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The operation of the  three P i l e  o r  100 Areas requires  the  u t i l i z a t i o n  
of iin appreciakle amcunt of the w t e r  i n  t h e  upper Columbia River which, 3 

under extreme conditions, may approach one per cent of the r i v e r  flow. Such 
extreme conditions can ex i s t  during the winter months when the  r i r e r  i s  2% a 
low stage if a31 thrse  sreas are  operating a t  capacity. Jhch o f  the  water 
which i s  u t i l i z e d  by the p lan ts  is  a l te red  both chemically and physically 
before being returned t o  the r i v e r  end if  present i n  su f f i c i en t  volume might 
be expected t o  exert an e f f ec t  on the f i s h  and other l i f e  of t h e  r iver .  
Yjhat these e f f e c t s  r i gh t  be could not be predicted with cer ta in ty  and con- 
s iderzble  concsrn w2s f e l t  f o r  the  valuable runs of salmon and. other f i s h  
frequentlng m d  spawning i n  the upper Columbia River. 

I n  order t o  determine whether o r  not the  more i m p o r t a t  species of 
f i s h  might be 'named by the presenw of the  e f f luent  water from the Pile 
Areas a laboratory m s  s e t  up i n  the  100-F Area. This laboratory vas ET con- 
s t ructed t h a t  cordit lons which oxisted. i n  t h e  rimr could be duplicated as 
nearly as possible mr? t h a t  the  e f fcc ts  of various concentrations of the area 
e f f luent  water upon c g p  and yomg f i s h  could be s tudisd.  
pages e de t a i l sd  descr ipt ion i s  given of t h e  laborztory conditiDns and of the 
f i r s t  s e r i e s  of expsr imnts  xhlch ;:ere undertaken. 

c 

I n  the  fo1loT;Jing 

SiJI!%"3Y 

Thrs5 separate experimectal studies m e  covered 5n t h i s  report ,  nmely 
a p i l o t  study on chimok salmon f ingerl ings,  an extensive study on s tee l -  
head t rou t  f ingerl ings and a comprehensive study 3n chinook salmon eggs, f r y  
and i icger l ings .  The t e s t  animals 7m-e held i n  vrcoden troughs s imilar  t o  
those  used i n  most f i s h  hatcheries and were subjscted t o  various mixtures of 
t he  area e f f luent  vater  and Columbia a v e r  na te r .  ThG mster mixturcs or 
conditions i n  vhich the f i s h  m r e  held during t h e  p i l o t  experiment and the  
first p m t  of  the steelhezd t rout  experiment xere as follows: 

S t r a igh t  area eff luent  net e r  pzr ti a l l y  cooled. 
Strnigkt  area offlGent water refrigerated. 
One pz r t  re f r igera ted  e f f luent  water t o  500 pa r t s  of r i v c r  R a t a - .  
One pa r t  e f f luent  t o  50 p a t s  of rivc-r ueter .  
3ne pa r t  e f f luent  t o  100 pa r t s  of r i v e r  water. 
One p u t  e f f luen t  t o  250 p a r t s  of r i v e r  va te r .  
One p a t  e f f lu sn t  t o  500 p a r t s  o f  r i ve r  mater. 
3ne pa r t  s f f luen t  t o  1000 per t s  of r ive r  nz te r .  
S t r a igh t  r i v e r  az t e r .  

During the l z t t e r  p a r t  of the  s t e e l l a d  trout experiment and during the 
second chinook salmon experiment, d i lu t ions  of one p a r t  e f f luent  t o  th ree  
p a r t s  r i v e r  water Fmd one p m t  effluent t o  ten par t s  r i v e r  water mre sub- 
s t i t u t e d  f o r  t he  l:5OO d i lu t ion  using r e f r ige ra t e?  e f f luen t  and 1:lOO dilu- 
t ion .  
water control  -7hich m s  run i n  quzdruplicate. 

Anticipated d i f f i c u l t i e s  i n  ths. control  of experimental conditions and 
f i s h  diseases mator id ized  but w r e  l a rgs ly  e l in ina ted  during the  p i l o t  test 

The experimental conditions mero run i n  duplicate except f o r  the  r i v e r  

the early pzr t  of t h s  t r o u t  s tudies .  Inasmch as these ear ly  s tudies  
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vrere included ch ief ly  2s n t e s t  of cquipment md co&it&ons, t h e i r  purpose 
was accomplished aid i n  cddition some evidence of the  e f f e c t  of t h e  verious 
concentrztions of cff lucnt  x t e r  on the f inger l ing  s i ze  salmonoids wcs 
obtained . 

The p i l o t  study demonstrzted tha t  undiluted smtl e f f luen t  ca te r ,  
whether only p m t i c l l y  cooled o r  rc f r igera ted  to r i t h i n  the normal temperz- 
t u re  r m g e  of sclmon, vzs not su i tzb lc  f o r  the survival  o f  chinook salmon 
f inger l ings  and vas occcsionj l ly  quickly lethal. 
di lu t ions  of t h e  eff luent  water might have hcd cerc obsccrad by disease and 
mechmicel d i f f i c u l t i e s .  

Any possible e f f cc t s  qhich 

The steelhczd t rout  experimcnt showed much thc s m e  r e su l t .  Extremely 
hccvy m o r t d i t i c s  occurred i n  tk  undiluted eff luent  n s t e r  and, on occasion, 
i n  a d i lu t ion  of one p m t  e f f lucnt  t o  t h re s  prrts r i v e r  n r t c r .  The presence 
o f  some fcc tor  t o  nhich thc t rou t  nore v e r j  sensi t ive,  (probcbly llCcllo~")y 
k i l l ed  many of the f i s h  i n  the undilutcd a f f luen t  ~ a t c r  on August 31, 1945 
and m a y  more i n  tk undilutcd offluent end 1:3 d i lu t ion  on October 11 and 
16, 1945. The groati i  of the t rou t  i n  both r e f r ige r r t c?  and unrefrigcrated 
e f f luent  ncter  vas nmrkcdly rctarded a d  growth i n  the 1:3 d i lu t ion  vas 
slowed f o r  ;1 short  period fo l lor ing  thc zdverse condition of October 11 and 
16. 
among the t rou t  held i n  d i lu t ions  of t he  m e 2  e f f lu rn t  n&cr,  Tho groxth of 
t h e  t r o u t  :;as a c t u c l l y  f a s t e r  i n  tho 1:3, l:lO, l:5O, 1:25@ and possibly the 
1:500 diliJt ions then i n  s t r a igh t  r i v e r  water. 
vas probably the  r e s u l t  of s l i g h t l y  higher x i t e r  t c q e r a t u r e s  i n  the  higher 
concentrations of thz zrcz cf  f lucnt  a z t e r  . 

There cr-s no othcr clridoncc of increased mortali ty o r  rc tzrded grorsth 

This incrcrscd groy.rth rn t e  

The second chinook sclmon expzrimcnt fwnished e rnorc sens i t ive  t c s t .  
Aevrly f e r t i l i z e d  eggs nerc pzr t icu lcr ly  susceptible t o  the  presence of crea 
e f f luent  wcter and i t s  accomymying higher tcmperctures End those hsld i n  
t h e  unrsfr igercted effluc-nt .i;Ltcr 2nd i n  the  l:3 d i lu t ion  failc-2 t o  develop. 
A lzrge proportion o f  the eggs hsld i n  the  1:lO d i lu t ion  d i d  n5t hatch and 
egg mor tc l i t i es  s ign i f icant ly  highcr than those i n  thc control  l o t s  could be 
demonstrzted s t h t i s t i c a l l y  i n  di lut ions cs high cs one pn r t  e f f luen t  t o  f ivz  
hundred pa r t s  of r i ve r  natcr  . 

Grovth and dcvolopmcnt during the f r y  end f ingerl ing stages vrere erect ly  
retarded i n  undiluted a r m  ef f luent  m t e r  and i n  the 1:3 d i lu t ion  and fur ther  
p rac t i cc l ly  a l l  of t he  f i s h  held i n  thcse water conditions died. I n  the  1:lO 
d i l u t i o n  the  r c t o  o f  mortidity cmong t k  f r y  a d  f ingerl ing sdmon mas great ly  
increcsed, more deformcd f i s h  ;;ere present, 2nd many of the surviving f i s h  
nere emcciated, subnormal i n  size cnd susceptible t o  disease.  However, some 
individuals were able t o  t o l e r a t e  t h i s  concentretion -md made rapid growth. 
I n  d i lu t ions  of 1:50 o r  more the  crcs e f f luen t  wnter  did not Eppear t o  ad; 
versely e f f e c t  eithc-r t he  growth o r  the  mortcl i ty  o f  t he  f r y  o r  f inger l ing  
chinook selmon. 

Gcnorel Progi-m 

A conference -;:as held on the camFus of the University of cc l i fo rn ia ,  
Berkcly, Cal i fornia  3n June 9, 1945 a t  .which the  basic  plan f o r  s tud ies  t o  be 



- . .. . .  .. 
conducted a t  the  Fish Lhborr.tory was discussed and forouleted.  
t h i s  meeting were Col. S. L.  Wzrren, L t .  Col. H. L. Fr iede l l ,  Mcj. A .  A. 
V!hite.md Dr . .Hmlmd of the Xedical Corps . , Manhetten District, and D r  . L. 
R . Donsldson of the University of Rashington. 

A t  tozding - 

It WES the  opinion o f  t h i s  group t h a t  t h e  bes t  way t o  detercine the 
e f f ec t  of t he  e f f luent  water was t o  set up a s e r i e s  of d i lu t ions  i n  mhich 
f i s h  could be reared. The progrcn of  f i s h  s tudies  was t o  be synchronized es 
nearly as possible with the  expected sequence of events as they mould  effect 
the  na tura l  runs of  f i s h  i n  the  r iver .  

One se r i e s  of experinonts was t o  include the rezr ing  of chinook sal~ilon 
f ingerl ings,  eggs, f r y  and advanced f r y  under the various mater conditions 
availeblo a t  the lzboratory. Studies mer0 t o  be made on mortali ty,  growth 
i n  neight,  growth i n  length and such other  c r i t e r i a  on the  physiological 
condition and v i t a l i t y  of the f i s h  as would seem useful  i n  evaluating the 
the  e f f e c t  of the e f f luent  natar .  

A second ser ies  o f  experiments vrould use se l ec t  steelhead-rcinbow stock 
as tes t  animals so t h s t  i n  cddition t o  the  da t a  gathered on t h e  s a o n  a 
se r i e s  o f  spaming s tudies  could be worked out t o  t e s t  the e f f e c t  of the 
effluent on t h e  reproductive czpacity o f  t he  f i sh .  

Laboretors Conditions 

The laborztorg f c c i l i t i c s  c m l d  accomodato tventy l o t s  o f  f i sh .  Horn- 
ever, each d i lu t ion  3r mater mndi t ion  I ~ S  t o  be run i n  dupliczte,  n i t h  the  
exception of the  "control" l o t s  i n  s t r a igh t  r iver  watcr vherc it K ~ S  thought 
best  t o  run qu2druplicatcs cnd thus nino conditions could be studied a t  one 
time. The d i lu t ions  t o  be used i n  t he  laboratory verc crrulgcd so t h e t  con- 
d i t i ons  both above end belon those expected t o  c x i s t  i n  the r ive r  could be 
evaluated. After coEpletc nixing i n  the Calurbia c: naxinm s f f luen t  t o  
r ive r  i7cter r c t i o  o f  1:lOO c igh t  bc possible during the low r i v e r  s t q e  i n  
November, Dscenbcr End Janucry. 
Since the salmon 3rd t r o u t  normally rrould r eac t  unfcvorcbly t o  the warn 
temperature o f  thc cff luent  vatcr ,  regordless of other  physical  and chenicel 
chmac te r i s t i c s ,  cxperinental conditions ncrc t o  be included Rhich would 
u t i l i z e  cooled eff luent  wzter, 

i.n average r a t i o  of 1:500 wcs expected. 

The proposed combinctim Df d i lu t ions  TOS as f o l l o w :  

Lots 1 & 2 . 
L o t s 3  & 4  . 
Lots 5 & 6 . 
L o t s 7 & 8 .  
Lots 9 & 10 , 
Lots  11 & 12 
Lots 13 & l.4 
Lots 1 5  & 16 
Lots 17, 18, 

. . . . . . 100% e f f luen t  mter. . . . . . . 100% ef f luent  na te r ,  refr igerated.  . . . . . . . 1 p a r t  re f r igera ted  e f f luen t  water t o  

. . . . . 1 p m t  e f f luen t  t o  50 p a r t s  r i v e r  mater. 
,. . . . . . . 1 p s r t  e f f luent  t o  100 parts r i v e r  wzter. . . . . . . 1 por t  e f f luen t  t o  250 p m t s  r i v e r  mater. . . . . . . . 1 par t  e f f luen t  t o  500 p s t s  river vater.  . . . . 1 p a t  e f f luen t  t o  1000 pa r t s  river wcter. 
19 & 20 . . . 1005 r i v e r  ncter .  

500 p a r t s  r i v e r  water. 

1 
/ 

(1) ltFrogran of Fishcr ies  Experiment f o r  the Hanford F ie ld  Laboratoryll 
Transmitted t o  Pi. 0. Simon by Major A .  A.  mite, 9 July, 1945. 
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A p i l o t  experiment of about six week's durat ion V J ~ S  t o  run from July 10 
t o  ih~gust 20, 1945. T h i s  t r i a l  experiment was t o  serve as a t e s t ing  period 
thus affording an opportunity f o r  correct ing mechanical defects  and gaining 
EA background of information t o  be used i n  determining t h e  d i lu t ion  levels t o  
bo used i n  subsequent experiments. 

Following the p i l o t  experinent 2 period of readjustment was t o  extend 
During t h i s  period equipment was t o  be repaired,  d i lu t ions  i n t o  September. 

regrouped, end adjustments nade t o  prepzre the  laboratory f o r  t h e  subsequent 
experinents. 

The adul t  chinook salnon t h a t  migrate up tho Colmbia River during the 
spring m d  surmer mnths  reach na tur i ty  mid spann i n  Septenbar and October. 
The s tudies  a t  the Fish Laboratory nere t o  be arranged t o  follow, as  nearly 
as possible,  the e q c c t e d  stcges of development of t he  progeny of such adults. 
A s  soon as t h e  twpcra tu re  of the Colmbia hcd fa l len  t o  13'- U°C, t h a t  is 
when the x t e r  wcs cool cnmgh t o  pcrmit a nornal development o f  eggs, fer t5-  
l i zed  chinook s n k m  eggs ncrc t o  be brought t o  the  laborntory and incubated 
under the vcrious r a t e r  conditions specified . 
be neds on t h e  dcvcloping eggs and 3n the young f i s h  or  f r y  vhich hatched 
from the eggs. Folloning the  egg cmd yolk sac f r y  experiments, t he  problen 
mas t o  be continued using thc  young sclnon ohich reached the feeding stclge. 
A r ed i s t r ibu t ion  of the  t e s t  animals using e i t h e r  a f r e sh  stock o r  by divid- 
ing the  llexcesstl control f i s h  night  prove opportune a t  t h i s  t im .  

Appropriate s tudies  were t o  

The surviving stcolhccld t rou t  used i n  the  prcl ininary experiment during 
t h e  s m e r  aere t o  be held i n  the  various concentrctions of area e f f luent  
uciter u n t i l  l a t c  i n  Decmber, 1945 o r  u n t i l  such t i n e  as t h e i r  size ncde it 
iEprac t ica l  t o  hold ther, i n  the laboratory troughs. 
returned t o  the h d d i n g  ponds a t  the University rhere  they could be reared 
t o  na tur i ty .  

EQUIPfiENT ARRI'INGDZNZ ( 1) 

They would then be 

General 

The Fish Labmatory i s  housed i n  a Pac i f ic  Hut providing approximately 
. 

These troughs zre wranged i n  pa i r s ,  n i t h  a comon wall between onch 
Each trough i s  provided with mater supply, screens, beffles end drains 

1,280 square f e e t  of f l o o r  space. 
nately twelve f e e t  long by tnelve inches wide by nine inches deep, are  pro- 
vided, 
pa i r .  
8s required t o  conduct t he  expericents. 

Twenty hatchery troughs, each cpproxi- 

. The laborctory i s  a l s o  provided with food storage bins,  a deepfieeze 
uni t ,  I household re f r igera t ion  un i t  and en e l e c t r i c  neat chopper f o r  the 

(1) The arrangenent described here is, i n  many cases, somewhat d i f f e ren t  
t h m  t h e t  o r ig ina l ly  provided since changes viere found necessary i n  
order t o  na in ta in  sa t i s fcc tory  operating conditions The reader .  i s  
re fer red  t o  zn o a r l i o r  docunont, "Fish Lcboratory Experiepce t o  
December 25, 19L511 f o r  a descr ipt ion 3f t he  o r ig ina l  arrangement and 
modificztions t h a t  were found nwgssmy. 

' 
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storage and meparat ion of f i s h  food. 
scopes, balance-type scales,  cn adding nnchine, a calculat ing machine and z 
l imited m o u n t  of chemical glcss w e r e .  Portions of t he  building are psr t i -  
t ioned 3ff t o  provide o f f i ce  space arpd house t o i l e t  f a c i l i t i e s .  

Technical equipment includes micro- 

River Water Supply 

Rivcr wctcr i s  supplied to  the kboratory v i a  a six inch nnin origina- 
t i n g  fron t h e  energency m t e r  supply line t o  the main hrea  Reservoir (Bldg. 
182). Pressure from the River Pung Eouse (Bldg. 181) elevctes  the  mater i n t o  
Q 250 gal lon head tank before it enters  the Leboratory. 
equipped with a f loz t  v d v e  and ove r f lm  t o  maintain a c o n s t m t  head (10 ft. 
H$). The elevat ion of t h i s  t d  is s l igh t ly  higher than tha t  of the  main 
reservoi r ,  so i t s  f i l l i n g  requires del ivery fron the  River P m p  House. In  
t h e  event of an outcge of t he  l a t t e r ,  t k e  head tank m y  be by-pcssod t o  allow 
vfatcr f ron  the  rcservoir  t o  flow by grzvity d i r ec t ly  t o  the  Laboratory. 

The hezd tznk is 

A 16-nesh "top hat" s t r a ine r  i n  the  head tank prevents s o l i d s  i n  the  
The r iver  water f ron  entering the  Lciborctory a d  clogging cont ro l  valves. 

lcrboratory i s  supplicd with the r i v e r  xz te r  f ron  the head t m k  viz  a &inch 
header end Troughs 5 t o  20 inclusive,  a r e  fed  by one-inch downconers fron 
this header. The flow t o  ezch trough i s  controlled by 3/8 inch gate vdves .  

Area Effluent K'cter Suppl.g 

Fzrn p i l e  e f f luent  fron the Retention Bcsin (Bldg. 107) is combined ;-rith 
all other area e f f luents  et  t h e  ncin sever junction (Bldg. 1904.). 
m e a  ef f luent  nater  i s  del iver& t o  the Fish Laboratory v i a  tno c e n t r i f u g d  
punps, each powered by 7.5 E. P .  induction motors. 
pressure of approximtcly 80 p s i  egainst  a closed discherge. 
(Bldg. 117) was erccted t o  h3use these punps, only 3nc o f  nhich i s  no rml ly  
operrted while t he  second i s  held GS stand-by. 
s t r a ine r  mas i n s t z l l ed  i n  the puap discharge header a t  the  Punp House t o  
prevent t he  passage 3f cocrse so l ids  t o  the hezd t m k s  of  t he  Fish Lzborctory. 
I n  k y ,  1946 t h i s  * m s  supplemented by c sznd t rzp.  

This pixed 

These pmps develop a 
The Purnp House 

In  October 1945, a 20-resh 

A port ion of  the  =eo Gffluent va tc r  delivered t o  the  Fish Laboratory 
i s  directed i n t o  a 25 gal lon head t m k  located on the  sane platform as  the  
river ?rater head tank. 
overflonr t o  na in ta in  n constant heed (7 f t .  H2O). 
1 Q inch header fror! t h i s  t m k  YES reduced t o  
7 t o  16 inclusive.  
Hovever, sat isfzctory flow could not  be naintcined n i t h  t h i s  systen. 
leter experiments a 12 4 gal lon  hecd tank was instal le t !  inside the  labcratory 
and supplied by the 3 inch header nent iomd above. 
ta ined a constant head of r?pproxinctclg 2 f ee t .  
from glass  tubing syphoned rima eff luent  mater fron t h i s  tank t o  Troughs 9 
t o  16 inclusive.  A glass c a p i l l a y  tube of a d i m e t e r  yielding approxinately 
the desire? flom m s  connected by rubber hose t o  the  end of  each -8 inch down- 
comer tube f r o n  tha hcacler. 
lowering the ccpi l lcry.  
provided with rubbcr tubing connections f g r  glass  tube or i f ice? .  

This tank clso i s  equipped n i t h  a f l O &  valve mc! 
For the  p i l o t  t e s t s ,  a 

inch dianeter  t o  feed Trsughs 
A a inch domionsr a i t h  needle valve supplied each trough. 

For 

This scall tank  nain- 
A a inch hecder fcbr icated 

Fine f low c m t r o l  was obtzined by r a i s i n g  o r  
The Q inch downconers ts Troughs 7 and 8 were d s o  

Salmon and t rou t  cmnot  survive f o r  an extended period i n  water Werner 
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t h m  q 0 C .  
generally exceeds t h i s  linit somi3 cooling was necesscry before del iver ing it 
t o  Troughs 1 and 2 .  
House i s  directed in to  Q s e r i e s  of coolin,o c o i l s  l a i d  i n  a d i tch  i n  the f loo r  
of the  lcboratory. 
t h i s  d i t c h  and e f f ec t s  cooling of the effluent irater i n  the co i l s ,  reducing 
t h e  tenperaturo t3 a i t h i n  40 t o  6% of  t h a t  o f  the  r i v e r  water, 
t i a l l y  co3led water i s  then directed i n t o  two commode-type reservoirs ,  com- 
p l e t e  x i t h  f l o a t  valves which reduce the pressure and n d n t a i n  a cms tzn t  
head of about 4 f e e t .  
eech corrunicctes with c comon hezder supplying Troughs 1 and 2. 
t o  each trough i s  regulated by a 3 inch gate  valve. 

Since t h e  temperature of the are2 e f f luent  water (25' t o  30') 

P second p o r t i m  sf the  e f f luent  Prater froln the  Pump 
?) 

The water dischzrged from the f i s h  troughs f lows through 

This par- 

These tanks =e =ranged t o  operate i n  p m d l e l  a d  
The flow 

k t h i r d  port ion of t he  m e a  ef f luent  water from t h e  Pw-p Rouse i s  d i r -  
ected i n t 2  cmthor  s e r i e s  of cgoling mils  ncrrrly iden t i ca l  v i t h  thDse des- 
cribed above. 
f i n a l  cooling of the ve te r  i s  accmplishsd i n  tm freon r e f r ige r r t i on  units 
of tho evaporctor-type, e.ch witk a ccpacity of  apprgxinately two tons . 
These r e f r ige rc t ion  un i t s  =e oporntccl i n  pn ra l l c l  2nd the  tenpErature of  
t he  water i s  controllcd by a t h e r m s t a t i c  sn i tch  ivhich cu t s  the  un i t s  i n  o r  
out as required. 
insulated 25 gel lon hecd tank loccted on t h e  sarno pla t forn  with the two large 
head tanks previmsljr  describod. 
i s  also equipped with c f lmt  vzlve and m e r r ' l m  l i n e  to  maintain a c m s t m t  
head (7 f t .  EIzC)) 
Troughs 3 and 4 v i a  13 inch insulcted l i ne .  
letee! by 3/8 inch gate valves. 

I n  t h i s  incidence they Elre cz l led  pre-cooling c o i l s  since 

The refr igcrcted e f f luent  mater i s  f i n a l l y  delivered t o  rn 

This hccd tcnk fgr the  re f r igera ted  vater  

Fron t h i s  hczd tank re f r igera ted  water i s  supplied t 9  
The f l m  t o  each t rmgh  i s  rcgu- 

During the  p i k t  t e s t s  a s;noll z,ount of re f r igera ted  c f f lucnt  m t c r  
VES a l s o  supplied t 3  Troughs 5 end 6 v i a  3 a inch hecder ex tens im 3f the 
l i n e  supplying Troughs 3 and 4 .  Gless czpi l lc ry  tubes mnnected. t:, down- 
cqcers frm the  * inch hccider v i a  rubber hose contrglled the flm. 

The e f f luen t  water hezders supplying Troughs 1, 2, 3 and 4 acre e lso  
crQss-cmnccted t o  the r i v e r  water hecder so tha t  these t r m g h s  could. be 
t e n p o r n i l y  supplied with r i v e r  :;tEtcr i n  the  event of m m t c p  of  the eff lu-  
en t  m t e r  y x p s  . ' 

L'iiscellanems --- 
An ala= system operates on the  m e a  e f f luen t  we-ter supply a d  sounds 

Ehen head i s  13st i n  the  refr igerated e f f luen t  head tank. 
vents an unnoticed f d l u r e  of eff luent  water supply which aould r e s u l t  i n  
cmple t e  b s s  rsf f low t o  Troughs 1, 2, 3 an2 4 .  

This olarn pre- 

Two 4-point Leeds and Northrup tmpera tu re  i n s t r m e n t s  record the 
weter temperature i n  e ight  of the t w n t y  t rmghs .  
equipped with alarm t r i p s  which m r n  o f  abnormally high tmpera tures .  
counting rate ne ter  records the  a c t i v i t y  of t he  =ea ef f luent  water i n  
Trough 2. 

These instruments are  
A 

c - Plate I shows t h e  arrcnzorncnt zJf the troughs and of  tho r i v e r  m d  area 
c> ef f luent  water supplics; t he  control  panel of t he  r e f r ige ra t ion  un i t s  cnn be 
-1 seen i n  the  beckgrmnd. P la t e  I1 s h x s  the  end of t he  labmatory  gpp3sitocto 

c LE- - 6 -  
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PLATE I 

General view of  the  Fish Laboratory 

Troughs end Mater supply systems are  shown i n  t h e  foreground, 
r e f r ige ra t ion  equipment i n  the  bzckground. 
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is s i t u k e d  beymd the p k t i t i m .  
p n r a t i m  mea and equipnent. 

Plzte.111 shms  the  fo2d s twage  and prc- 

Gper a t  i n s  Pers wine& 

The m i t o r ,  designate2 c senior supervisor i n  the ItFtt  Depzrtnent VJCS 
responsible f3r the Fish Laborat3ry en6 t h e  a p c r i n e n t c l  nork.  
by K r .  A.  C. Schroi?er, an ttklt qperatm regularly assigned t o  the  d ~ y  sh i f t .  
The lEboratory W ~ S  operated durin.2 the 4-12 m C  12-8 s h i f t s ,  and during r e l i e f  
peri3ds by sn qpcrator a s s i p d  fQr t h i s  purp%x t o  emh  3f tho fmr s h i f t  
crews mrking  i n  the  ItPI1 DeFartiient p x t i m  sf the  1Q0-F Area. 

He was assis ted 

Care 3f Tcst i n i n a h  

Care of the eggs an? y ~ u n g  f i s h  f3llmec! standard hatchery practices.  
krory a t t m p t  1 3 s  crZe t-, subjec t  d1 7 f  t he  t e s t  c rmps  t3 the sane m o u n t  of 
handling, c m e  and t rcntcent .  

A l a rge  p w t i m  g f  the  i i e t  T f  the  f i s h  c m s i s t d .  o f  condenned beef l iver 
qbtaineci f r e sh  f rm 1 slnughter hmsc i n  Kennewick, Washington, approxir?ztely 
every tw3 weeks. 
d i a t a ry  supplcnents, and v i t h  f rmcn salccm carcass, 3r con6enned canned 
sa1r.m. A Mxture vas nade up f resh  t v m  t-, three  t i c e s  a mook and the  f i s h  
were f ez  all t ha t  they a m l d  c3nsuye mithout waste. 
ranged frw a b m t  six f e d i n g s  ?oily f9r 36vanced. f r y  t o  trro feedinrs  da i ly  
f 3r l m g e  f ingerl ings .. 

This liver wes usuolly mixez with a prepare?. nea l  cmta in ing  

Frequency 3f feeding 

F r m  t i c e  t q  t i a e  it iycs necessary t g  t r e c t  the  f i s h  t q  cqntr3l  disecse 
Cccasionally a c x z c r c i d  gcrnacide, "RXc31tt, was used 3r as a pr9,phylmi.s. 

a t  a d i l u t i m  3f 1/5000 f x  a pcriDd 3f me h m r .  
the mter i n  e a c h - t r x q h  mas re-circulated by cent r i fuga l  p ~ ~ p  f w  3 few 
ninutes t o  insurc suf f ic ien t  a e r 2 t i m  If the  water and t o  accsrnplish cg,rr.plet@ 
nixing Qf the chemical. Comon s a l t  vrcs administere? weekly c!uring warn 
neather n t  a strength ,2f three per cent f m  a period of one-half hour. 
fev occasims it m s  ncoesscry tg add 0.2 per  cent o f  the  d r w  "Ccrbarsonet1 
t3 the d i e t .  
i n  f o l l m i n g  s e c t i m s ,  

During such t rea tnents  

On a 

The necessity f x  the  m e  of these chemicals will be described 

c 

cs 
4 
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Contrql of 'IJater F l m s  

An attempt vas nade t q  maintzin the flow o f  water through most of the  
troughs a t  8 r a t e  of f i v e  ga l lons  per minute. 
pre-cooling c o i l s  an2 the  re f r igera t ion  u n i t s  was not g rea t  enough t o  pro- 
per ly  c ~ o l  t h i s  wmnt of water f o r  Troughs 1, 2, 3 md 4. The flows t o  these 
fmr troughs then, r:as held as nemly a s  possible t o  three gallons per  minute. 
The flows t o  two of the f o u r  cqntrol  troughs '3n s t r a igh t  r i v e r  water, Troughs 
19 and 20, zere a ls3 re2uced. t s  three gal lon per ninute so  t h a t  any difference 
i n  t h e  c3n2ition Qf the f i s h  c t t r i bu tcb le  t o  a f l o w  of  th ree  r a the r  then f ive  
gallons per minute, might be recognized. I n  the  troughs receiving both r iver  
ond m e a  ef f luent  s r t e r ,  the conbinc-d f h w  was regulated as nearly as precti-  
ca l  t o  f i v e  g a l l m s  per ninute.  

However, t h e  captlcit ies of  t he  

i DECMSSIFIED - 9 -  



wag measured twice each s h i f t  or  six times a day. Any flow found t o  he in-  
correct  was readjusted t o  the  proper level .  
by running t h e  water i n to  a glass graduated cylinder for a de f in i t e  period, 
timed by a s top watch. 
of flow t o  each trough could be kept. A typ ica l  record sheet f o r  t he  chin- 
ook salmon experiment i s  shown i n  Appendix Table 1. 

The r a t e  of flow was measured 

Form sheets  mere provided so that  a record of r a t e  

- .. 

The gate valves o r  g lass  capi l la ry  tube tips described under 
flEQUIPMENTtt maintained the  desired rates of flow nith the  following success: 

The 3 /8  inch gate valves on the r i v e r  weter supplies maintained a 
flow within f ive  per cent of the desired l e v e l  about 97 per  cent of the time. 
The g lass  cap i l l a ry  tube o r i f i c e s  on the e f f luen t  water supply mzintained a 
flow mithin f i v e  per cent of the desired l e v e l  about 85 per cent of t h e  time. 

The 8 inch gate valves on the eff luent  water supply t o  Troughs 1 
and 2 and the  3/8 inch gate valves on the e f f luent  :rater supply t o  Troughs 3 
and 4 maintained flo;is :.!itPAn f ive  per cent of the desired l e v e l  about 94 per 
cent  of the time. 

Collection of  D e  

-4 d a i l y  record w a s  kept of the  number of f i s h  dying i n  each trough. 
Mortal i t ies  among the developing eggs vere removed at  appropriate intervals .  
meights of the  f i s h  were teken every two neeks and length measurements were 
made every f o u r  weeks. Observctions on the  condition, ac t ion  and appemance 
of the f i s h  mere recorded as the occesion maranted. I n  addition t o  the con- 
tinuous instrument record of the temperctures i n  e ight  of t he  troughs a da i ly  
record vas made of the temperature i n  each pz i r  of troughs. 

I n  order t o  obtain the  sverege weight of a l o t  of f i sh ,  a 1 a g e  
sample o r  i n  some ceses a l l  of 8 group vias counted out  i n to  a bucket of  rrater. 
These f i s h  were then emptied from the  bucket i n t o  a net and the excess vrzter 
allowed t o  d r a i n  o f f .  
counter-balanced on a scales .  
sented the  weight of the f i s h .  
t he  f i s h  were neighed individually using a s imilar  technique. 

Then t h e  f i s h  7 ; m - s  placed i n  2 pan of na te r  previously 
The increased weight of t he  pen of water repre- 
At t he  termination of steelhead trout studies,  

The f i s h  were small and of uniform s i ze  a t  the s t m t  o f  experiments, 
2nd could be held f o r  measurement by guiding them i n t o  a piece of g lass  tub- 
i ng  -ria a funnel. 
then applied t o  a millimeter rule i n  order t o  obtain t h e  retiding. Larger 
f i s h  were held f o r  measurement by covering them with a wet sheer piece of 
cot ton c lo th  which held them against  a. boerd. 
through the wet cloth and were measured with dividers  a d  a millimeter r u l e  
as before. 
tance from t h e  t i p  of the  snout t o  t he  base of the caudal f i n  rays. 

Their length was fixed on a p a i r  of  d iv iders  which were 

The f i s h  could eas i ly  be seen 

I n  every case the  "standmdll length was taken, which i s  the dis- 

During the incubation of f i s h  eggs the time o f  removal of martal- 
i t i e s  does not nccessmi ly  coincide with the  time o f  death o r  s tage of devel- 
opment of the  embryo. 
which eech egg diEd it ms f i r s t  necessciry t o  "clear" it o r  render it t r ans -  

I n  order t o  determine the stage of development a t  

parent. This-mas done by plzcing it i n  a- so lu t ion  of common sa l t .  v7hich 
--t _ _  
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dissolved the  precipi ta tcd yolk matorial. 

-solution. 
wcs eas i ly  seen and could bo tabulated. 

Ncxt the embryonic t i s sue  mas ' >. 
znd made opcque by adding o sclall amount of ace t ic  Eicid t o  the salt 

I n  th5  cleored and fixed eggs the s tage at which the embryo died 

: i  
I 
4' 

Control of Water Temperatures 

F ish  m e  cold blooded aninols and t h e i r  metabolisn i s  governed 
l m g e l y  by the  temperature of t h e  miter around them. 
hcs cn optimum temperzture range which mey change s l i g h t l y  with age and devel- 
opment. Chinook salmon f ingerl ing,  fo r  example, appear t o  th r ive  bes t  betmen 
about 10' and 15OC. 
high temperctures may be l e tha l .  

Each species of  f i s h  

Low temperatures r e t a rd  gronth but also i nh ib i t  disease, 

Figure T shows the  tecpcr2tures of various wzter conditions which 
exis ted et  the Fish Laboratory during these experiments. 
meek of October, 1945, t he  tenperzture of t he  re f r igera ted  e f f luent  water mas 
so  regulated thz t  it coincided n i t h  thc t  of the r i v e r  water. 
uncooled e f f luen t  water addcd t o  f i f t y  p e r t s  of r i v e r  woter rc ised the  tmper-  
ature cbout 0.2' t o  0.3OC. 
ra i sed  the  temperature about l , O o  t o  2.OoC. 
Troughs 1 and 2 was cooled with the water draining from the  troughs 2nd more 
closely followed the trends of the r i v e r  water than those of the uncooled 
effluent but vas generally 5' t o  6OC wormer than the  r i v e r  water. 
Diluting the e f f luent  with three przrts of r i v e r  water cooled i t  t o  a tcnper- 
a ture  a h o s t  i den t i ca l  t o  thrit of  the  e f f luen t  i n  Troughs 1 md 2. 

After the first 

One pxrt  of 

Cnc p x t  e f f luen t  i n  t e n  p m t s  o f  r i v e r  mater 
The e f f luent  wcter supplied t o  

PRELIBINAFiY STUDIES 9N CHIND3K SLL1Z% FINGERLINGS 

Purpose 

The Fish  Lcboratory containcd, by necessity,  s e v e r d  untr ied mcch- 
anical  and biologicnl  fee tures  ond, i n  mcny aays, deviated from conventional 
design. 
within l i m i t s  to lerable  t o  t h e  experiments on f irst  t r i d  was indeed remote. 
obviously the  f i rs t  t e s t s  which were run, or  z t  l e c s t  the  ear ly  pc r t s  of them, 
would hme to be considered as t r i a l  or  p i l o t  s tud ies  during which time mech- 
znical  d i f f i c u l t i e s  could be corrected, techniques could be developed and 
rough approximctions of the e f f e c t s  of the  verious concentrations of e f f luent  
m t e r  could be gzined. 

The probabi l i ty  tha t  a l l  feztures  mould opercte s c t i s f a c t o r i l y  m d  

This sect ion covers just  such a t r i a l  period. 

Sr ia in  o f  the  Test Animals 

Chinook sclmon f i n g e r l i q s  cverctging cbout four inchss i n  length 
were used i n  t h i s  study. The parents of these f i s h  were members of a rcce 
entering Spring Creek a t r i bu ta ry  of t he  Columbic River nenr TEJhite Salmon, 
Washington. 
Fisher ies ,  University of Vzshington, 
had reeched a s i ze  and age n t  vhich they might be expected t o  migrate down- 
s t r e m  t o  the oceon, and tfius were s imilnr  t o  young chinook salmon migrants 
which might be found i n  the  Columbia River i n  the  v i c i n i t y  of Hanford. 

The offsprings themselves had been reared 2 t  the  School of 
By ea r ly  summer o f  19.45, these f i s h  

The 2,130 f i s h  used i n  this experiment were brought t o  the Fish 
Laboratory from Sec t t lo  on Ju ly  9, 1945. They were transported i n  a small 
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f i s h  tcnk omned by the University of Tkshington. 
Laboratory the  s a h o n  were tempered with. r i ve r  water fo r  about forty-five 
minutes end t h m  placed i n  Troughs 17, 18, 19 and 20 f o r  fur ther  accl inat i -  
zet ion t o  the  Colmbia River mater before being subjected t o  the vcirious dilu- 
t i ons  of  e f f luent  water. 

On a r r i v a l  a t  the Fish 

Experience and Conditions 

!?ithin tmnty-four hours d t e r  wrivcll zbout t on  per cent o f  the 
salpon developed a s w e r e  ffgcs bubble'! disease which mused the f i s h  t o  becone 
llpoF-eyedll 2nd t o  develop gcs b l i s t e r s  under the  s k i n  m.d nenbranes of t he  
eyes and nouth. 
i n t o  a nev n c t s r  enviromcnt of d i f fe ren t  physical  znd cherAcal propert ies  and 
Core spec i f i ca l ly  by thc f a c t  t h c t  the r i v e r  miter a t  t h e  Fish Laboratory i s  
supersaturated v:ith dissolved gnses, The disease g r d u n l l y  disappeared over 
a pcriod of about three meks T.:ith c ro.sultant mortali ty o f  cbout f i f t e e n  per 
cent  of the s a h o n .  Kcny of the nost severely effected f i s h  improved repidly 
after being p l x e d  i n  s t r a igh t  Effluent wator  ahich had a loxer gzseous 
content . 

This disecse m s  probably caused by t h e  t r m s f e r  of  t he  f i s h  

After t he  f i s h  hzd becone acclincted t o  the  Columbia River na te r  f o r  
2 period of tno weeks, they m r e  divided i n t o  twenty l o t s  of zbout 100 f i s h  
each and d is t r ibu ted  mong the  troughs. . 
design an c t t e r p t  mas nadc t o  cc in t a in  the  follovring weter conditions i n  the 
vmious troughs : 

I n  keeping with the experinental  

Trough No. 

1 & 2  
3 & 4  
5 & 6  
7 & %  
9 & 10 
11 & 12 
13 & l.4 
15 & 16 
17, 18, 19 & 20 

- R n t i o  of Area Eff luent  t o  River Yater 

100% e f f luen t  ( p m t i a l l y  coolEd) 
loo$ e f f luen t  ( re f r igcrz ted)  
1:500 (eff luent  mcter refr igcrzted)  
1: 50 
1: 100 
1: 250 
1: 500 
1: 1000 
lOC$ r i v e r  water 

At t h e  t i ne  when ef f luent  water mas f i r s t  s t a r t e d  flowing i n t o  the  
troughs July 23, 19.45, nnjor piping changes and other  a l t e r z t ions  o f  the 
supply and cooling systens t o  Troughs 1, 2, 3 and 4 were s t i l l  being cadc and 
these u n i t s  could not be used. Neither VJZS the  e f f luent  mntcr being supplied 
t o  Troughs 5 and 6 refr igerated.  
considerable d i f f i c u l t y  was experienced i n  cont ro l l ing  the  flows of r i v e r  m d  
e f f luen t  water and thus the vzrious d i l u t i o n  l eve l s  f luctuated over a wide 
range and could not be nainteined within thc desired l eve l s  for  my  length of 
time. 
c u l t i e s  hsd been corrected t o  a degrei! which permitted t h e  operation of ill 
troughs and the  re f r igera t ion  u n i t s  and thus made i t  possible t o  follow the  
specif iczt ions l a i d  down i n  the o r ig ina l  plan within l i a i t s  epproaching the  
f igures  given on pege 10, During the  middle of Septernber, however, t he  f i s h  
i n  Troughs 3 and 4 were pleced on s t r a i g h t  r i v e r  water f o r  a pcriod of three 
days while r epa i r  r;ork being done on the  r e f r ige ra t ion  units.  

During the f i r s t  few weeks of t h e  experinent 

By t h e  l a t t e r  p m t  of August, 1945, nost of the  major nechan ica ld i f f i -  
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r-*. I -  ? During t h i s  experiment the temperature of the refr igerzted e f f luent  
water vas regulated t o  about U0C,, which i s  within t h e  normal range f o r  
chinook salmon. This temperature was lower than tha t  of the r i v e r  water 
19.5°C., which was above the optimum range f o r  salmon, A colder tempera- 
t u r e  was used i n  order t o  help control  disease and e n t i r e l y  eliminate the 
temperature f ac to r  . 

Fish were f i rs t  placed i n  straight eff luent  water (cooled t o  22OC.) 
This group was made up of 50 f i s h  and was designated Lot 

m e n  f i r s t  placed i n  the s t r a igh t  e f f luent  water, t h e  f i s h  were some- 
on July 27, 19.45, 
2-A. 
ghat  nervous, and t h e i r  resp i ra tory  movements increased i n  r a t e .  Such a 
reac t ion  could be expected, honever, from the  excitement of t h e  t ransfer  
alone. A few hours l a t e r  t he  f i s h  showed a passive i n t e r e s t  i n  food. 
i n  the zfternoon a temporary outcge of the e f f luent  mater pump caused a 
stoppage of f l o w  t o  these f i s h  f o r  about f i f t e e n  minutes; t h i s ,  however, did 
not  result i n  obvious d i s t r e s s  i n  the f i sh .  

Lzte 

By the  folloviicg morning all but eight  of t he  f i s h  of Lot 2-A xere 
dead. Dissection o f  specimens which had recent ly  died showed no a p p e e n t  
anatomical abnormalities. Since this was the f i r s t  group of f i s h  which hzd 
been subjected t o  the undiluted eff luent  Eater, it was not considered un- 
usual  a t  the  time t h a t  most of them should be k i l l ed .  Evidence accumulated 
l a t e r ,  honever, indicztes  t h a t  t h i s  was en unusual occurrence and mas prob- 
stbly due t o  the  presence i n  the eff luent  water of  z soluble oil (t lCalol") 
used during p i l e  metal displccement operations . 

A second group o f  f i s h  mde up of 50 individuzls which had been held 
i n  reserve i n  s t r c igh t  r i v s r  nnter and a t h i r d  group composed of 52 individ- 
ua l s  removed from vclrious other troughs because they had ttg2s bubble" disease 
were placed i n  the p c r t i a l l y  cooled eff luent  water on July 28, 194.5. 
diseased f i s h  were used t o  moid a needless s ac r i f i ce  o f  many good f i sh ,  
s ince it ces e q e c t e d  t h a t  most of then rtrould be k i l l e d  by the eff luent  
water during t.he f i rs t  txelve hours' exposure, as had happened t o  Lot 2-A .  
However, the  e-ectad heayr mortali ty d id  not mzterialize,  md t he  Itgas 
bubbles'1 began t o  d i s q p e a r  from the diseased f ish.  

The 

A fourth group o f  f i sh ,  xhich mas made up of  50 salmon t h a t  had been 
held i n  ressrve i n  s t r a i g h t  r i v e r  n s t e r  was plzced i n  t h e  p e r t i a l l y  cooled 
e f f luent  m t e r  on August 1, 1945. 
necesscry t o  combine these f i s h  w i t h  those surviving i n  Lot  2-A (which now 
to te led  6) . Likewise, it was 
necesszry t o  com$ine the second group -nith the  t h i r d  group (recovering from 
the  "gas bubble" disease) t o  form a new group which was designated Lot 1-B. 

Because of space l imi ta t ions  it was 

The new com3instion was designated Lot 2-B . 

During the next four weeks the mor ta l i t i es  i n  Lots 1-B and 2-B were 
consis tent ly  higher than i n  any of the  o ther  l o t s ,  but  no great  percentage 
of t he  f i s h  died during any one twelve-hour period, 2s was experienced by 
Lot 2-A on July 27-28. 

Rather t hv l  l i be ra t e  the salmon i n  August, a s  was o r ig ina l ly  sched- 
uled,  it was decided t h a t  they should be held f o r  another f e w  weeks with the 
hope t h z t  b e t t e r  da ta  obtained under more uniform experimental conditions 
could be accumul~ted. 
the  l o t s  were regrouped i n  order t o  equalize the  number of f i s h  i n  each 

.YJ 
Since disoase had taken a heavy t o l l  o p t h e  salmon, 
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trough, This regrouping WBS done on August 27, 1945, and rosu l ted  i n  eech 
trough being stocked with about 44 f ish.  So few f i s h  remained alive i n  the  
s t r a igh t  e f f luen t  water (Lots I-B and 2-B) t h a t  these were combined in to  a 
s ingle  group znd supplemented with surplus f i s h  f r o m  other troughs t0 bring 
t h e  t o t a l  f o r  the  lot up t o  23. 
i n  refr igerqted e f f luen t  na te r  i n  Trough 3 .  
undiluted e f f luent  oa te r  ( t h a t  i s ,  Nos. 1, 2 and 4 )  received new stocks of 
f i s h  obtained by thinning out stocks i n  other  troughs. The number of fish i n  
each of  the other  troughs YES adjusted by renoving an appropriate number f i a t  
those with lmgc stocks and placing then in  tho troughs which were understocked. 
Insofar as mas possible,  tho t r ans fe r  of f i s h  was made between troughs of l i k s  
water conditions; otherwise the s h i f t  NCS made from a l e s s e r  concentrction of 
e f f luent  t o  a greater  one, The group of f i s h  i n  each trough was still desig- 
nated by l o t  number rrhich corresponded t o  the posi t ion of  t h e  trough, but t h e  
suf f ix  nC1t m s  cddcd t o  shorn tkt n regrouping hod been nadc. 

- , I  

This group sas then designated 3-G and held 
The other troughs contdf ing  

!31 t hc  morning of August 31, t he  f i s h  i n  Traughs 1 znd 2 would 
e s t  - - thog m r e  quite m a k  and susceptible t o  handling during a treatment 
with Y3occolff. I n  the  afternoon these f i s h  were l i s t l e s s  uld showed little 
i n t c r e s t  i n  a c t i v i t y  cound then. 
incl ined with t h e i r  sgouts out of vater  . 
bu t  they were not gasping for oxygen. 
afternoon and increassd during the evening. 
of the  f i s h  were dmd. 
be s imilar ly  dis t ressed,  the mortal i ty  i n  these groups increased a f t e r  this 
t i n e  m d  continued a t  a r a t h e r  high r a t e .  

&any of theq swan neer the surface, often 
Respiratory mw.xn!ents were labored, 

A mortali ty s t c r t c d  during the let0 
By 3:OO A. hi. on September 1, 2 l l  

Although the  f i s h  i n  Troughs 3 and 4 did  not Eippenr t o  

The occurrence of this heavy n o r t a l i t y  i n  Lots 1-C and 2-C on August 

I n  each case the 100-F P i l e  m f i s  under- 
31, was very much like t h a t  ahich occurred i n  Lot 2-A on July 27-28, and took  
p l m e  under similar c i rcmstances .  
going metal displwenent ,  2nd "Calolll vas antering thE s f f l u e n t  water. 
sudden mor ta l i t i e s  d id  not occur again during t h i s  experiment. 

Such 

For sevcral  hours on ecch Kondzy and Tuesday, tkc f i s h  i n  the  dil- 
uted e f f lucn t  wcter nere subjected t o  an extremely heevy concentration of 
f e r r i c  sulphate (Verr i f loc t l )  sludge, vhich was flushed i n t o  the  sewer frw 
t h e  mater pur i f ica t ion  mea. While t h i s  sludge nas i n  t h e  mzter, the  g i l l s  
of the f i s h  eppcared t o  be s l i gh t ly  i r r i t c t e d ,  as was indicated by t h e i r  
opercula being held i n  an extended posi t ion,  During t h i s  tins the f i s h  mrc 
more nervous than u s u d ,  t h e i r  respiratory r e t e  increased s l igh t ly ,  and they 
refused food. However, t h e i r  actions soon returned t o  normal when the natcr 
cleared up. It would seem t h a t  t he  f e r r i c  sulphate sludge sffected the  fish 
as a mechanical i r r i t a n t  ra ther  then 2 chemicrl toxin. 

Serious disezse' conditions of various types exis ted throughout t he  
Such conditions were experiment, which mekes much of the da ta  unrelizble.  

ant ic ipated during the  l a t e r  p e r t  of t h e  surmer, however, since the  phgsf- 
l o g i c a l  processes of the f i s h  were changing t o  adapt t h e  f i s h  t o  ;? salt W e t m  
enviroment.  Furthsr,  t he  summer temperature of t h e  Colunbia River mator W I S  
considerably cbove the  op t inm rw,ge for chinook salrrlon znd favored the 
existence of disease orgznisns. 
laboratory troughs, the sclnon were highly nervous and alnost cont inunup 
fought t o  escape 2nd n igra to  dovnstrem, 
i n t e r e s t  i n  food. 

: I  Throughout the  period of re tont ion i n  the 

Often they showed only a passive 

- .J 

Late i n  July, c x t e r n d  paras i tes  connon t o  f i s h  began to 



f . 0 :  
oppear, end eer ly  i n  August, on epidemic of Boccilus colunnaris spread through 
t h e  f i sh .  
r idding the  f i s h  of pa ra s i t i e  protor tow,  but prophylactic t reetnents  with 
"Roccol" only p c r t i e l l y  controlled the bacterial in fec t ion ,  

Columbia River no= the 100-F Area on September 26, 1945. 

A se r i e s  of sa l t  baths given on alternzte days were e f fec t ive  i n  

* 

The 507 s u r v i v i n g  chinook salmon fingerlings were libertlted i n t o  the 

a o r t a l i t  i e s  

A d a i l y  record vas kept of the  rider of f i s h  dying i n  each l o t .  
d a i l y  records have been condensed in to  weekly periods, a d  a swmcry of then 
i s  given i n  t h e  zppendix. Tcblo 2 covers t h e  preliminmy p z r t  o f  the study, 
and Tcble 3 t he  second p z r t  z f t e r  t he  lots were regrouped on August 27 e 

d a t a  hcve been fur ther  condensed by conbinire l o t s  nhich Tirere subjscted t o  
like d i lu t ions  of t h e  e f f luent  nater,  and p c r t s  (A) 2nd (B) of Table I show 
these to ta l s ,  together vrith the  porccntages for the  ea r ly  and l a t e r  p z t s  of 
t he  expericent, respectively.  Graphic representations of pa r t s  (A) and (a) 
of Tcble I m e  shonn i n  Figure 1, pmts (6) end (B) 

i n  a l l  groups subjccted t o  s t r a igh t  effluent water, e i t h e r  only p a r t i a l l y  
cooled o r  refr igeretod.  
e f f luen t  groups, L o t s  (2-A) and (14 a d  2-G), vhich occurred during the f i r s t  
week, represents t he  unusual end sudden death of  f i s h  i n  these l o t s  on July 
27-28 and August 31, rcspectively.  Aside f ron  these groups which were held i n  
undiluted e f f luent  water, t he  vzr ia t ions i n  t he  n o r t c l i t i e s  of the  various 
experirnentzl groups from t h a t  of t h e  r i v e r  wcter con t ro l  groups =e not con- 
sidered as a t t r ibu tcb lo  t o  v a i a t i o n s  i n  the conccntration of of f luent  m t e r .  
As pointed out  i n  the sect ion above, the f i s h  i n  t h i s  expsrinent suffered 
severely from disease . Mortal i t ies  fron disease vcr ied great ly  fron trough 
t o  trough and tended t o  obscure m y  e f f e c t  which the  d i f f e r e n t  d i lu t ions  of 
e f f luent  water Eight hcve upon the  mortali ty.  
individual  l o t s  of the  control group, Appendix Tzbles 2 2nd 3 ,  i s  evidence 
of t h i s .  
be tmen mortzl i ty  end concentration of effluent mater, s t r a i g h t  e f f luen t  being 
excluded. Although the  control  mortality i n  pa r t  (B) was lower than i n  cny 
,group nhich was subjected t o  e f f luent  water, the crossing of curves znd the 
f i n a l  errangement, which zgain generally shows an inverse re la t ionship  bctmecn 
mortal i ty  and amount of  e f f luent  water, strongly ind ica te  t h a t  the fac tor  
control l ing a o r t d i t y  was not the concentration of e f f luen t  wcter . 

These 

These 

Figure I c l e s r l y  shows the extrcnely high mor t a l i t i e s  which took ploce 

In  both p e r t s  (A) and (B) t h e  high mortal i ty  i n  t h e  

The vide vcr ia t ion  mong 

m t h e r ,  p z r t  (A) of Figure I indica tes  an inverse relat ionship 

Growth i n  Length wtd n'eiaht 

The f i s h  were weighed e t  the  beginning and end of the  preliminary 
period and a t  the beginning, middle uld end of t h e  second period a f t e r  re- 
grouping the l o t s .  
weighings. 
mzter conditions have been conbinc-d. 
f i s h  held i n  undiluted eff luent  water since the  majority of such f i s h  lived 
b u t  a short  period of time, 
period when experinental  conditions nerc reasonably constant,  m e  shown graph- 
ically i n  Figure 2. 

Appndix Tzbles 4 and 5 summarize tho r e s u l t  of these 
I n  Table 11, pa r t s  (A) end (B) , the  weight of l o t s  i n  sisdlcr 

P z t  (A) does not show weights fo r  the 

The data  from pa r t  (B) o f  Table XI, covering the 
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GROWTH OF CHINOOK 
HELD IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER 

F I G U R E  2 I N C R E A S E  IN WEIGHT . 
I 

OATE 8/28 9/10 9/24 

INCREASE IN L E N G T H  F I G U R E  3 I10 

81 1 I 
9/24 DATE 8/29 

R I V E R  WATER 
1:1000 --- 

-I: 500 

++ + t+ ++ ++1:250 
: 100 ... . . . . . . . . ' 1  

I:50 

LEGEND -- 
-1: 500 REFRIG.  -------_ 

- -- - -- 
0 -+ -+ -EFFLUENT R E F R I G  p.III. 

- 21 - 
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Although t h e  re ight  of the contro ght ly  higher t h m  t h a t  

o f  nost other groups, it WE?S closely p = l r d o l e d  by t h a t  of t he  group i n  the  
1:50 di lu t ion ,  with the  exception of the  s t r a igh t  of f luent  miter, t h i s  was the  
highest  concentration used. Actually the s izo  var ia t ion  between all of  t h e  
groups i s  not largo end cannot j u s t i f i ab ly  be a t t r i bu ted  t o  t h e  d i f f e ren t  
mzter conditions. 

Lengths of the  f i s h  nere taken only a t  the beginning end end of the 
second period. These ncasurcnents, grouped i n t o  c l a s s  i n t e r v a l s  o f  f i v e  nilli- 
ne ters ,  c r e  shown 8s frequencies i n  Appendix Tcbles 6 2nd 7. 
l o t s  held i n  l i k e  water conditions the ncans of these d a t a  ere  presented i n  
Table I11 and grephically i n  Figure 3 .  The r e s u l t s  m e  m c h  l i k e  those f o r  the 
neights  and the  renarks given there  w i l l  apply equally w e l l  t o  the length data. 

After conbining 

The v m i a t i o n  i n  s i z e  and i n  r a t e s  of growth between the  vcrious groups 
These da ta  i s  not considered great  nor due t o  vcr ia t ions  i n  weter conditions.  

-e not considered worthy of fur thor  s t a t i s t i c a l  t r ea t cen t  since the  var ia t ions 
which did occur could be t t e r  be interpreted i n  the l i g h t  of uncontrolled con- 
d i t i ons  ra ther  than as  the  r e s u l t  of subjecting the f i s h  t o  d i f f e ren t  d i lu t ions  
of area e f f luen t  water. - 

-- Discussion 

Because of  the d i f f i c u l t i e s  which were encountered i n  the operation of 
flow controls and t h e  re f r igera t ion  un i t s  t he  chinook salc,on f ingerl ings were 
held a t  the laboratory for  about twice as long as mrs or ig ina l ly  scheduled. 
Holding these f i s h  f o r  a considerable t im  past  t h e i r  nornal c igra t ion  period 
i n  the  mrn avmner temperatures of the Columbia River mater lead  t o  disease 
d i f f i c u l t i e s  r;hich were not eas i ly  controlled.  The experimental conditions 
m r e  so upset by the cmly  improper functioning o f  equipment and l a t e r  by 
disccse t h a t  d e f i n i t e  conclusions as t o  the e f f ec t  o f  d i lu t ions  of  the  eff- 
l uen t  miter on f inger l ing  chinook snlmon could not be drawn, 
however, t h a t  undiluted mea eff luent  writer, e i t he r  p a r t i a l l y  cooled or 
re f r igera ted  t o  within the normal teEperature range of salmon, was not suit- 
able  f o r  the survival of the f i s h  md,  occasionally, w a s  quickly l e tha l .  

It wcs apparent, 

I n  s p i t e  of the many d i f f i c u l t i e s ,  the  primary purpose of t h i s  f i r s t  
experiment, which was t o  test  and per fec t  t he  equipment, was accomplished 
sa t i s f ac to r i ly .  
e n t  water zt  various d i lu t ion  l eve l s  was gained. 

Further, some general knowledge of t h e  e f f ec t  of the efflu- 

STUDIES 3N STEELHEAD TR3Zii' FINGERLINGS 

Purpose 

The ea r ly  p a r t  of this experiment was carr ied out  a t  t he  same time as 
the p i l o t  s tud ies  on the chinook salmon j u s t  described, a d  thus also aided 
i n  t h e  development of  equipment end techniques and i n  the  select ion of dilu- 
t i o n  l eve l s  of  a rea  e.ffluent water t o  bo used i n  h t e r  t e s t s .  

Secondly, steelhead (rainbow) t r o u t  ere one of t he  most valuable sports  
f i s h  of the Columbia River system, and i n  d d i t i o n ,  are of considerable com- 
mercicl  value t o  fishermen o f  the  S t a t e  of Oregon. 
species could be expected t o  spend a t  least  the first years  of t h e i r  l i f e  and 

: -2 

Since, trout of t h i s  
. .  . .  ,. 
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* I  perhaps the  grea te r  portion of t h e i r  existance within the  influence of water 

discharged from the P i l e  Areas, information on the  e f f e c t  of the e f f luent  
water on these f i s h  was o f  high importance. ' 

The o r ig ina l  experimental design fu r the r  planned t h a t  some of the 
t rou t  which had been subjected t o  the area e f f luen t  water be raised t o  matur- 
i t y  and t h e i r  reproductive capab i l i t i e s  studied. F a c i l i t i e s  for r a i s ing  f i s h  
t o  maturity are  not available a t  the Fish Laboretory and it was or ig ina l ly  
intended t h a t  ponds a t  the  University of Washington be used fo r  these later 
studies.  
a l l  f a c i l i t i e s  availzble there.  Further, only a very few f i s h  of su i tab le  
exposure f o r  such s tudies  survived z t  the Fish Laboratory and thus it was 
decided tha t  t h i s  phese of t he  experiment should be cancelled f o r  the  present, 
but, if possible, should be done at a future time. 

Hovever, an extended program E t  the  University required the  use of 

I9ripin of t he  Test  -Ani& 

The t r o u t  used i n  t h i s  experiment were obtained from the stock reared 
a t  t he  School of Fisher ies ,  University of Washington. This s t r a i n  of f i s h  has 
been se lec t ive ly  bred a t  the  University for  several  generations and t h e i r  re- 
productive capab i l i t i e s  are quite w e l l  established. 
these s tudies  the  f i s h  were three  t o  four months old and avercged approxi- 
mately two and one half inchss i n  length, hcving been hatched from eggs a t  
the University early i n  the spring. 

A t  the  beginning of 

The 3062 t r o u t  usc-d were trznsferred from the  University of Washington 
t o  the Fish Laboratory on July 16, 19.45 i n  a t ranspor ta t ion  tank owned by the 
School of Fisher ies .  3n m r i v a l  the f i s h  were tempered with Columbia River 
water f o r  about one hour, then counted and placed i n  Troughs 13 through 20. 
Screen pe r t i t i ons  i n  the troughs seperzted the  t r o u t  from the  salmon used i n  
t he  p i l o t  experiment. A l l  of the f i s h  were held i n  s t r c i g h t  r i v e r  water fo r  
several  days for acclimatization before being subjected t o  e f f luent  water. 

m e r i e n c e  and Conditions 

m l i m i n a r y  Studies 

The t rou t  were i n  excel lent  condition upon arrival a t  the Fish Lcboro- 
to ry  a d  covers had t o  be kept on the troughs t o  prevent them jumping out.  
Fortunately, t he  t r o u t  were more r e s i s t a n t  t o  the  ftzctors causing "gas bubble;' 
disease and d i d  not suf fe r  from the gas b l i s t e r s  a s  d i d  the  salmon. 
fenr individuals did,  however, show svidence of the disease.  

A very 

On Ju ly  29th, the t r o u t  were counted in to  20 groups of 150 nnd ezch 
group was placed i n  one of the troughs. 
y e t  i n  operating condition, the f i s h  elloceted t3 these troughs were held i n  
reserve i n  compertments of  Troughs 17, 18, 19 end 20. 

Since Troughs 1, 2, 3 and 4 were not 

The water conditions t o  which the t rou t  were subjected i n  the  various 
troughs were the seme as f o r  the salmon i n  the p i l o t  experiment and were as 
follows: I ,  

I 



1 & 2  

3 & A  
5eC6 
7628 
9 & 10 
11 & 12 
13 ti U. 
15 & 16 
17, 18, 19 & 20 

100% eff luent  water, partidly cooled 
(3' t o  5 O C  ebove r i v e r  nreter tempereture) 
100% eff luent ,  refrigerated t o  about U O C .  
1:500 e f f l u k t  refr igerated . 
1: 50 
1: 100 
1: 250 
1; 500 
1 t 1000 
100% r i v e r  water 

3 g*p*n. 
2 g.p,me 
5 g.p*m. 
5 g.p.m. 
5 g.p.m* 
5 g.p.m. 
5 gap.mo 
5 gapam. 
5 grp*m. 

Trout were f i rs t  placed i n  Troughs 3 rud 4 on August 1st and 2nd) 
respectively.  
e f f luent  water enter ing these troughs was only p d i a l l y  coo led^ During the 
l a t e r  pa r t  of  August, the  re f r igera t ion  u n i t s  were opercted most of the  time 
but  frequently had t o  b~ shutdown f o r  r epa i r  o r  adjustment and thus the  f i s h  
i n  Troughs 3 and 4 were subjected t o  refr5gereted e f f luent ,  p e r t i a l l y  cooled 
e f f luent  and, a t  tines, s t r a igh t  r i v e r  water. 
during t h i s  eer ly  perfod were not very r e l i a b l e  but  i n  general mortal i t ies  
among the  t r o u t  i n  Troughs 3 2nd 4 xere very similar t o  those i n  the  other 
troughs 

by disease conditions among t he  f i sh .  The t r o u t  were subjected t o  the same 
parasi tesaas  the salmon but seamed more resistant t o  them znd made a be t t e r  
recovery, 
Cyclocheta, a pz ras i t i c  protozoan. 
cnussd the  dezth of nmy f i s h  but mas f i n a l l y  brought under control  by re-  
peated trentments with Woccol" a 

Since t h e  re f r igere t ion  units were not then operating, the  mea 

i%viously,--data col lected 

The r e s u l t s  obtained during the first month were fur ther  complicated 

Repeated bhths of threa per cent s c f t  soon r i d  the trout of 
a serious in fec t ion  of B. columnnris 

By August 26, 1945, major equipment d i f f i c u l t i e s  had been corrected 
so that  Troughs 1, 2, 3 and 4 could be operated properly, and disease organ- 
isms hcd a l s o  been largoly eliminated. An opportunity was thus afforded f o r  
s t m t i n g  anew with the oxpectction t h a t  subsequent da t a  mould be reasonably 
accurate and usable. A t  t h i s  time the group of f i s h  which hcd been held i n  
Trough 3 mas moved i n t o  Trough 2 and one of t he  groups held i n  reserve i n  
r i v e r  water mas placed i n  Trough 3 .  The other  group vhich hzd been held i n  
reserve i n  r i v e r  water TICS moved in to  Trough 1, These changes were made i n  
order that comparable groups of f i s h  would be present i n  Troughs 1 and 3 ,  
and 2 and 4 ,  respectively,  those i n  Troughs.1 aid 3 having just been pleced 
i n  the  e f f luen t  water f o r  the f i rs t  time.(1) 

The f a c t o r s  i n  t h e  eff luent  water on August 31, 1945 which were 
l e t h a l  t o  the salmon i n  Troughs 1 end 2 also had t h e i r  e f f e c t  upon the  t rout .  
During t h e  cfternoon, the t r o u t  i n  Troughs 1 and 2 mere l is t less ,  showed 
l i t t l e  i n t e r e s t  i n  a c t i v i t y  around them arad refused food. 
during t h e  la te  afternoon, a d  several  more during the night,  
salmon i n  troughs 1 End 2 were deed by 3:OO A. M.) 

(1) 

A fern f i s h  died 
(All of  the 

On t he  morning of 

Subsequent r e s u l t s  showed thc t  the previous h is tory  of these groups, had 
l i t t l e  e f f ec t  upon t h e i r  l a t e r  tolerance t o  t h e  area ef f luent  water; 
t h a t  is, Lots 1 and 2 behaved alike and 3 and 4 behaved d i k e .  



i- 1, 
t -  I September l s t ,  the surviving t rout  i n  Troughs 1 and 2 were qui te  ill. 

mere swimming near the surface of the water ond breathing was rcpid. 
sionally on individual would become too weak t o  swim'upright, would lose 
equilibrium, eventunlly sink t o  the bottcn and die, Several specimeae which 
were near death were dissected and oxamined but, other than M enlarged g a l l  
bladder i n  one, they appecred t o  be i n  good condition. Several  more f i s h  
died during the day which raised the t o t a l  for these two troughs t o  about 20 
per cent 

Since the  f i s h  were s t i l l  very ill d refused food i n  the d t e r -  
noon of Septehber l s t ,  s t rc ight  r i ve r  water was turned i n t o  Trough 1, t o  see 
i f  the rate of mortali ty could be checked by r i v e r  water. However, it would 
seem t h a t  the f ac to r  i n  the eff luent  water which c a s e d  the heavy l o s s  ha3 
passed since the r a t e  o f  no r t e l l t y  dropped cppreciably i n  both Trough 1 and 
Trough 2 and tho action 3f the f i s h  inprom-d. Effluent water was again 
turned i n t o  Trough I on Soptenber 6th. The t rout  i n  Troughs 3 and 4 suffered 
a p a r t i a l  loss of appetite f o r  i? few days cf te r  Septenber lst,  but otherwise 
seemed unaffected by tfio cdverse conditions-. 
experinent, evidence rccurmlsted l a t e r  indicated the t  Waloll' was the cmse  
of d i s t r e s s  mong t he  f i sh .  

M m y  
Occa- 

As pointed out i n  the  salnon 

A loss  of  appetite cnd D c m p r a t i v e l y  high r c t e .o f  mortali ty c3n- 
tinued i n  Troughs 1 2nd 2 u n t i l  the t c r r inc t ion  of t h i s  t e s t .  These lots 
were fur ther  troubled by an in fes ta t ion  of Ichthyopterus, Q comon f i s h  para- 
s i t e .  T h i s  paras i te  was probcbly &le  t o  es tab l i sh  i t s e l f  on these f i s h  be- 
cause of t h e i r  weakened r e s i s tmce  and t h e  higher water tenperatwe i n  these 
lo t s .  Ichthyopterius did not appear i n  other l o t s  and was f i n a l l y  eradi- 
ccted fron Troughs 1 and 2 by repeated treatment w i t h  strong salt and by. 
turnil?g D strong flow of r ive r  water i n t o  the troughs f o r  about one week. 

By the f i r s t  week i n  October, the  t rou t  had increased i n  s i z e  t o  
a point where it was necessary t o  reduce t h e  nmber of f i s h  i n  each trough 
t o  50. 
anouted  t o  1066, were l iberated in to  the Colmbia River Edjccent t o  the  
100-F Area. 
nmber of f i s h  i n  thase l o t s  t h a t  those i n  Trough 2 were conbined with thoso 
in Trough 1 t o  fom e new group dosigneted Lot 1A. 
f i sh ,  obtained fron surplus fron the r i v e r  water control  l o t s ,  was placed 
i n  Trough 2 and designated as Lot 2A. 

This was done on 3ctaber 11, 1945 Elnd the surplus f i sh ,  which 

The high mortal i t ies  i n  Troughs I and 2 had so reduced the  

A new stock o f  f i f t y  

Final Studies 

The r e s u l t s  obtained during August and September 1945 et  the Fish 
Laboratory, indicated t h a t  a more c m p l e t o  knowledge of the problen might be 
gained if  ce r t a in  changes were nade i n  the concentrations of area e f f luent  
water being used. 
chosen a rb i t r a r i l y ,  there was e. considerable difference bebveen the  act ion 
of the f i s h  i n  undiluted eff luent  water and i n  the next highest  concentra- 
t ion,  one per t  of effluent t o  f i f t y  pa r t s  of river water. It was proposed 
the two new concentrations be used i n  ordsr t o  bridge t h i s  gap. 

posed changes were discussed on September 28, 1945 at Q conference held in 
Richland, attended by D r .  L; R. Donaldson of the University of  qnshington, 
Major A .  A .  m t e  of the Medical Corps. (Manhatten D i s t r i c t ) ,  M r ;  €IC Thayer 
of the U. S. Engineers, snd Dr. S. T. C a n t r i l  and Mr. R. F. Foster of the 

Under the or ig ina l  set of concentrations, which had been 

The pro- 
I 



du Pont Cornpay. The fo l lowhg  changes were agreed upon: 

(A) Subst i tut ion of a d i lu t ion  of  one port  area ef f luent  t o  three 
p a r t s  r i ve r  water fo r  one par t  re f r igera ted  e f f luent  t o  500 
parts r ive r  water i n  Troughs 5 and 6. The 11500 d i lu t ion  using 
re f r igera ted  e f f luent  water was duplicated with a 1:500 dilu- 
t i o n  using unrefrigerated e f f luent  water. Since the actual  
tenpcrcture difference of  the resultat nivtures  mas not apprec- 
iab le ,  l i t t l e  experinentol evidence muld be l o s t  by the elin- 
ina t ion  of t h i s  water condition. 

(B) Subst i tut ion o f  a d i lu t ion  of l:lO, mea ef f luent  t o  r i ve r  
water, f o r  the 1:lOO di lu t ion  being used i n  Troughs 9 md 10. 
It mas smised t h a t  the e l in ina t ion  of t h e  It100 di lu t ion  
moulc! not in te r rupt  the se r i e s  as grea t ly  as the  el ininat ion 
of zny on0 of the other di lut ions.  

A t  the tirne the l o t s  were reduced t o  f i f t y  f i s h  each, October llth, 
it was convenient t o  n&c the ct3ove chmgos i n  the experinentzl design, At, 
the  sene t h e  the  r a t e  of flow t o  Troughs 3 and 4 was increased from two t o  
th ree  gallons per minute, This was made possible by inproved efficiency of 
t he  re f r igera t ion  units which could not cdequcitely cool a larger volume of 
water. 
Cktober l s t ,  f ron  l3OC t o  17.5OC i n  order t o  nnke it the  sane as t h a t  of the 
r ive r  water. Subsequently, the tenpornture of the refr igerated eff luent  
water was 3djusted t o  follow the changes i n  tenperature of  the  r iver  mater. 
I n  order tha t  m y  difference i n  r e s u l t s  due t o  the lower rcite of flow i n  
Troughs 1, 2, 3 and 4 (3 gpn i n  contrast  t o  5 gpr~ i n  other troughs) could be 
appreciatec?, the flow i n  two of the control  troughs, Nos. 19 and 20, was also 
reduced to  three gallons per ninute. 

The tenperature of the re f r igemted  eff luent  water wes raised, on 

These chcnges resul ted i n  the following new water conditions i n  the 
v a r i m s  troughs : 

TROUGH NO. -- 
1 & 2  
3 & 4  

5 e t 6  
7 & 8  
9 & 10 
11 & 12 
13 & U. 
15 & 16 
17 & 18 
19 & 20 

~ " 1 0  OF EFFLUE&T TO RIVER WATER 

100% eff luent ,  p a r t i a l l y  cooled 
100% eff luent ,  re f r igera ted  t o  r i v e r  
water tonperature 
183 
1: 10 
1: 50 
1,250 
1: 500 
1: 1000 
100% r ive r  water 
look river water 

ft?TE OF F L q  

3 g.p.m* 

I n  order t o  keep the  f i s h  i n  the 1:50 dilution l e v e l  at ;L conse- 

The f i s h  fron Troughs 9 a d  10 being used now for 
cutive plnce i n  the  series of troughs, they vnere move2 fron Troughs 7 and 8 
i n t o  Troughs 9 and 10. 

(1) "Proposed Changes i n  Dilutions of Are3 Effluent Water at  3-46 Bldg.n, 
R. F. Foster t o  C. N. Gross, October 4 ,  1945. 
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t he  1:lO d i lu t ion  leve l  mere mved down into Troughs 7 m d  8 .  
w e s  d 2 e d  t o  the l o t  nunbers correspondillg to trough i n  which new water con- 
d i t i ons  exis ted or There d i f fe ren t  groups of fish had been placed i n  order t o  
avoid confusion i n  the data. 

A suffix "A" 

During t h e  night of October 11-12, 1945, imme6iztely following the  
start of the second m d  f i n a l  phase of this experiment where the new water 
con6itions were i n  e f fec t ,  adverse factors were again present i n  the area 
eff luent  water which causeC the death of  many f i s h  i n  Troughs 1, 2, 3, 4 ,  5 
and 6 .  The act ion 3f the 2is t ressee f i s h  was like t h a t  shown by the f i s h  
affoctee! on August 31st, and Septerrber lst ,  referred t o  above. The f i s h  i n  
i n  Troughs 1 through 6 continued t o  show considerable d i s t r e s s  Qn October 
12th md by 4:OO P. E. of  t h a t  day the fo l lming  mor ta l i t i es  had occurrd-: 

Lo t  1A 
b t  28 
Lot 3 
Lot 4 
Lot  5A 
Iat 6A 

45 per cent 
100 per cent 
90 per cent 
94 per cent 
36 per cent  
38 per cent 

Exeminetion of s e v e r d  o f  the dying f i s h  revealed n3 obviously abnormal con- 
d i t i on  except tha t  the  cqlor Qf the  g i l l s  of these f i s h  was a l i t t l e  l i gh te r  
and br ighter  than thc t  T f  the control f i s h  which were not  effected. Smples  
of the eff luent  water collected during the ear ly  owning o f  October 12th, 
showeC normal mounts of r e s i d u a  chlorine ad. dissolved oxygen. However, 
2 s  o n  other sinilzr Dccasions, ne t a l  i n  tho 100-F P i l e  was being displace? 
a d  flCalollf was present i n  the m e a  ef f luent  mater. 

This mas the f i r s t  occasion where the f i s h  i n  the refr igerated 
e f f luent  m a t e r  had been severely effected, however, t he  tenperature of the 
refr igerated eff luent  was higher a t  t h i s  t i n e  t h a  on previous occurrances 
since it had been c d j u s t d  up t o  tha t  of the r i v e r  ca t e r .  
conditions were suff ic ient ly  cdveree t o  muse a considercble n o r t a l i t y  even 
mhere the e f f luent  mzs di lu ted  d t h  three pa r t s  o f  r i v e r  mte r .  
Troughs 7 through 16 seemed uneffocted by the  unusually d v e r s e  condition 
of  the  eff luent  water. 

Nevertheless, 

The f i s h  i n  

In  the l o t s  which were effected some m c r t d i t y  continued mc? the 
f i s h  refusecl food for several  days. 
i n  refrigerated e f f luent  nater so these mere conbined with a new group of 
t en  f i s h  moved i n t o  Trough 3 fron a resGrve group wnich had been held i n  
s t r a igh t  r i v e r  water. The new stock i n  Trough 3 was designated Lo t  3A. 

By October 16th, only two f i s h  renained 

Similarly &verse conditions were again ant ic ipated on October 
16th, since p i l e  n e t d  displacenent vas agcin being made. k caraful  match 
was kept o f  the f i s h  and sanples of the  eff luent  water were collected at  
frequent in te rva ls  during the dcy. 
Troughs 1 through 6 rppemed t o  hcve sore g i l l s  as evidenced by extended 
operculz, and breathing mas nore rapid than normal. T h i s  may have been due 
i n  pcr t  t o  f e r r i c  sulphate s l d g e  cming  through i n  the e f f luent  water. 
During the l a t e  evening, the  f i s h  i n  Trough 1 vere obviously uneasy but not 
great ly  distressed; during the night tno of the surviving twenty-three died. 

I n  the  l z t e  cfternoon the f i s h  i n  

j 
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I n  Lot 3A,  however, which mas made up pr incipal ly  of f i s h  t h a t  had not  pre- 
viously been i n  e f f luent  water, the t rou t  gradually becnme nore sluggish 
during the evening ad by morning, e ight  of the twelve f i s h  were dead. The 
f i s h  i n  Troughs 5 and 6 showed some l i s t l e s sness  during the evening but mere 
not  seriously effected.  
night, The f i s h  in these first six troughs showed a l a c k  of in t e re s t  i n  food 
f o r  several days nore. Fish i n  other troughs in the lzboratory mere not 
effected . 

Since only four f i s h  remined  i n  Lot 3k on OctQber 18th, t en  more 
f i s h  from c reserve stock i n  s t r a igh t  r i v c r  water vere noved in to  T r o x h  3 
Fdth them, The new group m s  designated Lot 3B. 

nhen the 100-F P i l e  m s  undergoing n e t a l  displacement bu t  serious diff icul-  
t i e s  were n9t encwntered Curing thc cxpcrinent. 

Five of the remaining fifty-eight died during the 

Special  observations and wzter s m p l e s  were k k e n  on subsequent says 

The l l C a . l ~ l ' l  usod &ring the p i l e  c o t a l  displacenent opercltigns 178s 
suspected of causinc *ne c ' is t ress  and- 2eath 3f the  f i s h  i n  the d i l u t e d  
mea ef f luent  mater In the occcsisns mentioned cibove. To test t h i s  hypo- 
thes i s ,  f i ve  trmt were subject& t o  a concentration o f  10 ppn llCalollt i n  
r ive r  water f o r  Q pr i+  of eleven hours 3n Novenber 20, 1945. The f i s h  
vere qbvisusly effectc?. by the oil since they bccane socmhat l i s t l e s s ,  
shoved spp tons  of sore g i l l s  an6 refusec? food. When the oil mes stopped the 
f i s h  began t o  recover a d  by the  mrning  D f  MoveEber 21st, t h e i r  actions were 
near nornal and t h e i r  g i l l s  no longer appcmed i r r i t a t e d .  
take food u n t i l  Bovmber 22n6, however. None T f  the  f i s h  died o r  were i n  
great  d i s t r e s s .  
e f f luent  vater  of Trough 1. After being exposed t o  the o i l  f g r  about six 
burs,  the  f i s h  becane qui te  ill, an2 with cmtinuet! exposure thcy becane 
l i s t l e s s  end w e a k ,  t he i r  respirntory r a t e  incrcnscd md they %3ughed" a l n o s t  
continually. 
the  start  of the test four of the five f i s h  were dead. 
snd le s t  o f  

They refused t o  

This t e s t  mcs r e p z t d  on Novenbcr 30, 1945 i n  the s t ra ight  

After nine hours the  f i s h  begm t 3  d i e  and twelve hours af te r  
Ths f i f t h  f i s h ,  the 

he group, refuse? f o d  f o r  several  days and died about two 
weeks l a t e r .  11) 

The reminder  of this experinent was conpleted without fur ther  un- 
The usual incidences o r  serims vzriat ion i n  thc conditions under control. 

surviving steelheaz t rou t  were l iberctod in to  the Cdunbia  River adjacent t o  
the 100-F Area on Jvluwy 7, 1946. 

Mortali t ies 

Daily n o r t a l i t i e s  have been ccmbinec! by weeks anf? the r e s u l t s  pre- 
sented in  Appendix tables.  
and. mechanical d i f f i c u l t i e s  had been el ininated m d  before the lots were 
r d u c e d  t o  f i f t y  f i s h  each. 
nuuber of f i s h  was reduced cnc! new water conditions were s e t  up. 
erence i n  tc)tal mortali ty between eech individual l o t  and the average of the 

Table 8 presents the da ta  obtained a f t e r  disease 

Table 9 presents the d a t a  Dbtained a f t e r  the 
The diff-  

For fur ther  2 e t a i l s  on these aMt other studies on " C d . 0 1 ~ ~  the reader i s  
referred t o  Wccrsional' Reavy Mortal i t ies  how Fish He16 in 100-F Area 
Effluent Water and Sone Effects o f  l lCal~ln on S t e e l h e d  Trout Finger- 
lings" - - R. F. Foster t o  File, Mbcy 2, 1946. 
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fou r  c3 t 01 l o t s  hcs been t e s t ed  f o r  significance by the mthod of Chi- 
square.flf Values which me prabably s igni f icant ly  d i f f e ren t  from the  control  
have been d e r l i n e d  - - those of questionable significance underlined w i t h  
do t s  m d  those not s i g n i f l c m t l y  d i f f e ren t  have not been underlined. 

higher than t h e i r  overage, which ind ica tes  that f a c t o r s  beyond c m t r o l  d i6  
not cmse su f f i c i en t  var iz t ion  betwocn the  n o r t a l i t i e s  i n  Traughs 17, 18, 19 
and 20 t o  n u l l i f y  the hypothesis t ha t  they forned a honogeneous group which 
might be consickwet 2s a whole. Although t h i s  does not hold true f o r  some 
of  t he  water condi t ims ,  it was f e l t  t h a t  the best estinete of a o r t d i t i e s  
mould s t i l l  be obtainad if trough pa i r s  were coEbine6. Further jus t i f ica-  
t i o n  f o r  pooling l o t s  i n  l i k e  water types is t h e  f a c t  t h a t  nortali t ies s i g e -  
f iczn t ly  d i f f e ren t  from the control were always higher. 

13 

I n  Table 8 none of t he  control  troughs had n o r t a l i t i e s  s i g n i f i c m t l y  

Tzble N, shows the  results after pooling the  d a t a  of Table 8 fron 
l o t s  subjected t o  l i k o  types of water and converting the  mrtal i t ies  in to  
cmulc t ive  percentqes .  The probabi l i ty  t h a t  the n o r t d i t y  i n  each water 
type was signif icant ly  different  f ron. the mortal i ty  i n  s t r a igh t  r i v e r  water 
was again tes ted,  using chi-square. 
as when the  l o t s  were consictcred inMvidually, and those showing probable 
difference have been unclerline?. These da ta  z r e  shorn g raph icd ly  i n  Fi  ure 

(Troughs 1 and 2) during the f irst  week (8-27 9-2) i s  Izrgely due t o  the  
unusual sxiter conditions which exis ted during the evening of  August 31, 1945 
and referret! t o  i n  the sect im zbove. 
t h i s  group fn eubeequent weeks naintained a high death r a t e  thrmgh!x.rt nost 
o f  the t e s t .  
i n m s t  of t he  3ther experir ientd groups were d s o  s ign i f i can t ly  higher then 
t h z t  o f  t he  control,  the sequence i n  which they x c u r  would ind ica te  t h a t  
fcctors; Dther than the emcent ra t ion  of e f f luen t  water were responsible for  
t he  2ifferences.  Thus, next i n  x 2 e r  of osgnitude to the  s t r a i g h t  e f f luent  
l o t  re fe r red  t9 above, the  hiThest m r t n l i t y  occurred i n  Troughs 11 a d  12, 
which have a wcter type 3f 13250. 
Troughs 7 m2 8,  a t  a concentration of 1:50, i s  na t  s ign i f icant  fron t h a t  of 
t h e  contmls .  This woulz lea6 3ne t o  t h e  cmclus ion  t h z t  t h e  strslight eff-  
luent  wcter cause6 a very grea t  increase i n  mortal i ty  mong the  steelhead 
trout,  but t h a t  2 i lu t ions  of t h e  e f f luent  of  1:50 o r  nme cmsed ins igni f i -  
cant increases i n  the  mortali ty,  the  other differences being due t o  f cc to r s  
beyqnd c m t r o l :  i,e., disease. The f z c t  t h z t  th2 mortnlitg'anorg t h e  f i s h  
held i n  refrigeratec? effluent mater wcs r e l a t i v e l y  lower t h v l  i n  nmy of the  
high d i lu t ions  is  of i n t e re s t .  During t h i s  pre l in inary  period the  tempera- 
tu re  gf the  r-efrigerated water was cbout 13'C., sonewhat lower than t h a t  of  
t h e  river water. 

(1) 

The results were e s sen t i a l ly  the  sane 

4. The high n o r t c l i t y  suffered by the  f i s h  i n  s t r a igh t  e f f luen t  Eater (2) - 
Xathcr consis tent  da i ly  n o r t a l i t i e s  i n  

Although the  s t a t i s t i c a l  t e s t  inclicates t h a t  the n w t a l i t i e s  

1 3 1  t he  other hand, t h e  n o r t a l i t y  i n  

A discussion of the  statist ical  nethoc2.s use6 is beyond the scope of t h i s  
r e p r t .  For nsthods of calculat ion,  t he  rezder is referred t o  textboaks 
or t o  " S t a t i s t i c a l  Methock a t  H.E.W.", B, F. Butler t o  F i l e ,  Lug. 6,1946. 

Actually the mater i s  p a r t i a l l y  cooled i n  the  precooling co i l s .  
tables ,  f igures ,  and i n  t h i s  discussion it is refer red  t o  n e r d y  2s 
eff luent  t o  avoid confusion with t he  e f f luen t  cooled by refr igerat ion.  

(2) I n  the  7;-* d 
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MORTALITIES OF STEELHEAD 
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9 heve been s i n i l a l y  t rez ted  and COLI- 
bined.. Tcble V end Fi&&re 5 show the  results of pooling t h e  mor ta l i t i es  of 
t he  vmious l o t s  i n to  groups subjecte? t o  similar wzter conditions. 
unusually dverse conditions (probably 11Cd.01") which existed i n  the  efflu- 
ent water on October 11, end October 16, caused the exbrenely heavy norta- 
l i t i e s  during the  f i r s t  nook i n  tho effluent, refr igorated effluent, and the 
1:3 groups. Nhat is probably a continuation of t h i s  e f f e c t  is seen i n  the 
1:3 group during the second meek and i n  the re f r igera ted  e f f luent  meter 
group up t o  the  fourth week. 
p rac t i ce l ly  n i l .  Mortalities i n  d 1  other water concentrat ims and i n  the  
controls  vere prac t ica l ly  n i l  throughout this f i n e l  period. 

The 

Subsequent n o r t a l l t i e s  i n  these groups were 

Growth i n  Length 

The f i s h  sere neasured every fsur weeks, ani? the  results obtained 
me shown as frequencies i n  appendix Tables 10, 11, 12, 13, 14 uld 15. These 
da t a  are su f f i c i en t ly  c m s i s t e n t  t o  pern i t  pooling of lengths of f i s h  i n  lots 
subjected t o  s i n i l m  mater conditions, This i s  i rd ica ted  by the  f a c t  t h a t  ct  
no tine d i d  the  Ever%+ length gf my of t h e  control  l o t s  d i f fe r  s i g n i f i c m t l y  
from t h a t  o f  the gmup as a whole. 
f o r  both the  preli15nary and f i n a l  p a t s  o f  the experinent zre given i n  
Tzble V I .  
than those f o r  tho c m t r o l  gmup i n  s t r a igh t  r i v e r  mater, as indicate6 by 
t h e  W-tosttl, t h x e  &erlined with dots  m e  of quest iomble significance. 
These h t n  are presented grcphically i n  Figure 6, 

The avercge lengths f x  the  poold.  l o t s  

Valuee which me underlined m e  s igni f icant ly  higher o r  lower 

The l o t s  nere n3t a l l  af  u n i f o r c  length when f i r s t  neasured 3n 
August 15-16, 1945, but the eiffcrences were r e l a t i v e l y  snaU mcl did not 
n a t e r i d y  a l t e r  the f i n a l  r c l z t i o n s h i ? ~ .  
was c l ea r ly  an6 s igni f icant ly  rctardecl i n  cases where they were held i n  
undiluted e f f luen t  nnter; however, cluring the f i rs t  two nonths, t he  increase 
i n  length was nuch be t t e r  i n  refr igerated e f f l u m t  water than i n  e f f luen t  
meter which was only p z t i c l l y  cooled. 
refr igerate? e f f luent  natcr i s  interrupted at the end of t he  second nonth, 
October 9-10, 1945, since t h i s  narks the  te rn ina t ion  .2f the  first pa r t  2nd 
the  beginning 3f the  f i n a l  pa r t  of t he  expcrinent. A t  t h i s  tine the w i g -  
inal stocks of f i s h  i n  Troughs 3 and 4 were p rac t i ca l ly  all dead, and new 
stocks mere introcluced. 
md t he  1:lOO concentrat ims Tgere ?iscontinued and the 1:3 and 1:lO con- 
centrat ions s t h e d .  
on Figure 6 t o  avoid confusion. 

The g r m t h  82f the f i s h  i n  length 

The curve f o r  the  f i s h  held i n  

Also at t h i s  t i n e  the 1:500 ( re f r igera ted  effluent) 

The two ,crcqs which were discontinued are not  shown 

Following the adverse meter cond i t ims  qf October 11 and 16, 1945, 
t h e  grovrth i n  lea$h of the f i s h  i n  Troughs 1-6, t h a t  is, i n  t he  eff luent ,  
re f r igera ted  effluent,  cad 1:3 water types, was c l e m l y  retarded, but  
increased again during the subsequent two nonths. 
cen t ra t ion  ac tua l ly  grew a t  a fester rate than  the controls  a d  were approa- 
ching a s ign i f icant ly  greater  length at the end o f  the t e s t .  
t h e  lr10, 1~50, mc? 1:250 concent ra t ims  were s igni f iccnt ly  longer than the  
cont ro l  f i s h  a t  t he  en2 Df the  t e s t ,  the  difference beginning t o  appear i n  
November. "his i s  possibly due t o  the  f a c t  that the  higher cmcent ra t ions  
of  e f f luen t  water qere w m e r  than the  r i v e r  weter 2nd encouraged f a s t e r  
growth. The r a t e  of growth i n  nearly alJ. l o t s  wes a b i t  slower during 
December, probzbly beccusc of colder temperatures of  the Columbia River water. 

The f i s h  i n  the 1:3 con- 

The f i s h  i n  
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The f i s h  were weighed every two weeks, and these results are tabu- 
l a t e 2  i n  appendix Tables 16 and 17. 
water cmC?itions, as before, the average w i g h t s  f o r  t he  various water con- 
d i t i ons  are shown i n  Table V I I ,  Part (A), f o r  t h e  preliminary conditions md 
Pmt (B) f o r  t h e  f i n a l  cmditions', These d a t a  m e  presented graphically i n  
Figure 7. Since the f i s h  Eere first weighed on July 30, Figure 7 begins a t  
en e m l l e r  da te  than 2 m s  Figure 6 ,  and thus shows nore u n i f o m i t y  wnng t h e  
variaus g m u p s  a t  the start.  As might be expected, Figures 6 and 7 show 
d m s t  iden t i ca l  results; Figure 7 is ,  however, mre reedi ly  in te rpre ted  
s ince weights increase cpproxinately es t he  cube of the length,  md thus size 
differcnces are eqnrde?!; fur ther ,  the f i s h  m r e  reighe6. twice as of ten as 
they were masured, vhich r e s u l t s  i n  twice tho nmbc-r gf points  i n  the  curves 
of  Figure 7. 

Pooling the l o t s  subjected t o  s i m i l c r  

Increase i n  veight nas markzdly r e t d e ? .  i n  both ef f luent  and rcfri- 
geratec! e f f luen t  Yatcr ax'. vas actual ly  stoFped f o r  zbout two weeks following 
t h e  p m t i c u l a r l y  &verse water cmdi t ions  m October 11 and 16, 1945. 
fron a b r i e f  retarC.ati7m i n  thc f ish subject& t q  the 1:3 d i l u t i o n  irned- 
i a t e l y  following the ac2vorse cmdi t ions  of  Octobor 11 m d  16, the growth of 
the f i s h  i n  3i lut ims 3f the  e f f luent  water WIIQS n9t inhibi ted.  
i s  en aprreciablo increcsc. i n  growth r c t c  m-onc the f ish held i n  the  higher 
Zilution, which i s  probably the result D f  higher water tenperatures. 

Aside 

&%her, there 

I t  i s  extrenely 2 i f f i c u l t  t o  show a s igni f icant  difference between 
the  wer2go weights of the various gmups by s t a t i s t i ca lme thods ,  
due tr, the fact tha t  the f i s h  3f each l o t  were weighed cs 8 group. 
v a r i a b i l i t y  is, however, dequa te ly  brought out by the 1eneh.s when eoch f i s h  
w a s  neasurec! individually.  
d i f f e r ing  s i g n i f i c m t l y  fron the  control  i n  length also d i f f e red  s ignif icznt ly  
i n  weight, each f i s h  mas neighed individual ly  a t  t h e  t eminc t ion  of  t h e  experi- 
nent, 
t he  weights sbtained by t h i s  method. 
pared dtfi tha t  2f the r i v e r  water c m t r o l  g r x p  by the "t-test", a d  values 
which were probably s i g n i f i c m t l y  hiFher 3r lower were underlined. 
of these s ign i f icant  weights rjith the s ign i f icant  lengths  f o r  Januzry 1-5 i n  
Table V I  s h m s  near perfect cgroenent. 
t ive  with the weights than with the  lengths: f o r  exmple,  the average length 
of t he  fish i n  the 1:3 was only questionably s i g n i f i c m t  (between the  .05 
and -01 l ini t  of probcbili ty),  xh i le  the  mercge weight of t h i s  group was 
def in i t e ly  s ip i f i can t  (beyond the  . O i  l i n i t ) .  
t he  length was not s i g n i f i c m t  from t h a t  3f t he  ccmtrol, although it had been 
t h e  Frevious month, w h i l e  t he  m i g h t  of  t h i s  group was possibly s ign i f icant ly  
d i f f e ren t  . 

This i s  
This 

Xs a ver i f ica t ion  of tho hypothesjs t h a t  groups 

The l a s t  l i n e  of Tzble VII, P z r t  (B),  shows the  a i t h n e t i c  means of 
The r e m  f x  each m t e r  type wcs c m -  

Comparison 

The t e s t  qpears  sonewhat more sensi- 

Similarly,  i n  the 1:500 group, 

Discussion 

The ear l j j  pa r t  o f  the steelhead t r o u t  experiment was subject t o  the  
s m e  d i f f i c u l t i e s  i n  c m t r o l  of equipnent and mater conditions am rJ were en- 
cmntered i n  tho chinwk s&on p i l o t  experiment, bu t  agein one of t he  chief 

accomplished, S e r i m s  disease epidc-nics also exis ted mong the  t r o u t  Zuring 
the  ecr ly  p a r t  o f  the experbent, but  were not as severe as i n  the  salmon, 

?y> 
- purposes of the t e s t ,  t h r t  cJf perfect ing t h e  e q u i p e n t ,  was sati-sfectorily 

37 - 



(0 n 
4 N N  

4 
N I/ le 

-I 



a 

3 

W 

5 
I- z 
w 

LL 
LL 
W 

UI 

3 

a 
a 
a 
LL 
0 
cn z 
2 

a G 
I- z 
w 
0 z 
0 
0 

cn 
3 
0 
a a > 
z 
0 
-I 
W 
I 

- 

I I 

._ - .  I-- I 

- 

K 

2 

m 
n 

SF8 
N O  .. . .  - -  + + I  

t 

t 

SRVUE) N I  l H 3 1 3 M  



-__I- *, T --- #- # 

i 9 .c7;j I t e  
t c  
*- 

anc! repezted treatmen 
August, 1945, disease and Lle regulat ion of water conc?itims were suf f ic ien t ly  
improved t o  conduct an experiment under reesonable control. 
27, and October 11, the d i lu t ions  gf eff luent  watbr or ig ina l ly  specified were 
used. On October 11 the  number of f i s h  i n  each trough wcs reduced t o  prevent 
overcrowding, end'dilution l e v e l s  of 1:3 and 1:lO were subst i tuted f o r  the  
1: 500 (ef f luent  refr igerated)  and 1:lOO d i l u t i o n  levels previously used. 
fur ther  changes i n  design were made. 

The presence 3f s m e  fac tor  (probably "Calol") i n  t h e  effluent water 
t o  which t h e  trmt were very sens i t ive  ceused a heavy mortel i ty  mong t h e  
f i s h  i n  Troughs 1 and 2 during the evening of A u g u s t  31, and cmong the f i s h  
i n  Troughs 1, 2, 3 ,  4 ,  5 and 6 (eff luent ,  re f r igerz ted  e f f luent ,  and one pe r t  
eff luent  t 3  three p r t s  r i v e r  water) on and i m c d i a t e l y  fd lowing  October 11 
and q z i n  3n m d  fal loaing October 16. Consistcntly high n o r t a l i t i e s  per- 
s i s t e d  thrsugh2ut mst  o f  the e-xperinent i n  Tmughs 1 rzd 2 (undiluted and 
u n r e f r i g e r a t d  effluent mator). 
pronounced, increnses i n  r o r t d i t y  could not be a t t r i bu tab le  t o  the  presence 
of mea effluent m t e r  . 

Between A u g u s t  

NO 

Aside frm these incidences, which were very 

The rzte 3f pronth of the t n u t  was rnarkdly re tarde? i n  undiluted 
m e a  e f f luen t  water, rhcther it mas re f r igerz ted  3r only p a r t i d l y  cooled. 
The presence o f  "Cclol" x soEe other a2verso f ac to r  i n  the e f f luent  nater  
m October 11 a d  16 fur ther  re tmdod the  growth of  these groups and i n  
addition temporarily sloaed the  growth of the f i s h  i n  the  1:3 di lut ion.  No 
other incidence of retzrded growth occurred mong t r o u t  held i n  d i l u t i m s  of 
t he  -ea e f f luen t  uater;  rathGr i n  tho 1:3, k10, 1:50, 1:250, and p s s i b l y  
t h e  1:500 d i lu t ions  t h e  f i s h  actual ly  grew smemhat faster than i n  s t m i p h t  
river water. 
centrat ions of erec effluent nater m:.s pr'3bCbly because o f  higher water 
temperatures i n  these troughs. 

T h i s  increase i n  grov th  anong the  f i s h  held i n  the higher cm- 

STUDIES OX CHINOOK Si;Lf;:OK EGGS Y9UNG 

Purpose 

A t  t he  present t inc the  chinook salnon m e  t he  nos t  economically 
importznt f i s h  inhabiting the  upper Colunbie River, t h i s  species making up 
t h e  greater p a t  of the s a o n  caught by fishernzn of thc lower Colmbia 
River and by Indians f ishing a5ove Bonneville Dm. 
r i f f l e  areas f o r  spcwning, rhich are similar t o  nany which exist i n  t h e  
Colunbia River within ant! below the  H.E.N. Reservation. Extensive sprmning 
areas, which have been used by chinook s o l n o n i n  t5c past ,  are present i n  
t h e  v i c in i ty  of mte Bluffs, 131 i q o r t c n t  p m t  of  the s t m e s  st t h e  Fish 
Lsboratory was, then, t o  determine r.ihet e f f e c t  the men e f f luen t  water night 
have on the thveloping eggs and young of  chinook salnon. These stages were 
of p r t i c u l e r  i q o r t a n c o  since the  eggs and newly hatched f i s h  or "fryt' occur 
i n  the gravel beds mci thus are not capcble of smiiTlning may from adverse 
conditions, as older f i s h  nay do. 

Chinook salnon select 

The devehpnent stages of t he  eggs end young f i s h  studied i n  tho 
laboratory were t o  p m a l l e l  those w e e r  natural conditions i n  the r iver ,  a d  
u l t i nc t e ly  the  f i s h  r am& i n  the  laboratory mere t o  be l ibera ted  a t  a t ine 
vhen they rJou12 nmmally c?igrate t o  the ocean. This e q e r i n e n t  was expected 
t o  furnish the  nost s i g n i f i c m t  and usable r e su l t s .  . 

I I O ? f 8 O  I LO 



It was not feas ib le  t o  capture sexually mature chinook salmon on 
spawning grounds of the upper Columbia River f o r  a source of eggs. 
used i n  t h i s  experiment were, therefore, obtained from a stock enter icg Green 
River, 8 t r i bu ta ry  t o  Puget Sound, and intercepted by the State of Washington, 
Department of Fisher ies  a t  Soos Creek. 
Green Rlver could be expected t o  react t o  the various concentrations of the 
area ef f luent  water i n  the same manner as progeny from Columbia River chinook 
salmon. The eggs were readi ly  obtainable a t  t h e  Soos Creek Hatchery, a d  i n  
addition expected r a t e s  o f  survival and growth were known f o r  t h i s  stock. 

The eggs 

The progeqg of chinook salmon from 

Late i n  October, the  temperature of t h e  Columbia R i v e r  had f d l e n  t o  
On about U0C., a l e v e l  su i tab le  fo r  the incubetion of chinook salmon eggs. 

t h e  morning of October 2.4, 1945, L. R. Donzldson cnd A ,  D ,  Welander of  t he  
University of Vfashington selected eight  mcturo female chinook salmon from the 
stock avai lzble  a t  the Soos Creek Hatchery. The eggs were removed from these 
f i sh ,  f e r t i l i z e d ,  and i m d i a t e l y  transported by car  t o  the Fish Lzboratory. 
On ar r ive l ,  a t  5:30 p.  m. of t he  samc day, the 15,800 eggs obtained were 
tempered mith r i v e r  m t e r  for about one hour w d  then d is t r ibu ted  approxi- 
mately e q u d l y  cmong fo r ty  t rays ,  thcre  being tw t r a y s  i n  each trough. 
furtfior avoid any temperature shock mhich night  r e s u l t  from placing the eggs 
i n  weter of a Tamer  temperature, river nater  only was run i n to  Troughs 1, 2, 
5, 6 ,  7 and 8 a t  the t i m e  the  eggs mere placed on the  t r a y s  i n  these troughs. 
Later, area effluent na te r  BGS gradually turned back i n  so tha t  there  vas a 
gradual temperature r ise t o  the  operating level .  

To 

On a r r i v a l  a t  the Fish Laboratory there  vas a small area i n  the center 
of each transport&,ion basket :Thich contained a number of sggs k i l led  i o  
trmsit. Generally, horrever, the eggs -:?ere i n  good condition. 

Experience and Condi tkn  

During t h e i r  incubntion pcriod the  eggs =ere held i n  shallow t r ays  
v i t h  r!oodsn frames d p l a s t i c  screen bottoms. T.;,lo such t rzys  mere wedged 
near the  surface i n  the  uppor p a r t  of  each trough, and ba f f l e s  mere in s t a l l ed  
t o  insure water c i rcu la t ion  through the eggs. The lower p m t s  of t h e  sane 
troughs were used f o r  the steelhead t r o u t  experiment described above. A l o t  
number DES assigned t o  each t r a y  of eggs, -Gihich corresponded t o  the  trough 
number, and i n  addition contained the  suffix rlA1l, denoting the upper, or Y3" 
t h e  loner  t r a y  of the  p d r .  

Since some los s  mas experienced from transport ing the  eggs, as could 
reasombly be expected, all obviously dead o r  injured eggs vere removed from 
the  t r ays  on t h e  morning of October 25. The number removed from each trough 
was recorded, but  t h i s  loss  pas not included i n  subsequent mortali ty data. 
In general, t he  in i t ia l  loss or llpick-offll was less than 10 per cent. 

The water conditions used during t h i s  experiment were the same as 
those m c i n t ~ n e d  during tho  l a t e r  prt of t he  t r o u t  studiea,  n a e l y :  



1 & 2  100% m e a  ef f luent  
(LO t o  5%. warmer 

3 & A  100% area e f f luen t  

W E  OF FLOY 

mter, p a r t i a l l y  cooled 

water, re f r igera ted  t o  
thsn r i v e r  water) 3 g0p.m. 

5 a c 6  
7 & 8  
9 g: 10 
11 & 12 
13 8~ I4 
15 & 16 
17 & 18 
19 & 20 

- 
river mte r  tenpera twe 
1:3 ef f luent  t o  r i v e r  nater 
1: 10 
1: 50 
1: 250 
1:500 
1:lOOO 
100% r i v e r  na te r  
loo:', r i ve r  vater  

3 g*p*m. 
5 g.p.mo 
5 g.p.s .  
5 g.p.nm 
5 g.p.m* 
5 g.p.n. 
5 g.p*n. 
5 g0p.n. 
3 g.p.n. 

On October 26 the dezd eggs were egain renoved f ron  a l l  of the 
trays, and these n o r t c l i t i e s  vere the first recorded as occurring under t h e  
exper inentd  conditions. 
oping throuFh stctos rhici? m e  very de l i ca t e  and c z s i l y  injured. 
period, therefore,  they aere hoidled as infrequently and as gently as possible. 
Frequent r ecovd  of  ?ked eggs fron Troughs 1, 2, 5 and 6 was necesswy, hon- 
ever, since extrcccly hcmy c o r t a l i t i e s  pers is ted i n  these l o t s  and hzd the  
dead eggs been l e f t  i n  the  t rays ,  e n t i r e  groups would hzve been spoiled,  
S i l t  fron the r i v e r  ns te r  and ferric sulphate sludge from the  e f f luent  na te r  
accmulated on the  eggs clnd occesionally had t o  be siphoned o f f  t o  prevcnt 
t h e  eggs f ron  snothering. 

During the  next three weeks t he  eggs vero devel- 
During t h i s  

By the second reek i n  Novmbcr, nost  of the  eggs had develope2 t o  
nhat i s  known as the 11eyc-dl1 stage.  A t  t h i s  t i n e  t h e  young enbryo i s  c l ea r ly  
v is ib le ,  and t h e  cges can nithstand considerable handling without injury,  
None of the  eggs held i n  Troughs 1, 2, 5 or  6, whore tcnperatures mere A0 t o  
5 O C .  merrier than the  r i v e r  water, developee t o  the '*eyed" stage. 

Troughs 1, 2, 5 and 6 on developing eggs, a second batch was brought t o  the 
laborctory f ron the Soos Crcek Hitchery. 
t he  s a w  stock of chinook salnon as those used o r ig ina l ly  and hcd develope3 
t o  cn rreyed" stcge conparable with thct of the  eggs i n  s t r a igh t  Colunbin 
River water. 
number again corresponded t o  thzt of the  trough, but  suffixes 
were used t o  ident i fy  the new t r ays ,  

I n  order t o  fur thar  t E s t  the  e f f e c t  of the mater conditions i n  

These replaccnent eggs were f ron  

New l o t  nunbers mere cssigned t o  these replacenent eggs; the 
and I'D" 

Nearly all of  the eggs hotchod during t h e  f i r s t  two weeks of Dec- 
ember. Those which were incubhted i n  the wmnest water, t h a t  i s ,  Troughs I, 
2, 5 ,  6 ,  7 and 8 mere the f irst  t o  hatch. 
refr igerated e f f luent  nater  were the  last t o  hctch. 

Those incubated i n  r i v e r  a d  

The Fry 

men f i rs t  hatched, the young salnon o r  nfry" cre nourished by a - yolk sac which is incorporrrted in to  t h e  ven t r c l  body w a l l .  I n  na te r  tenpera- 
tures of 6 O  t o  9OC., t h i s  yolk is used up i n  about six meks or two months, 
and at the end of t h i s  t i m e ,  the ymng f i s h  are rccdy t o  start reeding. 

I n  each trough the f r y  which hatched fron t h e  upper t r z y  (A) and 

% + +  
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t h e  lower t r a y  (B) vere combined into a single l o t  with a number correspond- 
ing  t o  t h a t  of t h e  trough. 
i n  Troughs 1, 2, 5 and 6 t o  show t h a t  the  o r i g i n a l  egg l o t s  had been re- 
established * 

A suffix "r" was added t o  t he  l o t  numbers of thQse 

During the la t te r  pa r t  of December, t h e  f r y  i n  t h e  undiluted efflu- 
ent water, Troughs 1 and 2, began t o  d i e  in l a rge  numbers. 
a f t e r  the mortal i ty  unong the frg in the l t 3  d i lu t ion  began t o  rise sharply. 
Considerably later, during the  last week in January 19.46, the f ry  mortali ty 
i n  the re f r igera ted  effluent nzter Ellso rose  sharply. 
undiluted effluent water, Troughs 1, 2, 3 or  4 ,  survived long enough t o  com- 
p l e t e l y  absorb t h e i r  yolk sacs and only a very f e w  i n  the  1:3 dilut ion,  
Troughs 5 and 6 ,  successfully reached t h e  feeding stage.  
f i r s t  six troughs shoved no indicat ion of t h e i r  imminent fate vhen first 
hetched. 
snimming actions.  
viduals  t h a t  died shoved l1white spot disease", characterized by precipi ta ted 
p a r t i c l e s  i n  t h e  yolk. 
caused by adverse environmental conditions r a the r  than diseilse organisms. 
Further, the devblopnent of t h e  fry i n  the  re f r igera ted  e f f luent  mater was 
considerably sloner than i n  s t ro igh t  r i v e r  water of the  same temperature. 
men the  f i sh  i n  the  control  lots hcd completely absorbed t h e i r  yolks and were 
s t a r t i n g  t o  feed, those i n  the re f r igera ted  effluent water o f  Troughs 3 and 4 
s t i l l  re ta ined a lmge  mount of yolk and were smaller i n  size.  Although the  
f r y  i n  the  1:3 d i lu t ion  cbsorbed the i r  yolk sacs  ct about the  same r a t e  as 
those i n  s t r a i g h t  r i ve r  water, t h e i r  s i ze  a t  t h e  end of t he  yolk sac stage 
was appreciably smaller then th& of c m t r o l s .  
of 1:lO or  less appared  and actod like those i n  s t r a igh t  r i v e r  wzter. 

Shortly there- 

None of the fry i n  the 

These f ry  i n  the  

Soon, hoEever, they began t o  q p e a r  weak and exhibited cbnormal 
During the peak of mortali ty,  and la ter ,  most of  the indi- 

White spot" disease,  however, is thought t o  be 

The fry held i n  concentrations 

P l a t e s  IV t.hrough X I  shon the r e l a t i v e  appearance a d  s i ze  of fry 
selscted from the  verious wzter conditions on February 18, 1946, a t  which 
t i m e ,  most of t h e  f i s h  had j u s t  s t e r t e d  t o  feed. 
Pla t e s  IV through VI= me very much alike. 
of f r y  i n  1:lO dilut ion,  are o f  approximately the  sme length as those i n  the  
weaker concentrations of effluent water but  have not eaten as much food 
recent ly  and appezr a l i t t l e  smciz ted .  The f i s h  shown i n  P lz t e  X taken from 
the 1:3 di lu t ion ,  are i n  r e l c t ivc ly  good condition but a re  d i s t i n c t l y  smaller 
i n  s i ze  than  those i n  s t r e igh t  r i v e r  water. 
gersted effluent mater which, dthough apparently i n  good condition, are 
smaller i n  s i z e  d have not completely absorbed the yolk sac. 

The f i s h  portrayed i n  
Those i n  Plate I X ,  representative 

P la t e  X I  shows fry from r e f r i -  

P l a t e s  X I 1  through XIX were taken on February 20, 1946 and show the  
general  appearance m d  den,sity of the  f i s h  i n  the  vzrious troughs. 
s imi l a r i t y  between the f ish held i n  Troughs 7 through 20 is  brought out. 
P1 t 
6 B1p pending repainting of Trough 18 and Lot 6r being temporarily held i n  
t he  lower p a r t  of Trough 5. This p lz to  &fords ;I quick compsrison between 
t h e  f i s h  held i n  1:3 d i lu t ion  md those held i n  s t r c igh t  r i v e r  water. The 
differences i n  numbGrs and s i z e  m e  evident. P l a t e  XIX shows t he  fow weak 
and dying f i s h  which remain i n  Trough 3 a d  4 supplied with re f r igera ted  
eff luent  wzter. The yolk sccs remaining on m a y  of  these f i sh  c m  a lso  be 
seen. 

Agah t h e  

WIII shows L o t s  5r, 6r and 18, Lot  18 being temporcrily held i n  Trough 

(1) The effluent m t c r  mas turned o f f  i n  Trough 6 during t h i s  temporary - 
Chmge 
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PLATE XI1 
Chinook Selmon Fry in Troughs 19 md 20 

River FJcter Control 2-20-46 

PLATE XIII 
Chinook Sdmon Fry in Troughs 15 2nd 16 

1: 1000 2-20-46 
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PLATE XV 
Chinook Sclmon Fry in Troughs 11 cnd 12 

1~250 * 2-20-46 
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PLArn XVI 

Chinook S a o n  Fry i n  Troughs 9 CFnd 10 
1: 50 2- 20-46 
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PLATE XVII 
Chinook S a o n  Fry i n  Troughs 7 and 8 
1: 10 2-20-46 
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PLATE XrlIII 
Chinook Salmon Fry in Troughs 5 and 6 

18 L o t s  5r and 

PLATS XIX 
Chinook Sclnon Fry i n  Troughs 3 md 4 
RefrigerntsP Effluent iVntp2 2-20-46 
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- After the  young f i s h  have completcly absorbed t h e i r  yolk sacs and 
are  actively feeding they are c a n e d  llfingcrlings". Most of the f i s h  reached 
this stage during the l a t t e r  par t  of F e b r u q ,  1946. At t h i s  time the f i s h  
had increased i n  s ize  t o  E point whore it was no:longor advisable t o  r e t a i n  
such large numbers of them i n  the troughs. Consequently, on February 27th, 
the number of f i s h  i n  each trough was reduced t o  500 end the  surplus f i sh  
were p l m t e d  i n  the  Columbia River. 

New l o t s  of 500 f i s h  each were established i n  Troughs 1, 2, 3,  4 ,  5 
cnd 6 since none of the or ig ina l  f i s h  remained in  Troughs 1 and 2, only f ive  
remained i n  TroUghs 5 tad 6 and only 36 remained i n  Troughs 7 md 8.  
f i s h  used t o  es tabl ish these new l o t s  mere taken from the  surplus resul t ing 
from the thinning out of the s t r z igh t  r iver  water control lots. 
was attached t o  the l o t  nmbers of the new stocks i n  Troughs I, 2, 3 ,  4 ,  5 
a d  6 t o  show t h a t  they mere replacements and not derived from eggs hatched 
i n  these troughs. The f e w  remaining f i sh  from the o r ig ina l  l o t s  i n  Troughs 
3,  4 ,  5 and 6 were not discarded, but were maintaincd as separote units un t i l  
their death, The list f i s h  of the o r i g i n d  stocks i n  Troughs 3 znd 4 died on 
Harch 7th. The sixteen f i s h  of  the o r ig ina l  stocks i n  Troughs 5 a d  6 remain- 
i ng  on March l5 th ,  were unfortunctely k i l l e d  by accident when they were 
exposed t o  undiluted eff luent  water resu l t ing  from a b r i e f  outage of tho 
r i v e r  water supply. These fern remqining f i s h  of Lots 5r and 6r, were, on the 
other hcnd, very weak and snrtciated and hzd never eaten food in proper mountso 
Had they not been i n  such a weckened condition, they might well  have survived 
the br ie f  dverse conditions, 

The 

A suffix nAn 

Although the fry i n  the 1:lO concentration had not died i n  such 
great  nunbers os those i n  the f i r s t  six troughs, t he i r  mortali ty and condi- 
t i o n  mas decidedly worse t h m  tha t  of f i s h  i n  weaker concentrations of the 
e f f luent  water. On Februcry 27, 1946, vhen the nmber of f i s h  in each l o t  
was reduced, many of these f i s h  i n  Troughs 7 2nd 8 were emaciated and sub- 
nornal. An infestat ion of an intest inal .  pcrasi te ,  Bctanitus, was found i n  
these f i s h ,  bu t  since it d id  not occur i n  appreciable mounts i n  any o f  the 
other l o t s ,  i t s  presence was probably the r e s u l t  of  a lower resistance anong 
the f i s h  of t h i s  group. 
barsane11 t o  the  d i e t  soon eliminated the Octmitus, but this group of f i sh  
continued t o  suffer an excessive mortali ty md t o  contoin undersize, ennc- 
i&ed f i s h  up t o  the t i ne  the  study was terminated. It was in te res t ing  t o  
note, however, t h a t  t h i s  group also contained individuals which were the  
l z rges t  i n  the laboratory, such specinens. had undoubtedly been able to over- 
come the adverse e f fec t  of the eff luent  water and take advantage of the  
warmer mater tenperature i n  these troughs. 

The addition of a small mount of the drug f tCar-  

(See Table 27) 

The f i s h  i n  undiluted e f f luent  wcter and i n  t h s  1:3 concentretion 
suffered very heavy n o r t a l i t i e s  and poor growth throughout the experbent .  
Although these f i s h  mere frequently examined f o r  paras i tes  none, o r  very 
few, were ever found, Their generd. appearance i n  the trough, however, w a s  
not normal. 
i r r i t a t e d  gills by holding the i r  g i l l  covers open, but  microscopic examina- 
t i on  showed no g i l l  disease. 
toward the end of the experiment. Many o f  the f i s h  were emaciated and neerly 
all were sonewhat l i s t l a s s .  

During March, April  a d  early May these f i s h  showed evidence of 

The g i l l  act ion gradually becanc mDre normal 

The presence of f e r r i c  su l fa te  sludge i n  t he  

i 1 0 1 1 9 0  
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- .  mater on Modzy znd Tuesday of each week seemd t o  increase the g i l l  irrita- 

t i o n  and prevent the  f i s h  from feeding, but otherwise not t o  contribute t o  
t h e i r  discomfort. The f i s h  which died were zosually the  wezkest, nost ema- 
c i e t cd  individuals,  the  stronger ones Suraivhg the longest, which ind icc tes  
a gradual a d  c o n t i n u d  toxic  or weakening eflect of the  of f luent  water ra ther  
than an occasional exceptionally adverse condition such as occurred during 
the  steelhead t r o u t  experinent when lzrge amunts of "Calol'! mere suspected 
of being present ,  The n o r t a l i t i e s  and grcnrkh of these znd the  other l o t s  mill 
be considered i n  more d e t a i l  i n  sections immediately following. 

Fron the  l a t t e r  pcrt of May u n t i l  the end of the  s tud ies  a few o f  t h e  
f i s h  I n  Troughs 7 through 20 suffered from ngas bubble" disease. 
probably an environnental disease caused by excessive gcsses i n  the Eater m d  
it a l s o  appsarc-d an the chinook selnon f inger l ings  of the "pi lotff  t e s t  inned- 
i c t e l y  after they were placed i n  river water n t  t he  Fish Laboratory during 
July, 1945. 
e f f luent  water or i n  Troughs 5 and 6 where t h e  volune of e f f luen t  water TICS 

grea t  enough t o  apprccicbly d i l u t e  tho mount of excess dissolved gases i n  
t he  r i v e r  water. 

T h i s  is 

The gas b l i s t e r s  did not appczr on the  f i s h  held i n  straight 

Plc t c s  XX t o  XXIX show the generd appearance o f  the  f i s h  i n  t h e  
vzrious trough pa i r s  on July 2, 1946. 
few s n a l l  f i s h  renaining d i v e  i n  Troughs 1, 2, 3 and 4 a t  this time. 
nunbers and s izo of  the f i s h  i n  Troughs 5 and 6, P la t e  XXVII, are a lso  
grea t ly  reduced. 
t he  1 : l O  concentration an6 a l s o  the great v a r i a b i l i t y  i n  s i ze  of various 
individuals ,  
"pop eyzdIf f i s h  which m e  suffer ing fron "gcs bubble" disease nay be seen i n  
these l o t s .  

Plates XXIX and XXVIII show the very 
The 

Pla te  MNI shows the r e l a t i v e l y  fewer fish renaining i n  

The f i s h  i n  the other trough pairs appecr nuch al ike,  several  

By the end of June, 1946, these chinook s&on f inger l ings  hzd 
reached a s ize  a d  age a t  which they would normally migrate downstream to the 
ocean. To r e t a i n  then longer i n  the  laboratory would introduce severa l  un- 
controlled f ac to r s  which mould tend t o  obscure the e f f ec t  of the effluent 
weter. Therefore, the exporinent WES terninate2 on July 3 ,  1946 and on July 
5th tho surviving 5,832 fish mere l ibera ted  i n t o  tho Colunbia River adjacent 
t o  the 100-F Area, a 

LL 
Throughout this experioont the  desired mater conditions mer0 main- 

tained within the  tolerance limits given on Page 13, which mere reasonzbly 
s t r i c t .  Chly on ra re  occasions and then f o r  b r i e f  periods of time was it 
necessary t o  than because of equipment f a i lu re .  CA - 

A l l  salmon eggs which were obviously 
removed from the trEys i n  the  various troughs 
record was keDt of  the removds. The da te  on 

w n dead or not developing were 
as of ten  as necessary and a 
which an egg was removed d id  

not necessmi iy  correspon2 t o  the tine at  which it died 
since many eggs which m e  wholly i n f e r t i l e  or scarcely deve1oped.a-e not 
d i s t inguishrb le  f o r  several  mocks. Therefore, n e w l y  all of  t h e  eggs which 
mere removed were cls=ed i n  salt solut ion and fixed with ace t i c  acid so t h a t  

stopped developing 
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PLATE XX 

Chinook Salmon Finger l ings  i n  Troughs 19 cnd 20 
River Wetor Gontrol 7- 2-46 

PLATE 3x1 
Chinook Sclmon Finaer l ings  i n  Troughs 17 and 18 
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PL,4TE XXII 
Chinook Selmon Fingerlings i n  Troughs 1 5  a d  16 

1: 1000 7-2-46 
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PLATE XXIII a 
Chinook Salmon Pingerlings i n  Troughs 13 m d  U. 

1 r5CO 7-2-46 
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PLATE 3SIV 
Chinook Sdnon Fingerlings in Troughs 11 znd 12 

1: 250 7-2-4.6 

PLATE m , \,i 

Chinook Salmon Fingerlings i n  Troughs 9 cnd 10 
1:50 7-2-46 
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PLATE XXVI 
Chinook Sdmon Fingerlings in Troughs 7 md 8 

1:lO 7- 2-46 

P U T S  XXVII 
Chinook Salmon Fingerliqs in Troughs 5 and 6 
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P M E  XXVIII 

Refrigerate6 Effluent Water 7-2-46 
ChinDok Salmon Fingerlings in Troughs 3 and 4 

7-3 7d79 e . 3  - 
PLATE XXIX 

Chinook Salmon' Fingerlings in L Troughs 1 and 2 
Effluent Vctter 7-246 
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any embryo formation might be observed. 
c lass i f ied  i n t o  the following six s t e e s :  

The cggs examiined were a r b i t r a r i l y  

A .  

E a  

C. 

D. 

E. 

F. 

Those which were i n f e r t i l e  or  showed no evidence of embryo 
formation, 

Those which were f e r t i l e  but  had developed only as f ' s  as 
blcstodem formation 

Those i n  which a def in i te  enbryo wzs forned but had survived 
only t o  the fornction o f  the chorda o r  primitive streak. 

Those i n  which dsvelopncnt had zdvancec? to the  formation o f  
sonites,  f i n  buds and optic ves ic les  but where the t o t a l  length 
of the enbryo was less than hal f  the circunforcnce o f  the  egg, 

Those jn which the length of the me11 forned enbryo exceedd 
ha l f  the circunforence of t he  egg, 

Those rhich died i n  hatching, 
eggs vA%ch m e  called uhigh-pressuresll and which hatched 
abortively, 

This includes pr incipal ly  those 

Appen6ix Table 18 shows the nunber of eggs which 2.ieC i n  each trEy 
or egg l o t  a d  the stage i n  which dezth occurred. Table V I 1 1  s m n r i z e s  the 
da ta  on Table 18 by pooling egg l o t s  which vere incubztcd i n  l i k e  mater con- 
d i t ions  mc? presents the r e su l t s  as percentages. 
representation of Tsble V I I I .  As i s  frequently the case with salnon egg 
nor t a l i t y  data, there mas considerabla v m i a t i o n  betmeen the  n o r t a l i t i e s  i n  
t rays  incubate?. i n  l i ke  wcter conditions . The vcr ic t ions mere suf f ic ien t ly  
great so  t h a t  a chi-square t a s t  did not shon thcn t o  be honogenius, and 
precluckd s inple  conparisons of the pooled mans f o r  the various water types. 
However, a sufficient nm5er of  t rays  were use2 i n  each d i lu t ion  l eve l  t o  
pern i t  the use of Eore elaborcte s t f i t i s t i c a l  t e s t s .  A t - t e s t  based on cn 
array of lot n o r t a l i t y  percentages mas sens i t ive  enough t o  shon s ignif icant  
diffcronces i n  the nor0 diverse ccsos, and an extensive varicnce analysis 
provided a del icate  t e s t  f o r  borderline cases. 
n o r t a l i t i e s  trhich are s ign i f icant ly  higher than those of the r i v e r  water con- 
t r o l  group me underlined. 

Figure 8 is a graphic 

I n  Table VI11 the t o t a l  

The consistant and orderly arrangenent of the r e s u l t s  as shown by 
Figure 8 i s  s t r iking.  
v i r tua l ly  every egg remained undeveloped. 
however, due solely t o  the w m  tenperature of the  e f f luent  mzter since i n  
the  undiluted eff luent  refr igerated t o  r i v e r  water temperature about seventy 
per cont o f  the eggs hatched. 
f ac to r s  i s  also shown 
which the  water tcnperatures were progressively hfghcr. than t h c t  o f . t hc  r ivc r  
-i&€or,-had m r t a l i t i e s  which wero i n  the  sane manner progressively greater 
than t h a t  of the undiluted but refr igerated eff luent  group. 
and 1:500 di lu t ions  the water temperatures were not appreciably grecter  t h m  
t h a t  of  the s t ra ight  r i ve r  water but other adverse f ac to r s  i n  the eff luent  
caused morta l i t i es  s ign i f icant ly  greater than i n  the  cont ro l  and these norta- 
l i t i e s  were in  d i r ec t  r e l a t ion  t o  the mount of e f f luent  water present. 

I n  the undiluted and unrefrigerzted e f f luent  water 
A najor pa r t  of t h i s  e f fec t  was, 

The greater  e f f e c t  of temperature over other 
the f a c t  t h a t  the 1850, 1:lO and l t 3  dilutions, in 

I n  the 1:250 

Tho 
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s l i g h t  difference between the  mortality i n  the  1:lOOO d i lu t ion  and t h a t  i n  
t h e  s t ra ight  r i ve r  water WAS not s t a t i s t i c a l l y  s ignif icant ,  
t h a t  one par t  eff luent  water i n  f ive  hwdred parts of river water measurably 
increased the  mortali ty of these incubating chinook salmon eggs is of con- 
s iderable  in t e re s t  e 

But t h e  f a c t  

The combination of  high temperature and high ef f luent  concentration 
ex is t ing  a t  the 183 di lu t ion  level gave results very much l i k e  those of t h e  
s t r a igh t  eff luent  water; tha t  is, vir tual ly  a l l  of the eggs failed t o  develop, 
a few did succeed i n  forming a germinal d i sc  but none lived beyond tin e m l y  
1teyed" stage. \Only about f i f t y  per cent of t h e  eggs hatched at the 1:lO 
d i lu t ion  level.  

d i lu t ion  hatched, the l o t s  i n  these water conditions were re-establlshed with 
a new ser ies  3s mentioned i n  the preceding section (indicated by N. S.  i n  
Table VISI and Figure 8 )  
stage a t  the time they were placed i n  Troughs 1, 2, 5 and 6,  A comparison of 
t he  subsequent m o r t d i t i e s  i n  these new lots with the mortality of the  control 
during a l i k e  period of  development again showed a greater  death f o r  the  eggs 
incubated i n  tho e f f luent  water but no s igni f icant  difference i n  the 1:3 
d i lu t ion .  Further consideration of Ttible VIXI  and Figure 8 revoals t h2 t  the  
grea te r  par t  of  the egg mortali ty occurs i n  Stege "A* and is, therefore, due 
e i t h e r  t o  i n f e r t i l i t y  o r  a near conploto lack of development, The d i r ec t  
re la t ionship between mortali ty and concentration of eff luent  water j u s t  dis-  
cussed fo r  the t o t a l  mor te l i t i es  applies a l s o  t o  Stage "A1' alone. 
if each stcge i s  considered independently of all others t h i s  same relct ion-  
ship i s  maintained i n  nearly every case; S t w e  nF1* i s  an exception and t h e  
refr igerated eff luent  water group is 2n exception. 

Since none of the eggs i n  the unrefrigeroted effluent or i n  the  1:3 

The eggs i n  t h i s  new ser ies  had reached the eyed 

Similarly, 

i' - Abnormalities 

Soon a f t e r  hatching the  young fry mre careful ly  inspected and those 
which were deformed or  otherwise appeared abnormal were removed. 
centage of abnormal f r y  found i n  esch wzter type is shown i n  Table VI11 below 
the  egg mortality data. The 1:lO md l:5O di lu t ion  levels  were the only ones' 
i n  which abnormality percentegcs were s igc i f icant ly  higher than i n  the 
controls,  the difference i n  the 1:50 group being questionable. (_I 
number of iibnormal f r y  hatched i n  refrigerated area e f f luen t  water was p r a c t i m  
c a l l y  the same as i n  r ive r  water, there is  good evidence t h a t  f o r  the t3rpes 
recognized a t  t h i s  time, increzsed percentages of abnormalities were t h e  
r e s u l t  of increased water temperstures ra ther  t h m  othor inhcrcnt effects 
of  the  eff luent  water. A large par t  o f  the deformed f i s h  occurkg in t h o  
1210 d i lu t ion  exhibited dis tor ted ver tebra l  columns. 

The per- 

Since the 

Lt 
v> < 

Since none of the or ig ina l  eggs plcced i n  s t r a i g h t  e f f luent  water o 

these lo t s .  
i n  the  1:3 d i lu t ion  hatched, there obviously could be no abnormal f r y  in 

number of zbnormal fry mas very low, which indicated t h a t  such deformities 
were the r e s u l t  of zdverse fac tors  operating during the eer ly  developmental 
stages of  the eggs. 
t h e  r iver  water control group over t h a t  of the new se r i e s  groups- i n  Troughs 
1, 2, 5 and 6 is probably the r e s u l t  of the extra  handling received by the 
control  group. 

I n  the new se r i e s  groups which replaced these l o t s ,  however, 

The s ignif icant ly  higher percentage of abnormalities i n  

The eggs i n  the r ive r  water were under experimental conditions 
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during the i r  ear ly  development, w h i l e  those hatching in  t h e  e f f luent  and l r 3  
groups were not handled experimentally u n t i l  after reaching t h e  "eyed" stage. 

Fry 

The da i ly  records r>f the numbers of fky  dying i n  each trough hem 
been condensed in to  weekly in te rva ls  and are given i n  oppondfx Tcble 19. 
The mortal i t ies  i n  l o t s  subjected t o  l i k e  water conditions were su f f i c i en t ly  
hamogeneous t o  pern i t  the pooling of tho results into groups, and Table UC 
presents t he  combined mortal i t ies  together with their cumulative prcentages.  
The da ta  of  Table IX are shown graphically i n  Mgrrre 9, where n log scale  has 
been used above the one per cent level in order t o  more c lea r ly  define the  
curves i n  the  lower percentage levels. 

e f f luent  mater hatchsd qui te  successfully, the fry soon began t o  die  i n  large 
nwnbers. 
four th  week d t c r  hatching; then there  w a s  a secood wave of mortality, which 
completely el ininated the lot by the ninth week. 
ef f luent  mater was refr igerated,  the cooler t enpe ra twe  delcyed developerrt, 
and mortal i t ies  greater  than those in the controls did not appeer u n t i l  be- 
tween the th i rd  2nd fourth week a f t e r  hatching; subsequently, the h is tory  of 
t h i s  group wcs much l i ke  t h a t  of t he  group i n  the unrefrigerated e f f luent  
water, but extended over a greater  period of t i n e ,  Following t he  f irst  surge 
of mortality, which accounted for only abaut 3 per cent of the fry, there  was 
a pause i n  mortali ty r a t e  f o r  about three weeks. 
wave of n o r t a l i t y  then v i r tua l ly  wiped out the  group. 

blished egg l o t s ,  began t o  d i e  i n  appreciable numbers a t  about the sane t i n e  
as those i n  the refrigerated. e f f luent  water. Here, however, there  was no 
pause in  the curve, and a high r a t e  of mortali ty was naintained until the  
group was prac t i ca l ly  elininated . 

Although the re-established or new series egg l o t s  i n  the s t r a igh t  

There was ;I br i e f  pause in n o r t a l i t y  rato between the t h i r d  and 

In Troughs 3 and 4 where the 

A second and much la rger  

The fry i n  the  1:3 dilution, which had clso hatched from re-esta- 

In the- 1: lO d i lu t ion  the rate of mortali ty i n  t h e  developing eggs 
had been apprecizbly higher than i n  the wodcer d i lu t ions .  
w a s  maintained during the  f ry  stage end resul ted i n  the death o f  about 20 
per cent of these f i sh ,  
mortali ty slackened; the pause occurred in this group between the  second and 
fourth weeks. 

This higher r a t e  

Again there was Q br ie f  period when the  r a t e  of 

The lr50, lt250, l:!jOO, and 1:lOOO di lu t ion  l e v e l s  did not s igf i f i -  
cant ly  increase t h e  mortali ty during the f ry  stcge. 
note, however, t h a t  nemly  211 of these  curves show a period of lower mrt- 
a l i t y  ro t e  between the  fourth and eighth week, t h r t  i s ,  during the month of 
January, 1945, Whether t h i s  is re la ted  t o  the deflections i n  tbe eff luent ,  
refr igerated effluent, and 1:lO di lu t ion  i s  not clear. Indeed, t he  reason 
f o r  such def lect ions is not apparent. 
passed through a stage in which -they were more r e - s i s t m t  t o  adverse condi- 
t i ons  Qr t h a t  different  physiological fac tors  i n  the f i s h  were being effected 
at different  times. The deflections occurred ne=, but sonewhat preceded, 
t h e  period of coldest water temperatures. 

It i s  in te res t ing  t o  

One might conjecture t h a t  the fry 
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The d is t inc t ion  between the ' f ry  and fingerling stages i s  rather mbi-  
t r z y ,  buf is here characterized by m active feeding response by the f i sh  i n  
most of the troughs. A t  this t i n e  it was also xlecessary and convenient t o  
reduce t h e  nltcber of f i s h  i n  each trough t o  qyrox5mteQ five hundred. 
mentioned i n  3 preceding action, new stocks lfere placed i n  Troughs 1, 2, 3, 2, 
5 and 6 since prac t ica l ly  all of the f'ry i n  these troughs had died. 

As 

I The mortali ty da t a  for  the f ingerl ings was handled i n  precisely the 
sene manner as t h a t  fo r  the fry. Appesdix Tablo 20 shows t h e  weeMy mortal- 
i t i e s  f o r  the vmious troughs or lo t s .  Again, tho data within each water type 
were suf f ic ien t ly  honageneous t o  ju s t i fy  pooling the results i n t o  the group 
mems shown i n  Table X. The cunulntive perczxnkges of Tcble X have been 
p lo t ted  i n  Figure 10, which also utilizes ;? l og  scale above the  one per cent 
mortali ty level. 

1:3 d l lu t ion  had not previously been subjector! t o  area effluent water, t h e i r  
mor ta l i t i es  imed ic t e ly  mse above t h a t  of the controls, and an extremely 
high r a t e  of desth continued i n  theso groups until  near ly  all of the  f i s h  were 
dead. 
e f f luent  water were affected quickly, while in the re f r igera ted  eff luent  and 
1:3 dilut ion,  the response was slower; the  u l t i n a t e  resu l t ,  horaovor, w a s  nuch 
the  sme. 

Although the  f ingerl ings i n  the effluent, re f r igera ted  eff luent ,  and 

As had occurred with the fry,  the f ingerl ings hs ld  i n  unrefrigerated 

The death r c t e  in the  1:lO di lu t ion  exceeded t h a t  i n  the s t ra ight  
This gas because the fingerlings e f f luent  water during the f i rs t  three weeks. 

i n  the 1 : l O  d i lu t ions  mere held over in Troughs 7 and 8 f ron the f r y  stages, 
and a high no r td l i t y  r a t e  was already present in these f i s h  a t  the t i ne  the 
f ingerl ings-data  w e r e  stmtec?. 
60 per cent of  the  f ingerl ings i n  the 1:lO d i lu t ion  had died; although this i s  
about six times greeter t h u l  tha t  of the controls,  it i s  of a lower order t h a  
the  mortal i t ies  which occurred i n  Lots 1s through 6s. 

A t  the  t i ne  the  experinent was terninated, over 

In clilutions of  1:50 or greater,  the e f f luent  water did not  simfi- 
cant ly  increase the mortality of the f ingerl ing chinook sdlnon, 
10 per cent mortality suffered by the f ingerl ings i n  s t r a i g h t  r i v e r  water end 
t h e  lower d i lu t ion  levels ,  the grester  pa r t  occurred during the l as t  six weeks 
and WES due t o  "gas bubble" diseese . 

Of the 6 to 

Growth i n  Length and Veight 

The growth i n  length and growth i n  weight followed iden t i ca l  tr nds, 
and SO w i l l  be consi?ered together, 
measurements were made every four wooks, ulc! t he  f i s h  were weighed i n  groups 
every two weeks. The length neasurenents taken a t  each s a p l i n g  da te  a r e  
are  shown i n  appendix Tables 21 to- 27, arad the average weights i n  appendix 
Table 28. 
conditions are i n  good enough agreenent t o  allow pooling of the  data. 

ing date; unclerlined values are  s ign i f icant ly  lower than those of the c a n t r o l  
group. 
appendix Table 28. 

As i n  the previous experinents, l ength  

I n  general, t he  sizes of the  f i s h  i n  lots reared under like water 
Table 

C XI shows the averzge lengths of the salmon i n  each water type on each si?npl- 
b 

Table XI1 shows the average weights after pooling sinilar da ta  cof 
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, The nature of the weight data, which gave only average values with- 
out indicating the  var ia t ion i n  size betueen individuals i n  each l o t ,  make it 
impossible t o  test  for  s ignif icant  differences between lots by ordinary 
methods. Further, r a t e s  of growth colrld not eas i ly  be compared s t a t i s t i caUJr  
since they neither followed a straight Une relat ionship nor curves of equa- 
t i o n s  of the  first degree; however, the significance of size differences 
between the various groups was adequately shown by t he  length data where each 
group was compared t o  the control by t h e  %-test". 

Figures 11 and 12 depict the growth of the f i s h  in length and weight, 
respectively. 
before the f r y  had completely absorbed tbeir yolk SZC. The improper u t i l i -  
zation of the yolk by the  fry i n  Lots 3, 4 ,  5r and 6r, held i n  refr igerated 
eff luent  and the 123 dilut ion,  is evident i n  Figure ll. The lengths of these 
f r y  are s ignif icant ly  smaller than those of other l o t s ,  but because of t h e i r  
re la t ive ly  la rger  amount of unabsorbed yolk, t h e i r  weights were only s l i gh t ly  
smaller. 
and 2 survived a t  t h i s  time, md  those remaining i n  Lots 3, 4 ,  5r and 6r soon 
died without showing Eppreciable grovkh. 

Size measurements were first made a t  the end of Jenuary, 1946, 

None of the fry i n  the unrefrigerated e f f luent  mater o f  Troughs 1 

. The f ingerl ings placed in  Troughs 1 through 6 t o  replace the  fry 
which hzd died imed ia t e ly  showed s ignif icant ly  slower r a t e s  of  growth than 
those i n  the other troughs. 
eff luent  water where both low temperzture and zdverse conditions operated 
together. 
f a s t e r  although temperatures m r e  favorzble for  rapid growth. 
favorable tempereture, but with the eff luent  di luted with three pa r t s  of r iver  
water, growth was somewhat be t te r  than i n  the  undiluted e f f luent  groups, but 
s t i l l  markedly slower then  i n  the controls. 
Lots 5s and 6s, there i s  an apparent shmp increase i n  r a t e  of growth during 
the  lzs t  two neeks of  the experiment. 
since only the  lc rgcs t  and strongest individuals remained a l ive  on July 3, 
1946, t o  make up the  f i n a l  sample. 
mcre r e s i s t an t  t o  the tidverse conditions e& VJZS zble t o  take advantqe  of 
the more favorable ncter temperature, thus reaching a la rger  s ize  than any 
other f i s h  i n  the laboratory. 

The poorest growth occurred i n  the refr igerated 

I n  the unrefrigerated eff luent  water, t he  f i s h  grew only s l igh t ly  
A t  a s imi lmly  

I n  t h i s  group, which includes 

This i s  not ac tua l ly  the  case, however, 

Peculiarly,  one f i s h  i n  Trough 6 seemed 

(See Table 27) 

In  the  1:lO dilut ion,  some of the f i s h  vere able  t o  overcome much 
of the adverse e f f ec t  of the  effluent nater and make rapid growth in  the 
w m e r  nater . 
level ,  grew scarcely a t  a l l ,  znd were subject to  disease.  This resul ted i n  
a wide range of sizes  of f i s h  i n  Troughs 7 and 8, which was evident even 
during the l a t e  f ry  stege, and became greater  as the  experiment progressed, 
Although the average s i z e  of these f i s h  was zppreciably lower than t h a t  of 
the controls during Mzrch, April,  znd Mzy, the differences were only of 
questionably significance s t c t i s t i c z l l y  due t o  the g rea t  var ia t ion of s izes  
within the group. An eppcrent increase i n  growth r e t e  during t h s  l a s t  six 
weeks of the experimmt i n  t h i s  group held i n  the 1:lO d i lu t ion  mzkes t h e i r  
f i n d  size equal to ,  or a l i t t l e  lzrgcr  t h m ,  thtit of t h e  controls. Again 
t h i s  apparent increase i s  not r e d ,  but r e s u l t s  from the  deaths of smaller 
f i s h  with the survival of lerger  ones. 

Other individuals were seriously affected a t  t h i s  d i lu t ion  

In  d i lu t ions  of 1:50 or grezter,  the eff luent  water did not re ta rd  
the  growth of the f ingerl ing chinook salmon, Actually, on July, 3 ,  t he  

- n .- I 1 0 1 2 1  i 



.? 
weight of the cont ro l  f i s h  was noticeably I 

- >  l e s s  than t h c t  of  f i s h  i n  weak 
d i lu t ions  of t h e  e f f luent  water, and e f f e c t  which might be caused by s l i g h t  
temperature differences i n  proportion t o  t h e  amount of e f f luen t  edded. 

Discussion 

The d i f f i c u l t i e s  i n  control l ing experiment conditions which were ex- 
perienced i n  the  steelhead t r o u t  and chinook f i r g e r l i n g  p i l o t  s tudies  fortu- 
nately did not en ter  t h i s  second series of chinook s tudies .  Minor disease 
conditions a t t r i bu tab le  t o  a lonered resistance among t h e  young f inger l ings  
i n  tho 1:lO d i l u t i o n  l e v e l  were soon controlled,  but some losses were sus- 
te ined i n  r i v e r  water and i n  the weaker d i lu t ion  l eve l s  late i n  t he  experi- 
ment, due t o  ''gas bubblet1 disease. In  general, however, extraneous f ac to r s  
d i d  not grea t ly  influence this experiment, and the  results obtained can be 
a t t r i bu ted  t o  the  controlled experimental conditions with reasonable cer ta inty.  

No change i n  experimental design mas thought necessary during these 
studies; however, complete or near complete mortal i ty  of some o f  t he  groups 
neccssitzted restocking Troughs 1, 2, 5 and 6 with eyed eggs and Troughs 1, 
2, 3,  4 ,  5 and 6 wStb f ingerl ings.  

From the sections above, it i s  evident t h c t  t he  younger develop- 
mental stages o f  chinook salmon are somewhat more susceptible t o  the  adverse 
f ac to r s  i n  t h e  m e a  effluent water t h m  are the  older f ingerl ings;  nevzrthe- 
l e s s ,  in all stages studied, undiluted eff luent  mater and the  d i lu t ion  of  one 
p a r t  e f f luent  t o  th ree  pa r t s  r i v e r  wzter not only resu l ted  i n  very poor growth 
and development, but were soon l e tha l .  

A t  a d i lu t ion  of one p a 3  ef f luent  t o  t e n  p a r t s  river water, morta- 
l i t y  was grea t ly  increased i n  every stage.  
and mmy of t h e  surviving f i s h  mere undersized, weak, emaciated, and sus- 
cept ib le  t o  disease.  
this concentration md make rapid growth. 

Thore were more abnormalities, 

Some individual  f i sh ,  however, were zble t o  t o l e r a t e  

When d i lu t ed  with f i f t y  or more parts of r i v e r  mater, t he  area 
ef f luent  did not appear t o  ndversely a f f ec t  e i t h e r  the  growth o r  the  mortal- 
i t y  of the  f r y  o r  f inger l ing  chinook sdmon. 

Early developmental stages of the  eggs were, however, more sensi t ive,  
and a measurable increase i n  mortal i ty  was-present i n  dilutions as low as one 
part m e a  e f f luen t  wzter i n  f i v e  hundred p a r t s  of r i v e r  water, 
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TABL? 1 A sas?le of the fJrn use? during the l a t e  
as a ruide in a d j u s t i w  Yater t'lsrr. 

146 FJILDINC 

Date 6-13-96 

s h i f t  8 - 4  
Checked by Schrae 

Superriror Faste-y 
T i m e  l O ; 3 O  - 11:OO A M  

I Area Efflaent Water River Hater 
Should Flow i'ias Flordng Adjusted t o  Should Flow eras Flowinc Adjusted t 3  

19W cc/lO seo Igo0 ~ None 

1900 ' 1900 NO ae 
I 1 I1 I 

I I900 I 1900 

1900 ' 1900 None 

2400 cc/30 aea 2 3 5 0  2 4 0 0  7.430 cc/lO soc 

2430 cc/30 sac 2 4 0 0  2430 cc / l3  sac 

296 ce/lO seo 285 2350 " 

286 cc/lO sac  2 8 5  2653 " 

2150 

2 4 0 0  

3000 

2 8 0 0  
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Length Frequencirz of ChSnook Salmo3 Finger1 ings 

k y a t  29 b 30, 1945 
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Length Frequencies o f  Chiaook Salmon Fingerling. 
Sept. 24-25, 1945 
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