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Executive Summary

Long range planning is required to identify the resources and actions needed

to produce additional hatchery fish and increase hatchery effectiveness.

Given typical lead times, one can expect about 10-15 years to lapse between

the time BPA requests authority for capital projects and the time the first

adult fish return via that project. In this process, it is critical to

establish "proximate," numerical fish production goals for planning purposes.

The species of fish and the location of their production can be generalized

for these purposes, albeit, these data must be refined into discrete, specific

subbasin plans. For purpose of this report, generalized scenarios are used to

identify possible solutions and their costs.

This report is in response to Action Item 34-23 of the 1986 Columbia River

Basin Fish and Wildlife Program: "Evaluate ongoing work under [Section]

704(h) and submit a plan to the Council for future efforts--[in improving

hatchery effectiveness]. Consultations and recent literature were evaluated

along with ongoing BPA-funded projects. As a result, a plan was developed for

quantitatively and qualitatively increasing the production of anadromous

salmonids using existing technology and existing hatcheries. This plan is

based on a numerical goal whose rationale is as follows:

For planning purposes a numerical goal for total salmon and steelhead

production in the Columbia River Basin was set arbitrarily at 10 million

adults per year. Given that the full propagation potential for wild/natural

salmon/steelhead  is about 3.5 million adults, and given that the current

hatchery production of salmon/steelhead  is about 2.5 million adults per year,

1



t h e r e f o r e ;  h a t c h e r i e s  m i g h t  n e e d  t o  p r o d u c e  a s  m u c h  a s  4  m i l l i o n  m o r e  a d u l t s

p e r  y e a r  ( d e p e n d i n g  o n  t h e  b e n e f i t s  o f  i m p r o v e d  m a i n s t e m  p a s s a g e ,  a n d  h a b i t a t

r e s t o r a t i o n ) .

A n  i n t e r i m  g o a l  f o r  h a t c h e r i e s i s  n e e d e d  t o  f a c i l i t a t e  a n d  g u i d e  f i n a n c i a l  a n d

b i o e n g i n e e r i n g  p l a n n i n g .  T h u s  f o r  p l a n n i n g  p u r p o s e s ,  t h i s  r e p o r t  e s t a b l i s h e d

t h e  f o l l o w i n g  g o a l :  e x p l o r e  t h e  w a y s  a n d  c o s t s  o f  i n c r e a s i n g  s m o l t  p r o d u c t i o n

a t  e x i s t i n g  h a t c h e r y  f a c i l i t i e s  t o  p r o d u c e  2  m i l l i o n  a d d i t i o n a l  a d u l t

f i s h / y e a r .  T h i s  g o a l , a l b e i t  f o r  p l a n n i n g  p u r p o s e s ,  a p p e a r s  t o  b e  r e a l i s t i c

a n d  a t t a i n a b l e  t h r o u g h  f o u r  g e n e r a l  a p p r o a c h e s  w h i c h  h a v e  i n h e r e n t l y  d i f f e r e n t

c o s t s .  T h e s e  a p p r o a c h e s  a r e  a s  f o l l o w s :

1 .  P u r c h a s e  o f  200 m i l l i o n  s m o l t s  p e r  y e a r  f r o m  c o m m e r c i a l  s o u r c e s  t o  p r o d u c e

2  m i l l i o n  a d u l t s  ( a s s u m i n g  1  p e r c e n t  s u r v i v a l )  w a s  e s t i m a t e d  t o  c o s t

$ 6 6 . 6  m i l l i o n  p e r  y e a r .  T h i s  i s  r e p l e t e  w i t h  b i o l o g i c a l  a n d  p o l i t i c a l

prob lems , a n d  i s  p o t e n t i a l l y  t h e  m o s t  e x p e n s i v e  a l t e r n a t i v e .  P r e s e n t l y

t h e r e  i s  n o  s a l m o n i d  r e a r i n g  c a p a c i t y  e x i s t i n g  i n  c o m m e r c i a l  a q u a c u l t u r e

f o r  2 0 0  m i l l i o n  s m o l t s  p e r  y e a r .

2 .  C o n s t r u c t  a d d i t i o n a l , t r a d i t i o n a l  h a t c h e r y  f a c i l i t i e s  t o  p r o v i d e  2  m i l l i o n

m o r e  a d u l t s  p e r  y e a r  w o u l d  c o s t  a t  l e a s t  $ 5 4 8  m i l l i o n ,  a s s u m i n g  t h a t  t h e

a d d i t i o n a l  p r o d u c t i o n  w o u l d  r e q u i r e  1 3 . 3  m i l l i o n  p o u n d s  o f  s m o l t s  a t

$ 4 1 . 1 1  p e r  p o u n d  o f  p r o p a g a t i o n  c a p a c i t y .  H o w e v e r ,  h a t c h e r y  c o n s t r u c t i o n

c o s t s  i n  r e c e n t  y e a r s  h a v e  e x c e e d e d  $ 7 0  p e r  p o u n d  o f  p r o p a g a t i o n  c a p a c i t y

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

$ 1  b i l l i o n .  R e q u i r e  o p e r a t i o n  a n d  m a i n t e n a n c e  (O&M) i n  t h i s  s c e n a r i o

w o u l d  b e  a b o u t  $ 3 2  m i l l i o n  w h e n  f u l l  p r o d u c t i o n  i s  r e a c h e d .

2



3. Modify, expand, and improve about 50 existing hatchery facilities to

provide at least 1.5 million more adult salmon/steelhead  per year at an

estimated capital cost of about $100 million. In this scenario,

renovations would begin in year 5 and proceed at 20 percent per year over

5 years. O&M would begin in year 6, when production additions would cost

$5 million per year and increase annually over 5 years to an estimated

$25 million per year. These proposes changes would allow full utilization

of existing water supplies, provide supplemental oxygen for higher rearing

densities in existing facilities, and minimize facility-related health

problems. Total cost of this approach is estimated to be $175 million

over a lo-year period including capital costs, expense, and O&M.

4. Increase Smolt quality to achieve higher survival could produce at least

500,000 more adults per year, albeit, the potential benefits could be much

greater. The intensive production technology implemented could require

heavy use of antibiotics at surface water facilities to minimize disease

outbreaks requiring intensive efforts in certifying new drugs. Estimated

costs are $1 million per year for increased fish health monitoring.

Investments in concrete and steel must be balanced with equally important

investments in the hatchery staffs who rear the fish. These critically

needed professionals must have both the motivation and the best

technological tools to improve quality and survival. Primary needs

include better technology transfer, peer-based performance evaluations,

professional certification/recognition, incentive awards, and basin-wide

evaluation of Smolt survival. Supportive objectives include the

3
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r e g i s t r a t i o n  o f  d r u g s  f o r  u s e  i n  h a t c h e r i e s ,  b e t t e r  s a n i t a t i o n ,  a n d

i n c r e a s e d  f i s h  h e a l t h  m o n i t o r i n g .

S u p p o r t i v e  r e s e a r c h  a n d  d e m o n s t r a t i o n  p r o j e c t s  a r e  c r i t i c a l  t o  f u r t h e r

e x p a n d  h a t c h e r y  e f f e c t i v e n e s s . T h e s e  p r o j e c t s  a d d r e s s : improved

s t r a t e g i e s  a n d  p r a c t i c e s  i n  f i s h  c u l t u r e ; b e t t e r  w a y s  a n d  m e a n s  t o  p r o t e c t

t h e  h e a l t h  a n d  g e n e t i c s  o f  h a t c h e r y  a n d  w i l d  f i s h ;  i m p r o v e d  s m o l t i f i c a t i o n

a n d  e a r l y  m a r i n e  s u r v i v a l ; a n d  r e s o l u t i o n  o f  p r o b l e m s  a t  e x i s t i n g

h a t c h e r i e s  w i t h  r e c o r d s  o f  p o o r  s u c c e s s .

P r e l i m i n a r y  c o s t  e s t i m a t e s  a r e  i n c l u d e d  f o r  e a c h  o b j e c t i v e  i n  t h e  P l a n ,

a n d  t h e s e  t o t a l  $ 2 3 1 . 5  m i l l i o n  o v e r  a  l o - y e a r  p e r i o d . T h i s  t i m e  p e r i o d  i s

n e e d e d  t o  a c c o m m o d a t e  a  m i n i m u m  w a i t i n g  p e r i o d  o f  2  y e a r s  f o r  t h e

b u d g e t a r y  p r o c e s s  i n  n o n c a p i t a l  p r o j e c t s  a n d  a t  l e a s t  3  y e a r s  f o r  c a p i t a l

p r o j e c t s . D e s i g n ,  p r o c u r e m e n t , a n d  c o n s t r u c t i o n  p h a s e s  p r o b a b l y  w o u l d

c o n s u m e  a n o t h e r  3  y e a r s . T h e  f i r s t  b r o o d  o f  s m o l t s  c o u l d  b e  r e l e a s e  i n

a n o t h e r  2  y e a r s , a n d  a d u l t s  m i g h t  r e t u r n  i n  a n o t h e r  2  y e a r s ,  o r  a t  l e a s t

1 0  y e a r s  a f t e r  t h e  p r o p o s e d  p r o j e c t s  h a v e  b e e n  a p p r o v e d . Thus, t h e  g o a l

o f  2  m i l l i o n  m o r e  a d u l t  s a l m o n / s t e e l h e a d  m i g h t  b e  a c h i e v e d  i n  1 2  t o

1 5  y e a r s  o r  2 , 0 0 0  A . D . , a s s u m i n g  n o  a d d i t i o n a l  d e l a y s .



I .  I n t r o d u c t i o n

I n  1984,, t h e  N o r t h w e s t  P o w e r  P l a n n i n g  C o u n c i l  ( C o u n c i l )  a m e n d e d  i t s  F i s h  a n d

Wildlife P r o g r a m  ( P r o g r a m )  t o  i n c l u d e  a n  A c t i o n  P l a n  ( S e c t i o n  1500),  t o  g i v e.',

f o c u s  a n d  p r i o r i t y  d i r e c t i o n s t o  v a r o u s  a s p e c t s  o f  t h e  P r o g r a m .  R e g a r d i n g

" I m p r o v e d  H a t c h e r y  E f f e c t i v e n e s s , " B o n n e v i l l e  P o w e r  A d m i n i s t r a t i o n  ( B P A )  w a s

r e q u e s t e d  t o  e v a l u a t e  o n g o i n g w o r k  u n d e r  7 0 4 ( h )  a n d  s u b m i t  a  w o r k p l a n  t o  c o v e r

f u t u r e  e f f o r t s .  T h i s  r e p o r t  p r o v i d e s  c o n c e p t s  f o r  i n c r e a s i n g  h a t c h e r y

e f f e c t i v e n e s s .  A d d i t i o n a l l y ,  i t  p r o p o s e s  n u m e r i c a l  g o a l s  f o r  i n c r e a s e d  f i s h

p r o d u c t i o n , i d e n t i f i e s  w a y s  t o  a c c o m p l i s h  t h e m  a n d  l i s t s  s u p p o r t i v e

o b j e c t i v e s , p r o j e c t  s c h e d u l e s , a n d  p r e l i m i n a r y  b u d g e t i n g  i n f o r m a t i o n .

Program Area Goal

P r e l i m i n a r y  d a t a  f r o m  s u b b a s i n  p l a n n i n g  i n d i c a t e s  a l a r g e  a d d i t i o n a l  n e e d  f o r

a r t i f i c i a l l y r e a r e d  s a l m o n  a n d  s t e e l h e a d  i n  t h e  C o l u m b i a  R i v e r  B a s i n .  The

t o t a l  n e e d  d e p e n d s  u p o n  m a n y  f a c t o r s  a n d  t h i s  i n f o r m a t i o n  w i l l  b e  d e v e l o p e d

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

h a t c h e r i e s  a r e  c o m i n g  o n  l i n e , a n d  o t h e r  h a t c h e r i e s  a r e  e x p e c t e d  t o  b e

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

existing f a c i l i t i e s , a s  d e s c r i b e d  i n  P r o g r a m  S e c t i o n  7 0 0 .  I n  d o i n g  t h i s ,  f o u r

a p p r o a c h e s  w e r e  c o n s i d e r e d  a n d  e v a l u a t e d :  (1) purchas ing  smolts f r om

c o m m e r c i a l  s o u r c e s ; ( 2 )  b u i l d i n g  a d d i t i o n a l  b u t  t y p i c a l  h a t c h e r i e s ;

( 3 )  m o d i f y i n g  e x i s t i n g  h a t c h e r i e s  t o  i n c r e a s e  t h e i r  p r o d u c t i o n  w i t h

s u p p l e m e n t a l  o x y g e n ; a n d  ( 4 )  i n c r e a s i n g  s m o l t  q u a l i t y  t o  i n c r e a s e  s u r v i v a l ,

v i a  v a r i o u s  s u p p o r t i v e  a c t i o n s .



N u m e r i c a l  p r o d u c t i o n  g o a l s  f o r  s a l m o n  a n d  s t e e l h e a d  h a v e  n o t  b e e n  e s t a b l i s h e d

I/i n  t h e  F i s h  a n d  Wildlife P r o g r a m  n a r r a t i o n -  . I n t e r i m  n u m e r i c a l  g o a l s  a r e

n e e d e d  f o r  p l a n n i n g  p u r p o s e s  a n d  a r e  p r o p o s e d  i n  t h i s  d o c u m e n t . T h e s e  i n t e r i m

g o a l s  b i n d  n o  o n e  b u t  g i v e  p e r s p e c t i v e  a n d  a l l o w  p l a n n i n g  a n d  e v a l u a t i o n

p r o c e s s e s  t o  p r o c e e d .  S p e c i f i c  p r o d u c t i o n  p o t e n t i a l s  f o r  e a c h  s u b b a s i n  w i l l

b e  e s t a b l i s h e d  i n  t h e  s u b b a s i n  p l a n s .

T h e  s p e c i f i c  g o a l  p r o p o s e d  i n  t h i s  p l a n  i s  t o  i n c r e a s e  t h e  a m o u n t  o f  a n n u a l ,

a r t i f i c i a l  p r o p a g a t i o n  a t  e x i s t i n g  f a c i l i t i e s , s o  a s  t o  p r o v i d e  2  m i l l i o n

a d d i t i o n a l  a d u l t  s a l m o n / s t e e l h e a d  p e r  y e a r  t o  t h e  C o l u m b i a  R i v e r  B a s i n

p o s s i b l y  b y  t h e  y e a r  2 0 0 0 .  S u c h  a  d i s c r e t e  g o a l  a l l o w s  t h e  t r a n s f o r m a t i o n  o f

p r o g r a m m a t i c  d i r e c t i o n  a n d  f o r m e r  a c r i m o n y  i n t o  s p e c i f i c  p r o j e c t  p l a n s  a n d

s c h e d u l e s , b u t  m o r e  i m p o r t a n t l y ,  i n t o  f i s h .  C e r t a i n  a s p e c t s  o f  t h e s e  p l a n s

a r e  u n r e s o l v e d , s u c h  a s  a r e a s  a n d  s t o c k s  o f  e m p h a s i s , b u t  i t  i s  n o n e - t h e - l e s s

c r i t i c a l  t o  e s t a b l i s h  g e n e r a l i z e d  n u m e r i c a l  g o a l s  a g a i n s t  w h i c h  o n e  c a n

d e v e l o p  s t r a t e g i c  p l a n s , e v a l u a t e  a l t e r n a t i v e  a p p r o a c h e s ,  e s t i m a t e  b u d g e t a r y

n e e d s , a n d  s c h e d u l e  t h e  e n s u i n g  t a s k s .  S u c h  p l a n s  s h o u l d  n o t  b e  c o n s i d e r e d

i m m u t a b l e ,  b u t  s u b j e c t  t o  d y n a m i c  r e v i s i o n s .

1/ T h e  N o r t h w e s t  P o w e r  P l a n n i n g  C o u n c i l  ( C o u n c i l )  r e c e n t l y  a n n o u n c e d  i t s-
o p i n i o n  t h a t  t h e  C o l u m b i a  R i v e r  B a s i n  h y d r o s y s t e m  a d v e r s e l y  i m p a c t s  t h e
s a l m o n  a n d  s t e e l h e a d  r u n s  b y  5  t o  1 1  m i l l i o n  a d u l t s  p e r  y e a r . These
f i g u r e s  i n d i c a t e  t h a t  t h e  C o u n c i l  i s  r e q u e s t i n g  t o t a l  a d u l t  p o p u l a t i o n
r a n g i n g  f r o m  a t  l e a s t  7 . 5  t o p e r h a p s  1 3 . 5  m i l l i o n  ( a v e r a g e  =  1 0 . 5  m i l l i o n ) .



M o s t  o f t h e  o b j e c t i v e s i n  t h i s  r e p o r t  r e l y  o n  e x i s t i n g  k n o w l e d g e  a n d  p r o v e n

t e c h n o l o g y .  In  many  cases , t h e  p l a n  o n l y  s e e k s  t o  m o d i f y i n g  f a c i l i t i e s  o r

p r a c t i c e s t o  a c h i e v e " s t a t e - o f - t h e - a r t "  c o n d i t i o n s .  R e s e a r c h  w i l l  b e  n e e d e d

i n  a  f e w  c a s e s , w h e n  a  p r o b l e m  b l o c k s  o r  r e d u c e s  o p p o r t u n i t i e s  f o r  f u l l

s u c c e s s .  However, t h e  p r i m a r y  g o a l  o f  t h i s  p l a n  i s  t o  e n h a n c e  f i s h

p r o p a g a t i o n  a t  e x i s t i n g  f a c i l i t i e s .  Thus, w h e n  c o n t e m p l a t i n g  a c t i o n s

p e r t a i n i n g  t o  t h i s  p l a n , o n e  s h o u l d  c o n s t a n t l y  a s k , " H o w  d o e s  t h i s  a c t i o n

r e l a t e  t o  t h eI goal o f  p r o v i d i n g  2 m i l l i o n  m o r e  a d u l t  s a l m o n  a n d  s t e e l h e a d  p e r

y e a r ? "

G i v e n  t h e s e  c o n s i d e r a t i o n s , t h e  g o a l  o f  7 0 4 ( h )  c o u l d  b e  t r a n s l a t e d  i n t o :

" i m p r o v e  t h e  q u a l i t y  a n d  q u a n t i t y  o f  p r o p a g a t i o n  a t  e x i s t i n g  f a c i l i t i e s  t o

a c h i e v e 2  m i l l i o n  m o r e  a d u l t  salmon/steelehead  p e r  y e a r  b y  t h e  y e a r  2 0 0 0 . "___~

R o l e  o f  E P A

T h e  role a s s i g n e d  t o  B P A  i s t o  i m p l e m e n t  t h e  b r o a d  g o a l s  o f  t h e  C o u n c i l ' s

Program cons istent w i t h  r e l e v a n t  p u b l i c  l a w s .  T h i s  r e q u i r e s  B P A  t o  d e f i n e  a n d

e v a l u a t e  P r o g r a m  n e e d s  a g a i n s t  w a y s  a n d  m e a n s  t o  a c c o m p l i s h  t h e m .  A  pr imary

s t r a t e g i c  choicee i s  t o  o b t a i n  t h e  b e s t  v a l u e  f o r  t h e  B a s i n  a n d  a s s u r e  w i s e

e x p e n d i t u r e s  o f  r a t e p a y e r  f u n d s .  To d o  t h i s , E P A  w o r k s  c l o s e l y  w i t h  i t s

p u b l i c s  ( f i s h e r y  a g e n c i e s ,  T r i b e s ,  u t i l i t i e s ,  u n i v e r s i t i e s ,  e t c . )  t o  d e f i n e

s p e c i f i c  n e e d s  a n d  p r o j e c t s .  T o  r e f i n e  t h e  g o a l s , B P A  c h a l l e n g e s  t h e  v a l i d i t y

o f  w i d e l y  s u p p o r t e d  a s s u m p t i o n s ,  p o p u l a r  b e l i e f s ,  a n d  c h e r i s h e d  t r a d i t i o n s .

T h e r e f o r e ,  E P A ' s  r o l e  i n  7 0 4 ( h )  i s  t o  c a t a l y z e  a n d  f a c i l i t a t e  t h e

i d e n t i f i c a t i o n  o f  n e e d s ,  e v a l u a t e  a l t e r n a t i v e s , a n d  a d m i n i s t e r  t h e  f u n d i n g  a n d

o v e r s i g h t  o f  B P A  f u n d e d  p r o j e c t s .
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Implementa t i on  Process

T h i s  p l a n  i d e n t i f i e s  o b j e c t i v e s  a n d  c e r t a i n  a p p r o a c h e s  b u t  d o e s  n o t  d e s c r i b e

t h e  d e t a i l s  o f  s p e c i f i c  p r o j e c t s  o r  t a s k s  a s  s u c h . A  T e c h n i c a l  G u i d a n c e

C o m m i t t e e  i s  e x p e c t e d  t o  d e v e l o p  d e t a i l e d  p r o j e c t  d e s c r i p t i o n s ,  s c h e d u l e s ,  a n d

r e l a t e d  c o o r d i n a t i o n . S u c h  a  G u i d a n c e  C o m m i t t e e  c o u l d  c o n s i s t  o f  t h e  m a n a g e r s

o f  h a t c h e r y  p r o g r a m s  i n  e a c h  a g e n c y , a s  w e l l  a s  r e p r e s e n t a t i o n  f r o m  t h e

T r i b e s , P u b l i c  U t i l i t i e s , U .S .  Army  Corps  o f  Eng ineers  (COE) ,  Nor thwes t  Power

P l a n n i n g  C o u n c i l , a n d  o t h e r  e n t i t i e s .

D e t a i l e d  p l a n n i n g  c o u l d  b e  a c c o m p l i s h e d  w h i l e  a w a i t i n g  t h e  a v a i l a b i l i t y  o f

f u n d s : n o n c a p i t a l  p r o j e c t s  u s u a l l y  m u s t  w a i t  a b o u t  2  y e a r s ,  a n d  c a p i t a l

p r o j e c t s  g e n e r a l l y  w a i t  a t  l e a s t  3  y e a r s  b e f o r e  f u n d i n g  w i l l  b e  a v a i l a b l e .



II. Need for Artificial Propagation

Artificial production of anadromous salmonids is a firmly established practice

in the Columbia River Basin dating back to 1876 (Wahle and Smith, 1979).

Development of early facilities was motivated in part by the desire to

mitigate fish lost to fishing and poor land management practices, albeit the

current need includes mitigation for the construction and operation of dams

provide the fish for harvest. Many of the early hatcheries were short-lived

in function but long-lived in terms of their bad reputations. Now over a

century later, hatcheries are several generations improved over their

precursors and theoretically, if not currently, capable of producing fish

equal to wild fish. Modern hatcheries also have benefit/cost ratios which

justify further investment. For example, Wahle et al. (1974) and Wahle et al.

(1978) reported benefit/cost ratios which averaged 7.1/l for coho and 4.2/l

for fall chinook. This is particularly important in the light of Nickelson's

(1986) ana ysis and conclusion that Oregon's coho Smolt survival from1

1960-1981 was density independent, regardless of origin.

The relative merit of hatchery versus wild fish has been considered in various

forums. Suffice it to say that both are needed, and heavily selected by

Nature. The usual debate is unfortunate and counter-productive. Yost of the

issue stems from personal opinion and perceptions rather than a comparison of

data. Unfortunately, hatchery fish tend to be categorically classified as

inferior by typical proponents of wild fish. Perhaps this bias was justified

in the past and is supported in some instances even today. However, the

absence of statistically robust data generally presents numerical comparisons



o f  survival, c o s t s ,  b e n e f i t s , a n d  o t h e r  a s p e c t s  b e t w e e n  w i l d  f i s h  a n d  h a t c h e r y

f i s h  a t  o r  b e t w e e n  s p e c i f i c  l o c a t i o n s .  T h e  r e s u l t  f o s t e r s  a  v a r i e t y  o f

u n t e s t e d  s p e c u l a t i o n s  w h i c h  s e r v e  m o r e  t o  p o l a r i z e  a n d  e n t r e n c h ,  t h a n  t o

c l a r i f y  a n d  r e s o l v e  t h e  s o c i o - e c o n o m i c  p o s s i b i l i t i e s .  T h e  r e a l i t y  i s  t h a t

h a t c h e r i e s  a r e  a  n e c e s s a r y  a n d  v a l u a b l e  t o o l  u p o n  w h i c h  a  l a r g e  p a r t  o f  t h e

P a c i f i c  s a l m o n  f i s h e r y  i s  d e p e n d e n t .

E s t i m a t e  o f  B a s i n ' s  P o t e n t i a l  f o r  W i l d  F i s h  P r o d u c t i o n

T h e  n e e d  f o r  a r t i f i c i a l l y  p r o p a g a t e d  f i s h  c a n  b e  e s t i m a t e d  f r o m  t h e  t o t a l  f i s h

g o a l  o f  t h e  C o l u m b i a  R i v e r  B a s i n  m i n u s t h e  e s t i m a t e d  p o t e n t i a l  f o r  n a t u r a l

p r o d u c t i o n .  T h e r e f o r e ,  t h e  f i r s t  s t e p  i s  t o  e s t a b l i s h  a  n u m e r i c a l ,  s u m m a r y

g o a l  ( a l b e i t  i n t e r i m ) , e s t i m a t e  a n d  s u b t r a c t  h o w  m a n y  f i s h  m i g h t  b e  p r o d u c e d

v i a  w i l d  o r  n a t u r a l  p r o p a g a t i o n ; t h e  r e m a i n d e r  r e p r e s e n t s  t h e  n e e d  f o r

h a t c h e r y  f i s h .  I n  t h i s  s c e n a r i o , t h e  c o n c e r n  i s  f o r  t h e  g e n e r a l i z a t i o n s  w h i c h

a r e  i n d i c a t e d , a n d  n o t  t h e  s p e c i f i c  p o p u l a t i o n  l e v e l s  t h e m s e l v e s .

W i l d  f i s h  p r o d u c t i o n  i n  t h i s  s c e n a r i o , i s  c o n s i d e r e d  d e p e n d e n t  u p o n  a n d

p r o p o r t i o n a l  t o  t h e  q u a n t i t y  a n d  q u a l i t y  o f  h a b i t a t  i n  t h e  C o l u m b i a  R i v e r

B a s i n ;  t h i s  includes a l l  h a b i t a t  w h i c h  i s  o r  c a n  b e  m a d e  a v a i l a b l e  t o

a n a d r o m o u s  s a l m o n i d s .  Thompson (1976) states that "prior  to  modern man's

i n f l u e n c e , s o m e  1 6 3 , 2 0 0  s q u a r e  m i l e s  o f  w a t e r s h e d  c o n t a i n e d  h a b i t a t  i d e a l  f o r

s a l m o n  a n d  t r o u t .  Today,  l e s s  t h a n  7 2 , 8 0 0  s q u a r e  miles r e m a i n  a c c e s s i b l e  t o

a n a d r o m o u s  f i s h  a n d  m u c h  o f  t h a t  h a s  b e e n  t r a n s f o r m e d  t o  a q u a t i c  e n v i r o n m e n t

a d v e r s e  t o  s a l m o n  a n d  s t e e l h e a d . "  O n  t h i s  b a s i s , o n l y  4 5  p e r c e n t  o f  t h e

w a t e r s h e d  r e m a i n s  a c c e s s i b l e  t o  a n a d r o m o u s  f i s h .  The Northwest  Power Planning



Council (1986) estimates that "salmon and steelhead habitat in the entire

basin has decreased from 12,935 miles before 1850 to only 8,915 miles of

stream presently, a 31 percent loss all due to water development" (Figure 1).

However, the effective loss to salmon/steelhead  production is probably much

greater than 31 percent because serious ecological perturbances have occurred

in the remaining accessible streams. Such perturbations include (but are not

limited to) siltation of streambeds, water withdrawal, and changes in fish

species composition, heat budgets, nutrient budget, water flows, and water

quality. Additionally, potential wild salmon/steelhead production is further

diminished by the loss of certain gene pools, by Smolt mortality at dams and

in reservoirs, as well as by over-harvest of adults in mixed stock fisheries.

Therefore, the potential for natural production in today's Columbia River

Basin is probably well below 50 percent of the pre-1850 capacity.

Estimates of previous adult salmon/steelhead  production in the Columbia River

Basin have been compiled. The Pacific Fishery Management Council (1979)

estimated that the adult run of Pacific salmon/steelhead  trout was 6,241,OOO

fish prior to 1850. The Northwest Power Planning Council (1986) estimated

that the total adult run of salmon/steelhead  ranged from about 10,000,000 to

16,OOO,OOO fish in the predevelopment era; average run size from 1974 through

1983 was estimated to be about 2.5 million adults. These figures are based on

computations of harvest using various assumptions. Chapman (cited by

Northwest Power Planning Council, 1986) estimated that the predevelopment

total adult run was about 8 to 10 million Pacific salmon/steelhead  trout.

Obviously, the run size is uncertain; no one can precisely define the pre-1850

run sizes; as Beiningen (1976) pointed out, "more definitive information could

only be the product of speculation."
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T h e  p o t e n t i a l  f c r  w i l d  f i s h  p r o d u c t i o n  w a s  e s t i m a t e d  f o r  t h e  p u r p o s e s  o f  t h i s

p l a n , u s i n g  s e v e r a l  a s s u m p t i o n s  a n d  a  s i m p l e  c a l c u l a t i o n  w h i c h  d o e s  n o t

i n c l u d e  t h e  p o t e n t i a l  a d d i t i o n a l  i n f l u e n c e  o f  o t h e r  f a c t o r s .  F o r  t h i s

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

a s s u m p t i o n s  a r e  u s e d :

( 1 )  T h e  C o l u m b i a  R i v e r  B a s i n ' s  s a l m o n i d  m o d a l  r u n  s i z e  w a s  10 m i l l i o n

u
a d u l t s  p r i o r  t o  1850;-

(2) C u r r e n t  a v a i l a b l e  h a b i t a t  f o r  s a l m o n / s t e e l h e a d  i s  o n l y  70 p e r c e n t  o f

t h e  p r e d e v e l o p m e n t  l e v e l ;  a n d

(3) S a l m o n  a n d  s t e e l h e a d  p r o d u c t i v i t y  i n  c u r r e n t  a v a i l a b l e  h a b i t a t  i s

5 0  p e r c e n t  o f  p r e d e v e l o p m e n t  l e v e l  ( d u e  t o  e c o l o g i c a l  p e r t u r b a t i o n s ) .

T h e r e f o r e :

E s t i m a t e d  c u r r e n t  p o t e n t i a l  f o r  w i l d  a n d  n a t u r a l  p r o p a g a t i o n  o f  a d u l t s  =

l/( P r e d e v e l o p m e n t  m o d a l  a d u l t  r u n  s i z e  o r  1 0  million)-

t imes

( R e m a i n i n g  a v a i l a b l e  h a b i t a t  o r  0 . 7 0 )

t imes

( R e m a i n i n g  p r o d u c t i v i t y  f a c t o r  f o r  s t r e a m s  o r  0 . 5 )  =  3 . 5  m i l l i o n  w i l d

a d u l t s .

2 /- T h e  t o t a l  a n n u a l  r u n  s i z e  o f  h a t c h e r y  a n d  w i l d  f i s h  w o u l d  e q u a l  1 0  m i l l i o n
a d u l t s .  T h i s  w a s  s e l e c t e d  a r b i t r a r i l y  a s  a n  i n t e r i m  g o a l  f o r  p l a n n i n g
p u r p o s e s .





T h e  P a c i f i c  F i s h e r y  M a n a g e m e n t  C o u n c i l  ( 1 9 7 9 )  e s t i m a t e d  t h a t  w i l d / n a t u r a l

s a l m o n  p r o d u c t i o n  c o u l d  i n c r e a s e f r o m  1 . 8  m i l l i o n  a d u l t s  p e r  y e a r  o v e r  t h e

n e x t  1 0  t o  2 0  y e a r s , p r o v i d e d  t h a t  f u r t h e r  l o s s e s  i n  h a b i t a t  d o  n o t  o c c u r .  O n

t h i s  b a s i s , t h e  p r e v i o u s  e s t i m a t e  t h a t  w i l d / n a t u r a l  p r o d u c t i o n  c o u l d  r e a c h

3 . 5  m i l l i o n  w i l d  a d u l t s  p e r  y e a r  s e e m s  o p t i m i s t i c  a n d  m a y  b e  u n a t t a i n a b l e ,  b u t

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

Es t imate  o f  Current  and  Needed  Hatchery  Capac i ty :

T h e  t o t a l  a r t i f i c i a l  p r o p a g a t i o n  t h a t  i s  n e e d e d  t o  r e p l a c e  l o s t  n a t u r a l

p r o p a g a t i o n  c a p a c i t y  c a n  b e  e s t i m a t e d  b y  s u b t r a c t i o n  o f  t h e  a b o v e  t e r m s  ( S e e

F i g u r e  2 ) .  A g a i n , i f  a  m o d a l  v a l u e  o f  1 0  m i l l i o n  a d u l t  f i s h  p e r  y e a r  i s

s e l e c t e d  a s  t h e  i n t e r i m  g o a l , a n d  i f  t h e  e x i s t i n g  h a b i t a t  c o u l d  s u s t a i n  a  r u n

o f  3 . 5  m i l l i o n  a d u l t  f i s h  p e r  y e a r , t h e n  t o t a l  h a t c h e r y  p r o d u c t i o n  m u s t

p r o v i d e  a  m i n i m u m  o f  a t  l e a s t  6 . 5  m i l l i o n  a d u l t  s a l m o n / s t e e l h e a d  p e r  y e a r .

E s t i m a t e s  o f  c u r r e n t  h a t c h e r y  p r o d u c t i o n  a r e  d i f f i c u l t  t o  q u a n t i f y ,  b u t  a p p e a r

t o  b e  i n  t h e  o r d e r  o f  3  m i l l i o n  a d u l t s  o r  l e s s  p e r  y e a r .  I f  t h a t  i s  t h e  c a s e ,

t h e n  t h e  r e q u i r e d  a d d i t i o n a l  h a t c h e r y  p r o d u c t i o n  w o u l d  b e  6 . 5  m i l l i o n  m i n u s

3 . 0  m i l l i o n  =  3 . 5  m i l l i o n  a d u l t s  p e r  y e a r .  T h i s  i s  c o n s i s t e n t  w i t h  t h e

N o r t h w e s t  P o w e r  P l a n n i n g  C o u n c i l ' s  ( 1 9 8 5 b )  p o s i t i o n  t h a t  t h e  r e s t o r a t i o n

e f f o r t  m a y  b e  l a r g e  a n d  w i l l  r e q u i r e  f r o m  5  t o  1 1  m i l l i o n  a d d i t i o n a l  a d u l t

s a l m o n  a n d  s t e e l h e a d  p e r  y e a r .  G i v e n  t h e s e  d a t a , i t  a p p e a r s  t h a t  t h e  r i s k  o f

e x c e e d i n g  t h e  h y d r o s y s t e m ' s  r e s p o n s i b i l i t y  i s  b o t h  l o w  i n  p r o b a b i l i t y  a n d

r e m o t e  o v e r  t h e  f o r e s e e a b l e  f u t u r e .

G i v e n  t h e  p r o p o s e d  i n t e r i m  g o a l  o f  i n c r e a s i n g  a d u l t  s a l m o n / s t e e l h e a d

p r o d u c t i o n  b y  2 m i l l i o n  a d u l t s  p e r  y e a r , o n e  c a n  e s t i m a t e  t h e  a d d i t i o n a l

p o u n d s  o f  p r o d u c t i o n  w h i c h  m i g h t  b e  n e e d e d .  F o r  t h i s  p u r p o s e ,  o n e  c a n
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g e n e r a l i z e  s m o l t  s u r v i v a l  a t  1 p e r c e n t  a n d  r e l e a s e s i z e  a t  1 5  f i s h  p e r  p o u n d ,

r e s p e c t i v e l y .  T h e r e f o r e , a d d i t i o n a l  p r o d u c t i o n  c a p a c i t y  w o u l d  b e :

Lb.                                      X 100 Smolts  X 2,000,OOO  A d u l t s  =  13,300,OOO  L b s .- -  ~ _ _ _ _ _
15  Smo l t s  Adu l t  Year Year

C l e a r l y ,  t h i s  a m o u n t  w o u l d  c h a n g e  i f  o n e  a l t e r s  t h e  n u m e r i c a l  v a l u e s  f o r

survival a n d  smolt w e i g h t  a t  r e l e a s e .  However, 1 3 . 3  m i l l i o n  p o u n d s  o f

a d d i t i o n a l  p r o d u c t i o n i s  a  r e a s o n a b l e  e s t i m a t e  f o r  p r e l i m i n a r y  p l a n n i n g  o f

capital c o n s t r u c t i o n  a n d  O & M .

1;L J



F i g u r e  2 .  S c h e m a t i c  R e p r e s e n t a t i o n  o f  t h e  a d u l t
s a l m o n  a n d  s t e e l h e a d  ( c o m b i n e d )  g o a l ,

e s t i m a t e d  s o u r c e s  a n d  n u m b e r s  o f  f i s h .

FINAL ADULT FISH PRODUCTfON GOAL

4
Interim Goal

(1 O,OOO,OOO  Adult Fish)

POTENTIAL HATCHERY
WILD PRODUCTION PRODUCTION

3,500,000 6500,000

EXISTING REQUIRED
ADDITIONAL

I
500,000 3,000,000

EXISTING REQUIRED
I ADDITIONAL

3,000,000 3,500,000
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Est imated  Costs  o f  Addi t ional  Tradi t ional  Art i f i c ia l  Product ion~-

Construction cost for facilities to rear2 million additional adult salmon via

traditionalhatcheries can beestimated at least two ways: by cost of

repl acement and by construction cost for equivalent rearing capacity.If the

1976 artificial production was 2 million adults, then the production of

2 million additional adult fish would require about LOO percent more hatchery

capacity. Cleaver (1977) estimated that the replacement costs of existing

hatcheries in the Basin was about $180 million in 1976.If replacement costs

increased 10 percent per year for the 8 succeeding years, then replacement

cost would have grown from $180 million to $390 million. However, this

estimate is probably much too low. For example,the Lower Snake Compensation

Plan's 12 facilities alone cost about $190 million (personal communication,

Ken Higgs, U.S. Fish and Wildlife Service, Boise, ID) or about $95 million per

2 million pounds of rearing capacity.

Capital costs of providing 2 million additional adults can be estimated more

accurately from the annual pounds of smolts to be produced. Construction

costs vary for traditional hatcheries in the Lower Snake River Compensation

Plan because of differences associated with site-specific factors (Table 1)

and range from a low of about $20 to a high of $76.58 per pound of designed

production capacity,with an average cost of $41.11 per pound of designed

production. Senn et al. (1984) provides capital cost estimates for low-cost

production facilities which range from $20.50 to $42.20 per pound of rearing

capacity. Low capital costs generally require highly favorable conditions

with excellent water supplied by gravity, and located in a moderate climate.

Higher costs reflect the need for wells, pumping, heating, water treatment,

and longer rearing cycles which are typical of facilities for spring chinook

17



and steelhead. Unfortunately, higher capital costs are likely in the future

because the best locations have been developed already and the priorities

emphasize stocks which have a longer rearing period.

If the average construction cost in Table 1 is used in these calculations,

then the estimated cost for new hatchery construction to produce 2 million

adult fish would be:

$41.11 x 13.3 million lbs. = $548 million.
Lb. of capacity

Operating and Maintenance (O&M) costs to rear additional smolts can be

estimated two ways, again assuming traditional fish culture techniques. GAIA

1/Northwest (1985)- reported that the O&M costs of the Basin's anadromous

fish hatcheries was about $16 million for FY 1984. If the rearing circumstance

were similar in the future and little inflation occurred, then the O&M cost of

providing 2 million additional adults would be estimated at $16 million per

year. However, actual O&M will be higher because of inflation and other

factors. Therefore, average O&M costs for 1983 should be adjusted and in this

case, the factor of 1 .25 was selected arbitrarily and includes an adjustment

for inflation. On this basis, the O&M cost for producing 13.3 million pounds

of smolts would be at least $16 million per year x 1.25 = $20 million per year.

O&M costs can be estimated more accurately from the rearing cost per pound of

smolts produced annually. The 1983 Basin average was $2.42 per pound and these

costs vary widely from site to site, depending upon operational circumstances

3/and definitions of O&M (GAIA Northwest, 1985).- Senn et al. (1984)

3/ This report was in response to Section 700 of the Columbia Basin Fish and-
Wildlife Program.
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reported O&M costs of $3.33, $2.49, and $2.05 per pound of capacity,  

representing extensive, moderate, and no pumping. Therefore, if $2.42 per

pound of smolts is used,then estimated total rearing cost would be:

$3 2 million per year for rearing 13.3 million pounds. By comparison, the

total revenue loss in 1985 which was associated with the downstream fish

passage program was $44 million (memc, June 23, 1986, by Bill Gordon, BPA).

Estimated Costs of Commercially Reared Smolts

Purchase of smolts from commercial sources was considered, but does not appear

to be a viable option at this time. There is a question as to whether or not

capacity capability exists in private aquaculture for salmon and steelhead

production. Supplies of appropriate stocks are unlikely to be available in

amounts required for commercial hatcheries. No profit can be assured to a

grower, and the lack of assured profit alone seems controlling.

Estimated cost of buying smolts was calculated to be:

13.3 million Smolt lbs. x 15 smolts x $0.33 = $65.8 million/year.
year Lb. Smolt

This price if F.O.B. Springfield, Oregon, and would involve additional costs

for transportation to release sites. If the transportation fee was only

$0.06 per pound, then one must add about $800,000, yielding an estimated total

purchase price per year of $66.6 million.

4/ The cost per Smolt was derived from current prices for coho, steelhead,-
and spring chinook, at the Oregon Aquafoods Hatchery (Richard Severson,
Personal Communication). This level might change given different
circumstances.
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TABLE 1.

C o n s t r u c t i o n  C o s t s  a n d  E s t i m a t e s  o f  L o w e r  S n a k e
R i v e r  C o m p e n s a t i o n  F i s h  Hatcheriesll

F a c i l i t y
( D a t e )

P r o j e c t e d  C o s t  p e r
P o u n d s  o f  T o t a l  P o u n d  o f

F i s h  C o n s t r u c t i o n  R e a r i n g
Per  Year  c o s t s  C a p a c i t y  S p e c i e s

M a g i c  V a l l e y
( N o v .  8 6 )

2 9 1 , 5 0 0  $ 7,312,OOO $ 2 5 . 0 8  Summer Steelhead

Hagerman
( A p r .  8 4 )

Sawtooth
( N o v .  8 4 )

NcCall
( S e p t .  8 2 )

Dworshak 2/
(Nov. 82)

Clearwater  Add .
(21%)

( S e p t .  8 7 )
(79%)

Lyons Ferry WDG
(Nov .  83 )  &

Lyons Ferry WDF
(43%)

( N o v .  8 4 )

Tucannon
Trout

( S o v .  8 4 )
I r r i g o n

( O c t .  85)

L o o k i n g g l a s s
( S o v .  8 2 )

Wallowa
( M a y  8 5 )

T o t a l s

3 4 0 , 0 0 0  6,639,887 1 9 . 5 3  Summer Steelhead

1 4 9 , 0 0 0  8,436,371 5 6 . 6 2  S p r i n g  C h i n o o k

6 1 , 3 0 0  4,694,205 7 6 . 5 8  Summer Chinook

7 0 , 0 0 0

4 4 1 , 0 0 0

1,538,743 2 1 . 9 8  S p r i n g  C h i n o o k

16,607,OOO 3 7 . 6 6  S p r i n g  C h i n o o k

2 7 2 , 0 0 0  20,049,737 7 3 . 7 1

4 1 , 0 0 0  2,396,384 5 8 . 4 5  R e s i d e n t  R a i n b o w

2 2 9 , 6 0 0  7,819,044 3 4 . 0 6  Summer Steelhead

6 9 , 6 0 0

5 0 , 0 0 0

2,015,000

5,207,017 7 4 . 8 1  S p r i n g  C h i n o o k

2,127,006 4 2 . 5 4  Summer Steelhead

$82,827,394

A v e r a g e  c o n s t r u c t i o n  c o s t / l b .  o f  p r o d u c t i o n  =  $82,827,394
2,015,000

Summer Steelhead

F a l l  C h i n o o k  ( 3 % )
Spr ing  Ch inook  (3%)
Summer Steelhead

R a i n b o w  T r o u t  ( 1 7 % )

=  $ 4 1 . 1 1

1/ E s t i m a t e d  c o s t s  s u p p l i e d  b y  K e n  H i g g s ,  U . S .  F i s h  a n d  W i l d l i f e  S e r v i c e ,
B o i s e ,  I d a h o .

2/- E x p a n s i o n  o f  e x i s t i n g  f a c i l i t i e s .
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I I I .  T h e  S e e d  f o r  Q u a l i t a t i v e l y  a n d  Quantitively

I m p r o v e d  A r t i f i c i a l  P r o p a g a t i o n

The p r e v i o u s s e c t i o n s  p r e d i c t t h a t  a  c o n s i d e r a b l e  q u a n t i t a t i v e  i n c r e a s e  i s

n e e d e d  i n  t h e  p r o d u c t i o n  o f  a r t i f i c i a l l y  p r o p a g a t e d  smolts I f  t h e  p r o p o s e d

interim g o a l  o f  2 m i l l i o n  a d d i t i o n a l  a d u l t s  i s  a d o p t e d ,  i t  c o u l d  r e q u i r e  a n

e s t i m a t e d  13.3 m i l l i o n  p o u n d s  o f  a d d i t i o n a l  s m o l t s  p e r  y e a r ,  a s s u m i n g

t r a d i t i o n a l  h a t c h e r i e s  a n d  p r a c t i c e s .  T h e  c o s t s  f o r  t h i s  “ b u s i n e s s  a s  u s u a l ”

a p p r o a c h  p r o v i d e s a m p l e  s t i m u l a t i o n f o r  s e e k i n g  l e s s  e x p e n s i v e  w a y s  t o  p r o d u c e

t h e  s m o l t s .  T h e  u s e  o f  e x i s t i n g  h a t c h e r i e s , a s  m a n d a t e d  b y  t h e  F i s h  a n d

Wildlife Program, w o u l d  r e d u c e  t h e  n e e d  t o  d e v e l o p  n e w  s i t e s ,  b u y  l a n d ,

a c q u i r e  w a t e r  r i g h t s ,  s e t t l e  d i s p u t e s , d e t e r m i n e  e n v i r o n m e n t a l  i m p a c t s ,

c o n s t r u c t  n e w  f a c i l i t i e s , o r  h i r e  s e v e r a l  n e w  h a t c h e r y  s t a f f s .

Q u a l i t a t i v e  i m p r o v e m e n t s  i n  smolts cou ld  dec rease  the  t o ta l  number  o f  smo l t s

n e e d e d , a s  w e l l  a s  g r e a t l y  r e d u c e  t h e  c o s t s f o r  a c h i e v i n g  2  m i l l i o n  a d d i t i o n a l

a d u l t s . Here  the  premise i s  t h a t  a n  i n c r e a s e  i n  s m o l t  q u a l i t y  s h o u l d  t r a n s l a t e

i n t o  h i g h e r  p e r c e n t a g e  s u r v i v a l ,  h e n c e  m o r e  a d u l t s .  F o r  e x a m p l e ,  a n  i n c r e a s e

in overall  smolt s u r v i v a l  f r o m  1  p e r c e n t  t o  2 p e r c e n t  w o u l d  d o u b l e  t h e  s i z e  o f

the a d u l t  r u n .

O p p o r t u n i t i e s  f o r qualitative  i n c r e a s e  i n  smolt p r o d u c t i o n  e x i s t ,  a s  j u d g e d  b y

V r e e l a n d ’ s  ( 1 9 8 5 )  a n a l y s i s  o f  f a l l  c h i n o o k  h a t c h e r i e s .  O f  t h e  2 4  h a t c h e r i e s

s t u d i e d , o n l y  f o u r  f a c i l i t i e s  p r o d u c e d  m o r e t h a n  3  a d u l t s  p e r  1 , 0 0 0  smolts

r e l e a s e d ; a l l  o t h e r s  p r o d u c e d  l e s s , and some produced almost none. The

r e s u l t s  i n d i c a t e  t h a t  t h e  c o n t r i b u t i o n  o f  a d u l t  f a l l  c h i n o o k  i s  n e i t h e r
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e q u a l l y  d i s t r i b u t e d  a m o n g  h a t c h e r i e s , n o r  n e c e s s a r i l y  r e l a t e d  t o  p a s s a g e

t h r o u g h  d a m s  o r  r e s e r v o i r s .  Rather ,  i t  a p p e a r s  t h a t  " q u a l i t y "  f a c t o r s  c a n

h a v e  a  p a r a m o u n t  i n f l u e n c e  o n  s u r v i v a l .

Q u a l i t a t i v e  i n c r e a s e s i n  s m o l t s  a r e  n o t  p o s s i b l e  i n  e v e r y  c a s e ,  b u t  m a n y

o p p o r t u n i t i e s  e x i s t  f o r  i m p r o v e m e n t .  M a n y  o f  t h e s e  p o r t e n d  q u a l i t a t i v e

improvements i n  f a c i l i t i e s , w h i l e  i n  o t h e r  c a s e s , c h a n g e s  m a y  b e  n e e d e d  i n

h u s b a n d r y  p r a c t i c e s .  S u f f i c e  i t  t o  s a y  t h a t  t h e s e  o p p o r t u n i t i e s  c a n  b e  s i t e

s p e c i f i c  a n d  g e n e r i c .

T h e  b e s t  a p p r o a c h  a p p e a r s  t o  b e  a  c o m b i n a t i o n  o f  q u a l i t a t i v e  a n d  q u a n t i t a t i v e

i m p r o v e m e n t s  o f  p r o p a g a t i o n  a t  e x i s t i n g  f a c i l i t i e s .  Q u a n t i t a t i v e  i n c r e a s e s  i n

p r o d u c t i o n  a r e  f e a s i b l e ,  b u t  t h e y  a r e  e x p e n s i v e ;  q u a l i t a t i v e  i m p r o v e m e n t s

d e c r e a s e  m o s t  c o s t s , b u t  t h e y  a r e  n o t  a  s u r e  b e t .  T h e r e f o r e ,  t h i s  p l a n

p r o p o s e s  o n l y  m o d e s t  i n c r e a s e s  i n  s m o l t  q u a l i t y  w h i c h ,  i f  a c h i e v e d ,  w o u l d

d e c r e a s e  s m o l t  p r o d u c t i o n  g o a l s  b y  2 5  p e r c e n t ,  i . e . ,  f r o m  1 3 . 3  t o  1 0  m i l l i o n

pounds .

A n  e x a m p l e  w i l l  c l a r i f y  t h e  p o t e n t i a l  b e n e f i t s  o f  q u a l i t a t i v e l y  i n c r e a s e d

a r t i f i c i a l  p r o p a g a t i o n .  G i v e n  t h a t  1 3 . 3  m i l l i o n  p o u n d s  o f  s m o l t s  w e r e

e s t i m a t e d  t o  p r o d u c e 2  m i l l i o n  a d u l t s  a t  1  p e r c e n t  s u r v i v a l ,  a n d  t h a t  O & M

w o u l d  c o s t  $ 3 2  m i l l i o n  p e r  y e a r .  I f  s m o l t  s u r v i v a l  i s  i n c r e a s e d  2 5  p e r c e n t ,

o n l y  10 m i l l i o n  p o u n d s  o f  s m o l t s  w o u l d  b e  n e e d e d  p e r  y e a r .  O b v i o u s l y ,  t h e

r e d u c e d  p r o d u c t i o n  w o u l d  r e q u i r e  p r o p o r t i o n a t e l y  l e s s  r e a r i n g  s p a c e  a n d  f e e d ,

t h u s , c a p i t a l  c o s t s  w o u l d  d r o p  $ 1 3 5  m i l l i o n  a n d  O & M  c o s t s  w o u l d  d e c r e a s e  b y

$ 8  m i l l i o n  p e r  y e a r .



Given there would be qualitative improvements, quantitative increases to

production are still necessary at existing hatcheries, both by traditional

expansion of rearing volume and by moderately increased loading of the total

space. These will be described in greater detail in Objective 1. The essence

is that some hatcheries have additional water, and these could be expanded to

produce an additional 1.7 million pounds of smolts using traditional culture

methods. However, many hatcheries could rear more fish in the same space if

the available oxygen supply could be maintained at healthy levels.

The cost of providing supplemental oxygen to increase production is vastly

cheaper than $548 million for new hatcheries. The costs of installing and

supplying oxygen would vary depending on the operational scenario, and this

cost would be greatest if oxygen were used continuously. Capital costs for

oxygen in this scenario are estimated at $100,000 per 30,000 pounds of fish or

$33.3 million for 10 million pounds of fish. (Personal communication from

Dr. Richard Speece, Drexel University, Philadelphia, PA.)
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IV. Objectivess in  Imp roved  Prop agat i on

T h e  o b j e c t i v e s  l i s t e d  i n  T a b l e  2 a r e  i n  s u p p o r t  o f  S e c t i o n  7 0 4 ( h )  a n d  t h e  g o a l

O f p r o d u c i n g  2 m i l l i o n  m o r e  a d u l t  s a l m o n  a n d  s t e e l h e a d  p e r  y e a r .  These

o b j e c t i v e s  w e r e  d e r i v e d  f r o m  s e v e r a l  s o u r c e s .  S p e c i f i c a l l y , B P A  h a s  c o n s u l t e d

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

o f  p a t h o l o g i s t s ,  n u t r i t i o n i s t s ,  a n d  r e s e a r c h e r s .  B P A  a l o s  r e v i e w e d  a  7 0 4 ( h )

p l a n  p r o v i d e d  b y  t h e  C o l u m b i a  R i v e r B a s i n  F i s h  a n d  W i l d l i f e  C o u n c i l ,  t h e  w o r k

O f t h e  a d  h o c  F i s h  H e a l t h  P r o t e c t i o n  C o m m i t t e e , t h e  r e p o r t  o f  a  B P A  w o r k s h o p_-

o n  s m o l t i f i c a t i o n , a n d  t h e  f i n a l  r e p o r t  o f  B j o r n n  a n d  McIntyre ( 1 9 8 5 ) .  BPA

h a s  a l s o  r e c e i v e d  a n d  i s  e v a l u a t i n g  t h e  C o u n c i l ' s i s s u e  p a p e r s  o n  S a l m o n  a n d

S t e e l h e a d  P l a n n i n g ,  G e n e t i c s ,  R e s e a r c h ,  a n d  t h e  p l a n n i n g  m o d e l .

T h e  r e s u l t i n g  o b j e c t i v e s i n  t h i s  p l a n  s e e k  t o  a c c o m p l i s h  t h e  o v e r a l l  g o a l  o f

i m p r o v e d  p r o p a g a t i o n  a t  e x i s t i n g  f a c i l i t i e s t h r o u g h  i n c r e a s e d  r e a r i n g  v o l u m e ,

i n c r e a s e d  r e a r i n g  d e n s i t y , a n d  i n c r e a s e d  f i s h  h e a l t h  m o n i t o r i n g . T h i s  w i l l

a l s o  r e q u i r e  h u m a n  m o t i v a t i o n  a n d  t r a i n i n g  i n  t h e  n e w  o r  r e l a t e d

t e c h n o l o g i e s .  E v a l u a t i o n  a n d  m o n i t o r i n g  w i l l  b e  d o n e  t o  m e a s u r e  p r o g r e s s ,

bo t h  i  n  t e r m s  o f  t h e  p l a n  a n d  c o n t r i b u t i o n  t o  t h e  f i s h e r y .  O t h e r  o b j e c t i v e s

a  r e included a s  s u p p o r t i v e  o f  t h e s e  p r i m a r y  o b j e c t i v e s .

S e v e r a l  s i m p l e ,  pragamaticc a s s u m p t i o n s  w e r e  a d o p t e d  t o  g u i d e  t h e  d e v e l o p m e n t

O f t h i s  p l a n .  T h e  f i r s t  a s s u m p t i o n  i s  t h a t  t h e  r e q u i r e d  t e c h n o l o g y  a l r e a d y

e x i s t s  t o iincreasee p r o d u c t i o n  a t  e x i s t i n g  h a t c h e r i e s  b y  2  m i l l i o n  a d d i t i o n a l

a d u l t s . T h i s  t e c h n o l o g y  has b e e n  u s e d  i n  t h e  C o l u m b i a  R i v e r  B a s i n  f o r
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c o m m e r c i a l  a q u a c u l t u r e ,  b u t  h a s  n o t b e e n  a d o p t e d  b y  f i s h e r y  a g e n c i e s .  T h i s

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

w e l l 9 b u t  w o u l d  b e  e v e n  m o r e  p r o d u c t i v e  g i v e n  t h e  r e s o u r c e s  t o  d o  s o .

T h e  s e c o n d  a s s u m p t i o n  i s  t h a t  n o  p a n a c e a s  l o o m  o v e r  t h e  h o r i z o n  t o

r e v o l u t i o n i z e  a n a d t - o m o u s  f i s h  c u l t u r e , n o r  i s  i t  j u s t i f i e d  t o  w a i t  f o r  o n e .

T h i s  i s  b e c a u s e  s a l m o n  a n d  s t e e l h e a d  c u l t u r e  h a s  b e e n  s t u d i e d  a n d  p r a c t i c e d

o v e r  1 0 0  y e a r s , a n d  m o s t  o f  t h e  e a s y  a c c o m p l i s h m e n t s  h a v e  b e e n  m a d e .  M a j o r

n e w  d i s c o v e r i e s  w i l l  b e  n e i t h e r  s w i f t  n o r  s u r e .

T h e  t h i r d  a s s u m p t i o n  i s  t h a t  t h e  o p e r a t i n g  e f f i c i e n c y  o f  a  h a t c h e r y  m u s t  b e

k n o w n  t o  i d e n t i f y  i t s  p r o b l e m s ,  p r o g r e s s  a n d  f u t u r e  n e e d s ,  a s  w e l l  a s  r e w a r d

t h o s e  r e s p o n s i b l e  f o r  i t s  p r o g r e s s .  T h i s  a s s u m e s  t h a t  a  B a s i n - w i d e  h a t c h e r y

e v a l u a t i o n  p r o g r a m  c a n  b e  i m p l e m e n t e d , w o u l d  b e  e c o n o m i c a l l y  a c c e p t a b l e  w h e n

c o s t s  a r e  s h a r e d , a n d  w o u l d  h a v e  s t a t i s t i c a l  v a l i d i t y  a n d  u s e f u l n e s s  w h e n

c o m p l e t e d .  T h e  f o u r t h  a s s u m p t i o n  i s  t h a t  h u m a n  t a l e n t s  a n d  m o t i v a t i o n  a r e  a

c r i t i c a l  e l e m e n t  i n  t h e  f o r m u l a  f o r  i m p r o v i n g  h a t c h e r y  e f f e c t i v e n e s s .  That

i s , h a t c h e r i e s  m a y  h o u s e  f i s h ,  b u t  p e o p l e  r e a r  t h e m .  I t  f o l l o w s  t h a t

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

o t h e r  p r o f e s s i o n a l s , a n d  t h a t  p e e r  r e v i e w  w i t h  i n c e n t i v e  a w a r d s  c a n  b e  j u s t  a s

impor tant  as t h e  i n v e s t m e n t s  i n  c o n c r e t e  a n d  s t e e l .
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Table 2

List of Objectives for Improving Propagation at Existing
Anadromous Fish Hatcheries in the Columbia River Basin

(not necessarily in priority order)

Objective 1.

Objective 2.

Objective 3.

Objective 4.

Objective 5.

Objective 6.

Objective 7.

Objective 8.

Renovate, expand, and modernize existing hatcheries to achieve
full production potential.

Establish operational standards and evaluate all hatcheries for
production goals, contribution, and practices in husbandry,
genetics, and fish health.

Maximize hatchery staff talents and technology transfer.

Register biologicals, drugs, and chemicals for controlling
diseases, parasites, and predators.

Plan ways and means of artificial production to meet BPA
mitigation responsibilities.

Monitor and report fish health and related hatchery parameters.

Supplement natural production with hatchery outplants.

Fund research and demonstration projects to resolve identified
problems in artificial propagation.

Subobjective 8.1 Improve strategies for rearing and releasing hatchery
fish and improve husbandry and bioengineering
practices.

Subobjective 8.2 Develop better ways and means to protect fish health
from infectious and noninfectious diseases.

Subobjective 8.3 Assure genetic integrity in artificial propagation.

Subobjective 8.4 Promote better smoltification and early marine
survival.

Subobjective 8.5 Identify why some hatcheries make extremely poor
contributions to the fishery or to escapement and
resolve the problem(s).
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O b j e c t i v e  1. R e n o v a t e  a n d  e x p a n d  e x i s t i n g  h a t c h e r i e s  t o  a c h i e v e  f u l l___-

p r o d u c t i o n  p o t e n t i a l .

R a t i o n a l e :  A r t i f i c i a l  p r o d u c t i o n  n o t  o n l y  w o r k s ,  b u t  i t  a l s o  s u s t a i n s

t h e  b u l k  o f  t h e  p r e s e n t  r u n  o f  a n a d r o m o u s  s a l m o n i d s  i n  t h e

C o l u m b i a  R i v e r .  C u r r e n t l y ,  t h e r e  a r e  a b o u t  5 4  r e g u l a r

a n a d r o m o u s  f i s h  h a t c h e r i e s  a n d  4 0  s a t e l l i t e  f a c i l i t i e s  i n

t h e  B a s i n .  A d d i t i o n a l  w a t e r  i s  a v a i l a b l e  a t  a  f e w

f a c i l i t i e s  a n d  t h e s e  c o u l d  b e  e x p a n d e d  q u i t e  r e a d i l y . The

e x p a n s i o n  o f  u n d e r d e v e l o p e d  f a c i l i t i e s  i s  p r o p o s e d  b e c a u s e

i t  w i l l  p r o d u c e  a d u l t  f i s h  m o r e  q u i c k l y ,  e a s i l y ,  a n d

c h e a p l y  t h a n  n e w  s i t e  d e v e l o p m e n t .  E x p a n s i o n  t y p i c a l l y

r e q u i r e s  n e i t h e r  t h e  p u r c h a s e  o f  l a n d  n o r  t h e  d e v e l o p m e n t

o f  r o a d s  a n d  u t i l i t i e s .  C o n c u r r e n t  r e n o v a t i o n  a n d

p r o d u c t i o n  m a y  b e  p o s s i b l e .

G A I A  ( 1 9 8 5 )  l i s t s  2 2  h a t c h e r i e s  i n  t h e  C o l u m b i a  B a s i n

( T a b l e  3 )  w h i c h  m i g h t  b e  e x p a n d e d  t o  r e a c h  f u l l  p r o d u c t i o n

p o t e n t i a l .  T o t a l  c o s t s  f o r  r e m o d e l i n g  i n  1 9 8 5  d o l l a r s  i s

e s t i m a t e d  t o  b e  $ 2 1 . 7  m i l l i o n  w h i c h  w o u l d  i n c r e a s e

p r o d u c t i o n  b y  a b o u t  1 . 7  m i l l i o n  p o u n d s  o f  s m o l t s ,  y i e l d i n g

a n  e s t i m a t e d  3 0 0 , 0 0 0  a d u l t s  a n n u a l l y .  B y  c o m p a r i s o n ,  t h e

e s t i m a t e d  g r o s s  c o s t  f o r  n e w  h a t c h e r y  c o n s t r u c t i o n  t o  r e a r

1 . 7  m i l l i o n  p o u n d s  o f  s m o l t s  i s  a b o u t  $ 7 0  m i l l i o n  a t

$ 4 1 . 1 1  p e r  p o u n d  o f  d e s i g n  c a p a c i t y ,  a n d  $ 1 1 9  m i l l i o n  a t

$ 7 0  p e r  p o u n d  o f  d e s i g n  c a p a c i t y .

27



Y o s t  o f  t h e  h a t c h e r i e s  l i s t e d  i n  T a b l e  3  a r e  b e l o w

Bonnevi l le  Dam, a n d  w o u l d  n o t  d i r e c t l y  b e n e f i t  u p r i v e r

a r e a s u n l e s s  t h e  p r o d u c t i o n i s  r e p r o g r a m m e d  a n d  r e l e a s e d  i n

a p p r o p r i a t e  l o c a t i o n s .  F i s h  f o r  u p r i v e r  a r e a s  c o u l d  a l s o

b e  p r o d u c e d  v i a  O b j e c t i v e s  5  a n d  7 .

I n  a d d i t i o n  t o  e x p a n d i n g  t h e  r e a r i n g  s p a c e ,  m o d e r a t e l y

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

e x i s t i n g  h a t c h e r i e s  f o r  a t  l e a s t  p a r t  o f  t h e  y e a r .  Salmon,

t r o u t , a n d  s t e e l h e a d  a r e  t y p i c a l l y  r e a r e d  a t  a  l o a d i n g

3
d e n s i t y  u n d e r  0 . 8  l b s . / f t .  ;  a s  a  g e n e r a l  r u l e ,  P i p e r

e t  a l .  ( 1 9 8 2 ) r e c o m m e n d s  t h a t  l o a d i n g  d e n s i t i e s  ( i n  p o u n d s )

b e  n o  g r e a t e r  t h a n  h a l f  t h e i r  l e n g t h  ( i n  i n c h e s )  p e r  c u b i c

f o o t .  T h i s  p l a n  w o u l d  a p p r o x i m a t e l y  d o u b l e  t h e  e v e n t u a l

3
l o a d  t o  a b o u t  1 . 6  l b s . / f t .  .  L o a d i n g  d e n s i t i e s  a r e

l i m i t e d  i n  t h e o r y  b y  t h e  s u p p l y  o f  o x y g e n ,  u n t i l  a m m o n i a

b e c o m e s  l i m i t i n g  ( S p e e c e 1981),  a l t h o u g h  i n  r e a l i t y ,  s a f e

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

o t h e r  e n v i r o n m e n t a l  p a r a m e t e r s  ( P i p e r  e t  a l . ,  1 3 8 2 ) .  Thus,

o x y g e n  s u p p l e m e n t a t i o n t o  a l l o w  i n c r e a s e d  l o a d i n g  d e n s i t y

would r e q u i r e careful i m p l e m e n t a t i o n  a n d  s o m e  t e s t i n g  f o r

s i t e  s p e c i f i c  c o n s i d e r a t i o n s ,  a s  w e l l  a s  s o m e  t r a i n i n g .

The use of s u p p l e m e n t a l  o x y g e n i s  c ommon  in  Europe  (Speece ,

1 9 8 6 ) .  I n  t h e  U n i t e d  S t a t e s , t h i s  h a s  b e e n  u s e d  w i d e l y  t o

t r a n s p o r t  f i s h .  I n  Oregon,, s u p p l e m e n t a l  o x y g e n  h a s  b e e n
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L o c a t i o n

Beaver Creek

B o n n e v i l l e

Clackamas

C o w l i t z  T r o u t

Kalama Fal ls

Leaburg

L e w i s  R i v e r

Lower Kalama

Marion Forks

McKenzie

Skamania

South Santiam

Stayton  Pond

S p e e l y a i

Vancouver

W i l l a m e t t e

Dexter  Pond

Carson

G o l d e n d a l e

P r i e s t  R a p i d s

R e d  R i v e r

R i n g o l d  S p r i n g s

TOTALS

TABLE 3

H a t c h e r i e s  w i t h  p o t e n t i a l  f o r  i n c r e a s e d  p r o d u c t i o n
and estimated costs  (GAIA NORTHWEST, 1985)

P o t e n t i a l  I n c r e a s e
in Smolt Production
( a t  0 . 8  l b s . / f t .  3 )

1 6 , 0 0 0

250,000

170,000

60,000

100,000

163,000

168,000

70,000

25,600

140,000

47,400

40,000

27,000

12,000

60,000

90,000

20,000

96,000

27,300

40,000

24,000

40,000

1,686,300 $21,691,000

Est imated
C a p i t a l  C o s t s

R e q u i r e d
F e e d  ( L b s . )

A d d i t i o n a l
FTE Sta f f

$ 330,000 2,400 0.5

2,550,OOO 375,000 3.0

3,500,000 255,000 3.0

320,000 90,000 0.5

955,000 150,000 1.5

865,000 244,500 2.0

1,152,500 252,500 3.0

542,500 105,000 1 . 0

425,000 38,400 0.5

1,905,000 210,000 1.5

620,000 71,000 0.5

740,000 60,000 0.5

? 40,200 0.5

50,000 18,000 0.5

1,120,000 90,000 1 . 0

1,037,000 135,000 1 . 0

N/A 30,000 0.5

1,810,OOO 144,000 1 . 0

3,500,000 41,000 0.5

150,000 60,000 0.5

N/A 36,000 0.5

120,000 60,000 0.5

2,214,OOO 22.5
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u s e d  s u c c e s s f u l l y  t o  c o m m e r c i a l l y  r e a r  c o h o  s a l m o n  a n d

s p r i n g  c h i n o o k  s a l m o n  ( p e r s o n a l  c o m m u n i c a t i o n  Mr. R i c h a r d

S e v e r s o n , O r e g o n  A q u a  F o o d s ,  I n c . ;  a n d  D r .  R o n a l d  C o w a n ,

A n a d r o m o u s ,  I n c . ) .  Michigan i s  u s i n g  s u p p l e m e n t a l  o x y g e n

t o  r e a r  s a l m o n i d s  i n c l u d i n g  P a c i f i c  s a l m o n , l a k e  t r o u t ,

l a k e  w h i t e f i s h , a n d  s t e e l h e a d  t r o u t .  I n  m o s t  o f  t h e s e

3
c a s e s ,  l o a d i n g  d e n s i t i e s  a p p r o a c h  2  l b s . / f t .  ,  w h i c h  i s

m u c h  h i g h e r  t h a n  t h a t  p r o p o s e d  i n  t h i s  p l a n .

S u p p l e m e n t a l  o x y g e n  c a n  b e  r e q u i r e d  i n  a t  l e a s t  t h r e e

c i r c u m s t a n c e s :  (1) o n  d e m a n d  w h e n  f e e d i n g  i n c r e a s e s  o x y g e n

consumpt i on ;  ( 2 )  c o n t i n u o u s l y  a l l  y e a r  b e c a u s e  r a c e w a y s  a r e

a l w a y s  l o a d e d  t o  h i g h  l e v e l s ; a n d  ( 3 )  c o n t i n u o u s  o n l y  a f t e r

g r o w t h  o f  f i s h  r e s u l t s  i n  r e a r i n g  d e n s i t i e s  a b o v e

p r e s c r i b e d  l i m i t s , u s u a l l y  i n  t h e  s p r i n g .  E a c h  s c e n a r i o

h a s  q u i t e  d i f f e r e n t  i m p l i c a t i o n s ,  a n d  t h i s  i s  a l s o  t r u e  f o r

c o s t s .  Thus, t h e  s p e c i f i c e q u i p m e n t  a n d  t h e  a s s o c i a t e d

c a p i t a l  a n d  O&M c o s t s  d e p e n d  o n  t h e  o p e r a t i o n a l  s c e n a r i o .

O x v g e n  s u p p l e m e n t a t i o n  c o n t i n u o u s l y  o v e r  t h e  y e a r  i s  t h e

m o s t  e x p e n s i v e  t o  i n s t a l l  ( e s t i m a t e  $ 1 0 0 , 0 0 0  p e r

3 0 , 0 0 0  lbs.. o f  r e a r i n g  c a p a c i t y )  b e c a u s e  a n y  r i s k  o f

f a i l u r e  j u s t i f i e s  r e d u n d a n c y , c o l l a t e r a l  support s y s t e m s ,

a n d  r e q u i r e d  h o u s i n g  (Speece, 1 9 8 1 ,  1 9 8 5 ;  B o e r s e n ,  1 9 8 5 ) .

S e a s o n a l  s u p p l e m e n t a t i o n i s  m u c h  l e s s  c o m p l i c a t e d ,  c h e a p e r ,

a n d  y e t  h i g h l y  r e l i a b l e  ( p e r s o n a l  c o m m u n i c a t i o n s ;



Dr. R o n a l d  Gowan,, A n a d r o m o u s  I n c o r p o r a t e d ;  L a r s  W i n l b o r g ,

Hoor,, Sweden).  O n  t h i s  b a s i s , t h e  c a p i t a l  c o s t  o f  o x y g e n

s u p p l e m e n t a t i o n  t o  i n c r e a s e  s m o l t  p r o d u c t i o n  w o u l d  b e :

$ 1 0 0 , 0 0 0  X 1 0 , 0 0 0 , 0 0 0  l b s .  =  $ 3 3 . 3  m i l l i o n .
3 0 , 0 0 0  l b s .  o f  f i s h  o f  f i s h

A s  i n d i c a t e d  e l s e w h e r e , O&M c o s t s  w i l l  p r o b a b l y  b e  o f f s e t

b y  d e c r e a s e d  f o o d  c o s t s , b u t  t h i s  p o i n t  n e e d s  f u r t h e r  s t u d y .

T h e  d i s s o l v e d  o x y g e n  r e q u i r e m e n t s  o f  s a l m o n i d  f i s h  h a v e

b e e n  s t u d i e d  e x t e n s i v e l y , b o t h  a t  O r e g o n  S t a t e  U n i v e r s i t y

( see  Warren ,  Doudoro f f ,  and  Shumway ,  1973 ;  Doudoro f f  and

Shumway, 1 9 7 0 )  a n d  e l s e w h e r e  ( S p e e c e ,  1 9 8 1 ) .  R e c e n t

i n f o r m a t i o n  o n  d i s s o l v e d  o x y g e n  c r i t e r i a  w e r e  s u m m a r i z e d  by

Chapman (1986) .  E x c e p t  a t  r e l a t i v e l y  l o w  t e m p e r a t u r e s ,  a n y

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

s a t u r a t i o n  l e v e l s  r e s u l t s  i n  s o m e  r e d u c t i o n  o f  g r o w t h  a n d

food  consumpt i on .  Thus, o n e  r e s u l t  o f  h i g h  o x y g e n  l e v e l s

i s  a n  i n c r e a s e  i n  f o o d  c o n v e r s i o n  e f f i c i e n c y  w h i c h  a l o n e

m a y  b a l a n c e  t h e  O & M  c o s t s  o f  t h e  o x y g e n  s y s t e m  ( p e r s o n a l

communica t i on , Dr .  Harry  Westers ,  Mich igan  DNR,  Lans ing ,

M I ;  a n d  D r .  J o h n  C o l t ,  D a v i s ,  C A ) .

O x y g e n  s u p p l e m e n t a t i o n  i n v o l v e s  a  " n e w  t e c h n o l o g y "  i n  w h i c h

a m m o n i a  w o u l d  r e p l a c e  l o w  o x y g e n  a s  t h e  l i m i t i n g  w a t e r

q u a l i t y  p a r a m e t e r .  O x y g e n  t o x i c i t y  i n  t h i s  c i r c u m s t a n c e

w o u l d  b e  n e a r l y  i m p o s s i b l e  a n d  r e c e n t  d e v e l o p m e n t s  i n
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t e c h n o l o g y  h a v e  v a s t l y  s i m p l i f i e d  o x y g e n  d i s t r i b u t i o n  a n d

m o n i t o r i n g  ( B o e r s e n ,  1 9 8 5 ) .  S o m e  s i t e  s p e c i f i c

e x p e r i m e n t a t i o n  a n d  r e n o v a t i o n  w i l l  b e  n e c e s s a r y ,  a s  w e l l

a s  s t a f f  t r a i n i n g  i n  t h e  n e w  t e c h n o l o g i e s .  H o w e v e r ,  t h i s

p l a n  p r o v i d e s  c o n s i d e r a b l e  t i m e  f o r  p l a n n i n g ,  g r a d u a l

i m p l e m e n t a t i o n , and  measured  ac compl i shment .

O t h e r  r e n o v a t i o n s  a r e  n e e d e d  a t  m o s t  h a t c h e r i e s  b e f o r e  t h e

g o a l s  o f  f u l l  p r o d u c t i o n ,  f i s h  h e a l t h  p r o t e c t i o n ,  a n d

i n c r e a s e d  b e n e f i t / c o s t  c a n  b e  a c h i e v e d .  S o m e  f a c i l i t i e s

a r e  o l d  a n d  i n  p o o r  c o n d i t i o n  t o  a c h i e v e  f u l l  p r o d u c t i o n  o f

q u a l i t y  s m o l t s .  Most f a c i l i t i e s  l a c k  t h e  m e a n s  t o

a c c u r a t e l y  a s s e s s  l o a d i n g  d e n s i t y ,  i n  p a r t  b e c a u s e  t h e y

l a c k  t h e  m e a n s  t o  m o n i t o r  f l o w s  o r  o x y g e n .  M a n y  f a c i l i t i e s

n e e d  p a t h o g e n - f r e e  w a t e r  f o r  r e a r i n g  e a r l y  l i f e  s t a g e s .

An ot h er  g row ing  c oncer n f o c u s e s  o n  t h e  p a t h o g e n  l e v e l  i n

t h e  h a t c h e r y  e f f l u e n t  a s  n o t e d  b y  K l o n t z ,  e t  a l .  ( 1 9 7 8 ) .

B e t t e r  s a n i t a t i o n  p r o c e d u r e s  m a y  b e  n e e d e d  w i t h i n

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

C o s t s  f o r  h e a l t h  r e l a t e d  renovations w e r e  e s t i m a t e d  o n  a

p r e l i m i n a r y  b a s i s  u s i n g  a n  a v e r a g e  o f  $ 0 . 7 5  m i l l i o n  p e r

f a c i l i t y  t i m e s  9 0  f a c i l i t i e s ,  o r  a b o u t  $ 6 7  m i l l i o n .  T h i s

assumes t h a t  t h e  f u n d s  w o u l d  b e  s p e n t  t o  i m p r o v e  t h e  w a t e r

supply, w a s t e  t r e a t m e n t , a n d  v a r i o u s  o t h e r  h e a l t h  r e l a t e d

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

to , a n d  n o t  i n  l i e u  o f , a u t h o r i z e d  m a i n t e n a n c e .



Approach :  B P A  w o u l d  d e v e l o p  a  t e c h n i c a l  g u i d a n c e  c o m m i t t e e  t o

i d e n t i f y  a n d  r e f i n e  t h e  o p p o r t u n i t i e s  a n d  c o s t s  f o r

i m p r o v i n g  a n d  e x p a n d i n g  f i s h  p r o d u c t i o n  a t  e x i s t i n g

f a c i l i t i e s  a s  o u t l i n e d  i n  t h e  " I m p l e m e n t a t i o n  P r o c e s s . "

R e n o v a t i o n s  w i l l  b e  c o n s i s t e n t  w i t h  t h e  b e s t  a v a i l a b l e

t e c h n o l o g y  a n d  n o t  i n  l i e u  o f  a u t h o r i z e d  m a i n t e n a n c e

a c t i v i t i e s .  where t h e  i n d i c a t e d  b e s t  t e c h n o l o g y  m e r i t s  i t ,

f u l l - s c a l e  d e m o n s t r a t i o n  p r o j e c t s  w i l l  b e  u n d e r t a k e n  b e f o r e

f u l l - s c a l e  a p p l i c a t i o n .

E s t i m a t e d  l o - y e a r  T o t a l  C o s t :  $33 m i l l i o n  f o r  o x y g e n  s u p p l e m e n t a t i o n ;

$ 6 7  m i l l i o n  f o r  h e a l t h  r e l a t e d  r e n o v a t i o n s ;

a n d  $75 m i l l i o n  f o r  r e a r i n g  a d d i t i o n a l '

smolts; or

$ 1 7 5  m i l l i o n  ( t o t a l )  i n c l u d i n g  c a p i t a l

c o s t s , expense, and O&M.

T i m e  o f  C o m p l e t i o n :

E x p e c t e d  B e n e f i t :

O b j e c t i v e  2 .

A c t i v i t y  c o u l d  b e g i n  i n  2  y e a r s .  F u l l

p r o d u c t i o n  w o u l d  b e  r e a c h e d  i n  1 0  y e a r s .

1 , 5 0 0 , O O O  a d d i t i o n a l  a d u l t s  p e r  y e a r  a t  f u l l

i m p l e m e n t a t i o n .

E s t a b l i s h  s i t e - s p e c i f i c  o p e r a t i o n a l  s t a n d a r d s  t o  e v a l u a t e

a l l  h a t c h e r i e s  f o r  p r o d u c t i o n  g o a l s , c o n t r i b u t i o n ,  a n d

p r a c t i c e s i n  h u s b a n d r y ,  g e n e t i c s  a n d  f i s h  h e a l t h .
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Rationale: T h e  n e e d  t o  e v a l u a t e  h a t c h e r i e s  i s  o b v i o u s  a n d  h a s  b e e n

i n d i c a t e d  b y  s e v e r a l  e n t i t i e s ,  i n c l u d i n g  t h e  N o r t h w e s t

P o w e r  P l a n n i n g  C o u n c i l ' s  F i s h  a n d  W i l d l i f e  P r o g r a m

s e c t i o n  7 0 4 ( f ) ( l ) .  T w o  t y p e s  o f  e v a l u a t i o n s  w o u l d  b e

a p p r o p r i a t e ; o n e  b a s e d  o n  t h e  s u r v i v a l  a n d  c o n t r i b u t i o n  o f

r e s u l t i n g  s m o l t s , a n d  t h e  o t h e r  e v a l u a t i o n  b a s e d  o n

c o m p l i a n c e  w i t h  b e s t  a v a i l a b l e  t e c h n o l o g y  ( B A T ) . The need

f o r  p e e r  e v a l u a t i o n  o f  c o m p l i a n c e  w i t h  B A T  i s  b a s e d  o n  t h e

p r e m i s e  t h a t  a  s t a f f  c o u l d  d o  e v e r y t h i n g  r i g h t  a n d  w a r r a n t

an award, b u t  t h e  r e s u l t i n g  y e a r - c l a s s  c o u l d  d o  p o o r l y  d u e

t o  o t h e r  f a c t o r s .  P e e r  r e v i e w  r e q u i r e s  t h e  e m p l a c e m e n t  o f

r e l e v a n t  s t a n d a r d s  a n d  e v a l u a t i o n  c r i t e r i a ,  a s  w e l l  a s  t h e

e m p l a c e m e n t  o f  a  r e s p e c t e d  p e e r  r e v i e w  t e a m .  T h i s  i n c l u d e s

t h e  d e v e l o p m e n t  o f  s t a n d a r d s  f o r  " f i s h  q u a l i t y "  w h i c h  w i l l

b e  a p p l i e d  b o t h  d u r i n g  t h e  r e a r i n g  p e r i o d  a n d  a t  t h e  t i m e

o f  r e l e a s e .  T h e  f r e q u e n c y  o f  p e e r  e v a l u a t i o n s  m a y  d i f f e r

b e t w e e n  p r o j e c t s  a n d  c a n  b e  d e c i d e d  b y  t h e  C o u n c i l .  The

e v a l u a t i o n  o f  f i s h  s u r v i v a l  i s  b e s t  e v a l u a t e d  o n  l i f e - c y c l e

b a s i s .  S u c h  e v a l u a t i o n s  s h o u l d  i n c l u d e  t h e  r e g u l a r  a n d

e x p e r i m e n t a l  p r o p a g a t i o n  o f  a n a d r o m o u s  f i s h ,  w h e t h e r  b y

n a t u r a l / w i l d  m e a n s  o r  b y  a r t i f i c i a l  p r o p a g a t i o n  a n d  w o u l d

b e  a c c o m p l i s h e d  v i a  c o d e d  w i r e  t a g s ,  e t c . ,  s i m i l a r  t o  t h e

s t u d y  b y  V r e e l a n d  ( 1 9 8 5 ) .

S o m e  h a t c h e r i e s  a l r e a d y  h a v e  o p e r a t i o n a l  s t a n d a r d s  b a s e d  o n

b e s t  a v a i l a b l e  t e c h n o l o g y ,  b u t  o t h e r s  d o  n o t . Such

s t a n d a r d s  n o t  o n l y  c a n  g u i d e  d a i l y  o p e r a t i o n s ,  b u t  a l s o  c a n
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Approach :

p r o v i d e  a  b a s i s f o r  e v a l u a t i n g  p r o b l e m s  o r  s u c c e s s e s  a n d

r e w a r d i n g  e x c e l l e n c e . A n  a p p r o p r i a t e  p o r t i o n  o f  t h e  s m o l t s

f r o m  e a c h  f i s h  h a t c h e r y , a s  w e l l  a s  o t h e r  s i g n i f i c a n t

p r o j e c t s  w o u l d  b e  m a r k e d  a n d  t a g g e d . B y  t h i  m e a n s ,  o n e  c a n

a s s e s s  t h e  e x t e n t  o f  t h e  s u r v i v a l  a n d  c o n t r i b u t i o n  o f  t h e s e

h a t c h e r i e s , h e n c e  e v a l u a t e  t h e  b e n e f i t s  a g a i n s t  t h e  c o s t s .

W h i l e  a  m a r k i n g  p r o g r a m  i s  e s s e n t i a l  t o  t h e  e v a l u a t i o n

p r o c e s s  a n d  c o u l d  p r o t e c t  w i l d  f i s h ,  i t  w i l l  n o t  b e

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

S i t e - s p e c i f i c  o p e r a t i n g  s t a n d a r d s  m u s t  b e  e s t a b l i s h e d  u s i n g

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

c a n  t a i l o r  t h e  n u m e r i c a l  v a l u e s  t o  e a c h  u n i q u e  s i t u a t i o n .

E x p e r t s  w o u l d  b e  n o m i n a t e d  b y  t h e  N o r t h w e s t  P o w e r  P l a n n i n g

C o u n c i l  w i t h  B P A  u n d e r w r i t i n g  t h e  c o s t s  o f  t h i s  e f f o r t .

T h e  p a n e l  w o u l d  a l s o  e s t a b l i s h  s c h e d u l e s  f o r  c o n d u c t i n g

o p e r a t i o n a l  r e v i e w s  a t  e v e r y  h a t c h e r y  a n d  d e v e l o p  t h e

e v a l u a t i o n  c r i t e r i a  a n d  p r o c e s s . E v a l u a t i o n  o f  f i s h

h a t c h e r y  c o n t r i b u t i o n  p e r  y e a r  r e q u i r e s  a  t a g g i n g  p r o g r a m

a n d  a  d a t a b a s e . S u c h  a  d a t a b a s e  w i l l  b e  c o o r d i n a t e d  w i t h

s i m i l a r  n e e d s  i n  O b j e c t i v e  6 ,  r e g a r d i n g  f i s h  h e a l t h

parameters .

E s t i m a t e d  l o - y e a r  T o t a l  C o s t : $ 5  m i l l i o n .

T i m e  o f  C o m p l e t i o n : 1 0  y e a r s .
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E x p e c t e d  B e n e f i t s :  H a t c h e r y  P r a c t i c e s  a t  B P A  f u n d e d  h a t c h e r i e s

w i l l  b e  u p g r a d e d  a n d  a s s e s s e d  a g a i n s t

s t a n d a r d s .  H a t c h e r y  p r o d u c t i o n  w i l l  b e

q u a n t i f i e d  a n d  a n a l y z e d  f o r  b e n e f i t / c o s t ,

d e g r e e  o f  i m p r o v e m e n t ,  n e e d s ,  a n d

u t i l i z a t i o n .  O u t s t a n d i n g  p e r f o r m a n c e  w i l l

b e  i d e n t i f i e d  a n d  r e w a r d e d .

O b j e c t i v e  3 .  Maximize hatchery  s ta f f  ta l ents  and  t e chno logy  t rans fe r .

R a t i o n a l e :  T h e  p u b l i c  i n v e s t m e n t  i n  h a t c h e r i e s  h a s  b e e n  h u g e ,  b u t  i t

h a s  b e e n  s p e n t  mostly f o r  c o n c r e t e ,  s t e e l ,  a n d  f i s h  f o o d .

U n f o r t u n a t e l y , h a t c h e r i e s  d o n ' t  r a i s e  f i s h ,  p e o p l e  d o .

Thus, t o  t h e  e x t e n t  t h a t  h a t c h e r i e s  a r e  s u c c e s s f u l ,  i t  i s

l a r g e l y  a t t r i b u t a b l e  t o  t h e i r  s t a f f s .  T h e r e f o r e ,  h u m a n

t a l e n t s  c o m p r i s e  o n e  o f  t h e  m o s t  v a l u a b l e  r e s o u r c e s  a t  a

h a t c h e r y , a n d  t h i s  p r o f e s s i o n a l  k n o w l e d g e  m u s t  b e

mainta ined ,  expanded ,  and  rewarded .  T h e  r e s u l t i n g  b e n e f i t s

a c c r u e  t o  t h e  f i s h ,  t h e  f i s h e r y ,  t h e  r e g i o n ,  a n d  t o  t h e

e m p l o y e e .

C u r r e n t l y ,  r e l a t i v e l y  l i t t l e  m o n e y  i s  d e d i c a t e d  t o  t h e

c o n t i n u i n g  e d u c a t i o n  p r o c e s s  a s  w e l l  a s  c o m p r e h e n s i v e

t r a n s f e r  o f  n e w  t e c h n o l o g y  b e t w e e n  d i f f e r e n t  a g e n c y  s t a f f s

a n d  o t h e r  e n t i t i e s .  I f  n e w  t e c h n o l o g y  i s  n o t  t r a n s f e r r e d

or  no t  imp lemented , t h e  p u b l i c  i n v e s t m e n t  i n  r e s e a r c h  i s

n o t  o n l y  w a s t e d , , b u t  a l s o  t h e  p o t e n t i a l  g a i n s i n  p r o d u c t i o n

a r e l o s t .
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A p p r o a c h :

Human moviation i s  a l s o  a  c r i t i c a l  e l e m e n t  i n  i m p r o v i n g

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

S u c h  m o t i v a t i o n  i s  m o s t  l i k e l y  t o  c o m e  f r o m  p o s i t i v e

rewards , p e e r  r e c o g n i t i o n  o f  a c c o m p l i s h m e n t s ,  a n d  d i r e c t

i n v o l v e m e n t  i n  t h e  p r o g r a m .  S u c h  i n v o l v e m e n t  a n d

u n d e r s t a n d i n g  c o u l d  f o s t e r  r a p i d  i m p l e m e n t a t i o n  o f  n e w

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

I n v e s t m e n t s  i n  h u m a n  m o t i v a t i o n  w o u l d  b e  s m a l l  i n  c o s t

c o m p a r e  t o  t h e  i n v e s t m e n t  i n  f e e d  a n d  r e m e d i a l  m e a s u r e s ,

a n d  m i g h t  b e  c o m p r i s e d  o f  m o n e t a r y  o r  o t h e r  a p p r o p r i a t e

rewards .

B P A  w i l l  m e e t  w i t h  h a t c h e r y  o p e r a t i n g  a g e n c i e s  t o  e x p o s u r e

t h e  o p p o r t u n i t i e s  f o r  p r o m o t i n g  t e c h n o l o g y  t r a n s f e r ,  h u m a n

d e v e l o p m e n t  a n d  m o t i v a t i o n  a m o n g  t h e  a p p r o x i m a t e l y  4 0 0

p u b l i c  a q u a c u l t u r e  e m p l o y e e s  i n  t h e  B a s i n .  T h i s  e f f o r t

w i l l  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  d e v e l o p i n g  a  " p e e r "

b a s e d , p r o f e s s i o n a l  c e r t i f i c a t i o n  p r o g r a m  f o r  f i s h  c u l t u r e

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

p r o c e s s e s  a r e  p r o p o s e d ,  i n c l u d i n g  v i s i t a t i o n s  t o  m o d e r n

s a l m o n  r e a r i n g  f a c i l i t i e s , a n d  m e e t i n g s  b o t h  f o r e i g n  a n d

d o m e s t i c .  S p e c i a l  t a l e n t s  a r e  a v a i l a b l e  f r o m  e x i s t i n g

c o l l e g e  e x t e n s i o n  s e r v i c e s  w h i c h  c o u l d  b e  u s e d  w i t h

v i d e o - t a p e d  c l a s s e s .  Monetary o r  o t h e r  a w a r d s  f o r

p r o f e s s i o n a l  e x c e l l e n c e  a n d  r e c o g n i t i o n  a r e  e s s e n t i a l

e l e m e n t s .

37



E s t i m a t e d  l o - y e a r  T o t a l  C o s t :  $ 1 . 6  m i l l i o n

T i m e  o f  C o m p l e t i o n :  1 0  y e a r s .

E x p e c t e d  B e n e f i t s :  I n c r e a s e d  e f f e c t i v e n e s s  i n  i m p l e m e n t i n g  b e s t

a v a i l a b l e  t e c h n o l o g y ,  a n d  h i g h e r  h a t c h e r y

p r o d u c t i v i t y .

O b j e c t i v e  4 .  R e g i s t e r  s e l e c t e d  bioogicals d r u g s ,  a n d  c h e m i c a l s  f o r

c o n t r o l l i n g  d i s e a s e s  a n d  p r e d a t o r s  o f  s a l m o n  a n d  s t e e l h e a d .

R a t i o n a l e :

Approach :  B P A  w i l l  w o r k  w i t h  t h e  P a c i f i c  N o r t h w e s t  F i s h  H e a l t h

C e r t a i n  c h e m i c a l s  c a n  b e  p o w e r f u l  t o o l s  t o  a s s i s t  t h e

p r o d u c t i o n , h e a l t h ,  a n d  s u r v i v a l  o f  a n a d r o m o u s  s a l m o n i d s .

T h e s e  i n c l u d e  b o t h  t h e r a p e u t i c s  a n d  d i s i n f e c t a n t s  a g a i n s t

i n f e c t i o u s  d i s e a s e s  a n d  p a r a s i t e s ,  a s  w e l l  a s  p e s t i c i d e s  t o

c o n t r o l  p r e d a t o r s  a n d  c o m p e t i t o r s  i n  c e r t a i n  w a t e r s  u n d e r

c e r t a i n  c o n d i t i o n s .  T h e s e  c h e m i c a l s  c o u l d  i m p r o v e  smolt

s u r v i v a l  a n d  q u a l i t y , a s  w e l l  a s  r e d u c e  p r o d u c t i o n  c o s t s .

S e v e r a l  c h e m i c a l s  h a v e  k n o w n  v a l u e  f o r  t h e s e  p u r p o s e s  a n d

o t h e r s  h a v e  p o t e n t i a l  v a l u e , b u t  n o n e  c a n  b e  u s e d  u n l e s s  i t

h a s  b e e n  r e g i s t e r e d  f o r  t h e s e  s p e c i f i c  p u r p o s e s  a n d

t h e r e f o r e , a v a i l a b l e  i n  t h e  m a r k e t .

P r o t e c t i o n  C o m m i t t e e  a n d  o t h e r  r e g i o n a l  e x p e r t s  t o  i d e n t i f y

a p p r o p r i a t e  c h e m i c a l s  f o r  r e g i s t r a t i o n ,  t h e i r  r e l a t i v e

p r i o r i t y , a n d  t h e i r  p o t e n t i a l  e c o n o m i c  i m p a c t  t o  t h e  F i s h

a n d  W i l d l i f e  P r o g r a m .  I n i t i a l l y , B P A  w i l l  e m p h a s i z e
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r e g i s t r a t i o n  o f  m a t e r i a l s  t o  c o n t r o l  b a c t e r i a l  k i d n e y

d i s e a s e  (BKD). T h i s  d i s e a s e  c a u s e s  s i g n i f i c a n t  m o r t a l i t y

i n  s p r i n g  c h i n o o k  s a l m o n  p o p u l a t i o n s  t h r o u g h o u t  t h e  B a s i n ,

e s p e c i a l l y  i n  u p r i v e r  s t o c k s .  C u r r e n t l y , e r y t h r o m y c i n  i s

e f f e c t i v e  a g a i n s t  B K D , b u t  i t  o n l y  s u p p r e s s e s  r a t h e r  t h a n

eliminates the pathogen; i t s  v a l u e  c o u l d  b e  l o s t  b y  t h e

d e v e l o p m e n t  o f  d r u g  r e s i s t a n c e  i n  t h e  p a t h o g e n .

T h e  e f f o r t  t o  r e g i s t e r  a l l  m a t e r i a l s  w i l l  b e  i n  a d d i t i o n  t o

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

t h e  I n t e r r e g i o n a l  P r o j e c t  ( I R - 4 )  o f  t h e  U . S .  D e p a r t m e n t  o f

A g r i c u l t u r e , U . S .  F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  U . S .

E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ,  a n d  U . S .  F i s h  a n d  W i l d l i f e

S e r v i c e .  A s  p r e s e n t l y  c o n c e i v e d , o n e  c o o r d i n a t o r  f r o m  t h e

p r i v a t e  s e c t o r  w i t h  r e c e n t , d e m o n s t r a t e d  e x p e r t i s e  i n

c h e m i c a l / d r u g  r e g i s t r a t i o n  s h o u l d  p r o s e c u t e  t h e

r e g i s t r a t i o n  o f  a  g i v e n  c o m p o u n d .

E s t i m a t e d  l o - y e a r  T o t a l  C o s t :  $ 6  m i l l i o n .

T i m e  o f  C o m p l e t i o n :  8  y e a r s .

E x p e c t e d  B e n e f i t s :  R e g i s t r a t i o n  f o r  u s e  o n  s a l m o n  a n d  s t e e l h e a d

o f  a n  I H N  v a c c i n e  a n d  B K D  v a c c i n e ;  a n  a g e n t

f o r  f u n g u s  c o n t r o l  o n  e g g s  a n d  a d u l t s ;

S q u o x i n  f o r  s q u a w f i s h  c o n t r o l ;  e r y t h r o m y c i n

f o r  B K D  c o n t r o l ; o x o l i n i c  a c i d  f o r  c o n t r o l

o f  f u r u n c u l o s i s  a n d  o t h e r  g r a m  n e g a t i v e
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b a c t e r i a ; c h l o r a m i n e  T  f o r  b a c t e r i a l  g i l l

d i s e a s e ;  I o d o p h o r e  f o r  d i s i n f e c t i o n ;  a n d  a n

a p p r o v e d , n o n p e r s i s t a n t  a n e s t h e t i c .

O b j e c t i v e  5 .  P l a n  f o r  a d d i t i o n a l  h a t c h e r y  p r o d u c t i o n  t o  m e e t  BPA;s

m i t i g a t i o n  r e s p o n s i b i l i t y .

R a t i o n a l e :  T h e  l o s s e s  o f  s a l m o n  a n d  s t e e l h e a d  a t t r i b u t e d  t o

Approach :

h y d r o e l e c t r i c  i m p a c t s  a r e  s u c h  t h a t  t h e y  p r o b a b l y  c a n n o t  b e

m i t i g a t e d  w i t h o u t  a d d i t i o n a l  a r t i f i c i a l  p r o p a g a t i o n .

T h e r e f o r e ,  t h e  o b j e c t i v e  h e r e  w i l l  b e  t o  d e t e r m i n e  h o w  m u c h

a d d i t i o n a l  a r t i f i c i a l  p r o p a g a t i o n  w i l l  b e  n e e d e d ,  a n d  t o

c a r e f u l l y  p l a n  w h e r e  a n d  h o w  i t  c a n  b e  a c c o m p l i s h e d  a t  t h e

l o w e s t  c o s t .  F o r  e x a m p l e , a d d i t i o n a l  t r a d i t i o n a l

h a t c h e r i e s  m a y  b e  n e e d e d  a b o v e  B o n n e v i l l e  D a m ,  b u t  t h e  u s e

o f  o t h e r  t e c h n o l o g i e s  m u s t  b e  c o n s i d e r e d .  L o w  c a p i t a l

o p t i o n s  m a y  b e  n e c e s s a r y  b e c a u s e  m o s t  o f  t h e  d e s i r a b l e

s i t e s  f o r  t r a d i t i o n a l  h a t c h e r i e s  h a v e  b e e n  d e v e l o p e d

a l r e a d y .  A l s o , t h e  u s e  o f  t e m p o r a r y  f a c i l i t i e s  m i g h t  b e

d e s i r a b l e  b e c a u s e  t h e y  c o u l d  b e  d i s m a n t l e d  w h e n  a n d  i f

v i a b l e  p o p u l a t i o n s  o f  n a t u r a l l y  p r o d u c e d  f i s h  a r e

r e e s t a b l i s h e d .

B P A  e x p e c t s  t h e  S o r t h w e s t  P o w e r  P l a n n i n g  C o u n c i l ' s

P r o d u c t i o n  P l a n n i n g  p r o c e s s t o  d e f i n e  p r o d u c t i o n  o b j e c t i v e s

f o r  e a c h  s p e c i e s  o f  s a l m o n  a n d  s t e e l h e a d  w h e r e  l o s s e s  c a n

b e  a t t r i b u t a b l e  t o  h y d r o p o w e r  p r o j e c t s .  B P A  w i l l  a p p o i n t
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r e p r e s e n t a t i v e s  of t h e  a g e n c i e s ,  T r i b e s ,  a n d  P U D ’ s ,  t o

s e r v e  o n  a  t i o e n g i n e e r i n g  workgrou t o  d e t e r m i n e  t h e  m o s t

a p p r o p r i a t e  o p t i o n s , d e v e l o p  s c h e d u l e s  a n d  e s t i m a t e  c o s t s .

T h e  i n i t i a l  a p p r o a c h  w o u l d  b e  t o  s p o n s o r  a

f i s h e r i e s / b i o e n g i n e e r i n g  s y m p o s i u m  i n  1 9 8 8  a n d  u s e  t h e

a t t e n d e e s  t o  i d e n t i f y  t h e  n e w e s t  a n d  b e s t  a l t e r n a t i v e s .

A n o t h e r  c r i t i c a l s t e p  w i l l  b e  t o  r e v i e w  t h e  p r o d u c t i o n  p l a n

o f  e a c h  S u b b a s i n  P l a n , t h e  U . S .  v e r s u s  O r e g o n ,  a n d

U . S . / C a n a d a  s e t t l e m e n t s  t o  i d e n t i f y  t h e  p r o d u c t i o n  p r o f i l e

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

E s t i m a t e d  l o - y e a r  T o t a l  C o s t :  $ 0 . 6  m i l l i o n .

T i m e  o f  C o m p l e t i o n :  2  y e a r s .

E x p e c t e d  B e n e f i t s :  T h e  l o c a t i o n s  a n d  s i z e  o f  a l l  a d d i t i o n a l

f i s h  h a t c h e r i e s  w i l l  b e  i d e n t i f i e d ,  a l o n g

w i t h  f i s h  s t o c k s  t o  b e  r e a r e d .  P r o d u c t i o n

s c e n a r i o s  a n d  c o n c e p t u a l  d e s i g n s  w i l l  b e

comple ted .

O b j e c t i v e  6 .  Monit o r  a n d  r e p o r t- f i s h  h e a l t h  a n d  r e l a t e d  p a r a m e t e r s .

R a t i o n a l e :  E a r l y  d e t e c t i o n ,  p r e v e n t i o n , a n d  t r e a t m e n t  o f  d i s e a s e  i s  a

b a s i c  p r i n c i p l e  i n  f i s h  h e a l t h  a s  w e l l  a s  i n  h u m a n  h e a l t h .

H i g h e r  h e a l t h  s t a t u s  c a n  m i n i m i z e  a q u a c u l t u r e  c o s t s  a n d

p o s t - r e l e a s e  l o s s e s  o f  s m o l t s  t o  p r e d a t o r s ,  t u r b i n e s ,

t r a n s p o r t a t i o n  s t r e s s ,  i n f e c t i o u s  d i s e a s e s ,  a n d  a n  a r r a y  o f



Approach :

p h y s i o l o g i c a l  d y s f u n c t i o n s . I n  t h i s  c o n t e x t ,  t h e  t e r m

" h e a l t h "  i n c l u d e s  c o n c e r n  f o r  b o t h  i n f e c t i o u s  a n d

n o n i n f e c t i o u s  p r o c e s s e s . N o n i n f e c t i o u s  d i s e a s e  a g e n t s

i n c l u d e  e n v i r o n m e n t a l  p a r a m e t e r s  s u c h  a s  l o w  o x y g e n ,

t e m p e r a t u r e ,  a n d  a m m o n i a ;  t h e s e  c a n  k i l l ,  b u t  a r e  u s u a l l y

more  impor tant  as s t r e s s e s  w h i c h  p r e d i s p o s e  s u s c e p t i b i l i t y

t o  i n f e c t i o u s  d i s e a s e s . C a r e f u l  m o n i t o r i n g  o f  f i s h  h e a l t h

t h e r e f o r e  i n c l u d e s  m o n i t o r i n g  o f  p a t h o g e n s  a n d  l i f e  s u p p o r t

parameters , a n d  t h i s  m u s t  b e  d o n e  r e g u l a r l y  a t  a l l  f i s h

p r o p a g a t i o n  f a c i l i t i e s .

T h e  f u l l  b e n e f i t  o f  f i s h  h e a l t h  m o n i t o r i n g  c a n n o t  b e

a c h i e v e d  w i t h o u t  t h e  p r e s e r v a t i o n  a n d  e p i d e m i o l o g i c a l

a n a l y s i s  o f  t h e  r e s u l t i n g  d a t a . T h i s  w i l l  r e q u i r e  a

d a t a b a s e  s y s t e m  w h o s e  c o n t e n t  c a n  i n c o r p o r a t e  t a g g i n g  d a t a

f r o m  O b j e c t i v e  2 , a n d  w o u l d  p r o v i d e  r e g u l a r  p u b l i c  r e p o r t s

a n d  a n a l y s e s . S i n c e  o t h e r  h a t c h e r y  p a r a m e t e r s  r e l a t e  t o  o r

m a y  i m p a c t  f i s h  h e a l t h , o n e  s h o u l d  c o m b i n e  a s  m a n y  r e l e v a n t

parameters i n  t h e  d a t a b a s e  a s  w o u l d  b e  c o s t  e f f e c t i v e  b o t h

f o r  h i s t o r i c a l  r e c o r d s  a n d  e v a l u a t i o n  p u r p o s e s .

B P A  h a s  b e g u n  i m p l e m e n t a t i o n  o f  t h i s  o b j e c t i v e  w i t h  t h e

f i s h  h a t c h e r y  o p e r a t i n g  a g e n c i e s . S t a t e - o f - t h e - a r t  h e a l t h

m o n i t o r i n g  h a s  b e e n  d e f i n e d  a n d t h i s  h a s  g e n e r a l l y  e x c e e d e d

e x i s t i n g  p r a c t i c e s . C o n s i s t e n c y  a c r o s s  t h e  B a s i n  i s  b e i n g

e m p h a s i z e d . E x p a n s i o n  o f  e x i s t i n g  p a t h o l o g y  s t a f f s  w i l l



b u i  ld u o n: a n  a l r e a d y  c o o p e r a t i v e  a n d  p r o d u c t i v e

r e i a t i o n s h i p  w i t h i n  h a t c h e r y  o p e r a t i n g  a g e n c i e s . The

d a t a b a s e  system wi l l  in c lude  pub l i c  a c cess ,  and  must  be

c o m p a t i b l e  a c r o s s  t h e  B a s i n .  I n d e x  h a t c h e r i e s  w o u l d  b e

s e l e c t e d  f o r  i n - d e p t h  e v a l u a t i o n s  o f  f i s h  h e a l t h .

E s t i m a t e d  l o - y e a r  T o t a l  C o s t :  $ 5 . 0  m i l l i o n .

T i m e  o f  C o m p l e t i o n :  5 years; a t  c o m p l e t i o n , h a t c h e r y  o p e r a t i n g

a g e n c i e s  m a y  c o n t i n u e  w i t h  t h e i r  o w n  f u n d i n g .

E x p e c t e d  B e n e f i t s :  A s i d e  f r o m  t h e  d a t a b a s e  f u n c t i o n ,  w h i c h

a l o n e  h a s  m e r i t , t h e  m a i n  b e n e f i t  w i l l  b e  a n

e s t i m a t e d  2 5  p e r c e n t  i n c r e a s e  i n  t h e  s u c c e s s

o f  smolts reared  a t  ha t cher i e s .  T h i s  w i l l

p r o d u c e  a n  e s t i m a t e d  a d d i t i o n a l  5 0 0 , 0 0 0

a d u l t s / y e a r  a n d  a l s o  h e l p  p r o t e c t  w i l d  f i s h .

O b j e c t i v e  7 .  S u p p l e m e n t  n a t u r a l  p r o d u c t i o n  w i t h  h a t c h e r y  o u t p l a n t s .

R a t i o n a l e :  Many s t r e a m s  c o n t a i n  m a r g i n a l  s a l m o n i d  h a b i t a t  w h i c h  c o u l d

b e  u s e d  t o  r e a r  P a c i f i c  s a l m o n  a n d  s t e e l h e a d .  In some

c a s e s  t h e s e  s t r e a m s  a r e  u n d e r s e e d e d  a n d  i n  o t h e r  c a s e s  t h e

s t r e a m s  m a y  n o t  s u p p o r t  l i f e - s t a g e s  f r o m  s p a w n i n g  t h r o u g h

h a t c h i n g .  I f  g e n e t i c a l l y  c o m p a t i b l e  s t o c k s  a r e  u s e d ,

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

s i z e s  t o  s u p p l e m e n t  n a t u r a l  p r o d u c t i o n .  S u c h  a  s c e n a r i o

r e q u i r e s  t h e  i d e n t i f i c a t i o n  o f  t h o s e  s t r e a m s  w h i c h  w o u l d
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Approach :

b e n e f i t  f r o m  s u p p l e m e n t a t i o n , t h e  a m o u n t  o f  s u p p l e m e n t a t i o n

r e q u i r e d , t h e  a p p r o p r i a t e  s t o c k ( s ) ,  a g e / s i z e ,  a n d  a n y

e c o l o g i c a l  a m e n d m e n t s  n e e d e d  t o  p r o m o t e  s a l m o n  a n d

s t e e l h e a d  p r o d u c t i o n .

B P A  b e g a n  i m p l e m e n t a t i o n  b y  c o m p l e t i n g  a  w o r k  p l a n  f o r  t h e

s u p p l e m e n t a t i o n  i n  t h e  C o l u m b i a  R i v e r  B a s i n . S i n c e  t h e n

t h e  C o u n c i l  h a s  p r o p o s e d  a  T e c h n i c a l  W o r k g r o u p  f o r

supp lementa t i on .  B P A  w i l l  w o r k  c l o s e l y  w i t h  a n d  r e l y  o n

t h e  Council's S u p p l e m e n t a t i o n  T e c h n i c a l  W o r k g r o u p ,  t o

d e v e l o p  s u b s e q u e n t  s u p p l e m e n t a t i o n  p l a n s . C r i t i c a l  t o  t h i s

p r o j e c t  a r e a  i s  t h e  a p p l i c a t i o n  o f  a d a p t i v e  m a n a g e m e n t

t e c h n i q u e s  a n d  a p p r o p r i a t e  e v a l u a t i o n . E q u a l l y  i m p o r t a n t

i s  t h e  n e e d  t o  e v a l u a t e  p r e v i o u s  a t t e m p t s  t o  s u p p l e m e n t

n a t u r a l  p r o d u c t i o n  v i a  h a t c h e r y  f i s h ,  a n d  d e t e r m i n e  w h y

t h e y  u s u a l l y  f a i l e d .

E s t i m a t e d  L O - y e a r  T o t a l  C o s t :  $ 7  m i l l i o n .

T i m e  t o  C o m p l e t e :  1 0  y e a r s .

E x p e c t e d  B e n e f i t s :  C u r r e n t l y  s u r p l u s  h a t c h e r y  f i s h  w o u l d  b e

outp lanted  t o  p roduce  an  unde te rmined  number

o f  a d u l t  f i s h .

Objective8. F u n d  r e s e a r c h  a n d  d e m o n s t r a t i o n  p r o j e c t s  t o  r e s o l v e

i d e n t i f i e d  p r o b l e m s  i n  a r t i f i c i a l  p r o p a g a t i o n .
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I n t r o d u c t i o n .  S o m e  t h r u s t s  o f  t h e  P r o g r a m  w i l l  r e q u i r e  t h e  d e v e l o p m e n t  o f

n e w  i n f o r m a t i o n  o r  s o l u t i o n s ,  w h i c h  i n  t u r n  d e p e n d s  u p o n

r i g o r o u s  t e s t i n g  o f  i n n o v a t i v e  i d e a s . I n  o t h e r  c a s e s ,  a

p r o p o s e d  s o l u t i o n  i s  k n o w n , b u t  m e r i t s  f u l l - s c a l e  t e s t i n g

p r i o r  t o  a r e a - w i d e  i m p l e m e n t a t i o n . B o t h  a r e a s  c o n c e r n  t h e

r e s o l u t i o n  o f  a n  i d e n t i f i e d  p r o b l e m  w h i c h  i s  i m p e d i n g  t h e

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

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

s u b o r d i n a t e  t o  a  p r i m a r y  m a n a g e m e n t  g o a l  a n d  a r e  r e l a t i v e l y

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

s u b o b j e c t i v e s .  E a c h  s u b o b j e c t i v e  i s  d i s c u s s e d  w i t h  i t s  o w n

r a t i o n a l e  a n d  a p p r o a c h .

S u b - o b j e c t i v e  8 . 1 I m p r o v e  s t r a t e g i e s  f o r  r e a r i n g  a n d  r e l e a s i n g  h a t c h e r y  f i s h

a n d  i m p r o v e  h u s b a n d r y  a n d  b i o e n g i n e e r i n g  p r a c t i c e s . .

R a t i o n a l e :  T h e  m o s t  o b v i o u s  a n d  l o g i c a l  s t r a t e g y  f o r  r e d u c i n g  c o s t s

a n d  i n c r e a s i n g  a d u l t  r u n s  i s  t o  i n c r e a s e  t h e  s u r v i v a l  o f

r e s u l t i n g  s m o l t s .  H e r e  t h e  c o n c e r n  i s  t o  f i n e - t u n e  o r

i m p r o v e  t h e  s t r a t e g i e s  f o r  r e a r i n g  a n d  r e l e a s i n g  h a t c h e r y

s m o l t s  s o  a s  t o  i n c r e a s e  p r o d u c t i o n  o f  a d u l t  f i s h . For

example,  should o n e  u s e  v a r i o u s  g r o w t h  a c c e l e r a t i o n

p r a c t i c e s  t o  r e a r  s m o l t s ?  ' G o u l d  o f f s h o r e  l i b e r a t i o n  m e r i t

t h e  c o s t ?  S u c h  s t r a t e g i e s  m i g h t  i n c r e a s e  t o t a l  p r o d u c t i o n

a n d  t o t a l  c o n t r i b u t i o n , b u t  o t h e r  s t r a t e g i e s  n e e d  t o  b e

I d e n t i f i e d  2 n d  e v a l u a t e d .  F o r  e x a m p l e , s p r i n g  c h i n o o k  c a n



Approach :

b e  a c c e l e r a t e d  t o  p r o d u c e  0  a g e  s m o l t s .  I f  t h i s  p r o v i d e s

a d e q u a t e  b e n e f i t s  a t  o n e  l o c a t i o n , w o u l d  i t  w o r k  i n  u p r i v e r

a r e a s ?  W o u l d  i t  d e c r e a s e  t h e  l o s s e s  t o  B K D ?

Y o s t  f i s h  h u s b a n d r y  p r a c t i c e s  h a v e  b e e n  e s t a b l i s h e d  t h r o u g h

y e a r s  o f  r e f i n e m e n t , a n d  p r o b a b l y  a c h i e v e  m o s t  o f  t h e

a v a i l a b l e  b i o l o g i c a l  p o t e n t i a l .  However, a s  h a t c h e r i e s

c h a n g e , n e w  o p p o r t u n i t i e s  a n d  q u e s t i o n s  a r i s e  s u c h  a s :  A t

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

steelhead? H o w  c a n  f i s h  b e  r e a r e d  w i t h o u t  h a n d l i n g  t h e m ?

W h a t  i s  t h e  m o s t  c o s t - e f f e c t i v e  w a y  t o  s u p p l y  o x y g e n ?  How

c a n  o n e  p r o v i d e  a  c o s t - e f f e c t i v e  m e a n s  o f  p r e v e n t i n g

t r a n s m i s s i o n  o f  d i s e a s e s ?  Can  computer  ass i s t ed  programs

d e c r e a s e  c o s t s  a n d  i n c r e a s e  b e n e f i t s ?

B P A  w i l l  w o r k  c l o s e l y  w i t h  t h e  m a n a g e r s  o f  f i s h  c u l t u r e

p r o g r a m s  t o  i d e n t i f y  t h e  n e e d s  a n d  p r i o r i t i e s  i n  t h i s

s u b o b j e c t i v e .  B P A  w i l l  i n v i t e  a n d  e n c o u r a g e  t h e

p a r t i c i p a t i o n  o f  T r i b e s ,  P U D ' s ,  u n i v e r s i t i e s ,  a n d  t h e

p r i v a t e  s e c t o r i n  i n f o r m a l  w o r k s h o p s .  O n c e  t h e  n e e d s  h a v e

b e e n  d e s c r i b e d  a n d  p r i o r i t i z e d , t h e  b e s t  p r o p o s a l s  w i l l  b e

r a n k e d  b y  a  p e e r  p a n e l .

E s t i m a t e d  l o - y e a r  T o t a l  C o s t :  $ 2 . 5  m i l l i o n .

T i m e  o f  C o m p l e t i o n :  D e v e l o p  a  5 - y e a r  p l a n  b y  J a n u a r y  1 9 8 8  a n d

i d e n t i f y  p r o b a b l e  b e n e f i t s .
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S u b o b j e c t i v e  8 . 2 D e v e l o p  b e t t e r  w a y s  a n d  m e a n s  t o  p r o t e c t  f i s h  h e a l t h  f r o m

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

R a t i o n a l e : D i s e a s e  i m p a c t s  o n  a n a d r o m o u s  s p e c i e s  a r e  l a r g e l y

unmeasured, b u t  p r e l i m i n a r y  r e s u l t s  s h o w  s e r i o u s  t h r e a t s  t o

b o t h  w i l d  a n d  h a t c h e r y  f i s h . I n  t h e  r i v e r ,  d i s e a s e d  f i s h

a r e  p r o b a b l y  e a t e n  b y  p r e d a t o r s ,  a n d  t h i s  u s u a l l y  g o e s

u n n o t i c e d  e x c e p t  w h e n  d i s e a s e  m o r t a l i t y  e x c e e d s  c o n s u m p t i o n

b y  p r e d a t o r s  a n d  s c a v e n g e r s . I n  t h e  h a t c h e r i e s ,  m o r t a l i t y

i s  m o r e  o b v i o u s , and  d i seases  c ompr i se  known  imped iments

b o t h  t o  f u l l  p r o p a g a t i o n  p o t e n t i a l  a n d  t o  p o s t - r e l e a s e

s u r v i v a l . C u r r e n t l y , m o s t  o f  t h e  d i s e a s e s  o f  P a c i f i c

s a l m o n  a n d  s t e e l h e a d  a r e  w i t h o u t  r e m e d i e s  w h i c h  a r e  b o t h

l e g a l  a n d  e f f e c t i v e . T h e s e  d i s e a s e s  a n d  t h e i r  t r e a t m e n t

m u s t  b e  v i e w e d  a s  p a r t  o f  t h e  c o s t  o f  o p e r a t i n g  a  h a t c h e r y ,

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

H a t c h e r y  o p e r a t i o n s  a r e  p o t e n t i a l l y  c a p a b l e  o f  i m p a c t i n g

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

s t reams , b y  i n t e r b r e e d i n g  o f  w i l d / h a t c h e r y  f i s h ,  a n d  b y

n u t r i e n t / c h e m i c a l  d i s c h a r g e s . F o r  e x a m p l e , I H N  i n f e c t i o n s

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

b e i n g  d i s c h a r g e d  t o  t h e  s t r e a m . H o r i z o n t a l  t r a n s m i s s i o n

( f i s h  t o  w a t e r  t o  f i s h )  o f  t h i s  v i r u s  i s  l i k e l y  t o

c o n t r i b u t e  t o  h i g h e r  " c a r r i e r "  f r e q u e n c y ,  i f  n o t  d i r e c t

m o r t a l i t y  i n  w i l d  p o p u l a t i o n . B e t t e r  d i a g n o s t i c  t o o l s  a r e

needed t o  i d e n t i f y  “ c a r r i e r ”  s t a t e s .



Approach :  B P A  w i l l  w o r k  c l o s e l y  w i t h  t h e  Managers o f  f i s h  h e a l t h

p r o g r a m s  t o  i d e n t i f y  t h e  p r i o r i t i e s  i n  f i s h  h e a l t h

r e s e a r c h .  B P A  w i l l  i n v i t e  a n d  e n c o u r a g e  t h e  p a r t i c i p a t i o n

b y  r e p r e s e n t a t i v e s  o f  T r i b e s ,  P U D ' s ,  U n i v e r s i t i e s ,  a n d  t h e

p r i v a t e  s e c t o r .  B P A  w i l l  e n c o u r a g e  a n d  s u p p o r t  a d  h o c- -

c o m m i t t e e s  t o  d e v e l o p  a p p r o p r i a t e  s t r a t e g i e s  o r  p l a n s  o f

a t t a c h  f o r  e a c h  m a j o r  f i s h  d i s e a s e .  T h e  P a c i f i c  N o r t h w e s t

F i s h  H e a l t h  P r o t e c t i o n  C o m m i t t e e  a n d  o t h e r  s p e c i a l i s t s  w i l l

a s s i s t  t h i s  a c t i v i t y  a n d  t h e  d e v e l o p m e n t  o f  p r o j e c t

d e s c r i p t i o n s , e v a l u a t e  p r o p o s a l s , a n d  r e v i e w  o n g o i n g  f i s h

h e a l t h  p r o j e c t s .

E s t i m a t e d  l o - y e a r  T o t a l  C o s t :  $ 2 4  m i l l i o n .

T i m e  o f  C o m p l e t i o n :  C o n t i n u i n g .

S u b o b j e c t i v e  8 . 3  A s s u r e  g e n e t i c  i n t e g r i t y  i n  a r t i f i c i a l  p r o p a g a t i o n .

R a t i o n a l e :  T h e  l i t e r a t u r e  i s  r e p l e t e  w i t h  c o n c e r n  f o r  g e n e t i c

d i v e r s i t y  b e c a u s e  i t  p r o v i d e s  t h e  r e s i l i e n c y  b y  w h i c h

p o p u l a t i o n s  a d a p t  a n d  t h r i v e .  W h i l e  m a n y  g e n e  p o o l s  o f

s a l m o n  m a y  b e  r e l a t i v e l y  p l a s t i c ,  l o n g  t e r m  a r t i f i c i a l

s e l e c t i o n , o r  t h e  i n a d v e r t e n t  l i m i t a t i o n  o f  t r a i t s  c o u l d

h a v e  p r o f o u n d  i m p a c t s  o n  s t o c k s  o f  s a l m o n  a n d  s t e e l h e a d .

W a y s  a n d  m e a n s  m u s t  b e  f o u n d  t o  p r e v e n t  t h i s  i n  h a t c h e r i e s ,

o r  i n  e x t r e m e  c a s e s , w a y s  t o  m a i n t a i n  g e n e t i c  d i v e r s i t y  i n

a r t i f i c i a l l y  p r o p a g a t e d  f i s h .  C l e a r l y ,  h a r v e s t  m a n a g e m e n t
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p l a y s  a n  i m p o r t a n t r o l e  i n  t h i s  p r o b l e m ,  b u t  a n o b v i o u s

Approach :

t a r g e t  i s  t h e  h a t c h e r y  s y s t e m .

R i g g s  ( 1 9 8 6 )  r e c e n t l y  r e p o r t e d  h i s  v i e w  o f  g e n e t i c

o p p o r t u n i t i e s i n  s a l m o n  a n d  s t e e l h e a d  p l a n n i n g .  While h i s

r e p o r t  i s  v a l u a b l e  a n d  s e r v e s  t o  i d e n t i f y  m a j o r

c o n s i d e r a t i o n s ,  i t  d o e s  n o t  d e a l  w i t h  o r  g u i d e  t h e  m u n d a n e ,

l o g i s t i c a l , a n d  m e c h a n i c a l  a s p e c t s  o f  i t s  i m p l e m e n t a t i o n .

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

p r i n c i p l e s  t o  a c t u a l  p r a c t i c e  ( h o w  t o  d o  i t ) ,  a n d  t h i s  i s

n e e d e d  b o t h  f o r  h a t c h e r y  a n d  w i l d  f i s h .  S u c h  g u i d a n c e  i s

p a r t i c u l a r l y  c r i t i c a l  t o  p r o j e c t s  w h i c h  p r o p o s e  b r o o k s t o c k

a n d  o t h e r  c u l l i n g  p r o c e d u r e s .  L i k e w i s e , t h e  p o t e n t i a l

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

a l l o w e d  t o  b e c o m e  c o u n t e r - p r o d u c t i v e  o r  o v e r l o o k e d .

B P A  w i l l  c o n v e n e  i n f o r m a l  m e e t i n g s  t o  i d e n t i f y  t h e  n e e d s

a n d  m e a n s  b y  w h i c h  t h i s  o b j e c t i v e  c a n  b e  m e t .  Pending

d e v e l o p m e n t  o f  a p p r o p r i a t e  p r o j e c t  d e s c r i p t i o n s ,  B P A  w o u l d

d e v e l o p  a  R e q u e s t  f o r  a  P r o p o s a l  (RFP) t o  a c c o m p l i s h  t h i s

o b j e c t i v e .

E s t i m a t e d  l o - y e a r  T o t a l  C o s t :  $ 0 . 8  m i l l i o n .

T i m e  o f  C o m p l e t i o n :  4  y e a r s .

S u b o b j e c t i v e  8.4 P r o m o t e  b e t t e r  s m o l t i f i c a t i o n  a n d  e a r l y m a r i n e  s u r v i v a l .___- ~ --
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R a t i o n a l e :

Approach :

T h e  p a r r  t o  s m o l t  t r a n s f o r m a t i o n  i s  a  c r i t i c a l  c h a n g e  i n

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

t r a n s i t i o n  f r o m  a  f r e s h w a t e r  t o  a  s e a w a t e r  e x i s t e n c e ,  a n d

p r o m o t e s  m i g r a t i o n .  C u r r e n t l y ,  i t  i s  d i f f i c u l t  t o  i d e n t i f y

w h e n  t h i s  p r o c e s s  a n d  e n v i r o n m e n t a l  p a r a m e t e r s  h a v e  r e a c h e d

o p t i m a l  f o r  m a x i m u m  s u r v i v a l ,  h e n c e  t h e  b e s t  t i m e  t o

r e l e a s e  h a t c h e r y  s m o l t s  i s  o f t e n  u n c e r t a i n .  L i k e w i s e ,  i t

i s  i m p o s s i b l e  t o  t e l l  w h e n  o c e a n  c o n d i t i o n s  h a v e  r e a c h e d

t h e  o p t i m u m  f o r  s m o l t  s u r v i v a l .  T h i s  i n f o r m a t i o n  c o u l d  b e

a s  c r i t i c a l  f o r  a v o i d i n g  p r e d a t i o n  a s  i t  m a y  b e  f o r

m a x i m i z i n g  o s m o r e g u l a t o r y  f u n c t i o n s ,  a n d  h a s  a  l a r g e

p o t e n t i a l  f o r  i n c r e a s i n g  s m o l t  s u r v i v a l  t o  a d u l t s .  Tagged

f i s h  f r o m  O b j e c t i v e  2  w i l l  g r e a t l y  a i d  t h e  i d e n t i f i c a t i o n

o f  a  s m o l t ' s  o r i g i n  a f t e r  r e l e a s e .  D i e t s  a n d  g e n e r a l

h e a l t h  a l s o  i m p a c t  s m o l t i f i c a t i o n ,  a n d  t h e i r  r o l e  w i l l  b e

d e f i n e d  v i a  O b j e c t i v e  6 .

BPA has  a l r eady  conduc ted  a  "Smolt Workshop"  w i th

w i d e s p r e a d  p a r t i c i p a t i o n .  B o t h  p r o j e c t  d e s c r i p t i o n s  a n d

p r i o r i t i e s w e r e  d e v e l o p e d , b u t  n e e d  u p d a t i n g  i n  t h e  l i g h t

o f  r e c e n t  f i n d i n g s  a n d  c u r r e n t  f o c u s .  A g a i n , B P A  w i l l  r e l y

h e a v i l y  u p o n  t h e  M a n a g e r s  o f  f i s h  c u l t u r e  p r o g r a m s  t o

r e c o m m e n d  a p p r o p r i a t e  p r i o r i t i e s  a n d  d e s c r i b e  p r o j e c t s .

E s t i m a t e d  l o - y e a r  T o t a l  C o s t :  $ 2 . 5  m i l l i o n  t o  b e  p r o v i d e d  o n  a

c o s t - s h a r i n g  b a s i s .



T i m e  o f  C o m p l e t i o n :  5  y e a r s .

S u b o b j e c t i v e  8 . 5  I d e n t i f y  w h y  c e r t a i n  h a t c h e r i e s  m a k e  e x t r e m e l y  p o o r

c o n t r i b u t i o n s  t o  t h e  f i s h e r y  o r  t o  e s c a p e m e n t ,  a n d  r e s o l v e

t h e  p r o b l e m ( s ) .

R a t i o n a l e :

Approach :

A d u l t  r e t u r n  t o  t h e  h a t c h e r y  v a r i e s  c o n s i d e r a b l y  b e t w e e n

hatcheries ranging from over 10 per 1,000 smolts released

to less than 1 per 1,000 smolts released (Vreeland, 1985).

E n v i r o n m e n t a l  c o n d i t i o n s  a n d  some husbandry  prac t i c es  a l so

v a r y  b e t w e e n  l o c a t i o n s .  I t  i s  p o s s i b l e  t h a t  s o m e  o f  t h e s e

p r a c t i c e s  a r e  m o r e  i n f l u e n t i a l  t h a n  o t h e r s ,  a n d  m i g h t

a c c o u n t  f o r  some d i f f e r e n c e s  i n  s u r v i v a l .  A l t e r n a t i v e l y ,

chemica l  and  phys i ca l  parameters  may cont r ibute  t o  poor

s u r v i v a l  a n d  m i g h t  l e n d  t h e m s e l v e s  t o  a m e l i o r a t i o n .

c o n s i d e r i n g  t h e  c a p i t a l  a n d  O & M  c o s t s  w h i c h  h a v e  b e e n  s p e n t

a t  m o s t  h a t c h e r i e s , i t  w o u l d  b e  e x t r e m e l y  p r u d e n t  t o  e i t h e r

c o r r e c t  t h e i r  p o o r  c o n t r i b u t i o n s ,  o r  s h u t  d o w n  t h e s e

f a c i l i t i e s .  B u t  f i r s t  t h e  c a u s a t i v e  f a c t o r s  m u s t  b e

i d e n t i f i e d .

B P A  w i l l  c o n v e n e  w o r k  w i t h  p e e r  e v a l u a t i o n  p a n e l s  a n d  a n

a d  h o c  t e c h n i c a l  W o r k g r o u p  t o  i d e n t i f y  t w o  h i g h l y- -

s u c c e s s f u l  a n d  t w o  v e r y  u n s u c c e s s f u l  a n a d r o m o u s  f i s h

h a t c h e r i e s .  G i v e n  a s s u r a n c e  o f  t h e  c o o p e r a t i o n  b y  t h e

h a t c h e r y  o w n e r / o p e r a t o r , B P A  w i l l  w o r k  c l o s e l y  w i t h
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a p p r o p r i a t e  e x p e r t s  t o  d e v e l o p  a  w o r k p l a n  b y  w h i c h  t h e  t w o

l o c a t i o n s  c a n  b e  c o m p a r e d , c a u s a t i v e  f a c t o r s  i d e n t i f i e d ,

and  prob l ems  remed ied .

E s t i m a t e d  l o - y e a r  T o t a l  C o s t : $ 1 . 5  m i l l i o n .

T i m e  o f  C o m p l e t i o n : 6  y e a r s .
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IV. I m p l e m e n t a t i o n  C o n s i d e r a t i o n s

P r e l i m i n a r y  B u d g e t  P r o j e c t s  f o r  I m p r o v e d  P r o p a g a t i o n

T h e  p r o p o s e d  b u d g e t  t o t a l s  $ 2 3 1 . 5  m i l l i o n  o v e r  a  l o - y e a r  p e r i o d . I m p l i c i t  i n

t h i s  b u d g e t  i s  t h e  a s s u m p t i o n  t h a t  a l l  p a r t i e s w i l l  q u i c k l y  a d o p t  t h e  g e n e r a l

c o n c e p t s  i n  t h i s  g e n e r a l  p l a n  a n d  r e f i n e  t h e m  l a t e r . I f  a  s l o w e r  o r  d i f f e r e n t

a p p r o a c h  i s  t a k e n , e x p e n d i t u r e s  w i l l  c h a n g e  a c c o r d i n g l y . C u r r e n t l y  t h e  p l a n  s

b u d g e t  r e q u e s t s  $ 1 7 5  m i l l i o n  f o r  c a p i t a l ,  O & M ,  a n d  e x p e n s e s  d i r e c t l y  r e l a t e d

t o  p r o d u c i n g  2  m i l l i o n  a d d i t i o n a l  a d u l t  s a l m o n  a n d  s t e e l h e a d  p e r  y e a r . T h i s

c o m p r i s e s  a b o u t  7 5  p e r c e n t  o f  t h e  t o t a l  l o - y e a r  b u d g e t . F o r  e x a m p l e ,

$ 3 3  m i l l i o n  h a s  b e e n  a l l o c a t e d  t o  p r o v i d e  s u p p l e m e n t a l  o x y g e n ,  p l u s

$ 6 7  m i l l i o n  f o r  h e a l t h  r e l a t e d  r e n o v a t i o n s , a n d  $ 7 5  m i l l i o n  w a s  i n c l u d e d  t o

p r o v i d e  O & M  f o r  t h e  r e s u l t i n g  i n c r e a s e d  p r o d u c t i o n .

A b o u t  2  p e r c e n t  o f  t h e  b u d g e t  w o u l d  b e  s p e n t  b o t h  o n  e v a l u a t i n g  h a t c h e r i e s  a n d

o n  i n c r e a s e d  f i s h  h e a l t h  m o n i t o r i n g . A b o u t  2 . 6  p e r c e n t  o f  t h e  b u d g e t  w o u l d  b e

a l l o c a t e d  t o  r e g i s t e r i n g  n e w  m e d i c a t i o n / d r u g s , a n d  0 . 2  p e r c e n t  w o u l d  b e  s p e n t

o n  p l a n n i n g  f o r  n e w  h a t c h e r i e s . S u p p l e m e n t a t i o n  p r o j e c t s  w o u l d  u s e  a b o u t

3  p e r c e n t  o f  t h e  b u d g e t . R e s e a r c h  w o u l d  b e  a l l o c a t e d  $ 3 1 . 3  m i l l i o n  a n d

c o m p r i s e s  a b o u t 1 4  p e r c e n t  o f  t h e  t o t a l  b u d g e t .

F i n a l l y ,  $ 1 . 6 m i l l i o n  w o u l d  b e  d e d i c a t e d  t o  e d u c a t i o n a l  a n d  i n f o r m a t i o n a l

p r o j e c t s  a i m e d  a t  i n c r e a s i n g  h u m a n  e f f e c t i v e n e s s  a t  t h e  h a t c h e r i e s . T h i s  i s  a

r e l a t i v e l y  s m a l l  a m o u n t  w h i c h  c o u l d  c r i t i c a l l y  i n f l u e n c e  t h e  o v e r a l l  s u c c e s s

o f  t h i s  p l a n .
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B o n n e v i l l e  P o w e r  A d m i n i s t r a t i o n  M a n p o w e r

I f  t h e  p r o p o s e d  p l a n  i s  a d o p t e d , c o n s i d e r a b l e  a d d i t i o n a l  w o r k  w i l l  b e

g e n e r a t e d  f o r  e v e r y o n e .  S t r e t c h i n g  t h e  f o r m u l a  o f  C o u t a n t  a n d  Cada  ( 1 9 8 5 )  a n d

o n e  ( 1 )  C O T R  p e r  $ 1  m i l l i o n  t o  $ 2  million/COTR, t h e n  B P A  w o u l d  s t i l l  n e e d

a d d i t i o n a l  FTE's  a n d  a d d i t i o n a l  s t a f f .  W i t h o u t  a d e q u a t e  s t a f f ,  t h e  p r o j e c t s

c o u l d  n o t  b e  f u n d e d , imp lemented  o r  managed  as  p roposed .  Thus, i n a d e q u a t e

m a n p o w e r  f o r  B P A ' s  r o l e s  ( F i s h  a n d  W i l d l i f e  a n d  P r o c u r e m e n t )  w o u l d  a l s o

c o n s t r a i n  i m p l e m e n t a t i o n  b y  t h e  a g e n c i e s  a n d  T r i b e s .  I d e a l l y , a d d i t i o n a l

m a n p o w e r  s h o u l d  b e  a v a i l a b l e  a b o u t  a  y e a r  p r i o r  t o  t h e  n e e d ,  s o  t h a t  t h e y  c a n

b e  t r a i n e d  a p p r o p r i a t e l y .

S c h e d u l e  f o r  I n c r e a s e d  P r o p a g a t i o n

A  m i n i m u m  s t a r t - u p  p e r i o d  o f 2 - 3  y e a r s  i s  r e q u i r e d  b e f o r e  g e n e r a l

i m p l e m e n t a t i o n  c a n  b e g i n .  T h i s  i s  b e c a u s e  f u n d s  h a v e  n o t  b e e n  r e q u e s t e d  f o r

t h i s  p l a n , a n d  w i t h  f e w  e x c e p t i o n s  m u s t  a w a i t  t h e  n e x t  B P A  r a t e  s e t t i n g

p r o c e s s .  T h e  c u r r e n t  b u d g e t  p r o c e s s  r e q u i r e s  s u b m i s s i o n  b e f o r e  F e b r u a r y  1 9 8 7 ,

o f  a l l  n e w  n o n c a p i t a l  e x p e n s e s  f o r  F i s c a l  y e a r  1 9 8 9 ,  a n d  a l l  n e w  c a p i t a l  c o s t s

f o r  F i s c a l  Y e a r  1 9 9 0 .  W h i l e  s o m e  r e s h u f f l i n g  o f  n o n c a p i t a l  f u n d s  i s  p o s s i b l e

a n y  y e a r , t h e  a v a i l a b l e  l a t i t u d e  i s  n o t  g r e a t .  Thus, e v e n  i f  t h e  p r o p o s e d

p l a n  i s  a p p r o v e d  i n  t h e  c u r r e n t  p r o c e s s , m o s t  n e w  p r o j e c t s  w o u l d  n o t  b e g i n

u n t i l  a t  l e a s t  1 9 8 9  ( n o n c a p i t a l )  o r  1 9 9 0  ( c a p i t a l ) .
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8.0

8.1

8.2

8.3

8.4

8.5

TABLE 4

Estimated Cost for Improving Propagation of Existing Hatcheries
to Produce 2 Million More Adult Salmon/Steelhead per Year

Qbiectives
Renovate and expand

hatcheries to achieve
full production potential

Duration Estimated 10-year Cost (X1000) Percentage
(Years) Capital Expense Total of Total

10 $100,000 $ 75,000 $175.000

Establish site-specific
operational standards to
evaluate all hatcheries
for production goals,
contribution, and practices

Maximize hatchery staff
talents and technology
transfer

10 -O- 5,000 5,000

10 -O- 1.600 1,600

Register selected chemicals
for controlling diseases

and predators of salmon
and steel head 6 -O- 6,000 6.000 2.6

Plan for additional hatchery
production to meet BPA's
mitigation responsibility 2 -O-

5 -O-

600 600

Monitor and report fish
health and related parameters 5,000 5.000

Supplement natural
production with hatchery
outplanst 10 -O- 7.000 7,000

Fund research and
Demonstration Projects

"Improve strategies and

practices 5 -O- 2,500 2,500

"Develop better ways to
protect fish health" 10 -O-

4 -O-

24.000 24,000

"Assure genetic integrity 800 800

"Increase smoltification
and early marine survival" 5 -O- 2,500 2,500

"Conduct operation
research to identify..." 6 - - 1,500 1.5QQ

GRAND TOTALS $100,000 $131,500 $231.500

75.6

2.2

0.7

0.2

2.2

3.0

1.0

10.4

3.4

1.1

0.6

GBouck:sc:5213:08/12/88  (VS6-PJSR-5733N)

55


	Conceptual Plans for Qualitatively and Quantitatively Improving Artificial Propagation of Anadromous Salmonids in the Columbia River Basin
	Table of Contents
	List of Tables
	List of Figures

	Executive Summary
	I. Introduction
	1. Program Area Goal
	2. Role of BPA
	3. Implementation Process

	II. Need for Artificial Propagation
	1. Estimate of Basin's Potential for Wild Fish
	2. Estimate of Current and Needed Hatchery Capacity
	3. Estimated Costs of Additional Traditional Hatcheries
	4. Estimated Costs of Commercially Reared Smolts

	III. The Need for Qualitatively and Quantitively Improved Artificial Propagation
	IV. Objectives in Improved Propagation
	Objective 1. Renovate and Expand Existing Hatcheries to Achieve Full Production Potential
	Objective 2. Establish Operational Standards to Evaluate All Hatcheries for Production Goals, Contribution, and Practices in Husbandry, Genetics, and Fish Health
	Objective 3. Maximize Hatchery Staff Talents and Technology Transfer
	Objective 4. Register, Biologicals, Drugs, and Chemicals for Controlling Diseases and Predators of Salmon and Steelhead
	Objective 5. Plan for Additional Hatchery Production to Meet Mitigation Responsibilities Assigned to Hydropower (BPA)
	Objective 6. Monitor and Report Fish Health and Related Hatchery Parameters
	Objective 7. Supplement Natural Production with Hatchery Outplants
	Objective 8. Fund Research and Demonstration Projects to Resolve Identified Problems in Artificial Propagation

	V. Implementation Considerations
	1. Preliminary Budget Projections for Improved Propagation
	2. BPA Manpower
	3. Schedule for Increased Propagation



