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INTRODUCTION 

During t h e  pas t  s e v e r a l  years  a t  Lower Grani te  and L i t t l e  Goose Dams on 

t h e  Snake River and more r e c e n t l y  a t  McNary Dam on t h e  Columbia River ,  the  

National  Marine F i s h e r i e s  Serv ice  (NMFS) under c o n t r a c t  t o  t h e  U.S. Army 

Corps of Engineers ( Cof E ) has been conducting research  t o  improve the  

s u r v i v a l  of va luable  up r ive r  s tocks  of anadromous salmonids during t h e  

downstream migra t ion  phase (smolt phase) of t h e i r  l i f e  cycle .  The major 

ob jec t ives  of t h i s  r e sea rch  have been: ( 1 )  t o  develop, improve, and r e f i n e  

f a c i l i t i e s  and equipment f o r  t h e  e f f i c i e n t  c o l l e c t i o n  and t r a n s p o r t a t i o n  of 

a maximum number of smolts without compromising t h e i r  phys ica l  condi t ion;  

(2 )  t o  mark t e s t  and c o n t r o l  groups of f i s h  t o  determine t h e  b e s t  

combinations of r e l e a s e  s i t e s  and t r anspor t  modes; and (3) t o  develop a n  

e f f e c t i v e  mass t r a n s p o r t a t i o n  system capable of moving l a r g e  numbers of 

f i s h  i n  a t imely and o r d e r l y  manner around o r  through hazardous a r e a s  

a s soc ia t ed  wi th  dams t o  s a f e  r e l e a s e  s i t e s .  

With the  except ion  of some incomplete a d u l t  r e t u r n  da ta ,  t h e  r e sea rch  

designed t o  eva lua te  f i s h  p r o t e c t i v e  f a c i l i t i e s  and t r a n s p o r t  methods has 

been completed a t  Lower Gran i t e  and L i t t l e  Goose Dams and the  emphasis i n  

1979 s h i f t e d  e n t i r e l y  t o  mass t r a n s p o r t a t i o n  opera t ions .  A t  McNary Dam, 

r e sea rch  designed t o  eva lua te  f i s h  p ro tec t ive  f a c i l i t i e s  and t r a n s p o r t  

methods was aga in  emphasized i n  1979. However, mass t r a n s p o r t a t i o n  

opera t ions  were i n i t i a t e d  concurrent ly  and information germane t o  these  

mass t r a n s p o r t a t i o n  ope ra t ions  w i l l  be included i n  t h i s  repor t .  

MASS TRANSPORT OF SMOLTS 

General ly cool  weather prevai led  i n  March and Apr i l ,  causing a gradual  

and somewhat delayed seaward migrat ion of f i n g e r l i n g s  from a l l  r i v e r  

systems. Chinook salmon a r r i v e d  a t  Lower Gran i t e  Dam i n  s u f f i c i e n t  numbers 



t o  warrant  t h e  i n i t i a t i o n  of t r uck  t r a n s p o r t  opera t ions  on 11 A p r i l ;  a t  

L i t t l e  Goose Dam, t h e  f i r s t  f i s h  were hauled by t r u c k  17 Apr i l .  A l l  

f i n g e r l i n g s  c o l l e c t e d  were hauled by t ruck  u n t i l  d a i l y  c o l l e c t i o n  reached 

about 25,000 f i n g e r l i n g s  a t  Lower Gran i t e  Dam on 23 Apr i l  when barg ing  

ope ra t i ons  began. The l a s t  barge load of smol t s  departed Lower Gran i t e  Dam 

on 31 May. Trucks were used t o  haul  t he  remaining smolts from then u n t i l  

t h e  end of t he  migra t ion  on 4 Ju ly .  

To provide maximum use of t h e  barges  t h i s  year ,  a second tug was 

added--providing each barge wi th  a tug. To f u r t h e r  maximize t h e  use of t h e  

ba rges ,  f i n g e r l i n g s  c o l l e c t e d  a t  L i t t l e  Goose and McNary Dams were loaded 

i n t o  t h e  barges  a s  they stopped b r i e f l y  a t  t h e s e  dams while  en rou te  from 

Lower Gran i t e  Dam t o  t h e  r e l e a s e  s i t e  below Bonnevi l le  Dam. When barges  

were not  a v a i l a b l e  a t  L i t t l e  Goose o r  McNary Dams, smol t s  were r o u t i n e l y  

t rucked on a d a i l y  b a s i s .  

Although a l l  t u r b i n e  u n i t s  a t  t h e  two c o l l e c t o r  dams on t h e  Snake River  

were f u l l y  sc reened ,  100% of t h e  p o t e n t i a l  smolt  c o l l e c t i o n  was no t  

r e a l i z e d .  I n  b r i e f ,  t h e  major reasons  were a s  fol lows:  (1 )  a massive 

accumulation of d e b r i s  on t h e  upper 113 of t he  t r a s h  racks  a t  Lower Gran i t e  

Dam r e s u l t e d  i n  lower c o l l e c t i o n  of chinook salmon; ( 2 )  one gene ra to r  u n i t  

a t  Lower Gran i t e  Dam w a s  out of s e r v i c e  f o r  the  e n t i r e  season f o r  ex t ens ive  

mechanical r e p a i r s .  Consequently, many f i s h  passed over  t h e  s p i l l  t h a t  was 

requi red  between 23 and 27 May because of t h e  lower powerhouse c a p a c i t y ;  

and (3)  t h e  t r a v e l i n g  sc r eens  a t  L i t t l e  Goose Dam did not o p e r a t e  i n  a 

f u l l y  accep tab l e  manner. These problems w i l l  be  addressed i n  g r e a t e r  

d e t a i l  l a t e r  i n  t h i s  r e p o r t .  

A t  McNary Dam, t h e  c o l l e c t i o n  p o t e n t i a l  was enhanced by t h e  a d d i t i o n  o f  

v e r t i c a l  b a r r i e r  s c r eens  i n  a l l  t u r b i n e  ga t ewe l l s  and by t h e  use of two 



a d d i t i o n a l  ba r  screens.  These devices  provided a three-fold inc rease  i n  

the  number of f i s h  c o l l e c t e d  a t  t h i s  dam over the  previous year  (assuming 

equal recru i tment )  . 
Although some c o l l e c t i o n  problems e x i s t e d ,  over  5 mi l l i on  salmonids 

were c o l l e c t e d  a t  t he  t h r e e  dams. Table 1 shows t h a t  5,080,258 salmonids 

were t ranspor ted  t o  s a f e  r e l e a s e  s i t e s  below Bonneville Dam. About 60% of 

t h i s  t o t a l  were t r anspor t ed  by barge and the  remainder were hauled by 

t ruck.  However, a t  Lower Gran i t e  Dam, barging accounted f o r  83% of t h e  

t r anspor t  t o t a l .  

Sims e t  a l .  (1980) es t imated  t h a t  4,270,000 chinook salmon and 

2,550,000 s t ee lhead  a r r i v e d  a t  Lower Grani te  Dam i n  1979. We t r anspor t ed  

49% of the  a v a i l a b l e  chinook salmon and 67% of the  s tee lhead  from t h e  two 

Snake River dams (Table 2).  (See Appendix Tables 1 t o  4 and 13 f o r  d a i l y  

t r anspor t  t o t a l s  f o r  each s p e c i e s  and each dam. These t a b l e s  a l s o  i n d i c a t e  

d i s p o s i t i o n  of a l l  f i s h  c o l l e c t e d  o r  counted, bu t  not  t r anspor t ed  t o  

Bonneville Dam. ) 



TABLE 1.--Number of j u v e n i l e  chinook,  coho, and sockeye salmon and 
s t e e l h e a d  t r a n s p o r t e d  from Lower G r a n i t e ,  L i t t l e  Goose, and McNary 
Dams and r e l e a s e d  below Bonnev i l l e  Dam, 1979. 

Chinook Coho Sockeye S t e e l h e a d  T o t a l  - 
Lower G r a n i t e  Dam 

Truck 193,980 56 1,073 203,982 399,091 

Barge 976,918 533 10,404 992,565 1 ,980,420 

S u b t o t a l  1,170,898 589 11,477 1,196,547 2,379,511 

L i t t l e  Goose Dam 

Truck 

Barge 

S u b t o t a l  

McNary Dam 

Truck 

Barge 

S u b t o t a l  

Grand t o t a l  
t r a n s p o r t e d  2,907,252 83,266 209,166 1,880,574 5,080,258 

a /  T h i s  t o t a l  i n c l u d e s  t h o s e  f i s h  marked and t r a n s p o r t e d  f o r  exper imenta l  - 
purposes .  



TABLE 2.--Number of chinook salmon and s t ee lhead  smolts  and percent  of 
t o t a l  Snake River ou tmigra t ion  t r anspo r t ed  below Bonnevi l le  Dam 1971-1979 
( inc ludes  experimental  f i s h  marked f o r  t r a n s p o r t  eva lua t ion ) .  (Est imated 
number of smolts  a t  upper dam taken  from v a r i o u s  NMFS progress  r e p o r t s  by 
r a t e s  and timing p r o j e c t s  1972-1980.) 

Chinook smol t s  Steelhead smolts  
No. a t  No. No. a t  No. 

upper dam hauled % upper dam hauled % 
Year (1,000) (1,000) hauled (1,000) (1,000) hauled 

Transpor t  from L i t t l e  Goose Dam 

Transpor t  from Lower Gran i t e  and L i t t l e  Goose Dams combined 



TRANSPORT OPERATIONS -- LOWER GRANITE DAM 

Co l l ec t ion  and Transpor ta t ion  

About 1.3 m i l l i o n  chinook salmon and 1.3 m i l l i o n  s t ee lhead  were 

c o l l e c t e d  a t  Lower Gran i t e  Dam i n  1979. Of these  t o t a l s ,  1,170,898 chinook 

salmon and 1,196,547 s t ee lhead  were t r anspor t ed  from Lower Gran i t e  Dam t o  

s a f e  r e l e a s e  s i t e s  below Bonnevil le  Dam. ( I n c i d e n t a l  numbers of coho and 

sockeye salmon were a l s o  t r anspor t ed .  ) 

About 27,336 chinook salmon and 30,495 s t ee lhead  t r anspor t ed  by barge  

were marked t o  provide an  index t o  t h e  success  of t h e  t r a n s p o r t  ope ra t ions  

i n  subsequent years .  S i m i l a r l y ,  70,628 chinook salmon and 66,146 s t ee lhead  

were marked and r e l eased  a s  c o n t r o l  f i s h  i n  t h e  forebay o r  t a i l r a c e  of t h e  

dam. Marked f i s h  r e l ea sed  i n  t he  forebay a l s o  enabled us t o  determine t h e  

magnitude of s t ee lhead  and chinook salmon populat ions a r r i v i n g  a t  t h e  dam. 

A l l  marked f i s h  had exc ised  adipose f i n s  and received d i s t i n c t i v e  f r e e z e  

brands and coded wi re  tags .  Table 3 and Appendix Tables  5 t o  8 c o n t a i n  

d e t a i l e d  summaries of a l l  marked r e l e a s e  groups. 

Although over  2.6 m i l l i o n  chinook salmon and s t ee lhead  were c o l l e c t e d  

a t  Lower Gran i t e  Dam i n  1979, t h e  maximum c o l l e c t i o n  p o t e n t i a l  of t h e  

system was not  a t t a i n e d .  Only 31% of t h e  a v a i l a b l e  chinook salmon were 

c o l l e c t e d  compared t o  50% of t h e  a v a i l a b l e  s tee lhead .  Chinook salmon 

c o l l e c t i o n  should have been h igher  i f  every th ing  was opera t ing  c o r r e c t l y .  

A s  p rev ious ly  mentioned, a  massive d e b r i s  accumulation t h a t  developed on 

t h e  t r a s h  racks  dur ing  t h e  peak of t h e  chinook salmon outmigrat ion was t h e  

primary f a c t o r  respons ib le .  Using the  r e l a t i v e  amount of ga tewel l  drawdown 

( t h e  d i f f e r e n c e  between t h e  water  l e v e l  i n  a  ga tewel l  and t h e  water  l e v e l  

i n  t h e  forebay)  a s  a n  i n d i c a t o r ,  it was est imated t h a t  t he  upper t h i r d  of  

t h e  t r a s h  racks  i n  f r o n t  of U n i t s  1  and 2 were almost completely covered by 

deb r i s .  Although much l e s s  s e v e r e l y ,  d e b r i s  a l s o  accunulated on t h e  upper 

a r e a s  of t h e  t r a s h  racks  i n  f r o n t  of Un i t s  4 ,  5,  and 6. 

6 



TABLE 3.--Summary of marked and unmarked chinook salmon and s tee lhead  a t  
Lower Grani te  Dam by r e l e a s e  s i t e s ,  1979. (Includes c o n t r o l s  t h a t  were 
marked but  not  a c t u a l l y  t r anspor t ed . )  

Marked Unmarked 
Release S i t e s  Chinook S teelhead Chinook Steelhead 

Trucked 
Bonneville Dam -- -- 193,980 203,982 

Barged 
Bonnevil le  Dam 27,336 30,495 949,582 962,070 

Lower Gran i t e  
Forebay 

( c o n t r o l )  24,467 17,319 -- -- 
Clarks ton ,  WA 

( c o n t r o l )  20,629 27,777 -- - - 
Lower Grani te  
T a i l r a c e  

( c o n t r o l )  25,532 21,050 - - - 

Tota l s  97,964 96,641 1,143,562 1,166,052 



A d e b r i s  blockage of t h i s  magnitude on t h e  t r a s h  racks  would have two 

major e f f e c t s .  F i r s t ,  many smolts  t h a t  normally e n t e r  t h e  t u r b i n e  i n t a k e s  

i n  t h e  upper po r t ion  of t h e  water mass would be d ive r t ed  t o  lower l e v e l s ,  

thereby a l lowing  them passage under t h e  t r a v e l i n g  sc reens  and, con- 

sequent ly ,  through t h e  tu rb ines .  (This  i s  a t h e o r e t i c a l  explana t ion ,  

i n d i c a t i n g  why smol t s  f a i l e d  t o  be guided i n t o  ga tewel l s . )  Second, t h e  

water v e l o c i t y  through t h e  open po r t ion  of t h e  t r a s h  racks  would be 

increased  s u b s t a n t i a l l y ,  r e s u l t i n g  i n  h igher  desca l ing  and i n j u r y  r a t e s  f o r  

those f i s h  t h a t  encounter  t he  t r a s h  racks  i n  t hese  a reas .  

This cond i t i on  was f i r s t  de tec ted  and brought t o  t he  a t t e n t i o n  of CofE 
\ 

pro jec t  personnel  by NMFS on 1 May. They took immediate and sus ta ined  

a c t i o n s  i n  an a t t empt  t o  r e c t i f y  t h e  problem. Unfortunately,  t h e  CofE had 

no permanent d e b r i s  removal equipment a t  Lower Gran i t e  Dam; however, a 

p r i v a t e l y  owned, barge mounted c rane  was loca t ed  i n  Lewiston, Idaho, and 

towed downriver. The towing ope ra t ion  a lone  took nea r ly  1 f u l l  working 

day. Af t e r  a r r i v a l  a t  t h e  dam, a mechanical problem developed and t h e  

crane was unable t o  ope ra t e  under t h e  weight of t h e  l a r g e ,  s t e e l  H-beam 

used t o  scrape  t h e  t r a s h  racks .  Repeated a t t empt s  t o  r e p a i r  t h e  c rane  were 

unsuccessful .  F i n a l l y ,  5 days a f t e r  t h e  d e b r i s  problem was f i r s t  noted, 

t h e  c rane  was s u c c e s s f u l l y  r epa i r ed  and t h e  t r a s h  racks c l ea red .  I f  per- 

manent t r a s h  rack c leaning  equipment had been a v a i l a b l e ,  t h i s  un fo r tuna te  

s i t u a t i o n  could have been avoided. 

Because of t h e  unpred ic t ab le  na tu re  of smolt movements, it i s  impos- 

s i b l e  t o  a c c u r a t e l y  e s t i m a t e  t he  number of f i s h  t h a t  were d i v e r t e d  under 

t h e  t r a v e l i n g  sc reens  p r i o r  t o  d e b r i s  removal. A s  previously i n d i c a t e d ,  

t h e  lower percentage of chinook salmon vs s t ee lhead  c o l l e c t e d  a t  Lower 

Grani te  Dam meant s u b s t a n i a l  numbers of chinook salmon were escaping under 

t he  t r a v e l i n g  screen .  A comparison of t h e  c o l l e c t i o n  d a t a  between L i t t l e  



Goose and Lower Grani te  Dams provides f u r t h e r  evidence t h a t  a  s u b s t a n t i a l  

number of chinook salmon smolts  f a i l e d  t o  be guided a t  Lower Grani te  Dam. 

During t h e  e n t i r e  season,  we c o l l e c t e d  approximately 26% more chinook 

salmon a t  Lower Gran i t e  Dam than a t  L i t t l e  Goose Dam. However, a t  Lower 

Grani te  Dam, we c o l l e c t e d  approximately 60% more s tee lhead  than  a t  L i t t l e  

Goose Dam. Again, t h e  t r a s h  racks  Wad been cleaned p r i o r  t o  the  s t ee lhead  

peak, and i t  would appear  from t h e  h igher  percent  c o l l e c t e d  t h a t  t h i s  

spec ie s  may have been l e s s  a f f e c t e d  by the  d e b r i s  accumulation. Also, 

a f t e r  t he  t r a s h  racks  were c l ea red  on 5 May, the  number of chinook salmon 

smolts c o l l e c t e d  a t  Lower Grani te  Dam dropped gradual ly  by approximately 

10,000 f i s h  per  day f o r  4 t o  5 days. A t  L i t t l e  Goose Dam, t h e  impact of 

deb r i s  removal from t h e  Lower Grani te  Dam t r a s h  racks was much more 

pronounced. Approximately 4 days a f t e r  t h e  t r a s h  racks  were c l ea red ,  t h e  

numbers of chinook salmon smolts c o l l e c t e d  a t  t h i s  dam dropped by 20,000 t o  

30,000 f i s h  pe r  day f o r  2 consecut ive  days. These d a t a  i n d i c a t e  t h a t  

a l though t h e  run was d e c l i n i n g  a t  both dams during t h e  r e s p e c t i v e  time 

per iods ,  t h e  c o l l e c t i o n  e f f i c i e n c y  a t  Lower Gran i t e  Dam had increased 

s u b s t a n t i a l l y  a f t e r  t h e  d e b r i s  removal opera t ion;  t h e r e f o r e ,  fewer f i s h  

would have been a v a i l a b l e  f o r  c o l l e c t i o n  a t  L i t t l e  Goose Dam. 

The o t h e r  f a c t o r  t h a t  had a minor e f f e c t  on the  c o l l e c t i o n  e f f i c i e n c y  

a t  Lower Gran i t e  Dam,  was t h e  u n a v a i l a b i l i t y  of Uni t  3  dur ing  t h e  e n t i r e  

smolt outmigrat ion.  As water flows surpassed t h e  maximum capac i ty  of t h e  

powerhouse, s p i l l i n g  w a s  requi red  f o r  a b r i e f  time (23  t o  27 ~ a y ) ;  thereby,  

allowing a por t ion  of t h e  smolts  (mostly s tee lhead)  t o  pass over  t h e  

spi l lways.  I f  Un i t  3  had been i n  s e r v i c e ,  no s p i l l i n g  would have been 

necessary i n  1979. 



On s e v e r a l  occas ions  during the  p a s t  few yea r s ,  NMFS has ve rba l ly  

requested t h a t  t h e  CofE i n s t a l l  permanent d e b r i s  removal equipment a t  Lower 

Gran i t e  Dam. I n  t h i s  regard ,  we f e e l  t h a t  t h e  preceding d i scuss ion  

provides ample j u s t i f i c a t i o n  f o r  t he  fol lowing a c t i o n s :  ( 1 )  permanent 

d e b r i s  removal equipment should be i n s t a l l e d  a t  Lower Grani te  Dam p r i o r  t o  

t h e  1980 smolt ou tmigra t ion ;  ( 2 )  i n  f u t u r e  yea r s ,  t r a s h  racks should be 

c l ea red  of d e b r i s  i n  advance of t he  smolt outmigrat ion wi th  pe r iod ic  

i n s p e c t i o n  and d e b r i s  removal ope ra t ions  conducted during t h e  smolt 

ou tmigra t ion  a s  deemed necessary by NMFS and CofE p r o j e c t  personnel ;  and 

( 3 )  whenever poss ib l e ,  long term t u r b i n e  outages f o r  r e p a i r s  and 

maintenance should not  be scheduled t o  co inc ide  wi th  t h e  smolt 

outmigrat ion.  We f e e l  t h e  implementation of t hese  a c t i o n s  would enhance 

t h e  c o l l e c t i o n  p o t e n t i a l  a t  Lower Gran i t e  Dam, thereby providng more f i s h  

i n  b e t t e r  phys i ca l  cond i t i on  f o r  t r a n s p o r t  and, u l t i m a t e l y ,  more a d u l t  f i s h  

r e tu rn ing  i n  f u t u r e  years .  

Descal ing,  Delayed Mor ta l i t y ,  and Water Qual i ty  Measurements 

As  i n  p a s t  yea r s ,  t h e  average desca l ing  measured on chinook salmon a t  

t h e  f i s h  marking f a c i l t i y  during t h e  marking process  was used t o  index t h e  

gene ra l  c o n d i t i o n  of t ranspor ted .  The average d a i l y  desca l ing  r a t e  f o r  

chinook salmon of 5.3% (range 1 t o  12%) was the  lowest ever  recorded a t  t h e  

Lower Gran i t e  marking f a c i l i t y .  The r a t e  of desca l ing  f o r  s tee lhead  of 

5.7% ( range  0 t o  15.5%) was comparable t o  t h e  5.8% measured i n  1978. (See 

Appendix Tables  9 and 10 f o r  a d d i t i o n a l  d e t a i l . )  

Descal ing and i n j u r y  of f i n g e r l i n g s  i n  ga tewel l s  where t r a v e l i n g  

screens  were ope ra t ing  were monitored throughout t he  season. The average 

desca l ing  d a t a  by ga tewel l  a r e  presented i n  Table 4. The da t a  i n d i c a t e  

t h a t  t r a v e l i n g  sc reens  operated s a t i s f a c t o r i l y  i n  1979 based on the  low 

10  



TABLE 4.--Average percent  desca l ing  f o r  n a t u r a l l y  migrat ing juveni le  
chinook salmon and s t ee lhead  c o l l e c t e d  from turbine  in t ake  gatewells  a t  
Lower Granite  Dam, 1979. 

Descaling - chinook salmon 

Uni t  1 2  4  5 6 

Gatewell A B C  A B C  A B C  A B C  A B C  
(X) (%) (2) (2) (%) 

Average by ga tewel l  7 7 4  4 5 4  2  2  3 2 2 2  1 2 2  

Average by tu rb ine  u n i t  6 4 2  2 1  

Combined average f o r  e n t i r e  season 4%. 

Unit 

Ga tewel l  

Descaling - s t ee lhead  

1  2 4  5  6 

A B C  A B C  A B C  A B C  A B C  
( 9 6 )  (%) (2) (%) (%) 

Average by ga tewel l  4 4 5  5  4 5  2 5 7  4 4 5  4 5 5  

Average by tu rb ine  u n i t  4  5 5 4 5  

Combined average f o r  e n t i r e  season 5%. 



combined average desca l ing  r a t e  of 4% f o r  chinook salmon and 5% f o r  

s t ee lhead .  However, t h e  average desca l ing  r a t e  f o r  chinook salmon by 

tu rb ine  u n i t  was s u b s t a n t i a l l y  h igher  i n  Un i t s  1 and 2 than  i n  any of t h e  

o ther  t h r e e  u n i t s ;  whereas,  t h e  average desca l ing  r a t e  f o r  s t ee lhead  by 

t u r b i n e  u n i t  was n e a r l y  equa l  f o r  a l l  f i v e  u n i t s .  We f e e l  t h a t  t he  

increased  desca l ing  r a t e  f o r  chinook salmon measured i n  Un i t s  1 and 2 was 

due t o  t h e  much h e a v i e r  d e b r i s  load on t h e  t r a s h  racks  i n  f r o n t  of t he se  

two u n i t s .  The n e a r l y  equa l  de sca l ing  r a t e  f o r  s t ee lhead  measured i n  a l l  

f i v e  u n i t s  f u r t h e r  s u b s t a n t i a t e s  our conc lus ion  because t h e  ma jo r i t y  of t h e  

s t ee lhead  migrated a f t e r  t h e  t r a s h  racks  were c l ea red .  

Water q u a l i t y  ( t empera tu re ,  d i s so lved  02  and C02, and pH l e v e l s )  

and delayed m o r t a l i t y  measurements were made from n e a r l y  a l l  t r uck  and 

barge t r a n s p o r t s  a r r i v i n g  a t  Bonnevi l le  Dam. Appendix Table  11 l i s t s  t h e s e  

measurements by d a t e  and t r a n s p o r t  method. Delayed m o r t a l i t y  measurements 

f o r  marked chinook salmon and s t ee lhead  were a l s o  taken  a t  Lower Gran i t e  

Dam p r i o r  t o  barge  t r a n s p o r t .  A l l  delayed m o r t a l i t y  samples were h e l d  f o r  

48 h. The averages f o r  a l l  groups a r e  g iven  i n  Table  5. ( I n d i v i d u a l  test  

da ta  a r e  shown i n  Appendix Table 12.) As  expected,  t h e  average delayed 

m o r t a l i t y  was h ighe r  f o r  unmarked chinook salmon a f t e r  t r uck  t r a n s p o r t  t han  

a f t e r  barge t r a n s p o r t .  Also, f o r  marked chinook salmon, t h e  delayed 

m o r t a l i t y  average was s l i g h t l y  h ighe r  (5.0 v s  3.5%) f o r  f i s h  he ld  a t  Lower 

Gran i t e  Dam p r i o r  t o  barge  t r a n s p o r t  than f o r  f i s h  he ld  a t  Bonnevi l le  Dam 

a f t e r  barge t r a n s p o r t .  Delayed m o r t a l i t y  averages  f o r  a l l  groups of 

s t ee lhead  were i n s i g n i f i c a n t .  



TABLE 5.--Summary of 48-h delayed m o r t a l i t y  of chinook salmon and s t ee lhead  
smolts before  barge t r a n s p o r t  (marked only) and a f t e r  barge and t ruck  
t r a n s p o r t  (marked and unmarked) t o  Bonnevil le  Dam from Lower Grani te  Dam, 
1979. 

Before barge t r anspor t  
( a t  Lower Grani te   am) 

Chinook Steelhead 

Marked Unmarked Marked Unmarked 

No. No. % No. No. % No. No. % No. No. % 
Held Mort. Mort. Held Mort. Mort. Held Mort. Mort. Held Mort. Mort. 

A f t e r  barge t r anspor t  
( a t  Bonneville Dam) 

Af t e r  t r u c k  t r a n s p o r t  
( a t  Bonnevil le  Dam) 



TRANSPORT OPERATIONS - LITTLE GOOSE DAM 

Col l ec t ion  and Transpor ta t ion  

A s p e c i a l  c o l l e c t i o n  and t r a n s p o r t a t i o n  ope ra t ion  was conducted by NMFS 

a t  L i t t l e  Goose Dam i n  1979. Normally, f i s h  d ive r t ed  i n t o  the  ga t ewe l l s  

e x i t  through t h e  or i f ice-bypass  system and a r e  co l l ec t ed  i n  holding 

raceways loca t ed  j u s t  downstream from the  t a i l r a c e  deck. From he re ,  they 

a r e  e a s i l y  loaded i n t o  t r a n s p o r t  t ankers .  However i n  1979, a new 

or i f ice-bypass  system scheduled f o r  completion p r i o r  t o  t h e  smolt 

ou tmigra t ion  was not  f i n i s h e d  on time. Since t h e  o ld  system had a l r eady  

been dismantled,  i t  was necessary  t o  load t h e  f i s h  i n t o  t r a n s p o r t  t anke r s  

d i r e c t l y  from t h e  ga tewel l s .  This  was accomplished using a c rane  and d i p  

n e t  baske t  (Swan e t  a l .  1979). The system was e s s e n t i a l l y  a sa lvage  

ope ra t ion  and a s  such was succes s fu l .  

Two por t ab le  f i n g e r l i n g  observa t ion  shacks were i n s t a l l e d  on the  i n t a k e  

deck and samples of f i s h  dipped from t h e  ga tewel l s  were processed through 

then  t o  determine desca l ing  percentages ,  f i s h  weights ,  and s p e c i e s  

compositions.  A weight displacement  method u t i l i z i n g  the  f i s h  weight and 

spec i e s  composition informat ion  was developed t o  e s t ima te  numbers of f i s h  

t ranspor ted  (See Appendix A f o r  a d e t a i l e d  explana t ion  of t h i s  method). 

In  t o t a l ,  937,713 chinook salmon and 515,914 s t ee lhead  were c o l l e c t e d  

and t r anspor t ed  by t r u c k  o r  barge from L i t t l e  Goose Dam. Table 2 and 

Appendix Table 13  f u r t h e r  d e t a i l  numbers and methods of t r a n s p o r t .  No f i s h  

were marked a t  L i t t l e  Goose Dam i n  1979. 

The t r a v e l i n g  screens  a t  L i t t l e  Goose Dam operated u n s a t i s f a c t o r i l y  i n  

1979. We inspec ted  t h e  sc reens  a f t e r  they were removed from t h e  ga t ewe l l s  

a t  t he  end of t h e  season and concluded t h a t  9 of 18  screens  were n o t  

func t ioning  properly.  Some sc reen  panels  were t o r n  and o t h e r s  were i n  such 



poor cond i t i on  t h a t  i t  was obvious they could not ope ra t e  a s  designed. 

Operation of t r a v e l i n g  screens  under t hese  circumstances would tend t o  

i nc rease  desca l ing  and i n j u r y  and decrease  guiding e f f i c i e n c y .  We f e e l  

t h a t  t h i s  s i t u a t i o n  r e s u l t e d  from inadequate  maintenance p r i o r  t o  t h e  f i e l d  

season toge the r  wi th  i n s u f f i c i e n t  i n spec t ions  dur ing  t h e  f i e l d  season. I n  

f u t u r e  years ,  we s t r o n g l y  urge t h a t  t h e  CofE a t  L i t t l e  Goose Dam t ake  

a p p r o p r i a t e  a c t i o n s  t o  r e so lve  t h i s  problem. 

Descal ing,  Delayed M o r t a l i t y ,  and Water Qual i ty  Measurements 

Descaling measurements were taken from a l l  ga tewel l s  during t h e  loading  

ope ra t ion  and a r e  summarized i n  Table 6 and d e t a i l e d  by ga tewel l  i n  

Appendix Tables  14 and 15. The average r a t e  of desca l ing  measured was 8.12 

f o r  chinook salmon; much h igher  than  t h e  5.7% measured a t  Lower Grani te  

Dam. The r a t e  of 5.7% f o r  s t ee lhead  was e s s e n t i a l l y  t h e  same a t  bo th  dams. 

The h igher  r a t i o  of chinook salmon desca l ing  r e s u l t e d  from t h e  

aforementioned d e b r i s  problem t h a t  occurred a t  Lower Grani te  Dam. P r i o r  t o  

t he  c leaning  of t h e  t r a s h  rack a t  Lower Gran i t e  Dam (17 Apr i l  t o  10  May), 

t h e  r a t e  of desca l ing  on chinook salmon recovered a t  L i t t l e  Goose Dam 

averaged 12% i n  Turbine Uni t s  1 ,  2, and 4. Since May 10, t h e  average r a t e  

of desca l ing  decreased by 6.0% t o  6.0% (Table 7 ) .  Even wi th  t h e  d e b r i s  

problem, t h e  o v e r a l l  r a t e s  of desca l ing  f o r  bo th  chinook salmon and 

s t ee lhead  were much lower than  t h e  r a t e s  measured during t h e  previous  year  

when enviornmental c o n d i t i o n s  were s i m i l a r .  However, i n  1978 t h e  

measurements were taken  a t  t h e  f i s h  marking f a c i l i t y  a f t e r  t h e  f i n g e r l i n g s  
=. 

had passed through t h e  e n t i r e  bypass system. This in format ion  sugges t s  

t h a t  much of t h e  desca l ing  i n  prev ious  years  may have occurred while  

f i n g e r l i n g s  were passing through t h e  o l d  or if ice-bypass  system. 



TABLE 6.--Average percent  de sca l ing  f o r  n a t u r a l l y  migra t ing  juven i l e  
chinook salmon and s t e e l h e a d  c o l l e c t e d  from t u r b i n e  i n t a k e  ga t ewe l l s  a t  
L i t t l e  Goose Dam, 1979. 

Unit 

Gat ewe11 

Descal ing - chinook salmon 

1 2 3- a  / 4  5  

A B C  A B C  A B C  A B C  A B C  
( % >  (%> (% > ( % >  ( % >  

Average by ga t ewe l l  9  10 6  10 12 7  7 5 6  9 8 7  6 5 7  

Average by t u r b i n e  u n i t  9  10 6  8  6  

Combined average f o r  e n t i r e  season 8%. 

Descal ing - s t ee lhead  

Unit  1 2  3 4  5  

Gatewell  A B C  A B C  A B C  A B C  A B C  - - 
( % >  ( % >  (% > ( % >  ( % >  

Average by ga t ewe l l  6 6 5  6 6 6  6 5 6  4 6 6  5 6 6  

Average by t u r b i n e  u n i t  6  6  6  6  5  

Combined average f o r  e n t i r e  season  6%. 

a /  I n s u f f i c i e n t  measurements taken  t o  compare. - 



TABLE 7.--Average percent  desca l ing  f o r  n a t u r a l l y  migra t ing  chinook salmon 
from Turbine Uni t s  1, 2, and 4 ( d a t a  from Uni t s  3, 5 and 6 i n s u f f i c i e n t  f o r  
comparison) a t  L i t t l e  Goose Dam be fo re  and a f t e r  t r a s h  rack c l ean ing  a t  
Lower Gran i t e  Dam 

Descal ine - chinook salmon 

U n i t  1 2 4 

Gatewell  A B C  
( X )  

Before c l ean ing  11 14 8 
(17 Apr i l  t o  10 May) 

A B C  A B C  
(X> 0 

Average by t u r b i n e  11 13 11 

Combined average 12 

Af t e r  c l ean ing  
(11  May t o  2 June)  

Average by t u r b i n e  7 6 

Combined average 6 



Delayed m o r t a l i t y  and water  q u a l i t y  parameters inc lud ing  temperature ,  

02, C02, and pH were measured a f t e r  t r a n s p o r t  t o  Bonnevi l le  Dam and a r e  

given f o r  each load  i n  Appendix Table 16. The delayed m o r t a l i t y  averages 

f o r  unmarked chinook salmon hauled by t ruck  and barge measured 19.8 and 

7.0%, r e s p e c t i v e l y .  The average noted f o r  t he  trucked group i s  

s i g n i f i c a n t l y  h igher  than  t h e  average measured f o r  a  comparable group 

t r anspo r t ed  i n  1978 (12.7%). We specu la t e  t h a t  t h e  h igher  m o r t a l i t y  was 

t he  r e s u l t  of t h e  succes s ion  of s t r e s s e s  r e s u l t i n g  from encounters  with t h e  

d e b r i s  plugged t r a s h  racks  a t  Lower Gran i t e  Dam, t h e  poor performance of 

t r a v e l i n g  sc reens  a t  L i t t l e  Goose Dam, and t h e  somewhat cumbersome d ipping  

and loading  opera t ion .  Delayed m o r t a l i t y  averages  f o r  unmarked s t ee lhead  

t r o u t  hauled by t ruck  o r  barge  were low (0.8% and 1.8%, r e s p e c t i v e l y ) .  

TRANSPORT OPERATIONS - McNARY DAM 

A t  McNary Dam, 1979 marked the  second year  of c o l l e c t i o n  and 

t r a n s p o r t a t i o n  ope ra t i ons .  During t h e  prev ious  yea r ,  only those  f i s h  

marked f o r  r e sea rch  purposes were t r anspo r t ed  t o  s a f e  r e l e a s e  si tes below 

Bonnevi l le  Dam. A l l  f i s h  c o l l e c t e d  i n  excess  of r e sea rch  requirements  were 

r e tu rned  t o  t h e  r i v e r  i n  1978. 

I n  1979, t h e  a d d i t i o n  of v e r t i c a l  b a r r i e r  s c r eens  i n  a l l  ga t ewe l l  s l o t s  

toge ther  wi th  t h e  a d d i t i o n  of two bar  s c r eens ,  s u b s t a n t i a l l y  increased  t h e  

c o l l e c t i o n  c a p a b i l i t y  of t h e  f a c i l i t y .  A t o t a l  of 1,593,208 salmonids were 

c o l l e c t e d .  This  was approximately t h r e e  t i m e s  t h e  number of f i s h  c o l l e c t e d  

dur ing  t h e  prev ious  yea r  and provided a  l a r g e  s u r p l u s  over  t h e  requirements  

f o r  r e sea rch  purposes.  To provide t h e s e  f i s h  wi th  maximum p r o t e c t i o n ,  

n e a r l y  a l l  were t r a n s p o r t e d  along w i t h  marked f i s h .  Inc luding  marked f i s h ,  

a  t o t a l  of 1,247,120 salmonids were t r anspo r t ed .  S p e c i f i c s  of c o l l e c t i o n ,  

marking, test  groups, and d i s p o s i t i o n  of a l l  f i s h  handled a t  McNary Dam 



w i l l  be addressed i n  one repor t ,  "Transportat ion Research on the  Columbia 

and Snake Rivers - 1979," (Park e t  a 1  1980). 

BARGE OPERATIONS 

Between 20 Apr i l  and 31 May 1979, two tugboats and two barges t ranspor ted  

over 3 m i l l i o n  juvenile  salmonids from Lower Granite ,  L i t t l e  Goose, and 

McNary Dams. (See Appendix Tables 1 t o  4 and 13 f o r  add i t iona l  d e t a i l s  on 

numbers of barged smolts) .  Two NMFS personnel -- a d i e s e l  engine mechanic 

and a b i o l o g i s t  -- were responsib le  f o r  the  opera t ion  of each barge. We 

monitored water  pressure  i n  the  spray bars  on a 24-h b a s i s  and pe r iod ica l ly  

checked oxygen l e v e l s  and temperatures i n  the  f i s h  holding compartments. 

The 1979 barging program was a success; however, we did experience some 

problems. One of the barges developed severa l  major mechanical problems -- 
two broken pump s h a f t s  ( t h e  same pump) and s t i c k i n g  valves  i n  two d i e s e l  

engines. W e  f e e l  the  performance of one of the  tugboats was marginal. The 

tugboat maneuvered poorly during the r e l e a s e  of f i s h  below Bonneville Dam. 

(The tugboat backs i n t o  the  current  during a normal re lease . )  Also, during 

heavy s p i l l  periods increased r i v e r  v e l o c i t i e s  near the  dams slowed the  

tug ' s  upstream progress considerably due t o  a l ack  of s u f f i c i e n t  engine 

power. 

By implementing t h e  following recommendations, t h e  CofE could improve 

t h e  1980 f i s h  barging program. F i r s t ,  a l l  t h e  d i e s e l  engines and pumps 

should be properly serviced and t e s t e d  p r i o r  t o  the  sp r ing  salmonid 

outmigrations. (The s t i c k i n g  valves i n  t h e  engines may have resu l t ed  from 

improper s t o r a g e  of t h e  d iese l s . )  Second, tugboats  used t o  push the barges 

should have adequate power t o  average a t  l e a s t  9 mph t r ave l ing  upstream on 

t h e  Columbia and Snake Rivers. Also, the  tugboats  should be maneuverable 

and powerful enough t o  maintain a s teady p o s i t i o n  i n  the  r i v e r  current  

while r e l e a s i n g  f i s h  below Bonneville Dam. 



I n  t h e  near  f u t u r e ,  bo th  increased  smolt p roduct ion  and enhanced 

c o l l e c t i o n  p o t e n t i a l  ( e s p e c i a l l y  a t  McNary Dam) w i l l  g r e a t l y  i n c r e a s e  t h e  

number of smolts  a v a i l a b l e  f o r  t r anspo r t .  Accordingly, we  expect  barging 

t o  f u r t h e r  i n c r e a s e  i t s  r o l e  i n  t h e  t r a n s p o r t a t i o n  process .  With t h i s  i n  

mind, t oge the r  w i th  t h e  f a c t  t h a t  some barges  were f i l l e d  t o  capac i ty  

during t h i s  y e a r ' s  o p e r a t i o n s ,  NMFS recommends t h a t  a  t h i r d  and f o u r t h  

barge be added t o  t h e  t r a n s p o r t  f l e e t  i n  1981 and 1982, r e spec t ive ly .  

SUMMARY 

1. I n  1979, 3,833,138 salmonids were t ranspor ted  from Lower Gran i t e  

and L i t t l e  Goose Dams. W e  e s t i m a t e  t h a t  49% of the  chinook salmon and 67% 

of t h e  s t ee lhead  t h a t  a r r i v e d  a t  Lower Gran i t e  Dam were t r anspo r t ed .  An 

a d d i t i o n a l  1,247,120 salmonids were t r anspo r t ed  from McNary Dam, b r ing ing  

t h e  t o t a l  f i s h  t r anspo r t ed  i n  1979 t o  5,080,258. 

2. Of t h e  t o t a l  t r a n s p o r t e d  a t  Lower Grani te  Dam, 27,336 chinook 

salmon and 30,495 s t ee lhead  were marked t o  provide a n  index t o  t h e  success  

of t h e  t r a n s p o r t a t i o n  o p e r a t i o n s  i n  f u t u r e  years .  I n  a d d i t i o n ,  70,628 

chinook salmon and 66,146 s t ee lhead  were marked f o r  v a r i o u s  c o n t r o l  

r e l e a s e s .  Delayed m o r t a l i t y  averages f o r  chinook salmon ranged from 3.1 t o  

10.0% depending upon t r a n s p o r t  method and whether they were marked o r  

unmarked. Marked chinook salmon t r anspo r t ed  by barge had t h e  lowest  

delayed m o r t a l i t y  (3.1%). Marked chinook salmon he ld  a t  Lower Gran i t e  Dam 

p r i o r  t o  barge t r a n s p o r t  averaged 5.0%. Delayed m o r t a l i t y  measurements f o r  

s t ee lhead  were i n s i g n i f i c a n t .  

3. A t  Lower Gran i t e  Dam, a  massive d e b r i s  accumulation on t h e  upper 

113 of t h e  t r a s h  r acks  dur ing  t h e  peak of t h e  chinook salmon outmigra t ion  

r e s u l t e d  i n  f a i l u r e  t o  c o l l e c t  a  s u b s t a n t i a l  number of f i n g e r l i n g s  and 

r e s u l t e d  i n  i n j u r y  t o  a n  unknown number of them. 



4. Because t h e  new or i f ice-bypass  system was not f i n i s h e d  on schedule 

a t  L i t t l e  Goose Dam, smol t s  were d ipne t t ed  d i r e c t l y  from ga tewel l s  i n t o  t h e  

t r a n s p o r t  t ankers .  A t o t a l  of 1,453,627 salmonids were t ranspor ted  by 

t ruck  and barge.  Delayed m o r t a l i t y  averages of unmarked chinook salmon 

t r anspor t ed  by t r u c k  and barge were 19.8 and 7.0%, r e spec t ive ly .  Delayed 

m o r t a l i t y  averages  f o r  s t ee lhead  were low (0.8 and 1.8%, r e spec t ive ly .  No 

f i n g e r l i n g s  were marked i n  1979. 

5. I n  1979, mass t r a n s p o r t a t i o n  ope ra t ions  were i n i t i a t e d  concur ren t ly  

w i t h  ongoing r e sea rch  ope ra t ions  a t  McNary Dam. V e r t i c a l  b a r r i e r  sc reens  

i n  a l l  ga t ewe l l s ,  t h r e e  t r a v e l i n g  sc reens ,  and t h r e e  bar  sc reens  provided a  

l a r g e  s u r p l u s  of smol t s  over t h e  requirements  f o r  r e sea rch  purposes. 

Inc luding  marked f i s h ,  a  t o t a l  of 1,247,120 salmonids were t ranspor ted .  

6. I n  1979, t h e  f i s h  barging ope ra t ion  was expanded t o  inc lude  L i t t l e  

Goose and McNary Dams and a  second tug  was added providing each barge wi th  

a  tug. 



RECOMMENDATIONS 

(1 )  I n s t a l l  permanent d e b r i s  removal equipment a t  Lower Grani te  Dam. 

Clean t r a s h  racks  a t  a l l  dams p r i o r  t o  and during t h e  smolt  ou tmigra t ion  

per iod a s  deemed necessary  by NMFS and CofE p r o j e c t  personnel .  

(2)  I n s p e c t  and test  t r a v e l i n g  sc r eens  a t  a l l  dams p r i o r  t o  t h e  smolt  

ou tmigra t ion .  I n s t a l l  meters on a l l  s c r eens  t o  monitor performance during 

smolt mig ra t i on  per iod.  

( 3 )  Serv i ce  and test a l l  d i e s e l  engines  and pumps i n  barges  p r i o r  t o  

t h e  smolt  ou tmigra t ion .  

( 4 )  Tugboats f o r  t h e  barges  must have adequate power t o  average a t  

l e a s t  9  mph t r a v e l i n g  upstream. 

( 5 )  Add one barge t o  t h e  opera t ions  i n  1981 and a  second i n  1982 f o r  a  

t o t a l  of four  barges .  
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PART I 

METHODS USED TO CALCULATE NUMBERS OF F I S H  I N  TANKS 



The displacement method used t o  e s t ima te  the  numbers of juveni le  

chinook salmon and s t ee lhead  loaded i n t o  t r a n s p o r t  t ankers  a t  L i t t l e  Goose 

Dam i s  descr ibed below. Since f i s h  weight i s  the  same a s  a given volume of 

water  (Haskel l ,  1959), we determined t h a t  each 1116-inch r i s e  of water  

measured from a given mark on a s i g h t  g l a s s  tube a t tached  t o  the  t r a n s p o r t  

t ankers  would equal  45 pounds of f i s h .  Therefore,  each 1116-inch u n i t  of 

i nc rease  mul t ip l i ed  by 45 pounds equaled the  t o t a l  weight of f i s h  added t o  

t he  tank. We then mul t ip l i ed  the  percentages of each spec i e s  by weight by 

t h e  t o t a l  weight added t o  determine the  t o t a l  weight of each spec i e s  

contained i n  t h e  tank. F i n a l l y ,  t he  numbers of f i s h  per  pound of each 

s p e c i e s  were mul t ip l i ed  by the  t o t a l  weight of each spec i e s  t o  de r ive  the  

t o t a l  number of each spec i e s  t h a t  was loaded i n t o  a tanker .  Although a 

water  d i s s i p a t o r  was used when dipping ( loading)  f i s h  i n t o  the  t ruck ,  we 

es t imated  t h a t  each d i p  n e t  load  of f i s h  a l s o  con t r ibu ted  approximately 112 

g a l l o n  of water  t o  t he  t r a n s p o r t  tanker .  By mul t ip ly ing  the  t o t a l  number 

of d i p s  by 112 ga l lon  and then  mul t ip ly ing  the  number of g a l l o n s  by 8 . 3  

pounds and d iv id ing  t h i s  number by 45 ( t h e  number of pounds of water  i n  

1/16 i n c h )  we ca l cu la t ed  the  number of 1116-inch u n i t s  to  be sub t r ac t ed  

from t h e  t o t a l  displacement a t  t h e  end of the  loading process.  

Sample Ca lcu la t ion  

During the  loading process ,  34 d i p  n e t s  of f i s h  a r e  loaded i n t o  t h e  

t r a n s p o r t  t anker  r e s u l t i n g  i n  a t o t a l  ga in  of 3 15/16 inches  on t h e  s i g h t  

g l a s s  tube. Assume  f o r  t h i s  sampling per iod  t h a t :  ( 1 )  t h e  composition by 

weight i s  32% f o r  chinook salmon and 68% f o r  s t e e l h e a d ,  and ( 2 )  t he  weights 

a r e  26 f i s h  per  pound and 6 f i s h  pe r  pound, r e spec t ive ly .  



STEP 1 

Calcula te  the  amount of excess water placed i n  the  t r a n s p o r t  

tanker  : 

34 d ips  x 112 g a l l o n l d i p  = 17 ga l lon  water i n t o  tanker .  

17 g a l l o n  water x 8.3 pounds/gallon = 141.1 pounds 

141.1 pounds f 45 pounds per  1116-inch on gauge = 3 (rounded o f f ) .  

Therefore,  3/16 inch  i s  t o  be subt rac ted  from t o t a l  inches gained on 

t h e  s i g h t  tube leaving  3 12/16 inches  of n e t  t o t a l  gain.  

STEP 2 

Calcula te  n e t  t o t a l  poundage: 

3 12/16 o r  60116 inches  x 45 pounds per  1/16 inch equals  2700 poynds. 

STEP 3 

Ca lcu la t e  t o t a l  weights  by spec ies :  

2700 pounds x 32% = 864 pounds of chinook salmon 

2700 pounds 68% = 1,836 pounds of s tee lhead  

STEP 4 

Ca lcu la t e  t o t a l  numbers of each s p e c i e s  loaded i n t o  tanker:  

864 pounds x 26 f i s h  per pound = 22,464 chinook salmon 

1,836 pounds x 6 f i s h  per  pound = 11,016 s tee lhead  

TOTAL I N  LOAD 33,480 



PART I1 

TABLE S 



Appendix Table 1.--Numbers of j uven i l e  s tee lhead  counted, t rucked ,  barged, r e l ea sed  a s  c o n t r o l s ,  m o r t a l i t y  
i n  co l lec t ion ,  and re turned  t o  Snake River by d a t e  a t  Lower Gran i t e  Dam, 1979. 

Trucked Barged Daily Mortality Returned 
Number to to Bonnevi lle totals in to 

Date counted Bonneville marked unmarked transported Controls collection river 



nppenalx Laole 1 . - - c o n ~ ~ n u e u - - ~ u u m ~ e r s  o r  juvenile s c e e l n e a a  councea,  crucKea, Dargea, r e l e a s e a  a s  c o n t r o l s ,  m o r t a l i t y  
i n  c o l l e c t i o n ,  and r e t u r n e d  t o  Snake River  by d a t e  a t  Lower G r a n i t e  Dam,  1979 .  

Trucked Barged D a i l y  Mortality Returned 
Number to to  Bonneville to ta l s  i n  t o  

Date counted Bonneville marked unmarked transgor ted Controls collection . river 



Appendix Table 1.--continued--Numbers of juvenile steelhead counted, trucked, barged, released as controls, mortality 
in collection, and returned to Snake River by date at Lower Granite Dam, 1979. 

Trucked Barged D a i l y  Morta l i ty  Returned 
Number to to B o n n e v i l l e  t o t a l s  i n  to 

Date counted B o n n e v i l l e  marked u m r k e d  transported Contro l s  c o l l e c t i o n  r i v e r  

TOTALS 1 ,352 ,791  203,982 992 ,565  66,146 9210 27,597 1 ,196,547 



Appendix Table 2.- umbers o f  j u v e n i l e  chinook salmon counted, trucked,  barged, r e l e a s e d  a s  c o n t r o l s ,  m o r t a l l t y  In 
c o l l e c t i o n ,  and returned to Snake River by d a t e  a t  Lower Granite  Dam, 1979. 

Trucked Barged D a i l y  Morta l i ty  Returned 
Number to to B o n n e v i l l e  t o t a l s  i n  to 

Date counted B o n n e v i l l e  marked unmarked transported Controls  c o l l e c t i o n  River 



Appendix Table 2.--continued-ÿÿ umbers o f  juven i l e  chinook salmon counted, trucked, barged, released a s  contro l s ,  
mortality i n  co l l ec t ion ,and  returned to Snake River by date  a t  lhwer Granite Dam, 1979. 

Trucked Barged Daily Mortality Returned 
Number to to Bonnevi l le  to t a l a  i n  to 

Date counted Bonnevi l le  marked unmarked transported Controls c o l l e c t i o n  River 



Appendix Table 2.--continued- umbers of juvenile chinook salmon counted, trucked, barged, released as controls, 
mortality in collection,and returned to Snake River by date at Lower Granite Dam, 1979. 

Trucked Barged Daily Mortality Returned 
Number to t ~ ,  Bonneville totals i n. to 

Date counted Bonneville marked unmarked transported Controls collection River 

p~ 

TOTALS 1,270,551 193,980 



Appendix Table 3.--Numbers o f  j u v e n i l e  sockeye salmon counted,  t rucked ,  barged, 
m o r t a l i t y  i n  c o l l e c t i o n ,  and r e tu rned  t o  Snake River by d a t e  a t  Lower Gran i t e  
Dam, 1979. 

Trucked Barged Dai ly  Returned M o r t a l i t y  
Number to to t o t a l s  to  i n  

Date counted Bonnevi l le  B o m e v i l l e  t r a n s p o r t e d  r i v e r  c o l l e c t i o n  



Appendix T a b l e  
ba rged ,  mar 
G r a n i t e  Dam 

3.--continued--Numbers o f  j u v e n i l e  sockeye  salmon counted ,  t r u c k e d ,  
t a l i t y  i n  c o l l e c t i o n ,  and r e t u r n e d  t o  Snake R i v e r  by d a t e  a t  Lower 
, 1979. 

Trucked Barged D a i l y  Returned M o r t a l i t y  
Number t o  t o  t o t a l s  t o  i n  

D a t e  c o u n t e d  B o n n e v i l l e  B o n n e v i l l e  t r a n s p o r t e d  r i v e r  c o l l e c t i o n  

- 

TOTALS 12,994 1 , 0 7 3  10,404 11,477 1 ,188  169 



Appendix Tab l e  4.- umbers o f  j u v e n i l e  coho salmon counted ,  t r u c k e d ,  ba rged ,  

m o r t a l i t y  i n  c o l l e c t i o n , a n d  r e t u r n e d  t o  Snake River  by d a t e  a t  Lower G r a n i t e  
Dam, 1979. .. 

Trucked Barged Da i l y  Returned M o r t a l i t y  
Number to  to t o t a l s  to  i n  

Date  counted  Bonnev i l l e  Bonnevil1.e t r a n s p o r t e d  r i v e r  c o l l e c t i o n  



Appendix T a b l e  4.--continued- umbers of j u v e n i l e  coho sa lmon c o u n t e d ,  t r u c k e d ,  b a r g e d ,  
m o r t a l i t y  i n  c o l l e c t i o n ,  and r e t u r n e d  t o  Snake R i v e r  by d a t e  a t  Lower G r a n i t e  Dan, 
1979. 

Trucked Barged D a i l y  Re tu rned  M o r t a l i t y  
Number t o  to  to ta ls  to  i n  

Date coun ted  B o n n e v i l l e  Bonn.evi1l.e t r a n s p o r t e d  r i v e r  c o l l e c t i o n  

TOTALS 702 56 533 58 9 26 0 



Appendix Table 5.--Date, brand posit ion and orientation,  wire tag code, and 
numbers of  juvenile 'chinook salmon and steelhead marked and transported 
by barge from Lower Granite Dam to  Bonneville Dam, 1979. 

a / 
Posit iori -  

Wire t a g  and Brand Chinook Stee lhead  b / 
Date c o l o r  brand d r i e n t a t i o n -  salmon 

- 

WH-RD-YW-OR RA-F 

S u b t o t a l s  

5-9 WH-RD-YW-OR 

5-10 n n u m  

5-12 n  n  n n  

5-14 n  n  u  n  

5-15 n n n n  

5-16 n n n n  

RA-F 

m 

S u b t o t . 1 ~  10 ,683  22,930 

TO'l'ALS 27,336 30,495 

a/ Indicates brand posit ion - right  anterior. 

b/ Orientation 1 means symbol i n  normal readable posit ion ( F ) .  
Orientation 2 the symbol i s  rotated 90" clockwise (r). 



Appendix Table  6.--Date, b rand  p o s i t i o n  and o r i e n t a t i o n ,  and nunhers of  
j uven i l e  chinook salmon and  s t e e l h e a d  marked and r e l e a s e d  i n  t h e  Lower 
~ r a n i t e  Dam fo r ebay  a t  C l a rk s ton ,  WAY 1979. 

a /  Pos i t ion-  
and Brand C h i . ~ o o k  Stee lhead  

Date brand o r i e n t a t i o n  - salmon 

LA-IN 1 2,102 342 

4-19 II II n 2,658 1 ,971  

S u b t o t a l s  11,326 8,199 

5-21 LA-IN 2 1,380 4,292 

S u b t o t a l s  9,303 19,578 

TOTALS 20,629 27,777 
. - - --t 

I n d i c a t e s  b rand  p o s i t i o n  - l e f t  a n t e r i o r .  

bl O r i e n t a t i o n  1 means symbol i n  normal r e adab l e  p o s i t i o n  (IN). 
O r i e n t a t i o n  2 t h e  synbol  i s  r o t a t e d  90" c lockwise  Q) .  



Appendix Table 7.--Date, brand pos i t ion  and o r i e n t a t i o n ,  wire t ag  code, and 
- nunhers of juveni le  chinook salmon and s tee lhead marked and re leased  a s  

con t ro l s  b y  ba rge  i n  t h e  Lower Grani te  forebay, 1979. 

P o s i t i o n  
Wire tag and Brand C h i n o o k  S tee1 head 

Date color brand Orientation- salmon t r o u t  a / 

4-21 WH-RD-YW-GM LA-K 1 3,206 1,757 

S ~ b t o t d l s  1 7 , 2 9 8  5,533 
.- 

5-9 W-RD-YW-GM LA-K 

Subto ta l s  7,169 11,706 

a/ Ind ica te s  brand p o s i t i o n  - l e f t  a n t e r i o r .  - 
b/ Orien ta t ion  1 means symbol i n  normal readable pos i t ion  (K). 

Or ienta t ion  2 t h e  s y d o l  i s  ro ta t ed  90' clockwise (R). 



Appendfx Table 8.--Date, brand position and orientation, wire tag code, and 
numbers of juvenile chinook salmon and steelhead marked and released as 
controls in the Lower Granite tailrace, 1979. 

P o s i t i o n  d 
Wire t a g  and Brand Chinook S t e e l h e a d  

Date c o l o r  brand Orientat ion-  b / salmon t r o u t  

4-24 WH-RD-YW-LB LA-K 

4-25 1 1 n n n  n  

4-26 11 I t  II II I1 

4-30 11 II II n n  

5-1 1 1 n n n  n  

S u b t o t a l s  19,760 6 ,290  

5-8 WH-RD-YW-LB LA-K 4  2 ,696 2 , 9 4 1  

5-11 n n r r n  w n 8 55 3 ,834  

5-16 n a n n  n n  1,000 2 , 2 7 0  

5-18 n n n n  n  n 1 , 2 2 1  5 ,715  

S u b t o t a l s  5 ,772 14 ,760  

TOTALS 25,532 21 ,050  

a/ Indicates brand position - left anterior. - 

b/ Orientation - 3. The symbol is rotated 180° clockwise (X). - 
Orientation - 4. The symbol is rotated 270° clockwise (s). 

* Indicates 265 of this number were branded with LA-F. 
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Appendix Table 10.--Percent desca l ing  of j uven i l e  s t ee lhead  by d a t e ,  u n i t  number and ga tewel l  s l o t  des igna t ion  o r  
f i s h  marking f a c i l i t y  a t  Lower Gran i t e  Dam, 1979. 

U n i t  1 U n i t  2  U n i t  3- U n i t  4 U n i t  5 U n i t  6 F i s h  marking aJ 
Date s l o t  s lo t  s lo t  s l o t  s l o t  s l o t  s l o t s l o t s l o t  s l o t s l o t s l o t  s l o t s l o t s l o t  f a c i l i t y  

A B C  A B  C  A  B C  . A  B C  A  B C  

4-28 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 . 0  

4-30 - - 5 .9  2.9 2 . 2  3.9 2 . 0  -- 5.0 1.0 * .9 3.0 5.0 12.9 * * 2 . 0  

5-1 -- -- -- -- -- -- 0 - -- -- -- -- -- -- -- -- -- 4 . 0  

5-2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5.0 

U n i t  3 d i d  n o t  o p e r a t e  d u r i n g  t h i s  time p e r i o d .  

* I n d i c a t e s  number o f  f i s h  i n  sample is too small f o r  a c c u r a t e  e s t i m a t e  - less t h a n  50. 



o o q o q ~ ) m o q o q q o ~ ~ o m m  . . . 
~~~~~~~~~~~wmwomm 

d d .-I d 

O U l  l q - l  I I I l r n l l l c o  
I I I * I * I * I  I l l  

CI m  CY II 5 
-PI 

I I rn - I * !  1 I O . I ~ I I I O  I I l l  o 
4J 

w  U-i C*l m  v 0 3 
d n 

u 
w  I 0 l I U - i 1 C Y l C I 1 ~ 1 1 1 ~  rn 

I . * I I I I l l  
rl m  l l m  w  w 0 CI 0 

11 

C  
0 a, 
In aJ 

U 
O U O I ~ W I I ~ I C Y I C I I U I I I I N  2 0 

I - 1 1  I I I I l l  6  (I] 
In C1 w  w  m  m  m  m 

rl r( 5 CP 
C  

u o m g l p o l l w l m l o l d l l l  I - 1 1  I I I I I I +  m m -PI rl 

a, u4 m  m  m m  aJ aJ 
d 5 

O ~ O I O Q I I ~ I ~ I ~ I  1 1 1  
I . I 1  I 1 I * I I I *  

1 2  
u 

m  Q  a w  LD m aJ 
c, 
a 5 
E 
-4 d 
u d I I W  1 1 ~ 1 l ~ l q l v 1 1 1 q  8 

I I I I I I I l l  
6) w  ab w Ic CI " z 

al u 
u a 

U ~ ~ ~ I ~ Q ) I I O I ~ I G I  1 1  1 0  6  0 
I * I 1  I I I *  I I 1  & 

d u3 w  a w Q) 1 C 
0 -4 
U I * *  I I *  I *  I *  I *  I I I *  6  rn * I * *  I I I *  I *  I *  I I I *  -4 

n o" 11 
w al 

r( 
a 

0 6 0  
I I I I I I I 1 I I I I I I I I I - d E  
I I I I I I I I I I I C ~  I I I I U ~ ~  

aJ -PI 
a o o  

0  
w u m  
E  rn 
-d (I] aJ 
u - 4  U 

I ~ 1 1 P J 1 ~ 1 N 1 0 1 1 1  X 
I * I I . 1  I I I l l  

P 0 Q  W  e v a -PI rl 
4 m  a a 

d 

I I o 1 t o 1 m  
s g s  

I * . I 1  9 I I I l l  t n  aJ 
rl m  d r- CY d C  1 

r( d . P I  C a  
LC -A 

I I m 1 1 0 1 ~ 0 1 0 1 e 4 1 1 1 ~ 1  C  I I *  - 1 1  I I I I I I  a s 
CI CI m w  Ic 0 (I] Y 

d a J . 4  6  
u w u  
6  
& U a J  
a J O 4  

m I m l l r ( l 0  IfQ~mlllafl, * I *  l I w  I I . I l l  
a 

0\ m  w  m  r- a s 
u a m  

u ~ m q l q q l l ~ ~ ~ ~ ~ ~ ~ l l l q  I I I . t l l a  
CY w  0 pr) C1 m  m  

rl 2 m a, 
' u a a  

0 & 0 4 m l ~ w I I r ( I L D l C I I e 4 1 1 1 0 * m m m  
I . I 1  I I I * I l l  

m  w  w  m  rl CY m  m  0 0 
4 U . d  4 

-4 'u a 
C C C  
3 H H  

o r ( ~ w m w f - r n 4 m m  
m w m ~ ~ w m r l ~ r l r l r ( r l r l r l ~ m ~ * l  
1 1 1 1  1 1 1 1 1 1 1 1 1  * 
m m m m m m m m m m m m m A A ; a i * *  

u 
0 
rl 
m 
rl 
rl 
a 
3 
a, 
U 
m 
00 

u 
8 
h 
a 
P 
E 
7 
C 
u 
rl 
C 
7 - 
a, 
u 
m 
u 
h 
P 

a 
a 
a 
s 
rl 
a m  
a b 
u m 
m rl 
a - 
4 E 
.,-I m 
d P 
a 
3 a 
7 u 
-7-4 

C 
rr a 
0 h 

L9 
M 
c h 
4 .  
4 3 
m o 
0 GI 
m 
a u 
a m 
u h 
6 4-l 
0 
0 rl 
h rl 
a 0  
Pl aJ 
I W  
I 
a WJ 
a c 
2 2 
rl h 
u cd 
C E 
2 .G 
I m 
I rl . u-4 
0 
rl h 

0 
a 
rl c 
P 0 
m rl w u 

m 
X C 
rl M 
a 4 
c m 
a a 
a m  
3 

tr 
C 
-4 h 
x u 
n -4 
lo d 
E  -.-I 

0 
.c a 
m w 
-4 
E 

u 
d 
tn 

w  
u 

.d a 
c m 

u 
0 4  
d 
tn 

u 
d 
m 

m  
u 

-4 r( 
r= rn 
= c, 

d 
m 

u 
O U  
4 
rn 

w  
u 

-A 
r= rn 
= a  

0 4 %  
d 
08 

* 
m 

u 
.r( 
C 
3 

u 
0 0  
rl 
m 

CY 
u 

u o c a  
-d 4 
I= (D 

='u 
0 4  
rl 
rp 

u 
0 0 .  
4 
P 

d 
c, 

-A 
c La 
= u 

d 
m 

P) 
u 
a 
P 



Appendix Table 10.--continued--Percent descaling of juvenile steelhead by date, unit number and gatewell slot 
designation or fish marking facility at Lower Grantee Dam, 1979. 

Unit 1 Unit 2' ,  Unit 3 3f Unit 4 Unit 5 Unit 6 Fish marking 
Date slot slot slot slot slot slot slot slot slot slot slot slot slot slot blot facility 

A B ' C  A  B C  A  B ,  C  A B C  A B C  

5-3 1 -- -- -- -- -- -- -- -0 -- -- -- mi- -- -- -- -- 5.6 

_a/ Unit 3 did not operate during this time period. 
, 

* Indicates number of fish in sample is too small for accurate estimate - less than 50. 

**  Indicates no sample taken due to excess oil or debris in gatewell or traveling screen obstruction. 

I 



Appendix Table 11.--Date, test condition, transport system water quality data, and delayed mortality of marked 
and unmarked juvenile chinook salmon and steelhead after tranport from Lower Granite Dam to Bonenville Dam, 
19 79. 

Delayed Mortality 

Test 9 Chinook Chinook S teelhead S teelhead 
Date cond. Water quality marked unmarked marked unmarked 

Temp. 
O2 C02 PH No. 8 No. 8 No. % No. % 

(Oc 1 (PPm 1 (PPm 1 held mort. held mort. held mort. held mort. 

Test Conditions 
1 - Transported by truck in fresh water (traditional manner). 
2 - Transported by barge in fresh water. 



Appendix Table 11 .--continued- a ate, test condition, transport system water quality data, and delayed mortality 
of marked and unmarked juvenile chinook salmon and steelhead af"per transport from Lower Granite Dam to Bonneville 
Dam, 1979. 

- -- 

Delayed Mortality 

Test d Chinook Chinook Steelhead S teelhead 
Date cond. Water quality marked unmarked . , marked unmarked 

Temp. O 2 C02 PH No. % No. % No. % No. % 

(Oc (PPm ) (PP~ ) held mort. held mort. held mort. held mort. 

9 Test Conditions 
1 - Transported by truck in fresh water (traditional manner). 
2 - Transported by barge in fresh water. 



Appendix Table 12. --48-h. delayed mortality of marked chinook salmon and steelhead 
prior to barge transport from Lower Granite Dam, 1979. 

Date 

4-25 

4-30 

5-5 

5-12 

5-14 

5-16 

5-19 

CHINOOK 

NO. No. % 
held - m ~ r t .  mort,. 

STEELHEAD 

No. No. % 
held m r t .  mort . 



Appendix Table 13.--Numbers~ofjuvenile chinook salmon and steelhead counted, 
trucked and barged to below Bonneville Dam from Little Goose Dam, 1979. 

Chinook S teelhead 

Numb e r Numb er Daily Number Number Daily 
a I Date trucked barged total- trucked barge a I total- 

~ l l  fish handled at ~ittle Goose Dam were either trucked or barged. 



Appendix Table 13.--continued--Numbers of juvenile chinook salmon and steelhead counted, 
trucked and barged to  below Bonneville Dam from L i t t l e  Goose Dam, 1979. 

Chinook Steelhead 

Number Number Daily Number Number Daily 
Date trucked barged total-  a / trucked barge total-  a /  

- 

All f i s h  handled a t  L i t t l e  Goose Dam were e i ther  trucked or barged. 
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Appendix Table 14. --continued--~ercen t descaling of juvenile chinook salmon by date , u n i t  number, and ga tewell s l o t  
designation a t  L i t t l e  Goose Dam, 1979. 

UNIT 1 U N I T  2 UNIT 3 UNIT 4 UNIT 5 UNIT 6 a_/ 
DATE s l o t  s lo t  s l o t  s l o t  s l o t  s l o t  s l o t  s l o t  s lot  s l o t  s l o t  s l o t  s l o t  s l o t  s l o t  s l o t  s l o t  s l o t  

A B C  A B  C  A  B C A B C  A B C  A B  C  

Indicates number of f i sh  i n  sample is  too small for accurate estimate - less than 50. 

a/ U n i t  6 was not sampled adequately due to  small numbers of f i sh  present throughout the season. 



Appendix Table 15.--Percent descaling of juvenile steelhead by date, unit number, and gatewell slot designation at 
Little Goose Dam, 1979. 

UNIT 1 UNIT 2 UNIT 3 UNIT 4 UNIT 5 UNIT 6 3 
UA'I'E slot slot s lot  s lot  slot slot slot s lot  slot slot Slot Slot slot slot slot Slot Slot Slot 

A B C  A  B C A B C  A B C  A  B  C A B C  

* I n d i c a t e s  numbers o f  f i s h  i n  sample is t o o s m a l l  f o r  accurate  e s t i m a t e  - l e s s  than 50. 

/ U n i t  6 was n o t  sarppled adequate ly  due to smal l  numbers o f  f i s h  p r e s e n t  throughout the  season .  



Appendix Table 15.--continued--Percent descaling of juvenile steelhead by date, unit number, and gatewell slot 
designation at Little Goose Dam 1974. 

UNIT 1 U N I T  2 UNIT 3 UNIT 4 UNIT 5  UNIT 6  2 
DATE slot slot slot slot s lot  slot Slot slot slot slot Slot slot slot Slot slot slot Slot slot 

A B C  A B C  A B C  A B  C  A  B  C  A B C  

5-9 4 .5  8 .4  2 . 6  7 . 9  6 . 7  5.4 --- --- --- --- --- --- --- --- --- --- --- --- 

* Indicates numbers of fish in sample i s  too small for accurate estimate - less than 50.  

a/ Unit 6 was not sampled adequately due to small numbers of fish present throughout the season. - 





Appendix Table 16.--Date, test condition, transport system water quality data, 
and delayed mortality of unmarked juvenile chinook salmon and steelhead 
after transport from Little Goose Dam, 1979. 

Delayed mortality 

a / Test- Chinook Steelhead 
Date cond. Water quality unmarked urnmarked 

Temp. 
O2 C02 pH 

No. % No. % 
held mort held mort 

(Oc) (ppm) (ppm) 

Test Conditions 
1 - Transported by truck in fresh water (traditional manner). 
2 - Transported by barge in fresh water. 



Appendix Table 16.--continued--Date, test condition, transport system water quality 
.. data, and delayed mortality of unmarked juvenile chinook salmon and steelhead 

after transport from Little Goose Dam, 1979. 

Delayed mortality 

a/ Test- Chinook S teelhead 
Date cond. Water quality unmarked unmarked 

Temp. 
O2 C02 PH 

No. % No. % 

(Oc) (PP~) 
held mort held mort 

(PP~) 

aJ T e s t  Condit ions 
1 - Transported by truck i n  fresh  water ( t r a d i t i o n a l  manner). 
2 -   ran sported by barge i n  f re sh  water. 




