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INTRODUCTION 

Copco Dam permanently b a r r e d  passage of anadromous fish t o  

t h e  Upper Klamath Basin i n  1 9 1 7  and e v e r  since t h e r e  has b e e n  con t inued  

i n t e r e s t  i n  the r e - i n t r o d u c t i o n  .of  salmon and s t e e l h e a d .  Because of 

t h i s  i n t e r e s t ,  P a c i f i c  Power & Light Company i n  1964 consented t o  

f i n a n c e  a study t o  c o n s i d e r  t h e  f e a s i b i l i t y  of t h i s  p r o j e c t .  The work 

was undertaken by p e r s o n n e l  of the Oregon S t a t e  Game Commission, w i t h  

t h e  a id  of a P a c i f i c  Power & Ligh t  Canpany b i o l o g i s t .  The study w a s  

d i r e c t e d  by a s t e e r i n g  committee composed of o n e  member  f rom t h e  

Klamath Salmon and S tee lhead Advisory C o m i  t t e e ,  Bureau of Sports 

F i s h e r i e s  and W i l d l i f e ,  Bureau of Commercial F i s h e r i e s ,  C a l i f o r n i a  

Department of Fish and Came, F i s h  Commission of  Oregon, Oregon Srate 

Game Comiss ion ,  and P a c i f i c  Power & Light Company. 

The scope  of t h e  p r o j e c t  included c o m p i l i n g  historical 

i n fo rma t ion  on the p a s t  f i s h  runs  and envi ronmenta l  c o n d i t i o n s ,  and 

a survey t o  d e t e r m i n e  t h e  s t a t u s  of potential spawning a r e a s ,  r e a r i n g  

areas and m i p a t i o n  r o u t e s  i n  the Upper Klamath Basin. A l so ,  e s t i m a t e s  

w e r e  t o  b e  made# of t h e  cost of construction f o r  required f i s h  passage 

f a c i l i t i e s  and account  taken o f  possible f u t u r e  water use. 

This report p r e s e n t s  the r e s u l t s  of t h e  i n v e s r i g a t i o n  as w e l l  

as a review of t h e  l i f e  h i s t o r i e s  and r equ i r emen t s  of chinook salmon,  

Oncorhynchus t s h a w t s c h a  (Walbaum) and s t e e l h e a d  t r o u t ,  Salmo y a i r d n e r i  

(R icha rdson ) .  A d i s c u s s i o n  of r e l a t e d  experimental  t r a n s p l a n t s  of  

P ~ c i f  ic salmon and s t e e l h e a d  ts i nc luded .  



DESCRIPTXON OF STUDY AKEA 

P h y s i c a l  

The geograph ica l  a r e a  encompassed in this r e p o r t  is the 

Klamath River  drainage upstream f rom I r o n  Gate Dam. The watershed  

above Iron Gate Dam t o  Link Rive r  s h a l l  be r e f e r r e d  t o  as t h e  M d -  

Klamath Basin. Rlana th  Lake and i t s -  t r i b u t a r i e s  w i l l  be  c a l l e d  t h e  

Upper-Rlamath Basin (F igu re  1, P ~ g e  132) . 
I n  i t s  easternmost r e a c h e s ,  t h e  stream of  t h e  B a s h  arise 

on timbered western s lopes  of  f a u l t  b lock  mountains horde r ing  the 

Great Basin. The Wil l iamson R ive r  and i t s  t r i b u t a r y ,  the Sprague, 

f low w e s t e r l y  a t  e l e v a t i o n s  of 7,000 t o  4 , 1 4 0  f e e t  th rough t imbered 

a r e a s  and broad ,  f l a t  v a l l e y s  b e f o r e  r each ing  Upper Klamath Lake. 

From the n o r t h ,  spr ing- fed  Wood River and Sevenmile Creek are the 

major t r i b u t a r i e s  flowing from t h e  eastern s l o p e s  of the Cascade 

Range t o  Agency Lake. Agency and Upper Klamath Lakes are  connected 

by a narrow s t r a i t .  Both l a k e s  are r e l a t i v e l y  sha l low and b i o l o g i c a l l y  

r i c h .  

Some 28 m i l e s  s o u t h  of t h e  mouth o f  Wood River and 18 m i l e s  

s o u t h  of t h e  mouth of Wil l iamson River, L i n k  River  forms t he  o u t l e t  of 

Upper Klamath Lake. A dam a t  t he  head of L i n k  River r e g u l a t e s  t h e  

level of  the l ake .  PIile-long Link River f e e d s  Lake Ewauna, w h i c h  is 

formed by a dam a c r o s s  Klamarh River a t  Keno and s t r e t c h e s  through t h e  

b road  rec la imed bed  of  Lower K l a m a t h  Lake. 



Lost  River ,  a n a t u r a l  t r i b u t a r y  t o  Tule Lake, has been 

connected t o  Klamath River  v i a  a man-made d i v e r s i o n  canal which i s  part  

of the system of d r a i n s  and canals of t h e  190,000 acre Klamarh Reclama- 

t i o n  P r o j e c t .  

B e l o w  Keno, the  Klamath River e n t e r s  t h e  narrow, steep canyons 

that typify  most of i t s  254 miles  before  entering t h e  Pacific Ocean on 

the C a l i f o r n i a  coas t  about 32 miles  south of the Oregon border .  Alone 

i t s  course  i n  the mid-basin, Klamath River f l w s  through th ree  major 

impoundments. The f i r s t  i s  J .  C. Boyle R e s e r v o i r ,  abour 10 miles b e l o w  

Keno. Spencer Creek enters nea r  t h e  head of the reservoir. The n e x t  

impoundment i s  made by Copco Dam about: 36 m i l e s  below Keno. The l a s t  

reservoir is formed by the I r o n  Gate Dam abour 45 miles below Keno. 

Three of t h e  more important  t r i b u t a r i e s  i n  the lower  a r e a  a r e  Jenny 

Creek and F a l l  Creek which e n t e r  I r o n  Gate Rese rvo i r ,  and Shovel Creek, 

which flows i n t o  Klamath River about t h r e e  miles above Copco Reservoi r .  

C l i r n a t o l o ~ y  

The cl imate of t h e  Upper Klamath Basin may be exempl i f ied  

1 
by t h e  r eco rds  of t he  Rlamath F a l l s  weather  s t a t i o n  . Some v a r i a t i o n s  

w i t h i n  the  b a s i n  may be expected  on t h e  b a s i s  of d i f f e r e n c e s  i n  e l e v a t i o n  

and proximity t o  mountains. 

Fairly low w i n t e r  tempera tures  r e s u l t  from an e l e v a t i o n  of 

4100 f e e t  though the nea rness  of the  P a c i f i c  Ocean and t h e  general  

movement of a l r  f rom that d i r e c t i o n  i n t o  t h e  bas in  g r e a t l y  modif ies  

U. 5. Department o f  Commerce Envi ronmenta l  Sc ience  Weather S t a t i o n ,  
Kingsley A i r f i e l d ,  Klamath F a l l s ,  Oregon. Weather Summaries 1907-65 .  



the more extreme tempera tures  of summer and w i n t e r .  The most extreme 

t empe ra tu re s  du r ing  t h e  p e r i o d  1907-1956 w e r e  1 6  deg ree s  below zero and 

105 above. However, i n  t h e  years 1927-1956, t h e r e  w a s  no minimum below 

z e r o  o r  maximum above 96 deg ree s .  S i n c e  then ,  a l o w  of 25" below zero 

w a s  recorded i n  January 1962. Nights  are c o l d  even d u r i n g  t h e  warmest  

weather .  During pe r iods  of h i g h  and low temperatures, t h e  r e l a t i v e  

humidfty is  u s u a l l y  low. 

The a i r  masses moving i n  from t h e  west, upon which t h i s  a r e a  

i s  dependent  f o r  i t s  p r e c i p i t a t i o n ,  are f o r c e d  ac ros s  t h e  Coast Range 

and Cascade Mountains. As a result, much of t h e  a v a i l a b l e  m o i s t u r e  has 

been condensed o u t  b e f o r e  r c a c h i n ~  the Klamath area .  Annual t o t a l s  of 

p r e c i p i t a t i o n  ove r  t h e  f i f t y  years p r i o r  t o  1956 v a r i e d  from a low of 

8.31 inches i n  1949 a  h i ~ h  of 20.91 i n  1 9 4 3 .  E igh ty  p e r c e n t  o f  

that t i n e ,  the annual  p r e c i p i t a t i o n  ranged berween 9.5  and 17.00 i n c h e s .  

Apprnxina te ly  70 p e r c e n t  of the annual t o t a l  f a l l s  in t h e  s i x  months of  

O c t o b e r  rhrough Plarch; l e s s  than 11 perccnt  w i t h i n  t he  months o f  June  

t h r o u ~ 1 1  August.  A s u b s t a n t i a l  p o r t i o n  of t h e  w i n t e r  p r e c i p i t a t i o n  i s  

i n  t h e  f o m  of snow. 

Temperature and p r e c i p i t a t i o n  r e c o r d s  f o r  t h e  s tudy  p e r i o d ,  

1 9 6 5 ,  a r e  p r e sen t ed  a n d  compared w i th  1on.q-range averares i n  F i r u r e s  

2, 3 and 4 (Pai?es 133 and 134).  



HISTORY OF KLAElATH R I V E R  SALMON AND STEELHEAD 

Publ i shed  Reports 

The e x i s t e n c e  of anadromous salmonid f i s h e s  i n  t h e  Mid- and 

Upper-Klamath Baslns is  s u b s t a n t i a t e d  by published r e p o r t s  on archeolog-  

i c a l  i n v e s t i g a t i o n s ,  e a r l y  e x p l o r a t i o n s ,  coun ty  his tory  and i n  newspaper 

a r t i c l e s .  Most accounts  refer t o  t h e  presence of t h e s e  fish i n  t he  

Mid-Klamath Bas in ,  but t h e r e  a r e  sufficient r e p o r t s  t o  i n d i c a t e  that 

salmon and possibly s t ee lhead  were p r e s e n t  i n  t h e  Upper Klamarh Bas in .  

A r c h e o l o ~ i c a l  i n v e s t i g a t i o n s  

Through h i s  archeoLogica1 i n v e s t i g a t i o n s ,  Cressman and his 

colleagues (1956, 1962) deduced t h a t  3500 years aRo, f i s h  c o n s t i t u t e d  

t h e  major i t e m  in t h e  d i e t  of t he  inhabitants of the Klamath Basin.  

Bones found i n  excava t ions  i n  t he  S p r ~ g u e  R i v e r  v a l l e y  have been ten-  

tatively i d e n t i f i e d  a s  t hose  of chinook salmon. Gatschet  ( l a g o ) ,  i n  

h i s  work on t h e  Klamath Ind ians ,  makes several r e f e r e n c e s  t o  salmon, 

i nc lud ing  words i n  t h e  Klamath language ro describe t h e  f i s h  and t h e  

fo l lowing s t a t emen t  on t h e  time o f  t h e  runs. "The salmon are an 

L 
impor tant  food f i s h  of  t h e  Maklaks I n d i a n s ,  ascending twice every 

rear i n t o  the lakes and rivers of t h e  Klamath Highlands ,  t he  f i r s t  

run  be ing  in June ,  t h e  o t h e r  i n  Autumn." 

MakLaks - t r u e  name of t h e  Klamath t r i b e .  



A description o f  t h e  locat ion o f  n dam for salmon near 

the mouth of Sptague River was given by S p i e r  (1930). S p i e r  a l s o  

s ta ted:  

"The time of the salmon runs i n  the  river is not 

clear. Gatschet ' s  statement i s  that salmon ascend 

the Klamath River twice a year.  This bears o u t  

the etatement -- that tuns came i n  the middle 

finger months, May-June, and that the large f i s h  

run i n  fall. Par Kane d i d  n o t  know whether there 

i s  more than one variety of salmon, which he cal led 

t c i a l e s .  They ascend a l l  t h e  r i v e r s  leading f r m  

Klamath Lake (save Wood River) going as far  up 

Sprague River as Yainax, but w e r e  stopped by f a l l s  

b e l o w  the o u t l e t  o f  Klamath Narsh." 

In explaining the f i s h e r y  methods used by the Klamath t r i b e ,  

S p i e r  wrote  that f i s h i n g  with nets  was the  primary method. Spears  were 

not used much because of the dark water  of Williamson River and Klamath 

Lake, o t h e r  than the P e l i c a n  Bay area. Salmon were sometimes speared 

from r i v e r  banks and from the rocks n t  Klamath Falls. klooks were used  

c h i e f l y  f o r  large f i s h  l i k e  salmon and "salmon t r o u t " .  

County h i s t o r y  

In  a history of Klamath County compiled by  Rachel Good ( 1 9 4 1 ) ,  

she c i t e d  the e x p l o r e r ,  Fremont , (1846) as f i n d i n g  t h e  Indians '  main 

camp a t  Link River where t h e y  f i s h e d  f o r  salmon. She a l s o  related the 



r e c o l l e c t i o n s  of Mrs. Addie Walker who arr ived  i n  t h e  Sprague River  

V a l l e y  i n  1879. "In winrer the Indians brough t  us  t he  l a r g e  salmon 

t r o u t  from sp r ings  along t h e  r iver  on t h e  r e se rva t ion . "  

The fo l l owing  excerpts are from a History of Central 

Oregon, 1905 : 

"In the Upper K l m a t h  Lake and Link River seven 

v a r i e t i e s  of the s t e e l h e a d  rrout have been caught, 

ranging i n  weight  f r o m  a f e w  ounces t o  s i x t e e n  pounds 

which raise t o  a f l y  r e a d i l y  during t h e  summer months, 

take a spoon i n  t h e  s p r i n g  and fall and rninnou at a l l  

seasons of  the year .  - - - I n  K l a m a t h  RFver which f l ows  

from Klamath F a l l s  t o  t h e  Pacific Ocean, t h e  fall 

f i s h i n g  f o r  salmon, salmon trout and si lverside t r o u t  

i s  e x c e p t i o n a l l y  f h e . "  

Newspaper reports 

A r t i c l e s  from t h e  f i l e s  o f  Klamath F a l l s  newspapers r e l a te  

most recant h i s t o r y  of salmon and p o s s i b l y  steelhead i n  t h e  Mid- and Upper- 

Klamath Easing . 
Klamath Republican - S e p t e m b e r  28, 1899 

"Soon w i l l  be t h e  b e s t  season for f i s h i n g  i n  Klamath 

County l a k e s .  And then t h e r e  wFll be r a r e  s p o r t .  Large 

salmon r r o u t ,  e x c e l l e n t  c a n d i d a t e s  f o r  t h e  frving pan, 

w i l l  b e  caught i n  abundance and  though ca t ch ing  them may 

seem cruel t o  t he  f i s h ,  i t  wiLl b e  a ' joyful  season t o  t h e  

fisherman.. ." 



Klamath Republican - February 21, 1901 

"Salmon and l ake  t r o u t  a r e  now being caught  i n  great 

abundance. 'I  

Klamath Republican - March 21,  1901 

18 - _ - mullets, rainbow trout and salmon - splendid 
fish, giants  i n  s i z e  and a p p a r e n t l y  anxious t o  b e  caught .  

The phenomenon will last a month - - - ." 
Klamath Republican - September 18, 1902 

"Roy Wright has caught  four large salmon from t h e  river 

a t  t h i s  place ( K l m a t h  Falls) t h e  l a s t  week. He p l l e d  one 

o u t  yesterday t h a t  weighed 25 pounds. Lots of them are i n  

t h e  river, he says. Salmon have nor  been t h i s  f a r  up t h e  

Klamath before i n  ten o r  twelve years. LJe are t o l d  t h a t  

dams i n  the lower waters have preven ted  t h e  fish from 

running up ,  but are now enabled  t o  do so by the a i d  of 

f i a h  ladders constructed o v e r  the o b s t r u c t i o n s  by order of 

the  Fish  Commission of C a l i f o r n i a . "  

Klamath Republican - October 16 ,  1902 

"1t i s  r epo r t ed  t h a t  the fish l adde r  a t  Klamathon i s  a 

poor arrangement and has not accommodated the salmon dur ing  

t h e i r  run, thousands of  them have been killed i n  attempting 

t o  go over i t .  If sufficient ladders were provided,  t h e r e  

would be an abundance of salmon i n  t h e  river here ."  

Coots (1362) g i v e s  t h e  probable i d e n t i f i c a t i o n  of t h e  above- 

mentioned dam by citing Dowllng ( 1 9 4 8 ) .  A l o p  c r i b ,  rock-f i l l e d  dam 



was c o n s t r u c t e d  by t h e  Klamath R ive r  Improvement and Lumber Company i n  

1889, forming a  m i l l  pond on the Klamath River a t  Klamathon. This 

operation continued u n t i l  1902. The dam was r e p o r t e d  t o  be  10 o r  1 2  

feet i n  height. and a p p a r e n t l y  an obstacle t o  mig ra t i ng  fish. 

On September 10,  1903, the Klamath Republican r e p o r t e d  that 

salmon were running i n  t h e  Klamath R i v e r  a t  that t i m e  and several l o a d s  

had bean brough t  t o  Cown f rorn down r i v e r .  

An a r t i c l e  on f i s h  s tock ing  appeared in t h e  Klamath  Republ ican  

on ~ p r i l  30, 1908. 

"F i sh  Comnission of C a l i f o r n i a  stocked one m i l l i o n  small 

salmon, 1 / 2  m i l l i o n  rainbow and E a s t e r n  brook t r o u t  each  

in t h e  vicinity of Klamath Hot S p r i n g s  (near t h e  mouth 

of  Shovel  Creek) . . '. The planting of these f i s h  i s  

a direct help t o  t h e  s t r eams  o f  t h i s  immediate s e c t i o n  

as t h e  f i s h  of t h e  Klamath R i v e r  f i n d  t h e i r  way t o  

a lmos t  every s t r eam i n  this country." 

Klarnath Republican - September 10,  1908 

"The f i r s t  run of ocean salmon up the Klamath River 

have reached Reno, a number of  the f i s h  be ing  caught there  

on Friday. S e v e r a l  of t he  salmon were s e n t  t o  p a r t i e s  i n  

this c i r y  and are in f i n e  shape.  They are  good e a t i n g  

a t  this season of the year." 

Klamath Republican - December 2 4 ,  1908 

"The snow Wednesday s topped f i s h i n g  on the l a k e  below 

rown, which reached extensive p r o p o r t i o n s  the  p a s t  f e w  



days. Holes were CUT i n  t h e  ice and w i t h  the a i d  of 

an ordinary hook and l i n e ,  a string of 15 to  20 f i s h  

could b e  secured  in an hour o r  so. The f i s h  were a 

spec ies  o f  salmon trout  and are s a i d  t o  have a good 

flavor - - -." 
The presence  of  natural barriers t o  f i s h  passage was revealed 

in Eveninq Herald, a Klmnath Fa l l s  paper,  on September 24,  1908. 

"Par t i e s  coming in from Keno state that the run of  

salmon i n  rhe Rlamarh River t h i s  year i s  the heaviest 

i t  has ever known. There are m i l l i o n s  of f i s h  below 

the  f a l l s  near Keno, and i t  i s  said t h a t  a man with  

a gaff  could e a s i l y  land a hundred of the salmon i n  

an hour, i n  fact they  could be caught as f a s t  as man 

could pul l  them in. The law, however, prohLbFts the 

catching of  salmon above t idewater  e x c e p t  with hook 

and line. 

11 There is a natural rock dam across the river-below 

Keno, which Lt 1 s  almost impossible f o r  f i s h  t o  g e t  

o v e r .  In  t h e i r  e f f o r t  t o  do so, thousands o f  fine 

salmon are so bruised and spotted by t h e  rocks that 

they become worthless.  There i s  no spawning ground 

u n t i l  they raach the  upper l a k e ,  as t h e -  river  at  this 

point  i s  very swift and rocky.  

" I t  i s  stated t h a t  at a very s m a l l  expense an opening 

c o u l d  b e  made i n  the rocks t o  allow the  passaEe of 



the  salmon. I f  this is not done, a t  l e a s t  some 

effort should  be made t o  have a fish l a d d e r  b u i l t ,  

as i t  i s  n a t h i n g  less than  a crime t o  a l low m i l l i o n s  

of  t he se  f i s h  t o  be des t royed  every yea r .  The a t -  

t e n t i o n  of t h e  S t a t e  F i sh  Warden w i l l  p robably  b e  

cal led t o  t h i s  cond i t i on  and something done t o  allow 

the salmon ta reach the l a k e  t o  spawn; what few 

f i s h  g e t  p a s t  t h e  r a p i d s  at Keno a r e  so b r u i s e d  up 

they  are worthless." 

The e x c e p t i o n a l l y  law f low in t h e  river i n  1908 i s  e v i d e n t  

f rom the repprr of September 22 i n  The Evening Hera ld  which described 

"old Indlan f i s h  runways uncovered by low w a t e r  in Link River." They 

were dam-like B t r u c t u r e s  w i t h  runways f o r  t h e  f i s h  t o  pass and be  

caught. They had been i n  u se  when whi t e  men f i r s t  came t o  t h e  a r e a ,  

but t h e  I n d i a n s  u s i n g  them at  t h a t  t ime did n o t  recall  t h e i r  c o n s t r u c t i o n .  

Two more articles, Klamath Republ ican ,  October 1 4 ,  1909, and 

The Evening Hera ld ,  October 6 ,  1911, t o l d  of  salmon be ing  present i n  t h e  

Upper Klamath Bas in. 

The fact t h a t  there was a t  leasr sane confus ion  o r  l a c k  of  

c o n r i n u i t p  i n  the  i d e n t i t y  of  salmonid f ishes i s  borne o u t  by  i tems  i n  

The Evening Hera ld ,  A p r i l  8 ,  1 9 1 2 .  - 
1 1 -  - - Irving Wilson,  S t a t e  Fish C u l r u r i s t ,  states: 

There i s  a need f o r  pamphle r s  setting f o r t h  all t h e  

species of f i s h  t o  be  found i n  the waters of t h i s  

s t a t e .  To t h e  m a j o r i t y  of f i she rmen ,  a rainbow, 



d o l l y  varden,  o r  s t e e l h e a d  does n o t  mean any more than 

a salmon t r o u t .  I' 

Fuel  was added t o  t h e  con t rove r sy  on Apr i l  9 ,  1912, when 

The Evening H e r a l d  c a r r i e d  a statement: by David S t a r r  Jordan  c l a s s i f y i n g  - 
a l l  t r o u t  on t h e  P a c i f i c  Coast as salmon t r o u t .  On the same day, the 

paper p r i n t e d  a l e t t e r  from W .  H ,  Stiebly, Super intendent  of Hatche r i e s ,  

C a l i f o r n i a ,  to IIany T e l f o r d ,  Oregon Deputy Game and Fish Warden. 

II The name salmon t r o u t  i s  only a local name a p p l i e d  t o  

any species of Larger trout, There is n o t  any such f i s h  

as a salmon t r o u t ,  cons idered  f rom a  s c i e n t i f i c  s tand-  

p o i n t .  The l a r g e  f i s h  i n  t he  Klamath a r e  called salmon 

t r o u t ,  The large f i s h  i n  Pyramid Lake, an e n t i r e l y  

different v a r i e t y ,  a r e  known locally as salmon t r o u t .  

It i s  a  name given To any l a rpe  trout, bu t  s c i e n t i f i c a l l y  

t h e r e  does not exis t  any such f i s h , "  

Klamath f ishermen apparently suppor t ed  Jordan,  u s i n g  the term 

"salmon t r o u t "  i n  o r d e r  t o  f i s h  when t r o u t  season wati c l o s e d ,  as t h e r e  

w a s  no closed season on "salmon t rou t " .  

The f i r s t  reference t o  t h e  c o n s t r u c t i o n  of Copco Dam appeared 

in The Eveninp, Hera ld ,  March 17, 1913. 

"An e f f o r t  w i l l  b e  made by the Oregon S t a t e  Game and 

F i s h  Commission t o  secure t h e  c o o p e r a t i o n  of t h e  

C a l i f o r n i a  Cornmisston i n  f o r c i n g  t h e  California-Oregon 

Power Company t o  make provision f o r  salmon to pass t h e  

dam now be ing  constructed in the Klawath River about 



f o r t y  m i l e s  from t h i s  c i t y  and on t h e  C a l i f o r n i a  

side. 

"The dam, i t  i s  e x p e c t e d ,  will b e  comple ted  this 

year .  I t  i s  f e a r e d  r h a t  u n l e s s  a f i s h  ladder  i s  

p rov tded ,  there  w i l l  b e  a n o t a b l e  f a l l i n g  off i n  

the nmber o f  f i s h  i n  t h i s  p a r t  ." 
The s c a r c i t y  of salmon w a s  being f e l t  i n  rhe Upper Bas in  by 

1913 and on October  28  of that year,  i t  was wrirten i n  The Eveninq H e r a l d  

t h a t  A. J. S p r a g u e ,  State F i s h  Expert;  Corey  Ramsby, Deputy D i s t r i c t  Came 

Warden, and George J .  W a l t o n ,  Division S u p e r i n t e n d e n t  of t h e  Power Company, 

l e f t  t o  v i s i t  t h e  Copco Dam s i t e  i n  an e f f o r t  t o  d e t e r m i n e  t h e  cause for 

t h i s  pauc i ty  of salmon. 

As a result of this i n v e s t i g a t i o n ,  Plessrs .  Sprague and Ramsby 

wro te  the f o l l o w i n g  statement p u b l i s h e d  O c t o b e r  30, 1913 ,  i n  The E v e n i n g  - 
Ilerald : 

"The q u e s t i o n  o f  why t h e  annual  run  of salmon has n o t  

made i t s  appearance i n  Klamath River as usua l  has been 

i n v e s t i ~ a t e d  and t h e  cause d e t e r m i n e d  beyond any question 

of  doubr .  T h e r e  has been d i s c u s s i o n  as t o  t h e  c a u s e  of 

a lack of salmon runs i n t o  t h e  headwaters f o r  t h e  

purpotie of r e p r o d u c t i o n  and as a r e s u l t ,  t h e  COPCn was 

i n s i s t e n t  on an F n v e s t i g a t i o n  t o  d e t e r m i n e  if t h e  c a u s e  

l a y  a t  t h e  K l a m a t h  River  Dam under c o n s t r u c t i o n  i n  

C a l i f o r n i a .  

" A t  t h e  r e q u e s t  of the Company and  i n  t h e  i n t e r e s t  of t h e  



f i s h i n g  industry i n  Southern  Oregon, a  thorough i n v e s t i e a -  

t i o n  was made. No salmon were found below the  dam. 

"This led to further i n v e s t i e a t i o n  being made and t h e  

cause was l o c a t e d  a t  Klamathon, where t h e  U.S .B .  of F. has 

e s t a b l i s h e d  r acks ,  traps and f i e l d  s t a t i o n s  f o r  the t ak ing  

of salmon eggs. 

"We found t h a t  t h e r e  w e r e  two separate r acks  extending 

e n t i r e l y  across t h e  r i v e r  f r o m  bank to bank, thus  e f -  

f e c t i v e l y  c u t t i n g  o f f  t he  e n t i r e  run  of salmon. 

" In  j u s t i c e  t o  t h e  Power Company, we can say t h a t  t hey  a r e  

i n  no w a y  r e s p o n s i b l e  f o r  no salmon being i n  t h e  r i v e r . "  

According t o  S h e b l y  (1918) , the Federal Bureau of  Fisheries 

began o p e r a t i n g  f i s h  racks a t  Klamarhon i n  1910, l eav ing  l i t t l e  chance 

for passage of upstream migrants after that time. 

Snyder (1931) noted  t h a t  Wil l iamson River  and t h e  e n t i r e  

Klamath Lake basin were c losed  t o  the  m i g r a t i o n  of salmon and s t e e l h e a d s  

when Copco Dam became an ef fect ive  barrier on October 25, 1917. 

B i o l o ~ i c a l  i n v e s r i ~ a t i o n  

I c h t h y o l o g i s t s  made c o l l e c t i o n s  and s t u d i e s  o f  f i s h e s  i n  Upper 

Klamath Basin and v i c i n i t y .  None of them reported c o l l e c t i n g  salmon o r  

s t e e l h e a d  from t h a t  area. I t  i s  possible t h a t  t h e i r  s t u d i e s  were made 

a t  a t i m e  of year when the anadromous species were n o t  present .  

Cope (1879)  gave t h e  fo l lowing d e s c r i p t i o n  o f  Upper Klamath 

Lake : 



"The Upper Klarnath Lake i s  more p r o l i f i c  i n  animal 

life than any body of  water known t o  m e ,  the p r o p o r t i o n  

of  a l k a l i  which i t  con ta in s  appears  most f a v o r a b l e  t o  

development o f  l i f e .  ITS w a t e r s  a r e  f u l l  o f  v e g e t a b l e  

Lmpur i t ies ,  l i v i n g  and d e a d ,  and mol lu sca  and crustacea 

abound everywhere. These sustain a g r e a t  popu la t i on  of 

f i s h e s  which though n o t  numerous i n  species, i s  s o  i n  

i n d i v i d u a l s . "  

Cope wenr on t o  d e s c r i b e  Salmo p u r p u r a t u s ,  which fits t h e  

n a t i v e  Klamath rainbow, say ing  t h a t  it v a r i e d  i n  color-shades and there-  

f o r e  was thought  by fishermen t o  i nc lude  several s p e c i e s .  Specimens 

from Link River were r e p o r t e d l y  s i l ve ry -wh i t e  wh i l e  t hose  i n  Williamson 

River were a d a r k e r  color. They were an important food f i s h ,  sometimes 

reaching  10 pounds i n  Klamath Lake. 

Large rainbow t r o u t  were recovered f rom Upper Klamath Lake by 

Everman and Meek (1897).  The fish they exmined were t h o u g h t  t o  be lake-  

dwel l ing .  

I n  June ,  1 8 9 4 ,  G i l b e r t  (1897) sampled  rainbow t r o u t  from 

Klamarh River and Upper Klamath Lake. H e  was unable t o  d i s t i n g u i s h  t h e m  

from t y p i c a l  Salmo p a i r d n e r i ,  s t a t i n g  t h a t  the  l a r g e r  specimens had t h e  

characteristics of  sea-run o r  land locked f i s h  w i t h  a f e w  s p o t s  and a 

t r u n c a t e  t a i l .  He desc r ibed  t h e  sma l l e r  specimens a s  having fewer spots 

and more s i l v e r y  appearance than  2. pairdneri  from c o a s t a l  s t reams.  

?f.iiscellaneous r e p o r t s  

One of  t h e  f e w  references f o u n d  which mentioned s t e e l h e a d  by 



name i s  a p u b l i c a t i o n  of Southern  P a c i f i c  by Cuming  and Dunn, (1911) .  

In a sect ion c a l l e d  "The Klamath Kegion," which expounds t h e  v i r t u e s  

of f i s h i n g  i n  t h e  Upper Klamath Bas in ,  the a r t i c l e  a t t r i b u t e s  t h e  

g r e a t  number of f i s h  i n  L lamath  River t o  the f a c t  t h a t  t h e  s t r eam had 

u n i n t e r r u p t e d  acces s  t o  t h e  ocean. The a u t h o r s  c i t e  the past  con t rove r sy  

of whether  s t e e l h e a d  are sea-going rainbow t r o u t  or whether  rainbow 

trout are  s t e e l h e a d  k e p t  f rom t h e  ocean by same means. S i n c e  Klamath 

River  ha s  cons t an r  a c c e s s  to t he  s e a ,  they  b e l i e v e d  t h a t  t h e  f i s h  t h e r e  

may be  cons idered  s t e e l h e a d  a l l  t h e  t ime.  There  is  ment ion  of c a t c h i n g  

s t e e l h e a d  i n  t h e  Klamath Hot Spr ings  a r e a  (mouth of Shovel  Creek) from 

the  f i r t i c  o f  Apr i l .  They also r epo r t ed :  " I n  May, t h e r e  i s  good s p o r t  

w i t h  t he  silver t r o u t  which spawn In  t h e  f a l l .  They are  the l a s t  r u n  

up f rom t h e  ocean and a r e  f u l l  of l i f e . "  Ex t ens ive  d e s c r i p t i o n  w a s  

made of t h e  t r o u t  fishing i n  Upper Klamath Lake and i t s  tributaries. 

F i n a l l y ,  mention was made of  " s i l v e r  salmon t h a t  run in t h e  

Klarnath River  durlnp; August and September. During Aup,ust t h e  t r o u t  i n  

t h e  r ive r  cannot  be persuaded t o  look at any l u r e .  These salmon p u t  

up a  f i n e  f i g h t  and l e a p ,  b r eak ing  w a t e r  con t inuous ly  . ' I  

One b i t  of conclusive ev idence  t h a t  chinook salmon d i d  run t o  

rhe Upper  Klamath Basin i s  a p i c t u r e  of some f i s h  t aken  from Link River. 

D r .  C. E. Uond, P r o f e s s o r  of  F i s h e r i e s  a t  Oregon S t a t e  U n i v e r s i t y ,  

examined the p i c t u r e  an3 positivelv i d e n t i f i e d  a chinook salmon. Other  

fFsh  p i c t u r e d  were ra inbows,  some appea r ing  t o  be n a t i v e  Klamath r e s i d e n t s  

and o t h e r s  l i k e  s t e e l h e a d ,  b u t  p o s i t i v e  s e p a r a t i o n  of t h e s e  r a c e s  cannot  

b e  made from a p i c t u r e .  



From the  informat ion  a t  hand, i t  is  e v i d e n t  t h a t  a run of 

chinook salmon en te red  the  Mid- and Upper-Klamath Basins dur ing  t h e  

months of September and October. There might  a l s o  have been a run of 

salmon i n  t h e  s p r i n g  months be fo re  t h e  time when w h i t e  men came t o  the 

a rea .  From publ i shed  r e p o r t s ,  n e i t h e r  the magnitude of the  runs  nor  

t he  quality o f  the f i s h  can b e  determined, No in fo rma t ion  i s  a v a i l a b l e  

on exact spawning areaa, a l though it 1s known t h a t  t h e  fish e n t e r e d  the 

Williamson River and its major t r i b u t a r y ,  Sprague River.  Nothing is  

known of  t h e  l i f e  h i s t o r y  of t h e  j u v e n i l e  f i s h .  Though it is p o s s i b l e  

t h a t  t h e  s r ee lhead  t r o u t  d id  migra te  t o  t h e  upper b a s i n ,  no conc lus ive  

evidence  of such runs  can be de r ived  f rom t h e  r e p o r t s  examined. Since  

many of t h e  s t a t emen t s  are c o n f l i c t i n g  and a t  odds w i t h  p re sen t  knowledge, 

many of the  r e p o r t s  must be d i s r ega rded .  

The last runs of f i s h  d e s t i n e d  f o r  t h e  Mid- and Upper-basins 

were c u r t a i l e d  a f t e r  1910 when t h e  Bureau of F i s h e r i e s  i n s t a l l e d  t h e i r  

racks a t  Klamathon. The complet ion of Copco Dam i n  1917 f i n a l l y  blocked 

upstream migra t ion .  A t  the time of c o n s t r u c t i o n ,  f i s h  l a d d e r s  over  high 

dams were n o t  cons idered  feasible. No f e d e r a l  l i c e n s e  was r e q u i r e d  p r i o r  

to t h e  enactment of t h e  Federa l  Power Act i n  1920  and a s t a t e  license 

was no t  necessary .  The power company d id  b u i l d  and equip  a h a t c h e r y  

near Fall Creek a t  t h e  r eques t  of C a l i f o r n i a ,  t o  mlti~ate f o r  t h e  l o s s  

of  upstream production of salmon. 

A newspaper article in t h e  Klarnath F a l l s  Evening Hera ld ,  1918, 

i n d i c a t e d  t h a t  a p o r t i o n  of the  h a t c h e r y  p roduc t ion  was to be s u p p l i e d  t o  



Oregon. A C a l i f o r n i a  Commissioner i n  o f f i c e  at t h e  time r e p o r t e d  t h a t  

no w r i t t e n  agreement e v e r  e x i s t e d ,  b u t  t h a t  a Department employee had 

v e r b a l l y  promised Oregon an a l l o t m e n t  of f r y  whenever reques ted .  
3 

No evidence has e v e r  been found of such an agreement and 

a p p a r e n t l y  no a t t emp t  a t  m i t i g a t i o n  o r  r e q u e s t s  f o r  f i s h  were made by 

Oregon. I n  1940, t he  Bureau of I n d i a n  Affairs became interested in 

c o n s t r u c t i o n  and o p e r a t i o n  of f i s h  f a c i l i t i e a  and h a t c h e r i e s  on Klamath 

River.  This drive was dropped when the a v a i l a b i l i t y  of f i s h  from F a l l  

Creek Hatchery failed t o  materialize and the f a c t  became a p p a r e n t  char 

without  p rov i s ions  f o r  downstream m i g r a n t s  a t  Copco Dam, p l a n t i n g  o f  

young f i s h  i n  t h e  upper basin would not b e  f e a s i b l e .  

Pe r sona l  In t e rv i ews  

I n  1918, J. 0. Snyder (1931) ,  then an employee of t h e  U n i t e d  

S t a t e s  Bureau of F i s h e r i e s ,  i n t e rv i ewed  many f ishermen and o l d  r e s i d e n t s  

of t h e  Klamath Lake r e g i o n  t o  l e a r n  of the past salmon runs. As a 

r e s u l t ,  he  r e p o r t e d  : 

". , . t es t imony was c o n f l i c t i n g  and a lack of 

a b i l i t y  on t h e  p a r t  o f  t h o s e  o f f e r l n g  informat ion  

t o  d i s t i n g u i s h  between even t r .out  and salmon was 

s o  ev iden t ,  t h a t  no s a t i s f a c t o r y  opin ion  could be 

formed as t o  whether  k ing  salmon ever e n t e r e d  

Williamson River  and the smaller t r i b u t a r i e s  of the 

l ake .  However t h i s  may b e ,  l a r ~ e  numbers of salmon 

I n  a letter from M r .  E, L. Bosqui t o  Elr. 11 .  P h l e g e r ,  Attorney f o r  
C a l i f o r n i a  Oregon Power Company, da t ed  December  6 ,  1940. 



annua l ly  passed t h e  po in t  where t h e  Copco D a m  i s  now 

located." 

In t e rv i ews  made i n  t h e  s p r i n g  o f  1965 wi th  people who l i v e d  

i n  t h e  Klamath Basin befo re  1912 r e v e a l e d  some o f  t h e  same d i f f i c u l t i e s  

t h a t  Hr. Snyder encountered.  N e v e r t h e l e s s ,  t h e r e  i s  enough agreement 

among t h e  s t a t emen t s  t h a t  some g e n e r a l  i n fo rma t ion  can be d e r i v e d  from 

them. 

P rogres s ing  upstream through t h e  watershed ,  seven in t e rv i ewees  

t o l d  of salmon i n  the Upper Klamath River near Keno, w i t h  all r e c a l l i n g  

the  f i s h  being present i n  t h e  f a l l  - September,  October and November .  

One person s a i d  an a d d i t i o n a l  run came i n  March. The cond i t ion  of t h e  

salmon was r epor t ed  by two people  as dark and fungused. Salmon were 

known i n  Spencer Creek i n  t h e  f a l l  months of  September and October,  as 

reported by f o u r  people.  

E igh t  people remembered salmon in Link River  from Auwst 

through October.  Another thought they r a n  i n  March. 

One person r e p o r t e d  ca t ch ing  salmon a t  the head of Wood River, 

another r e c a l l e d  what he be l i eved  t o  be a salmon i n  Crooked Creek, n 

t r i b u t a r y  t o  Wood River.  A long-time r e s i d e n t  of t h e  Wood River area 

was p o s i t i v e  t h a t  no salmon en te red  t h a t  stream. 

According t o  four people,  salmon entered t h e  Williamson River  

i n  the f a l l ,  p o s s i b l y  as early as August. One in terv iewee t o l d  of salmon 

spawning in the Williamson River  b e l o w  the confluence of S p r a ~ u e  River .  One 

r e s i d e n t  o b s e r v e d  t h a t  a f t e r  salmon passed  L i n k  River, i t  took them 5 or  

6 days  t o  make t h e i r  way through Klamath Lake and e n t e r  Williamson River .  



Sprague River  was appa ren t ly  t h e  most impor tan t  spawning 

stream, on t h e  basis of t h e  tes t imony receivad. Six i n d i v i d u a l s  r e p o r t e d  

salmon in Sprague River  and t h e  forks of  t h e  S p r a ~ u e  dur ing  the months 

o f  September and October ,  w i th  some during August and November. Salmon 

were r e p o r t e d  t o  have spawned i n  t h e  Sprague  i n  the v i c i n i t y  of E e a r t y ,  

ups t ream on the South Fork p a s t  Bly t o  the. headwaters  and on t h e  North 

Fork a s  w e l l ,  

L i t t l e  information about the h i s t o r y  of  sreelhead i n  t h e  

Upper Klamath streams was g a i n e d  from interviews. There w a s  a p p a r e n t l y  

some confus ion  i n  i d e n t i t y  between steelhead and t h e  large resident  

rainbow t r o u t .  One person p l a c e d  s t e e l h e a d  runs i n  Klamath River during 

March and again i n  mld-September. Two peop le  t a l k e d  o f  steelhead i n  

Wood River, one g iv ing  t h e  rime of t h e  run as December, Januarv and 

February. Spencer  Creek was s a i d  t o  have a run of steelhead in 

September and October, whi l e  on t h e  Williamgon and Sprague R i v e r s ,  

t h e  sea-run rainbows were r epo r t ed  t o  b e  present i n  Apr i l  and May. 



Fish counts f o r  Klamath River 

There i s  l i t t l e  information concerning  t h e  Klamath River 

salmon and steelhead f i s h e r y  p r i o r  t o  1912. Those records  that 

were kept have apparent ly  been des troyed .  

One of the  e a r l i e s t  references  t o  t h e  Klamath salmon f i s h e r y  

i s  from a paper by  R. D .  Hume c i t e d  by Snyder (1931). 

"In 1850 in  t h i s  r i v e r  during the running s e a s o n s ,  

sal'mon were so p l e n t i f u l ,  according to   he reports 

of the early  s e t t l e r s ,  that  i n  fording t h e  stream 

i t  was with d i f f i c u l t y  that t h e y  could induce their 

horses  t o  make the  artempt, on account of the river 

being a l i v e  w i t h  t h e  finny rribe.  A t  the present 

time the main run, which were the s p r i n g  salmon, 

i s  pract ica l ly  e x t i n c t ,  not enough being taken to 

warrant the prosecution of business i n  any form. 

The r lver  has remained i n  a p r i m i t i v e  s ta t e ,  with 

the exception of the Fnfluenca which mining has 

had, no salmon of the  spring run h a v i n ~  been taken 

except a few by Indians as a r e s e r v a t i o n  by t h e  

Government has been mainta ined ,  u n t i l  w i t h i n  a 

f e w  years ,  and no f i s h i n g  has been  al lowed on the  

lower river by w h i t e  men; and y e t  the  spr ing  run has 

almost d i sappeared ,  and the f a l l  run reduced t o  very 

small p r o p o r t i o n s ,  t h e  pack never exceeding 6000 cases ,  

and Fn 1892 t h e  r i v e r  producinp only 1047 cases."  



B e ~ i n n i n g  i n  1910, t h e  Federa l  Eureau of F i s h e r i e s  main ta ined  

r acks  and f i s h  t r a p p i n g  f a c i l i t i e s  a t  Klamathon on Klamath R ive r ,  

(Shebly ,  1918). A hatchery  was e s t a b l i s h e d  by t h e  Bureau at Hornbrook 

i n  1913. The ope ra t ion  began by r a i s i n g  rainbow t r o u t ,  b u t  was changed 

t o  salmon w i t h i n  two yea r s  and c losed  by 1 9 1 9 ,  ( U .  S .  Commissioner of 

F i s h e r i e s  Report ,  1911-1919). The output  of Hornbrook Hatchery i s  

given i n  Table  1. 

A ha tche ry  was b u i l t  a t  F a l l  Creek i n  l i e u  of f i s h  passage 

f a c i l i t i e s  over Copco Dam. A r  t h a t  t ime t h e  Bureau of F i s h e r i e s  

r e l i n q u i s h e d  t h e i r  r i g h t  on Klamath River ,  l eaving  t h e  C a l i f o r n i a  

F i s h  and Game Commission t h e  s o l e  manager of t h e  fishery. Releases of 

younu salmon made befo re  the  change a r e  summarized i n  Table 2. 

P e r i o d i c  counts  of salmon w e r e  made at  Klamathon from 1925 

through 1961 by California personnel .  The counts  and t h e  .corresponding 

egg takes are shown i n  Table 3. These coun t s  should probably be looked 

upon as a  t r e n d  on ly ,  s i n c e  s m a l l e r  salmon were a b l e  t o  pass  rhrough 

rhe  r acks .  Therefore  t h e s e  counrs do n o t  represent t h e  t o t a l  run  a t  

4 
t h a t  po in t .  

Releases  of f r y  and f i n g e r l i n g s  i n t o  Klamarh River are sum- 

marized i n  Table 4 .  

I n  one of t h e  most comprehensive s t u d i e s  of Klamath River 

salmon, Snyder (1931) expressed the  op in ion  rhat the  runs  were d imin i sh ing  

be fo re  and after t h e  c o n s t r u c t i o n  of Copco l)m. He l a i d  t h e  cause t o  

excess ive  e x p l o i t a t i o n  of t he  f i s h e r y  and t h e  advent of p l a c e r  mining 

i n  the  Klamath Basin.  T h o u ~ h  commercial c a t c h  records  f o r  1918-28 g i v e  t h e  

Personal  correspondence from n i l l a r d  Coots ,  C a l i f o r n i a  Deparment  
of F i s h  & Game, November 15,  1965.  



impression there was no serious decline in the fishery, Snyder 

noted that  the  increase in ef for t  represenred by an increasing number 

of boats i nd ica ted  a d iminish ing  resource. 

T a b l e  1. Chinook and Coho Salmon P r o d u c t i o n  at the U. S .  
Bureau of Pisheriee, Hornbrook Hatchery on Klamath 
River, 1912 - 1918. 

Number of Fish 

Fiscal 
Year - Chinook 

- 
Coho - 
117,320 

-- 



Table 2 .  The Numbers o f  Chinook and Coho Fry and Yearlings Releaaed 
Into Klamath River and Tributaries f rom U. S. I lureau of 
Fisheries Hatcheries from 1890 - 1919. 

Chinook 

Calendar 
Year Fry Yearlings 

Coho - 

Fry  yearling,^ 



Table  3 .  

Year - 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 

Chinook Counts and Egg Takes at Klamathon Racks, 
Klarnath River, 1925 - 1961. 

Number o f  
F i s h  Counted 

10,420 
9,387 

No Count 
No Count 
4 ,O3 1 
2,392 
12,611 
13,740 

No Count 
10,340 
14,061 
10,398 
33,144 
16,340 

No Count 
14,965 
11,204 
13,038 

No Count 
No Count 
No Count 
No Count 
No Count 
5,821 
11,504 
21,584 
17,857 
6,591 
6,267 
2,042 

1 4 , 9 4 6  
6,770 
2,436 
1 , 9 5 0  
3,546 
6,353 
9,021 

Number of 
Epgs Taken 

6,735,000 
l8,042,OOO 
11,797,000 
4,621,000 
5 ,Ol6,OOO 
3,103,000 
13,643,000 
4,085,000 
1,779,000 ( a )  
6,316,000 
7,541,000 
3,349,000 
7,334,000 
7,629,700 
7,056,000 
8,414,000 
3,760,000 (a) 
3,643,000 (a) 
3,640,000 (a) 
3,383,000 (a)  
4,682,706 (a) 
4,302,560 (a) 
798,765 (a) 
165,600 (a) 
165,600 (a) 
665,000 (a) 

1,261,000 (a)  
1,422,000 (a) 
1,097,080 (a) 
202,000 (a)  

3,271,750 (a) 
1,553,600 (a) 
260,572 (a) 
21,250 (a) 

1,404,600 (a)  
1,372,800 (a) 
3,704,000 

(a) Epgs  taken a t  F a l l  Creek, others at Klamathon. 



Table 

Year - 
1896 
1907 
1911 
1913 
1914 
1915 
1916 
1917 
1920 
1921 
1922 
1923  
1924 
1925 
1926 
1927 
1928  
1929 
1930 
19 3 1  
I932  
1933 
1934 
1935 
1936 
1937 
1938  
1939 
1940 
1941 
1942 
1943 
1944 
1945  
1946 
1947 
1948  
1949 
1950 
1951  
1952 
1953 
1954 
1955 
1956  
1957  
1 3 5 8  
1959 

4. Chinook, Coho and S t e e l h e a d  Fry and F i n g e r l i n g  P l a n t s  into 
Klamath River by C a l i f o r n i a  Fish and Game Depar tmen t ,  
1896  - 1959.  

CHINOOK 
Coho 

P r a i r i e  Creek Salmon S t e e l h e a d  ( a) F a l l  Creek 
Hatchery 

F i n g e r l i n x  

E f t .  Shasta l latchery 

Frv ( b )  F i n p e r l  i n =  

(a) I n c o m p l e t e  r eco rds .  

Hatchery Fin-  
P i n ~ e r l i n g  q e r l i n q  F i n ~ e r l i n c  

(b) Snyder, J.O. Salmon of t h e  
-26- L l a m a t h  R i v e t ,  Calif. F i s h  & Came U u l .  

.. -, . r . - -  



LIFE HISTORY OF KLhMATH RTVER SALMON AND STEELHEM 

S almon 

Taking into account  t h e  papers o f  Hume (Snyder l 9 3 l ) ,  Catschet  

(1890) and S p i e r  (l93O), there i s  ev idence  that rhere was once a 

strong run of chinook salmon i n  the s p r i n g  months. By 1900 t h e  s p r i n g  

run had become so reduced as t o  be of l i t t l e  importance. Suggested 

causes of the d e c l i n e  are p l a c e r  mining, o v e r f i s h i n g ,  i r r i g a t i o n  with-  

drawals  and other  causes. 

Ups Cream mip1rarions 

The spring run began e n t e r i n g  ~ l & a r h  River i n  l a t e  February, 

rnareria1I.y increased i n  numbers i n  l a t e  March o r  early Apr i l  and 

decreased before mid-June. The r i v e r  was g e n e r a l l y  i n  f l o o d  condition 

at  t h e  time of t h e  s p r i n g  run. Upon entry, t h e  chinook were immature 

and e i t h e r  m i ~ r a t e d  t o  the extremes of t h e  basin o r  he ld  ove r ,  spawning 

a t  t h e  same t h e  as the summer fish. 

A f e w  spring-run salmon s t i l l  e n t e r  Klamath River ,  bur f e w  go 

as  f a r  as  Klamathon, Most use  the  T r i n i t y  and Salmon River ,  Coots 

(1962). 

The timing of the  p re sen t  f a l l - r u n  chinook salmon, as desc r ibed  

by Coots ( 1 9 6 2 ) ,  corresponds wel l  wirh t h e  statements of Snyder (1931) 

f o r  t h e  f a l l  mig ra t ions  o f  t h e  e a r l y  1900's. The first f i s h  appear  

at the  mouth of  Klamath River i n  J u l y ,  rhexl reach maximum numbers i n  

August and decline d u r i n f i  S e p t e m b e r .  During t h i s  per iod ,  t h e  river i s  



expe r i enc ing  its h iahes  t tempera tures  and lowes t  f lows.  The f i s h  

reach Klamathon, 183 miles upstream, by the l a s t  of August,  t h e  

majority i n  rhe l a s t  of September and e a r l y  October. By l a r e  

October ,  t h e  run i s  normally complete, but i n  years of  l a r g e  

escapements ,  t h e  runs may extend w e  11 i n t o  November. 

Spawninq 

Spawning by t h e  e x i s t i n g  run begins e a r l y  i n  October ,  con t inu ing  

i n t o  November and sometimes December, especially during y e a r s  o f  l a r g e  

 escapement^. Spawning i n  t h e  main stem of K l a m a t h  River  occu r s  above 

t h e  conf luence  of Shasta River ,  some 187 m i l e s  from t h e  sea, ( C o o t s ,  

1962). Chinooks d i d  run i n t o  F a l l  Creek and Jenny Creek be fo re  I r o n  

Gate Dam became a b a r r i e r  and t hey  p r e s e n t l y  use Bogus Creek, inmediately 

below Iron Gate. 

Downstream m i ~ t a t i o n s  

Salmon f r y  begin appear ing  f n  t h e  Klmachon area i n  January .  

The dmns t r eam m i g r a t i o n  peaks dur ing  March and A p t i l .  By t h e  end of 

May, nearLy a l l  young salmon have d e p a r t e d  from t h e  upper  end of t h e i r  

p r e s e n t  range i n  t he  Klarnath. None of t h e  seaward migrants have been 

recovered downstream dur ing  t h e  summer and t h e i r  p resence  t h e r e  at  

t h a t  t i m e  is d o u b t f u l ,  (Coots ,  1962) . Water  tempera tures  i n  the 

r i v e r  dur ing  rhe summer a r e  g e n e r a l l y  h i g h e r  than t h o s e  d e s c r i b e d  by  

B r e t t  (1952) as being pre fe r r ed  by younF salmon. 

Ace a t  maturity 

Klarnath River chinook salmon were found to mature a t  apes 

r a n ~ i n p ,  from one t o  s i x  years by Snyder  (1931) .  H e  based  h i s  f i n d i n g s  

main lv  on f i s h  taken i n  t h e  commercial c a t c h ,  Precoc ious  males of o n e  



and two y e a r s  o f  age were known t o  exist, b u t  d i d  n o t  e n t e r  t h e  catch 

and were d i f f i c u l t  t o  o b t a i n .  

Four-year o l d  f i s h  r e p r e s e n t e d  t h e  l a r u e s t  c l a s s  i n  t h e  1919 

ca t ch .  The f i s h i n g  season of 1919 l a s t e d  into mid-October. The 

composi t ion of  t h a t  run i s  e x h i b i t e d  i n  Table 5.  The o l d e r  f i s h  

e n t e r e d  the catch as the season  progressed. The th ree-year -o lds  ap- 

peared i n  graatesr numbers i n  mid-August. The four-year-old f i s h  were 

most numerous i n  e a r l y  September; f ive-year -o ld  f i s h  showed i n  l a t e  

September, and s ix -yea r -o ld  f i s h  i n  mid-October. According t o  Snyder ,  

m a t u r i t y  of a r r i v i n g  f i s h  was more advanced as the season  p rog re s sed .  

Snyder r e p o r t e d  t h e  l e n g t h  range  of four -year  salmon as 

between 24.0 - 40.9 inches, w i t h  a mean near 31.5 inches .  F i s h  under 

25.6 i nches  o r  over 37.4 i nches  w e r e  uncommon. 

S teelhead 

In fo rma t ion  on t h e  life h i s t o r y  of Klamath R ive r  s t e e l h e a d  

t r o u t  i s  n o t  known f o r  years p r i o r  t o  t h e  early 1900's. Snyder (1931) 

mentions that runs of s t ee lhead  accompanied t h e  runs  of f a l l  chinook 

salmon. H e  a l s o  quotes G. R. F i e l d  as s a y i n g  t h e  w i n t e r  run  o f  s t e e l -  

head ended i n  l a t e  March. A t  t h a t  t ime ,  young s t e e l h e a d  normal ly  

remained i n  the r i v e r  f o r  two years  b e f o r e  mig ra t i ng  r o  t h e  ocean.  Thev 

o c c a s i o n a l l y  l e f t  a f t e r  one yea r  and r a r e l y  a f t e r  t h r e e  y e a r s  i n  f r e s h  

water. 

Recen t ly ,  t h e  f i r s t  nln of s t e e l h e a d ,  known as t h e  "summer run" ,  

begins e n t e r i n g  t h e  r i ve r  in mid-August. This g r o u p  c o n s i s t s  main ly  of  

t he  s m a l l ,  s o - ca l l ed  "half-pounders ."  .The winter run  o f  p r o g r e s s i v e l y  



l a r g e r  f i s h  f i r s t  e n t e r s  t h e  river s h o r t l y  a f t e r  t h e  end o f  the e a r l y  

f a l l  mig ra t ion .  This  run may extend into t h e  fo l lowing  s p r i n g  o r  

e a r l y  summer and h o l d  ove r  there u n t i l  the fo l lowing s p r i n g  t o  spawn. 

Periods of s t e e l h e a d  spawning vary  i n  upper  range of ' t h e  Klamath system, 

with some spawning observed i n  Shasta River dur ing  December. G e n e r a l l y ,  

spawning occurs ear l i e r  i n  t h e  i n t e r m i t t e n t  and warmer stresms and 

5 
as late as Flay o r  June in the cooler tr ibutaries .  

T a b l e  5. Age Composition f 1919 Run of Chinook Salmon 
?a) in Klamath River , 

July 11 - 19,  1919 

July 2 1  - 26, 1919 

July 28 - August 2, 1919 
August 4 - 9, 1919 
August 11 - 16 ,  1919 

August 25 - 30, I919 

September  1 - 5 ,  1919 

September 20 - 27,  1919 

September 30 - October  4 ,  1919 

October 6 - 11, 1919 

October 1 4  - 18, 1919 

("I Table taken f rom Salmon of 
Snyder (1931) .  

Three - 
9 . 9  

9 . 3  

14.3 

25 .8  

24.4 

28 .3  

23.7 

10.8 

5.5 

1 2 . 2  

2 . 8  

4 . 8  

Year Class by Percent  

Four - Five - 
86.5 3.6 

74.3 16.4 

62.5 22.2 

60.2 14 .O 

64.4 10.8 

64.7 7 .O 

64.8 11.5 

73.0 15.9 

42.7 44.6 

38.7 38.7 

41.0 43.5 

37.5 51.5 

the Klamath R i v e r ,  California 

Personal c m u n i c a t i o n  from t l i l l a r d  C o o t s ,  C a l i f o r n i a  F&G, 
November 1 5 ,  1965. 



ENVIRONMENTAL REQUIREMENTS OF SALMON AND STEELHEAD 

Temperarure 

For the f i s h e s  o f  the genus Oncorhynchus, t h e  Pac i f i c  salmon, 

Brett (1960) summarized the  thermal l i m i t a t i o n s  required for survival 

and growth at  various stages of the ir  l i f e  h i s tory ,  The following 

ranges were taken from a graph depicting rhese l i m i t s .  

S t a ~ e  S urv iva 1 Growth 

E M  34-62" F 38-55' F 

Hatching 35-5 6 40-53 

Emergence 34-62 42-55 

Migration 37-75 42-65 

Yearling-Adul t 32-75 42-65 

Spawning 42-58 

Burrows (1963),  dealing with adult P a c i f i c  salmon during t h e  

freshwater period,  gave the optimum temperature range o f  42 .5  to  55O F 

for maximum adult  s u r v i v a l ,  egg v i a b i l i t y ,  time o f  spawning, and spawning 

e f f i c i e n c y .  

Chinook salmon in Washington were found by Chambers e t  a16 t o  

spawn primarily wirhin t h e  range of 4 8  t o  52" F ,  

Durlng 1947, spring chinook salmon i n  the W i l l m e t t e  Basin 

spawned between 43.5 and 64.5" F (Mattson, 1948). The d a i l y  water 

temperatures during the peak of spawning by spring chinooks on t h e  

Chambers, J.M., .R. T .  Pressy,  J. R .  Donaldson, W. R. PlcKinley, 1954. 
Research relating t o  study on spawning grounds in natural area .  
State of  Washington. D e p t .  of  Fisheries, Annual Report  t o  U.S. 
Corps of E n g i n e e r s ,  unpubl i shed .  



Imnnha R i v e r  ranged f r o m  49 t o  5 7 O  F between August 10 and 20,  1957 

(Oregon S t a t e  Game Commission, 1957) .  

S l a t e r  (1963) stated the lower  and u p p e r  t empera tu re  l i m i t s  

f o r  spawn in^ winrer - run  ehinooks i n  t h e  Sacramento  drainage w a s  42.5 

and 57.5" F dur ing  t h e  spawning p e r i o d  of Elny through August. 

When descr ib ing T h e  temperature conditions f o r  n o s t  efficient 

hatchery p r o d u c t i o n  of P a c i f i c  salman,  Magen (1953) gave rhe i d e a l  

range as 45 t o  55" F. He also noted  t h a t  p ro longed  temperatures below 

34" F result i n  a long i n c u b a t i o n  p e r i o d  and  product abnormal fry, 

w h i l e  t empera tu re s  above 60" F cause e x c e s s i v e  m o r t a l i t i e s .  Johnson 

and Brice (1953) and 01sen and F o s t e r  (1957) concur t h a t  60" F i s  t h e  

upper l i m i t  f o r  s u c c e s s f u l  i n c u b a t i o n  of  ch inook salmon eggs .  Cooler  

t empera tu re s  a r e  required on American River where Hinze (1963) found 

that water warmer than 56" F produced severe losses  of chinook eggs. 

Cornbs and Burrows (1957) give t h e  range of s u i t a b l e  h a t c h i n g  

t empera tu re s  f o r  chinook salmon eggs as 42.5 - 57.5" F, Low egg 

survival was also found above 58" F by Seymour (1956). 

Using E n t i a t  River chinook salmon eggs ,  Combs and Burrows 

(1957) noted t h a t  m o r t a l i t y  d i d  not exceed  two pe rcen t  a f t e r  the eggs 

were he ld  i n  4 2 "  F water  f o r  a month, t h e n  cooled t o  33" F and h e l d  f o r  

s e v e r a l  weeks. 

Combs (1965) conducted exper iments  t o  e v a l u a t e  the e f f e c t s  of 

water temperature on i n c u b a t i o n  t o  deve lop  more p r e c i s e l y  t h e  s tage  of 

development a t  which salmon could  t o l e r a t e  winter t empera tures .  These 



t e s t s  r evea led  t h a t  chinook salmon eggs which had developed t o  the 

128-cell stage ( 6  days) in 42.5" F water could  t o l e r a t e  water at 

35" F for t h e  remainder of t he  incuba r ion  pe r iod .  

I n  an experiment ,  female chinook salmon, nearly  ready t o  

spawn, a l l  d i e d  b e f o r e  spawning when h e l d  i n  water of 34 - 38' F, 

( L e i t r i t z  1959).  

Burrows (1963) stated that optimum growth of  juvenile P a c i f i c  

salmon occurs  w i t h i n  a range of 50 t o  59" F. 

While conducting nn experiment, Chapman (1938) observed t h a t  

452 of 1000 chinook fry died whFle being held i n  water of 67.1  t o  

68.9" F, even though t h e r e  was always ample  oxvgen and flow. A t  the 

same t ime,  there were no dearhs among s i m i l a r  fish held i n  wa te r  of 

t h e  same source ,  b u t  having a temperature range of 4 5 . 5 ' -  57.3" F. 

L e i t r i t z  (1957) wrote  t h a t  it is  genera l ly  agreed that yearllng 

and a d u l t  rainbow t r o u t  can wi ths t and  t empera tu re s  up t o  78" F f o r  short 

per iods  wi thout  harm. However, it has also been shown, in order t o  

produce good q u a l i t y  eggs, rainbow spawners m u s t  be held at water 

temperatures below 56" F f o r  a t  l e a s t  s i x  months before spawning. 

The t empera ture  l i m i t a t i o n s  used as criteria i n  t h i s  report 

are 42.5 - 57.5' F f o r  the  spawning p e r i o d ,  33 - 58" F for  the i ncuba t ion  

p e r i o d ,  and 32 - 75" F as t h e  limits of s u r v i v a l  and 42 - 68" F as t h e  

optimum l i m i t s  f o r  maintenance and growth of salmon and s t e e l h e a d .  

Dissolved Oxvgen 

One of the  most c r i t i c a l  f a c t o r s  governing che suitability of 

a water t o  s u p p o r t  sa lmonids  i s  t h e  quantity of d i s so lved  oxvEen. 



When discussing t h e  problem of deve lop ing  c r i t e r i a  f o r  

envi ronmenta l  requi rements  needed by an a n i m a l ,  Jones (1964) wrote 

t h a t  they  "may r e a l i s t i c a l l y  be h a l f  rhe  difference between the  basic 

l e v e l  needed a t  r e s t  and t h e  l e v e l  r e q u i r e d  at maximum a c t i v i t y  ...." 
H e  p o i n t e d  o u t  t h a t  oxygen c o n c e n t r a t i o n s  p e r m i t t i n g  e x i s t e n c e  f o r  

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

b u t  do i n d i c a t e  the  r e s i s t a n c e  of a  s p e c i e s  t o  rernporary shortages. 

Davidson, e t  a l .  (1959) found t h a t  coho f i n g e r l i n g s  could 

s u r v i v e  a t  2 p p r n . ~ f  dissolved oxygen, b u t  a t e  s l u g g i s h l y  and l o s t  

weight .  A t  3 ppm, t hey  f e d  a s  w e l l  a s  f i s h  h e l d  i n  we l l - ae r a t ed  w a t e r .  

Growrh and food consumption by j u v e n i l e  coho salmon d e c l i n e d  

w i t h  r e d u c t i o n  of oxygen c o n c e n t r a t i o n  f rom 8.3 t o  6 and 5 ppm, nnd 

declined more s h a r p l y  w i t h  f u r t h e r  reduction of oxygen c o n c e n t r a t i o n  

i n  a s t u d y  by Herrmann, Warren and Doudoroff (1962). 

Katz, P r i t c h a r d  and Warren (1959) observed  t h a t  chinook f i n g e r -  

l i n g s  could swim for a t  l e a s t  a day a g a i n s t  a current of 0 . 8  fps  a t  a 

d i s so lved  oxygen c o n c e n t r a t i o n  of 2.99 ppm. 

Davis, e t  a1 (1963) found t h a t  reduction o f  oxygen c o n c e n t r a t i o n  

from air-saturation l e v e l s  t o  7 ,  6 ,  5, 4 ,  and  3 ppm usually resulted i n  

a r educ t i on  of maximum s u s t a i n e d  swimming speed  of chinook salmon f i n g e r -  

l i n g s  by approximate ly  10,  1 4 ,  20 ,  2 7 ,  and 38 p e r c e n t ,  r e s p e c t i v e l y .  

M. M. E l l i s ,  e t  al. (1946) found t h a t  i n  1300 water s a m p l e s  from 

a r e a s  having large faunas of f i s h ,  d i s s o l v e d  oxygen c o n c e n t r a t i o n s  ranged  

from 4 t o  1 2  ppm, b u t  84 pe rcen t  f e l l  w i t h i n  5-9 ppm. They s t a t e d  t h a t  

three  ppm i s  approximate ly  t h e  l e t h a l  p o i n t  f o r  f r e s h w a t e r  f i s h e s  a t  

summer t empera tu re s ,  bu t  r e s p i r a t o r y  d i f f i c u l t i e s  deve lop  below f i v e  pprn. 



The lowest safe l e v e l  f o r  t r o u t  is f i v e  pprn, seven pprn i s  p r e f e r a b l e .  

According t o  Tarzwel l  ( 1 9 5 S ) ,  salmonid fishes are n o t  usually 

found where t he  minimum d i s s o l v e d  oxygen concentration i s  l e s s  than 4 

o r  5 pprn. Five ppm a r e  r e q u i r e d  f o r  normal  f e e d i n g  and growth and a t  

l e a s t  6 pprn are needed f o r  the development of eggs  and fry.  Tarzwell 

added that the oxygen l e v e l  may b e  lower than 6 p p  i n  sect ions  of  habitat 

where the f i s h  don't l i v e  permanently or i n  Season8 when i n c u b a t i o n  and 

fry development i s  n o t  o c c u r r i n g .  H e  s t a t e d  t h a t  salmonids can survive 

short periods at  1.5 to  2.0 ppm, but  these l e v e l s  a r e  not  satisfactory 

f o r  cont inued  e x i s t e n c e .  

An oxygen b lock  was defined by Fish  (1950) as any l e v e l  of 

oxygen l e s s  than 5.0 ppm. 

While studying the r e a c t i o n s  of sa lmonids  t o  low oxygen concentra- 

t ions ,  Whitmore, Warren and Doudoroff (1960) found that  chinook salmon 

f i n g e r l i n g s  avoided 2 ppm oxygen 60 pe r  c a n t  of rhe t h e ;  3.2 pprn 40 

per cent of  the  t ime;  4 .6  ppm 27  p e r  cent of t h e  t ime;  and 6.0 pprn was 

not avoided, 

In t h i s  report, the a p p r a i s a l  o f  p o t e n t i a l  environment i s  

based on a minimum of 5.0 pprn o f  dissolved oxygen f o r  basic  survival  

and migration, and a minimum of 7.0 ppm d u r i n g  the i n c u b a t i o n  p e r i o d .  

I J a t e r  Ve loc i t v  f o r  Spavninq  

Salmon u s u a l l y  spawn in  f lowing wa te r  w i t h i n  a f a i r l v  narrow 

range of v e l o c i t i e s .  There are no u n i v e r s a l l y  accep ted  standard meas- 

u rements ,  but s e v e r a l  s t u d i e s  have been made t o  i n d i c a t e  the velocities 



s e l e c t e d  by salmon and s t ee lhead .  V e l o c i t y  measurements are taken a t  

"fish depth", t h e  space occupied by t h e  spawning f i s h ,  u s u a l l y  0.3 foot 

above t h e  s t ream bed. 

Burner (1951) found the averape v e l o c i t i e s  ove r  redds i n  

Tour le  and Kalama Rivers t o  b e  1.3 and 2 .0  f e e r  p e r  second, respectively. 

S a m  and Pearson  (1963) d iscovered  chinook salmon spawning i n  v e l o c i t i e s  

of 0.45 t o  3.1 f p s ,  averaging 1.53 f p s .  Chinooks i n  Deschutes River, 

Oregon, s p m e d  i n  f a s t e r  water 2.0 to 3.7 f p s ,  (Aney 1 9 6 4 ) .  In streams 

o t h e r  t h a n  the Columbia, Chambers, Allen and Pressey (1955) c a l c u l a t e d  

average v e l o c i t i e s  of 1.0 t o  1.75 f p s  o v e r  fall chinook redds. I n  

e s t i m a t i n g  the amount of u s a b l e  spawning area on Cosumnes River ,  C a l i f o r n i a ,  

Westgate (1958) used 0.5 t o  3.5 f p s  as t h e  v e l o c i t y  l h i r s .  Ilamilton 

and Remington (1962) regarded one f o o t  p e r  second as the minimum required 

for spawning on Coqui l le  River. Measurements over  steelhead redds 

y i e l d e d  ranaes of 1 .2  t o  3.4 Eps (Sans  and Pearson ,  1963) and 1 .3  t o  

4 .2  f p s  ( h e y  1964).  

The range of s u i t a b l e  water  v e l o c i t i e s  adopred for use in t h i s  

study was 1.0 to 4.0 feet pe r  second. 

IJater Depth f o r  Spawninp; 

The d e p t h  of water over gravel beds i s  also a f a c t o r  to be 

cons idered  when e v a l u a t i n g  spawning grounds .  The averaEe water dep th  

over f a l l  chinook redds i n  Columbia River t r i b u t a r i e s  was found t o  be 

1.25 to 2.25 feet by Chambers, A l l e n  and Pressey (195.5). B r i ~ g s  (19531, 

s tudying  f a l l  chinook redds i n  sma l l  C a l i f o r n i a  s t r eams ,  c a l c u l a t e d  an 

average dep th  of 12.7  inches.  Redds on T w r l e  River averaged 11.6  

inches benea th  the sur face  while those on Kalama River were 1 4  i nches ,  



as observed by Burner ( l g s l ) ,  I n  s t u d i e s  b y  Sams and Pearson ( 1 9 6 3 ) ,  

t hey  found chinook r edds  a t  depths  of 0.3 to 2.0 f e e t ,  averag ing  0.96 

f e e t ;  steelhead redds ranged i n  dep th  from 0.5 t o  2.4 f e e t ,  ave rag ing  

2 .12 f e e t .  On Deschutes  River ,  Aney (1964) found chinooks spawning i n  

an averaRe d e p t h  of 1 . 7  f e e t  with in  a  range o f  0.9 t o  2 . 6  feet .  A t  

t h e  same l o c a t i o n ,  s t e e l h e a d  w e r e  d i g g i n g  redds a t  water  depths  between 

0.5 and 2.5  feet a t  an ave rage  of 1.3 feet, Water depths o f  0 .5  t o  4.0 

f e e t  were accep t ed  by Wesrgate (1958) when e v a l u a t i n g  spawning areas i n  

California. The average depth  of water o v e r  redds dug by f a l l  chinook 

on South  Fork Coquille River was 0.8 and 1.2  feet  on success ive  years 

(Hamilton and Remington, 1962) .  

I n  the  Klamath Easin study f i e l d  work, a minimum wa te r  dep th  

of 0.5 feet was used whi le  e s t i m a t i n g  the  amount of u sab le  gravel a v a i l -  

able. 

.Gravel Oualiry 

The q u a l i t y  of g rave l  used by spawning f i s h  has been found t o  

be  c r i t i c a l  i n  deterrnininy, p roduc t ion .  The g r a v e l  mixture  must be of 

such composition as to allow adequate  c i r c u l a t i o n  of water vet give 

suppor t  to t h e  eggs and be e a s i l y  man ipu l a t ed  by  t h e  spawning f i sh .  

She r idan  (1962) srates  t h a t  the major  s o u r c e  of oxygen c o n t a i n i n g  

intragravel  w a t e r  i s  t h e  s t r e a m  i t s e l f .  AnythLny, i n t e r f e r i n g  w i t h  t h e  

fn t e r change  of  s t r eam and i n t r a g r a v e l  water dec reases  t h e  amount of 

d i s s o l v e d  oxyRen a v a i l a b l e  t o  the  eggs plus  lower ing  the  rate o f  flow 

past t he  embryos. S i l t i n g  of stream beds ,  thus lowering pe rmeab i l i t y  

of gravel b e d s ,  can d e f i n i t e l y  i n t e r f e r e  with in te rchange .  An a lgae  



cover i s  ano the r  f a c t o r  which can markedly reduce i n t r a g r a v e l  c i r c u l a t i o n .  

I n  a s tudy under s imula ted  c o n d i t i o n s ,  S h e l t o n  (1955) recovered  

f r y  r e p r e s e n t i n g  only  13 p e r  cen t  of  t h e  eggs p lan ted  i n  g rave l  less 

than  one inch  i n  d iameter  wh i l e  87 per  c e n t  of the chinook eggs su rv ived  

t o  emergence i n  g r a v e l  of  one t o  rhree i nches  i n  d iameter .  

Hmilton and Bemington (1962) required t h a t  a t  l e a s t  60 per  cent 

of t h e  g r a v e l  f a l l  w i t h i n  the range of one t o  s i x  inches i n  d iameter  t o  

b e  s u i t a b l e  f o r  chinook salmon on Coqu i l l e  River ,  Oregon. 

Not more than  20 p e r  cen t  g r a v e l  lass than one inch  and n o t  

more than  30 p e r  c e n t  i n  t h e  six t o  12 i n c h  group were the  l i m i t s  s e t  by 

Westgate (1958) for C a l i f o r n i a  streams. 

A g r a v e l  size range of one t o  s i x  inches i n  d iameter  w a s  a l s o  

used whi le  estimating u s a b l e  g r a v e l  i n  this s tudy of . t h e  Klamath Basin. 

The potential of  a g rave l  a r e a  i s  dependant on t h e  number of 

spawning females it w i l l  suppor t .  From s t u d i e s  on the  Sacramento River 

system, Hanson, Smith and Needham (1940) de termined t h e  averaRe size 

of chinook salmon redds t o  be 4.4 square y a r d s .  On t h e  Trinity Rive r ,  

Moffet t  and Smith (1950) found t h a t  chinook redds averaged about 7 .0  

square yards. Burner (1951) measured chinook rcdds on t r i b u t a r i e s  of 

the Columbia River. Me c a l c u l a t e d  the  ave rage  redd s i z e  as 6.1 squa re  

yards f o r  summer and fall-run f i s h  and 3.9 square yards f o r  s p r i n g  

chinooks. From h i s  o b s e r v a t i o n s ,  Burner suggested a f a c t o r  of four 

t i m e s  the  average r e d d  size t o  a l l o w  f o r  i n t e r r e d d  space  when estimating 

t h e  ca r ry ing  c a p a c i t y  of a gravel area. 

An averape  s i z e  of 6.6 square va rds  f o r  s t e e l h e a d  was de t e rmined  



by Shapovalov and Taft (1954)  on Waddel Creek ,  C a l i f o r n i a .  

Spawning a r e a s  of  21 square yards for chinook salmon and 26 

square y a r d s  f o r  s teelhead w e r e  used in e s t i m a t i n g  t h e  c a p a c i t y  of  

p o t e n t i a l  spawning grounds i n c l u d e d  i n  this r e p o r t ,  

M i ~ r a t i o n  Schedu le s  

Over many g e n e r a t i o n s ,  salmon and  s t e e l h e a d  have become adapted 

t o  t h e i r  environment  through n a t u r a l  s e l e c t i o n .  This  has r e s u l t e d  i n  

r a t h e r  p r e c i s e  s chedu le s  f o r  m ig ra t i on  of a d u l t s ,  spawning, i n c u b a t i o n ,  

emergence and seaward migra t i on .  These s c h e d u l e s  are established t o  

provide for maximum s u r v i v a l .  

I n  a d i s c u s s i o n  of mig ra to ry  d e l a y s  caused by r e s e r v o i r s ,  Haas 

(1965) o u t l i n e d  t h e  fo l l owing  p o i n t s  which cou ld  lead t o  reduced s u r v i v a l .  

Delay may r e s u l t  i n  weakening of t h e  mig ra to ry  u rge  

through d iminu t ion  of s a l t w a t e r  p r e f e r e q c e  i n  m o l t s  
7 

which appear  t o  r each  a peak around t h e  time o f  

sml t i n g  . 
Delayed entry i n t o  saltwater may reduce the t iu rv iva l  

r o t e  due t o  smo l t  inability t o  make t h e  p h y s i o l o g i c a l  

t r a n s i t i o n  t o  ocean environment  after a c e r t a i n  f i x e d  

p e r i o d  o f  time d u r i n g  smelting. 

Delay may p e r m i t  s u r f a c e  l a y e r s  of t h e  r e s e r v o i r  t o  

h e a t  and c r e a t e  a temperature b l a n k e t  th rough which 

m o l t s  w i l l  n o t  m i g r a t e .  

' 
L i f e  h i s t o r y  stage  of salmon and s t ee lhead  when young f i s h  undergo 
complex p h y s i o l o g i c a l  changes i n  p r e p a r a t i o n  f o r  an ocean environment .  



4 .  Smolts  may become r e s i d u a l  and s u f f e r  m o r t a l i t y  

f r o m  over-summering i n  a d v e r s e  environment  of t h e  

r e s e r v o i r .  

5. Delay may l e s s e n  a b i l i t y  o f  smelts t o  cope w i t h  

o t h e r  stresses encountered  i n  downsrream mig ra t i on  

such  as r u r b i n e  passage, d e l a y  a t  o t h e r  reservoirs 

and dams, t empera tu re  a d v e r s i t i e s ,  e t c .  

6.  Delay beyond t h e  time of major  o u t - m i g r a t i o n  i n  t h e  

s p r i n g  may make m o l t s  vu lnerab le  t o  p r e d a t i o n  by 

fish s i n c e  p r e d a t o r  a c t i v i t y  would be expec ted  t o  

i n c r e a s e  w i t h  an i n c r e a s e  i n  water t empe ra tu re .  

7. Delay and subsequent  migration of smolts after w a t e r  

t empera tu re  increases would i n c r e a s e  the chances of 

d i s e a s e  c o n t r a c t i o n .  

P r e d i c t i n g  de lay  t o  sockeye s rnol t s  t h rough  a proposed r e s e r v o i r ,  

Andrews and Geen (1960) s t a t e  that under  natural s t r e a m  c o n d i t i o n s ,  

juveni le  sockeye m i g r a t e  downstream passively. Sockeye smo l t s  were 

found t o  migrate about  30 m i l e s  a day on Chilko River,  B. C .  Other  work 

i n d i c a t e d  they  mig ra t ed  about  0.7 m i l e s  p e r  day  t h r o u ~ h  Cultus Lake and 

one o r  t w o  miles p e r  day through Se ton  Lake, B .  C. Migra t ion  i n  l a k e s  i s  

active r a t h e r  t han  passive as i n  streams. S i m i l a r  e f f e c t s  might b e  

expec ted  on t h e  rate of m i ~ r a t i o n  of young ch inook  and s t e e l h e a d  when 

encoun te r inp  b o d i e s  o f  wa t e r  such as K l a m a t h  Lake and Klarnath River 



r e s e r v o i r s .  

As Haas (1965) relates, t h e r e  is evidence t h a t  r e s e r v o i r s  

created i n  the  pa th  of downstream migrant  salmon and s t e e l h e a d  may 

i n c r e a s e  the number of residuals, i. e . ,  j u v e n i l e  f i s h  t h a t  remain an 

unusual  l eng th  of t i m e  i n  f reshwater .  As a r e s u l t ,  i n  Brownlee 

Rese rvo i r ,  seaward migrant  chinook have changed largely f r o m  f i s h  of 

t h e  year t o  year-old smolts. The u l t i m a t e  effects of this change are 

no t  known. 

W h i l e  summarizing recent fish-passage r e s e a r c h ,  Co l l in s  and 

8 
E l l i n g  noted that passage of downstream migrants has been margina l  

a t  b e s t  through large impoundments. 

1. A t  Brownlee Reservoi r  (57 m i l e s  long) passage of 

j u v e n i l e  salrnonoids has n o t  been successful. 

Adverse water q u a l i t y  c o n d i t i o n s  exist the re  

during the summer. There i s  evidence that t h e  

srnolts stay upstream i n  the i n f lowing  r i v e r  water 

u n t i l  t h e  spring when they  move out  w i t h  h igh  in-  

f lows  and discharges  from the  r e s e r v o i r .  Spring 

chinooks have better success t han  f a l l  chinooks 

and both do better than s t e e l h e a d  a t  Drownlee. 

2. Plants of ch inook  fry have nor p a s s e d  successfully 

through Shas t a  Reservoir (25  mi l e s  l ong) .  The fish 

d i sappear  from t h e  s u r f a c e  with the  advent o f  warm 

weather and t h e r e  i s  evidence of p ~ e d a t i o n  by 

r e s i d e n t  f i s h e s .  Residual chinooks have reached 

8 
Collins, Cerald B. and Elling, Car l  H . ,  "Sumary ,  Progress  i n  FFsh 
Passage Research, 1 9 6 4  ," December 1964, unpublished r e p o r t  by t h e  
nureau of commercial F i s h e r i e s ,  S e a t t l e ,  Nashineron. 



t h r e e  t o  f i v e  pounds i n  o n e  year i n  Shasra Reservoir. 

3 .  A t  t e n - m i l e  l o n g  Merwin Reservoir i n  Washington,  pas- 

s a g e  of y e a r l i n g  coho v i a  a s u r f a c e  collector has  

been q u i t e  good,  b u t  p r e d a t i o n  by ra inbow t r o u t  and 

squawf i sh  h a s  reduced  s u r v t v a l .  Counts of downstream 

migrancs accounted  f o r  65 per c e n t  of t h e  f i s h  r e l e a s e d  

i n  the r e s e r v o i r .  

4 .  S u r f a c e  c o l l e c t o r s  a t  Upper  Baker R e s e r v o i r  (9.75 m i l e s )  

and Lower Raker Reservoir (9 .0  miles)  have passed  an 

e s t i m a t e d  95 p e r  c e n t  of yearling s o c k e y e  and coho 

salmon. 

5 .  In Oregon, f i s h  runs are being m a i n t a i n e d  on t h e  Clackamas 

R i v e r  through Nor th  Fork  Reservoir (4 .0  miles), b u t  n o t  

th rough  P e l t o n  ( 7 . 5  m i l e s )  and Round Butte (7 .0  miles) 

on t h e  Deschutes  River. Success o f  m a i n t a i n i n g  f i s h  

r u n s  t h e r e  i s  thought  t o  be r e l a t e d  t o  t h e  s u r v i v a l  from 

f r y  t o  s r n o l t s ,  and s u c c e s s  o f  p a s s a g e  by srnol ts .  The 

s u r v i v a l  of fry t o  s m o l t s  i n  P e l t o n  R e s e r v o i r  was less 

t h a n  one p e r  cent  wh i l e  i n  U o r t h  Fork  R e s e r v o i r ,  i t  was 

nore t h a n  e i g h t  p e r  cent. The difference seems related 

t o  t h e  p r e s e n c e  of s q u a w f i s h ,  c e n t r a r c h i d s  and o t h e r  

p r e d a t o r s  i n  Pe l ron  which a r e  not found i n  Xor th  Pork  

R e s e r v o i r .  The mere p r e s e n c e  of  these fish may imply 



t h a t  t he  environment i s  marginal for  salmonoids. 

Success of passage from P e l t o n  i s  marginal  (13 t o  

69 p e r  c e n t ) ,  good a t  Nor th  F o r k  (70  t o  90 pe r  cent), 

and poor a t  Round B u t t e  immed ia t e ly  upstream from 

Pelton. The d i f f e r e n c e  may b e  attributed t o  w a t e r  

q u a l i t y .  North Fork i s  least alkaline, s t a y s  co lde r  

in t he  s p r i n g  and has  a greater r a t e  of water 

replacement.  

Delays in upstream migration o f  salmon and s t e e l h e a d ,  p a r t i c -  

ularly fall and w i n t e r  run  f i s h ,  may b e  c r i t i c a l .  The fish may become 

mature and ready t o  spawn be fo re  r each ing  t h e i r  d e s t i n a t i o n .  I n  such 

cases, the f i s h  may d i e  b e f o r e  spawning, o r  spawn i n  a s u b s t i t u t e  l o c a t i o n  

u s u a l l y  with i n f e r i o r  r e s u l  t a .  

According t o  Haas (1965), t agg ing  experiments  at Brownlee Res- 

ervoir i n d i c a t e d  no s i g n i f i c a n t  d i f f e r e n c e  i n  s u r v i v a l  of upstream migrant 

chinook salmon between fish released i n  t h e  reservoir and those  t ransported 

around t h e  r e s e r v o i r  and r e l e a s e d  i n  t h e  Snake River ,  about 65 mi l e s  further 

upstream. This i n fo rma t ion  seems t o  i n d i c a t e  t h a t  mature f i s h  a re  b e t t e r  

able t o  m i g r a t e  through r e s e r v o i r s  than smolcs, 

SURVEY RESULTS A K D  EVALUATION 

Eight s t reams i n  t h e  Klamath  Basin above Copco Reservoi r  have 

been found t o  contatn p o t e n t i a l  spawning a r e a s  f o r  salmon and s r ee lhead .  

Some of  t h e s e  are l o c a t e d  above Klamath Lake. I t  i s  t h e  intent of t h i s  

section t o  assess t h e  q u a l i t y  of rhe m i g r a t i o n  r o u t e  f r o m  t h e  mouth of 

Klamath River  t o  t he  s e v e r a l  p o t e n t i a l  spawning areas and t o  p r o v i d e  



an a p p r a i s a l  of  these spawning grounds and assoc ia ted  r e a r i n g  environment 

f o r  salmon and steelhead. 

The most obvious o b s t a c l e s  t o  upstream and downstream mig ra t ion  

on the  Klamath River  are dams and diversions. Both occur  i n  t he  s t u d y  

area and w i l l  be d i scussed  i n  g r e a t e r  d e r a i l  l a t e r .  

A considerable number of wate r  r i g h t s  have been f i l e d  f o r  i n  

t h e  Middle and Upper Klamath Basins.  A compi l a t ion  of t h e s e  rights has 

been made and summarized. Records were o b t a i n e d  from t h e  S t a t e  Engineer  

of Oregon and t h e  Klamath County Clerk. Ir i s  not known what percentage 

of  the t o t a l  rights these r eco rds  r e p r e s e n t .  There may be sane  riparian 

rights that a r e  not recorded;  such  i s  the case f o r  d i v e r s i o n s  along 

Klamath River  w i t h i n  C a l i f o r n i a .  

Summations of  water r i g h t s  held Fn 1917 and a t  t h e  p r e s e n t  time 

were made t o  compare r e l a t i v e  water  uae f o r  those per iods .  The t o t a l s  

are p r i n t e d  i n  Tab-le 6 (Page 4 5 ) .  

The i r r i g a t i o n  season i n  the Upper Klamath Basin usually begins  

sometime i n  Apr i l  and ends by mid-October. Table  7 (Page 46) shows t h e  

percentages  of the seasona l  irrigation demand by month f o r  t h e  Klamath  

P r o j e c t  and t h e  remainder of the Klamath Bas in .  

Survey Methods 

Stream surveys  were accomplished e i t h e r  on f o o t ,  horseback,  o r  

by boa t .  I n  each case, spawning areas were measured by pacing o f f  the 

dimensions whenever poss ib l e .  I n  the event  that n g r a v e l  b a r  w a s  inac- 

cessible, a v i s u a l  e s t h a t i o n  w a s  made. Genera l ly ,  g r a v e l  s ize-composi t ion ,  

water d e p t h ,  and wa te r  v e l o c i t y  were evaluated v i s u a l l y .  

Measured s u r f a c e  water velocities and t o t a l  stream f lows were 



Table 6 .  Total Water  R igh t s  on F i l e  from Streams in the 
Upper Klamath Basin f o r  t h e  Years of 1917 
and 1965. 

S t r aam 

K l a m a ~ h  Wver 

Jenny Creek 

F a l l  Creek 

Odessa Creek 

Varney Creek 

Fourmlle Creek 

Cherry Creek 

Sevenmlle Creek and 
Tributaries 

Wood River and 
Tributaries 

W i l l i a m s o n  River 
and Tributaries  

Sprague River and 
main stem t r i b u t a r i e s  

Sucan River and 
Tributaries 

N.F. Sprague RFver 
and Tributaries 

S . F .  S p r q u e  River 
and T r i b u t a r i e s  

1917 CFS 

763.88 

120.88 

416.59  

3 . 2 5  

19.09 

94.39 

195.07 
1559.6 AF 

1951.95 
1559.6 AF 

1965 CFS 

833.2  

15.96 

9.05 

8.1 

3.75 

22.69 

9.37 

291.88 

665.88 

322 .14  

252 .45  
555.5 

55.16 

168.02 

242 .86  
6085.5 

2893.15 

327.8 cfs  on Keene 
Creek S y s t e m  

Not including Fourmi le  
Lake 

Below Klamath Marsh o n l y  

I n c l u d e s  100 cfs f o r  B I A  
AF AF-acre f ee t  of  storage 

AF AF-acre feet of s to rage  



Table  7 .  E s t i m a t e d  Monthly I r r i g a t i o n  Demand by Per Cent of 
Seasonal T o t a l  f o r  Klamath Basin (a) 

Month 

October 

November 

December 

January 

February 

Yar ch 

A p r i l  

May 

June 

J u l y  

August 

September 

Rlamath Prolect(b) 

1.4 

0.4 

0 .3  

0.5 

0.5 

1.2 

8.4 

14.6  

18.6 

25.3 

19.5 

9 . 3  

T o t a l s  100.0 

(a) Table raken f rom C a l i f o r n i a  Department of  Water 
Resources B u l l e t i n  No. 83. 

Remainder of 
Klamath Basin 

(b )  Bureau of Rec lamat ion  I r r i g a t i o n  P r o j e c t  



made either by the "cork method" d e s c r i b e d  by Robins and Crawford ( 1 9 5 4 )  

or w i t h  a Gurley c u r r e n t  meter .  I n  water l e s s  t h a n  a f o o t  deep, the 

c u r r e n t  merer readings were taken a t  0.6 of the  total depth  measured 

from the  bottom. Two readings  were taken i n  deeper wate r ,  one each a t  

0 . 2  and 0.8 of t he  t o t a l  dep th  measured from the bottom. Water v e l o c t t i e s  

a t  f t s h  depth were taken wi th  t h e  meter set 0.3 f e e t  over  the  gravel. 

Water samples were obtained with a Kemmerer water bottle and 

analyzed f o r  dissolved oxygen content by t h e  az ide  modi f i ca t ion  o f  the 

Winkler method. 

Water temperatures i n  streams were  ob ta ined  with hand rhermometers 

and conrinuous-recording therrnographa. I n  J .  C. Boyle Reservoir, water 

temperatures were read on an e l e c t r i c  r h e r m i s t e r ,  w h i l e  a t  I r o n  Gate and 

Copco Rese rvo i r s ,  a bathythermograph prov idad  t empera ture  profilea. 

Stream surveys vere done a t  v a r i o u s  times between May and Nov- 

ember a t  d t f f e r e n t  s t a g e s  of  stream f low. Therefore, there m y  be a 

d i f f e r e n c e  i n  t h e  amount of p o t e n t i a l  spawning grevel found a t  t h e  t i m e  

of t h e  survey and that a v a i l a b l e  dur ing  p o s s i b l e  spawning seasons .  Table  

8 ( ~ a g e 4 8 )  c o n t a i n s  the time of t h e  survey f o r  each s t ream section where 

g r a v e l  was found and a comparison of the mean flow f o r  t h e  month of the  

survey and t h e  mean monthly f l o w s  over  the pas t  several yea r s .  

Stream mi leages  used f o r  su rveys  and r e f e r r e d  t o  i n  t h i s  r e p o r t  

a l l  begin with 0 . 0  ac the mouths of each i n d i v i d u a l  s tream of major f o r k ,  

Figure 5 (Page132 ) shows t h e  l o c a t i o n s  of t h e  sampling s t a t i o n s  

used i n  this  study. 



Table 8 .  A CObPARISOIY OF FLDWS (c f s )  AT 'ME !ITME OF STREW4 SURW WITH THE AVERAGE F W S  IN RECENT Y!QtRS. 

Date of Mean Elox Mean monthly flow a t  neares t  gauging station 
Strean Sect ion Survey fo r  month 

of survey. Oct. Nov. Lkc. Jan-Feb. Mar. Apr. May June J u l y  Aug. Sept. 

K l a ~ a t h  River (a> 
f i a i n  Ranch 

Area ~ u n  28 1965 350 (d)  1751 2103 2403 2076 1718 1668 1968 1351 852 952 13% 
below Calif. 

l i n e  June 28 1965 350-1103 (d)  

Spencer Creek M y  24 1965 
Sevenmile 

Creek Oct. 1965 
1 

Wood River )----No flow data ava i lab le  
mile 9 - 2 3  Sept. 1931 ) 
mile 13-17 Apr . 1964 1 
mlle17-18 A p r . 1 9 6 3  ) 

WiUiamson River Oct. 1$5 ( b )  . 830 954 1223 1193 1636 1816 2762 2274 1345 777 638 657 
Sprague River 
near  miloquin k t .  1 % 5 ( ~ e ~ t ) 2 9 9  (b) 387 410 565 566 934 u-74 1510 777 36-9 270 285 
near B a t t y  Oct. ig65(~e~t)l40 (c) 193 198 378 250 390 402 684 723 364 166 125 132 

N.F. Sprague ( e )  

July 1$5 269 canyon 
upper A V ~ .  1965 166 
lower Aug .  &Nov.  1 % 5 ( ~ u g )  140 

S. F. Sprague ( e ) ~ u ~ .  1$5 166 

(a) Flow data from years 1959-64 
(b) Aow data from years  1951-64 
( c )  Flow data from years 1954-64 
( d )  Flow present a t  time of survey. 
( e )  Flow d a t a  from Beatty station on Sprague River, no data available for Fork8 of Sprague River. 



Lower Klamath River -- Milepoint  0.0 - 192.0 

F i s h  passage i n  rhe Lower Klarnath River  f r o m  t h e  P a c i f i c  Ocean 

t o  Iron Gate Darn i n  C a l i f o r n i a  i s  n o t  impaired by phys i ca l  o b s t r u c t i o n s .  

Klamath River f rom i t s  confluence w i t h  S h a s t a  River, approximately 1 3  

m i l e s  below Iron Gate, t o  i t s  mouth i s  closed t o  any development which 

would n e c e s s i t a t e  t h e  cons t ruc t ion  of a dam o r  an o b s t r u c t i o n  t o  t h e  

flow of t h e  river. T h i s  p o r t i o n  of t h e  r i v e r  w a s  s e t  as ide by an 

i n i t i a t i v e  act, approved by the e l e c t r o a r e  of rhe S t a t e  of California 

i n  1924. 

Iron Gate Rese rvo i r  -- Milepoin t  192.0 - 199.0 
Iron Gate, a re-regulating dam on Klamath River to stabilize 

f l o w s  from Copco No. 2 and 2 ,  was c o n s t r u c t e d  by P a c i f i c  Power & L i ~ h t  

Company i n  1960-61. The s t r u c t u r e  i s  173 f e e t  h igh  and forms a 

r e s e r v o i r  seven m i l e s  long, having a maximum depth  of  145 f e e t .  There 

are  no f i s h  passage f a c i l i t i e s  p re sen t .  There are salmon and s t e e l h e a d  

hold ing  ponds and an egg-taking s t a t i o n  o p e r a t e d  by t h e  C a l i f o r n i a  

Department of F i s h  and Game a t  t h e  base of  t h e  dam t o  provide eggs 

f o r  a  32-pond hatchery a t  t h a t  s F t e .  

Daily surface water  tempera tures  were Laken by hand thermometer 

at  I r o n  Gate Rese rvo i r  and t h e  weekly means are presented in F i g u r e  6 

(Page 133). Temperatures f o r  t he  month of  J u l y  were the  h i f i hes t  recorded 

and ranged from a low of 67"  P t o  a high of 70" F. The major l i m i t i n g  

f a c t o r  f o r  t h e s e  d a t a  is t h a t  they were taken between 8 : 0 0  a.m. and 

9 :00 a.m. and not  a t  the  w a r m e s t  per iod  o f  t h e  day. 

Disso lved  oxyEen measurements and temperatures were taken monthly 



from June through November, 1965, a t  I r o n  Gate Rese rvo i r .  The r e s u l t s  

a r e  g r a p h i c a l l v  p r e sen red  i n  F i g u r e s  7A and 7B (Pages 134 and 1 3 5 ) .  

Samples were c o l l e c t e d  a t  two s t a t i o n s ,  one i n  deep w a t e r  n e a r  the 

dam and the o t h e r  a t  the upper  end i n  s h a l l o w  w a t e r .  Sampling results 

i n d i c a t e  t h a t  i n  the months of J u l y  and Aup,ust, c o n d i t i o n s  are 

u n s a t i s f a c t o r y  f o r  salmonoids i n  daytime hours excep t  i n  a s t r a t u m  

between 10-20 feet .  The l i m i t i n g  f a c t o r s  are e i t h e r  h i p h  w a t e r  

t empera tu re s  from 7 2 O  F t o  80° F i n  t h e  upper l e v e l s  o r  low d i s s o l v e d  

oxygen from 0.00 ppm to 5 ppm in t he  deep, c o l d e r  wa te r .  These c o n d i t i o n s  

d i d  nor  p e r s i s t  du r ing  the remaining months as t empe ra tu re s  i n  t h e  sha l lower  

dep ths  d e c l i n e d  and dissolved oxygen c o n t e n t  increased i n  t h e  deep water. 

Except  f o r  t h e  mr r th s  of  J u l v  and A u p , u ~ t ,  w a t e r  q u a l i t v  

c o n d i t i o n s  i n  I r o n  Gate Rese rvo i r  appear  t o  be s a t i s f a c t o r y  f o r  t h e  

r e a r i n g  of j u v e n i l e  salmonoids.  P r e d a t i o n  nay o c c u r  on t he  young f i s h  

as- the  fo l l owing  s p e c i e s  a r e  present i n  

Rainbow t r o u t  ------------- 
Laqemou t h  bass ----------- 
Yellow pe r-h --------------- 
Klamath s m a l l s c a l e  sucker--- 
Tui chub ------------------- 
Glue chub ---------------- 
Speckled dace --------------- 
Brown b u l l h e a d  ------------ 
C o t r i d s  ------------------- 
Lamprey --------------------- 

t h e  r e s e r v o i r  : 

Salno ~ a i r d n e r i  Richardson - 
Microp te rus  salrnoides (Lacepecic) 
P e r  ca f l a v e s ~ c h e  11) - 
Catostomus r i n i c u l u s  Jordan  & Snyder  
S i p h a t e l e s  b i c o l o r  b i c o l o r  (G l r a rd )  
Gila b i c o l o ~ o ~  - 
Rhin i ch thys  o s c u l u s  k l ama thens i s  
Lctnlurus n e b u l o s i s  (LeSueur) 
cortus sp .  
Lampe t r n  t r i d e n t a t a  (Ca i rdne r )  

The major  p h y s i c a l  o b s t a c l e  t o  downstream passace of m i y r a n t  

f i s h e s  i s  t h e  unscreened submerged pens tock  o r i f i c e s  a t  t h e  (lam. 

I f  f i s h  passage  f a c i l i t i e s  and s c r e e n i n g  were provided ,  wa t e r  

q u a l i t y  i s  adequate  f o r  t h e  movenenr and r e a r i n g  of salmonoids excep t  



d u r i n g  J u l y  and August,  when t empera tu re s  and d i s s o l v e d  oxygen l i m i r  

the h a b i t a b l e  area of t h e  r e s e r v o i r  t o  the 10-20 f o o t  s t r a tum.  

Jenny Creek, Mile P o i n t  196.0 

Jenny Creek,  a smal l  t r i b u t a r y  of I r o n  Gate Rese rvo i r ,  e n t e r s  

near t h e  upper  end. Because of  l i m i t e d  s p a m i n g  areas and b lockage  of 

f i s h  passage  by two f a l l s ,  20 fee t  and 60 f e e t  h igh ,  t h i s  stream was 

d e l e t e d  from s tudy .  

Copco No. 2 Dam, Mile P o i n t  200.3 

Copco No. 2 i s  a 43-foot h igh  diversion dam on K l m a t h  

River and is one mile upstream from I r o n  Gate Rese rvo i r  and approximate ly  

1,000 f e e t  downstream from Copco No. 1. N o  f i s h  passage f a c i l i t i e s  or 

s c r e e n s  are p r e s e n t  a t  t he  s t r u c t u r e .  

No water q u a l i t y  d a t a  are a v a i l a b l e  for t h e  section of river 

betwaen Copco No. 2 and Copco No. 1, h u t  w a t e r  t empera tu re s  and d i s s o l v e d  

oxygen should  be  f a v o r a b l e  s i n c e  t h e  w a t e r  i s  taken from t h e  deep p o r t i o n  

of Copco No. 1 r e s e r v o i r .  

Copco No. 1 Rese rvo i r ,  Mile Point 200.3 - 205.8 

Copco Dam No. 1 was completed t o  a h e i g h t  of 126 f e e t  i n  1922. 

No fish passage facilities o r  screens a re  present a t  t h e  s t r u c t u r e .  The 

r e s e r v o i r  formed bv t h e  dam i s  f i v e  m i l e s  l o n g  and 126 feet at. i t s  

deepes t  p o i n t .  The fo r ebav  elevation of Copco No. 1 f l u c t u a t e s  up t o  

six f e e t .  

Daily w a t e r  tempera tures  were t a k e n  a t  t h e  forebay  o f  t h e  dam 

by hand thermometer between 8:00 a . m .  and 9 :00 a.m. Highest  temperacures  

were r eco rded  du r ing  t h e  l a s t  t h r e e  weeks of J u l y  and the  w e e k l y  means 



were 69"  F. The range of mean t empera tu re s  f o r  the months of May 

through October  was from 54' t o  69' F. These  data  f o r  Copco No. 1 

a r e  p re sen ted  i n  F i ~ u r e -  6 ( p a p  133). 

Dissolved  oxygen and wate r  t e m p e r a t u r e s  w e r e  o b t a i n e d  a t  

two  stations on Copco No. 1. Rese rvo i r ,  one n e a r  the dm i n  deep 

water  and t h e  other in s h a l l o w  wa te r  at the uppe r  end. The minimum 

and maximum amount of d i s so lved  oxygen in t h e  waters of  the  r e s e r v o i r  

f o r  t h e  months of June through October varied. The minimums a t  t h e  

deep s t a t i o n  ranged from 0.00 ppm to 1.1 ppm, w h i l e  a t  t h e  uppar end 

they were f rom 2 . 2  ppm t o  6.0 ppm, F i g u r e s  8A and 8B (Pages136-37.) 

The maximums a t  t h e  sampling stations were  from 6.1 ppm t o  9 . 4  ppm near 

t h e  d m ,  and 7 .4  ppm to 9 . 1  ppm a t  the upper  end. Although oxyEen t o n t e n t  

is h igh  i n  t h e  upper  p o r t i o n  of  t h e  r e s e r v o i r ,  on ly  t h e  s t r a t u m  between 

10-20 f e e t  was h a b i t a b l e  for sa lnonoids  as w a t e r  t empera tures  from t h e  

s u r f a c e  t o  10 f e e t  were t o o  h igh  durinf i  July and A u g u s t .  

LJater quality In Copco No. 1 r e s e r v o i r  was satisfactory f o r  

t h e  rearing o f  j u v e n i l e  salmonoids except  f o r  two months of t he  y e a r ,  

July and August. During t he se  months c o n d i t i o n s  were found t o  be good 

only in t h e  s t r a t u m  between 10-20 f e e t .  

Elany s p e c i e s  of f i sh  a r e  r e s i d e n t s  i n  this r e s e r v o i r  and a 

problem of p r e d a t i o n  may occur .  The tvpes of f Fsh p r e s e n t  a r e  t h e  same 

as  t hose  found i n  I r o n  Gate R e s e r v o i r ' w i t h  t h e  a d d i t i o n  o f :  

Shor tnose  sucker  -- C h a s n i s t e s  b r e v i r o s t i s  Cope 

L o s t  River  sucker  -- Catostomus luxntus Cope 

I f  f i s h  passage f a c i l i t i e s  and s c r e e n i n e  were provided, water 



q u a l i t v  i s  adequate f o r  t h e  movemenr and r e a r i n g  of  salmonoids excep t  

du r ing  J u l y  and August wllen t empera tures  and d i s s o l v e d  oxygen l i m i t  

the h a b i t a b l e  area of t h e  reservoir t o  t h e  10-20 f o o t  s t r a tum.  

Shovel  Creek, M l e  P o i n t  208.0 

The fo l l owing  a p p r a i s a l  of Shovel Creek i s  based on a s t ream 

survey r e p o r t  made by C a l i f o r n i a  Department of F i s h  and Game. 

Shovel  Creek i s  a s m a l l  t r i b u t a r y  t h a t  e n t e r s  t h e  Klamarh River  

approximate ly  one mi le  above Eeswick. Flows during t h e  summer months 

a r e  d i v e r t e d  f o r  i r r i g a t i o n .  Res idua l  f l o w s  of  2 .8  cfs i n  1961 and 4 .2  

cfs i n  1962 were r eco rded .  Temperatures  f rom over  70° F t o  freezing have 

been recorded .  h f a l l s ,  2.5 m i l e s  ups t r eam,  b l o c k s  all m i g r a t i o n  of f i s h .  

High w a t e r  in December 1964 a l t e r e d  t h e  stream bed and banks 

of Shovel Creek. The f i r s t  mile of s t r e a m  was channeled. Though the bed 

of  the channel i s  of excellent gravel, this work may have been d e t r i m e n t a l  

because of  t h e  l o s s  of  s h e l t e r  and p o o l s .  

Low w i n t e r  t empera tu re s ,  f a l l  f l o w s ,  and s u s c e p t i b i l i t y  t o  

f l o o d i n p  appear  t o  make Shovel  Creek unaccep tab le  f o r  f a l l  spawning f i s h  

such as chinook salmon. It may better l e n d  i t s e l f  t o  spring spawning 

s t e e l h e a d  i f  compe t i t i on  from n a t i v e  trout i s  no r  e x c e s s i v e .  

S p r i n g  flows and warer q u a l i t y  i n  Shove l  Creek are p r o b a b l y  

adequate  t o  maintain a run of  downstream mig ran t s  ove r  t h e  short d i s t a n c e  

t o  Klamarh River. 

There are two unscreened  d i v e r s i o n  d i t c h e s  which would need 

f a c i l i t i e s  b e f o r e  i n t r o d u c t i o n  of anadrornous fishes could b e  cons ide red .  



Klamath River  from Copco Reservoir t o  J. C .  Doyle D a m ,  
Mile Point 205.8 - 227.5 

Klamarh River  from t h e  head of Copco Rese rvo i r  ups t ream t o  

J. C.  Boyle Dam i s  a d i s t a n c e  of app rox ima te ly  22 m i l e s ,  and a t  t h e  

p r e s e n t  t ime ,  no b a r r i e r s  are  present t o  b lock  f i s h  passage. It  i s  a 

fast-moving s t r e a m  and t h e  g r a d i e n t  i s  s t e e p ,  r i s i n g  from an e l e v a t i o n  

of 2608 a t  the  head of the r e s e r v o i r  t o  3793 ar J .  C. Boyle Dam. 

Da i ly  r i v e r  f l ows  f l u c t u a t e d  considerably i n  the lower 1 7  

m i l e s  as t h e  result of o p e r a t i o n s  a f  t h e  J. C. Boyle p r o j e c t .  The 

F e d e r a l  Power Commission l i c e n s e  f o r  t h e  p r o j e c t  stipulates t h a t  t he  

powerhouse o p e r a t i o n s  cannot va ry  t h e  river f low by more than n i n e  

i n c h e s  an hour  (Table  9 ) .  Mean monthly f l o w s  for a p e r i o d  from 1959- 

1965 were ob t a ined  from t h e  Su r f ace  Water D i v i s i o n  of r h e  U. S. Geologica l  

Survey and are presented i n  F igu re  9 ( P a p  138) .  The data were  ath he red 

ar a s t a r i o n  e s t a b l i s h e d  i n  1959 app rox ima te ly  one mile downstream from 

t h e  J. C. Boyle powerhouse. The major  peak f lows o c c u r  d u r i n g  rhe months 

o f  December and A p r i l  and varv  from 1900 cfs i n  1959 t o  a h igh  8,730 i n  

7 Februa ry ,  1965. The lowest f lows  recorded a r e  du r ing  t h e  months o f  J u l y  

and ranged f rom 340 c f s  i n  1965 t o  950 cfs i n  1959. 

River c o n d i t i o n s  above J .  C. Boyle powerhouse have been changed 

cons ide rab ly  by t h e  power p r o j e c t  and at  t h e  dam the f low i s  ma in t a ined  

a t  a cons t an t  100 cfs. Eigh t - t en th s  of a m i l e  downstream from t h i s  p o i n t  

a series of s p r i n g s  enter the r i v e r  which i n c r e a s e  t h e  flow t o  390-488 

cfs i n  t he  remain ing  four-mile  s e c t i o n  t o  t h e  powerhouse. F l o w s  i n  t h i s  

r e a c h  of  t h e  river remain c o n s t a n t  except a t  t imes  o f  h igh  f low f r o m  

Klamath Lake which r e q u i r e  t h e  re lease  of excess w a t e r  throupll the s p i l l w a y  



T a b l e  9 .  f l axhum and n~inirnum f l o w s ,  a s  s p e c i f i e d  by Hydroelectric C o m l s s i o n  of 
o f  O r c ~ o n  and P e d c r a l  P o w e r  Coouaission permits. 

.J. C. Boy le  (Formerly Dffi Bend) 

P l a n t  o r  Area  H y d r o e l e c t r i c  C o r n i s s f o n  of O r e ~ o n  F e d e r a l  Power Comniss ion 

.J .  C.  I joyle  - immedia te ly  llinimum re lease  for 1st y e a r  - 100 c . f r s .  
below d i v e r s i o n  d m  i n  a .  I l e a r i n g  e a c h  year f o r  5 y e a r s .  
o l d  c h a n n e l .  

b ,  Hot l e s s  t h a n  50 c . f . s .  and n o t  more 
t l lan 150 c . f  . s .  for d u r a t i o n  of 
l i c e n s e .  
Note :  L a r g e  s p r i n g  inflows comoence 

adding t o  f l o w  114 m i l e  below 
d i v e r s i o n  dam and t o t a l i n g  u p  
t o  250 c . f . s .  

J. C. l l n y l e  - i n m e d i a t e l y  
be low C i p  Eend P o w e r  \ l o u s e  H a i n t a i n  200 c. f . s .  i m m e d i a t e l y  below 

I ron  r a t e  

P l a n t  o p e r a t e d  not t o  exceed  f l u c t u a t i o n s  
o f  g l ' / h r .  measured a t  a p o i n t  1 / 2  mile 
below Power House,  

I r o n  Ga te  
S t a t e  of C a l i f o r n i a  

Pl inimun~ f l o w s  be low I r o n  C a t e  
Sep tember  1 t o  A p r i l  30 -- 1,300 c.f.s. 
bray 1 t o  Flay 3 1  -- 1,000 c.f.s. 
J u n e  1 t o  J u l y  3 1  -- 710 c . f . 6 .  
A u ~ u s t  1 t o  August 3 1  - - 1 , 0 0 0  c . f . s .  

C o n s t r u c t ,  o p e r a t e  and 
m a i n t a i n  f i s h w a y s  a t  
d i v e r s i o n  dam and s c r e e n s  
a t  i n t a k e  t o  c o n d u i t .  

L i c e n s e e  s h a l l  m a i n t a i n  f o r  
f i s h  l i f e  i n  n a t u r a l  c h a n n e l  
below dam r e a s o n a b l e  minimum 
f l o w  c o n s i s t e n t  with p r i m a r y  
purpose o f  project a f t e r  a  
h e a r i n g .  

Rate  of c l ~ o n ~ e  n o t  t o  e x c e e d  250 c . f  . s . / h c .  
o r  n o t  more t h a n  3"/1\r. (whichever  produces 

tile l e a s t  a m u n t  of f l u c t u a t i o n )  measured a t  

a cauee 112 m i l e  below t h e  p l a n t .  



a t  J. C.  Boyle Dam. 

Water t empera tures  were o b t a i n e d  by a canscan t  r eco rd ing  

thermograph a t  Beswick, approximate ly  two m i l e s  above Copco Rese rvo i r  

and by hand thermometer a t  f o u r  s t a t i o n s  upstream. Disso lved  oxyzen 

analyses were made a t  t h e  upper  f o u r  s t a t i o n s .  These da ta  are  p re sen t ed  

i n  F igu re  1 0 ,  ( P a ~ e  139) and Figures 1 1 A  and 1113 ( ~ a ~ e ~ l 4 0  14'1). 

Dissolved oxyRen samples  have been taken at the Beswick S t a t i o n  i n  t h e  

p a s t  by the C a l i f o r n i a  Department of Water Resources and t h e i r  d a t a  

i n d i c a t e s  t h a t  i n  t h e  sumner nonchs, d i s s o l v e d  oxygen c o n t e n t  in t h i s  

area i s  h igh  and i n  1 7  s a m p l e s  taken in 1962-1965, t h e  mean w a s  9.5 ppm 

and t h e  range  was from 8.4  ppm t o  10.5  pprn. M a x h u m  water t empe ra tu re s  

from Hay through O c t o b e r v a r i e d  from a low of 58" F t o  a h ieh  of 73" I: and in 

the months of July and August, remained above 68"  F. 

Temperatures  and d i s s o l v e d  oxygen samples t aken  i n  Rlamath River  

a t  t h e  F r a i n  Ranch and below t h e  J .  C. Boyle Powerhouse show t h a t  h igh  

water temperarures occur i n  t h e  months o f  July and A u ~ u s t  and that high  

d i s s o l v e d  OXVRen c o n c e n t r a t l o n s  a r e  p r e s e n t  th roughout  t he  sampling 

p e r i o d  of May t h r o u ~ h  October .  The presence of an e x c e l l e n t  t r o u t  f i s h e r y  

i n  t h i s  a r e a  i n d i c a t e s  t h a t  a l though water  t empe ra tu re s  are h i g h ,  salmonids 

remain in  t h e  a r e a  and f l o u r i s h .  Samples o b t a i n e d  above the  powerhouse 

r e f l e c t  t h e  l a r p e  f l o w  of  s p r i n g  wa te r  into t h e  r i v e r  and low water 

t empera tures  and h igh  d i s s o l v e d  oxyRen concentrations were recorded .  At 

t he  u p p e r  s t a t i o n  below t h e  dam, water t e m p e r a t u r e s  show r h e  e f f e c t  of 

t h e  r e s e r v o i r  and an i n c r e a s e  i n  t empe ra tu re  i s  recorded .  S t u d i e s  made 



P l a t e  1. Gravel exposed at minimum flow on Klamatt i  River at 
the Fra in  Ranch a rea ,  June  28, 1965.  



Plate 2 .  h gravel  bar exposed at m i n i m u m  f l o w  on L l m a t h  
River a t  F r a i n  Ranch area, June 28, 1965 

Plate. 3 .  Sampling s t a t i o n  a t  g r a v e l  area on Klamarh River 
F r a i n  Ranch area, Sep tember  1 6 ,  1965 



i n  1962-1963 d i d  nor  r e v e a l  any problem i n  t h i s  area, provided f lows 

of 100 cf s o r  h i g h e r  were main ta ined  (Ger l ach  and Hanel ,  1963).  

P o t e n t i a l  spawning a r e a s  on Klamath River a r e  conf ined  t o  one 

short s e c t i o n  n e a r  t h e  F r a i n  Ranch, jusr  above t h e  S a l r  Caves Dam ~ i t e ,  

and s p o t s  between the  California-Oregon b o r d e r  and Copco Reservoi r .  

Approximately 13,400 square yards of g r a v e l  was observed i n  

the F r a i n  Ranch a rea .  Most o f  t h i s  g r a v e l  i s  of f a i r  t o  good q u a l i t y  

from 1 t o  4 o r  1 ro 6 inches i n  d i a m e t e r .  There a r e  some f i ne s  in- 

t e r s p e r s e d  and p a r t i a l  weed growth over  t h e  surface, b u t  chinook salmon 

are known t o  use a r e a s  s i m i l a r  i n  appearance i n  t h e  lower r i v e r  (Plate 

1 and 2 ) .  

A t  l e a s t  950 s q u a r e  yards of good g rave l  a r e  l o c a t e d  between 

rhe  s t a t e  l i n e  and t h e  mouth of Shovel Creek. Below t h e  mouth of Shovel 

Creek t o  Copco Reservoir t h e r e  i s  a  minimum of 19,000 square ya rds  of 

good g r a v e l  w i th  o t h e r  possibilities i n  deepe r  water .  

Flows on t h i s  s e c t i o n  of Klamath River  are normally adequate,  

h u t  are s u b j e c t  t o  f l u c t u a t i o n  because of power p roduc t ion  o p e r a t i o n s  a t  

t h e  J .  C. Boyle p r o j e c t .  Ar extreme l o w  f lows ,  a p o r t i o n  of t h e  g rave l  

areas i s  exposed. Cond i t i ons  were checked weekly on a g r a v e l  ba r  i n  t h e  

F ra in  Ranch a r e a .  The o b s e r v a t i o n s  made are shown i n  Table  10.  P l a t e  

3 i s  a  p i c t u r e  of t h i s  s t a t i o n .  During t he  per iod  of September 9 through 

December 14, 1965, encompassing t h e  h f s r o r i c a l  spawning pe r iod ,  t h e  depth 

of wa te r  over t h e  g r a v e l  v a r i e d  1.5 f e e t  t o  abou t  3.5 f e e t .  The l a t t e r  



T a b l e  1 0 .  Water q u a l i t y  and  f l o v  measurements  on a p o t e n t i a l  spawning area o f  KLamath R i v e r  
n e a r  the F r n i n  Ranch f o r  t h e  p e r i o d  of September 9 t o  k c e m b e r  1 4 ,  1965, 

D a t e  - 
9- 9-65 

9-16-65 

9-24-65 

9-30-65 

10-15-65 

10-22-65 

10-2 6-65 

11- 8-65 

11-16-65 

11-2 9-65 

12- 7-65 

12-1 4-65 

Time - 
1330 

1110 

1120 

1155 

1050 

1300 

1300 

1415 

13 30 

124 5 

1 2 4 5  

1 1  30 

A i r  
Temp. 

59 

80 

7 5 

45 

70 

7 3 

60  

45 

4 6 

35 

bater 
Temp. 

6 4 

6 1 

62 

5 7 

5 7 

5 4  

55  

5 0 

4 6 

38 

38 

3 6 

D.O. 
PPPI - 
8 .4  

8.25 

9 .0  

8 . 7  

9.7 

9.3 

9.3 

8 . 8  

9.6 

11 .3  

10.9 

10.9 

F 1 ow V e l o c i t y  
CFS - FPS (a )  

3.0 

3.6  

3 , 3  

3.3 

4.0  

2 . 9  

1.75 

T u r b i d i t y  Remarks 

18'' o f  w a t e r  o v e r  e r a v e l  

19" of  w a t e r  over g r a v e l  

18" o f  w a t e r  over g r a v e l  

19" of w a t e r  over  g r a v e l  

22" of  water over  p r a v e l  

1 '  v i s .  1.8" water depth  

1 . 5 '  v i s .  1 . 9 "  water depth  

About 3 '  deep ,  water d e p t h  
prevented  v e l o c i t y  
measurements 

1' v i s .  Water d e p t h  3 -3 .5 '  

1 '  v i s .  Water d e p t h  3-3.5'  

1' v i s .  Water d e p t h  2 . 0 '  

1 '  v i s .  Water depth 1 . 9 '  

( a )  Measurements pr ior  to October 22 made on s u r f  ace by  "cork method", o t h e r s  at 
0 . 3  feet w i t h  Gurley meter. 



dtpth occu r r ed  when water was be ing  s p i l l e d  from 3 .  C. Uoyle Dam i n  

November. The wate r  v e l o c i t y ,  0.3 f e e t  o v e r  t h e  g r a v e l ,  f e l l  w i t h i n  

a range of 1.72 t o  2.9 f p s .  The mean w a t e r  t empera tu re  during t h e  

p e r i o d  w a s  51.5O F w i r h i n  extremes of 3 6 O  and 64" F. The t empe ra tu re  

h e l d  up w e l l  f o r  spawning u n t i l  l a t e  November when i t  f e l l  t o  3 8 O  F. 

The lowest c o n c e n t r a t i o n  of d i s s o l v e d  oxygen observed  was 8.25 ppm, 

averaging 9.5 ppm. 

A l l  c o n d i t i o n s  appeared t o  b e  adequa t e  f o r  spawning and 

r e a r i n g  of eggs w i t h  t h e  p o s s i b l e  exceptLon of f low f l u c t u a ~ i o n s .  Flow 

c h a n ~ e s  a t  t h e  J, C. Boyle p r o j e c t  are l i m i t e d  t o  9 Inches  i n  r i v e r  

e l e v a t i o n  pe r  hour. However, it has  been r e p o r t e d  by pe r sonne l  of 

California Department of  F i s h  and Gme that t h e  rate of change i s  

c o n s i d e r a b l y  greater i n  t h e  down-river areas. 

Although mid-summer temperatures r e a c h  i n t o  t h e  70'6, Klamath 

R ive r  probably  would p rov ide  a good r e a r i n g  a r e a  for  young fish. A f i n e  

t r o u t  popu la t i on  i n  t h e  r iver  is  ev idence  of i t s  p roduc t ivenes s .  

The o n l y  l i m i t i n g  f a c t o r  f o r  downstream m i g r a t i o n  i s  the presence 

of e i ~ h t  unscreened  i r r i g a t i o n  d i v e r s i o n  d i t c h e s .  One d i t c h  has a s c r e e n  

i n s t a l l a ~ i o n  but i s  i n o p e r a t i v e .  

No p h y s i c a l  b a r r i e r s  o r  poor water q u a l i t y  c o n d i t i o n s  exist t o  

h i n d e r  t h e  m i g r a t i o n ,  sparmtng o r  r e a r i n g  of salmonids i n  t h i s  s e c t i o n  

of Klarnath River. The naxhnum p o t e n t i a l  numbers of f i s h  c a l c u l a t e d  t o  

use t h i s  area was 1,990 female chinook salmon o r  1,620 female s t e e l h e a d .  

O f  t h i s  t o t a l ,  640 female chinook salmon o r  520 female s t e e l h e a d  would 

u t i l i z e  g rave l  found i n  Oregon. S t ream t empera tu re s  l i m i t  t h e  chinook 



spawning p e r i o d  t o  October and e a r l y  November. 

5 .  C. Boyle Dam and R e s e r v o i r ,  Mile P o i n t  227.5 - 229.8 

J .  C. Boyle Dam was completed i n  1958 and i s  approximate ly  

38 fee t  h igh  and forms a r e s e r v o i r  three m i l e s  long.  The maximum dep th  

i s  40 feet. A f i s h  l a d d e r  s u f f i c i e n t  t o  pass s t e e l h e a d  and salmon i s  

i n  o p e r a t i o n  on t h e  s t r u c t u r e .  Water t empera tu re s  and dissolved oxygen 

w e r e  taken a t  t h e  t o p  and bottom s t e p s  o f  t h e  l a d d e r  and are p re sen t ed  

i n  F igu re  12 (Page 1 4 1 ) .  

Water t empera tu re s  were taken by hand thermometer a t  t h e  

fo r ebay  of t h e  dam and t h e  weekly means are  p r e s e n t e d  i n  F igu re  6 (Page 

133'. The range  of t empera tu re s  v a r i e d  from a h igh  of 74" F in J u l y  t o  

a l a w  of 54' i n  October .  As a t  t h e  o t h e r  reservoirs, t h e s e  tempera tures  

were t aken  between 8:00 a.m. and 9 :00  a.m. 

Disso lved  oxygen samples and water t empera tu re s  were ob ta ined  

from f i v e  s t a t i o n s  on J. C. Boyle Reservoir during May through August 

and t h e  p r o f i l e s  c a l c u l a t e d  a r e  dep i c t ed  i n  F igu re s  1 3  and 1 4  (Pages142-43) 

The d a t a  indicates t h a t  d u r i n g  June  and July t h e  r e s e r v o i r  i s  not s u i t a b l e  

f o r  salmonids . 
On September 1-2, an a l l n i g h t  sampling program f o r  d i s s o l v e d  

oxygen and wa te r  t empera tures  was conducted on t h e  r e s e r v o i r  a t  f ive 

s t a t i o n s  and t h e  r e s u l t s  a r e  shown i n  F i g u r e s  15 ,  1 6  and 17 (Pages 144-5). 

Data from t h r e e  of  t he  s t a t i o n s ,  a l l  i n  t h e  sha l low sections of t h e  

r e s e r v o i r ,  show l i t t l e  v a r i a t i o n  i n  the d i s s o l v e d  oxygen con t en t .  The 



two s t a r i o n s  a t  t h e  deep  end of t h e  r e s e r v o i r  show d e f i n i t e  oxygen 

sags caused by l a r g e  amounts of decaying o r g a n i c  matter. 

Water q u a l i t y  c o n d i t i o n s  f o r  rearing and m i ~ r a t i o n  of j u v e n i l e s  

are a c c e p t a b l e  except d u r i n g  t h e  months of June,  J u l y  and the f i r s t  p a r t  

of August. The d i v e r s i o n  f o r  t u r b i n e  water i s  screened  and fitted with 

a bypass p ipe .  P r e d a t i o n  may occur nn the young f i s h  as t h e  f o l l o w i n g  

s p e c i e s  a r e  p r e s e n t  i n  the r e s e r v o i r :  

Rainbow t r o u t  -- Salmo p a i r d n e r i  Richardson 

Largemourh Bass -- Micropterus sa lmoides  (Lacepede) 

Elack c r a p p i e  - Pornoxis n i p o m a c u l a t u s  (LeSueur) 

B l u e g i l l  -- Lepomis macrochi rus  Raf inesque  

Pumpkinseed -- Lepornis - gibbosus  (Llnnaeus)  

Erown bu l lhead  -- I c t a l u r u s  nebulosus (LeSueur) 

Klamath L a r g e s c a l e  sucker - Catostomus snyderi  G i l b e r t  

Klamath S m a l l s c a l e  sucker - Catostomus r i m i c u l u s  Jordan 
and Snyder 

Lost River  sucker -- Catostomus l u x a t u s  Cope 

Tui chub -- Siphateles b i c o l o r  b i c o l o r  ( G i r a r d )  

Rlue chub -- G i l a  b i c o l o r  ( G i r a r d )  

Speckled dace -- Khinich thvs  o s c u l u s  k la rna thens is  

Cottids -- C o t t u s  s p .  

Lamprey -- Lampetra t r i d e n t a r a  ( ~ a i r d n e r )  

Spencer Creek, b t i  le P o i n t  229 .5  

Spencer Creek, an impor t an t  t r i b u t a r y  of K l a m t h  Pdver ,  e n t e r s  

t h e  system a t  the upper  e n d  of J .  C. Doyle Rese rvo i r .  The s t r e a m  i s  



Plate 4 .  Sect ion of Spencer Creek near rhe  mouth, 
necember 1 4 ,  1965 

. a t e  5 .  S e c t i o n  of Spencer  Creek near m i l e  3 
May 2 4 ,  1965 



P l a t e  6 ,  S e c t i o n  of Spencer Creek upstream f rom road crossing 
near mile 7.25, September 1 6 ,  1965 

P l a t e  7 .  Spencer Creek sampling s t a t i o n  near mile 7 . 2 5 ,  
September 16, 1965 



approximate ly  1 2  m i l e s  l ong ,  The f lows measured d u r i n r  t h e  low periods 

i n  t h e  f a l l  v a r i e d  f r o m  16.7 c f s  t o  23.4 c f s .  The mean f o r  t h e  pe r iod  

was 20.7 c f s .  

B a r r i e r s  t o  f i s h  passage  c o n s t s t  of seven small l o g  jams, a 

number of  beaver dams and a large c u l v e r t  t h a t  had been p a s s a b l e  u n t i l  

t h e  flood i n  December 1964 washed a deep h o l e  on rhe downstream s i d e .  

Dissolved oxygen samples and water r empera tu re s  t aken  from 

June th rough October  r e v e a l  t h a t  water c o n d i t i o n s  a r e  e x c e l l e n t  f o r  

salmonoids.  Dara c o l l e c t e d  a r e  i l l u s t r a t e d  i n  F igu re  18 (Page 1 4 6 ) .  

Nine miles ups t ream from the mouth, f i s h  passage  i s  b locked  

by a series of  sma l l  f a l l s .  I t  would ' h e  p o s s i b l e  t o  make them pas sab le ,  

but the s t r e a m  above i s  m a r r i n a l  and would n o t  be worth t h e  expense.  

Gravel  areas In Spencer Creek are found from the mouth up- 

stream f o r  about  9 m i l e s ,  P l a t e s  4-6. The re  are 2300 square yards of 

good and about 300 square  y a r d s  of marginal .gravel s u i t a b l e  f o r  spawning 

salmon and s t e e l h e a d .  

The w a t e r  dep th  ove r  many of  t h e  gravel a r e a s  i s  4 t o  6 inches .  

V e l o c i t i e s  a r e  one f o o t  p e r  second o r  g r e a t e r .  Stream f lows  were t aken  

weekly from September 9 t o  December 14,  1965, a t  a s t a t i o n  a t  m i l e  7.25. 

This  s t a t i o n  i s  p i c t u r e d  i n  Plate 7. Fo r  t h e  sampling period, t h e  mean 

s t r e a m  f low was 20.71 c f s ,  r ang ing  from 16.69 t o  23.39 cf s. The average  

w a t e r  t empera ture  was 41.8O F,  w i t h  ex t r emes  o f  31 and 52" F. During t h e  

same p e r i o d ,  t h e  lowes t  d i s s o l v e d  oxygen c o n c e n t r a t i o n  recorded was 9.0 

ppn; the h i g h  was 12.0 ppm. The mean oxvgen level was 10.38 ppm f o r  t h e  

sampling pe r iod .  A l l  ob se rva t i ons  a r e  piven in Table 11. 



T a b l e  11. 

Date 

9- 9-h5 

9-16-65 

9-24-65  

9-30-65 

10-15-65 

10-22-65 

10-28-05 

11- 8-65 

11-16-65 

11-23-65 

11-30-65 

Water q u a l i t y  and f l o w  measurements on p o t e n t i a l  spawning a r e a  of Spencer Creek 
a t  Nile 7 . 2 5  f o r  the p e r i o d  of September 9 to December 1 4 ,  1965. 

T i m e  - 
1530 

1245  

1245 

1320  

1215  

1450 

1420 

1600 

1500 

1515 

1400 

14 30 

0945 

Air 
Temp. 

4 8 

82 

6 7 

4 1 

63 

60 

4 2 

4 7 

38 

3 3 

34 

24  

Water 
Temp. 

52.0 

4 8 . 5  

5 1 . 0  

46 .0  

4 2 . 0  

4 2 . 0  

44.0  

41.0 

40.0 

38.0 

34 .0  

34.0 

31.0 

Flow ( a )  
CFS 

2 2 . 0  

1 7 . 7 1  

1 8 . 0 5  

19.22 

16 .96  

2 2 . 5 4  

2 3 . 3 9  

2 1 - 6 1  

2 1 . 9 7  

2 3 . 1 9  

21.23 

He an 
Velocity 

FPS 

2 . 5  

1 . 9 7  

2 .o 

2 . 1 3  

1 . 8 8  

1 . 9 9  

1 . 9 4  

1.92 

2 . 0 3  

2 . 0 9  

1 . 9 2  

T u r b i d i t y  

Clear  

Clear 

Remarks 

Clear  

Clear  

S l i g h t  

Clear  

Clear 

Clear 

Clear 

S l i g h t  

C l e a r  Ice a long  s h o r e s .  Flow 
appeared t o  be  down s l i g h t l y .  

Clear Ice a l o n g  s h o r e s .  

Clear No significant change i n  
f l o w .  Ice a l o n g  s h o r e s  
and over pools. Anchor f ce 
beginning to form. 

(a)  E s t i m a t e s  p r i o r  t o  October 22 made by "cork  method", o t h e r s  w i t h  Gurley m e t e r .  



Flare 8. Ninor ice c o n d i t i o n s  at Spencer Creek sampling s tar ion ,  
November 30, 1965 



P l a t e  9 .  Anchor i ce  forming in Spencer Creek near the mouth, 
December 1 4 ,  1965 

Plate 10. Anchor i c e  formins ovcr % r a v e l  i n  Spencer  Creek near 
m i l c  7 . 2 5 ,  Lleccniber 1 4 ,  1965 



Beginning in  t h e  l a s t  of November when water t empe ra tu re s  

dropped t o  33' F,  ice formed a long  t h e  shore l i n e  of Spencer Creek, 

P l a t e  8. On December 1 4 ,  anchor  i c e  was forming  i n  the e n t i r e  l e n g t h  

of t h e  stream, P l a t e s  9 and 10. wa te r '  t empe ra tu re  on t h a t  day was 

31" F. Since t h a t  was t h e  l a s t  day o b s e r v a t i o n s  were made, i t  i s  n o t  

known how long  such cond i t ions  e x i s t e d .  

There i s  no  r ea son  t o  b e l i e v e  that Spencer  Creek would no t  

p rov ide  a good r e a r i n g  a r e a .  The s t r eam has a h i s t o r y  of a good trout 

popu la t i on .  It also s u p p o r t s  a spawning run of suckers. The h i g h e s t  

t empe ra tu re  observed  d u r i n g  the s u m e r  was 68" F n e a r  t h e  mouth. Oxygen 

l e v e l s  were i n  excess of 7.0 ppm t h e  e n t i r e  y e a r ,  Figure 18 ( ~ a ~ e 1 4 6 ) .  

Spencer  Creek p r e s e n t s  a fine environment  f o r  salmonoids.  The 

s t r e a m  could a c c o m d a t e  an e s r ima ted  110 chinook redds o r  90 s t e e l h a a d  

redds. The r e l a r i v e l y  sha l l ow  wa te r  dep th  may r educe  t h e  c a p a c i t y  f o r  

chinook salmon. The spawning p e r i o d  for salmon wou ld  be limited t o  

the month of September by w a t e r  temperature. 

Klamath River  t o  Old Xeedle Dam a t  Keno, M l e  Point 229.8 - 236 .3  

R l a m a t h  R ive r  i n  this s e c t i o n  i s  wide, w i t h  a steep g r a d i e n t ,  

The distance covered i n  t h i s  r each  of r i v e r  1s approximate ly  6.5 m i l e s .  

No b a r r i e r s  are present a t  t h i s  t ime ,  but i n  March, ,1966, Pacific Power 

& L i g h t  Company w i l l  beg in  c o n s t r u c t i o n  of  a dam t o  r e p l a c e  t h e  one b u i l t  

i n  1931 at Keno. A f i s h  l a d d e r  i s  included i n  t h e  p l a n s .  

No water q u a l i t y  d a t a  i s  a v a i l a b l e  f o r  this p a r t  o f  t h e  r i v e r ,  

h u t  an e x c e l l e n t  t r o u t  f i s h e r y  i s  p r e s e n t  and i s  indicative t h a t  c o n d i t i o n s  

a r e  suitable f o r  salmonoids.  



Figure  19 (Page 147.) p r e s e n t s  the monthly mean s t r eam flow 

c o n d i t i o n s  from 1951-1965 and compares them w i t h  data taken from 1904- 

1914. In seven of the  t en  years that d a t a  a r e  a v a i l a b l e  f o r  both 

p e r i o d s ,  t h e  peak f lows fn 1951-1965 exceed t h e  peaks i n  1904-1914. 

The l owes t  recorded f low for t h e  two s e t s  of d a t a  occurred  I n  J u l y  1964 

wi th  a mean low of 365 cfs. The h i g h e s t  was recorded i n  December 1964 

and was 8,780 cfs ,  

No s i g n i f i c a n t  amount of spawning g r a v e l  was observed i n  t h i s  

a r e a  of the r i v e r .  

This s e c t i o n  of the r i v e r  c o n t a i n s  no known b a r r i e r s  t o  down- 

s t ream migrants, provided t h a t  adequate flow6 as determined by f u t u r e  

s t u d i e s  a r e  main ta ined  below the  new s t r u c t u r e .  

This  segment i s  s u i t a b l e  f o r  m i g r a t i o n  and r e a r i n g .  

Klamath River from Keno TO Klamath F a l l s ,  Nile P o i n t  236.3 - 254.3 
K l m a t h  River  frm Keno t o  Klamath F a l l s  is a wide, slowrnoving 

s t r eam t h a t  has a drop of one foot i n  t h e  18 miles of water  course. No 

b a r r i e r s  o t h e r  t han  t h e  Old Needle Dam a t  Keno a r e  p re sen t  i n  t h e  r i v e r .  

This b a r r i e r  w i l l  be removed after complet ion of t h e  new darn i n  1966. 

The l e v e l  of the r i v e r  i s  mainta ined  a t  a prescribed h e i g h t  throughout  

the summer months s o  t ha t  ranches along the way may be i rr igated ,  

Water q u a l i t y  c o n d i t i o n s  are poor dur ing  the sunrmer months 

because of high t empera tu re s ,  tremendous a l g a e  blooms, i n d u s t r i a l  pol- 

l u t i o n  and the  slow r a t e  of f l o w .  These f a c t o r s  cause t h e  l e v e l  of 

d i s s o l v e d  oxygen t o  drop  below t h e  minimum product ive  l e v e l  of 5.0 p p  

for salmonoids,  F igure  20 (Page 148)  g r a p h i c a l l y  p r e s e n t s  t h e  r e s u l t s  

of veeklv sampling of t h e  r iver  a t  two s t a t i o n s  f o r  t h e  months of  
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August through November.  Figures 21-31 (Pages 149-159 

gathered by the Oregon State Sanitary Authority for the years 1953-1963.  

An all-night sampling program was conducted on September 1-2, 1965, at 

three stations on Klamath River from the Main Street Bridge at Klamath 

Falls downstream to Keno.  A low of 2.5 ppm of oxygen was recorded at 

0400 a.m. at the Highway 97 Bridge.  Lows at the other two stations 

were 6.5 ppm at Link River and 5.5 ppm at Keno, and occurred at 0715 

hours and 0815 hours respectively.  The results of the analyses are 

presented in Figure 32 (Page 160). 

  Daily water temperatures were taken by hand thermometer at 

Keno and the weekly means are presented in Figure 6 (Page 133).  Temp- 

eratures over 70E F occurred in only one week for the months checked. 

  Stream flow in this section is generally equal to that of 

Link River, but is subject to inflows from the Lost River Diversion 

Canal and “F” Canal from Lower Klamath Lake.  Samples taken by the 

Federal Water Pollution Control Administration in 1965 show adequate 

temperatures and dissolved oxygen concentrations in water from these 

drains. 

  Results of water quality samples taken from 1953-1965 show 

that dissolved oxygen concentrations in the reach of the river are 

usually below the minimum of 5.0 ppm during the months of July through 

October.  During the remaining part of the year, water quality is suit- 

able for salmonids. 

Link River 

  Link River is approximately one mile long and connects Klamath 

Lake with Lake Ewauna and Klamath River.  One barrier, Link River Dam, 



c o n s t r u c t e d  i n  1921, i s  p r e s e n t  b u t  does n o t  form a block to  f i s h  passage, 

as a l a d d e r  Ls p r e s e n t .  This l a d d e r  i s  no t  adequate  a t  p r e s e n t  f o r  rhe 

pas sage  of  salmon but  cou ld  be,  w i th  minor  r e v i s i o n s .  

A cont inuous  r e c o r d i n g  thermometer  was i n s t a l l e d  on t h e  river 

i n  t h e  f a l l  of 1964 and Figure 33 (Page 161) presents t h e  weekly maximum 

and minimum tempera tures .  From June through August ,  maximum t empera tu re s  

were a t  70" F o r  h i g h e r  and the peak was 76"  F. b r i n g  t h e  same p e r i o d ,  

minimum t empe ra tu re s  exceeded 70" F in three d i f f e r e n t  weeks. Temperatures  

s t a r t e d  t o  d e c l i n e  r a p i d l y  i n  September a n d  by t h e  end of t h e  month, were 

i n  t h e  low s i x t i e s .  

Stream f l o w  d a t a  from 1904-1917 are compared with that r eco rded  

i n  1951-1965 and a r e  p r e sen t ed  i n  F igu re  3 4  (Page162 ) .  Flow c o n d i t i o n s  

were approximate ly  t he  same i n  1951-1959 as found I n  t h e  y e a r s  1904-1912, 

but since t h e n ,  t h e  flows have leveled o f f  because of d rought  c o n d i t i o n s .  

The l owes t  f low recorded ,  400 c f s ,  occurred t h r e e  t imes,  once i n  March 

1962 and t w i c e  i n  May-June 1964. 

No a p p r e c i a b l e  amount of spawning  gravel  was found i n  Link 

River .  

T h e r e  a r e  t h r e e  l a r g e  w a t e r  d i v e r s i o n s  a t  t h e  o u t l e t  of Klamath 

Lake, a l l  of them are  unscreened .  The "A" c a n a l  d i v e r s i o n  r o  t he  Bureau 

of  Rec lamat ion ' s  Rlarnath P r o j e c t  has a maximum flow of 1200 c f s  and 

b e g i n s  drawing w a t e r  i n  A p r i l .  On each s i d e  of Link R ive r ,  r h e r e  a r e  

i n t a k e s  f o r  power product ion  a t  P a c i f  i c  Power & Light Company I s  E a s t s i d e  

and Wests ide  p l a n t s .  A l l  t h r e e  d i v e r s i o n s  would have t o  be sc reened  t o  

p a r a n t e e  s a f e  downstream passage .  The p r e s e n t  f i s h  l a d d e r  and s p i l l w a y  



would provide  pa th s  of egress  over t h e  dam. 

I f  n e c e s s a r y  f i s h  passage f a c i l i t i e s  were prov ided ,  migration 

th rough Link R ive r  should  be p o s s i b l e  t h roughou t  t h e  y e a r .  

Upper Klamath Lake 

Upper Klamath Lake i s  composed of two l akes :  Klamath Lake and 

Agency Lake. The two bod ie s  of water a r e  connec ted  by a mi le - long  

waterway c a l l e d   h he S t r a i t s  ." The combined su r f  ace  acreage a c  peak 

l e v e l  i s  approximate ly  94,000 a c r e s .  Overall average dep th  is 8 f e e r ,  

with maximums of  56 feet i n  Klamath and 1 4  feet i n  Agency. No p h y s i c a l  

b a r r i e r s  e x i ~ t  on t h e  l ake .  

Water q u a l i t y  i s  v a r i e d  t h roughou t  bo th  l a k e s  because  of s p r i n g s  

and algae c o n d i t i o n s .  Time d i d  n o t  permFt an e x t e n s i v e  s tudy .  An e x c e l l e n t  

t r o u t  fishery i s  p r e s e n t  i n  bo th  l a k e s  and i s  ind ica t ive  t h a t  water quality 

c o n d i t i o n s  are adequa t e .  

Lake l e v e l s  a r e  f l u c t u a t e d  a n n u a l l y  f o r  i r r i g a t i o n  and power 

g e n e r a t i o n .  The maximum drop t h a t  has been  recorded  was t h r e e  f e e t .  

Klamath and Agency Lakes m i g h t  possibly be d e t e r r e n t s  t o  

s u c c e s s f u l  o u t m i g r a t i o n  on t h e  b a s i s  of s i z e  a lone .  The d i s t a n c e  f rom 

the  mouth of Wood River t o  the o u t l e t  a t  Link  River i s  approximate ly  28 

miles v i a  Agency and Klamath Lakes. I t  FS 18 m i l e s  from t h e  mouth of 

W i l l i a m s o n  River  t o  the o u t l e t  of  Klamath Lake. The flow pattern i n  t h e  

l a k e s  Is unknown and may be barely ~ e r c e p t i b l e .  The combinat ion of 

distance, s t a t i o n a r y  water and t h e  attractiveness of a p roduc t ive  

environment may cause s u f f i c i e n t  d e l a y  for the migrants to become 

res idua l .  The e f f e c t  of  t h i s  on p r o d u c t i o n  and s u r v i v a l  i s  unknown. 



S u r v i v a l  i n  t h e  l a k e  may be reduced  by p r eda t i on .  The f i s h  

f auna  of Upper Klamath Lake i s  s i m i l a r  t o  t h a r  of J.  C. Boyle Rese rvo t r  

excep t  largemouth bass ,  c r a p p i e s  and b l u e g i l l s  have n o t  been found.  

F i s h e s  found  i n  Upper Klamath Lake t h a t  have nor  been recorded  from 

Klamath R ive r  are: 

Brown Trout -- -- S almo t r u t t a  (Linnaeus)  

Brook t r o u t  -- S a l v e l i n u s  f o n t i n a l i s  (Ili t c h e l l )  

White  S turgeon  -- Acipenser t ransmontanus (Richardson) 

Sa lnon  were r e p o r t e d  t o  have  spawned i n  s e v e r a l  l a r g e  s p r i n g s  

on the w e s t  s i d e  of Klarnath Lake, b u t  pumice sand p r e s e n t l y  o b l i t e r a t e s  

a l l  g r a v e l  s u i t a b l e  f o r  spawning, 

W e s t  Side T r i b u t a r i e s  

West s i d e  t r i b u t a r i e s  of Upper Klamath Lake c o n s i s t  of  a number 

of sma l l  s t r eams  of which Cherry Creek, Three-mile Creek and Nannie 

Creek a r e  the  l a r g e s t .  Flows of t h e s e  are i n t e r m i t t e n t  i n  the  f a l l  

and t h e r e f o r e  they are  n o t  cons ide red  as p o t e n t i a l  spawning s t r eams .  

Pourmile  Creek and Crane Creek 

Fourmile  Creek and Crane Creek are t r i b u r a r i e s  of  Agency Lake, 

b u t  are  sma l l  w i t 1 1  no s u i t a b l e  g r a v e l  p r e s e n t .  

Sevenmile  Creek, Mile Point 0.00 - 19.00 

Sevenmile Creek, a t r i b u t a r y  o f  Agency Lake, i s  19 m i l e s  long  

and o r i g i n a t e s  i n  t h e  Sevenmile Flarsh. Water  q u a l i t y  d a t a  t aken  and 

p r e s e n t e d  i n  F igure  35 (Page  163) r e v e a l  that s t r e a m  c o n d i t i o n s  a r e  

good. Upstream from m i l e  po in t  14.25 t o  16.75, t h e r e  a r e  approximate ly  

1700 s q u a r e  yards  of good spawning g r a v e l ,  but i n  th i s  section there 



a r e  n i n e  impassable  log jams. Below Mile P o i n t  14.25, the re  a r e  s e v e r a l  

beave r  dams, one impassable  l o g  j a m ,  t h r e e  unscreened wate r  d i v e r s i o n s  

and numerous d r a i n s  h i n d e r i n g  t h e  migration of f i s h .  

Because of  t h e  many obstacles, Sevenmile  Creek was cons ide red  

marg ina l  as a p o t e n t i a l  spawning stream. 

Wood River ,  Mi le  Po in t  0.00 - 18.25 

Wood River, a t r i b u t a r y  t o  Agency Lake, o r i g i n a t e s  in s p r i n g s ,  

and has  a  major  t r i b u t a r y ,  Annie Creek, draining from C r a t e r  Lake 

Nar Fonal Park .  

Two b a r r i e r s  are p r e s e n t  b u t  are passable t o  f i s h  excepr  d u r i n g  

rhe i r r i g a t i o n  season of June through August. There a r e  four d i v e r s i o n  

d i t c h e s  on t h e  s t ream.  Two have r o r a r y  s c r e e n  i n s t a l l a t i o n s  t h a t  a r e  

n o t  p r e s e n t l y  i n  use .  The o t h e r  canals a r e  n o t  f i t t e d  w i th  s c r e e n  facil- 

i t ies .  

Though c o n s i d e r a b l e  water i s  d i v e r t e d  f o r  i r r i g a t i o n ,  a generous 

f l o w  i s  ma in t a ined  throughout  t h e  y e a r .  The r iver  c o n t a h s  about  11,000 

s q u a r e  y a r d s  of  good, and 1 ,300  s q u a r e  y a r d s  of marg ina l  g rave l ,  a l l  i n  

the upper  h a l f  of  its 18.25-mile l e n g t h .  Water depths  and v e l o c i t i e s  

o v e r  g r a v e l  bars a r e  e x c e l l e n t  f o r  e i t h e r  salmon o r  s t e e l h e a d .  Water 

t empera tu re s  remain q u i t e  cool  a l l  yea r .  The h i g h e s t  t empe ra tu re  recorded  

between March and October  1965 was 52" F; t h e  lowest  was 38"  F. Dis- 

so lved  oxvRen c o n c e n t r a t i o n s  remained between 9.0 and 11.0 ppn the e n t i r e  

p e r i o d ,  Fiwre 36 (page 1 6 3 ~ .  

\.load River has p o d  h a b i t a t  f o r  rear in^ young f i s h ,  bu t  t h e  



t empera tu re  r e g i m e  and t h e  r e l a t i v e l y  l o w  p r o d u c t i v i t y  may no t  p roduce  

growth comparable t o  o t h e r  s t reams i n  the b a s i n .  The r i v e r  supports a 

r e s i d e n t  popu la t i on  and a spawning run of  t r o u t  which l i v e  most of t h e  

y e a r  i n  Agency o r  Klamath Lake. 

This  s t r eam has good p o r e n t i a l  for f i s h  which would spawn 

b e f o r e  mid-September o r  a f t e r  mid-April, provided r h a t  necessary f i s h -  

paceage f a c i l i t i e s  were a v a i l a b l e .  The areas of good g r a v e l  in Wood 

River  could accommodate about  520 ch inook o r  420 s teelhead redds .  

Wflliamson R ive r ,  N i l e  P o i n t  0.00 - 21.00 

Williamson River  i s  t h e  major  t r i b u t a r y  t o  Klamath Lake and 

i n c l u d e s  bo th  t h e  Williamson and S p r a p e  River drainages. The major  

p o r t i o n  o f  the r i v e r  f l o w  dur ing  t h e  summer months comes f r o m  Spring 

Creek and S p r a p e  River ,  as t h e  Wil l iamson River  goes dry approximate ly  

25 m i l e s  ups t ream f r o m  t h e  mouth. A series of  f a l l s ,  at Mile Point 

21.00, form a b a r r i e r  t o  f i s h  passage.  

Water q u a l i t y  s t u d i e s  were made below t h e  f a l l s  and downstream 

to t h e  mouth and a r e  presented  i n  F igu re  3 7  (paee164). The  most impor t an t  

s t a t i o n s  a r e  t hose  below t h e  conf luence  with t he  Sprague River .  A t  bo th  

s i t e s  d i s s o l v e d  oxygen con ten t  and w a t e r  tempera tures  were i d e a l  f o r  

salmonids.  

A continuous tempera ture  recorder was i n s t a l l e d  a t  t h e  Highway 

9 7  b r idge -c ros s ing  of  t h e  Williamson River  seven mi l e s  u p r i v e r  from 

Upper Klarnath Lake. The mean weekly maximum and minimum t empera tu re s  

are i l l u s t r a t e d  i n  F i g u r e  38 ( ~ a ~ e 1 6 5 1 ,  The h i g h e s t  r ead ing ,  67" F ,  

occur red  once each i n  June and July. 



P l a t e  11. Gravel b a r  on h ' i l l i a m s o n  River below Highway 97 crossing, 
October 4 ,  1965 

P l a t e  1 2 .  Exposed crave1 a d j a c e n t  to potential spawning area on 
I!illFnnsor.i River  b e l o w  1lil;hway 9 7  c r o s s i n g ,  Octobcr 4, 1965 
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Mean monthly f lows were r e c o r d e d  downstrean f rom t h e  

c o n f l u e n c e  of t h e  Sprague  R i v e r ;  da ta  f rom 1951 - 1965 are p r e s e n t e d  

in Figure 39 (Page 166) . S i n c e  1959, f l o w s  have been low with August 

and September  monthly means near 500 cfs. 

Most of Williamson River  below the con£ luence of Sprague  

R i v e r ,  i s  d e e p  and slow-moving. The major p o s i t i o n  of t h e  g r a v e l  i s  

i n  r i f f  l e a  s c a t t e r e d  along the gtream.  Above Sprague R i v e r ,  t h e  stream 

bed consists m a i n l y  of b e d r o c k ,  s a n d ,  pea  g r a v e l ,  and rubble. T h e r e  

i s  an e s t i m a t e d  5,200 s q u a r e  yards of good, usab le  gravel q u a l i f y i n g  

for u s e  by salmon o r  steelhead. MOST of t h i s  gravel  l i e s  i n  a l a r g e  

b a r  below t h e  Highway 97 c r o s s i n g ,  Plates 11 and 12 .  

Thennograph records f o r  1965,  taken a t  the site of t h e  l a r g e s t  

gravel  b a r ,  show t h a t  water t e m p e r a t u r e s  be low 40" F p r e v a i l e d  through 

mid-February and after mid-November. Low temperatures of 32" F were 

r e c o r d e d  during those per iods ,  F i g u r e  38 (Page 165) .  

T r w t  o f  fry and f i n g e r l i n g  size were seen in Williamson 

R i v e r ,  so i t  would p r o b a b l y  p r o v i d e  an a d e q u a t e  rearing area f o r  young 

salmon o r  s t e e l h e a d .  

T h e r e  a r e  no o b s t r u c t i o n s  o r  d i v e r s i o n s  which wou ld  e n d a n g e r  

downstream m i g r a n t s .  The level of Klarnath Lake i n f l u e n c e s  the rate of 

f l o w  i n  rhe lower end of Will iamson River. T h i s  c o n d i t i o n  may tend 

t o  slow t h e  r a t e  of t r a v e l  of t h e  departing fish. 

Wil l iamson  R i v e r  h a s  a p o t e n t i a l  f o r  a p p r o x i m a t e l y  240 ch inook  

o r  200 s t e e l h e a d  redds .  The o n l y  q u a l i f i c a t i o n  is t h a t  salmon must 

have comple ted  spawning by t h e  last week of October .  



S p r i n g  Creek 

Spr ing  Creek, a spr ing- fed  t r i b u t a r y  of t h e  Wil l iamson R i v e r ,  

i s  2.5 m i l e s  long. Dissolved oxygen and water t empera tures  are 

e x c e l l e n t ,  bu t  t h e  bottom of t h e  s t r eam,  except for t h e  f i r s t  100 y a r d s ,  

i s  c m p o s e d  of pumice sand o r  bed rock. The stream was n o t  cons ide red  

because of  t h e  lack of spawning g r a v e l .  

Sprame R i v e r  t o  Lone P ine ,  Mile  Point 0.00 - 31.00 

The Sprague Rive r  from i t s  c o n f l u e n c e  w i th  t h e  Williamson River 

t o  Lone P i n e ,  a distance of 31 m i l e s ,  has  a g e n t l e  g r a d i e n t .  The on ly  

b a r r i e r  i n  t h i s  s e c t i o n  i s  t h e  S p r a p e  R i v e r  Dam, l o c a t e d  approximate ly  

one mile upstream from t he  mouth. T h i ~  s t r u c t u r e  i s  owned by t h e  Bureau 

of I n d i a n  A f f a i r s  and i s  used  by t h e  %doc I r r i g a t i o n  D i s t r i c t  t o  d i v e r t  

w a t e r  i n t o  i t s  d i s t r i b u t i o n  system. The f i s h  l a d d e r s  on t h e  d m  are 

impassable. 

Disso lved  oxygen was sampled a t  two srations, one l o c a t e d  a t  

the downstream end a t  t h e  U.S.C.S. flow gauge and the o t h e r  a t  the 

Lone Pine Bridge. Oxygen l e v e l s  remained above 7.0 ppm throughout  t h e  

sampl ing  months of March through November, F i g u r e  40 (page 167). 

The m a x i m u m  and minimum water temperatures o c c u r r i n g  each 

week i n  t h e  Sprague River  were obtained f rom tempera ture  c h a r t s  of a 

t h e r m o ~ r a p h  i n s t a l l e d  a t  the U.S . G . S .  f l o w  s t a t i o n  above Chi loquin .  The 

da ta  are f o r  a p e r i o d  from F e b r u a r y  t h rough  November and a r e  graphed 

i n  F i g u r e  4 1  (PagelhB). High temperatures, above 70" F, were recorded  

from t h e  second week of  June throueh t h e  l a s t  week of August. 

Monthly mean f l o w s  i n  t h e  Sprague River  n e a r  Chiloquin f o r  t h e  

years 1951 - 1965 a r e  p r e sen t ed  i n  F i g u r e  42 ( P a g e l 6 9 ) .  The minimum f l o w s  



f o r  t h o s e  years occurred i n  August  and v a r i e d  from 200 t o  300 cfs . 
T h i s  c h a r t  d e p i c t s  the same drought  c o n d i t i o n s  from 1959 t o  p r e s e n t  

t i m e s ,  a s  have t h e  o t h e r  f l ow  c h a r t s .  

All of the gravel found i n  t h i s  s e c t i o n  of Sprague River 

was c l a s s i f i e d  as margina l .  Between nile 2.0 and 6.0, t h e r e  i s  about 

7,500 square y a r d s  of 1-6 i nch  diameter p a v e 1  most ly  compacted w i th  

sand and silt and an algae growth over  t h e  surface. The remainder  of  

the section c o n t a i n s  600 square y a r d s  of gravel less t h a n  two inches 

i n  d i ame te r .  

Rearing c o n d i t i o n s  i n  t h i s  reach of  t h e  r iver  are f a i r  t o  good, 

a l t hough  w a t e r  t empera tu re s  exceed 70" F d u r i n g  t h e  sumner months. A 

~ o o d  t r o u t  popu la t i on  i s  p r e s e n t  i n  t h i s  s e c t i o n  of t h e  river. 

The on ly  b a r r i e r  t o  downstream m i g r a t i o n  i s  one unscreened 

d i v e r s f o n  a t  t h e  Sprague River  Dam. 

Water  q u a l i t y  c o n d i t i o n s  a r e  adequate f o r  t h e  r e a r i n g  and 

migrat ion  of salmon and s t e e l h e a d .  Spawning p o t e n t i a l  f o r  t h i s  s e c t i o n  

of the  r i v e r  i s  l i m i t e d  because  a l l  g r a v e l  i s  o f  margina l  q u a l i t y .  

S p r a ~ u e  River from Lone Pine t o  the  Forks ,  
Plile P o i n t  31.00 - 79.00 

T h i s  s e c t i o n  of t h e  S p r a m e  River, 4 8  miles long ,  is very 

crooked. Gradient i s  g e n t l e  and no b a r r i e r s  are p r e s e n t .  

Two d i s s o l v e d  oxygen sampling stations, one a t  t h e  S p r a ~ u e  R ive r  

Br idge  a t  t h e  town of Sprague River and the o t h e r  a t  t h e  P i a u t e  Cros s ing ,  

U . S . G . S .  Flow S t a t i o n  n e a r  Bea t t y ,  were v i s i t e d  f rom )larch th rough October. 

The r e s u l t s  are  shown i n  F i g u r e  40 ( P a p  167 ) .  The lowes t  d i s s o l v e d  

oxygen c o n c e n t r a t i o n  determined a t  t h e  t w o  sites was 6.6 ppm. 



A thermograph w a s  i n s t a l l e d  a t  the U . S . G . S .  Flow S t a t i o n ,  

above B e a t t y ,  and t h e  maximum and minimum t empera tu re s  o c c u r r i n g  each  

week from February  i n t o  December a r e  shown i n  F igu re  43 (page170).  

Maximum t empera tu re s  exceeding  68" F were r e c o r d e d  i n  s i x  weeks o f  

J u l y  and August. I t  i s  b e l i e v e d  t h a t  the minimum t empera tu re s  a t  t h i s  

s t a t i o n  a r e  tempered by warm s p r i n g s  l o c a t e d  somewhere i n  t h e  f i r s t  3 .5  

m i l e s  upstream. 

EIonthly mean f lows  obrained f rom dnra recorded  at the P i a u t e  

Crossing f low gauge demonstrated t h e  same patterns a s  t hose  from o t h e r  

stations i n  t h e  system, Figure 44 ( ~ a g e l 7 1 ) .  Records f o r  t h e  years 

1914-1918 are compared w i t h  t h o s e  from 1954 through 1965. Maximum f lows  

f o r  t h e  e a r l y  years ranged from 340-890 cfs ,  whi le  t hose  i n  r e c e n t  years  

were from 290-5.670 c f s .  The minimum r a n g e s  f o r  the same periods were 

110-140 cfs and 97-200 c f s ,  r e s p e c t i v e l y .  

This s e c t i o n  c o n t a i n s  2,500 s q u a r e  yards  of marginal g r a v e l  

l e s s  t h a n  two i n c h e s  i n  diarnerer.  

As a r e a r i n g  Area f o r  young salmonids, Sprague River may be 

somewhat marg ina l  i n  t h e  warmest months o f  summer. The s e c t i o n  of r i v e r  

between Ceatty ( m i l e  67.0) and Lone Pine ( m i l e  31.0) i s  p r a c t i c a l l y  a l l  

s l o w ,  meandering,  s i l t - bo t t omed ,  with l i t t l e  or no cover .  There a r e  no 

thermograph r e c o r d s  for t h a t  s t r e t c h  of t h e  r i v e r .  The h ighes t  t empera tures  

recorded  from weekly samples ,  Figure 40 ( ~ a ~ e . 1 6 7 ) .  t ~ k e n  between 1100- 

1200 hours  was 72"  F a t  Sprague River  b r i d g e  and 7 4 "  F a t  Lone Pine. 

The lowes t  d i s s o l v e d  oxygen c o n c e n t r a t i o n  observed was 6.6  ppm. Oxygen 

l e v e l s  f e l l  below 7.0 ppm i n  f i v e  samples, once i n  A p r i l  and J u n e ,  and 



t h r e e  times i n  J u l y .  Cons ider ing  the c h a r a c t e r i s t i c s  of t h i s  s e c t i o n ,  

t h e r e  i s  probably  a r a t h e r  l a r g e  d a i l y  f l u c t u a t i o n  i n  t empera tu re  and oxygen 

c o n c e n t r a t i o n .  There i s  no h i s t o r y  of a s i g n i f i c a n t  r e s i d e n t  t r o u t  

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

No problems e x i s t  f o r  downstream m i g r a t i o n ,  as no b a r r i e r s  

are p r e s e n t .  

This  p o r t i o n  of t h e  r i v e r  poses n o  problems for t h e  m i g r a t i o n  

of s a l n o n  and s t e e l h e a d ,  bu t  i s  of l i t t l e  v a l u e  f o r  spawning and r e a r i n g .  

South  Fork of Sprague River, Mile Po in t  0.00 - 31.25 

The first Ken miles of t h e  s t r e a m  is i n  poor  c o n d i t i o n ,  as it 

i s  used  e x t e n s i v e l y  f o r  i r r i g a t i o n  and e i g h t  dams fo rm impassable  b a r r i e r s .  

Above t h i s  s e c t i o n  of s t r eam,  conditions improve and only  one jam a t  

m i l e  po in t  11.25 may b l o c k  m i g r a t i o n .  

Water tempera tures  and dissolved oxygen samples were taken a t  

two s t a t i o n s  on t h e  South Fork. The h i g h e s t  w a t e r  t empe ra tu re ,  81.5" F, 

was t aken  during t h e  month of J u l y  a t  Ivory Pine  Cross ing ,  t h e  lower 

sampling s t a t i o n .  Temperatures f o r  July and t h r e e  weeks of August exceeded 

70" F, Disso lved  oxygen c o n c e n t r a t i o n s  a t  t h e  lower s i t e  remained above 

s even  ppm. Condi t ions  i n  t h e  month of September improved when w a t e r  

t empera tu re s  ranged from 53" T: - 66" F. S e e  F i g u r e  45 (Page172 ) .  

Water temperatures a t  t h e  upper  s t a t i o n  a t  t h e  Sou th  Fork  Camp- 

p,round p re sen t ed  an improved p i c t u r e .  Tempera tures  were much lower and 

70" F was exceeded o n l y  once du r ing  t h e  sampling s e r i e s .  

Stream f l o w s  i n  t h e  S o u t h  Pork of t h e  S p r q u e  River  a t  t h e  



Plate 13.  Typical sec t ion  of South Fork of Sprague River near 
m i l e  18.0, August 25, 1965. 

P l a t e  1 4 .  Gravel ad j acen t  to S o u t h  Fork S p r a ~ u e  River near  mile 18.0, 
Aupust 2 5 ,  1965 
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Plate 15. S o u t h  Fork Sprague River s a m p l i n g  station near p i l e  10.0, 
September 2 4 ,  1965. 



Ivory Pine Cross ing  and ups t ream t o  t h e  campground are l o w .  I n  t h e  

i r r i g a t i o n  s ea son ,  June  - September,  t h e r e  a re  times t h a t  p a r t s  of 

t h e  s t r e a m  w i l l  be d r y  because of w i thd rawa l s .  By the t ime f lows  

r each  t h e  I v o r y  Pine Cross ing ,  most of t h e  w a t e r  has been used at  least 

once for i r r i g a t i o n .  Flow c o n d i t i o n s  above t h e  South Fork Campground 

a r e  improved and no i r r i g a t i o n  w i thd rawa l s  are made. 

P o t e n t i a l  spawning grounds on Sou th  Fork Sprague Rive r  a l l  

l i e  i n  t h e  canyon s e c t i o n  of t h e  stream above mile 9.0. From m i l e  

9 .0 ,  j u s t  below t h e  Sprague Canyon Campground, t o  t h e  con f luence  of 

Br-sworth Creek ( m i l e  13.75), t h e r e  i s  an estimated 6,900 s q u a r e  y a r d s  

of good and 1700 square yards of marg ina l   ravel. Between Brownsworth 

Creek and t h e  mouth of Whitworth Creek (Mi le  2 0 . 2 5 ) ,  areas of good gravel 

c o n t a i n  about 12,200 s q u a r e  yards. P l a t e  13  shows a t y p i c a l  s e c t i o n  of 

t h i s  s t r e t c h  of r i v e r .  The gravel is  ma in ly  1. t o  4 i nches  i n  d i a m e t e r ,  

P l a t e  14 .  

From September 1 7  t o  December 30, 1965, o b s e r v a t i o n s  of w a t e r  

q u a l i t y  and f low were made a t  a s t a r i o n  near m i l e  10.0, P l a t e  15. The 

average flow d u r i n g  t h a t  t ime was 20.71 cfs, w i t h  extremes of 16.08 

and 26.47  cf s, Tab le  12.  On October 18,  the f low i n  t h e  South Pork 

n e a r  m i l e  1 8  was estimated r o  be 10.0 c f s .  Though t h e r e  i s  g r a v e l  p r e s e n t  

i n  t he  lower end of Whitworth Creek and i n  t h e  South Fork above Whitworth,  

the  w a t e r  f lows  a r e  cons idered  i nadequa t e  f o r  spawning salmon o r  steel- 

head. Water dep ths  and v e l o c i t i e s  over  g r a v e l  bars i n  t h e  r i v e r  below 

Brownsworth Creek meet t he  requt remenrs  of  b o t h  chinook salmon and sree l -  

head,  Table  13. Above Brownsworth Creek,  v e l o c i t i e s  are good t h roughou t ,  

b u t  t he  water i s  sha l l ower .  



T a b l e  1 2 .  Wate r  q u a l i t y  and f l o w  measurements  on  a p o t e n t i a l  spawning a r e a  o f  Sou th  Fork 
s p r a P u e  ~ i v e r  at Nile 1 0 ,  f o r  t t ic p e r i o d  of September  17 t o  December 30 ,  1965. 
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S l i g h t  Color 

S l i g h t  C o l o r  

S l i g h t  C o l o r  

S l i g h t  Color 

S l i g h t  C o l o r  

S l i g h t  T m l o r  

S 1 i g h t  Color 

S L i g h t  C o l o r  

S l i g h t  C o l o r  

S l i g h t  C o l o r  

S l i g h t  Color 

Remarks 

Ice  c o v e r i n g  over pools 
and slow areas,  anchor  
i c e  p r e s e n t .  

No i ce  

Flow about same , maybe 
down s l i g h t l y .  No i c e .  

Complete ice cover except 
for s m a l l  s p o t s  o v e r  r i f f l e  
areas, no  anchor ice observed  
in open r i f f l e s .  

( a )  E s t i m a t e s  p r i o r  t o  October 20 made by " c o r k  method", o t h e r s  with 
G u r l e y  meter. 



P l a t e  16 .  e and snow condi t ions  over South Fork Spragu 
cember 3 0 ,  1965 

Plate 1 7 .  Ice conditions a t  sampling s t a t i o n  near m i l e  10.0 
of S o u t h  Fork S p r n g u e  River, December 3 0 ,  1965  



The average  wa te r  t empera ture  found  a t  t h e  sampling s t a t i o n  

was 41.2" F v a r y i n g  from 32 t o  58' F ,  Tab le  13 .  I n  l a t e  November, 

f r e e z i n p  c o n d i t i o n s  o c c u r r e d ,  dropping the water t empe ra tu re  t o  3 3 O  F 

and forming ice over  pools  and s lower  areas. Anchor ice  was a l s o  seen 

in t h e  s lower  a r e a s  a t  t h a t  t i m e .  I n  e a r l y  December t h e  i c e  rnelred, 

b u t  l a t e  in r h a t  month t h e r e  was a comple te  ice  cover  excep t  f o r  sma l l  

openings o v e r  t h e  f a s t e r  r i f f l e s ,  P l a t e  16  m d  17. No anchor ice was 

seen i n  t h e  open s p o t s .  

Disso lved  c o n c e n t r a t i o n s  of oxygen were n e v e r  below 8.6 ppm, 

ave rag ing  10.4 ppm during t h e  months of September th rough December. 

The canyon s e c t i o n  of  t h e  South  Fork  would p rov ide  a good 

r e a r i n g  area f o r  j u v e n i l e  salmon o r  s t e e l h e a d ,  That s e c t i o n  now supports 

a f i n e  t r o u t  popu la t i on .  The v a l l e y  p o r t i o n  of the South Fork i s  r ende red  

u n i n h a b i t a b l e  t o  salmonoids by h igh  sunrner t empe ra tu re s ,  e x t e n s i v e  water 

d i v e r s i o n ,  and adve r se  s t reambed candi  t i o n s .  Water t empera tures  as 

h i g h  as 81" F were r eco rded  i n  1965, F i g u r e  45 ( P a g e l 7 2 ) .  At t imes ,  

t h e  e n t i r e  f low of  t h e  stream i s  d i v e r t e d  for i r r i g a t i o n .  Much of t h e  

s t r eam h a s  been channeled and d iked ,  l e a v i n g  a s i l t  . o r  hardpan bottom 

and h a r d l y  any cover .  

S u c c e s s f u l  downstream mieration would be t h r e a t e n e d  by ten 

i r r i g a t i o n  d i t c h e s  i n  t h e  lower nine miles of  the  South Fork. Water 

d i v e r s i o n  through head-gates i s  a l s o  p r a c t i c e d  on this section of  the 

r i v e r .  During pe r iods  of  heavy w a t e r  use, p o r t i o n s  of t h e  s t r eam i n  

t h i s  a r e a  will have no f low.  

The S o u t h  Fork  o f  Sprague above mile 9 h a s  t he  p o t e n t i a l  



Table 13. Water depths in inches over gravel bars on South 
Fork Sprague Upstream from Canyon Campground - 
November 3, 1965. 

Fleasurement Number 

B a r  No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

1 4  

Overall Average Depth : 

Mean - 
6.8  

10.4 

9.2 

9.6 

6.8 

8.6 

8.6 

10.0 

11 .o 

9.6 

8.8 

1 2 . 4  

9 .O 

14 .4  

9.9 inches 



t o  s u p p o r t  salmon and s t e e l h e a d  w i t h  room f o r  920 o r  750 redds  of each 

species r e s p e c t i v e l y .  F o r   rea ate st survival, spawning would have t o  

be completed by the f i r s t  week of October .  

Several d e t e r e n t s  to fish passage would have t o  be c o r r e c t e d  

i n  the lower river b e f o r e  t h i s  s t r e a m  would s u s t a i n  t h e s e  anadromous 

f i s h .  Adequate f lows would have to be maintained i n  o r d e r  t o  improve 

water q u a l i t y  and pass m i g r a t t n g  f i s h ,  Ladders  ove r  dams, screens 

f o r  ditches and t h e  removal of log jams would be necessary  t o  f a c i l i t a t e  

safe f i s h  passage .  

North Fork of Sprague River, Mile Point  0.00 - 32.00 

The North Fork  of t h e  Sprague River  is 32 m i l e s  long, but the 

section above m i l e  p o i n t  27.5 was not cons idered  because of stream s i z e  

and lack of s u i t a b l e  ~ravcl. 

fine impassable dam, three feet high, is located a t  mile point  

Disso lved  oxygen and w a t e r  t empera tu re s  w e r e  taken a t  t h r e e  

s t a t i o n s  on this stream and throughout  the s t u d y ,  c o n d i t i o n s  were 

s a t i s f a c t o r y  f o r  u p s t r e a m  passage of salmon and s t e e l h e a d .  F i g u r e  4 7  

(Page 173) p r e s e n t s  water  q u a l i t y  d a t a  f o r  t h e  North Fork. 

The North Fork  of Sprague River  has more p o t e n r i a l  spawning 

area than any o t h e r  s t r e a m  i n  the uppe r  b a s i n ,  The s e c t i o n  of r i v e r  

below the North Fork Canyon contadns an estimated 23,900 squa re  yards 

of good q u a l i t y  g r a v e l .  Nost of t h e  g r a v e l  l i e s  i n  t h e  s t r eam between 

m i l e  6.0 and 11.0. Within t h e  canyon, m i l e s  11.0 t o  18 .75 ,  t h e r e  a r e  



Plate 18. Typical section within the North Fork Sprague River Canyon, 
July 15, 1965 

Plate 19. T y p i c a l  sect ion of N o r t h  Fork  Sprague River above 
Sandhill Crossing, August  2 3 ,  1965 



Plate 20. N o r t h  Fork Sprague River sampling station near m i l e  10.0, 
October 2 9 ,  1965 

P l a t e  21. Gearheart  Creek at Confluence w i t h  N o r t h  Fork Sprague River 
n e a r  m i l e  20.0, J u l y  1 4 ,  1965 



Plate 22.  Sheep Creek at confluence w i t h  North Fork Sprague River 
near mile 16.75, July 14, 1965 

P l a t e  23. B o u l d e r  Creek at conf luence  w i t h  North Fork  Sprague River 
near  mi l c  15.0,  J u l y  1 4 ,  1965 



600 square yards  of good g r a v e l  scattered i n  spots among t h e  boulders 

which create a  long series of  r a p i d s  and p o o l s ,  P l a t e  18. Another  

6,000 s q u a r e  ya rds  of good &d 4,000 square y a r d s  of  n a r g i n a l  g r a v e l  

were found above m i l e  18.75. This s e c t i o n  of s t r e a m  i s  main ly  i n  

meadow l a n d ,  P l a t e  19. The g r a v e l  c l a s s i f i e d  as marg ina l  i s  good 

quality, b u t  composed of s t o n e s  s m a l l e r  than two i nches  i n  d i a m e t e r .  

Weekly observat ions  of water q u a l i t y  and f l o w  (Table 14)  

were made from September  1 0  t o  November 15,  1965, a t  a station near 

m i l e  10.0, P l a t e  20. During t h a t  p e r i o d ,  t h e  s t r e a m  f l ow  a v e r a ~ e d  

38.16 c f s ,  va ry ing  from a low of 26.47 to  46.4 c f s .  On J u l y  21,  1965,  

some stream f l ow  e s t i m a t e s  were made using t h e  "cork method." A t  t h a t  

time, t h e  f l o w  at S a n d h i l l  Crossing (mile 22.75), was a b o u t  25 c f s ;  

above t h e  North Fork d i v e r s i o n  ( m i l e  ll.5), 7 1  c f s ;  and a t  Ivory Pine 

Road (mile 5.O), 46 cfs .  A number of s p r i n g s  and small t r i b u t a r i e s ,  

Plates 2 1  - 23,  enter t h e  North Fork below S a n d h i l l  Crossing, ac- 

counting f o r  t h e  i n c r e a s e d  volume. By October 2 7 ,  t he  f low a t  S a n d h i l l  

C ros s ing  had d e c r e a s e d  t o  12.7 cfs.  

Water v e l o c i t i e s  and dep ths  o v e r  gravel i n  t h e  lower r i v e r  

would b e  e x c e l l e n t  f o r  spawning salmon o r  s t e e l h e a d .  Depth measurements 

made November 3 on some of the b e s t  area r e v e a l e d  an average  of 12.5 

i n c h e s  of w a t e r  over the s ravel, Table  15. I n  t h e  upper river, w a t e r  

d e p t h s  p robably  ave r age  somewhat s h a l l o w e r ,  but were cons idered  adequa t e  

f o r  spawning salmon and steelhead d u r i n r  t h e  f a l l  of 1965. 

Water t empe ra tu r e s  a t  t h e  sampl ing  s t a t i o n  and a t  Ivory P i n e  

Road averaged  42 .9"  1: f o r  t h e  September-December p e r i o d ,  Table 14.  The 



T a b l e  1 4 .  \ l a te r  quality and flow measurements on  a p o t e n t i a l  spawning area  of North Fork 

Date - 
9-10-65 

9-1 7 

9-24 

9-30 

10-8 

10-16 

10-20 

10-29 

11-5 

11-15 

11-22 

11-29 

12-6 

12-13 

12-30 

Air 
Temp. 

5 2 

7 4  

6 5  

70 

4 7 

6 1 

7 2 

56 

52 

4 5 

34  

5 4  

36 

3 6 

Nat er 
Temp. 

56 

40 

5 2 

4 6 

4 6 

4 1 

4 3 

4 4 

4 2 

4 2 

4 1 

3 3 

4 1 

3 4 

D.O. 
PPW - 
9 . 1  

1 0 . 4  

9 . 5  

1 0 . 1  

9 . 7  

1 0 . 8  

10 .o 

10 .3 

10.3 

10.4 

1 1 . 9  

1 0 . 8  

1 1 . 4  

Flow (b) 
CFS 

31.12 

2 6 . 4 7  

32.17 

3 1 . 6 5  

36-14 

4 4 . 5 3  

43.50 

4 5 . 3 4  

4 4 . 2 7  

4 6 . 4 0  

Hean 
V e l o c i  tp 

FI'S 

1 . 5 8  

1-38 

1 . 5 9  

1 . 4 8  

1 . 6 5  

1 .78  

1 . 5 9  

1 . 4 8  

1 . 3 3  

1 . 3 3  

T u r b i d i t y  

Clear  

Clear  

Clear 

Clear  

Clear 

Clear 

Clear 

Clear 

Clear  

Clear  

Clear 

Clear  

Clear  

C l e a r  

Remarks 

Road impassable t o  
Lee Adkins,  S a m p l e  
taken a t  I v o r y  P i n e  Rd 

Ice covering and anchc  
ice in slow areas. 
No ice. 

No i c e .  

C o m p l e t e  i c e  cover.  

(a) S a m p l e s  taken a t  I v o r y  Pine Road ( M l e  5)  beginniny: November 2 2 .  
( b )  E s t i m a t e s  p r i o r  t o  October 20 made by "cork method;" o t h e r s  with Curley  meter .  

-96- 



Tab le  15. Depth of water over gravel and gravel area on North Fork 

S e c t i o n  
No, 

1 
2 
3 
4 
5' 
6 
7 
8 
9 
10 
11 
12 
13 
14  
15 
16 
17 
18 
19 
2 0 
21 
2 2 
23 
2 4 
2 5 
26 
2 7 
2 8 
2 9 
3 0 
3 1 
3 2 
3 3 
34 
3 5 
3 6 
3 7 
3 8 
39 
40 
41 
42 

Sprague River between 9.25 and 10.85, Measurements taken 
in middle  of 25 yard sections, November 3 ,  1965. 

Uater 
Depth 
Side  I 
Inches 

14 
6 
6 
6 
5 
6 
9 
4 

36 
12 

7 
8 
7 
8 
6 
8 

LO 
13 
12 
12 
10 
6 
18 
8 
9 
9 
6 
15 
17 
8 
9 

14 
10 
10 
10 
10 
1 4  
1 4  
24 
10 
10 
12 

LJater 
Depth 
Center  
Inches - 

1 4  
14 
1 2  

9 
4 
10 
12 
11 
2 6 
36 
10 
18 
15 
9 

1 7  
15 

8 
2 1 
20 
'16 
6 
14 
2 0 
12 
12 
1 5  
8 
14 
1 7  
12 
10 
19 
10 
19 
10 
8 
12 
10 
18 
10 
12 
14 

Water 
Depth 
Side 2 
I n c h e s  

12 
8 
9 
6 

20 
9 
4 

2 4 
14 
4 8 
13 
9 
2 3 
14 
1 8  
13 
12 
15 
2 0 
10 

6 
2 0 
13 
14 

8 
2 4 
1 I 
16 
6 
13 
9 
12 
6 
12 
10 
6 
8 
6 

10 
8 
9 
12 

Average 
Water 
Depth 
I n c h e s  

13.3 
9.3 
9.0 
7 .O 
9.6 
8.3 
8.3 
13 .O 
25.3 
32.0 
10.0 
11.6 
15.0 
11.0 
13.6 
12 .o 
10.0 
19.6 
17.3 
12.6 
7.3 

13.6 
17.0 
11.3 
9.6 
16.0 
8.6 
15 .O 
13 .O 
10.6 
9.3 
15 .O 
8.6 
13.6 
10.0 
8.0 
11.3 
10 *o 
17.3 
9.3 

10.3 
12.6 

Stream 
Width 
Yards - 
10.0 
8.1 
11 .o 
14 .O 
20.0 
15.0 
10.2 
12.0 
6.2 
6.2 
15.0 
12 .o 
12.0 
11.0 
12.0 
13.0 
9.0 

10.0 
7.1 
10.0 
13.1 

8.0 
8.0 
12.0 
10 .o 
8.0 
8.0 

10.0 
10.0 
10.0 
10 .o 

8.0 
9.0 

10.0 
6.0 

11.0 
10 .o 
9.0 
8.0 
13.0 
12.0 
6.2 

Gr ave 1 
Sq. Yards 

250 
202 
275 
350 
500 
375 
255 
300 
155 
155 
3 75 
300 
300 
2 75 
300 
325 
225 
250 
177 
250 
32 7 
200 
200 
300 
250 
2 00 
200 
250 
250 
250 
250 
2 00 
225 
250 
150 
275 
250 
225 
2 00 
3 25 
300 
155 

Tot a1 537.1  440.2 11,003 sq. yds. 

1 lean 12.49 in. 10.23 yds. 



h i g h e s t  t empe ra tu re ,  56' F, was recorded  on September 10 ,  and 41" F 

on October  16 was t h e  lowest  observed through November 15, when 

poor access prec luded  f u r t h e r  o b s e r v a t i o n s  at t he  sampling s t a r  ion. 

A d d i t i o n a l  samples were made a t  t h e  I v o r y  Pine Road c r o s s l n ~  where,  

on November 29,  t h e  water temperarure w a s  33" F. An i c e  cove r ing  

and anchor i ce  had formed i n  t h e  s lower  a r e a s  of  t h e  s t ream. I n  early 

December, t h e r e  w a s  no i c e ,  bu t  by December 30, i c e  covered t h e  e n t i r e  

stream i n  t h a t  v i c i n i t y .  

During t he  f a l l  sampling p e r i o d ,  d i s s o l v e d  oxygen l e v e l s  f e l l  

w i t h i n  t h e  range of 9.1 t o  11.9 ppm, w i t h  a mean of 10.36 ppm. 

'Il-re e n t i r e  North Fork m a i n t a i n s  an e x c e l l e n t  popu la t i on  of  

rainbow and brown t r o u t .  Based on t h e  t r o u t  p roduc t ion  and t h e  ~ e n e r a l  

envi ronmenta l  c o n d i t i o n s  observed du r ing  t h e  y e a r ,  t h e  North Fork  would 

probably  p rov ide  a f i n e  r e a r i n g  h a b i t a t  f o r  salmon and s t e e l h e a d .  One 

o b s e r v a t i o n  made on J u l y  15 may d e t r a c t  from t h a t  s t a t e m e n t .  A t  S a n d h i l l  

C ros s ing ,  t h e r e  was a  d a i l y  tempera ture  pulse  of 22" F. The water cooled 

from 70" F a t  1600 ro 4 8 ' F  a t  0700 hou r s .  

There a r e  t h r e e  w a t e r  d i v e r s i o n s  f o r  i r r i g a t i o n  on t h e  lower 

end  of t h e  l l n r t h  Fork. A l l  of t he se  ditches would have t o  be s c r eened  

to provide  safe passage  f o r  young migrants. No o t h e r  o b s t a c l e s  t o  

emig ra t i on  were d e t e c t e d .  

The North Fork of Sprague River  h a s  promise as a salmon and 

s t e e l h e a d  s t r eam,  provided  t h a t  spawning by salmon could  be completed 

by t h e  end of t h e  f i r s t  week i n  October. The  quantity o f  good g r a v e l  

below t h e  canyon has  space  f o r  1140 ch inook r e d d s  o r  920 s t e e l h e a d  r edds .  



Within t h e  canyon and above, chinooks and s t e e l h e a d  could make 310 

and 250 r e d d s ,  r e s p e c t i v e l y .  Th i s  p o t e n t i a l  may b e  reduced somewhat 

i n  t h e  upper  s e c t i o n  du r ing  years of low stream f low.  

Before t h e  i n r r o d u c t l o n  of a n a d r o m u s  f i s h e s  could b e  ac- 

complished,  correcrive measures  would be necessary a t  t h e  impassable  

dam and t h e  three open d i v e r s i o n  ditches. 

T r i b u t a r i e s  of Sprawe River  

Sycan River  

The Sycan River has been r e j e c t e d  as a p o s s i b l e  home f o r  

salmon and s t e e l h e a d .  Although w a t e r  quality was f a i r  t o  good through- 

ou t  t h e  sampling p e r i o d  ( F i g u r e  46,  Page L72), s u i t a b l e  spawning  g r a v e l  

i s  scarce. In a d d i t i o n ,  strearri-f low c o n d i t i o n s  are poor w i t h i n  and 

below Sycan Marsh d u r i n g  most of t h e  summer and f a l l .  P l a t e  24 i s  

an i l l u s t r a t i o n  of t h i s  stream. 

Five  Mile and Pleryl Creeks 

Five M l e  and Meryl Creeks,  t r i b u t a r i e s  t o  t h e  North Fork 

of S p r a ~ u e  River, were not surveyed, but may have some potential habitat 

f o r  salmon o r  s t e e l h e a d .  

Fishhole Creek 

F i s h h o l e  Creek, tributary t o  the South  Fork  of Sprague River, 

w a s  n o t  c o n s i d e r e d  i n  t h e  study because r h e  lower end of t h e  s t ream i s  

used  f o r  i r r i g a t i o n  and no  d e f i n i t e  channel is e v i d e n t .  

Deminp, Creek 

Deminp Creek ,  tributary t o  t h e  South  Fork of t h e  Sprague 

R ive r ,  is sma l l  and would n o t  suppor t  s a h o n  o r  s t e e l h e a d .  



Plate 24. Sycan River near mile 2 7 ,  September, 1964 



FUTURE AGRICULTURAL AND IPIDUSTRIAL 

USE OF WATER IN RELATION TO FISH LIFE 

A comprehensive study of the Mlmath Basin has been made by 

the  Ca l i fo rn ia  Department of Water Resources and r e p o r t e d  i n  i t s  Bul- 

l e t i n  Number 83. I n  this r e p o r t ,  the p r e s e n t  water  use within the Basin 

has been de f ined  and predictions of  t he  f u t u r e  ultimate water use  have 

been made. It concluded t h a t  w i th  proper development and utilization, 

t h e  water supplies of the Klamath River  B a s i n  a r e  adequate  t o  satisfy 

all e s t i m a t e d  u l t i m a t e  requi rements  of the  Bas in .  P rope r  development 

i n c l u d e s  conse rva t ion  works i n  t h e  Upper K l a r n a t h  Basin to provide about 

one-half m i l l i o n  acre feet of storage t o  m e e t  the u l t i m a t e  r equ i r emen t s  

of t h e  area. The r e q u i r e d  s t o r a g e  would be prov ided  by t h e  possible 

p r o j e c t s  of Bea t ty  and Chiloquin Narrows Rese rvo i r s  on Sprague River 

and Boundary Reservoir on L o s t  River. An alternate to Chiloquin Narrows 

Rese rvo i r  would be i n c r e a s e d  s t o r a p e  capacity i n  Upper Klamath Lakes. 

The p o s s i b l e  Chiloquin Narrows Reservoir w o u l d  be  on S p r a p e  

River just above irs confluence with Williamson River and have a gross 

s t o r a p e  capac i ty  of 440,000 a c r e  f e e t  beh ind  a 135-foot dam. B e a t t y  

Rese rvo i r ,  with a p o s s i b l e  storage of 150,000 a c r e  f e e t ,  would be  formed 

behind a 55-foot dam about two m i l e s  e a s t  o f  t h e  t o m  of Beatty.  

According t o  B u l l e t i n  83, t h e  ave rage  seasonal  i m p a i r e d  f l o w  

of Rlamath River  at Keno, based on rhe 1953 use  l e v e l ,  was about 870,000 

acre f e e t .  Under u l t i m a t e  water  r e q u i r e m e n t s  and proposed developments ,  



the p r o b a b l e  u l t i m a t e  i m p a i r e d  flow would b e  about  487,000 a c r e  f e e t .  

Consumptive water uses a t  t h e  1953 l e v e l  and t h e  p r o b a b l e  u l t i m a t e  

l e v e l  f o r  t h e  Upper Klamath B a s i n ,  sllouinl: an i n c r e a s e  of 158,000 

acre f e e t ,  a r e  p r e s e n t e d  i n  Tab le  16. 

The main a g r i c u l t u r a l  water use f o r s e e a b l e  i n  t he  future  of 

t h e  Upper K l a n a t h  Basin i s  i n c r e a s i n e  demands f o r  i r r i g a t i o n .  Under 

t h e  p r e s e n t  c i r c u m s t a n c e s ,  such  demands c o u l d  be c r i t i c a l  f o r  fish on 

t h e  S p r a p e  River system. Most w a t e r  r t g h t s  i n  Klamath County have 

n o t  been a d j u d i c a t e d  and no ninimum f l o w s  are enforced. The f ieh 

envi ronment  c o u l d  s u f f e r  s e v e r e l y  i f  these c o n d i t i o n s  p e r s i s t .  

F u t u r e  industrial developments  i n  t h e  Upper Klarnath Basin may 

b e  i n  t h e  form of  f u r t h e r  h y d r o e l e c t r i c  projects and pulp  p r o c e s s i n g  

p l a n t s .  

P a c i f i c  Power & L i g h t  Company has  proposed t h e  f u t u r e  c o n s t r u c t i o n  

of f o u r  power p r o j e c t s  on Klamath River  be tween  Klamath Falls and Copco 

Dam. One, Reno Dam f o r  r e g u l a t i o n  and d i v e r s i o n ,  i s  scheduled  f o r  

c o n s t r u c t i o n  s t a r t i n g  i n  1966. It i s  l o c a t e d  about  t w o  m i l e s  downstream 

f rom Reno and w i l l  r e p l a c e  t h e  o l d  n e e d l e  dam f o r  r e p l a t i o n  of Lake 

Ewauna. The Keno P r o j e c t  w i l l  have t h e  necessary f i s h  passage  f a c i l i t i e s .  

T h r e e  o t h e r  dam-diversion-power house  p r o j e c t s  have  been  p roposed  f o r  t h e  

f u t u r e  when t h e  demand f o r  e l e c t r i c  power j u s t i f i e s  t h e i r  c o n s t r u c t i o n .  

A l l  of t h e s e  p roposa l s  are located between Copco R e s e r v o i r  and J .  C.  

Eoyle  ( f o r m e r l y  D i g  Bend) Dam. 

Four h i g h  dams a r e  L i s t e d  as p o s s i b l e  f u t u r e  i n s t a l l a t i o n s  

i n c l u d e d  i n  t h e  California Water Plan, a c c o r d i n g  t o  t h e  California 



Table 16. P r e s e n t  e s t i m a t e d  mean s e a s o n a l  consumptive use and probable  u l t i m a t e  
mean s e a s o n a l  consumptive  use of a p p l i e d  a t e r  within hydrog raph ic  u n i t s  
i n  the Klamath River  Basin, i n  a c r e  f e e t .  r a >  

P r e s e n t  

Hydrograpllic 
Unit 

Williamson River 

S p r a ~ u e  River 

I-lood River 

Klamath Lake 

Klamath  P r o j e c t  

S u b - t o t a l  

Williamson River 

Spraj iue River 

lJood R i v e r  

Klamath Lake 

Klanath P r o j e c t  

Sub- t o  t a l  

(4  

I r r i g a t e d  
Lands 

9 5,500 

53,700 

53,200 

16,000 

215,800 

4 34,200 

71,000 

114,000 

99,900 

47,600 

298,300 

630,800 

Urban 
Lands 

300 

300 

100 

0 

7,900 

8,600 

700 

800 

600 

200 

9,000 

11,300 

Plisc. Water Swamps 
S e r v i c e  Areas Marshlands 

Ultimate 

1,400 21,000 

1,900 15,400 

1,300 20,500 

P r i n c i p a l  
Reservoirs 

0 

0 

13,000 

l5O,OOO 

29,900 

192,900 

0 

73,700 

13,000 

150,000 

29,900 

266,600 

Totals 

l50,OOO 

79,300 

142,200 

201,000 

274,900 

84 7,500 

From C a l i f o r n i a  D e p t .  of Water R e s o u r c e s ,  Dul,  8 3 ,  Klamath River  Basin 
Investigation. 1964. 



Department of Water Resources. The r e s e r v o i r s  of  Humbolt Dam, 410 

f e e t ;  Slate Creek Dam, 7 7 5  f e e t ;  Happy C a p  Dam,  625 f e e t ;  and 

ham bur^ Dam, 445  f e e t ,  wou ld  encompass n e a r l y  a l l  of t h e  Rlamarh River. 

However, a 1924 i n i t i a t i v e  measure p r o h i b i t s  t h e  c o n s t r u c t i o n  of dams 

on Klamath River. I t  i s  thought t h a t  t h e s e  p r o j e c t s  w i l l  be part  of 

later stages of t h e  plan and t h e i r  construction remains many years i n  

t h e  f u t u r e .  

Three pulp process ing  rntlls have been proposed ad jacen t  t o  

Williamson River  near the  Highway 97 c r o s s i n g .  One or  more of these 

plants  may be put: i n t o  ope ra t ion  i n  t h e  near f u t u r e  and w i l l  o b t a i n  

w a t e r  from t h e  Williamson River o r  w e l l s .  The r e l e a s e  of the  e f f l u e n t  

from t h e s e  m i l l s  into wate r s  of the B a s i n  could seriously a f f e c t  the 

aquatic l i f e ,  un less  adequate ly  t r e a t e d .  

FACILITY KEQUIREMENTS AND COSTS 

Economic a spec t s  necessary f o r  p rov id ing  s a f e  passage f o r  

mig ra t ing  f i s h  must also be considered when assessing t h e  f e a s i b i l i t y  

of i n t roduc ing  anadromous f i s h  i n  Mid- and Upper-Iilamath Basin.  P o t e n t i a l  

b a r r i e r s  t o  f i s h  passage have been l o c a t e d  w i t h i n  the Basin and cost  

estimates have been made f o r  r equ i r ed  f a c i l i t i e s .  

Passage Around Dams 

Power Dams 

These a r e ,  a t  t he  present t b e ,  f o u r  major dams i n  t h e  p a t h  

of  the p o t e n t i a l  migration route .  Two o f  these a re  prov ided  with fishways. 

The cons t ruc t ion  of ano the r  dam i s  t o  be s t a r t e d  e a r l y  i n  1966. 



TWO b a s i c  p l a n s  have been d e v i s e d  which would provide  passage 

f o r  salmon and s t ee l l i e ad  ove r  the  unladdered  dams. B r i e f l y ,  P lan  A 

proposes t h e  use  of l a d d e r s  t o  bypass  Iron Gate Dam and t h e  complex of 

Copco Dams 1  and 2. Ladders  a r e  a l r eady  i n  o p e r a t i o n  on J. C. Boyle 

(Big Bend) Dan and Link R i v e r  Dam. Fi sh  l adder s  w i l l  be c o n s t r u c t e d  

a s  an in tegra l  part  of  the new Reno Dam.  Under P l a n  A, f o r  downstream 

pas sage ,  t r a v e l i n g  s c r e e n s  would be i n s r a l l e d  a t  Link River  Dam t o  b lock  

d i v e r s i o n s  a t  t h a t  p o i n t .  A s i m i l a r  i n s t a l l a t i o n  w i l l  be provided  a t  

Reno D m ,  and J. C. Boyle Darn has  t h e s e  f a c i l i t i e s .  A d i v e r s i o n  dam 

would be c o n s t r u c t e d  a t  the head of Copco Rese rvo i r  under  t h i s  plan. 

A t  t h a t  p o i n t ,  s c r e e n s  would b lock  pas sage  i n t o  t h e  reservoir and d i v e r t  

downstrean m i g r a n t s ,  e i t h e r  i n t o  a c o n d u i t  which would  c a r r y  t h e  young 

f i s h  t o  t h e  ba se  of I r o n  Gate Dam, o r  t r a p p i n g  and h a u l i n g  f a c i l i t i e s  

t o  t ransport  t h e  young migrants. 

Plan  B s u b s t i t u t e s  t r a p p i n g  and t r a n s p o r t  f a c i l i t i e s  f o r  t h e  

l a d d e r s  and flume around t h e  I r o n  Gate and Copco projects. Otherwise, 

t h e  two p l ans  a r e  a l i k e .  Ladder and s c r e e n i n g  f a c i l i t i e s  would a l s o  

be  i n s t a l l e d  on t h r e e  other proposed dams an Klarnath River between 

Copco Reservoi r  and J. C. Boyle Dam. 

Fir. Milo B e l l ,  a c o n s u l t i n g  engineer and s p e c i a l i s t  on f i s h  

passage f a c i l i t i e s  was engaged t o  p r o v i d e  e s t i m a t e s  of c o s t  f o r  t h e  

r e q u i r e d  f a c i l i t i e s  i n  the two p l a n s .  ~ e t a i l s  of t h e  e s t i m a t e  and 

schematic drawings of t h e  p l ans  a re  p r o v i d e d  i n  Appendix D. 

A summary of es t imared  cosrs f o r  p r e s e n t  i n s t a l l a t i o n s  under  

P l a n s  A and R are:  



P l a n  A 

Item - 
Initial 

Cost 

I r o n  Gate F i s h  Ladders $ 624,000 
Copco Dam Fish Ladders 753,000 
Copco Res. Screens & Ladder 1,956,000 
Link River Screens 214,000 
Trucking* 55,000 

Tota l s  $3,602,000 

Annual 
Operation & 
Maintenance 

* A conduit or  pipeline from the head of Copco Reservoir t o  t h e  
base of Iron Gate Dam (14.5 r i v e r  mLles) is a poss ible  a l t e r n a t i v e  
t o  t rucking of downstream mfgranrs. 

Plan B 

Copco Reservoir Screens $1,829,000 
Link River Screens 21 4,000 
I r o n  Gate Trapping Facilities 280,000 
Trucking 

T o t a l s  

Including the cos t s  f o r  t h e  ladders  and screens  a t  the th ree  

proposed dams, Warn Springs, S a l t  Caves and Bear S p r i n g s ,  the t o t a l  

est imated costs f o r  all facilities, presen t  and future, i s  $6,566,000 

f o r  Plan A and $5,397,000 for Plan B, w i t h  estimated annual operat ion 

and maintenance cos t s  of $431,000 and $390,700,  respectively. 

Nine i r r i g a t i o n  diversion dams, all on the Sprague River system, 

would be barriers t o  passage of salmon o r  s t ee lhead .  The largest i s  

S p r a p e  River Dan at Chiloquin, The fish ladders there are inadequate 

and w o u l d  hnve to be replaced by a new f a c i l i t y .  The estimated c o s t  of  



c o n s t r u c t i o n  i s  $18,000 

There a r e  seven s m a l l e r  dams on t h e  South Fork of  Sprapuc 

River  ranping  i n  h e i g h t  from 4 t o  10 f e e t .  The t o t a l  c o s t  estimated 

f o r  l a d d e r i n g  t h e s e  b a r r i e r s  w a s  $75,000. 

h e  sma l l  dam on rhe  North Fork  of  Sprague River would r equ i re  

about $4,500 f o r  a ladder. 

The total c o s t  t o  provide  passaRe f a c i l i t i e s  p a s t  i r r i g a t i o n  

dams i s  e s t i m a t e d  a t  $97,500. These e s t i m a t e s  were made by t h e  s t a f f  

of t h e  E n ~ i n e e r i n g  Department of t h e  Oregon Game Commission, based  on 

the g ros s  measurements of  t h e  i n d i v i d u a l  dams. Tha c o s t s  a r e  based  on 

t h e  ave rage  expe r i enced  f o r  such i n s t a l l a t i o n s ,  n o t  on s t u d i e d  specifica- 

t i o n s .  Based on M r .  D e l l ' s  f i g u r e s ,  the annual  c o s t  f o r  o p e r a t i o n  and 

maintenance of these s t r u c t u r e s  w o u l d  be approximate ly  $5,850. 

S c r c e n f n ~  I r r i g a t i o n  D ive r s ion  Di tches  

Water d i v e r s i o n  d i t c h e s  must be s c r eened  t o  p r even t  downstream 

mig ran t s  f r o m  e n t e r i n g  i r r i g a t i o n  d l t c h e s  and be ing  l o s t  i n  the  f i e l d s .  

There are i r r i g a t i o n  d i v e r s i o n s  on a l l  t h e  p o t e n t i a l  salmon and s t e e l h e a d  

s t r e a m s ,  except Spencer  Creek. 

Personnel  of t h e  Oregon Game Commission Eng inee r ing  Department 

e s t i m a t e d  t he  cost  of r o t a r y  s c r een  and padd le  wheel  i n s t a l l a t i o n s  f o r  

each  of t h e  d i v e r s i o n s .  T h e i r  e s t i m a t e s  were  b a s e d  on average  cos t  of 

the  ' f a c i l i t i e s  by d i t c h  s i z e  (Table  1 7 ) .  

Tab l e  1 7 .  Number of D i t ches  and T o t a l  Es t ima ted  Cost Screen  
F a c i l i t i e s  P e r  Stream. 

S rream Number o f  Di tches  Es t imated  Cost 

Klamath River  8 
Shovel  Creek 2 
Wood River 2 
S p r  ague R ive r  1 
S o u t h  Fork  S p r a p e  10 
North Pork S p r a g u e  - 3 

Tota l  2 3 



In one o r  more places on the  South Fork of Sprague River, 

water is diverted to the f i e l d s  by f looding o r  through head gates  d i r e c t l y  

o f f  the r e s e r v o i r  area without d i t c h e s .  I n  these  i n s t a n c e s ,  e i t h e r  new 

methods of screening would have t o  b e  devised o r  t h e  methods of divers ion  

changed. 

A l a r g e  divers ion leaves Klamath Lake j u s t  norrh of Link River 

Dam. The "A" canal  of the Bureau of RecLmation's Klamath Project has 

a capacity of 1200 cfs .  Based on M r .  n e l l ' s  u n i t  cos t  f o r  t r a v e l i n g  

screen i n s t a l l a t i o n s ,  $174,700 would be  required for screen f a c i l i t i e s .  

The t o t a l  cost  of screening i r r i g a t i o n  water withdrawals 

would be about $205,490, About 12,330 would be required annually f o r  

opera t ion  and maintenance of  these i n s t a l l a t i o n s .  

LOR Jam Removal 

Impassable log jams occur on Spencer Creek and South Fork of  

S p r a ~ u e  River. Dased on current prices,  t h e  engineers of the  Oregon 

S t a t e  Game ~onnniss ion estimated a t o t a l  c o s t  of $18,000 f o r  removal of 

seven small  jams on Spencer Creek and t h r e e  o the r s  on the South  Fork. One 

jam about 75 f e e t  long, 50 f e e t  wide  and 10 f e e t  h i g h  wou ld  r equ i re  about 

$6,500 f o r  removal. An a d d i t i o n a l  c o s t  of  $1000 would be charged f o r  

each work area. 

FSVIEW AND D I S C U S S I O N  OF SALMON AND STEELHEAD 
TRANSPLANT EWERIPENTS ELSEIfi lEK, I N  RELATION 
TO SUGGESTED INTRODUCTION OF SALMON AND STEEL- 
HEAD IN UPPER KLMlATH E A S I N .  

T h i s  sec t ion  rev iews  t he  results of some attempts t o  establish 

o r  auemnt runs  of P a c i f i c  salmon. It  is meant t o  i l l u s t r a t e  t h e  degree 

of success gained bv d i f f e r e n t  methods o f  t r a n s p l a n t  and some of  the  



". . . C u r r e n t l y ,  the weaknesses o f  h a t c h e r y  methods and 

t h e  ecological c h a r a c t e r i s  t i c s  of a r t i f i c i a l  spawning 

and i ncuba t ion  channels are being s t u d i e d  so t h a t  new 

methods f o r  t r a n s p l a n t i n g  sockeye  popu la t i ons  can be 

developed which should  have a h i g h e r  probability of 

puccess .  Small  r u n s  of sockeye have  been i n i t i a t e d  by 

eyed  egg t ransfers  i n  a f e w  once-barren streams and 

t h e i r  f u t u r e  p r o g r e s s  under  natural r e p r o d u c t i o n  w i l l  

be of scientific and, p o s s i b l y ,  of economic impor tance ,  

IPSFC (1964) ." 
There  a r e  accoun t s  of  significant runs of t r a n s p l a n t e d  Pacific 

salmon b e i n g  main ta ined .  But, i n  n e a r l y  all c a s e s ,  t h e s e  runs  are 

reproduced  by a r t i f i c i a l  propa~ation. Such i s  t he  c a s e  on Kind R i v e r ,  

Washington (Darvin and Smith,  1963) and Eagle Creek, Oregon (Zimmer, 

Wahle and N a l t z e f f ,  1963) where chinook salmon are  returning i n  good 

numbers. 

From the r e s u l t s  of t h e  above c i t ed  exper iments ,  s e v e r a l  f a c t o r s  

a r e  i l l u s t r a t e d  which a r e  p r e r e q u i s i t e  t o  the success of any t r a n s p l a n t  

of Pacific salmon o r  steelhead. 

The most apparen t  factor i s  the importance of matching the f i s h  

t o  t h e  s tream i n  every w a y  p o s s i b l e .  The Pacific salmon tend t o  build 

u p  r a c e s  which a r e  adap ted  t o  the envi ronment  of t h e i r  pa r en t  s t ream.  



Since  probab ly  no t w o  s t r eams  a r e  t o t a l l y  a l i k e ,  t r a n s p l a n t e d  f i s h  

a r e  a t  a disadvantage and must adapt o r  p e r i s h .  T h i s  p o i n t  i s  

emphasized by t h e  many exper imenrs  producing  b e t t e r  r e t u r n s  from 

n a t i v e  stock than from impor ted  s t o c k .  The i n t roduced  f i s h  must have 

rhe s t amina  and p h y s i o l o g i c a l  c a p a c i t i e s  t o  complete  the n e c e s s a r y  

m i g r a t i o n s .  The t iming  of m i g r a t i o n  and spawning i n h e r e n t  i n  a race 

of fish must be s u i t e d  t o  the t empera tu re  and h y d r o l o g i c a l  regime of 

t h e  stream of release, Even w i t h  seemingly w e l l  adapted s t o c k ,  as i n  

r e c e n t  Fraser River  t r i a l s ,  s i g n i f i c a n t  r e t u r n s  a r e  n o t  as-sured. 

Other f a c t o r s  weighed with an eye t o  u n s u c c e s s f u l  t r a n s p l a n t s  

a re  f o r  one ,  a l lowing  s u f f i c i e n t  t ime f o r  the embryo o r  young f i s h  

t o  become impressed w i t h  the c h a r a c t e r i s t i c s  of t he  scream so t h a t  

t h e i r  h m i n ~  traits w i l l  b r i n g  them back t o  the  s t r eam of r e l e a s e .  

Obs t ac l e s  o r  b a r r i e r s  which t e n d  t o  d e l a y  m i g r a t i o n ,  e s p e c i a l l y  up- 

s t r eam,  may s e r i o u s l y  c u r t a i l  o r  cause  f a i l u r e  of rhe t r a n s p l a n t .  

I n  an a t tempt  t o  i n t r o d u c e  kokanee,  a lake-dwell ing race of 

sockeye salmon, t o  Copco Reservoir, t h e  C a l i f o r n i a  Department of F i s h  

and Came stocked f r y .  On A p r i l  30, 1953,  the r e s e r v o i r  wati planted 

w i t h  1,0,700 koknnec weighinp,  107 pe r  ounce. These f i s h  were d i s t r i b u t e d  

t h r o u ~ h o u t  t h e  l a k e  by b o a t .  A y e a r  l a t e r , ,  a n o t h e r  r e l e a s e  of 95,580 

kokanee uei~hine, 295 p e r  ounce,  w a s  made  a t  t he  head of the r e s e r v o i r .  

Sea rches  f o r  s e v e r a l  y e a r s  a f t e r  t h e  stock in^ revea l ed  no s u r v i v o r s  

w i t h i n  the lake o r  t r f b u t a r i e s .  
10 

10  
L e t t e r  f r o n  P l i l l a r d  Coots ,  C a l i f o r n i a  Department o f  Fish and 
Game, November 1 2 ,  1 9 6 5 .  



Pub l i shed  r e p o r t s  and pe r sona l  i n t e r v i e w s  i n d i c a t e  t h a t  chinook 

salmon were present i n  t h e  Mid- and Upper-Klamath Bas in  dur ing  t h e  months 

of  September,  October  and November, u n t i l  t h e  early 1900's .  A photo- 

graph s u b s t a n t i a t e s  t h e  p r e sence  of ch inook salmon i n  Link River. These 

runs were f i r s t  c u r t a i l e d  around 1889-1902 when l o g  c r i b  dams were 

c o n s t r u c t e d  n e a r  Klamathon by t h e  Klamath River  Improvement and Lumber 

Company. These dams, c o n s t r u c t e d  w i t h  no o r  i nadequa t e  f i s h  l a d d e r s ,  

s e r i o u s l y  l i m i t e d  t h e  m i g r a t t o n s  of  salmon i n t o  t h e  Upper Bas in ,  and 

i n  1910 t h e  Bureau of F i s h e r i e s  i n s t a l l e d  i t s  racks a t  Klamathon, f u r t h e r  

c u r t a i l i n g  them. I n  1917, the c o n s t r u c t i o n  of Copco Dam fo rmed  a complete  

b lock  t o  ups t ream mi j i ra t ion .  The Power Company c o n s t r u c t e d  a f i s h  ha t che ry  

on F a l l  Creek below Copco 82 Dam, a t  t h e  r e q u e s t  of t h e  C a l i f o r n i a  Department 

of Fish and Game Commission, t o  m i t i ~ a t e  f o r  t h e  l o s s  of upstream product ion .  

Because of d i f f i c u l t y  i n  d i f f e r e n t i a t i n g  s t e e l h e a d  from large 

rainbow t r o u t ,  a c c u r a t e  i n fo rma t ion  on t h e  h i s t o r y  of s t e e l h e a d  mig ra t i ons  

w a s  imposs ib l e  t o  obta in .  I t  can be s a i d  tha t  an i n t r a s t r e a m  mig ra t i on  

of  l arge  rainbow t r o u t  o r  s e n  run s t e e l h e a d  d i d  occur, appea r ing  i n  t h e  

Upper C a s h  i n  t h e  f a l l  and a g a i n  i n  t h e  spring. An i n t r a s t r e a m  mig ra t i on  

of  r e s i d e n t  rainbows now a c c u r s  d u r i n ~  the s p r i n g  I n  t h e  s e c t i o n  of t h e  

Klamath River from t h e  F r a i n  Ranch ( R i v e r  m i l e  217) t o  Klamath Lake 

area  and from Glanath Lake u p  t h e  N i l l i a m s o n - S p r a p e  R ive r  systems. A 

smal ler  mig ra t i on  occu r s  i n  t h e  fall i n  t h e  U a m a t h  River  upstream over 

t h e  J. c. Eoyle f i s h  l a d d e r .  



Runs of f a l l  chinook and s t e e l h e a d  have been ma in t a ined  below 

Copco #2 dam and I r o n  Gate dam which i s  t h e  u p p e r  end of t h e i r  m i g r a t i o n  

since 1962. L imi ted  runs of s p r i n g  ch inook and coho salmon are a l s o  

p r e s e n t .  There i s  some ev idence  t h e r e  once was a strong run of s p r i n g  

chinook,  bu t  i t  had  d e c l i n e d  t o  i t s  p r e s e n t  level b e f o r e  1890. A r t i f i c i a l  

p ropaga t ion  of salmon and s t e e l h e a d  has been  p r a c t i c e d  on t h e  Klamath R ive r  

since 1910. Between 1925 and 1961, coun t s  of chinook salmon averaged  

10,455 f i s h  pe r  year at  Klamathon. 

E a r l y  studies i n d i c a t e  t h a t  e x c e s s i v e  e x p l o i t a t i o n  of t h e  f i s h e r y  

and the advent  of p l a c e r  min ing  i n  t h e  Klanath Basin w e r e  t h e  two p r i n c i p a l  

causes  of t h e  d e c l i n c  of t h e  Klamath  R ive r  f i s h e r y .  

Present runs of chinook salmon b e g i n  entering rhe mourh of the 

Klamath River  i n  J u l y  and r e a c h  the l i m i t  of ups t ream passage  from 

September t o  November. Spawning peaks i n  mid-October, and i n  y e a r s  of 

l a r g e  escapement may extend i n t o  December. 

Runs of s t e e l h e a d  e n t e r  t h e  Klamath River  i n  l a t e  summer and 

fall and a g a i n  d u r i n g  t h e  w i n t e r  months w i t h  spawn in^ t a k i n g  p l a c e  from 

Decemher through May. 

The peak downstream m i g r a t i o n  o f  j u v e n f l e  chinook salmon 

zenerally occurs  i n  Karch. 

The envi ronmenta l  requi rements  of chinook salmon and s t e e l h e a d  

u s e d  as a b a s i s  f o r  t h e  e v a l u a t i o n  of ~ o t e n t i a l  h a b i t a t  i n  t h e  Upper 

Klamatli Basin are: 

Temperature : 

Adult  m i ~ r a t i o n  
J u v e n i l e  r e a r i n g  
Juvenile m i ~ r a  t i o n  

S u r v i v a l  l i m i t s  32-75' F 
Optimum f o r  growth 

and maintenance 42-68" F 



Temperature: (Cont .) 

Spawning 

Incubat ion  

Dissolved oxygen : 

Vater velocity for 
spawning : 

Pdnimum water depth 
f o r  spawning: 

Spawning gravel s i z e :  

Minimum 5.0 ppm 
Incubation minimum 7 ppm 

1.0 to 4.0 f p s  

0 .5  f t .  

1 t o  6 inches diameter 

Carriers along the migration route to the Upper Klamarh Basin 

occur i n  s e v e r a l  areas.  Three impassable dams, I r o n  Gate a t  r i v e r  m i l e  

1 9 2 ,  Copco No. 2 at  river 200.3 and Copco No. 1 a t  r iver  mile 200.5 

prevent upstream migration. Water quality i n  I ron  Gate and Copco 

Reservoirs from mid-summer t o  t h e  fall months becomes marginal for 

salmonid f ishes.  The s t r a t i f i c a t i o n  of t h e  reservoirs creates oxygen 

levels below the m i n i m u m  requirement i n  all but the 0-20 foot stratum 

of the  reservoir; temperatures i n  the upper 0-10 feet exceed the maximum 

preferred during much of the  summer parLod. Klamath River between Keno 

and Lake Ewauna has dissolved oxygen concentrations below 5 p.p.m. in 

July - October. Klamath Lake, because  o f  i t s  s i z e ,  nay present a 

deterrent t o  a successful  spawning migratfon by delaying t ime of passage .  

The Spraeue River darn i s  impassable because of inoperable  f i s h  ladders. 

Stream flow i n  the lower South Fork Sprague River i s  l o w  and intermittent 



during t h e  summer because of i r r i g a t i o n  wi thdrawals .  There are seven 

i m p a s s a b l e  d a m  on t h e  South Fork and one sma l l  impassable dam on t h e  North 

Fork Sprapue River .  In a d d i t i o n ,  t h e r e  are seven smal l  l o g  jams on 

Spencer Creek and three on the South Fork Sprapue River .  

The downstream migra t ion  p e r i o d  of f a l l  and s p r i n g  chinook 

salmon would be expected t o  occur dur ing  Ifarch, April and May, when 

remperatures and f lows would be s u i t a b l e  f o r  downstream f i s h  m i g r a t i o n s  

along the e n t i r e  r o u t e .  It i s  expected that coho salmon and s t e e l h e a d  

seaward mig ran t s  would mip ra t e  a t  t h e  same t i m e .  

I n  June,  water  q u a l i t y  begins  t o  d e t e r i o r a t e  i n  I r o n  Gate, 

Copco and J. C. Boyle r e s e r v o i r s ,  and i n  Klamath River from Keno t o  Lake 

Ewauna. Divers ions  of water  f o r  i r r i g a t i o n  and power product ion  p re sen t  

t h e  g r e a t e s t  hazards t o  s u c c e s s f u l  seaward migra t ion .  There a r e  ten 

unscreened i r r i g a t i o n  divers ions  on t h e  Sou th  Fork  Sprague River ,  three 

on t h e  North Fork Sprague River ,  one on Sprague River, f o u r  on Wood Rive r ,  

two on Shovel Creek, and eight on Klamath River. The "A" canal d i v e r s i o n  

from Klamath Lake i s  a l s o  unscreened.  Open d i v e r s i o n s  o r  penstocks are 

l o c a t e d  a t  Link River ,  Copco I ,  Copco 11, and Iron Gate dams. The 

effect of  Upper Klamath Lake on the behav io r  of downstream migrants  i s  

unkno5m. L a r ~ e  impoundments have been shown t o  impair seaward migration 

and cause r e s idua l i sm.  

P o t e n t i a l  spawning a reas  f o r  salmon and s t e e l h e a d  have been 

found on seven streams in t h e  Upper Klamath Basin. Table 18 summarizes 

t h e  e s t l m a t e d  amount of g r ave l  a v a i l a b l e .  On Klamath River,  13,500 

squa re  ya rds  of s u i t a b l e  g r a v e l  w a s  found in Oregon (near the Frain 



Table 1 8 .  Estimated t o t a l s  of potent ia l  spawning gravel  i n  streams 
of t h e  Klamath Basin above Copco Reservoir. 

Square Yards of Gravel 

Klamath River 
California 

Oregon 

Shovel Creek 

Spencer Creek 

Wood River 

lJi l l iamson River 

Sprague River 

South Fork 
Sprague River 

North Fork 
Sprague River 

TOTALS 

F l a r ~ i n a l  T o t  a1 

( a )  No t o t a l  gravel estimates available. 



Ranch, River mi l e  217) and 28,500 square y a r d s  of g r a v e l  was found 

near and  below Shovel Creek (River mi l e  208) i n  C a l i f o r n i a .  

By e a r l y  f a l l ,  wa te r  t empera tu re s  i n  the Upper Ensin f a l l  below 

t h e  minimum f o r  s u c c e s s f u l  spawning o f  chinook salmon. 

There a r e  a p p r o x i m a t e l y  166 m i l e s  of s t ream t h a t  a r e  s u i t a b l e  

f o r  reariny:  younp; salmon and s t ee lhead .  l l i l e s  of  r e a r i n g  habitat by 

s t r e a m  are inc luded i n  Table 19 .  

Forseeable  f u t u r e  water uses  include an i n c r e a s e d  i r r i g a t i o n  

demand. These demands may b r i n g  about ref orms i n  i r r i g a t i o n  p r a c t i c e s  

as w e l l  a s  new s t o r a g e  dams on t h e  S p r a g u e  River system. 

Keno D a m ,  one of f o u r  proposed power dams on t h e  Klamath R ive r  

above Copco Reservoi r ,  i s  t o  be c o n s t r u c t e d  b e ~ i n n i n ~  i n  1966. A t  f i r s t ,  

i t  w i l l  be a r e g u l a t i n g  f a c i l i t y  o n l y ,  controlling the Lake Ewauna a r e a ,  

but  e v e n t u a l l y  w i l l  d i ve r t  wa te r  t o  a powerhouse a t  t h e  head o f  J. C. 

Doyle r e s e r v o i r .  When t he  p r o j e c t  i s  completed f o r  water  d i v e r s i o n ,  

adequate flows w i l l  need t o  be assured i n  t h e  r i v e r  channel  t o  provide  

f i s h  passage.  Three o t h e r  dam-diversion-powerhouse projects a re  proposed 

t h a t  w o u l d  c r e a t e  s i m i l a r  s i t u a t i o n s .  Laddering and sc reen ing  f a c l l i t i e s  

w o u l d  b e  r e q u i r e d  a t  these p r o j e c t s  to p r o v i d e  f i s h  passage.  

There are proposals f o r  t h r e e  p u l p  processing plants near the 

Will iamson River .  

Some p e r t i n e n t  experimental  t r a n s p l a n t s  of P a c i f i c  salmon were 

reviewed. The results of  t h e s e  experiments in North America are of 

extremely l i m i t e d  success  o r  comple te  f a i l u r e .  The runs t h a t  have been 

e s t a b l i s h e d  are maintained main ly  by a r t i f i c i a l  propagat ion .  



Tab le  19. Summary of potential streamniles of rearing habitat 
in the Rlamath nas in  above Copco Reservoir. 

S u i t a b l e  
Rearing Hab i ta t  

Stream (lliles) 

Klamath Pdver 27.00 

Spencer Creek 2.50 

Sevenmile Creek 16.75 

Wood R i v e r  18.75 

Williamson R i v e r ,  
) f i l e  0.0 to 10.75 10.75 

Mile 10.75 to 21.0 10.25 

S p r i n g  Creek 2.50 

Sprague R i v e r  31.00 

Snuth Fork 
S pr a ~ u e  River 11.25 

North Fork 
S p r a p e  River - 27.50 

Minimum 
Flow (cfs) 

Spawning Gravel 
Above o r  Within 
rear in^ Area 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

Yes 

Yes 

Y e s  

Total 166.75 



Cost  estimates have been made b y  c o n s u l t a n t s  on t h e  work 

n e c e s s a r y  t o  f a c i l i t a t e  migrations of anadromouti f i s h  i n  the Upper 

Klamath Basin. Estimated c o s r s  f o r  the t w o  basic plans are: 

PLAN A 

Cap it  a1  Annual 
Expenditure O&M 

All power dams l adde red  w i th  screened 
diversions $ 3,602,000 $245,000 

I r r i ~ a t  i o n  dams l a d d e r e d  

X r r i g a r i o n  d i v e r s i o n s  screened 

Log jams removed 

Trapping  and t r a n s p o r t  f a c i l i t i e s  
around Iron Gate and Copco R e s e r v o i r s ,  
dam l a d d e r e d  and screened above Copco $ 2,378,000 $189,000 

I r r i g a t i o n  dams l addered  97,500 5,850 

I r r i g a t i o n  d i v e r ~ i o n s  sc reened  205,490 12,330 

Log jams removed 

A sumnary by survey  s e c t i o n  l i s t i n g  t he  impa r t an t  m i g r a t i o n ,  

spawning and r e a r i n g  c o n d i t i o n s  f o r  t h e  Mid- and Upper-Klamath Bas ins  

i s  p r e s e n t e d  i n  Table 20. 



Table 2 0 ,  Summary and c o n c l u s i o n s  on b i o l o g i c a l  and p h y s i c a l  c o n d i t i o n s  L i m i t i n g  t h e  
p o t e n  t F a l  of t l ~ e  ?lid- and Upper-Klamath Basins for  sa lmon  and s t e e l l l e a d .  

Spawning 

Survey  
S e c t i o n  

I r o n  Gate 
R e s e r v o i r  

t,!i 1 e 
P o i n t  - H i g r a t i o n  

1 9 2 . 0 - 1 9 9 . 0  N a t e r q u a l i t y g o o d  
e x c e p t  d u r i n g  June-  
S e p t  . , when I i m i  t e d  
t o  10-20 f t .  s t r a t u m .  
No f i s h  f a c i l i t i e s  
p r e s e n t .  

Jenny Cr . 196.0 

Copco No, 2 
Forebay  200.3  

Copco ?lo.  1 

Water  q u a l i t y  good. 
No f i s h  f a c i l i t i e s  

Rese r v o i  r 200.5 - 205.8 Water q u a l i t y  good 
except d u r i n ~  June-Sept  . 
when limited t o  10-20 
ft. s t r a t u m .  140 f i s h  
f a c i l i t i e s  p r e s e n t .  

S h o v e l  Creek 208.0 Water q u a l i t y  cond. 
p o o r  s u m r  and fa1 1. 
B a r r i e r  f a l l s  a t  m i l e  
2 .5 

K l a m t h  R i v e r  Water q u a l i t y  
from Copco 1 c o n d i t i o n s  good,  No 
t o  J.  C. n o y l e  b a r r i e r s .  E i g h t  
Dam 205.8 - 227 .5  u n s c r e e n e d  d i v e r s i o n s .  

3 .  C. n o y l e  Water  q u a l i t y  
D a m  and Iles. 227 .5  - 229.8 c o n d i t i o n s  p o o r  from 

June-Ju ly  and f i r s t  
Part Auwst. 

F i s h  
Water S q .  Yds. P o t e n t i a l  
Q u a l i t y  Grave 1 ( P a i r s )  Rear  in^ 

No g r a v e l  

No g r a v e l  

rqo g r a v e l  

No gravel  

P o o r  L i m i t e d  
d u r i n g  
sumer 
and f a l l .  

Good, 28,500 
O c t .  - (Calif.) 
Nov. and 13,500 
Mar.-Hay (Ore . )  

140 g r a v e l  

Water q u a l i t y  
same as  migra-  
ti on. P r e d a t i o n  
may o c c u r  from 
r e s i d e n t  s p e c i e s .  

C o n d i t i o n s  good, 

Water  q u a l i t y  
same as m i g r a t i o n ,  
Predation may 
o c c u r  f rom 
r e s i d e n t  s p e c i e s .  

S t e e l -  F a i r .  D i v e r s i o n s ,  
h e a d  low f lows  and 

p r e d a t i o n  from 
resident t r o u t .  

l, 350 Good. P r e d a t i o n  
Ghinook may occur from 
1 , 1 0 0  r e s i d e n t  f i s h  
S t e e l -  p o p u l a t i o n .  
head 

Water q u a l i t y  
same a s  m i g r a t i o n ,  
P r e d a t i o n  £rum 
r e s i d e n t  species. 



T a b  l c  2 0 .  Sumn~ary and  conclusions on b i o l o g i c a l  and p h y s i c a l  c o n d i t i o n s  l i m i t i n g  t h e  
p o t e n t i a l  of the t l id-  and Upper-Klamath Rasins for salmon and s t e e l h e a d .  

Spawning 

S u r v e y  l.11 l e  
S e c t i o n  P o i n t  

S p e n c e r  Creek 229 .5  

F i s h  
ldater Sq. Yds. P o t e n t i a l  

M ~ r a  tion Q u a l i t y  G r a v e l  ( f a i r s )  R e a r  i n q  

Rlanath  River  
t o  Keno 2 2 9 . 8 - 2 3 6 . 3  Good 

Wate r  q u a l i t y  g o a l .  Temp. good 2,300 1 1 0  Good 
S m a l l  l o g  jams and during Chinook 
b e a v e r  dams. Bar-  S e p t .  and 90  
r i e r  a t  m i l e  p t .  ELar .-Hay S t e e l -  
9 .0  h e  ad 

Keno t o  Wate r  q u a l i t y  coud .  
LLamath P a l l s  236.3  - 254.3 p o o r ,  J u l y  - Oct. 
Link River 

Upper  Klamath  
Lake 

Wate r  q u a l i t y  cond.  
good, F i s h  l a d d e r  
n e e d s  work.  T h r e e  
d i v e r s i o n s  u n s  c r e e n e d .  

Wate r  q u a l i t y  good.  
F i s h  d e l a y s  

ires t s i d e  
tributaries, 
Fourmi l e  Creek ,  
Crane  Creek 

S e v e n m i l e  Creek  00. - 19.00 Water  q u a l i t y  ~ o o d .  
rlany l o g  j a r s ,  bea-  
v e r  dams,  and 3 
u n s c r e e n e d  d i v e r s i o n s ,  

No grave l  

No g r a v e l  

140 gravel 

No g r a v e  1 

No g r a v e l  

Har p i n a l  

Water  q u a l i t y  
p o o r ,  J u l y - O c t .  

Good 

Good. f r e d a -  
tLon from 
r e s i d e n t  s p e c i e s  

Good 



Con t . 
T a b l e  20. Summary a n d  c o n c l u s i o n s  on b i o l o g i c a l  and p h y s i c a l  conditions l i m i t i n g  t h e  

p o t e n t i a l  of t h e  Hid- and Upper-Klamath B a s i n s  f o r  sa lmon and s t e e l h e a d .  

Fish 
Water  S q .  Yds. Potential 
Q u a l i t y  G r a v e l  (Pa i r s )  R e a r i n g  

PNle 
P o i n t  - 

S u r v e y  
S e c t i o n  F l ig ra t  i o n  

Water  q u a l i t y  good, 
4 u n s c r e e n e d  d i v e r -  
s i o n s .  

Temp. good 11 ,000  520 Gaod. Preda- 
f rom Elid- Chinook t i o n  by 
Apr i 1 t o  4 20 r e s i d e n t  
Hid-Sep t . S t  eel- species. 

head 

Wood River 

I J i l l i amson  
River 

Water  q u a l f  t y  good.  
E l o c k e d  a t  Mile p t  . 
21 b y  s e r i e s  of 
i m p a s s a b l e  f a l l s .  

Salmon by 5,200 240 E x c e l l e n t  
flid-Oct. Chinook 
S t e e l h e a d  200 
cond. good. S tee1 head 

S p r i n g  Creek 

S p r a g u e  R.  t o  
Cone P i n e  

Water q u a l i t y  good ,  
h e  i m p a s s a b l e  b a r -  
r i e r .  One unscreened 
d i v e r s  F on. 

Hargf n a l  Adequate 

l a n e  P i n e  t o  
t h e  F o r k s  I J a t e r  q u a l i t y  good.  H a r g i n a l  

No g r a v e l  

O f  l i t t l e  v a l u e .  

Wate r  q u a l i t y  p o o r  
June-Sep t .  E i g h t  
i m p a s s a b l e  d m s .  No 
f l o w s  at times. 10 
u n s c r e e n e d  divers i o n s  

S .F .  Sprague  R .  0 .00  - 9.00 Poor d u r i n g  
s u r m r  months ,  

S . F .  S p r a g u e  R .  9.00 3 1 , 5 0  

N . F .  Sprague  R .  0 .00  - 32.00 

Water  q u a l i t y  good 
on l o g  jam. 

Salmon by 1 9 , 4 0 0  9 2 0  Good 
f i r s t  O c t .  Chinook 
S t e e l h e a d  750 
cond.  g o d  S t  eelhead Water  q u a l i t y  good,  

h e  i m p a s s a b l e  d m .  
3 u n s c r e e n e d  d i v e r -  

s i o n s .  

Salmon by 1st 30,500 1450 Chinook Good 
O c t .  S t e e l h e a d  1170 Steel- 
c o n d .  ~ o o d  h e a d  
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Figure 2. A cornpariaon cf the monthly mean maximum m t r  tsmpar8tures 
f o r  1965 with the 33year monthly man temperatures, 
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Figure 3. A oompariaon of the 1965 mnthly mean air temperatures with 
38 yam monthly maan tampraturea. 

3B ym r the04  

- -  --- 1965 mmfl 





I 

July ' A:uq M S ~  Scpt, ' Dct, May ' J r n e  I ,  
I I I I 

. - 

1 
tI a~ ' June . I :  , JMIY 

hay ; '  June ' i  JUG ' f i u g ~ ~ f  ' SEW I O C ~  -wfJ I-/ 
I 

I 
I j 
I I 

I i I 

I I ! 
I I i 

I 
a V / c  Rcs. 

. - 

-d- I 
\ 

! 
! 

May ~ ' ~ u n .  ' : d u l y  I 4 uqusf ' s+. a c t ;  I 

I 
! I 

; I i i~ I I -  I i I 
I I I 

I 
I 

i i 
I 

I I 
I I 

*, I 

! 



! I ! I I 

iDboolvodawgrn wrbr-tsmpsr at- 
! f r o m  t m  atat ions  on Iron ~ a b  ~ e n e y o i r ~  1965.; 









.
-

.
 

.... 
O

J
L

l 
. 

, .. 
. 

. P
O

L
L

 

. .-- ........ 
- L

a
ir 



. - . . . . .  

. . . . . . . .  
. . . . .  

- . . . . . . .  
. , . . - - . , - . . 

. . . . . . .  

:'OLT ' QUV 
I 

1 .  

F i g u r e  1 



I 1 I 1 I I r 
de n M4r ha y 'July 



I I I I ! I ! 

.L Figure X?. Dinsolvsd oxygen concentrmtlona and water tampsrrtursa I 

! (.?I t a b n  from upper md lower ends of f i s h  lnddnr at 1 
J,C. Boyla Dm, 1965. , - . J 

I 

I 

'& ' 
I I I 1 I 

Pl ah MQY J U / ~  'Srpfl m" 1 
upper end F ~ S  h l ~ d d e ~ 3 . c .  b l e  l h m  

.. Figura UB. Dissolved oqgen  eoncsntrations and water bmparatarea I 
I 

from ELp~th River b l o w  f b h  by-pas at J.C. b y h  Drm,l96Si 





I 
I 

I 

, - 
I .  

I 

I 
I 

El wb &To u" WD I &- 
t I - - _ _  ______L - I---- -- - 

65' -:--- _*c- - - -  Me ; ! 
by' 

: , 62' --- - 
0 b3 ' 
d 

.I g , .  n I I 

! O : L + P ~  : ~&h / , r r  ~f@ p 7 p @ ~ r  1 

?I ~ r r  
Q ! ! i 

I 













I 
I 
I 

Fig- 21. Disrolvad o q s n  concentrationu found by the  

I 

I 



. . , . .  
, . .  

, .  . ,  
. . , . .  

I .  

. . a , < .  

i . .  . 

; , ; ;  , ; ;  

> I .  . ! i  . 
. . ' ! ' "  " I '  , . 
, . i : ; .  . - . .  I . ,  . . . . .  . . . .  I . I . , . , . .  

. ; ,  . . . .  . I l : , .  . .  
: . m . . !  I ,  . . .  

, . I .  . . . . . . . .  

. .  . : , .  
. . ! .  i"' " 

. . . . . .  . . . , ,  

. . 
. . 

. . . . . . . .  
. ; I . . . , ,  
. . . . . . .  
. .  : . I , -  

. . . ,  I . .  . 
. . i . . , .  

, ,  , .  . ,  

. 1 . . .  

8 , .  

, , .  , .  

: : , .  
I '  

I I b 1 .  

I . . ; . ,  
. . . . . .  





. . i ' 

. . .  . i s ,  
. . I , .  . . . . L "  . . .  . < . !  

. .  L i 
I . . : . .  . . m .  8 

, . . , .  . 

, I  . . .  
. . a .  

. .  
, . .  

. ? . ;  

. . . . I . ,  

l k I 1  
b ,  . . . . .  

. 8 . .  I . .  

, . . , .  
8 .  . 

, . . . ,  

. . .  . ! : .  
. , . I . . .  ! . . .  . I L , l : .  

- , L . .  

, . . ;  . .  I 

. . .  I , :  

. . . .  
, .  , .  

I . .  . .  
. . . . . .  
' : , L  8 , 
, , .  . 

. . . . . .  i .  

. . . . . .  
I .  . _ i . .  

. . . . . . .  I 
I .  a . : , L ;  

. . . . . . .  

. . . . . . .  
I . .  I . .  , ! .  

. . . . . .  
. . . . . . .  .' p 

. . . . , .  
\ ,  . I . .  ;.; 

. . . . . . . .  

. , . .  , .  
I . ! .  . . . . .  
. .  ~ . 4 . .  : tj . . . . . . . . .  . . , ,  . .  
, . 
, . , I  . ,  . 
. .  . . I  

. . . . .  1 .  
I . .  , : .  1 1  

, . :  . a , .  I . ' .  . . . .  





4 "  :imr f r o m  ragon S t a b  

, . . . , 

. . . . . . . .  

. ,  , . a . , .  

L . . .  I . .  , 
. . . . .  

- ,  . . ( .  

, . I  , . . , .  
. . . . . . . .  
. . . . .  4 .  

I !  

. . , . , I . .  

I .  : i . . . o .  

I . . , , , .  

1 ;  . . . . . .  , , 
, : .  . , I .  
. I . I  

I , . i . , . , .  
, . . . . , . '  : 

, ,  , , ,  

. . . . . .  
, .  1 . . ,  

I , .  

: . ! .  - 
, .  . ,  

_ I .  I . .  

, . ,  , . . ,  
. , ,  

, . :  I . . . ,  

. . . . . . .  
, . ;  : . I ;  . . . . . . .  
4 . .  . .  
1 ; . . I . . .  

. . . . . .  

. . . . . . . .  
. . ,  , 
. I  . . 

. . . . . . . .  

. . . . . . .  

, . . , , , . . 
. . . . .  

i . l  , .  
. . . . . .  
. . . . . .  
2 . b .  . 

, . , , ,  
, . , , , , .  
. . . . . .  

I )  : 
, . 

. , . ,  ' . , . . ,  
. ,  : L . .  

, I  . . . . . . . .  

. . . .  
n . . , .  I ' .  
4 . t . .  . 1  

. . . . .  I 

, I , . . > . . I  

: , . I , . : . .  

. .  I . , . , '  

. . ,  . !  
. . . . . . .  
; ,  . . . . .  ! 
. . . .  . . ,  
, , .  . ,  , I  

. . . . . . .  

8 3  . 
. ,  . 

. I , .  

' I ! . .  . . . .  
. .  - .  

. . . . . . .  

. , . . . . ,  

I .  . . : .  

, , 

+--- 
i t .  . . . .  
, I  . . . .  
. . . . . . . . .  
i . .  . 
I . : . .  , . .  
. . . . . . .  I 

4 , . .  . . . .  
. . . . . . . . .  

. . .  L i .  

. . . . .  
' I .  . . 

. .  , ,  . . 

. . . . . .  

. . . . . . . .  
, . -  8 .  . 

. , 

. .  I . . .  
, , . .  . . . . . . .  , 

, . , . . ,  
, . .  , ,  , .  

. .  . ,  
L L . . , . .  

_ * . I  . . . . .  
. . -  b , . m 

. . . . .  
. . 

? I I  



I ! 
I '4 I * 

Figure 27. Diaaolvsd o&m ,conomntrationa taksn;by Ongon S t P b  - - .  

Sanitrry Authority at s ta t iona  from KLamath LPlrs to i I 

J.C. Boyh porerhouaa, 1961. ! 

I 





&' I 

I 
-. - 

. . 

:fl- 29'. Disaolrsd o q g s n  concsn&atlona 'found b.Oregon ' 
S k t e  SPnitary Authority, at s t a t i o n s -  f r o m  KLamath 
Lake to J.C. ;Boy- powerhouse, 1962 and1963, - . : 
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Figure 36. Dissolved oxggan concentrations found a t  two stations I 

on Wood RLver, 1965. I b 1 
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! .Figure 35. Dissolved o q g e n  concantrations f cund on Serenmlle 
Creek, 1965. 

"9 
F \ 

9 15; 

c? ;c- 

I P 
-2 

B 5- 
1 - 
. -.Ad. 

1 no.'s 1 - -- wc4kr T c q  
! ! 
1 I 

- 
I 
! 

1 
,' 

/ .  ! 
.-' i 

1 I I I I 1 I 

Jan Ma r May Jury I 5&l: Mov: 
, S e v e n  mi  \e Creek ' 



6 

Figure 37, dissolved o q g a n  conoentriations and *.ator k m p r r . t u r e s  
found at fouI' atations on Williamson River, 1965 







'Figure' 40. .Die~olved owgen concenlzations xound at four atations I 

on Sprague River, 1965. I 
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Figure h5. Dissolved owgen concantrations and water tamperaturea 
found at two s t a t ions  on South Fork Sprague River, 1965, 



Wgure lr7. Dissolved o m e n  concentrations and water tmtpraturss 
found at three stations on North Fork Sprague River;, 1965. i 
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APPENDIX 

Cosr Estimates of Plan A and B 



Dr. J. A. R. Hamilton 
Pacif l c  Poher 8 Light Company 
Ribl ic  Service Building 
Portland,  Oregon 

Dear Dr. Hadltonr  

You have asked f o r  an estimete of  c o s t s  of f i s h  fac i l i t i e s  for the 
Klamth River power projects ,  a t  and above Iron Q t e .  

. In order to furnish such figures, I have made the- fo l l owing  assump- 
t i o n s :  'he fishway pools would have one foot di f ference  i n  e levat ion 
and aould be 8 x 1 0  x 6 f e e t  deep; all 6t;uctures are to be built o f  
concrete.  I have assumed that t ~ : ~ v e l l i n g  viater screens with a veloc- 
i t y  of ap?roach of one foot per second would be used. Far the sake 
of u n i f o m i t y ,  it i s  assuned t h a t  each screen would have a =-foot 
e f f ec t ive  depth and would be 10 fcot wide.  The faces  would be flush 
ar.d the f i s h  would be led t o  a cornon major by-pass. ' 

In each projec t  it  i s  assuned t h a t  there would be an auxi l iary  water 
' supply of 103 second f e e t  available zt t i c  fishway entrances. Thus, 
when c o z ~ r i n g  costs  only pez pool, you will. note that the addition 
of the auxi l iary  w a t e r  supply,  p lus  the  needed regulated pools for  
varying tail water and head water l e v e l s ,  inczeases the cost of  the 
low head dam fishways, although a basic c o s t  per .pool of 94,000.00 
wa a used. 

In  considering hauling, only the sddition o f  a trap from the e x i s t i n g  
k o n  Gate  fishways was considered. If the  small n ig ran t s  are to be 
handled f r o a  the Copco I pool,  t h e r e  could be an increased cost brought 
about by the nececsary handling facilities t o  e l evate  the migrants t o  
hauling trucks. No c o s t  has -been placed on a pipe l i n e ,  i f  such an 
i n s t a l l a t i o n  were t o  be used. 

,Attached hereto are sheets i s d i c a t i n ~  the pr ice  per element a s  used, 
and a l i s t i n g  of c o s t s  for each project .  As we boLh recognize ,  there 
c;n be mny variat ions i n  individual projects which would af fec t  costs. 

Sincerely  yours, 



Co6t per fishway pool, 8 x 10 x 6 f e e t  %,ooo.~ 

Exit pool r e y l a t i n g  r 'ac i l l t ios  U,000.00 

Entrance pool r e y l a t i n g  faciliti-s 95,O00.00 

Gravity a u x i l i a ~ i  water . , supply 517,000.00 20,000.00 

Screens, i n  place 550.00 per second foot 

Screen stacture 580.00 per second foot 

Regulating dam for screens 580.00 per second foot 

The above estimates are basoa upon figures taken from recently 
b i d  f :shways with moderately d i f  i i c u l t  conditions of installation. 
Cofferdam are allowed for a l l  new installations to t h e  e x t a n t  of 
510,000.00 per project. 

Fish screen estimates are based upon i n s t a l l a t i o n s  similar t o  
that proposed f o r  the Imnaha, w i t h  p r i c e s  up-dated. 

Tne above estimates are s u b j e c t  to considerable variation: for 
example, prices could be changcd materially if a aajor dam were being 
constructed. f i e  fishway pricas above indicated are from projects in 
wnich the fishvrays arc required t o  wi'chstand a l l  move-in and move-out 
corts and added p r i c e s  f o r  sail quantities. 

The hauling facilities are basod upon a auckley trap principle, 
with a water supply connected t o  an existing system, w i t h  a total c o s t  
o f  594,000.00; a s p e c i a l  roadway t o  include special  drains a t  S10,000.00; 
a connaction into =ha existing fishvray system at 515,000,OO; miscellan- 
eous equipment such as housing for trucks and so forth at 510,000.00 and 
tuo taak trucks at 525,000.00 cach. This gives a cost of 5179,000.00. 
In my judgment, basod upon the brief visit I made to Iron Gate, this 
estimate is too low and would be mare: to 5250,000.00 for t h e  above 
outlined equipent.  



MILO C -  B E L L  
b n r r l l h g  bgin..r 

BOX ll 
MUWILTCO. WASHINOTON Dm75 

Dr. J. A. R. Hamilton 
Pacific Power g Light Company . 
Publ ic  Service Building 
Portland; Oregon 97204 

Dear Dr. Hamilton: 

In discussing with you the c o s t  chanps for t!!e projects outlined i n  
the l e t ter  which I submitted on September 24th, 1965, the statctural  
est imates furnished are approximately twelve percent below the present 
price level. Sinca that date there has boon approximately a six por- 
cent national r i s e  in construction costs, and recent biddins on fishv:ay 
c o n ~ t r u c t i o n  indicates  t h a t  'he Pacific coast construction c o s t s  navo 
r i s e n  at an even greater rate than &fhe national average. I have not 
been advised of any increase in screen prices which would reflect an 
increase in steel costs. Fhrever, basic sL%eture costs have increased. 
I would suggest, therefore, that t h e  following be added to t h o  project  
costs  as submitted: 

Iron Gate  
Copco I 
Sczeens in Copco 1 pool 
Wan Springs 
salt Cavos 
Bear Springs 
Big  Bed 
Kuno 
Upper K l a a L t  
Hauling from iron Gate 

!%7,COO,OO . 
61 , 000. CO 

149, COO. GO 
46,000.00 
B5,MM.OO 
53,000.00 
66,000.CO 
68,000.00 - 

16,000.00 
30,000. CO 

Regarding Lzucking c o s t s ;  t h e  fo l lowing  appears to be reasonable.  I hzve 
asked for addi t iona l  prices f o r  an actual  f i s h - h a u l k g  opezation xiiich 
has n o t  yet been a d o  ava i lab le .  Tentatively, I would suggest usin5 L!c  
f ollawing : 

q a s e a  on one L,uck in operation f o r  18,000 
miles travel, s ix  ~ o n L h s  pez yoazz 

6% per mile  ( i n c l d e s  one driver, $10,800.00 
insurance,  deprec ia t io r i  atc. ) 

Extra oporators, I* man-yoars 7,500.00 
Extra stacd-by truck (includes 3,200. CO 
insurance, depreciation e tc .  ) 

S21,5OO.OO 
20 percent adzinistration cost 4,OOO.OO 

$25 ,~OO.CO 



Dr. J. A. R. H a m i l t o n  
Parch 3rd, 1966 
Page two 

*Two trucks mai lab le  6 S27,500.CO 35,000.00 
each (now price based on present 
estimate up 52,500.00 from prev- 
ious es1,Laate) 

For fishway and screen s t r u c t ~ ~ e  operation costs,  the following have 
been used, based on SO year l i f e  struc- cures. 

Cparations 0.5 percant 
Intareat  2.5 percent 
Taxes 0.Z parcsnt 
k o r t i z a t i o n  2.0 p r c e n t  
Replacoment 0.5 percent 
Administration & insurance 0.25 percent 

6.0 percent per year 

For  travell3.ng screens acd hauling structures, the fo l lowhg  parcentages 
have been used t 

Cpcrations 1.0 parcent 
Interest 2.5 percent 
Taxos 0.25 percent 
Amortization 2-00 percent 
Boplacenrnt 2.00 percent 
Aduinistration & inkrance 0.25 percent - 

8.0 percent per  year 

For combinad scrams and t h e k  aeeded ~ t ~ x c t u r e s ,  use 7.0 percent per year. 

Annual c o s t ,  basad os o s t h t e d  c o s t s  
as of h r c h  1, 1966 

Fishways Screens 

I r o n  Gat0 
Copco I 
Copco I (screen 

strccture ) 
Warn Springs 
S a l t  Caves 
Bear Springs  
Big  B e d  
Keno 
Upper Klamath 
Hauling from L-on 

$37, COO. 00 
45, cm. co 
8,500.00 S127,000.00 

7,SG3.CO 30,500.CO 
30,000.00 30,5M3.00 
12,COO.Ca 29,000.00 
22,000. CO 24,500. CO 
9,000.00 50,000. CO 

15,000. CO 
E a t e  (see tzucking c o s t s )  

Yours very t r u l y ,  
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