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--V ihe instream F l c w  Relacionship Repor t  and its associated technical 

repo-ct  series were funded by the Alaska Power Authority (APA) as part 

c; E t h e  engineering f e a s i b i l i t y  and l i c e n s i n g  studies f o r  the proposed  

Sus i t r ra  Hydroe l ec t r i c  Pro jec t .  Much o f  t he  IFRR is based on 

engin-eer ing  and ernvironmeneal. s tud ies  which were i n i t i a t e d  by Acres  

Aaiericanf, Inc. and eont,Lnued by Harza-Ebasca Slusiena J o i n t  Venture, 

Except f o r  t h e  stream temperature modeling, Harza-Ebasco has conducted 

a l l  physical process modeling d i r e c t l y  or i n d i r e c t l y  referenced in 

t l n i s  document. O f  particular value  is t h e i r  reservoir temperature and 

i c e  processes modeling. 

F i e l d  studies and analyses completed by o t h e r  members of t he  Aquat ic  

S tudy  Team are ahso cited wi th in  t h i s  r e p o r t .  Mosr v i s i b l e  are  

numerous references to ehe Alaska Department o f  Fi sh  and Game (ADF&G). 

The aDF&G SuHydro Study Team conducted f i e l d  studies to determine ehe 

seasonal discribation, relative abundance, and h a b i t a t  requirements of 

anadroolous and selected resident f i s h  populations in t h e  Susitnra 

The University of Alaska, Arctic Environmental Informat ion  and Data 

Center JAEIDC) conducted t h e  instream temperature modeling s tud ies ,  a 

key element in t h i s  evaluation. M r .  Pau l  Meyer and Xlr. Joe  Labelle 

are recognized  f o r  assembling t h e  supporting technical i n f o m a t i o n  and 

drafting portions of the Instream Temperature and Ice Processes 

see$bon sf t h i s  r epor t ,  

R&M Consultants has canducted t h e  hydrologic and climatologic f i e l d  

ssudies. O f  mose value  in preg   ring t h i s  r e p o r t  has been t h e i r  

assistance in p r o v i d i n g  da ta ,  ana lye ica l  r e s u l t s ,  and Eechnical 

reviews p e r t a i n i n g  t o  b a s i n  hydrology and climatology, s l o u g h  

geohydrology (upwelling) , and i c e  processes. Recognit ioi l  i s  given 

Mr, Steve Dredthauer  f o r  drafting portions of the Basin  Hydrology and 



Srreamfiow V a r i a b i l i ~ y  sectLon of t h i s  r e p o r r .  Hr .  C a r l  Schors 

~rr?v.ldp.C i:echnical i n f o m a t i c n  and drafted p o s e i o n s  o f  t h e  Inscream 
,.b., ~enperature and Ice  Processes s e c t i o n  o f  c h i s  r e p o r t .  

F i n a l l y  s p e c i a l  recognition is g iven  t a  Milo C.  Bell  f o r  t h e  flawless 

insights he p r o v i d e d  at the onset of t h e  f e a s i b i l i t y  studies r e g a r d i n g  

the i s s u e s  t h a t  would arise as being central t o  p r o j e c t  licensing and 

his b?Lse counse l  concerning t h e i r  implicaeions t o  the  maintenance and 

enhancement sf salaan resources in t h e  Susitna River Basin, 
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1, INTRODUCTION 

instream Flaw R e l a t i o n s h i p s  Rgorr --- 

The pr imary  pu rpose  of the Instream Flow R e l a t i o n s h i p s  Repori (IFRR) , 
presented here in d r a f t  form,  is t o  presen t  technical i n f o m a t i o n  

w i t h i n  a hierarchica l  s t r u c t u r e  t h a t  refleets eke re lae lve  importance 

of interactions mong physical processes governing  t h e  seasonal 

availabiliey of  f i s h  h a b i t a t s  i a  t h e  Talkeetna-to-Devil Canyon s e p e n t  

of  t h e  Susiena  River. Tne IFRR and i t s  associated technical r e p o r t  

ser ies  should  not  be c o n s t n e d  as an impact assessment document. 

Rather, ghese r epor t s  descr ibe a v a r i e t y  of n a t u r a l  and w i t h - p r o j e c t  

r e l a t i o n s h i p s  among a b i o t i c  instream h a b i t a t  conditions t h a t  are 

necessary to cvaluaee alternative streamflow and stream temperature 

regimes, conduct impact analyses, afid prepare mitigation plans .  

The EFRR i s  ineended to inform a broad spectrum of  readers hav ing  

w i d e l y  d i f f e r i n g  educational backgrounds and degrqes  of f m i l i a r i t y  

with the proposed pro jec t  about  potentially beneficial o r  adverse 

influences the proposed p r o j e c t  may have on f l u v i a l  processes in t he  

middle  Susitna River t h a t  c o n t r o l  the  a v a i l a b i l i t y  and quality of EisB.1 

h a b i t a t .  By meeting this o b j e c t i v e ,  the repor t  will assist t h e  Alaska 

Power Author i ty  and resource agencies to reach an agreement r n  an 

instream flow regime (and associated mitigation p l a n )  t h a t  w i l l  

m in imize  impacts and p o s s i b l y  enhance existing m i d d l e  S u s i  t n a  River 

f i s h  resources. 

The final d r a f t  of t h e  IFRR will: (1) identify t he  most limiting life 

h i s t o r y  phases o f  fish populations indigenous  eo the middle S u s i e n a  

River;  ( 2 )  identify and rank the  most i n f l u e n t i a l  h a b i t a t  v a r i a b l e s  

re ,-9l lat ing these life phases ;  and (3) q u a n e i f y  t h e  responses o f  these 

h a b i t a t  var iables  to p r o j e c t  induced changes in streamflow, stream 

temperature, suspended sediment and warer quality. Other E l u v i a l  

characteristics s u c h  as channel structure, sedimene t r a n s p o r t ,  i c e  

processes, t u r b i d i t y  and water chemistry are elements of  these  ehrei- 

d r i v i n g  v a r i a b l e s ,  



P P" I r~r i n f l u e n c e  a5 ihe p r o j e c t  induced changes  i 1 2  stream t e ~ n p e r a t v r c  

' i a tkx  q u a l i t y  will. be discussed on a maerohabicat l e v e l  by 1 iah i t : i t  

type, season, and species.The influence o f  sereamflow on fisk habitat 

w i l l  be eva lua ted  on b o r h  a rnacrohabirat and  m i c r o h a b i t a t  level. .  S i t e ?  

s p e c i f i c  h a b i t a t  responses t o  instream hydraulics will be icentif i e d  

at t h e  m i c r o h a b i t e t  l eve l  and sumar i zed  i n  t h e  Z o m  o f  flow 

relatianship hydrographs at t he  macrchabieat level. These hydrographs  

are intended t a  describe the  composite response of individual study 

s i t e s  by h a b i t a t  t y p e  t o  changes i n  mainstem discharge f o r  specific 

species and life h i s t o r y  phases of  interest. 

This d r a f t  is based upon i n f o m a t i o n  ava i lab le  i n  p r o j e c t  documents 

and t h e  status of t h e  IFRR technical r e p o r t  series as of  October  1 9 8 4 .  

Environmental fac tors  t h a t  influence t he  seasonal d i s c r i b u e i o n  and 

r e l a t i v e  abundance of fish in t h e  middle r ive r  are  p r i n c i p a l l y  

discussed ae the macrohabitat level  by h a b i t a t  gyp@. The i n f l u e n c e  of 

i n s c r e m  hydraulic conditions on t h e  a v a i l a b i l i t y  and q u a l i t y  o f  fish 

h a b i t a t  can on ly  be discussed on a quaneft i l t ive basis f o r  a fe%z s i d e  

s loughs  and s i d e  channels. Sub jec t i ve  statements are required a t  t h i s  

time eo extend these s i t e  specific h a b i t a t  responses to other h a b i t a t  

types  within the  middle Susitna River. As more technical i n f o m a t i c n  

becomes available, undocumented discussion w i l l  be expanded t o  

encompass such imporrant  h a b i t a t  variables as upwelling, intragsavel 

temperatures and p r imary  p roduc t ion  and their r e l a t i o n s h i p  t o  

anticipated w i t h - p r o j e c t  streamf low, temperature and t u r b i d i t y  

In c h i s  r e p o r t  t h e  ehree p r i n c i p a l  freshwater life phases of  t h e  

Pacific salmon are ranked in t h e i r  order or' importance as determined 

by existing h a b l t a e  conditions in t h e  midd le  r iver,  and t h e  r e l a t i v e  

importance of  several environmental factors in p r o v i d i n g  s u i t a b l e  

hab igac  f o r  each of  these life h i s t o r y  phases is identified. To t h e  

extent dara and technical i n f  o m a t i o n  are a v a i l a b l e  the response  of 

seasonal h a b i t a t  conditions 6 0  altlered streamf low, scream t empera tu re  

and water q u a l i e y  c o n d i t i o n s  a re  a l so  d i s c u s s e d .  



i n s e r e a n  Flow Re%at i o n s h i t ~ s  Studies 
v- --- A - -  

w Ine .iAlaska Power Authority submitted a license a p r ~ l i c a r i c n  t n  1:i-w 

Federal Energy Regu la t azy  Comiss i .on  (FERC) f o r  the  p r o p o s e d  Susif~a 

Hydraelectric Pro jec t  on February 18, 1983, Fo l lowing  submiss io l l  o f  

siipplernental i n f o m a t i o n  and responses t o  FERC comeri ts ,  the 

a p g l i s a t i a n  was accepted an J u l y  19, 1983 f o r  review by t h e  FERC, The 

a p p l i c a t i a n  was then sen t  by t he  FERC t o  resource agencies f o r  review 

fmbd comenc .  mis review i s  now complete, and t h e  FERC is proeeedir lg  

wit:ia preparation o f  ehe final enviromenta l  impact statement: (FEIS)  . 
The d e c i s i o n  to i s s u e  the  license is t e n e a t i v e l y  scheduled to be made 

by t he  FERC in 1987, assuming no substantial de l ays  i n  t h e  l i c e n s i n g  

process p r i o r  eo chat  d a t e .  Even though ehe license a p p l i c a t i o n  has 

been accepted by t h e  FERC f o r  review, and p r e p a r a t i o n  cP t h e  F E I S  has  

begun, v a r i o u s  aquat ie  o r  aquatiemrelated studies are  s e i l f  in 

progress to assure that the licensing process  proceeds on s c h e d u l e .  

In 1982, following t w o  years of preliminary base l ine  studies, a m x ~ l t i -  

disciplinary apprriach to quantify ef feets of t h e  proposed Susitna 

Hydroe lec t r i c  P r o j e c t  on existing f i s h  h a b i t a t s  and identify m i t i g a -  

t i o n  options was initiated. As p a r t  o f  this multi-disciplinary 

effort, a technical r epo r t  series w a s  planned t h a t  would (1) descr ibe 

the existing f i s h  resources of the Susitna River and ideneify t h e  

seasonal h a b i t a t  requirements of selected species,  and ( 2 )  eva lua te  

t h e  effects of alternative p r o j e c t  d e s i g n s  and operating scenarios or, 

those p h y s i c a l  processes which mose influence t h e  seasonal 

availability of f i s h  h a b i t a t s  in t h e  midd le  Susitna River.  In 

addition, a su ry r e p o r t ,  t h e  Instream Flow Relationships R e p o r t ,  

would integrate t h e  f i n d i n g s  o f  the technical report series and 

p r i o r i t i z e  the physical processes evaluated i n  t h e  technical r e p o r t  

series and p l  ,vide quantitative r e l a t i o n s h i p s  (where p o s s i b l e )  and 

discussions r e g a r d i n g  t h e  influences of incremental changes in 

sereamf low, stream temperacure, and water quality on f i s h  h a b i t a t s  in 

t h e  Talkeetna 6 0  Devil Canyon reach of  the S u s i e n a  River  on a seasonal  

bas i . 3 ,  



2 , 1s , ce  IF!~.R t e c h n i c a l  r e p o r t  series consists o f  t h e  f o l l o w i n g :  

TizchnicaL R e ~ o r t  ::No, 1 ,  F i s h  Resources and 1 l a b i t a . t ~  of t h e  Sus: i%na 

Basin. mis r e p o r t ,  b e i n g  p r e p a r e d  by iboodward-Clyde Consultants, 
a- 

i l  eonsalidaee information obtained by ADF&G SuHydro on t h e  fish 

resources and h a b i t a t s  in t h e  Talkeetna-eo-Devil Canyon reach o f  t h e  

zlusitna River. A d r a f t  r e p o r t  u t i l i z i n g  data  ava i lab le  th rough  June  

1484 was p r e p a r e d  by WCC i n  November 1984. 

This r e p o r t ,  

b e i n g  p r e p a r e d  by R&M Consultants, descr ibes  n a t u r a l l y  occurring 

p h y s i c a l  processes w i t h i n  t h e  Talkeetna-to-Devil Canyon r iver reach 

pertinent t o  evaluating p r o j e c t  e f f ec t s  on r i v e r i n e  f i s h  h a b i t a t .  

This r e p o r t ,  

b r i n g  p r e p a r e d  by Harza-Ebasco , w i l l  consolidate existing i n f o m a t  i o n  

on water q u a l i t y  f o r  t h e  Susitna River and p r o v i d e  technical l e v e l  

d i s c u s s i c n s  o f  t he  potential f o r  with-pro:ect bioaccumulaeion o f  

mercugy , adverse ef f ecrs o f  citrogen gas supersaturation, changes i n  

domstream nutrients, and changes i n  t u r b i d i t y  and suspended 

sediments. A d r a f t  r e p o r t  based on l i t e r a tu re  reviews and p r o j e c e  

d a t a  avai lable  through June 1984 was prepa red  in November 1984. 

- 
r e p o r t ,  p r e p a r e d  by AEIDC, consists of: three p r i n c i p a l  components: 

(1) resewoir  and instream temperature modeling; ( 2 )  development o f  

temperature c r i t e r i a  for Susit~a River Eish stocks by species and life 

stage; and (3) eva lua t i on  of  t h e  influences of w i t h - p r o j e c t  st-;earn 

temperatures on existing Eish h a b i t a t s  and natural i ce  processes. A 

f i n a l  report d e s c r i b i n g  d o n s t r e a m  temperatures associated w i t h  

v a r i o u s  resewoir operating scenarios and an evaluation of  ti:ese 

stream temperatures on f i s h  was prepared in O c ~ o b e r  1984 .  A d r a f t  

r epo r t  addressing t h e  influence of  anticipated w i t h - p r o j e c t  stream 

temperarures on n a t u r a l  ice processes was p r e p a r e d  in Eovember 1 9 8 4 .  



'"'1 

Ec?cli f : ical Report TNo, 5, i t a t  Reparc. ibis r e p o r t ,  b ng 
-=mma-w= -ma--m---w-w .. -- p- .Rsres-m- 

Lie p r e p a r e d  by E. Woody T r i h e y  and Asscriates, 1 describe J-'~ 
evaiiabiliey o f  v a r i o u s  gypes  o f  aquatic i ~ a b i t a t  3 the T a l k e e c r r a -  

ci.-.Ue\iil Canyon r i v e r  reach as a f u n c e i o n  o f  mainseem disc:~arjp,e. A 

p r e l i m i n a r y  d r a f t  of t h i s  repor? i s  schedu led  f o r  Marr;~ 1905 w i t h  a 

d r a f  e f i n a l  r e p o r t  p repa red  in FY86. 



The S u s i e n a  River  i s  loca ted  i n  S o u t h c e n t r a l  Alaska  between  he ~ n a j o ~  

; ~ o p u i a t i o n  c e n t e r s  of  Anchorage and F a i r b a n k s .  The Susitna V a l l e y  i s  

a t r a l l s p o r t a t i o n  c o r r i a ~ r  and contains both t b e  Alaska Railroad and 

t h e  Parks Highway. Yet even w i t h  these transportation f a c i l i t i e s ,  t h e  

basin remains l a r g e l y  undevelcped except f o r  several small communities 

l o c a t e d  in t h e  lower  p o r t i o n  of the drainage, Talkeetna, the Largest 

o f  these comunitiesr has  an approximate p o p u l a t i o n  o f  280 a K i  is 

l o c a t e d  on t h e  east  bank af the Susitna Mves at r%.ver m i l e  (W) 98,  

The proposed  S u s i t n a  Hydroelectric Pro jec t  consists o f  t w o  dams 

scheduled f o r  construction over a p e r i o d  of 15 years.  Construction on 

t h e  f i r s e  dam, Watana, is scheduled to begin when t h e  FERC license is 

i ssued,  p o s s i b l y  in 1987, and would be completed in 1994 at a s i t e  

locaeed approximately 184 r iver  miles upstreau! from t h e  mouth o f  t h e  

Susitna River. The Watana development would i n c l u d e  an 885 ft h i g h  

earth f i l l .  dsn, which would impound a 48-mile long ,  38, i )u~ acre 

resewoir  w i t h  a eotal storage capaciey of 8.6 million acre f e e t  (maf) 

and a usab l e  storage capaci ty  of 3.7 maf, Multiple level  intakes and 

cane valves would be installed in the d m  to csntroh Q a m s t r e a  

temperacures and d i s so lved  gas concentrations, which otherwise might  

be h a m f u l  to . f i s h  resources. An underground powerhouse would c o n t a i n  

six generators with an i n s t a l l e d  capac i ty  of 1020 megawatts (mw) , and 

an estimated average annual energy o u t p u t  of 3460 gigawatt h o u r s  

( g ~ l h ) .  M a x i m u m  p o s s i b l e  outflcw from the powerhouse at f u l l  p o o l  i s  

21,000 cfs, The cone valves are designed to pass 24,000 c f s  a t  f u l l  

pool. (MA 1 9 8 3 ) .  

The second phase of the proposed development is construction of t h e  

645 fooe h i g h  concrrtc stch Devil Canyon dam. which i s  schedu led  f o r  

completion by 2002. Devil Canyon darn would be  constructed a& 9 site 

32 miles downstream of  k'atana dam and would impound a 26-mile l ong  

reservoir  s i t h  7 ,800  surface acres and a u s a b l e  storage capacity o f  

0.36 maf. I n s t a l l e d  generaz ing  c a p a c i t y  would b e  about  600 nw, . - i ; n  

an average annual  energy o u t p u t  of 3450 gwh. A l a u l t i p l e  le-,.el i n t a k e  
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4 LC aaxir-urn p o s s i b l e  ou~flow from ehe f o u r  g e z i e r a t n y s  i r :  h ~e 

powe~horsse  af f u l l  p o o l  is 14,7CO c f s .  The cone v;zlves a2 ILiev:-E 

Canyon dam a re  designed to p a s s  38,500 c f s .  Whei-i bath d a m s  a r e  

operational, Watana Reservoir would be drawl d a m  d u e i n g  t h e  c r i n t e r  

 hen energy demand is high  and f i l l e d  d u r i n g  the summer b~hen ellergy 
7 Ja r n  *a * ~t~adreroernts  are lowest. Devil Canyon r e s e ~ ~ o i r  vou ld  remain 

rnlar : ivePy f u l l  d u r i n g  most o f  the year with a s h o r t  p e r i o d  of  

d r a w d o m  i n  the :a11 $MA 19831, 

The Susi~na River is an unregulated g lac i a l  river. Middle  Susitna 

R i r ~ e s  t u r b i d i t i e s  are commonly between 400 and 500 nephePomet ric 

t u r b i d i c y  units (NTUs) in summer and less than  !O NTC in w i n t e r .  

T y p i c a l  sumer f l o w s  range from 16,000 t o  30,000 cub ic  f e e t  p e r  second 

( c f s )  while t yp ica l  winter flows range between 1,000 and 3,000 c f s .  A 

c h i c k  i c e  cover forms on ehe r iver  dur ing  l a t e ,  November and December 

sthat persists through mid-May. The drainage area of  t he  Susitna River 

i s  approximately i9 ,600 square miles, which is t h e  s i x t h  Largest r ive r  

b a s i n  in Alaska. The SuSitna Basin is bordered by tho  Alaska Range to 

ehe n o r t h ,  t h e  Chuliena and Talkeetna mountains to the w e s t  and s o u t h ,  

and the northern Talkeetna plateau and Gulkana uplands  to t h e  ea.s t . 
Majot tributaries to the Susitna include t h e  Talkeetna, Chulitna, and 

Yeratna Rivers ,  all of which are g l ac i a l  streams with characteristic 

h i g h  t u r b i d  sumroer s t r e m f l o w s  and i c e  covered clearwaeer w i n t e r  

flows. The Yentna River is t he  largest t r i b u t a r y  to the Susitna and 

a d j o i n s  .'.t at RM 3 8 .  The Chulitna River originates in t h e  g lac ie r s  on 

the south s l o p e  of Mount McKinley and f l o s ~ s  south, entering t h e  

Susirna River near TaPkeeena (kY 991, The $alkeetna River headwaters 

in the Talkeetna Mountains, f lows  west, arid j o i n s  the Susiena  near t h e  

t o m  of  Talkeetna (RM 97) .  The junctios s f  t h e  Susiena, Chu1irr.a and 

Talkeetna r ivers i s  often cal led  t h e  t h r e e  r ivers  confluence. 

The Susitna River originaees in the S u s i t n a  Glacier in t h e  Alaska 

Range and follows a d i s j u n c t  s o u t h  and west course  320 miles t o  Cook. 

I n l e t  ( F i g u r e  I - I ) ,  The Susirna River f l o w s  s o u t h  from t h e  g l a c i e r  in 





&. ag-,prtsximate%y 51 a b r z , i d e $  c h a n n e l  across a alhluvia% fan fao-  
- r-- i i lEesr  t h e n  wese in a single c h a m e l  f o r  t h e  next i 2  n i i i a s  t h r o u g h  t h e  

sceep-walled Vee and Dev i l  Canyons. The t w o  p r o p o s e d  Katana  

i7P&f G ! 4 e 4 )  and Devil  Canyon (RM 151.6) dam s i t e s  are l o c a t e d  in t h i s  

reach.  Downstream o f  Devil Canyon, t h e  r i v e r  flows s o u t h  a g a i n  

"Lhrroragh a w e l . 1  defined and r e l a t i v e l y  s t ab le  multiple channel  u r t t i l .  it 

meets  t h e  CRuSl~na agnd Talkeetna Rivers (M 99), Bo~mst.rea,m of  ehe  

t h r e e  rivers confluence,  the Susiena River valley broadens  into a 

large coastal lowland. In t h i s  reach the  down v a l l e y  g r a d i e n t  o f  the 

r i v e r  decreases and i t  flows t h rough  a heav i ly  b . ra ided  segmeiat f o r  i e s  

las t  100 miles to t h e  estuary. 

h e r v i e w  of  Ff s h  Resources and P r o i e e t  Related C O ~ C E ~ T I S  

The Susiena River bas in  suppcrts populations o f  b o t h  anadromous and 

resident Ei.sh. Commercial o r  s p o r t  fisheries e x i s t  f o r  f i v e  species 

o f  Pac i f i c  salmon (chinook, sockeye, coho, churn, and p i n k ) ,  ra inbow 

t r o u ~  , - Q P . c ~ ~ c  gray l i ng .  Do l ly  Varden, and burbo t  . The commercial 

fishery i n t e r c e p t s  r e t u r n i n g  sockeye, chum, coho and p ink  salmon in 

Cook I n l e t .  S p o r t  f i s h i n g  is ccncentrated in clear water t r i b u t a r i e s  

t o  ehe Susitna River f o r  chinook, coho, p ink  salmon, rainbow trout and 

Arct ic  g r a y l i n g .  

Construction and o p e r a t i o n  of t h e  proposed p r o j e c t  w i l l  n o t a b l y  r e d u c e  

screamflows d u r i n g  the summer months and increase them d u r i n g  t h e  

winter months, l ead ing  to a more u n i f c m  annual  f l o w  cyc le .  Stream 

temperatures and t u r b i d i t i e s  w i l l  b e  s i m i l a r l y  a f f ec t ed .  The most 

pronounced changes in stream temperature and t u r b i d i t y  will l i k e l y  b e  

obsemed  in mainstem and s i d e  channel areas with somelc.~hat lesser 

effectg occur r ing  in p z r i p h e r a l  areas. However, reduced summer and 
'? 

increased winter s t r e a r n f ~ o w s  will have t h e i r  greatest i ~ l f l u e n c e  on 

site-specific d e p t h  and v e l o c i t y  conditions in areas  p z r i p h e r a l  t o  t h e  

The e f f e c t s  t h a t  a n t i c i p a t e d  changes in streamflow, stream temperature 

and t u r b i d i t y  w i l l  have on fish populations inhabiting t h e  Susitna 



Kive r  d e p e n d s  upon their seasonal h a b i t a t  requirements ar " t i ?  

r e g l ~ i a t ~ r y  c o n s r o l  which these  habitat components exe3ct: up32 t h e  

p o p u l a t i o n .  Some p r o j e c t  induced changes i n  environmental condi r- inns 

niay have no a p p r e c i a b l e  ef fece on e x i s t i n g  f i s h  populetions and thi- ix 

assoc ia ted  habitats, whereas o t h e r  changes  may have d r m a r i c  

consequences.  n u s ,  in o r d e r  t o  understand t h e  p o s s i b l e  effects of 

t h e  p roposed  p r o j e c t  on existing f i s h  p o p u l a t i o n s  and i d e n t i f y  

mitigation opportunities o r  enhancement poteneial, it is important t o  

understand t h e  relationships among t h e  n a t u r a l l y  o c c u r r i n g  physical 

processes which provide  fish h a b i t a t  i n  t h e  middle  r iver  and how fish 

p o p u l a t i o n s  respond t o  n a t u r a l  v a r i a t i o n s  i n  h a b i t a t  a v a i l a b i l i t y .  



Approach 
P 

"P" ~ n e  goal o f  t h e  Alaska Power A u t h o r i t y  (APA) in i d e n t i f y i n g  an 

environmentally acceptable f l o w  regime is t h e  maintainence or 

enhancement of' existing f i s h  resources and levels  o f  produe t io i l  ( B P A  

1982). TP.lis g o a l  i s  conslstene with mitigation g o a l s  o f  t h e  U.S. F i s h  

and M i l d l i f e  Service (USFWS) and the Alaska Departwene a f  Fish and 

Gan~e (ADP&G) (MAPA 1982, MF&G 1982a, USFWS 1981. Although maintenance 

of n a t u r a l l y  occur r ing  Eish popula~ions is t h e  ultimate goal, t h e  

f o c u s  of  t h e  Instream Flow R e l a t i o n s h i p s  Studies (ZFKS) i s  on 

describing the response  of  midd le  Susitna River f i s h  h a b i t a t s  t o  

incremeneal changes i n  mainstem discharge, temperature and water 

quality. 

F i s h  populations of t h e  Susitna River fluctuate markedly f a r  many 

reasons. Some of t h e  factors  affecting population i svc - i s  exert  t h e i r  

i n f l u e n c e  outside the r iver  bas in .  This i s  p a r t i c u l a r l y  t r u e  f o r  

anadromaus species such as PacAf ic  salmon, which spend p o r e l o n s  of  

t h e i r  life cycles in freshwater estuarine and marine environments. 

Ocean s u m i v a l  and commercial catches significantly a f f e c t  t h e  number 

o f  salmon r e tu rn ing  to spawn in the  Susitna River and its tributaries. 

K i t h i n  t h e  freshwaeer environment other f ac to r s  such  as l a t e  summer 

and f a l l  h i g h  flows, cold-dry winters, predation, and s p o r t  f i s h i n g  

a l so  affect f i s h  populations. In addition, t h e  long=-tern r e sponse  of 

adult f i s h  p o p u l a t i o n s  to perturbations e i t he r  w i t h i n  or  o u t s i d e  their 

freshwater environment is seldom immediaeely a p p a r e n t .  A time-lag 

L a s t i n g  up to several years may occur be fo r e  an effect, whether  

b e n e f i c i a l  o r  de%rimenca%, is refleceed f n  an increase ar decrease in 

t h e  reproductive p o t e n t i a l  of t h e  population. 

To avo id  many of  t h e  uncertainties assoc ia ted  with fluctuating 

p o p u l a t i o n  LeveLs, E i s h  h a b i t a t  is o f t e n  u sed  when mak ing  decisians 

r e g a r d i n g  hydroelect3: ic  development and instream flow re leases  

( S t a l n a k e r  a n d  Asneeee 1976, Olsen 1979 ,  Trihey 1 9 7 9 ) .  When u s i n g  



f habira?; a s  rhe  basis f o r  d e c i s i o n  malt ing,  t h e  direct . iori  . 

m&gni.rude of change in habitat quality and a v a i l a b i l i t y  a,e acct?pr 

a s  i n d i c a t o r s  o f  populaeion response .  T h i s  re1a t i cns i i ip  f s * . m C  

n c e s s a r i 1 . y  l i n e a r ,  b u t  is generally quantifiable (Idesche 1972, Fiinns 

: P 7 9 ) .  Inseream flow recommendations based  on an analy5i.s o f  fish 

habitat racker  than  f i s h  population l eve l s  requi res  exact knowledge of 

the seasonal h a b i t a t  requirements sf t h e  species  and e v a l u a t i n g  t h e  

characteristic responses  of i n d i v i d u a l s  o f  those species t o  v a r i a t i o n s  

in habitat conditions. In t he  middle Susitna River the a b i o t i c  

h a b i t a t  components of most interest are groundwater upwellings, 

channel structure, streamflow, temperature, and t h e  water q u a l i t y  o f  

the S u s i t n a  River ,  



Framework f o r  Awafvsis 
P-----*L--- 

FL-.' h a b i t a t  i s  the integrated st lc  at: environmental ccndicions c c  

which a t y p i c a l  i n d i v i d u a l  of a species  r e s p o n d s  b o t h  behaviorally and 

p h y s i o l o g i c a . l l y .  It f s g e n e r a l l y  recognized t h a e  temperature, water 

q u a l i t y ,  waa:es d e p t h  and v e l o c i t y ,  cover o r  shelter, and streambed 

mzteriak are the  s o s t  i loportant physical v a r i a b l e s  affecting t h e  

amnunt or quality o r  r i v ~ r i n e  f i s h  17abisa~ (Hynes 1942). Imporzant 

b i o l o g i c a l  fac tors  i n c l u d e  f ood  a v a i l a b i l i t y ,  parasitism a r  d i sease ,  

and p r e d a t i o a ~ .  The p r i n c i p a l  r e l a t i o n s h i p s  ( l i n k a g e s )  among 

environmental factors which influence salmon populations w i t h i n  t h e  

Falkeef na-toeDevil Canyon segment of t h e  S u s i r n a  River  a re  d i a g r a m e d  

in F i g u r e  11-1. 

Var ious approaches exist f o r  evaluatian of f l u v i a l  syseems and t h e i r  

associated f i s h  h a b i t a t s .  The macrohabitat approach t o  describing 

r i v e r i n e  ecology and fluvial processes examines a r i v e r  frocl its 

headwaters t o  its mouth (Burton and Odum 1 9 4 5 ,  Sheldon 1968, Placbin 

1 9 4 8 ) .  Wa.eershed characteristics such as climate, hydro logy ,  g e o l o g y ,  

topography and vegetative cover ( land use) are t h e  p r i n c i p a l  

dece~rminants of b a s i n  runoff and erosional processes which become 

manifest as a r iver  system. The macrohabitat approach focuses on t h e  

longitudinal transition in channel  morphology, water q u a l i t y  and t h e  

b i o l o g i c a l  c o m n i t y  which results from t h e  interaction o f  these 

wate r shed  characteristics. Based on che natural variability of t h e  

system as well as t h e  anticipared p r o j e c t  impacts, t h e  320 mile l e n g t h  

of t h e  Susitna River may be d i v i d e d  i n t o  f o u r  major d i s c r e t e  segments 

d e s c r i b e d  below. This r epo r t  is foeused specifically on t h e  M i d d l e  

R i v e r ,  o r  Talkeeena-to-Devil Canyon, segment of t h e  Susitna River.  

%. U - T h i s  segment includes the headwater 

reach of  t h e  S u s i r n a  River. and ies as soc i a t ed  g l a c i e r s  and 

t r i b u t a r y  streams above the eI .evat ion of  t h e  p r o p e s e d  

impoundments. 
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eighty-mile p o r t i o n  of t h e  Sus i rna  River which will be i n u n d a t e d  

by t h e  Watana and Devil Canyon impoundments. This s i n g l e  c h a n n e l  

reach i s  charac te r i zed  by steep g r a d i e n t ,  and h i g h  velocity. 

Internittens: i s l a n d s  are  faun8 i n  the reach w i t h  si . .gnif icarat  

r a p i d s  occur r ing  in Vee Canyon and between Devil Creek and Devi l  

Canyon, 

3. The Middle  River (KM 99-150). This  fifty-mile segment extends 

from Devil Canyon downstream to t h e  three r ivers  con f luence ,  It 

is a r e l a t ive ly  s tab le  multiple channel reach with insignificant 

t r i b u t a r y  inflow. N a t u r a l l y  o c c u r r i n g  streamflow, stream 

temperature, and suspended sediment regirres a re  expected t o  b e  

significantly al te red  throughout  t h i s  r i v e r  segment by 

construction and operagion o f  the proposed p r o j e c t s .  

4 .  The Lower  River (RM 0-991, - This segment extends one hundred 

miles from t h e  three rivers confluence domstseam t o  t h e  e s t u a r y ,  

The river channel  is very b road ,  heavi ly  b r a i d e d  and u n s t a b l e  

within t h i s  segment. Seasonal changes in streamflow, stream 

temperature and suspended sediment within t h i s  r iver  segloent will 

b e  atcentuated by t h e  unaltered inflow of such major tributaries 

as t h e  Talkeetna, Chulitna, Deshka and Menrna rivers, 

Another method f r e q u e n t l y  used in r i v e r i n e  eco logy  studies is t o  h o l d  

mac rohab i t a t  conditions constant  and examine t h e  r d a t f o n s k i p s  berween 

emironmental  conditions and t h e  d i s t r i b u t i o n  and abundance of  key  

species (Everest and Chapman 1977.  Bovee 1 9 8 4 ,  Gore 1978). T h i s  

method attempts to descr ibe  the  manner in which i n d i v i d u a l s  n f  a 

species respond to changes in site-specific h a b i t a t  va r i ab l e s  s u c h  as 

sur face  and ineragravel water temperatures, substrate composition, 

d e p t h ,  v e l o c i t y ,  cover,  food availability, and predation. Within the 

structure of o u r  analysis t h i s  method 1, referred t o  a s  t h e  



: x r i c e o h a b h ~ a t  a p p r o a c h  and i s  ref  leered  in t h e  develop men^ k ~ f  

speci~s-specific h a b i t a t  suitability c r i t e r i a  2nd numerous 

s i t e - - s p e c i f i c  h a b i t a t  m s d e l s ,  

On rnicrohabita"aeveP, t w s  u s e f u l  eos~cep t s  f o r  evaluatirrg t he  

i n f  Puence sf streamf Pow variarions an f i s h  habitat a r e  f fxed  and 

v a r i a b l e  boundary habitats. The usability of  a l o c a t i o n  w i t h i n  a 

stream as f i s h  h a b i t a t  i s  often disproportionately affected  by one or 

t w o  dominant microhabitat variables ,  Fixed boundary habitat 

conditions p reva i l  whenever t h e  quality and location of t h e  most 

influential m i c r o h a b i t a t  var iable  ( s )  da no t  significantly r e spond  t o  

changes  i n  s t r e m f l o w ,  Efsrohabibat vaxf;ables mc csften a s s o c i a t e d  

w i t h  f i x e d  boundary s i t u a t i o n s  are upwelling, s ~ b s t r ~ i l t e  composi t i o ~  , 

and a b j e c t  cover ,  Streamf low variations primarily i n f l u e n c e  

a v a i l a b i l i t y  o f  nicrohabitae within t h e  f i xed  boundary habitats as 

- whew d e p t h s  become t o o  sha l l ow  o r  v e l o c i t i e s  t o o  fas t  f o r  t h e  

upwelling, substrate o r  o b j e c t  cover to be u s e f u l  t o  f i s h .  Variable 

boundary situations prevai l  whenever the quality and distribution of 

t h e  most significant microhabitat variable ( s )  respond d j  r e c t  1 y t o  

sereamflow. Depr'n, v e l o c i t y ,  t u r b i d i t y ,  and surface  water temperature 

are  microhabitat variables  often associated with va r i ab l e  bounda ry  

kabitae conditions in the middle Susitna River,  En t h e  case of  

j u v e n i l e  salmon, v e l o c i t y  and i - u r b i d i t y  are t h e  p r imary  determinants 

of r e a r i n g  h a b i t a t  and ,  therefore, the l o c a t i o n  of good r e a r i n g  a r e - s  

responds  d i r e c t l y  t o  mainstem d i s c h a r g e .  

Because of t h e  no tab le  v a r i a t i o n  and 6ifferenres in m i c r o h a b i t a t  

conditions w i t h i n  t h e  middle Susitna River, s i x  major habitat --- - 
are recognized:  mainstem, s i d e  channel, side s lough ,  up land  s l o u g h ,  

t r i b u t a r y  snd tributary mouth. H a b i t a t  t ype  refers t o  a major p o r t i o n  

of the wetted su r face  area of the river having comparatively similar 

mor~hologic, hydrologic and h y d r a u l i c  characteristics. A t  some 

l o c a t i c n s ,  such as major  side channe l s  and t r i d u t ? ~ - y  mouths ,  a desi- 

gnated h a b i t a t  type persists over  a w i d e  range of mainstem discharge 

even though its sur face  area may change significantly. In o r h e r  

instances t h e  habitat c l a s s i f i c a t i o n  o f  a specific area may change 



f i aa r~ ,  one rype  to a n o t h e r  in response to mains-gem d i s c h a r g e  (Klinp. 

and T r i h e - g  1 9 8 4 ) ,  Sueh  an example is the ~ r r a ~ ~ s f o m a t i o n  of sow? 

t u r b i d  water s i d e  channels  t h a t  exist ae t y p i c a l  mid-summer mainstem 

d i s c h a r g e  l eve ls  to c l ea r  water sloughs at- lower mainscem flows. 

I iabi ta t  ca tegor ies  are  used  to c l a s s i f y  s p e c i f i c  areas w i t h i n  the 
--"-- 

r iver  c o r r i d o r  accord ing  t o  t h e  rype s f  transformation t hey  undergo as 

-- ztains~renl #- discharge varies.  This approach was chosen as t h e  bas ic  

i-ramework f o r  e x t r a p o l a t i n g  site-specific h a b i t a t  responses t o  t h e  

remainder o f  t h e  m i d d l e  Susitna River because (1) a significant amount 

i C y f  y P e t -  b4vb.b*n- I  C B a ~  surface  area is expected co be  t r a n s f o w e d  from one h a b i t a t  

L y p ~  L u  d i - i ~ t h e r  as a result o f  p r o j e c t  induced changes in streamflow 

(Kiinger and T r i h e y  1984 )  ; and ( 2 )  a l a rge  amount of circumstantial 

evidence  e x i s t s  w i t h i n  the  ADF&C SuHydro data base and elsewhere that 

indicates t u r b i d  wager ehannels which trrawsfsm i n t o  c leamater  

h a b i t a t s  may p r o v i d e  more v a l u a b l e  r e a r i n g  conditions t h a n  t h o s e  

ehannels that remain t u r b i d .  

T5e otltenent that clear water may p rov ide  better r e a r i n g  conditions 

than t u r b i d  water is supported by a number o f  studies comparing growth  

r a t e s  of sockeye juveniles rea r ing  in g l a c i a l  and c lea r  lakes  on t h e  

G v m i  Peninsula  (Koenings & Kyle 1982); naturally stunted ch inook  

salmon juveniles in the Kasi lof  River (Koenings, pers. c o r n . ) ;  and 

growth ra tes  among non-salmonid w a r n  water species grown in c l e a r  vs. 

:zrt.i"-fish ponds elsewhere in t h e  coun t ry  (Buck 1956) .  A d d i t i o n a l  

evidence is prov ided  by t h e  S u s i t n a  River as well, where 89 ch inook  

j r i ven i l e s  rearing in cleanrater tributaries average approximately 15 

pe rcen t  more growth d u r i n g  t h e  sunrmer than  O+ chinook rearing in 

t u r b i d  s i d e  channels (Dana Schmidt, mF&G, 1 3 8 4 ,  p e r s .  c o r n . ) .  

a 

The h i e ra rch i ca l  s t ruc tu re  of our  analysis, p roceed ing  from micro- 

h a b i t a t  s t u d y  s i tes  th rough  habitat ca t ego r i e s ,  t o  habitat t y p e s ,  and 
P .  - - - -  - .. 1 1 - *  
A a.ri6ijn.&. ~ z t z r o h a b i t a t :  l eve l  is d i a g r a m e d  in F i g u r e  1 1 - 2 .  The 

s r r l l r t u r e  of o u r  a n a l y s i s  i s  similar to the  study s i t e  t o  repre-  

s e n t a e i v e  reach t o  r i v e r  segment l o g i c  referenced in o t h e r  instream 





f l n ~ , ,  siudies arid e r a i n i n g  documenrs (Boves and Mi.lhoris 1'78, W i l f ; ~ ~  . 

ah, 1381 ,  Bsvee 19821 ,  

T h e  basic dafference beeween o u r  methsdslogy and t h a t  applied in. c ~ h e r  

inscream f l o w  studies is that habita~ types a n d  h a b i t a t  c a t ~ 2 g o r i e s  

have been scbstituted f o r  river segments and representarive reaches.  

A d d i t i o n a l l y  ou r  methodology uses wetted su r face  area as rhe common 

denominator f o r  e x t r a p o l a t i o n  rather than reach l e n g t h .  Given t h e  

spa t i a l  d i v e r s i t y  and temporal v a r i a t i o n  of r i ve r ine  habitat 

conditions w i t h i n  t h e  Talkeetna-to-Devil Canyon sep@nt o f  t h e  Susitna 

River,  t h e  s f m c t u r e  of ou r  analysis appears more a p p l i c a b l e ,  



Relacionships Yodel  ----- 

'The p u r p o s e  of a p p l y i n g  c h e  habitat model i s  to evaluate t h e  respcllse 

o f  fish h a b i t a t  to v a r i o u s  chdnges  in physical precesses i i h i c h  

i r ~ f h l e n c e  i t s  a v a i l a b i L i r y  and q u a l i c y .  Thus t h e  p r i m a r y  dutput 

functions of the model are h a b i t a t  a v a i l a b i l i t y  and quality i n d i c e s .  

ie:ici-iin t h e  struecure o f  o u r  analysis v i s u a l l y  discerrrabie  

~ : R ~ s r a c t e r i s t i c s  o f  t h e  r i v e r i n e  envircnment are  used ts ca~egoac- ize  

areas o f  t h e  r i v e r  accord ing  t o  hab i t ap :  type.. The s t r u c t u r e  a l s o  

recognizes  t h a t  v a r i a t i o n s  in mainstem discharge a f f e c t  b o t h  the 

a~zouwc and classification of  t h e  w e t t e d  s u r f a c e  area w h i c h  exists a t  

ariy location w i t h i r ,  t h e  r i ve r  c o r r i d o r .  Hence a fundamenfa1 

requirement of  ou r  hab i t a t ;  model i s  t h a t  i t  f o r e c a s t  t h e  amount of 

s l ~ r f a c e  area  wh ich  e x i s t s  w i ~ h i n  each hab~rar cype at various Lc?vi?ls 

o f  mal.nt;tem d i s c h a r g e ,  

The c o t a l  s u r f a z e  area  o f  each h a b i t a t  t y p e  i r l  t h e  middle Susitnn 

k i v e r  h a s  been estimated at fou r  mainstem d i s c h a r g e s  ranging from 

9,000 t o  23,000 c f s  u s i n g  d i g i t a l  measurements on i i n c h  = 1000 feet: 

a e r i a l  p h o t ~ g r a p h s  (Klinger and Tr ihey  1 9 8 4 ) .  Hence the response o f  

s p e c i f i c  areas within t h e  midd le  Susirna River c o r r i d o r  t o  v a r i a t i o n s  

in mainstem discharge  can be modeled and t h e i r  h a b i t a t  t y p e  and 

s u r f a c e  area fo recas t  for any m i d d l e  Susrbmna Wiq~er discharge beewaes 

9,000 and 23,000 cfs. Additional pho tography  h a s  been o b t a i n e d  cr is 

planned t h a t  will e x p a ~ ~ d  t h e  limits of t h e  su r face  a rea  mociei ti, a 

range of mainstem discharges from 5,000 cfs t o  over  30,000 cfs. 

At t h e  mic rohab i t a t  level. w e i g h t e d  u s a b l e  area  ( W A )  i s  used as an 

index t o  eva lua te  t h e  influence of site-speci~ic v a ~  i a t i  m s  in s trer~rn 

flow on t h e  a v a i l a b i l i t y  o f  potential fish habitat. WA is defined as 

t h e  t o t a l  su r face  are;. o f  t h e  s t ~ ~ d y  site e x p r e s s e d  as an eqr. l ivaient  

s u r f a c e  area  of  optimal ( p r e f e r r e d )  h a b i t a t  f o t -  t h e  liiestage of t h e  

pareicular s p e c i e s  b e i n g  eva lua t ed  (ifovee rind Milhaus l Q ; 8 ) .  Suck1 

sire-specific c o n s i d a r a t k o n s  as t h e  presence ar  absence o f  upweiilng, 

or h i g h l y  turSld v e r s u s  c l e a r  w G t e r ,  as wel l  os f h e  depth of flow, 



L.~ean column velocity, substrare composttisn ar2d. a- a i l a b l e  csbj e c ~  c o v e r  

are  d e ~ e - n n i n a n t s  of t h e  h%9A i n d e x  in o u r  a n a l y s i s  

Fhc visual d i s t i n c t i o n  be tween  clear and taar'in: d water p r o v i d e s  a 
- - 

s l s i  t l - c i e n t  b a s i s  t o  l o c a t e  and estimate t h e  am;eis9~ t of weteed s u r f a c e  

area ~hi i th in  t h e  m i d d l e  S u c i t n a  River which is d i n  : s l y  Fnflraenced by yehe 

temperature and warer q u a l i t y  o f  t h e  mainstem, T e amount of su r face  

area a f f e c t e d  i s  dependen t  upan the  magnitud! o f  t h e  mainsterr, 

d i s c h a r g e  and can b e  forecast by t h e  M E A  mod4 1, Seasanal stream 

cenperature and water q u a l i t y  regimes f o r  t h x  mainstem can. be 

superimposed on these  forecas t s  a d  t h e  r e l a t i v e  2 f fec t s  &sf mainstem 

discharge on t h e  t h e r m a l  and water quality charac e r i s f i r s  o f  v a r i o u s  

locati7ns ai.d h a b i t a t  t y p e s  e v a l u a r e d .  1 schemz : i c  d i a g r a m  of the 

f . txnc~i.onal  and s t rue tu ra i ,  coaopanents of o w  h i e r a  -ehicak a n a l y s i s  i s  

d i a g r a ~ m e d  in F i g u r e  11-3, 

Eirf ler  d.rec"ily 01 i n d i r e c t l y ,  mains-m d- iseha  ge i n f l u e n c e s  t h e  

s p a t i a l  d i m e n s i o n s  ;,f each m i d d l e  S u s i t n a  River $.a; , i t a t  t y p e ,  as well 

as its temperature, water quality and h y d r a u l  c characteriseics. 

ijerrce mainstem discharge 1% t h e  primary d r i v i n b  v a r i a b l e  crr i n p u t  

function t o  t h e  h a b i t a t  model. The partitioning and u t i l i z a t i o n  o f  

t h e  middle S u s i ~ n a  River by f i s h  l -nd ica te  t h a t  d j  f f e r e n t  spec ies  and 

l i f e  h i s t o r y  phases have d i f f e r e n t  h a b i t a t  reqrai -ements and e x h i b i t  

(36fferent microhabitat pre fe rences ,  Therefore s p  e i e s  a n d  l i f e s t a g e  

are rtle sec.ond i n p u t  v a r i a b l e .  Season  cf t h e  y tar rn; also be an 

i n p u t  var ia lsbe,  b u t  it is i m p l i e d  by s p e c i f y i n g  r: e spec ies  and l i e  

stage,  
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S u t f k i e n t  d a t a  h a ~ r e  Keen o b t a i n e d  and analyzed t o  a p p l y  t h e  a q u a t i c  

h d h i t a t  m o $ e h ,  I m p o r r a ~ t  a n d y s e s  which have been coapleted i ~ c i u d e  

::i-w i d g n t i ~ f i c a t i o n  o f  sea.ssx?al habitat rqqtaisements and mics .ohahi t : l t  

3.-equiremen~s o f  resid@nt f i s h  and adult and j u v e n i l e  salmon i n d i g e n o u s  

ccr rkae m i d d l e  S u s P t n a  River ,  I n  cdditiow, physical process madeEs 

have been  d e \ ~ e l o p e d  t c  evaluate  stream temperature, i c e  cove r ,  sediment 

transport, and s i t e - s p e c i f i c  hy$rau$ic  conditions f o r  a brad rarlge of 

atreamfiow and meteorologic conditions. The sur face  area r e s p o n s e  of  

middle Susirna River  h a b i t a t  t ypes  t o  mainstem d i s c h a r g e  has  a l s o  been 

e s  t iumt ed, 

This i n f 0 ~ 1 a t 1 o . w  can b e  used ts evaluate t h e  r e sponse  o f  f i s h  h a b i t a t  

to seasonal changes in mainstem streamflow, stream temperat t l rr t  and 

.;ate; q u a l i t y  ( F i g u r e  11-41. The model can t h u s  d e s c r i b e  t h e  s u r f a c e  

a r e a  r e sponse  o f  i n d i v i d u a l  habitat t y p e s  o r  s p e c i f i c  areas to 

wainstem d i s c h a r g e  and forecast  t h e  location and amsunc sf area 

i n f l u e n c e d  by mainseem temperature and water quality, The model. is 

also s t m c t u r e d  t o  evaluate the respanse s f  f i s h  h a b i t a t  to 

site-specific h y d r a u l i c  and f i x e d  boundary var iab les  f o r  each h a b i t a t  

c a t ego ry .  Hence, tj1e model nil% prov ide  fo recas t s  of  t h e  amount of 

.p:etted s u r f a c e  area i n f l u e n c e d  by streamflow alteratis-sus and 

qtzan",iative i n d i c e s  o f  h a b i t a t  a v a i l a b i l i t y  and q ' i a l i t y  wh ich  can be 

s u b j e c t i v e l y  a p p l i e d  t o  estimate t h e  e f f e c ~  o f  a l t e r e d  st reamflow 

temperature and water q u a l i t y  on macrohabitat fish production. 

However, the data ava i lab le  at t h i s  time will o n l y  s u p p e r t  Limited 

applications ~o s i d e  s l o u g h  and s i d e  channel  h a b i t a t s .  





I1IB FISH RESOURCES MJD HABITAT TY13"r:S 

Pjsyewiew a f  Susitna River Fish Resources 

- 9  n k ~ i h  resaurces in t h e  S i l s i t na  Paver comprise a major portion o f  the 

Cook I n l e t  comerc i a1  salmon harvest and p rov ide  s p o r e  fishing f o r  

residents o f  hehoarage snd t h e  su r round ing  area.  h a d r a m a u s  species  

that: form t h e  base o f  commercial and s p o r t  fisheries i n c l u d e  five 

species of Pac i f i c  salmon: chinook,  cohc,  chum, sockeye,  and pink. 

' Impor t an t  r e s i d e n t  species found in t h e  S u s i t r a a  River b a s i n  i.nc.lude 

A r c t i c  g r a y l i n g ,  rainbow t r o u t ,  lake t r o u t ,  b u r b o t ,  D o l l y  Varden, and 

1-ound whitefish. Scientific and common names o f  a l l  fish s p e c i e s  

v h i c h  i n h a b i t  t h e  Susitna River  a r e  presented i n  T a b l e  111--1. 

AQuPf Salmon Contribution t o  Comercia1 F i s h e r y  

with t h e  exception of sockeye and chinook salmon, t h e  majority of the 

l l ppe r  Cook Inke t  salmon comercia1 c a t c h  originates in the S u s i t n a  

B a s i n  (rix3F&G 1964a). The long-term average annual. ca t ch  cf 3.1 

million fish is worth approximately $17 ;9  million to t h e  c o m e r c i a l  

f i s h e r y  (K. F l o r e y ,  ABFbG, pers. corn .  1 9 8 4 ) .  I n  recent  years 

co~mercial fishermen have landed record  numbers of salmon i n  the u p p e r  

Cook I n l e t  f i s h e r y  with over 6 . 1  million salmon caught in 1982  and 

ove r  6 , 7  million f i s h  l a n d e d  in 1983 ( T a b l e  1 1 1 - 2 ) ,  

The most ;inportant spec ies  t o  t h e  upper  Cook I n l e t  commercial f i s h e r y  

Ls sockeye saPnsn, I n  1 9 8 4 ,  t h e  sockeye kamest  s f  2 , 1  million fish 

in u p p e r  Cook I n l e t  was va lued  at $13.5 million (K, Florey, mF&G, 

p e r s .  c a m .  1 9 8 4 ) .  The estimated contribution of S u ~ i t n a  River 

sockeye t o  the  commercial f i s h e r y  is from 10 t o  30 percerlt ( L$ i j k ' :C  

1984a), Thus ,  in 1984 t h e  S u s i t n a  River c o n t r i b u t e d  between. 210,000 

and 63C,000 sockeye  salmon t o  t h e  u p p e r  Cook i n l e t :  f i s h e r y ,  which 

r e p r e s e n r s  a worth of between $1.4 nillion and $ 4 . 1  ailixon. 

Chum and  cljha salmon are t h e  secona most v a l u a b l e  c o m ~ i e r c i a l  s p e c i e s ,  

In $984, ei-se chum salmcns salmon halvest  of  684,000 f i s h  uas v a l u e d  at 



' 7  1 Common and scientific aames o f  f i s h  species reco:.de;! 

fram Che Susitna B a s i n ,  

S c i e n e i f i c  Naze Cornon Name 

Lam 
P 

A r c t i c  Lamprey 

Ber ing  c i s c o  
humpback whitefish 
p i n k  5 .  1 mon 
chum salmon 
coho sa lwon  
s o e k e y e  salmon 
ch inook  salmon 
round whitefish 
r a i n b o ~ g  t r o u t  
D o l l y  V a r d e n  
hake trout 
A r e t f  c g r a y l i n g  

eulaehon 

n o r t h e m  p i k e  

longnose s u c k e r  

t h r e e s p i n e  s t i c k l e b a c k  
n i n e s p i n e  s d i e k l e b a c k  

-- -* -- - _ _ _ _ _ _ I _ _ I _ _ _ _ - p -  ------ 

Source: ADFSG SuHydro,  &charage ,  A-I-aska. 



'1st.. L C - .  1"s-2, Crimercial c a t c h  o f  u p p e r  Cask I n l e t  salmon i n  ra~ambers  o f  f i s h  t r . ~  
speci-es, 1956 - 1 9 8 4 ,  

1 ear  C : ~ ~ $ B O O  k Sackelye Cah6 Pink C h ~ l m  Total 

(!) &mF$C Preliminary Bata, Gsmmercial F i s h  D i v i s i a n ,  h c h o r a g e ,  k l iaska 



0 million, while the coho salmon h a r v e s ~  of 4<3, i100 f i s h  ~ ~ 1 : -  $4:" ,-:I 

5 1 - 8  3 - 1 2  (K- F l o r e y ,  F peres, c o w m .  1 9 8 4 ) ,  T h e  C ~ G L I ~ L A ~ : L > ~ ,  

c o n f : r f h u z i o n ,  sf S u s ~ t n a  River c8r.zum t o  the u p p e r  Coot< InLee". con~urae rc l~~ l  

id-sherry  is estimated to be 85 p e r e e n c ,  whi3.e c h e  es t1nate- i  

c o n t r i b u ~ i o n  of S u s i t n a  River  C Q ' E I Q  t e  t h e  f i s h e r y  is apprcgxi lnatelv 50 

percent  ( a F 6 G  1 9 8 4 a ) .  

Pi r ik  salmon i s  t h e  leas t  v a l u e d  o f  the c o m e r c i a 1  species in u p p e r  

Cook L n b e t .  I n  1 9 8 4 ,  t h e  p i n k  salmon harvest o f  623 ,000  f i s h  was 

i d ~ r t h  an estiaated $0.5 million (K. F l o r e y ,  PJ)F&C, pe rs ,  c o r n .  1 9 8 4 ) ,  

o f  which S u s i t n a  River p i n k  salmon contributed abour. 85 percent (.4DFhC, 

! 984a). 

S i n c e  1 9 6 4  che  u p p e r  Cook Inlet commercial salmon f i s h e r y  has opened 

i n  l a t e  June  t o  a v o i d  c a p t u r i n g  chinook salmon. Thus, U I C ~ I  c h i r i ~ ~ k  

salmon have e n t e r e d  t h e i r  natal streams wherr t h e  coumercial f i s h ~ i i g  

season opens  and t h e i r  hamest i s  i n c i d e n t a l  t a  t h e  canamercf d l  carcrh,  

I n  1 9 8 4 ,  t h e  8,800 chinook hawested i n  u p p e r  C o ~ k  Tnder h a d  a 

commercial v a l u e  of $0.  million (K. FPorey, ALIF&G, pe rs ,  coom, 19~34). 

I t  3.s estimated t h a t  the Susitna River caar t r fbu t fon  oL ciainoak salmlr.in 

was a b o u t  10 pereene QmF&G 1 9 8 4 a ) ,  

I n  t h e  last f o u r  years (1981-1984) soekeye ,  chum and coho sal-nron 

harvests, which  account  f o r  over 95 pe rcen t  of  t h e  commercial v a l u e  i n  

t h e  f i s h e r y ,  have exceeded t h e  long- te9m average catches f o r  Chose 

species  ( T a b l e  1 1 1 - 2 ) .  Record catches f o r  coho and chua were r e c o r d e d  

In 1982 and f o r  sockeye in 1983. 

The Susitna River,  a l o n g  w i t h  many of its triburaries, p r o v i d e s  a 

multi-species s p o r t  fishery e a s i l y  access ib le  f rom Anchorage  and  other 

Cook I n l e t  communities. Since 1978,  t h e  S u s i t n a  R i v e r  and its 

rributaries have accounted f o r  an a n n u a l  average of 117,lQO i l i i g l e r  

days of s p o r t  f i s h i n g  e f f o r t  (Mills 1 9 7 9 ,  1'480, 1981,  1982, 1983, 

1984). Thi s  rep.resencs a p p r o x i m a t e l y  13 perceil t  o f  t h e  1977-3  983 



- : g  1 e~ aillion t o t a l  a n g l e r  days for rlie S o ~ r h c e n r r . ~  

. ?  i - e g i ~ : ; ,  the s p o r t  f i s h i n g  in the 2 i ; s i c n a  B a s i n  c c c u r s  i.;i 

I r j~~re r  S l l s i t n a  RI-JC-. tram the Deshka  R ive r  (RM 40,5! upscream 9 2  t h e  

P t ~ r k s  Xighway (RP! 8 4 ) -  

i-csr s p c r t  f i s h i n g  a c t i v i t y  occurs  i n  tributaries and at. c r i b u i a r y  

r ~ g ~ u t h s  -, w h i l e  t h e  mainstem receives less f l s h i a g  pres su re  ,. Coho artd 

ciii.nook salmon are nost  preferred by s p o r t  anglers in r h r  S u s i t n a  

River .  In addition mall7 p ink  salmon are taken  dur ing  even-ykar r u n s .  

The annua l  s p o r e  harvest o f  coho salmon in t h e  S u s i t n d  River  is 

significant when compared t o  the estimated t o t a l  coho escapemenf. in 

198.3, ali3ost one o f  every f i v e  coho salmon e n t a r i n g  rbe  Sasitna River 

was c a u g h t  by s p o r t  anglers (Tab le  ITI-3). The annua l  harves t  .3f 

e h i n o s k  saEmew i n  t h e  S u s i t n a  River h a s  increased f r o a  2,850 fish in 

1978 t o  1 2 , 4 2 0  fish in 1983 (Table 111-4). During t h i s  p e r i o d ,  t h e  

contribution o f  t h e  Susitna River chinook s p o r t  hames t  to t h e  

Southcentral Alasica chinook s p o r t  harvest: h a s  increased from l i  tc 2 2  

p e r l  e g t ,  

Fainbow t r o u t  and Arct ic  grayling s p o r t  fishing occurs  primarily near 

rhe mouths and in t h e  lower reaches of  F o u r t h  o f  J u l y  Creek, Indian 

River  and Po r t age  Creek. River boa t  service o u t  of  Talkeetna p r o v i d e s  

access  f o r  some anglers t o  t h e  salmon, t r o u t  and g r a y l i n g  f i s h i n g  

areas i n  t h e  m i d d l e  reach s f  t h e  S u s f t n a  River ,  

Subsistence F i s h i n g  

Subs is tence  harves~s  w"ihirs t h e  S u s i t n a  Bas in  are unquantified exren 

though salmon p r o v i d e  an important r e source  f o r  S u s i t n a  Basin 

residents. The v i l l a g e  of  Tyonek, approximately 30 rriles (50 km) 

southwest of  t h e  Susitna River mouth ,  i s  s u p p o r t e d  primarily by 

subsistence fishing on S u s i t n a  River ch inook  s t o c k s .  T h e  annual 

Tyonek subsistence harvest has averaged 2,000 c h i n o o k ,  250 s o c k e ~ r e  dnd 

80 coho per yea r  frcm 1980 t h r o u g h  1983 IXDFSG i 3 8 4 b ) .  
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Rela~ive Abundance af A$LI~C - Salmaw by - S u b - B a s l n  

?laj or sa lmon-producing rributaries ec t h e  C u s i t n a  River  i n c l u d e  t h e  

Yentna River 'rainage (M 281, t h e  Chulitna R i v e r  d r a i n a g e  (KM 98.6: 

and t h e  Talkee tna  River d r a i n a g e  (RM 9 7 . 1 ) .  Numerous o t h e r  smaller 

tributaries a l s o  contribute to t h e  salmon production o f  t h e  Susitna 

River .  Salmon escapements can be estimated f o r  f o u r  major sub-mbasins 

o f  the Sus i tna  River (F igure  111-1): 

0 t h e  lower  Susitna River sub-basin;  

o the Yentna River sub-basin; 

$1 the Talkeeena-ChuSitna sub-basin; and 

o t h e  Talkeetna-Devil Canyon sub-basin.  

L o w e r  Susitwa River Sub-basin - 

The 1.ower Susitna River sub-basin i n c l a l d ~ s  t h e  Susitna River  and a l l  

o f  i t s  a d j  o fn ing  tributary drainages w i t h i n  t h e  e ighty-mi  le reach from 

Cook Inbe t  t o  Sunshine Station with the  exception of t h e  Yentna River 

drainage (RM 28). Escapement estimates f o r  t h e  lower  Susitna 

sub-basin  are inferred by subtracting the  ADF&G escapements f o r  Yentna 

Staeion [ T r i b u t a r y  Mile (TRM) 041 and Sunshine Station (RM 80) f rom 

t h e  t o t a l  Susitna River escapements estimated by ADT'&G ( 1 9 8 4 a ) .  

Because t o t a l  escapement estimates are based in p a r t  on professional 

judgment, the description of escapements to the lower Susitna River 

sub-basin provided in T a b l e  111-5 should be viewed as approximations. 

During even numbered years, when pink salmon runs are  large,  

approximately 500,000 salmon spawn in t h e  lower S u s i t n a  sub-bas in .  

This represents about 24 percent of the  estimated 2 . 1  million salmon 

in the Susitwa River basin  during even numbered gears, 

The lower  Susitna River sub-basin a l so  p rov ides  important habitat f o r  

coho salmon, About 46 percent of t h e  annual coho escapement s p a m  in 

t h i s  sub-basin ,  Tlae annual sockeye and chum escapements ts t h i s  

sub-basin account f o r  approximately 5 percent of  t h e  t o t a l  annual 





sockoye and  chum ~ s c a p e m e ~ t s  in t h e  Susitna River basin, he 

esej-mated annua l  chinook escapement to t h i s  s u b - b a s i n  i s  unkncs"ad~1 btst  

several. m a j  sr c h i n ~ ; ~ ~ k - p r ~ < - - z i n g  tributaries, i n c l u d i n g  e h e  Bcshka 

R%ver, Alexander Creek ,  Xontana Creek,  and Wiblsw C r e e k ,  s e c u r  i n  t h h  

reach, 

Pentwa River Sub-basin 

171e Yentna River sub-basin inc ludes  t h e  e n t i r e  length of  t h e  Yentna 

River (LY 28) and a l l  of its tributary drainages. Escapement 

estimates f o r  t h i s  sub-basin are based on ADF&G apportioned sonar 

c2unts  at Pentna Stagion ( T M  041 ,  

The Yentna sub-basin  provides  important p i n k  salmon spawning h a b i t a t  

with approximately 600,000 salmon ectering t h e  sub-basin  d u r i n g  even 

years,  This  comprises about  29 percent  of the estimated 2 . 1  million 

aven-year salmon escapement for .  the  Susitna Basin. 

Tlre annual  soekeye escapement i n t o  t h e  Yentna sub-bas in  is also 

significant, accaunting f o r  48 percent of t h e  eseimated annual Susifna 

Bas in  sockeye escapement of 250r000 f i s h .  About. 23 percent o f  the 

annual coho escapement enter this sub-basin. The annual escapement o f  

chum salmon into the Yentna sub-basin is about  5 percent  of t h e  t o t a l  

escapemen% t o  the  Susitna Basin, 

Talkeetna-CkuPPtna Sub-basin 

The Talkeetna-Chulitna sub-basin includes both  t h e  Talkeetna and 

Chulitna River drainagas, and t ha t  portion of t h e  S u s i t n a  River and 

its t r i b u t a r i e s  upstream faam Sunshine S t a t i o n  (W $8)  ts the th;-ee 

rivers confluence. ' Escapement estimates f o r  t h i s  sub-basin are 

derived by subtraeticg the estimated escapements f o r  t h e  

Talkeetna-Devil Canyon sub-basin frcm ADF&G escapesnents at Sunshine 

S t a t i o n ,  



" 7 9  '4 m e  T a i k e e t n a - C h u l i ~  s u b - b a s i n  has an estimated 886,700 s a l  .on 

ent :er inq che  s u b - b a s i n  d u r i n g  even years ,  which comprises abouc 43 

percen t  af t h e  estimated even-year Susdtna Bas in  escapement oi 2 . 1  

miLLiun salmon. The odd-year  salmon escapement to this . ; r~b-bas i l :  

accounts f o r  60 percent o f  t h e  odd-year salmon escapement to t h e  

Susiena Basin. Thus,  t h e  Talkeetna-Chulitna sub-basin i s  t h e  most 

inportant sahon-p roduc ing  sub-basin in t h e  SusPtna River. 

The Talkeer*~n-Chul icna sub-basin provides s igrni f icant  s p a w i n g  habitat 

for t w o  important comonercial species: sockeye and chum sslmora. 

L4pproxirnatelg 83 percent  of t h e  estimated annual Susitna Basin chum 

escapement and 46 pescent of t h e  total annual  Susitna Rive r  sockeye 

escapement enter the Talkeetna-Chulitna sub-basin .  About 29 percent  

of t h e  even-year pink escapement and 28 percent of t h e  annua l  coho 

escapement enter eKBis sub-basin, me estimated annua l  chinook 

escapement eo t h i s  sub-basin i s  62,000 fish, 

The Talkeetna-Devil Canyon sub-basin consists of the f i f t y  mile 

s e p e n t  of the Susitna River between the three rivers confluence and 

Devil Canyon ine lud ing  ail tributary drainages. Escepement estimates 

f o r  t h i s  sub-basin are based on ADFhG population estimates at 

Talkeetna S t a t i o n  (RM 1031, which have been reduced t o  account  f o r  

milling fish t h a t  r e t u r n  damstream to spawn below Talkeetna Station. 

Ei i l l ing  rates estimated by ADF&G (1984a) are: 30 percen t  for 

sockeye, 40 percent f o r  chum, 40 percent f o r  coho, 25 percent f o r  p i n k  

and 25 percent f o r  chinook. These s ta t i s t i c s  are based on the total 

numbers sf fish counted ae TaPkeetna S t a t i o n ,  

Approximately 93,400 salmon enter the Talkeetna-Devil Canyon sub-basin  

d u r i n g  even years. This is approximately 4 percent  of  the  estimated 

2 . 1  million salmon entering t h e  Susitna Basin in even years.  

Excluding even-year p i n k  salmon, chum and chinook a r e  t h e  most 

abundant salmon species i n  t h i s  sub-basin.  The annual  chum escapement 



911 the T a ~ -  Canpan s u b - b a s i n  accsunts f a r  abou t  7 p e r l  en:: 

n f  rhe  estimated annual Susitna Bas in  chuw~ escapement o f  356,200 fish, 

The estimated annua l  e'e-iiszook escapement to t h i s  suh-bas i -n  is 9,500 

f i s h ,  however, the csnrrfbution t a  che  S u s i t n a  Basin chinook 

escapement cannot b e  estimated because t h e  t o e a 1  S u s i t n a  Rives c h i n a s k  

escapement i s  unknobm. The annual sockeye, coho and p i n k  salmon 

escapements eo this sub-basin account f o r  less than  f i v e  percent  o f  

the total escapements f o r  each species t o  t h e  Susitna Basin. 



J u v e n i l e  Sa%m.sn 
-iCI_-- 

The relative abundance of juvenile salmon in sub-bas ins  of  t h e  Susitna 

Rivsr can only be approximated because: 

o popu la t ion  esttrnates of outmigrating juvenile salmon have 

been dene only f o r  churn and sockeye salmon in t h e  

TaLkeetna-Devil Canyon sub-basin; 

o catch p e r  unit e f f o r ~  data are avai lable  from smolt t raps  in 

t h e  Talkeetna-Dev: . Canyor. sub-basin,  b u t  comparahl~ d a t a  

are unavailable from other sub-basins;  and 

o the domstream redistribution o f  rearing chinook,  soekeye 

and coho juveniles results in movement between sub-basins. 

Therefore, t h e  following discussion ' i based p r i  i l y  on inference 

and prcfessi~nal judgment. 

Chum salmon rear in the middle Susitna River for one to th ree  months, 

while pink salmon spend l i t t l e  time in t h i s  rel:ch (ADF&G 1 9 8 4 ~ ) .  

Because o f  this s h o r t  freshwater residence tire, it is expected that 

a f t e r  emergence the relat i7e abundance of juvk ' e  chum and p i n k  would 

ref lec t  she sub-basin adult spawner re la t ive  ounda~ce. This assumes 

t h a t  fecundities and egg-to-emergent f r y  surv iva l  ra tes  are  n o t  

significantly different between sub-basins. Thus, it is expected that 

most juveni le  chum would rear in t h e  Talkeetna-Chulitna sdb-basin,  

whereas juven i le  p ink  relative abundance would be evenly d i v i d e d  among 

the  Lower S u s i t w a ,  t h e  Pentna and the Tafkeetna-Ckulitaa sub-basins, 

This  is based on t he  relat ive abundance o f  adult chum and p i n k  salmon 

presented in T a b l e  111-5. As chum and p i n k  smolts b e g i n  to 

outmigrate, t h e  relative abundance in t h e  lower Susitna River would  

increase in comnparis~n t o  t h e  r e l a t ive  abunc!ance in o t h e r  sub-basins  


















































































































































































































































































































































