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PREFACE 

T h i s  report i s  an addendum t o  one o f  a s e r i e s  o f  reports prepared f o r  

"cke A l a s k a  Power A u t h o r i t y  ( A P A )  by t he  Alaska Dep3rtment of  F i s h  and  

Game (ADF&G t o  p r o v i d e  information t o  be used i n  evaluating t he  

f e a s i  b i l  i t y  o f  t he  proposed Sus i  t n a  Hydroelectric P r o j e c t .  The ADF&G 

S u s i t n a  Hydro Aqua t i c  Studies program was initiated i n  November 1980. 

Repor ts  prepared by t h e  ADF&G prior t o  1983 on t h i s  s u b j e c t  are  

a v a i l a b l e  from the AM. 

T h i s  addendum revises a n d  supplements p o r t i o n s  of Chapter  6 of  t h e  1984 

ADF&G Su Hydro Studies Report  Number 3,  An Evaluation of P a s s a s  

Condi t ions for Adu l t  Salmon i n  S l o u ~ h s  and Side Channels o f  the Midd le  

Sus i  t n a  River .  T h i s  addendum prov ides  t h e  n ~ o s t  current i n f o rma t i on  on 

passage requirements for  salmon based on the  presently available 

information. The need f o r  reevaluation o f  previous1 y e s t a b l  i shed 1 ocal 

f l o w s  a n d  mainstem discharges required f o r  successful and unsuccessful 

salmon passage a t  selected slough and s i d e  channel s i t e s  i n  the midd le  

reach of t h e  Sus i tna River (RM 95 t o  152 )  was necess i t a t ed  based on an 

assessment o f  the results of the 1984 Passage V a l i d a t i o n  Studies (PVS 

I n  a d d i t i o n ,  a rev iew o f  presently available passage related d a t a  

indicated t h a t  col lection o f  a d d i t i o n a l  d a t a ,  o r  further e v a l u a t i o n s  o f  

e x i s t i n g  d a t a ,  were needed t o  more adequate ly  assess salmon passage 

cond i t i ons  i n  these hab i ta ts .  Resul ts  of the 1984 PVS, w h i c h  were 

p r e v i o u s l y  presented in a d r a f t  techntcal memorandum f rom A. Bingham t o  

J .  Fergerson (November 30, 1985 have been incorporated i n t o  t h i s  

addendum along w i t h  a l l  revised and updated  d a t a .  
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ABSTRACT 

An interim evaluation of t h e  e f f e c t s  t h a t  mainstem discharge and local 

f l o w  have on passage conditions for  a d u l t  chum and sockeye salmon a t  

selected slough and s ide  channel habitats o f  the midd le  reach o f  the 

Susi t n a  River was previously presented i n  Sautner e t  a1 . 1984) Due to 

the 1 i m i t e d  d a t a  a v a i  l a b i e  f o r  t h i s  i n t e r i m  e v a l u a t i o n ,  a d d i t i o n a l  d a t a  
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were collected d u r i n g  the 1984 open w a t e r  F i e l d  season t o  reevaluate t h e  

passage c r i t e r i a  and t h e  loca l  f l ow  a n d  mainstem discharge values 

r equ i red  for successful and unsuccessful salmon passage w i t h i n  t hese  

h a b i l a t s .  I n  add i t i on ,  the  methodologies used f o r  t h e  backwater and 

local  Plow analyses were r e v i s e d  t o  ref lect  the addizional d a t a  which  

were collected, 

A Passage V a l i d a t i o n  Study PVS) was initiated d u r i n g  t he  1984 open 

water f i e l d  season t o  collect a d d i t i o n a l  phys ica l  and b i o l o g i c a l  d a t a  t o  

more accurately assess salmon passage cond i t i ons  w i t h i n  s lough and s i d e  

channel h a b i t a t s  o f  t he  m i d d l e  Susitna R i v e r .  Physical d a t a  collected 

inc l  uded channel cross s e c t i o n  and t h a l  weg profiles, substrate assess- 

ments, and local  f l o w  measurements. B i o l o g i c a l  d a t a  c o n s i s t e d  o f  salmon 

passage c r i t e r i a  based on visua l  observat ions o f  a d u l t  chum salmon 

movement i n  selected s lough a n d  s i d e  channel h a b i t a t s ,  The salmon 

passage c r i t e r i a  and passage reach e v a l u a t i o n s  previously presented i n  

Sautner  e t  a l .  (1984) were reevaluated a n d  revised based on these d a t a  

us ing  a modi f ied analytical approach. The rev i sed  analysis resulted i n  

the devel~pment o f  a single s e t  of salmon passage c r i t e r i a  th resho lds  

f o r  def in ing successful and unsuccessful passage cond i t i ons  a t  study 

s i  t es ,  

Using t h e  revised c r i t e r i a  thresholds as a guidelines, 85 passage 

reaches were i d e n t i f i e d  a t  s lough and s i d e  channel s i t e s  du r i ng  the 1984 

PVS compared t o  74 passage reaches i d e n t i f i e d  i n  Sautner e t  a l .  (1984). 

A reevaluation o f  t h e  breaching, backwater,  and local  flohg analysis for 

these passage reaches indicates t h a t  mainstem discharge a n d  loca l  f l o w  



requirements for S U C C ~ S S ~ U ~  a n d  unsuccessful passage are s i m f l z ~  t o  

values p r e v i o u s l y  established. The most s i g n i f i c a n t  differ2nces 

occurred i n  t h e  backwater  analysis some s i t e s ,  where required 

mainstem d ischarges decreased o v e r  1,000 cfs .  kiater depth was 

determined t o  be t h e  p r i m a r y  physical v a r i a b l e  a f f e c t i n g  passage 

cond i t i ons  a t  passage reaches; passage conditions were not  g rea t ly  

af fec ted by changes in passage reach length .  V a r i a t i o n s  i n  channel 

con f igu ra t i on  and substrate s i z e  were assumed t o  have no influence on 

the salmon passage c r i t e r i a .  The r e v i s e d  passage cr i te r ia  t h resho lds  

are based on an upper thalweg depth o f  0.5 f e e t  thereby voiding a l l  

previous analyses t h a t  utilized 0.67 f e e t  as t h e  upper l imit  of thalweg 

depth. 
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1 INTRODUCTION 

1, ; Background 

Prel i m i  nary P i e 1  d s tud ies  o f  passage cond i t i ons  for adu l  t chum salmorl 

keta) i n  selected slough and s i d e  channel spawning hab iem 

t a t s  of the m i d d l e  reach s f  the  Sus i tna R i v e r  were cc3nductej 

dur ing  t he  1982 (ADF&G 1983: Appendix B )  and 1983 ( S a u t n e r  e t  21, 1984 

open-water f i e l d  seasons. These s t u d i e s  evaluated t h e  influence c f  

selected channel geometry and hydraulic character is t ics  on chum salmon 

passage i n t o  a n d  w i t h i n  these hab i t a t s .  The 1982 and  1983 repor-ts 

provided  the b a s i s  f o r  i d e n t i f y i n g  l o c a t i o n s  p resent ing  potentis1 

passage problems for  salmon w i t h i n  slough and side channel h a b i t a t s  and 

for  establ i s h i n g  interim salmon passage cr i te r ia  ( c r i t e r i a  curves) for 

es t ima t i ng  the mainstem discharges and local  slough and s ide channel 

f l o w s  required t o  provide successful a n d  unsuccessful passage c o n d i t i o n s  

f o r  a d u l t  chum salmon m i g r a t i n g  i n t o  and w i t h i n  these h a b i t a t s .  

T h i s  addendum revises and supplements salmon passage d a t a  prev ious?  y 

reported i n  Sautner e t  a l .  (1984) and presents the results o f  the 1984 

Passage V a l  i d a t i o n  Studies (PVS) .  The 1984 PVS was undertaken t o  verify 

a n d / o r  refine the interim salmon passage cri terl 'a  and f l ew  requirements 

previously established in Sautner e t  a l .  (1984). The i n i t i a l  salmon 

passage c r i t e r i a  curves presented i n  Sautner e t  a l .  1984) were based on 

a review o f  limited salmon passage f i e l d  d a t a  and o b s e r v a t i o n s  collected 

dur ing  1982 and 1983 combined w i t h  the professional judgement c f  project 



Geographic  l o c a t i o n  o f  p a s s a g e  s t u d y  s i t e s  i n  
s l o u g h  a n d  s i d e  c h a n n e l  h a b i t a t s  o f  the  
m i d d l e  Susitna River ,  A l a s k a ,  1984. 



f isher ies  b i o l o g i s t s  a n d  hydraul  i c  eng ineers .  Due t o  the 1 imitetl f i e i  d 

d a t a  available f o r  t h e  development o f  these curves, i"cwas necessary t o  

obtain a d d i t i o n a l  f i e l d  d a t a  i n  1984 t o  validate t h e  1983 salmon passage 

c r i t e r i a .  As indicated by t h e  additional d a t a  a n d  analyses from the 

1984 PVS, the  c r i t e r i a  curves f rom Sautner e t  a1 . 1984) were refined t o  

more c lose ly  represent n a t u r a l  passage cond i t i ons  for churn salmon i n  

this report . 

I t  was a l s o  necessary t o  r e f i n e  the local f l o w  a n a l y s i s  presented i n  

Sauener e t  a % ,  1984). T h i s  analysis i s  primarily based  on f l o w  

estimates derived from limited cross section d a t a  and associated r a t i n g  

curves, i n t e r p r e t a t i o n  o f  aerial  photography,  and a t  some s i t e s ,  f rom 

observations by f i e l d  personnel. Because o f  these 1 irni t a t i o n s  , only  38 

of 74 passage reaches c o l ~ l d  be evaluated f o r  the  i n i t i a l  loca l  f l o w  

ana l ys i s .  In a d d i t i o n ,  the  accuracy of t h e  e s t i m a t e s  developed was 

questionable, as  only 1 imited f l o w  measurements were available for  

compari  son and  val  idation. For these reasons, additional c r o s s  s e c t  ion 

and  loca l  f l a w  d a t a  were collected dur ing  the 1984 PVS t o  prov ide  a more 

complete da t a  base t o  eva lua te  local  f l o w  requirements a t  a17 current ly 

i d e n t i f i e d  passage problem areas. 

To more adequately assess t he  effects of mainstem discharge and l oca l  

f l ows  on salmon passage conditions i n  s lough and s i d e  channel h a b i t a t s  

in 1984 i t  was a l s o  necessary t o  further evaluate the relationship 

between these two water sources. The available hydrologic d a t a  bases o f  

Susitna River h a b i t a t s  were used t o  evaluate the  re la t ionship  b e t ~ e e n  



mainstem d ischa rges  and loca l  f l o w s  w i t h i n  these h a b i t a t s .  This 

i n f o r m a t i o n  w i l l  p r o v i d e  more reliable loca l  f l o w  d a t a  f o r  e v a l u a t i n g  

passage c o n d i t i o n s  f o r  the l o c a l  f l o w  ana lyses .  

1.2 Ob jec t i ves  

To address t he  d e f i c i e n t  areas i n  t h e  p r e v i o u s  salmon passage ana ly se s ,  

t he  PVS was initiated d u r i n g  t h e  1984 open wate r  f i e l d  season t o  pursue 

the fallowing f i e l d  o b j e c t i v e s :  

1 )  Collect physical (hydraulic and s u b s t r a t e )  2nd bioiogjcal 

(salmon passage) d a t a  a t  various s lough and s i d e  channel 

h a b i t a t s  i n  t he  middle S u s i t n a  R i v e r  t o  b t e r m i n e  if the 

p r e v i o u s l y  e s t a b l  ished salmon passage c r i t e r i a  curves (Sautner 

e t  a l .  1984) are v a l i d  or required revisions; and, 

2) Collect additional cross section and local  f l o w  d a t a  t o  expand  

a n d  refine t he  local  f low a n a l y s i s  presented i n  S a u t n e r  e t  a l .  

(1984). 

Preliminary results o f  t h e  1984 PVS were initially presented i n  a 

November 30, 1984 d r a f t  t e c h n i c a l  memorandum from A. Binyham t o  J .  

Ferguson. Based on these results, t he  f o l  l o w i n g  objectives were 

addressed i n  t h i s  addendum t o  supplement the salmon passage analyses 

presented i n  Sautner  e t  a l .  (1984): 



1)  R e f i n e  t h e  1983 passage c r i t e r i a  curves (Sautner  e t  a l .  ::I841 

which were developed from d a t a  collected d u r i n g  1982 and 1983 

a n d  p r o f e s s i o n a l  judgement; 

2) Revise previously e s t a b l  i shed  mainstem discharge and l o ca l  

Plow requirements f o r  successful and unsuccessful chum salmon 

passage bared on r e v i s i o n s  t o  t he  1983 passage c r i t e r i a  

curves o, 

Evaluate a1 9 new passage reaches e s t a b l  ished d u r i n g  the 1984 

PVS t o  determine mainstem discharges and  local  f l o w s  required 

f o r  successful and unsuccessful passage condi t ions;  

4) Ref ine  and expand t h e  loca l  f low analysis u s i n g  additional 

cross s e c t i o n  and  local  f l o w  d a t a  collected d u r i n g  t h e  1984 

PVS; and ,  

5 )  Evaluate t h e  presently available hydrologic  d a t a  bases c f  t he  

midd le  S u s i t n a  R i v e r  t o  evaluate the relationship between 

mainstem discharges and  local  f l o w s  a t  selected slough and 

s i d e  channel h a b i t a t s .  



2,1 S i t e  S e l e c t i o n  

Salmon passage c o n d i t i o n s  were evaluated a t  13 s lough and s i d e  channel 

s i t e s  i n  t h e  middle reach o f  t h e  Sus i t na  R f v e r  ( T a b l e  1 Wi th  the 

e x c e p t i o n  of  S ide  Channel 10, these s i t e s  represent the  major s lough and 

s i d e  channel spawning locations f o r  chum salmon i n  t he  S u s i t n a  R i v e r  

drainage upstream o f  Ta l kee tna .  S l o u g h s  8A, 9 ,  9A,  11 and  2 1  are 

primary spawning areas f o r  c h u m  salmon while t he  remaining s i t e s  suppor t  

lesser  c o n c e n t r a t i o n s  o f  spawning chum salmon. Although S ide  Channel  10 

has no t  been utilized by spawning chum salmon i n  t h e  p a s t ,  i t  was 

selected f o r  s tudy  because o f  i t s  potential a s  a m i t i g a t i o n  evaluation 

s i t e .  D ischarge related passage problems have been previously i d e n t i  - 
f i e d  a t  a l l  t h e  study s i t e s  (Sautner e t  a l .  1984) w i t h  the exception of 

Slough 19. Slough 19 was inc luded  as a study s i t e  because spawning chum 

salmon had p r e v i o u s l y  been observed a t  t h i s  s i t e  (Barrett e t  a l .  1984 

and  no prev ious passage evaluations had been conducted. 

2 2  Field Methods 

2.2.1 Determination of Salmon Passaqe Criteria 

D a t a  f r o m  f i e l d  observat ions o f  m i g r a t i n g  chum salmon were col lected 

w i t h i n  passage reaches a t  va r ious  slough and s i d e  channel h a b i t a t s  t o  

establ i sh m i n i m u m  passage requirements (lengths and d e p t h s )  necessary t c  

p r o v i d e  successful and unsuccessful salmon passage c o n d i t i o n s .  F i s h  



T a b l e  1. Summary o f  passage s t u d y  s i t e s  and corresponding r iver miles 
i n  the m i d d l e  S u s i t n a  River. 

Study S i t e  R i v e r  M i l e  

Whiskers Creek Slough 101,2 

Mainstem 2 Side Channel $14,4 

Slough 8A P25,3 

S l o u g h  9 128,3 

Slough 9 A  $33,2 

Side Channel 10 U3,8 

S l o u g h  11 1$35,3 

Upper Side Channel 11 136,E 

Slough 19 fl E40,O 

Slough 20 140.1 

S i d e  Channel 21 140,6 

Slough 2 1  141,8 

Slough  22 %44,2 



passage o b s e r v a t i o n s  primarily focused on chum salmon due  t o  t h e i r  more 

res t r ic t ive  passage requirements and because they a r e  t h e  major  salmon 

species presently utilizing s lough  and s i d e  channel h a b i t a t s  i n  the 

rrir"dd"%e Sus i  t n a  River, 

Three conditians were def ined  t o  c l a s s i f y  the re la t ive  degree of 

d i f f  icul t y  encountered by salmon: 1)  success"ful passage, 2 s u c ~ e % s f u ~  

passage w i t h  difficulty and exposure, a n d  3 )  unsuccessful passage. F i s h  

passage cbserva t ions  were s u b j e c t i v e l y  rankecf i n t o  one o f  t hese  three 

categories based on t h e  characteristics o u t 1  i ned be1 ow. 

: F i s h  passage i n t o  a n d / o r  w i t h i n  a spawning 

area  i s  uninhibited. Characteriseics o f  t h i s  category are: 

1) exposure o f  the f i s h  above water i s  negligible; a n d ,  

2 )  uninterrupted movement o f  the f i s h  passing t h r o u g h  a reach. 

Successful passage conditions would  n o t  adversely a f f e c t  n a t u r a l  

production of salmon upstream o f  t h e  area. 

: F i s h  passage i n t o  

a n d / o r  w i t h i n  a spawninp 3rea i s  accomplished, b u t  w i t h  stress  and 

exposure t o  p reda t ion .  Characteri  s t i  cs of t h i  s category are :  

1) exposure o f  the dorsal sur face  o f  the f i s h  above water; 



one o r  more pauses by t h e  f i s h  e . g , ,  s t r a n d i n g ,  c h j n g i n g  

direc t ions ,  o r  resting w i t h i n  a passage re2ch due  t o  shallow 

water c o n d i t i o n s ;  o r ,  

3 )  repeated a t t e m p t s  by t he  f i s h  t o  n a v i g a t e  a passage reach 

before succeeding. 

T h i s  c o n d i t i o n  of passage may potentially reduce t h e  level o f  

st~ccessful spawning i n  t h e  area a n d ,  over a l o n g  period o f  t ime ,  

may resdl t i n  a decline in n a t u r a l  p roduc t ion  upstream o f  the area.  

: F i s h  passage i n t o  and/or w i t h i n  a spawning 

area may be accomplished by a 1 i m i t e d  number o f  f i s h  which, because 

of excess i ve  exposure, are more susceptible t o  increased st ress  and 

predation. Character? s t i c s  of t h i s  category are: 

1) absence o f  f i s h  above a passage reach; 

2 )  evposure o f  the dorsal  surface of the f i s h  above water 

i n c l u d i n g  p a r t i a l  exposure of eyes, g i l l s ,  l a t e r a l  Sine o r  

caudal f i n ;  

3 )  one or more pauses by t h e  f i s h  w i t h i n  a passage reach result-  

i n g  in unsuccessful  nav iga t ion ;  o r ,  

4 death o f  the  f i sh  w h i l e  a t t emp t i ng  n a v i g a t i o n  of  a passage 

reach, 



Unsuccessful passage c o n d i t i o n s  may eventual 1 y el i n l i  na te  o r  grea t ' \  y 

reduce the n a t u r a l  p r o d u c t i o n  upstream o f  t h e  a rea .  

These t i e l d  passage d a t a  were l a t e r  used t o  develop  t h e  salmon passage 

cri$eria as desc r ibed  i n  Section 2.3,1.  

2 , 2 . 2  I d e n t i f i c a t i o n  o f  Passase Reaches 

L o c a t i o n s  where potential salmon passage problems ex! s t  due t o  res t r ic -  

t i o n s  imposed by t h e  physical h a b i t a t  ( e depths, velocities 

referred t o  a s  passage reaches. A passage reach i s  de f i ned  a s  a por t ion  

of t he  channel a t  t h e  mouth o f  o r  w i t h i n  a s t u d y  s i t e  which f s  

potentially limiting t o  salmon migration i n t o  spawning areas. 

Passage reaches were initially i d e n t i f i e d  i n  the  f i e l d  by locating areas 

where wa te r  depth was potentially l i m i t i n g  passage o f  a d u l t  chum salman. 

A t  each i d e n t i f i e d  passage reach a t r a n s e c t  was establ ished perpen- 

d i c u l a r  t o  the f l o w  o f  water t o  represent t h e  d e p t h  characteristics o f  

t h e  passage reach and provide  a cons i s ten t  p o i n t  o f  measurement. 

Representa t ive  transects were es tab1 i shed a t  the sha l  lowest or most 

c r i t i c a l  p o i n t  o f  the passage reach a n d  marked w i t h  wood stakes a n d  

rebar headp ins .  The phys i ca l  h a b i t a t  character is t ics  of individual 

passage reaches were def ined  by measuring lengths, wid ths ,  a n d  w a t e r  

depths us ing  the established transect as a reference p o i n t .  The 

cr i te r ia  used t o  e s t a b l i s h  passage reach lengths, wid ths ,  and depths are  

presented below. 



P : The l o , i g i t u d i n a l  d i s tance  o f  a passage r. :nch 

a l o n g  the tha lweg channel defined by t h e  upstream and do~nstr-earn 

po in t s  a t  which water depth  i s  no longer limiting t o  salmon passage. 

The l e n g t h  l imits  were def ined a t  thalweg w a t e r  depths of  0.50 f e e t  

and 0.67 f e e t  which correspond t o  threshold passage depths presented 

i n  passage Criteria Curves I and I I ,  r e s p e c t i v e l y  S a u t n e r  e t  a " ] .  

: The d i s t a n c e  from l e f t  water's edge 

r i g h t  water's edge ( R W E )  o f  a passage reach t r ansec t .  

: The d e p t h  o f  water w i t h i n  a passage reach 

which a F i s h  must  n a v i g a t e  t h r o u g h  i n  order t o  proceed upstream. I n  

the f i e l d ,  tha lweg d e p t h  (maximun d e p t h )  was measured a s  an i n d i c a -  

tor o f  the water depth a f f e c t i n g  passage. The po in t  o f  thalweg 

t lepth a t  a passage reach transect was marked w i t h  a f l a g g e d  s p i k e  o r  

a s t a f f  gage f o r  a consistent p o i n t  o f  measurelrent. However, 

f o r  analytical purposes i t  has been determl'ned t h a t  the tha lweg 

depth was n o t  a representative v a r i a b l e  o f  passage conditions. For 

this  reason, passage depth, d e f i n e d  as an average o f  t h e  mean d e p t h  

and thalweg' depth a t  a passage reach t ransect ,  was used f o r  

a n a l y t i c a l  purposes. As a resul t ,  thalweg depth measurements were 

converted t o  passage depths dur ing  the d a t a  a n a l y s i s  us ing  cross 

section survey d a t a  (see Section 2.3.1) and were used i n  a l l  

subsequent passage analyses. 

Cr-iteria Curve I I  was eliminated following an analysis o f  the d a t a  
and a l l  passage reach l eng ths  previously def ined i n  t h e  f i e l d  by 
the 0.67 f o o t  d e p t h  were redefined from thalweg p r o f i l e s  us ing  the 
0.5 f o o t  depth see Sec t ion  2 . 3 J  

I 1 9  



Passage reach lengths and  w i d t h s  were measured w i t h  a f iberglass  survey- 

o r ' s  t a p e  graduated i n  one-tenlh f o o l  increments. A s t a n d a r d  s u r v e y i n g  

rod o r  s t a f f  gage was used t o  measure t h e  tl-lalweg d e p t h  a t  each 

t ransect .  Passage reach l e n g t h ,  w i d t h ,  a n d  d e p t h  measurements were 

collected a t  t h e  same t i m e  observations o f  f i s h  passage were made. 

Selected physical h a b i t a t  d a t a  were collected t o  a i d  i n  evaluating t h e  

e f f e c t s  o f  mainstem d ischarge  and  l o c a l  f low on passage reach  c o n d i t i o n s  

a t  s lough and s i d e  channel study s i t e s .  H a b i t a t  d a t a  csllected included 

survey d a t a  f o r  development o f  thalweg and cross s e c t i o n  pro f i l e s ,  

substrate and channel morphology d a t a ,  and stage and f l o w  measurements. 

Detailed procedures used i n  the  collection o f  these d a t a  a r e  presented 

i n  ADF&G (1983a) ,  Quane e t  a l .  (1984), and  Sautner e t  a l .  (1984) .  

Thaiweg surveys had been completed du r i ng  t h e  1982 and 1983 f i e l d  

seasons a t  a l l  passage study s i t e s  excep t  Slough  19. Therefore,  survey 

d a t a  fo r  t h e  development o f  a thalweg profile were collected a t  S l o c l ~ h  

19 t o  complete t he  s e t  of thalweg profiles for a l l  s t u d y  s i t e s .  The 

Slough 19 thalweg d a t a  were surveyed t o  a temporary bench mark (TBM) and  

included additional d a t a  p o i n t s  a t  passage reaches t o  bet ter  def ine 

these areas, 



C 25s  section profile d a t a  had been sporadically collected a t  pzssage 

reaches d u r i n g  able 1981, 1982 and 1983 f i e l d  seasons. A primary o b j e c -  

t i v e  o f  t h e  1984 PVS was t o  o b t a i n  cross s e c t i o n  profiles a t  a s  many 

s t u d y  s i t e s  as  possible.  Cross s e c t i o n s  were surveyed a t  passage reach 

t r a n s e c t s  which were typically located a t  t h e  shal  lowest cr most 

c r i t i c a l  p o i n t  o f  the passage reach. These d a t a  were collec-ted t o  

provide an  accurate  representation o f  t h e  channel marphol ogy present a t  

each passage reach. I n c l u d e d  i n  t h e  cross s e c t i o n  surveys were 

measurements o f  the streambed and wate r  surface e l e v a t i o n s  a t  the 

upstream and downstream 1 i m i t s  o f  a passage reach. 

Substrate conditions a t  each passage reach were evaluated t o  charace* 

te r ize  t he  influence o f  substrate and channel c o n f i g u r a t i o n  on salmor l  

passage conditions. Substrate d a t a  were collected by v i s u a l  l y  c ?  a s s i  - 
f y i n g  the  substrate present i n  the passage reach i n t o  the two dominant 

s i z e  grgups  based on t h e  substrate s i z e  classification system presented 

-in T a b k  e2,  

The channel configuration of each passage reach w a r  a1 so s u b j e c t i v e l y  

ranked as  e i t h e r  a uniform or a non-uniform channel. A unlfom passage 

reach was characterized by a re la t ively  s t r a i g h t ,  unbraided channel t h a t  

concentrated the f l o w  o f  water through one main channel. In coiYtrasl, a 

non-uniform passage reach was characterized by a bra ided,  irregular 

channel t h a t  d ispersed the f l o w  o f  w a t e r  over  a wide area. 

Stage  and f l a w  d a t a  were collected du r i ng  t h e  1982 and 1983 open water 

f i e l d  seasons. A d d i t ~ o n a l  s tage  and f l ow  d a t a  were collected a t  



Tab le  2, Substrate s i z e  c l a s s i f i c a t i o n  sys tem used f o r  the 1984 Passape 
V a l i d a t i o n  Stud ies ,  

Substrate Type Symbol Sg"me Class 

SILT 

SAND 

very P i  nes 

f i  nes 

SMALL GRAVE& SG 1/4-1'"  

LARGE GRAVEL E G  1.-3" 

RUBBLE RU 3-5" 

COBBLE CO 5-10'" 

B014LDER BO > l o f t  
w 



selected s t u d y  s i t e s  d u r i n g  the 1984 f i e l d  season t o  eompl imer:t t hese  

d a t a .  S t a f f  gages  were utilized t o  o b t a i n  stage d a t a  a t  passage reaches 

where backwater a n d / o r  breaching effects were n o t  completely i d e n t i f i e d .  

All mainstem discharge values related t o  these s t a f f  gages were 

referenced from the USGS g a g i n g  s t a t i o n  a t  Gold Creek USGS 1984 ( g a g e  

1115292000, KM 136.7)] unless o t h e r n i s e  indicated. L.oca9 $9 CIW 

measurements were col lected w i t h i n  s lough a n d  s i d e  channel s i  ter ;  u s i n g  

e i t h e r  a Marsh-McBl roey electricai current meter or a Scienti f i e  

Instruments Pygmy f l o w  meter  f o l  lowing  techniques desc r ibed  i n  ADF&G 

(1983a). 

The analytical approach for  evaluating the physical cond i t i ons  affeclfng 

salmon pass'qge i n  sloughs a n d  s i d e  channels i n v o l v e d  two steps. The 

f i r s t  step involved the development of p l o t s  o f  passage c r i t e r i a  d a t a  

(passage depth v e r s u s  passage reach leng+;h) t o  describe successful a n d  

unsuccessful passage conditions a t  passage reaches. P l o t s  were 

constructed f o r  u n i f a m  passage reaches, non-uniform passage reaches, 

a n d  a l l  passage reaches combined. The second s t e p  involved a comparison 

o f  these passage cr i te r ia  p l o t s  t o  the  previously developed passage 

c r i t e r i a  curves present t i  f n  Sautner  e t  a ] .  1984) t o  determine i f  

revisions ro the previous passage c r i t e r i a  were required t o  more 

accurate1 y represent n a t u r a l  passage condi t i o n s .  



PI-ior t o  development of  the passage c r i t e r i a  p ' l o t s ,  the  thalwey. dep-th 

d a t a  required adjustments i n  order t o  be comparable  t o  the 1902-1983 

passage c r i t e r i a .  ihalweg depth measurements col Iected i n  the  f i e 1  d 

were c o n v e r t e d  t o  passage d e p t h  which i s  considered t o  be a more 

accurate  indicator o f  the  water depth affecting salmon passage. Passage 

depth  i s  defined as an average o f  the mean depth a n d  t h e  thalweg d e p t h  

of a passage reach t r a n s e c t .  

A r e l a t i o n s h i p  between thalweg and  passage d e p t h  was developed us ing  

linear regression techniques.  The surveyed cross section d a t a  were used 

t o  evaluate  t h e  mean d e p t h  corresponding t o  a specified t ha iweg  depth.  

The mean and thalwey depths were averaged t o  o b t a i n  t h e  passage d e p t h .  

Thalweg depths were selected t o  range from 0.1 t o  1.0 f e e t  t o  represent 

a t y p i c a l  range o f  c o n d i t i o n s  a t  passage reaches. Passage reaches 

w i t h i n  Sloughs 8A, 9, 9A, 11 a n d  21, Upper Side Channel 11 and S l o u g h  21 

were used i n  the analysis. Cross sec t i ons  where mul t ip le  channels  

existed (e .  g. braided channel s )  were excluded d u e  t o  t j le i  r 

non-un i formi  t y  resul t ing  i n  v a r y i n g  water surface elevat ions wi"chin the 

cross s e c t i o n ,  

The following equation was derived, based on the  above d a t a ,  t o  estimate 

passage depths ( d  ) f r o m  tha lweg depths ( d  ).  The relat ionship has a 
P t 

c o r r e l a t i o n  coefficient ( r )  equal t o  .995. 

d p  = 0.75 d t  '*02 where d = Passage D e p t h  and 
P 

dt = Thalweg Depth 



An a d j u s t l ~ e n t  was a l s o  required F o r  a p o r t i o n  o f  the  passage ' i e ~ ~ g t h  i i i t a  

col  lected i n  the f i e l d .  I n i t i a l  l y ,  passage reach lengths were measured 

based on t h a l w e g  water d e p t h  l i m i t s  o f  0.50 f e e t  and 0.67 f e e t  w h i c h  

correspond t o  t h r e s h o l d  passage depths presented i n  Cri ter ia  Curves I 

and I I ,  respectively (Sautner e t  a l .  1984). However, d u r i n g  the  1984 

f i e 1  d season i t  became apparen t  t h a t  passage reach l e n g t h  measurements 

u s i n g  t h e  Criteria Curve i I  thalweg water dep th  l imi t  o f  0 . 6 1  f e e t  

included areas which d i d  n o t  presen t  passage problems t o  m i g r a t i n g  

salmon. Field o b s e r v a t i o n s  d u r i n g  1984 i n d i c a t e d  t h a t  a t h a l w e g  k~a te r  

d e p t h  o f  0.50 f e e t  was a more a p p r o p r i a t e  upper l i m i t .  Subsequent 

analysis of t h e  d a t a  a l s o  supported the elimination of 0.67 f e e t  a s  a 

tha lweg water d e p t h  l imi t  i n  the passage analysis. Therefore, those 

lengths measured us ing  a thalweg water d e p t h  l i m i t  of  0.67 f e e t  were 

a d j u s t e d  t o  rep resen t  l eng ths  established by us ing  a thalweg water d e p t h  

o f  0.50 fee t .  T h i s  was accomplished by drawing a scaled d iagram o f  each 

a f f e c t e d  passage reach including app rop r i a t e  streambed a n d  w a t e r  s u r f a c e  

elevations based an thalweg and cross s e c t i o n  survey d a t a .  A new 

passage reach l e n g t h  was then measured d i r e c t l y  f rom each d iag ram u s i n g  

an upstream and downstream thalweg water depth l i m i t  o f  0.50 f e e t .  

i o l  l ow ing  t h e  a p p r o p r i a t e  ad jus tm3nts  t o  passage l eng th  and  depth 

values, a l :  d a t a  p o i n t s   ere p l o t t e d  by categories of f i s h  passage 

(successful , successful w i t h  d i f f i c u l t y  and  exposure and  unsuccessful ) . 
Three p l o t s  of the passage d a t a  were developed depicting 1 

co l  l e c t e d  a t  u n i f o r m  passage reaches, 2 )  d a t a  collected a t  gon-un i fo rm 

passage reaches,  and 3 )  a l l  d a t a  combined. 



.- - 
1/12 o r i g i n a l  c r i t e r i a  curves were then super imposed on t h e s e  p a i s a g e  

e r i  t e r i a  p l o t s  t o  eval  laate the accuracy o f  these previously establ i s i led 

curves by comparing t h e  distribution o f  t h e  passage d a t a  i n  relation t o  

the c r l ' t e r i a  curves. Based on t h e  results  o f  these con:par isons,  

a p p r o p r i a t e  revisions were made t o  the passage c r i t e r i a  t o  b e t t e r  

represent t h e  r e l a t i o n s h i p  between passage reach l e n g t h  and passage 

depth.  

2 , 3 , 2  Bassaae Reach Eva1 u a t i o n s  

T h i s  s t u d y  u t i l  i z e s  the same b a s i c  analytical app roach  f o r  e v a l u a t i n g  

passage c o n d i t i o n s  i n  the m i d d l e  S u s i t n a  R i v e r  as was p resen ted  i n  

Sautner  e t  a l e  (1984).  T h i s  conceptual approach i s  based on a procedure 

i n v o l v i n g  three s t e p s .  

1) D e f i n i - t i o n  o f  t h e  salmon passage c r i t e r i a  (water depth  a n d  

reach l e n g t h )  required for  successful and unsuccessful salmon 

passage (The analytical methods utilized t o  complete t h i s  s t e p  

are presented i n  t h e  preced ing sec t ion ,  2.3 ,1 . ) .  

2 )  Identification of a l l  the  passage reaches w i t h i n  the selected 

s tudy  s i t e s  which do n o t  p rov i de  successful passage conditions 

f o r  mig ra t i ng  salmon under a i l  f l o w  cond i t i ons  based u p o n  t h e  

passage cri ter ia  established i n  s t e p  one. 



3 E v a l u a t i o n  of  each passage reach i n  terms o f  i t s  hydr;:i~' i  4 c :  

c h a r a c t e r i s t i c s ,  and d e t e r m i n a t i o n  o f  mainstem d i  sc ibarges  

a n d / o r  1 oca l  f 7  ows requi red t o  p r o v i d e  successful passage  

c o n d i t i o n s  a s  d6:f ined i n  step one, 

The f i n a l  s tep c o n s i s t s  of three hydraulic analyses:  a breach ing  

analysis, a backwater  a n a l y s i s ,  and  a l o c a l  f l o w  analysis. The f i r s t  

two o f  these analyses  evaluate t h e  independent e f f e c t s  o f  mainstem 

breaching and backwater  on passage c o n d i t i o n s  a t  passage reaches. The 

t h i r d  analysis evaluates t he  independent e f f e c t s  o f  l o c a l  f l o w  on 

passage c o n d i t i o n s  a t  selected passage reaches on ly .  The combined 

e f f e c t  o f  two  o r  more o f  these conditions a c t i n g  together was n o t  

evaluated; t h e  r e l a t i ve  influence o f  one c o n d i t i o n  on another i s  quite 

smal I ,  

In each of t h e  t h r e e  analyses, length and deptl. o f  passage reaches were 

used a s  the primary cri ter+ia t o  evaluate salmon passage conditions. The 

d i s c h a r g e  a n d / o r  f l ow  requirements resulting f r o m  each af ia lys is  are 

def ined  f o r  cond i t i ons  t h a t  fulfill threshold passage conditions f o r  

successful and  unsuccessful passage. By defining there upper and lower 

boundaries, the midd le  condition o f  "successful w i t h  d i f f  icul  t y  and  

exposure" i s  a l s o  defined. 

A f l o w  d u r a t i o n  curve [presented in Savtner e t  a l .  (1984)]  was developed 

f o r  the p e r i o d  from .Sugust 20 t o  September 20 based on iqainstem 

discharge d a t a  collected a t  Gold Creek over a 35 yea r  pe r iod  (USGS gage 



'15292000), T h i s  curve was used t o  e v a l u a t e  t h e  pe rcen tage  o f  t i m ?  t h a t  

t h e  d i s c h a r g e  requirements f o r  passage reaches are equalled o r  exceeded. 

The mainstem discharge d a t a  collected a t  Gold Creek were a l s o  used to 

evaluate  the number o f  years t h a t  t h e  discharge  requirements for  passage 

reaches were equalled or exceeded f o r  a t  l eas t  one day d u r i n g  the s t u d y  

p e r i  od. 

2.3.2.9 V e r i f i c a t i o n  o f  Passaqe Reaches 

Passage reaches were initially i d e n t i f i e d  i n  t h i s  s t u d y  f r o m  f i e l d  

observdtians made d u r i n g  t h e  1984 open w a t e r  seasan (see Sec t ion  2 . 1 . 2 )  

us ing  salmon passage c r i t e r i a  previously established i n  Sautner  e t  a l .  

(1984). As a resul t ,  i t  was qecessary t o  reevaluate the passage reaches 

i n i t i a l l y  i d e n t i f i e d  i n  the fl 'eld based on the revised 1984 passage 

c r i t e r i a  thresholds Lo determine i f  they s t i l l  qualified a s  passage 

reaches under t h e  new psssage cr i te r ia .  T h e  v e r i f i c a t i o n  process 

consisted o f  comparing the range of physical c o n d i t i o n s  observed a t  each 

passage reach w i t h  the revised passage c r i t e r i a  thresholds .  Passage 

reaches which f e l l  below the successful passage threshold f o r  a t  l eas t  

one s e t  o f  f l o w  conditions were verif ied as passage reaches f a r  further 

analysis. Passage reaches which cons is ten t ly  f e l l  above t h e  successful 

passage threshold fo r  the observed range of p h y s i c a l  c o n d i l i g n s  were 

el im inated From further consideration s ince  th is  was an indication t h a t  

passage problems d i d  n o t  e x i s t  a t  these s i t e s .  

A 1  1 passage reaches t h u s  i d e n t i f i e d  and v e r i f i e d  were sequential l y  

numbered i n  ascending order beginning a t  the downstream end o f  each 



s i t e .  The u p s t r e a m  1 i m i t  o f  t h e  i d e n t i f i c a t i o n  procedure was d e f i i i e d  a s  

the f i r s t  passage reach beyond the upstream l i m i t  o f  u t i i i z a " L i o n  by 

spawni ng s a l  mon. 

The breach ing  a n a l y s i s  i n  t h i s  s tudy  follows t h e  same methods t h a t  were 

presented i n  Sautner  e t  a l .  (1984). Since breach ing  a f f e c t s  a l l  passage 

reaches w i t h i n  a s i t e ,  t he  breaching analysis f o r  each s i t e  i s  

app l  i c a b l e  t o  t h e  e n t i r e  study s i t e .  I n i t i a l  breach ing and c o n t r o l  1 i n g  

discharge values have been previously determined f o r  each s lough  a n d  

s i d e  channel s t u d y  s i t e  w i t h  the e x c e p t i o n  o f  S l o u g h  9A (Quane e t  a l e  

1984; Sautner  e t  a l .  1984).  E s t i m a t e s  o f  t h e  i n i t i a l  b reach ing  and 

c o n t r o l  1 i ng d ischarge values f o r  Slough 9A were determined f r a n  stage 

d a t a ,  aer ia l  photos  and f ie ld  observa t ions .  Passage reach c o n d i t i o n s  

are considered t o  be successful under control  1 i n g  d i scharge  condi  t i a n s .  

2.3.2.3 Backwater Analysis 

The backwater analysis utilized i n  t h i s  s tudy  i s  conceptually s i m i l a r  t o  

the analysis presented i n  Sautner  e t  a l .  (1984) w i t h  t h e  erception t h a t  

s p e c i f i c  steps i n v o l v e d  i n  t he  analysis were modified t o  f i t  the revised 

passage c r i t e r i a .  T h i s  analysis evaluates t h e  i n f l u e n c e  t h a t  mainsten1 

backwater  has on passage cond i t ions  a t  passage reaches loca ted  i n  or 

near the  mouth area of each s t u d y  s i t e  prior  t o  b reach ing.  As i n  the 

1984 analysis, l o ca l  f l o w  was considered t o  be an insignificant f a c t o r  



a f i e c t i  ng backwater re la t ive  t o  t h e  effec"i s f  unlainstem d f s c i . i a r g ~  i n d  

was t h e r e f o r e  n o t  considered i n  the analysis. 

Successful passage conditions are  provided by backwa- ter  a t  a passage 

reach when t h e  water sla~*l-l"ace e l e v a t i g n  s f  the mainstem influenced 

backwatei-  submerges the h ighes t  p o i n t  o f  e l e v a t i o n  w i t h i n  a passage 

reach by a water depth corresponding t o  successful passage over a 

passage reach l e n g t h  o f  z e r o  f e e t  u s i n g  t h e  revised passage c r i t e r i a .  

T h u s ,  t h e  f i r s t  p a r t  o f  t he  backwater a n a l y s i s  involved computing t h e  

appropriate water su r face  elevations requi l%ed t o  p r o v i d e  successful and 

unsuccessful passage c o n d i t i o n s  a t  each passage reac'.~ affected prior t o  

breaching. Mainstem d i scha rges  corresponding t o  these water s u r f a c e  

e l e v a t i o n s  were ca !  culated from r a t i n g  curve equa t ions  representing the 

hydraulic r e l a t i o n s h i p s  i n  the  m o u t h  areas o f  each s tudy  s i t e .  These 

mainstem discharge values represent t he  minimum c l i  scharges required t o  

r e e t  t h e  threshold c o n d i t i o n s  f o r  successful and unsuccessful passage. 

The primary objective of the  local  f l o w  ana l ys i s  Nas t o  e s t i m a t e  the 

amount and frequency of occurrence of t h e  l oca l  f l o w  wh ich  i s  required 

t o  provide succr?ssi'ul o r  unsuccessful  salmon passage cond i  t ions a t  a 

passage reach. The s p e c i f i c  analysis followed i s  outlined below and i s  

depicted schematically i n  Figure 2 .  



---- 
ATER SURFACE 

ELEVATIONS BJPSTREAM 
A N D  DOWNSTREAM OF DISCHARGE 

SECTION AND WATER 
SU WFAiE ELEVATION 
D A T A  APPENDIX A 

APPENDIX A) 

5 .  REQUIRED DEPTHS 
FROM REVISED 
PASSAGE CRITERIA 

6. EVALUATE LOCAL 
F L O W  REQUIRED 
FOR SUCCESSFUL 
AND UNSUCCESSFUL 
PASSAGE 

7. LOCAL FLOW 
FREQUENCY OF 
OCCURRENCE 

Schematic d i a g r a m  o f  steps followed i n  t h e  loca l  f l o w  analys is  
a t  a passage reach,  



1. Obta in  a surveyed cross sec t ion  a n d  water su r f ace  e l e v i ,  i on  

t h a t  a r e  representative o f  the m o s t  d i - F f i c u l  t p a i s a g e  

c o n d i m t i o n  w i t h i n  a passage reach .  

2. Determine t he  energy g rad i en t  a t  each passage reach which i s  

assumed equal t o  t h e  steeper o f  t h e  water surface s l o p e s  

ups t ream d n d  downstream o f  the cross sect ion.  

3. Determine the l oca l  f l o w  corresponding t o  the surveyed water 

surface e l e v a t i o n  a t  each passage reach. 

4. Given passage reach subs t ra te  s i z e  and  channel  u n i f o r m i t y ,  

c a l  i brate Manning's e q u a t i o n  t o  the surveyed water surface 

elevation and t o  t h e  corresponding loca l  f l o w  by se lec t ing  a 

Manning's roughness c o e f f i c i e n t  from a range o f  accepatab le  

values. 

5. Select the required passage depths from the g i v e n  reach  l e n g t h  

and  the revised passage c r i t e r i a  f o r  successful a n d  

unsuccess fu l  passage. 

6 .  Determine t h e  l o c a l  f l o w s  corresqonding t o  t h e  required 

passage depths f o r  successful arid unsuccessful passage u s i n g  

t h e  calibrated Manning's Equat ion.  



7. E s t i m a t e  the f requenc ies  o f  occurrence o f  t h e s e  l o c a  f l o w 2  

w h i c h  correspond t o  sirccessful and unsuccessful passage  

condi"ons, 

Cross s e c t i o n  and water surface e leva t ion  survey d a t a  were col  1 ectec 

fo l  ' lowing methods presented i n  Section 2 .2 .3 ,  For assumed uniaform flow 

c o n d i t i o n s  a t  passage reaches, the water surface s lope  i s  eclual Lo the 

enei-gy g r a d i e n t .  The  energy g rad ien t  was generally t a k e n  t o  be t h ?  

s t e e p e r  o f  the upstream and downstream water surface slopes. I n  c a s e s  

where the slope was n o t  measured i n  t he  f i e l d ,  t h e  w a t e . ~  surface s l o l e  

was obtained f r o m  t!,alweg profile d a t a .  

Po p r o v i d e  e s t i m a t e s  o f  the loca l  f l o w  corresponding t o  the surveyed 

water surface e i e v d t i o n  a t  a passage reach, loca l  f l o w  measurements vjert! 

collected a t  selected s tudy s i t e s  as described i n  Sec t i on  2.2.3. A t  

some passage taeaches, f l o w  was measured concurrently w i t h  t h e  w a t e r  

su r face  el e v a t i a n  measurements, A t  passage reaches l a c ~ i n g  

corresponding f l o w  measurements, a loca l  flow distribution znalysis was 

conducted t o  re la te  known f l o w s  a t  other passage reachss and ciischargt: 

gages t o  t h e  f l o w  a t  trslese pasxagr? reaches. A detailed d e s c r i p t i o n  o f  

t h i s  analysis i s  o rov ided in Appendix A. 

Manning's Equation provides a re1 a t i o n  between required passage i : -p ths  

and  loca l  f l o w s  a t  t h e  passage reaches. The e q u a t i o n  was calibrated for 

each passage reach where measured w a t e r  surface e i e v a t i c n  d a t a  wrrE 

a v a i  1 a b l e .  A t  s'l t es  where water surface e l e v a t i o n s  were riot obtained, 

the equation was calibrated by comparison w:th  equations From nearb-y a n d  



Study S9 t e  
( R i v e r  M i l a )  

e Reach 

Passage d 

E v a l u a t i o n  

Side Channel 10 
[133,8) 

Upper Side Channel 1% 
( I 3 6 , l )  

Slough 19 
(140,O) 

Unsuccessful 
%uccessfu% /Di Cficult 
Successful / D i  f f i c u l  t. 
%uccessful / D i  f fi cul t 
Successful bBf f f icul t 
Successful J D i  f f i c u l t  
Successful J D i  f f  { c u l t  
Uwsuccessful - - 
Successful / B i  f f i c u l  t 
Unsuccessful 
Unsuccessful 

Unsuccessful 
Unsuccessful 
Unsuccessful 
Unsuccessful 
Successful BDi f f  icul t 
Unsuccessful 
Unsuccessful 

Unsuccessful 
Successful /Di  f f  ieuB& 
Unsuccessful 
Successful fDi F d i c u i t  
UnsuccessfuB 
Successful dDi  B f  icuB t 
Unsuccessful 

Unsuccessful 
Unsuccessful 

Unsuccessful  
Unsuccessful 
Successful / D i  F f i  C U B  t 
Unsuccessful 
Unsuccessfu l  
Successful BBi df ' icu l  t 
Unsuccessful 
Unsuccessful 
Unsuccessful 
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T a b k  6*  Sur~nary 0f mai nstsm d l  schargss requi red to provi  sfe successful a d  unsuccessful sa l~iora passage c ~ n d i  t i  ons f rom baz.!(water 
e f f e c t s  a t  selected s tudy  s4 tes in the middle  SusPtna River ,  

- 
Staff 

Whi skess Creek SO sugh 
(101 e 2 )  

Met nstem 2 Side Channel 
( 1 4 4 e 4 )  

Slough 9A 
( 1 3 3 . 2 )  



Unsuccessful Successful S t a f  B 

Side Channel 18 
(%33,83  

Upper Side Channel 1% 
( 1 3 6 , l )  

Slough 20 
(14O,l8 

Side Channel 21 
(140,6) 



Table 6 (Conti wued) 

Side Channel 21 (continued) V %  
g'940.6) v l  a 

V l l B  
B X 

Slough 2 2  . 

6144,3)  

" This analysis assumes tha t  local f lows a re  neg l ig ib le .  

Passage reaches laeated i n  left  and r ight  channels of s i t e s  ( fac ing  upstream) are  indicated as "L" and "R"', r e s p e c t i v e l y .  

e Percentage of total  t ime f o r  a 35 year f low record, t h a t  the indicated discharge i s  equalled or exceeded during the period 
20 August - 20 September (USCS gage a t  Cold Creek, gage #15292000). 

Percentage of t o t a l  years for  a 35 year f low record t h a t  the indicated discharge i s  equalled or exceeded during t he  pe r iod  
20 August - 20 September (USCS gage a t  Cold Creek, gage t15292000). 

" influence o f  backwater was not eva%ua$ed since breaching occurs a t  discharges lower t h a n  those required f o r  p r o v i d i n g  baekwaeer 
influence. 



spabgn-ing per iod .  The pe rcen t  of t o t a l  t ime  values were t a k e n  Prori t h e  

flew d u r a t i o n  curve, whereas, the  pe rcen t  o f  years frequency values 

i n d i c a t e  t h e  relative number o f  years t h a t  the mean d a i l y  flow exceeded 

the  i n d i c a t e d  f l o w  f o r  a t  least  one day d u r i n g  t h e  leriod. 

The exceedence frequency based on time reflects the l e n g t h  o f  t ime  i n  an  

average yea r  t h a t  the  i nd i ca ted  Plow i s  equalled o r  exceeded. Fo r  

example, since t he  pe r i od  o f  August 20 t o  September 20 contains 32 days 

i n c l u d i n g  s t a r t  and end d a l e s ) ,  then an exceedence frequency of 50 

percent, :vhich corresponds t o  a d ischarge o f  15,000 c f s ,  would indicate 

t h a t  i n  an average yea r ,  16 days (50 percent o f  32 days wou'l d have 

d a i l y  d ischarges equal t o  or i n  excess o f  15,000 c f s .  The daily 

mainstem discharge exceedence curves for ID%,  50% and 90% o f  the time 

are presented i n  F igu re  9. 

The exceedence frequency based on years reflects the number o f  years  

t h a t  t h e  i nd i ca ted  flow i s  equalled or exceeded f o r  a t  least  one day 

d u r i n g  the study period. For the example above using 15,000 c f s ,  t h e  

exceedence frequency bared on years i s  97 percent. That  i s ,  34 o f  35 

years had a t  least one day d u r i n g  t he  study period w i t h  a mean daily 

discharge equal t o  or  greater than 15,000 cfs. 

3,2,2 

Estimates s f  local f l ow  corresponding t o  successful and unsuccessful 

passage conditions a t  selected passage reaches w i t h i n  s tudy  s i t e s  are 



MAINSTEM DISCHARGE THKr 
WOULD BE EXCEEDED: 

---- 50°/o OF %WE TIME 

90% OF THE TIME 

0 

SEPTEMBER 

F igu re  3. Daily mainstem discharge exceedence curves for t h e  August 20 
t o  September 20 salmon spawning period i n  the middle Susi tna 
River. Exceedence curves were developed from 35 years o f  SSGS 

9 P?3#%11APIh 3 d i s c h a r ~ e  daeci ex Go1 d Creek ( S t z t i o n  NG. ~ 3 ~ 3 ~ u \ r i j  u 3  

wthods  described i n  Chapman 



provided i n  Tab le  7.  These e s t i m a t e s  prov ide  an i n d i c a t i o n  of t h e  

quantity o f  loca l  f l o w  required f o r  passage i n  the absence of  t h e  di rec t  

e f f e c t s  o f  mainstem i n f l uenced  backwater  and breaching.  

Exceedence f requenc ies  are provided a t  those s i t e s  For  which a r e l a t ion -  

s k i p  between mainstem discharge and groundwater contributions t o  1 ocal 

f low can be established. Local flow i n  sloughs and s i d e  channels i s  

compri sed mainly o f  groundwater upwe1 1 i ng d r i v e n  l a r g e l y  by mainstem 

water levels and runoff f r om p r e c i p i t a t i o n  events.  The exceedence 

values reflect  the  percent o f  time t h a t  the  passage c o n d i t i o n  i s  met or 

exceeded d u r i n g  t he  p e r i o d  f rom August 20 t o  September 20 as a result of 

precipitation events t h a t  generate local f l o w s  s u f f i c i e n t  t o  supplement 

groundwater upwel l i ng f l o w  corresponding t o  a median ma7 nstem discharge 

o f  15,000 c f s  for  t he  per iod.  

Since p r e c i p i t a t i o n  records r'l lustrate t h a t  p r e c i p i t a t i o n  in any amount 

f a l l s  only h a l f  o f  t he  time d u r i n g  th is  period,  exceedence values range 

f r o m  0 t o  50 percent .  A 0 percent  frequency means t h a t  t h e  amount o f  

p r e c i  p i  t a t  i o n  requi red t o  produce 1 ocal f 1 ow t o  svppl  emelat groundwater 

generated f l o w  corresponding t o  a median mainstem P l o w  f o r  t h e  pe r i od  i s  

so large t h a t  i t  occurs very infrequently e.g. 1 in 10 years 

i ntermedi a t e  exceedence frequency such as 22 percent i n d i c a t e s  t h a t  the 

combination o f  groundwater generated f l ow correspond< ng t o  a ma i  nstem 

d ischarge o f  15,000 c fs  and runo f f  from a p r e c i p i t a t i o n  event which i s  

equalled o r  exceeded 22 percent o f  the time i s  s u f f i c i e n t  t o  provide t h e  

required passage f l o w .  An exceedence of 50 percent or greater i n d i c a t e s  



Table 7. Summary of  local $1 QWS requO r e d  f o r  successful and unsesceesst:ul passage eondi  $ions and t h e  frequencies of accksrrence based 
on p r e c i p i t a t i o n  and groundwater con t r ibu t ions  a t  an average Sus i tna  R i v e r  d i  schsrge o f  95,880 c f s  dur ing t h e  August 20 $0 

September 20 per i od, 

Study S i t e  
( R i v e t  M i le )  

Length Depth F l  ow Percent Depth FB ow Percent  
Number Q f t )  g f t l  ( c f s )  Exceedence ( f t )  ( e f  s )  Exceedence 

Mhi skers Creek 
(401,2) 

Slough 8A 
{925,9) 

Slough $A 
( 1 3 3 , 6 )  



Pas 

Length Depth Fl  sn Percent Depth F l  ow Percent 
Number ( f t )  ( f t  1 gcfs )  Exceedenca ( f e )  [ c f s ]  Exceedence 

Study SB te 
[R ive r  Mile) 

Slough I 1 
(135,33 

Upper S i  de Channel 9 9  
(136.1) 

Side Channel 21 
g lSO,f,) 



* a  - 

Tab1 e 7 (Continued) , 

Study Site 
( R i v e r  M i  l e )  

Condi t ions 
f 

Length FI  ow Percent FI obtr Percent 
Number ( f e )  ( f t )  ( c ~ J )  Exceedence t(ft) ( c  f ~ , )  Exceedence 

Slough 21 
(141 -8) 

a Frequenci es not evaluated. 

No cross section d a t a  available. 



t h a t  the  f l o w  resulting f r o m  groundwater  upwelling a t  a median mairstem 

d i s c h a r g e  o f  15,000 c f s  i s  s u f f i c i e n t  t o  p r o v i d e  t h e  required f l o w  f o r  

passage w i t h o u t  p r e c i p i t a t i o n  i n p u t .  The mainstem discharge  a n d  

a s s o c i a t e d  frequency t h a t  would be required f o r  successful a n d  unsuccess- 

f u l  passage c o n d i t i o n s  a t  passage reaches i n  Sloughs 8A, 9, and I I  i n  

t h e  absence of any precipitation i n p u t  i s  g i ven  i n  Table 8. 



Table 8, Frequencies of  occurrence of l oca l  f lows  evaluated thrsugh the case o f  mainstem versus loca l  f l o w  re la t ions iar ipg i n  S j ~ u g h s  
88, 9 and 11 e x ~ t u d i n g  t h e  e f f e c t s  o f  breaching and backwater, 

Requdred Local Flow Requi red Mai nstem Discharge Frequency o f  Occurrence 
Passage Q c f s )  ( c f s )  

Reach So~ccessf u l  Unsuccessful Successful Unsuccessful Successful Unsuccessful 

Slough 9 










































































































































































