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1. FOREWORD 

T h i s  study i s  t h e  r e s u l t  o f  a  $200,000 a p p r o p r i a t i o n  by t h e  Alaska S ta te  
L e g i s l a t u r e .  The study was implemented because o f  t h e  impact t h a t  t he  
proposed Sus i tna  h y d r o e l e c t r i c  p r o j e c t  c o u l d  have on any f u t u r e  salmon 
enhancement p r o j e c t s  i n  t h e  upper reaches o f  t h e  Sus i tna  R i ve r ;  i .e., the  
r i v e r  area upstream o f  D e v i l  Canyon. 

The d e t a i l s  o f  t h i s  s tudy a r e  descr ibed  i n  t h e  work p l a n  which i s  con ta ined  
i n  t h e  appendices. I n  general  t h e  s tudy was t o  determine ( 1 )  i f  D e v i l  
Canyon ( P l a t e  1-1) i s  a  b a r r i e r  t o  t he  upstream m i g r a t i o n  o f  salmon and i f  
i t  i s  f e a s i b l e  t o  bypass salmon around t h i s  p o t e n t i a l  b a r r i e r ,  (2 )  t h e  poten- 
t i a l  bene f i t s  o f  salmon p roduc t i on  i n  t h e  streams and lakes upstream o f  D e v i l  
Canyon, ( 3 )  t h e  impact on r e s i d e n t  f i s h  f r om t h e  i n t r o d u c t i o n  o f  salmon 
i n t o  t h e i r  h a b i t a t  and ( 4 )  what a f f e c t  t h e  c o n s t r u c t i o n  o f  t he  Sus i tna  
h y d r o e l e c t r i c  dams may have on any f u t u r e  salmon enhancement p ro j ec t s .  

The da ta  f o r  t h i s  r e p o r t  was c o l l e c t e d  by a  team f rom t h e  FRED D i v i s i o n  
o f  t h e  Alaska Department o f  F i s h  and Game. Most o f  t h e  f i e l d  i n f o r m a t i o n  
was c o l l e c t e d  d u r i n g  t h e  f o u r  month p e r i o d  f rom J u l y  1982 th rough October 
1982. Considerable mater i  a1 was researched f rom l i t e r a t u r e ,  especi  a1 l y  
t h e  l i t e r a t u r e  prepared f o r  t h e  Sus i tna  h y d r o e l e c t r i c  p r o j e c t  by Acres 
American I nco rpo ra ted  and t h e  Alaska Department o f  F i s h  and Game Aquat ic 
H a b i t a t  and I ns t ream Flow Study Sect ion.  Independent f i e 1  d  work was 
conducted i n  Ju ly ,  August, and September t o  v e r i f y  ques t ionab le  o r  miss ing 
data. 



! 

Pla te  1-1. D e v i l  Canyon o b l i q u e  a e r i a l  v i e w  ( f r o m  North P a c i f i c  A e r i a l  
Surveys, Inc .  ). 

I 



2.  I NTRODUCT I ON 

The Sus i t na  R i v e r  (F i gu re  2-1)  i s  n e a r l y  300 m i l e s  l o n g  f rom i t s  
sources i n  t h e  Alaska Mounta in  Range t o  i t s  p o i n t  o f  d ischarge i n t o  
Cook I n l e t .  The t o t a l  r i v e r  dra inage area encompasses about 19,400 
square m i l e s  o f  which t h e  upper bas in  above Gold Creek comprises 
approx i rnate ly  6,160 square m i les .  The 150 m i l e  s t r e t c h  o f  t he  main- 
stem Sus i tna  R i ve r ,  f l o w i n g  from i t s  mountain source th rough  D e v i l  
Canyon t o  Por tage Creek, con ta i ns  about 30% o f  t h e  e n t i  r e  dra inage 
basin.  The main stem and t h e  major  t r i b u t a r i e s  o f  t h e  Sus i t na  R i v e r  
o r i g i n a t e  i n  g l a c i e r s  and c a r r y  a  heavy l o a d  o f  g l a c i a l  f l o u r  d u r i n g  
t h e  i c e - f  r ee  months. There are,  however, many smal l e r  t r i b u t a r i e s  and 
lakes which a r e  pe renn ia l  l y  s i  l t - f r e e .  

The proposed Susi t n a  H y d r o e l e c t r i c  P r o j e c t  has p r e c i p i t a t e d  many s tud ies  
on t h e  Sus i t na  R i v e r  and i t s  dra inage basin.  The s t u d i e s  completed 
th rough  mid-1982 i n d i c a t e  t h a t  t h e  two hydro dams w i l l  have var ious 
impacts on t h e  aqua t i c  environments of t h e  Sus i t na  R i v e r  downstream o f  
t h e  dams; i .e. below Devi  1  Canyon. However, as t h e  general  b e l i e f  i s  
t h a t  t h e  D e v i l  Canyon area c o n s t i t u t e s  a  p a r t i a l  o r  t o t a l  b a r r i e r  t o  
t h e  upstream m i g r a t i o n  o f  a d u l t  salmon, ve ry  l i t t l e  o f  t h e  f i s h e r i e s  
da ta  c o l l e c t e d  i s  p e r t i n e n t  t o  t h e  spawning and r e a r i n g  o f  salmon 
upstream o f  D e v i l  Canyon. 

To e l i m i n a t e  t h e  ques t i on  of a  p o s s i b l e  "Dev i l  Canyon salmon b l ock "  
t h e  Alaska S t a t e  L e g i s l a t u r e  app rop r i a t ed  $200,000 t o  t h e  Alaska 
Department o f  F i s h  and Game (ADF&G) t o  s tudy t h e  f e a s i b i  1  i ty o f  pass ing  
salmon th rough  D e v i l  Canyon and t o  determine t h e  p o t e n t i a l  f o r  salmon 
enhancement i n  t h e  r i v e r  dra inage b3s in  above Devi 1  Canyon. The work 
p lan ,  con ta i ned  i n  Appendix 10.3, desc r ibes  t h e  f u l l  s tudy commissioned 
by t h e  L e g i s l a t u r e .  





3. STATEMENT OF OBJECTIVES 

The reasons f o r  conduct ing t h i s  s tudy a r e  o u t l i n e d  i n  t h e  foreword 
(Sec t i on  1 )  and a r e  f u r t h e r  d e t a i l e d  i n  t h e  p r o j e c t  work p l a n  (Appendix 
10.3). 

The o b j e c t i v e  of t h i s  s tudy i s  t o  f i n d  answers t o  t h e  ques t ions  posed 
i n  t h e  fo reword  and t o  prepare a r e p o r t  o f  t h e  f i n d i n g s ,  i n c l u d i n g  
recommendations, f o r  subm i t t a l  t o  t h e  Alaska S t a t e  L e g i s l a t u r e  i n  
19 83. 



4. STUDY METHODS 

4.1 B i o l o g i c a l  Stud ies 

The salmon p roduc t i on  p o t e n t i a l  of upper Sus i tna  R i v e r  lakes  and streams 
was determined f o r  sockeye, chinook, coho and chum salmon. Because o f  t h e  
l i m i t e d  t i m e  a l l o c a t e d  t o  t h i s  study, t h e  s tudy methods (bo th  b i o l o g i c a l  and 
eng inee r i  ng)  were p r i m a r i l y  l i t e r a t u r e  rev iews o f  p e r t i n e n t  i nformat ion.  The 
l i t e r a t u r e  reviews were, however, supplemented by t h r e e  f i  e l  d  t r i p s  p l u s  
ex tens i ve  conversa t ions  w i t h  a p p r o p r i a t e  ADF&G s t a f f  and consu l t an t s  f rom the  
p r i  va te  sector .  

Any c o n s i d e r a t i o n  o f  salmon p r o d u c t i o n  i n  t h e  upper Sus i tna  R i v e r  watershed 
must address p o t e n t i a l  b a r r i e r s  t o  salmon m i g r a t i o n  i n  t h e  main stem o f  t he  
Susi t na  River.  The rap ids  a t  D e v i l  Canyon and D e v i l  Creek areas c o n s t i t u t e  
p o t e n t i  a1 b a r r i e r s  t o  b o t h  j u v e n i l e s  m i g r a t i n g  downstream and r e t u r n i n g  
adu l ts .  T h i s  b a r r i e r  ques t i on  was addressed v i a  l i t e r a t u r e  rev iew and 
conversa t ions  w i t h  ADF&G s t a f f .  The r e s u l t s  a r e  i n  s e c t i o n  5.1.1 and 
form t h e  b a s i s  f o r  assumptions 1 and 2  used f o r  de te rmin ing  t h e  p r o d u c t i o n  
p o t e n t i a l  f o r  each salmon spec ies i n  t h i s  methods sect ion.  

Methods f o r  de te rmin ing  t h e  p roduc t i on  p o t e n t i a l  f o r  j u v e n i l e  and a d u l t  
saflmon a re  now d iscussed r e l a t i v e  t o  each species. 

4.1.1 Sockeye Salmon 

The watershed w i t h  t h e  p o t e n t i a l  f o r  t h e  g r e a t e s t  sockeye salmon p r o d u c t i o n  
i s  t h e  Tyone R i v e r  drainage. Two at tempts,  unsuccessful  due t o  bad 
weather, were made by ADF&G b i o l o g i  s t s  i n  September and October 1982, t o  
o b t a i n  l i m n o l o g i c a l  data f r om t h e  t h r e e  major  lakes, v i z .  Lake Louise, 
Susi t na  Lake, and Tyone Lake. These da ta  were in tended f o r  use i n  a  
1  imnol og i  ca l  model, developed by ADF&G 1  imnol ogy s t a f f ,  t h a t  would 
p r e d i c t  t h e  numbers and i n d i v i d u a l  s i z e s  o f  sockeye smol ts  produced by 
each lake. Wi thout  these data, t h e  j u v e n i l e  sockeye salmon p roduc t i on  poten- 
t i a l s  a t  these and o t h e r  Sus i tna  R i v e r  lakes  were assessed by l i t e r a t u r e  
review, f i e 1  d  t r i p s ,  and conversa t ions  w i t h  knowledgeable ADF&G s t a f f .  

Conversat ions w i t h  Mr .  Ken ~ o b e r s o n g  (August 30, 1982), and Dr .  J e f f  
~ o e n i n g s 2 1  (August 30 and November 11, 1982), i n d i c a t e  t h a t  t h e  p roduc t i on  
of Lake i o u i  se i s  perhaps s i m i l a r  t o  t h a t  o f  Summit Lake and shou ld  exceed 
t h a t  o f  t h e  very t u r b i d ,  g l a c i a l  Tustumena Lake (Kenai Peninsula,  Alaska). 
Summit Lake, near  Paxson, Alaska, i s  a  h i g h  a l t i t u d e  (3,210 f t ) ,  c l e a r  
l a k e  which i s  t y p i c a l  o f  t h e  m a j o r i t y  o f  t h e  l a k e  water  i n  t h e  upper 
Sus i tna  R i  ve r  basin. Upper Sus i tna  R i v e r  lakes  useable by salmon range 
i n  e l e v a t i o n  f rom 2,110 f t  (Fog Lake) t o  3,595 f t  (Roosevel t  Lake). 
Summit Lake i s  o n l y  60 m i l e s  no r theas t  o f  t he  Tyone R i v e r  lakes  and 60 m i l e s  
eas t  o f  t h e  Sus i tna  R i v e r  main stem a t  Denal i .  T h i s  l o c a t i o n  p u t s  Summit 
Lake i n  a  c l i m a t i c  zone s i m i l a r  t o  t h a t  o f  t he  upper Sus i tna  R i v e r  bas in  

11 ADF&G F i she ry  B i o l o g i s t  111, Glennal len. - 

2 1  AUF&G P r i n c i p a l  Limn01 o g i s t ,  Soldotna. - 
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(Table 4-1). The b i o l o g i c a l  p r o d u c t i v i t y  o f  lakes  w i t h i n  a  s i m i l a r  
geographic and c l i m a t i c  zone shou ld  be s i m i l a r  if l i m n o l o g i c a l  f a c t o r s  
a r e  s i m i l a r  f o r  each lake. 

P r i o r  t o  u s i n g  t h e  p roduc t i on  of Summit Lake as a  model f o r  p r o d u c t i v i t y  
o f  a l l  lakes i n  t h e  upper Sus i tna  R i v e r  basin,  t h e  p roduc t ion  o f  t h e  former was 
compared t o  t h a t  o f  o t h e r  lakes i n  Alaska, B r i t i s h  Columbia and t h e  
eas te rn  USSR. Summit Lake has produced 0.8 1b o f  sockeye s m l t s / a c r e / y r  o r  
47 smo l ts /ac re /y r  based on a n a l y s i s  o f  da ta  i n  Roberson and Ho lder  (1982) 
and a conve rsa t i on  w i t h  Mr .  Ken Roberson (September 2 ,  1982). A1 1  s m l t s  
were age I and had a  mean we igh t  o f  -017 1  b. Tenmile Lake, much smal l e r  
than  Summit Lake and l o c a t e d  near Summit Lake has an average p roduc t ion  
o f  0.4 l b  o f  sockeye smol ts /acre/yr  o r  36 smo l ts /ac re /y r  based on a n a l y s i s  o f  
data i n  Roberson e t  a l .  (1980). 

Produc t ion  and smol t  we igh t  da ta  f o r  o t h e r  lakes  (Table 4-2) when com ared  

mean we igh t  o f  age I smol ts  i s  i n  t h e  mid-range o f  weights  f o r  o t h e r  
g w i t h  Summit Lake show t h a t  Summit Lake 's  p roduc t i on  i s  low and t h a t  t e  

lakes. Note t h a t  t h e  known annual p roduc t i on  o f  Summit Lake may a c t u a l l y  
be l e s s  than  t he  p o t e n t i a l  sus ta i nab le  smolt  p roduc t i on  (Dr. J e f f  Koenings, 
pers. comm., August 30, 1982). 

Table 4-1. C l imato logy  o f  t h e  upper Sus i t na  R i v e r  bas in  and Summit Lake area. 

C l  ima te  parameter 
Geographical area: upper Sus i tna  
R i v e r  bas in  1/ 

Summi t ~ a k e 2 /  Tyone R i v e r  Denal i 

General c l i m a t e  a r c t i c  
c o n t i  nen ta l3 /  - 

Mean maximal a i r  37.3 
temperature (OF) 

Mean minimal a i r  16.6 
temperature (OF) 

Mean a i r  temp- 27.2 
e r a t u r e  (OF) 

a r c t i c  
c o n t i  nen ta l  

a r c t i c  
c o n t i  nenta l  

Mean annual 11.7 11.5 7.79 
p r e c i p i t a t i o n  ( in.)  
I c e  p resen t  (months) October-June October-June October-June 

Frequent monthly NE,E,SW 
w i  nd d i  r e c t i  on 

1/ Ca l cu la ted  f r om 1980-81-82 da ta  o f  R&M Consu l tan ts  Inc., P.O. Box 6087, - 
Anchorage, A1 aska 99502. (Carol  Larson, pers. comm., December 3, 1982). 

2/ From VanWhye and Peck (1968). - 

31  Cold, d r y  w i n t e r s  and warm, moderately mo is t  summers. 



A S  ment ioned p r e v i o u s l y ,  t h e  p roduc t i on  o f  Lake Louise,  which i s  t y p i c a l  
o f  t h e  m a j o r i t y  o f  l a k e  water  i n  t h e  upper Sus i t na  R i v e r  bas in ,  shou ld  
exceed t h a t  o f  Tustumena Lake. The p roduc t i on  o f  Summi t Lake would a l s o  
be expected t o  and i n  f a c t  does exceed t h a t  o f  Tustumena Lake. The 
l a t t e r ' s  mean p r o d u c t i o n  i s  0.24 l b  o f  smo l t s / ac re / y r  o r  40 smo l t s / ac re / y r  
based on a n a l y s i s  o f  data p rov i ded  by Dr. J e f f  Koenings (pers. comm., 
November 12, 1982). 

Table  4-2. Sockeye salmon smol t  p r o d u c t i o n  and mean weights  f o r  l akes  i n  
Alaska, B r i t i s h  Columbia and t h e  eas te rn  USSR. - 1/ 

Pounds o f  Number o f  Mean weight  o f  Age 
smo l ts /ac re /y r  smo l t s / ac re / y r  I smol t s  ( 1  b/smol t ) 

Range o f  annual values .08-79.00 13-2,024 - 
Range o f  means o f  annual 0.24-44.48 36-893 .004-.034 

va 1  ues 

1/ From da ta  li sted  i n  o r  based on a n a l y s i s  o f  da ta  i n  Crone (1981), - 
F o e r s t e r  (1968), Goodlad e t  a l .  (1974), Dr. J e f f  Koenings (pers. comm., 
November 12, 1982), Meacham (1981), Nelson (1981), M r .  Ken Roberson (pers.  
comm., August 30, 1982), Koberson and Ho lde r  (1982), and Roberson e t  a l .  
(1977, 1978, 1980, 1981 and 1982). 

Wi th  t h e  p r o d u c t i o n  c a p a b i l i t y  o f  Summit Lake a1 ready examined, assumptions 
used f o r  determi n i n g  t h e  sockeye salmon p roduc t  i o n  p o t e n t i a l s  o f  upper 
Susi t n a  R i v e r  lakes  a re  now discussed. 

Assumption 1. 

- Upper Susi t n a  R i v e r  lakes  t h a t  c o u l d  produce salmon have no bar-  
r i e r s  t o  smol t  emig ra t ion ,  i n c l u d i n g  t h e  Sus i tna  R i v e r  main stem 
rap ids  a t  D e v i l  Canyon and D e v i l  Creek. 

Assumpti on 2. 

- Upper Susi t n a  R i v e r  lakes  t h a t  c o u l d  produce salmon a r e  access ib l e  
t o  a d u l t  salmon i f  t h e y  can pass th rough  t h e  Sus i tna  R i v e r  
r ap ids  a t  D e v i l  Canyon and D e v i l  Creek; and i f  they can n e g o t i a t e  
streams, l o c a t e d  between t h e  Sus i t na  R i v e r  and t h e  lakes,  t h a t  
have a  maximal s l ope  o f  .03 ove r  a  0.5 m i l e  d is tance ,  and have 
t y p i c a l  a d u l t  r e s t i  ng areas, e. g., poo ls ,  undercut  s t ream banks, 
and sloughs. 



Assumpt ion 3. 

- Each sockeye salmon spawning p a i r  r e q u i r e s  72 f t 2  o f  a rea  
( B e l l  1973). 

- Most  sockeye salmon w i l l  spawn i n  t h e  l akes .  The r e q u i r e d  
spawning a r e a  i s  t h e  l a k e  b o t t o m  under  0.4% o f  t h e  l a k e  su r face  
area. These spawni ng a reas  must  c o n s i s t  o f  c o r r e c t - s i z e d  g r a v e l  
and  upwel l i n g  i n t r a g r a v e l  w a t e r  f l o w  d u r i n g  t h e  spawning and 
i ncu b a t i o n  p e r i o d .  

- Sockeye redds a r e  n o t  super imposed by o t h e r  salmon species.  

Assumpti on  4. 

- The srnolt  p r o d u c t i o n  o f  upper  S u s i t n a  R i v e r  l a k e s  i s  equal  t o  
t h a t  o f  Summit Lake, wh ich  i s  c u r r e n t l y  0.8 1  b / a c r e / y r  o r  47 
s rno l ts /acre /y r .  

Assumpt ion 5. 

- The a d u l t  sockeye salmon p r o d u c t i o n  o f  upper  S u s i t n a  R i v e r  l a k e s  
i s  3 1  l b  o f  a d u l t s / a c r e / y r  o r  5  a d u l t s / a c r e / y r .  

- The average s i z e  o f  a commmerci a1 l y - h a r v e s t e d  Sus i  t n a  R i v e r  
sockeye salmon i s  6.5 l b  (Mr. J i m  ~ r o w n i n ~ 3 / ,  - pers .  cornm., 
November 19, 1982). 

- A sockeye srnolt t o  a d u l t  m a r i n e  s u r v i v a l  o f  10% (A laska Department 
o f  F i s h  and Game 1982b; F o e r s t e r  1968) i s  assumed. 

4.1.2 C h i  nook Salmon 

The ch inook  salmon p r o d u c t i o n  p o t e n t i a l  o f  upper  S u s i t n a  R i v e r  t r i b u t a r i e s  
was d e t e r m i n e d  u s i  ng  t h e  f o l  1  owi ng assumptions. 

Assumpt ion 1. 

- Upper S u s i t n a  R i v e r  t r i b u t a r i e s  t h a t  c o u l d  produce salmon have no 
b a r r i e r s  t o  smo l t  e m i g r a t i o n ,  i n c l u d i n g  t h e  S u s i t n a  R i v e r  main 
stem r a p i d s  a t  Devi  1  Canyon and D e v i l  Creek. 

3 1  AUF&G F i s h e r y  B i o l o g i s t  11, So ldo tna .  - 
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Assumpt ion 2. 

- Upper S u s i t n a  R i v e r  t r i b u t a r i e s  t h a t  c o u l d  p roduce  salmon a r e  a c c e s s i -  
b l e  t o  a d u l t  salmon i f  t h e y  can pass t h r o u g h  t h e  S u s i t n a  R i v e r  
r a p i d s  a t  Devi  1  Canyon and Dev i  1  Creek; and i f  they  can n e g o t i a t e  
s t reams o r  s t r e a m  s e c t i o n s  t h a t  have a  maximal s l o p e  o f  .03 
o v e r  a  0.5 m i l e  d i s t a n c e ,  and have t y p i c a l  a d u l t  r e s t i n g  areas,  
e.g., poo ls ,  undercu t  s t r e a m  banks, and sloughs. 

- Each ch inook salmon spawning p a i r  r e q u i  r e s  216 f t 2  o f  a r e a  
( B e l l  1973). 

- One p e r c e n t  o f  t h e  su r fdce  a r e a  of S u s i t n a  R i v e r  t r i b u t a r y  main 
stems has a c c e p t a b l e  p o o l s  and r i f f l e s ,  g r a v e l ,  and w a t e r  f o r  
s u c c e s s f u l  a d u l t  spawni ng and i ncuba t ion .  The number "one 
p e r c e n t  (1%) )" was s e l e c t e d  because o f  s e v e r e l y  r e s t r i c t e d  wa te r  
f lows d u r i n g  t h e  w i n t e r  and e a r l y  s p r i n g  i n c u b a t i o n  p e r i o d .  
W i l l i a m s  (1975) n o t e d  t h a t  many s m a l l  t r i b u t a r i e s  o f  t h e  upper  
Sus i  t n a  R i  ve r a r e  d r y  d u r i  ng t h i  s  pe r i  od. Compa r i  s i  ons between 
mon th l y  w i n t e r  and summer w a t e r  d i s c h a r g e s  f o r  t h e  upper  S u s i t n a  
R i v e r  a t  G o l d  Creek s t a t i o n  (A laska Department of F i s h  and Game 1982a) 
i n d i c a t e  t h a t   inter w a t e r  f l ows  of t r i b u t a r i e s  may p e r i o d i c a l l y  be o n l y  
1% t o  5% o f  summer f l ows .  

- Most  t r i b u t a r i e s  o f  S u s i t n a  R i v e r  t r i b u t a r y  main stems a r e  unaccept -  
a b l e  f o r  i n c u b a t i o n  s i n c e  most d r y  up d u r i n g  t h e  w i n t e r  as was 
n o t e d  f o r  many s m a l l  t r i b u t a r i e s  o f  t h e  upper  S u s i t n a  R i v e r  by 
W i l  l iarns (1975). 

- Chinook redds  a r e  n o t  super imposed by o t h e r  salmon spec ies .  

Assumpt ion 4. 

The srnolt  p r o d u c t i o n  o f  upper  S u s i t n a  R i v e r  t r i b u t a r y  main stems i s  
0.18 l b  o f  s m o l t s / a c r e / y r  o r  81  s m o l t s / a c r e / y r .  T h i s  p r o d u c t i o n  was 
d e r i v e d  by a v e r a g i n g  p r o d u c t i o n  v a l u e s  f o r  f o u r  A laskan  s t reams 
w h i c h  were o b t a i n e d  by e s t i m a t i n g  t h e  number o f  s m o l t s / s t r e a m / y r  
produced based on known a d u l t  escapements/3% mar ine  srnol t  s u r v i v a l  
(A laska  Department o f  F i s h  and  Game 1982b) and by e s t i m a t i n g  an 
approx ima te  su r face  a rea  f o r  each t r i b u t a r y  main stem, p l u s  t h e  
M i d d l e  and West F o r k s  o f  t h e  Gulkana R i v e r .  These p r o d u c t i o n  
va lues a r e  based on a n a l y s i s  o f  d a t a  f o r  Crooked Creek, Kenai 
Peni n s u l a  (Wai t e  1979; M r .  Dave Wai t e  41, pers.  comrn., October  
11, 1982); Gulkana R i v e r ,  Gulkana ( A l E i n  1977; W i l l i a m s  and 
P o t t e r v i l  l e  1981); I n d i a n  R i v e r  and P o r t a g e  Creek, S u s i t n a  
R i v e r  (A laska  Department o f  F i s h  and Game 1981a, 1981b and 
1982a). 

-- 

4 /  ADF&G F i s h e r y  B i o l o g i s t  11, Soldotna.  - 
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- Most t r i b u t a r i e s  of S u s i t n a  R i v e r  t r i b u t a r y  main stems a r e  c o n s i d e r e d  
u n p r o d u c t i v e  because most d r y  u p  d u r i n g  t h e  w i n t e r .  The s u r f a c e  
areas o f  most t r i b u t a r i e s  a r e  unknown. 

- F o r  d e t e r m i n i n g  t h e  number of s m o l t s / a c r e / y r ,  an i n d i v i d u a l  s m o l t  
s i z e  o f  .01 l b  was used wh ich  i s  a  reasonab le  s i z e  f o r  A laskan  
ch inook s m o l t s  a c c o r d i n g  t o  da ta  i n  Engel  (1968), F r a n c i s c o  and 
D i n n e f o r d  (1977),  Mr. Pau l  K i s s n e r  5/ (pers.  comm., Oc tober  26, 
1982), Meehan and S i n i f f  (1962), a n 3  T rasky  (1974). 

- The a d u l t  ch inook salmon p r o d u c t i o n  o f  upper  S u s i t n a  R i v e r  t r i b -  
u t a r i e s  i s  40.6 l b  o f  a d u l t s / a c r e / y r  o r  2  a d u l t s l a c r e l y r .  - The average s i z e  o f  a  commerci a1 l y - h a r v e s t e d  Susi  t n a  R i  v e r  
ch inook salmon i s  16.7 1  b  (Mr. J i m  Browning, pers.  comm., November 
23, 1 9 8 2 ~ ) .  

- A ch inook  smol t  t o  a d u l t  m a r i n e  s u r v i v a l  o f  3% (A laska  Department 
o f  F i s h  and  Game 1982b) i s  assumed. 

4.1.3 Coho Salmon 

The coho salmon p r o d u c t  i o n  p o t e n t i a l  o f  upper  Sus i  t n a  R i v e r  t r i b u t a r i e s  
was de te rm ined  u s i  n g  t h e  f o l l  owi n g  assumpt ions.  

Assumpt ion 1. 

- Upper S u s i t n a  R i v e r  t r i b u t a r i e s  t h a t  c o u l d  p roduce  salmon have no 
b a r r i e r s  t o  s m o l t  e m i g r a t i o n ,  i n c l u d i n g  t h e  S u s i t n a  R i v e r  main 
s tem r a p i d s  a t  D e v i l  Canyon and D e v i l  Creek. 

Assumpti on 2. 

-Upper S u s i t n a  r i v e r  t r i b u t a r i e s  t h a t  c o u l d  produce salmon a r e  
a c c e s s i b l e  t o  a d u l t  salmon i f  t h e y  can pass t h r o u g h  t h e  S u s i t n a  
R i v e r  r a p i d s  a t  Dev i  1 Canyon and D e v i l  Creek; and i f  they  can 
n e g o t i a t e  s t reams o r  s t ream s e c t i o n s  t h a t  have a  maximal s l o p e  
of .03 o v e r  a 0.5 m i l e  d i s t a n c e ,  and have t y p i c a l  a d u l t  r e s t i n g  
areas,  e.g., poo ls ,  undercu t  s t r e a m  banks, and s loughs.  

5/  ADF&G F i s h e r y  B i o l o g i s t  111, Juneau. - 



Assumption 3. 

- Each coho salmon spawning p a i  r requ i  res 126 f t 2  o f  area (Be1 1  
1973). 

- One percen t  o f  t h e  su r f ace  area o f  Sus i t na  R i v e r  t r i b u t a r y  main 
stems has accep tab le  poo ls  and r i f f l e s ,  g rave l ,  and wate r  f o r  
success fu l  a d u l t  spawning and i ncuba t i on .  The number "one 
percen t  ( 1%) "  was s e l e c t e d  because o f  seve re l y  r e s t r i c t e d  water  
f lows d u r i n g  t h e  w i n t e r  and e a r l y  s p r i n g  i n c u b a t i o n  per iod.  
W i l  l i ams  (1975) no ted  t h a t  many sma l l  t r i b u t a r i e s  o f  t h e  upper 
Susi t n a  R i v e r  a re  d ry  d u r i n g  t h i s  per iod.  Comparisons between 
monthly w i n t e r  and summer wa te r  d ischarges f o r  t h e  upper Sus i tna 
R i v e r  a t  Go ld  Creek s t a t i o n  (Alaska Department o f  F i s h  and Game 
1982a) i n d i c a t e  t h a t  w i n t e r  wa te r  f l ows  o f  t r i b u t a r i e s  may p e r i o d i c a l l y  
be on ly  1% t o  5% o f  summer f lows. 

- Most t r i b u t a r i e s  o f  Sus i t na  R i v e r  t r i b u t a r y  main stems a re  unacceptab le  
f o r  i n c u b a t i o n  s i n c e  most d ry  up d u r i n g  t h e  w i n t e r  as was noted 
f o r  many smal l  t r i b u t a r i e s  o f  t h e  upper Sus i t na  R i v e r  by W i l l i ams  
(1975). 

- Coho redds a re  no t  superimposed by o t h e r  salmon species. 

Assurnpti on 4. 

- The smol t  p r o d u c t i o n  o f  Upper Sus i t na  R i v e r  t r i b u t a r y  main stems i s  
0.18 l b  of smo l ts /ac re /y r  o r  40 srno l ts /acre/yr .  Th i s  p roduc t i on  i n  
we igh t  o f  smol ts  was se lec ted  s i n c e  i t  i s  conse rva t i ve  r e l a t i v e  
t o  coho smol t  p roduc t i on  i n o t h e r  more p r o d u c t i  ve Paci  f i c North- 
western streams (Table 4-3), 

- Most t r i b u t a r i e s  o f  Sus i t na  R i v e r  t r i b u t a r y  main stems a re  cons idered 
unproduc t i ve  because most d ry  up d u r i n g  t h e  w in te r .  The sur face 
areas o f  most t r i b u t a r i e s  a re  unknown. 

- For  determi  n i  ng t h e  number o f  smo l ts /ac re /y r ,  an i n d i v i d u a l  smol t 
s i z e  of .O2 I b was used, which i s  a  reasonable s i z e  f o r  s t ream 
produced Alaskan coho smol ts  acco rd i ng  t o  data o f  Armstrong (1970), 
Crone and Bond (1976), Meehan and S i n i f f  (1962), and Thedinga and 
Koski  (1982). 

Table  4-3. Coho salmon smol t  p r o d u c t i o n  f o r  streams i n  Alaska, B r i t i s h  
Columbia, Oregon and Washington.l/  - 

Pounds o f  Number o f  
smol t s / a c r e / y r  smol t s / a c r e / y r  

Range o f  annual values 5-50 221-2,699 

l / ~ r o r n  data l i s t e d  i n  o r  based on a n a l y s i s  o f  data i n  Chapman (1965), 
c rone  (1981), Crone and Bond (1976),  Hun te r  1959), Mason (1976), Sal o  
and B a y l i f f  (1958), Thedi nga and Koski  (1982 



Assumpt ion 5. 

- The a d u l t  coho salmon p r o d u c t i o n  o f  upper  S u s i t n a  R i v e r  t r i b u t a r i e s  
i s  24.7 1  b  o f  a d u l t s / a c r e / y r  o r  4  a d u l t s / a c r e / y r .  

- The average s i z e  o f  a  commerc ia l l y -ha rves ted  S u s i t n a  R i v e r  coho 
salmon i s  6.1 l b  (Mr. J i m  Browning,  pers .  comm., November 19, 1982). 

- A  coho s ~ n o l t  t o  a d u l t  m a r i n e  s u r v i v a l  o f  10% (A laska Department 
of F i s h  and  Game 1982b) i s  assumed. 

I 

4.1.4 Chum Salmon 

The chum salmon p r o d u c t i o n  p o t e n t i a l  o f  upper  S u s i t n a  R i v e r  t r i b u t a r i e s  
was de te rm ined  u s i  ng  t h e  f o l  l o w i  ng  assumptions. 

Assumpt ion 1. 

- Upper S u s i t n a  R i v e r  t r i b u t a r i e s  t h a t  c o u l d  produce salmon have no 
b a r r i e r s  t o  f ry e m i g r a t i o n ,  i n c l u d i n g  t h e  S u s i t n a  R i v e r  main 
s tem r a p i d s  a t  D e v i l  Canyon and D e v i l  Creek. 

Assumpti on 2. 

- Upper S u s i t n a  R i v e r  t r i b u t a r i e s  t h a t  c o u l d  p roduce  salmon a r e  a c c e s s i b l e  
t o  a d u l t  salmon i f  t h e y  can pass t h r o u g h  t h e  S u s i t n a  R i v e r  r a p i d s  
a t  D e v i l  Canyon and D e v i l  Creek; and i f  t h e y  can n e g o t i a t e  
s t reams o r  s t r e a m  s e c t i o n s  t h a t  have a  maximal s l o p e  o f  .03 o v e r  
a  0.5 m i l e  d i s t a n c e ,  and have t y p i c a l  a d u l t  r e s t i n g  areas, e.g., 
poo ls ,  undercu t  s t ream banks, and  s loughs.  

Assumpti on  3. 

- Each chum salmon spawning p a i r  r e q u i  r e s  99 f t 2  o f  a rea  (Be1 1  1973). 

- One p e r c e n t  o f  t h e  s u r f a c e  a rea  o f  S u s i t n a  R i v e r  t r i b u t a r y  main 
stems has a c c e p t a b l e  p o o l s  and r i f f l e s ,  g r a v e l ,  and w a t e r  f o r  
s u c c e s s f u l  a d u l t  spawning and i n c u b a t i o n .  The number "one 
p e r c e n t  (1%)"  was s e l e c t e d  because o f  s e v e r e l y  r e s t r i c t e d  w a t e r  
f l o w s  d u r i n g  t h e  w i n t e r  and e a r l y  s p r i n g  i n c u b a t i o n  pe r iod .  
W i l l i a m s  (1975) no ted  t h a t  many s m a l l  t r i b u t a r i e s  o f  t h e  upper  
S u s i t n a  K i v e r  a r e  d r y  d u r i n g  t h i s  p e r i o d .  Comparisons between 
mon th l y  w i n t e r  and summer w a t e r  d i s c h a r g e s  f o r  t h e  upper  S u s i t n a  
R i v e r  a t  Go ld  Creek s t a t i o n  (A laska  Department o f  F i s h  and Game 
1982a) i n d i c a t e  t h a t  w i n t e r  w a t e r  f l o w s  o f  t r i b u t a r i e s  may 
p e r i o d i c a l l y  be o n l y  1% t o  5% o f  summer f l ows .  

- Mos t  t r i b u t a r i e s  o f  S u s i t n a  R i v e r  t r i b u t a r y  main stems a r e  un- 
a c c e p t a b l e  f o r  i n c u b a t i o n  s i n c e  rnost d r y  up d u r i n g  t h e  w i n t e r  
as was no ted  f o r  many s m a l l  t r i b u t a r i e s  o f  t h e  upper  S u s i t n a  
R i v e r  by W i l l i a m s  (1975) .  



- Chum redds a r e  no t  superimposed by o t h e r  salmon species. 

Assumpti on 4. 

- The emigrant  f r y  p roduc t i on  o f  upper Sus i t na  R i v e r  t r i b u a r y  main stems 
i s  62 l b  o f  f r y / a c r e / y r  o r  121,000 f r y / a c r e / y r .  Th i s  p roduc t i on  
i n  we igh t  o f  fry i s  based on an average f r y  we igh t  o f  .0008 1 b 
f rom data a t  t h e  ADF&G Beaver F a l l s  ha tchery  (Mr. Dan ~osenbergG/ ,  - 
pers. comm., J u l y  9, 1980). Th i s  we igh t  i s  reasonable f o r  an 
emigrant  f r y  w i t h  an average l e n g t h  o f  1.46 i n c h  which was d e r i v e d  
f rom data f o r  Ta lkeetna R i v e r  ( F r i e s e  1975) and l owe r  Sus i tna  
R i v e r  chum f r y  (Kent Roth - 7/, pers. comm., November 30, 1982). 

- The number o f  f r y l a c r e l y r  i s  based on a female a d u l t  chum spawning 
area o f  99 f t 2  ( B e l l  1973), an average f e c u n d i t y  o f  2,200 
eggs/female chum (Alaska Department o f  F i s h  and Game 1982b), 100% 
egg depos i t i on / fema le ,  and a depos i ted  egg t o  emigrant  f r y  
s u r v i v a l  o f  12.5% which i s  based on da ta  i n  Crone and Bond 
(1976), F o e r s t e r  (1968), and Hunte r  (1959). 

- The a d u l t  chum salmon p r o d u c t i o n  o f  upper Sus i t na  R i v e r  t r i b u t a r i e s  
i s  9,329 l b  o f  a d u l t s / a c r e / y r  o r  1,210 adu l t s / ac re / y r .  

- The average s i z e  o f  a commerci a1 l y -ha rves ted  Susi t n a  R i  ve r  chum 
salmon i s  7.7 l b  (Mr. J i m  Browning, pers. comm., November 19, 
1982). 

- An emigrant  f r y  t o  a d u l t  mar ine s u r v i v a l  o f  1% (Alaska Department 
o f  F i s h  and Game 1982b) i s  assumed. 

4.1.5 F i e l d  Surveys 

Surveys o f  upper Sus i t na  R i v e r  t r i b u t a r i e s  and lakes  were necessary f o r  
o b t a i n i n g  o therw ise  u n a v a i l a b l e  i n fo rma t i on  f o r  assess ing salmon enhance- 
ment p o t e n t i a l  and enhancement techniques. 

4.1.5.1 Fixed-wi ng a i  r c r a f t  overview 

The purpose o f  t h i s  survey was t o  s tudy t h e  t e r r a i n  and f u t u r e  survey 
s i t e s  w i t h i n  t h e  e n t i  r e  upper Sus i t na  R i v e r  watershed. 

The upper Sus i t na  R i v e r  main stem was ove r f l own  f rom lower  D e v i l  Canyon 

6 /  ADF&G F i s h  C u l t u r i s t  I V ,  Klawock hatchery.  - 

7/ ADF&G F i she ry  B i o l o g i s t  11, Anchorage. - 



upstream t o  Sus i t na  Lodge on J u l y  13, 1982. A l l  t r i b u t a r y  streams were 
seen, and a l l  named and some unnamed streams were photographed. 

4.1.5.2 H e l i c o p t e r  survey 

The purpose o f  t h i s  two-day survey (August 4 and 5, 1982) was on-the-ground 
assessment o f  t h e  salmon enhancement p o t e n t i a l  o f  most streams and lakes 
( P l a t e  4-1)  i n  t h e  upper Sus i tna  R i v e r  area t h a t  a r e  i n a c c e s s i b l e  t o  
road  vehic les .  

More than  25 named and unnamed streams and lakes  were surveyed. We made 
t h e  f o l l  owi ng observa t ions  concern i  ng c o n d i t i o n s  a t  s t ream conf luences 
(and var ious  d i s t ances  upstream) w i t h  t h e  Sus i t na  R i v e r  and a t  l a k e  o u t l e t s :  

1 ) Water q u a l i t y  f o r  a d u l t  and j u v e n i l e  salmon. Water temperature,  
d i  sso l  ved oxygen, conduct i v i  t y  , and pH were measured. 

2 )  Water v e l o c i t y .  

3 )  Stream width ,  depth, p o o l - r i f f l e  r a t i o ,  and grave l  a v a i l a b i l i t y  
a t  va r i ous  d is tances  upstream of s t ream conf luences w i t h  t h e  
Sus i tna  R i v e r  and a t  l a k e  o u t l e t s .  

4 )  Any b a r r i e r s  t o  m i g r a t i o n  o f  a d u l t  and j u v e n i l e  salmon. 

5 )  Presence and l o c a t i o n  o f  any f i s h  spec ies t h a t  may prey on, and 
compete f o r  food  and space w i t h  salmon ( o r  v i c e  versa). 

4.1.5.3 Road v e h i c l e  survey 

T h i s  survey was undertaken d u r i n g  September 15,16, and 17, 1982. The 
pe r i phe ry  o f  t h e  Sus i t na  R i v e r  dra inage area was examined v i a  t r u c k  
( P l a t e  4 -2 )  on t h e  Glenn, Richardson, Dena l i  and Parks Highways. 

The survey was i n t ended  t o :  

1 ) Eva lua te  t h e  a d u l t  spawning and j u v e n i l e  r e a r i n g  p o t e n t i a l s  i n  
streams and lakes ad jacen t  t o  t h e  road  system. Th i s  i n c l u d e d  
assesselnent o f  l a k e  and s t ream depth, w id th ,  water  temperature,  
t u r b i d i t y ,  grave l ,  p o o l - r i f f l e  areas, s t ream v e l o c i t y ,  access i -  
b i l i  t y  t o  salmon, and presence o f  f i s h  and mammals. 

2 )  I d e n t i f y  s i t e s  f o r  s t o c k i n g  o f  j u v e n i l e  salmon i n t o  streams and 
1 akes. 

3 )  Examine p o t e n t i a l  ha tchery  s i t e s  f o r  p roduc i  ng j u v e n i l e  salmon 
t o  s tock  i n t o  streams and lakes. 





4.1.5.4 Tyone R i  ve r  system surveys 

The l a r g e  lakes w i t h i n  t h e  Tyone R i v e r  system, a  t r i b u t a r y  o f  t h e  upper 
Sus i t na  R i ve r ,  have t h e  p o t e n t i  a1 f o r  produc i  ng a  l a r g e  number o f  sockeye 
salmon. To a s s i s t  w i t h  t h e  e s t i m a t i o n  o f  j u v e n i l e  sockeye p roduc t i on  i n  
these lakes, a  l i r nno log i ca l  survey was p lanned i n  l a t e  September, 1982. 
T h i s  and ano ther  a t tempted survey i n  October, 1982 were cance l l ed  because 
o f  very hazardous weather. 



4.1.6 De te rm ina t i on  o f  Stream and Lake Sur face Areas 

Knowledge o f  s t ream and l a k e  su r f ace  areas a re  essen t i  a1 f o r  de te rmin i  ng 
salmon p r o d u c t i o n  s i nce  p roduc t i on  i s  d e f i n i t e l y  r e l a t e d  t o  su r f ace  area 
(Burns 1971; Hayes and Anthony 1964; Youngs and Heimbuch 1982). Streams 
and l akes  were se lec ted  f o r  p o t e n t i a l  salmon p r o d u c t i o n  based on: 

1 )  Knowledge o f  s t ream main stem l eng ths  (O r th  1971), and stream 
w i d t h s  i n  d i f f e r e n t  sec t i ons  o f  each s t ream f rom Alaska Depar t -  
ment o f  F i s h  and Game (1981c), and 1982 h e l i c o p t e r  and road ve- 
h i c l e  surveys. 

2 )  Aqua t i c  h a b i t a t  surveys which i nc l uded  wa te r  q u a l i t y  and q u a n t i t y ,  
p o o l - r i f f l e  r e l a t i o n s h i p s ,  a c c e s s i b i l i t y  t o  salmon, grave l  a v a i l -  
a b i l i t y ,  and presence o f  f i s h  which prey on o r  compete w i t h  salmon 
( Alaska Department o f  F i s h  and Game 1981c, 1982a; A1 l i n  1957; 
Andrews 1961; M r .  Ch r i s t ophe r  Estes 81, M r .  Kent Roth, M r .  Joe 
~ a u t n e r g / ,  M r .  Dana Schmidt - 101, per?. comm., August 2, 1982; 
M r .  F r e a  ~ i l l i a m s l l l  pers. comm., October  7, 1982, August 10, 
1982; W i l l i ams  1 9 n ,  1965, 1966, 1967, 1969, 1972; W i l l i a m s  and 
P o t t e r v i  1  l e  1978). A d d i t i o n a l  a q u a t i c  h a b i t a t  surveys were con- 
ducted d u r i n g  t h e  1982 f i xed -w ing  a i r c r a f t  , h e l i c o p t e r ,  and road 
v e h i c l e  surveys. 

Stream areas were c a l c u l a t e d  f r om st ream l e n g t h  and w i d t h  da ta  o r  
by p l an ime te r  u s i n g  maps. Stream area was assumed equal t o  a  rec -  
t a n g l e  f o r  a  s h o r t  s t ream l e n g t h  when average w id ths  were known and t h e  
w id ths  were s i m i l a r  th roughou t  t h e  s p e c i f i c  l e n g t h  o f  stream. Stream 
area was assumed equal t o  a  t r a p e z o i d  when s t ream w id ths  were d i  s s i m i l a r  
th roughou t  t h e  s t ream l eng th ,  e.g., when t h e  area o f  an e n t i r e  stream 
main stem was determined. 

A l l  l a ke  areas were ob ta ined  v i a  p l an ime te r  on maps, except  f o r  Lake 
Louise,  which was ob ta i ned  f rom M r .  S tan ~ o n e s l 2 /  - (pers. comm., 
September 7, 1982). 

4.1.7 B i o l o g i c a l  Impact o f  I n t r oduced  Salmon on Resident  F i s h  

Preda to r -p rey  r e l a t i o n s h i p s  and compe t i t i on  between salmon and res i den t  
f i s h  were examined v i a  l i t e r a t u r e  research. Resu l t s  o f  t h i s  research a re  
found i n  Sec t i on  5.3. 

8 1  ADF&G F i she ry  B i  01 og i  s t  I I I, Anchorage. - 

9/ ADF&G F i s h e r y  B i o l o g i  s t  11, Anchorage. - 

10/  ADF&G F i she ry  B i o l o g i s t  111, Anchorage. - 
11/ ADF&G F i s h e r y  B i o l o g i s t  111, Glennal  len.  - 
12/ U n i t e d  S ta tes  Geo log ica l  Survey, Anchorage. - 



4.2 Engi nee r i  ng S tud i  es 

4.2.1 F e a s i b i l i t y  S tud ies  

The p r imary  eng inee r i ng  concern o f  t h i s  s tudy was t o  determine i f  i t  
was f e a s i b l e  t o  bypass salmon th rough  t h e  v e l o c i t y  b a r r i e r s  i n  t h e  
con f ines  o f  D e v i l  Canyon and t h e  general  consensus was t h a t  "bypass 
methods" p r i m a r i l y  meant f ishways. I n  a  f e a s i  b i  li ty study, p r e l i m i n a r y  
sketch p lans  and p r e l i m i n a r y  c o s t  es t imates  w i t h  conc lus ions  and recom- 
mendations can usual  l y  be produced w i t h o u t  i n c u r r i  ng t h e  expense o f  
extended f i e l d  work and t h e  d e t a i l e d  i n v e s t i g a t i o n s  needed f o r  t h e  
p r e p a r a t i o n  o f  c o n s t r u c t i o n  documents. I n  r e v i  ewi ng t h e  abundant data 
a v a i l a b l e  on t h e  Sus i tna  R i v e r  and i t s  dra inage basin,  t h e  s tudy team 
conc luded t h a t  i t  c o u l d  indeed  determine t h e  f e a s i b i l i t y  o f  bypassing 
salmon th rough  t h e  D e v i l  Canyon area, by means o f  a  f ishway o r  f ishways, 
w i t h o u t  hav i  ny t o  under take t ime  consumi ng and c o s t l y  f i e l  d  i n v e s t i  ga- 
t i ons .  

The s tudy team d i d  f e e l ,  however, t h a t  l i t e r a t u r e  research a lone  was 
i n a p p r o p r i a t e  because t h e  "Sus i tna  R i v e r  data"  d i d  n o t  c o n t a i n  r i v e r  
v e l o c i t y  i n f o r m a t i o n  i n  t h e  D e v i l  Canyon area d u r i n g  t h e  t imes o f  t h e  
salmon mig ra t ions .  Then too,  t h e  b i o l o g i c a l  i n fo rma t i on  on t h e  lakes 
and t r i b u t a r i e s  upstream o f  D e v i l  Canyon was sketchy o r  m i ss i ng  e n t i r e l y .  
Fo r  these  reasons some f i e l  d  work was deemed necessary. 

F o l  1 owi ng i s a  b r i  e f  d e s c r i p t i o n  o f  t h e  engi  nee r i  ng s t u d i  es performed 
by t h e  s tudy team. 

J u l y  13: Over f lew t h e  e n t i r e  upper Sus i t na  R i v e r  dra inage bas in  w i t h  
a  b i o l  o g i s t  and eng inee r i  ng personnel  (F i gu re  4-1). The purpose of t h e  
o v e r f l i g h t  was t o  acqua in t  t h e  s tudy team w i t h  t h e  t e r r a i n ,  t h e  s i z e  
o f  t h e  s tudy  area and t o  i d e n t i f y  any f ea tu res  i n  t h e  area t h a t  may 
requi  r e  on-s i  t e  i nspec t i on .  

Aug. 4  & Auy. 5: These two days were spent i n  o n - s i t e  i n v e s t i g a t i o n s  
by t h e  s tudy teams. By means o f  h e l i c o p t e r  t r a n s p o r t a t i o n ,  t h e  engineers  
inspec ted  t h e  canyon w a l l s  and s t ream banks i n  D e v i l  Canyon ( P l a t e  4-3)  
and i n  t h e  v i c i n i t y  o f  D e v i l  Creek. Observat ions were made f rom as low 
as 20 ft, and where condi t i o n s  permi t t e d ,  l a n d i  ngs were made t o  perrni t 
on ground i nspec t i on .  The engineers  were success fu l  i n  measur ing t h e  
su r face  ve l  oc i  t i e s  t h r o u  yh Devi 1 Canyon by d ropp i  ng marker buoys f rom 
t h e  h e l i c o p t e r  and t i m i n g  t h e i r  t r a n s i t  th rough  predetermined d is tances 
(Table  4-4). The measuring o f  these v e l o c i t i e s  was f o r t u n a t e  as i t  
was on August 5 t h a t  t h e  Sus i t na  Hydro Aqua t i c  S tud ies  Group made 
t h e i r  f i r s t  s i g h t i n g  o f  a d u l t  chinook salmon upstream o f  D e v i l  Canyon. 
The passage o f  upstream mig ran t  salmon th rough  D e v i l  Canyon d u r i n g  t h e  
p e r i o d  o f  measured v e l o c i t i e s  and a  known r i v e r  l e v e l  g r e a t l y  a s s i s t e d  
i n  e s t a b l i s h i n g  f ishway parameters. Whi le  t h e  engineers  were observ ing  
t h e  hydrau l  i c  condi t i o n s  i n  Devi 1  Canyon, a  second he1 i c o p t e r  t r a n s p o r t e d  
t h e  s tudy  team's b i o l o g i s t s  t o  s e l e c t e d  lakes  and streams i n  t h e  upper 
dra inage basin.  D e t a i l s  o f  t h e  b i o l o g i s t s '  i n v e s t i g a t i o n s  a re  found 
i n  Sec t i on  4.1. 







- -- 

Table  4-4. Devi 1 Canyon v e l o c i t y  measurements. 

R & M Consu l tan ts  (1982) 
4/13/81 & 4/14/81 

U i  stance between 
S t a t i o n  s t a t i o n s  Vel oc i  ty 
number ( f t )  ( f t / s e c )  

D i s t ance  between 
S t a t i o n  s t a t i o n s  Vel oc i  t y  
number (ft) ( f t / s e c )  

Aug. 31: Th i s  was a s i m i l a r  s i t e  i n v e s t i g a t i o n  t r i p  as t h a t  desc r ibed  
f o r  August 4 & 5 except t h a t  on t h i s  t r i p  M r .  M i  l o  C. Be1 1, a no ted  
fi she r i es  engi neer, accompanied t h e  s tudy  team. Again, c l ose  a t t e n t i o n  
was made o f  t h e  h y d r a u l i c  c o n d i t i o n s  w i t h i n  D e v i l  Canyon and t h e  canyon 
area i mmedi a t e l y  downstream of Devi 1 Creek. A r e p o r t  on M r .  Be1 1 ' s  
observa t ions  and recommendations i s  con ta i ned  i n  t h e  appendix 10.4. 



Sept. 15 - Sept. 17: Th i s  ground i n s p e c t i o n  t r i p  was t o  eva lua te  t h e  
p o t e n t i a l  r e a r i n g  areas i n  t h e  upper Sus i t na  R i v e r  dra inage bas in  and 
t o  l o c a t e  hatchery  s i t e s  f o r  use i n  c o n j u n c t i o n  w i t h  a  j u v e n i l e  s t o c k i n g  
program. The s tudy  team drove t h e  pe r i phe ry  o f  t h e  dra inage area v i a  
t h e  Glenn, Richardson, Dena l i  and Parks highways (F i gu re  4-2).  The 
emphasis o f  t h i s  i n v e s t i g a t i o n  was t h e  e v a l u a t i o n  o f  a d u l t  spawni ng 
and j u v e n i l e  r e a r i n g  streams t h a t  a re  access ib l e  t o  t h e  road system. 
Stream c r o s s i  ngs o f  t h e  Dena l i  highway made i t  p o s s i b l e  t o  t a k e  water 
temperatures and observe stream bed condi t i o n s  i n  many 1  ocat ions.  
T h i s  i n f o r m a t i o n  was n o t  o n l y  u s e f u l  i n  p r o j e c t i n g  p robab le  p roduc t i on  
c a p a c i t i e s  bu t  i d e n t i f i e d  severa l  i n i t i a l  s t o c k i  ng p o i  n t s  f o r  j u v e n i l e  salmon 
shou ld  a  salmon enhancement program i n  t h e  upper Sus i t na  R i v e r  drainage 
bas in  be implemented. 

4.2.2 Design S tud ies  

A l though t h e  f e a s i b i l i t y  s t u d i e s  desc r i bed  i n  Sec t i on  4.2.1 a r e  s u f f i c i e n t  
t o  suppor t  t h e  f i n d i n g s  and recommendations i n  t h i s  r e p o r t ,  i t  should  
be p o i n t e d  out t h a t  f u r t h e r  d e t a i l e d  s t u d i e s  would be needed t o  design 
any o f  t h e  f a c i l i t i e s  recommended. I n  p a r t i c u l a r  t h e  f o l l o w i n g  s t u d i e s /  
i n v e s t i g a t i o n s  wou ld  have t o  be completed be fo re  commencing w i t h  t h e  
des ign o f  a  f i s h w a y ( s )  i n  D e v i l  Canyon. The f o l l o w i n g  s t u d i e s  a re  
bo th  b i o l o g i c a l  and engi nee r i ng  i n  na tu re :  

1) A  thorough  topograph ic  survey o f  t h e  b lockage a rea(s ) .  T h i s  survey 
shou ld  inc lude ,  i f  poss ib le ,  t h e  contours  o f  t h e  r i v e r  bottom. 

2 )  A h y d r o l o g i c a l  s tudy  o f  t h e  b lockage a r e a ( s )  d u r i n g  t h e  months of 
t h e  upstream salmon mi g ra t i ons .  T h i s  s tudy shou ld  d e t e r n i  ne t h e  
r i v e r  l e v e l s  d u r i n g  a l l  pe r i ods  o f  m i g r a t i o n  and shou ld  de te r -  
mine t h e  s t ream v e l o c i t i e s  a t  b o t h  banks and t h e  l o c a t i o n  o f  
p o i n t s  o f  t u rbu lence  and upwel li ng. 

3 )  A geotechnica l  i n v e s t i g a t i o n  t o  i n c l u d e  bo th  sur face exami na t i ons  
and sub-sur face e x p l o r a t o r y  d r i  1  li ng. 

4 )  A d d i t i o n a l  s t u d i e s  r ega rd i ng  c o n s t r u c t i o n  requi rements  and s i t e  
access. 

5 )  Sonic t agg ing  s t u d i e s  o f  upstream mig ran ts  t o  determine, i f  poss ib l e ,  
t h e i  r m i g r a t i o n  r o u t e ( s )  w i t h i n  t h e  b lockage area (s) .  

6 )  H y d r a u l i c  model s tud ies .  Th i s  i s  a  d e s i r e a b l e  bu t  no t  a  mandatory 
study. Due t o  t h e  c e r t a i n  h i g h  c o s t  o f  any f i s h w a y ( s )  cons t ruc ted  
i n  D e v i l  Canyon t h e  c o s t  o f  a  model s tudy  c o u l d  c e r t a i n l y  be j u s t i f i e d .  

7 )  Re f i ned  c o s t  est imate.  Based on t h e  d e t a i l e d  i n f o r m a t i o n  ob ta i ned  
i n  s t u d i e s  (1) th rough  ( 6 )  a  r e f i n e d  c o s t  es t ima te  c o u l d  i n f l u e n c e  
a  d e c i s i o n  on whether o r  n o t  a  proposed p r o j e c t  shou ld  proceed. 
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5. RESULTS AND D I S C U S S I O N  

5.1 Salmon Enhancement P o t e n t i a l  (S.E.P. ) 

5.1.1 S.E.P. Without H y d r o e l e c t r i c  Dams 

The upper Sus i tna  R i v e r  watershed i s  s u i t a b l e  f o r  t h e  r e a r i n g  of salmon. 
The problem i s  t h a t  t h e  watershed i s  no t  access ib l e  t o  salmon, However, 
a d u l t  salmon c o u l d  be i n t r oduced  i n t o  t h e  watershed v i a  f ishways o r  
j u v e n i l e  salmon cou ld  be i n t r oduced  i n t o  t h e  watershed by means o f  hatchery 
s tock ing.  A f ishway enhancement program and a ha tchery  enhancement 
program a r e  descr ibed i n  sec t ions  5.2.3 and 5.2.4. 

J u v e n i l e  salrnon p roduc t i on  i n  t h e  upper Sus i tna  R i v e r  watershed w i t h  
r e s u l t a n t  a d u l t  product  i o n  i s  now cons idered f o r  each salmon species. 

5.1.1.1 Sockeye Salmon 

The l i f e  c y c l e  o f  sockeye salmon i s  d e p i c t e d  i n  F i g u r e  5-1, 

Se lec ted  lakes  i n  t h e  upper Sus i tna  R i v e r  bas in  w i l l  produce approx imate ly  
1,600,000 sockeye smol ts  (Table 5-1 ). These s m l t s  w i  1 1 produce approx imate ly  
160,000 a d u l t s  (Table 5-1). O f  t h e  31  lakes  cons idered f o r  produc ing 
sockeye salmon, t h e  t h r e e  l a r g e s t  lakes,  v iz .  Lake Louise, Sus i tna  Lake, 
and Tyone Lake ( P l a t e  5 - I ) ,  produce 120,000 a d u l t s  o r  75% o f  t h e  t o t a l .  



( k c N e i l  and. B a i l e y  1975) 
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I F i  u r e  5-1. 
-26 -  L i f e  c y c l e  o 9 sockeye salmon. 



Table 5-1. The p o t e n t i a l  p roduc t ion  o f  sockeye salmon i n  upper Sus i tna 
H i  ve r  lakes. 

Lake - 
Lake Louise 
Sus i tna  Lake 
Tyone Lake 
L i t t l e  Lake Louise 
Lake 25051/, Tyone 

R i ve r sys tem 
Beaver Lake 
Dog Lake 
B u t t e  Lake 
Moore Lake 
Sandy Lake 
Clarence Lake 
Lake Creek lakes 
Mud Lake 
Fog Lake, nearest  

Fog Creek 
L i l y  Lake 
Snodgrass Lake 
Osar Creek lakes 
Gray1 i ng Lake 
Black Lake 
Lake 32851/, Kosina 

Creek system 
Lake 24601/, - Tyone R i v e r  

sys tein 
Taber t  Lake 
Roosevel t Lake 
Glaser  Lake 

Lake sur face  
area (ac res)  

Tot a1 : 

Adu l t s  
(number) 

1/  E l e v a t i o n  i n  fee t .  - 





5.1.1.2 Chinook Salmon 

The l i f e  c y c l e  o f  chinook salmon i s  d e p i c t e d  i n  F i g u r e  5-2. 

Se lec ted  streams i n  t h e  upper Susi t n a  R i v e r  bas in  w i  11 produce approx imate ly  
100,000 c h i  nook smolt  s Table  5-2). These smolt  s w i  1 1 produce approx imate ly  
3,000 a d u l t s  (Tab le  5-2 1 . O f  t h e  21 streams cons idered  f o r  produc ing 
chinook salmon, t h e  f o l l o w i n g  e i g h t  streams produce 2,880 a d u l t s  o r  95% 
o f  t h e  t o t a l :  Tyone R i ve r ,  Oshetna R i ve r ,  Kosina Creek, C learwate r  Creek, 
Watana Creek, B u t t e  Creek, Fog Creek, and Coal Creek (P la tes  5-2 th rough  
5-9). Two streams, Tyone R i v e r  and Oshetna R iver ,  t o g e t h e r  produce 
1,618 a d u l t s  o r  53% o f  t h e  t o t a l .  

Table  5-2. The p o t e n t i a l  p roduc t i on  o f  chinook salmon i n  upper Sus i tna  
R i  ve r  t r i b u t a r i e s .  

T r i b u t a r y  su r f ace  Smolts A d u l t s  
T r i  bu ta r y  area (ac res )  (number) (number) 

Tyone R i  ve r  
Oshetna R i v e r  
Kos i  na Creek 
Clea rwa te r  Creek 
Watana Creek 
B u t t e  Creek 
Fog Creek 
Coal Creek 
Val dez Creek 
W i  ndy Creek 
Tsusena Creek 
Jay Creek 
Goose Creek 
W a t e r f a l l  Creek 
Sandy Creek 
R a f t  Creek 
Lake Creek 
Snodgrass Lake creek 
Deadman Creek 
Bou lder  Creek 
Devi 1 Creek 
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P l a t e  5-2. The Tyone R i v e r  j u s t  upst ream f rom i t s  con f l uence  w i t h  t h e  
Sus i  t n a  R i  ver. 

P l a t e  5-3. The Oshetna R i v e r  a t  i t s  con f l uence  w i t h  t h e  S u s i t n a  R i ve r .  





P l a t e  5-6. Watana Creek a t  i t s  c o n f l u e n c e  w i t h  t h e  S u s i t n a  R i v e r .  

P l a t e  5 -7 .  B u t t e  Creek a t  t h e  o u t l e t  o f  B u t t e  Lake. 



P l a t e  5-8. Fog Creek a t  the  ou t l e t  of Fog Lake. 

P l a t e  5-9. Coal Creek. 



5.1.1.3 Coho Salmon 

The l i f e  c y c l e  o f  coho salmon i s  dep i c ted  i n  F i g u r e  5-3. 

I n  a d d i t i o n  t o  chinook salmon, s e l e c t e d  streams i n  t h e  upper Sus i tna 
R i v e r  bas in  w i l l  produce approx imate ly  51,000 coho smol ts  (Table 5-3). 
These smol ts  w i l l  produce approx imate ly  5,100 a d u l t s  (Table 5-3). O f  t h e  
21  streams cons idered f o r  p roduc ing  coho salmon, t h e  same e i g h t  streams 
l i s t e d  f o r  chinook salmon produce 4,800 coho a d u l t s  o r  94% o f  t h e  t o t a l .  
The Tyone and Oshetna R ivers  t oge the r  produce 2,700 coho a d u l t s  o r  53% o f  
t h e  t o t a l .  

Table 5-3. The p o t e n t i a l  p roduc t i on  o f  coho salmon i n  upper Sus i tna R i v e r  
t r i b u t a r i e s .  

Tyone R i v e r  
Oshetna R i v e r  
Kosina Creek 
C learwate r  Creek 
Watana Creek 
B u t t e  Creek 
Fog Creek 
Coal Creek 
Val dez Creek 
Windy Creek 
Tsusena Creek 
Jay Creek 
Goose Creek 
W a t e r f a l l  Creek 
Sandy Creek 
R a f t  Creek 
Lake Creek 
Snodgrass Lake creek 
Deadma n Creek 
Boulder  Creek 
D e v i l  Creek 

T r i b u t a r y  su r f ace  
area (ac res)  

382.50 
283.37 
179.30 
171.27 
74.20 
38.74 
35.45 
22.73 
16.17 
15.76 
6.94 
6.19 
2.73 
2.56 
2.46 
2.30 
2.00 
1.70 
1.60 
1.08 
.27 

Smol t s 
(number) 

15,486 
11,473 
7,259 
6,934 
3,004 
1,568 
1,435 

920 
655 
6 38 
28 1 
250 
111 
104 
100 

93 
81 
69 
64 
44 
11 

T o t a l  : 

Adu l t s  
(number) 

1,549 
1,147 

72 6 
6 93 
300 
157 
144 

92 
6 6 
64 
28 
25 
11 
10 
10 
9 
8 
7 
6 
4 
2 

5,058 



(From McNeil and Bailey 1975) 



5.1.1.4 Chum Salmon 

The l i f e  c y c l e  o f  chum salmon i s  dep i c t ed  i n  F i g u r e  5-4. 

I n  a d d i t i o n  t o  chinook and coho salmon, s e l e c t e d  streams i n  t h e  upper 
Susi  t n a  R i  ve r  bas in  w i  11 produce approx imate ly  970,000 emergent chum f r y  
(Table  5-4). These f r y  w i l l  produce approx imate ly  9,700 a d u l t s  (Table  5-4). 

O f  t h e  18 streams cons idered  f o r  p roduc ing  chum salmon, t h e  same e i g h t  
streams l i s t e d  f o r  chinook salmon produce 9,105 chum a d u l t s  o r  95% o f  t h e  
t o t a l .  The Tyone and Oshetna R i ve rs  t o g e t h e r  produce 5,440 chum a d u l t s  
o r  57% o f  t h e  t o t a l .  

Tab le  5-4. The p o t e n t i a l  p roduc t i on  o f  chum salmon i n  upper Sus i tna  R i v e r  
t r i b u t a r i e s .  

T r i b u t a r y  su r f ace  F r~ A d u l t s  
area (ac res )  (number) Jnumber) 

Tyone R i v e r  
Oshetna R i v e r  
C learwate r  Creek 
Watana Creek 
Kosina Creek 
B u t t e  Creek 
Fog Creek 
Coal Creek 
Windy Creek 
Valdez Creek 
Tsusena Creek 
Jay Creek 
W a t e r f a l l  Creek 
Goose Creek 
R a f t  Creek 
Snodgrass Lake creek 
Deadma n Creek 
Bou lder  Creek 

Tot  a1 : 8.04 973,822 9,740 

I n  summation, t h e  upper Sus i t na  R i v e r  watershed can produce sockeye, 
c h i  nook, coho and chum salmon i f  emi g r a t i  on/immi g r a t i  on o f  j u ven i  l e s / a d u l t s  
i s  provided. The p o t e n t i a l  f o r  sockeye salmon f a r  outweighs t h a t  f o r  
t h e  o t h e r  salmon spec ies due p r i m a r i l y  t o  t h e  l a r g e  lakes  i n  t h e  Tyone 
R i  ve r sys tem. 

The salmon product  i o n  p o t e n t i a l s  a re  conse rva t i ve  s i n c e  t h e  b i o l o g i c a l  
and l imn01 o g i c a l  data base f o r  streams and lakes  i s  t o o  inadequate t o  
a c c u r a t e l y  p r e d i c t  t h e  c a r r y i n g  capac i t y  f o r  j u v e n i l e  salmon. However, 
c e r t a i n  assumptions may a c t u a l l y  be t o o  1 i b e r a l  , e. g., a h i g h  percentage 
o f  salmon smo l ts  may no t  s u r v i v e  t h e  rap ids  i n  D e v i l  Canyon and D e v i l  
Creek areas though 100% s u r v i v a l  was assumed. 



(From McNeil and Bailey 1975) 
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Figure 5-4. 
Life cycle of chum salmon. 



5.1.1.5 P o t e n t i a l  B a r r i e r s  t o  J u v e n i l e  Salmon Em ig ra t i on  and Adu l t  Immigra t ion  

P o t e n t i a l  b a r r i e r s  t o  salmon m i g r a t i o n  i n  t h e  Sus i t na  R i v e r  a re  l o c a t e d  i n  
t h e  upper r i v e r  a t  t he  D e v i l  Canyon and D e v i l  Creek areas. These b a r r i e r s  a r e  
r a p i d s  and supersa tu ra ted  gases. Rapids can dash emigrant  j uven i  l e s  aga ins t  
rocks and may de lay j u v e n i l e  e m i g r a t i o n  by t e m p o r a r i l y  t r a p p i n g  them i n  
eddies.  J u v e n i l e  salmon a r e  known t o  s u r v i v e  movement th rough  rough 
water  i n c l u d i  ng w a t e r f a l l s .  Coho salmon smol ts  s u r v i  ved numerous h i gh  
f a l l s  a t  Se ldov ia  R ive r ,  Kenai Pen insu la  (Dudiak e t  a l .  1979). Th is  
stream drops 265 f t  i n  e l e v a t i o n  i n  a  2  m i l e - l o n g  s e c t i o n  and i s  t o t a l l y  
impassable t o  a d u l t  salmon. Pink salmon fry s u r v i v e d  t h e  P a i n t  R i ve r  
fa1 ls ,  Alaska Peninsu la ,  which p lunge i n t o  s a l t  wa te r  and can drop more 
t han  40 ft dependi ng on t h e  t i d e  stage. Chinook salmon a d u l t s  and eggs 
were found i n  t h e  upper Sus i t na  R i v e r  between t h e  D e v i l  Canyon rap ids  
and t h e  D e v i l  Creek r a p i d s  f o r  t h e  f i r s t  t i m e  ever  i n  1982 by ADF&G 
s ta f f .  It i s  t h e  p r o f e s s i o n a l  judgement o f  t h e  ADFAG Sus i t na  Hydro 
Aqua t i c  S tud ies  Team t h a t  j u v e n i l e  chinook salmon a re  produced i n  t h i s  
area of t h e  uppei. Sus i t na  R i v e r  (Mr. Tom T ren t  13/, pers. comm., 
December 3, 1982). Therefore,  some j u v e n i l e  chinook salmon do s u r v i v e  
t h e i r  emi g r a t i o n  th rough  t h e  Devi 1 Canyon rap ids.  

Some j u v e n i l e  salmon may s u f f e r  delayed em ig ra t i on  o r  m o r t a l i t y  du r i ng  
t h e i r  passage th rough  t h e  rap ids.  However, exper iences noted i n  
t h e  p rev i ous  paragraph i n d i c a t e  t h a t  t h e  i n o r t a l i  t i e s  shou ld  be n e g l i g i b l e .  

Adu l t  salmon immig ra t i on  i s  d e f i n i t e l y  p a r t i a l  l y  o r  even t o t a l  l y  b locked 
by t h e  r a p i d s  d u r i n g  h i g h  water  pe r i ods  d u r i n g  t h e  summer. Water f l ow  
r a t e s  may exceed 50,000 c f s  th rough  t h e  rap ids ;  29-year annual mean 
f l ows  a r e  28,040, 23,680 and 21,514 c f s  f o r  June, J u l y  and August, r es -  
p e c t i v e l y  (Alaska Department o f  F i s h  and Game 1982a). I f  f ishways a re  
i n s t a l  l ed ,  these  r a p i d s  would no l onge r  be a  b a r r i e r .  The a d u l t  chinook 
salmon observed upstream o f  t h e  Devi 1  Canyon rap ids  p robab ly  m i  g ra ted  
th rough  these  r a p i d s  d u r i  ng J u l y  1982, d u r i n g  which d a i l y  water  f l ows  
were as low as 14,500 c f s  (Mr. George Cunningham - 14/, pers. comm., 
November 12, 1982). 

To ta l  d i  sso l  ved gas concen t ra t i ons  exceedi ng 110% have been measured i n  
t h e  upper  Susi t n a  R i v e r  r a p i d s  though concen t ra t i ons  f l u c t u a t e  throughout  
t h e  area (Schmidt 1981 ). Gas concen t ra t i ons  exceeding 110% can cause 
r n o r t a l i t y  o f  j u v e n i l e  and a d u l t  salmon (Bouck e t  a l .  1976; Dawley and 
Ebel 1975; Ebel 1969; Ebel e t  a l .  1971; Nebeker e t  a1. 1976, 1979; 
Rucker 1975; Rucker and Kangas 1974; U.S. Env i ronmenta l  P r o t e c t i o n  Agency 
1976; Westgard 1964). J u v e n i l e  salmon e m i g r a t i n g  th rough  t h e  rap ids  
d u r i  ng May and June c o u l d  encounter  t o t a l  d i s s o l  ved gas concen t ra t ions  
exceedi ng 101% over  a  40 m i l e  d i  s tance w i t h  concen t ra t i ons  exceedi ng 
110% over an 18 m i l e  d is tance.  Water v e l o c i t y  measurements taken  i n  
D e v i l  Canyon d u r i n g  t h e  summer o f  1982 (Table  4-4)  a long  w i t h  e x t r a p o l a t i o n s  

13/ ADF&G Aqua t i c  S tud i  es Coordi  na to r ,  Sus i  tna  Hydro Aqua t i c  S tud i  es Team, Anchorage. - 
14/ ADF&G C i  v i  1  Engi neer I ,  Anchorage - 



on v e l o c i t y  vs. w i d t h  o f  t h e  Sus i t na  R i v e r  a t  t h e  low f l o w  r a t e  o f  17,400 
c f s  (Gold Creek s t a t i o n )  i n d i c a t e  a  range of 2  t o  9  mph over  t h e  18 m i l e  
d is tance .  Assuming a  conserva t i ve  2  mph wa te r  f l o w  r a t e  and f u r t h e r  
t h a t  j u v e n i l e  salmon w i l l  t r a v e l  downstream a t  t h i s  r a t e ,  t h e  18 m i l e  
d i s t ance  wou ld  be covered i n  9  hours. J u v e n i l e  salmon a re  t h e r e f o r e  
t o t a l l y  s a f e  over  t h i s  d i s t ance  s i n c e  a t  even 11 5-1 16% s a t u r a t i o n  t h e  
onset o f  r n o r t d l i t y  takes  more than  240 hours a t  8-10" C f o r  fry (Rucker 
and Kangas 1974) and more than  268 hours f o r  smol ts  t o  reach 20% m o r t a l i t y  
(Bouck e t  a l .  1976). Even i f  j u v e n i l e  salmon took  t w i c e  as l o n g  t o  
t r a v e l  t h e  18 m i l e  d is tance ,  i.e., 18 hours, due t o  delays,  they  shou ld  
no t  be a f f e c t e d  by d i s s o l v e d  gases. 

A d u l t  salmon a r e  p resen t  a t  t h e  r ap ids  d u r i n g  t h e  summer season (Alaska 
Department o f  F i s h  and Game 1981a). A d u l t  salmon c o u l d  encounter t h e  
same d i  sso l  ved gas concen t ra t i ons  as t h e  j u v e n i l e s .  Average swi mmi ng 
speeds o f  sockeye, chinook, coho and chum salmon a d u l t s  f r om  t h e  mouth 
o f  t he  Sus i t na  R i v e r  t o  t h e  D e v i l  Canyon dam s i t e  (152 m i l e s )  range f rom 
0.16 t o  0.23 mph o r  3.8 t o  5.6 m i  les /day based on data i n  A laska Department 
o f  F i s h  and Game (1981a). Gas concen t ra t i ons  may exceed 110% ove r  an 
18 m i l e  d is tance ,  and may exceed 115% over  a  4  m i l e  d is tance.  These 4  
and 18 m i l e  sec t i ons  o f  t h e  Sus i t na  R i v e r  would  i n c l u d e  t h e  two f ishways 
proposed f o r  pass ing  a d u l t  salmon th rough  t h e  rap ids .  Salmon passage 
th rough  t h e  1.5 m i l e s  o f  f ishways, i f  they a r e  cons t ruc ted ,  shou ld  t ake  
f rom 8 t o  12 hours  depending on t h e  spec ies  (Mr. Lowe l l  B a r r i c k  - 15/ 
pers. comm., November 11, 1982). 

Us ing  t h e  l owes t  average swimming speed o f  0.16 mph (chinook salmon), a  
salmon c o u l d  n e g o t i a t e  t h e  4  and 18 m i l e  d is tances  i n  29 and 91 hours, 
r espec t i ve l y .  A d u l t s  shou ld  be sa fe  f o r  t h e  29 hours a t  115%, and 117 
hours a t  110% s a t u r a t i o n  s i nce  t h e  exposure t imes  necessary f o r  20% 
m o r t a l i t y  a t  these s a t u r a t i o n s  exceed 122 and 268 hours, r e s p e c t i v e l y  
(Bouck e t  a l .  1976). 

I n  summation, t h e  r ap ids  a t  D e v i l  Canyon and D e v i l  Creek may de lay o r  
i n f l i c t  some m o r t a l i t y  on em ig ra t i ng  j u v e n i l e  salmon, and w i l l  p revent  
m i g r a t i o n  o f  a d u l t  salmon d u r i n g  h i g h  wate r  v e l o c i t i e s .  To ta l  d i s s o l v e d  
gas s u p e r s a t u r a t i o n  w i l l  p robab ly  n o t  adverse ly  a f f e c t  j u v e n i l e  o r  a d u l t  
salmon. 

15/  AUF&G, Uepartrnent Engineer,  Juneau. - 



5.1.2 S.E.P. Wi th  H y d r o e l e c t r i c  Dams 

F i f t y  yea rs  o f  obse rv i ng  salmon m i g r a t i n g  pas t  t h e  numerous dams t h a t  
have been b u i l t  on t h e  Columbia and t h e  Snake R i ve rs  have proven con- 
c l u s i v e l y  t h a t  a l l  l a r g e  dams c r e a t e  s e r i o u s  obs tac l es  t o  t h e  m i g r a t i o n  
of salmon. The obs tac l es  a r e  many and v a r i e d  and a f f e c t  b o t h  t h e  
upstream m i  g ran t s  and t h e  downstream mi g ran t s  (F i gu re  5-5). At tempts 
t o  overcome t h e  obs tac l es  c rea ted  by t h e  dams have met w i t h  l i m i t e d  
success. A l though i t  has been shown t h a t  s p e c i a l  f e a t u r e s  a t  a  dam, 
e.g. f ishways, f i s h  locks ,  bypass by t r u c k i n g ,  e t c .  can be b u i l t  t o  
pass f i s h  around t h e  b a r r i e r ,  these  f e a t u r e s  a re  very c o s t l y  t o  c o n s t r u c t  
and ma in ta in ,  and t h e i r  successfu lness i s  quest ionable .  The proposed 
645 f t  h i g h  concre te  a r c h  dam a t  D e v i l  Canyon and t h e  885 f t  h i g h  
e a r t h  f i l l  dam a t  Watana Creek ( P l a t e  5-10) a r e  much g r e a t e r  i n  h e i g h t  
t han  a r e  any o f  t h e  Columbia R i v e r  o r  Snake R i v e r  dams, f o r  which 
salmon bypass f ea tu res  have been cons t ruc ted ,  and t h e r e f o r e  they  undoubt- 
e d l y  p resen t  s i m i  l i a r  problems, as do t h e  Columbia/Snake R i v e r  dams, 
bu t  a t  a  g r e a t l y  magn i f i ed  sca le .  F o l l o w i n g  i s  a  p a r t i a l  l i s t  o f  t he  
known problems t h a t  t h e  Columbia R i v e r  and Snake R i v e r  dams cause t o  mig- 
r a t i n g  salmon i n  those systems. (Remember t h a t  t h e  Columbia R i v e r  and Snake 
R i v e r  dams a r e  i n  t h e  50 f t  t o  150 f t  h e i g h t  range w i t h  r e s e r v o i r s  
o f  comparable depths).  

1  ) Changed wa te r  temperatures above and be1 ow t h e  dams. 

2 )  Change i n  t h e  seasonal f l o w  p a t t e r n  o f  t h e  r i v e r .  

3 )  Change i n  wa te r  q u a l i t y ;  i.e, low oxygen con ten t  below t h e  dam, 

h i g h  n i t r o g e n  con ten t  and gas supersa tu ra t ion .  

4 )  Change i n  food  supp ly  and d i s r u p t i o n  o f  t h e  e c o l o g i c a l  balance. 

5 )  S i l t a t i o n  o f  t h e  r e s e r v o i r .  

6 )  Fishway problems 

a )  Fishways r i s i n g  t o  h e i g h t s  o f  n e a r l y  900 f t  have never been 
cons t ruc ted  before.  A l though  fi shway c o n s t r u c t i o n  i s  t h e o r e t i  - 
c a l  l y  poss ib le ,  t h e  c o s t  would  c e r t a i n l y  be exceeding ly  high. 

b )  Fishways b u i l t  on accep tab le  s lopes of 10: l  c o u l d  r e q u i r e  up t o  
2  m i l e s  o f  f ishways f o r  dams 900 f t  high. 

c )  D e v i l  Canyon - very d i f f i c u l t  t o  c o n s t r u c t  a  f i shway  on t h e  
face o f  a  concre te  a rch  dam. Cons t ruc t i on  i n  t h e  canyon w a l l s  
would be very expensive. 

d )  Watana - s i m i l i a r  c o n s t r u c t i o n  problems as a t  D e v i l  Canyon. 
It i s  doub t f u l  t h a t  a  f i shway  would be p e r m i t t e d  on an ear then  
s t r u c t u r e .  Cons t ruc t i on  i n  canyon w a l l s  would be very expensive. 
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Watana Creek dam 

D e v i l  C reek  dam 
P l a t e  5-10. P roposed  S u s i t n a  R i v e r  dans (fro11 A l a s k a  Power  A u t h o r i t y ) .  



e )  F l u c t u a t i n g  r e s e r v o i r  l e v e l  w i l l  make t h e  design o f  t h e  f i shways '  
wa te r  i n t a k e  complex and c o s t l y .  

f )  F i s h  passage de lays due t o  con fus i on  i n  l o c a t i n g  t h e  f ishway 
en t rance  i n  t h e  t a i  1  race d i  scharge. 

7  ) Reservoi  r s  

Most of t h e  s t u d i e d  re ference m a t e r i a l  i n d i c a t e d  t h a t  r e s e r v o i  r s  
c r e a t e  an unna tu ra l  c o n d i t i o n  t h a t  i s  n e i t h e r  l a k e  o r  stream. The 
s lack  wa te r  o f  t h e  deep r e s e r v o i r s  cause con fus i on  i n  bo th  t h e  a d u l t  
and j u v e n i l e  m i  g ran t s  ( B e l l  1973). S tud ies  show t h a t  t h e  con fus ion  
causes l eng thy  de lays which a re  de te r imen ta l  t o  t h e  phys io l ogy  o f  
t h e  a d u l t  spawners (may cause a d u l t s  t o  d i e  be fo re  spawni ng)  and which 
appa ren t l y  cause some j u v e n i l e s  t o  become l o s t  and s top  t h e i r  
m i g r a t i o n  t o  t h e  sea. The 74 m i l e s  o f  r esevo i r ,  w i t h  depths i n  
excess o f  800 ft, c rea ted  by t h e  Devi 1  Canyon and Watana dams i s  
c e r t a i n  t o  c r e a t e  s e r i o u s  m i g r a t i o n  problems f o r  bo th  a d u l t s  and 
j u v e n i l e s .  

8 )  Downstream m i g r a t i o n  o f  j u v e n i l e s  

a )  I n  r e i t e r a t i n g  t h e  problems i n  i t e m  7, t h e  r e s e r v o i r  o b s t a c l e  
appears t o  be more de t r imen ta l  t o  t h e  j u v e n i l e  salmon t han  t o  
t h e  adu l t s .  The j u v e n i l e s  a re  n o t  s t r o n g  swimmers and w i t h o u t  
a  downstream c u r r e n t  t o  gu ide them they  o f t e n  become l o s t  and f a i l  
t o  c o n t i  nue t h e i  r seaward m i  g ra t ion .  

b )  M o r t a l i t i e s  o f  j u v e n i l e s  ove r  dam s p i l l w a y s  o r  th rough  
t u r b i n e  b lades a re  very h i g h  (F i gu re  5-6). 

c )  T rapp ing  f a c i l i t i e s  t o  cap tu re  j u v e n i l e s  a t  dams 
a re  o n l y  m a r g i n a l l y  success fu l  and t h e i r  maintenance and 
ope ra t i ng  cos t s  a r e  high. 

d )  M i g r a t i o n  de lays i n  r e s e r v o i  r s  c o n t r i b u t e  t o  ex tens i ve  
p r e d a t i o n  by f i s h  popu la t i ons  i n  t h e  r ese rvo i r s .  

9 )  Rese rvo i r  f l o o d i n g  o f  t h e  p r o d u c t i v e  spawni ng areas i n  t h e  lower  
reaches o f  t h e  t r i b u t a r y  streams reduces spawning p o t e n t i a l .  

5.1.3 Conc lus ion 

It i s  t h e  s tudy team's  conc lus i on  t h a t  t h e  problems and t h e  cos t s  
assoc ia ted  w i t h  conduc t ing  a  salmon enhancement program i n  t h e  upper 
Sus i t na  R ive r ,  w i t h  t h e  two proposed dams i n  p lace,  f a r  outweigh t h e  
b e n e f i t s  t o  be rece i ved  f r om such a  program. Fo r  t h i s  reason t h e  team 
recommends a g a i n s t  implement i  ng any salmon enhancement program above 
Devi  1  Canyon i f  t h e  proposed Sus i tna  dams a r e  const ructed.  A salmon 
enhancement program i s  f e a s i b l e ,  however, i f  t h e  Sus i t na  R i v e r  dams a re  
n o t  cons t ruc ted .  





An i d e a  t o  d i v e r t  t h e  wa te r  f rom Lake Lou i se  i n t o  t h e  Copper R i v e r  
watershed has been d iscussed f o r  seve ra l  years.  The t heo ry  behind 
t h i s  i dea  i s  t h a t  Copper R i v e r  salmon wou ld  t h e n  make use o f  t h e  Lake 
Lou i se  watershed f o r  spawning and t h e  subsequent r e a r i n g  o f  j u ven i l es .  
Whi le  t h i s  wa te r  d i v e r s i o n  p r o j e c t  may have m e r i t ,  i t  opens up a  whole 
new s e r i  es o f  q u e s t i  ons concern i  ng b i  01 og i  c a l  impact  , soc i  o-economi c  
fac to rs ,  cos t ,  b e n e f i t s  and etc .  The s tudy  team f e l t  t h a t  t h e  "Lake 
Lou ise  d i v e r s i o n  p roposa l "  was o u t s i d e  t h e  scope o f  t h i s  s tudy so no 
i n v e s t i g a t i o n s  were conducted. 

A t r o u t  o r  g r a y l i  ng enhancement p r o j e c t  c o u l d  p o s s i b l y  succeed i n  
t h e  upper Sus i t na  bas in  even i f  t h e  dams were const ructed.  The 
t r o u t l g r a y l i  ng enhancement wou ld  be a  "pu t - t ake "  o p e r a t i o n  where in  
ha tchery  produced t r o u t l g r a y l i  ng j u v e n i l e s  would  be re leased  i n t o  
su i  t a b l e  r e a r i n g  waters i n  t h e  upper  Sus i  t n a  R i v e r  dra inage area f o r  
n a t u r a l  r e a r i n g  and subsequent s p o r t  f i s h  harvest .  The c o s t  o f  such a  
"pu t - take"  o p e r a t i o n  wou ld  vary acco rd i ng  t o  t h e  f a c i l i t i e s  used. I f  
e x i s t i n y  ha tchery  opera t ions  c o u l d  be a d j u s t e d  t o  suppor t  t h i s  operat ion,  
c a p i t a l  cos t s  would  be min imized and t h e  p r o j e c t  m igh t  be economical l y  
f e a s i b l e .  I f  a  new ha tchery  had t o  be c o n s t r u c t e d  s p e c i f i c a l l y  f o r  
t h i s  p r o j e c t ,  t h e n  t h e  p r o j e c t  may n o t  prove t o  be f eas ib l e .  L i k e  t h e  
"Lake Lou i se  d i  ve r s i on  proposal  " ment ioned i n  t h e  preceedi  ng paragraph, 
t h e  s tudy team f e l t  t h a t  a  " t r o u t l g r a y l i n g  enhancement p roposa l "  was 
ou t s i de  t h e  scope o f  t h i s  s tudy and i n v e s t i g a t i o n s  o f  t h i s  t y p e  were 
no t  conducted. 



5.2 Enhancement Techniques (E.T. ) 

Th i s  s e c t i o n  d iscusses v a r i o u s  salmon enhancement techniques t h a t  may be 
f e a s i b l e  f o r  use i n  t h e  upper reaches of t h e  Sus i t na  R i v e r  i f  t h e  proposed 
hydropower dams a re  no t  const ructed.  The a1 t e r n a t i  ves d i  scussed cons ide r  t h e  
more fami l i a r  methods o f  pass ing  a d u l t  salmon th rough  f ishways o f  t h e  pool 
and w e i r  type,  t h e  v e r t i c a l  s l o t  b a f f l e ,  submerged o r i f i c e  w e i r s  and t h e  
Den i l  design. I n  a d d i t i o n  t o  f ishways, o the r  s o l u t i o n s  such as low head 
dams and b r a i l  systems a re  considered. Put  and t ake  methods such as eyed 
egg and j u v e n i l e  p l an t s ,  which r e q u i r e  t h e  suppor t  o f  ha t che r i es ,  a re  a l s o  
d i  scussed. 

Because o f  t h e  l i m i t e d  access ( p r i m a r i l y  r i v e r  boat  and h e l i c o p t e r )  i n t o  
Devi  1  Canyon, many d i f f e r e n t  c o n s t r u c t i o n  m a t e r i a l s  and c o n s t r u c t i o n  tech-  
niques were considered. Even so, i t  was q u i c k l y  determined t h a t  any con- 
s t r u c t i o n  conducted a t  Devi 1  Canyon c o u l d  o n l y  be done a t  cons iderab le  
cost .  An a e r i a l  reconnaissance o f  t h e  t e r r a i n  between Go ld  Creek (ad jacen t  
t o  t h e  A laska   ail road) and D e v i l  Canyon revea led  t h e  presence o f  a  t r a i l  
t h a t  was cons t ruc ted  by t h e  Bureau of Rec lamat ion i n  t h e  l a t e  1950 's  i n  
a s s o c i a t i  on w i t h  Devi  1 Canyon dam i nvest  i gat ions.  Some r e d u c t i o n  i n  con- 
s t r u c t i o n  cos t s  m igh t  be r e a l i z e d  th rough  t h e  r e d u c t i o n  i n  h e l i c o p t e r  
support ,  i f  use o f  t h e  t r a i l  i s  made a v a i l a b l e  t o  a  con t rac to r .  



5.2.1 Low Head Darns 

An a l t e r n a t i v e  t o  t h e  i n s t a l  l a t i o n  o f  conven t iona l  f ishways c o u l d  be t h e  
c o n s t r u c t i o n  of severa l  low head dams, 5  t o  15 f t  h igh ,  a t  t h e  down 
s t ream ( c h u t e )  end o f  i d e n t i f i e d  v e l o c i t y  b a r r i e r s  ( F i g u r e  5-7). The 
purpose o f  t h e  dams would be t o  drown ou t  t h e  v e l o c i t y  b a r r i e r s  and c rea te  
q u i e t  w a t e r  r e s t i n g  poo l s  upstream of t h e  dams. The dams would e l i m i n a t e  
t h e  l o n g  (500 - 1500 f t )  s t r e t c h e s  o f  f a s t  wa te r  ( v e l o c i t y  b a r r i e r s )  bu t  
would  c r e a t e  t h e i r  own 5 f t  t o  15 f t  h i g h  v e r t i c a l  b a r r i e r s .  To over-  
come t h e  v e r t i c a l  b a r r i e r s  conven t iona l  f i  shways would be i n s t a l  l e d  over 
bo th  ends of each dam. Because o f  t h e  extreme d i f f i c u l t y  o f  work i  ng i n  
t h e  con f i nes  o f  t h e  canyon and because o f  t h e  h i g h  c o s t  o f  c o n s t r u c t i n g  
dams capable o f  w i t h s t a n d i n g  t h e  f l o o d  wa te r  f o r c e s  o f  t h e  Sus i t na  R i ve r ,  
t h i s  a l t e r n a t i  ve was re j ec ted .  

5.2.2 Mechanical /He1 i c o p t e r  B r a i  1  Systems 

ADF&G exper imented w i t h  b r a i l  systems a t  two s i t e s  i n  Alaska d u r i n g  t h e  
1970 's  ( P l a t e  5-11). A t  Anan Creek i n  sou theas te rn  Alaska where a  10 f t  
drop over  a 100 f t  reach o f t e n  c rea ted  a v e l o c i t y  b a r r i e r  t o  l a r g e  numbers 
o f  p ink  salmon, a  mechanical b r a i l  system c o n s i s t i n g  o f  a  cab le  tramway, 
eng ine  d r i v e n  h o i s t s  and d i p  n e t s  was used t o  l i f t  p i n k  salmon over  t h e  
b a r r i e r .  A l though t h e  system used d i d  work, t h e  f i s h  m o r t a l i t y  r a t e s  were 
h i g h  and i t s  ope ra t i on  r e q u i r e d  t h e  use o f  l a r g e  numbers o f  personnel. 

A t  Russian R iver ,  on t h e  Kenai Peninsula,  where a  30 f t  drop ove r  a 
300 f t  reach o f t e n  c rea ted  a  v e l o c i t y  b a r r i e r  t o  l a r g e  numbers o f  
sockeye salmon, a  h y b r i d  t y p e  o f  t h e  Anan Creek b r a i l  system was t r i e d .  
I n  t h i s  system t h e  sockeye were b r a i l l e d  a t  t h e  base o f  t h e  o b s t r u c t i o n  
and t hen  a i r l i f t e d  over  t h e  o b s t r u c t i o n  i n  f i r e  buckets  s l ung  beneath a  
h e l i c o p t e r .  The Russian R i v e r  system was more success fu l  than  t h e  Anan 
Creek system i n  terms o f  reduced f i s h  m o r t a l i t y  and a  r e d u c t i o n  i n  t h e  
numbers o f  people  invo lved .  However, because o f  t h e  l a r g e  numbers o f  
sockeye t o  be t ranspor ted ,  t h e  expense o f  t h e  h e l i c o p t e r s  and t h e  dangers 
o f  f l y i n g  i n  t h e  con f i nes  o f  a narrow canyon, t h i s  t r a n s p o r t a t i o n  exper iment 
was qu i  ck l y  d i  scarded. 

A l though  b o t h  b r a i  1  systems were margi  na l  l y  success fu l ,  t h e  exper ience 
ga ined showed t h a t  n e i t h e r  system was p r a c t i c a l  f o r  t h e  l o n g  t e r m  s o l u t i o n  
o f  movi ng l a r g e  numbers o f  salmon p a s t  a  b a r r i e r ,  espec ia l  l y  i f  t h a t  
b a r r i e r  i s  i n  t h e  con f i nes  o f  a  canyon such as D e v i l  Canyon. A b r a i l  
system i s  no t  recommended f o r  use i n  D e v i l  Canyon. 



and allow the salmon to ascend via pool and weir lifts. 

Each dam should contain at least one fishway and 

I 
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5.2.3. F i  shways 

5.2.3.1. General I n f o r m a t i o n  and D i scuss ion  

Fishway, f i s h  ladder ,  and f i shpass  a r e  a l l  terms used t o  descr ibe  
methods o f  pass ing  f i s h  upstream a t  dams and n a t u r a l  obs t r uc t i ons .  I n  
t h i s  s tudy t h e  t e r m  f ishway i s  used. There i s  a  d i f f e r e n c e  i n  concept 
between des ign ing  a  f ishway a t  a  n a t u r a l  o b s t r u c t i o n  and i n  des ign ing  
a  f i shway  a t  a  dam. B r i e f l y ,  t h e  d i f f e r e n c e  i s  t h a t  t h e  n a t u r a l  o b s t r u c t i o n  
t o  m i g r a t i o n  i s  i n  most cases a  p a r t  o f  t h e  n a t u r a l  environment o f  t h e  
f i s h  a f f e c t e d  by it. The popu la t i on  o f  m i g r a t i n g  f i s h  has presumably 
become ad jus ted  t o  some e x t e n t  t o  t h i s  environment. However, i f  t h e  
o b s t r u c t i o n  each y e a r  t akes  i t s  t o l l  by reason o f  d i r e c t  m o r t a l i t y ,  o r  
phys i ca l  impai rment  as a r e s u l t  o f  de lay  o r  damage, any f a c i l i t i e s  
i n s t a l  l e d  which w i l l  reduce t h i s  m o r t a l i t y  o r  impai rment w i l l  be b e n e f i c i a l .  
The design c r i t e r i o n  then  becomes one o f  c o n s t r u c t i n g  t h e  most e f f i c i e n t  
f ishway a t  t h e  lowes t  c o s t  t o  p rov i de  t h e  g rea tes t  b e n e f i t .  With a  
f ishway a t  a  dam, however, t h e  p r imary  a im i s  u s u a l l y  t h e  u l t i m a t e  one 
o f  p r o v i d i n g  f o r  no de lay and no p h y s i c a l  impairment o f  t h e  f i s h ,  
s i nce  any such de lay  o r  impairment i s  no t  p a r t  o f  t h e  n a t u r a l  environment. 
As t h e  D e v i l  Canyon v e l o c i t y  b a r r i e r  i s  a  n a t u r a l  o b s t r u c t i o n ,  t h e  
e v a l u a t i o n  o f  f i  shways i n  t h i s  chap te r  w i  1  1  be made w i t h  t h e  goal o f  
s e l e c t i n g  a  des ign t h a t  w i l l  p r ov i de  t h e  g rea tes t  b e n e f i t  f o r  t h e  
l e a s t  cost .  

5.2.3.2 AUF&G C r i t e r i a  f o r  Fishways Under Twenty Fee t  i n  He igh t  

I n  des ign ing  f ishways i n  Alaska, t h e  Department o f  F i s h  and Game 
cons iders  t h e  f o l l o w i n g  t h r e e  i tems t o  be e s s e n t i a l  f e a t u r e s  o f  a  
f ishway: 

1 )  The en t rance  must be l o c a t e d  such t h a t  i t  i s  e a s i l y  found and 
r e a d i l y  en te red  by t h e  f i s h .  

2 )  The f i s h  must be a b l e  t o  swim th rough  t h e  f ishway w i t h o u t  undue 
e f f o r t .  

3 )  The fishway des ign must be such t h a t  en t rance  and passage th rough  
t h e  f a c i l i t y  a r e  ac,complished w i t h  a  minimum o f  de lay  and i n j u r y  
t o  t h e  f i s h .  

The f o l l o w i n g  gu ide l i nes  shou ld  be used as a  check t o  ensure t h a t  t h e  
t h r e e  e s s e n t i a l  elements o f  a  f ishway a re  i n c o r p o r a t e d  i n t o  each design: 

1 ) V e l o c i t i e s  i n  salmon f i  shways shou ld  no t  exceed 8 fps. 

2) The f i shway  must d ischarge enough water  t o  a t t r a c t  f i s h  t o  t h e  
ent rance.  Discharge v e l o c i t y  w i l l  vary i n  r e l a t i o n  t o  t h e  s t ream 
flow, bu t  d ischarge v e l o c i t i e s  shou ld  be i n  t h e  3 t o  8 f p s  range. 

3 )  Fishway designs shou ld  no t  p e r m i t  r a p i d  changes i n  f l o w  pa t te rns .  



Energy d e r i v e d  f rom inc reases  i n  head must be d i s s i p a t e d  q u i c k l y  
and w i t h o u t  changing t h e  general  f l o w  p a t t e r n  features.  

4 )  The f ishway shou ld  p r o v i d e  ample phys i ca l  and v i sua l  c lea rance  
f o r  t h e  f i sh .  The s m a l l e s t  submerged opening must n o t  be l ess  
than  t e n  inches wide and wa te r  depths must a1 low complete coverage 
of any f i s h  t r a v e r s i n g  t h e  f ishway. I n  some f ishways,  i t  may be 
advantageous t o  have openings i n  t h e  bot tom o f  w e i r  b a f f l e s  t o  
a l l o w  passage o f  f i s h  t h rough  r a t h e r  t han  over  t h e  weir .  

5)  The f ishway shou ld  p r o v i d e  adequate r e s t i n g  areas i f  i t  i s  long. 
Loca t i ons  o f  r e s t i n g  poo ls  w i l l  vary w i t h  t h e  spec ies o f  f i s h  and 
t h e  type  o f  f ishway used. 

6) L o c a t i o n  o f  t h e  ent rance i s  ex t reme ly  impor tan t .  It shou ld  be a t  
t h e  f u r t h e s t  upstream p o i n t  o f  t h e  f i s h  m ig ra t i on .  I f  t h i s  i s  
p h y s i c a l l y  imposs ib le ,  t h e n  some t ype  o f  f i s h  guidance fence i n t o  
t h e  en t rance  may be requi red.  Ent rance d ischarge  shou ld  be nea r l y  
pard1 l e l  w i t h  t h e  s t ream f l o w  and shou ld  d ischarge  i n t o  a  non- turb-  
u l e n t  pool  i f  poss ib le .  

7 )  The f ishway e x i t  shou ld  be i n t o  a  p r o t e c t e d  area away f rom t h e  
b a r r i e r  ove r f l ow  t o  p reven t  f i s h  f rom be ing  swept back over  t h e  
b a r r i e r .  

8)  Designs must cons ide r  f l u c t u a t i o n s  i n  w a t e r  l e v e l s  and s h o u l d  
min imize t h e  use o f  mechanical c o n t r o l s  i n  r e g u l a t i n g  f l o w  through 
t h e  s t r uc tu re .  T h i s  i s  especi a1 l y  impo r tan t  a t  a  s i t e  such as 
D e v i l  Canyon where access, f o r  maintenance and ope ra t i ons  purposes, 
i s  very  l i m i t e d .  

9 )  Cons ide ra t i on  must be g i v e n  t o  t h e  in tended  l oca  ,Ion o f  t h e  f ishway 
so t h a t  adequate maintenance can be provided. 

10)  The maintenance e f f o r t  w i l l  be min imized i f  due design c o n s i d e r a t i o n  
i s  g iven  t o  problems of d e b r i s  a t  t h e  e x i t ,  i c e  accumulat ions,  
d e s t r u c t i v e  f o r ces  caused by f l o o d  water,  and sediment i n  and 
th rough  t h e  f ishway. 

5.2.3.3 Weir  and O r i f i c e  Fishway 

See F i g u r e  5-8 f o r  an example o f  a w e i r l o r i f i c e  t ype  f ishway. Th i s  t ype  
of f i shway  i s  one o f  t h e  o l d e s t  and p robab ly  most common designs i n  
use. I n i t i a l  l y ,  j u s t  a  s e r i e s  o f  w e i r s  was i n s t a l  led,  bu t  l a t e r  
re f inements  l e d  t o  t h e  i n s t a l l a t i o n  o f  o r i f i c e s  w i t h i n  t h e  weir .  
Under c e r t a i n  cond i t i ons ,  a w e i r l o r i f i c e  t ype  f ishway w i l l  p r o v i d e  a  
c o s t  e f f i c i e n t  method o f  t r a n s p o r t i n g  f i s h  over  a  b a r r i e r .  However, 
t h i s  t ype  o f  des ign has some se r i ous  o p e r a t i n g  d e f i c i e n c i e s  t h a t  p rec lude  
i t s  use a t  a  remote s i t e  l i k e  D e v i l  Canyon. 

The two most se r i ous  d e f i c i e n c i e s  concern v a r i a b l e  s t ream f l ows  and 
t r a n s p o r t a t i o n  of sediment. A w e i r  operates e f f i c i e n t l y  o n l y  w i t h i n  a 



(Adapted from Be1 1 1973) 
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Figure 5-8. 
Weir and o r i f i c e  f i shway .  



very narrow range o f  f lows. The f low i n  t h e  f ishway i s  c o n t r o l l e d  by 
t h e  upstream w e i r  and i t  can operate  e f f i c i e n t l y  o n l y  when r i v e r  l e v e l s  
a r e  w i t h i n  t h e  range p roduc ing  t h e  d e s i r e d  f l ows  over  t h e  upper  we i r .  
I f  t h e  s t ream f l o w  i s  n o t  w i t h i n  t h e  narrow o p e r a t i n g  range o f  t h e  
we i r ,  t h e  fi shway w i l  1  be e i t h e r  s t a r ved  o r  drowned. I n  some, cases 
(most ly  a t  i n h a b i t e d  s i t e s  such as  man-made dams), i t  i s  p r a c t i c a l  t o  
p rov i de  f o r  r e g u l a t i o n  o f  t h e  f ishway f l o w  ove r  a  w i d e r  range o f  s t ream 
l e v e l s  by means o f  a d j u s t a b l e  w e i r  c r e s t s  o r  gates, bu t  due t o  t h e  
re~noteness of D e v i l  Canyon, t h i s  s o l u t i o n  i s  no t  f e a s i b l e .  Also, t h e  
wei r / o r i f i c e  t ype  des ign i s  r e a d i l y  c logged by s t ream d e b r i s  and 
sediment. Du r i ng  h i g h  f l o w  cond i t i ons ,  t h e  Sus i t na  R i v e r  c a r r i e s  a  
cons ide rab le  l o a d  o f  s a n d / s i l t  which would lodge  i n  t h e  w e i r  poo ls  and 
des t roy  t h e  v e l  oc i  t y - r educ i  ng c h a r a c t e r i s t i c s  o f  t h e  design. Mai n ten-  
ance c o n s i d e r a t i o n s  a lone  p rec lude  t h e  s e l e c t i o n  o f  t h i s  design f o r  
use a t  Devi 1 Canyon. 

5.2.3.4 Den i l  and Alaskan Steeppass Designs 

The D e n i l  des ign  was developed about t h e  t u r n  o f  t h e  cen tu r y  and was 
p robab ly  designed t o  overcome t h e  problems t h a t  were i n h e r e n t  i n  t h e  
wei r l o r i f i c e  design. The D e n i l  des i  gn does operate  th rough  a  w ider  
range o f  s t ream l e v e l s  t han  t h e  w e i r  t ype  w i t h o u t  se r i ous  impairment o f  
i t s  e f f i c i e n c y ;  however, sediment t r a n s p o r t a t i o n  s t i  11 poses a  problem 
i n  t h e  D e n i l  design. I n  t h e  case o f  t h e  D e n i l  design, sediment c l ogg ing  
i s  n o t  t h e  prob lem as much as i s  sediment abrasion. The movement of 
s i l t ,  sand, g rave l ,  and l a r g e  stones th rough  t h e  t h i n  b a f f l e  members of 
t h e  f i shway  causes s e r i o u s  maintenance problems i n  f ishways o f  t h i s  
des i  gn. 

The Alaskan steeppass i s  an aluminum s e c t i o n  m o d i f i c a t i o n  of t h e  D e n i l  
design. The Alaskan Steeppass was adapted f rom t h e  Den i l  des ign f o r  
t h e  Alaska Department o f  F i s h  and Game by Ch ie f  Engineer  G. L. Ziemer, 
P.E. The i n i t i a l  adap ta t i on  and t e s t i n g  was done i n  t h e  l a t e  1950's 
and e a r l y  1960's. The ma jo r  i n n o v a t i o n  o f  t h e  A laskan Steeppass i s  i n  
t h e  use o f  aluminum panels  i n  t h e  c o n s t r u c t i o n  o f  f ishways. The 
r e l a t i v e l y  l i g h t  aluminum sec t i ons  (complete  w i t h  energy-di  s s i p a t i n g  
b a f f l e s )  a re  p r e f a b r i c a t e d  i n  t e n  f o o t  l eng ths  and t hen  t r a n s p o r t e d  
(by boat,  a i r ,  o r  hand-car r ied )  t o  t h e  o b s t r u c t i o n  s i t e  where they a r e  
b o l t e d  t o g e t h e r  and i n s t a l l e d .  Several  Alaskan Steeppass f ishways a re  
i n  use th roughou t  t h e  s t a te .  The Alaskan Steeppass works w e l l  i n  
streams where t h e r e  i s  l i t t l e  f l u c t u a t i o n  i n  t h e  l e v e l  o f  flow. However, 
p r a c t i c a l  a p p l i c a t i o n s  have shown t h a t  t h e  Alaskan Steeppass would no t  
be s u i t a b l e  i n  D e v i l  Canyon where t h e r e  a re  extreme f l u c t u a t i o n s  i n  t h e  
wa te r  l e v e l .  See F i g u r e  5-9 f o r  d e t a i l s  o f  t he  A laskan Steeppass. 

5.2.3.5 V e r t i c a l  S l o t  B a f f l e  

F i g u r e  5-10 d e p i c t s  a  t y p i c a l  v e r t i c a l  s l o t  b a f f l e  which was developed t o  
overcome t h e  d e f i c i e n c y  o f  t h e  w e i r l o r i f i c e  and D e n i l - t y p e  designs i n  
o p e r a t i n g  under  a  w ide  range o f  s t ream f lows  w i t h o u t  t h e  use o f  a t t endan t s  
o r  au tomat i c  c o n t r o l s  t o  a d j u s t  f o r  t h e  f l u c t u a t i o n s  i n  water  l eve l s .  
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GENERAL CHARACTERISTICS: 

(Basic Models: A and C) 

Model A: Model C: 

slopes: 20% to 35% slopes: 20% to 35% 

velocities: 2.5 to 3.5 fps velocities: 4.1 to 4.5 fps 

flows (01: 3.5 to 4.0 cfs flows (Ql: 4.5 to 5.7 cfs 

@ flow depth of one foot &? flow depth of one foot 

General Use: 

For fish obstructions (falls) up to twenty feet in height 
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It wasn ' t  determined j u s t  when o r  where t h e  f i r s t  v e r t i c a l  s l o t  f ishway 
was used. However, t h e r e  i s  cons ide rab le  i n f o r m a t i o n  d a t i n g  back t o  
t h e  194U's t h a t  desc r ibes  t h e  use o f  v e r t i c a l  s l o t  b a f f l e s  used i n  
f ishways a t  H e l l ' s  Gate and a t  Farewe l l  Canyon i n  B r i t i s h  Columbia as w e l l  
as s i t e s  i n  t h e  lower  48 s ta tes .  From a l l  o f  t h e  i n f o r m a t i o n  read. t h e  
v e r t i c a l  s l o t  des ign works w e l l  a t  s i t e s  w i t h  h i g h l y  v a r i a b l e  s t ream - - 
flows. C l a y ' s  Design o f  Fishways and Other  F i s h  F a c i l i t i e s  s t a t e s  t h a t  
t h e  v e r t i c a l  s l o t  f ishways a t  He1 1  ' s  Gate have operated successful  l v  
ove r  p e r i o d s  d u r i n g  which t h e  range i n  wa te r  l e v e l s  has been as much as 
45 ft. Furthennore,  t h e  v e r t i c a l  s l o t  i s  p robab ly  t h e  most e f f i c i e n t  
des ign i n  t r a n s p o r t i n g  sediment th rough  t h e  f ishway. Bo th  o f  these 
l a t e r  c h a r a c t e r i s t i c s  o f  t h e  v e r t i c a l  s l o t  make i t  a  p romis ing  design 
f o r  use a t  D e v i l  Canyon. 

I n  rev iew ing  a l l  o f  t h e  enhancement techniques d iscussed i n  sec t i ons  5.2.1 
t h rough  5.2.3, t h e  s tudy team came t o  t h e  conc lus i on  t h a t  o n l y  t h e  v e r t i c a l  
s l o t  f ishway would be e f f i c i e n t  i n  pass ing  salmon through t h e  D e v i l  
Canyon area (Tab le  5-5 and F i g u r e  5-11). I n  t h e  case o f  t h e  b a r r i e r s  
a t  Anan Creek ( P l a t e  5-12) and a t  Russ ian R i ve r ,  t h e  permanent s o l u t i o n  
was t h e  i n s t a l l a t i o n  o f  v e r t i c a l  s l o t  b a f f l e s  i n  8  f t  d iameter  
t unne l s  c i  rcumvent i ng t h e  ve l  oc i  t y  b a r r i e r s .  The Anan Creek f i  shway 
(1 10 l i n e a l  f t  o f  t unne l  p l u s  35 l i n e a l  f t  o f  open t r e n c h )  was con- 
s t r u c t e d  i n  1977 a t  a  c o s t  ( c o n t r a c t o r  payment on l y  - n o t  t o t a l  p r o j e c t  
c o s t s )  o f  $212,000. The Russian R i v e r  f i shway  (280 l i n e a l  f t  o f  tunne l  
p l u s  50 l i n e a l  f t  o f  open t r e n c h )  was cons t ruc ted  i n  1978/79 a t  a  
c o s t  ( c o n t r a c t o r  payment o n l y  - n o t  t o t a l  p r o j e c t  c o s t )  o f  $727,000. 
Bo th  f i  shways a r e  f u n c t i o n i n g  we1 1  and i t  i s  b e l i e v e d  t h a t  f ishways o f  
s i m i  l a r  des ign would be s u i t a b l e  f o r  use a t  Devi  1  Canyon. 

5.2.3.6 Fishway C o n s t r u c t i o n  Costs 

From f i e l d  observa t ions  made i n  J u l y  and August, 1982 and f rom a  rev iew 
o f  Sus i t na  R i v e r  h y d r a u l i c  data,  t h e  s tudy  team concluded t h a t  t h e r e  a re  a  
s e r i e s  o f  4  t o  6 v e l o c i t y  b a r r i e r s  i n  t h e  D e v i l  Canyon area. These 
v e l o c i t y  b a r r i e r s  essen t i  a1 l y  p reven t  t h e  upstream m i g r a t i o n  o f  salmon 
when t h e  r i v e r  d ischarge exceeds 15,000 c fs .  The 4  t o  6  v e l o c i t y  
b a r r i e r s  i d e n t i f i e d  a r e  b a s i c a l l y  l o c a t e d  i n  two s t r e t c h e s  o f  t h e  r i v e r .  
The f i r s t  s e r i e s  o f  b a r r i e r s  occurs i n  t h e  r i v e r  f rom near  t h e  s i t e  
o f  t h e  proposed Devi  1 Canyon dam (approx. r i v e r  m i l e  152) and extends 
downstream about 4,000 f t .  The second s e r i e s  o f  b a r r i e r s  s t a r t s  a t  a  
p o i n t  which i s  about  1,000 f t  below t h e  mouth o f  D e v i l  Creek (about r i v e r  
m i l e  162)  and extends downstream n e a r l y  4,000 f t .  A s e r i e s  o f  s h o r t  
t unne l  f i  shways coul  d t h e o r e t i  c a l  l y  be cons t r l l c t ed  around each i nd i  v i  dual 
v e l o c i t y  b a r r i e r ,  which would e n t a i l  t h e  c o n s t r u c t i o n  of 4  t o  6 r e l a t i v e l y  
s h o r t  t unne l  f i  shways. Because o f  c o n s t r u c t i o n  cons ide ra t i ons  and 
f a c t o r s  concern ing t h e  p o t e n t i a l  f o r  m i g r a t i o n  de lay w i t h  t h e  salmon 
search ing  f o r  ent rances t o  severa l  t unne l s ,  t h e  s tudy  team recommends 
t h a t  two ma jo r  tunnel  f ishways be cons t ruc ted  i n s t e a d  o f  severa l  s h o r t e r  
f ishways. F i g u r e  5-12 shows t h e  a l ignment  and p r o f i l e  f o r  a  4,200 f t  
l o n g  t unne l  f ishway a t  D e v i l  Canyon ( l owe r  f i shway )  and F i g u r e  5-13 
shows t h e  a l ignment  and p r o f i l e  f o r  a  3,900 f t  l o n g  t unne l  f ishway a t  
Devi 1  Creek (upper f i  shway). 



Table 5-5. Comparison o f  f i  shway designs. 

Type o f  
f i  shway 

Gu ide l i nes  f o r  e s s e n t i a l  e lements o f  f i shway  des ign (pg 74 and 75)  

1 2 3 4 5 6 7 8 9 10 Remarks 

Wei r/Ori f i  ce 
f i  shway 

, Alaskan steeppass 
Den i l  

i 

V e r t i c a l  s l o t  
b a f f l e  

Low head dams 

Mechani c a l  o r  
he1 i c o p t e r  b r a i  1 

Unacceptable due t o  the  h i g h l y  
G,C F F E,C E,C E,C E,C U F F,C f l u c t u a t i n g s t r e a m f l o w c o n d i t i o n s  

and h i g h  maintenance opera t iona l  
c h a r a c t e r i s t i c s  

Unacceptab le  f o r  t h e  sane reasons 
E,C F E F G,C E,C E,C U F F,C g i ven  f o r  t h e  w e i r / o r i f i c e  des ign 

Acceptable:  Th i s  des ign meets 
E,C E E E E,C E,C E,C E E G,C a l l  t h e  requi rements  needed t o p a s s  

salmon. 

Unacceptable because of c o n s t r u c t i o n  
F,C F F F N/A F,C F F,C U F,C d i f f i c u l t i e s  and a n t i c i p a t e d  h i g h  

maintenance costs.  

Unacceptable:  The mechani c a l  b r a i  1 
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A i s  unacceptab le  due t o h i g h  opera-  

t i o n a l  cos t s  and excess ive f i s h  
m o r t a l i t i e s .  The h e l i c o p t e r  system 
i s  unacceptable f o r  movi ng l a r g e  
numbers o f  salmon due t o  t h e  h i g h  
o p e r a t i n g  costs.  

Legend: U - U n s a t i s f a c t o r y ,  F - F a i r ,  G - Good, E - E x c e l l e n t ,  
C - Can be designed i n ,  N/A - Not App l i cab le  
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Fishway i n s t a l  l a t i o n  assumptions: 

1) Assumptions f o r  Lower Fishway ( D e v i l  Canyon) 

a )  Locate 22-man camp on n o r t h  s i d e  o f  r i v e r  near  mid i o i n t  of tunne l .  

b) Paths cons t ruc ted  f rom t o p  o f  b l u f f  t o  p o r t a l s .  

c )  Compressor and a l t e r n a t o r  l oca ted  a t  each p o r t a l .  

d )  R a f t  cons t ruc ted  t o  t r a n s p o r t  heavy equipment and t o o l s  t o  downstream 
p o r t a l .  Ra f t  used as temporary work p l a t f o rm .  

e )  Rock wasted i n  r i v e r .  

f )  Landing s t r i p  used as a  m a r s h a l l i n g  area and f o r  cement batch p l a n t .  

g)  Work from bo th  p o r t a l s  towards t h e  c e n t e r  (work 2  faces s imu l t aneous l y ) :  
Two 10 h r .  s h i f t s  p e r  f a c e  on 15 f t  d iamete r  tunne l  (F i gu re  5-14). 
Assume 5  f t  advance per  s h i f t  = 20 f t  pe r  day. 

h )  Con t rac t  pe r i od :  Mobi 1 i z a t i o n  th rough  c o n s t r u c t  i o n  th rough  
d e m o b i l i z a t i o n  = 12 months. Tunnel excavat ion,  October th rough  A p r i l  = 7 
months. 

2 )  Assumptions f o r  upper  f ishway (Dev i l  Creek) 

The upper  f ishway w i l l  be c o n s t r u c t e d  under a  scenar io  s i m i l a r  t o  t h a t  
f o r  t h e  l owe r  f i  shway. The ma jo r  d i f f e r e n c e  be ing  t h a t  t h e  c o n s t r u c t i o n  
camp f o r  t h e  upper f ishway would be l o c a t e d  on t h e  r i v e r  bank near 
t h e  cen te r  of t h e  tunne l  a l ignment.  It i s  expected t h a t  t h e  c o n t r a c t o r  
would c o n s t r u c t  an ad i  t i n t o  t h e  tunne l ,  near  i t s  cen te r ,  and excavate 
from t h e  cen te r  bo th  ways. By t u n n e l i n g  f rom t h e  cen te r  bo th  ways some 
consol  i d a t i o n  of equipment, w i t h  cor responding c o s t  sav i  ngs, can be 
achieved. 

3 )  Adu l t  cap tu re  f a c i l i t i e s  

Because o f  t he  v e l o c i t y  b a r r i e r s ,  few salmon m i g r a t e  upstream o f  D e v i l  
Canyon t o  spawn. Wi th  t h e  c o n s t r u c t i o n  o f  t h e  f ishways,  t h e  salmon w i l l  
be phys i ca l  l y  a b l e  t o  proceed upstream bu t  because o f  t he  l i m i t e d  
( v i  r t u a l  l y  n o n e x i s t e n t )  brood s tock  upstream o f  Devi 1  Canyon t h e  s tudy 
team f e e l s  t h a t  t h e  upper Sus i t na  R i v e r  drainage bas in  must be "s tocked"  
w i t h  t h e  des i  r e d  salmon species. The recommended " s tock i  ng program" 
would c o n s i s t  o f  t a k i n g  sockeye eggs a t  t h e  Gulkana R i v e r  and chinook, 
coho and chum eggs f rom t h e  Sus i t na  River .  The eggs would be incuba ted  
t o  f r y l f i n g e r l i n g  s i z e  i n  e x i s t i n g  f a c i l i t i e s  near Paxson and i n  Anch- 
orage. The f r y / f i  n g e r l i  ng woul d  then  be t r a n s p o r t e d  t o  s e l e c t  re lease  
s i t e s  i n  t he  upper Sus i tna  R i v e r  dra inage basin.  Th i s  ope ra t i on  would 
con t i nue  f o r  5 o r  6 yea rs  u n t i l  t h e  a d u l t s  r e t u r n e d  i n  numbers s u f f i c i e n t  
t o  propagate t h e  species n a t u r a l l y ,  a t  which t irne t h e  s t o c k i n g  program 
would be d iscont inued.  



s 

. 

6 
\\ 
4 
4 
\\ 

% 

PLAN VlEW 
1/4'#= 1' -  08' 

ELEVATION VlEW 

UPPER SUSITNA RIVER 
SALMON ENHANCEMENT STUDY 

-64- 

ALASKA DEPARTMENT OF FISH 8 GAME 

Figure 5-14. 
Typical tunnel/baffl  e section.  



By ad justments  i n  i t s  e x i s t i n g  ha tchery  program, t h e  FRED D i v i s i o n  c o u l d  
b a s i c a l l y  accommodate a s t o c k i n g  program f o r  t h e  upper Sus i t na  R i v e r  
f o r  t h e  5 t o  6 y e a r  p e r i o d  s p e c i f i e d .  The on ly  s i g n i f i c a n t  a d d i t i o n  
r e q u i r e d  t o  t h e  e x i s t i n g  f a c i l i t i e s  would be t h e  c o n s t r u c t i o n  o f  a  
summer w e i r  camp a t  Go ld  Creek and a d u l t  cap tu re  w e i r s  a t  I n d i a n  R i v e r  
and a t  Por tage Creek. These f a c i l i t i e s  would be needed t o  o b t a i n  t h e  
Sus i t na  R i v e r  chinook, coho and chum eggs necessary f o r  t h e  j u v e n i l e  
s t o c k i n g  program. Cost es t ima tes  f o r  t h e  c o n s t r u c t i o n  o f  t h e  D e v i l  Canyon 
f ishway, t h e  D e v i l  Creek fishway, t h e  I n d i a n  R i v e r  and Por tage Creek we i r s  
and t h e  f r y l f i n g e r l i n g  s t o c k i n g  opera t ions  a re  shown i n  Tables 5-6, 5-7, 
5-8 and 5-9, r espec t i ve l y ,  
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Table 5-7. 
D e v i l  Creek f ishway C.1.P costs.  

UNIT 

Mo 
Mo 
M o 
Mo 
Mo 
Mo 
Mo 
M o 
M o 
Mo 
Mo 
M o 

---- 

LS 

LS 

LS 

C L A S S  OF Yl'ORK On LIATERIAL 

. M o b i l i z a t i o n  

1. Equipment Rental 

LHD: 2 @ $10,80O/mo = 21,60O/mo 
Compressors: 2 @  2800 = 5600/mo 
A i r  Leg + 3 "  b r i l l :  4 @ 425 = 1700/mo 
V e n t i l a t i o n  Blower: 
3 "  d i  aineter Pump: 
3 "  sub. Pump: 
4 "  cent. Pump: 
Suc./pres. hose: M i  sc. Lengths 
Loader w i t h  4 way Bucket 
Po r tab le  Gravel P l a n t  
16 C.F. Cement M ixe r  
Generators: 4 @ 1100 = 4400/mo 

Sub-Total I t e m  A1 ---- ---- 
I 
V 
0 

2. Misc. Equip. Kent: 

Sub-Total I t e m  A2 

3. 22 Man Const ruc t ion  Camp 

a. Purchase 9-  8 ' x  20 '  U n i t s  
6 s leepers/  1 o f f i c e /  1 k i t c h e n /  
1 laundry-wet u n i t  

b. Setup and O u t f i t  

Sub-Total I t e m  A3 

rp+ 1 C l i l / ) l 5 /  

UFllT 

$21,600 
5,600 
1,700 

350 
850 
425 

1,050 
1,000 
3,000 

12,000 
1,350 
4,400 

--- -------..--- 

150,000 

--------- 

110,000 

55,000 

QUANTITY 

14 
14 
14 
14 
12 
12 
12 
12 
14 
6 
6 

14 

--- ---- - - -  

1 

---------------- 

1 

1 

L f \Lb l<  

EXTEIJSION 

$302,400 
78,400 
23,800 
4,900 

10,200 
5,100 

12,600 
12,000 
42,000 
72,000 
8,100 

61,600 

633,100 

150,000 

--- 150,000 

110,000 

55,000 

--- 165,000 
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Table 5-9. F r y l f i  n g e r l i  ng t r a n s p o r t  and s t o c k i  ng ope ra t i ona l  costs.  

A) Sockeye ( I n i t i a l l y  f rom Gul kana R i v e r  a t  Paxson): 

1 )  Truck ope ra t i ons  

a )  J u v e n i l e s  t r ucked  from Paxson t o  Lake Louise.  
b )  4 t r i p s .  
c )  Ren ta l  t r u c k  f rom Anchorage f o r  5 days. 

Cost: Truck @ 5 day x 8 hr /day x $70/hr = $2,800 
Truck mi leage = 1100 m i l e  x $2,10/mile = 2,310 
D r i v e r  P.D. = 5 day x $70/day - - 3 50 

$5,460 
2 )  He1 i c o p t e r  c h a r t e r  

a )  Dead Head = 4 h r s  x $650/hr 
b) P l a n t i n g  = 14 h r  x $650/hr 
c )  P i l o t  P.U. = 2 day x $70/day 

B )  Chinook, coho, chum ( i n i t i a l l y  f rom ~ n c h o r a g e )  

1) Truck ope ra t i ons  

a )  Juven i l es  t r ucked  f r om Anchorage t o  Lake Lou i se  and t h e  Dena l i  Highway. 
b )  4 t r i p s .  
c )  Ren ta l  t r u c k  f rom Anchorage f o r  5 days. 

Cost:  Truck @ 5 days x 8 hr /day x $70/hr = $2,800 
T r u c k m i l e a g e = 2 , 3 0 0 m i l e x $ 2 . l 0 / r n i l e  = 4,830 
D r i v e r  P.D. = 5 day k $70/day - - 350 

2 )  H e l i c o p t e r  c h a r t e r  
I nc l uded  w i t h  1 b. 

3. T o t a l  p l a n t i n g  cost/season 



5.2.4 Hatcher ies  

Th i s  s e c t i o n  descr ibes  a  hatchery o p e r a t i o n  f o r  a  salmon enhancement program 
i n  t h e  upper dra inage bas in  o f  t h e  Sus i tna  River .  The c o s t  es t imates  developed 
w i l l  be combined, i n  Sec t i on  6, w i t h  t h e  va lue o f  t h e  expected salmon r e t u r n s  
t o  develop a  b e n e f i t  vs. c o s t  (B/C) r a t i o  f o r  bo th  a  f ishway and a hatchery 
salmon enhancement program. 

5.2.4.1 General I n f o r m a t i  on and Di scussion 

F i s h  ha tcher ies  a re  a  u s e f u l  t o o l  i n  man's a t tempt  t o  a r t i f i c i a l l y  propagate 
f i s h .  F i s h  ha t che r i es  have been i n  use i n  t h e  U n i t e d  Sta-tes f o r  more than 
one hundred years  s i nce  t h e  f i r s t  hatchery was b u i l t  i n  Orland, Maine i n  
1871. The FRED D i v i s i o n  o f  t h e  Alaska Department o f  F i s h  and Game has 
cons t ruc ted  many ha t che r i es  i n  Alaska s i n c e  1975 and cons iderab le  i n fo rm-  
a t i o n  on t h e  c o s t  and opera t ions  o f  ha t che r i es  i s  ava i l ab le .  

Because i t  i s  assumed t h a t  most Alaskans, and espec ia l  l y  t h e  readers o f  
t h i s  r e p o r t ,  a r e  f a m i l i a r  w i t h  t h e  purpose and opera t ions  o f  a  hatchery,  
no d e t a i l e d  d e s c r i p t i o n  o f  a  hatchery o p e r a t i o n  w i l l  be p rov ided  here. 
S u f f i c e  i t  t o  say t h a t  ha t che r i es  have severa l  func t ions ,  some of which 
are:  

1 )  M i t i g a t i o n  o f  f i s h  losses  caused by t h e  c o n s t r u c t i o n  o f  b a r r i e r s  
(dams) t o  n a t u r a l  spawning areas. 

2 )  M a i n t a i n i n g  and/or  i n c r e a s i n g  f i s h  s tocks  ove rexp lo i t ed  by f i s h i n g .  

3 )  M i t i g a t i o n  o f  f i s h  losses  due t o  p o l l u t i o n  and/or a l t e r a t i o n  o f  t h e  
n a t u r a l  env i  ron~nent. 

4 )  S tock i  ng o f  rehabi 1  i t a t e d  habi  t a t  areas where f i  sh popu la t i ons  have 
been dep le ted  by un favorab le  cond i t i ons ,  b o t h  n a t u r a l  and man-caused. 

5 )  I n t r o d u c t i o n  o f  species more s u i t a b l e  t o  an a l t e r e d  envi  ronment, 
i.e. i n t r o d u c i n g  warm water  f i s h  i n t o  warm water  r ese rvo i r s .  

6 )  Enhancement i n  areas where n a t u r a l  p r o d u c t i o n  i s  no t  r ea l i zed .  

I t  i s  f u n c t i o n  number ( 6 )  t h a t  i s  o f  concern t o  t h i s  s tudy s i n c e  salmon 
p roduc t i on  i n  t h e  upper Sus i tna  R i v e r  area c o u l d  be achieved by t h e  
i n t r o d u c t i o n  o f  a d u l t  spawners t o  t h e  area v i a  f i shways  o r  by t h e  a l t e r n a t e  
method o f  i n t r o d u c i n g  f r y l f i n g e r l i n g s  i n t o  t he  area by means o f  hatchery 
operat ions.  I n  t h e  l a t t e r  case, t h e  s tudy team env i s i ons  a  s i m p l i f i e d  hatchery 
program i n  which maximal emphasis i s  p laced  on t h e  n a t u r a l  r e a r i n g  o f  
f r y l f i n g e r l i  ngs, thus  reduc ing  ha tchery  cos t s  assoc ia ted  w i t h  t h e  r e a r i n g  
and f eed i  ng o f  j uven i l es .  

F o r  a  hatchery program, eggs a r e  c o l l e c t e d  f rom a p p r o p r i a t e  brood s tocks  
and incubated.  Depending on t h e  t ype  o f  program des i red,  eyed eggs, 



f r y / f i n g e r l i n g s ,  o r  smo l ts  a r e  stocked. A recommended program f o r  a 16 
m i l  l i o n  egg i n c u b a t i o n  f a c i l i t y  f o l l o w s .  

5.2.4.2 Brood Stocks 

I n d i a n  R i v e r  and Por tage Creek a r e  p o t e n t i a l  sources of chinook, coho 
and chum salmon eggs. Reasons f o r  c o n s i d e r i n g  these streams as donor 
sources are:  

1 )  The homing response of r e t u r n i n g  a d u l t s  i s  enhanced i f  s tocks  a re  
used f rom t h e  n a t a l  watershed. I n d i a n  R i v e r  and Por tage Creek a r e  
t r i b u t a r y  streams o f  t h e  Sus i t na  R i v e r  and a r e  l oca ted  a t  Sus i t na  
R i v e r  m i l e s  138.6 and 148.9, r e s p e c t i v e l y .  

2 )  Salmon f o r  t h e  upper Sus i t na  R i v e r  watershed shou ld  o r i g i n a t e  f rom 
broodstocks which a r e  accustomed t o  m i  g r a t i  ng l ong  d is tances i n  
r i v e r s .  I n d i a n  R i v e r  and Por tage Creek salmon s tocks  m ig ra te  
approx imate ly  140 and 150 m i l e s  upstream i n  t h e  Susi t n a  R i v e r  and 
a r e  e s s e n t i a l  l y  t h e  neares t  s tocks  t o  t h e  Devi 1 Canyon rap ids.  
D e v i l  Canyon, t h e  fi r s t  impassable r a p i d s  t o  a d u l t  m ig ra t i on ,  i s  
o n l y  a couple o f  m i l es  upstream o f  t h e  mouth o f  Por tage Creek. 

3 )  Stock sources must c o n t a i n  an adequate number o f  brood f i s h .  The 
number o f  a d u l t  salmon annual l y  r equ i  r ed  t o  p rov i de  eggs f o r  t h e  
ha tchery  program each yea r  i s: 

Chinook Salmon - 225 
Coho Salmon - 320 
Chum Salmon - 320 

Based on a e r i a l  and f o o t  surveys, I n d i a n  R i v e r  and Por tage Creek 
shou ld  p r o v i d e  these f i s h .  

4 )  The s tock  sources must be access ib le .  Adu l t  cap tu re  and h o l d i n g  
f a c i l i t i e s  can be i n s t a l  l e d  a t  I n d i a n  R i v e r  and Por tage Creek, 
which a r e  access ib l e  by boat, h e l i c o p t e r ,  and f i xed -w i  ng a i r c r a f t .  
Ta lkee tna  i s  l o c a t e d  approx imate ly  44 and 54 Sus i tna  R i v e r  m i l e s  
downstream o f  I n d i  an R i  ve r  and Por tage Creek, r espec t i ve l y .  Also, 
Ta l  keetna i s  t h e  recommended s i t e  f o r  a new ha tchery  i f  a ha tchery -  
suppor ted salmon enhancement program i s implemented i n  t h e  upper Susi  t na  
R i v e r  dra inage bas i  n. 

The Gulkana R iver ,  a t r i b u t a r y  o f  t h e  Copper R ive r ,  i s  an p o t e n t i a l  
source o f  sockeye salmon eggs. Pros and cons a r e  as f o l  lows: 

1 )  Sockeye salmon f o r  t h e  upper  Sus i t na  R i v e r  watershed shou ld  o r i g i n a t e  
f rom s tocks  which a r e  accustomed t o  m i g r a t i n g  l o n g  d is tances  i n  
r i v e r s .  Upper Gulkana R i v e r  sockeye a d u l t s  m ig ra te  more then  270 
r i v e r  m i l es  f rom t h e  mouth o f  Copper R i v e r  t o  t h e i  r s p a ~ n i  ng grounds. 
By comparison, t h e  Susi t n a  R i v e r  salmon a r e  b locked a t  r i v e r  m i l e  
152 (Dev i l  Canyon). 



Adequate numbers o f  sockeye brood a r e  e s s e n t i a l .  The number o f  
sockeye a d u l t s  needed t o  p r o v i  de eggs f o r  ha tchery  p ropaga t ion  
each y e a r  i s  7,667. The upper Gulkana R i ve r ,  upstream o f  i t s  
con f luence  w i t h  Mud Creek near  Paxson, suppor ts  annual escapements 
p robab ly  exceedi ng 15,000 sockeye adu l t s (Mr .  Ken Roberson, pers. 
comm., December 28, 1982). The Gul kana hatchery ,  l o c a t e d  near 
Paxson a t  a s p r i n g  f l o w i n g  i n t o  t h e  upper Gulkana R i ve r ,  i s  expanding 
i t s  sockeye a d u l t  p roduc t i on  and i n  1982 had a r e c o r d  escapement 
o f  8,000 sockeyes. 

3 )  Sockeye s tock sources must be access ib le .  An a d u l t  cap tu re  and 
h o l d i n g  area i s  a l r eady  i n s t a l l e d  a t  t h e  Gulkana hatchery.  I n -  
creased a d u l t  p roduc t i on  a t  t h i s  ha tchery  shou ld  p r o v i d e  adequate 
b rood  s tock  f o r  t h e  upper Sus i t na  R i v e r  i n  t h e  f u tu re .  Adequate 
wa te r  and space now e x i s t  f o r  i n c u b a t i n g  many more eggs t han  a re  
p resen t1  bei  ng i ncubated and t h e  Gul kana ha tchery  i s read i  l y  
access ib  r e by road. 

A d d i t i o n a l  sockeye a d u l t s  a r e  a v a i l a b l e  i n  t h e  upper  Gulkana R i v e r  
ad jacen t  t o  t h e  hatchery.  T h i s  r i v e r  s e c t i o n  l i k e  t h e  Gulkana hatchery  
i s  ad jacen t  t o  t h e  Richardson Highway. 

There i s  one p o t e n t i a l  problem w i t h  t h e  Gulkana R i v e r  sockeye stock.  
T h i s  stock,  l i k e  o t h e r  sockeye s tocks,  has t h e  v i r a l  disease, i n f e c t i o u s  
hematopo ie t i c  nec ros i s  (IHN), which causes severe m o r t a l i t y  o f  j u v e n i l e  
salmon. I H N  has caused severe m o r t a l i t y  a t  s t a t e  ha tcher ies .  The 
s t r a i n  o f  IHN v i r u s  found i n  t h e  Gulkana R i v e r  s t ock  has caused m o r t a l i t y  
of Cook I n l e t  sockeye f r y  i n  t e s t s  conducted by ADF&G1s f i s h  pa tho logy  
l a b o r a t o r y  (Dr. Roger G r i  schkowsky 16 /  pers. comm., December 29, 
1982). The p o t e n t i a l  i m p l i c a t i o n  o T a  t r a n s p l a n t  o f  Gul kana R i v e r  
sockeye salmon i n t o  t h e  Sus i tna  R i v e r  i s  c l ea r - - a  v i r u l e n t  s t r a i n  o f  
IHN v i r u s  c o u l d  adverse ly  a f f e c t  Cook I n l e t  sockeyes. There i s  perhaps 
some good news. Water hardening o f  sockeye salmon eggs i n  an iodophor  
s o l u t i o n  may k i l l  IHN v i r uses  i n s i d e  as w e l l  as o u t s i d e  o f  t h e  eggs. 
If t h i s  procedure proves v i  able,  IHN v i  r u s f r e e  j u v e n i l e  sockeye salmon 
c o u l d  be produced a t  ha tcher ies ,  such as Gul kana hatchery ,  which have 
an IHN v i  r u s - f r e e  wa te r  source. F u r t h e r  research may prove o r  d i  sprove 
t h e  v i a b i l i t y  o f  t h i s  procedure. 

There i s  one o t h e r  p o t e n t i a l  sockeye salmon s tock,  t h e  Stephan Lake 
s tock ,  t h a t  has advantages and disadvantages r e l a t i v e  t o  t h e  Gulkana 
R i v e r  stock.  Stephan Lake i s  l o c a t e d  3 m i l e s  sou th  o f  t he  upper Sus i t na  
R i v e r  between i t s  con f luence  w i t h  D e v i l  Creek and Fog Creek. T h i s  lake  
d r a i n s  i n t o  t h e  Ta lkee tna  R iver .  Advantages o f  t h i s  s tock are:  

1 )  The homi ng response o f  r e t u r n i  ng a d u l t s  w i  11 exceed t h a t  of t h e  
Gulkana R i v e r  s tock  s i nce  t h e  fo rmer  now m ig ra te  up t h e  Sus i t na  
R i v e r  approx imate ly  97 m i  les.  

16/  AUF&G P r i n c i p a l  Path01 og i  s t ,  Anchorage. - 



2 )  The Stephan Lake s tock  does m i g r a t e  a  cons iderab le  d is tance ,  approx- 
i m a t e l y  154 r i v e r  m i les ,  which, however, i s  a  much s h o r t e r  m i g r a t i o n  
than  t he  27U m i l e s  t h e  Gulkana R i v e r  salmon t r a v e l .  

Disadvantages o f  t h i s  s tock  are:  

Inadequate number of brood f i s h .  Cursory surveys i n d i c a t e  an 
annual run o f  115 t o  1,142 adu l t s .  These numbers a r e  perhaps 
on l y  10% of t h e  ac tua l  run, so 1,150 t o  11,420 a d u l t s  may annual l y  
spawn i n  t h e  lake. (Mr. Ken Tarbox 17/ pers. comm., December 
28, 1982). Approx imate ly  7,667 sockeye a d u l t s  a re  r e q u i r e d  annua l l y  
f o r  hatchery  propagat ion,  so t h e  Stephan Lake s tock would have t o  
be increased,  i f  t h i s  i s  poss ib l e ,  th rough  ha tchery  propagat ion 
be fo re  enough a d u l t s  would be a v a i l a b l e  as brood f o r  t h e  upper 
Sus i t na  R i v e r  watershed. I f  t h e  Stephan Lake s tock  i s  n o t  increased, 
l e s s  j u v e n i l e  sockeyes t han  p lanned would be p l a n t e d  i n  t h e  upper 
Sus i t na  R i v e r  and t h e  run  would t a k e  many more yea rs  t o  reach a  
maxi mum. 

2 )  Stephan Lake i s  no t  as e a s i l y  a c c e s s i b l e  as t h e  Gulkana River .  
The o n l y  access t o  t h e  l a k e  i s  by f i xed -w ing  a i r c r a f t  o r  
h e l i c o p t e r .  Access f rom Ta lkee tna  i s  n o t  p o s s i b l e  by boat. 

3 )  The IHN disease h i s t o r y  f o r  t h e  Stephan Lake s tock  i s  unknown. 
T h i s  s tock may o r  may n o t  be a  v i a b l e  cand ida te  f o r  t r a n s p l a n t i n g  
i n t o  t h e  upper Sus i t na  R i v e r  watershed. 

1 7 /  ADF&G F i s h e r y  B i o l o g i s t  111, Soldotna. - 
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5.2.4.3. J u v e n i l e  Salmon S tock ing  

J u v e n i l e  salmon cou ld  be i n t r oduced  i n t o  t h e  upper Sus i t na  R i v e r  watershed 
as eyed eggs, f r y / f i  n g e r l i  ngs o r  smolts. The advantages and disadvantages 
o f  each l i f e  stage a re  now discussed, w i t h  a  r e s u l t a n t  recommendation. 

5.2.4.4 Eyed Egg P l a n t i n g  

W i th  t h e  eyed egg program, eggs a r e  taken  f rom brood f i s h  a t  egg t a k e  
f a c i l i t i e s .  Eggs a r e  taken  t o  an i n c u b a t i o n  f a c i l i t y  and i ncuba ted  u n t i  1  
eyed. These eyed eggs a r e  t hen  t r a n s p o r t e d  t o  and p l a n t e d  i n  s e l e c t e d  
g rave l  i n  streams where i n c u b a t i o n  i s  n a t u r a l l y  completed. A modern 
salmon egg p l a n t i n g  dev ice  i s  shown i n  F i g u r e  5-15. I n  t h e  sp r ing ,  
t h e  f ry  emerge from. t h e  g rave l ,  spread t h r o u  hout  t h e  streams, and a f t e r  9 one o r  more yea rs  m i g r a t e  t o  sea as smo l ts  i chinook, coho o r  sockeye 
salmon. Churn fry m i g r a t e  t o  sea w i t h i n  severa l  months a f t e r  emerging 
from t h e  g rave l .  

Advantages o f  p l a n t i n g  eyed eggs: 

1) Hatchery  c a p i t a l  and ope ra t i ona l  expenses would be min imized when 
compared t o  a  ha tchery  f r y l f i  n g e r l i  ng o r  smo l t  program. 

2 )  The homing response o f  a d u l t s  r e s u l t i n g  f r om  eyed eggs shou ld  
exceed t h e  homing response o f  a d u l t s  r e s u l t i n g  f rom f ry  o r  smol t  
re leases  as t h e  eyed egg progeny w i  1  1  spend a d d i t i o n a l  months i ncu- 
b a t i n g  i n  t h e  Sus i t na  R i v e r  watershed. 

Disadvantages o f  p l a n t i n g  eyed eggs: 

1) S u r v i v a l  t o  adu l thood  w i l l  be l e s s  f o r  eyed eggs t han  f o r  o l d e r  l i f e  
stages. 

2 )  The upper  Sus i t na  watershed f r eezes  up e a r l y  i n  t h e  f a l l  due t o  t h e  
h i g h  l a t i t u d e  and e l e v a t i o n .  Some eggs w i l l  n o t  be eyed be fo re  i c e  
covers t h e  streams. T h i s  f a c t o r  combined w i t h  hazardous f l y i n g  
c o n d i t i o n s  d u r i  ng t h e  f a 1  1, p rec ludes  success fu l  p l a n t i n g  o f  a  c e r t a i n  
percentage o f  t h e  eggs. 

3 )  Costs  o f  t r a n s p o r t i n g  and p l a n t i n g  eyed eggs may no t  be l e s s  t han  
t h e  cos t s  o f  p l a n t i n g  f r y / f i  n g e r l i n y s  o r  smolts.  Many more eggs 
t h a n  l a t e r  l i f e  stages must be p l a n t e d  t o  a t t a i n  t h e  same number o f  
adu l t s .  Also, more manpower i s  r e q u i r e d  t o  p l a n t  eyed eggs than  t o  
re lease  f r y / f i  nge r l  i ngs and smol t  s. 

5.2.4.5 Slnolt S tock i ng  

P roduc t i on  o f  srnolts f o r  s t o c k i n g  i n v o l v e s  egg i n c u b a t i o n  and l ong  t e rm  
rear ing .  Smolts can be t r a n s p o r t e d  i n  t h e  same manner as f r y l f i n g e r l i n g s  





w i t h  re leases  i n t o  streams o r  l ake  o u t l e t s  i n  t h e  upper Sus i t na  R i v e r  
basin. Smolts would  immediate ly  m i  g ra te  t o  sea. 

Advantdges o f  s t o c k i  ng smol t  s: 

1)  S u r v i v a l  t o  adul thoood w i l l  exceed t h a t  f o r  eyed eggs and f o r  f r y /  
f i  n g e r l i  ngs. 

2 )  U n l i k e  eyed eggs, smo l ts  can be s tocked a f t e r  t h e  i c e  has l e f t  t h e  
streams and lakes  i n  May and June. 

D i  sadvantages o f  s t o c k i  ng smol t  s: 

1 ) The ha tchery  f o r  srnolts w i  1  1  be more expensive than  f o r  eggs and 
f r y l f i n g e r l i n g s  due t o  t h e  l o n g  t e r m  r e a r i n g  needed f o r  t h e  smolts. 
U n l i k e  f r y l f i n g e r l i n g s ,  smo l t s  w i l  1  requ i  r e  one o r  more y e a r s  o f  
r e a r i  ng depending on t h e  temperature o f  t h e  r e a r i  ng water. 

2 )  Sockeye salmon may n o t  a t t a i n  smolthood under  ha tchery  condi t i o n s  
due t o  I H N  disease. 

5.2.4.6 F r y / F i n g e r l i  ng S tock ing  

P roduc t i on  o f  f r y / f i  n g e r l i  ngs f o r  s t o c k i n g  i n v o l v e s  egg i n c u b a t i o n  and 
some r e a r i n g  o f  r e s u l t a n t  fry t o  t h e  f e d  fry s tage  (25% we igh t  ga in  from 
emergent f r y  we igh t )  o r  t h e  f i n g e r l i n g  s tage (100% we igh t  g a i n  f rom 
emergent f ry weight ) .  A f t e r  r e a r i n g  a t  t h e  hatchery ,  j u v e n i l e  salmon 
would t h e n  be t r a n s p o r t e d  v i a  t r u c k l t r a i l e r ,  f i xed -w ing  a i r c r a f t  o r  
h e l i c o p t e r  and s tocked  i n  streams and lakes  i n  t h e  upper Sus i tna  R i v e r  
basin. A f t e r  one o r  more years ,  t h e  chinook, coho and sockeye j u v e n i l e s  
would m ig ra te  t o  sea as smolts. Chum f r y l f i  n g e r l i  ngs would mi g ra te  t o  
sea w i t h i n  a  few months a f t e r  s tock ing .  

Advantages o f  s t o c k i  ng f r y / f i  n g e r l i  ngs: 

1)  The homi ng response o f  a d u l t s  r e s u l t i n g  f r om  s t o c k i  ng f r y / f i  n g e r l i  ngs 
shou ld  exceed t h a t  f o r  smol ts  s i n c e  t h e  former  remain i n  f r e s h  water 
much l onge r  than  smolts. 

2 )  S u r v i v a l  t o  adu l thood  w i l l  exceed t h a t  f o r  eyed eggs. 

3 )  U n l i k e  eyed eggs, f r y / f i n g e r l i n g s  can be s tocked  a f t e r  t h e  i c e  has 
l e f t  t h e  streams and l akes  i n  May and June. 

4 )  The ha tchery  c a p i t a l  and o p e r a t i o n a l  cos t s  a r e  cheaper f o r  f r y l f i n g e r -  
li nys t han  f o r  smolts. 

Disadvantages o f  s t o c k i n g  f r y l f i n y e r l i n g s :  

1) S u r v i v a l  t o  adu l thood  w i l  1  be l e s s  than  f o r  smolts.  



2 )  The a r t i f i c i a l  r e a r i n g  r e q u i r e s  a  more expensive ha tchery  t han  f o r  
eyed eggs. 

A1 1  t h i n g s  considered, a  f r y l f i  nge r l  i ng s t o c k i  ng ope ra t i on  i s  recommended 
over t h a t  o f  eyed egg p l a n t s  o r  smol t  p l a n t s  i f  a  ha tchery  enhancement 
program i s  implemented. F r y / f i  n g e r l i  ng s u r v i  va l  w i  11  exceed t h a t  f o r  
eyed eggs and t h e  homing response shou ld  exceed t h a t  f o r  smolts. 
F r y l f i  n g e r l i  ngs, u n l i k e  smolts, w i l l  have t h e  a b i l i t y  t o  spread throughout  
a  l ake  o r  stream, o r  perhaps move f r om s t ream t o  stream, adap t i ng  t o  t he  
n a t u r a l  env i  ronment, and thereby  guarantee ing a  good homing response. 

5.2.4.7 Hatchery  Cons t ruc t i on  Costs 

To implement a  f r y / f i n g e r l i n g  s t o c k i n g  p r o  ram, such as d iscussed i n  \ s e c t i o n  5.2.4.6, a  ha tchery  would  have t o  e  b u i l t  t o  suppor t  t h a t  program. 
The s tudy team i d e n t i f i e d  a  p o t e n t i a l  s i t e  f o r  t h e  ha tchery  on s t a t e -  
owned p r o p e r t y  a t  t h e  a i  r p o r t  i n  Ta lkee tna  (F i gu re  5-16). A ha tchery  s i t e  
p l a n  i s  dep i c t ed  i n  F i g u r e  5-17. The s i t e  s e l e c t e d  was chosen f o r  t h e  
f o l  l o w i  ng reasons: 

1 )  A v a i l a b i l i t y  o f  land, water,  e l e c t r i c i t y  and o t h e r  u t i l i t i e s .  

2 )  Ease o f  access by a i r ,  v e h i c l e  and r a i l r o a d .  

3 )  Cen t ra l  l o c a t i o n  r e l a t i v e  t o  brood sources and j u v e n i l e  s t o c k i n g  s i t e s .  

4 )  R e l a t i v e l y  easy c o n s t r u c t i o n  c o n d i t i o n s  t o  moderate cos t .  

5 )  Seasonal ha tchery  suppor t  f rom l o c a l  l a b o r  source. 

6 )  Rura l  e n v i  ronment w i t h  suppor t  o f  h o s p i t a l  , schools,  commerci a1 
f a c i  1  i t i e s  etc.  

A s u i t a b l e  ha tchery  l a y o u t  i s  shown i n  F i g u r e  5-18 and would c o n s i s t  o f  t he  
f o l l  owi ng major  fea tu res :  

1)  S ix teen  (16)  m i l  l i o n  egg i n c u b a t i o n  capac i ty .  T h i s  f a c i l i t y  would 
be s t a f f e d  by 2 f u l l  t i m e  employees w i t h  summer supplemental  he l p  o f  
from 4 t o  6  seasonal he lpers .  The f a c i l i t y  would i ncuba te  1 m i l  l i o n  
chinook, 1 m i l  l i o n  coho, 1 m i  1  l i o n  chum and 13 m i  1 l i o n  sockeye salmon 
eggs t o  t h e  f r y / f i n g e r l i n g  s tage  f o r  t r a n s p l a n t i n g  t o  t h e  upper 
Sus i t na  R i v e r  dra inage bas in  f o r  r e l ease  and n a t u r a l  rear ing.  

2 )  Two a d u l t  cap tu re  wei rs ,  one a t  I n d i a n  R i v e r  and one a t  Portage 
Creek. These two s i t e s  would be manned d u r i  ng t h e  summer months 
by a  12-14 person crew ope ra t i ng  f rom a  common camp a t  Gold 
Creek. The chinook, coho, and chum eggs used f o r  t h e  hatchery 
ope ra t i on  would be co1 l e c t e d  a t  these we i rs ,  w h i l e  t h e  sockeye 
eggs would i n i  t i  a1 l y  come from t h e  Gul kana R i v e r  f a c i l i t y  a t  
Paxson. Once a  s t r ong  sockeye run i s  e s t a b l i s h e d  upstream 
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of Go1 d  Creek, sockeyes w i  1  1 be b locked by t h e  Devi 1  Canyon ve l  oc i  t y  
b a r r i e r  and most w i l l  subsequent ly s t r a y  i n t o  t h e  l a r g e s t  nearby 
t r i b u t a r i e s ,  v i z .  I n d i a n  R i v e r  and Por tage Creek. The sockeye 
eggs would then  be c o l l e c t e d  a t  t h e  same we i r s  used f o r  t h e  
chinook, coho and chum eggs. 

3 )  F r y l f i n g e r l i n g  p l a n t i n g  operat ion.  I n i t i a l  s t o c k i n g  o f  t h e  enhancement 
area would be f rom f r y / f i  n g e r l i n g s  taken f rom t h e  Anchorage and t he  
Gul kana Hi  ve r  f a c i  1 i t i e s .  As t h e  Ta lkee tna  hatchery  becomes ope ra t i ona l ,  
t h e  i n c u b a t i o n  and p l a n t i n g  opera t ions  would be t r a n s f e r r e d  t o  
Ta lkeetna u n t i l  t h e  e n t i r e  enhancement program was c a r r i e d  out  f rom 
Talkeetna. The p l a n t i  ng o p e r a t i  on would c o n s i s t  o f  t r u c k  t r a n s p o r t  
t o  Lake Lou ise  and h e l i c o p t e r  t r a n s p o r t  f rom Lake Lou ise  t o  p re - se lec ted  
re l ease  p o i n t s  i n  t h a t  area. These opera t ions  would be conducted by 
ren ted  t r uck ,  cha r t e red  h e l i c o p t e r  and suppor t  o f  t h e  h a t c h e r y ' s  
seasonal crew. 

Cost es t imates  f o r  t he  hatchery  f ea tu res  j u s t  descr ibed,  v iz .  (1) hatchery  
C.1.P cos ts ,  ( 2 )  w e i r  C.1.P cos t s  and ( 3 )  ope ra t i ona l  cos t s  f o r  t h e  f r y /  
f i n g e r l i n g s  p l a n t i n g  ope ra t i on  a re  l i s t e d  i n  Tables 5-10, 5-8, and 5-9, 
r e s p e c t i  vely.  
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5.3 B i o l o g i c a l  Impact o f  In t roduced  Salmon on Resident  F i s h  

Res ident  f i s h e s  o f  t h e  upper Sus i tna  R i v e r  dra inage a re  l i s t e d  i n  Table 
5-1 1. 

Table  5-11. Res ident  f i s h e s  o f  t h e  upper Sus i t na  R i v e r  dra inage. l /  - 

A r c t i c  g r a y l i n g  
Lake t r o u t  
D o l l y  Varden char 
Humpback w h i t e f i s h  
Round w h i t e f i s h  
Burbot 
Longnose sucker  
S l imy s c u l p i n  
A r c t i c  lamprey 

9 From Alaska Department o f  F i s h  and Game (19819 and 1982a). 

A d u l t  and j u v e n i l e  salmon w i l l  a f f e c t  and be a f f e c t e d  by r e s i d e n t  f i sh .  
Adu l t  sockeye salmon t h a t  spawn i n  lakes  may a f f e c t  t h e  eggs o f  l a k e  
t r o u t ,  The spawning dates o f  p o t e n t i a l  sockeye s tocks  f o r  t h e  upper 
Sus i tna  R i ve r ,  namely lower  Sus i t na  R i v e r  ( B a r r e t t  1974) o r  Gulkana R i v e r  
f i s h  do ove r l ap  w i t h  those  o f  Alaskan l a k e  t r o u t ,  namely l a t e  August 
and September (Morrow 1980; VanWhye and Peck 1968). 

The spawning depths of sockeye salmon and l a k e  t r o u t  over lap  w i t h  t he  
l ake  t r o u t  hav ing t h e  g r e a t e r  range o f  1 t o  more than  300 f t  deep 
(Car lander  1969; S c o t t  and Crossman 1973). 

U n l i k e  sockeye salmon, l ake  t r o u t  do no t  d i g  redds and gene ra l l y  spawn i n  
areas t h a t  l ack  u p w e l l i n g  wa te r  f low. F o r  example, l a k e  t r o u t  f r e q u e n t l y  
spawn on boulders  and rubb le  and a l s o  on g rave l ,  s i l t ,  mud, c l a y  and marl  
l a k e  bo t tom ( Car lander  1969; S c o t t  and Crossman 1973). Though l i t t l e  
i n t e r a c t  i o n  between sockeyes and l ake  t r o u t  a d u l t s  i s  expected, sockeye 
a d u l t s  c o u l d  d i g  up t h e  eggs o f  l a ke  t r o u t  t h a t  spawn on l a k e  g rave l  w i t h  
u p w e l l i n g  wa te r  flow. I n  very  r a r e  ins tances,  l ake  t r o u t  spawn i n  streams 
( S c o t t  and Crossman 1973) i n  which case sockeye and o t h e r  salmon species 
c o u l d  d i g  up t r o u t  eggs. Uncovered t r o u t  eggs c o u l d  t h e n  be ea ten  by t h e  
r e s i d e n t  burbo t ,  longnose sucker,  round w h i t e f i s h ,  and even l a k e  t r o u t  
( S c o t t  and Crossrnan 1973; Morrow 1980). 

A d u l t  salmon may a f f e c t  t h e  eggs o f  D o l l y  Varden char. The spawning dates 
of p o t e n t i a l  chum, coho, and sockeye s tocks f o r  t he  upper Sus i t na  R i v e r  
do ove r l ap  w i t h  those o f  Alaskan D o l l y  Varden, namely l a t e  August and 
September (Morrow 1980). These salmon spec ies c o u l d  spawn on p r e v i o u s l y -  
cons t ruc ted  Do1 l y  Varden redds. S ince these salmon general  l y  d i g  deeper 
redds than  those o f  D o l l y  Varden ( B l a c k e t t  1968; Morrow 1980), D o l l y  
Varden eggs would be d i  s l  odged and c o u l d  be eaten by r e s i d e n t  burbot,  
1 ongnose sucker, and round w h i t e f i s h  (Morrow 1980; S c o t t  and Crossrnan 



1973). The oppos i te  s i t u a t i o n  c o u l d  occur when l a t e  spawning D o l l y  
Varden migh t  d i s l odge  salmon eggs d u r i n g  t h e i r  own redd d i g g i n g  a c t i v i t i e s .  

J u v e n i l e  salmon w i l l ,  depending on i n d i v i d u a l  s i ze ,  compete f o r  t h e  same 
food i tems as r e s i d e n t  f i s h  and a l s o  prey upon r e s i d e n t  f i sh . ,  Sockeye 
f r y  and f i n g e r l i n g s  compete f o r  food  (zoop lank ton)  most f requen , t l y  w i t h  
t h reesp ine  s t i c k l e b a c k  and even w h i t e f i s h  and char  (Foe rs te r  1968). 
Sockeye compe t i t i on  w i t h  o t h e r  r e s i d e n t  f i s h  i s  unknown. 

Chinook and coho salmon w i l l  p robab ly  compete w i t h  r e s i d e n t  f i s h  f o r  food 
and space. O f  a l l  t h e  r e s i d e n t  f i s h  species, a r c t i c  g r a y l i n g  w i l l  be 
p r i m a r i l y  a f f e c t e d  by these  salmon. Chinook and coho salmon f r e q u e n t l y  
r es i de  i n  t h e  slower-moving areas of streams, i.e., sloughs, undercut  
streambanks, back eddies,  and poo ls  (Morrow 1980; A1 b i n  1977; Sco t t  and 
Crossman 1973). G r a y l i n g  a l s o  r es i de  i n  poo ls  and defend t e r r i t o r i e s  as 
do coho salmon (Morrow 1980; Alaska Department o f  F i s h  and Game 1982a; 
Warren 1971). U n l i k e  coho and chinook salmon, g r a y l i n g  w i l  1  sometimes 
i n h a b i t  r i f f l e  areas o f  streams (A1 b i n  1977). Salmon and g r a y l i n g  ea t  
p r i m a r i l y  i n s e c t s .  Coho salmon, p robab ly  t h e  ma jo r  salmon compe t i t o r  f o r  
space, w i l l  p robab ly  be t h e  major compe t i t o r  f o r  food  w i t h  g r a y l i n g  s i nce  
b o t h  o f  these f i s h  feed on i n s e c t s  p r i r n a r i l y  a t  t h e  su r f ace  o f  t h e  wa te r  
o r  a t  mid-depth (Morrow 1980; S c o t t  and Crossman 1973). Chinook salmon 
w i  11 a l s o  compete f o r  food  and w i  11 e a t  i n s e c t s  a t  any depth i n  t h e  
stream. c o m p e t i t i o n  between salmon and o the r  r e s i d e n t  f i s h  spec ies w i l l  
p robab ly  be f o r  f ood  more than f o r  space. U n l i k e  coho and chinook salmon, 
burbo t  and D o l l y  Varden i n h a b i t  t h e  s t ream bo t tom and w h i t e f i s h  r e s i d e  i n  
r i f f l e s  ( A l b i n  1977; Morrow 1980). Some compe t i t i on  f o r  food  w i l l  occur, 
s i n c e  most j u v e n i l e  r e s i d e n t  f i s h  spec ies ea t  i nsec t s .  

Chum salmon compete l e s s  f o r  food  and space than  t h e  o t h e r  salmon. S h o r t l y  
a f t e r  emeryi ng f r om t h e  grave l ,  t h e  churn f ry begin  swimmi ng downstream 
t o  s a l t  water.  The f r y  do feed  on zoop lank ton  and sma l l  i n s e c t s  w h i l e  
i n  f r eshwa te r  bu t  a re  so smal l  i n  s i z e  and r e s i d e  f o r  such a  s h o r t  t ime  
i n  f r eshwa te r  t h a t  they a r e  no t  se r i ous  compe t i t o r s  f o r  food  w i t h  t h e  
r e s i d e n t  f i s h .  Chuin f r y  w i l l  a l s o  i n h a b i t  t h e  main stem o f  t h e  Sus i tna 
R i v e r  d u r i n g  s p r i n g  and e a r l y  summer and t h e r e f o r e  w i l l  no t  compete 
f o r  space w i t h  r e s i d e n t  f i s h ,  which w i l l  a t  t h i s  t i m e  o f  y e a r  r e s i d e  i n  
t r i b u t a r i e s  (Alaska Department o f  F i s h  and Game 1981f;  R i i s  and 
F r i e s e  1978). 

The salmon t h a t  w i l l  p rey  on r e s i d e n t  f i s h  a re  coho and chinook salmon. 
Sockeye and chum salmon p r i m a r i l y  e a t  zooplankton and some i nsec t s .  
F i n g e r l i n g  coho and chinook salmon p r i r n a r i l y  e a t  i nsec t s ,  but, i f  
g iven t h e  o p p o r t u n i t y  w i l l  consume r e s i d e n t  f i s h  eggs t h a t  d r i f t  downstream 
d u r i n g  o r  a f t e r  spawning. J u v e n i l e  chinook salmon do no t  appear t o  consume 
f i s h  bu t  coho smol ts  d e f i n i t e l y  do (Morrow 1980). Coho smol ts  a re  s i g n i f i c a n t  
p reda to rs  of j u v e n i l e  sockeye salmon (Morrow 1980) and do prey on s t i c k l e b a c k  
(Pa r r  1972). Evidence f o r  p reda t i on  by coho smol ts  on o the r  r e s i d e n t  
f i s h  was no t  found, bu t  s u r e l y  coho smo l ts  w i l  1  consume t h e  fry o f  r e s i d e n t  
f i s h  i f  g iven t h e  oppo r t un i t y .  

P reda to r -p rey  r e l a t i o n s h i p s  a re  a  "two-way s t r e e t "  and i n t r oduced  salmon 
w i  11 be eaten by r e s i d e n t  f i s h .  G r a y l i  ng w i  11 on occas ion consume sockeye 



salmon eggs and f r y  ( W i l  l i ams  1969). The l ake  w h i t e f i s h ,  c l o s e l y  r e l a t e d  
t o  t h e  humpback wh i t e f i sh ,  consume sockeye f r y  (VanWhye and Peck 1968) 
and t h e  round w h i t e f i s h ,  which consumes l a k e  t r o u t  and w h i t e f i s h  eggs 
(Morrow 1980; S c o t t  and Crossman 1973), w i l l  p robab ly  consume salmon eggs if 
given  t h e  oppo r t un i t y .  O ther  known p reda to r s  o f  sockeye f r y  a r e  l ake  
t r o u t  (Van'rlhye and Peck 1968), bu rbo t  (Roberson, B i r d  and Fr idgen  1978), 
and Do1 ly  Varden (Hartinan and Burgner 1972). D o l l y  Varden consume sockeye 
from egg th rough  smol t  l i f e  s tages (Meacham and C l a r k  1979; Foe rs te r  
1968) and a r e  known p reda to rs  of coho salmon (Crone 1981 and P a r r  1972), 
and chum f r y  (Hunter 1959). Longnose suckers  a r e  known t o  e a t  salmonid 
eggs, g i  ven t h e  oppo r t un i t y  (Morrow 1980). 

I n  summation, salmon w i l l  impact t h e  r e s i d e n t  f i s h .  Compet i t i on  f o r  food  
and space, and p reda to r -p rey  r e l a t i o n s h i p s  w i  11 be complex w i t h  salmon 
a f f e c t i n g  o t h e r  salmon spec ies as w e l l  as r e s i d e n t  f i s h ,  and res i den t  
f i s h  a f f e c t i n g  o t h e r  r e s i d e n t  f i s h  as we1 1  as salmon. 

I n t r o d u c e d  salmon may a c t u a l  l y  b e n e f i t  c e r t a i n  r e s i d e n t  f i s h  spec ies by 
a c t i n g  as "bu f fe r  prey" ,  a  t e rm  mentioned i n  Hartman and Burgner (1972). 
For  example, salmon a re  preyed on by D o l l y  Varden and l ake  t r o u t  which 
f r equen t l y  prey on s t i c k l e b a c k  and w h i t e f i s h ,  r e s p e c t i v e l y .  The e x t e n t  
o f  p r e d a t i o n  on these  l a t t e r  two prey spec ies would t h e r e f o r e  be reduced, 
which c o u l d  a1 low t h e i r  nuinbers t o  increase. By salmon a c t i n g  as " b u f f e r  
prey" ,  any r e d u c t i o n  i n  r e s i d e n t  f i s h  due t o  compe t i t i on  o r  p reda t i on  by 
salmon may be balanced. 



6. ECONOMIC ANALYSIS 

6.1 V e r t i c a l  S l  o t  F i  shway Enhancement Program 

The purpose o f  c o n s t r u c t i n g  a  f ishway a t  a  v e l o c i t y  b a r r i e r  such as 
occurs i n  D e v i l  Canyon i s  t o  make a v a i l a b l e  a d d i t i o n a l  spawning. and 
r e a r i n g  areas i n  t h e  s t ream above t h e  b a r r i e r .  E a r l i e r  s e c t i o n s  gave 
c o n s i d e r a t i o n  t o  such phys i ca l  f a c t o r s  as: 

1 )  A c c e s s i b l i t y  o f  t h e  b a r r i e r :  The method o f  a c c e s s i b i l i t y  (plane, 
boat,  road)  of personnel  t o  t h e  s i t e  f o r  cons t ruc t i on ,  maintenance, 
and ope ra t i  ng purposes. 

2 )  Stream hydro logy:  Maxi mum, mean, and m i  nimum d i  scharges. 

3 )  T e r r a i n  topography: Stream grad ien t .  

4 )  Foundat ion m a t e r i a l  : Geotechnica l  i n v e s t i g a t i o n s  f o r  
determi n i  ng t h e  t ype  o f  c o n s t r u c t i o n  needed. 

5 )  C h a r a c t e r i s t i c s  o f  b a r r i e r :  He igh t  and l e n g t h  o f  t h e  b a r r i e r .  
V e r t i c a l  b a r r i e r ,  v e l o c i t y  b a r r i e r ,  o r  combinat ion o f  both. 

6 )  Spawning area: The area a v a i l a b l e  f o r  t h e  spawning and r e a r i n g  o f  
chinook, coho, chum and sockeye salmon. 

Th i s  s e c t i o n  w i l l  cons ider  t h e  f i s c a l  f a c t o r s  t h a t  determine i f  t h e  
t u n n e l - v e r t i c a l  s l o t  f ishway descr ibed  i n  Sec t i on  5.2.3.5 i s  economica l ly  
p r a c t i c a l  . 
6.1.1 Bene f i  t /Cos t  R a t i o  

There a re  severa l  f i n a n c i  a1 methods f o r  de te rmin ing  t h e  acceptab le  cos t  
o f  a  p r o j e c t .  Th i s  s tudy w i l l  use t h e  b e n e f i t / c o s t  (B/C) method because 
i t  i s  a  procedure t h a t  i s  f a m i l i a r  t o  most people. 

The reader  shou ld  be aware t h a t  B/C r a t i o  a n a l y s i s  i s  no t  an exact 
sc ience and t h a t  l i m i t a t i o n s  e x i s t  i n  t h i s  method o f  f i s c a l  
eva lua t ion .  I n  t h i s  s tudy t h e  w r i t e r s  have used es t ima ted  f i g u r e s  f o r  
p r o j e c t  costs,  maintenance costs ,  p r o j e c t  li f e y  f i s h  y i e l d s ,  and t h e  
i n t e r e s t  r a t e  o f  f i n a n c i  ng. 

The v a r i a b l e  f a c t o r s  l i s t e d  i n  t h e  p rev i ous  paragraph were es t imated  
~ v i t h  t h e  bes t  i n f o r m a t i o n  a v a i l a b l e ,  bu t  s t i l l  t h e y  a re  o n l y  est imates.  
If actua l  cos t s  a re  l e s s  than  es t imated  costs ,  t h e  B/C r a t i o  w i l l  be 
increased, and, o f  course, i f  t h e  b e n e f i t s  a re  l e s s  than  es t imated  t h e  
B / C  r a t i o  w i l  1  be reduced. Va r i ab l es  t h a t  a re  no t  i nc l uded  i n  t h i s  
c o s t  e v a l u a t i o n  a r e  t h e  unknowns o f  n a t u r e  such as unusua l l y  c o l d  
weather, extreme f l o w  c o n d i t i o n s  d u r i n g  f l o o d s  and drought, and t h e  
i n f l u e n c e  o f  f u t u r e  f i s h i n g  r e g u l a t i o n s ,  a l l  o f  which can a f f e c t  t h e  
a n t i c i p a t e d  salmon harvest .  



6.1.2 Economic Factors ,  Assumptions, and Cal c u l a t i o n s  

A) S u s i t n a  R i v e r  salmon 

1 )  Average w e i g h t  o f  salmon i n  Cook I n l e t  

a )  Chinook - s p o r t  1 8 1  = 20.5 l b  
c omme r x a  1 - 191 = 16.7 l b  

b )  Coho - s p o r t  and commercial - 191 = 6.1 l b  

c )  Sockeye - commercial - 1 9 1  = 6.5 l b  

d)  Chum - commerci a1 - 191 = 7.7 l b  

2 )  1982 average value t o  f i shermen i n Cook I n l e t  

a )  Chinook - s p o r t  201 = $120.00/f i  sh 
c o m m e r ~ a l  c/ = $25.00/f ish 

b )  Coho - s p o r t  201  = $38.00/f ish 
c o m m e r ~ a l  - 201 = $5.50/ f ish  

c )  Sockeye - commercial - 2 0 1  = $7.30/ f ish 

d )  Chum - commercial - 2 0 1  = $4.90/ f ish  

B )  P o t e n t i a l  r e t u r n  t o  system 

1) Chinook - 3,000 f i s h  

2 )  Coho - 5,100 f i s h  

3 )  Sockeye - 160,000 f i s h  

4 )  Churn - 9,700 f i s h  

T o t a l  = 177,800 f i s h  

1 8 1  From M r .  K e v i n  Delaney, pers,  comm., November 22, 1982, ADFAG F i s h e r y  - 
B i  01 o y i  s t  I I I, Anchorage. 

1 9 1  From Mr. J i m  Browning, pers. comm., November 19, 1982. - 

201 Frorn M r .  J e f f  Hartman, pers. comm., November 18, 1982, ADFAG F i s h  - 
C u l t u r i s t  I V ,  Anchorage. 

2 1 1  From Development P lann ing  and Research Assoc ia tes,  I n c .  (1982). - 



C) P o t e n t i a l  ha r ves t  i n  t h e  up e r  Sus i t na  R i v e r  due t o  f ishway i n s t a l  l a t i o n  
(See b i o c r i  t e r i  a, Table  6-17 
1 )  Chinook = 800 f i s h  

2 )  Coho = 660 f i s h  

3 )  Sockeye = 53,300 f i s h  

4 )  Chum = 2,600 f i s h  

To t  a1 = 57,360 f i s h  

O )  Value o f  ha rves t  

1 )  1982 value o f  salmon 

a )  Chinook - 780 s p o r t  + 20 commercial= $94,000 

b )  Coho - 290 s p o r t  + 370 commercial= $13,000 

c )  Sockeye - 53,300 comme r c i  a1 = $390,000 

d )  Chum - 2,600 cornmerci a l =  $1 3,000 

Tota l  = $510,000 

Table 6-1. B i o c r i t e r i a  1/ f o r  de te rmin ing  t h e  ha rves tab le  su rp l us  of salmon 
a d u l t s  w i t h  The f i  shway enhancement program a t  D e v i l  Canyon 
and D e v i l  Creek areas. 

Chinook Coho Sockeye Chum 
sa 1 mon sa l  mon salmon salmon 

Srnolt t o  a d u l t  s u r v i v a l  3% 10% 10% 1 % 
Egg t o  smol t  s u r v i v a l  1.4% 1 % 1% 12.5% 
Fecundi ty (no. eggsl femal e )  6,500 2,300 3,000 2,200 
Egg r e t e n t i  on 0% 0% 0% 0% 
Male: female 1:l  1: 1 1: 1 1: 1 
Recru i  tment : spawner 1.4 1.2 1.5 1.4 
Brood s u r v i v a l  i n  f r e s h  wa te r  - > 90% - > 90% - > 90% > 90% - 

11 From da ta  l i s t e d  i n  Alaska Department o f  F i s h  and Game (1982b), Crone - 
and Bond (1976),  Drucker  (19721, F o e r s t e r  (1968) and Hunter  (1959). 



2 )  Assume the  salmon ha rves t  (a1 1 spec ies )  w i l l  occur as f o l l o w s :  

1 s t  - 4 t h  year - - - - - - -  0% = 0 f i s h  

5 t h  year- - - - - - - - - - - -  50% = 28,700 f i s h  

6 t h  year- - - - - - - - - - - -  60% = 34,400 f i s h  

7 t h  year- - - - - - - - - - - -  70% = 40,200 f i s h  

8 t h  year-------- - - - -  80% = 45,900 f i s h  

9 t h  year- - - - - - - - - - - -  90% = 5 1 , 6 0 0 f i s h  

10 th -40 th  year - - - - -  100% = 57,400 f i s h  

3 )  Fu tu re  annual value o f  ha r ves t  

1s t -4 th -year  1982 - 1986 = $0 

5 t h  y e a r  ----------- 1987 = $ 255,000 

6 t h  y e a r  ----------- 1988 = $ 306,000 

7 t h  y e a r  ----------- 1989 = $ 357,000 

8 t h  y e a r  ----- - - - - - - I990 = $ 408,000 

9 t h  y e a r  ----------- 1991 = $ 459,000 

10th-40th y e a r  1992-2022 = $ 510,000 

E )  Assumptions concern ing  f i  shway cos t s  

1 )  Fishways (Dev i l  Canyon and D e v i l  Creek) 

a )  Tunnel l i f e  o f  40 yea rs  - i n i t i a l  t unne l s  c o s t  $30,215,000 

b )  Replace v e r t i c a l  s l o t  ba f f l e s  a t  y e a r  20 - $2,000,000 

c )  Year l y  open ing /c los ing  cos t s  o f  f ishway - $5,000 

d )  S i g n i f i c a n t  maintenance: Year 10 - $25,000 y e a r  30 - $25,000 

2 )  Two weirs/camp f a c i l i t y  

a )  Camp/weirs used f o r  5 yea rs  - i n i t i a l  w e i r  cos t  $700,000 

b. Wei r opera t ions  f o r  5 yea rs  a t  $25,00O/year 

3 )  S tock i  ng ope ra t i ona l  cos t s  - $25,00O/year 



4 )  Donor s tock losses  

The use o f  donor a d u l t  salmon f o r  ha tchery -p roduc t ion  o f  f i n g e r -  
l i n g s  f o r  5  yea rs  i s  a  c o s t  i tem. Once t h e  a d u l t s  a re  removed 
from t h e i r  n a t i v e  watersheds, no w i l d  progeny a r e  produced 
f rom these a d u l t s  f o r  f u t u r e  harvests .  O f  course, t h e  donor 
a d u l t  salmon w i  1  1 produce more progeny v i a  hatchery  p roduc t i on  
than  i f  l e f t  i n  t h e i r  n a t i v e  streams. These b e n e f i t s  a re  
shown on page 95. 

I n  t h e  c a l c u l a t i o n  o f  donor s tock  losses, average va lues t o  f i s h e r -  
men i n  Cook I n l e t  a r e  used as i n  A)2)  on page 94. Th i s  assumes 
t h a t  a1 1  donor stocks,  even sockeyes, come f rom t h e  Sus i t na  
R i v e r  drainage. Th i s  assumption g ives  a s l i g h t l y  h i ghe r  va lue 
f o r  sockeyes s i  nce Copper R i  ve r (Gul kana R i  v e r )  sockeyes a re  
va lued a t  l e s s  ($6 .57 / f i sh )  221 t han  t h e  Cook I n l e t  sockeyes. 
Donor s t ock  cos t s  a re  a  f o l l o w s :  

a )  Chinook - 81 s p o r t  t 2  commercial = $ 9,77O/year x 5  yea rs  = $ 48,850 
b )  Coho - 21  s p o r t  t 27 commercial = $ 947/year x 5  yea rs  = $ 4,735 
c )  Sockeye - 3,835 commerci a1 = $28,00O/year x 5  yea rs  = $140,000 
d )Chum - 120 commercial = $ 558 lyear  x 5  yea rs  = $ 2,940 

T o t a l s  = $39,305/year = $196,525/5 yea r s  

5 )  Cost o f  c a p i t a l :  i* 

a )  Nominal r a t e  = 13%. 

b )  Real r a t e  = 3%. 

c )  F u t u r e  b e n e f i t s  & c o s t s  have been ad jus ted  t o  1982 (base 
economic y e a r )  w i t h  a  r e a l  ( d i  scount ) r a t e  o f  3%. 

d )  The rea l  i n t e r e s t  r a t e  i s  e q u i v a l e n t  t o  t h e  r ea l  i n t e r e s t  
p a i d  on c u r r e n t  AA co rpo ra te  bonds o f  t h e  same m a t u r i t y  
as t h e  minimum l i f e  o f  t h e  permanent f ishway s t r uc tu res .  

e )  Real i n t e r e s t  r a t e :  t h e  i n t e r e s t  ( i )  used i n  c a l c u l a t i n g  
p resen t  value. I n  t he  case o f  a  s i n g l e  f u t u r e  amount 
corning i n  n  years  t h e  p resen t  wor th  f a c t o r  (PWF) i s :  
( l t i  )-n. 

22/ From M r .  R ichard  Randal 1, pers. comm. , June 2, 1983, ADF&G F i  shery - 
B i o l o g i s t  111. 



f )  Present  wo r th  va lue:  t he  amount which a  person would be 
w i l l i n g  t o  pay today t o  o b t a i n  t h e  r i g h t  t o  a  c e r t a i n  
arnount o r  s e r i e s  o f  amounts i n  t he  f u t u r e  as es t imated  
th rough use o f  a  d iscoun t  ra te .  

The b e n e f i t  o f  t he  fishway enhancement program i s  c a l c u l a t e d  i n  Table 
6-2 and t h e  c o s t  i s  c a l c u l a t e d  i n  Tab le  6-3. 



Table 6-2 Fishway enhancement b e n e f i t  c a l c u l a t i o n s  f o r  a1 1  salmon species. 

Year B e n e f i t  x PWF - - PW B e n e f i t  
3% 1982 

T o t a l  b e n e f i t  a t  1982 va lue = $9,257,800 

- 99- 



T a b l e  6-3. F i  shway enhancement combined c o s t  c a l c u l a t i o n s .  

Year Cost  x PW F - - PW Cos t  
3 % 1982 

T o t a l  c o s t  a t  1982 v a l u e  = $32,573,325 



Benef i t /Cos t  r a t i o :  

B = T o t a l  b e n e f i t  f r om  Tab le  6-2 

C = To ta l  c o s t  f rom Table  6-3 

6.1.3 S e n s i t i v i t y  Ana l ys i s  

The s e n s i t i v i t y  o f  t h e  b e n e f i t l c o s t  c a l c u l a t i o n s  shown depends on t h e  
u n c e r t a i  n t y  o f :  

1 )  Est imated c o n s t r u c t i o n  cos t s  

2 )  Es t imated  mai ntenance cos ts  

3 )  Salmon s u r v i v a l  r a t e s  (egg t o  f ry t o  a d u l t )  

4 )  Es t imated  f u t u r e  salmon catches 

5 )  Es t imated  value o f  salmon catches 

6 )  The c o s t  o f  c a p i t a l  ( i  ) 

The f o l l o w i n g  e x p l a n a t i o n  o f  f i g u r e s  used ( b o t h  expenses & b e n e f i t s )  i s  
numbered t o  cor respond w i t h  t h e  s i x  i ndetermi na tes  1  i s t e d  above. 

1 )  The es t imated  c o n s t r u c t i o n  cos t s  a r e  based on ADF&Gts exper ience i n  
c o n s t r u c t i n g  s i m i l a r  t ype  f ishways a t  Anan Creek and a t  Russian R i v e r  
and t h e r e f o r e  t h e  es t imates  a r e  thought  t o  be r e l i a b l e .  

2 )  The maintenance and ope ra t i ons  c o s t s  a r e  based on ADF&G exper ience 
gained f r om s i m i l a r  f ishways a t  Anan Creek and a t  Russian R iver .  
However, t h e  reader  can r e a d i l y  observe f rom Table  6-3 t h a t  t h e  
maintenance and opera t ions  c o s t s  a r e  i n s i g n i f i c a n t  when compared 
t o  t h e  i n i t i a l  C.I.P. costs.  The maintenance and opera t ions  
cos t s  c o u l d  be t r e b l e d  o r  de le ted  a l t o g e t h e r  and no t  s i g n i f i c a n t l y  
a l t e r  t h e  B/C r a t i o .  F i g u r e  6-1 shows a  cash f l o w  comparison of 
b e n e f i t s  vs. costs.  

3 )  The s u r v i v a l  r a t es  a r e  based on standards accepted by and used by 
t h e  F i s h e r i e s  Rehabi li t a t i o n  and Enhancement D i v i s i o n  o f  t h e  Alaska 
Department o f  F i s h  and Game. These va lues a re  t h e  standards used 
i n  t h e  S t a t e  o f  Alaska. 

4 )  The es t imated  f u t u r e  salmon catches a re  based upon t h e  s u r v i v a l  
r a t e s  desc r i  bed i n  sensi  t i v i  t y  a n a l y s i  s number 3. The s u r v i v a l  
r a t e s  and catch es t imates  a r e  a v a i l a b l e  from Dr. Bernard K e p s h i r e G l  

231 AUF&G P r i  nc i  pa l  F i s h  C u l t u r i  s t ,  Juneau. - 





5 )  The 1982 Cook I n l e t  salmon ca tch  and p r i c e s  a re  as recorded by t h e  
Commercial F i s h e r i e s  and Spor t  F i s h  D i v i s i ons .  To a v o i d  t h e  uncer- 
t a i n t i e s  o f  f u t u r e  i n f l a t i o n  a l l  b e n e f i t s  and cos t s  have been 
computed based on 1982 p r i ces .  

6) The t h r e e  percen t  c o s t  o f  c a p i t a l  was ob ta i ned  f rom M r .  J e f f  Hartman 201. 
I n  t h e  way o f  a  comparison, t h e  f ishway B/C r a t i o  was computed on 
t h e  bas i s  o f  a  r ea l  i n t e r e s t  r a t e  o f  10%. I n  t h e  i=10% c a l c u l a t i o n s ,  
t h e  B/C r a t i o  computed t o  be 0.1:l. The 0.1:l  B/C r a t i o  i n d i c a t e s  
an even more economica l ly  u n s a t i s f a c t o r y  p r o j e c t .  



6.2 Hatchery Enhancement Program 

Th i s  s e c t i o n  develops t h e  economic a n a l y s i s  f o r  c o n s t r u c t i n g  and 
ope ra t i ng  a  hatchery enhancement program such as d i  scussed i n  sec t  i o n  
5.2.4. I n  t h e  case o f  t h e  upper Sus i tna  R i v e r  dra inage bas in  where 
m i l e s  o f  spawning streams and acres o f  l ake  r e a r i n g  go bar ren  because 
t h e r e  a re  no spawners, a  hatchery- induced enhancement program may be 
des i rab le .  Wi th  t he  e x i s t i n g  n a t u r a l  r e a r i n g  areas a v a i l a b l e ,  t h e  
"hatchery f a c i l i t y "  would be l i m i t e d  t o  an " i ncuba t i on  f a c i l i t y "  wherein 
hatchery f r y  would rece ive  l i m i t e d  rea r i ng ,  j u s t  enough t o  s t a r t  them 
feed i  ng and t o  awa i t  optimum re lease  cond i t ions .  The r e s u l t a n t  f r y l f i  nger-  
li ngs would t h e n  be t r anspo r ted  t o  t h e  upper Sus i tna  R i v e r  drainage 
bas in  f o r  re lease  and n a t u r a l  rear ing.  

The h a t c h e r y l i  ncuba t ion  f a c i  1  i ty needed f o r  t h e  enhancement program 
descr ibed  would c o n s i s t  o f  t h e  f o l  1  owi ng major  features.  

1 )  An i n c u b a t i o n  f a c i l i t y  cons t ruc ted  i n  t h e  Talkeetna area. 1982 
C.I.P. c o s t  o f  $3,400,000 w i t h  annual ope ra t i ng  cos t s  o f  $250,000 
p e r  year .  

2) An egg t ake  camp a t  Gold Creek w i t h  a d u l t  cap tu re  w e i r s  a t  I n d i a n  
R i v e r  and Portage Creek. C.I.P. cos t  of $700,000 p l u s  $25,000 per  
y e a r  ope ra t i ona l  costs.  

3 )  F r y / f i  n g e r l i  ng p l a n t i n g  operat ions. I n i t i a l  l y  t h e  p l a n t i n g  opera t ions  
w i l l  be f rom PaxsonIAnchorage t o  t h e  upper Sus i tna  R i v e r  bu t  w i l l  
eventual  l y  ope r a t e  between Ta l  keetna and t h e  upper Susi t n a  R i  ve r 
dra inage (Lake Louise area).  The f r y / f i  n g e r l i  ng p l a n t i n g  opera t iona l  
cos t s  a re  expected t o  be approx imate ly  $25,000 p e r  year.  

6.2.1 Bene f i t /Cos t  R a t i o  

The same t ype  o f  B/C a n a l y s i s  as used f o r  t h e  v e r t i c a l  s l o t  f i  shway 
t unne l  (Sec t ion  6.1 ) i s  used f o r  t h e  ha tchery  enhancement ana lys is .  

6.2.2 Economic Factors,  Assumptions, and C a l c u l a t i o n s  

A) Sus i tna  R i v e r  salmon 

1 )  Average wei y h t  o f  salmon i n  Cook I n l e t  

a )  Chinook - s p o r t  181  
commerTa1 - 191 

b )  Coho - s p o r t  and commercial - 191 

c )  Sockeye - commercial g/ 
d )  Chum - commercial g/ 



2 )  1982 average p r i c e  p a i d  t o  f i shermen i n  Cook I n l e t  

a )  Chinook - s p o r t  20/ = $120.00/f ish 
commerTal  20/ = 825,00/f ish - 

b)  Coho - s p o r t  20/ = $38.00/f i s h 
commerTa1 20/ = $5.50/ f ish - 

c )  Sockeye - commercial - 20/ = $7.30/ f ish 

d )  Chum - commerc i a l  - 2 0 / =  $4.90/f ish 

B )  P o t e n t i a l  r e t u r n  t o  system 

1) Chinook = 3,000 f i s h  

2 )  Coho = 5,100 f i s h  

3 )  Sockeye = 160,000 f i s h  

4 )  Chum = 9,700 f i s h  

To ta l  = 1 7 7 , 8 0 0 f i s h  

C) P o t e n t i a l  ha r ves t  i n  t h e  upper Sus i tna  R ive r .  
(See b i  o c r i  t e r i  a, Table  6 -4 )  

1) Chinook = 2,800 f i s h  

2 )  Coho = 4,740 f i s h  

3 )  Sockeye = 152,000 f i s h  

4 )  Chum = 9,260 f i s h  

To ta l  = 168,800 f i s h  

D )  Value o f  ha r ves t  

1 )  1982 va lue o f  salmon 

a )  Chinook - 2,730 s p o r t  + 70 commercial = $329,000 

b )  Coho - 2,100 s p o r t  + 2,640 commercial = $94,000 

c )  Sockeye - 
d )  Chum - 

152,000 commercial = $1,110,000 

9,260 commercial = $45,000 

To ta l  = $1,578,000 



2 )  Assume t h e  salmon ha rves t  (a1 1 spec ies )  w i l l  occur as f o l l ows :  

1 s t  - 4 t h  year-----------  0% = 0 f i s h  

5 t h  year- - - - - - - - - - - - - - - -  50% = 84,400 f i s h  

6 t h  year----------------  60% = 101,280 f i s h  

7 t h  year----------------  70% = 118,160 f i s h  

8 t h  year----------------80% = 135,040 f i s h  

9 t h  year- - - - - - - - - - - - - - - -  90% = 151,920 f i s h  

1 0 t h  - 40 th  year- - - - - - -  100% = 168,800 f i s h  

3 )  Fu tu re  annual value o f  ha rves t  

1 s t - 4 t h  year- - - - -  1982 - 1986 = $ 0  

5 t h  year---------------  1987 = $ 789,000 

6 t h  year---------------  1988 = $946,800 

7 t h  year---------------  1989 = $ 1,104,600 

8 t h  year---------------  1990 = $ 1,262,400 

9 t h  year---------------  1991 = $ 1,420,200 

10 th  - 40 th  year-1992 - 2002 = $ 1,578,000 

Table 6-4. B i o c r i t e r i a  I/ f o r  de te rmin ing  t h e  harves tab le  su rp lus  of 
salmon a d u l t s  w i t h  t he  hatchery enhancement program a t  
D e v i l  Canyon and D e v i l  Creek areas. 

Chinook Coho Sockeye Chum 
Salmon Salmon Salmon Salmon 

Smolt t o  a d u l t  s u r v i v a l  3% 10% 10% 0.7% 
Egg t o  smolt  s u r v i v a l  15% 15% 15% 85.5% 
Fecundi t y  (no. eggs/femal e )  6,500 2,300 3,000 2,200 
Egg r e t e n t i  on 0% 0% 0% 0% 
Male: female 1:l 1: 1 1: 1 1: 1 
Recrui tment:  spawner 20.5 17.3 22.5 20.6 
Brood s u r v i v a l  i n  f reshwater  - > 90% > - 90% > - 90% > - 90% 

I/ Based on o r  f rom da ta  l i s t e d  i n  Alaska Department o f  F i s h  and Game (1982b), - 
Crone and Bond (1976), Drucker  (1972), F o e r s t e r  (1968), and Hunter  (1959). 



E )  Assumptions concern ing ha tchery  c o s t s  

1)  Hatchery  l i f e  o f  40 years  - i n i t i a l  ha tchery  c o s t  $3,400,000. 

2 )  ~ a t c h e r ~  r e c o n s t r u c t i o n  a t  y e a r  20 - $2,000,000. 

3 )  Hatchery  ope ra t i on  c o s t s  - $250,00O/year. 

4 )  Donor s tock  losses  
The use o f  donor a d u l t  salmon f o r  ha tchery -p roduc t ion  of f i n g e r l i n g s  f o r  
5 years  i s  a  c o s t  i tem. Once t h e  a d u l t s  a re  removed f r om t h e i r  n a t i v e  
watersheds, no w i l d  progeny a r e  produced f rom these  a d u l t s  f o r  f u t u r e  
harvests .  O f  course, t h e  donor a d u l t  salmon w i l l  produce more progeny 
v i a  hatchery  p roduc t i on  than  i f  l e f t  i n  t h e i r  n a t i v e  streams. These 
b e n e f i t s  a r e  shown on page 105. 

I n  t h e  c a l c u l a t i o n  o f  donor s tock  losses, average va lues t o  f i shermen 
i n  Cook I n l e t  a r e  used as i n  A )2 )  on page 105. Th i s  assumes t h a t  a l l  
donor stocks,  even sockeyes, come from t h e  Sus i t na  R i v e r  drainage. 
T h i s  assumption g ives a  s l i g h t l y  h i ghe r  va lue f o r  sockeyes s i nce  Copper 
R i v e r  ((iulkana R i v e r )  sockeyes a r e  va lued a t  l e s s  ($6.57/ f ish)  E/ t h a n  
t h e  Cook I n l e t  sockeyes. Donor s t ock  cos t s  a r e  as f o l l o w s :  

a )  Chinook - 81 s p o r t  + 2  commercial = $ 9,77O/year x 5  yea rs  = $ 48,850 
b )  Coho - 21  s p o r t  + 27 commercial = $ 947 lyear  x 5  yea rs  = $ 4,735 
c )  Sockeye - 3,835 commercial = $28,00O/year x 5  years  = $140,000 
d )  Chum - 120 com~ner ica l  = $ 558lyear  x 5  yea rs  = $ 2,940 

T o t a l s  = $39,305/year = 196,525/5 yea rs  

5 )  2 wei rs/camp - i n i t i a l  w e i r  c o s t  $700,000. 

6) Replace weirs/camp a t  20 yea rs  - $700,000. 

7) Wei r o p e r a t i  ng c o s t s  - $25,000/year. 

8 )  P l a n t i n g  ope ra t i ng  cos t s  - $25,00O/year. 

9 )  Cost o f  c a p i t a l :  i* 

a )  Nominal r a t e  = 13%. 

b )  Real r a t e  = 3%. 

C )  F u t u r e  b e n e f i t s  Pi c o s t s  have been ad jus ted  t o  1982 (base 
economic y e a r )  w i t h  a  r e a l  ( d i s c o u n t )  r a t e  o f  3%. 

d )  The rea l  i n t e r e s t  r a t e  i s  e q u i v a l e n t  t o  t h e  r ea l  i n t e r e s t  



p a i d  on c u r r e n t  AA co rpo ra te  bonds o f  t h e  same m a t u r i t y  
as t h e  minimum l i f e  of t h e  permanent ha tchery  s t r uc tu res .  

e )  Real i n t e r e s t  r a te :  t h e  i n t e r e s t  (i) used i n  c a l c u l a t i n g  
p resen t  value. I n  t h e  case o f  a  s i n g l e  f u t u r e  amount 
coming i n  n  yea rs  t h e  p resen t  wo r t h  f a c t o r  (PWF) i s :  
( l + i  )-n. 

f )  Present  w o r t h  va lue:  t h e  amount which a  person wou ld  be 
w i  1 li ng t o  pay today t o  o b t a i n  t h e  r i g h t  t o  a  c e r t a i n  
amount o r  s e r i e s  o f  amounts i n  t h e  f u t u r e  as es t imated  
th rough  use o f  a  d iscoun t  ra te .  

The b e n e f i t  o f  t h e  ha tchery  enhancement program i s  ca l  c u l a t e d  i n  
Table  6-5 and t h e  c o s t  i s  c a l c u l a t e d  i n  Table  6-6. 



Table  6 - 5 .  Hatchery  enhancement b e n e f i t  c a l c u l a t i o n s  f o r  a1 1  salmon species.  

Year B e n e f i t  x PWF - - PW Benef i t 
3% 1982 

T o t a l  b e n e f i t  a t  1982 va lue = $28,644,000 



T a b l e  6-6. Ha tche ry  enhancement combi ned c o s t  c a l  c u l a t i o n s .  

Year Cost  x PW F - PW Cost  - 
3% 1982 

T o t a l  c o s t  a t  1982 v a l u e  = $12,715,400 



Bene f i t /Cos t  r a t i o :  

B $28,644,000 B = T o t a l  b e n e f i t  f rom Table  6-5 
- - - = 2.25:l 

C $12,715,400 C = To ta l  c o s t  f rom Tab le  6-6 

6.2.3 S e n s i t i v i t y  Ana l ys i s  

The s e n s i t i v i t y  o f  t h e  b e n e f i t / c o s t  c a l c u l a t i o n s  shown depends on t h e  
u n c e r t a i n t y  o f :  

1 ) Est imated c o n s t r u c t i o n  cos ts  

2 )  Es t imated  opera t ions  cos ts  

3 )  Salmon s u r v i v a l  r a t e s  (egg t o  fry t o  a d u l t )  

4 )  Es t imated  f u t u r e  salmon catches 

5 )  Est imated value o f  salmon catches 

6 )  The c o s t  o f  c a p i t a l  ( i )  

The f o l l o w i n g  e x p l a n a t i o n  o f  f i g u r e s  used ( b o t h  expenses & b e n e f i t s )  i s  numbered 
t o  cor respond w i t h  t h e  s i x  i ndetermi nates l i s t e d  above. 

1 )  The es t imated  c o n s t r u c t i o n  cos ts  a re  based on ADF&G1s exper ience 
i n  c o n s t r u c t i  ng numerous ha t che r i es  and ha tchery  suppor t  f a c i l i t i e s  
over  t h e  p a s t  severa l  years .  These es t imates  a re  cons idered t o  be 
r e 1  i able. 

2 )  The maintenance and opera t ions  c o s t s  a re  based on FRED'S exper ience 
ga ined f rom ope ra t i ng  numerous h a t c h e r i e s  d u r i n g  t h e  pas t  severa l  
years. These es t imates  a re  cons idered t o  be r e l i a b l e .  F i g u r e  6-2 
shows a  cash f l o w  comparison o f  b e n e f i t s  vs. costs.  

3 )  The s u r v i v a l  r a t e s  a re  based on standards accepted by and used by 
t h e  F i s h e r i e s  Rehabi li t a t i  on and Enhancement D i v i s i o n  o f  t h e  
Alaska Department o f  F i s h  & Game. These va lues a re  t h e  standards 
used i n  t h e  S t a t e  o f  Alaska. 

4 )  The es t imated  f u t u r e  salmon catches a re  based on t h e  s u r v i v a l  
r a t e s  descr ibed  i n  sens i  t i v i  t y  a n a l y s i s  number 3. The s u r v i v a l  
r a t e s  and catch es t imates  a re  a v a i l a b l e  f rom Dr. Bernard Kepshi re23/. - 

5 )  The 1982 Cook I n l e t  salmon ca t ch  and p r i c e s  a r e  as recorded by t h e  
Commercial F i s h e r i e s  and t h e  Spor t  F i s h  D i v i s i ons .  To avo id  t h e  
u n c e r t a i n t i e s  o f  f u t u r e  i n f l a t i o n  a1 1 b e n e f i t s  and cos t s  have been 
computed based on 1982 p r i ces .  





6 )  The t h r e e  percen t  c o s t  o f  c a p i t a l  was ob ta ined  f rom J e f f  ~ a r t m a n c / .  
I n  t h e  way of compari son t h e  ha tchery  B/C r a t i o  was computed 
on t he  bas i s  o f  a  r ea l  i n t e r e s t  r a t e  o f  10%. I n  t h e  i=10% 
c a l c u l a t i o n s  t h e  B/C r a t i o  computed t o  be 1.23:l. Even a t  t h e  
h i g h e r  i n t e r e s t  r a te ,  w i t h  t h e  reduced B/C r a t i o ,  t h e  ha tchery  
salmon enhancement p r o j e c t  appears t o  be v iab le .  



7.1 Salmon Enhancement Wi thou t  Hydroel  e c t  r i c  Dams 

The f i n d i n g s  i n  s e c t i o n  5.2.3 i n d i c a t e  t h a t  salmon enhancement o f  t h e  upper 
Sus i tna  R i v e r  i s  t e c h n i c a l l y  f e a s i b l e  v i a  t h e  use o f  v e r t i c a l  s l o t  f ishways 
t o  pass a d u l t  salmon t o  unused spawning grounds. However, t h e  economic 
a n a l y s i s  o f  t h e  v e r t i c a l  s l o t  f ishway program, as d iscussed i n  s e c t i o n  
6.1, i n d i c a t e s  t h a t  such a  p r o j e c t  i s  n o t  economica l l y  sound. The exceed- 
i n g l y  h i g h  c o n s t r u c t i o n  costs ,  when compared t o  t h e  r e l a t i v e l y  low b e n e f i t s ,  
produce a  B/C r a t i o  o f  o n l y  0.28 t o  1. Because o f  t h e  low B/C r a t i o ,  t h e  
s tudy team cannot recommend t h e  c o n s t r u c t i o n  o f  f i  shways as a  method f o r  
s a l  non enhancement. 

The f i n d i n g s  i n  s e c t i o n  5.2,4 i n d i c a t e  t h a t  salmon enhancement o f  t h e  
upper  Susi t n a  R i v e r  i s  t e c h n i c a l l y  f e a s i b l e  v i a  a  f r y l f i  n g e r l i  ng s t o c k i n g  
progrdm conducted f r om a  ha tchery  l o c a t e d  i n  t h e  Ta lkee tna  area. The 
economic a n a l y s i s  o f  t h e  ha tchery  program, as d iscussed i n  s e c t i o n  6.2, 
i n d i c a t e s  t h a t  such a  p r o j e c t  i s  a l s o  economica l l y  sound. The r e s u l t a n t  
B/C r a t i o  o f  2.25 t o  1  compares f a v o r a b l y  w i t h  many o f  t h e  ha tchery  oper- 
a t i o n s  now be ing  conducted i n  Alaska. The s tudy team recommends t h a t  i f  
a  salmon enhancement p r o j e c t  i s  t o  be conducted i n  t h e  upper Sus i tna  
R i v e r  drd inage basin,  t h e n  t h e  p r o j e c t  shou ld  be a  ha tchery  s t o c k i n g  
program o f  t h e  n a t u r e  descr ibed  i n  s e c t i o n  5.2.4. T h i s  recommendation 
i s  v a l i d  based on t h e  i n f o rma t i on  a v a i l a b l e  a t  t h i s  t ime. However, i t  
would be prudent  t o  f i e l d  v e r i f y  some o f  t h e  assumptions made p r i o r  t o  
e n t e r i n g  i n t o  a  40 y e a r  mu l t i -m i  1  l i o n  do1 l a r  enhancement p r o j e c t .  

The ha tchery  program produces more ha rves tab le  salmon than  t h e  f ishway 
program (Table  7-1).  Th i s  occurs because a  ha tchery  a l l ows  f o r  a  much 
g rea te r  egg- to - re leased- juven i  l e  s u r v i  va l  and t h e r e f o r e  a  1  ower brood- 
s tock  r equ i  rement t han  t h e  f ishway program, which depends s o l e l y  on 
n a t u r a l  p r o d u c t i o n  (compare Tab le  6-4 w i t h  Tab le  6-1). The hatchery  
program produces a  ha rves tab le  p o t e n t i a l  o f  95% o f  t h e  run compared t o  
t h e  f i shway  program p o t e n t i a l  o f  32%. The h i g h  ha rves t  p o t e n t i a l  o f  the  
ha tchery  program p rov i des  a  chal  lenge f o r  f i s h e r i e s  managers i n  Cook 
I n l e t .  Th i s  r e p o r t  does n o t  i n t e n d  t o  t e l l  f i s h e r i e s  managers how t o  
manage f o r  t h i s  h i g h  ha rves t  o r  even f o r  t h e  low f ishway program harves t .  
A h y p o t h e t i c a l  ha r ves t  s t r a t e g y  t h a t  f i s h e r i e s  managers m igh t  cons ider  i s  
a  t e rm ina l  h a r v e s t  zone i n  t h e  Sus i t na  R i v e r  between t h e  r a i l  road b r i d g e  
(near  Gold Creek gauging s t a t i o n )  and D e v i l  Canyon f o r  f i shwhee ls  and 
perhaps g i  11 nets.  Hatchery-produced salmon c o u l d  perhaps be separated 
f rom w i l d  salmon on t h e  bas is  o f  run t i m i n g  o r  o t h e r  s tock  separa t ion  
techniques, w i t h  subsequent ha rves t  e i t h e r  i n  Cook I n 1  e t  o r  t h e  Susi  t n a  
R i v e r  ha rves t  zone o r  both, The main p o i n t  i n  t h i s  d i scuss ion  i s  t h a t  
p r i o r  t o  implement ing any salmon enhancement program i n  t h e  upper Sus i tna  
K i  ver, f i s h e r i e s  managers must p rov i de  ha rves t  s t r a t e g y  exper t i se .  The 
e x p l o i t a t i o n  r a t e  t h a t  can be r e a l i z e d  w i t h o u t  d i s r u p t i n g  t h e  balance 
o f  t h e  mixed s tock  f i s h e r i e s  i n  Cook I n l e t  must be more p r e c i s e l y  known. 



Table 7-1. The annual ha r ves tab le  salmon a v a i l a b l e  w i t h  ha tchery  and 
fi shway enhancement programs a f t e r  y e a r  10. 

Harvestab l  e salmon 
Sa 1 mon 

Salmon enhancement Percent  Value a t  
spec ies program Number o f  r un  1982 p r i c e s  

Sockeye hatchery  152,000 95 $1,110,000 
f i s hway 53,300 33 390,000 

Chi  nook hatchery  2,800 93 329,000 
f ishway 800 2 7 94,000 

Coho hatchery  4,740 93 94,000 
f ishway 660 13 13,000 

Chum hatchery  9,260 96 
f ishway 2,600 2 7 

T o t a l  ha tchery  168,800 
combi ned f i  shway 57,360 
s pe c i  es 

The economic bene f i  t / c o s t  r a t i o s  p resen ted  h e r e i n  a r e  based s o l e l y  on 
e x p l o i t a t i o n  of s i n g l e  s tocks and do n o t  take  i n t o  account what t h e  
e x p l o i t a t i o n  o f  these  s tocks  shou ld  o r  must be i n  t h e  con tex t  o f  mixed 
stocks.  For  example, i f  a f t e r  c a r e f u l  and i m a g i n i t i v e  rev iew by f i s h e r i e s  
managers, i t  t u r n s  ou t  t h a t  t h e  ha tchery  program produces a run t h a t  can 
be e x p l o i t e d  on l y  a t  60% r d t h e r  t han  95%, t h e n  t h e  b e n e f i t / c o s t  f o r  t h e  
ha tchery  program would be 1.42:l. However, i t  i s  ext remely  u n l i k e l y  t h a t  
a v i a b l e  use c o u l d n ' t  De found f o r  those f i s h  i n  excess o f  t h e  60% ha rves t  
i n  Cook I n l e t  and t h e  5% needed as ha tchery  brood stock.  



7.2 Salmon Enhancement W i t h  H y d r o e l e c t r i c  Dams 

F i f t y  years  o f  m o n i t o r i n g  salmon m i g r a t i o n s  i n  t h e  Columbia and t h e  Snake 
R i ve rs  o f  Washington, Oregon and Idaho have shown t h a t  a d u l t  salmon w i l l  
ascend f ishways bypass ing h y d r o e l e c t r i c  dams. I n  bypassing dams such as 
Bonnev i l  l e  (65 f t  h igh) ,  The Dal l e s  (88 f t ) ,  John Day (132 f t ) ,  McNary 

t 100 f t ) ,  I c e  Harbor (100 f t ) ,  Lower Monumental (93 f t ) ,  L i t t l e  Goose 
100 f t ) ,  Lower G r d n i t e  (82 f t )  and others ,  some salmon ascend over  800 

f e e t  i n  a  r i v e r  s t r e t c h  o f  about 500 mi les .  The same observa t ions  show, 
however, t h a t  t h e  m o r t d l i t i e s  t o  t h e  m i  g r a t i n g  salmon, bo th  t h e  a d u l t  and 
t h e  j u v e n i l e  downstream migrants ,  i s  s i g n i f i c a n t  as d icussed i n  s e c t i o n  5.1.2. 
The numerous s t a t i s t i c s  quoted f o r  t h e  m o r t a l i t y  o f  t h e  m ig ran t s  a r e  
q u i t e  v a r i e d  bu t  t h e  bot tom l i n e  consensus i s  t h a t  t h e  p resen t  Columbia 
R i v e r  salmon run i s  s i g n i f i c a n t l y  l e s s  t han  i t  was i n  t h e  "pre-dam" 
days and t h e  data i n d i c a t e s  t h a t  t h e  dams have been a  major  f a c t o r  i n  
t h e  d e c l i n e  o f  t h e  salmon runs. 

A l though t h e  proposed Sus i t na  dams may n o t  be d i  r e c t l y  comparable t o  t h e  
dams on t h e  Columbia R ive r ,  i t  i s  t h e  s tudy  team's b e l i e f  t h a t  t he  
c o n s t r u c t i o n  o f  t h e  Devi 1  Canyon and t h e  Watana dams w i l l  e s s e n t i a l  l y  
e l i m i n a t e  any salmon enhancement p o t e n t i a l  i n  t h e  Upper Sus i tna  R i v e r  
dra inage basin.  The problems, and assoc ia ted  costs,  o f  pass ing 
salmon, b o t h  upst ream and downstream, over  a  h e i g h t  o f  1,500 f t  i n  a 
run  o f  o n l y  26 m i l e s  w i l l  f a r  outweigh t h e  l i m i t e d  b e n e f i t s  t h a t  c o u l d  be 
ach i  eved frorn any s a l  ~non enhancement program. As ment i  oned i n  s e c t i o n  
5.1.2 t h e  s tudy team f e e l s  t h a t  i f  t h e  Sus i t na  dams a r e  cons t ruc ted  then  
though t  shou ld  be g iven  t o  a  t r o u t l g r a y l i n g  enhancement p r o j e c t  i n  l i e u  
o f  a  salmon enhancement p r o j e c t .  
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10. APPENDICES 



10.1 
Letter from Commissioner Ronald 0. Skoog to the Honorable V i c  Fisher 

The Honorable Vic  F i s c h e r  
S t a t e  Sena te  
Pouch V ,  S t a t e  Capi to l .  
Juneau ,  Alaska 99811  

n c z r  S e n a t o r :  

The f o l l o w i 3 g  i n f o m a t i o n  i s  p r c v t d c d  hv t h e  depar tment  i n  r e s p o n s e  
t o  your  inqu i r ) .  concern ing  t h a t  p o r t i o n  of CS SSSS 698(P,es) p r o v i d i n ~  
$700,C00 f o r  t h e  assessr?ent of  t h e  f i s h e r i e s '  p o t e n t i a l  of t h e  Susitnn 
R i v e r .  This i n i t i a l  fund ing  would p r o v i d e  f o r  t h e  d e v n l o p m e ~ t  of a 
b a s e l i n e  feasibility a n a l y s i s  o n l y  f o r  t h e  a r e a  above Devi.14 Canyon to 
answer  i n  3 p r e 1 j n i n n r . 1  m r ? n e r ,  t h c  fo!.lowing q u e s t i o n s :  

1. Is it t e c h n f c ~ l l g  f e p - s i b l c  tc p a s s  a d u l t  encdromous 
f i s h  upst ream 2nd the r e s t i l t a n t  f r y l s n o l t s  s a fe ly  
down-stream th rouch  D e v i l s  Canyon i f  no h y d r o  
e l e c t r i c  devclopnert o c c u r s  on t h e  F u s i t n a  R b ~ e r ?  
And i f  f e a ~ i b l e ,  vhnt would be t h e  p r e l i m i n a r y  c o s t  
e s t i n a t e s  f o r  v a r i c u s  Fish passage  d c s i ~ n s  t o  
accomp1:sh t h i s ?  
-, 
\ h a t  i s  t h c  p o t e n t i 2 1  f o r  t h e  u p - r l v c r  i ~ a b t t a t  
(above Cev i l f i  Cnn:ra.;.,) r o  f iupport  a n ~ d r o n c ~ ~ c  f i s h  
popti lat lonfi? 'If fLsi1 passnze becomes poss ib !?  gn a 
r e g u l a r  b n s i s ,  vhn t  would b e  t h e  b i o l . o g i c a ?  F ~ p a c c s  
t o  t h e  u p - r i v e r  r e s i d e ~ t  f i n b .  ~ ? e c i e r ,  a!ld h e b i t a t  by 
such  a c c e s s  t o  nn=dro?.cu:; snec i -es  n b ~ v e  D e v i l s  
C:.nyon? 
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3. What s p e c i f i c  a r e a s  of s tudy  shou ld  n cornprehensfvc 
plan address should i t  be de termined  t h a t  ~ u c h  a 
p r o j e c t  be implcmentcd by the  L e g i s l a t u r e ?  

I f  you have any q u e s t i o n s  r e g a r d i n g  t h i s  m n t t e r  p l ennc  do not h e e i t a t e  
t o  contact t h i s  o f f i c e .  

S incere ly . ,  

Ronald 0. Skoog 
C o d a s l o n e r  

cc: Ron Lehr 
K e i t h  Specking 

bcc: Ton Tren t  
C h r i s t o p h e r  Estes 
Mary J a b l o n s k i  



10.2 
etter from Mr. Jeff Weltzin to Commissioner Ronald 0. Skoog 

Northern Alaska Environmental Center 
218 DRIVEWAY 

FAIRBANKS. ALASKA 99701 
(907) 452.5021 

June  4 ,  1982 

Corilmissioner Ronald 0. Skoog 
Alaska Departxent of  F i s h  and G a m e  
P.O. Box 3-2000 
Juneau,  Alaska 99802 

Dear C o m i s s i o n e r  Skoog , 
A s  you know, my o r g a n i z a t i o n  h a s  worked w i t h  o t h e r s  t o  s u p p o r t  a $200.000 
a p p r o p r i a t i o n t h m u g h  the L e g i s l a t u r e  t o  s tudy  t h e  p o t e n t i a l  o f  upper  
S u s i t n a  R ive r  salmon Pnhancernent. I wish t o  thanlc you and your s ta f f -  
f o r  t h e  h e l p f u l  baclcground i n f o r n a t i o n  d e s c r i b i n g  how ADFM; would 
approach t h i s  s tudy .  

W e  based o u r  d e c i s i o n  t o  pursue  t h i s  fund ing  f o r  the ADFM; on your  
l e t ~ e r  of March 20, 1981 which s t a t e d  t h a t  t h e  p r e s e n t  arrangement  
between your  agency and t h e  APA wculd n o t  i n c l u d e  any assessment  of 
upper  S u s i t n a  River  salmon enhancement p o t e n t i a l .  More s p e c i f i c a l l y ,  
o u r ~ r n o t i v a t i o n s  i n  s u p p o r t i n g  t h i s  fund ing  a r e  o u t l i n e d  i n  the f o l l o w i n g  
q u e s t i o n s  thac h o p e f u l l y  t h i s  s t u d y  w i l l  answer: 

1. Can the  Devi ls  Canyon h y d r a u l i c  b a r r i e r s - t o  t h e  m i g r a t i o n  of  fho 
f i v e  s p e c i e s  of salmon (chinook,  coho, chum, sockeye and pi&)  be a l t e r e d  
o r  bypassed t o  permit  t h e  passage  of t h e s e  s p e c i e s  t o  both  tributaries 
and connect ing  l a k e s  above Devi ls  Canyon i n  absence 'of  t h e  proposed 
S u s i t n a  hydro p r o j e c t ?  

2. If f i s h  passage through Dev i l s  Canyon i s  f e a s i b l e ,  whar would the 
p o t e n t i a l  b e n e f i t  of salmon p roduc t ion  from t h e  t r i b u t a r i e s  a n d  l a k e s  - -  
upstream of D e v i l s  Canyon be t o  t h e  s p o r t ,  co rn -e rc ia l .  and s u b s i s t e n c e  
f i she rnen?  

-b 

3. What would t h e  b i o l o g i c a l  'impacts be t o  o t h e r  s p e c i e s  p r e s e n t l y  
r e s i d i n g  i n  t h e  upper  S u s i t n a ?  

4 .  If t h e  S u s i t n a  dams a r e  b u i l t .  how would t h i s  e f f e c t  the p o t e n t i a l  
of upper S u s i t n a  River  salmon enhancement? 

I t  i s  o u r  ho-pe thar: t h i s  b a s e l i n e  s t u d y  can  be i n t e g r a t e d  i n t o  t h e  
ADF&GG's S u s i t n a  hydro i n v e s t i g a t i o n s  t o  o b t a i n  t h e  maximum unders t and ing  
of t h e  f e a s i b i l i t y  of p rov id ing  a c c e s s  t o  and from t h e  h a b i t a t  of t h e  
upper  S u s i t ~ ~ .  We b e l i e v e  t h a t  t h i s  knowledge i s  a b s o l u t e l y  e s s e n t i a l  
to decemi.ning whether t h e  instream flows of t h e  upper  S u s i t n a  are b e s t  
s u i t e d  f o r  f i s h e r y  enhnncernenr: o r  hydro development o r  both.  

I n  conc lus ion ,  t h e  r e s u l t s  of t h e  f i r s t  phase of t h e  S u s i t n a  s t u d i e s  
show t h a t  i f  t h e  proposed S u s i t n a  dams have b e n e f i t s ,  t h e y  are over  
a f i f t y  y e a r  o r  l o n g e r  pe r iod .  E t  i s  o u r  b e l i e f  t h a r  t h e  b e n e f i t s  of 
the p o t e n t i a l  salmon enhancement of t h e  upper S u s i r n a  s h o u l d  a l s o  be 
e x m i n e d  i n  rki. same contexc .  J u s t  a s  the Rzli lbel t  w i l l .  exper i ence  
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i n c r e a s e d  demand l o r  e l e c t r i c i t y  o v e r  t h e  long  t e rm,  t h e  R a i l b e l t  cou ld  
e q u a l l y  e x p e r i e n c e  i n c r e a s e d  demand f o r  S u s i t n a  salmon. Both p o t e n t i a l  
developments of  the S u s i t n a  must b e  unders tood  t o  a l l o w  Alaskans t h e  
. a b i l i t y  t o  make a n  informed d e c i s i o n  on what are t h e  b e s t  u s e s  of t h e  
S u s i t n a  River .  

I n  a n t i c i p a t i o n  t h a t  t h e  Governor w i l l  n o t  v e t o  t h i s  a p p r o p r i a t i o n .  
I would be  p l ea sed  t o  meet w i t h  you t o  d i s c u s s  t h i s  a p p r o p r i a t i o n  i n  
more d e t a i l  i f  you s o  d e s i r e .  I would a l s o  a p p r e c i a t e  being informed 
on how you i n t e n d  t o  implement t h i s  s t u d y  and i t s  p r o g r e s s  as it e v o l v e s .  

Sincerely, 



Hppendi x  10.3. Upper Susi  t n a  R i v e r  salmon enhancement s t u d y  work p l  an (1982-1983) 

I. STATEMENT OF THE PROBLEM 

I n  t h e  upper  reaches o f  t h e  S u s i t n a  R i v e r ,  i n  t h e  v i c i n i t y  o f  Devi  1  
Canyon, i t  i s  r e p o r t e d  t h a t  a  s e r i e s  o f  r a p i d s  and /o r  w a t e r f a l l s  c r e a t e  
a  b a r r i e r  o r  s e r i e s  o f  b a r r i e r s  t h a t  p r e v e n t  o r  s e r i o u s l y  l i m i t  t h e  
passage o f  m i g a t o r y  f i s h  (anadromous salmon) t o  spawning a r e a s  upst ream 
o f  t h e  b a r r i e r ( s ) .  As o f  mid-1982 t h e  e x a c t  n a t u r e  o f  t h e  r e p o r t e d  
b a r r i e r ( s )  was n o t  known by t h e  Department o f  F i s h  and Game. The 
problems t o  be i d e n t i f i e d  a r e  d e s c r i b e d  i n  a  l e t t e r  o f  March 31, 
1982 f r o m  F i s h  and  Game Commissioner Ron Skoog t o  Sena to r  V i c  F i s c h e r  
and a r e  l i s t e d  as f o l l o w s :  

1 )  Determine t h e  na tu re ,  l o c a t i o n  and t h e  e x t e n t  o f  any f i s h  b a r r i e r ( s )  
l o c a t e d  on t h e  S u s i t n a  R i v e r  upst ream o f  D e v i l  Canyon. 

2 )  Determine t h e  n a t u r e  and e x t e n t  o f  salmon spawning h a b i t a t  l o c a t e d  
upst ream o f  D e v i l  Canyon. 

3 )  De te rm ine  methods o f  i n t r o d u c i n g  salmon upst ream of D e v i l  Canyon. 
Methods c o u l d  i n c l u d e  f i s h p a s s  f a c i  1  i t i e s ,  s t o c k i n g  o f  h a t c h e r y  
produced f i s h ,  eyed egg p l a n t s  and o t h e r  methods. 

4 )  Develop c o s t  f i g u r e s ,  s u i t a b l e  f o r  budge ta ry  purposes,  f o r  i m p l e -  
m e n t i n g  any o f  t h e  methods, o f  i t e m  3, t h a t  a r e  de te rm ined  t o  be 
p r a c t i  c a l  . 

5 )  Determine t h e  b i o l o g i c a l  impac t  on r e s i d e n t  f i s h  spec ies  i n h a b i t i n g  
t h e  area upst ream o f  D e v i l  Canyon t h a t  c o u l d  be expec ted  f rom t h e  
i n t r o d u c t i o n  o f  salmon i n t o  t h i s  area.  

6 )  Determine any s p e c f i c  a reas  o f  s t u d y  t h a t  need t o  be conduc ted  
i f  Salmon a r e  t o  be a r t i f i c i a l l y  i n t r o d u c e d  i n t o  t h e  S u s i t n a  
R i v e r  above D e v i l  Canyon. 

I n  a d d i t i o n  t o  t h e  q u e s t i o n s  posed by Commissioner Skoog t h e  N o r t h e r n  
A laska Env i ronmen ta l  Center ,  i n  i t s  l e t t e r  of  June 4, 1982 asked t h e  
f o l l o w i n g  a d d i t i o n a l  q u e s t i o n .  "If t h e  S u s i t n a  dams a r e  b u i l t ,  how 
would  t h i s  e f f e c t  t h e  p o t e n t i a l  o f  t h e  upper  S u s i t n a  R i v e r  Salmon 
Enhancement?" 

T h i s  s tudy  wi 11 t r y  t o  answer t h e  q u e s t i o n s  posed by Commissioner 
Skoog and by t h e  N o r t h e r n  A laska Env i ronmen ta l  Center .  

HOW BARRIER STUDY WILL BE ACCOMPLISHED 

Two i n d i v i d u a l s  have been ass igned  t o  t h i s  s t u d y  f u l l  t i n e  d u r i n g  
f i s c a l  y e a r  1983 and two a d d i t i o n a l  i n d i v i d u a l s  w i l l  be ass igned  t o  
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t h e  s t u d y  p a r t  t i m e  d u r i n g  t h e  f i v e  month p e r i o d  7/1/82 t h r o u g h  
12/1/82. D u r i n g  t h i s  f i v e  month p e r i o d  a  d r a f t  r e p o r t  o f  t h e  s tudy ,  
s u i t a b l e  f o r  submiss ion t o  t h e  l e g i s l a t u r e ,  w i l l  be prepared.  
F o l l o w i n g  t h e  l e g i s l a t u r e ' s  r e v i e w  t h e  s tudy  r e p o r t  w i l l  be r e f i n e d  as 
needed. Because t h e  d r a f t  r e p o r t  i s  needed b y  December 1  t h e r e  wi  11 
n o t  be t i m e  t o  make d e t a i l e d  f i e l d  i n v e s t i g a t i o n s  o f  t h e  s i t e  d u r i n g  
a l l  seasons o f  t h e  yea r .  The re fo re ,  heavy emphasis wi  11 be p l a c e d  on 
l i t e r a t u r e  r e s e a r c h  o f  d a t a  t h a t  has been c o l l e c t e d  by o t h e r s .  
F o l l o w i n g  i s  a  l i s t  o f  sources known t o  posses i n f o r m a t i o n  t h a t  s h o u l d  
be r e l e v a n t  t o  t h i s  s t u d y :  

1 )  A laska  Department o f  F i s h  and Game 

a. The S u s i t n a  Hydro A q u a t i c  S t u d i e s  Group - Tom T r e n t  

b. H a b i t a t  D i v i s i o n  - C a r l  Yanagawa 

c. S p o r t  F i s h  D i v i s i o n  

d. Commercial F i s h  D i v i s i o n  

e. FRED D i v i s i o n  

2 )  The A laska Power A u t h o r i t y  

3 )  The U.S. F i s h  and W i  l d l i  f e  S e r v i c e  

4 )  The U.S. G e o l o g i c a l  Survey 

5 )  Acres American - S u s i t n a  Hydro F e a s i b i l i t y  Study 

6 )  U.S. Army Corp. o f  Eng ineers  

7 )  R & M C o n s u l t a n t s  

8 )  N o r t h  P a c i f i c  A e r i a l  Surveys I n c .  

I n  a d d i t i o n  t o  t h e  l i t e r a t u r e  r e s e a r c h  s i t e  i n v e s t i g a t i o n  work w i l l  
be necessary  b u t  because o f  t h e  s h o r t  t i m e  frame a v a i l a b l e  i n  wh ich  
t o  p r e p a r e  t h e  d r a f t  r e p o r t  d e t a i l e d  s i t e  i n v e s t i g a t i o n s  w i  11 n o t  be 
made. I n s t e a d ,  t h e  s i t e  i n v e s t i g a t i o n  w i  11 be 1  i m i  t e d  t o  s i  t e / t e r r a i  n  
f a m i l i a r i z a t i o n ,  v e r i f i c a t i o n  o f  q u e s t i o n a b l e  d a t a  found i n  l i t e r a t u r e ,  
o b s e r v i n g  t h e  e x t e n t  o f  salmon m i g r a t i o n  i n  D e v i l  Canyon ( i f  any 
o c c u r s )  and o b t a i n i n g  s i t e  s p e c i f i c  measurement such as s t ream 
v e l o c i t y .  The f o l l o w i n g  s i t e  i n v e s t i g a t i o n  t r i p s  a r e  p lanned :  

1 )  J u l y  12-16: F i x e d  w ing  a i r c r a f t  o v e r  f l i g h t .  The purpose 
o f  t h i s  t r i p  w i l l  be t o  f a m i l i a r i z e  t h e  i n v e s t i g a t o r s  w i t h  
t h e  e x t e n t  o f  t h e  s t u d y  area,  t e r r a i n  c o n d i t i o n s ,  watershed,  
a reas  of p o t e n t i a l  b lockage  and e t c .  

2 )  August 2-6: Rotor -w i  ng a i r c r a f t  i n s p e c t i  on. T h i s  f l i g h t  
w i  11 permi t on ground s i t e  i n v e s t i g a t i o n  o f  q u e s t i o n a b l e  
f e a t u r e s  and a l l o w  o b s e r v a t i o n  o f  t h e  p i n k  salmon m i g r a t i o n  
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which reached i t s  peak, near  Devi 1 Canyon, on August 8 i n  
1981. 

3 )  August 30 - September 3 :  Rotor -wing a i r c r a f t  i n spec t i on .  
Thi s f 1 i ght w i  1 1 pe rm i t  a d d i t i o n a l  ground observa t ions  and 
w i l l  pe rm i t  observa t ion  of t h e  coho m i g r a t i o n  which extends 
i n t o  September i n  t h e  v i c i n i t y  o f  Devi 1 Canyon. 

4 )  It i s  expected t h a t  t h r e e  s i t e  i n v e s t i g a t i o n  t r i p s  w i l l  be 
adequate. However, a d d i t i o n a l  f l i g h t s  o r  ground t r i p s  ( i  f 
p o s s i b l e )  w i  11 be conducted if necessary. 

111. PROJECT SCOPE 

Th i s  s tudy w i l l  a t tempt  t o  f i n d  answers t o  t h e  ques t ions  posed i n  
s e c t i o n  I. The s tudy w i l l  be conducted by means o f  personnel  
i n t e r v i e w s ,  l i t e r a t u r e  search and o n - s i t e  i n v e s t i g a t i o n s  as descr ibed  
i n  s e c t i o n  11. The d r a f t  r e p o r t  w i l l  be completed by December 1, 
1982 w i t h  f o l l o w  up research and r e p o r t  e l a b o r a t i o n  performed a f t e r  
comments t o  t h e  d r a f t  r e p o r t  have been rece ived.  

I V .  MILESTONES ( C r i t i c a l  Dates)  

1 )  J u l y  1982 

I n i t i a t e  l i t e r a t u r e  search and conduct over  f l i g h t  o f  t h e  
Upper Sus i tna  R i ve r  s tudy  area. 

2 )  August - September 1982 

Complete f i e l d  i n v e s t i g a t i o n s ,  1 i t e r a t u r e  search and i n i t i a t e  
t h e  d r a f t  r epo r t .  

3 )  October - November 1982 

C o l l e c t  a d d i t i o n a l  da ta  found m iss i ng  i n  f i r s t  d r a f t  and 
mod i fy  d r a f t  as app rop r i a t e .  

4 )  December 1, 1982 

B a r r i e r  s tudy r e p o r t  pub1 i shed. 

5 )  December 1982 - January 1983 

B a r r i e r  s tudy r e p o r t  reviewed by l e g i s l a t u r e .  

6 )  February - June 1983 

B a r r i e r  s tudy r e p o r t  completed per  comments submi t ted by t h e  
l e g i  s l a t u r e .  Recommendati ons made. 
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V. STUDY BUDGET 

1 )  S a l a r i e s  ( # l o o )  2  f u l l  t ime12 p a r t  t i m e  = 159,800 

2 )  TVL 8 PD (#ZOO) = 20,000 

3 )  P u b l i c a t i o n  Costs (#300) = 10,400 

4 )  A d m i n i s t r a t i v e / O f f i c e  Suppl ies  - - 500 

S u b t o t a l  = 190,700 

5% Cont. ( a d d i t i o n a l  c h a r t e r  f l  t s /  
d r a f t i n g )  = 9,300 

T o t a l  Study Cost = 200,000 



Registered 
Professional 

Engineer M I L O  C. B E L L  
Consulting Engineer 

BOX 23 
MUKILTEO, WASHINGTON 98275 

December 30,  1982 

Lowell  S. B a r r i c k ,  P.E. 
Alaska Department of F i s h  and Game 
FRED D i v i s i o n  
P.O. Box 3-2000 
Juneau,  Alaska 99802 

Dear Lowell: 

Drawings f i shways  f o r  t h e  S u s i t n a  canyons 
a r e  being s e n t  under cover .  They show p o s s i b l e  c o n f i g u r a t i o n s  
f o r  f i shways  t o  pass  f i s h  through t h e  canyons. 

Those of u s  who have been i n  t h e  S u s i t n a  a r e a  recognize  t h e  pauc- 
i t y  of i n f o r m a t i o n  a v a i l a b l e  t o  us t o  a i d  i n  making a  d e c i s i o n  on s t r u c -  
t u r e s ,  and we shou ld  remind o u r s e l v e s  t h a t  t h e  w i n t e r  su rvey  by R & M ,  
and t h e  chopper su rveys  made by you and George Cunningham, which 
i n c l u d e d  v e l o c i t y  measurements by f low,  form t h e  b a s i s  a t  t h i s  t i n e  f o r  
judgement a s  t o  whether  f i s h  can be passed through t h e  canyons. 

The r i v e r  f lows f o r  t h e  y e a r  1982 a p p a r e n t l y  were a t  r ecord  low, 
arounds 14,000 c f s ,  d u r i n g  t h e  f i s h  passage time. The normal range 
dur ing  t h e  p e r i o d  i s  f rom 24,000 t o  28,000, o r  approximately  double t h e  
f low t h e  f i s h  f a c e d  i n  t h e i r  s u c c e s s f u l  movement through t h i s  canyon i n  
1982. 

Obviously ,  b e f o r e  a  f i n a l  d e c i s i o n  cou ld  be reached i t  would be 
n e c e s s a r y  t o  conduct a t  l e a s t  one y e a r ' s  examinat ion of r i v e r  l e v e l s  i n  
t h e  canyon a r e a s .  Measurement of major d rops  which a r e  known t o  e x i s t  
i n  t h e  canyon a r e a s  must be made b e f o r e  a  f i n a l  f i g u r e  can be placed on 
t h e  c o s t  of p r o v i d i n g  f i shways  around such o b s t r u c t i o n s .  It must be 
assumed t h a t  t h e  b a r r i e r s  i n  t h e s e  canyons a r e  v e l o c i t y  b a r r i e r s  c rea -  
t e d  by r i v e r  energy ,  o r  t h e  d e s t r u c t i o n  of such energy a s s o c i a t e d  w i t h  
bank and bed roughness ,  which becomes more apparen t  a t  t h e  lower f lows.  
I t  i s  a l s o  r e p o r t e d  t h a t  t h e r e  was a  s t a n d i n g  wave of g r e a t  h e i g h t  
c r e a t e d  below t h e  lower canyon a t  h i g h e r  f lows which was n o t  shown 
e i t h e r  by t h e  w i n t e r  su rveys  of R & M o r  by t h e  p i c t u r e s  t a k e n  by you 
and George Cunningham dur ing  your h e l i c o p t e r  su rvey ,  o r  a t  t h e  t i m e  
when I surveyed t h e  canyon. 

T h i s  i s  t h e  f i r s t  t ime ( i n  1982) t h a t  i t  has  been r e p o r t e d  t h a t  
any numbers of anadromous f i s h  have been found above t h e  lower canyon. 
With t h i s  assumption,  i t  must a l s o  be assumed t h a t  f lows probably  above 
16,000 c f s  may c r e a t e  s u f f i c i e n t  drops  a t  v a r i o u s  c o n t r o l  p o i n t s  i n  t h e  
canyon a s  t o  p reven t  s u c c e s s f u l  passage  bacause of t h e  i n c r e a s e d  
v e l o c i t i e s .  
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There  may be two approaches  t o  t h e  development of a  f i shway system 
f o r  t h e s e  canyons: 1. passage  from t h e  lowest  b a r r i e r  t o  and above t h e  
canyon by a  s i n g l e  f i shway ,  o r  2. passage around o b s t r u c t i o n  p o i n t s  by 
p r o p e r l y  l o c a t e d  f ishways.  There a r e  problems a s s o c i a t e d  w i t h  bo th  
approaches .  I f  a  s i n g l e  f ishway system i s  t o  be c r e a t e d  i t  must be 
assumed t h a t  f i s h  now approach t h e  canyon on one bank and t h a t  t h e  
e n t r a n c e  t o  t h i s  f i shway would be a t  t h e  f a r t h e s t  p o i n t  of upstream 
m i g r a t i o n  on t h a t  bank. I f  t h i s  is n o t  t r u e ,  t h e n  an  o b s t r u c t i o n  must 
be b u i l t  on t h e  bank on which t h e r e  i s  no e n t r a n c e  t o  c r e a t e  a  head 
d rop ,  which would no t  a l l o w  f i s h  passage  and would r e q u i r e  t h e  f i s h  t o  
move t o  t h e  bank where t h e  fishway e n t r a n c e  is. I f  t h e  e n t r a n c e  
p o s i t i o n  is n o t  p r o p e r l y  l o c a t e d  and t h e  f i s h  cou ld  bypass any p o i n t  of 
p o t e n t i a l  o b s t r u c t i o n ,  t h e  l e n g t h  of t i m e  t h a t  t h e  f i s h  have b e f o r e  
t h e y  must spawn would no t  a l l o w  them t o  s e a r c h  too  long f o r  an  e n t r a n c e  
downstream from t h e  p o i n t  i n  which they  were c o l l e c t i n g .  Th is  means, 
of c o u r s e ,  t h a t  a  ve ry  c a r e f u l  f i e l d  examinat ion would be n e c e s s a r y  t o  
i n s u r e  t h a t  an  e n t r a n c e  would be p laced  a t  t h e  most p r e c i s e  l o c a t i o n  
p o s s i b l e  f o r  t h e  f a r t h e s t  p o i n t  of upst ream t r a v e l  on t h a t  bank chosen 
f o r  a  s i n g l e  f ishway passage.  

I f  a  mul t i f i shway  development were t o  be proposed,  t h a t  is ,  a f i s h -  
way a t  each  p o i n t  a t  which f i s h  have d i f f i c u l t y  p a s s i n g  because of in -  
c r e a s e d  v e l o c i t i e s ,  it would mean t h a t  t h e  f i s h  would be f r e e  t o  e n t e r  
t h e  r i v e r  above such a  s h o r t  f i shway ,  perhaps  d i v e r t i n g  t o  e i t h e r  bank 
i n  o r d e r  t o  pass .  A l o n g e r  passage  t ime would be r e q u i r e d ,  f o r  exam- 
p l e ,  f o r  f i s h  t o  move from t h e  l e f t  t o  r i g h t  bank and back a g a i n  i f  t h e  
f i shways  were on two banks. Again, t ime might n o t  pe rmi t  such d e l a y s  
i n  t h e  canyon. 

I f  a  s i n g l e  f i s h  passage f a c i l i t y  were t o  be p rov ided ,  i t  probably  
would be b e s t  t h e n  t o  p rov ide  e n t r a n c e s  i n t o  t h i s  f a c i l i t y  a t  t h o s e  
p o i n t s  t h a t  were shown t o  be b a r r i e r s  t o  f i s h ,  provided t h a t  t h e  f i s h  
were a b l e  t o  pass  t h e  n e x t  lower o b s t r u c t i o n .  Thus t h e r e  would be 
i n s u r a n c e  t h a t  i f  t h e  f i s h  d i d  p a s s  t h e  next lower o b s t r u c t i o n  t h e y  
would f i n d  a n  e n t r a n c e  and would c o n t i n u e  through t h e  f ishway sys tem 
i n t o  t h e  canyon a r e a  above t h e  f ishways.  

The c o s t s  f o r  t h e s e  two app~oach-es a r e  provided a s  an appendix o r  
s e p a r a t e  document. *- &,d'daL 

P r e v i o u s  t e s t s  have i n d i c a t e d  t h a t  s u p e r s a t u r a t e d  n i t r o g e n  i s  now 
o c c u r r i n g  i n  t h e  canyon a r e a .  The e f f e c t  of t h i s  has n o t  been measured 
and i t  may a f f e c t  passageway o r  t h e  l i f e  span of t h e  f i s h .  It must be 
borne i n  mind t h a t  f o r  each f o o t  t h a t  t h e  f i s h  remain below t h e  
s u r f a c e ,  t h e  s u p e r s a t u r a t i o n  l e v e l  i n  reduced by approximately  3%. 

S i n c e r e l y  yours ,  
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D A T E  

2 2  D e c .  8 2  
J v 

T . R . H .  
S H T  N O  

1 

A N D E R S E N  B J O R N S T A D  . K A N E  9 JACOBS, INC. 
CONSULTING E N G I N E E R S  

S E A T T L E ,  W A  A N C H O R A G E .  A K  

Lower Susitna Canyon 
Fishway Feasibility 

JOB NO q +  t~ * 

COST ESTIMATE 
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S E A T T L E ,  W A  ANCHORAGE,  AK. I JOB NO Cost Estimate I "J.R.H. 
ANDERSEN BJORNSTAD K A N E  JACOBS, INC. 

C O N S U L T I N G  E N G I N E E R S  

PROJECT ~ o w e r  b u s  i tna  anyo on D A T E  

Fishway Feasibility 22 Dec. 82 -. , 

COST ESTIMATE S H T  NO 

2 
r 

CLASS OF WORK AND MATERIAL 

1. Mobilization & Demobilization 

Access Trail 
Ship Equipment from Seattle 

- 

UNi 

STA 

I 

QUANTITY 

50 

3 Compressors 
5 Drillers 

3 Wuckers 
2 Mixers 

0.18 84,000 

Helicopter, 5000 lb. lifts 100 1 ea 250@ 250,000 
2500 i b .  1 ifts 1 800 

Construction Camp 

- 60 

MATERIAL 

UNIT 

500 

_ _  

ea 

T O T A L  

25,000 

I 

LABOR 

UNlT 

TOTAL COST 

1000 

DaxJ000 

Camp Rental 

2. Staging 

Site Cl eari nq 
Sky Lines & Rigging (Purchas 

T O T A L  

I  I 

UNlT 

- 

1 

80D,Oi)n 

36[LD00 

3000 

1000 

T O T A L  

i 

12 

10 
) 

1,675,OOC 

36,000 

10,000 
lr) ,000 

100,000 

Mo. 

AC 
L S 

- 

Safety; nets, equip., etc. 

- 

L S 

- 
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ANDERSEN BJORNSTAD K A N E  JACOBS, INC. 
CONSULTING ENGINEERS 

S E A T T L E .  W A .  ANCHORAGE, AK.  

PROJECT Lower Sus i tna Canyon D A T E  

Fishway Feasi b i  1 i ty Study- 
JOB NO. COS t ES timate 

COST ESTIMATE 
S H T  NO. 

3 

CLASS OF WORK AND MATERIAL 

3. Equipment Rental: 

QUANTITY UNIT 
TOTAL COST MATERIAL 

UNlT  UNIT  

LABOR 

T O T A L  T O T A L  UNlT T O T A L  
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U P P E R  SUSITNA R I V E R  C A N Y O N  F I S H W A Y  

C o s t  E s t i m a t e  A s s u m p t i o n s  

1. C o n s t r u c t i o n  e q u i p m e n t  w o u l d  b e  b r o u g h t  t o  C h u l  i t n a  b y  
R a i l  c a r  a n d  o f f  l o a d e d .  

2 .  An e x i s t i n g  s l e d  r o a d  w o u l d  be  u s e d  t o  c a b i n s  a t  P o r t a g e  
C r e e k .  F r o m  t h e i r  A s l e d  r o a d  w o u l d  b e  c o n s t r u c t e d  t o  
n e a r  D e v i l  C r e e k .  

3 .  D r i l l i n g  m a c h i n e s ,  m i n i n g  m a c h i n e s ,  t o o l s ,  s u p p l i e s ,  and  
m i n i n g  e q u i p m e n t  w o u l d  b e  t r a n s p o r t e d  b y  c a t  t r a i n  t o  
D e v i l  C r e e k  w h i c h  i s  n e a r  t h e  f i s h w a y ' s  u p - s t r e a m  
p o r t a l .  

4 .  H e l e c o p t e r  & Snow C a t  w o u l d  b e  u s e d  t o  s u p p l y  t h e  camp 
t h r o u g h  t h e  c o n s t r u c t i o n  y e a r .  

5 .  The f i s h w a y  w o u l d  be  c o n s t r u c t e d  i n  t h e  n o r t h  b a n k  a n d  
w o u l d  u t i l i z e  a d d i t i o n a l  s h a f t s  f o r  f i s h  e n t r a n c e s  a n d  
t u n n e l  t a i l  i n g s .  

6 .  T u n n e l  i n g  o p e r a t i o n s  w o u l d  a n t i c i p a t e  w o r k i n g  t w o  f a c e s  
c o n c u r r e n t l y  a n d  t w o  s h i f t s  e a c h  d a y .  

7 .  An A c c e s s  T r a i l  w i l l  b e  c o n s t r u c t e d  a l o n g  t h e  n o r t h  bank  
s o  as t o  h o i s t  e q u i p m e n t  t o  t h e  p o r t a l s .  

8 .  We assume a  m in imum c o n s t r u c t i o n  camp s i z e  o f  4 5  p e o p l e  
d u r i n g  c o n s t r u c t i o n .  

S u p e r i n t e n d a n t  1 
A s s i s t a n t  1 
F o r e m e n  4 
M i n e r s  1 6  
R i  g g e r s  3 
I r o n  W o r k e r s  2 
C a r p e n t e r s  5 
L a b o r e r s  5 
Camp 4 
He1 i c o p t e r  2 

2 E q u i p m e n t  O p e r a t o r s  - 

9 .  E q u i p m e n t  a n d  s u p p l i e s  a r e  a s  l i s t e d  i n  t h e  q u a n t i t y  
e s t i m a t e .  
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ANDERSEN BJORNSTAD KANE JACOBS, INC.  
PROJECT upper b u s  1 t n a  ~ a n y o n  

I I 

COST ESTIMATE 

C O N S U L T I N G  E N G I N E E R S  
Fishway F e a s i b i  1 i t y  

S € . A ~  T ~ ~ .  WJA A N C H O R A G E ,  A K  I J O B  S t u d y  Cost Estimate 
S H T  NO 

I 

Y2'bec. 82 
~ ' : R . H .  
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S E A T T L E .  W A  

CLASS OF WORK AND MATERIAL 
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The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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