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INTRODUCTION 

During 1986, personnel of t he  National  Marine F i s h e r i e s  Serv ice  (NMFS), 

under cont rac t  t o  t h e  Corps of Engineers (COE), conducted research  a t  McNary 

Dam on t h e  Columbia River (Fig. 1) t o  develop methods f o r  improving f i s h  

guid ing  e f f i c i e n c y  (FGE) of subyear l ing  f a l l  chinook salmon, Oncorhynchus 

tshawytscha, a t  low-head dams. FGE i s  an e s t ima te  of t h e  percentage of 

f i n g e r l i n g  salmon t h a t  a r e  d ive r t ed  from t u r b i n e  i n t a k e s  by submersible 

t r a v e l i n g  screens  (STS); once d i v e r t e d ,  smolts  can be bypassed around 

h y d r o e l e c t r i c  dams. The conf igu ra t ion  of McNary Dam should al low a p p l i c a t i o n  

of t h i s  research  t o  o the r  s i m i l a r  low-head dams located on t h e  Columbia and 

Snake r i v e r s  with poor subyear l ing  FGE (Swan e t  a l .  1982). 

Past  research  by the  NMFS has shown FGE f o r  subyear l ing  chinook salmon t o  

be unacceptably low. During FGE t e s t i n g  a t  McNary Dam i n  1982, i t  was 

est imated t h a t  t h e  FGE f o r  subyear l ings  migra t ing  i n  J u l y  was 50% compared t o  

88% f o r  y e a r l i n g  chinook salmon migrat ing i n  May (Krcma e t  a l .  1983). During 

14 Ju ly  t o  9 August 1984, FGE of subyear l ings  averaged only 38% (Krcma et a l .  

1985). Even more alarming,  a t  John Day and The Dalles  Dams i n  J u l y  1985, 

subyear l ing  FGE ranged from 8 t o  20% (Krcma e t  a l .  1986; Monk e t  a l .  1986). 

Measures of v e r t i c a l  d i s t r i b u t i o n  of f i n g e r l i n g s  provide an e s t ima te  of 

t h e o r e t i c a l  FGE (TFGE). Data co l l ec t ed  dur ing  t h e  e a r l i e r  pa r t  of t h e  season 

(16 Ju ly )  i n  1984 a t  McNary Dam ind ica t ed  t h a t  about 77% of t he  subyear l ings  

were 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  by the  STS (Krcma e t  a l .  1985). 

However, toward t h e  l a t t e r  pa r t  of t he  s tudy  (2 August), i t  had dropped t o  

about 59%. It would appear t h a t  a s  t h e  season progressed and water  

temperatures  increased  ( temperatures  were 65" F on 16 J u l y  and 70" F on 

2 August), t he  f i s h  en tered  the  in t akes  more deeply. The deeper d i s t r i b u t i o n  
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was even more pronounced i n  l a t e  J u l y  of 1985 a t  John Day Dam when wate r  

t empera tures  were 74' F. V e r t i c a l  d i s t r i b u t i o n  d a t a  i n d i c a t e d  t h a t  only 33% 

of t h e  subyea r l i ngs  were h igh  enough i n  t h e  i n t a k e  t o  be i n t e r c e p t e d  by an  

STS. 

Ra i s i ng  t h e  o p e r a t i n g  g a t e  t o  i n c r e a s e  flows i n t o  t h e  g a t e w e l l s  and 

minimize d e f l e c t i o n  of f i s h  under t h e  STS have s i g n i f i c a n t l y  i nc r ea sed  FGE of 

y e a r l i n g  chinook salmon (Swan e t  a l .  1984), but not subyea r l i ng  chinook salmon 

(Krcma e t  a l .  1983). A r a i s e d  ope ra t i ng  g a t e  might provide an i n c r e a s e  i n  FGE 

of subyea r l i ngs  when used i n  combinat i o n  w i th  o t h e r  dev i ce s  o r  mod i f i c a t i ons ,  

such a s  a  lowered STS o r  t r a s h r a c k  d e f l e c t o r ,  t h a t  i n t e r c e p t  more of t h e  

deeper  running subyea r l i ngs .  Krcma e t  a l .  (1979) used a  t r a s h r a c k  d e f l e c t o r  

i n  a d d i t i o n  t o  a  bar  s c r een  t o  i n t e r c e p t  more f low and consequent ly  more 

y e a r l i n g  f i s h .  Gesse l  e t  a l .  (1986) a l s o  showed t h a t  FGE can be s i g n i f i c a n t l y  

i nc r ea sed  by lowering a  s t anda rd  STS 27 i nches  deeper  i n  t h e  i n t a k e  u n i t  a t  

Bonnevi l l e  Dam. 

I n  1986, we t e s t e d  v a r i o u s  combinat ions  of a  lowered STS (33  i n c h e s ) ,  

r a i s e d  o p e r a t i n g  g a t e ,  and a  t r a s h r a c k  d e f l e c t o r  a t  McNary Dam (Fig.  2 ) .  

S p e c i f i c  o b j e c t i v e s  were t o  enhance FGE of s u b y e a r l i n g s ,  measure v e r t i c a l  

d i s t r i b u t i o n  t o  provide measures of dep th  d i s t r i b u t i o n  and TFGE, and compare 

FGE du r ing  d a y l i g h t  and n igh t t ime  hours  near  t h e  end of t h e  t e s t  season. 

Desca l ing  of f i s h  was a l s o  monitored a s  a  measure of f i s h  c o n d i t i o n  throughout  

t h e  t e s t i n g .  
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Figure 2.--Cross s e c t i o n  of t u rb ine  i n t a k e s  a t  McNary Dam showing STS, t r a sh rack  
d e f l e c t o r ,  fyke n e t s ,  and vary ing  p o s i t i o n s  of opera t ing  g a t e s  f o r  FGE 
t e s t i n g .  



METHODS AND MATERIALS 

Exper imental  Equipment 

The fo l lowing  equipment was used t o  conduct t h e  r e s ea r ch :  

1. One s t anda rd  STS equipped w i t h  frames f o r  suspending two gap, two 

c l o s u r e ,  and f i v e  fyke  n e t s .  

2. One lowered STS (modif ied t o  i n t e r c e p t  f i s h  33 i n ches  deeper  i n  t h e  

i n t a k e  t han  a  s t anda rd  STS) equipped w i t h  f rames f o r  suspending 

two gap, two c l o s u r e ,  and f i v e  fyke  n e t s .  

3. Two fyke n e t  f rames ,  each  equipped w i t h  seven  fyke  n e t s  f o r  

de te rmin ing  v e r t i c a l  d i s t r i b u t i o n  of sa lmonids  pa s s ing  th rough  t h e  

t u r b i n e  i n t a k e .  

4. Three balanced f low v e r t i c a l  b a r r i e r  s c r e e n s  (BFVBS) i n  S l o t s  5A, 5B, 

and 5C. 

5 .  One t r a s h r a c k  d e f l e c t o r .  

6. One ga t ewe l l  d i p  ne t  (Swan et a l .  1979).  

7. S ix  f i s h  c a r t s  f o r  ho ld ing  and on-deck t r a n s p o r t  of l i v e  f i s h  dipped 

from t h e  ga t ewe l l s .  

8. F i s h  examining f a c i l i t i e s .  

9. One mobile c rane .  

The COE provided t h e  fo l lowing  s e r v i c e s :  

1. Gantry c r anes  f o r  p r e p a r a t i o n  and performance of v e r t i c a l  d i s t r i b u t i o n  

and STS FGE tests. 

2 .  Ass i s t ance  i n  c l e a n i n g  and p o s i t i o n i n g  t h e  BFVBS and l o g i s t i c s  

i nvo lv ing  p o s i t i o n i n g  of STS fyke n e t  f rames,  f i e l d  b u i l d i n g s ,  f i s h  

handl ing  f a c i l i t i e s ,  and t h e  t r a s h r a c k  d e f l e c t o r .  



Measurements and P r o c e d u r e s  

V e r t i c a l  d i s t r i b u t i o n  and FGE tests were conducted a t  McNary Dam between 

l a t e  June  and e a r l y  August 1986. S l o t s  5A, 5B, and 5C were equipped w i t h  

BFVBSs. O r i f i c e s  were c l o s e d  d u r i n g  test c o n d i t i o n s  i n  a l l  t h r e e  s l o t s .  

During t h e  t e s t  s e a s o n ,  Uni t  5  was o n l y  i n  s e r v i c e  f o r  t h e  d u r a t i o n  of 

each  d a y ' s  t e s t .  T e s t i n g  began a t  dusk when t h e  t u r b i n e  was put  i n t o  s e r v i c e  

and brought  t o  peak e f f i c i e n c y  (80 MW--the t u r b i n e  l o a d  f o r  a l l  t e s t s  

conducted)  T e s t s  c o n t i n u e d  u n t i l  a d e q u a t e  numbers of s u b y e a r l i n g s  f o r  

s t a t i s t i c a l  purposes  had passed  th rough  t h e  t e s t i n g  u n i t  (de te rmined  by 

1 / p e r i o d i c  g a t e w e l l  d i p p i n g ) - .  T e s t  d u r a t i o n  ranged from 1 t o  4 hours .  A 

t o t a l  of s i x  test series were conducted.  Each test s e r i e s  c o n t a i n e d  f i v e  

r e p l i c a t e s  w i t h  t h e  e x c e p t i o n  of t h e  d i e 1  t e s t i n g  which c o n t a i n e d  f o u r  

r e p l i c a t e s .  

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

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 t o  v e r i f y  t h e  d e p t h  t h a t  f i s h  

e n t e r  t h e  t u r b i n e  u n i t  and t o  de te rmine  TFGE. A t  McNary Dam, t h i s  i n c l u d e d  

a l l  f i s h  l o c a t e d  i n  t h e  upper  13  f e e t  of t h e  intake--down t o  t h e  bottom of t h e  

second fyke net  ( F i g .  3 ) .  

S tandard  methods of d e t e r m i n i n g  v e r t i c a l  d i s t r i b u t i o n  were u t i l i z e d  

(Krcma e t  a l .  1983).  The v e r t i c a l  d i s t r i b u t i o n  f y k e  n e t  frame was capab le  of 

suspend ing  seven  rows and t h r e e  columns of n e t s  ( e a c h  approx imate ly  6.5 f e e t  

s q u a r e  a t  t h e  mouth) t o  cover  t h e  e n t i r e  a r e a  of a n  i n t a k e  u n i t  (F ig .  3 ) .  

However, t o  minimize t h e  s a c r i f i c e  of f i n g e r l i n g s ,  o n l y  t h e  c e n t e r  column 

L/ C r i t e r i o n  of 200 t o  250 f i s h  p e r  r e p l i c a t e  (depending on n e t  coverage)  f o r  
v e r t i c a l  d i s t r i b u t i o n  and FGE tests was e x t a b l i s h e d  a t  t h e  11 A p r i l  1986 
mee t ing  between COE and NMFS b i o l o g i s t s  and s t a t i s t i c i a n s .  
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Figure  3.--Fyke n e t  frame and n e t s  a t  McNary Dam t o  s tudy  t h e  v e r t i c a l  
d i s t r i b u t i o n  of subyea r l i ng  f a l l  chinook salmon e n t e r i n g  a 
t u r b i n e  i n t ake ;  a  view showing t h e  layout  of fyke  n e t s  i n  
1986 a l s o  shown. 



of t h e  fyke net frame was equipped w i t h  n e t s  t o  c a p t u r e  f i s h .  An a n a l y s i s  by 

Ossiander  of over 200 r e p l i c a t e s  of p r ev ious  FGE 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  s e v e r a l  dams demonstrated t h a t  t h e  c e n t e r  row of n e t s  caught about 

t h e  expected 33% of t h e  t o t a l  c a t c h /  S ince  t h e  c e n t e r  column of fyke n e t s  

f i s h e d  one- thi rd  of t h e  i n t a k e ,  c a t c h e s  i n  each net  were expanded by a  f a c t o r  

of t h r e e  f o r  t h e  e s t i m a t e  of depth d i s t r i b u t i o n  i n  t h e  t u r b i n e  i n t a k e  and 

TFGE. A d ipbaske t  was used t o  c o l l e c t  f i s h  t h a t  v o l i t i o n a l l y  en t e r ed  t h e  

ga t ewe l l  (Swan e t  a l .  1979).  T o t a l s  from t h e  ga t ewe l l  p l u s  t h e  expanded 

i n d i v i d u a l  ne t  c a t ches  provided t h e  e s t i m a t e  of t o t a l  number of f i s h  pa s s ing  

i n t o  t h e  i n t a k e  du r ing  t h e  t e s t  pe r iod .  

The f i r s t  t e s t  s e r i e s  was t o  determine b i a s ,  i f  any, between s l o t s .  Th is  

was es t imated  by 5  days of s imul taneous t e s t i n g  of TFGE i n  S l o t s  5A and 5C. 

Subsequent t e s t s  conducted i n  S l o t  5C provided v e r t i c a l  d i s t r i b u t i o n  and TFGE 

throughout  t h e  r e s t  of t h e  FGE t e s t i n g .  A v e r t i c a l  d i s t r i b u t i o n  t e s t  was 

conducted on each FGE t e s t  day a s  shown i n  Table  1. Measures of TFGE over 

t ime  prov ide  an  i n d i c a t i o n  of d i f f e r e n c e s  i n  dep th  d i s t r i b u t i o n  f o r  t h e  

d i f f e r e n t  components of subyea r l i ng  mig ra t i ng  t o  s ea  i n  June and J u l y .  

F i s h  Guiding E f f i c i e n c y  T e s t s  

The STSs were equipped w i th  a  composite of n e t s  t o  recover  unguided f i s h  

t h a t  would normally pass  through t h e  t u r b i n e  (F ig .  2 ) .  The fo l lowing  n e t  

c o n f i g u r a t i o n  was used du r ing  t e s t s :  two gap n e t s  f i s h e d  nea r  t h e  t o p  of t h e  

2 1  Memo 10 March 1986, Frank Oss iander ,  NMFS, t o  T e r i  B a r i l a ,  COE. - 
"Comparisons of c e n t e r  and s i d e  ne t  c a t c h e s  from FGE 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 . "  



T a b l e  1.--FGE and v e r t i c a l  d i s t r i b u t i o n  tes t  sequence  a t  McNary D a m ,  1986. 

S l o t s  -- 
T e s t  series T e s t  day  5A 5B 5  C 

1 , 2 , 3 , 4 , 5  Vertical (No FGE) Vertical 
d i s t r i b u t i o n  S t a n d a r d  STS d i s t r i b u t i o n  

2  6 , 7 , 8 , 9 , 1 0  FGE FGE V e r t i c a l  
S t a n d a r d  STS Lowered STS d i s t r i b u t i o n  

3  1 1 7 1 2 7 1 3 , 1 4 7  FGE FGE Vertical 
15  S t a n d a r d  STS Lowered STS d i s t r i b u t i o n  

w i t h  r a i s e d  
o p e r a t i n g  
g a t e  

1 6 , 1 7 , 1 8 , 1 9 ,  FGE FGE 
2  0  S t a n d a r d  STS Lowered STS 

w i t h  
t r a s h r a c k  
d e f l e c t o r  
and r a i s e d  
o p e r a t i n g  
g a t e  

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

2 1 , 2 2 , 2 3 , 2 4 ,  FGE FGE V e r t i c a l  
25 S t a n d a r d  STS Lowered STS d i s t r i b u t i o n  

w i t h  
t r a s h r a c k  
d e f l e c t o r  

26 ,27 ,28 ,29  FGE (No FGE) 
D i e 1  tests  S t a n d a r d  STS 
w i t h  
s t a n d a r d  STS 

(No FGE) 
S t a n d a r d  STS 



STS t o  c a p t u r e  t h e  f i s h  p a s s i n g  th rough  t h e  space  between t h e  t o p  of t h e  STS 

and t h e  c e i l i n g  of t h e  i n t a k e ;  two c l o s u r e  n t e s  a t t a c h e d  t o  t h e  downstream 

s i d e  of (beh ind)  t h e  STS t h a t  f i s h e d  approx imate ly  two- th i rds  of t h a t  a r e a  t o  

c a p t u r e  unguided f i s h  e s c a p i n g  under and t o  t h e  back s i d e  of t h e  STS; and f i v e  

rows of fyke  n e t s  suppor ted  by a  n e t  frame suspended below t h e  STS. 

N e t  arrangement was i d e n t i c a l  f o r  t h e  s t a n d a r d  and lowered STS but  some 

dimensions  ( o r  t h r o a t  open ings )  d i f f e r e d .  Gap ne t  d imensions  f o r  t h e  s t a n d a r d  

and lowered STS were 2.8 by 17.5 f e e t ,  and 6.8 by 17.5 f e e t ,  r e s p e c t i v e l y .  

C losure  n e t s  were i d e n t i c a l  between STSs. The uppermost fyke  ne t  suspended 

below both  STSs was approx imate ly  2.3 by 6.5 f e e t .  The remaining f o u r  n e t s  

below t h e  s t a n d a r d  STS were approx imate ly  6.5 f e e t  s q u a r e  a s  were t h e  second 

through t h e  f o u r t h  fyke n e t s  below t h e  lowered STS. However, t h e  bottom fyke  

n e t  under t h e  lowered STS had dimensions  of on ly  2.3 by 6.5 f e e t .  

The methods f o r  c a l c u l a t i n g  FGE were s i m i l a r  t o  t h o s e  used i n  p r e v i o u s  

exper iments  of t h i s  t y p e  (Krcma et a l .  1983 and Swan e t  a l .  1983).  A d i p  ne t  

was used t o  r e c o v e r  guided f i s h  from t h e  g a t e w e l l .  Gatewell  d i p  ne t  c a t c h e s  

p rov ided  t h e  number of guided f i s h  and determined t h e  a c t u a l  l e n g t h  of a  

t e s t .  Catches  from t h e  gap,  c l o s u r e ,  and fyke  n e t s  a t t a c h e d  t o  t h e  STS 

provided t h e  e s t i m a t e  of unguided f i s h .  

The STSs were o p e r a t e d  i n  t h e  s t a n d a r d  s c r e e n  c y c l i n g  mode of 4 min on 

and 24 min o f f  ( c o n s i s t e n t  w i t h  t h e  p r o j e c t ' s  normal STS o p e r a t i o n s ) .  A 

s t a n d a r d  STS was used i n  S l o t  5A w i t h  t h e  o p e r a t i n g  g a t e  i n  t h e  s t a n d a r d  

s t o r e d  c o n d i t i o n .  S l o t  5B was equipped w i t h  a  lowered STS and was modif ied t o  

a l l o w  dogging o f f  t h e  o p e r a t i n g  g a t e  a t  deck l e v e l ,  r a i s i n g  a  t r a s h r a c k  

d e f l e c t o r  t o  t h e  test f i s h i n g  c o n d i t i o n  of a 35' a n g l e  t o  t h e  i n t a k e  f low,  o r  

lower ing  t h e  d e f l e c t o r  f o r  c l e a n i n g .  

A s  shown i n  Table  1 ( T e s t  S e r i e s  2  th rough  5 ) ,  t h e  v a r y i n g  c o n d i t i o n s  i n  

S l o t  5B t e s t e d  a g a i n s t  s t a n d a r d  c o n d i t i o n s  i n  S l o t  5A were:  a  lowered STS 



wi th  s t anda rd  g a t e  c o n d i t i o n ,  a  lowered STS wi th  r a i s e d  g a t e  c o n d i t i o n ,  a  

lowered STS wi th  r a i s e d  g a t e  c o n d i t i o n  and t r a s h r a c k  d e f l e c t o r  set a t  t h e  35' 

a n g l e ,  and a  lowered STS wi th  s t anda rd  g a t e  c o n d i t i o n  and t r a s h r a c k  d e f l e c t o r  

s e t  a t  t h e  35' ang le .  Each test was about  1 t o  4  h  long,  s t a r t i n g  between 

2100 and 2200 h  and t e r m i n a t i n g  between 2200 and 2400 h. 

Test  S e r i e s  6  was a  d i e l  comparison of FGE conducted i n  S l o t  5A. During 

t h i s  s e r i e s ,  no t e s t i n g  was conducted i n  S l o t s  5B and 5C. E x i s t i n g  c o n d i t i o n s  

were u t i l i z e d  i n  t h e  d i e l  tes t ,  i . e . ,  a  s t anda rd  STS and s t anda rd  g a t e  

cond i t i on .  Dayl igh t  t e s t s  began a t  0600 h  and had a  d u r a t i o n  of about 2  t o  

3  h. Night t e s t s  began a t  2200 h  and had a  d u r a t i o n  of about  1 t o  3  h. 

Data Analyses 

TFGE was c a l c u l a t e d  a s  ga t ewe l l  c a t ch  p l u s  numbers of f i s h  i n  t h e  f i r s t  

two rows of fyke n e t s  d iv ided  by t h e  t o t a l  number of f i s h  pa s s ing  i n t o  t h e  

i n t a k e  dur ing  t h e  t e s t  pe r iod .  Confidence i n t e r v a l s  f o r  each ne t  c a t ch  a t  t h e  

95% l e v e l  were de f i ned  u s ing  t h e  exp re s s ion :  

Where: K = number of r e p l i c a t e s  

s = s t anda rd  d e v i a t i o n  among r e p l i c a t e s  

a l p h a  = p r o b a b i l i t y  of Type I e r r o r  

FGE was c a l c u l a t e d  a s  ga t ewe l l  c a t ch  d iv ided  by an e s t i m a t e  of t h e  t o t a l  

number of f i s h  pa s s ing  through t h e  i n t a k e  du r ing  t h e  t e s t  pe r i od :  

GW 
FGE = GW+GN+FN+CN x  100 

GW = ga t ewe l l  c a t ch  

GN = gap ne t  c a t c h  



FN = f y k e  ne t  c a t c h  ( m u l t i p l i e d  by 3  when f i s h i n g  on ly  

t h e  c e n t e r  one- th i rd  of t h e  i n t a k e )  

CN = c l o s u r e  n e t  c a t c h  

For each test c o n d i t i o n ,  t h e  exper imenta l  d e s i g n  r e q u i r e d  abou t  200 t o  

250 f i s h  pe r  r e p l i c a t e  and a  minimum of t h r e e  r e p l i c a t e s  t o  be a b l e  t o  

i d e n t i f y  a  d i f f e r e n c e  of 10% o r  g r e a t e r  i n  FGE a t  a n  a = 0.05 l e v e l  of 

s i g n i f i c a n c e  w i t h  a  power of t e s t  of 1 - B = 0.80. I n  t h e  r e p e a t e d  t r i a l s ,  

t h e  number of r e p l i c a t e s  was determined u s i n g  t h e  fo rmulas  i n  Appendix A  and 

t h e  FGE s t a n d a r d  e r r o r  of 0.0314 o b t a i n e d  from p r e v i o u s  FGE s t u d i e s .  

The p a i r e d  comparison - t t e s t  ( t w o - t a i l e d )  provided t h e  l e v e l  of 

s i g n i f i c a n c e  a s s o c i a t e d  w i t h  any b i a s i n g  of t e s t  r e s u l t s  t h a t  may occur  from 

conduc t ing  tests i n  d i f f e r e n t  u n i t s  (Sokal  and Rohlf 1981). E v a l u a t i o n  of 

t h i s  p o t e n t i a l  s o u r c e  of b i a s  was accomplished i n  Tes t  S e r i e s  1 by comparing 

r e s u l t s  of f i v e  r e p l i c a t e s  of s imul taneous  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  

S l o t s  5A and 5C. 

The l e v e l  of s i g n i f i c a n c e  t h a t  t h e  t r e a t m e n t  e f f e c t s  had i n  i n c r e a s i n g  

FGE d u r i n g  Tes t  S e r i e s  2  t h r u  5  was a l s o  d e f i n e d  by t h e  p a i r e d  comparison t - 

t e s t .  A - t v a l u e  d e s i g n a t i n g  a  p r o b a b i l i t y  l e v e l  g r e a t e r  t h a n  0.05 d e f i n e d  t h e  

c o n d i t i o n s  a  s i g n i f i c a n t  d i f f e r e n c e  o c c u r s  between t r e a t m e n t  e f f e c t s .  The 

l e v e l  of s i g n i f i c a n c e  f o r  d i e 1  changes i n  FGE ( T e s t  S e r i e s  6 )  was a l s o  d e f i n e d  

by t h e  p a i r e d  comparison - t t e s t .  

S i g n i f i c a n c e  t e s t s  f o r  T e s t  S e r i e s  1 th rough  6 proposed 3 sets of 

hypotheses :  

T e s t  S e r i e s  1 Nul l  h y p o t h e s i s  (HO); S l o t  5A = S l o t  5C 

A l t e r n a t i v e  h y p o t h e s i s  (HA); S l o t  5A + S l o t  5C 

T e s t  S e r i e s  2-5 %; Treatment 1 = Treatment 2 

HA ; Treatment 1 + Treatment 2 



Treatment 1 remained c o n s t a n t  w i t h  a  s t a n d a r d  STS and s t a n d a r d  g a t e  l e v e l .  

Treatment 2 used a  lowered STS w h i l e  v a r y i n g  c o n d i t i o n s  w i t h  o r  wi thou t  a  

r a i s e d  g a t e  and /or  t r a s h r a c k  d e f l e c t o r .  

Tes t  S e r i e s  6  Ho; Dayl ight  FGE = Night FGE 

HA; Dayl igh t  FGE # Night FGE 

F i s h  Condi t ion  

Desca l ing  of f i s h  from t h e  g a t e w e l l s  was monitored a s  a  measure of f i s h  

c o n d i t i o n  throughout  t h e  FGE 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 i n g .  S tandard  

d e s c a l i n g  p rocedures  were fol lowed.  D e s c a l i n g  was determined by v i s u a l l y  

d i v i d i n g  each s i d e  of t h e  s c a l e d  p o r t i o n  of t h e  f i s h  i n t o  f i v e  equa l  a r e a s .  

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 .  

RESULTS 

T e s t i n g  began a t  McNary Dam on 23 June and ended on 1 August. A t o t a l  of 

24 FGE t e s t s  and 25 v e r t i c a l  d i s t r i b u t i o n  tests were conducted d u r i n g  t h i s  

p e r i o d .  

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  

Measures of t h e  v e r t i c a l  d i s t r i b u t i o n  f o r  s u b y e a r l i n g s  i n  Turbine  Uni t  5C 

was ob ta ined  from 23 June t o  25 J u l y .  The s e a s o n a l  cumula t ive  p e r c e n t  of 

c a t c h  by ne t  l e v e l  w i t h  t h e  95% conf idence  i n t e r v a l  about  t h e  mean f o r  each  

n e t  l e v e l  is shown i n  F i g u r e  4. Average TFGE f o r  t h e  test season  was 61% 

P r i o r  t o  beg inn ing  FGE tests, no s l o t  b i a s  was d e t e c t e d  from TFGE t e s t s  

i n  S l o t s  5A and 5C. TFGEs were n e a r l y  i d e n t i c a l ,  64.6% i n  S l o t  5A and 64.8% 

i n  S l o t  5C. T h e r e f o r e  t h e r e  is  no ev idence  f o r  r e j e c t i n g  t h e  n u l l  hypo theses  

(P=0.96, df=4) .  S i n c e  t h e r e  was no s l o t  b i a s ,  subsequent  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  S l o t  5C. 



Gatewel I 

Cumulat ive percent of catch 

F i g u r e  4 . - -Ver t i ca l  d i s t r i b u t i o n  curve  d e r i v e d  from 25 days  of TFGE 
t e s t i n g  i n  S l o t  5 C  f o r  s u b y e a r l i n g  f a l l  chinook salmon a t  
McNary Dam, 1986. The capped l i n e s  r e p r e s e n t  upper  and 
lower  95% conf idence  l i m i t s  abou t  t h e  i n d i v i d u a l  p o i n t s  
on t h e  curve .  



F i s h  Guiding E f f i c i e n c y  T e s t s  

Tab le  2  l is ts  t h e  FGE averages  f o r  each test s e r i e s  and t h e  l e v e l  of 

importance t h a t  t h e  t r e a t m e n t  e f f e c t  had i n  improving FGE i n  S l o t  5B over  t h e  

c o n t r o l  c o n d i t i o n  i n  S l o t  5A. D i f f e r e n c e s  i n  Tes t  S e r i e s  2 and 3  (no  

t r a s h r a c k  d e f l e c t o r )  were not s i g n i f i c a n t .  There  was an  i n c r e a s e  i n  FGE from 

about  27 t o  37% w i t h  a  lowered STS wi thou t  a  r a i s e d  o p e r a t i n g  g a t e .  However, 

when t h e  o p e r a t i n g  g a t e ,  was r a i s e d  t h e r e  was l e s s  b e n e f i t  from a  lowered STS 

( 2 1  v s  24%, r e s p e c t i v e l y ) .  

T e s t  S e r i e s  4  compared e x i s t i n g  c o n d i t i o n s  w i t h  a  combinat ion of lowered 

STS, r a i s e d  g a t e ,  and t r a s h r a c k  d e f l e c t o r .  The r e s u l t  was a  h i g h l y  

s i g n i f i c a n t  (P=0.0001, df =4) i n c r e a s e  i n  FGE from 39.2 t o  61.2%. T e s t  S e r i e s  

5  was t h e  same e x c e p t  t h e  o p e r a t i n g  g a t e  was not  r a i s e d .  Again t h e r e  was a  

h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  between t h e s e  t r e a t m e n t s  (P=0.002, d f=4) .  While 

FGE was lower t h a n  i n  T e s t  S e r i e s  4  (34.8 v s  61.2%, r e s p e c t i v e l y )  t h e  

p r o p o r t i o n a t e  g a i n  from 21.5% i n  t h e  c o n t r o l  s l o t  t o  34.8% i n  t h e  test s l o t  

was a  comparable 62%. T h i s  s u g g e s t s  t h a t  comparable FGE b e n e f i t s  r e s u l t e d  

from t h e  t r a s h r a c k  d e f l e c t o r  i n  T e s t s  4  and 5 whether t h e  o p e r a t i n g  g a t e  was 

r a i s e d  o r  not .  The d e c l i n e  i n  FGE i n  T e s t  5  was because f i s h  were deeper  i n  

t h e  i n t a k e  (TFGE 74% i n  Tes t  4  vs  51% i n  T e s t  5 ) .  

Die1 t e s t i n g  was conducted i n  S l o t  5A ( e x i s t i n g  McNary c o n d i t i o n )  d u r i n g  

t h e  l a t e  p a r t  of t h e  s u b y e a r l i n g  m i g r a t i o n ,  29 J u l y  t o  1 August. R e s u l t s  

showed t h a t  FGE was s i g n i f i c a n t l y  h i g h e r  (P = 0.007, df = 3)  d u r i n g  d a y l i g h t  

h o u r s  (68.9%) t h a n  a t  n i g h t  (26.1%). A  s i m i l a r  d i f f e r e n c e  i n  d i e 1  FGE was 

shown t o  have occur red  f o r  y e a r l i n g  chinook salmon a t  McNary Dam d u r i n g  

t e s t i n g  of a  ba r  s c r e e n  i n  1978 (Krcma e t  a l .  1979).  The m a j o r i t y  of 

f i n g e r l i n g  sa lmonids  p a s s  t h e  dams d u r i n g  t w i l i g h t  and t h e  hours  of d a r k n e s s  

when FGE is lowest .  However, t h e r e  a r e  n e a r l y  16 h  of d a y l i g h t  i n  June and 
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J u l y  and o v e r a l l  dayt ime passage  may be s i g n i f i c a n t ,  bu t  i s  p r e s e n t l y  

unknown Measures of day-night FGE o v e r  t ime  i n  c o n j u n c t i o n  w i t h  measures of 

d i e 1  passage would p rov ide  an e s t i m a t e  of p o t e n t i a l  c o l l e c t i o n  e f f i c i e n c y  a t  

McNary Dam. 

F i s h  Condi t ion  

F i s h  c o n d i t i o n  remained h igh  th roughout  t h e  t e s t i n g  sequence.  D e s c a l i n g  

of g a t e w e l l  caught  s u b y e a r l i n g s  was moni tored f o r  a l l  t e s t  c o n d i t i o n s  and 

averaged  2.0% f o r  TFGE t e s t s ,  1.9% f o r  FGE t e s t s  w i t h o u t  a  t r a s h r a c k  

d e f l e c t o r ,  and 1.5% f o r  FGE t e s t s  w i t h  a  t r a s h r a c k  d e f l e c t o r .  

DISCUSSION 

D i f f e r e n c e s  i n  c a t c h e s  of f i s h  between g a t e s l o t s  can a r i s e  a s  a  s o u r c e  of 

e x p e r i m e n t a l  e r r o r  due t o  a  number of e f f e c t s ,  e s p e c i a l l y ,  t h e  d i f f e r e n c e s  i n  

f l o w  r a t e s  between t h e  A and C S l o t s  of a  t u r b i n e  i n t a k e .  These v a r y i n g  f low 

r a t e s  a r e  caused by t h e  s c r o l l  and r o t a t i o n  of t h e  p r o p e l l e r  b l a d e s  of a  

t u r b i n e .  S ince  t h e r e  were no d i f f e r e n c e s  d e t e c t e d  between t h e  s l o t s  w i t h  

major d i f f e r e n c e s  i n  f low (A and C) (P=0.96, d f=4)  ( T a b l e  2 ) ,  i t  seems l o g i c a l  

t o  assume no g a t e w e l l  b i a s  between t h e  A  and B  S l o t s  w i t h  comparable f l o w  

r a t e s .  

Because t h e r e  was no measure of p o t e n t i a l  s l o t  e f f e c t  ( S l o t  5A vs 5B) t h e  

a p p a r e n t  s i g n i f i c a n t  b e n e f i t  of t h e  t r a s h r a c k  d e f l e c t o r  cannot  be s t a t e d  b u t  

o n l y  impl ied  a t  t h i s  t ime.  However, no s l o t  b i a s  e x i s t e d  between S l o t s  5A and 

5C, and t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e s  between S l o t s  5A and 5B i n  T e s t  

S e r i e s  2  and 3 p r i o r  t o  o p e r a t i o n  of t h e  d e f l e c t o r .  Based on t h i s  ev idence  

and t h e  f a c t  t h a t  we have never  found s i g n i f i c a n t  b i a s  between s l o t s  i n  p r i o r  

t e s t i n g  a t  t h i s  and o t h e r  dams, i t  would a p p e a r  most l i k e l y  t h a t  t h e  d e f l e c t o r  

has  s i g n i f i c a n t l y  enhanced FGE f o r  s u b y e a r l i n g s  a t  McNary Dam. 



V a r i a b i l i t y  i n  FGE and TFGE throughout  t h e  t e s t  season  and among t e s t  

s e r i e s  was t y p i c a l .  (F ig .  5 )  Even w i t h  t h e  f l u c t u a t i o n s  shown, it is  obvious  

t h a t  a  r e l a t i o n  e x i s t s  between TFGE and FGE, e.g., a s  TFGE r i s e s  and f a l l s  s o  

does FGE. The wide ly  f l u c t u a t i n g  measures of FGE (10.7 t o  53.6%) f o r  t h e  

s t a n d a r d  ( c o n t r o l )  c o n d i t i o n  and t h e  TFGE (34.5 t o  85.0%) observed between 

June  and August p rov ide  a n  i n d i c a t i o n  of t h e  h igh  v a r i a b i l i t y  i n  d e p t h  

d i s t r i b u t i o n  between v a r i o u s  components of t h e  s u b y e a r l i n g  migra t ion .  S i m i l a r  

r e s u l t s  were o b t a i n e d  a t  John Day Dam i n  1986 (Brege e t  a l .  1987) Because of 

t h i s  and t h e  g e n e r a l l y  low FGEs measured even w i t h  a  d e f l e c t o r  d u r i n g  c e r t a i n  

p e r i o d s ,  it w i l l  p robab ly  be d i f f i c u l t  t o  o b t a i n  h igh  l e v e l s  of FGEs f o r  a l l  

segments of t h e  s u b y e a r l i n g  m i g r a t i o n  a t  most dams on t h e  Columbia River .  

CONCLUSIONS 

1. A lowered STS d i d  not  p rov ide  a  s i g n i f i c a n t  i n c r e a s e  i n  FGE f o r  

s u b y e a r l i n g  chinook salmon when t h e r e  was no t r a s h r a c k  d e f l e c t o r .  

2. When a  t r a s h r a c k  d e f l e c t o r  was added, t h e  FGE was s i g n i f i c a n t l y  

i n c r e a s e d  by about  60% whether t h e  o p e r a t i n g  g a t e  was i n  a  r a i s e d  o r  i n  a  

normal s t o r e d  p o s i t i o n .  

3.  FGE was observed t o  be s i g n i f i c a n t l y  h i g h e r  d u r i n g  d a y l i g h t  hours  

t h a n  d u r i n g  t h e  hours  of da rkness  (68.9 v s  26.1%). 

4. TFGE averaged 60.9% w i t h  a  range of 34.5 t o  85.0% whereas FGE f o r  t h e  

e x i s t i n g  McNary c o n d i t i o n  averaged 28.4% w i t h  a  range of 10.7 t o  53.6%. A s  

observed a t  o t h e r  dams, when TFGE r i s e s  and f a l l s  s o  does FGE. 

5. Because of wide ly  f l u c t u a t i n g  measures of TFGE and low FGEs measured 

d u r i n g  c e r t a i n  p e r i o d s  (even  w i t h  a  d e f l e c t o r ) ,  it w i l l  p robab ly  be d i f f i c u l t  

t o  o b t a i n  h igh  l e v e l s  of FGEs f o r  a l l  segments of t h e  s u b y e a r l i n g  chinook 

salmon migra t ion .  
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D a t e  

Figure  5.--Comparison of TFGE and FGE over  t ime f o r  subyear l ing  f a l l  
chinook salmon a t  McNary Dam, 1986. 



6. F i s h  c o n d i t i o n  remained h i g h  th roughout  t h e  t e s t i n g  sequence.  

D e s c a l i n g  of s u b y e a r l i n g  chinook salmon was l e s s  t h a n  2% f o r  a l l  test  

c o n d i t i o n s .  

ACKNOWLEDGMENTS 

W e  wish t o  e x p r e s s  our  a p p r e c i a t i o n  t o  our  s e a s o n a l  p e r s o n n e l  f o r  t h e i r  

i n t e r e s t s  and e f f o r t  d u r i n g  t h i s  p r o j e c t .  We a l s o  ex tend  s p e c i a l  t h a n k s  t o  

COE p e r s o n n e l  a t  McNary Dam and o u r  maintenance s t a f f ,  e s p e c i a l l y  M r .  

Wi l l i am F. Cobb, M r .  Wal lace  I c e b e r g ,  and M r .  P h i l l i p  Wei tz  f o r  t h e i r  

a s s i s t a n c e  and c o o p e r a t i o n  i n  comple t ing  t h i s  s t u d y .  



LITERATURE CITED 

Brege, D. A., R. D. Ledgerwood, and D. R. Miller. 
1987. Evaluation of the rehabilitated juvenile salmonid collection and 
passage system at John Day Dam, 1986. U.S. Dep. of Commer., Natl. 
Oceanic Atmos. Admin., Natl. Mar. Fish. Serv., Northwest and Alaska 
Fish. Cent., Seattle, WA. 31 Pages plus appendices. (Report to U.S. 
Army Corps of Engineers, Contract DACW57-85-H-0001). 

Gessel, M. H., L. G. Gilbreath, W. D. Muir, and R. F. Krcma. 
1986. Evaluation of the juvenile collection and bypass systems at 
Bonneville Dam, 1985. U.S. Dep. of Commer., Natl. Oceanic Atmos. 
Admin., Natl. Mar. Fish. Serv., Northwest and Alaska Fish. Cent., 
Seattle, WA. 63 p. plus Appendixes. (Report to U.S. Army Corps of 
Engineers, Contract DACW57-85-H-0001). 

Krcma, R. F., C. W. Long, C. S. Thompson, W. E. Farr, T. W. Newcomb, and 
M. H. Gessel. 

1979. The development of an improved fingerling protection 
system for low-head dams, 1978. U.S. Dep. of Commer., Natl. Oceanic 
Atmos. Admin., Natl. Mar. Fish. Serv., Northwest and Alaska Fish. Cent., 
Seattle, WA. 40 p. plus Appendix. (Report to U.S. Army Corps of 
Engineers, Contract DACW57-78-F-0354). 

Krcma, R. F., M. H. Gessel, and F. J. Ossiander. 
1983. Research at McNary Dam to develop and implement a fingerling 
protection system for John Day Dam, 1982. U.S. Dep. of Commer., Natl. 
Oceanic Atmos. Admin., Natl. Mar. Fish. Serv., Northwest and Alaska 
Fish. Cent., Seattle, WA. 24 p. plus Appendixes. (Report to U.S. Army 
Corps of Engineers, Contract DACW57-82-F-0373). 

Krcma, R. F., G. A. Swan, and F. J. Ossiander. 
1985. Fish guiding and orifice passage efficiency tests with subyearling 
chinook salmon, McNary Dam, 1984. U.S. Dep. of Commer., Natl. Oceanic 
Atmos. Admin., Natl. Mar. Fish. Serv., Northwest and Alaska Fish. Cent., 
Seattle, WA. 19 p. plus Appendixes. (Report to U.S. Army Corps of 
Engineers, Contract DACW68-84-H-0034). 

Krcma, R. F., D. A. Brege, and R. D. Ledgerwood. 
1986. Evaluation of the rehabilitated juvenile salmonid collection and 
passage system at John Day Dam, 1985. U.S. Dep. of Commer., Natl. 
Oceanic Atmos. Admin., Natl. Mar. Fish. Serv., Northwest and Alaska 
Fish. Cent., Seattle, WA. 25 p. plus appendices. (Report to U.S. Army 
Corps of Engineers, Contract DACW57-H-0001). 

Monk, B. H., W. D. Muir, andR. F. Krcma. 
1986. Studies to evaluate alternative methods of bypassing juvenile fish 
at the Dalles Dam, 1985. U.S. Dep. of Commer., Natl. Oceanic Atmos. 
Admin., Natl. Mar. Fish. Serv., Northwest and Alaska Fish. Cent., 
Seattle, WA. 33 p. plus appendices. (Report to U.S. Army Corps of 
Engineers, Contract DZCW57-85-H-0001). 



Sokal, R. R., and J. F. Rohlf. 
1981. Biometry, 2nd Edition. W. H. Freeman and Company, San Francisco, 
CA. 776 p. 

Swan, G. A., R. F. Krcma, and W. E. Farr. 
1979. Dipbasket for collecting juvenile salmon and trout in gatewells at 
hydroelectric dams. Prog. Fish Cult. 41(1):48-49. 

Swan, G. A., R. F. Krcma, and C. W. Long. 
1982. Research to develop an improved fingerling protection system for 
John Day Dam, 1981. U.S. Dep. of Commer., Natl. Oceanic Atmos. Admin., 
Natl. Mar. Fish. Serv., Northwest and Alaska Fish. Cent., Seattle, WA. 
22 p. (Report to U.S. Corps of Engineers, Contract DAC57-81-F-0341). 

Swan, G. A., R. F. Krcma, and F. J. Ossiander. 
1983. Studies to improve fish guiding efficiency of traveling screens at 
Lower Granite Dam. U.S. Dep. of Commer., Natl. Oceanic Atmos. Admin., 
Natl. Mar. Fish. Serv., Northwest and Alaska Fish. Cent., Seattle, WA. 
20 p. plus Appendixes. (Report to U.S. Army Corps of Engineers, 
Contract DACW68-78-C-0051). 

Swan, G. A., R. F. Krcma, and F. J. Ossiander. 
1984. Research to develop and improved fingerling protection system for 
Lower Granite Dam. U.S. Dep. of Commer., Natl. Oceanic Atmos. Admin., 
Natl. Mar. Fish. Serv., Northwest and Alaska Fish. Cent., Seattle, WA. 
20 p. plus Appendixes. (Report to U.S. Army Corps of Engineers, 
Contract DACW68-78-C-0051). 



23 

APPENDIX A 

Sample S i z e s  Needed f o r  Compara t ive  T r i a l s  



I n  t h e s e  exper iments  we a r e  mainly concerned w i t h  comparing d i f f e r e n t  

t r e a t m e n t  groups t o  de te rmine  t h e  b e s t  c o n d i t i o n .  I n  some c a s e s  a  comparison 

i s  made a g a i n s t  a  s t a n d a r d  v a l u e  o r  an  e s t i m a t e  of an  average  v a l u e  i s  

d e s i r e d .  I n  t h e  d e s i g n  of t h e s e  s t u d i e s ,  i t  i s  n e c e s s a r y  t o  de te rmine  t h e  

sample s i z e s  r e q u i r e d  t o  a s s u r e  a c c e p t a b l e  r e s u l t s .  

T y p i c a l l y ,  t h e  i n f o r m a t i o n  needed t o  de te rmine  sample s i z e s  and number of 

2  r e p l i c a t e s  r e q u i r e d  i s  t h e  e x p e r i m e n t a l  e r r o r  v a r i a n c e ,  s ; t h e  s i z e  of t h e  

e f f e c t  t o  be d e t e c t e d ,  6;  t h e  number of means be ing  compared, k; and t h e  a 

and B l e v e l s  ( t h e  p r o b a b i l i t y  of a  Type I e r r o r ,  a, and t h e  p r o b a b i l i t y  of a  

Type I1 e r r o r ,  8 )  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 .  It is  u s u a l  t o  s p e c i f y  

a ,  B ,  and 6 t o  s a t i s f y  r e s e a r c h  o b j e c t i v e s .  For t h e  s t u d i e s  cons idered  h e r e  

w e  use  a = 0.05, B = 0.20, and 15 = 0.10. We e s t i m a t e  a  v a l u e  f o r  t h e  

s t a n d a r d  e r r o r ,  s ,  based on c o m p i l a t i o n  of d a t a  from p a s t  f i s h  guidance 

e f f i c i e n c y  (FGE) s t u d i e s .  From t h e s e  d a t a  we o b t a i n e d  a  v a l u e  of 0.0314 f o r  

chinook salmon and a  v a l u e  of 0.0272 f o r  s t e e l h e a d .  Limited d a t a  from o t h e r  

s p e c i e s  show s l i g h t l y  lower s t a n d a r d  e r r o r s .  W e  have used t h e  v a l u e  o b t a i n e d  

from chinook salmon i n  our  sample s i z e  computat ions .  

The d a t a  a r e  c o l l e c t e d  i n  t h e  form of f i s h  c o u n t s  and w i l l  o f t e n  be used 

d i r e c t l y  i n  con t ingency  t a b l e  a n a l y s i s .  For t h i s  a n a l y s i s ,  sample s i z e  

formulas  w i l l  be used which app ly  t o  c a t e g o r i c a l  d a t a .  I n  some t e s t s ,  t h e  FGE 

i s  expressed  a s  a  p e r c e n t a g e  and an  average  v a l u e  is  a l s o  e s t i m a t e d .  S tandard  

randomized block p rocedures  app ly  t o  t h e s e  s i t u a t i o n s .  

I n  t h e s e  s t u d i e s  w e  a r e  d e a l i n g  w i t h  r e s e a r c h  on f i s h  i n  t h e i r  n a t u r a l  

environment.  It is no t  a n t i c i p a t e d  t h a t  o u r  exper iments  w i l l  c o n t a i n  t h e  

u n i f o r m i t y  of l a b o r a t o r y  s t u d i e s .  When c o n d i t i o n s  p rov ide  t h e  o p p o r t u n i t y ,  we 

p l a n  a d d i t i o n a l  r e p e a t e d  measurements a s  a s s u r a n c e  a g a i n s t  t h e  l a c k  of 

u n i f o r m i t y  i n  f i e l d  c o n d i t i o n s .  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 hey  can a l s o  be used t o  make an  

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

measurements (Tsao and Wright 1983). Th is  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 a r e a s  i n  t h e  d a t a  c o l l e c t i o n  system 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 .  For a  more l u c i d  and comprehensive d i s c u s s i o n  see Cochran and 

Cox (1957) and M o s t e l l e r  and Tukey (1977).  

I n  t h e s e  exper iments ,  we 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 .  W e  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  t h a n  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  t h a n  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  r e s u l t .  The procedures  used a s  f o l l ows  prov ide  an approximat ion 

t h a t  i s  adequate  f o r  de s ign  purposes .  The n o t a t i o n  f o r  t h e  formulas  is  g iven  

be 1 ow. 

1. Two group comparison case :  Th is  c a s e  is  concerned w i th  de te rmin ing  

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

o r  w i th  de te 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 - a r c s i n  K 2 1 2 .  

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

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

Lemeshow e t  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  an 

e x a c t  method when t h e  unde r ly ing  p r o p o r t i o n s  a r e  smal l .  Th is  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. We 

fo l l ow  t h e  form used by Fe ig l .  The formula a p p l i e s  t o  c a t e g o r i c a l  da t a .  

2. More t h a n  two groups o r  mul t inomial  c a se :  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 ow  methods g iven  by Angers 

(1984) ,  Ba i ley  (1980) ,  Goodman (1965) ,  and M i l l e r  (1966). The formula used 

i s :  

NM = [ (B)  (Pi (1-Pi) ] / D2. 

3. For de te rmin ing  t h e  number of r e p l i c a t e s ,  t h e  procedures  f o l l ow  those  

g iven  i n  S t e e l  and T o r r i e  (1960) ,  Cochran and Cox (1957) ,  and Diamond (1981).  

The formula used i s :  

R 2 2 (Tl + ~ 2 ) ~  ( s 2 )  / D2.  

Th is  formula is  an approximat ion which depends on how w e l l  S 2 

e s t i m a t e s  t h e  exper imenta l  e r r o r .  Success ive  approximat ions  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  T1 and T2 depends upon 

R. 

The fo l l owing  n o t a t i o n  is  used i n  t h e  samples 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 w i th  p r o b a b i l i t y  A. Where 

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

one-sided case .  

ZB - s t anda rd i zed  normal d e v i a t e  exceeded w i th  p r o b a b i l i t y  B. Where 

B i s  1 - R ,  f o r  t h e  one-sided case .  This  corresponds t o  t h e  

p r o b a b i l i t y  of o b t a i n i n g  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 - ZB') wi thout  a l t e r i n g  t h e  va lue  of NT. 

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

P2 - p r o p o r t i o n  i n  t h e  t e s t  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  mul t inomia l  p a r a m e t e r s ,  Pi a r e  s i m u l t a n e o u s l y  s a t i s f i e d .  

B - t a b u l a r  v a l u e  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/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 t h  

one degree  of freedom. Where k  is t h e  number of p r o p o r t i o n s  

be ing  compared. 

Pi - e x p e c t e d  p r o p o r t i o n  i n  each  mul t inomia l  c a t e g o r y ,  i=l, 2,  

..., k. 

D - l e v e l  of d i f f e r e n c e  it 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 r e a t m e n t  ( o r  m u l t i n o m i a l )  c a t e g o r y .  

R - t h e  number of r e p l i c a t e s  p e r  t r e a t m e n t .  

T1 - t - d i s t r i b u t i o n  v a l u e  a s s o c i a t e d  w i t h  t y p e  I e r r o r ,  a. 

T2 - t - d i s t r i b u t i o n  v a l u e  a s s o c i a t e d  w i t h  t y p e  I1 e r r o r ;  T2 i s  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 i s  t h e  power of t h e  

t e s t ,  1-8. 

S2 - e s t i m a t e d  e x p e r i m e n t a l  e r r o r ,  t h i s  i s  u s u a l l y  o b t a i n e d  from 

p r e v i o u s  exper iments .  

The degrees  of freedom f o r  TI and T2 a r e  t h e  p roduc t  (L-1) (R-1), where L 

is  t h e  number of t r e a t m e n t  g roups ,  and R t h e  number of r e p l i c a t e s .  S u c c e s s i v e  

approx imat ions  a r e  i n v o l v e d  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 d e g r e e s  of freedom a s s o i c a t e d  w i t h  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  v a l u e s  depends on sample s i z e .  
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APPENDIX B 

1 / Catch Data-- 

1/ Only ca tches  of subyear l ing  chinook salmon a r e  given. Less than 0.5% of - 
t he  t o t a l  c a t ch  was composed of yea r l i ng  f i s h .  



Appendix Table B1.--Catches of s u b y e a r l i n g  chinook salmon d u r i n g  Tes t  S e r i e s  1 ( v e r t i c a l  d i s t r i b u t i o n  
t e s t i n g  f o r  u n i t  b i a s ) .  T e s t s  conducted a t  an  80 MW t u r b i n e  load a t  McNary Dam 
i n  1986.  

-- Unit  5A TFGE Uni t  5C TFGE 

Sample June  June June June  June  Cumulative June  June  June  June  June  Cumulative 
a /  level-  23 24 25 26 27 T o t a l  p e r c e n t  23 24 25 26 27 T o t a l  pe rcen t  

Gatewel l  81 51 78 160 314 
1 273 189 204 687 744  
b/ 2- 249 165 183 273 567 

3 318 120 99 111 387 
4 273 66 69 45 216 
5 243 54 18 21 105 
6 93 18 9 6 21 
7 9 3 0 0 3  ----- 

T o t a l  1539 666 660 1303 2357 

a /  Sample l e v e l  r e f e r s  t o  t h e  l e v e l  of t h e  wa te r  column i n  which f i s h  were cap tu red .  Gatewel l  was t h e  upper - 
p o r t i o n  of t h e  wa te r  column and Level 7 was t h e  p o r t i o n  j u s t  above t h e  bottom of t h e  i n t a k e .  The g a t e -  
w e l l  Level  was t h e  a c t u a l  numbers of f i s h  caught whereas Leve l s  1 t h r u  7 were expanded by a  f a c t o r  of 
t h r e e  t o  p rov ide  an  e s t i m a t e .  

b/ F i s h  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  w i t h  a  s t a n d a r d  STS was determined t o  be a l l  f i s h  i n  Levels  - 
Gatewell  through 2.  



Appendix Table B2.--Catches of s u b y e a r l i n g  chinook salmon 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  Unit 5C a t  
an  80 MW t u r b i n e  load a t  McNary Dam, 1986. 

- - - - - -- 

Test  S e r i e s  2  d Tes t  S e r i e s  3  

Sample 
b  / 

June June June  J u l y  J u l y  Cumulative J u l y  J u l y  J u l y  J u l y  J u l y  Cumulative 
level- 28 29 30 1 2  T o t a l  p e r c e n t  6  7  8  9  10 T o t a l  pe rcen t  

Gat ewe1 1  205 115 483 
1 423 180 594 
E/ 459 129 807 
3  393 51 495 
4  270 9  228 
5 99 12 81 
6  18 3  39 
7  9 0 9  --- 

T o t a l  1876 499 2736 



Appendix Table  B2.--Continued. 

Tes t  S e r i e s  4 Tes t  S e r i e s  5 

Sample J u l y  J u l y  J u l y  J u l y  J u l y  Cumulative J u l y  J u l y  J u l y  J u l y  J u l y  Cumulative 
b/ level- 14 15 16 17 18 T o t a l  p e r c e n t  21 22 23 24 25 T o t a l  p e r c e n t  

Gatewell  115 249 
1 117 288 

c / 2- 174 273 
3 117 189 
4 36 69 
5 24 33 
6 6 3 
7 0 0 -- 

T o t a l  589 1104 774 1954 3568 7989 1411 1029 835 916 883 5074 

a /  V e r t i c a l  d i s t r i b u t i o n  Tes t  S e r i e s  2 t h r u  5 were conducted s i m u l t a n e o u s l y  w i t h  FGE Tes t  S e r i e s  2 t h r u  5. - 

b/  Sample l e v e l  r e f e r s  t o  t h e  l e v e l  of t h e  water  column i n  which f i s h  were cap tu red .  Gatewel l  was t h e  upper  - 
p o r t i o n  of t h e  wa te r  column and Level 7 was t h e  p o r t i o n  j u s t  above t h e  bottom of t h e  i n t a k e .  The g a t e -  
w e l l  Level was t h e  a c t u a l  numbers of f i s h  caught whereas Leve l s  1 t h r u  7 were expanded by a f a c t o r  of 
t h r e e  t o  provide  an e s t i m a t e .  

c /  F i s h  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  w i t h  a s t a n d a r d  STS was determined t o  be a l l  f i s h  i n  Levels  - 
Gatewell  t h r u  2. 



Appendix Table  B3.--Catches of s u b y e a r l i n g  chinook salmon dur ing  f i s h  gu id ing  e f f i c i e n c y  t e s t s  conducted a t  
an  80 MW t u r b i n e  load a t  McNary Dam i n  1986. 

Uni t  5A F G E ~ /  U n i t  5B F G E ~ '  -- 
T e s t  Gatewell  Unguided Gate Gatewel l  Unguided 
S e r i e s  Date number ( e s t . )  T o t a l  FGE l e v e l  ( f t )  number ( e s t . )  T o t a l  FGE 

(%I  ( f t )  (%>  

2  6/28 299 
6/29 206 
6/30 1098 
7/01 392 
7/02 242 

C /  T e s t  s e r i e s  a v e r a g e  

3  7/06 248 
7/07 455 
7/08 797 
7/09 287 
7/10 284 

Test  s e r i e s  ave rage  

Ldl 7/14 40 1 
71 15 522 
7/16 192 
7/17 846 
7/18 2471 

Test  s e r i e s  ave rage  

7/21 330 
7/22 162 
7/23 158 
7/24 165 
7/25 200 

Test  s e r i e s  ave rage  

a /  The t e s t  c o n d i t i o n  i n  S l o t  5A was conducted w i t h  a  s t a n d a r d  STS and s t a n d a r d  g a t e  l e v e l  ( z e r o ) .  - 

b/ The STS i n  S l o t  5B was lowered 33 i n c h e s  ( lowered STS). - 
c /  Test  S e r i e s  average  was c a l c u l a t e d  by summing t h e  number of s u b y e a r l i n g s  i n  t h e  g a t e w e l l  d iv ided  by - 

t h e  sum of e s t ima ted  unguided s u b y e a r l i n g s .  

d /  Tes t  S e r i e s  4  and 5  were conducted w i t h  a  t r a s h r a c k  d e f l e c t o r  s e t  a t  a  35' a n g l e  t o  t h e  i n t a k e  flow. - 



Appendix Table  B4.--Catches of s u b y e a r l i n g  chinook salmon dur ing  Tes t  S e r i e s  6  ( e v a l u a t i o n  of day vs.  
n i g h t  FGE). T e s t s  conducted w i t h  a  s t a n d a r d  g a t e  l e v e l  and s t a n d a r d  STS a t  a n  
80 MW t u r b i n e  load a t  McNary Dam i n  1986. 

S l o t  5A d a y l i g h t  FGE S l o t  5A n igh t  FGE 

Tes t  Gatewel l  Unguided Tes t  Gatewel l  Unguided 
Date d u r a t i o d  number ( e s t . )  T o t a l  FGE d u r a t i o n  number ( e s t  .) T o t a l  FGE 

( h )  ( % I  ( h )  ( % I  

b/  Test  S e r i e s  a v e r a g e  68.9 26.1 

a /  The d a y l i g h t  FGE t e s t s  began a t  0600, and t h e  n i g h t  FGE t e s t s  began a t  2200 d u r i n g  Tes t  S e r i e s  6. - 

b/ Tes t  s e r i e s  average was c a l c u l a t e d  by summing t h e  number of s u b y e a r l i n g s  i n  t h e  g a t e w e l l  d i v i d e d  by - 
t h e  sum of e s t i m a t e d  unguided s u b y e a r l i n g s .  


