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The Henry M. Jackson ( S u l t a n  R i v e r )  H y d r o e l e c t r i c  P r o j e c t ,  Znohomi sn 
County,  Washington, has s i g n i f i c a n t l y  a l t e r e d  t h e  f l o w  reg i ine  i n  16  m i l e s  o f  
r i v e r  downsiream f rom Culmback Dam. The l i c e n s e e  agreed w i t h  f i s h  and 
w i l d l i f e  agenc ies  L O  d e t e r m i n e  s h o r t -  and l o n g - t e r m  i m p a c t s  o f  s e d i m e n t a t i o n  
and compact ion o f  spawning g r a v e l s  due t o  p r o j e c t  c o n s t r u c t i o n  and 
o p e r a t i o n  s i n c e  v a r i o u s  anadromous f i s h  s p e c i e s / l i f e  s tages  use t h e  9 .7 -m i le  
r i v e r  reach  be low t h e  E v e r e t t  d i v e r s i o n  dam. I n  o r d e r  t o  e v a l u a t e  p r e -  
c o n s t r u c t i o n  c o n d i t i o n s ,  a  b a s e l i n e  s t u d y  o f  spawning g r a v e l  t e x t u r e  was 
i n i t i a t e d  by t h e  P u b l i c  U t i l i t y  D i s t r i c t  No. 1 o f  Snohomish County i n  t h e  
s p r i n g  of 1932. I n  o r d e r  t o  d e t e r m i n e  e f f e c t s  o f  p r o j e c t  c o n s t r u c t i o n  on 
sediment t e x t u r e ,  g r a v e l  samples were c o l l e c t e d  and e v a l u a t e d  d u r i n g  
February  - A p r i l  1984 f o l l o w i n g  t e r m i n a t i o n  o f  c o n s t r u c t i o n  a c t i v i t i e s .  I n  
September 1987, t h r e e  y e a r s  f o l l o w i n g  o p e r a t i o n  s t a r t  up a d d i t i o n a l  g r a v e l  
samples were c o l l e c t e d  and ana lyzed .  E v a l u a t i o n  o f  1987 r e s u l t s  i n  
compar ison t o  t h o s e  o f  1952 and 1984 i s  t h e  s u b j e c t  o f  t h i s  r e p o r t .  

O b j e c t i v e s  o f  t h i s  s t u d y  were t o :  

1. Determine t h e  s p a t i a l  v a r i a b i l i t y  o f  sed iment  samples among 
s e l e c t e d  spawning reaches between t h e  d i v e r s i o n  dam downstream t o  
t h e  r i v e r  mouth; 

2. Determine t h e  v e r t i c a l  h e t e r o g e n e i t y  o f  sed iments  w i t h i n  and among 
spawning reaches;  

3. Compare p r e - c o n s t r u c t i o n  sediment c o m p o s i t i o n  w i t h  t h a t  o f  p o s t -  
c o n s t r u c t i o n .  

Streambed sediments were removed f r o m  f i v e  sa lmonid  spawning reaches  
u s i n g  a  t r i - t u b e  f r e e z e - c o r e  sampler.  Sampl ing p u r p o s e l y  a v o i d e d  spawning 
redds t o  t h e  e x t e n t  t h a t  redds were apparen t  t o  t h e  observe r .  A t o t a l  o f  
25, 1 2 - i n c h  deep c o r e  samples were c o l l e c t e d .  Each c o r e  was s u b d i v i d e d  i n t o  
f o u r ,  t h r e e - i n c h  s t r a t a ,  y i e l d i n g  a  t o t a l  o f  100 subsanples.  

Grave l  samples were ana lyzed  by wet s i e v i n g  t h r o u g h  a  g r a d u a t e d  s e r i e s  
o f  T y l e r  screens.  T e x t u r a l  c o m p o s i t i o n  was c a l c u l a t e d  u s i n g  t h e  computer 
program, SEDIIINT, a t  t h e  F i s h e r i e s  Research I n s t i t u t e  ( F R I ) ,  U n i v e r s i t y  o f  
Washington. T h i s  program p r o v i d e d  v a r i o u s  s u b s t r a t e  s t a t i s t i c s  and 
expressed t e x t u r e  i n  t e r m s  o f  g e o m e t r i c  mean d i a m e t e r  and p e r c e n t a g e  o f  
f i n e s  l e s s  t h a n  0.841 mm i n  d i a m e t e r .  

R e s u l t s  showed t h e  t e x t u r a l  c o m p o s i t i o n  o f  S u l t a n  R i v e r  st reambed 
sed iments  a t  spawning reaches f o l l o w i n g  p r o j e c t  c o n s t r u c t i o n  (1987)  was 
g e n e r a l l y  s i m i l a r  t o  t h a t  e v a l u a t e d  f o r  t h e  same s i t e s  p r i o r  t o  and 
i m m e d i a t e l y  f o l l o w i n g  c o n s t r u c t i o n  (1982 and 1984, r e s p e c t i v e l y ) .  

Grave ls  a t  s t a t i o n s  l o c a t e d  f a r t h e s t  ups t ream were s i g n i f i c a n t l y  
c o a r s e r  i n  samples c o l l e c t e d  f o l l o w i n g  c o n s t r u c t i o n  (1984 and 1987) t h a n  
p r i o r  t o  c o n s t r u c t i o n .  The average p r o p o r t i o n  o f  f i n e s e d i m e n t  l e s s  t h a n  
0.841 mm i n  d i a m e t e r  f o r  a l l  s t a t i o n s  ranged between 4.2% and 10.8% i n  1987. 



Sediment s t r a t i f i c a t i o n  was apparen t  d u r i n g  a l l  t h r e e  y e a r s  o f  s tudy .  
The combined mean va lues  of t h e  upper  t h r e e  i n c h e s  o f  s u b s t r a t e  c o n t a i n e d  a  
s i g n i f i c a n t l y  l ower  pe rcen tage  o f  f i n e s  and a  g r e a t e r  g e o m e t r i c  mean 
p a r t i c l e  s i z e  t h a n  d i d  t h e  u n d e r l y i n g  n i n e  i n c h e s  o f  sediment.  

It appears the  t e x t u r a l  c o m p o s i t i o n  o f  S u l t a n  R i v e r  spawning g r a v e l s  
f o l l o w i n g p r o j e c t  C o n s t r u c t i o n  remains q u i t e  g o o r a n d  couTd p r 6 v i d e  s u i t a b l e  
c o n d i t i o n s  t o  y i e l c h i g h  r a t e s  o f  embryonic s u r v i v a l ,  - depending on o t h e r  

. -~ 
s u r v i v a 1 ~ - l i m i t i n g  fact67-s. 

Based on t h e  s u b s t r a t e  i n d i c e s  examined i n  t h i s  s tudy ,  t h e  need f o r  
m i t i g a t i v e  measures f o r  m a i n t a i n i n g  t h e  q u a l i t y  o f  sa lmon id  spawning g r a v e l s  
i s  n o t  i n d i c a t e d .  

It must be recogn ized  t h a t  f u r t h e r  m o n i t o r i n g  o f  s u b s t r a t e  q u a l i t y  i n  
and o f  i t s e l f  w i l l  p r o v i d e  o n l y  a  genera l  i n d i c a t i o n  o f  sa lmon id  f r y  
s u r v i v a l  and n o t  a  q u a n t i t a t i v e  r e l a t i o n s h i p .  



1.0 INTRODUCTION 

1.1 AUTHORIZATION 

T h i s  s t u d y  iqas a u t h o r i z e d  --- and funded by  P u b l i c  U t i l i t y  D i s t r i c t  No. 1 
6 f  ~ n o h o & s h  County, Washington (PUD). It c b n i t i t u t e s  t h d t h i r d o f  a  s e r i + s  
o f  s t u d i e s  o f  t h e  e f f e c t s  o f  t h e  S u l t a n  R i v e r  H y d r o e l e c t r i c  P r o j e c t ,  Federa l  
Energy R e g u l a t o r y  Commission (FERC) P r o j e c t  No. 2157, on t h e  text?rra l  
c o m p o s i t i o n  o f  sa lmonid  spawning g r a v e l s .  

1.2 PROJECT BACKGROUND 

H y d r o e l e c t r i c  development on t h e  S u l t a n  R i v e r  r e q u i r e s  d i v e r s i o n  o f  
wa te r  f rom Culmback Dam (RM 16.5) t o  a  powerhouse (RI1 4.5) h a v i n g  a  t o t a l  
i n s t a l l e d  c a p a c i t y  o f  112 mw ( F i g u r e  1 ) .  Water i s  r e t u r n e d  t o  t h e  r i v e r  a t  
t h e  powerhouse, i f  o p e r a t i n g ,  o r  a t  t h e  C i t y  o f  E v e r e t t  d i v e r s i o n  dam (RM 
9.7) ,  r e g a r d l e s s  o f  powerhouse o p e r a t i o n .  Water r e t u r n e d  ups t ream t o  t h e  
d i v e r s i o n  dam p r o v i d e s  c o n t r o l l e d  f l o w s  downstream t o  t h e  powerhouse a t  a l l  
t i m e s ,  a s s u r i n g  s u i t a b l e  f l o w  c o n d i t i o n s  f o r  anadromous f i s h e s .  F o r  f u r t h e r  
d e t a i l s  o f  p r o j e c t  f e a t u r e s ,  f l o w  regimes, e x i s t i n g  a q u a t i c  and t e r r e s t r i a l  
resources  and expected p r o j e c t  impac ts ,  r e f e r  t o  PUD 1982. 

1.3 ENVIRDNIIENTAL SETTING 

The t e x t u r a l  c o m p o s i t i o n  o f  streambed sed iments  r e s u l t s  p r i m a r i l y  f r o m  
a  r i v e r ' s  f l o w  regime, t h e  n a t u r e  o f  s o i l s ,  and e r o s i v e  a c t i v i t i e s  i n  i t s  
d r a i n a g e  and streambed g r a d i e n t .  I n  t h e  S u l t a n  R i v e r ,  t h e s e  f a c t o r s  have 
combined t o  p r o v i d e  streambed sed iments  ( g r a v e l s )  wh ich  a r e  p r e s e n t l y  used 
by  spawning anadromous f i s h e s  u p s t r e a n  t o  t h e  E v e r e t t  d i v e r s i o n  dam (RM 
9.7) .  Salmonid spec ies  a r e  ch inook ,  coho, p i n k  and chum salmon, s t e e l h e a d  
and sea- run c u t t h r o a t  t r o u t .  

Between RM 9.7 and RM 3.0, t h e  S u l t a n  f l o w s  t h r o u g h  a  n a r r o w  canyon i n  
a  s e r i e s  o f  p o o l s  and r i f f l e s  ( F i g u r e  2 ) .  The r i v e r  bed h e r e  c o n s i s t s  
p r i m a r i l y  o f  bedrock,  b o u l d e r s  and cobb le .  Grave l  pa tches  o c c u r  s p a r s e l y  
t h r o u g h o u t  t h i s  s e c t i o n  and have been h i s t o r i c a l l y  s u b j e c t e d  t o  ex t reme f l o w  
f l u c t u a t i o n s  r e a c h i n g  o v e r  10,000 c f s  e v e r y  1 i n  3.2 y e a r s  ( E i c h e r  1981) .  
See F i g u r e  3 f o r  S u l t a n  R i v e r  (Spada Lake)  d a i l y  i n f l o w  and exceedance 
f requency.  H igh  f l o w s  can produce s u f f i c i e n t  v e l o c i t y  t o  s c o u r  t h e  s t ream 
bed and cause g r a v e l  movement. T h i s  can r e s u l t  i n  d i s l o d g e m e n t  and 
d e s t r u c t i o n  o f  sa lmonid  eggs and a l e v i n s ,  and i n  ex t reme cases,  cause a c t u a l  
l o s s  o f  spawning g r a v e l  (Burgner ,  1982).  

Below t h e  powerhouse, t h e  r i v e r  f l o w s  t h r o u g h  a p p r o x i m a t e l y  1.5 m i l e s  
o f  canyon f o l l o w e d  by  3.0 m i l e s  o f  g l a c i a t e d  s o i l s  u n t i l  r e a c h i n g  i t s  
conf luence w i t h  t h e  Skykomish R i v e r  a t  t h e  t o w  o f  S u l t a n .  Be low t h e  
canyon, t h e  r i v e r  widens and t h e  channel  o c c a s i o n a l l y  s p l i t s ,  c r e a t i n g  
i s 1  ands and numerous l o w - v e l o c i t y  s i d e  channels .  Cobble  and g r a v e l  a r e  
abundant,  p r o v i d i n g  c o n d i t i o n s  q u i t e  conduc ive  t o  anadromous f i s h  spawning. 
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1.4 PROJECT EFFECTS 

H y d r o e l e c t r i c  development has a l t e r e d  t h e  f l o w  reg ime o f  t h e  S u l t a n  
R i v e r ,  c a u s i n g  i n c r e a s e d  minimum f l o w s  d u r i n g  low  f l o w  p e r i o d s  and reduced 
f requency  and magni tude o f  l ow  t o  moderate f l o o d  f l o w s  be low Culmback Dam t o  
t h e  r i v e r  mouth. Between t h e  d i v e r s i o n  dam (Rtl 9.7) and powerhouse (RIA 
4 . 5 ) ,  f l o w s  a r e  r e g u l a t e d  c o n t i n u o u s l y  a t  l e v e l s  de te rm ined  t o  p r o v i d e  
optimum o r  adequate c o n d i t i o n s  f o r  sa lmonid  l i f e  s tages.  Except  d u r i n g  
extreme h i g h  f l o o d s  when s p i l l s  o c c u r  a t  Culmback Dam, w i n t e r  and s p r i n g  
f r e s h e t s  no l o n g e r  e x i s t  i n  t h i s  r i v e r  s e c t i o n  (PUD, 1982).  W h i l e  
e l i m i n a t i o n  o f  f r e s h e t s  would  appear t o  o f f e r  improved f l o w  c o n d i t i o n s  by  
p r o v i d i n g  wa te r  depths  and v e l o c i t i e s  more f a v o r a b l e  t o  f i s h  l i f e ,  t h e s e  
f r e s h e t s  can a l s o  p l a y  an i m p o r t a n t  r o l e  i n  c l e a n s i n g  s t ream beds o f  f i n e  
sediments (Shapley  and B ishop,  1965).  Entrapment o f  upst ream sed iment  
sources i n  t h e  s t o r a g e  r e s e r v o i r  combined w i t h  i n t e r m i t t e n t  s p i l l s  o f  c l e a r ,  
l ow-sed imen t -bear ing  w a t e r  may o f f s e t  p o t e n t i a l  sed iment  a c c u m u l a t i o n  
between t h e  d i v e r s i o n  dam and powerhouse r e s u l t i n g  f r o m  reduced f r e q u e n c y  o f  
f r e s h e t s .  F o r  t h e s e  reasons,  i t  becomes i m p o r t a n t  t o  know whe ther  o r  n o t  
f l o w  constancy f o r  ex tended p e r i o d s  o f  t i m e  r e s u l t s  i n  a  b u i l d u p  o f  f i n e  
sediments i n  s t ream bed g r a v e l s .  

An i n c r e a s e d  p r o p o r t i o n  o f  f i n e  sediments i n  sa lmon id  spawning g r a v e l s  
may reduce g r a v e l  po re  s i z e  and p e r m e a b i l i t y ,  t h u s ,  i n f l u e n c i n g  s u r v i v a l  t o  
emergence o f  i n c u b a t i n g  embryos. T h i s  o c c u r s  p r i m a r i l y  as a  r e s u l t  o f  ( 1 )  
decreased i n t r a g r a v e l  w a t e r  v e l o c i t y  which c a r r i e s  oxygen t o  and removes 
m e t a b o l i t e s  f r o m  i n c u b a t i n g  embryos and ( 2 )  decreased i n t r a g r a v e l  movement 
and emergence o f  a l e v i n s  ( L o t s p e i c h  and E v e r e s t ,  1981) .  

Downstream of t h e  powerhouse, p r o j e c t  f l o w s  w i l l  a l s o  b e  s t a b i l i z e d  
d u r i n g  t i m e s  o f  h i g h  p r e c i p i t a t i o n  o r  r u n o f f ;  however, f l o w s  o f  1,300 c f s  o r  
g r e a t e r  w i l l  p e r s i s t  f o r  l o n g e r  d u r a t i o n s .  It i s  u n c e r t a i n  w h e t h e r  o r  n o t  
such a  change i n  t h e  f l o w  reg ime w i l l  r e s u l t  i n  a l t e r e d  streambed t e x t u r e  i n  
t h e  l o w e r  r i v e r .  

1.5 STUDY SCOPE AND OBJECTIVES 

As p a r t  o f  t h e  p rocess  t o  o b t a i n  a  FERC l i c e n s e  t o  c o n s t r u c t  t h e  
p r o j e c t ,  an Uncontested O f f e r  o f  S e t t l e m e n t  was made between t h e  l i c e n s e e  
and t h e  J o i n t  Agencies:  Washington Department o f  F i s h e r i e s  (WDF), 
Washington Department o f  N i l d l i f e  (WDW), N a t i o n a l  Mar ine  F i s h e r i e s  S e r v i c e  
(NMFS), U.S. F i s h  and W i l d l i f e  S e r v i c e  (USFWS), and t h e  T u l a l i p  I n d i a n  
T r i b e s .  I t e m  3 o f  t h a t  agreement r e q u i r e s  t h a t  a  d e t e r m i n a t i o n  b e  made of 
" s h o r t - t e r m  and l o n g - t e r m  impac ts  o f  sed imen ta t ion ,  g r a v e l  compac t ion  and 
spawning g r a v e l  r e d u c t i o n  i n  t h e  S u l t a n  R i v e r  due t o  c o n s t r u c t i o n  and 
o p e r a t i o n  o f  t h e  p r o j e c t . "  A  th ree -phase  e v a l u a t i o n  o f  t h e  t e x t u r a l  
compos i t i on  o f  streambed sed iments  ( 1 )  p r i o r  t o  p r o j e c t  c o n s t r u c t i o n ,  ( 2 )  
f o l l o w i n g  c o m p l e t i o n  o f  c o n s t r u c t i o n ,  b u t  p r i o r  t o  p r o j e c t  o p e r a t i o n ,  and 
( 3 )  t h r e e  y e a r s  f o l l o w i n g  i n i t i a l  p r o j e c t  o p e r a t i o n  has been c o n d u c t e d  t o  
de te rm ine  whe the r  o r  n o t  spawning g r a v e l  q u a l i t y  has changed as a  r e s u l t  o f  
p r o j e c t  c o n s t r u c t i o n  and/or  o p e r a t i o n .  



The s u b j e c t  o f  t h i s  r e p o r t  i s  an e v a l u a t i o n  o f  t h e  t e x t u r a l  c o m p o s i t i o n  
o f  S u l t a n  streambed g r a v e l s  f o l l o w i n g  t h r e e  y e a r s  o f  p r o j e c t  o p e r a t i o n .  
R e s u l t s  o f  t h i s  s t u d y  a r e  h e r e i n  compared t o  g r a v e l  t e x t u r e  p r i o r  t o  and 
immed ia te l y  f o l l o w i n g  c o n s t r u c t i o n .  O b j e c t i v e s  o f  t h i s  s tudy  were comple ted 
by:  

1 )  d e t e r m i n i n g  t h e  s p a t i a l  v a r i a b i l i t y  o f  sed iment  samples among 
spawning reaches between t h e  d i v e r s i o n  dam and r i v e r  mouth; 

2 )  d e t e r m i n i n g  t h e  v e r t i c a l  h e t e r o g e n e i t y  o f  sediments w i t h i n  and 
among spawning reaches;  

3)  compar ison o f  p r e - c o n s t r u c t i o n  S u l t a n  R i v e r  sediment c o m p o s i t i o n  
w i t h  t h a t  o f  p o s t - c o n s t r u c t i o n .  

2.0 METHODS 

2.1 SAMPLE COLLECTION 

Sampl ing o f  t h e  s t ream bed was conducted i n  September o f  1987, u n l i k e  
p r e v i o u s  sampl ing which o c c u r r e d  i n  w i n t e r  o f  1982 and 1984. T h i s  change 
was reques ted  by t h e  Washington Department o f  F i s h e r i e s .  Sampl ing i n  1987 
t o o k  p l a c e  i n  mid-September a t  t h e  b e g i n n i n g  o f  t h e  spawning p e r i o d  f o r  
salmon, and f o l l o w i n g  an e x t e n s i v e  p e r i o d  o f  minimum f l o w  ( a p p r o x i m a t e l y  200 
c f s ) .  Thus, i t  shou ld  r e p r e s e n t  t h e  t i m e  o f  y e a r  when t h e  h i g h e s t  
percentage o f  f i n e  sed iment  i s  p r e s e n t ,  i.e., t h e  " w o r s t  case" c o n d i t i o n s .  
Sampling i n  p r e v i o u s  y e a r s  (1982 and 1984) was conducted i n  t h e  w i n t e r  when 
eggs o f  anadrarnous f i s h  a r e  i n c u b a t i n g  i n  t h e  g r a v e l .  

As i n  o t h e r  y e a r s ,  s u b s t r a t e  samples used t o  e v a l u a t e  t h e  q u a l i t y  o f  
spawning g r a v e l s  were c o l l e c t e d  a t  f i v e  spawning reaches ( s a m p l i n g  s t a t i o n s )  
shown i n  F i g u r e  4. The l o c a t i o n s  o f  t h e s e  s t a t i o n s  were c o o p e r a t i v e l y  
s e l e c t e d  d u r i n g  t h e  b a s e l i n e  s t u d y  phase b y  f i s h e r i e s  b i o l o g i s t s  f rom t h e  
J o i n t  Agencies.  Salmon o r  s t e e l h e a d  have been observed a t  a l l  s t u d y  s i t e s  
d u r i n g  spawning surveys conduc ted  b y  WDF and WDW s i n c e  1978. 

Three s t a t i o n s  were l o c a t e d  downstream and t w o  upstream o f  t h e  
powerhouse (RM 4.5). The s t a t i o n s ,  h e n c e f o r t h  r e f e r r e d  t o  as S1, 52, S3, 54 
and S5, a r e  l o c a t e d  as f o l l o w s :  

S 1  ( R M  0.1) l i e s  a l o n g  t h e  wes t  ( r i g h t )  bank, j u s t  n o r t h  o f  SR2 b r i d g e  
a t  t h e  town o f  S u l t a n  p u b l i c  p a r k  ( F i g u r e  5 ) .  

S2 ( R M  0.8) i s  mid-channel ,  a p p r o x i m a t e l y  300 y a r d s  downstream o f  
Win te rs  Creek c o n f l u e n c e  ( F i g u r e  6). 

S3 (RM 2.5) i s  a l o n g  t h e  e a s t  ( l e f t )  bank, a p p r o x i m a t e l y  400 y a r d s  
downstream f r o m  t h e  BPA p o w e r l i n e  c r o s s i n g  a t  t h e  end o f  F i r s t  
S t r e e t  ( F i g u r e  7). 

4 (RM 4.7) i s  l o c a t e d  a d j a c e n t  t o  t h e  west  bank, a p p r s x i n a t e l y  5 0 ~ .  
y a r d s  downstream f r o m  C h a p l a i n  Creek gag ing  s t a t i o n  ( F i g u r e  8). 

S5 (RM 7.2) i s  s i t u a t e d  a l o n g  t h e  west  bank between Marsh Creek 
c o n f l u e n c e  and Horseshoe Bend i n  t h e  a rea  r e f e r r e d  t o  as t h e  Gold  
Camp ( F i g u r e  9 ) .  
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T a b l e  1 shows spawning use a t  a l l  samp l ing  s t a t i o n s .  

Tab le  1. Anadromous f i s h  spawning use a t  g r a v e l  samp l ing  s t a t i o n s ,  S u l t a n  
R i v e r ,  Washington. 

R i v e r  P r i m a r y  Spawning Occas iona l  Spawning 
S t a t i o n  M i l e  Use 1 - - Use 

P 
SH, CH, CO, P  

S4 4.7 SH, CH 
S5 7.2 SH, CH 

CH, CO 
- - 

1 
Species code: SH ( s t e e l h e a d ) ,  CH ( c h i n o o k ) ,  CO ( coho) ,  P ( p i n k )  

I n  a d d i t i o n  t o  t h e  r e q u i r e m e n t  t h a t  s t u d y  l o c a t i o n s  a r e  areas used by  
spawning sa lmonids ,  s t a t i o n s  were s e l e c t e d  on t h e  b a s i s  o f  r e p r e s e n t a t i v e -  
ness o f  a s s o c i a t e d  r i v e r  r e a c h  and a c c e s s i b i l i t y .  The l o c a t i o n  of t h e  
s t a t i o n s  and t h e  c r i t e r i a  used i n  t h e i r  s e l e c t i o n  were f i e l d  approved b y  
J o i n t  Agency f i s h e r i e s  b i o l o g i s t s  p r i o r  t o  i n i t i a t i o n  o f  f i e l d  sampl ing.  

A t  each s t a t i o n ,  samples were o b t a i n e d  a l o n g  a  t r a n s e c t  p a r a l l e l  t o  t h e  
d i r e c t i o n  o f  w a t e r  movement w i t h i n  l o c a t i o n s  h a v i n g  spawning-s ize  g r a v e l  
l e s s  t h a n  f o u r  i n c h e s  i n  d i a m e t e r .  W h i l e  f i g u r e s  f i v e  - n i n e  show l o c a t i o n s  
f o r  c o l l e c t i n g  t e n  samples a t  random d i s t a n c e s  a l o n g  each t r a n s e c t ,  as i n  
t h e  p r e v i o u s  b a s e l i n e  s t u d i e s ,  o n l y  f i v e  samples were o b t a i n e d  t h i s  y e a r .  
A n a l y s i s  o f  w i t h i n  - t r a n s e c t  v a r i a t i o n  f r o m  p r e v i o u s  y e a r s '  d a t a  
s u b s t a n t i a t e d  t h e  reduced s a m p l i n g  s i z e .  A l l  samples f rom a  g i v e n  s t a t i o n  
were c o l l e c t e d  w i t h i n  an e i g h t - h o u r  p e r i o d .  T a b l e  2  shows r i v e r  f l o w s  f o r  
each sample day b y  l o c a t i o n .  

T a b l e  2. S u l t a n  R i v e r  f l o w s  d u r i n g  each d a t e  g r a v e l  samples were c o l l e c t e d  
i n  1987. 

S t a t i o n  

S 1 
S2 
53 
54 
55 

F low l* Flow 2* 
Date  -- (cfs) ( c f s )  

9/15/87 260 1 5 1  
9 /16/87 260 159 

*Flow 1 = f l o w  measured be low powerhouse 
*Flow 2 = f l o w  measured a t  d i v e r s i o n  dam 



A t r i - t u b e  f reeze-co re  sampler ,  as d e s c r i b e d  by L o t s p e i c h  and Re id  
(1980)  and Everes t ,  e t  a1 . (1980) was used t o  o b t a i n  r e l a t i v e l y  u n d i s t u r b e d  
s u b s t r a t e  samples. A  l i s t  o f  equipment used, sources,  and c o s t s  a r e  
p r o v i d e d  i n  Appendices A and B. T o t a l  c o s t  f o r  m a j o r  equipment i t ems ,  
e x c l u d i n g  carbon d i o x i d e  and c y l i n d e r s ,  was approx i i na te l y  $1,700. 

The advantages o f  f r e e z e - c o r e  sampl ing o v e r  more t r a d i t i o n a l  methods 
have been we1 1  documented, p a r t i c u l a r l y  i t s  a b i l i t y  t o  d e t e c t  s t r a t i f i c a t i o n  
o f  sediments ( S h i r a z i  and Seim, 1979).  V e r t i c a l  h e t e r o g e n e i t y  has been 
observed i n  some spawning bed m a t e r i a l s  (Pe te rson ,  1978; Shi r a z i ,  e t  a1 ., 
1979; Adams, 1979) b u t  n o t  i n  o t h e r s  ( P l a t t s ,  e t  a1 ., 1979).  

F i e l d  sampl ing procedures i n v o l v e d  d r i v i n g  t h r e e  s t a i n l e s s  s t e e l  probes 
i n t o  t h e  stream bed t o  a  depth  o f  30 cm (12 i n c h e s ) .  The a l i g n m e n t  of t h e  
probes and t h e  dep th  t o  which t h e y  were d r i v e n  were c o n t r o l l e d  by two s t e e l  
p l a t e s  ( d e p t h  g a g e - e x t r a c t o r ) .  L i q u i d  carbon d i o x i d e  was d i s c h a r g e d  f o r  
a p p r o x i m a t e l y  f i v e  m inu tes  t h r o u g h  m a n i f o l d s  i n t o  t h e  l o w e r  p o r t i o n  o f  each 
p robe  where i t  vapor i zed ,  i n d u c i n g  r a p i d  f r e e z i n g  o f  a d j a c e n t  i n t e r s t i t i a l  
w a t e r  and sediments t o  t h e  probes.  One n ine -kg  ( 2 0 - l b )  c y l i n d e r  of carbon 
d i o x i d e  was used f o r  each sample. 

I n  o r d e r  t o  assure r a p i d  sediment f r e e z i n g  and u n i f o r m  s i z e  co res ,  t h e  
t h r e e f l 0 - m i c r o n  f i l t e r s  a t t a c h e d  t o  t h e  gas d e l i v e r y  m a n i f o l d s  were r e p l a c e d  
o r  c leaned  f o l l o w i n g  t h e  d i s c h a r g e  o f  20 ca rbon  d i o x i d e  c y l i n d e r s .  C l e a n i n g  
was accompl ished by  b a c k f l u s h i n g  f i l t e r s  w i t h  compressed a i r  and t a p p i n g  
f i l t e r s  t o  d i s l o d g e  contaminants .  

Fo r  sa fe ty  purposes a  3.5 g a l l o n  g a l v a n i z e d  s t e e l  b u c k e t  was i n v e r t e d  
ove r  m a n i f o l d s  and h e l d  i n  p l a c e  u n t i l  t h e  CO2 c y l i n d e r  had c o m p l e t e l y  
d i scharged .  T h i s  was done i n  o r d e r  t o  a v o i d  sudden upward sc rges  o f  
m a n i f o l d s  when gases became t r a p p e d  as c o n d e n s a t i o n  f r o z e  i n  t h e  b o t t o m  of 
probes.  

The probes and adher ing  sediment were e x t r a c t e d  f r o m  t h e  subs t ra tum 
u s i n g  a  hand winch a t t a c h e d  t o  a  t r i p o d  s i t u a t e d  overhead. A f t e r  e x t r a c t i o n  
from t h e  streambed, t h e  c o r e  was t h e n  p o s i t i o n e d  h o r i z o n t a l l y  ove r  a  s e t  o f  
s i x ,  ad jacen t ,  7.6 cm ( t h r e e - i n c h )  w ide  g a l v a n i z e d  aluminum boxes and thawed 
w i t h  propane to rches .  M a t e r i a l  wh ich  f e l l  i n t o  t h e  boxes was c o l l e c t e d  and 
t r a n s f e r r e d  t o  p l a s t i c  bags f o r  subsequent l a b o r a t o r y  a n a l y s i s .  The w e i g h t  
of a  s i n g l e  core ,  comprised o f  f o u r  subsample s t r a t a ,  ranged between f i v e  
and t e n  k i l o g r a m s  ( 1 1  and 22 pounds).  

2.2 LAB ANALYSIS 

The procedures used t o  q u a n t i t a t i v e l y  s o r t  g r a v e l  samples i n  t h e  
l a b o r a t o r y  a re  i d e n t i c a l  t o  t h o s e  d e s c r i b e d  by  N e r t ,  e t  a l .  (1982) .  
Subsamples were ana lyzed s e p a r a t 2 l y  b y  wask izg  t h e  sed iment  t h r o g g h  a  
geomet r i c  s e r i e s  o f  10 T y l e r  screens r a n g i n g  f r o m  53.8 t o  0.105 mm (2.12 t o  
0.034 i n c h e s )  i n  mesh d i a m e t e r  i n  o r d e r  t o  s e p a r a t e  p a r t i c l e  s i z e  groups.  
The v o l u m e t r i c  d isp lacement  o f  m a t e r i a l  r e t a i n e d  on each s i e v e  was measured 

t o  t h e  n e a r e s t  m i l l i l i t e r .  F i n e  sediment p a s s i n g  t h r o u g h  t h e  s m a l l e s t  s i e v e  
was c o n c e n t r a t e d  i n  a  l a r g e  f u n n e l  and a l l o w e d  t o  s e t t l e  f o r  a p p r o x i m a t e l y  



o n e - h a l f  hour .  F o r  t h e  purposes o f  t h i s  s tudy,  i t  was assumed t h a t  t h e  
f i n e - g r a i n e d  sediment c o l l e c t e d  i n  a  graduated c y l i n d e r  a t  t h e  base o f  t h e  
funne l  averaged 0.063 mm i n  d i a m e t e r ,  t h e  s i z e  c l a s s  known as "wash l o a d "  o f  
channel sed iments  (Amer ican Geophys ica l  Union,  1947) .  

Data  c o l l e c t e d  by  t h e  v o l u m e t r i c  method was c o r r e c t e d  f o r  b i a s  
r e s u l t i n g  f r o m  i n c r e a s e d  w a t e r - h o l d i n g  c a p a c i t y  o f  f i n e r  sed iments .  
F o l l o w i n g  t h e  s u g g e s t i o n  o f  S h i r a z i  and Seim ( l 9 7 9 ) ,  t h e  d r y  c o n t e n t s  o f  t h e  
1.68 mm s i e v e  was used t o  e s t i m a t e  t h e  d e n s i t y  o f  t h e  sed iment  by  d i v i d i n g  
t h e  d r y  we igh t  o f  t h e  sample i n  grams by  t h e  volume o f  w a t e r  i t  d i s p l a c e d  i n  
c u b i c  c e n t i m e t e r s .  A f t e r  ave rag ing ,  t h e s e  e s t i m a t e s  enab led  a  c o r r e c t i o n  
f a c t o r  t o  b e  a p p l i e d  t o  v o l u m e t r i c  d a t a  i n  o r d e r  t o  d e r i v e  d r y  w e i g h t  
e s t i m a t e s  o f  t h e  d i f f e r e n t  p a r t i c l e  s i z e  c l a s s e s .  

2.3 DATA ANALYSIS 

2.3.1 REVIEW OF SUBSTRATE INDICES 

A l though  t h e r e  i s  g e n e r a l  consensus among f i s h e r i e s  b i o l o g i s t s  t h a t  t h e  
t e x t u r a l  compos i t i on  o f  spawning s u b s t r a t e s  a f f e c t s  s u r v i v a l  and emergence 
of sa lmonid  embryos, a  u n i f i e d  methodology f o r  c o l l e c t i n g  and i n t e r p r e t i n g  
g r a v e l  qua1 i t y  has n o t  been adopted.  Chapman (1988)  rev iewed  v a r i a b l e s  
d e f i n i n g  t h e  e f f e c t s  o f  f i n e  sed iment  on sa lmonid  s u r v i v a l .  The causa l  
f a c t o r s  o f  m o r t a l i t y  a r e  g e n e r a l l y  b e l i e v e d  t o  b e  t h e  r e d u c t i o n  o f  
oxygenated w a t e r  t o  i n c u b a t i n g  embryos and t h e  t r a p p i n g  o f  a l e v i n s  d u r i n g  
t h e  emergence p e r i o d .  B o t h  o f  t h e s e  a r e  r e l a t e d  t o  t h e  p r o p o r t i o n  o f  f i n e  
sediments w i t h i n  g r a v e l .  Consequent ly ,  r e s e a r c h e r s  have used an e s t i m a t e  o f  
t h e  pe rcen tage  o f  f i n e s  l e s s  t h a n  a  s p e c i f i e d  d i a m e t e r  (e.g., 0.841 mm, 1.0 
mm, 3.3 mm o r  6.5 m) t o  i n t e r p r e t  t h e  s u i t a b i l i t y  o f  streambed m a t e r i a l s  
f o r  spawning and i n c u b a t i o n .  More r e c e n t l y ,  i n v e s t i g a t o r s  have r e c o g n i z e d  
t h e  inadequacy o f  u s i n g  " p e r c e n t  f i n e s "  as a  comprehensive i n d e x  o f  
s u b s t r a t e  q u a l i t y  and have proposed v a r i o u s  s t a n d a r d i z e d  i n d i c e s  t o  
c h a r a c t e r i z e  t h e  t e x t u r a l  c o m p o s i t i o n  o f  spawning g r a v e l s .  

P l a t t s ,  e t  a l .  (1979)  f i r s t  advocated use o f  g e o m e t r i c  mean d i a m e t e r  
( d  ) as an a p p r o p r i a t e  i n d e x  because o f  i t s  r e l a t i o n  t o  t h e  p e r m e a b i l i t y  and 
p o ? o s i t y  o f  channel  sed iments ,  i t s  w idespread use i n  sed imen ta ry  p e t r o g r a p h y  
and e n g i n e e r i n g ,  and i t s  a m e n a b i l i t y  t o  s t a t i s t i c a l  compar ison.  S h i r a z i  and 
Seim (1979) r e i t e r a t e  t h e s e  advantages and p r o v i d e  s e v e r a l  methods, 
i n c l u d i n g  r e g r e s s i o n  a n a l y s i s ,  t o  a i d  i n  t h e  c a l c u l a t i o n  o f  d  . The 
r e g r e s s i o n  t e c h n i q u e  may a l s o  be used t o  c a l c u l a t e  t h e  p e r c e n t a g e  of f i n e s  
l e s s  t h a n  a  s p e c i f i e d  p a r t i c l e  d i a n e t e r .  

L o t s p e i c h  and E v e r e s t  (1981)  do n o t  r e j e c t  t h e  r e g r e s s i o n  methods o f  
S h i r a z i  and Seim, b u t  d o  r e j e c t  t h e i r  use o f  t h e  g r a i n  s i z e s  o f  t h e  1 6 t h  
(d16) and 8 4 t h  (d84) c u m u l a t i v e  w e i g h t  p e r c e n t i l e s  i n  c a l c u l a t i n g  t h e  sample 
va r iance ,  s r  s s r t i n g  c o e f f i c i e n t  (So). L o t s p e i c h  and E v e r e s t  suggest  u s i n g  
t h e  square r o o t  o f  t h e  r a t i o  o f  d25 and d75 as a  measure o f  t h e  d i s p e r s i o n  
o f  p a r t i c l e s  w i t h i n  a  sample. U n f o r t u n a t e l y ,  i n  l i e u  o f  a  r e g r e s s i o n  
equa t ion ,  t h e  o n l y  way t o  c a l c u l a t e  p a r t i c l e  s i z e  a t  t h e  2 5 t h  and 7 5 t h  
q u a r t i l e s  i s  by  p l o t t i n g  a  f r e q u e n c y  c u r v e  o f  c u m u l a t i v e  w e i g h t  a g a i n s t  



p a r t i c l e  d iamete r .  I n  a d d i t i o n  t o  t h e  ted iousness  o f  c o n s t r u c t i n g  such 
c u m u l a t i v e  cu rves ,  each comprised o f  11 d a t a  p o i n t s  f o r  m u l t i p l e  s u b s t r a t e  
samples, t h e  v i s u a l  e s t i m a t i o n  o f  t h e  25 th  and 7 5 t h  p e r c e n t i l e s  i s  s u b j e c t  
t o  c o n s i d e r a b l e  e r r o r .  L o t s p e i c h  and E v e r e s t  do p r o v i d e  an a l o g r i t h m  f o r  
c a l c u l a t i n g  d , however, and propose t h e  " f r e d l e  i n d e x "  (F i ) ,  where Fi = 
d  /So, as a  mgasure of t h e  q u a l i t y  of spawning s u b s t r a t e .  A l though  t h e  use 
07 Fi appears j u s t i f i e d  f r o m  a  t h e o r e t i c a l  s t a n d p o i n t ,  we b e l i e v e  t h a t  t h e  
methods o f  c a l c u l a t i n g  So p r o b a b l y  r e s u l t s  i n  ~ r r o r s  l a r g e  enough t o  c a s t  
doubt  on i t s  q u a n t i t a t i v e  s i g n i f i c a n c e .  We have, t h e r e f o r e ,  chosen n o t  t o  
r e p o r t  t h e  f r e d l e  i n d e x  f o r  S u l t a n  R i v e r  spawning g r a v e l s .  The d a t a  
necessary  t o  do so, however, i s  r e a d i l y  a v a i l a b l e  s h o u l d  a  more a p p r o p r i a t e  
means o f  c a l c u l a t i n g  So become a v a i l a b l e .  

Because o f  t h e i r  w ide  acceptance and use two genera l  c a t e g o r i e s  o f  
s u b s t r a t e  i n d i c e s ,  p e r c e n t  f i n e s ,  and geomet r i c  mean d i a m e t e r  were s e l e c t e d  
t o  e v a l u a t e  t h e  qua1 i t y  o f  S u l t a n  R i v e r  g r a v e l  samples. I n  t h i s  s t u d y ,  
p e r c e n t  f i n e s  was d e s i g n a t e d  as t h e  f r a c t i o n  o f  sed iment  i n  a  sample l e s s  
t h a n  0.841 mm i n  d iamete r .  T h i s  t h r e s h o l d  v a l u e  has been used i n  o t h e r  
i n v e s t i g a t i o n s  o f  spawning s u b s t r a t e  q u a l i t y  i n  wes te rn  Washington s t reams 
(Cederholm and Sal o  1979; S c o t t ,  e t  a1 . , 1982; and S tober ,  e t  a1 . , 1982).  
It has been found t o  r e p r e s e n t  t h o s e  s i z e s  o f  i n o r g a n i c  sed iment  wh ich 
i n f l u e n c e  f i s h  and i n s e c t  l i f e  i n  t h e  i n t r a g r a v e l  env i ronment .  

As d iscussed by Chapman (1988) ,  e x t r a p o l a t i o n  o f  sediment c o n d i t i o n s  
u s i n g  s u b s t r a t e  i n d i c e s  t o  e x p l a i n  s u r v i v a l  o f  sa lmonid  f r y  shou ld  be 
approached w i t h  extreme c a u t i o n  as no a c c u r a t e  q u a n t i t a t i v e  models c u r e n t l y  
e x i  s t .  

2.3.2 COI.lPUTER PROGRAM "SEDIt4NTW 

The computer program, SEDIMNT (FRG-367), w r i t t e n  by  Gales and Swanson 
(1980),  was used t o  summarize t h e  v o l u m e t r i c  and g r a v i m e t r i c  d a t a  d e s c r i b e d  
above. The program c a l c u l a t e s  t h e  pe rcen tage  o f  sample c o l l e c t e d  by  each 
s i e v e  and t h e  percentage o f  sample which i s  s m a l l e r  t h a n  each s i e v e  d i a m e t e r  
(Appendix C ) .  The pe rcen tage  o f  f i n e s  which pass t h r o u g h  t h e  0.841 mm mesh 
d iamete r  s ieve  i s  used i n  s t a t i s t i c a l  compar isons.  The v a r i a b l e s  PFW and 
PFD i n d i c a t e  t h e  p e r c e n t  f i n e s  e s t i m a t e d  f r o m  v o l u m e t r i c  ( w e t )  d a t a  and 
g r a v i m e t r i c  ( d r y )  d a t a ,  r e s p e c t i v e l y .  

SEDIHNT a l s o  per forms a  l e a s t  squares r e g r e s s i o n  a n a l y s i s  f o r  each 
sample f o l l o w i n g  t h e  procedure g i v e n  by  S h i r a z i  and Seim (1979) .  T h i s  
r e g r e s s i o n  a n a l y s i s  assumes t h e  s i z e  c l a s s  d i s t r i b u t i o n  o f  s t ream sed iments  
f o l l o w s  a  l o g  normal d i s t r i b u t i o n .  I f  t h i s  assumpt ion i s  t r u e ,  t h e n  t h e  
r e g r e s s i o n  procedure reduces t h e  v a r i a b i l i t y  i n h e r e n t  i n  u s i n g  un t rans fo rmed  
data .  It a l s o  f a c i l i t a t e s  an a n a l y s i s  o f  t h e  e n t i r e  t e x t u r a l  c o m p o s i t i o n  o f  
t h e  sample and enab les  c a l c u l a t i o n  o f  t h e  geomet r i c  mean d i a m e t e r  and t h e  
p e r c e n t  f i , i c s  less t h a n  0.841 mm i n  d iamete r .  The v a r i a b l e  PFLS, used i r ?  
t h e  s t a t i s t i c a l  compar isons be low,  i s  t h e  p e r c e n t  f i n e s  e s t i m a t e d  by t h e  
r e g r e s s i o n  method. The geomet r i c  mean d i a m e t e r  c a l c u l a t e d  f r o m  t h e  
r e g r e s s i o n  e q u a t i o n  i s  i d e n t i f i e d  as DGLS. 



The a l o g r i t h m  f o r  c a l c u l a t i n g  d  suggested by  Everes t ,  e t  a l .  ( 1 9 8 0 ) ,  
wh ich r e s u l t s  i n  v a l u e s  d i f f e r e n t  t h l n  t h o s e  d e r i v e d  f rom t h e  r e g r e s s i o n  
e q u a t i o n ,  i s  p r o v i d e d  below: 

where dl = m i d p o i n t  d i a m e t e r  o f  p a r t i c l e s  r e t a i n e d  by  a  g i v e n  
s i e v e  

and w = dec imal  f r a c t i o n  by w e i g h t  o f  p a r t i c l e s  r e t a i n e d  by  a  
1 g i v e n  s i e v e  

The v a r i a b l e s  DGW and DGD h e n c e f o r t h  r e f e r  t o  t h e  geomet r i c  mean 
d iamete r  c a l c u l a t e d  on t h e  b a s i s  o f  v o l u m e t r i c  and g r a v i m e t r i c  d a t a ,  
r e s p e c t i v e l y ,  u s i n g  t h e  above equa t ion .  

P a r a m e t r i c  s t a t i s t i c a l  ana lyses  o f  t h e  t h r e e  g e o m e t r i c  mean d i a m e t e r  
(DGW, DGD, DGLS) and p e r c e n t  f i n e s  (PFW, PFD, PFLS) v a r i a b l e s  d e s c r i b e d  
above i n c l u d e d  a n a l y s i s  o f  v a r i a n c e  (ANOVA) and S t u d e n t ' s  t - t e s t s  f o r  
d i f f e r e n c e s  between s t r a t a  and among s t u d y  areas.  Non-regress ion sample 
s t a t i s t i c s  were computed as t h e  average o f  t h e  f o u r  subsample ( s t r a t a )  wh ich  
compr ised each sample. I n  some cases o n l y  t h e  l o w e r  t h r e e  s t r a t a  were used 
t o  c a l c u l a t e  t h e  sample means used i n  compar isons between s t a t i o n s .  The 
reason f o r  t h e  o m i s s i o n  o f  t h e  upper  s u b s t r a t u m  i s  subsequen t l y  d i s c u s s e d .  
E s t i m a t e s  o f  DGLS and PFLS va lues  f o r  each sample were de te rm ined  b y  
r e g r e s s i o n  a n a l y s i s  o f  subsample d a t a  (n=44) .  

F o l l o w i n g  ANOVA oompar isons,  t h e  non-paramet r i c  S c h e f f e ' s  and L e a s t  
S i g n i f i c a n t  D i f f e r e n c e  (LSD) t e s t s  were used t o  d e t e c t  f u r t h e r  t r e n d s  i n  
s t r a t a  and s t u d y  a r e a  i n t e r - r e l a t i o n s h i p s .  

3.0 RESULTS 

3.1 GEOMETRIC MEAN DIAMETER AND PERCENT FINES 

The average v a l u e s  f o r  g e o m e t r i c  mean d i a m e t e r  ( d  ) and p e r c e n t  f i n e s  
c a l c u l a t e d  f o r  each s t u d y  a rea  a r e  l i s t e d  i n  T a b l e  3. g ~ e o m e t r i c  mean 
d iamete r  va lues  f o r  a l l  s t a t i o n s  combined averaged 16.83 mm (DGW), 19.56 
(DGD) and 43.96 (DGLS). The pe rcen tage  o f  f i n e  sed iment  l e s s  t h a n  0.841 mm 
d iamete r  f o r  a l l  s t a t i o n s  combined averaged 7.3 (PFW), 5.0 (PFD), and 5.0 
(PFLS). S u b s t r a t e  v a l u e s  de te rm ined  f o r  i n d i v i d u a l  samples a t  each s t a t i o n  
d u r i n g  1982, 1984, and 1987 s t u d i e s  a r e  p r o v i d e d  i n  Appendix D. 

A l l  t h r e e  measures o f  d  i n d i c a t e d  t h a t  streambed c o m p o s i t i o n  a t  
s t a t i o n  55 was by  f a r  t h e  c o e r s e s t  o f  t h e  f i v e  s t u d y  areas sampled. O t h e r  
s t a t i o n s  were s i m i l a r  t o  each o t h e r .  ANOVA r e s u l t s ,  T a b l e  4, r e j e c t e d  t h e  
h y p o t h e s i s  o f  no d i f f e r e n c e  among mean d  v a l u e s  f o r  t h e  f i v e  s t a t i o n s ,  f o r  
t h e  v a r i a b i e s  OGW and DGD, b u t  n o t  f o r  D ~ L S .  LSD mu1 t i p l e - r a n g e  t e s t s  
i n d i c a t e d  t h a t  t h e  geomet r i c  mean d i a m e t e r  f o r  s t a t i o n  S5 was s i g n i f i c a n t l y  
g r e a t e r  t h a n  v a l u e s  o b t a i n e d  f o r  a l l  o t h e r  s t u d y  areas i n  t h e  case o f  DGW, 
and a l l  s t a t i o n s  b u t  S4 i n  t h e  case o f  DGD. 



Tab le  3. Average geomet r i c  mean d i a m e t e r  b y  v o l u m e t r i c  (OGW), g r a v i m e t r i c  
(OGD), and l e a s t  squares (OGLS) methods and average p e r c e n t  f i n e s *  
by v o l u m e t r i c  (PFW), g r a v i m e t r i c  (PFO), and l e a s t  squares (PFLS) 
methods f o r  g r a v e l  samples c o l l e c t e d  i n  t h e  S u l t a n  
River,Washinqton,  1987. Samples va lues  a r e  basedon f o u r  s t r a t a  
c o l l e c t e d  i n - i n d i v i d u a l  f r e e z e  c o r e s  

No. o f  DGW DGO OGLS 
S t a t i o n  Samples - (mm) (mm) (.n) 

S1 5 15.40 17.44 18.06 

PFW PFD PFLS 
m m m  

*Percent f i n e s  i s  t h e  p r o p o r t i o n  o f  sediment l e s s  t h a n  0.841 mm i n  d iamete r .  

T a b l e  4. R e s u l t s  of a n a l y s i s  o f  v a r i a n c e  (ANOVA) f o r  S u l t a n  R i v e r  g r a v e l s  
t e s t i n g  h y p o t h e s i s  t h a t  average geomet r i c  meandiameter and p e r c e n t  
f i n e s  f o r  a l l  s t a t i o n s  a r e  equal  i n  1987. 

(Ho: Mean o f  S1 = 52 = S3 = 54 = S5) 

DGII DGO OGLS PFW PFD PFLS 

F  - R a t i o  3.35 2.50 1.22 13.30 13.50 7.23 

F - P r o b a b i l i t y  0.03 0.08 0.33 <O .a01 (0 -001 <O.OOl 

A l l  t h r e e  measures o f  p e r c e n t  f i n e s  i n d i c a t e d  t h a t  t h e  s t ream bed a t  
s t a t i o n  S2 con ta ined  t h e  h i g h e s t  p r o p o r t i o n  o f  f i n e  sediment,  w h i l e  S1 and 
S5 c o n t a i n e d  t h e  l o w e s t .  A  c l e a r l y  i n v e r s e  r e l a t i o n s h i p  between s t a t i o n  
mean d  and p e r c e n t  f i n e s  v a l u e s  was n o t  observed.  Wh i le  s t a t i o n  55 
e x h i b i t s  b o t h  t h e  h i g h e s t  d  and a  l o w  p e r c e n t  f i n e s  v a l u e s ,  s t a t i o n  S1 had 
a  r e l a t i v e l y  l ow  d  and wasglow i n  f i n e  sediments.  T h i s  i m p l i e s  t h a t  t h e  
s u b s t r a t e  a t  S1 i s g p o o r l y  s o r t e d ,  w i t h  l a r g e r  c o b b l e  and s m a l l e r  s a n d / s i l t  
sediments f o r m i n g  t h e  dominant  s i z e  c l a s s e s .  

From an i n s p e c t i o n  o f  t h e  F - s t a t i s t i c s  a s s o c i a t e d  w i t h  t h e  ANOVA's 
per formed t o  t e s t  f o r  d i f f e r e n c e s  among s t a t i o n  p e r c e n t  f i n e s  sample means, 
T a b l e  4, i t  i s  e v i d e n t  t h a t  z i c j n i f i c a n t  v a r i a t i o n  e x i s t s  among s t u d y  areas.  
LSD t e s t s  i n d i c a t e d  t h a t  s t a t i o n s  S5 and S1 had s i g n i f i c a n t l y  fewer  f i n e s  
t h a n  o t h e r  s t a t i o n s .  T h i s  i n d i c a t e s  t h a t  no c o n s i s t e n t  d i f f e r e n c e  i n  p e r c e n t  
f i n e s  e x i s t e d  between s t u d y  areas upst ream (S4 and S5) and downstream o f  t h e  
powerhouse ( S l ,  52, 53 ) .  



3.2 SEDIMENT STRATIFICATION 

Geometr ic  mean d i a m e t e r  and p e r c e n t  f i n e s  v a l u e s  c a l c u l a t e d  f o r  t h e  
i n d i v i d u a l  f o u r  s t r a t a  wh ich  compr i sed  each f r e e z e - c o r e  sample a r e  p r e s e n t e d  
i n  Appendix E. tlean v a l u e s  a t  each s t a t i o n  f o r  s t r a t a  a r e  shown i n  T a b l e  5.  
I n  a l l  cases t h e  h i g h e s t  mean d  and t h e  l o w e s t  p e r c e n t  f i n e s  v a l u e s  
o c c u r r e d  i n  t h e  uppernost  s t r a t a m .  T h i s  was e s p e c i a l l y  so a t  s t a t i o n  S5 
which had c o n s i s t e n t l y  h i g h  d  and l o w  p e r c e n t  f i n e s  b u t  was d i s p r o p o r t i o n -  
a l l y  a f f e c t e d  by  a  l a r g e  cobbee i n  t h e  s u r f a c e  s t r a t u m  o f  one sample. The 
apparent  o u t l i e r  h i g h  v a l u e  f o r  DGLS a t  s t a t i o n  S5 a l s o  may be e x p l a i n e d  by  
t h e  g r e a t e r  s e n s i t i v i t y  o f  t h i s  measure o f  d  . The un iqueness o f  t h e  
s u r f a c e  l a y e r  was c o r r o b o r a t e d  by  s t a t i s t i c a y  t e s t s  wh ich  r e j e c t e d  t h e  n u l l  
h y p o t h e s i s ,  t h a t  mean s u b s t r a t e  v a l u e s  ( e i t h e r  d  o r  p e r c e n t  f i n e s )  
de te rm ined  f o r  t h e  uppermost s t r a t u m  were equal  &o c o r r e s p o n d i n g  v a l u e s  
o b t a i n e d  f o r  t h e  o t h e r  s t r a t a .  

An apparen t  t r e n d  of i n c r e a s i n g  mean d  and p e r c e n t  f i n e s  w i t h  
i n c r e a s i n g  dep th  o f  s u b s t r a t e  i n  t h e  l o w e r  {hree s t r a t a  was suggested by  t h e  
combined s t a t i o n  va lues  l i s t e d  i n  T a b l e  5. S t a t i s t i c a l  t e s t s  d i d  n o t  
i n d i c a t e  a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  s u b s t r a t e  c o m p o s i t i o n  o f  t h e s e  
s t r a t a  however. 

S ince  t h e  e f f e c t  of t h e  uppermost s t r a t u m  e l e v a t e s  mean dg and l o w e r s  
p e r c e n t  f i n e s  e s t i m a t e s ,  i t  was d e c i d e d  t o  t e s t  f o r  d i f f e r e n c e s  among s t u d y  
areas u s i n g  averages o f  t h e  l o w e r  t h r e e  s t r a t a  ( T a b l e  6 and Appendix F ) .  
F u r t h e r  j u s t i f i c a t i o n  f o r  t h i s  i s  t h a t  s a l n o n i d  eggs a r e  u s u a l l y  d e p o s i t e d  
a t  dep ths  g r e a t e r  t h a n  t h r e e  i n c h e s  f r o m  t h e  g r a v e l  s u r f a c e .  A l t h o u g h  t h e  
c o m p o s i t i o n  o f  t h e  s u r f a c e  l a y e r s  o f  sed iment  i n f l u e n c e s  i n t r a g r a v e l  f l o w  
and f r y  emergence, sa lmonid  egg and a l e v i n  s u r v i v a l  i s  dependent f o r  l o n g e r  
p e r i o d s  o f  t i m e  upon h a b i t a t  o c c u r r i n g  a t  g r e a t e r  st reambed depth .  
R e s u l t a n t  s t a t i s t i c a l  compar ions were s i m i l a r  t o  t h o s e  d e s c r i b e d  e a r l i e r  f o r  
sample means o f  a l l  f o u r  s t r a t a .  S t a t i o n  S5 was found  t o  have t h e  h i g h e s t  
d  and S1 and S5 had t h e  l o w e s t  p e r c e n t  f i n e s  c o n t e n t .  S i g n i f i c a n t  
d q f f e r e n c e s  among t h e  f i v e  s t u d y  s i t e s  were i n d i c a t e d  by  ANOVA due t o  t h e  
e f f e c t  o f  t h e s e  two s t a t i o n s .  

3.3 SOURCES OF ERROR 

P o s s i b l e  sources o f  s u b s t r a t e  samp l ing  b i a s  i n  t h i s  s t u d y  i n c l u d e  
o p e r a t o r  and a n a l y t i c a l  e r r o r .  The f o r m e r  i s  i n f l u e n c e d  by  t h e  r e l i a b i l i t y  
o f  t h e  f r e e z e - c o r e  sampler and b y  t h e  v a r i a b i l i t y  i n  sampl ing and s i e v i n g  
techn ique .  Equipment r e l i a b i l i t y  was assured by  p r e v e n t i n g  con taminan ts  o r  
d r y  i c e  f r o m  b l o c k i n g  gas f l o w  t h r o u g h  t h e  10-micron i n l i n e  f i l t e r s  and 
m a n i f o l d  n o z z l e s .  P e r i o d i c  c l e a n i n g  o f  f i l t e r s  and n o z z l e s  p r e c l u d e d  gas 
b lockage  wh ich  would o t h e r w i s e  r e s u l t  i n  a  r e l a t i v e l y  s m a l l e r  and p a r t i a l l y  
f r o z e n  c o r e  v i s u a l l y  r e c o g n i z e a b l e  by  t h e  poor  adhes ion o f  sed iment  t o  t h e  
s t e e l  prooes.  T h i s  s i t u a t i o n  was avo ided  b u t  would have been r e a d i l y  
d e t e c t e d  when t h e  c o r e  was removed f r o m  t h e  s t ream bed. 

Freeze-core  sampl ing n e c e s s a r i l y  d i s t u r b s  s u r f a c e  sed iments  when p robes  
a re  d r i v e n  i n t o  t h e  subst ra tum.  The d i s t u r b a n c e  o f  t h e  bed may cause some 
l o s s  o f  f i n e s  i n  t h e  upper  s t r a t a ,  e i t h e r  by  washing downstream o r  b y  
s e t t l i n g  f u r t h e r  down i n t o  t h e  s u b s t r a t e .  I n  o r d e r  t o  reduce  t h e  downstream 
t r a n s p o r t  o f  f i n e  sediments,  a  g a l v a n i z e d  garbage can w i t h  i t s  b o t t o m  



removed was used as a  f l o w  shunt .  The shun t  was pressed i n t o  t h e  s t ream bed 
around t h e  probes and r e s u l t e d  i n  more c o n s i s t e n t  f r e e z i n g  o f  t h e  c o r e  a t  
t h e  w a t e r - s u b s t r a t e  i n t e r f a c e .  

V a r i a t i o n  i n  sampl ing t e c h n i q u e  was m i n i m i z e d  by  a s s u r i n g  use o f  a  
u n i f o r m  q u a n t i t y  (one c y l i n d e r )  o f  l i q u i d  C02 i n  f r e e z i n g  each sample. 
Assignment o f  each t a s k  i n  t h e  f i e l d  and l a b o r a t o r y  t o  t h e  same person 
m in im ized  s a n p l i n g  and a n a l y t i c a l  e r r o r ,  r e s p e c t i v e l y .  

T a b l e  5. Average geomet r i c  mean d i a m e t e r  de te rm ined  by v o l u m e t r i c  
(DGW) , g r a v i m e t r i c  (DGD) , an3 l e a s t  squares (DGLS) methods, and 
p e r c e n t  f i n e s  de te rm ined  b y  t h e  same methods (PFW, PFD, and 
PFLS) , r e s p e c t i v e l y ,  f o r  g r a v e l  s t r a t a  w i t h i n  i n d i v i d u a l  
s t a t i o n s  and f o r  a l l  s t a t i o n s  combined, S u l t a n  R i v e r ,  Washington, 
1987. 

DGW DGO DGLS PFW PFD PFLS 
S t a t i o n  S t ra tum mm - m '  - mm - % - % - "b 

S t a t i o n s  1 24.55 26.77 100.56 3 2 2 25 
Combined 2 13.56 15.88 22.03 8 5 6 25 

3 14.69 17.95 25.86 8 5 5 ?5 
4 14.32 17.28 26.28 10 7 7 25 

O v e r a l l  16.83 19.56 43.96 7 5 5 
Mean 

Note:  S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between s t r a t u m  1 and s t r a t a  
2,  3 and 4 ( compos i ted )  f o r  each s t a t i o n  and f o r  a l l  s t a t i o n s  
combined a r e  i n d i c a t e d  b y  t h e  symbol * a t  t h e  5% l e v e l  and b y  **. 



Tab le  6. 

S t a t i o n  

S1 
S 2  
S 3 
54 
s 5  

Average geomet r i c  mean d i a m e t e r  (DG) and p e r c e n t  f i n e s  
(PF) de te rm ined  b y  v o l u m e t r i c  (DGW, PFW) and g r a v i m e t r i c  (DGD, 
PFO) methods based on t h r e e  l o w e r  s t r a t a  o f  i n d i v i d u a l  f r e e z e  
cores,  1987. 

T o t a l  Mean 14.42 17.28 25.14 8.4 6.2 5.8 25 

* I n d i c a t e s  s u b s t r a t e  mean v a l u e s  which a r e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  
those  o f  o t h e r  s t a t i o n s .  

4.0 DISCUSSION 

The t e x t u r a l  c o m p o s i t i o n  o f  streambed sediments ana lyzed  i n  t h i s  s t u d y  
was g e n e r a l l y  s i m i l a r  t o  t h a t  r e p o r t e d  f o r  spawning g r a v e l s  p r i o r  t o  
c o n s t r u c t i o n  (Wer t ,  e t  a1 ., 1982) .  However, some d i f f e r e n c e s  were apparen t .  
P r i o r  t o  c o n s t r u c t i o n  (1982) ,  g r a v e l s  i n d i c a t e d  a  p r o g r e s s i v e l y  s m a l l e r  S i z e  
w i t h  i n c r e a s e d  d i s t a n c e  f r o m  t h e  r i v e r  mouth, whereas, a f t e r  c o n s t r u c t i o n  
and o p e r a t i o n  (1984 and 1987, samples) ,  t h e  s p a t i a l  v a r i a b i l i t y  o f  g e o m e t r i c  
mean p a r t i c l e  s i z e  showed no apparen t  t r e n d  among s t a t i o n s .  S t a t i o n s  S1 and 
S3 had t h e  c o a r s e s t  g r a v e l  t e x t u r e  b e f o r e  and immed ia te l y  f o l l o w i n g  p r o j e c t  
c o n s t r u c t i o n ,  whereas 54 and S5 had t h e  c o a r s e s t  g r a v e l  a f t e r  o p e r a t i o n .  
Only  S5 was s i g n i f i c a n t l y  d i f f e r e n t  f r o m  o t h e r  s t a t i o n s  i n  1987. I n  
c o n t r a s t ,  s t a t i o n  55 had a  s i g n i f i c a n t l y  l o w e r  geomet r i c  mean p a r t i c l e  s i z e  
i n  1984 t h a n  o t h e r  s t a t i o n s  w h i l e  b o t h  54 and S5 were o f  s i g n i f i c a n t  l o w e r  
va lue  i n  1982. 

Comparison of g r a v e l  t e x t u r e  o f  co r respond ing  i n d i v i d u a l  s t a t i o n s  
between 1987 and o t h e r  y e a r s  i n d i c a t e d  o n l y  s t a t i o n  S5 was a p p r e c i a b l y  
changed: i t s  g r a v e l  t e x t u r e  was s i g n i f i c a n t l y  c o a r s e r  a f t e r  o p e r a t i o n  t h a n  
p r e v i o u s l y .  T h i s  may b e  e x p l a i n e d  by  g o l d  d r e d g i n g  a c t i v i t i e s  t h a t  o c c u r r e d  
i n  t h e  S t a t i o n  5 v i c i n i t y  a  few weeks p r i o r  t o  sampl ing.  The sed iment  a t  
b o t h  s t a t i o n s  upst ream o f  t h e  powerhouse s i t e  was c o a r s e r  t h a n  c o n d i t i o n s  
p r i o r  t o  c o n s t r u c t i o n  a l t h o u g h  t h e  d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i f i c a n t  
o n l y  a t  55 i n  1987. 

R e l a t i o n s h i p s  o f  g e o m e t r i c  mean p a r t i c l e  s i z e  f o r  1982, 1984, and 1987 
a r e  shown i n  T a b l e  7. S i g n i f i c a n t  changes i n c l u d e  an i n c r e a s e  i n  p a r t i c l e  
s i z e  a t  S t a t i o n  4  f r o m  1982 tc 1982. A t  S t s t i o n  5, a  s i g n i f i c a n t  i n c r e a s e  
i n  p a r t i c l e  s i z e  o c c u r r e d  between 1982 and 1987 and 1984 and 1987 b u t  n o t  
1982 and 1984. The reason  f o r  such change i s  u n c e r t a i n .  S i n c e  S t a t i o n  5 i s  
upstream o f  t h e  powerhouse, d i s c h a r g e s  f r o m  t h e  t u r b i n e s  can n o t  b e  a  f a c t o r  
i n f l u e n c i n g  t h e s e  changes. 



T a b l e  7. Geometr ic  mean p a r t i c l e  s i z e s  b y  s t a t i o n ,  i n  y e a r s  1982, 1984 and 
1987. S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  ( = .05), de te rm ined  
u s i n g  t - t e s t s  (n=10 i n  8 2  a  84, n=5 i n  87 f o r  i n d i v i d u a l  s t a t i o n s )  
a r e  i n d i c a t e d  by  s u p e r s c r i p t s .  

- DGW (mm) DGD (mm) DGLS (mm) 

S ta  - 82 - 87 - 82 - 84 - 87 82 - 84 - 87 - 

a )  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  g e o m e t r i c  mean p a r t i c l e  s i z e  
between 1982 and 1984 samples. 

b )  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  g e o m e t r i c  mean p a r t i c l e  s i z e  
between 1982 and 1987 samples. 

c )  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  g e o m e t r i c  mean p a r t i c l e  s i z e  
between 1984 and 1987. 

T a b l e  8. Comparison o f  pe rcen tage  o f  f i n e s  l e s s  t h a n  0.841mm i n  d iamete r ,  
i n  S u l t a n  R i v e r  st reambed g r a v e l s  between 1982 and 1984 and 1987 
a t  i n d i v i d u a l  s t a t i o n s  (n=10 i n  1982 and 1984; n=5 i n  1987) and 
a l l  s t a t i o n s  combined (n=50 i n  1982 and 1984; n=25 i n  1987) .  

DGW DGD DGLS 
S ta  - 82 3 - 87 82 - 8 4  87 82 84 87 
1 4 . T  4.5, 4.3, 3.4 3 7  3X 3 X b  3 X C  3 Z b c  
2  8.6 9.5 10.8 6.1 6.5 7.5 4.4 4.5- 6.5- 

a )  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  g e o m e t r i c  mean p a r t i c l e  s i z e  
between 1982 and 1984 samples. 

b )  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  g e o m e t r i c  mean p a r t i c l e  s i z e  
between 1982 and 1987 samples. 

c )  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  g e o m e t r i c  mean p a r t i c l e  s i z e  
between 1984 and 1987. 

The amount o f  f i n e  sediment a t  i n d i v i d u a l  s t u d y  s i t e s  i n  1987 was, i n  
most cases, s i g n i f i c a n t l y  i f f f a r e n t  f r o m  p r e v i o u s  y e a r s  ( T a b l e  8). The most 
n o t e w o r t h y  change o c c u r r e d  a t  55, wh ich  was s i g n i f i c a n t l y  l o w e r  i n  f i n e s  i n  
1987 t h a n  i n  1982 o r  1984. P e r c e n t  f i n e s  was g r e a t e r  i n  1987 a t  S2, b u t  t h e  
d i f f e r e n c e  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  a l l  methods o f  c a l c u l a t i o n .  
The r e g r e s s i o n  method i n d i c a t e d  t h a t  t h e  amount o f  f i n e  sed iment  a t  53 was 



s i g n i f i c a n t l y  g r e a t e r  i n  1987 t h a n  i n  1984, a l t h o u g h  t h i s  r e l a t i o n s h i p  was 
n o t  r e f l e c t e d  by t h e  n o n - r e g r e s s i o n  t e c h n i q u e s .  

Sediment s t r a t i f i c a t i o n  o c c u r r e d  i n  t h e  s t ream bed d u r i n g  a l l  y e a r s  o f  
sampl ing.  I n  1982, 1984, and 1957 t h e  combined mean v a l u e s  o f  t h e  upper  
t h r e e  inches  o f  s u b s t r a t e  c o n t a i n e d  s i g n i f i c a n t l y  l o w e r  p e r c e n t  f i n e s  and 
g r e a t e r  geomet r i c  mean p a r t i c l e  s i z e  t h a n  t h e  u n d e r l y i n g  n i n e  inches .  These 
r e s u l t s  agree w i t h  o b s e r v a t i o n s  o f  o t h e r  researchers .  Adams (1979)  and 
L o t s p e i c h  and E v e r e s t  (1981)  r e p o r t e d  s u b s t a n t i a l  v a r i a b i l i t y  i n  s u b s t r a t e  
compos i t i on  among d i f f e r e n t  s t r a t a  o f  t h e  s t ream bed. E l i lhous and Kl ingeman 
(1971)  and M i l h o u s  (1973)  r e p o r t e d  t h e  presence o f  r e l a t i v e l y  coarse  bed 
m a t e r i a l  a t  t h e  w a t e r - s u b s t r a t e  i n t e r f a c e  as common i n  most gravz l -bedded 
streams. Such v a r i a t i o n  most l i k e l y  r e s u l t s  f r o m  exposure o f  s u r f i c i a l  
sediment t o  h i g h e r  w a t e r  v e l o c i t i e s  t h a n  t h o s e  p r e s e n t  i n  i n t r a g r a v e l  f l o w s  
(Garde, e t  a1 ., 1977).  T h i s  f u r t h e r  i n d i c a t e s  t h a t  e v a l u a t i o n  o f  su r face  
l a y e r s  o f  streambed g r a v e l s  does n o t  p r o v i d e  a  t r u e  d e s c r i p t i o n  o f  under-  
l y i n g  sediment t e x t u r e .  

Q u a n t i t a t i v e  p r e d i c t i v e  models o f  sa lmonid  f r y  s u r v i v a l  based on 
sediment q u a l i t y  do n o t  c u r r e n t l y  e x i s t .  The p a u c i t y  o f  d a t a  f r o m  p r o p e r l y  
des igned f i e l d  and l a b o r a t o r y  s t u d i e s  p r e v e n t s  t h e  a b i l i t y  t o  s a t i s f a c t o r i l y  
model r e l a t i o n s h i p s  between e n v i r o n m e n t a l  c o n d i t i o t : ~  w i t h i n  o r  o u t s i d e  of 
egg p o c k e t s  i n  t h e  streambed and s u r v i v a l - t o - e m e r g e n c e  o f  f r y  (Chapman, 
1988) .  For  example, r e - e x a m i n a t i o n  by  Chapman (1988)  o f  t h e  r e l a t i o n s h i p  o f  
s u r v i v a l  o f  sa lmonids  t o  g e o m e t r i c  mean p a r t i c l e  s i z e  as r e p o r t e d  b y  
S h i r a z i  , e t  a1 . (1981)  i n d i c a t e s  t h i s  model i s  i n a p p r o p r i a t e .  F o r  t h i s  
reason, t h e  d a t a  r e p o r t e d  h e r e i n  shou ld  o n l y  be used as a  genera l  i n d i c a t i o n  
o f  sediment q u a l i t y  f o r  spawning sa lmon ids  o f  t h e  S u l t a n  R i v e r .  

5.0 CONCLUSION 

The t e x t u r a l  c o m p o s i t i o n  o f  S u l t a n  R i v e r  streambed sediments a t  
l o c a t i o n s  o f  r e p e a t e d  s a m p l i n g  was s i m i l a r  a f t e r  t h r e e  y e a r s  o f  p r o j e c t  
o p e r a t i o n  t o  t h e  c o m p o s i t i o n  p r i o r  t o  and i m m e d i a t e l y  f o l l o w i n g  p r o j e c t  
c o n s t r u c t i o n .  S t a t i o n  S5 was t h e  most n o t e w o r t h y  e x c e p t i o n ,  h a v i n g  a  
s i g n i f i c a n t l y  g r e a t e r  average g e o m e t r i c  mean p a r t i c l e  s i z e  ( d  ) and a  l o w e r  
p r o p o r t i o n  o f  f i n e  sediment i n  1987 t h a n  p r e v i o u s l y .  T h i s  ma? be e x p l a i n e d  
by  g o l d  d r e d g i n g  a c t i v i t i e s  t h a t  o c c u r r e d  i n  t h e  S t a t i o n  5 v i c i n i t y  a  few 
weeks p r i o r  t o  g r a v e l  samp l ing .  

There was no c l e a r  s p a t i a l  t r e n d  i n  d  among s t a t i o n s  i n  1987 o r  1984, 
whereas, a  t r e n d  of s m a l l e r  d  w i t h  i n c r e a z e d  d i s t a n c e  ups t ream was 
suggested by 1982 data .  ~ t a t g o n  S5 (upst ream) had t h e  c o a r s e s t  g r a v e l  
( l a r g e s t  d  ) i n  1987, i n  c o n t r a s t  t o  1982 and 1984, when i t  had t h e  f i n e s t  
g r a v e l  o f  111 s t a t i o n s  sampled. The d  a t  t h e  t h r e e  most downstream 
s t a t i o n s  has been r e l a t i v e l y  s t a b l e  o v 3 r  <he t h r e e  sampl ing p e r i o d s ,  whereas 
d  a t  t h e  two ups t ream s t a t i o n s  has i n c r e a s e d  s i g n i f i c a n t l y  s i n c e  p r o j e c t  
c 8 n s t r u c t i o n .  I n  cor respondence t o  t h e  o b s e r v a t i o n s  i n  t h e  p r e v i o u s  
paragraph, s t a t i o n  55 had t h e  l o w e s t  p r o p o r t i o n  o f  f i n e s  ( ~ 0 . 8 4 1  mm 
d iamete r )  o f  any s t a t i o n  i n  1987, i n  c o n t r a s t  t o  i t s  r e l a t i v e l y  h i g h  l e v e l s  
i n  p r e v i o u s  y e a r s .  S t a t i o n  S1 ( r i v e r  mouth) was c o n s i s t e n t l y  l o w  i n  a l l  
yea rs .  

2  5 



Sediment s t r a t i f i c a t i o n  was n o t e d  d u r i n g  a l l  y e a r s  o f  s t u d y .  The 
combined mean va lues  o f  t h e  upper  t h r e e  i n c h e s  o f  s u b s t r a t e  c o n t a i n e d  
s i g n i f i c a n t l y  l o w e r  pe rcen tage  o f  f i n e s  and g r e a t e r  geometr ic  mean p a r t i c l e  
s i z e  t h a n  d i d  t h e  u n d e r l y i n g  n i n e  i n c h e s  o f  sediment.  

The t e x t u r a l  c o m p o s i t i o n  o f  S u l t a n  R i v e r  salmonid spawning g r a v e l  
f o l l o w i n g  h y d r o e l e c t r i c  c o n s t r u c t i o n  c o n t i n u e s  t o  be o f  r e l a t i v e l y  good 
q u a l i t y  and p o t e n t i a l l y  p r o v i d e s  c o n d i t i o n s  conduc ive t o  a  h i g h  r a t e  o f  
embryonic s u r v i v a l  depending on o t h e r  s u r v i v a l - l i m i t i n g  f a c t o r s .  Based on 
these i n d i c e s ,  t h e  need f o r  i n i t i g a t i v e  measures i s  n o t  i n d i c a t e d .  
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A P P E N D I X  A 

RECOMMENDED FIELD SAMPLING QUIPM!ZNT AND MAINTENANCE 
LIST FOR co2  SAMPLER^ (TRI-TUBE) 

FREEZE-CORE SAMPLER EQUIPMENT 
3 each s t a i n l e s s  s t e e l  sample p robes  
3 each  tM3297 032 m e t e r i n g  m n i f o l d  assembly 
3 each S y n f l e x  31-50-04 p r e s s u r e  h o s e  w / f i t t i n g s  (20 f t  ea) 
3 each L inde  SG 6112 i n  l i n e  f i l t e r s ,  10 micron 
1 each 4-way C02 c y l i n d e r  m n i f o l d  

12 each ( o r  as r e q u i r e d )  20-lb aluminun C 0 2  c y l i n d e r s  w/siphon t u b e s  
1 each dep th  g a g e / e x t r a c t o r  

OTHER SAMPLING EQUIPMENT 
1 each aluminum t r i p o d  
1 each g a l v a n i z e d  g a r b a g e  c a n  w/bot tom removed ( f l o w  s h u n t )  
1 each set of subsampler  boxes ( 6 )  i n  aluminum frame 
1 each hand winch 
2 each propane t o r c h e s ,  e x t r a  f u e l  a s  r e q u i r e d  
6 boxes ( o r  a s  r e q u i r e d )  food  s t o r a g e  b g s ,  11-1/2 x 13 x 1.01 m i l  
1 each 1-liter p l a s t i c  wash b o t t l e  
2 each p l a s t i c  s p a t u l a s  

10 each 5 g a l  p l a s t i c  b u c k e t s  ( g r a v e l  sample t r a n s p o r t )  
1 each 3-1/2 g a l  g a l v a n i z e d  bucke t  
1 each 3 l b  s l e d g e  hammer 
2 p a i r  i n s u l a t e d  r u b b e r  g l o v e s  
1 r o l l  t e f l o n  t a p e  
2 p a i r  goggles  
2 each b a l l  p e i n e  hammers 
1 each  measuring t a p e ,  150 f t  
1 r o l l  f l u o r e s c e n t  s u r v e y  t a p e  
2 each a d j u s t a b l e  wrenches ,  8 i n c h  
1 each a d j u s t a b l e  wrench,  12 i n c h  
1 each v i s e  g r i p s ,  l a r g e  
1 each t o o l  box 
1 each watch w i t h  second hand 

MAINTENANCE EQUIPMENT 
2 4  each Modern Mfg. Co. t.10298-1 m o d i f i e d  n o z z l e s  
12 each Moder.1 Mfq. Co. t.10298-2 m o d i f i e d  n o z z l e  b l a n k s  
36 each Modern Mfg. Co. n o z z l e  s c r e e n s  

3 each rig7 d r i l l  f o r  c l e a n i n g  n o z z l e s  
1 each t29 d r i l l  b i t  f o r  d r i l l i n g  o u t  broken n o z z l e s  
1 each s o c k e t  wrench, 1/4 i n c h  d r i v e  
1 each 1/4 i n c h  s o c k e t  

'Adapted from Walkot ten ,  1976 
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1  each 7/13 inch s o c k e t  
1 each 8-36 t a p e r ,  p lug  6 bottom t h r e a d  t a p s e t  
1 each #EX-1 screw e x t r a c t o r  
1  each b a l l p o i n t  pen r e f i l l  ( n o z z l e  s c r e e n  i n s e r t e r )  
1 each small hand drill 
3  each Linde SG 6 1 1 2  i n  l i n e  f i l t e r s ,  10 micron 
3 each s p a r e  s t a i n l e s s  steel sampling probes  



A P P E N D I X  B 

FREEZE-CORE SAMPLER SOURCES' AND PRICE LIST (1982)  

Modern Manufac tu r ing ,  I n c .  
815 Houser  Way Nor th  
Renton ,  WA 98053 
( 206 -0 

251- 1515' 
U n i t  T o t a l  

Q u a n t i t y  1 tem - P r i c e  P r i c e  

3  e a c h  YM3297 C02  m a n i f o l d  ( p r o b e )  $95.00 $285.00 
24 e a c h  YM3298-1 m o d i f i e d  n o z z l e s  2.15 51.60 
12 e a c h  13M3298-2 m o d i f i e d  n o z z l e  b l a n k s  . 2.15 25.80 
36 each Nozz le  s c r e e n s  -85  30.60 

$393.00 

E a g l e  Metals 
4755 F i r s t  Avenue S o u t h  
S e a t t l e ,  WA 98134 
(206)  762-0600 

6  e a c h  T316 s t a i n l e s s  s teel  p i p e  3/4 i n  Sch. 40 x 41 it), 
133 . O O  

6  e a c h  T316 s ta inless  steel  p i p e  1 i n  Sch.  40 x 2  i n  ) 
2 e a c h  T304 s t a i n l e s s  s teel  p l a t e  1/4 i n  x 6  i n  d i a m e t e r  50.00 

$183.00 

K o l s t r a n d  Supp ly  Company 
4714 B a l l a r d  Avenue, Nor thwes t  
S e a t t l e ,  WA 98107 
(206)  789-1500 

1  e a c h  5 /8  i n  x 4  f t  t h r e a d e d  s t a i n l e s s  steel rod) $130.00 
weld col lars  and  t i p s  on  6 s.s. p r o b e s  1' 

Cryogen ic s  Nor thwest ,  I n c .  
4020 A i r p o r t  Way S o u t h  
S e a t t l e ,  WA 98108 
(206)  464-1950 

6  e a c h  L i n d e  SG 6112 i n  l i n e  f i l t e r s  62.50 375.00 
3  e a c h  S y n f l e x  31-50-04 h o s e  w / f i t t i n g s  40.00 120.00 
1 e a c h  Custom m a n i f o l d  - 4 way 40.00 40.00 

$535 . O O  

' ~ r a d e  names ment ioned are f o r  r e a d e r ' s  conven ience  and do  n o t  i n p l y  
a u t h o r ' s  endorsement .  
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compressed Gas Western 
4535 W e s t  Marginal  Way Southwest  
S e a t t l e ,  WA 98108 
( 2 0 6 )  935-5093  

Uni t  T o t a l  
Q u a n t i t y  I tem P r i c e  P r i c e  

AS r e q u i r e d  20 l b  aluminum C02 c y l i n d e r s  $ 1 0 . 5 0 / r e f i l l  A s  r e q u i r e d  
wi th  s iphon t u b e s  ( l e a s e )  

OTHER EQUIPMENT SOURCES 

B a l l a r d  Shee t  Metal  Works, I n c .  
4763 B a l l a r d  Avenue Northwest 
S e a t t l e ,  WA 98107 
(206)  784-0545 Don Simpson 

1 Aluminum t r i p o d  ( 7  f t  l e g s )  
1 set of 6 subsampler boxes i n  alum. frame 

( b o t h  f a b r i c a t e d  a c c o r d i n g  t o  E v e r e s t ,  e t  a 1  1980) $346 - 4 5  
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I d e n t i f i c a t i o n  
FRG -- 367 : SEDIm'T, a program wnich analyzes sediment samples - - - -. 

Programmed by: L. Gales and K. Swanson, F ~ s h e r i e s  Analysis  Center ,  Univer- 
s i t y  of Was_h~ngton - 

- - - - 

Date : September 1980 

Purpose 
SEDIMNT is a program which summarizes regress ion  s t a t i s t i c s  f o r  sediment - .  
samples co l l ec td  a t  var ious  sites. (Each sample c o n s i s t s  of a sediment 
volume reading co l l ec ted  by a s i eve  of a c e r t a i n  diameter and i s  i d e n t i f i e d  
by stream i d e n t i f i c a t i o n ,  loca t ion  on t h e  stream, da te ,  s i eve  diameter, and 
r e p l i c a t e  number. The stream, loca t ion ,  and d a t e  must be properly so r t ed  
p r i o r  t o  i n p u t  and a r e  used  t o  d i v i d e  t h e  d a t a  i n t o  g roups  which a r e  
analyzed sepa ra te ly . )  The program generates  one l i n e  of s t a t i s t i c s ,  an 
op t iona l  scattergram, and an  op t iona l  t a b l e  f o r  each group. There is  a l s o  
an option whereby t h e  d i f f e r e n t  l o c a t i n s  f o r  a given d a t e  and stream can be 
combined f o r  purposes of t h e  regress ion  analys is .  

Operation 
SEDIMNT reads i n  sediment volumes f o r  each group and p e r f o r m  t h e  fol lowing 
operat ions:  

( 1 )  Adjusts t h e  sediment v o l m  by a diameter- and density-dependent 
f a c t o r  i n  order  t o  determine t h e  a c t u a l  dry volume. 

( 2 )  Div ides  t h e  r e p l i c a t e s  i n t o  s e p a r a t e  subgroups  based  on t h e  
r e p l i c a t e  va lue  and, f o r  each subqroup: 

( a )  s o r t s  t h e  samples i n  descending o rde r  by s ieve  diameter,  

( b )  computes a "percent f i n e r  than" (PET) s t a t i s t i c  f o r  each 
sample  which s p e c i f i e s  t h e  p e r c e n t a g e  of t h e  t o t a l  
ad jus ted  volume c o l l e c t e d  by a l l  s i e v e s  i n  t h i s  subgroup 
which t r a p  f i n e r  ( sma l l e r )  sediments, 

( c )  computes t h e  i n v e r s e  p robab i l i ty  of t h e  PET s t a t i s t i c  f o r  
each sample, based on t h e  s tandard  ( 0 , l )  normal probabil-  
i t y  d i s t r i c u t i o n .  

( 3 )  Combines t h e  samples f o r  a l l  t h e  subgroups i d e n t i f i e d  by ( 2 )  and 
computes t h e  s lope ,  in t e rcep t ,  and c o r r e l a t i o n  c o e f f i c i e n t  of a 
regression l i n e  which passes through sets of (x ,y)  p a i r s ,  where x 
= t h e  log10 ( s i e v e  d iameter ) ,  and y = t h e  inve r se  p robab i l i ty  
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c o r r e s p o n d i n g  t o  PFT. The  r e g r e s s i o n  l i n e  i s  of  t h e  fo rm:  

where A is t h e  s l o p e  and B is t h e  i n t e r c e p t .  

( 4 )  Computes a  set  of s i e v e  d iamete rs  which correspond t o  a £&xed 
set of PFT va lue s ,  u s ing  t h e  i n v e r s e  of the r e g r e s s i o n  l i n e :  

( 5 )  P r i n t s  o u t  t h e  s t ream,  l o c a t i o n ,  da t e ,  s l ope ,  i n t e r c e p t ,  c o r r e l a -  
t i o n  c o e f f i c i e n t ,  and  s i e v e  d i a m e t e r s  c o r r e s p o n d i n g  t o  PFT 
va lue s ,  f o r  t h i s  group, p lu s  t h e  pe r cen t  of f i n e s  smaller t h a n  a  
s i e v e  diameter  s e l e c t e d  vy t h e  use r .  

For a more complete d e s c r i p t i o n  of t h e  above a lgor i thms ,  see pages 2 4  and  
25 i n  r e f e r e n c e  1 . 

ou tpu t  
The main ou tpu t  from SEDIMNT is a  t a b l e  which con t a in s  one l i n e  of s t a t i s -  
tics f o r  each group, and is fo rma t t ed  a s  fo l lows :  

Column Header Exmule  Meaning 

STREAM I D  
LOCATION 
MO/DY/YR 
N 
SLOPE 
INTRCP 
CORR 
DS (MM) 

D l 6  (MM) 
D5O(MM) 
D84(MM) 
D95(MM) 
SIGMA 
%<n.nnn 

BEAR Q( 

11 
06/76/79 
2 2 
1 .19 
-0.08 
0.99 
0.05 

Stream i d e n t i f i c a t i o n  
Loca t ion  code 
Date 
Number of samples i n  t h e  group 
S lope  of t h e  r eq r e s s ion  l i n e  
I n t e r c e p t  of the r eq r e s s ion  l i n e  
C o r r e l a t i o n  c o e f f i c i e n t  
s i e v e  d iamete r ,  i n  millimeters, which co r r e s -  
ponds t o  a  5  "percen t  f i n e r  t han"  s t a t i s t i c  f o r  
t h e  r e g r e s s i o n  l i n e  
S ieve  d iamete r  cor resp .  t o  16 PFT 
S i eve  d iamete r  corresp.  t o  SO PET 
S i eve  d iamete r  cor resp .  t o  8 4  PET 
S i eve  d i ame te r  cor resp .  t o  95 PFT 
R a t i o  o f  D84/D5O 
pe rcen t  of f i n e s  less t h a n  n.nnn i n  d i ame te r  

Opt iona l  Output 
The u s e r  may o b t a i n  p r i n t e r  p l o t  s ca t t e rg r ams  and/or tables of "pe r cen t  
f i n e r "  s t a t i s t i c s  through t h e  use of o p t i o n a l  "*COMDEQ;" f i l e s  w h i c h - s e l e c t  
t h o s e  d a t a  sets t o  be p i o t t e d  or  p r i n t& .  

The "TOMDECK" s t a t emen t s  beg in  i n  column 1 and t h e  F o r t r a n  " I F "  s t a t e m e n t s  
t h a t  fo l low them beg in  on column 7.  
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T h e  p r i n t e r  p l o t s  are s c a t t e r g r a m s  of i n v e r s e  p r o b a b i l i t y  v e r s u s  l o g 1 0  
( s i e v e  d i a m e t e r ) .  T h e  u s e r  may select a n y  g r o u p  of c o l l e c t i o n  of  g r o u p s  
f o r  p l o t t i n g  b y  i n c l u d i n g  a F o r t r a n  " I F "  s t a t e m e n t  i n  a *COMDECK named 
SELPLT a s  f o l l o w s :  

'COMDECK SELPLT 
I F  ( < u s e r - s u p p l i e d  boolean e x p r e s s i o n > )  PLT = .TRUE. 

w h e r e  t h e  < b o o l e a n  e x p r e s s i o n >  o p e r a t e s  o n  t h e  v a r i a b l e s  STRM ( s t r e a m  
i d e n t i f i c a t i o n ) ,  LOC ( l o c a t i o n ) ,  a n d  DATE (mm/dd/yy),  e . g .  

*COMDECK SELPLT 
I F  (STRM-EQ. "VEAR CR" .AND. DATE-EQ." 62679")OLT = .TRUE. 

w i l l  g e n e r a t e  p r i n t e r  p l o t s  f o r  a l l  BEAR CR s t r e a m  s a m p l e s  collected o n  
J u n e  2 6 ,  1979 .  

T h e  o p t i o n a l  tables c o n t a i n  t h e  f o l l o w i n g  i n f o r m a t i o n  f o r  w e t  a n d  dry 
s e d i m e n t  v o l u m e s  f o r  e a c h  selected g r o u p :  

Column H e a d e r  

SIZE CLASS (MM) 
WET VOLUME 
PERCENT FINER THAN 

PERCENT RETAINED 
ON 
DRY VOLUME 

PERCENT FINER THAN 

PERCENT RETAINEC 
ON 
REPLICATE 

S i e v e  d i a m e t e r  i n  nrm 
Volume of w e t  s e d i m e n t  i n  cc 
P e r c e n t  of trapped s e d i m e n t  w h i c h  i s  f i n e r  
t h a n  t h e  a b o v e  d i a m e t e r  i n  mm ( d e c i m a l  
f r a c t i o n )  
P e r c e n t  o f  s e d i m e n t  t r a p p e d  on t h i s  s i e v e  
( d e c i m a l  f r a c t i o n )  
V o l u m e  o f  s e d i m e n t  a f t e r  t h e  w e t - t o - d r y  
c o n v e r s i o n  f a c t o r  i s  a p p l i e d  
P e r c e n t  o f  dry s e d i m e n t  w h i c h  is f i n e r  t h a n  
t h e  a b o v e  s i e v e  d i a m e t e r  ( d e c i m a l  f r a c t i o n )  
P e r c e n t  of d ry  s e d i m e n t  t r a p p e d  o n  t h i s  
s i e v e  ( d e c i m a l  f r a t i o n )  
R e p l i c a t e  number  o f  e x p e r i m e n t  

T h e  u s e r  may select tables for  a n y  g r o u p  o r  set of g r o u p s  by means  of a 
F o r t r a n  "IF" s t a t e m e n t  c o n t a i n e d  i n  a "*COMDECK" named SELTBL as f o l l o w s :  

'COMDECK SELTBL 
IF  ( < u s e r - s u p p l i e d  b o o l e a n  e x p r e s s i o n > )  TBL = .TRUE. 

w h e r e  t h e  < b o o l e a n  e x p r e s s i o n >  o p e r a t e s  o n  t h e  s a m e  variables as i n  t h e  
SELPLT b l o c k  a b o v e ,  STRM, LOC, a n d  DATE, e.g. 

'COMDECK SELTBL 
I F  (DATE.EQ." 6 2 6 7 9 " )  TBL = .TRUE. 

w i l l  p r i n t  o u t  tables f o r  a l l  d a t a  collected on J u n e  2 6 ,  1 9 7 9 .  N o t e  t h a t  
s ince  MONTH ( a n  a l p h a  v a r i a b l e 9  was  c o d e d  i n  t h e  d a t a  w i t h  a l e a d i n g  b l a n k  
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ins tead  of a leading zero,  then t h i s  form must be used i n  t h e  boolean 
expression. 

InDut Data 
The input  da ta  t o  program SEDIMNT is described by F i she r i e s  Analysis Center 
form S320.2 and c o n s i s t s  of one card f o r  each sample punched a s  follows: 

Variable Type Columns Meaning 

STRM 
LOC 
DATE 
MONTH 
DAY 
YEAR 
REP 
D I A  
VOL 

alpha 
alpha 
alpha 
alpha 
alpha 
alpha 

in t ege r  
r e a l  
r e a l  

Stream i d e n t i f i c a t i o n ,  l e f t  ad jus ted  
Location code, r i l g h r  adjusted 
Date of sample co l l ec t ion  
Month 

D aY 
Year 
Replicate,  r i g h t  adjusted 
S i e v e  d i a m e t e r ,  r i g h t  a d j . ,  mm ( o r  i n .  ) 
Sediment volume, r i g h t  ad j  . , m l  

Note: t h e  decimal poin t  is s p e c i f i c a l l y  coded f o r  D I A  and VOL. Alpha 
va r i ab le  must be coded c o n s i s t e n t l y  as  regards t o  leading blanks o r  zeroes,  
e.g. MDNTR = "07" and MONTH'= ' 7" a r e  not iden t i ca l .  

The da ta  must be s o r t e d  i n  ascending order  p r i o r  t o  input  by the s o r t  
keys 

YEAR ( co l .  19-20) 
MONTH ( co l .  15-16) 

DAY (c01. 17-18) 
STRM ( c o l .  1-10) 

LOC ( co l .  12-13) 
REP ( c o l .  22-23) 

I n  addi t ion ,  t h e  u s e r  must include a 'COMDECK named INPAR which supp l i e s  3 
input  parameters: RHO, DPFT and INCE. ' RHO i s  a densi ty f a c t o r  which i s '  
used i n  t h e  ca lcu la t ion  of wet-to-dry sediment volumes. I t  represents  
gravel  dens i ty  i n  grams/cm**3 and t y p i c a l l y  ranges from 2.2 t o  2.9. I f  
samples taken a r e  a l ready dry volume measurements, use RWO=O.O and ignore  
t h e  wet volume columns i n  t h e  opt ional  t ab les .  DPET i s  a s i n g l e  diameter 
f o r  which t h e  " p e r c e n t  f i n e r  t h a n "  s t a t i s t i c  is t o  be  c a l c u l a t e d  and 
p r in ted  i n  t h e  main output  under t h e  column head "%<n.nnn". DPFT is t h e  
number "n-nnn". The INCH parameter was included f o r  those  who record  
s ieve  diameter i n  inches; s e t  INCli=.TRUE. t o  cause i n t e r n a l  conversion t o  
mi l l imeters  ( t a b l e s  w i l l  g ive  diameters i n  mil l imeters ,  not inches, s o  s e t  
DPFT i n  mm always!). 

The input  parameters a r e  s p e c i f i e d  a s  follows: 

*COMDE€K INPAR 
RHO = <value> 
DPET = <value> 
I N C H  = < l o g i c a l  value> 
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The use r  must a l s o  inc lude  a 'COMDECK named SELEGRS which supp l i e s  two 
l o g i c a l  parameters which c o n t r o l  t h e  form of t h e  r e g r e s s i o n  a n a l y s i s ;  they 
a r e  c a l l e d  RGFG and COMBLOC. I f  RGRS=.TRUE. t h e  r eg ress ion  a n a l y s i s  w i l l  
be performed, otherwise it is bypassed ( t h i s  i s  t o  save  computer resources  
when only t a b l e s  a r e  wanted). When RGRS=.TRUE. and COMBLOC;..TRUE. a s  w e l l ,  
t h e n  a l l  t h e  l o c a t i o n s  w i t h i n  a  s t r e a m  a n d  d a t e  w i l l  b e  combined f o r  
purposes of t h e  regress ion  ana lys i s  ( t h e  r e p l i c a t e s  a r e  e s s e n t i a l l y  re- 
numbered). 

*COMDECK SELRGFG 
R G S *  = < l o g i c a l  va lues> 
COMBLOC = < l o g i c a l  va lue> 

F i l e  Structure/How t o  Obtain t h e  Program 
The SEDIMNT system c o n s i s t s  of a  set of f i l e s  conta ined  on a FILESET f i l e  
s t r u c t u r e d  as follows: 

UPDATE/SEDIMNT : source program f o r  SEDIMNT i n  UPDATE format 
c O ~ E C K / I N P A R  : an UPDATE COMDECK which s p e c i f i e d  t h e  va lues  f o r  RHO, 

DPFT and I N C H  
COMBEO;/SELPLT : an UPDATE COMDEM which s e l e c t s  t h e  d a t a  sets t o  be 

p l o t t e d  
COMB.P)ECK/SELT~L : an UPDATE COMDECK which selects t h e  d a t a  sets t o  be 

p r i n t e d  i n  t a b l e  format 
CO.WEC%/SELRGFG: a n  UPDATE COIDECK which c o n t r o l s  t h e  r e q r e s s i c n  

a n a l y s i s  
DATA/SORTED : c o n t a i n s  t h e  i n p u t  d a t a  a f t e r  s o r t i n g  by SORTMGR 
XEQ/SEDIMNT : an execut ion  f i l e  which c o l l e c t s  a l l  of t h e  above 

f i l e s  and,  af ter  UPDATE and  c o m p i l a t i o n ,  a p p l i e s  
program SEDIMNT t o  t h e  d a t a  

Once t h e  above f i l e  s t r u c t u r e  has been e s t a b l i s h e d ,  it is only necessary t o  
SUBMIT t h e  f i l e  XEQ/SEDIMST i n  order  t o  run t h e  program. 

A b a s i c  f i l e s e t  conta in ing  t h e  element f i l e s  UPDATE/SEDIMNT and XEQ/SEDIMNT 
is found on t h e  usernumber BABPOOO and can be copied t o  your usernumber a s  
follows: 

DEFINE,FILESET=SDMTSET 
ATTACL~,SDMPSET/UN=BABPO~J 
COPYEI,SDrnSET,FILESET 
RETURN ,SDMTSET 

This  w i l l  l eave  you with a  d i r e c t  access  f i l e  on your usernumber c a l l e d  
SDMTSET which conta ins  t h e  b a s i c  s t a r t e r  sys t en .  You must then  add t h e  
s o r t e d  d a t a  f i l e  and t h e  f o u r  COPUECRs d e s c r i b e 6  above, t o  t h e  f i l e s e t .  

L imi ta t ions  
The number of p o i n t s ,  o r  s i e v e  s i z e s ,  w i th in  t h e  r e p l i c a t e s  f o r  a  s t r e a n -  

loca t ion-date ,  is li.mited t o  20 pe r  r e p l i c a t e .  
The nurrber of r e p l i c a t e s  p e r  s tream-locat ion-date i s  l i m i t e d  t o  30. 
The t o t a l  nurrber of da ta  po in t s  pe r  s t ream-locat ion-date  ( a l l  r e p s )  i s  

limited, t o  300 .  
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computer Resources 

Hardware Resources: - Processor : COC 170-750 - Memory requi red  : 760000 Octa l .  - Execution time : a b u t  50 d a t a  cardsjsecond of process ing  t ime 

Sof tware Resources - Operating system : NOS 1 .4  (see reference  2 . )  - Language : F o r t r a n  I V ,  a s  compiled under t h e  Minnesota 
F o r t r a n  compiler ( s e e  reference  3 . )  - Subroutine package needed: 
PRNT3D (see reference  4 . )  - Software l i b r a r i e s  needed: 
IYSLFTN (see reference  5 .  ) 
NORFISH ( s e e  reference  6.) 
F S S I B  ( see  reference  7.) 



Appendix C, Page 7 

R E F E R E N C E S  

FILESET U s e r ' s  Guide. 1978. Univ. of Wash. Academic Computer C e n t e r ,  
P u b l i c a t i o n  No. W00048. 

Gales, L. 1978. User's Guide f o r  S u b r o u t i n e  PRNT3D. C e n t e r  f o r  Q u a n t i t a -  
t i v e  S c i e n c e  i n  F o r e s t r y ,  F i s h e r i e s  and w i l d l i f e .  Univ. of 
Wash., S e a t t l e .  

G a l e s ,  L. 1980. FSHLIB S u b r o u t i n e  L i b r a r y .  F i s h e r i e s  Research I n s t i t u t e ,  
Univ. of Wash., S e a t t l e .  

I n t r o d u c t i o n  t o  t h e  IMSL S u b r o u t i n e  L i b r a . r y .  1 9 7 8 .  U n i v .  o f  Wash. 
Academic Computer C e d n t e r ,  P u b l i c a t i o n  No. WC002. 

L i d d i a r d ,  I .  and E. Mundstock. 1976. Minnesota F o r t r a n  Refe rence  Manual. 
Univ. of Minn. computer C e n t e r ,  Minneapol is ,  Mim. 

Lindsay A. NOREISH S u b r o u t i n e  L i b r a r y .  C e n t e r  f o r  Q u a n t i t a t i v e  S c i e n c e  
i n  F o r e s t r y ,  F i s h i e r e s  and W i l d l i f e ,  Univ. of  Wash., S e a t t l e .  

NOS Vers ion  1  Reference  Manual. C o n t r o l  D a t a  C o r p o r a t i o n ,  p u b l i c a t i o n  No. 
60435400. 

S h i r a z i ,  M. and W. Seim. 1 9 7 9 .  A s t r e a m  systems e v a l u a t i o n  -- a n  emphasis  
on spawning h a b i t a t  f o r  saLlon ids .  C o r v a l l i s  Env i ronmenta l  
Reserch Labora to ry ,  O f f i c e  of  Research and  Development, U .S. 
E.P.A., C o r v a l l i s ,  Oregon. 



A p p e n d i x  C ,  P a g e  8 

S a m p l e  Run 

F o r  t h e  s a m p l e  r u n ,  the f i l e s  n e e d e d  f o r  t h e  SEDIMNT s y s t e m  w e r e  c o n t a i n e d  
i n  a f i l e s e t  cal led SDKTSET. T h e  f i l e  DATA/SORTED contained d a t a  f o r  3 
d i s t i n c t  s t r e a m - l o c a t i o n - d a t e  g r o u p s .  

T h e  f i l e  XEQ/SEDIMNT l o o k e d  as f o l l o w s :  
XEQSED,T30. 
I D  CARD. 
UN CARD. 
ATTACH ,FILESET=SDMPSET. 
GF ,COMDECK/INPAR. 
GF,COMDECK/SELRGRS . 
GF,COWECK/SELPLT. 
GF,COMDECK/SELTBL . 
REWIND, ,OUTPUT. 
COPYBR,INPAR,X. 
COPYBR,SELRGRS ,X. 
COPYBR ,SELPLT,X. 
C0PYBR.SELTBL.X. 
COPYBR,SEDIMNT,X. 
PACX ,X.  
REWIM) ,X. 
UPDATE,N=NEWSED,F,L=~~,I=X. 
MNF,I=WMPILE,J,R=O,L=O. 
RETURN ,' ,LGO ,FILESET ,OUTPUT. 
GF ,DATA/SORTED. 
RETURN ,FILESET.  
PUBLIC,IMSL. 
ATTACH ,BPR~D/U%BXKPKIO ,NA. 
ATTACH ,NORE? SH/UN=GAHT000 ,NA . 
ATTACH , F I S H L I B / U N = B A K P ~  ,NA. 
LDSET ,LIE=FISHLIB/NORFISH/IMSL . 
LOAD ,LGO . 
LOAD ,BPR3D. 
MECUTE,SWIMNT,SORTED,RGRF,PLTF,TBLF. 
S K I P .  
EXIT.  
REWIND ,',OUTPUT. 
COPYEI ,RGRE ,OUTPUT. 
COPYEI ,PLTF ,OUTPUT. 
COPYEI ,TBLF,OUTPUT. 
'WF 

T h e  f i l e  COMDECX/INPAR lmked as f o l l o w s :  
COMDECK INPAR 

PIU.2 = 2.2 
DPFP = . 8 4 1  
I N M  = .FALSE. 
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T h e  f i l e  COMDEM/SELPLT l o o k e d  a s  f o l l o w s ,  w h e r e  t h e  date "071574"  w a s  
known t o  exist i n  t h e  test  d a t a  for o n e  s t r e a m - l o c a t i o n - d a t e  g r o u p :  

TOMDECK SELPLT 
I F  (DATE .EQ. " 0 7 1 5 7 4 " )  PLT = .TRUE. 

T h e  f i l e  COMDEM/SELTBL l o o k e d  a s  f o l l o w s :  
*COMDECK SELTSL 

I F  (DATE .EQ. " 0 7 1 5 7 4 " )  TBL = .TRUE. 

A t t a c h e d  i s  a r e d u c e d  c o p y  of t h e  o u t p u t  f r o m  t h e  s a m p l e  run. 





Appendix D. Resu l t s  of 1 9 8 2 ,  1 9 8 4 ,  
a n a l y s i s .  Ari thmetic  mean 
a t  each s t a t i o n .  

Year S t a  Rep DGW DGD -- 

, and 1987 S u l t a n  River  sediment 
of a l l  s t r a t a  i n  each r e p l i c a t e  



Appendix D. R e s u l t s  of  1 9 8 2 ,  1984, and 1987 S u l t a n  R ive r  sediment  
a n a l y s i s .  Ar i thme t i c  mean of a l l  s t r a t a  i n  each r e p l i c a t e  
a t  each  s t a t i o n .  

S t a  R e p  DGW DGD 



Appendix D. Results of 1982, 1984, and 1987 Sultan River sediment 
analysis. Arithmetic mean of all strata in each replicate 
at each station. 

Year Sta Rep DGW DGD -- DGLS PFW P F D m  





Appendix E. Results of 1987 Sultan River sedim 
individual strata of each sample. 

Sta Rep Strat 

1 1  1 
1 1  2  
1 1  3  
1 1  4 
1 2  1 
1 2  2  
1 2  3 
1 2  4 
1 3  1 
1 3  2  
1 3  3  
1 3  4 
1 4  1  
1 4  2  
1 4  3  

ent ana lysis for 



Appendix E. Results of 1987 Sultan River sediment analysis f o r  - 
individual strata of each sample. 

Sta Rep Strat 



Appendix E. Results of 1987 Sultan River sediment analysis for 
individual strata of each sample. 

~ t a '  Rep 

5 4 
5 4 
5 4 
5 4 
5 5 
5 5 
5 5 
5 5 





Appendix F. R e s u l t s  of 1987 S u l t a n  R ive r  sed iment  a n a l y s e s .  
Ar i thme t i c  means of lower t h r e e  s t r a t a  f o r  each  r e p l i c a t e  a t  
each s t a t i o n  ( t h e  s u r f a c e  s t r a t u m  was o m i t t e d ) .  




