  forebay t o  

develop a  d i s t r i b u t i o n  r e p r e s e n t a t i v e  of an extended no - sp i l l  o r  low s p i l l  

condi t ion .  

I n  1983, a s  w e l l  a s  1984, t h e  FSS i n  Un i t s  3-A and 4-A were c losed  nea r  

t h e  i n t a k e  c e i l i n g .  I n  a d d i t i o n ,  i n  1984 t h e  Wagner Horns were a l s o  

plugged. A d e c i s i o n  was made t o  move t h e  t e s t i n g  from Unit  3-A t o  Unit  3-B t o  

determine i f  t h e  plugged Wagner Horn and/or  t h e  FSS c l o s u r e  devices  were 

causing t h e  low guidance. The r e s u l t s  of t h e  one t e s t  (26% FGE, Tes t  4 ,  Table 

1 )  suggested t h a t  t h i s  was no t  t h e  probable cause f o r  t h e  low guidance i n  

19 84. 

We, t h e r e f o r e ,  assume t h a t  t h e  major cause f o r  t h e  lower FGE f o r  y e a r l i n g  

chinook salmon i n  1984 was probably t h e  t r a s h  boom. V e r t i c a l  d i s t r i b u t i o n  

s t u d i e s  showed t h a t  y e a r l i n g  chinook salmon were deeper  i n  t h e  water  mass 

f lowing i n t o  t h e  i n t a k e  than s t e e l h e a d  (Appendix Table B2). We suspec t  t h a t  

t he  t r a s h  boom g e n e r a l l y  ac t ed  a s  a  skimmer on p r imar i l y  t h e  s u r f a c e  running 

( p o t e n t i a l l y  more gu idab le )  y e a r l i n g  chinook salmon--resulting i n  more of 

t h e s e  f i s h  being d i v e r t e d  t o  t h e  v i c i n i t y  of t h e  sp i l lway .  When t h e r e  was 

continuous heavy s p i l l ,  such a s  occurred e a r l y  i n  t h e  migra t ion ,  

p r o p o r t i o n a t e l y  more s u r f a c e  running f i s h  were passed over  t h e  sp i l lway  than 

were t h e  deeper running ( l e s s  gu idab le )  f i s h  no t  i n f luenced  by t h e  boom. 

La t e r  i n  t h e  migra t ion  when s p i l l  was l e s s ,  and even on s e a l  dur ing  much of he 

day, fewer su r f ace  o r i e n t e d  f i s h  were d i v e r t e d  over  t h e  sp i l lway  and FGE 

improved. V e r t i c a l  d i s t r i b u t i o n  measurements showed very  l i t t l e  d i f f e r e n c e  i n  

p o t e n t i a l l y  gu idable  f i s h  from t h a t  measured i n  1982 (Swan e t  a l .  1983). 

Unfor tuna te ly ,  t h e s e  t e s t s  were on ly  conducted during t h e  per iod of lowest 

s p i l l  (16%) i n  1984 when d i v e r s i o n  would have been minimal. 



W e  assume t h a t  t h e  l a c k  of change i n  FGE f o r  s t ee lhead  was because most 

s t ee lhead  were concent ra ted  nea r  t h e  c e i l i n g  of t h e  i n t ake .  Only a  very  low 

percentage were i n  t h e  water  mass t h a t  would no t  be i n t e r cep t ed  by t h e  STS 

[approximately 11 v s  35% f o r  chinook salmon (Appendix Table B2)I. 

Consequently, even w i t h  t he  t r a s h  boom d i v e r t i n g  s u r f a c e  running f i s h  over  t h e  

s p i l l ,  t h e  impact on FGE would have been minimal. The t r a s h  boom appa ren t ly  

d i d ,  however, d i v e r t  a  s i g n i f i c a n t  por t  i on  of t h e  s tee lhead  migra t ion  over  t h e  

sp i l lway ;  f o r  t h e  f i r s t  t i m e  more s t ee lhead  were c o l l e c t e d  a t  L i t t l e  Goose Dam 

than  Lower Gran i t e  Dam. Tes t s  a r e  scheduled i n  1985 t o  d e f i n e  t h e  a c t u a l  

impacts of t h e  new t r a s h  boom on FGE. 

Orif i c e  F i s h  Passage E f f i c i e n c y  

The BFVBS s i g n i f i c a n t l y  enhanced OPE f o r  y e a r l i n g  chinook salmon. With 

ope ra t i ng  g a t e s  f u l l y  r a i s e d ,  t h e  e f f i c i e n c y  of a  s i n g l e  12-inch d iameter  

o r i f i c e ,  i n  t h e  ga t ewe l l  wi th  a  BFVBS (4-A) was 93% + 2.8 vs  77% + 2.2 f o r  t h e  - - 
g a t e w e l l  w i t h  a  SVBS (3-A). OPE a l s o  appeared b e t t e r  f o r  s t ee lhead  (47 v s  

31%), but t h e  confidence l e v e l s  overlapped s l i g h t l y  (Fig.  4). With t h e  

ope ra t i ng  g a t e  a t  20 f e e t ,  t h e  OPE f o r  s tee lhead  was s i g n i f i c a n t l y  enhanced 

with two 12-inch d iameter  o r i f i c e s  per ga t ewe l l  [79% + 17 v s  47% + 14 (Figs .  4  - - 
and 5 ) ] .  A modified BFVBS f u r t h e r  enhanced OPE f o r  t h e  20-foot g a t e  

pos i t i on .  The OPE wi th  a  s i n g l e  o r i f i c e  i n  ope ra t i on  (20-foot g a t e )  increased  

t o  98% - + 0.7 f o r  chinook salmon and an accep tab l e  86% + 0.6 f o r  s tee lhead  when - 
t h e  s e c t i o n s  of panels  d i r e c t l y  below t h e  o r i f i c e  were screened (Fig.  4). 

This was only s l i g h t l y  lower t han  OPE through two o r i f i c e s  w i th  t h e  same BFVBS 

modi f ica t ion  [98% + 0.37 f o r  chinook salmon and 94% + 0.40 f o r  s t ee lhead  - - 

(F igs .  4  and 5 ) ] .  



ORIFICE PASSAGE EFFICIENCY 1984 

Chinook Chinook Steelhead Steelhead 
(in Unit 3A) (in U n ~ t  4A) (in Unit 4AJ (in Unit 3A)  

62 ft. 20 ft. 20 ft .  20 ft: 

Operating gate and screen condition 

screened area solid area @ north orifice @ south orifice 

Figure  4.--Average percent  o r i f i c e  passage e f f i c i e n c y  of s p r i n g  chinook 
salmon and s t ee lhead  through a s i n g l e  12-inch diameter o r i f i c e  
under vary ing  b a r r i e r  s c reen  conf igu ra t ions  (I  i n d i c a t e s  95% 
C I )  a t  Lower Gran i t e  Dam - 1984. 



Chinook Steelhead 

611 -3184 
20 ft. 

616-7184 61 1 5- 1 7/84 
20 ft. 20 ft. 

Operating gate and screen condition 

screened area solid area @ north orifice @ south orifice 

Figure 5.--Average percent  o r i f i c e  passage e f f i c i e n c y  and 95% confidence 
l i m i t s  of sp r ing  chinook salmon and s tee lhead  through two 
12-inch diameter o r i f i c e s  under varying b a r r i e r  screen  
conf igu ra t ions  a t  Lower Gran i t e  Dam - 1984. 



F i s h  Qua l i t y  

Descal ing of f i s h  remained low (< lo%)  throughout t h e  season f o r  a l l  

condi t ions  t e s t e d .  The average desca l ing  r a t e  f o r  chinook salmon from 23 

Apr i l  t o  9  May was 5.9% i n  ga t ewe l l  3-B ( c o n t r o l ) ,  5.6% i n  Gatewell  3-A wi th  a  

SVBS and the  g a t e  r a i s ed  62 f t ,  and 3.6% i n  Gatewell  4-A wi th  a  BFVBS and t h e  

g a t e  r a i s e d  20-62 f t .  The d e s c a l i n g  r a t e  f o r  y e a r l i n g  chinook salmon 

co l l ec t ed  dur ing  FGE t e s t s  w i th  t h e  BFVBS had a  s i g n i f i c a n t l y  lower r a t e  of 

de sca l ing  than  those  wi th  t h e  SVBS us ing  a  G test a t  t h e  95% C I  w i th  1  df (G = 

17.9966). 

No s i g n i f i c a n t  d i f f e r e n c e  i n  s t r e s s  l e v e l s  was de t ec t ed  f o r  y e a r l i n g  

chinook salmon sampled from Unit 3-A (SVBS) v s  Unit  4-A (BFVBS) when subjec ted  

t o  a  s tandard  seawater  cha l lenge  stress t e s t .  

CONCLUSIONS 

1. The t r a s h  boom, e s p e c i a l l y  du r ing  high s p i l l ,  appeared t o  adverse ly  

impact FGE f o r  chinook salmon but no t  s t ee lhead .  S i g n i f i c a n t  numbers of 

s t e e l h e a d ,  however, were d ive r t ed  over  t h e  sp i l lway  by t h e  boom. 

2. The FGE appeared t o  be s i g n i f i c a n t l y  b e t t e r  wi th  t h e  f u l l y  r a i s ed  

g a t e  (46 o r  62 f e e t )  cond i t i on  than  wi th  t h e  p a r t i a l l y  r a i s ed  (20 f e e t )  

cond i t i on  i f  an adjustment  e l i m i n a t i n g  t h e  e f f e c t s  of s p i l l  i s  made. 

3. The BFVBS did no t  s i g n i f i c a n t l y  a f f e c t  FGE, however, t he  ga t ewe l l  

equipped wi th  t h e  BFVBS did provide  s i g n i f i c a n t l y  lower desca l ing  and b e t t e r  

OPE than  a  ga t ewe l l  equipped w i t h  a  SVBS. 

4. AN OPE of 98% f o r  chinook salmon and 86% f o r  s t ee lhead  was achieved 

us ing  a  s i n g l e  12-inch diameter  o r i f i c e  and a  modified BFVBS when t h e  s e c t i o n s  

of pane ls  d i r e c t l y  below t h e  o r i f i c e s  were screened.  
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APPENDIX A 

Sample S i z e s  Needed t o  De tec t  D i f f e r e n c e s  Among Tes t  Groups 



T y p i c a l l y  t h e  i n fo rma t ion  needed t o  de te rmine  t h e  number of r e p l i c a t e s  

and t h e  sample s i z e s  r equ i r ed  per  t e s t  group a r e  t h e  t r e a tmen t  v a r i a b i l i t y  

expected (which may be expressed  a s  a  d i f f e r e n c e  between t rea tment  means of 

i n t e r e s t ) ,  t h e  number of means ( o r  exper imenta l  c a t e g o r i e s )  being compared, 

and t h e  and l e v e l s  d e s i r e d  from t h e  s t a t i s t i c a l  t e s t .  

In  t h e s e  exper iments ,  we have mainly chosen t o  compare exper imenta l  u n i t s  

by means of a  t e s t  of s i g n i f i c a n c e .  We w i l l  be a t t emp t ing  t o  e s t a b l i s h  t h a t  

one procedure  i s  s u p e r i o r  o r  d i f f e r e n t  than  ano the r  by a t  l e a s t  some s t a t e d  

amount. Consequently,  t h e  exper iments  must be l a r g e  enough t o  reasonably  

ensure  t h a t  i f  t h e  t r u e  d i f f e r e n c e  is equa l  t o  o r  g r e a t e r  than  t h e  s p e c i f i e d  

amount, we have a  h igh  p r o b a b i l i t y  of d e t e c t i n g  i t ,  o r  o b t a i n i n g  a  

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e .  The exac t  c a l c u l a t i o n  of t h e  

p r o b a b i l i t y  i s  r a t h e r  complicated.  The procedures  used prov ide  a n  

approxima t i o n  t h a t  is  adequa te  f o r  de s ign  purposes.  

Very o f t e n  i n  f i e l d  work c o n d i t i o n s  may prov ide  t h e  oppo r tun i t y  f o r  more 

measurements o r  f o r c e  some cu r t a i lmen t .  In view of f i e l d  u n c e r t a i n t i e s ,  which 

may r e s u l t  i n  more o r  fewer measurements, a l t e r n a t i v e  s t a t i s t i c a l  a n a l y s e s  

were planned. The primary s t a t i s t i c a l  a n a l y s i s  used was t h e  c a t e g o r i c a l  d a t a  

a n a l y s i s  u s ing  t h e  count d a t a .  The a l t e r n a t i v e  a n a l y s i s  was a  d a t a  

t r an s fo rma t ion  t o  s t a b i l i z e  t h e  v a r i a n c e  and approximate  no rma l i t y  and then  

app ly  a n a l y s i s  of va r i ance  type  of procedures .  The a l t e r n a t i v e  p rocedure  i s  

u s u a l l y  l e s s  powerful than  a  d i r e c t  c a t e g o r i c a l  a n a l y s i s  of t h e  count d a t a ,  

but may be nece s sa ry  i n  some ca se s  where t h e  requ i rements  f o r  c a t e g o r i c a l  

a n a l y s i s  cannot be f u l f u l l e d .  

Occas iona l l y  we p l a n  repea ted  measurements a s  a s su r ance  a g a i n s t  t h e  l a c k  

of un i fo rmi ty  i n  f i e l d  cond i t i ons .  These may no t  be s t i p u l a t e d  by a  formal 



exper imenta l  des ign .  They have s e v e r a l  u se s  i n  subsequent  d a t a  a n a l y s i s .  

Rep l i c a t ed  measurements should  s t e a d i l y  dec r ea se  t h e  e r r o r  a s s o c i a t e d  w i th  t h e  

comparisons among t r e a tmen t  g roups ,  and t h e y  can a l s o  be used t o  make a n  

assessment  of measurement a ccu racy ,  e.g., t h e  c l o s e n e s s  among comparable 

measurements (Tsao and Wright 1983). This  assessment  is e s p e c i a l l y  u s e f u l  t o  

i d e n t i f y  problem areas i n  t h e  d a t a  c o l l e c t i o n  sys tem which may r e q u i r e  s p e c i a l  

i n v e s t i g a t i o n .  

The i n fo rma t ion  f o r  sample s i z e  de t e rmina t i on  is a p p l i e d  f o r  t h e  

fo l l owi ng  ca se s .  The n o t a t i o n  f o r  t h e  formulas  is g iven  below. 

1. Two group comparison case :  Th is  c a se  is concerned w i t h  de te rmin ing  

whether one c o n d i t i o n  is b e t t e r  t han  a n o t h e r  c o n d i t i o n  ( a  one-way comparison) ,  

o r  w i t h  de t e rmin ing  whether two c o n d i t i o n s  d i f f e r  ( a  two-way comparison).  The 

formula used is :  

NT = (ZA + Z B ) ~  / 2 ( a r c s i n  6 1  - a r c s i n  @2)2. 

This formula is g iven  by Paulson and Wallis (1947) ,  i t  is a l s o  used by 

Cochran and Cox (1957) ,  sample s i z e  g raphs  were c a l c u l a t e d  by F e i g l  (1978) ,  

and Lemeshow et a l .  (1981) showed t h a t  i t  provided t h e  c l o s e s t  approximat ion 

t o  a n  exac t  method when t h e  under ly ing  p r o p o r t i o n s  a r e  small. This  formula 

may be  expressed  i n  d i f f e r e n t  forms,  depending on t h e  d e f i n i t i o n  of ZA and 

ZB. W e  f o l l o w  t h e  form used by F e i g l .  

2. More t h a n  two groups  o r  mul t inomial  case:  The procedures  used f o r  

o b t a i n i n g  conf idence  i n t e r v a l s  and sample s i z e s  f o l l o w  methods g iven  by Angers 

(19741, Ba i l ey  (1980) ,  Goodman (1965) ,  and M i l l e r  (1966). The formula used 

is: 

NM = [ (B)  (Pi (1-Pi)] / D ~ .  



3.  For determining t h e  number of r e p l i c a t e s ,  t h e  procedures fo l l ow  those  

given i n  S t e e l  and T o r r i e  (1960) and Cochran and Cox (1957). The formula used 

is: 

R - > 2(T1 + T ~ ) ~  (S2)  / D ~ .  

This  formula i s  an approximation which depends on how w e l l  S2 e s t ima te s  

t h e  experimental  e r r o r .  Successive approximations must be used s i n c e  t h e  

number of degrees  of freedom a s s o c i a t e d  w i th  TI and T~ depends upon R. The 

fol lowing n o t a t i o n  i s  used i n  t h e  sample s i z e  formulas: 

NT - sample s i z e  i n  t h e  two group comparison. 

ZA - s t anda rd i zed  normal d e v i a t e  exceeded wi th  p r o b a b i l i t y .  

Where A i s  1 - a 1 2  f o r  t h e  two-sided case and i s  1 - a  f o r  t h e  

one-sided case .  

Z B  - standardi 'zed normal d e v i a t e  exceeded wi th  p r o b a b i l i t y  B. 

Where B i s  1 - P . This corresponds t o  t h e  p r o b a b i l i t y  of 

ob t a in ing  a  s i g n i f i c a n t  r e s u l t .  Note t h a t  ZB = -ZB1 where B '  

equa l s  B . 
Hence, (ZA + ZB) could be w r i t t e n  a s  (ZA - ZB1) without  

h a l t e r i n g  t h e  va lue  of NT. 

P1 - propor t i on  i n  t h e  c o n t r o l  group. 

P2 - propor t ion  i n  t h e  test group. 

NM - s m a l l e s t  sample s i z e  such t h a t  t h e  s t a t i s t i c a l  p r e c i s i o n  

l e v e l s  f o r  t h e  multinomial parameters ,  Pi a r e  

s imul taneous ly  s a t i s f i e d .  

B - t a b u l a r  va lue  f o r  t h e  upper p e r c e n t i l e  of t h e  chi-squared 

d i s t r i b u t i o n  a t  t h e  1- a l k  s t a t i s t i c a l  p r e c i s i o n  l e v e l  w i th  

one degree of freedom. Where k i s  t h e  number of p ropor t ions  

being compared. 



Pi - expected propor t ion  i n  each multinomial category,  i = 1,  

2, ..., k. 

D - l e v e l  of d i f f e r e n c e  i t  is d e s i r a b l e  t o  be a b l e  t o  d e t e c t ,  

t h i s  can be d i f f e r e n t  f o r  each t rea tment  ( o r  mult inomial)  

category.  

R - t h e  number of r e p l i c a t e s  per  t rea tment .  

T1 - t - d i s t r i b u t i o n  va lue  a s s o c i a t e d  wi th  t ype  I e r r o r ,  a .  

T2 - t - d i s t r i b u t i o n  va lue  a s s o c i a t e d  w i th  type  11 e r r o r ;  T2 is  

t h e  t a b u l a t e d  t f o r  p r o b a b i l i t y  2(1-Q) where Q is t h e  power of 

t h e  t es t ,  1- 6. 

s2 - es t imated  experimental  e r r o r ,  t h i s  is u s u a l l y  ob ta ined  from 

previous experiments  . 
The degrees  of freedom f o r  T1 and T2 a r e  t h e  product of (L-1) (R-1), 

where L i s  t h e  number of t rea tment  groups,  and R t h e  number of r e p l i c a t e s .  

Successive approximations a r e  involved i n  t h e  c a l c u l a t i o n s  f o r  p a r t s  ( 2 )  and 

( 3 )  s i n c e  t h e  number of degrees  of freedom a s s o c i a t e d  wi th  t a b u l a t e d  

p r o b a b i l i t y  d i s t r i b u t i o n  va lues  depends on sample s i z e .  
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APPENDIX B 

Catch Data f o r  F i s h  Guiding Ef f i c i ency  and 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  a t  Lower Gran i t e  Dam, 1984. 



Appendlx Table B1---Catches of y e a r l i n g  chlnook s a l m n  and steelhead dur lng  f l s h  gu ld lng  e f f l c l e n c y  t e s t s  a t  Lower Gran l te  Dam cumparlng t e s t  and c o n t r o l  cond l t lons  a t  135 m g a w a t t  
t u r b l n e  load I n  s p r l n g  o f  1984. 

Year I l ng ch lnodc sa l  m n  Stee l  head 

Control-3-A BHS Test  - 4-A BHS Control-4-A WS Test-4-A BHS 
T o t a l  To ta l  T o t a l  To ta l  To ta l  To ta l  T o t a l  T o t a l  

Gap Fyke un- gulded Gap Fyke un- gulded Gap Fyke un- gulded Gap Fyke un- gu lded 
Test  BHS ne t  n e t  gu lded and un- FGE BHS n e t  n e t  gulded and un- FGE 8HS net n e t  gu lded and un- F E  BHS ne t  ne t  gu l ded and un- FGE 

no. Date catch catch catch (est . )  gulded ( $1  ca tch  catch catch (est . )  gulded (8)  catch catch catch (est . )  gulded (8)  catch catch catch (est . )  gulded (8)  -- 

1 23 Apr 549 13 993 1,105 1,654 33 581 22 1,016 1,156 1,737 34 275 0 42 43 318 86 172 1 52 53 225 76 

3 26 Apr 463 8 822 934 1,397 33 655 29 988 1,097 1,752 37 133 0 28 31 164 81 134 1 36 40 174 77 

7 4 May 415 3 204 221 636 65 283 5 205 223 506 56 448 5 101 115 563 80 333 4 169 195 528 63 

8 5 May 425 13 254 279 704 60 435 9 348 380 815 53 723 13 163 181 904 80 622 9 163 171 793 78. 

10 7 May 285 2 132 140 425 67 279 4 135 146 425 66 1,621 10 202 220 1,841 88 1.453 13 239 255 1,708 85 

11 8 May 675 4 254 307 982 69 534 10 277 31 1 845 63 1,498 9 202 234 1,732 86 1,306 11 218 227 1,533 85 

3-B BHS 3-8 WS 

27 Apr 314 0 773 915 1,229 26 255 0 63 75 330 77 

a/ - Test was conducted I n  3-B BHS under standard Lower G r a n l t e  cond l t lons .  



Appendix Table  B2.--Catches of y e a r l i n g  chinook salmon and s t e e l h e a d  dur ing  
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  i n  Bulkhead S l o t  4-A a t  Lower 
G r a n i t e  Dam, 1984. 

Y e a r l i n g  chinook salmon S t e e l h e a d  

Cumulative Cumulative 
~ e v e l ~ '  29 Apr 30 Apr T o t a l  ( % >  29 Apr 30 Apr T o t a l  ( % >  

Gatewel l  106 162 268 12 8 7 66 153 25 

T o t a l s  916 1,275 2,191 342 273 615 

a/ Leve ls  one th rough  e i g h t  r e f e r  t o  t h e  l e v e l  of t h e  wa te r  column f i s h e d  by t h e  
f y k e  n e t s  used t o  de te rmine  t h e  v e r t i c a l  d i s t r i b u t i o n - - L e v e l  One be ing  t h e  t o p  n e t  
and Level  E i g h t  t h e  bot tom n e t .  

/ Approximate d e p t h  i n t e r c e p t e d  by t h e  STS. 


