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INTRODUCTION 

A l t e r a t i o n  o f  stream f low regime and sed imen t  l o a d i n g  from wa te r  
development  a c t i v i t i e s  can r e s u l t  i n  b o t h  s h o r t -  and long-term changes i n  
c h a n n e l  morphology and conveyance c a p a c i t y .  Subsequen t ly ,  t h e  c o n d i t i o n  of 
t h e  a q u a t i c  h a b i t a t  can b e  a f f e c t e d .  I n  r e c e n t  y e a r s ,  much r e s e a r c h  and 
development  e f f o r t  has been d i r e c t e d  toward t h e  d e t e r m i n a t i o n  o f  s u i t a b l e  
i n s t r e a m  f lows  t o  m a i n t a i n  f i s h e r i e s  h a b i t a t  i n  r e g u l a t e d  streams 
( S t a l n a k e r  & A r n e t t e  1976; Wesche & Rechard 1980).  However, t h e r e  are 
s e v e r a l  f a c e t s  of t h e  i n s t r e a m  f low problem which have n o t  been a d e q u a t e l y  
i n v e s t i g a t e d ,  one i n v o l v i n g  t h e  recommendation of f l u s h i n g  f lows  t o  
s i m u l a t e  t h e  peak runof f  hydrograph c h a r a c t e r i s t f c s  of most un regu la t ed  
streams ( R e i s e r  e t  a l .  1985) .  

L imi t ed  r e s e a r c h  has been conduc ted  t o  deve lop  methodology f o r  
d e t e r m i n i n g  t h e  magnitude,  t i m i n g ,  and d u r a t i o n  of f l u s h i n g  f lows  needed 
t o  m a i n t a i n  channe l  i n t e g r i t y  and a s s o c i a t e d  h a b i t a t  c h a r a c t e r i s t i c s  
t h rough  t h e  movement of sed imen t  d e p o s i t s .  Of t h e  15 methodologies  
i d e n t i f i e d  by Reiser e t  a l .  ( 1 9 8 5 ) ,  a m a j o r i t y  w e r e , n o t  des igned  
s p e c i f i c a l l y  t o  assess f l u s h i n g  f l o w s ,  b u t  r a t h e r  were approaches  f o r  
s t u d y i n g  sed imen t  t r a n s p o r t  problems.  The s e v e r a l  fo rma l  methodologies  
c u r r e n t l y  a v a i l a b l e  (Wesche e t  a l .  1977; Environmental  Research & 
Technology, I n c .  1980; Rosgen 1982)  were developed i n  r e sponse  t o  immediate 
management needs  and a r e  r e l a t i v e l y  u n t e s t e d  i n  terms of a c c u r a c y  and 
r e l i a b i l i t y .  

During 1984, t h e  blyoming Water Resea rch  Cen te r  i n i t i a t e d  a r e s e a r c h  
p r o j e c t  e n t i t l e d ,  "Development o f  methodology t o  de t e rmine  f l u s h i n g  flow 
r e q u i r e m e n t s  f o r  channe l  ma in tenance  pu rposes  ." O b j e c t i v e s  of t h i s  p r o j e c t  
a r e  t o  1 )  document t h e  r a t e  of change o f  v a r i o u s  channe l  c h a r a c t e r i s t i c s  
r e s u l t i n g  from a g g r a d a t i o d d e g r a d a t i o n  p r o c e s s e s  under a l t e r e d  f low 
regimes;  2 )  q u a n t i f y  t h e  p h y s i c a l  and h y d r a u l i c  p r o p e r t i e s  needed t o  
t r a n s p o r t  d e p o s i t e d  sediment  t h r o u g h  n a t u r a l  channe l s ;  3)  t e s t  t h e  
p r e d i c t i v e  c a p a b i l i t i e s  of e x i s t i n g  sed imen t  t r a n s p o r t  models a g a i n s t  f i e l d  
d a t a ;  and 4 )  deve lop  methodology t o  p r e d i c t  c o n d i t i o n s  of f low needed t o  
f l u s h  s e d i m e n t s  t o  ma in ta in  g i v e n  s t r e a m s  i n  p r e s c r i b e d  h y d r a u l i c ,  p h y s i c a l  
and b i o l o g i c  c o n d i t i o n s .  
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One s t ream s e l e c t e d  f o r  s tudy  i n  response t o  t h e s e  o b j e c t i v e s  was t h e  
North Fork of t h e  L i t t l e  Snake River (North Fork) ,  a steep, rough,'  
r e g u l a t e d ,  headwater stream. Wesche e t  a l .  (1977) recommended both  
maintenance and f l u s h i n g  flow regimes f o r  t h e  North Fork i n  l i g h t  of t h e  
proposed expansion of water d i v e r s i o n  f a c i l i t i e s  i n  t h e  d r a i n a g e  by t h e  
C i t y  of Cheyenne, Wyoming, as p a r t  of t h e i r  Stage I1 water development 
program. Cons t ruc t ion  of S t a g e  I1 began i n  1983. During t h e  l a t e  summer of 
1984, i n t e n s e  r a i n f a l l  i n  t h e  c o n s t r u c t i o n  a rea  r e s u l t e d  i n  t h e  d e p o s i t i o n  
o f  a broad s i z e  range of sediments  i n  t h a t  s e c t i o n  of t h e  North Fork where 
f l u s h i n g  recommendations had been made. A t  t h e  reques t  o f  t h e  Wyoming Game 
and F i s h  Department and i n  coopera t ion  wi th  the  United S t a t e s  Department of 
A g r i c u l t u r e  F o r e s t  S e r v i c e ,  t h e  a u t h o r s  i n i t i a t e d  a s t u d y  of t h e  North 
Fork. The o b j e c t i v e s  of t h i s  paper are t o  1) d e s c r i b e  t h e  methods used t o  
a s s e s s  t h e  e x t e n t  of t h e  1984 sediment d e p o s i t s ;  2 )  p r e s e n t  pre l iminary  
r e s u l t s  summarizing t h e  response  of t h e  depos i ted  sediment  t o  t h e  1985 
s p r i n g  runoff  flow regime; and 3) e v a l u a t e  t h e  e f f e c t i v e n e s s  of t h e  1977 
f l u s h i n g  f low recommendations i n  r e l a t i o n  t o  t h e  1984 sediment  d e p o s i t s .  

DESCRIPTION OF STUDY AREA 

The North Fork of t h e  L i t t l e  Snake River  i s  a s t e e p ,  rough, r e g u l a t e d  
t r i b u t a r y  of' t h e  L i t t l e  Snake River  l o c a t e d  i n  t h e  Green River  sub-basin of 
t h e  Colorado River  b a s i n  i n  southwest and s o u t h c e n t r a l  Wyoming (F igure  1). 
The headwaters of t h e  North Fork rise on t h e  west s l o p e  of t h e  Cont inenta l  
Divide a t  an  e l e v a t i o n  of 3050 meters (m) above s e a  l e v e l  (msl) and f low 
southwes ter ly  20 k i l o m e t e r s  (km) t o  t h e  confluence w i t h  t h e  L i t t l e  Snake 
River  a t  an  e l e v a t i o n  of 2130 m. Average g r a d i e n t  i s  4 . 6  p e r c e n t .  A United 
S t a t e s  Geologica l  Survey (U.S.G.S.) streamflow gaging s t a t i o n  (#09251800) 
l o c a t e d  2 . 4  km below t h e  s t u d y  a r e a  was i n  opera t ion  from 1957 t o  1965 and 
recorded a maximum d i s c h a r g e  of 14 .6  cubic  meters p e r  second (m3 s'l) on 
June 7 ,  1957. Average d i s c h a r g e  over  t h e  per iod of record  was 0.73 m3, s-l. 
P r i o r  t o  i n i t i a l  water d i v e r s i o n  i n  t h e  mid-l960's, t h e  North Fork 
hydrograph was t y p i c a l  of unregulated mountain s t reams i n  t h e  c e n t r a l  Rocky 
Mountain Region, w i t h  t h e  m a j o r i t y  of runoff occur r ing  i n  t h e  May t o  
la te -June  p e r i o d ,  as a r e s u l t  of t h e  melt ing snowpack. 

The North Fork and its t r i b u t a r i e s  support  the  l a r g e s t  known, 
e s s e n t i a l l y - p u r e ,  na tura l ly- reproducing  endemic popula t i o u  of Colorado 
River  c u t t h r o a t  t r o u t  ( S a h  clarki  pzeuriticus Cope) (Binns 1977) .  For 
t h i s  reason ,  management of t h e  popula t ion  is a high p r i o r i t y  f o r  t h e  
Wyoming Game and F i s h  Department. Wesche e t  a l .  (1977) a l s o  r e p o r t  t h e  
c o l l e c t i o n  of mot t led  s c u l p i n  (Cottus bairdi Girard)  i n  t h e  North Fork. 

Transbas in  d i v e r s i o n  of water from t h e  North Fork d r a i n a g e  has 
occurred s i txe 1964 when t h e  C i t y  of Cheyenne, Wyoming completed S tage  I of 
i t s  water  development program. Approximately 9 .86  x lo6  m (8,000 a c r e - f e e t )  
p e r  y e a r  have been d i v e r t e d  (Banner Assoc ia tes ,  Inc .  1 9 7 6 ) .  During 1983, 
c o n s t r u c t i o n  began on S t a g e  11 c o l l e c t i o n  f a c i l i t i e s .  When completed i n  
1936, a t o t 3 1  of 2 8 . 4  x lo6  m3 (23 ,000  a c r e - f e e t )  per y e a r  w i l l  be conveyed 
from t h e  upper L i t t l e  Snake dra inage  t o  t h e  e a s t  s l o p e  of t h e  Cont inenta l  
Divide (U.S.D.A., F o r e s t  S e r v i c e ,  1981) .  

The s tudy  a r e a  on t h e  North Fork i s  loca ted  i n  S e c t i o n  2 7 ,  Township 13 
North, Range 85 West a t  an  e l e v a t i o n  of 2615 m ,  w i t h i n  t h e  boundaries  of 
Medicine Bow Nat iona l  F o r e s t ,  2 .4  km below the  S tage  I d i v e r s i o n  s t r u c t u r e .  
Under S tage  11, t h i s  s t r u c t u r e  i s  be ing  modified t o  i n c r e a s e  t h e  amount of 
water  d i v e r t e d  from t h e  North Fork proper .  Within t h e  s tudy  a r e a  boundary, 
a s t ream s e c t i o n  0.5 km i n  l e n g t h ,  c o n s t r u c t i o n  of a b r i d g e  and p i p e l i n e  
c r o s s i n g  was underway i n  t h e  l a t e  summer of 1984 when heavy r a i n s  
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p r e c i p i t a t e d  t h e  sediment s p i l l  t h a t  l e d  t o  t h e  i n i t i a t i o n  of t h i s  s tudy.  
Gradient  through t h i s  area i s  4.4 percent  whi le  t h e  predominant n a t u r a l  
s u b s t r a t e  i s  boulders  and cobbles .  Wesche e t  a l .  (1977) repor ted  a mid-July 
1976 water  tem e r a t u r e  range of 12.7 t o  17OC, a t o t a l  a l k a l i n i t y  range off 
25 t o  32 mg l-!, a pH of 7.1, and c l e a r  water  c o n d i t i o n s  f o r  t h i s  s e c t i o n  
of t h e  North Fork. Standing crop  e s t i m a t e s  f o r  Colorado River c u t t h r o a t  
t r o u t  ranged up t o  15.6 kg ha-l. Instream flow recommendations developed 
bv Wesche e t  a l .  (1977) c a l l e d  f o r  a minimum flow of 0.085 m3 o r  t h e  

- - _ _  -, 
n a t u r a l  flow, whichever i s  less, and a three-day annual  r e l e a s e  of 1 . 7 0  
m 3  f o r  f l u s h i n g  purposes dur ing  t h e  s p r i n g  runoff  per iod.  

Figure 1. Map showing l o c a t i o n  of t h e  Upper L i t t l e  Snake River Research 
Area. 
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mrHoos 
During t h e  F a l l  o f  1984,  f o u r  reaches  were s e l e c t e d  f o r  s tudy i n  

c o o p e r a t i o n  w i t h  personnel  from t h e  Wyoming Game and Fish  Department and 
t h e  U.S. Fores t  S e r v i c e  (F igure  2 ) .  Reach 1, t h e  uppermost s i t e ,  was 
l o c a t e d  j u s t  above t h e  con€luence of Second Creek, approximately 400 m 
upstream from t h e  North Fork b r i d g e  and p i p e l i n e  c ross ing .  Reach 1 served  
as t h e  c o n t r o l  above t h e  c o n s t r u c t i o n  a r e a  from which t h e  sediment s p i l l  
o r i g i n a t e d .  
North Fork c r o s s i n g  area and were w i t h i n  t h e  zone of immediate d e p o s i t i o n  
from t h e  s p i l l .  Given t h e  i n t e n s i v e  n a t u r e  of  t h e  sampling t o  be conducted,  
s t u d y  reaches  were k e p t  s h o r t  in l e n g t h ,  w i t h  Reach 2 being  t h e  l o n g e s t ,  15 
rn. Study reaches  were l o c a t e d  c l o s e  t o  one a n o t h e r  t o  avoid compounding t h e  
access problems involved w i t h  e a r l y  s p r i n g  sampling in a remote, h igh  
e l e v a t i o n  area. 

Reaches 2 ,  3 and 4 were l o c a t e d  in descending o r d e r  below t h e  

Two record ing  s treamf low gage s t a t i o n s  were i n s t a l l e d  wi th in  t h e  s t u d y  
area i n  e a r l y  May, 1985, t o  monitor t h e  s p r i n g  runoff  hydrograph. One 
s t a t i o n  was l o c a t e d  a t  Reach 1 while  t h e  second was i n s t a l l e d  a t  Reach 3. . 

As no t r i b u t a r i e s  e n t e r e d  between Reaches 2 ,  3, and 4 ,  t h i s  lower s t a t i o n  
served  t o  d e f i n e  t h e  hydrograph f o r  t h e  t h r e e  downstream reaches.  Each 
s t a t i o n  c o n s i s t e d  of a s t i l l i n g  well c o n s t r u c t e d  from a 1.2 in l e n g t h  of  30 
cm diameter  p e r f o r a t e d  p l a s t i c  p i p e ,  a Leopold and Stevens Type F water 

Q 
U 

Figure 
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s t a g e  r e c o r d e r ,  a s teel  p l a t f o r m  on which t h e  r e c o r d e r  was s e a t e d ,  and a n  
o u t s i d e  s t a f f  gage f o r  measuring s t ream s t a g e .  A r a t i n g  curve  f o r  each gage 
s t a t i o n  was developed fo l lowing  s tandard  U.S.G.S.  procedures  (Buchanan & 
Somers 1969) .  Eight s tage-d ischarge  measurements were made a t  each s t a t i o n  
t o  determine t h e  r a t i n g  c u r v e s .  The c o r r e l a t i o n  c o e f f i c i e n t  ( r )  f o r  each  
curve was 0.99, Recording thermographs to  measure water  temperature  were 
i n s t a l l e d  i n  conjunct ion  w i t h  each  s t ream gage s t a t i o n .  Four e q u a l l y  spaced 
cross-channel  t r a n s e c t s  were e s t a b l i s h e d  dur ing  October ,  1984, w i t h i n  each 
s tudy reach.  F i e l d  d a t a  c o l l e c t e d  along t h e s e  t r a n s e c t s  were used t o  
quant i fy  changes i n  response t o  t h e  runoff hydrograph of 1) hydraul ic  
c h a r a c t e r i s t i c s ,  inc luding  d i s c h a r g e ,  channel wid th ,  top width,  water  
depth,  c r o s s - s e c t i o n a l  a r e a ,  wet ted  per imeter ,  h y d r a u l i c  r a d i u s ,  mean water 
v e l o c i t y ,  bottom water  v e l o c i t y ,  and i n t e r g r a v e l  permeabi l i ty ;  2)  bedload 
t r a n s p o r t ;  3 )  suspended sediment  t r a n s p o r t ;  4 )  q u a n t i t y  and d i s t r i b u t i o n  of 
depos i ted  sediments;  and 5 )  q u a l i t y  of the  depos i ted  sediments .  Given t h e  
scope of t h i s  paper ,  a n a l y s i s  w i l l  focus only  on d a t a  types  4 and 5 l i s t e d  
above. The h y d r a u l i c  and sediment  t r a n s p o r t  d a t a  c o l l e c t e d  is p r e s e n t l y  
undergoing a n a l y s i s  and w i l l  b e  presented  i n  f u t u r e  p r o j e c t  papers  and 
r e p o r t s .  

F i e l d  sampling began i n  l a t e  October, 1984, was then  d iscont inued  
over  t h e  win ter  months, and was r e i n i t i a t e d  i n  e a r l y  May, 1985, as s p r i n g  
runoff began. Sampling cont inued  on approximately a weekly b a s i s  through 
e a r l y  J u l y ,  1985. 

The q u a n t i t y  of depos i ted  sediment [kg (m2)-l]  w i t h i n  each s tudy  reach  
a t  each sampling time was determined by mul t ip ly ing  t h e  volume of material 
(m3) by i t s  mean d e n s i t y  [kg (m3)-l]  and d i v i d i n g  t h i s  product  by t h e  
s u r f a c e  a r e a  (m2). Volume was c a l c u l a t e d  a s  t h e  product  of mean depth  of 
d e p o s i t i o n  (measured a t  approximate ly  80 l o c a t i o n s  w i t h i n  t h e  reach  us ing  a 
round steel  d e p t h  r o d ) ,  r e a c h  l e n g t h ,  and reach  width.  Mean d e n s i t y  
de te rmina t ions  were based upon t h e  a n a l y s i s  of 12 c o r e  samples c o l l e c t e d  
from each reach  i n  October ,  1984,  May, 1985, and J u l y ,  1985, using a 
HcNeil- Ahnel l  sampler (McNeil & Ahnell 1964) .  A l l  c o r e s  were oven d r i e d  
f o r  a t  l e a s t  24 hours a t  60 C t o  s t a n d a r d i z e  weight measurements whi le  t h e  
volume of each c o r e  was determined by water  displacement .  

The composition and q u a l i t y  of t h e  depos i ted  m a t e r i a l  w i t h i n  each  
reach over  time was a s s e s s e d '  by t h e  fol lowing procedure: 

1 .  

2.  

3 .  

4. 

A s  descr ibed  above, 12 c o r e  samples were taken a t  each s tudy  
reach  a t  each of t h r e e  sampling times. A t o t a l  of 144 c o r e s  were 
c o l l e c t e d  (12 c o r e s  p e r  reach  times 4 reaches  times 3 sampling 
t imes) .  

P a r t i c l e  s i z e  d i s t r i b u t i o n  by weight w i t h i n  each  c o r e  sample was 
determined by dry-s ieve  a n a l y s i s  a t  t h e  U n i v e r s i t y  of Wyoming's 
Div is ion  of Range Management Watershed Laboratory.  A series of 10 
s i e v e s  ranging i n  mesh s i z e  from 7 5  t o  0.2 mm were used ( R e i s e r  h 
Wesche 1977).  

The mean p a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  each reach  a t  each 
sampling time was determined by averaging  t h e  results from t h e  12 
i n d i v i d u a l  c o r e  samples .  D i s t r i b u t i o n  p l o t s  of p a r t i c l e  s i z e  (mm) 
versus  percentage  (by weight)  f i n e r  than t h e  g iven  s i e v e  s i z e s  
were then developed. 

Q u a l i t y  of t h e  d e p o s i t e d  m a t e r i a l  by reach  over  time was a s s e s s e d  
by:  
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RESULTS 

a )  t h e  median p a r t i c l e  s i z e  read from t h e  d i s t r i b u t i o n  p l o t s  
descr ibed  above; 

b) t h e  geometr ic  mean p a r t i c l e  s i z e  (dg) c a l c u l a t e d  by t h e  
equat ion ,  

dg ( d l w l  x dzW2 x . . . dnwn, 

where dn i s  t h e  midpoint d iameter  of p a r t i c l e s  re ta ined  by 
t h e  n thn  s i e v e  and w, is t h e  decimal f r a c t i o n  by weight of 
p a r t i c l e s  r e t a i n e d  on t h e  n t h  s i e v e  ( P l a t t s  e t  a l .  1983); 

c )  The F r e d l e  Index ( f )  c a l c u l a t e d  by t h e  equat ion ,  

( 2 )  
dg 

G 
f =  

where S o  i s  t h e  s o r t i n g  c o e f f i c i e n t  def ined  as t h e  r a t i o  of 
d75 t o  d25 where t h e  par t ic le  s i z e  d iameters  a r e  75 and 25 
p e r c e n t  f i n e r  on a weight b a s i s  of t h e  sample (Lotspeich 6 
Everes t 198 1 )  . 

* 

' 

A summary of h y d r a u l i c  c h a r a c t e r i s t i c s  f o r  each s tudy  reach  i s  
presented  i n  Table  1. As i n d i c a t e d  by t h e s e  d a t a ,  Reach 2 had t h e  s t e e p e s t  
g r a d i e n t  and subsequent ly  t h e  h i g h e s t  water v e l o c i t i e s  and sha l lowes t  water 
depths .  Reach 4,  t h e  lowermost s i t e ,  c o n s i s t e d  p r i m a r i l y  of pool  h a b i t a t  
having t h e  lowes t  g r a d i e n t ,  deepes t  water and s lowes t  v e l o c i t i e s .  Reaches 1 
and 3 were s i m i l a r  i n  hydraul ic  c h a r a c t e r i s t i c s  and represented  more 
moderate c o n d i t i o n s .  

Table  1. Mean h y d r a u l i c  c h a r a c t e r i s t i c s  of t h e  f o u r  North Fork s tudy  
reaches  a t  a low and a h igh  d ischarge .  

Hydraul ic  C h a r a c t e r i s  t ics 

Cross Water 

Discharge Width Area Depth V e l o c i t y .  Slope 
Top S e c t i o n a l  Mean Mean Surf a c e  

Reach (m3 s - l )  (m) (m*> (m) (m3 s-1) (percent )  

C 1  0.10 
1.12 

#2 0.12 
1.83 

1 3  0.10 
2.11 

14 0.09 
2.86 

5.79 
6.59 

6.37 
7.19 

6.04 
7.50 

4.88 
8.55 

0.66 
1.96 

0.40 
1.90 

0.60 
2.42 

0.63 
4.45 

0.11 
0.30 

0.06 
0.27 

0.10 
0.33 

0.13 
0.53 

0.17 2.6 
0.58 -- - 
0.33 4.5 
0.97 --- 
0.16 . 3.0 --- 0.88 

0.15 0.4 
0.68 -_- 
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Spr ing  1985 runoff  hydrographs f o r  t h e  two streamflow gaging s t a t i o n s  
a r e  p r e s e n t e d  i n  Figure 3. While t h e  magnitude of t h e  runoff  was g r e a t e r  a t  
the  lower s t a t i o n  due t o  t h e  t r i b u t a r y  which e n t e r e d  t h e  North Fork 
immediately below Reach 1, t iming  and d u r a t i o n  were similar. Also shown on 
Figure 3 i s  t h e  magnitude of t h e  f l u s h i n g  f low recommended by Wesche e t  
a l .  (1977) f o r  t h e  North Fork i n  t h e  v i c i n i t y  of t h e  t h r e e  lower s tudy 
reaches.  T h i s  recommendation, 1.7 m3 s-l f o r  a d u r a t i o n  of 3 days ,  was 
based upon f i e l d  measurement of b a n k f u l l  d i s c h a r g e  and t h e  f i n d i n g s  of 
E u s t i s  and H i l l e n  (1954).  

Three major runoff  peaks occurred dur ing  1985 which equal led  or 
exceeded t h e  magnitude and d u r a t i o a  of t h e  recommended f l u s h i n g  flow 
(Figure  3) .  Each peak had a maximum i n s t a n t a n e o u s  d ischarge  of 2.97 m3 s-1 
while  t h e  maximum mean d a i l y  peaks ranged from 2.06 t o  2.26  m3 s‘l. 
Based upon maximum ins tan taneous  d i s c h a r g e ,  t h e  ear l ies t  peak l a s t e d  3 days 
(May 10 t o  1 2 ) ,  t h e  second peak extended over  8 days (May 23 t o  30) ,  and 
the  t h i r d  peak exceeded t h e  recommended d i s c h a r g e  on f i v e  consecut ive  days 
(June 6 t o  10). A f o u r t h  peak occurred  i n  l a t e  June  dur ing  which t h e  
maximum flow approached t h e  1.7 m3 s-l l e v e l ,  b u t  only f o r  a p o r t i o n  of 
one day. 

The q u a n t i t y  of depos i ted  m a t e r i a l  w i t h i n  each  s tudy  r e a c h  a t  each 
sampling time i s  presented  i n  F igure  4. Depos i t ion  was c o n s i s t e n t l y  lowes t  
i n  Reach 1, t h e  upstream c o n t r o l ,  and Reach 2 ,  t h e  uppermost s t u d y  s e c t i o a  
below t h e  c o n s t r u c t i o n  a r e a .  Q u a n t i t i e s  i n  t h e s e  two reaches v a r i e d  from 79 
t o  153 kg ( m 2 ) - l .  The h igh  g r a d i e n t  through Reach 2 probably *expla ins  the 
r e l a t i v e  l a c k  of d e p o s i t i o n  i n  t h i s  a r e a .  Based upon t h e  e a r l y  May and J u l y  

expor t  of 7 kg (rn21-1 through t h e  
a moderate g r a d i e n t  s e c t i o n ,  r e a l i z e d  

1985 d a t a ,  Reach 2 experienced a n e t  
s p r i n g  runoff  p e r i o d ,  whi le  Reach 1, 
a l o s s  of 22 kg (m2)-l. 
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Figure  3. Spr ing  runoff hydrographs f o r  t h e  two North Fork Stream gage 
s t a t i o n s  . 
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The q u a n t i t y  of depos i ted  material sampled i n  Reach 3 ranged from 145 
t o  230 kg (m2)-1. From e a r l y  May t o  J u l y  1985, a n e t  e x p o r t  of 21 kg (m2>- '  
was observed i n  t h i s  moderate g r a d i e n t  reach .  The t rend  of t h e  d a t a ,  whi le  
g r e a t e r  i n  magnitude, p a r a l l e l e d  t h a t  found f o r  Reach 1, a s e c t i o n  having 
s i m i l a r  h y d r a u l i c  c h a r a c t e r i s t i c s .  

Reach 4, t h e  lower g r a d i e n t  pool  s e c t i o n ,  was found t o  have the  
g r e a t e s t  magnitude and v a r i a t i o n  of d e p o s i t e d  m a t e r i a l .  In e a r l y  May, p r i o r  
t o  t h e  f i r s t  peak i n  t h e  hydrograph, t h e  amount of d e p o s i t i o n  present  was 
403 kg (m2)-l. The e f f e c t s  of t h e  t h r e e  major peak runoff events  and one 
minor e v e n t  observed dur ing  t h e  s p r i n g  of 1985 on Reach 4 are evident  from 
Figure  4. I n  t o t a l ,  t h e s e  f o u r  f l u s h e s  reduced t h e  amount of depos i t ion  t o  
248 kg (rn2)-l, a n e t  e x p o r t  of 155 kg (m2)'1. 

Comparison of October 1984 and e a r l y  May 1985 d e p o s i t i o n  q u a n t i t i e s  
i n d i c a t e s  cons iderable  aggrada t ion  d u r i n g  t h e  win ter  (F igure  4 ) .  Deposi ts  
i n  t h e  moderate g r a d i e n t  r e a c h e s ,  1 and 3 ,  increased  52 and 20 kg (m*)-l, 
r e s p e c t i v e l y ,  while  t h e  low g r a d i e n t  p o o l  s e c t i o n ,  Reach 4, r e a l i z e d  a n e t  
g a i n  of  249 kg (m2)-'. The h igh  g r a d i e n t  Reach 1. was t h e  o n l y  s t u d  s e c t i o n  
t o  e x p o r t  m a t e r i a l  over  t h e  w i n t e r ,  showing a n e t  loss of 30 kg (m ) - I .  As 
t h e  s t reamgage s t a t i o n s  were n o t  i n  o p e r a t i o n  dur ing  t h e  w i n t e r  and bedload 
t r a n s p o r t  samples could n o t  be taken  due t o  access l i m i t a t i o n s  and heavy 
snow cover  o v e r  t h e  stream, t h e  s o u r c e  and timing of t h e s e  d e p o s i t s  cannot 
be p o s i t i v e l y  i d e n t i f i e d ;  however, e a r l y  w i n t e r  thaws on t h e  d is turbed  
s o i l s  throughout  the  s tudy  area .  a r e  probably  respons ib le .  
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Figure  4 .  Comparison of depos i ted  m a t e r i a l  i n  t h e  f o u r  North Fork study 
reaches i n  r e l a t i o n  t o  t h e  s p r i n g  runoff  peak d ischarges .  
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Figure  5 .  Q u a l i t y  of depos i ted  material i n  t h e  f o u r  Nor th  Fork s tudy 
reaches  over  time. 

The r e l a t i v e  q u a l i t y  of depos i ted  material i n  each of t h e  s tudy 
reaches o v e r  time i s  provided i n  F igure  5 .  As median p a r t i c l e  s i z e  d a t a  
were similar i n  b o t h  magnitude and v a r i a t i o n  t o  t h e  geometr ic  means, they 
a r e  n o t  p r e s e n t e d .  

The geometr ic  mean p a r t i c l e  s i z e  was c o n s i s t e n t l y  l a r g e r  i n  Reaches 1 
( range  10 t o  13  mm) and 2 (10 t o  14 mm) than i n  t h e  lower two s e c t i o n s .  
Data f o r  Reach 3 v a r i e d  from 4.0 t o  7 . 2  mm while  t h e  range f o r  Reach 4 was 
3.4 t o  5.2 mm. Geometric means f o r  b o t h  reaches 3 and 4 increased  i n  
response t o  t h e  runoff peaks. 

F r e d l e  numbers, a spawning s u b s t r a t e  q u a l i t y  index developed by 
Lotspe ich  and Everes t  (1981) ,  appear  t o  be q u i t e  low i n  all s tudy  reaches 
when compared t o  t h e  pre l iminary  r e l a t i o n s h i p s  presented  by P l a t t s  e t  
a l .  (1983) between index va lues  and p e r c e n t  survival-to-emergence of eggs 
from s e v e r a l  salmonid species. However, t h e  t rend  of o u r  d a t a  i s  s i m i l a r  t o  
t h a t  f o r  geometr ic  mean p a r t i c l e  s i z e  and i n d i c a t e s  improvement of 
d e p o s i t i o n  q u a l i t y  i n  Reaches 3 and 4 i n  response t o  t h e  s p r i n g  runoff 
hydrograph. 

CONCLUSIONS 

Based upon our  a n a l y s i s  of t h e  d a t a  presented ,  t h e  fo l lowing  
conclus ions  can be drawn: 

1. Three  s p r i n g  runoff f l u s h e s  meeting o r  exceeding t h e  magnitude 
and d u r a t i o n  of t h e  recommended f l u s h i n g  f low f o r  t h i s  s e c t i o n  of 
t h e  North Fork of t h e  L i t t l e  Snake River  were somewhat s u c c e s s f u l  
i n  reducing t h e  q u a n t i t y  of depos i ted  m a t e r i a l .  

. ‘’ 
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2. Flushing was more e f f e c t i v e  i n  s t e e p e r  g r a d i e n t  reaches ,  while  
r e s u l t s  regard ing ,  d u r a t i o n  of t h e  i n d i v i d u a l  f l u s h e s  a r e  a t  . 
p r e s e n t  inconclus ive .  

A s  i n d i c a t e d  by t h e  Fredle  Index,  q u a l i t y  of t h e  depos i ted  
m a t e r i a l  was very low throughout  the  s tudy  a r e a .  

I 

3 .  

4. Q u a l i t y  of depos i ted  m a t e r i a l  showed an improving t rend  in 
response  t o  t h e  runoff  hydrograph w i t h i n  t h e  s t u d y  reaches having 
t h e  l a r g e s t  q u a n t i t i e s  of d e p o s i t i o n .  
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