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INTRODUCTION 

Pub l i c  Law 90-542, s igned i n t o  law, October 2, 1968, p rov ides  f o r  

a  Nat iona l  Wi ld  and Scenic R i ve rs  System. The purpose o f  t h e  law i s  t o  

p r o t e c t  f o r  t h e  enjoyment and b e n e f i t  o f  t he  people o f  t h e  Un i t ed  S ta tes  

c e r t a i n  r i v e r s  which i n  c o n j u n c t i o n  w i t h  lands  bo rde r i ng  t h e  waters possess 

ou t s tand ing  scen ic ,  r e c r e a t i o n a l ,  h i s t o r i c a l ,  f i s h  and w i l d l i f e ,  geo log ic  

l and  forms, and o t h e r  such d e s i r a b l e  f ea tu res .  

Two ca tego r i es  o f  r i v e r s ,  i n s t a n t  r i v e r s  and s tudy r i v e r s ,  a r e  s p e c i f i e d  

by t h e  Ac t .  " I n s t a n t  R i ve rs "  a r e  au tho r i zed  f o r  immediate i n c l u s i o n  i n  t h e  

Idat ional  Wi ld and Scenic R i ve rs  System. The M idd le  Fork o f  t h e  Salmon R i v e r  

and t h e  M idd le  Fork o f  t h e  Clearwater  R i ve r  a r e  t h e  two r i v e r s  l o c a t e d  i n  Idaho 

i nc l uded  i n  t h i s  ca tegory .  "Study R i ve rs "  a r e  r i v e r s  t o  be s tud ied  f o r  

p o s s i b l e  i n c l u s i o n  i n  t he  Wi ld  and Scenic R i v e r s  System. The main stem o f  t h e  

Salmon, Bruneau, S t .  Joe, P r i e s t ,  and Moyie R i ve rs  a r e  f i v e  Idaho r i v e r s  placed 

i n  t h e  second ca tegory .  

The A c t  s p e c i f i e s  t h r e e  c l asses  o f  system r i v e r s :  w i l d ,  scen ic ,  and 

r e c r e a t i o n a l . '  A  " w i l d  r i v e r "  i s  a  r i v e r  f r e e  f rom impoundn~ents, g e n e r a l l y  

i n a c c e s s i b l e  except  by tra.71, w i t h  non-po l lu ted  water and w i t h  e s s e n t i a l l y  

p r i m i t i v e  watershed and s h o r e l i n e .  A  "scenic  r i v e r "  i s  f r e e  f rom impoundments 

w i t h  shore l  i n e  and watershed s t i l l  e s s e n t i a l  l y  p r i m i t i v e  and undeveloped b u t  

i t  i s  a c c e s s i b l e  i n  p laces  by roads. A  " r e c r e a t i o n a l  r i v e r "  i s  r e a d i l y  access ib l e  

by roads and r a i l r o a d s ,  i t  may have development a long  t h e  shore l  i n e  and i t  may 

have undergone some impoundment o r  d i v e r s i o n  i n  t he  past .  Pub1 i c  Law 90-542 

s p e c i f i e s  a  ten-year  t ime  l i m i t  on c l a s s i f i c a t i o n  s t u d i e s  a f t e r  which recom- 

mendations on t he  d i s p o s i t i o n  o f  s tudy  r i v e r s  a r e  t o  be made t o  t he  Congress. 

' ~ e n c e f o r t h  a  system r i v e r  w i l l  r e f e r  t o  any one o f  t h r e e  c l a s s i f i c a t i o n s  
o f  w i l d  r i v e r s :  w i l d ,  scenic  o r  r e c r e a t i o n a l .  



2 

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

o r  scenic  c l a s s i f i c a t i o n .  For  t h i s  reason t h e  Water Resources Research 

I n s t i t u t e  o f  t h e  U n i v e r s i t y  o f  Idaho has organized a Scenic R i ve rs  Study 

U n i t  f o r  the  purpose o f  deve lop ing  a methodology f o r  e v a l u a t i o n  o f  s tudy 

r i v e r s .  The goal o f  t h i s  p r o j e c t  i s  t o  es tab l  i s h  c r i t e r i a  which can be 

used t o  i d e n t i f y  and es t ima te  economic, a e s t h e t i c ,  s o c i a l ,  and o t h e r  va lues 

assoc ia ted  w i t h  s tudy  r i v e r s .  

The Salmon R i v e r  i n  Idaho has been se lec ted  as t h e  s tudy  r i v e r  f o r  t h i s  

p r o j e c t .  A map o f  t h e  Salmon R i ve r  i s  shown i n  F igu re  1 .  T h i s  r i v e r  o r i g i n a t e s  

i n  c e n t r a l  Idaho and f l ows  about  425 m i l e s  g e n e r a l l y  through p r e c i p i t o u s  

undeveloped canyon c o u n t r y  and d ischarges i n t o  t h e  Snake R i v e r  49 m i l e s  above 

Lewis ton.  The average annual d ischarge  o f  t h e  Salmon R i v e r  a t  i t s  mouth i s  

abou t  8,000,000 a c r e  f e e t .  

The p o r t i o n  o f  t h e  Salmon f rom i t s  mouth t o  t h e  town o f  No r th  Fork has 

been des ignated as a "s tudy  r i v e r " .  However, f o r  t h e  methodology s tudy t h e  

e n t i r e  Salmon d ra inage  bas in  i s  be ing s tud ied .  There a r e  two reasons f o r  

t h i s ;  f i r s t ,  any economic development--impoundments, d i ve rs i ons ,  m in ing ,  

l ogg ing ,  o r  o t h e r  major  indus t ry - -wou ld  a f f e c t  t h e  main stem w i l d  r i v e r  

sect ion,and second, t h e  s tudy i s  more meaningful  when t h e  e n t i r e  watershed i s  

cons idered.  

The purpose o f  t h e  methodology s tudy i s  t o  develop i n f o r m a t i o n  p e r t i n e n t  

t o  dec is ion-making and p lann ing  as i t  p e r t a i n s  t o  t h e  s e l e c t i o n ,  management, 

and use o f  system r i v e r s .  The methodology s tudy  has f o u r  broad o b j e c t i v e s :  

1  . I n v e n t o r y  t h e  n a t u r a l  and human resources o f  t h e  area and 

es t ima te  f u t u r e  demands f o r  and p o t e n t i a l s  o f  these resources.  

2. I d e n t i f y ,  d e s c r i b e  and q u a n t i f y ,  where poss ib l e ,  b e n e f i t s  

f rom scenic  beauty,  personal enr ichment and o t h e r  a e s t h e t i c  

exper iences d e r i v e d  f rom t h e  r i v e r .  
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3. Develop a  s e r i e s  o f  models t o  eva lua te  resource  use p a t t e r n s  

w i t h  and w i t h o u t  t h e  r i v e r  c l a s s i f i e d  i n  t h e  Na t i ona l  System. 

4. Present  a1 t e r n a t i v e s  f o r  resource  uses conipati b l e  w i t h  t h e  

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

s o c i a l  r a m i f i c a t i o n s  f o r  each a1 t e r n a t i v e .  

The p lan  f o r  t he  methodology s tudy i s  t o  d i v i d e  t h e  research  work 

i n t o  a  s e r i e s  o f  subpro jec ts ,  each cove r i ng  an impo r tan t  a c t i v i t y  r e l a t e d  

t o  t he  r i v e r .  These subpro jec ts  c o n s i s t  o f  f i f t e e n  resource  and s e r v i c e  

f u n c t i o n s :  

1. Fo res t  and range resources 8. H y d r o e l e c t r i c  power 

2. M ine ra l s  9. F lood c o n t r o l  

3. Outdoor r e c r e a t i o n  10.  Nav iga t i on  

4. Commercial f i s h e r i e s  11 . T ranspo r ta t i on  and access 

5. I r r i g a t i o n  12. Anthropology 

6. Water f o r  mun ic ipa l  and 13. H i s t o r y  
i n d u s t r i a l  use 

14. A g r i c u l  t u r e  
7. Water qua1 i ty c o n t r o l  

15. Hunt ing 

B a s i c a l l y  t h e r e  a r e  t h r e e  s teps which w i l l  be implemented f o r  each o f  

these  subpro jec ts .  F i r s t ,  i n d i v i d u a l  researchers  w i l l  i n v e n t o r y  t h e  phys i ca l ,  

b i o l o g i c a l ,  i n s t i t u t i o n a l ,  and human resources a f f e c t i n g  each subp ro jec t .  

Second, t h e  i n v e n t o r y  da ta  ob ta ined  w i l l  be used t o  make an economic eva- 

l u a t i o n  o f  the  c u r r e n t  use o f  these resources,  and t he  p o t e n t i a l  b e n e f i t s  

a v a i l a b l e  f rom them. Th i rd ,  t h i s  da ta  w i l l  be used as a  bas i s  f o r  p r o j e c t i n g  

f u t u r e  resource  use and va lues  under va ry i ng  a l t e r n a t i v e s  rang iug  f rom non- 

i n c l u s i o n  i n  the  System t o  i n c l u s i o n  i n  t h e  System under va r i ous  c l a s s i f i c a t i o n s .  

Data f rom t h e  subpro jec ts  w i l l  be used i n  va r i ous  models t o  eva lua te  

a l t e r n a t i v e  resource  uses. Two types  o f  models a r e  p r e s e n t l y  planned f o r  
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making these  eva lua t i ons .  The f i r s t  model w i l l  be a  smal l  area i n p u t - o u t p u t  

model which w i l l  be used t o  e s t a b l i s h  benchmark va lues  f o r  a1 1  economic 

a c t i v i t y  i n  t h e  area.  The second model i s  a  l i n e a r  programming model which 

w i l l  be used t o  es t imate  t h e  b e n e f i t s  f o r  v a r i o u s  areas o f  development. 

E f f o r t s  w i l l  be made th roughou t  t h e  s tudy  t o  i d e n t i f y  and q u a n t i f y  t h e  

a e s t h e t i c  and personal  enr ichment  va lues  assoc ia ted  w i t h  a  g i ven  r i v e r  bas in .  

Est imates w i l l  be made f o r  1980, 2000, and 2020 c o n s i s t e n t  w i t h  t h e  

water  r esou rce  p l ann ing  done by t h e  P a c i f i c  Nor thwest  R i v e r  Basins Commission 

under t h e  Water Resources Planning A c t  o f  1965. 

The Method01 ogy s tudy,  then, i s  concerned w i t h  t h e  eva l  u a t i o n  process. 

Upon comple t ion  i n  June 1972, i t  w i l l  p r o v i d e  i n p u t  f o r  t h e  " j o i n t "  s t u d i e s  

by t h e  Federa l  and S t a t e  agencies.  These j o i n t  s t u d i e s  w i l l  r e s u l t  i n  r e -  

commendations t o  Congress. 

The purpose o f  t h i s  s u b p r o j e c t  s tudy i s  t o  examine t h e  r o l e  o f  water  

q u a l i t y  i n  t h e  s e l e c t i o n  and management o f  a  system r i v e r .  P a r t  I o f  t h i s  

s tudy  p resen ts  a  b r i e f  r ev i ew  o f  s i g n i f i c a n t  water  q u a l i t y  parameters and 

t h e i r  impor tance t o  a  system r i v e r  and suggests water qua1 i ty  c r i t e r i a  

s u i t a b l e  f o r  a  system r i v e r .  The f a c t o r s  which c o n t r o l  t h e  q u a l i t y  o f  water 

i n  a  systeni r i v e r  and t h e  c o n s t r a i n t s  necessary t o  m a i n t a i n  water  q u a l i t y  

a r e  d iscussed.  

P a r t  I1 o f  t h e  r e p o r t  i s  an  a n a l y s i s  o f  t h e  Salnion R i v e r .  A  genera l  

a p p r a i s a l  o f  e x i s t i n g  q u a l i t y  of water  based on a v a i l a b l e  da ta  i s  presented.  

A  method f o r  s i rnulat ' iug t h e  temperature reg ime o f  a  r i v e r  was developed and 

a p p l i e d  t o  t h e  Salmon R i v e r .  Ram i f i ca t i ons  o f  u t i l i z i n g  Salmon R i v e r  water 

f o r  temperature c o n t r o l  i n  t h e  Snake a r e  examined. 



PART I 

WATER OUALITY PARAMETERS 

The water q u a l i t y  parameters t h a t  a r e  most s i g n i f i c a n t  from a  system 

r i v e r  v i ewpo in t  a r e  d i s s o l v e d  oxygen (DO), b iochemica l  oxygen demand (BOD), 

c o l  i f o rm  b a c t e r i a  (MPN, most p robab ly  number), n u t r i e n t s  (phosphorous, 

n i t r o g e n  and carbon compounds), temperature,  bed 1  oad t r a n s p o r t ,  t u r b i d i t y ,  

c o l  o r ,  odor,  and f l o a t i n g  man-caused d e b r i s .  These parameters,  n o t  n e c e s s a r i l y  

independent o f  each o t h e r ,  a r e  a11 s i g n i f i c a n t  t o  t h e  e c o l o g i c a l  environment 

o f  t h e  stream and t o  t h e  r i v e r  o r i e n t e d  r e c r e a t i o n  exper ience.  

I n  sonie i ns tances  concen t ra t i ons  o f  t o x i c  m a t e r i a l s  such as cyanide,  

~ i i e t a l s ,  arrmonia, and phenols niay be s i g n i f i c a n t  water  q u a l i t y  parameters. 

I n d u s t r i a l  and domest ic e f f l u e n t s  a r e  t h e  usual  source o f  these p o l l u t a n t s .  

They a r e  n o t  a  f a c t o r  on Salmon a t  t he  p resen t  t ime .  However, i n  some 

watersheds, these  elements a r e  s i g n i f i c a n t  t o  t h e  f r eshwa te r  eco logy and 

should  be cons idered  i n  t h e  e v a l u a t i o n  process. 

The f o l l o w i n g  paragraphs d e s c r i b e  s i g n i f i c a n t  parameters and t h e  manner 

i n  which t hey  a r e  u s u a l l y  r epo r t ed .  IVost o f  t h e  m a t e r i a l  i s  ob ta ined  f rom 

chap te rs  11 and 19, r e f e r e n c e  (1  ),  and froni  r e f e rences  ( 2 )  and ( 3 ) .  Accepted 

~nethodology f o r  q u a n t i t a t i v e  de te rn i i na t i on  o f  t h e  v a r i o u s  parameters a r e  

a v a i l a b l e  i n  r e f e r e n c e  ( 4 ) .  

D isso lved  Oxygen (DO, mg/l i t e r )  

D isso lved  oxygen i s  o f  p a r t i c u l a r  impor tance i n  a  f i s h  suppo r t i ng  

stream. Atmosphere c o n t a i n s  abou t  20.9% o f  oxygen by volume whereas stream 

water  exposed t o  an  atmosphere c o n t a i n i n g  20.9% oxygen under s tandard p ressure  

c o n d i t i o n s  a t  30°C has a  sa tu ra ted  DO v a l u e  o f  abou t  7 . 6  mg/l o r  about  0.8% by 
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volume. Thus i t  i s  apparent t h a t  oxygen demands o f  a q u a t i c  organisms must 

be ob ta ined  f rom a  smal l  f r a c t i o n  o f  t h e  water volume and f o r  t h i s  reason 

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

D isso lved  oxygen i s  u s u a l l y  near o r  a t  s a t u r a t i o n  i n  a  t u r b u l e n t  f r e e  

f l o w i n g  stream. Problems can occur ,  however, under a t  l e a s t  two common 

s e t s  o f  c i rcumstances.  When heavy o rgan ic  1  oads a r e  rece i ved  by a  stream, 

t h e  supply  o f  oxygen p resen t  o r  taken i n t o  s o l u t i o n  by c o n t a c t  w i t h  t he  

atmosphere may be i n s u f f i c i e n t  t o  keep pace w i t h  t h e  biochemical  oxygen demand 

o f  t h e  o r g a n i c  load .  Where t h e  r i v e r  i s  loaded a t  f r equen t  i n t e r v a l s ,  i t  lnay 

n o t  recover  between l o a d i n g  p o i n t s .  

Another source o f  DO problems may be a  deep upstream impoundment. The 

lower  l e v e l  o f  a  deep r e s e r v o i r  may be comple te ly  devoid o f  d i sso l ved  oxygen. 

T h i s  r e s u l t s  when o rgan ic  decomposi t ion uses up a l l  a v a i l a b l e  oxygen. 

When t h i s  water i s  r e1  eased i n t o  n a t u r a l  channels,  i t  may r e q u i r e  many 

m i l e s  t o  r e a e r a t e  t h e  stream, depending on t he  t u rbu lence  and dep th  o f  f l o w .  

"Rules -- and Regu la t ions  -- f o r  t h e  Estab l ishment  - o f  Standards o f  Water Q u a l i t y  -- 
and f o r  Waste Water Treatment Requirements f o r  Waters o f  t h e  S t a t e  o f  Idaho" ---- ----- 

( 5 )  p laced i n  e f f e c t  September 4,  1968, s p e c i f i e s  standards fo rmu la ted  by t h e  

Idaho S t a t e  Board o f  Hea l th .  These standards r e q u i r e  DO l e v e l s  t o  be a t  l e a s t  

75 pe rcen t  o f  s a t u r a t i o n  a t  seasonal 1  ow and 100 percen t  s a t u r a t i o n  d u r i n g  

spawning, ha tch ing  and f r y  stages a l ong  salmonid suppor t ing  streams. 

Federal  recommendations ( 6 )  f o r  t he  l e v e l s  o f  d i s s o l v e d  oxygen f o r  

t h e  maintenance o f  f i s h  and o t h e r  aqua t i c  l i f e  i n  streams a r e  quoted below: 

For a  d i v e r s i f i e d  warm-water b i o t a ,  i n c l u d i n g  game f i s h ,  
da - i l y  DO c o n c e n t r a t i o n  should be above 5  mg/ l ,  assuming t h a t  
t h e r e  a r e  normal seasonal and d a i l y  v a r i a t i o n s  above t h i s  
concen t ra t i on .  Under extreme c o n d i t i o n s ,  however, and w i t h  
t he  same s t i p u l a t i o n  f o r  seasonal and d a i l y  f l u c t u a t i o n s ,  t h e  
DO may range between 5  mg/l and 4 mg/l f o r  s h o r t  pe r i ods  o f  
t ime,  p rov ided  t h a t  t he  water q u a l i t y  i s  f a v o r a b l e  i n  a l l  o t h e r  
r espec t s .  . . 



These requi rements  should  a p p l y  t o  a l l  waters  excep t  
a d m i n i s t r a t i v e l y  es tab l  i shed  m i x i n g  zones. . . I n  streams, 
t h e r e  must be no b locks  t o  m i g r a t i o n  and t h e r e  must be adequate 
and sa fe  passageways f o r  m i g r a t i n g  forms. These zones o f  
passage must be ex tens i ve  enough so t h a t  t h e  m a j o r i t y  o f  
p l ank ton  and o t h e r  d r i f t i n g  organisms a r e  p r o t e c t e d  . . . 

For  t h e  c o l d  water  b i o t a ,  i t  i s  d e s i r a b l e  t h a t  DO con- 
c e n t r a t i o n s  be a t  o r  near s a t u r a t i o n .  Th i s  i s  e s p e c i a l l y  
i m p o r t a n t  -in spawning areas where DO l e v e l s  must n o t  be below 
7 mg/l a t  any t ime.  For  good growth and t h e  genera l  we1 1  be ing 
o f  t r o u t ,  salmon, and o t h e r  spec ies o f  t h e  b i o t a ,  DO con- 
c e n t r a t i o n s  should  n o t  be below 6 mg/l . Under extreme c o n d i t i o n s  
they may range between 6 and 5  mg/l f o r  s h o r t  pe r i ods  p rov ided  
t h a t  t h e  water  q u a l i t y  i s  f a v o r a b l e  and normal d a i l y  and seasonal 
f l u c t u a t i o n s  occur .  I n  l a r g e  streams t h a t  have some s t r a t i f i c a t i o n  
o r  t h a t  se rve  p r i n c i p a l l y  as  m i g r a t o r y  r ou tes ,  DO 1  eve l s  may be 
as l ow  as  5  mg/l f o r  pe r i ods  up t o  6 hours, b u t  should  never be 
below 4 mg/l a t  any t ime  o r  p l ace .  

The Idaho c r i t e r i a  should be s a t i s f a c t o r y  f o r  a  system r i v e r  t h a t  i n c l u d e s  

spawn ingandha tch ing  a reas .  The Federal  c r i t e r i a  should  be adequate f o r  a l l  

o t h e r  system r i v e r s .  The Federa l  r e g u l a t i o n s  a r e  a t  t h e  p resen t  t ime  gu ide  

l i n e s  and f o r  t h i s  reason a  c r i t e r i a  would have t o  be s p e c i f i e d  when t h e  

r i v e r  i s  c l a s s i f i e d  as a  system r i v e r .  

Biochemical  Oxygen Demand (BOD, mg/l i t e r )  

Biochemical  oxygen demand (BOD) i s  a  measure o f  t h e  decomposab i l i t y  

o f  o rgan i c  m a t t e r  and i t s  p o t e n t i a l  nuisance l e v e l .  BOD i s  determined by 

measur ing t h e  amount o f  d i s s o l v e d  oxygen consumed by b iochemica l  s t a b i l i z a t i o n  

o f  o r g a n i c  m a t t e r  d u r i n g  t h e  i n c u b a t i o n  o f  a  sarr~ple o f  water  f o r  a  s p e c i f i c  

l e n g t h  o f  t i m e  under s tandard c o n d i t i o n s .  Sho r t  term ( 5  t o  10  days)  t e s t s  

i n d i c a t e  o n l y  t h e  o x i d a t i o n  o f  t h e  carbon o f  t h e  o rgan i c  m a t t e r .  To o b t a i n  

a  more complete  p i c t u r e  of b iochemica l  oxygen demand i n c l u d i n g  the  n i t r i f i c a t i o n  

s tage,  l ong  term t e s t s  mus.t be conducted. 

Normal background l e v e l s  o f  BOD on t h e  o r d e r  o f  one mg/l i t e r  r e s u l t  f rom 

decay ing vege ta t i on ,  con tam ina t i on  by animal s  , and o t h e r  n a t u r a l  sources. BOD 

l e v e l s  h i g h e r  than t h i s  a r e  an i n d i c a t i o n  o f  o rgan ic  l o a d i n g  due t o  e i t h e r  

decompos i t i on  o f  a l gae  o r  man caused waste l o a d i n g s .  
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L i m i t i n g  v a l u e s  o f  BOD a r e  n o t  u s u a l l y  s p e c i f i e d  f o r  streams. High 

v a l u e s  o f  BOD i n d i c a t e  a  p o t e n t i a l  f o r  l o w  d i s s o l v e d  oxygen and f o r  t h i s  

reason BOD should  be mon i to red  on a  systems r i v e r .  

Col i f o r m  B a c t e r i a  (MPN) 

C o l i f o r m  b a c t e r i a  a r e  i n d i c a t o r  organisms whose presence i n  water  

warns t h a t  pathogenic  b a c t e r i a  which o r i g i n a t e  i n  t h e  human i n t e s t i n e  

may be p r e s e n t  . 
"Rules and Regu la t ions  f o r  t h e  Es tab l i shment  o f  Standards o f  Water 

Q u a l i t y .  . . "  ( 5 )  prepared by t h e  Idaho S t a t e  Board o f  H e a l t h  e s t a b l i s h e s  

t h e  f o l l o w i n g  s tandards f o r  wa te rs  upstream of l a k e s  and r e s e r v o i r s  used f o r  

r e c r e a t i o n ,  d r i n k i n g  water  suppl i e s ,  f i s h  and w - i l d l  i f e  p ropoga t ion  and/or  

a e s t h e t i c  purposes. 

No wastes s h a l l  be d ischarged  and no a c t i v i t y  s h a l l  be conducted 
which a l o n e  o r  i n  comb ina t ion  w i t h  o t h e r  wastes w i l l  cause i n  
these  wa te rs :  average c o n c e n t r a t i o n s  o f  c o l  i f o r m  b a c t e r i a  t o  
exceed 240 per  100 m i l l i l i t e r s  w i t h  20 p e r c e n t  o f  t h e  samples n o t  
t o  exceed 1000 p e r  100 m i l  1  il i t e r s  and f e c a l  c o l  i f o r m  n o t  t o  
exceed 50 p e r  100 m i l  1  il i t e r s  w i t h  20 p e r c e n t  o f  t h e  samples 
n o t  t o  exceed 200 per  100 m i l l i l i t e r s .  

The usual  u n i t  f o r  r e p o r t i n g  c o l  i f o r m  organisms i s  t h e  most p robab le  

number (MPN). T h i s  number i s  o b t a i n e d  by a p p l y i n g  a  p r o b a b i l  i t y  techn ique  

t o  an ensemble o f  d a t a  and r e p r e s e n t s  s t a t i s t i c a l l y  t h e  number o f  organisms 

which o c c u r s  most f r e q u e n t l y  i n  a  s e r i e s  o f  random samples. The number 

o f  c o l  i f o r m  growths i s  o b t a i n e d  by c o u n t i n g  b a c t e r i a l  g rowth  r e s u l t i n g  f rom 

i n n o c u l a t i o n  o f  a  n u t r i e n t s  medium w i t h  a  wa te r  sample. More r e c e n t  

work has c e n t e r e d  around a  process where a  measured amount o f  wa te r  i s  

f i l t e r e d  th rough  a  membrane which w i l l  r e t a i n  t h e  b a c t e r i a ;  t h e  membrane 

i s  t h e n  p laced  o v e r  a  d i f f e r e n t i a l  medium, incuba ted ,  and a p p r o p r i a t e  groups 

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

l a w  b u t  a r e  u s e f u l  f o r  i n v e n t o r y  and r e s e a r c h  where su rvey  t y p e  o f  i n f o r m a t i o n  
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i s  needed. The 24 hour agar  p l a t e  count ,  w i t h  s e r i a l  d i l u t i o n  where t h e  

number o f  d e v e l o p i n g  c o l o n i e s  i s  l a r g e ,  i s  t h e  accepted s tandard.  

A  s tandard s i m i l a r  t o  t h a t  quoted f r o m  Reference ( 5 )  above shou ld  

be an adequate s tandard  f o r  a  system r i v e r .  The problem i s  t o  deve lop 

an adequate m o n i t o r i n g  system f o r  t h e  d ra inages  above o r  w i t h i n  t h e  

system r i v e r  area and t o  adequa te ly  e n f o r c e  t h e  r e g u l a t i o n s .  

N u t r i e n t s  ( m g l l i t e r )  

The presence o f  n u t r i e n t s  ( n i t r o g e n  , phosphorous and carbon compounds) 

i n  f r e e  f l o w i n g  water  i n d i c a t e s  a  p o t e n t i a l  f o r  a l g a e  growth.  Phosphorous 

c o n c e n t r a t i o n s  (expressed as phosphate) above 0.03 m g l l i t e r  may promote 

nu isance  a q u a t i c  growth.  The t h r e s h o l d  v a l u e  f o r  n i t r o g e n  a t  which ex- 

c e s s i v e  a l g a e  p r o d u c t i o n  n o r m a l l y  occurs  i s  abou t  0.3 m g l l i t e r .  These 

percentages a r e  n o t  v e r y  d e f i n i t i v e ;  c e r t a i n  comb ina t ions  o f  temperature ,  

l i g h t  and chemica ls  a r e  necessary f o r  g rowth  t o  o c c u r .  

The source o f  n u t r i e n t s  may be o r g a n i c  m a t e r i a l s  f l u s h e d  o r  d i scharged  

i n t o  t h e  r i v e r  o r  ground wa te r  which has leached m i n e r a l s  f r o m  t h e  a q u i f e r .  

The fo rmer  source i s  t h e  usua l  source.  

A1 g a l  g rowth  and s l  imes i n t e r f e r e  w i t h  swimming, b o a t i n g  and s p o r t  

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

decompos i t i on  o f  a l g a e  t i e s  up s i g n i f i c a n t  q u a n t i t i e s  o f  d i s s o l v e d  oxygen; 

t h e  r e s u l t  may be s e r i o u s  oxygen d e p l e t i o n  i n  t h e  l o w e r  l e v e l s  o f  r e -  

s e r v o i r s  o r  deep streams. Residue f rom decay ing organisms ( c o l l o i d i a l  s i z e )  

when r e l e a s e d  f r o m  impoundments r e s u l t s  i n  h i g h l y  t u r b i d  wa te r  w i t h  s i g n i f i c a n t  

oxygen demand. 

The presence o f  h i g h  n u t r i e n t  l e v e l s  i s  g e n e r a l l y  a  f u n c t i o n  o f  t h e  

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

a l l o w a b l e  l e v e l  o f  n u t r i e n t s  i s  e s t a b l i s h e d  f o r  a  system r i v e r ,  i t  w i l l  be 
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necessary t o  have a  management p l a n  f o r  t h e  e n t i r e  watershed above and 

i n c l u d i n g  t h e  system r i v e r .  I n  some ins tances  t h i s  l and  w i l l  be p r i m a r i l y  

Federal  l a n d  and t h e  management o f  t h e  l and  w i l l  be i n t e r n a l .  I n  o t h e r  

ins tances  (and p robab ly  t h e  usual  case) t h e  l a n d  w i l l  be owned by p r i v a t e ,  

co rpo ra te ,  and government e n t i t i e s  and thus w i l l  r e q u i r e  easements and 

use zoning t o  i n s u r e  adequate management o f  t h e  watershed. 

Idaho r e g u l a t i o n s  ( 5 )  f o r b i d  t h e  a d d i t i o n  t o  waterways o f  any 

measurabl e  c o n c e n t r a t i o n  o f  phosphorous o r  n i t r o g e n  compounds above those 

o f  n a t u r a l  o r i g i n .  

Na tu ra l  background 1  eve1 s  a r e  d i f f i c u l  t t o  a s c e r t a i n .  C r i t e r i a  w i l l  

have t o  be developed and adhered t o  i f  t h e  a e s t h e t i c  qua1 i t y  o f  t h e  r i v e r  

i s  t o  be mainta ined.  

Var ious t e s t s  f o r  n i t r o g e n ,  phosphorous, and carbon compounds a r e  

p resc r i bed  i n  r e fe rence  (1 ) ,  ( Z ) ,  o r  ( 4 ) .  The u n i t  r epo r ted  f o r  Idaho s t a t i o n s  

i s  m g l l i t e r .  

Temperature ("C ) 

Water temperature i s  an impo r tan t  parameter f rom t h e  v i ewpo in t  o f  

water  c o n t a c t  s p o r t s  and because temperature i s  a  p r imary  v a r i a b l e  o f  

b i o l o g i c  a c t i v i t y .  D isso lved  oxygen con ten t ,  chemical and b i o l o g i c a l  

r e a c t i o n s ,  f i s h  m i g r a t i o n  c y c l e s  and t r i g g e r i n g  mechanisms f o r  va r i ous  

types o f  b i o t i c  a c t i v i t y  a r e  a l l  a  f u n c t i o n  o f  temperature.  The reader  i s  

r e f e r r e d  t o  chap te r  V , "Water Temperature E f f e c t s ,  Requirements and 

Problems" ( 7 )  f o r  a  more complete d i scuss ion  o f  temperature e f f e c t s .  Though 

d i r e c t e d  s p e c i f i c a l l y  a t  t h e  Columbia R i v e r  anadromous f i s h e r y ,  t h e  reader  

can o b t a i n  some understanding of t he  importance o f  temperature on t he  a q u a t i c  

environment.  

The temperatures of  a  stream may be mod i f i ed  i n  many ways. Some o f  

these i n c l u d e :  dumping l a r g e  q u a n t i t i e s  o f  warm water i n t o  t he  stream such 
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as m i g h t  occur  a t  a  thermal e l e c t r i c  p l a n t ;  changing shade c o n d i t i o n s  

on upstream t r i b u t a r i e s  th rough  t i m b e r  h a r v e s t  o r  f i r e ;  i n c r e a s i n g  t h e  

i n f l o w  o f  warm s u r f a c e  runo f f  waters  ( i r r i g a t i o n  r u n o f f )  ; r e 1  ease f r o m  

upstream impoundments; and r e d u c i n g  t h e  d i s c h a r g e  i n  t h e  stream by up- 

s t ream d i v e r s i o n s .  A method of  m o d i f y i n g  temperatures i n  downstream 

reaches by s e l e c t i v e  w i t h d r a w a l s  f r o m  deep impoundments and a  model f o r  

p r e d i c t i n g  tempera tu re  i n  a  stream a r e  d iscussed i n  a  l a t e r  s e c t i o n .  

L o c a t i o n s  o f  sampl ing s i t e s  i n  Idaho where temperatures a r e  recorded  

can be found i n  "Water Resources Data f o r  Idaho"  (8 ) .  R e f e r r i n g  t o  

"Rules and R e g u l a t i o n s  --- S t a t e  o f  Idaho"  ( 5 ) ,  f o r  wa te rs  upstream o f  

r e c r e a t i o n  a reas ,  i t  i s  s t a t e d  t h a t  "No . . . a c t i v i t i e s  . . . w i l l  cause 

i n  t h e s e  waters  any measurabl e  i n c r e a s e  ( - in  temperature) when s t ream 

temperatures a r e  66OF o r  above o r  more than 2°F i n c r e a s e  when temperatures 

a r e  64°F o r  l e s s .  T h i s  r e g u l a t i o n ,  if enforced,  shou ld  be adequate f o r  

a  system r i v e r .  

Sediment (mg/l i t e r  o r  ppm) 

"Sediment i s  s o l i d  m a t e r i a l  t h a t  o r i g i n a t e s  m o s t l y  f r o m  d i s -  
i n t e g r a t e d  r o c k s  and i s  t r a n s p o r t e d  by, suspended o r  d e p o s i t e d  
f rom wate r  ; i t  i n c l  udes chemical  and b iochemica l  p r e c i p i t a t e s  
and decomposed o r g a n i c  m a t e r i a l  such a s  humus. The q u a n t i t y ,  
c h a r a c t e r i s t i c s ,  and causes o f  t h e  occur rence  o f  sediment i n  
streams a r e  i n f l u e n c e d  by env i ronmenta l  f a c t o r s .  Some ma jo r  
f a c t o r s  a r e  degree o f  s lope ,  l e n g t h  o f  s lope,  s o i l  c h a r a c t e r i s t i c s ,  
l a n d  usage and q u a n t i t y  and i n t e n s i t y  o f  p r e c i p i t a t i o n . "  (8)  

Q u a n t i t i e s  of  sediment,  b o t h  bed l o a d  and suspended a r e  measured i n  

mg/l i t e r  o r  p a r t s  p e r  m i l  1  i o n  (ppm) . The q u a n t i t y  o f  suspended sediment 

pass ing  a  g i v e n  c r o s s  s e c t i o n  can be o b t a i n e d  by i n t e g r a t i n g  o v e r  t h e  

c r o s s  s e c t i o n  s e l e c t i v e  sampl es o b t a i n e d  w i t h  a  d e p t h - i n t e g r a t i n g  sedinient 

sampl e r .  

Re1 i a b l e  bed l o a d  q u a n t i t i e s  a r e  d i f f i c u l t  t o  o b t a i n .  Es t ima tes  a r e  

o b t a i n e d  by c o l l e c t i n g  m a t e r i a l  i n  a  bed l o a d  t r a p  s y s t e m a t i c a l l y  ac ross  
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a section. Material moving along the bed i s  trapped for  a specified 

interval of time, weighed, and then integrated across the width of the 

channel. Other methods of measuring bed load are  to d i rec t  the en t i re  

flow of the stream over a turbulence s i l l  and col lec t  representative 

samples of temporarily suspended bed load material with a depth inte- 

grating sampler or to trap the ent i re  bed load in a s lo t  or trench 

constructed across the width of the stream. These methods are  only 

appl icabl e for small sand-bed streams. The reader i s  referred to reference 

( 9 )  for a more complete treatment on the measurement of sediment loads 

in streams. 

Bed load deposits may be detrimental from an aesthetic viewpoint 

though in some cases beaches resulting from exposure of these deposits 

a t  low water may enhance the recreational character is t ics .  In some 

instances the generation of large quantit ies of bed load has led to the 

burial of spawning bed gravels (South Fork Salmon River) and thus degrades 

the fishery. 

If sediment input into a system r iver  i s  to be controlled, a management 

plan for  the watershed will have to be in e f fec t .  Certain development 

associated with logging, cropping e t c . ,  generates significant quantit ies 

of sediment above normal background levels .  This ac t iv i ty  will need to be 

regulated i f  water quality i s  t o  be maintained. 

Turbidity (JTU) 

Turbidity, which i s  the cloudiness in a l iquid,  resu l t s  from the 

suspension i n  water of f ine organic and inorganic matter and microscopic 

organisms. Turbidity i s  usually measured a s  the r a t io  of the intensity of 

l i gh t  scattered by the part ic les  in the liquid to the intensity of l i gh t  

transmitted through the 1 iquid . 
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The standard i ns t rumen t  f o r  measuring t u r b i d i t y  i s  t h e  Jackson 

Tu rb id ime te r .  A  tube  w i t h  a  t r anspa ren t  bottom and dark  s i des  i s  placed 

over  a  l i g h t e d  candle.  The tube i s  f i l l e d  u n t i l  t h e  dep th  o f  l i q u i d  i s  

such t h a t  t h e  out1 i n e  o f  t h e  cand le  f lame i s  no l onge r  d i sce rnab le .  

T u r b i d i t y  u n i t s  can then  be read  d i r e c t l y  f rom t h e  c a l i b r a t i o n  sca le  on 

t h e  v e r t i c a l  tube. 

Another t ype  o f  t u r b i d i t y  measurement equipment c o n s i s t s  o f  a  

pumping and r e c i r c u l a t i n g  system, sed imenta t ion  chamber, t u r b i d i t y  

d e t e c t o r  and r e c o r d i n g  systems. The ins t rument  measures, i n d i c a t e s ,  and 

records  t h e  degree o f  t u r b i d i t y  i n  a  f l o w i n g  1  i q u i d  by means o f  an e l e c t r i c  

c e l l  and reco rde r  ( 9 ) .  

The Jackson t u r b i d i t y  u n i t  based on t h e  s c a t t e r i n g  o f  l i g h t  r ays  

d i r e c t e d  through a  stream o f  water i s  t h e  usual  u n i t  r epo r ted .  T u r b i d i t y  

i n  water lowers t he  c a t c h a b i l i t y  o f  f i s h ,  can t r i g g e r  abnormal i n s e c t  d r i f t ,  

reduces p r o d u c t i v i t y  o f  aqua t i c  l i f e  and i s  d e t r i m e n t a l  f rom an a e s t h e t i c  

v i ewpo in t .  

Idaho r e g u l a t i o n s ,  ( 5 )  s p e c i f y  t h a t  a c t i v i t y  on t h e  stream cannot r e s u l t  

i n  t u r b i d i t y  o t h e r  than o f  n a t u r a l  o r i g i n  t o  exceed 5  Jackson T u r b i d i t y  U n i t s .  

T h i s  appears t o  be a  reasonable s p e c i f i c a t i o n  f o r  a  system r i v e r .  

Co lo r  

E x t r a c t s  f rom 1  eaves, peaty  m a t e r i a l  o r  d i s s o l v e d  o r  c o l l  o i d a l  substances 

impa r t  c o l o r  t o  n a t u r a l  water .  Co lo r  i s  u s u a l l y  s p e c i f i e d  by t h e  ndmber o f  

u n i t s  (p la t inum-cobal  t s c a l e ) .  The number i s  ob ta ined  by comparing t h e  sample 

w i t h  a  known c o n c e n t r a t i o n  o f  p la t inum-cobal  t. I f  o t h e r  water qua1 i t y  reg -  

u l a t i o n s  a r e  compl ied w i t h ,  i t  i s  u n l i k e l y  t h a t  c o l o r  w i l l  be a  problem i n  

a  system r i v e r .  Dur ing  h i g h  water per iods ,  c o n t a c t  o f  t h e  water w i t h  leaves,  

needles o f  c o n i f e r s  e tc . ,  may r e s u l t  i n  a  c o l o r i q g  o f  t h e  water .  Tann-ins, 
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humic a c i d  and humates a r e  cons idered  t o  be t h e  p r i n c i p a l  c o l o r i n g  

compounds. Na tu ra l  seasonal d i s c o l o r a t i o n  o f  t h i s  t y p e  would n o t  be 

d e t r i m e n t a l  t o  a  system r i v e r .  

Odor 

Odors i n  water  r e s u l t  f r om  v o l a t i l e  substances assoc ia ted  w i t h  

o r g a n i c  m a t t e r  and f r om t h e  r e l e a s e  o f  gasses such as hydrogen s u l f i d e  

f r om  s o l u t i o n .  Odor i n t e n s i t y  i s  r e p o r t e d  as a  t h r e s h o l d  odor number. 

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

odor  f r e e  water  when t h e  sample i s  d i l u t e d  t o  t h e  p o i n t  t h a t  t h e  odor  

i s  j u s t  n o t i c e a b l e .  As an example, if 4 m l  o f  sample d i l u t e d  t o  200 m l  

reduces t h e  odor  t o  a  p o i n t  where i t  i s  j u s t  n o t i c e a b l e ,  t h e  t h r e s h o l d  

200 = 50, odor  number would 4 

If o t h e r  wa te r  qua1 i t y  c r i t e r i a  ou t1  i n e d  i n  t h i s  r e p o r t  a r e  adhered 

t o ,  odor shou ld  n o t  be a  problem i n  a  system r i v e r .  

F l o a t i n g  Deb r i s  

T h i s  m a t e r i a l  u s u a l l y  o r i g i n a t e s  f r om  f l o o d i n g  o f  dumps and ca re l ess  

o r  t hough t l ess  s o l i d  waste d i sposa l  p r a c t i c e s .  The c o r r i d o r  management 

concept  o f  system r i v e r s  would p rec l ude  t h i s  t ype  of p o l l u t i o n .  Again, 

p roper  management o f  t h e  watershed w i  11 be necessary t o  e l  i m i n a t e  f 1  o a t i n g  

d e b r i s  o r i g i n a t i n g  f r o m  t r i b u t a r i e s  and reaches above t h e  system r i v e r .  



PART I 1  

WATER QUALITY - SALMON RIVER 

Three r a t h e r  l i m i t e d  sources o f  water  q u a l i t y  da ta  a r e  a v a i l a b l e  

f o r  t h e  Salmon R i v e r .  S t a r t i n g  w i t h  t h e  water  yea r  o f  1967 t h e  U.S. 

Geo log ica l  Survey has c o l l e c t e d  and r e p o r t e d  water q u a l i t y  da ta  f o r  t h e  

White B i r d  gage s i t e  a t  r i v e r  m i l e  53.7. The da ta  i s  r e p o r t e d  i n  t h e  

annual pub1 i c a t i o n ,  "Water Resource --- Data f o r  Idaho" ( 8 ) .  A d d i t i o n a l  l y ,  

severa l  o t h e r  s i t e s  i n  t h e  upper Salmon d ra inage  have been moni tored i n  

r e c e n t  years  on an i n t e r m i t t a n t  bas i s .  S i t e s  f o r  which data i s  a v a i l a b l e  

i nc l ude :  t h e  Lemhi R i v e r  near Salmon, L i t t l e  Boulder Creek below Boulder  

Chain Lake Lookout,  L i t t l e  Boulder  Creek above Baker Lake, B ig  Boulder  

Creek near C l a y t o n ,  J im Creek near Clayton,  Salmon R i v e r  a t  Salmon and 

Pahsimeroi R i v e r  a t  E l l i s .  T h i s  da ta  can be ob ta ined  f rom t h e  U.S. 

Geo log ica l  Soc ie ty ,  Boise o f f i c e .  Data f rom these  sources w i l l  hence fo r t h  

be r e f e r r e d  t o  as U.S.G.S. da ta .  

From J u l y  8  t o  August 10, 1971, an - i nves t i ga t i on  o f  some chemical ,  

phys i ca l  and b a c t e r i o l o g i c a l  aspects  o f  t h e  Salmon R i v e r  f rom t h e  con- 

f l u e n c e  o f  t h e  No r th  Fork  ( r i v e r  m i l e  237.1, F i g u r e  1 )  t o  Salmon F a l l s  

( r i v e r  m i l e  170) was conducted by men~bers o f  R icks  Co l lege  B i o l o g i c a l  

Science Department. "Water Q u a l i t y  Study on t h e  Salmon R i v e r  Between No r th  

Fork and Salmon F a l l s "  (10)  was performed f o r  t h e  In te rmounta in  Range and 

Fo res t  Research S t a t i o n ,  Ogden, Utah. Though t h e  r e p o r t  s p e c i f i c a l l y  s t a t e s  

t h a t  inadequate da ta  was ob ta ined  t o  e s t a b l i s h  base 1  i n e  data,  i t  presents  

reasonable da ta  f o r  t h e  season t h e  s tudy  t ook  p lace .  The data w i l l  be 

r e f e r r e d  t o  as R icks  da ta .  
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F i g u r e  3.  D isso lved  oxygen p l o t t e d  as a  mean 
f o r  a1 1  sampl es taken a t  each 
c o l l e c t i n g  s t a t i o n  f o r  t he  e n t i r e  
i n v e s t i g a t i o n .  

(From Reference 10) 
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F igu re  2.  D isso lved  oxygen p l o t t e d  as a  mean f o r  
a l l  s t a t i o n s  on each c o l l e c t i n g  day. 

( From Reference 10)  



I." 
Salmon River 

1.0 1 mile 170 to 2 3 7  

MONTH & DAY 

Figure 4.  Biochemical Oxygen Demand 
(ppm) mean f o r  a1 1  s t a t i o n s  on each 
c o l l e c t i n g  da te .  

see Figure 3 for 
Station location 

1 2 3 4 5 6  

STATION 

Figure 5 .  Biochemical Oxygen 
Demand (ppm) mean f o r  a1 1  
samples taken a t  each c o l l e c t -  - 
ing s t a t i o n  f o r  the e n t i r e  CO 

i nves t iga t ion .  

(From Reference 10) 
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The t h i r d  source  o f  i n f o r m a t i o n  was f u r n i s h e d  by t h e  Water P o l l u t i o n  

C o n t r o l  A d m i n i s t r a t i o n  o f  t h e  Idaho Department o f  H e a l t h  (1 1  ) .  

A  s e r i e s  o f  d i s s o l v e d  oxygen and B iochemica l  Oxygen Demand sarl.lples were 

taken  a t  s e l e c t e d  s i t e s  a l o n g  t h e  Salmon i n  October ,  1970. A l s o ,  t o t a l  

c o l i f o r m  c o u n t s  were o b t a i n e d  f o r  t h e  Salmon above and below R i g g i n s .  

O i s s o l v e d  Oxygen and B iochemica l  Oxygen Demand 

R e s u l t s  r e p o r t e d  by t h e  Idaho Department of H e a l t h  f o r  samples taken  

f r o m  t h e  Salmon R i v e r  and i t s  t r i b u t a r i e s  i n  October ,  1970 a r e  a s  f o l l o w s :  

DO 
ppm 

Eas t  F o r k  Salmon a t  mouth 11.4 
Salmon R i v e r  a t  C l a y t o n  13.9  
Salmon R i v e r  a t  C h a l l i s  13.8  
Salmon R i v e r  a t  N o r t h  F o r k  13.5 
Salmon R i v e r  a t  Salmon 13.6 
Salmon R i v e r  a t  Whi te  B i r d  11.5  
Yankee F o r k  a t  mouth 12.1 

BOD 
EL!!! 
1 .6  
1 .3  
2.2 
2.4 
2.7 

R i v e r  
M i l e  

343.0 
347.2 
317.4 
237.1 
254.9 

53.6 
367.1 

D i s s o l v e d  oxygen r e p o r t e d  a r e  a t  o r  near s a t u r a t i o n  and BOD v a l u e s  

a r e  i n  a  s a t i s f a c t o r y  range.  

The R i c k s  s t u d y  covered  a  r e a c h  f r o m  N o r t h  F o r k  t o  Salmon F a l l s .  Va lues 

o b t a i n e d  by a v e r a g i n g  r e s u l t s  f r o m  s i x  s t a t i o n s  show DO r a n g i n g  f r o m  7.5 t o  

10.0 ppm ( J u l y  - August )  and BOD r a n g i n g  f r o m  1.6 t o  5.5 ( J u l y  - Augus t ) .  

S i g n i f i c a n t  p l o t s  f r o m  t h i s  s t u d y  a r e  shown as F i g u r e s  2  t h r u  5. 

The R i c k s  s t u d y  t o o k  p l a c e  d u r i n g  t h e  c r i t i c a l  l o w  w a t e r  season. Even 

d u r i n g  t h i s  adverse  p e r i o d  d i s s o l v e d  oxygen was a t  o r  near  s a t u r a t i o n  and 

B iochemica l  Oxygen Uemand were reasonab le  though somewhat h i g h e r  t h a n  one 

would e x p e c t .  T h i s  p r o b a b l y  i n d i c a t e s  s i g n i f i c a n t  o r g a n i c  l o a d i n g ,  however, 

t h e  n a t u r e  o f  t h e  r i v e r  ( s h a l l o w  and t u r b u l e n t )  i s  such t h a t  t h e  r i v e r  has 

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

Feca l  Col i f o r m  

The Idaho Department o f  H e a l t h  r e p o r t e d  t o t a l  c o l  i f o r m  coun ts  o f  

100/100 ml above R i g g i n s  and 400/100 m l  below R i g g i n s  f o r  t h e  Salmon 



2  0  

R i v e r  i n  October  1970. The 100/100 m l  i s  w e l l  w i t h i n  t h e  g e n e r a l l y  accepted 

1  i m i  t o f  24011 00 m l  f o r  water  c o n t a c t  s p o r t s  reaches.  The 40011 00 m l  

though n o t  cons ide red  e x c e s s i v e l y  h i g h  i l l u s t r a t e s  t h a t  even a  smal l  

conmuni ty  such as R i g g i n s  can have an impact  on  a  r e l a t i v e l y  l a r g e  r i v e r .  

R e s u l t s  f roni  t h e  R i c k s  s t u d y  a r e  shown i n  F i g u r e s  ( 6 )  t h r u  ( 9 ) .  

Though mean va lues  o f  Fecal C o l i f o r m  f o r  a l l  s t a t i o n s  and mean v a l u e s  o f  

Fecal C o l i f o r m  f o r  a l l  samples a r e  accep tab le ,  c o l  i f o r m  coun ts  a r e  some- 

what h igh .  T h i s  h i g h  c o u n t  i s  a  r e s u l t  o f  raw sewage dumped i n t o  t h e  

Salmon R i v e r  by t h e  community o f  Salmon. The R i c k s  s t u d y  emphasized t h a t  

t h e i r  number o f  samples was too  smal l  t o  make more than  genera l  conc lus ions ,  

b u t  i t  i s  e v i d e n t  t h a t  i f  t h e  reach  immed ia te ly  below t h e  Salmon i s  t o  be 

used f o r  c o n t a c t  s p o r t ,  a d d i t i o n a l  t r e a t m e n t  o f  sewage (which i s  i n  t h e  

p l a n n i n g  s tage)  i s  needed. 

Chemical a n a l y s i s  

Chemical a n a l y s i s  a r e  a v a i l a b l e  f rom a l l  t h r e e  sources ment ioned a t  t h e  

s t a r t  of t h i s  c h a p t e r .  Phosphate and n i t r a t e s  c o n t r i b u t e  t o  a l g a l  growth,  

a  p o t e n t i a l  problem on t h e  Salmon, and f o r  t h i s  reason w i l l  be d iscussed .  

The R i c k s  s t u d y  ( F i g u r e  1 0  and 11)  r e p o r t s  mean va lues  o f  phosphate 

f o r  t h e  r e a c h  below N o r t h  Fork  rang i r rg  f rom 1.40 PPM t o  0.04. H igh  va lues  

o f  phosphate were nieasured f rom e a r l y  J u l y  t o  m i d  o r  l a t e  J u l y  f o l l o w e d  

by l o w  v a l u e s  th rough  August.  N i t r a t e s  ranged f r o m  7.6  PPM t o  1.7 PPM w i t h  

a  temporal  v a r i a t i o n  s i m i l a r  t o  t h a t  r e p o r t e d  f o r  phosphate.  

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

r u n o f f  f r o m  a g r i c u l t u r a l  l a n d s  above t h e  N o r t h  Fork .  As r u n o f f  subs ides 

1  eav ing  p r i m a r i l y  ground wa te r  s u p p l y i n g  t h e  r i v e r ,  t h e  n u t r i e n t  1  eve1 s  

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

t r , i g g e r i n g  a1 g a l  bloom if tempera tu re  and o t h e r  f a c t o r s  a r e  f a v o r a b l e .  A1 g a l  

bloom have been r e p o r t e d  i n  t h i s  r e a c h  o f  t h e  w a t e r .  



t Salmon River - mile 170 to 237  
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Figure 6 .  Fecal Coliform plo t ted  a s  a  mean f o r  
a l l  s t a t i o n s  on each c o l l e c t i n g  d a t e .  

see Figure 3 for 
Station location 
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Figure 7 .  Fecal Coliform p lo t t ed  a s  a  mean 
f o r  a l l  samples taken a t  each c o l l e c t i n g  
s t a t i o n  f o r  the  e n t i r e  i n v e s t i g a t i o n .  

(From Reference 1 0 )  
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Salmon River mile 170 to 237 
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Figure 10.  Phosphate p lo t ted  a s  a  mean f o r  a l l  
s t a t i o n s  on each c o l l e c t i n g  day. 

( From Reference 1  0)  

MONTH 8, DAY 

Figure 1 1  . N i t r a t e  p lo t ted  a s  a  mean f o r  a l l  
s t a t i o n s  on each c o l l e c t i n g  day. 

(From Reference 10)  



A rev iew  o f  water  q u a l i t y  r e p o r t s  f o r  t h e  White B i r d  reach prepared 

by t h e  Idaho Department o f  Hea l th  and t he  U.S.G.S. show a  range o f  phosphate 

from 0  t o  0.11 PPlY f o r  t h e  yea r  1961 t o  1970, w i t h  a  s l i g h t  t r end  upward. 

N i t r a t e  l e v e l s  range f rom 0  t o  1.92 PPM. These l e v e l s  a r e  s i g n i f i c a n t l y  

lower  than those repo r ted  f o r  t h e  upper reaches o f  t he  Salmon and r e f l e c t  

t h e  d i l u t i o n  o f  main stream Salmon water by t h e  r e l a t i v e l y  n u t r i e n t  f r ee  

M idd le  Fork  and South Fork; a  r e d u c t i o n  o f  o rgan i c  m a t e r i a l  by n a t u r a l  

processes; and t h e  undeveloped p r i m i t i v e  s h o r e l i n e  o f  t h e  main stem and 

t r i b u t a r i e s  o f  t h e  Salmon below M idd le  Fork.  

Pa r t s  per  m i l l i o n  o f  o t h e r  chemical elements a r e  repo r ted  by t h e  U.S.G.S. 

and can be found i n  s tandard U.S. Geolog ica l  Survey p u b l i c a t i o n s .  Hardness, 

meta l  i c  i ons ,  pH va lues,  and a1 ka l  i n i  ty  ( a l l  we1 1  w i t h i n  accep tab le  range) 

a r e  n o t  s i g n i f i c a n t  t o  t h e  Salmon R i ve r  f rom a  system r i v e r  v i ewpo in t  and 

t h e r e f o r e  a r e  n o t  d iscussed.  

Bed Load Transpor t  

There i s  no known bed l oad  t r a n s p o r t  da ta  on t h e  main stem o f  t h e  

Salmon. Large sand bars which appear d u r i n g  t h e  low water season a t t e s t  

t o  t h e  presence o f  s i g n i f i c a n t  bed load  depos i t s ,  however, t h i s  cannot be 

q u a n t i f i e d .  

Phys ica l  Tests  

Jackson t u r b i d i t y  u n i t s  r epo r ted  i n  t h e  Ricks s tudy  f o r  t he  upper reach 

o f  t h e  Salmon v a r i e d  f rom 13 t o  2, f o r  J u l y  t h r u  August, w i t h  h i gh  va lues 

o c c u r r i n g  d u r i n g  t h e  l a t t e r  phases of  r u n o f f .  Dur ing  unusua l l y  h i gh  r u n o f f  

i n  t he  s p r i n g  o f  1971 i t  was obvious (personal  obse rva t i on )  t h a t  t he  

l e v e l  o f  t u r b i d i t y  was s i g n i f i c a n t l y  h igher  i n  t h e  R igg ins  area o f  t h e  

Salmon than those repo r ted  above; however, t h e r e  i s  no da ta  t o  suppor t  t h i s .  



The Ricks study also recorded "visibi l i ty in inches" a t  the point 

where water samples were taken. I n  general, v is ib i l i ty  ranged from 11" 

mid-August. This unit i s  a 1 i t t l e  more sensitive t o  low levels of turbidity 

and i s  no t  usually reported. 

The report states that ,  

there were no offensive odors coming from the Salmon a t  any of 
the sampling stations during the entire study. I n  addition, 
there were few aquatic plants along the shoreline and no slime, 
scum, algae or froth that was apparent. 

The section of the Salmon from North Fork t o  Salmon Falls was described as 

"definitely aesthetic t o  the senses of sight and smell . " 
Similar information i s  not available for other reaches of the Salmon, 

b u t  based on available water qual i ty data and personal observation and con- 

versations w i t h  persons who have traversed the main stem of the Salmon, 

most of the Salmon system below the community of Salmon would fa1 1 in 

the category described above. The exception t o  this would be during spring 

runoff when the river i s  very turbid and carries significant quantities 

of timber debris. In addition, levels of nutrients are such that algal 

blooms are possible during warm water periods. Where the pristine Middle 

Fork enters the main stem of the Salmon, significant water quality disparity 

i s  visually apparent. However, by any comparison, the Salmon i s  a high 

qual i ty river.  



PART I 1 1  

USE OF SALMON STORAGE FOR WATER TEMPERATURE CONTROL 

One p o s s i b l e  use o f  Salmon R i v e r  water  i s  f o r  m o d i f i c a t i o n  o f  t h e  

temperature regime o f  t h e  Snake. I n  l a t e  August and September, water  

r e 1  eased fro111 Brown1 ee s to rage  r e s u l  t s  i n  a  s i g n i f i c a n t  i nc rease  (up t o  

6°F) i n  t h e  water  temperatures o f  t h e  Snake a t  H e l l  s  Canyon. By r e l e a s i n g  

c o l d  water  s t o red  i n  a  r e s e r v o i r  on t h e  Salmon, t h e  temperature o f  t h e  

Snake below t h e  con f l uence  w i t h  t h e  Salmon c o u l d  be reduced s i g n i f i c a n t l y .  

To determine t h e  n e t  e f f e c t  o f  t h e  c o l d  wa te r  r e l eases  on water  temperatures 

o f  t h e  Snake a t  Lewis ton,  a r i v e r  temperature s i m u l a t i o n  model was developed. 

T h i s  model i s  d iscussed  i n  a  l a t e r  s e c t i o n  and i n  t h e  appendix.  

Temperature 

The temperatures o f  t h e  Salmon i n  i t s  f r e e  f l o w i n g  s t a t e  a t  White 

B i r d  as  measured by t h e  U.S.G.S. f o r  t h e  yea r  1967 and 1968 a r e  shown i n  

F i g u r e  12. 

The impact  o f  Salmon R i v e r  wa te rs  on t h e  temperature reg ime o f  t h e  

Snake i s  i l l u s t r a t e d  i n  F i gu res  13 th rough  27. Data f o r  these  p l o t s  was 

ob ta i ned  f rom re fe rence  (12) .  The Salmon c u r r e n t l y  has ve ry  l i t t l e  e f f e c t  

on  t h e  Snake R i v e r  temperatures except  i t  tends t o  coo l  t h e  Snake 2" t o  4°F 

d u r i n g  June. 

The R i cks  s t udy  r e p o r t s  maximum water  temperatures f o r  t h e  upper Salmon 

f o r  August 8  r ang ing  f rom 81°F a t  I n d i a n o l a  ( m i l e  226.7) t o  63°F a t  Corn 

Creek ( m i l e  190.8). The c o o l i n g  i n f l u e n c e  o f  t h e  M i d d l e  Fork  ( m i l e  198.5) . 

o f  t h e  Salmon i s  e v i d e n t .  Minimum temperature f o r  J u l y  1970 was 59°F a t  m i l e  

207.8. 
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This wide range of temperatures in the upper reach of the Salmon probably 

resu l t s  from the location of sample col lection s i t e s  adjacent to tributary 

streams where incomplete mixing occurs. 

Modification of Snake River Temperatures 

The thermal regime of a r iver  may be altered significantly by selective 

withdrawal and re1 ease from deep upstream s t r a t i f i ed  reservoirs. The water 

flowing into a reservoir has a s l igh t  seasonal variation in density which i s  

a function of i t s  temperature. Heavier cold water from early spring runoffs 

accumulates in the lower 1 eve1 of the reservoir,  the 1 ighter (warmer) carry- 

over water from the previous season remains in the upper level.  

If niultilevel out le t s  a re  available a t  the dam, water can be selectively 

withdrawn from an appropriate terrlperature region and re1 eased into the r iver .  

By releasing low temperature water the temperature of the r iver  can be lowered 

during hot summer months. When the supply of cold water i s  exhausted, the 

warm surface water and warn1 surmer inflows lnust be released. This may re su l t  

in a stream temperature higher than pre-impoundment ten~peratures . 
An example of th is  phenomena i s  the temperature regime in the Snake 

River below Brownlee Reservoir where low level out le t s  a re  used, temperatures 

run about 10°F below pre-impoundment temperatures during July. Fa1 1 tempera- 

tures run a b o u t  6°F higher t h a n  pre-impoundment temperatures; thus maximum 

river  temperatures were reduced during the summer months b u t  were increased 

during early f a l l .  This i s  graphically i l lustrated in Figures 13 thru 2 7 .  

Overall , the average annual temperature of the river was reduced sl ightly 

by the impoundment. 

To take fu l l  advantage of temperature regulation by selective withdrawal 

from s t r a t i f i ed  reservoirs i t  i s  necessary to have a predictive model of 

the r iver  below the reservoir. The simulation model i s  useful for  selecting 
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q u a n t i t i e s  and temperature o f  r e l ease  water f o r  an optimum o r  d e s i r a b l e  

downstream temperature.  

Temperature model s  

There a r e  two bas ic  temperature s i m u l a t i o n  models. The s imp les t  

-KLx express ion f o r  d e s c r i b i n g  temperature change i s :  T2 = TI EXP ( 

where T  and T2 a r e  t h e  e q u i l i b r i u m  temperature i n  two sec t i ons  o f  a  channel 
1  

a  d i s t a n c e  x  apa r t ,  L  i s  t h e  average w i d t h  o f  water su r f ace  and Q i s  t h e  

r a t e  o f  f l o w .  The cons tan t  K i s  a  f u n c t i o n  o f  ~ i i e t e o r o l o g i c a l  v a r i a b l e s  such 

as wind v e l o c i t y ,  r e l a t i v e  humid i t y ,  a i r  telnperature, and c l oud  

cover .  

The cons tan t  K must be determined by c o r r e l a t i n g  meteoro log ica l  da ta  

w i t h  a p p r o p r i a t e  stream temperature da ta .  Once t h i s  c a l  i b r a t i o n  i s  complete 

t he  equat ion  i s  s imp le  t o  use r e q u i r i n g  o n l y  meteoro log ica l  data f rom an 

ad jacen t  weather bureau s t a t i o n .  The equat ion i s  n o t  as r e a d i l y  useabl e  

when l a r g e  d i v e r s i o n s  o r  a d d i t i o n s  o f  water occur .  

Because o f  these  1  i m i t a t i o n s  a  model was developed based on m a i n t a i n i n g  

an energy budget on a  s p e c i f i c  volume o f  water as i t  progresses down a  

stream. The model i s  p r i m a r i l y  a  d i g i t a l  adap t ion  o f  a  scheme presented 

by Raphael (13) .  A d i scuss ion  o f  t h e  method can be found i n *  t he  Appendix. 

Resul t s  

Inadequate channel c ross  sec t i on  da ta  and t ime  and money 1  i m i t a t i o n s  

p u t  d e f i n i t e  r e s t r a i n t s  on t he  r i g o r  o f  t h e  a n a l y s i s .  The o n l y  p o r t i o n  o f  

t h e  system t h a t  was modeled was f rom t h e  con f luence  o f  t h e  Salmon and t he  

Snake t o  Lewiston, a  d i s t a n c e  o f  49.3 m i l e s .  

Temperature records  were a v a i l a b l e  f o r  t h e  years  1967 and 1968 a t  

m i l e  269.6 on t h e  Snake (3.3 m i l e s  downstream f rom Oxbow Dam) and a t  White 

B i r d  on the  Salmon a t  m i l e  53.7 o f  t he  Salmon. The con f luence  o f  t h e  



Salmon and t h e  Snake i s  a t  m i l e  188.2, 53.7 m i l e s  downstream f r o m  t h e  

W h i t e b i r d  S t a t i o n ,  and 81.4 m i l e s  down r i v e r  f r o m  t h e  Oxbow S t a t i o n .  

To o b t a i n  i n f o r m a t i o n  on t h e  tempera tu re  reg ime o f  a  s t r a t i f i e d  

r e s e r v o i r  o n  t h e  Salmon i t  was assumed t h a t  such a  r e s e r v o i r  would have 

e s s e n t i a l l y  t h e  same c h a r a c t e r i s t i c s  as Dworshak r e s e r v o i r  on t h e  N o r t h  

Fork  o f  t h e  C l e a r w a t e r .  Streaml'low tempera tu res  o f  t h e  N o r t h  F o r k  a t  

Ahsahka were compared ( f o r  t h e  y e a r s  1967 and 1968) w i t h  s t r e a ~ i i f l o w  

temperatures  a t  Whi te  B i r d .  The Salmon was a b o u t  2" warmer than  t h e  

C l e a r w a t e r  d u r i n g  t h e  months when t h e  r e s e r v o i r  would f i l l  , t h e r e f o r e ,  t h e  

i s o t h e r m s  f o r  t h e - c o n j e c t u r a l  Salmon r e s e r v o i r  were a d j u s t e d  upwards 2". 

A f t e r  examin ing t h e  tempera tu re  reg ime o f  Dworshak R e s e r v o i r  (14 )  and 

compar ing tempera tu res  a t  Ahsa hka and White B i r d ,  Salmon wa te r  r e s e r v o i r  

r e l e a s e s  were assumed t o  be 46", 46", and 47°F f o r  J u l y ,  August ,  and 

September, r e s p e c t i v e l y .  

A f t e r  e v a l u a t i n g  r e s u l t s  f r o m  numerous computer r u n s  f o r  t h e  49.3 

m i l e s  r e a c h  and c a r e f u l  compar ison w i t h  tempera tu re  g r a d i e n t s  i n  t h e  Snake, 

shown i n  F i g u r e s  13  t h r u  27, r e s u l  t s  f r o m  t h e  tempera tu re  model were 

e x t r a p o l a t e d  i n  a  v e r y  genera l  way f o r  t h e  unmodel ed reaches between s t a t i o n s  

o f  known tempera tu re  and t h e  Sal mon-Snake c o n f l  uence. 

The r e s u l t s  o f  these  s i m u l a t e d  r u n s  a r e  shown i n  T a b l e  1 .  Because 

o f  necessary  e x t r a p o l a t i o n s  and l a c k  of  f i e l d  d a t a  f o r  v e r i f i c a t i o n  o f  

t h e  model , t h e s e  numbers a r e  a t  b e s t  c r u d e  e s t i m a t e s .  However, on t h e  

b a s i s  o f  mass ba lance and known r e c o r d s  of tempera tu re  changes pe r  m i l e  

o f  r i v e r  down.stream o f  Brownlee r e s e r v o i r ,  t h e  e s t i m a t e s  appear t o  be 

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

The numbers quoted a r e  ba'sed on average m e t e o r o l o g i c a l  d a t a  f o r  

each r e s p e c t i v e  month and a r e  f o r  c o n s t a n t  d i s c h a r g e s .  IVo a l l owance  was 
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made f o r  f l u c t u a t i n g  r e l e a s e s  r e s u l t i n g  f r o m  peak ing o p e r a t i o n s ;  t h e  

f l o w  i s  assumed c o n s t a n t  as  shown i n  t h e  t a b l e .  B r i e f  p e r i o d s  o f  c l e a r  

warm weather i n  c o n j u n c t i o n  w i t h  l o w  r e l e a s e s  on t h e  Snake c o u l d  r e s u l t  

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

A  benef i t - c o s t  a n a l y s i s  does n o t  appear reasonab le  f o r  tempera tu re  

c o n t r o l  f e a s i  b i  1  i ty . The main  r e s o u r c e  t h a t  i s  a f f e c t e d  by tempera tu re  

c o n t r o l  i s  t h e  f i s h e r y .  The c o n s t r u c t i o n  o f  a  h i g h  dam f o r  t h e  enhance- 

ment o f  downstream f i s h  h a b i t a t  which would e l i m i n a t e  50% o f  t h e  Idaho 

anadromous f i s h e r y  does n o t  appear t o  be a  reasonab le  a1 t e r n a t i v e .  Some 

f u t u r e  s e r i e s  o f  even ts  m i g h t  make t h i s  a1 t e r n a t i v e  a  p o s s i b i l i t y .  

T a b l e  1 .  E f f e c t  o f  Salmon Water Releases on t h e  
tempera tu re  o f  t h e  Snake R i v e r  a t  
Lewi s t o n .  

- -- 

Snake R i v e r  above Conf luence Salmon Storage Snake R i v e r  a t  L e w i s t o n  

D ischarge  
CFS 

Discharge Ne t  E f f e c t  
C FS Decreases i n  Temperatures 

( n e a r e s t  degree)  

J u l y  10,000 
10,000 
10,000 

August 

Sep tem ber  10,000 
10,000 
10,000 



CONCLUSIONS 

The Salmon River in i t s  present condition i s  a high quality r iver  

by any standard. With adequate sewage treatment a t  the community of 

Salmon the coliform levels should become quite acceptable - in  the ent i re  

s t retch of the r iver .  

"Idaho Water Qua1 i t y  Rules and Regulations . . ." ( 5 )  are  suff ic ient  

to maintain water qual i t y  adequate for any of the three designated classes 

of r iver  i f  enforced. For th i s  reason a "System r iver"  designation i s  

of 1 i t t l e  consequence economically as f a r  as water qual i t y  i s  concerned, 

i .e. s t a t e  regulations will control , and as long as  these standards a re  

met, the water will be of adequate quality fo r  any of the three types of 

system r ivers .  The major problem tha t  remains i s  the establ ishment of 

"background levels" of the various pollutants which the s t a t e  laws refer  

to  b u t  do not quantify. Reasonable 1 imits will have to be determined 

based on a rather thorough monitoring systems. If the s t a t e  water qual i t y  

requirements a re  to be met and i f  the main stem of the Salmon i s  to be 

designated a system r ive r ,  then a management plan for  the drainage area 

and r iver  will have to be developed to ensure tha t  water qual i t y  will re- 

main a t  l eas t  a t  the present level .  In particular,  logging areas will have 

to be developed in such a way that  no appreciable increase in sedimentation 

above normal background levels will occur. This will probably be a d i f f i c u l t  

c r i t e r i a  to develop and enforce. 
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APPENDIX 

TEMPERATURE SIMULATlON MODEL 

The Energy Budget 

The energy budget i s  expressed as 

2  Qx = Qs - Qr - Qb - Qh - Qe + Qv BTU/Ft Hr.  

i n  which 

Qx i s  t h e  n e t  hea t  exchange o f  t h e  body o f  wa te r .  

Qs i s  t he  n e t  shortwave r a d i a t i o n  f rom the  sun and t h e  

atmosphere. (400 t o  2800 BTU ~ t ' ~ D a ~ - '  ) 

Qr i s  t h e  amount o f  shortwave r a d i a t i o n  r e f l e c t e d  f rom 

the  water  su r face .  (40-200 BTU ~ t ' ~ D a ~ - ' )  

Qb i s  t he  n e t  longwave r a d i a t i o n  exchanged between t he  

water  su r f ace  and t h e  atmosphere. (22400 t o  - +3600 

BTU F t - ' ~ a ~ - '  ) 

Qh i s  t h e  energy exchange due t o  conduc t ion  between t h e  

water su r f ace  and t h e  a i r .  (-300 - +400 BTU Ft-'Day-' ) 

Qe i s  t h e  energy l o s s  due t o  evapora t ion .  (2000-8000 

BTU ~ t - ~ ~ a ~  -' ) 
Qv i s  t h e  energy gained f rom a d d i t i o n a l  water e n t e r i n g  

t he  o r i g i n a l  body o f  water .  

The temperature change of t h e  water  i s  c a l c u l a t e d  by t he  n e t  inc rease  
, 

o r  decrease i n  t h e  amount of energy Qx, con ta ined  -in the water,  t h e r e f o r e  

t he  key t o  p r e d i c t i n g  t h e  water  temperature l i e s  i n  approx imat ing  t he  

va r i ous  terns o f  t h e  energy budget. 
e 

Sol a r  r a d i a t i o n  

The va lue  o f  Qs i s  ma in l y  a  f u n c t i o n  o f  t he  a1 t i t u d e  o f  t he  sun, b u t  

4 t  i s  s u b j e c t  t o  many b t h e r  v a r i a b l e s  and can o n l y  be approximated. 



4 2 
Raphael (13)  has t a b u l a t e d  va lues o f  shortwave r a d i a t i o n  f o r  every  

f i v e  degrees o f  a1 t i t u d e  o f  t h e  sun, f rom standard r a d i a t i o n  curves 

developed by Moon (1 5 ) .  A po lynomia l  r e g r e s s i o n  was used t o  f i t  these  

va lues  t o  a s i x t h  degree equa t ion ,  f o r  use i n  t h e  program. 

R e f l e c t i v i t y  

The r e f l e c t i v i t y  o f  t h e  wa te r  su r f ace  i s  a f u n c t i o n  o f  t h e  s o l a r  

a1 ti tude, wind v e l o c i t y ,  and t ype  and amount o f  atmospher ic t u r b i d i t y .  

The r e f l e c t e d  r a d i a t i o n  was s tud ied  by E.  R .  Anderson (16) a t  Lake Hefner .  

H i s  s t u d i e s  showed t h e  s o l a r  a l t i t u d e  t o  be t h e  main f a c t o r  i n  t h e  v a l u e  

o f  r e f 1  e c t i v i  ty, w i t h  t h e  t u r b i d i t y  hav ing  a s m a l l e r  e f f e c t  t h a t  was of  

impor tance o n l y  a t  l ow  s o l a r  a1 ti tudes.  Because t h e  s o l a r  r a d i a t i o n  was 

n o t  l a r g e  a t  l ow  a1 t i t u d e s ,  t h e  e f f e c t s  o f  t u r b i d i t y  on r e f l e c t i v i t y  was 

r e l a t i v e l y  un impor tan t ,  and t h e r e f o r e  an average v a l u e  was used. The va lues  

o f  r e f l e c t i v i t y  g i v e n  by Raphael, were i n  t h e  fo rm o f  a graph which was 

approximated by a po lynomia l  equa t ion ,  f o r  use i n  t h e  program. 

Cloud e f f e c t s  

The e f f e c t  o f  c l o u d  cover  on s o l a r  r a d i a t i o n  was s tud ied  by H. Mosby 

(17) ,  and l a t e r  by S.  F r i t z  ( 18 ) .  Combining t h e  r e s u l t s  o f  t h e  two s tud ies ,  

Raphael proposed t h e  express ion  

2 Qi = (1-  0.0071 C ) (Qs - Q r )  

i n  which 

Qi i s  t h e  n e t  incoming s o l a r  r a d i a t i o n  i n c l u d i n g  

t h e  e f f e c t s  o f  c l oud  cover .  

C i s  t h e  amount o f  c l o u d  cover ,  i n  t e n t h s  o f  sky 

covered. 

Back r a d i a t i o n  

The back r a d i a t i o n  i s  t h e  sum o f  t h e  longwave r a d i a t i o n  f rom t h e  

s u r f a c e  o f  t h e  water  and t h e  atmosphere. The n e t  longwave r a d i a t i o n  



i s  c a l c u l a t e d  f rom t h e  express ion  

4  4  Qb = 0 . 9 7  a(Ts - BTa ) 

where 

Qb i s  t h e  n e t  longwave r a d i a t i o n .  

Ts i s  t h e  temperature o f  t h e  water  su r f ace .  (OR) 

Ta i s  t h e  temperature o f  t h e  a i r .  (OR) 

a i s  t h e  Bol tzman cons tan t .  

and t he  c o n s t a n t  0.97 i s  b o t h  t h e  emmis i v i t y  o f  t h e  water su r f ace  and, 

one minus t h e  r e f l e c t i v i t y  (0.03) o f  t h e  water  su r f ace .  For use w i t h  

t h e  u n i t s  i n  t he  program, t h i s  equa t ion  reduces t o  

4  4 
Qb = 1 . 6 6 ~ 1  O"(TS - @Ta ) . 

The cons tan t  i s  an e m p i r i c a l  va l ue  proposed by Anderson (16) ,  t o  c o r r e c t  

f o r  c l oud  he igh t ,  c l o u d  cover ,  and vapor p ressure  o f  t h e  atmosphere. The 

v a l u e  o f  B i s  g i v e n  by 

B = 0.74 + 0.25 C EXP(-0.0584 h )  + Ea(0.0049 - 0.00054 C EXP(-0.06h)) 

i n  which 

C i s  t h e  c l oud  cover  i n  t en ths .  

h  i s  t h e  e l e v a t i o n  o f  t h e  c louds ,  i n  thousands 

o f  f e e t .  

Ea i s  t h e  vapor p ressure  o f  t h e  atmosphere. ( i n .  Hg) 

Evapora t ion  and Conduct ion 

The equa t i on  f o r  hea t  exchange due t o  evapo ra t i on  i s  an e m p i r i c a l  

r e l a t i o n s h i p  developed a t  t h e  Lake Hefner s tudy .  The va lue  f o r  t h e  eva- 

pora ted  hea t  i s  g i v e n  by t h e  express ion  

Qe = 12 U (Ew - Ea) 

i n  which 

2  Qe i s  t he  evaporated heat  i n  BTU/Ft -Hr.  



U i s  t h e  wind v e l o c i t y  i n  knots .  

Ea i s  t he  vapor pressure o f  t h e  a i r  above t he  
su r f ace  o f  t h e  water .  ( i n .  Hg) 

Ew i s  t h e  sa tu ra ted  vapor p ressure  o f  t h e  water 

( i n .  Hg) 

The conduc t ion  heat  term i s  eva luated by the  use o f  t h e  Bowen R a t i o  

(19) ,  which i s  a  r e l a t i o n  between t h e  heat  l o s t  by conduc t ion  t o  t h e  heat  

l o s t  by evapora t ion .  The Bowen R a t i o  i s  expressed as 

i n  which 

P i s  t h e  atmospher ic  pressure ( i n .  Hg) . 
The express ion f o r  conduc t ion  reduces t o  

Qh = 0.00407 U P(Ta - Ts) 

i n  which 

Qh i s  t h e  hea t  exchange due t o  conduc t ion  i n  

B T U / F ~ ' H ~ .  

The p o s s i b l e  hea t  l o s s  due t o  conduc t ion  through t h e  r i v e r  bed was 

ignored,  and no a t t emp t  was made t o  t ake  i n t o  account  t h e  shortwave 

r a d i a t i o n  t h a t  i s  r e f l e c t e d  f rom t h e  canyon w a l l s .  

The Model 

A f l o w  c h a r t  f o r  t he  model i s  shown i n  f i g u r e  1 .  The program 

c o n s i s t s  o f  f o u r  bas ic  elements; deter in- inat ion o f  t h e  p o s i t i o n  o f  t he  

sun, c a l c u l a t i o n  o f  t h e  w i d t h  and v e l o c i t y  o f  t h e  r i v e r ,  de te rm ina t i on  

o f  t h e  hea t  exchaqge terms, and c a l c u l a t i o n  o f  t h e  incrementa l  ter r~perature 

change o f  t h e  r i v e r .  

The Sun 

The p o s i t i o n  o f  t h e  sun was determined us ing  sphe r i ca l  t r igonomet ry  

and severa l  s i m p l i f y i n g  assumptions. I t  was assumed t h a t  t h e  sun t r a v e l s  



N = Number o f  s t a t i o n s  
a l o n g  t h e  r i v e r .  

INPUT RIVER 
STATIOt.IS , 

ICALC. HEAT I 

L C- 

I EXCHAt;GE TERMS 1 

INPUT ALL  
PARAMETERS 
FOR A GIVErI  SET 

CALC. TEMP. & 

OUTPUT DATA Y 
F i g u r e  1 .  Flow c h a r t  

o f  program 
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around t h e  e a r t h  i n  a  c i r c u l a r  path,  t h a t  i s  i n c l i n e d  t o  t h e  a x i s  o f  t h e  

e a r t h  a t  23.45 degrees. Another assumption was t h a t  t h e  z e n i t h  o f  t h e  

sun co inc ided  w i t h  noon o f  t he  day o f  t h e  run .  The l a r g e s t  e r r o r  i n  

d e c l i n a t i o n  r e s u l t i n g  f rom t h e  assumed c i r c u l a r  pa th  was never more than one 

and a  h a l f  degrees, which was cons idered good enough f o r  t h e  purpose o f  

t h e  program. Because t h e  change i n  d e c l i n a t i o n  o f  t h e  sun never exceeds 

more than  one minu te  per hour, i t  was o n l y  c a l c u l a t e d  a t  the  s t a r t  o f  

t h e  run ,  and t h a t  va lue  was used f o r  t h e  e n t i r e  run .  

The Snake R i ve r  1  i e s  i n  a  deep canyon through most o f  t h e  pa th  

f rom t h e  Salmon R i ve r  t o  Lewis ton.  To a l l o w  f o r  t he  rays  o f  t h e  sun be ing 

b locked by t he  canyon w a l l s ,  t h e  heat  energy f rom s o l a r  r a d i a t i o n  was 

excluded f rom t h e  c a l c u l a t i o n s ,  whenever t h e  a1 ti tude o f  t he  sun f e l l  be1 ow 

f i f t e e n  degrees. 

The R i v e r  

The w i d t h  and p r o f i l e  o f  t h e  Snake R i ve r  were ob ta ined  f rom a  U.S. 

Geolog ica l  Survey map. The r i v e r  was assumed t o  be t u r b u l e n t  so t h a t  t h e  

v e l o c i t y  and teruperature d ' id  n o t  v a r y  across any c ross  sec t i on .  

A t y p i c a l  assumed s e c t i o n  o f  t h e  r i v e r  i s  shown i n  f i g u r e  2. 

The c ross  s e c t i o n  was assumed t o  be a  parabola i n  which t h e  dimensions 

2  were r e l a t e d  by t he  express ion,  Depth = Constant x  Width . 
1.486 R2/3 s1/2 The IYanning equat ion,  V = - N 

i n  which 

V i s  t h e  v e l o c i t y  o f  the  r i v e r  ( f p s )  

R i s  t h e  h y d r a u l i c  r a d i u s  

S  i s  t h e  s l ope  o f  t he  r i v e r  channel 

N i s  t he  manning c o e f f i c i e n t ,  

was used t o  s o l v e  f o r  t h e  depth by u s i n g  t h e  f o l l o w i n g  procedure. F i r s t ,  
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Figure 2 
Assumed parabolic shape of the river 
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using the measured width, and an assumed discharge, a t r i a l  and error 

solution was found by varying the depth of the r iver  until  the depth, 

width, and slope of the r iver  was such that  the solution of the Manning 

equation gave a value of discharge that  matched the assumed discharge. 

Next, with the depth and width known, the constant for the shape of the 

r iver  of that  section was determined and stored in memory. The variation 

of width and depth for different  values of discharge were obta-ined by 

using a sim-ilar procedure, b u t  in th i s  case the discharge, slope and 

shape constant were known, and the t r i a l  and error solution gave the width 

and the depth. 

Climatic parameters 

All of the parameters, with the exception of cloud elevation, are  

commonly recorded by the weather bureau, and most a i rpor t s .  The values 

used in the program were average values, given by Burt (20) in a study 

of the same area of the r iver .  

The temperature change 

The temperature of the r iver  i s  given by the expression 

A T  = (Qx) A /[62.4 Q (3600)l 

in which 

AT i s  the temperature change ( O F )  

2 Qx i s  the net heat exchange ( B T U / F t  Hr.) 

A i s  the surface area between s tat ions of 

the r iver  

Q i s  the discharge r a t e  of the r iver  ( c f s )  

The time increment from station to station along the r iver  was 

calculated using the velocity of the r iver  a t  the upstream stat ion.  



Using t he  r e s u l t s  o f  t h e  temperature and t ime  changes, t he  

temperature o f  t h e  r i v e r  i s  ad jus ted  and a  new p o s i t i o n  o f  the  sun i s  

determined. 

The f o rego ing  process i s  repeated s t a t i o n  by s t a t i o n  down t h e  r i v e r  

u n t i l  t he  f i n a l  d e s t i n a t i o n  i s  reached. 

Some r e s u l t s  f rom t h e  s tudy 

A  graph o f  t h e  hea t  terms f o r  a  t y p i c a l  day a r e  shown i n  f i g u r e  3. 

The graph shows t h e  dominant r o l e  t he  sun p lays  i n  de te rmin ing  t h e  

temperature o f  a  r i v e r .  I n  o rde r  t o  check t h e  va l  i d i t y  o f  t he  procedure 

used i n  t he  program t o  determine t h e  s o l a r  r a d i a t i o n ,  t h e  values de- 

r i v e d  were averaged over  a  one day p e r i o d  and compared w i t h  average d a i l y  

values g i v e n  by B u r t  (20 ) .  A1 though t h e  c a l c u l a t e d  va lues  r a n  about  t e n  

pe rcen t  h igh,  t h e  v a r i a t i o n  f rom month t o  month was ve ry  c l ose ,  and i t  

would be a  simp1 e  ma t te r  t o  c o r r e c t  t h e  r a d i a t i o n  express ion i n  t h e  program 

i f  ac tua l  measurements were a v a i l a b l  e  f o r  an exac t  comparison. 

The t h r e e  remain ing terms i n  t h e  a n a l y s i s  u s u a l l y  amounted t o  l e s s  

than  t e n  pe rcen t  o f  t h e  shortwave r a d i a t i o n ,  and f o r  t h e  c o n d i t i o n s  o f  t h i s  

s tudy were o f  oppos i t e  s ign ,  so t h a t  t he  n e t  e f f e c t  was ve ry  c l o s e  t o  zero.  

I n  o r d e r  t o  gauge t h e  r e l a t i v e  e f f e c t s  o f  t h e  va r i ous  parameters o f  

t h e  program, a  r u n  made under one s e t  o f  c o n d i t i o n s  was chosen as a  base 

and then repeated runs  were made, each t ime  changing one o f  t h e  v a r i a b l e s .  

Tab le  1  shows t h e  o r i g i n a l  va lues  o f  t h e  terms a t  noon o f  t h e  base day, 

and then t h e  change i n  t h e  va lues a f t e r  a  change i n  one o f  t h e  parameters. 

Because a l l  o f  t h e  terms except  t h e  shortwave r a d i a t i o n  were sma l l ,  

t h e  e f f e c t  o f  c l  imate was smal l  e r  than  would be t h e  case under more 

extreme c o n d i t i o n s  as would e x i s t  f o r  example, d u r i n g  t h e  w i n t e r  months. 

The most impo r tan t  parameter f o r  t h e  c o n d i t i o n s  o f  t h i s  s tudy  was t he  



50 

IOx10
2 

9 

8 

7 
_/'"- ................ 

v " 6 
(.) 
Q) 

(/) 

N 5 -~u.. 
::I -CD 

I 1\ 

I \ v \ 
4 

Q) 

CJI 
c:::: 
c 

..c::. 3 (.) 
)( 

w -c 
2 Q) 

:I: 

I \ 
I \ v \ 

conduction 

"' 0 

~----
longwave 

~--- 1------~---- ---- ---- ----
evaporation~ 

-I 

-2 
-2xl0 

6 8 10 12 14 16 18 20 

Time {hrs.) 

Figure 3 
Heat exchange value for a typical day 



C, L 
a aJ 
a J w -  

T a J U  
E aJ 

r a m  
.r YV 

a+ 
nLL 

m \ 



5 2  

amount of c l oud  cover ,  and s i nce  t h i s  va lue  i s  mos t l y  an e s t i m a t i o n  by 

an observer ,  i t  cou ld  r e s u l  t i n  a  cons iderab le  e r r o r .  



FORTRAN I V  PROGRAM FOR TEMPERATURE MODEL 

C A = THE SURFACE AREA OF A REACH OF THE R I V E R  
C A L ( I ) = A L F  = A L T I T U D E  OF THE SUN MEASURED FROM THE HORIZON 
C A L T  = ANGLE OF E L E V A T I O N  OF THE CANYON WALLS 
C AR = AREA = CROSS SECTIONAL AREA OF THE R I V E R  
C AX= A FACTOR USED I N  COMPUTING CLOUD COVER EFFECTS ON BACKRADIATION 
C B = WETTED PERIMETER OF THE R I V E R  CROSS SECTION 
C BET= THE FACTORS AX AND BX COMBINED 
C BX = A FACTOR USED IIV COMPUTIIVG CLOUD COVER EFFECTS ON BACKRADIATIOIV 
C C= THE HOUR OF THE DAY 
C CC= AMOUIVT OF CLOUD COVER I N  TENTHS OF SKY 
C CEV= EVAPORATION C O E F F I C I E N T  
c CONST(I )=A SHAPE CONSTANT FOR THE CROSS SECTION OF THE RIVER 
C D= THE MINUTE OF THE T I M E  A T  THE START OF THE RUN 
C DA- APPROXIMATE CHANGE I N  CROSS SECTION AREA FOR CHANGE I N  DISCHARGE 
C DEC= D E C L I N A T I O N  OF THE SUN, MEASURED FROM THE POLE 
C = D E L T  CHANGE I N  THE WATER TEMP 
c DP(I)=YX - DEPTH OF THE RIVER 
C DQ= AN INCREMENTAL CHANGE I N  DISCHARGE 
C DY= AN INCREMENT OF DEPTH CHANGE I N  THE R I V E R  
C EA -VAPOR PRESSURE OF THE A I R  
C EW-SATURATED VAPOR PRESSURE OF THE WATER 
C H-ELEVATION OF THE CLOllDS I N  1 0 0 0 ' S  OF FEET 
C HA- HOUR ANGLE OF THE SUN FOR THE PARTICULAR DAY 
C HIY- H U M I D I T Y  I N  PRECEIVT 
C HO -HOUR ANGLE OF THE VERNAL EQUINOX 
C I- A COUNTER 
C K - A COUNTER 
C L -  THE LENGTH OF A REACH OF THE R I V E R  
C M- A COUNTER 
C MH- T I M E ,  MEASURED I N  HOURS 
C MM T I M E  MEASURED I N  MINUTES 
C MS- T I M E  MEASURED I N  SECONDS 
C MX- HOUR ANGLE OF THE SUN I N  SECONDS 
C N- A COUNTER 
C NA-NB-NC-ND FACTORS USED I N  THE SUBROUTINE FACTOR TO CONVERT DATES I N T O  

S I N G L E  U N I T S  
C NALT-ANGLE OF E L E V A T I O N  OF THE CANYON WALLS 
C NDAY- DATE OF THE TEMPERATURE STUDY 
C N L A T  - L A T I T U D E  OF THE R I V E R  
C NTME- T I M E  OF DAY FOR THE START OF THE RUN 
C NVEQ - DATE OF THE VERNAL EQUINOX 
C P - ATMOSPHERIC PRESSURE I N  INCHES OF MERCURY 
C P I  - 3 . 1 4 1 5 9  
C Q- DISCHARGE OF THE R I V E R  
C QAVE- AVERAGE D A I L Y  R A D I A T I O N  
C QB- LONGWAVE R A D I A T I O N  
C QH- HEAT EXCHANGE DUE TO CONDUCTION 
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C Q I -  TOTAL SHORTWAVE RADIATION 
C QINT=QSR 
C QLAST- I N I T I A L  FLOW ASSUMED FOR THE GRANDE RONDE RIVER 
C QO- DISCHARGE ASSUMED TO COINCIDE WITH THE WIDTH OF THE RIVER MEASURED 
C FROM THE MAP 
C QQ-A TEMPORARY VALUE OF DISCHARGE USED I N  CALCULATING THE CIEPTH AND 
C WIDTH OF THE RIVER 
C QR- DISCHARGE OF THE GRANDE RONDE RIVER 
C QSR- SOLAR RADIATION 
C QT- HEAT LOST DUE TO EVAPORATION 
C QX - SUM OF THE HEAT EXCHANGE TERMS 
C Q Z ( 1  , J )  -STORAGE ARRAY FOR THE HEAT EXCHANGE TERMS 
C R- HYDRAULIC RADIUS 
C REF-REFLECTED RADIATION 
C S - SUM OF THE S IDES OF THE SPHERICAL TRIANGLE 
c SR(I)- SQUARE ROOT OF THE SLOPE OF THE RIVER 
C SUM- ACCUMULATED VALUES OF SHORTWAVE RADIATION 
C SUP - DECLINATION OF THE SUN MEASURED FROM THE EQUATOR 
c T(I )=Ts- TEMPERATURE OF THE RIVER 
C TA- A I R  TEMPERATURE 
C TG- TEMPERATURE GRADIENT OF THE RIVER 
C THETA - ANGLE A T  WHICH THE SUNS RAYS WILL BE BLOCKED BY THE CANYON WALLS 
C TK- INCREMENT OF TEMPERATURE CHANGE AT THE INTERSECTING RIVERS 
C TMA- HOUR ANGLE OF THE SUN AT THE STARTING T IME 
C TMX- SUPPLEMENT OF TMA 
C TP- T I M E  INCREMENT BETWEEN STATIONS ON THE RIVER 
C TR- TEMPERATURE OF THE GRANDE RONDE RIVER 
c TT(I 1- STORAGE ARRAY FOR TIME 
C TY- T IME INCREMENT I N  RADIANS 
C U - WIND VELOCITY I N  KNOTS 
C UV- WIND VELOCITY I N  MPH 
C V- VELOCITY OF FLOW 
C VSTR(1 ) -  STCIRAGE ARRAY FOR VELOCITY TERMS 
C XK- COEFFICIENT FOR TURBULENCE, USED IIV THE CONDUCTIOIV HEAT TERM 
C XLT - COMPLIMENT OF THE LATITUDE OF THE RIVER 
C XIYIY- STARTIIVG T I M E  
C XMH- ENDING T IME 
C XN - MANNING COEFFICIENT 
C XTA- RANKINE TEMPERATURE OF THE A I R  
C XTW - RANKIIVE TElvlPERATURE OF THE WATER 
C YX- DEPTH OF THE RIVER 
C Z ( 1 ) -  WIDTH OF THE RIVER 
C 
C 
C 
C 
C 
C 
C 
C 

DIMENSION X ( 2 0 0 )  , Y ( 2 0 0 )  , T ( 2 0 0 )  , Z ( 2 0 0 )  ,EL (200 )  , T T ( 2 0 0 )  ,DP(200) ,AL (2  
1 0 0 )  ,CONST(200) ,TPA(150)  ,QZ(150,5) ,VSTR(150) 

DIMENSION S R ( 2 0 0 )  
REAL L 



1 FORMAT(1 0F7.2/3F7.2) 
2 FORMAT(4F5.2) 
3 FORMAT(1 X, 'STATION WIDTH DEPTH TEMP SOLAR ALT TIME Q-s 

I R  Q-LW Q-EVAP Q-COND QNET VELOCITY I / )  

4 FORMAT(2X,F5.2,F8,1 ,F6.1,F8.2,F8.2,2X,I2,':',{2,':',12,F8.4,4F10.4 
1 ,F10.3) 

7 FORMAT(I3) 
8 FORMAT(5(2XI8) ) 

305 FORMAT('1 ' ,40X, 'MONTH=',12,1X1DAY=' , I 2 )  
306 FORMAT('+'T15,' ..................... 'T46, ' ..................... ' I )  
307 FORMAT(T15, 'DISCHARGE(CFS) = '  ,F6.O,T45, 'TEMP GRD. (DEG/MI)= 'F5.4,/ 

1 T15,'STARTING TEMP =',F5.2,T45,'FINAL TEMP = 'F5.2,/ 
1 T1 5, 'A IR  TElVlP = '  ,F5.2,T45, 'AVE. RADIATION = 'F4.0)  

308 FORMAT(T15, ' ATM PRESS =',F5.2,T45,'RIVER WIDTH @22 = 'F6.1 ,/ 
1 T15, 'HUMIDITY =',F4.1 ,T45,'RIVER DEPTH @ 22 = 'F6.1 ,/ 
1 T15,'CLOUDCOVER = ' ,F4 .1 ,T45 , ' F INALRIVERVEL .  = 'F5.2)  

309 FORMAT(Tl5, 'CLD.HT.*I 000 = "F4.1 ,T45, 'ENDIIVG TIME = 'F5.2,/ 
1 T15, "WIND VELOCITY = '  ,F4.1 ,/TI 5, 'STARTING TIME = 'F5.21 
1 T15, 'EVAP CCIEFF. = ' ,F4.1 , /T l5 , 'DECLINATION = 'F7.21 
1 T I  5, ' LATITUDE = '  ,18,///) 

310 FORMAT(T15,WANNING COEFF. =',F4.3,/1-15,'COND. COEFF. = 'F4.1)  
31 1 FORMAT(T20, ' INPUT DATA 'T50, 'OUTPUT DATA') 
31 2 FORMAT( '+ '5X,  'SET NLIMBER ' $12 )  

K= 0 
QO=30000. 
QLAST=3000. 
P I = 3 *  141 59  
READ(1,7)N 
DO 1 0  1=1 ,N 

C 
C READ I N  RIVER STATICINS AND WIDTHS 
C 
C 

. . 
Z(I j=z640.*z(1 j * .9  

1 0  CONTINUE 

READ I N  CLIMATIC PARAMETERS 

READ I N  TIME LATITUDE AND STARTING POSITIOIV OF THE SLllV 



C 
C  

DO 7 5  I = 1  ,N 
Y  ( I ) = X ( I ) / 5 2 8 0 .  
I F ( Y ( 1 )  . G T - 2 9 . 3 c A ' d D . Y ( I )  .LT.29.8)QO=QO+QLAST 
IF(I.EQ.I )GO TO 63 
L = X ( I - 1 ) - X ( 1 )  
S R ( I ) = ( ( E L ( I - 1  ) - E L ( 1 )  ) / L ) * * -  5  
GO TO 6 5  

6 3  L = X ( I ) - X ( I + l  ) 
S R ( I ) = ( ( E L ( I )  - E L ( I + l ) ) / L ) * * .  5  

6 5  YX=15.  
3 2  AR=2 . / 3 . *YX*Z ( I )  

B=Z I ) + ~ . / ~ . * Y X * Y X / L ( I )  
R=(  t AR**5)/ (B**2 ) ) * * (1  - / 3 ,  ) 
QQ=1 .486/XN*SR (I )*R 
DQZQo-QQ 
DA=DQ*AR/ QQ 
DY=-DAIZ( I 
Y X=Y X+ DY 
I F ( A B S ( D Y ) , G T <  , O I ) G O  TO 3 2  
C O N S T ( 1 ) - Y X / Z ( I ) * * 2  

7 5  D P ( I ) = Y X  
C  
C  
C  DETERMlNE NEW DEPTH AND WIDTH FOR G IVEN DISCHARGE 
C  
C  

1 0 1  DO 7 0  I=1 ,N 
I F ( Y ( 1 )  , G T o 2 9 . 3 . A N D . Y ( I )  cLT.29 .8 )Q=Q+QR 
Y X = D P ( I )  

33 Z(I)=SQRT(YX/CONST(I)) 
AR=2 . / 3 . *YX*Z ( I )  
B = Z ( I ) + 8 . / 3 . * U X * V X / Z ( I )  
R=( (AR**5) /  ( B k * 2 ) ) * * ( l  * / 3 *  ) 
QQ= 1  .486/XN*SR ( I )*R 
DQ=Q -QQ 
DA=DQ*AR/ QQ 
D Y = D A / Z ( I )  
YX=YX+DY 
IF (ABS(DY) .GT .  .OI )GO TO 3 3  
D P ( I ) = Y X  

7 0  ~(1)-SQRT(YX/CONST(I)) 
Q-Q-QR 
SUM- 0 
QINT=O 

C  
C  
C  START OF TEMPERATURE CHANGE CALCULATION 
C  
C  

DO 2 0  I=1 ,M 
TMX=PI -TMA 
ALF=O 



I = O  
C 
C DETERMINE DECLINATION OF THE SUN 
C 
C 

CALL FACTOR (NVEQ,NA ,IVBYNC ,ND) 
4 1  C=NC 

D=ND 
IF(NA.EQ.01 )HA=NB+C/24.+D/1440.+0 
I F  (NA.EQ.O2)HA=IVB+C/24 .+D l1  440.+31 . 
I F ( N A .  EQ.O3)HA=NB+C/24.+D/1440.+59. 
IF(NA.EQ.  04)HA=IVB+C/24.+D/1440.+90. 
IF(NA.EQ.O5)HA=NB+C/24.+D/l440.+120. 
I F  (NA. EQ .06)HA=NB+C/24.+D/1440.+151. 
I F ( N A  .EQ.O7)HA=NB+C/24 .+D/1440.+181 . 
IF(NA.EQ.O8)HA=NB+C/24.+D/l440.+212. 
IF(NA.EQ.O9)HA=NB+C/24.+D/l440.+243. 
I F  (NA. EQ. 1 0 )  HA=IVB+C/24. +D/1440. +273. 
IF(NA.EQ.11 )HA=NB+C/24.+D/1440.+304. 

' IF(NA.EQ.l2)HA=IVB+C/24.+D/1440.+334. 
I= I+1 
I F ( I . E Q . 2 ) G O  TO 4 2  
HO=HA 
CALL FACTOR(NDAY ,NA,NB,NC,ND) 
GO TO 4 1  

4 2  I F  (HO.GT. HA)HA=HA+365. 
WRITE(3 ,305)NA,NB 
WRITE (3 ,312 )  KCHART 
HA=(HA-HO)*2.*PI /366.  
DEC=PI/Z.-ARSIN(SIN(23.445*PI/180. ) *S IN(HA) )  
SUP=(P I /2 .  -DEC)*57.296 

C 
CALL FACTOR (NLAT ,NA,NB,NC ,ND) 
XLT=P1/2.-.01745329*NB+.00029089*NC+.00000485*ND 

C 
C DETERMINE THE HOUR ANGLE OF THE SUN WHEN F I R S T  RAYS H I T  THE RIVER 
C 
C 

CALL FACTOR(NALT ,NA,NB,Nc ,IVD) 
ALT=P1/2.-.01745329*NB+.00029089*NC+.00000485*ND 
S= (ALT+XLT+DEC) /~ ,  
SK=( (SJ.N(S-ALT)*SIN(S-DEC)*SIN(S-XLT)) /SIN(S))** ,5 
THETA=2. "ATAN (SK/SIN(S-ALT)  ) 

C 
C T IME OF DAY AT WHICH RUN STARTS 
C 
C CALL FACTOR(NTME,NA,NB,IVC,IVD) 

TMA= (NB*3600.+NC*60.+ND)/ (24 .  *3600.   PI P PI 
T T ( 1  )=TMA 
TPA(1 )=TMA*12. /PI  
IF (K .GT .0 )  GO TO 1 0 1  

C 
c DETERMINE DEPTH OF RIVER FOR ASSUMED Q OF MAP 



Q I = O  
QSR=O 

C 
C 
C DETERMINE I F  SUNS ALTITUDE I S  ABOVE CANYON WALLS 
C 
C 

IF(ABS(TMX)  .GT ,THETA)GO TO 4 4  
A L T = A R C ~ ~ ( C ~ ~ ( D E C ~ * C ~ S ( X L T ) + S I N ( D E C ) * S I N ~ X L T ~ * C O S ~ T M X ~  
ALFz90 . -57 .2958*ALT  
W=ALF 

C 
C POLYNOMIAL TO EXPRESS REFLECTED RADIATION 

REF~.3611-.021*W+.0005574*W**2-.00000672*W**3+.0000000301*W**4 
C 
C POLYNOMIAL TO EXPRESS NET RADIATION 

QSR=-1.433+1.757*W+.26158*W**2-.00825*W**3+.000130*W**4-.000001078 
1*bJ**54, ~ 0 0 0 0 0 0 0 3 5 4 7 7 * W * * 6  

C 
C TOTAL INCOMING SHORTWAVE RADIATION WITH CLOUD COVER EFFECTS 
C 

Q I = ( 1  . - .0071*CC*CC)*QSR*(1 . -REF) /3600 .  
C 
C CALCULATION OF BACK RADIATION INCLUDING EFFECTS OF CLOUD ALTITUDE 

4 4  AX=. 74+. 025*CC*EXP ( -  .0584*H) 
BX= - 0 0 4 9 - .  00054*CC*EXP(- 06*H) 
BET=AX+BX*EA/ . 0 2 9 5 3  
A L ( I ) = A L F  
XTW=TS+460. 
XTA=TA+460. 
QB=-1 .66E-9*  (XTW**4-BET*XTA**4)/3600. 

C 
W = ( Z ( I ) + Z ( I + 1 ) ) / 2 .  
L = X ( I ) - X ( I + 1  ) 
A=L*W 
D=TS 

C 
C VAPOR PRESSURE OF RIVER WATER 

EW=6413260. *EXP ( - 7 4 8 2  6 1  (TS+398.36)  ) 
C 
C HEAT EXCHANGE DUE TO EVAPORATION 

QT=-CEV*U*(EW-EA)/3600. 
C 
C HEAT EXCHANGE DUE TO CONDUCTION 

Q H I - .  000339*CEV*XK*U*P*(TS-TA)/3600. 
C 
C NET HEAT EXCHANGE 

QX=QI+QB+QT+QH 
C 

QZ(1  ,I )=QX 
Q Z ( I , 2 ) = Q I  
QZ( I ,3 )=QB 
Q Z ( I  ,4)=QT 
QZ(I ,5)=QH 



DETERMINE T I M E  INCREMENT FROM LENGTH OF REACH & VELOCITY OF FLOW 

AREA=2 . /3 . *DP( I ) *Z ( I )  
V=Q/AREA 
VSTR ( I ) =V 
TP=L/V 
SF (QSR. GT . . I  ) SLIM=TP*(QINT+QSR) +SUM 
Q INT=QSR 

ADJUST HOUR ANGLE OF THE SUN FOR THE T IME CHANGE 

CHANGE TEIYPERATLIRE OF RIVER FROM SNTERSECTSNG RIVER 

2 0  CONTINUE 



WRITE(3,311) 
WRITE (3,306) 
WRITE (3,307)Q ,TG ,T(1) ,T(N) ,TA,QAVE 
WRITE (3,308)P,Z(22) ,HM,DP(22) ,CC ,V 
WRTTE(3,31 O)XN ,XK 
WRITE(~,~O~)H,XMM,UV,XMH,CEV,SUP,NLAT 
QLAST=QR 
QO=Q-QR 
K=K+1 
GO TO 14 

53 CALL EXIT 
END 

SUBROUTINE FACTOR(NDAT,NA,NB,NC,ND) 
NA=NDAT/ 1 000000 
NB=(NDAT-NA*1000000)/10000 
IVC= (NDAT-NA"l000000-NB*10000)/100 
NDzNDAT-NA*1 000000-NB*1 0000-NC*1 00 
RETLIRN 
END 




