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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  



i!ni:ii o u ~ i n i c ; ~ a c i o n  .i.s compirted. The ouemigrarion of juvenile chu: 

from t h e  m i d d l e  Susirna River  extends from May t h r o u g h  J u l y ,  whereas  

mas2 juvenile p i n k  salmon leave t h i s  reach o f  r ive r  b y  J u n e  (&9F&G 

1 9 8 4 ~ ) .  Outmigraeion timing of p i n k  and chum juxreixiles is positively 

correlated w i t h  mainstem d i s c h a r g e s  (mF'&G 1 9 8 4 ~ ) ~  

Age O+ juveniles u f  chinook, coho and sockeye salmon move downstream 

o u t  of t h e  middle  Susitna River throughout t h e  sumer with peak 

movernewrs occur r ing  in June. J u l y  and A ~ w s e  (mF&G 1 9 8 4 ~ ) .  Chinook, 

coho and sockeye juveniles tha t  remain in t h e  midd le  S u s i t n a  River 

u t i l i z e  regr ing habitats until September and October when they move t o  

s v e m f n t e r i n g  habitats, Age 1+ ehfnssk ,  coho and sockeye and age 2+ 

coho outmigrate from the middle  Susitna River primarily in June 

(mF66 1 9 8 4 ~ ) ~  

Resident specie5 such as rainbow trout and Arctic g r a y l i n g  primarily 

use aquatic h a b i t a t s  w i t h i n  the middle S u s i t n a  River d u r i n g  a l l  phases 

o f  their life cycle. However, movements between sub-basins may be 

significant for .  some resident species such as Dol ly  Varden, round 

whitefish, and humpback whitefish (ADF6G 1 9 8 4 ~ ) .  

Chinaok, sockeye and coho salmon rear from one t~ three years i n  t h e  

S u s i t n a  River (ADF&G 1 9 8 4 ~ ) .  Beeau~e o f  t h e  longer freshwater 

residence time, t h e  downstream redistribution of juvenile chinook,  

sockeye and coho from t h e  Talkeetna-Devil Canyon sub-basin and 

p o s s i b l e  redistribution o f  j uven i l e  salmon in other sub-bas ins ,  it i s  

less L ike ly  thar t h e  relative abundance of  ourmigrating ch inook ,  

soekeye and coho smolts from sub-basins reflects t h e  r e l a t i v e  

abundance o f  a d u l t  spawners. In the Talkeetna-Devil Canyon s u b - b a s i n ,  

it- is expected t h a t  t h e  sockeye smalt abundance r e l a t ive  t o  a d c ~ l t  

spawners would be less than sub-basins where rear ing conditions are  

more favorable ,  



Identification and Utilization o f  9abi rae  Types 
P- P-" 

Fish h a b i t a t  i s  the i n t e g r a t e d  see of environmental condie i .ons  to 

which a p a r t i c u l a r  species /life phase responds both b e h a v i o r a l l y  and 

physiologically. T e n r p e r a ~ u u r ~  water q u a l i t y ,  streamflow, and channel  

structure are among the mast impor tan t  a b i o t i c  e n v i r o m e n f a l  f a c t o r s  

afEoetir .g t h e  amount and quality of l o t i c  ( r i v e r i n e )  fish h a b i t a t .  

Important b i o l o g i c a l  fac tors  inc lude  food a v a i l a b i l i t y ,  parasitism o r  

disease, and predation. 

The complex of primary, secondary and overflow channels t h a t  exists 

within t h e  Talkeetna-to-Devi1 Canyon segment o f  t h e  S u s i t n a  River 

provides  a great diversity of habitat conditions. 

Six raaj o r  aquatie habi ta t :  types having comparatively similar 

morpholagic ,  hydro log ic  and hydraulic characteristics, have been 

identified within t he  Talkeeena-tomDevil Canyon reach o f  t h e  Susitna 

River: mainstem, side channel, s i d e  slough, upland s lough ,  t r i b u t a r y ,  

and ~ r i b u t a r y  mouth (F igure  111-2) (BDF&G 1 9 8 3 ~ ) .  Within  these 

aquatf  c habitat t ypes ,  varying amoq~nts and qualities of f i s h  habitat 

may exist within the saroe habitat t ype  depending upon site-specific 

rhemal ,  water q u a l i t y ,  channel structure and hydraul-ic conditions. 

Differentiation of aquatie h a b i t a t  types is u s e f u l  f o r  eva lua t ing  t h e  

seasonal utilization pat te rns  and habitat preferences of the f i s h  

species/life stages which inhabit t h e  m i d d l e  S u s i t n a  River as well as 

determining the influence of seasonal va r i a t i ons  in streamflow on t h e  

a v a i l a b i l i t y  of potential aquatie h a b i t a t .  me seasonal u t i l i z a t i o n  

of  the m i d d l e  Susirna River h a b i t a t  types by fish is primarily 

dependent upon t h e  a b i o t i c  conditions they offer t h e  species and life 

stage under consideration. Abio t i c  h a b i t a t  conditions are primarily 

inf luenced by s t r e m f l o w ,  stream temperature and gater quality which 

in ",he middle Susitna River vary markedly among h a b i t a t  t y p e s  and a l so  

change with the season o f  the  year (ADF&C 1-983~).  



Not@: A mere detailed d@oeription of OResr habitat typst 
can bts faand in See tion m- D eP this report. 

LEGEND - 
1 .  Mainsfem Habi ta t  

2. Side Chao~lri  Habitat 
3. Side Slough Habitat 

Figure - I .  General habitat Pypes sf the Susitna River. 



;.iainstem h a b i t a t  is defined as chose portions o f  t h e  Susicna River  

i rhich normally convey t h e  largest amaunt of  streamflaw throughout t h e  

yea:r. Both s i n g l e  and multiple channel  reaches, as well as p o o r l y  

defined water courses flowing th rough  partially vegsra ted  g r a v e l  bars 

or islands, are inc luded  i n  this aquaeie habitat ca tegory .  

Ib ins t em h a b i t a t s  are thought t c r  be  predominantly used as migrational 

c o r r i d o r s  by a d u l t  and juveni le  salmon d u r i n g  su-mer. I s o l a t e d  

obseclsat ions  c f  chum salmon spamlng  a t  upwelling s i t e s  a long  

shoreline margins have been repor t ed  (ADF&G 1982a). Also ,  mainstem 

habitats are u t i l i z e d  by several  r e s i d e n t  species; most n o t a b l y  Arctic 

grayling, b u r b c t ,  longnose sucker,  rainbow t r o u t  and whitefish, 

Turbid, high-velocity , sediment-laden sumler streatnf lows an 1 low, 

c a f d ,  ice-cavered, clearwater winter flows are characteristic of t h i s  

habitat type .  Channels are r e l a t ive ly  s table,  h i g h  g r a d i e n t  and well 

amored w i t h  cobbles and boulders .  Interstitial spaces between these 

large screambed par t ic les  are generally f i l l e d  with a g r o u t - l i k e  

mixture of small gravels and glacia l  sands. Isolated deposits of 

small cobbles  and gravels e x i s t ,  however they are usually u n s t a b l e .  

Groundwater upwellings and c leawater  t r i b u t a r y  in f low appear t o  be 

inconsequential determinants of t he  overall characteristics of 

mainstem h a b i t a t  except during winter when t hey  dornir.rcte mainstem 

wager q u a l i t y  conditions. 

Side Channel Habitats 

S i d e  channel h a b i t a t  is found in chose p o r t i o n s  of t h e  r ive r  which 

normal ly  convey streamflow d u r i n g  the summer, b u t  become a p p r e c i a b l y  

dewatered d u r i n g  p e r i o d s  of low f l o w .  For  esnvenience of 

classification and analysis, s i d e  channels  are defined as conveying 

Less rhan I0  percent a f  the t o t a l  flow passing a g i r e n  Locat ion in the 



r i v e r ,  S i d e  c h a n n e l  habitat mag e x i s t  in w e l l - d e f i - n e d  cbanne i s ,  I : , [  i n  

p o o r l y  defined water courses flowing t h r o u g h  submerged g r a v e l  i s ; a n d s  

or adcng shareline or mid-charnel margins sf mainstem habitat, 

Juvenile chinook appear t o  make the  most extensive u s e  of  s i d e  channel  

h a b i t a t s ,  p a r t i c u l a r l y  d u r i n g  J u l y  and Allgust (mF66 1 9 8 4 ~ ) .  A 

limited amount of chum salmon spawning a l z n  dccuus i n  s i d e  channel 

habitats where upwelling i s  present  and velociries and subscrate 

composition are s u i t a b l e  (ADF6G 1 9 8 4 d ) .  Resident species,  such as 

b u r b a t  and whitefish, also u t i l i z e  s i d e  channel  Habitats, 

I n  geqeral, t h e  t u r b i d i t y ,  suspended sediment and thermal 

characteristics of s i d e  charrnef h a b i t a t s  ref l e e t  mainstem eondi t iorns  

The exception is i n  quiescent areas, where suspended sediment 

soncentratisns are less, S i d e  channel  h a b i t a t s  are charac te r i zed  by 

sha%%awer d e p t h s ,  lower v e l o c i t i e s  and smaller streambed materials 

than mainstem habita~s, However, s i d e  channel velocities and 

subscrate camposition sfben prsvkde suboptimal h a b i t a t  c s n d i s i o n s  f o r  

b o t h  a d u l t  and juven i le  fish. 

The presence sr absenee of cleamater infl-ow, such as groundwater 

urwellings o r  tributaries, is not considered a critical component in 

the designation of s i d e  channel habitat. However, a strong positive 

eorrePation e x i s t s  between the Bscation of  suck e leamate r  inflows and 

t h e  location a f  chum salmon s p a m i n g  s i t e s  that exist w i t h i n  s i d e  

channel h a b i t a t s  (DF&G &984d) ,  In a d d i t i o n ,  tributary and 

groundwater in f low prevents some side channel h a b i t a t  from becoming 

ccnpletely dewatered when mainstern F l  nws recede in September and 

Oc~obes. These clearwater areas are suspected of be ing  impor tan t  f o r  

primary praduc~kon p r i o r  to t h e  f sma t i sn  sf a winter i c e  cover, 

With t h e  exception of the clearwater tributaries, s i d e  s lough  habitats 

are p robab ly  t h e  moat produc t ive  of a l l  t h e  middle Sasxtna River 

aquat ic  h a b i t a t  t y p e s .  S i d e  s l o u g h  h a b i t a t s  typically e x i s t  i n  



U J J E ~ ~ J O W  e h a n n d ~ ,  which o r i g i n a t e  from r%t-erine physical ~rcpce( . ; :~c~ 

such as fLcod evevcs o r  i ce  goug ing .  Cleardater inflows from l o c a l  

r u n o f f  a n d / o r  upwelling are  components o f  t h i s  a q u a t i c  b a b ~ t a t  t y p e .  

P e r i o d i c  o v e r t o p p i n g  by h i g h  main: ,~em discharge events i s  t h e  rfiosr 

d- i s t i ngu i sh ing  characteristic o f  s i d e  s lough  habitat (mF&G 1583~). 

i a  non-vegetated a l l u v i a l  bem connects t h e  head o f  the s lough  to t h e  

ma;. em or a s i d e  channel, A w e l l  vegetated gravel  bar o r  island 

para l l e l s  the slough s e p a r a t i n g  it from t h e  mainstem ( o r  s i d e  

c h a n l e l ) .  During i n t emed ia te  and law-flow p e r i o d s ,  mainstem water 

surface e l eva t i ons  are insufficient t o  over top  the a l l u v i a l  beml at 

t h e  upstream end (head) of the s lough.  However, t h e  mainstem stage i s  

o f t e n  sufficient at the  downstrean end (mouth) o f  t h e  s l ough  t o  cause 

a bacha t e r  effect ts extend a few hundred f e e t  upstream into t h e  

s l ough  (Tr ihey  1 9 8 2 ) .  

Approximarely 80 percent of all middle Susitna River chum salmon 

s p a ~ m i n g  in aon-tributary habitats and essentially a l l  sockeye salmon 

spawning cecurs in s ide slough habitat (ADF&G 1981, 1982a, 1 9 8 4 a ) ,  'In 

ea r ly  s p r i n g ,  large numbers of juveni le  chum and sockeye salmon can be 

found in s ide  s loughs.  During summer, moderate numbers of juvenile 

coho and chinook make use of aide-sloksgh habitats, with chinook 

densities increas ing du r ing  the fall-winter transition (ADF&G 198413). 

Smakk numbers of resident species a re  afsei p r e s e n t  th roughout  t h e  

year. 

Considerable  v a r i a t i o n  in w a t e r  cheaisery has been documented mong 

s ide  sloughs and i s  p r i n c i p a l l y  a function af local  m n o f f  p a t t e r n s  

and bas in  characteristics when the s i d e  s loughs  are not overtopped, 

fktcqe o-ver tapped,  s i d e  s loughs  display the water q u a l i t y  

characteristics of t h e  mainstem (ADF&G 1982b). Presumably s i d e  

sloughs prov ide  better habitat f o r  aquat ic  organisms than mainstem o r  

s i d e  channel areas l a r g e l y  because s i d e  s l o u g h s  convey t u r b i d  water 

less frequently t han  other ch%nne%s an4 csneain warmer water year 

round, 



During p e r i o d s  o f  h i g h  mainstern discharge, t h e  water s u r f a c e  elelrat cn 

0 f  the mainstem i s  sften sufficient to overtop t h e  a l l u v i a l  k r m s  at 

t h e  heads of  some sloughs. Whan t h i s  o c c u r s ,  discharge through t h e  

s i d e  s l o u g h  increases markealy as water in t h e  s l ough  is rep laced  w i t h  

t u r b i d  mainstem flow. Such over topping  events affec t  t h e  rhem~al ,  

%yater q u a l i t y  and hydrau l i c  conditions of s i d e  s lough  h a b i e a r  (MF&G 

1982b) . Depending upon g h e i r  severicy , over topping  events may flush 

organic  material and fine sediments from the  s ide s lough ,  o r  t o t a l l y  

rework ehe channel geometry and substrate coanposieion. 

Strealabed macerials " 3  side sP0ugB4d h a b i t a t s  tend to be 8 keter~geneous 

mixcure of coarse sands, gravels and cobbles often over la in  by f i n e  

glacial sands ir. quiescene areas. Perhaps because of the upwelling o r  

t h e  less frequent conveyance sf mainstem water, streambed materials in 

s i d e  s l ough  h a b i t a t s  do not  appear  to be  as cemnted o r  g rou red  as 

simjaar s i x  particles would be in side channel h a b i t a t s ,  

When s ide s loughs  are not  overtopped,  surface water temperatures 

respond independent ly of mainstem temperatures (ADF&G 1982b). Su r face  

water telaperatures in s i d e  sloughs are strongly inf luenced by 

upwelling groundwater. In many instances during winter, the ehemal  

e f fec t  of t h e  upwelling water i s  sufficient to maintain r e l a t ive ly  i c e  

f ree  conditions in the side sloughs throughout winter (Trihey 1982, 

mFbG B983a), 

Upland slough h a b i t a t s  are eleawater systems which exist in r e l i c  

side channels or overflow channels, They differ from s i d e  s lough  

h a b i t a t s  in several ways. The most apparent reason f o r  many of these  

differences is because t h e  elevation of t h e  upstream b e n t ,  which 

separates these habirats  from adjacent mainstem o r  s i d e  channels ,  is 

sufficien~ to prevent  over topping  in all b u t  t h e  most extreme f l o o d  o r  

ice j am events. Upland sloughs typically possess well vegetaeed 

serecmbanks which are often q u i t e  steep, near ze ro  f l o w  velocieies, 

and sand o r  si%e strembeds, Active sr abw.ndoned beaver dams and food  

caches are  cornonly observed i n  upland s lough habitats, 



LJpwelling i s  o f t e n  present in upland s l o u g h s ,  however, l i e c r l e  spawi : ing  

occurs  in these habitats (mF&G 1984a1, T h e  most ex tens ive  use is k ~ y  

j u v e n i l e  sockeye and coho salmon (ADF6G 1 9 8 4 ~ ) .  

R e  pr imary  influence of  t h e  mainstem o r  s i d e  channel flow adjacent  t o  

t h e  upland slough is to regu la te  its d e p t h  by bacba t e r  effects. The 

water surface elevation of :he adjacent mainstem o r  side channel o f ~ e n  

s o n e r o l s  t h e  wager  surface alevatton at the mouth o f  t h e  up land  

s%augk, Depending upon the rate at which the mainstem water surface 

e levat ion responds to stom events re la t ive  to t h e  response of l oca l  

gsirrnoff into t h e  upland s lough,  t u r b i d  mainstem water may o r  may no t  

en te r  the s lough .  The r a p i d  increase in mainstem water s u r f ~ c e  

elevations and suspended sediment coneentratiors in association w i t h  

peak flow events is suspected o f  being a primary t r a n s p o r t  mecha~t ism 

of fine sediments into t h e  backwater areas o f  upland sloughs, Local  

surface water in f low and bank e r o s i o n  may be major c o n t r i b u t o r s  of  

sediments in reaches upstream of backwater areas and beaver dams. 

T r i b u t a r y  . h a b i t a t s  reflect t he  integration of i t s  watershed 

chararteris~ics and are independent of mainstem flow, temperature and 

sediment regimes. Middle Susitna River t r i b u t a r y  streams convey clear  

water shroughout the year which originates from s n o m e l t ,  r a i n f a l l  

runoff or groundwater base flow. 

T r i b u t a r i e s  to t he  middle Susi tna  River p rov ide  t h e  only rcporeed 

spawing  of chinook salmon, and near ly  a l l  t h e  coho and p ink  salmon 

s p a m i n g  that occurs in t h i s  r iver  segment (ADF&G 1984a) .  

Approximately half ehe churn salmon escapement to the middle S u s i t n a  

River also spawn in t r i b u t a r y  h a b i t a t .  Pink salmon juveniles 

outmigrate shortly after emergence and juven i le  churn leave w i t h i n  qne 

to t w o  months, but a l a rge  percentage o f  emergent chinook and coho 

remain in t r i b u t a r y  streams f o r  several  months following emergence 

(ADF&G 1 9 8 4 ~ ) .  Resident species such as Arctic grayling and rainbow 



th-our a l s o  g r e q ~ l l y  depend 07 tributary streams f o r  spawning 2nd 

rearing h a b f t a ~ ,  

T r i b u t a r y  mouth habitae refers t o  that portian of t h e  t r i b u t a r y  wliich 

a d j o i n s  t h e  Susirna River,  The areal  extent 0 5  t h i s  h a b i t a t  responds 

t o  changes i n  mainstem discharge. By definition, t h i s  h a b i t a t  extends 

f rom t h e  uppernos t  p o i n t  in the t r i b u t a r y  influeneed by mainstem 

ba~kwater e f fec t s  t o  the  d a m s t r e m  exeent of i t s  cleardater plume,  

This  h a b i t a t  t p e  is an important feeding  station f o r  juven i le  chinook 

and resident f i s h  (mF&C I982a).  T r i b u t a r y  mouth habitat assoc ia ted  

with t h e  larger tributaries w i t h i n  t h e  middle Susitna River a l so  

p r o v i d e s  significant s p a w i n g  h a b i t a t  for pink  and churn salmon (ADF&G 

1984a) a 



S e l e c t i o n  sf Eva lua t i an  S p e c i e s  

SelectIan of  evaluation species followed t h e  guidelines and po%ic: ies  

o f  t h e  Alaska  Power Authority, Alaska Department of  F i s h  and Game and 

U a S .  Fish and Wildlife Sewice ~ a h i c h  imply  t h a t  species w i t h  

c o m e ~ c i a l ,  swbsistence and sesreatianal uses are given h i g h  p r i o r i t y ,  

The habitats of those species t h a t  are likely t o  be significanrly 

i raflueeced by the p r o j e c t  are o f  the grearese eoneelen. The primary 

species snd life srago,s selected f o r  eva lua t ion  were chum salmon 

spatming adults and incubating embryos, and chinook salmon r e a r i n g  

juven i les  (Woodward-Clyde Consultants 1984) .  These species/life 

stages depend on side slough and s i d e  channel habitats, which are 

expected t o  be significantly affected by p r o j e c t  o p e r a t i o n .  The 

follnwing discussion provides  a synopsis of t h e  basel ine  data used  in 

t h e  selection o f  eva lua t ion  species.  

Suaveys of spawning a d u l t  salmon conducted d u r i n g  1981-83 by the  

Alaska Department of Fish and -Game (ADF&G 1984a) indicate t h a t  

tributaries and s i d e  sloughs are the primary spawning areas f o r  t h e  

f i v e  species 0% Pacif ic  salmon t ha t  occur in the middle reash sf the  

Susiena River (Figure 111-2). Comparatively small numbers o f  fish 

spam in mainstem, side channel, upland s lough  and t r i b u t a r y  mouth 

h a b i t a t s ,  

Chum and sockeye are the most abundant of the f o u r  species that spam 

in non-tributary h a b i t a t s  in t h e  Talkeetna-to-Devil Canyon reach of  

the Susftna R%l~er (mF6G E984a1, The estfmated number of chum salmon 

spawning in non-tributary habitats within the middle  Susitna River 

averaged 4,200 f i s h  per year f o r  the 1981-83 p e r i o d  of record  (ABFSG 

1984a) .  Approximately 1 ;600 sockeye p e r  year spawned excLusively in 

slough h a b i t a t  d u r i n g  the same pe r iod .  A few p ink  salmon u t i l i z e  s i d e  

channels and side s loughs  f o r  s p a w i n g  du r ing  even-numbered yezrs 

(ADF&G 1 9 8 4 a ) .  Similarly, o n l y  a f e w  coho salmon spawn in 

non-eributary habitats of the Susitna River (ADF&G 1984a) .  
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Figbere Em-2.  Relative distribestisn sf salmon spawning within 
different habitat types of the middle Susbtna 
River. (A0F8G 1984 e 



bi .pproximately 80 percent of all c h m  salmon spamj .ng  in n o n - t r i b u t ,  i-y 

h a b i t a t s  w i t h i n  the middle Susitwa R i v e r  occurs  in side s l o u g h  

habitats, w i t h  S loughs  2 1 ,  11, 9, 9A and BA accounting f o r  75 pe rcen t  

o f  t h e  annual s lough  spawning (ADF&G 1981, 1982,  1984a). Extens ive  

s u n e y s  of s i d e  channel and mainseem areas have documented cornpara- 

t i v e l y  few s p a m i n g  areas (ADF&G 1981, 1982, 1984a) ;  however, these 

h a b i t a t s  are often characterized by h i g h l y  t u r b i d  water in which 

s p a m i n g  f i s h  o r  t h e i r  redds are d i f f i c u l t  to de tec t ,  p o s s i b l y  caus ing  

an underestimaelora o f  their value  as spawning habitat, 

Within the Talkeetna-to-Devil Canyon reach, s p a m i n g  sockeye salmon 

are  distributed among eleven sloughs, w i t h  S loughs  11, 8A, and 2 1  

aecou:lting f o r  more than 95 percent  of the  s p a w i n g  on a y e a r l y  basis 

(IIDF&G 1984a). In 1983,  11 sockeye salmon were observed  spawning 

alongside 56 chum salmon in t h e  mainstem approximate ly  0 .5  miles 

upstream of the mouth o f  t h e  Indian River (ADF6G 1 9 8 4 a ) .  Thi.; is t h e  

on ly  recorded occurrence o f  sockeye salmon spawning in middle  Susitna 

River areas other than slough habi ta t s .  

Chum and sockeye salmon spawning areas cornonly overlap at a l l  o f  the  

lacabions where sockeye spawning has been observed (ADF&G 1984a). 

Ti~is averlap is likely a result of similar timing and h a b i t a t  

requirements (ADFhrG 1984a and d ) .  Because chum salmon appear to h e  

more constrained by passage restrictions and low water d e p t h  d u r i n g  

s p a w i n g  than sockeye salmon, the  initial evaluation and analysis of  

flow relationships on existing salmon spawning in the m i d d l e  Susitna 

River is on chum salmon with the a s s u q t i o n  that sockeye salmon will 

respond s i m i l a r l y .  

Depending upon the season af the year, rear ing h a b i t a t  f o r  j u v e n i l e  

salmon is provided in varying degrees by all aquatic h a b i t a t  t y p e s  

found w i t h i n  t h e  middle  Susitna River. Among ehe non-tributary 

habitats, juven i le  - salmon densities are highest in s i d e  and up land  

sloughs and s i d e  channel areas (F igure  111-3). Extensive samplinzg f o r  

juven i les  has not  i e e n  conducted in mainseem habitats, l a r g e l y  due t o  

sampling gear inefficiency in t y p i c a l l y  deeps  f a s t ,  t u r b i d  waters. 





L i t t l e  u t i l i z a e i o n  Qf these habitats is expeceed excep t  in t h e  lacera 

margins t h a ~  have l a w  velocities, 

Coha salmon juveniles are most abundant in t r i b u t a r y  and u p l a n d  slough 

h a b i t a t s .  In genera l ,  these h a b i t a t s  do not respond significantly t o  

v a x i a t i 0 ~ 1 ~  i n  mainseeon discharge (Kl inger  and Trihety 1 9 8 4 )  . Sockeye 

juveniles, although r e l ae ive ly  few i n  number, make extensive  u s e  of' 

~ ~ p l a n d  s lough  and side slaugh h a b i t a t s  within the middle  Susitna 

P.ivar. In contrast, juven i le  chum and chinook salmon are quite 

abundant in the middle Susiena Mver and are most numerous in side 

slcruph and side channel h a b i t a t s  (AI)FbG 1 9 8 4 ~ ) .  These ha.bit iats  

respond markedly to var i a t ions  in mainstem discharge (Klinger and 

T r ihey  1 9 8 4 ) .  For t h i s  reason,  these t w o  species,  chinook and chum, 

have been selected f o r  eva lua t ing  r e a r i n g  conditions f o r  j u v e n i l e  

salmon w i t h i n  t h e  m i d d l e  Susitna River. 

Based on t h e  i n f o m a t i o n  available from resident f i s h  studies, . 

resI,dent f i s h  have not been selected f o r  evaluat ion in t h e  m i d d l e  

Susitna River. Project-induced changes to middle Svsirna River 

h a b i c a t s  are not expected to significantly affect important resident 

f i s h  popu la t ions  including rainbow trout.  Arctic g r a y l i n g  and burbot  . 
These popu la t i ans  are low and appear to be limited by factors  o t h e r  

than those associated w i t h  mainstem discharge.  

Wich t h e  exception of b u r b o t ,  important res iden t  species on t h e  m i d d l e  

Susiena River are mainly associated w i t h  t r i b u t a r y  h a b i t a t s .  Both 

rainbow trout and Arctic grayl ing are important sport species in the 

basin .  The spawning and rearing f o r  these two species occur almost 

exclus ively  in s t i b u t a r y  and t r i b u t a r y  mouth habitats. Some 

i n d i v i d u a l s  of bo th  species use mainstem habitats for overwintering. 

me availability o f  sp~rafling and r ea r ing  h a b i t a t s  appears to P i r n i t  the 

present p o p u l a t i o n  of rainbow t r o u t  (ADF&G 1 9 8 4 ~ ) .  Few r e a r i n g  f i s h  

have been eapeured in h a b i t a t  types other than tributaries associated 

with lakes.  Since t h e  proposed p r o j e c t  will have little e f f e c t  on 



~ : r i b a t x - y  h a b i t a t ,  no change i s  p r e d i c t e d  f o r  rainbow tro-trr: 

pg :puBa~ i sns ,  

h r c t l e  g r a y l i n g  are a l s o  c l o s e l y  associated with t r i b u t a r y  habitats. 
r pi !he majar limiting f ac to r  f o r  these f i s h  is p r o b a b l y  s e a r i n g  habizat 

(tenl;'&G 1 9 8 4 ~ ) .  Some small Arctic g r a y l i n g  are found in mainstem 

habitats, bue shes@ fish are p rabab ly  exeluded from b e t t e r  quality 

r e a r i n g  areas i n  the  t r i b u t a r i e s  by territorial displacement by Larger 

j %lv,niles. 

Few b u r b a t  8xe found in tkle middle reach of the Susitna River (mF&C 

1 9 8 4 ~ ) .  Burbot are  found almost exclus ively  in mainstern and s i d e  

channel h a b i t a t s ,  as they appear to prefer t u r b i d  h a b i t a t s .  Al though 

t u r b i d i t y  l eve l s  will b e  reduced under  p ro j ec t  conditions, low numbers 

o f  burboe are  s t i l l  expected to occupy mainstem habitats. Mainstem 

t u s b i d i e i e s  are expeceed t a  be greater t han  30 NTUs under p r o j e c t  

conditions. This l eve l  will s t i l l  cause light tlxtinctj.on q u i c k l y ,  

allowing bu rbo t  t o  oeeupy dep ths  greater than 3 ft (estimated euphotic 

zone,  see Section IV) . Burbot populat ions are l i k e l y  limited by food 

supply  (ADFbG 1 9 8 4 ~ ) .  The production of o t h e r  res ident  species i s  

impor tan t  to maintaining burbot  popu la t ions  in the  middle SusFtna 

River. Since significant: changes to these populations are not 

expected,  burbot  population levels  are not l i k e l y  to change 

significanfly, 

As the habitat r e l a t i onsh ip s  analysis continues, additional f i s h  may 

be ine luded i n  the  evaluat ion species l ist .  Ovewinter ing rainbow 

trout and rear ing juvenile grayling may be a p p r o p r i a t e  candidates. 

Other ~pecies whose populations may be influenced by p r o j e c t  

conditions w i l l  a l so  be cansidered f o r  evaluat ion species s ta tus ,  

Specfes/Life stages such as chum, chinook and p ink  salmon s p a m i n g  

will be evaluated in s ide  channel and mainstem h a b i t a t s ,  A l l  of  these 

species c u r r e n t l y  spa%m p r i m a r i q  in ha$irats o t h e r  than the mabnstem 

and s i d e  channels sf the  midd le  Susitna River, The  physical 

characteristics of mainstem and s i d e  channel habitats in t"B-sfs reach 

are expected t o  approach those  in o t h e r  Alaskan r ive r  systems u t i l i z e d  

by these species under passib1.e w i th -p ro j ec t  streamamflow, water 

temperature and water quality regimes. 
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IV, WATERSEm CHA-CTERISTICS M D  P W Y S I C L  PROCESSES 

INFLUENCING MEDDLE RIVER HAB $TATS 

Watershed G h a r a e t e r i s t f . ~ ~  

Basin hewiew 

T r i b u t a r i e s  in t h e  upper  porrions o f  the  Susitna River d ra inage  b a s i n  

originate in t h e  glaciers of the  Alaska Range, which is dominated by 

Hount Deborah (12,339 f e e t ) ,  Mount Hayes (13,823 f e e t ) ,  and Mount 

Moffit l :  (13,020 f e e t ) .  Other  peaks average 7,800 t o  9,000 f e e t  in 

altitude. Tributaries in "ihe eastern portion of t he  b a s i n  originate 

in t h e  Copper River lowland and i n  the Talkeetna Mountains,  w i t h  

e l eva t i ons  averaging 6,000 to 7,000 feet and decreas ing  northward and 

westward, To t h e  narthwese, the mountains f a m  a broad ,  r o l l i n g  

glacially-scoured upland dissected by deep glacia ted valleys. Between 

these ranges and Cook I d e t  is ehe S u s i t n a  Iswlands, a b raad  b a s i n  

increas ing in elevaeion from sea Level to 500 f e e t ,  with l oca l  relief 

af 50 t o  250 fee t  (F igu re  IV-1). 

The drainage bas in  l ies in a zone o f  discontinuous permafrost. In t h e  

mountainous areas, discorl t inuous permafrost is generally p r e s e n t .  In 

the lsw%an%ds and upland areas below 3,608 f e e t ,  there are i s o l a t e d  

masses of p e m a f r o s ~  in areas with fine-grained deposits. The b a s i n  

geology consists l a r g e l y  of extensive unconsol ida ted  d e p o s i t s  de r ived  

from glaciers. Glacial moraines and gravels f i l l .  U-shaped v a l l e y s  in 

the  upland areas. Gravelly t i l l  and ouewash in the lowlands and on 

upland slopes are overlain by shallow to moderately deep  s i l t y  soils. 

Windblown silt covers upland areas. S t e e p  uppe r  s l o p e s  have sha l low,  

gravelly and loamy deposits with many bedrock exposures. On t h e  s o u t h  

f l a n k  cf the  Alaska Rangle and soueh-facing s lopes  of the Talkeetna 

Mountains,  soils are well-drained, d a r k ,  and gravelly t o  loamy. 

Poor ly  d r a i n e d ,  g r ave l l y  and s tony  loams with permafrost are presene 

on n o r t h f a c i n g  S % O ~ ~ S  of foothillsP moraines, and valley bottoms. 

Water e r o s i o n  is moderate on l o w  slopes and severe on steep s l o p e s .  





Vegera t ion  above t h e  t ree line in steep, rocky soils i s  predoruinar .  iy 

a l p i n e  tundara.  Well-drained upland  s o i l s  support white s p r l ~ c e  and 

grasses ,  whereas poorly drained v a l l e y  bo t tom s o i l s  s u p p o r t  muskeg. 

The upper  drainage basic i s  in the  ccntineatal climatic zone ,  and the 

Lauer drainage b a s i n  i s  in t h e  transikional climatic zone. Due t o  t h e  

maritime i n f l u e n c e  and tha lower elevations, temperaturzs are  more 

n ~ d e r a t c  and precipitation is less i n  t h e  Power b a s i n  than  t h a t  in the 

upper bas in .  S t o m s  which a f f e c t  the area g e n e r a l l y  cross t h e  Chugach 

Range from the Gu1.f of Alaska or come $ram t h e  North Pac i f ic  01: 

southern  Bering Sea aeross t h e  Alaska Range which is west o f  t h e  u p p e r  

Susitna Basin. The heaviest precipitation generally falls on t h e  

~g indward  s i d e  o f  these rnouatains i c a ~ ~ i n g  the u p p e r  b a s i n  in somewhat 

of a precipitation shadow except f c r  t h e  h i g h e r  peaks o f  t h e  Talkeetna 

Mountains and t h e  southern s l o p e s  of the Alaska Range. Therefore, 

precipitation is m c h  heavier in t h e  h igher  elevations than i n  t h e  

va l l eys .  

The Susitna River i s  typical of unregulated nor thern  g l a c i a l  rivers, 

with re la t ive ly  high t u r b i d  streamflow dur ing  summer and low 

cleawater flow dur ing  winter. Sources of water i n f l u e n t  t o  t h e  

S u s i t n a  River can be c la s s i f i ed  as: g l a c i a l  mele, t r i b u t a r y  i n f l o w ,  

non-point surface runoff, and groundwater inflow. The relative 

importance of each of these contributions to the mainstem d i s c h a r g e  at 

Gold Greek varies  seasonally (Figure IV-2) . Snowmelt runoff and 

s p r i n g  rainfall cause a r a p i d  r ise in streamflows dur ing  l a t e  May and 

early June. Opper ha l f  of t he  annual f l o o d s  occur during t h i s  p e r i o d ,  



F i g u r e  EV-2. Estimated percent contribution t o  Elow a t  G o l d  Creek. 

Figure E:-2  

WINTER 

The g lac iaged  porelons of the upper SusPtna Basin p l a y  a significant 

role fn. h a p i n g  t h e  annual hydroggaph f o r  t h e  Saasitna River at G s l d  

Creek (USGS stream gage station 15292000). Located an the soutzhern 

s l o p e s  of the Alaska Range, these glaciated reg ions  receive t h e  

greatest amount of p r e c i p i t a t i o n  t h a t  f a l l s  in the bas in .  The 

glaciers ,  covering about 290 square miles, act as resewoirs 

maintaining moderaeely high  strearnflcws throughout the  sunnner. Val l ey  

walls in those portions of t he  upper b a s i n  noe covered by g lac iers ,  

consist of steep bedrock exposures o r  shallow soil systems. Rapid 

mnoff  o r i g i n a t e s  from the  glaciers  and u p p e r  basin whenever 

rainstorms occur ,  t y p i c a l l y  in l a t e  sunoner a11d ear ly  f a l l .  Many 

annual peak flow events have occurred  d u r i n g  At~gus t .  Approximately 87 

percent  of  he t o t a l  annual flow of t h e  m i d d l e  Susitna River occurs 

from Nay through September; over 60 percent occurs  d u r i n g  June,  J u l y  

and August ( T a b l e  I V - 1 ) .  RhM Consultants and Harrison (1981) s t a t e  



t h a t  " rough ly  38 percent of the streamflow at Gold Creek orig;ina.t.es 

above t h e  gaging stations on the MacLaren River near Paxson and on t h e  

Susitna River near Denali ..." Thus Less ehan 38 percent  of t h e  annual 

middle  Susitna River can be at~ributed to g l a c i a l  melt. 

Table  I V - I .  Summary of monthly streamflow s t a t i s t i c s  f o r  rhe S u s i t n a  

River at Geld Creek (Seul ly  et al. 1978). 

J a n u a ~ y  
F e b n a r y  
Mareh 
A p r i l  

June 
J u l y  
August 
September 
October 
Nsvember 
December 

A s  air temperamres drop dubing f a l l ,  g lac ia l  melt subsides %nd 

streamf lows decrease. By November, streamf lows have decreased to 

approximately one tenth o f  m i d s u m e r  v a l u e s ,  h ice cove r ,  which. 

generally persists until mid-Play, foms on the middle S u s i t n a  River 

during November and December. During w in t e r ,  flow in t h e  Susitna 

River is maintained by the Tyone River which drains Z,ake Lou i se ,  

Susitna Lake and Tyone Lake, and by groundwater inflow to several 

smaller eriburaries and t~ the  Sualtna River itself. Although 

groundwater inflow is thought t o  remain f a i r l y  eonstant throughout  t h e  

year, i t s  re la t ive  importance increases d u r i n g  winter as i n f lows  from 

g l a c i a l  melt and non-point runoff cease. 



Peak f l o w s  f o r  the Susitna River n o m a l l y  occur  during June in 

a s s o c i a t i o n  with t h e  s n o m e l t  f l ood .  Rainscorns may a l s o  cause f l o o d s  

during laee summer. Most annual  peak f lows  occur  d u r i n g  June o r  

Atigust (Tabbe I V - 2 ) .  S n o m e l t  f loods  are generally 3 to 5 days in 

dura r ion ,  whereas late sumer flood peaks are o f t en  single day events  

t ~ i t A  h i g h e r  peak flows than June peaks. 

T a b l e  I V - 2  Persent distribution and duration of annual peak f f o ~ ~  
events f o r  the Susiena River at Gold Creek 1950-1983 
(RbM Consultants 1981). 

June 5 5  
J u l y  9 
August 24  
Sep terober 3 

L i t t l e  difference exists among monthly rae ios  f o r  t h e  I-, 3 - ,  and 

7-day low f l c ~ ~ s  to t h e i r  respective monthly flows d u r i n g  

June-September (R&M Consultants 1981). Flow is r e l a t ive ly  s t a b l e  

d u r i n g  the summer, with occasional sudden increases as t h e  b a s i n  

responds to t h e  h igh ly  variable,  and sometimes erratic, p r e c i p i t a r i o n  

patterns.  Susitna River streamflows show the most v a r i a t i o n  early in 

May and late in October, p e r i o d s  commonly associated with s p r i n g  

breakup and t h e  onset of freeze up. From November th rough  A p r i l ,  low 

a i r  temperatures cause surface water in t h e  basin  to f reeze,  and 

stable but. g radua l ly  declining groundwater inflow and baseflow from 

headwater lakes maintain mainstem stremflow, 

The natura l  flow regime of the  middle Susitna River  stteamflows will 

be significan~ly altered by p ro jec t  o p e r a t i o .  (F igure  I V - 3 ) .  With- 

p r o j e c t  streamflows w i l l  generally be less than existing streamflows 

from May through August as water is being stored in t h e  reservoirs f o r  

release du r ing  the  win te r .  Variability in the middle  S u s i t n s  River 

r ~ i l l  be caused primarily by tributary inflow and releases f rom the 

reservoirs.  Floods will also be  reduced in frequency and magnitude 





8 e r a l l y  occurring in late sumer  when e k e  r e se rvo i r s  are f J  .nd 

water must sccasianally be released,  

w i th -p ro j ec t  streamflow during Septemblir i s  expected to be less 

var iab le  bu t  similar to t h e  long term iiverage m o n ~ h l y  na tuzah  flow. 

Flows from October through A p r i l  w i l l  be greater in mapnieude and more 

var iab le  than naeura l  streaaoflows. Dai l y  f luctuat-bons i n  strean~f low 

arc expected t o  ascur throughout w i n t ~ r  as the  p r o j e c t  responds to 

meet changes in t h e  d a i l y  and weekly load .  However, theee 

fPuscuatioas are not  expected to exceed "10 percent  the base discharge 

f o r  the day (Fd. Dyok, Barza-Ebasco, 1981.9 penrs. c a m . ) .  

Influence of Streamf law on H a b i t a t  - 

Mainstem and S i d e  Channel Habi t a t .  Tht! large amount of water that  i s  - 
conveyed during the  summer in steep oainstem and side e h i n n e l  water 

cour ses  resul t s  in inhospitable cond i t ions  f o r  f fc,:r. Mins tem and 

s i d e  channel gradients w i t h i n  the m'.ddPe Sur , i tna  River a re  on the 

o r d e r  of 8-14 f@/mile (R&M Consultants !382a). Although f l o o d  peaks 

seldom exceed twice the  long term average rnonthly flow f o r  t h e  month 

i n  which they occur (R&M Consaltants 1981), the  average monthly flows 

f o r  June, J u l y ,  and Avsrast are nearly 2 . 5  times t h e  average annual 

discharge of 9700 cfs /day (Scul ly  et al, 1978). As a r e s u l t  of t h e  

steep c h a n ~ c i  g r a d i e n t ,  mid-channel ve loc i t i e s  are often in the range 

of Tdven to nine feet p e r  second (fps) for normal mid-summer 

s t r e a f h w  conditions, Ve%sc%%ies a f  14 ts 15 f p s  have been measured 

by the USGS at t h e  Gold Creek streaim gage station in association with 

62,000 to 65,000 cfs f lood flars (L. Leveene, USGS, 1984, p e r s .  

As a r e s u l t  of be ing  sub jec ted  to p e r s i s t e n t l y  h igh  v e l o c i t i e s ,  

streambed materials in mainstem and side channel h a b i t a t s  typically 

range in size f rom cobbles  (5  inches) to bou lde r s  (10 inches  o r  

larger)  (R&M Consultants 1982a) .  I s o l a t e d  deposits o f  smaller 

streambed materiala, including sand, a lso  ex i s t  within t h e  aainstem 



and s i d e  channels, b u ~  only at proeec~ed Icneaeions,  These sma :L l t  

screambed materials are g e n e r a l l y  unstable and transient (RDb4 

Cswsu%tanes 19821, 

MigIa sumer streamfl~ws characterfs",~ cof the Middle Susftna River are  

not considered t o  be beneficial to salmon production in mainstem or 

s i de  channel habitats, As stated above, h i g h  streamflows d u r i n g  

sueamer tend to exansport spawning gravels our of these h a b i t a t s .  In 

those locaeions where salmon have spamed, h igh  streamflows nay wash 

oue t h e  reddr; o r  d e p o s i t  sediments over them. Juvenile salmon i n  

midd le  Susiena River habitats are also d i sp laced  downstream by h igh  

f lows (OF&@ 1 9 8 4 ~ ) ~  

Low seasonal streamflows can a lso  be undesirable@ During spamiang, 

low streamflows may restrict fish access eo spawning areas o r  resu l t  

in shal lcw dep6hs at potential s p a w i n g  locarions. Thus, the 

mai lab le  s p a w i n g  h a b i t a t  may be reduced. Low streamflows d u r i n g  

incubaeion may eause dewatering of- redds ,  low d i s so lved  oxygen l eve l s ,  

h i g h  temperatures, or, dur ing  the wintert f r e e z i n g  of embryos (Wale 

1981). Low seasonal streamflows may also adversely inf luence juvenile 

solnoon rear ing by restricting fish access to streambank cover o r  

dewagering rearing habitats. 

S i d e  sloughs are overflow channels along t h e  

floodplain margin t h a t  convey clear water originating from small 

tributaries and/or  upwelling groundwater. A non-vegetated alluvial 

berm connects the  head of t he  s lough t o  t h e  mainstem or a side 

channel. A well-vegetated gravel bar or island para l le ls  the s lough ,  

separating it from the mainstem ( o r  side channel). During 

i n t o m e d i a t e  and low-flow p e r i o d s ,  mainstem water surface elevations 

are insufficient t o  overtop t h e  a l l u v i a l  bem at t h e  upstream end 

(head; of t h e  slough. However, mainstern stage is o f t e n  ;uffieient at 

t h e  domstream end (mouth) of the slough to cause a backwater  t o  

extend a few hundred fee t  upstream intc the s lough .  



During h i g h  mainsterr! discharges, the water su r face  elewa-tion I . :  t.hf 

mainstem is o f t e n  sufficient to avertop t h e  alluvial berm at head 

o f  many af  t h e  s l o u g h s ,  depending on the seage achieved by f h e  h i g h  

Flow and rhe e leva t ion  of tI.se $em. men t h i s  o c c u r s ,  discfaarge 

through t h e  side s lough  increases markediy as varer in the s l o ~ ~ g h  i s  

replased w f  eh  t u r b i d  mainstent f low.  Such overtopping a f fec t s  the 

e h e w a l ,  water q u a l i t y  and hydrau l i c  p r o p e r t i e s  w i t h i n  t h e  clear water 

s lough.  Overtopping dur ing  late A u g u s ~  and ear ly  September p r o v i d e s  

unrestricted piissage by a d u l t  salman t o  s p a n i n @ ;  areas w i t h i n  t h e  

s loughs .  Overtopping during early surarner f l u s h e s  o r g a n c  material and 

fine sediments from t h e  s ide s loughs ,  bug in some i ~ ~ j t a n c e s  transports 

large arnounes c f  sand i n t o  the slcrugh, The t u r b i d i t y  associated w i t h  

t h e  ove r t app ing  flows provides  cover f o r  juven i le  chinook salmon and 

allows them t o  u t i l i z e  habitat that was prev ious ly  unavai lable  (AI)F&G 

1 9 8 4 ~ )  , 

The in f luence  o f  overtopping on var ious  physical conditions will be 

discussed in subsequent sections + o f  t h i s  r e p o r t .  However, pleiar t o  

t hose  discussions, i t  is imporeant to recognize the daminane influence 

of streamfloxq v a r i a b i l i t y  in determining the timing, frequency and 

duration of overtopping events (Table IT-3). 

Water which rises from the srreambed has been recognized as strongly 

i n f l u e n c i n g  the spawning behavior of chum and sockeye salmon in Alaska 

(KogZ 1965r Wilson et al. 1981, Koski 1975, ADF&G 1984d) .  This water 

is commonly referred to as "upwellingw by fisheries b i o l o g i s t s  because 

of its characteristic flow direction % n t ~  t h e  stream channel,  

Bornwelling and intergravel flow are t w o  other types of subsurface 

f lw which occur in stream channels that are important  to maintaining 

aqua t i c  life in sereambed materials (F igu re  I V - 4 ) .  However these t w o  

types of flow d i f f e r  from upwelling in both  t h e i r  flow direction and 

o r i g i n ,  k i s  the t e n  implies, d ~ w w e l % i n g  flows fram t h e  stream i n t o  

t h e  sereambed and i s  generally thought  t o  b e  in a near vc rg i ca l  



Tab]-e IV-3, Number o f  times breached f a r  duration i n d i c a t e d  based  
on analysis of  Gald Creek record  1950-1986, 

W reaching 4-5 5-10 T o t a l  
Flow Qsfs) 1 d a y  2 d a y s  3 d a y s  days days > l o d a y s  days 

June 3 through June 16 





dir2r ' : ion.  I n t e rg r ave l  f l o ~ ~  is generally c o n s i d e r e d  to b e  flow ir 

szreambed gravels  pa ra l l e l  to the d a m  v a l l e y  g r a d i e n t  of trhe ci~arnnel. 

Because ",he water flowing in the stream channel prov ides  b o t h  t h e  

soirrrce and d r i v i n g  mechanism f o r  downwelling and i n t e rg rave l  f l o w  

i:kese ewe types  o f  subsurface  flow g e n e r a l l y  hrave temperatures and 

rqater chemistry very similar to the  surface water. Upwelling, 

however, g t a e s a l l y  has  fernperatare and chemical. cornpasicion 

elnaraegeriscbes $ i f f  eriag from the wafer flowing above t h e  streambed. 

As t h i s  groundwater flows thro--,gh t he  soil from irs soubee to its 

upwelling loearion, its themal and water chemistry p r o p e r t i e s  become 

defined by ehe ?oil p r o p e r t i e s .  

Broadly defined, grounkqater is the hydro log ic  tern f o r  water 

accur r fng  benea th  ehe land surface, Groundwater exists in saturated 

and unsaturated soil zones, The interface between these two zones i s  

called ehe water table. me plan shape and s l o p e  of the water t a b l e  

i s  de t ewined  by the  subsurf ace geologic structure and t y p e  o f  soil 

material present. The elevation of the water table  at any p o i n t  is 

primarily a function of water supply.  

Water supply for groundwater consists of precipitation and ad jacen t  

surface water bodies. P r e c i p i t a t i o n  infiltrates into t h e  s o i l ,  flows 

through t h e  u n s a t u r a t e d  zone as "interflow", and reaches t h e  sa tura ted  

zone. Because of t h i s  increased water ' supply,  t h e  groundwater t ab le  

rises in elevation. Someeimes excess water appears along streambanks, 

rock outcropsl o r  steep h i l l s i d e s  as bank seepage. 

During p e r i o d s  of drought caused by Pack cf p r e c f p i t a t f o n  or co ld  air 

temperatures f r e e z i n g  precipitation (snow) and shallow subsurf  ace 

ineerflow, eke elevarfon of the water table dec l ines  because of  a 

shortage cf avai lable  water supply .  

En r ive r  va l leg~s  like eha t  of the  midd%e Sus i tna  River ,  where ah@ 

underlying materials are alluvial d e p o s i t s  of  g l ac ia l  outwash (R&M 

Consultam~ts 1982d) ,  t h e  groundwater f low pateerns may be q u i t e  



comyLex. The genera l  s l o p e  of t h e  %raCer t a b l e  is similar cc t h e  

v a l l e y  s l o p e .  n . e  mountains o r  h i l l s  which p a r a l l e l  t h e  river form 

t h e  boundary of t h e  alluvial deposits af t h e  la rger ,  original g l a c i a l  

r iver  which alsa flowed down v a l l e y  i n  approximately che  same 

d i r e c t i o n *  Hence, in eke middle  S ~ n s i t n a  River ,  r e g i o n a l  groundwater 

i s  gerlexally thought eo be flawing down va l l ey  and s l i g h t l y  cu t h e  

sast  $R6M Gsnsul~aw~s 19828), merever t h e  water cable intersects the 

streambed, upwelling i s  likely to e x i s t .  

R e  groundwater g a b l e  elevation, as determined by t h e  sereactural. 

geology and the corresponding relaeionshf p be t:j.een t h e  sources of 

groundwater flow, will cont ro l  upwelling. Domwel l ing  f lows  will 

occur  if t h e  surface water level  in the  channel is h i g h e r  than  the 

groundwater table  elevation. Upwelling flows will. occur when t h e  

e leva t ian  of the groundwater table  exceeds the water surface elevaeion 

in ehe channel. Upwelling may also occur i n  a manner similar t o  pipe 

f low,  A fense of coarse sediments p e m i t e i n g  groundwater flow may be 

flanked by d e p o s i t s  of finer sediments chat  p r o h i b i t  groundwater f low.  

F l m  may thus  become concentrated in the flow-conducting lense. men 

t h e  lense intersects a channel, t h e  flow is rckeased from begween t h e  

f l ank ing  d e p o s i t s  and upwelling may result.  Piped groundwater f l o w  

Bay occur under the  berms at the heads of s i d e  s loughs and elsewhere 

as long as the required geologic  conditions are present and a source ,  

such as the mainstem, exists f o r  the quantieles of water transported. 

In addition to the influence o f  subsurface a l l u v i a l  deposits on t h e  

lacation and rate of upwelling water, water supply  is also tmportant. 

In the river val ley  the most persistent water supply i s  the river 

itself. Through domwel l ing ,  t he  r iver  s u p p l i e s  water t o  the 

groundwater. At same d o n  va l l ey  l oca t i on ,  the groundwater will y i e l d  

t h i s  water as upwelling. In the middle Susitna River, much of  t h i s  

upwelling app %ars to be along t h e  east bank. 

Because t h e  water table  rises and f a l l s  seasonally and across years in 

response to water s u p p l y ,  upwellings can b e  bo th  persistent and 

inteemittent. mey a lso  may have rather s t a b l e  o r  variable f l o w  rates 

depending upon fLuetuations in t h e  local groundk~atei- t ab le .  



P-3 Ihe groundwater system can be d i v i d e d  into ewe eampcnexlrs: a rogiun:l 

component dr iven by t h e  down v a l l e y  gradient and a temporal componen!c 

influenced by changes in mainstem stage and p r e c i p i t a t i a n  infilzrzeion. 

The r e g i o n a l  groundwater component i s  constant throughaut  t h e  y e a r  a c d  

corrzspond s 2 0  the minimum gl-oundwaee~ levels observed under n a t u r a l  

coi t r ! i t iaas.  These mfnimun groundwater conditians appear t o  occu r  

du r ing  the l a t e  f a l l  per lad  of low mainstem d i s c h a r g e  and reduced 

precipitation infileragion due ta f r e e z i n g  conditions, The temporal 

groundvater component a u p e n t s  the regional groundwater component. 

L2kc.n the  mainstem stage Fs high,  the mainstem may supp ly  d o m w e l l i n g  

f l i > w s  which increase t h e  groundwater table e leva t ion .  P r e c i p i t a t i o n  

i n : I f l t r a t i n g  the s o i l  may also serve as a source f o r  t h e  groundwater. 

raised elevat ion o f  the groundwater t ab l e  due to t h e  tempoi4sl  

ccrnpornene results in increased areal extents and rates o f  upwelling 

f l o w s .  Thus, the f l u c t u a t i o n s  af ehe groundwater t a b l e  due  ito t h e  

t:empsral component: variarlons, which are induced by changes in r i v e r  

stage and p r e c i p i t a t i o n ,  w i l l  have a pronounced effect  on upwelling. 

The groundwater t ab le  -pears to reach a minimum elevation in t h e  l a t e  

October to early November period; upwelling flows will correspondingly 

reach a minirn%xm rate and areal exterkt. The temporal groundwater 

component will be reduced as the  mainstem stage lowers and i n f i l t r a t i o n  

of precipitation ceases due to f r e e z i n g  temperatures. The remainiag 

upwelling flows will be s u p p l i e d  by t h e  regional groundwater 

component. At. sites where upwelling is continuously provided by t h e  

regional. groundwater component, viable  h a b i t a t  will be  maintained; 

h igh  mortality is suspected at sites where upwelling i s  reduced to t h e  

reduction in eemporal upwelling. As ice forslat ion increases t h e  

mainstern stage, the temporal groundwater component w i l l .  again augment 

the regicnal groundwater component and increase upwelling rates and 

area% extents, 

Under w i t h - p r o j e c t  condieions, upwelling flows may n o t  b e  reduced eo 

t h e  extent of upwelling f l ows  experienced under n a t u r a l  conditions 

durirng t h e  late fall per iod ,  The mainstem s t a g e  i s  a n e i c i p a t e d  t o  be 

maintained a t  a h ighe r  e leva t ion  dur ing  p r o j e c t  o p e r a t i o n  t han  under 



~ ~ a t u r a B  conditions in t h e  late f a l l ,  The temporal gm:esundwat:er 

compsnenes will ekeref o r e  continue to a u p e n t  t h e  r e g i o n a l  csmponen t 

in the Late October  t o  e a r l y  November p e r i o d .  H a b i t a t  dewarered or 

f r o z e n  as t h e  temporal groundwater component is reduced under  n a t u r a l  

conditions may become v i a b l e  throughout  t h e  year as the temporal 

groundwater cornponetat is maintained by h i g h e r  wieh-pro jec t  mainstern 

stages. The magnitude of t h e  increase in v iab l e  habitat is 

unquantified and is Likely to remain so u n t i l  d e e e w i n e d  t h rough  a 

monitoring program, 

Upwelling is one of t h e  most 

important  h a b i t a t  variables in f luenc ing  t h e  selection o f  spami  ng 

s i t e s  by chum and sockeye salmon in the middle Susitna River (Ab)F&G 

X984d).  In addition, upwelling flows c o n t r i b u t e  to local flow in 

s l o u g h s  and s ide  channelc and f a c i l i t a t e  f i s h  passage. 

Incubation appears to be the life stage mast cririeslly affected by 

upwelliag in t h e  middle Susitna River. Chum and sockeye salmon 

embryos, and emb~~syos of o t h e r  species spawned in t h e  area of upwelling 

f l o ~ g s ,  benefit from the upwelling flows. During incubation, upwelling 

provides f o r  successful  development of embryos, p r inc ipa l l y  because of  

f ts t hewa l  charscberistics. It also ensures the oxygenation of 

embryos and alevins and inhibits t h e  c logging  of streambed material by 

f i n e  p a r t i e u h t e s .  

Upwelling flows appear to reach a m i n i m u m  immediately p r i e r  to ice 

s t a g i n g  when mainstem discharges range from 3.000 to 5,000 c f s .  

During e h i s  period upwelling flows are considered t o  originate 

exclus ively  from the reg iona l  groundwater component o f  upwelling. 

These low mainstem discharges  and minimum upwelling flows n r o b a b l y  

l i m i t  t h e  incubat ion  success of embryos t h a t  were spawned u n d e r  h i g h e r  

mainstem and upwelling flows. Many embryos are likely dewatered and 

f rozen .  Therefore, t h e  v i a b l e  incuba t ion  h a b i t a t  is p r o b a b l y  t h a t  

- which is effective duripig t h i s  transition pe r iod  of low upwelling 

flows * 



Malnstem discharges cha t  are h i g h e r  than ehe  3,000 to 5,000 c f s  would 

Likely increase the upwelling flows in s l o u g h s  above n a r u r a i  

c o n d i t i o n s ,  Thus, a stable flow regime th roughout  t h e  spawning and 

i ncuba t ion  p e r i o d  wauld p r o b a b l y  increase t h e  v i a b l e  i n c u b a t i o n  

h a b i t a t  because embryos would develop under upwelling flows similar to 

those at spa~miwg, 

Croundt~acer upwelling adso a-;)pears t o  be an important faceor 

in f luenc ing  ehe winter d i s r r i b = i e i o n  of juven i l e  salmon and residene: 

f t s h ,  Upwelling flows may comprise the predominant source o f  water in 

s loughs  whera runoff from precipitation ceases due to f r e e z i n g .  A 

constant water f law in sloughs and s i d e  channels p r o v i d e s  

overwintering hab lea t  f o r  juveni le  sockeye, chinook, and coho salmon 

and resident species. The water temperature of s loughs  and side 

channels is u s u a l l y  h igher  than mainstem waters because o f  upwelI  ing 

waters. Warmer remperatures apparen t ly  aetract overwinte i n g  f i s h  and 

may reduce t h e i r  winter morra l i ty  (ADF&G 1 9 8 4 ~ ) .  



Sediment Transpo r t  Processes -- 

Ln t h i s  section, sedimens t r a n s p o r e  i s  u s e d  g e n e r i c a l l y  to include a l l  

the physical processes which r e s u l t  i n  t h e  mdvement o f  bed axad 

suspended load .  Bed load  is defined as t h a t  portion o f  t h e  s o l i d  mass 

being transported w i t h i n  0 .3  f t  o f  t h e  channel bottom. Suspended load  

refers to t h a t  pare ion  of t h e  s o l i d  mass present i n  t h e  water column 

above 8 , 3  f t  from the  ehmnel  bottsm, 

Zt is well dseumeneed t h a t  rke resul ts  sf sediment t r anspore  

processes, such as streambed s t a b i l i t y  and composition, are important 

d e s c r i p t o r s  of aquatic habitat. McPleil ( 1 9 6 4 )  has  observed that 

streambed s t a b i l i t y  can irlfluence t h e  success of salmonid egg 

i n c u b a i a n ,  Sweral  researehers have shown that substrate composi t io i t  

influences t h e  s u n i v a l  of eggs to f r y  in salmonid p o p u l a t i o n s  (McNeil 

and Ahnell 1964,  McNeil 1965, Cooper 1965, Phillips et al. 1 9 7 5 ) .  The 

s u i t a b i l i t y  of aquatic h a b i t a t  f o r  rear ing is a l s o  influenced by 

substrate composition, 

On a macrohabitat legel, t h e  chanmePs of the m i d d l e  Susitna River are 

q u i t e  s tab le  given t h e  range o f  stseamflows and i ce  conditions to 

which they are subjec ted .  Review of aer ia l  photography taken over  an 

approximate 35 year period (from 1949-51 to 1977-80) indicates t h e  

p l a n  form o f  t h e  m i d d l e  S u s i t n a  River has  changed l i t t l e  ( A E I D C  

1984a) .  Although many non-vegetated gravel  b a r s  have a p p e a r e d ,  and 

some p e r i p h e r a l  areas have changed, a preponderance of channels and 

habitats appear unchanged over t h i s  pe r iod .  

Channel S t a b i l i t y  sf Babirat Types 

Six  h a b i t a t  types have been identified in the  middle S u s i t n a  River: 

mainstem, s ide  channel, s ide  s lough ,  t r i b u t a r y ,  t r i b u t a r y  mouth, and 

up land  s l ough .  Each h a b i t a t  type can be characterized by t h e  r e l a t ive  

i n f l u e n c e  t h a t  a p e c f f 2 c  sediment transpnyt processes have sm t h e i r  

f omat  ion and maintenance (Table IV-4)  . 





l+a ins~em and L a r g e  S i d e  Channels. Tile p l a n  form o f  t h e  m i d d l e  Susih.  2 
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R k ~ i e r  appears  t o  b e  shaped  by i c e  processes ,  whereas the s i z e  o f  ics 

channels are  a r e s u l z  o f  hydrologic processes .  Hydrologic events, o r  

more s p e c i f i c a l l y  f l o o d s ,  are probab ly  the dominant channel fo rming  

process whereas normal summar streamflows represent t h e  primary 

sediment transport process, Chilnnel f a w i n g  discharges are u s u a l l y  

chose which occur only  once every several years. High discharges 

cause h i g h  ve loc i t i e s  w i t h  ehe capacity eo erode and transport 

significant quianeitfes of substrste from t he  bed and banks of  cha 

channel. These h igh  discharges would change t h e  shape of t h e  channel ,  

b ~ e  likely occur only once i n  20 years o r  more. Discharges o c c u r r i n g  

more frequently, such as the  mean annual f lood  o r  bankfull d i s c h a r g e ,  

would reshape ehe  channel to reflect t h e  hydraulic conditions 

assoeiaeed w i t h  t h i s  lower, b u t  more frequent, discharge. Some l o c a l  

changes in bed geometry would likely occur ,  but these persistent l ower  

f l o o d s  are u n l i k e l y  to r e f o w  the channel to its o r i g i n a l  condition. 

Streambed material in the mainstem and large s i d e  channels is of 

sufficient size to resist erosion or transport by f l ood  flows less  

ehan 35,000 cfs, me cobbles  and boulder% eunstitute an amsr l a y e r  

which has  developed as a result of previous f lood  events t r a n s p o r t i n g  

smaller substrate sizes domstrearn, me eobh le s  and boulders  remain 

as a well graded p ro t ec t i ve  layer f o r  the more heterogeneous 

u n d e r l y i n g  materials. High discharges would have t h e  capac i ty  t o  

erode t h e  amsr Hayer and transport unde r ly ing  streambed materials 

downstre&?, but a new armor layer would likely develop as the f l o o d  

recedes and cobbles  and boulders  eroded from upstream locations are 

redeposited. The entire bed elevation of the middle S u s i t n a  River may 

decrease dur ing  these events since the  sands and gravels eroded from 

the materials under ly ing  the armor caat  would likely not r e d e p o s i t .  

Evidence of suck long-tern channel degradaticstr has been dacumented 

through a n a l y s i s  of aerial photography (AEZDC 1984a) .  

Resistance of large substzate in the m i d d l e  Sassitna R i v ~ r  t o  erosisn 

is increased by the cementing characteristics of the fine sands and 

s i l t s  which f i l l  ingerstitial spaces between them. Although t h e  f l o w  



is r e l a t i v e l y  c lear  in t h e  winter, h i g h  conceneracions o f  fine glaei-i 

sand. and silt are transported through t h e  m i d d l e  Susitna R i v e r  

"hroughoue che sumer. Some of these fine maeerials are d e p o s i t e d  or 

washed i n t o  t h e  amor  layer.  The s t a b i l i t y  o f  the  streambed allows 

these f i n e  s i l t s  t o  accumulate and completely f i l l  the voids between 

t h e  amor layer.  This prevents b~ater  from flowing th rough  v o i d s  

surrounding larger streambed maeerials, g r e a t l y  strengthening t h e  

B K ~ ~ O P  layer to eros ion .  I f  water could  flora through the  v o i d s ,  the 

e r o d i b i l i t y  o f  sedimene particles would increase. 

Several different ice processes a l so  in f luence  the shape and character 

of mainseem and large side channel habitats: 1) mechanical scour  by 

b lock  i c e .  2) scour  caused by ice jams during breakup,  3) sediment 

t r anspare  by uprooted anchor ice,  and 4 )  scour and sediment t r a n s p o r t  

by sho re  ice. In comparison to sediment transport processes 

associated xgith high streamflows , i c e  scour ei ther  af  ehe f i r s t  two 

processes is of secondary importance. The las t  two are on ly  o f  minor 

b m p ~ r t a n s ?  

Mechanical scour by blcek  ice is p r i r a a r i l y  a s p r i n g  breakup 

phenomenon. As large ice f loes are moved downstream, tremendous 

poeential exists f o r  d i r e c t  interaction between b lock  ice  and 

ser leabanka  sr channel bott~ms, Suspended sediment samples eol leeked 

in late May cr e a r l y  June following breakup t y p i c a l l y  c o n t a i n  l a rge  

percentages of sand, which may indicate strem channel or bank scour  

(Knott and Lipscomb 1983). Bank eros ion  by ice-block abras ion may be  

severe (Knott and Lipscomb 1983). 

Ice jams during breakup cause l oca l  staging and flow constrictions 

which increase flow ve loc i t i e s  and sccur potential. High velocity 

flow directed towards a channel bottom o r  bank can result in severe 

loca l  scour, The sudden release sf an i c e  jam can also  cause 

significant scour po, tene ia l  in the form of a f l o o d  wave conveying 

large b l o c k s  of  ice. 

h c h s r  i c e  a l s o  con~ribuees t o  sediment e r a n s g o r c  During anchor ice 

fornation, suspended sediments are filtered by i e e  c r y s t a l s  and 



i n c o r p o r a t e d  i.nto the ice s t r u c t u r e  ( see  Xcs section]. Bed materiais 

are also encased in i ce ,  s e n i n g  to anchor the ice mass to t h e  channel. 

bottom. In the f a l l  d u r i n g  anchor i c e  formation, t h e  bond ing  of 

anchor fee masses eo the channel batcorn is s e n s i t i v e  $0  increases is 

temperature and d i r e c e  solar  radiaeiola. I f  t h e  bond is partially 

reduced by melring, flow momentum and/or  buoyant forces  may be 

s u f f i c i e n t  go uproot  t h e  ice mass. T h i s  r e s u l t s  in t h e  domstrearn 

transport e f  sediments and streanibed par t ic les  f rozen  in:o t h e  i c e  

ntass. Scour of anchor ice during freezeup by changes in Local flow 

v e l o c i t i e s  or coneaet with floating i c e  blocks  may also coneribute t o  

t h i s  process, 

Shore i c e  c o n t r i b u t e s  t o  sediment transport by d i r e c t l y  s c o u r i n g  

channel margins and also by encasing and uproo t ing  bed materials and 

t h e  shoreline vegeta t ion.  The denudation of s h o r e l i n e  v e g e t a t i o n  

indirectly serves to increase sediment t r a n s p o r t  by increasing t h e  

s u s e e p t f b i b i t y  of the  shoreline scour  by h i g h  f l o w  eyp.ewts 

U t h o u g h  t h e  re la t ive  contribution o f  sediment transpert by shore  i c e  

is thought to be minor, the  process can significantly influence the 

character of fish hab i t a t s  along the  channel margin. 

S Of the  sediment eransport processes 

dascr tbed in t h e  previous sectfan, t w o  have dominant roles in  he 

formation and maintenance of s i d e  s loughs  and s i d e  channels .  These 

are: 1) high flow events, and 2) ice jams d u r i n g  breakup. Mechanical 

scour  by b lock  i ce ,  anchor ice processes, and shore  i c e  processes are 

less acgive in these habfea t s ,  

Side sloughs and s ide  channels are g e n e r a l l y  s tab le  channels. The i r  

size and shape  imply that they  were formed by h igh  flows. The 

frequency cf high  flows through s i d e  sloughs and s i d e  channels is 

generally l o w ,  b u t  it varies significantly between sites. Th is  

process may be impor tan t  in maintaining and f l u s h i n g  fine sediments 

from these  habitats. Same s i e e s  have formed as a r e s u l t  of i c e  jams. 

An i c e  jam can raise t h e  upstream water l eve l  caus ing  f low t o  d i v e r t  



>.;..mnd t h e  E H , ~ ~ I ' E  channel, t he reby  deve lop ing  a new channel ,  Slough I I 

2~pparemtLy forsled when ail i c e  jasn developed at t h e  r a i l r o a d  b r i d g e  at 

Gold Creek in %976 ,  

SedLment transported i n t o  side sloughs and s ide  channels i s  primarily 

from t h r e e  soureas:  2) mainstem, 2 )  t r i buea ry ,  and 3)  overland flow. 

Or' these saurces,  the mainseem probably dominates, The sediment 

transported ineo these habitats is ehas pistically fine. 

Overtopping flows from the mainstem, which spill aver the gravel  b e m  

ar ehe upst ream end o f  these s i e ( ~ s ,  originate in t h e  upper  p a r t  of t h e  

water column and thus t yp i ca l ly  contain f i n e  p a r t i c l e  sizes only. 

These materials deposit i n  poo l s  w i t h i n  t h e  channel o r  in t h e  

backwater t hae  is often present  at ehe mouth of the channel .  

Of the sediment t r a n s p o r t  processes 

d e s c r i b e d  i n  the previous sec t ions ,  h igh  flow events have t h e  dominant 

r o l e  in shaping tributary mouths. Most tributaries in t h e  m i d d l e  

Susitna River are steep gradient  systems with a capac i ty  to transport 

large quantities of sediment dur ing  f lood  events. 

When a rainstorm causing a f lood is widespread, the Susitna River 

would likely have a high discharge concurrent w i t h ,  or soon a f t e r ,  the  

h igh  discharge in the tributary. Most sediments carr ied by the 

tributary will be t r anspor ted  downstream by the S u s i t n a  River .  

However, dar ing l o c a l i z e d  storms, a tributary may f l o o d  while the 

Susitna River remains re la t ive ly  Low. In such cases. t he  delta a t  t h e  

mouth of z t r i b u t a r y  may build up wieh large deposits of gravels and 

cobbles. The del ta  may extend well o u t  into the Susitna River 

mainstem. Subsequent h igh  discharges i n  t h e  Susitna River will erode 

t h e  de l ta  away. 

. Upland s lough  h a b i t r a t s  are l a r g e l y  i s o l a t e d  from 

mainstem sediment t r anspor t  processes. The excep t ion  is in the  

v i c i n i t y  of the slough mouths, where mainstem flow may i n t r u d e  as a 

backwater d u r i n g  p e r i o d s  of h i g h  mainstern discharge. Suspended 

sediments may s e t t l e  o u t  in these backwater areas and c o n t r i b u t e  t o  

s lough  sedimen :ation, 



r e  and Channel 

Sedi~ene t r a n s p a r t  processes w s u l d  change w i t h  p r o j e c t  oper  n t k o n  

( T a b l e  ZV-5). The operation of a resewai r  r a i l ?  alter the  nae.k:ral 

h y d r o l o g i c  regime o f  t h e  middle  Susitna River .  High erosive 

discharges w 1 1 1  occur less frequently and w i t h  reduced magnitudes. 

mills will x e s u l t  Ln less frequent: breaching of s i d e  s loughs  and s ide  

channels, Sediment t ranspor t  by hydrologic processes w i l l  be reduced 

throughout the  middle Susitea River system. ehsmnel. s t a b i l i t y  will be 

I.ncreaaed, Sedimentatisa and encroachment of s t r e d a n k  vegetation 

will be  more likely to occur in side channels and s i d e  s loughs .  

Less frequent and lower f lood  events in t h e  S u s i t n a  River would a l low 

t r i b u t a r y  de l t a s  to enlarge over their n a t u r a l  size. However, 

tributary mouths are best  analyzed i n d i v i d u a l l y .  Local  

cbaraeterlstics, such as orientation to mainstern flow and t r i b u t a r y  

g rabd iea t ,  g r e a t l y  in f luence  de l t a  formation processes. The above is a 

genera l i zed  scenario which may be characteristic of maay t r i b u t a r i e s  

in  he middle Susiewa River, 

Reduced f ldod  peaks and frequency associated w i t h  p r o j e c t  o p e r a t i o n  

would reduce sediment transport i n t o  upland s lough mouths v i a  

backwater i n t r u s i o n .  Ice processes do not significantly influence 

sediment t r a n s p o r t  in upland s l c ~ ~ g h s .  

Both Watana and Devil C a n y ~ n  resewoirs w i l l  t r a p  n e a r l y  all sediments 

sand s i z e  and larger. P r o j e c t  d ischarges  will a lso  car ry  lower 

eoncencrations of fine si l ts ,  bu t  the  concentration will be more 

uniform throughout the year. Such low concentrations may not  cause 

cementing of the a m r  layer, but the lower flood regime may not b e  

sufficient to disettlrb streambed materials and remove t h e  fine 

sediments which p r e sen t l y  fill interstitial spaces between coarse 

sands and fine gravels. 

The assessment of with-pxoject i c e  processes resulting in sed iment  

t r a n s p o r t  i s  dependene on? p ro j ec t  des ign  and ope ra t ion .  FOP t h i s  
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re%:J.son, c h i s  assessment will proceed base6 on t b ~ o  p o s s i b l e  p r o j  ecl&. 

ehezmad o p e r a t i n g  reg imes  : I )  reservoir  i n f l o w  Cemperat:ure mat e h i n g  , 
and 2 )  w i n t e r - l o n g  wam=,waeer releases. 

R.e Ice jams may s e i i l  occur  i n  

ckc mainstem bus: will be reduced in frequency and magnitude. These 

w i l l  bc a greater tendency f o r  t h e  ice cover to melt in place because 

of  wamer than n a t u r a l  strearn tempctraeures d u r i n g  A p r i l  and increased 

psojecg f low s t a b i l i t y .  This will resule  in less rnafnstem and s i d e  

channel  scour and isss frequent  diversions o f  mainstem f low through 

s i d e  s lough  h a b i t a t s .  The sedimezt t r an spo r t  capacity due to i c e  jams 

will be reduced. The channel s r a b i l i t y  o f  mainstem, s i d e  channel ,  and 

s i d e  s l o u g h  h a b i t a t s  will be  increased. 

Moehanical scour by block ice will also be less severe than n a t u r a l  

levels  in most habitats. This process cccumrs primarily d u r i n g  

b reak t~p .  Rsduced p ro j ec t  discharges w i l l  p rovide  less energy to drive 

i ce  b locks  forcefully into channel banks and bottoms. In some s i d e  

s loughs  w i t h  low overtopping discharges, mechanical scour by b l o c k  ice 

m y  be increased. Project  flows will be higher  dur ing  the winter and 

t h e  breaching o f  some side sloughs may result. 

Pro jec t  influence on anchor i c e  sediment transport processes is 

expected to be minimal. The p r i n c i p a l  influence will b e  to d e l a y  

anchor ice fornation by one to t w o  months. There may be scme Bnerease 

in sediment transport in t hose  s i d e  s loughs  and s i d e  channels t h a t  

will be breached by p r o j e c t  discharge levels du r ing  p e r i o d s  of i ce  

Sediment transport by shore ice processes will p robab ly  be increased 

from n a t u r a l  levels .  m e  increased e leva t ion  forecast  f o r  a 

with-project i ce  cover would r e s u l t  i.n a substaneial amount of 

vegetated shoreline be ing  f rozen  into the w i t h - p r o j e c t  i c e  cover.  

However, lower and more s t a b l e  p r o j e c t  d ischarges  during summer would 

likely minimize  streaxhank scour  along channel margins, 



W-?r~;-~~j.atee-%. Releases. 'If a wam-water rela w e  $hraapr.ght?skt .rin~ter imor ---- --- 
pe-even~ a s o l i d  i c e  cover Gaming an t h e  mainstem? ~ h e  sedimeil t  

t r a n s p a r t  capaci ty  would b e  reduced f o r  a i l  i c e  processes ,  Y a B n S t e m ,  

s i d e  channel ,  and s i d e  s lough  h a b i t a t s  % r i l l  become extremely s t a b l e .  

Sensitive s i d e  skougk habitats with 10% ove r topp ing  discharges w i l l  

no t  be sub jec t ed  Ea increased sediment transport by anchor i c e ,  shore  

i c e ,  o r  mechanical s c o u r  by b lock  ice ,  as w i t h  reservoir inf low 

temperature ~atching, 

T r i b u t a r y  mouth and upland s lough h a b i t a t s  will have t h e  same 

w i ~ h - p r o j  e c t  channel s t a b i l i t y  as f o r  reservoir in f low temperature 

matching, 



Instream Water d Limnolog_v --- L- 

Basel ine Condition 
----*- P 

hfacer quality encompasses numerop?s ~ h y s i c a l  and chemical 

characteristics, i n c l u d i n g  rhe temperature, d e n s i t y ,  cdnductivity, and 

c l a r i t y  o f  t h e  water, as well as t h e  composirion and c o n c e n t r a t i o n  of 

all t h e  dissolved and particulate matter it contains. Water quality 

grclaely i n f l u e n c e s  f i s h  habitae q u a l i t y  by v i r t u e  o f  its d i r e c t  

e f f e c t s  an f i s h  physiology and behavior and b e r a ~ s e  k t  1argel.y governs  

t h e  t y p e  and amount of aquat ic  food organisms ava i lab le  t o  s u p p o r t  

f i s h  growth.  

Each of t h e  aquatic h a b i t a t  t y p e s  assoc ia ted  with t h e  midd1.e Susitna 

River  d i f f e r s  not o n l y  in terns sf its morphology and hydraulics, b u t  

a l s o  in the ba:sic pat tern o f  i t s  water q u a l i t y  r-girne. Therefore, t h e  

r e l a r ive  importance o f  a habitat:  t ype  to f i s h  may change in response 

t o  seasonal change i n  e i ~ h e r  streamflow o r  water quality. In t h e  

middle S u s i t n a  River,  t u r b i d i t y  is an influential and v i s u a l l y  

detectable  water quality parameter t ka t  may be used to c l a s s i f y  t h e  

s i x  aquat ie h a b i t a t  t ypes  i n t o  ma distinct groups  d u r i n g  t h e  open 

water season: clear  water sr t u r b i d  water, Thus, it is u s e f u l  eo 19 

examhe the water q u a l i t y  characteristics of  b o t h  d e a r  and t u r b i d  

water aqua t i c  h a b i t a t s ;  2 )  identify how the  water quality of  these  

aquatic h a b i t a ~  t y p e s  changes on a seasonal b a s i s ;  and 3)  d e t e r m i n e  

how these seasonal changes in t u r n  i n f l u e n - e  t h e  q u a l i t y  o f  t h e  

aquat ic  habitat t ypes ,  

Highly t u r b i d  water amouats  f o r  t he  g r ee t e s t  m o u n r  of wetted surface 

area i n  the middle  Susitna River from June to September (K l inge r  and 

Trihey 1 9 8 4 ) .  During t h i s  p e r i o d ,  w'ren su r face  r u n o f f  and g l a c i a l  

melting are g r e a t e s t ,  t o t a l  d i s s o l y ~ e d  s o l i d s ,  conduct i v i e y ,  

alkalintey, hardness, pH, and t h e  csncentraeicns sf t h e  dominant 

anions  and most cations cend 20 be at t h e i r  l o ~ ~ e s t  levels of t h e  year, 

v h i l e  stream ieruperature, c u r b i d i . t y ,  t r u e  c o l o r ,  chemical ox)rgen 

demand, t r ~ t a i  s u s p e n d e d  s o l i d s ,  t o t a l  phosqhoicus , and -,he t o t a l  



coneen t ra t i csns  of a v a r i e t y  of  trace metals are a" ihFl i r  I i i g h c ? ~ ~ : :  

values f a r  the y e a r  ( T a b l e  I V - Q ) ,  Liverage nitrate-r,z,i t rog;en 

cancenzlratisns remain r e l a e ive ly  constant t h r o u g h  * a t  t h e  year with 

greater variaei-on d u r i n g  the  sumer  as d i s c h a r g e  ~ ~ U C ~ U ~ ~ ~ ~ S ,  

The b a s i c  water chemistry of t h e  c lear  water flow of  t h e  m i d d l e  

Sus i tua  River i n  w i n t e r ,  and of ce r t a in  groundwater  f e d  habita~ types 

throughout: t h e  year can be generalized from an evaluation o f  t h e  %yarer 

q u a l i t y  record  f a r  t h e  Susitsa River at Gsbd Creek d u r i n g  w h t e r ,  

Surface  water f l o w  throughout  t h e  b a s i n  is low and t h e  concentration 

of suspended sediment and t he  trace metals, and phosphorous assccia ted 

witn i e ,  is Ass $OW 8r bePsw detection l i m i t s ,  During wfnter  months ,  

middle S u s i t n a  River discharge i s  comprised almost e ~ t t i r e l y  of  outflow 

from t h e  Tyone River System (lakes Louise, S u s i t n a ,  and Tyone) and 

groundwater inflow to tributaries and the  mains k e m  itself. 

Groundwater spends a grea te r  amount of time in contac t  w i t h  t h e  s o i l  

and u n d e r l y ~ n g  rocks  of t h e  watershed than sur face  runoff  o r  g l a c i a l  

meltwater and thus con ta ins  more dfssalved substances, 

The s p e c i f i c  water q u a l i t y  characteristics of elear o r  t u r b i d  water 

flowing th rough  a given channel may d i f f e r  from t h e  general 

descriptions provi.ded above, depending on Local v a r i a t i o n s  in t h e  

amounc o f  local surface mnaf f  or the  composition and d~stribukion s f  

racks ,  s o i l s s  and vege ta t f sn .  ESonethekes;, a g e n e r a l i z e d  seasonal. 

water qualiry regime unique to each habitat t y p e  seems t o  p r e v a i l ,  and 

having knowledge of it provides  u s e f u l  i n s i g h t  i n t o  t h e  d i r e c t  and 

iL2direct role water quality p l a y s  as a c~mpcsnen"eof f i s h  h a b i t a t  

within t h e  TaIkeetna to Devil Canyon segment of t h e  Susitna River.  

Mainstem and S i d e  Channel Habitats --- 

A compc.2rison of  the  summer and w i n t e r  water quality r e c o r d  f o r  the 

Susitna River at Gold Creek ( T a b l e  I V - 6 )  reveals  a seasonal contrast 

in t h e  water quality conditions of  the mainstem and its assoc ia ted  

s i d e  channe l s .  Dur ing w i n t e r  a lmost  a11 t h e  flowing water i z  covered 
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i t :  i c e  and snow, however h i g h  v e l o c i t y  areas  and small i s o l a t e .  

areas o f  w a r m  ( 3 - 4 ' C )  groundwater upwelling maintain a few seatteeecl 

open leads,  

A winter-spring transition a lga l  blcam probab- ly  occurs  38: open leads 

a l o n g  t h e  mainstem and s i d e  channel  margins o r  at mid-channel shoals 

and r i f f l e  areas (Hyrmes 1970). The m o u n t  o f  surface  area potenrially 

involved i n  c h i s  process suggests t h a t  t h i s  mainseem contribution co  

aurothtbonous produceion may b e  substantial. 

During s p r i n g  break-up, stream flow r a p i d l y  increases d u r i n g  May from 

app rox ima te ly  5,000 c f s  to 20,000 c f s ,  while suspended  sediment  
- Z concentragions f l u c t u a r e  cons ide rab ly  ( 9  - 1,670 mg 1 ) ,  but. average 

--I 
approximately 360 mg 1 (Pera t rovich  e t  ale 15182). Mosr o f  t h e  ben- 
e- l" - ~ ~ l i c  production t h a t  occurred during t h e  w i n t e r - s p r i n g  transition is 

Likely d i s l o d g e d  and swept docmstream. A p o r t i o n  of t h i s  material may 

follow t h e  n a t u r a l  flow p a t h  along t h e  mainstem margin and i n t o  

p e r i p h e r a l  overflow channels and sloughs. Thus h i g h  s p r i n g  f l o w s  may 

redistribute f i s h  food organisas and retain some o f  t h e  winter-spring 

transition organic production. At: prevailing springtime t u r b i d i t i e s  

(SO t o  100 N T U ) ,  t h e  mainstem margin and side channels apparently 

continue to suppor t  a low t o  moderate level  of primary produc t ion  

b~herever v e l o c i t y  i s  not limiting. me e u p h o t i c  zone at t h i s  time is 

estimated to extend t o  an average dep th  between 1 . 2  and 3 .5  f t  (Van 

Nieuwenhuyse 1984)  , 

I n  sumer, mainstem flows are at t h e i r  h i g h e s t  levels. The total 

surface area a\?aflable f o r  pr imary producticn is limited by higia 

t u s b f d i t i e s  that reduce the d e p t h  of u s e f u l  light penetration to less  

than 0.5 f t  (Van Nieuwenhuyse 1994) .  Many of t h e  i n s e c t  species are 

in t h e  egg s tage o r  i n  e : ~ r l y  instar phases at this t i m e  (T. Hansen, 

Harza-Ebasco, 1984,  pers ,  corn.  ) . Juvenile f i s h  migrating o u t  o f  

t h e i r  natal tributaries msve t o  Isw v e l o c i t y  r e a r i n g  k a l i t a e s ,  which 

seeen to be concentrated in p e r i p h e r a l  areas of the  emairastern and s i d e  

c h a n n e l s ,  and. side s l o u g h ,  and u p l a n d  s l o u g h  a q u a t i c  h a b i t a t s  (Aj7F&G 

1 9 8 4 ~ )  



L a r g e l y  because of  its water q u a l i t y  ( e s p e c i a l l ~ ~  irs h i g h  suspende: :  

sediment concentration), t h e  p r i n c i p a l  function of mainstem habicar 

during the s u m e r  monens i s  eo  p r o v i d e  a transportation c o r r i d o r  for 

inmigrating spawning salmon and outmigrating smoles. Mainstern water 

q u a l i t y  a l s o  h a s  a signlficanr i n f l u e n r e  on t h e  seasonal water q u a l i t y  

regime of  s i d e  s lough  habitats, when overcopping of s i d e  s lougi-  

Field observations made in 1984 by E W & A  suggested t h a t  d u r i n g  a 

t y p i c a l  autumn transition p e r i o d ,  a second p u l s e  o f  primary p r o d u c t i o n  

o f t e n  occurs  in t h e  mainstem, dominated t h i s  time by green filamentous 

algae  r a the r  than  diatoms. This second bloom, induced in par t  by 

moderating stream flows, bu t  mostly by a notable r e d u c t i o n  in t u r -  

b i d i t y  l eve l s  t o  less than  20 NTU, p r o b a b l y  exceeds t h e  winter-spring 

transition bloom in terms o f  biomass produced and s u r f a c e  a rea  

a f f e c t e d .  The d e p t h  o f   he euphotic zone a t  t u r b i d i t i e s  o f  20 NTU 

approximaces 5 f r  (Van Nieuwenhuysa 1 9 8 4 ) .  This f a l l - w i n t e r  period of 

abundarlce stops at freezeup. Some o f  t h i s  production is d i s l o d g e d  

and s w e p t  away o r  frozen in place. 

S i d e  sloughs present a unique seasonal pattern of streamflow and water 

quality t h a t  is important t o  many f i s h  spec ies  inhabiting t h e  m i d d l e  

Susitna River. S i d e  s l ough  t a b i t a t  consists sf c lea r  water maintained 

b y  groundwater upwelling o r  l o c a l  su r face  runof f  in overflow channels. 
i 

One d i s t i n g u i s h i n g  characteristic of  s i d e  s l ough  h a b i t a t  is t h e  

p e r i o d i c  ove r t app ing  of  t h e  upstream end o f  t h e  slough by h i g h  

mainstern d i s c h a r g e  leve ls  that temporarily t r a n s f o m s  t h e  s i d e  s l o u g h  

ts s i d e  channel  h a b i ~ a ~ ,  

In w i n t e r ,  s i d e  d o u g h s  csn 'exin  numerous open heads maintained by 

upwelling groundwater ( a F h G  1983a). Tlius t hey  p r o v i d e  intragraqe1 

h a b i t a t  f o r  incubating e.~l?ry~rj. and  c v e ~ d i n t e r i n g  o p p o r t u n i t i e s  f u  

r e s i d e n t  and j u v e n i l e  anadromous fish. 



B r l ~ x n g  the winter-spring t r a n s i t i o n  p e s i a d ,  srrhrface water tempepat i - i res  

.?xceed i n t r a g r a v e l  waror temperatures during t h e  day ( T r i h e y  1982, 

aJF6rG 1.983a). @"i?r.ew, sockeye and p i n k  fry emerge from natal are2j.s 

viekin the s%ougks  d u r i n g  t h i s  eransitisn and p r i m a r y  pro$uctEon rates 

px:c?bab%y increase a t  t h i s  time, 

Because s i d e  sloughs are located along t h e  l a t e r a l  portions o f  the 

flood p l a i n ,  s p r i n g  breakup in ehe s loughs  is g e n e r a l l y  less spec- 

tacular  than i t  is in ei ther  t h e  ~ r f b u t a r f e s  o r  mainstem and s i d e  

s h a n n d  habitats, The mast significant changes in s i d e  s l o u g h  water 

q u a l i t y  occur  d u r i n g  t h e  sumer. Side s loughs  are c o n n e e e d  a t  their 

upstream end t o  6he mainstem o r  s i d e  channels by head berms o f  various 

e%eva%lows,  As m a i n s t e m  d i schapge  increases s i d e  sloughs are  

inundated w i t h  t u r b i d  maix~stem water, me lower t h e  e l e v a t i o n  sf t h i s  

u p s t r e a m  b e r m  t h e  more drastic and frequent are these overtoppings. 

During each overtopping, t h e  s i de  s lough  water q u a l i t y  and temperature 

a r e  dominated by t h e  characteristics of t h e  mainstem. 

S l o u g h s  are  a l s o  subject  to t u r b i d  backwater e f f e c t s  a t  t h e i r  

damstream junc tu re  with the mainstem or a s i de  channel  (mouths). 

Much of the suspended sediment l oad  carr ied in by the  mainscem wat:er 

se t t l es  in t h e  backwater and thus presents a subscrate different from 

t h a t  found fa r ther  upstream i n  t h e  s loughs .  

F i e l d  obse rva t ions  by E W & A  suggest that some of the sediment  ca r r ied  

th rough  s loughs  seems t o  become p a r t  of  an organ ic  rnatrix of unknown 

composition ( p r o b a b l y  involving bacteria, fungi, and o t h e r  microbes) 

which in t u r n  is u s u a l l y  covered by a layer of pennate diatoms. T h i s  

benthic  e s m u n i t y ,  which covers most streambed material greater ekan 2 

t o  3 inches  in d i f ame te r ,  caw be o b s e n e d  througt~orat  the system in 

mairnstearm and s i d e  channel h a b i t a t s  as well, 1.0: is p o s s i b l e  that the  

phosphorus associated wich t h e  sediment p l a y s  some ro l e  i n  making t h i s  

p o s s i b l e  and studies (Stanford, Univ. of Montana, pers .  comm. 1981.) 

elsewhere indicate that as much as 4 percent rsr more of' this 

sedimo-:;:-bound t o t a l  phosphorus  can becrrne biologically a v a i l a b l e  -- 



perhzi;~s to the d i a t o m s .  T h i s  migh t  help explain how p r i m a r y  produc~is 

can  s r i L i  mainrain a v i a b l e  presence even under h i g h l y  t u r b i . d  

c o r l d i r l o n s  , 

Dur ing  Late September and ear ly  October ,  1984 fall-vinter transit:Lonal 

a l g a l  blooms were observed by EWT&A in most s i d e  s l o u g h s  and t h u s  

p r o b a b l y  occur every year. The 1984 bloaol was character ized by dense 

maes o f  filamentous green algae growing on grave l  substrate of one 

i nch  i n  d imete r  up t o  t h e  largest cobble ,  

Upland s l o u g h  h a b i t a t  i s  d i s t i n g u i s h d  from s i d e  s l o u g h  kaabitat by t h e  

Lack of  ove r topp ing  of t h ~  upstream s lough  end by h i g h  mai-nstem 

discharges. Thlls, groundwater upwelling and l oca l  runoff  dominate t h e  

water q ~ a l i t y  characteristics of  upland s l o u g h  habitats except at che 

s l o u g h  mouths,  which are influenced by t u r b i d  backwzter effects from 

t h e  mainstem, 

As f o r  all other aquatic habitat types, t h e  sea3nnzl water q~alirp 

paerern d i s p l a y e d  by the tributaries is c l o s e l y  linked to t h e i r  annual 

flow regimes. mis p a t t e r n  is of csnsiderable interest s i n c e  it i s  in 

t h e  tributaries--most norably P o r t a g e  Creek, Indian  River ,  and F o u r t h  

cf J u l y  Creek---where most of the f i s h  production originates (ADF&G 

1981, 1 9 8 2 ,  1984a) .  These streams provide  spam-ing,  rearing, and 

o v e m i n t e r i n g  h a b i t a t  thac  either does noc e x i s t ,  or only exists in 

limited amaunts in other h a b i t a t  t ypes .  T r i b u t a r i e s ,  in e f f e c t ,  may 

represent  t h e  most produc t ive  of t h e  aquatic h a b i t a t s  in the m i d d l e  

Susitna R i v e r .  The i o n i c  composition of t r i b u t a r y  water l i k e l y  

conforms to t h e  hydralogic p r i n c i p l e  t h a t  t h e  s o i l s  of  a stream b a s i n  

generally govern the quantity and the quality of t h e  s o l i d s  contained 

in tfae water flowing f rom it. The moderate soncentratisns of 

macronutrients (phosphorus  and n i t r o g e n )  that p r e v a i l  in these streams 

p r o b a b l y  represent on11 t h a t  which leaks f rom t h e  internal cycling 

t a k i n g  p lace  in the soils s f  t h e  l o c a l  watershed, 



T r  w i n t e r ,  t r i b u t a r y  flaw is m l . n i m a l  a d  is camprfsed s f  g r r a u n d ~ a t ~ : :  

r i s i n g  up t h r m g h  t h e  deeper p o - r ~ i - o n s  of  t h e  f.ce-ci;n.strkcted s trealri 

channel ,  S ince  much o f  t h e  winter mainstem flop7 i s  comprised o f  

c o r l t r i b u ~ i o n s  maAe by groundwater and t r i b u t a r y  s~ljjulft~ces t r i b t ~ t k a r y  

water chemistry i s  p r o b a b l y  similar t o  t he  w i n t e r  water chemistry 

characteristics csf t h e  minseem (Table TV-6) .  Thus, "the water quality 

characteristics s f  t r i b u t a r i e s  during winter reflect a well-buffered, 

igell-oxygenated environment f o r  enibryo incubation and a d u l t  and  

juvenile nveriaintering. 

During the f o u r  to s i x  week transition between w i n t e r  and t h e  onse t  o f  

che s p r i n g  f r e she t ,  p o r t i o n s  o f  t h e  i ce  and snow cover o n  t h e  

tributary melt away. Fdater temperatures may increase s l i g h t l y  and a 

pulse o f  primary production probably  occur s  in respcnse :o  a 

lengthening photoperiod (Hynes 1970).  The a b i l i t y  o f  Light  t o  reach 

t h e  a l g a l  romnnunity i s  a s s i s t e d  by absence of leaf cover an stream 

bank vegetation and presence of candle i c e  t h a t  effectively transmits 

l i g h t  (Jacqueline Laperrbere, pers. corn. 1984) .  The emergence of 

some f i g h  species and many insects is apparene ly  timed t o  occur  d u r i n g  

t h i s  b r i e f  ear ly-spr ing  interlude s f  p l e n t i f u l  food and r e l a t i v e l y  

tranquil stream f l o w s ,  

T y p i c a l l y ,  by mid-May air temperatures have increased to 8 ' C  and t h e  

s p r i n g  freshet has f i l l e d  the tributary channel  wieh runof f  from 

rnekf~ing snow. Ice redistributes much o f  the c a b b l e  substrate and 

f l u s h e s  out organic and inorganic d e b r i s  as well as much of t h e  

ben th ic  community (Wynes 1970). This eros ion  causes an increase in 

suspended sediment concentration and t u r b i d i t y .  Likewise,  c o l o r ,  

total organic  carbon, and chemical oxygen demand, increase  

substantially, while, as in the mainseem, t h e  inflow of  s u r f a c e  runof f  

d i l u t e s  winter concentrations o f  d i s s o l v e d  solids. It i s  l i k e l y  that 

t h e  s p r i n g  f reshe t  serves as a functional reset mechanism f3 r  ?he 

system, in e f f e c t ,  cleansing it in preparation f o r  t h e  e c o l c g i c a l  

evenrs to fallow, 



Typicdl water q u a l i t y  in tributaries d u r i n g  t h e  s u m e r  (June t . 3  

~ ? i d - - S e p ~ e m b e r )  p r o b a b l ~ r  approximates t h e  winrer condition excepc for 

l s s e r  concenerations o f  d i s s o l v e d  s o l i d s  (Hynes 1 9 7 0 ) .  Summer str,eam 

temperatures are  warmer and f l u c t u a t e  d i u r n a l l y .  This background 

condition is Erequen~ly punctuated by storm sunoff  events. 

Sunwer is t h e  season when j uven i l e  fish are mas2 ac t ive .  Rearing i s  

s u p p a r t e d  primarily by t h e  growth and recruirment caking place within 

t h e  aquat ic  insect c a m u n i t y  (especially chironomids) . The c a r r y i n g  

capac i ty  o f  tributaries, however, does not appear  adequate t o  s u p p a r t  

the large numbers of rearing juven i les ,  so many j u v e n i l e s  ou tmig ra t e  

at t h i s  sime to continue t h e i r  development elsewhere (ADF&G 1 9 8 4 ~ ) .  

During late September and ear ly  October a second transition p e r i o d  

o c c u r s  as streamflow, pho tope r iod ,  and temperature g r a d u a l l y  decline. 

A l g a l  biomass and p r o d u c t i v i t y  are p robab ly  a t  t h e i r  annual peak  as is 

the standing crop of benthic macrojnvertebrates (Hynes 1 9 1 0 ) .  The 

a lga l  m a t  is not on ly  a food source f o r  a variety of  insect l a w a e  and 

nymphs, but serves as microhabi ta t  for many aqua t i c  organisms 

i n c l u d i n g  jweni le  fish. The l e ~ v e s  shed from r i p a r i a n  vegetation may 

p r o v i d e  f u r t h e r  mxcrohabirat and inseet  food subs t ra te .  

By l a t e  October ,  surface water temperatures are 0°C and an i ce  cover 

b e g i n s  to form. Unstable  border  ice and anchor i ce  p r o b a b l y  d i s l o d g e  

a substantial portion of t h e  benthic community caus ing  it t o  b e  swept 

damstream. Much ef what remains of t h i s  c o m ~ u n i t y  may b e  frozen in 

place as the  i ce  cover i o m a t i c n  continues. Freezeup i s  u s u a l l y  

complete by late November or early December when t h e  w i n t e r  phase of 

the  annual cycle begins  once again, 

T e ~ ~ p e r a t u r e  and suspended sediment seasonally influence a q u a t i c  

habitat eypes in t h e  middle Susitna R i v e r  and t h e r e f o r e  are impor t an t  

in t h e  distribueion and p raduc t ion  of f i s h ,  It i s  a l s o  e v i d e n t  t h a t  

ehese  water quality parameters w b e  directly a f f e c t e d  by  



c o r i s r r u c t i a r i  2nd o p e r a t i o n  o f  t h e  p r o p o s e d  p r o j e c t  ( A E i ' 3 C  i3d4 * 

Pcraerovi%lH.s et al, % 9 8 2 ) ,  Scream temperature is d i s c u s s e d  in Sectic!n. 

LV D of  t h i s  r e p o r t ,  hence t h e  following d i s c ~ l s s i o r ?  f o c u s e s  an 

suspended s e d i a ~ e r ~ t  and t u r b i d i t . g .  

The dowrrsrreaol water quality regime w i l l  change as a r e s u l t  a f  p r o j e c t  

ope ra t i cn .  resewoir(s)  i s  expected to t r a p  approxxrnafely 70 to 

95 percent  of t h e  t o t a l  volume o f  sediments t h a t  are annually 

transported through the middle S u s i t n a  River (R&M Consultants 1982, 

Harra-masco 1984a) .  The sediment remaining in suspension and 

released dobsnstrearn year round 61111 consist predominantly of fine 

p a r t i c l e s  ( < 5 ~  i n  d i a m e t e r )  ( M A  1983), which create a t u r b i d i t y  f a r  

greater  in p r o p o r t i a n  t a  their mass t h a n  larger  p a r t i c k s ,  Estimates 

f o r  t h e  expected concentration of t o t a l  suspended s o l i d s  released fxom 
- 4. 

the reservoi r (s )  ye.ar round range from 0 t o  345 mg I with t h e  
-1 

expected average between 30 and 200 mg L (Pera t rovich  e t  al. 1982) .  

Concentrations of t h i s  magnitude w i l l  likely r e s u l t  in year round 

t u r i ~ i d i t i e s  ranging  between 60 and 600 NTU (Peratrovich et al. 1982) 

w i t h  corresponding euphotic zone d e p t h s  of approximately 3 and 0 .4  f t  

(Van Nieuwenhuyse 1 9 8 4 ) .  

A reduction in suspended sediment levels  in the middle  reach o f  t h e  

Susitna River w o u l d  likely r e s u l t  in existing sediments and f i n d  sands 

i n  streambed materials to be transported downstream (Harza-Ebasco 

6984a). Additionally, i f  s h o r t  tern peak f l o w  events d i s t u r b e d  

sereambed materials and eleared t h e  interstitial spaces of f i n e  

sedirnenes, the hydraulic connection between sur face  and subsu r face  

flow wotldd p robably  improve. These conditions, in t u r n ,  would be 

expected to increase t h e  success rate f o r  mainstem and s i d e  channel 

s p a w i n g  by salmon and t7.2e colonization rates of  periphyton and 

b e n t h i s  invertebrates d u r i n g  the  sumer, 

Primary production in ehe  m i d d l e  reach o f  t h e  Susitna R i v e r  presently 

a p p e a r s  t o  b e  concentrated in the s p r i n g  and f a l l  p e r i o d s  o f  ;ow 



r u r b i d i t i e s .  Constant, yea r - round  t u r b i d i t y  Levels in tke  range  o 50 

to bCS NTU would l i k e l y  reduce t h e  level of  primax:. p r o d u c t i o ~ :  d u x i n g  

t.hese eransitian periods, 



I n s  Ice  P ~ r o c e s s t ~ s  
P ---=---- 

Ir~stream Temperature Criteria 

Within t h e  range o f  temperatures encountered in n o r t h e r n  r i v e r  

systems, increases in stream te~peratuse generally cause f r~crease  

ill the rate o f  chemical react ians,  primary production, and c y c l i n g  o f  

all.oeh%hsnous food sources, me f i s h  inhabitants a %  t h e  river" sys tem 

adjust t h e i r  body temperatures t o  maech the tewilerature o f  t h e  water. 

As temperatures inchease, rates of d i g e s t i o n ,  eirculatf an and 

respiration increase, Thus, there i s  an ovrzrall increase I n  t h e  ra te  

of energy  i n p u t ,  nutrient cycling and energy use as t h e  r i ve r  system 

wi3rms .  

Each species of f i s h  i s  physiologically a d a p t e d  t o  su rv ivp  w i t h i n  a 

tolerance range of  scream tenperature. Within e h t ;  ~ o l e r a n c e  range 

ehe re  is a narrower range o f  "preferred" temperatures a t  which  

metabolism and growth r a t e s  o f  i n d i v i d u a l s  are  most e f f i c i e r i t .  

Outside t h e  tolerance range are upper  and lower i n c i p i - e n t  "Lethal 

limits, 

The preferred temperature range f o r  a d u l t  salmon in t h e  m i d d l e  Susirna 

River ranges from 6 to 12'C (AEIDC 1984b). Juvenile salmon p r e f e r  

s l i g h t l y  wamer tsmperatures f a r  r ea r ing ,  generally r ang ing  from 7 t o  

14°C ( T a b l e  I V - 7 ) .  These temperatures are 'consistent with the 

preferred tsaperature range of 7 to 13'C r e p o r t e d  by McNeil and B a i l e y  

(1975) Ear Pacific salmon. The p r e f e r r e d  temperature range f o r  

incubation i s  generally beiween 4 and 10°C a l t h o x g h  chum salmon 

embryos s u c c e s s f u l l y  incuba te  in temperatures between 2 and 8 ° C .  

The time r e q u i r e d  f o r  embryo incuba t ion  is d i r e c t l y  re la ted  to stream 

temperature. Devel.opment rates  increase with rising stream 

temperature up t o  approx imate ly  14 'C .  Abcve t h i s ,  f u r t h e r  temperature 

increases are  csnsider 'ed d e ~ r . l m e n t a l ,  Salmon embryos are a l s o  

v u l n e r a b l e  to co ld  terrperatures until t hey  have zccum~l l a t ed  



T a b l e  IV-7. Preliminary stream temperature c r i t e r i a  f o r  Pacific salmon 
developed from l i t e r a t u r e  sources f o r  application t o  t h e  Susitna 
River, 

S p e c i e s  L i f e  Phase 
re Range ("6) 
--l__ --.(--i\l 

Tolerance Preferred 

Chum 

Sockeye 

P i n k  

Chinoak 

Coka 

Adul t  M g r a t i o n  
Spahming 
Incubation 1 

Rearing 
Smelt Migration 

Adult: Migration 
S p a m i a g  
Incubation 1 

Rearing 
Smol t  Migraticn 

Adult Migrat-Lon 
Spamiwg 
Incubation H 

Smolt Migration 

Adult Migration 
Spawning 
Incubat i o n  1 

Rearing 
Smclt M g r a t i o n  

Adult Migration 
Spawning 
Incubatf on 31 

Smole Migratian 

1 Embryo incuba t ion  or d e ~ z l o p m e n t  rate increases as temperature rises. 
Accumulated temperature units or days to emergence should be de te rmined  f o r  
each species f o r  incubat ion,  See Figure  IV-D-1 



9 

I 
a y p r o x i a a t e l y  140 centigrade temperature units: (CTU' s) After t h i r  

initial p e r i o d  of sensitivity to co ld  temperatures h a s  p a s s e d ,  

i - n c u b a t i n g  embryos can to lera te  temperatures Rear O°C. 

'Cable IV-8  p r o v i d e s  a campariso~l  between t h e  number o f  CTl i i s  t h a t  

r e s u l t e d  i n  50 percent hatching and 50 percent emergence o f  chum 

salmon alcvins  under both  f i e l d  and l abora to ry  environments. The 

nw.mber of tempe~ature units that resul ted in 50 percent: hatching and 

50 percent eraergence of chum and sockeye alevins ac selected m i d d l e  

Susitna River s loughs  appear  similar t o  that r equ i red  by Alaskan 

stacks o f  these species under eon t ro l l ed  conditions, C o l l e c t i v e l y  

these d a ~ a  indieace  that 400 CQ 500 CTU% saw be used as an index f o r  

50 percent  hatching o f  chum and sockeye eggs. 

ii simplified way of forecasting emergence time u s i n g  the i n f o m a t i o n  

p r o v i d e d  i n  Table  IV-8 and other p e r t i n e n t  data from t h e  literature 

was developed by AEIDC ( 1 9 8 k b ) .  The r e l a t i o n ~ h i p  between mean 

incubation "Lqeer ture  and development ra te  f o r  chum and sockeye 

embryos is presented  in the form of a nomograph (F igure  IV-5). 

Tlais nomograph can be used to forecast the  date of 50 percent  

emergence given the s p a m i n g  date and the mean d a i l y  in t ragrave l  water 

temperature f o r  t he  incubation period.  A straight line p r o j e c t e d  from 

the spacming date  olt the l e f t  a x i s  through the mean i n c u b a t i o n  

temperature on the middle axis i d e n t i f i e s  the  date of emergence on t h e  

right axis. 

'A centigrade temperature unit is t h e  index  used to measure the 
influences of temperature on embryonic development and is defined as 
one 2 4  hour  pe r iod  1°C above f r e e z i n g  (O°C). Hence stream 
temperatures between 4 and 5'C would p r o v i d e  140 c e n t i g r a d e  
temperature units in about  one month. 



T a b l e  IV-8 . .  Camparison of accumulated ceneigrade temperature unit; (CTU's) 
needed to p r c d u c e  50 percent  h a t c h i n g  of chua~  salmon e g g s  and 50 
percent emergence of chum sa laon a lev ins  at selected s i t e s  on the 
Susitna River w i t h  those r equ i red  under controlled i n c u b a t i n g  
envf roments  elsewhere in Alaska, 

Lacat i o n  
Brood CTsJ's requi red  GTUP s requ i red  I 
Pear f o r  50% Hatching f o r  50% Emergenee 

Sus iena  River - Slough 8 A  1982 539 

Susiena River - Slough l i  1982 50% 232  

S u s i t n a  River - Slough 2 1  Mouth 1982 534 

Clear Hatchery 3 1 9 7 7  4.20 

Clear Hatchery 3 
1978 4#55 393 

USFWS Laboratory - Ancharage 5 1982 306 

USFWS Laboratory - Anchorage 5 1982 448 ---- 
USmS Eaboratory - hchsrage  5 1982 489 ".wI.Bye- 

USmdS Laboratory - hchs rage  5 
1982 472 

I Calculated from the tima of 50 percent hatching to the time of 50 percent 
emergence 

No emergence had occurred as o f  A p r i l  20 

Raymond (1981) 

4 Loren Waldeon, Eklutna Hatchery, persona l  -omunica t ion  

Adapted from Waangard and Burger (1983) 
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Enscream Temperature Processes 
P W P P  

Stream temperature in norehern rivers respcnds primarily to t h e  

seasonal v a r i a t i o n  cf the l o c a l  climate and h y d r o l o g i c  c o n d i r i o ~ t s .  

Heat transfer between the atmosphere and an open water su r face  

p r i n c i p a l l y  occurs  through convection, evapora t ion /cor%densa t i~n  and 

r a d i a t i o n .  Heat transfer by convection and evaposation/crondansatioka 

responds d i , r e c t l y  to wind speed and t h e  temperature d i f  ferentiab 

across ehs air-water Paatexface, Radiative heat transfer c o n s i s t s  o f  

&ra types :  shortwave and Ionpave  r a d i a t i o n .  Both short- and 

longqa-~e radiation are significantly influenced by bas in  topography, 

percent cloud colter, and surrounding vegetation. A t  h igher  latitudes 

incoming shortwave r a d i a t i o n  i s  h i g h l y  var iable  because of seasonal 

differences in t h e  solar azimuth which influences t h e  intensity o f  t h e  

shortwave radiation p e r  unit area and t h e  length of t h e  daylight 

p e r i . ~ d ,  

Cooling o r  warming of the river by the  processes described above w i l l  

noe be altered by t he  construction or operation o f  t h e  proposed 

p ro j ec t .  However, t h e  amount and temperature o f  water i n f l u e n t  to a 

river also affects its temperature. Construction and operation o f  the 

proposed Susitna P r o j e c ~  w i l l  substantially alter these existing 

seasonal relationships by the  redistributian of t h e  avai lable  water 

supply and its associated heat energy through the year. 

Sources of water i n f l u e n t  to t h e  Susiena River are classified as: 

glacia l  melc , tributary inflow, non-point surface runoff , and 

groundwater inflow. The relative importance of each of these 

to mainstem flow and temperature at Gold Creek var ies  seasonally. 

T r i b u t a r y  and non-point s u r f  ace runoff increase during snow melt 

p e r i o d s  and in response to rainstorms, and g l a c i a l  melt water is 

predominantly a surmner phenomena. Groundwater -inflow, however, 

a p p e a r s  to remain f a i r l y  constant throughout  the year. Hence its 



.-elative importance increases d u r i n g  winter as i n f l o w s  from g l a c i a l  

a g : % e  and wan-point runof f  cease, T r  E b u ~ a s y  inflows themse %ves 

d i - m i n i s h  ~o base levels maintafned by groundwater i n f l ow  from thgibc 

s u b - b a a i n s .  The tenrperatuae sf influent g ro l~ndwa te r  remaisas near 3 to 

4°C chrougl~out  eke  year (ADF&G 1983a). Glacial melt water at the 

h idraaeezs o f  t h e  S u s i t n a  River is near O'C b ~ e  it i s  wasmed by the 

Ineat transfer groeesses desc r ibed  earlier as it flows downstream. 

Temperature of t r i b u t a r y  waters are generally cooler  than the 

temperature o f  rhe mainstem, especially d u r i n g  May and June when mast 

of t h e i r  streamflow consists of snow melt (F igu re  IV-6 .  T r i b t l t a ry  

castes temperatures deterr2*:e surface water temperatures at tributary 

mouths. Tr . i t a r y  flaws arscteristically hug the mainstem s h o r e l i n e  

a t t e r  canverging w i t h  the Susitna River forming a plume t h a t  may 

enreend several hundred f e e t  domstream, 

Mainsten, water temperatures normally range from ze ro  d u r i n g  t h e  

November-April perioci "a 1 1  or 12'C from late June to mid-July. Water 

temperatures inereas a p i d l y  du r ing  May b u t  g r a d u a l l y  decrease d u r i n g  

September and Octo', r e  Water temperatures in side channels f o l l o w  

miastern eemperatuses except in s i d e  channel areas which do not convey 

mainstem water dur ing  p e r i o d s  of low flow. Except when overtopped by 

mainstem flowr surface water temperatures in s i d e  s loughs  are 

iadependent of mainstem water temperatures even though bo th  may 

occasionally b e  t h e  same temperature ( T a b l e  I V - 9 ) .  

Sloughs receive n e a r l y  all of t h e i r  clear water flow from l oca l  runoff 

and groundwater inflow. Due to their relatively large surface areas 

i n  comparison to t h e i r  depth  and flow ra te ,  s loughs  a re  quj-cker t o  

w a r n  and cool, Henee daily f Iuetua~ions in side slough surface water 

eemperaeures are more exaggerated than  f o r  mainstem or s i d e  channel 

water temperatures (mFErZ 1984f) .  When s loughs  receive substantial 

inflow from snomeEt ae rainfall runoff, their surface water 

temperatures will re f lec t  the temperature of  t h a t  runoff. During 

winter, slough f l o w  is primarily maintained by upwelling which 







> C S - B S S ~ S  v e r y  s t a b l e  temperatures around 3°C  (NIF&G 1983). S u r f a c e  

water 3:caperatuses are significan~ly influenced by t h e  thema1 quality 

cL t h e  u y w e l l i r t g s ;  o f t e n  remaining above O°C th roughout  most o f  the 

1.inter. Su r f ace  water temperatures t y p i c a l l y  reach 5 o r  6 ° C  in 

qu iescen t  areas within s i d e  s loughs  by mid A p r i l ;  approximately one 

month befo re  similar temperatures are avai lable  in mainstem and side 

Qccasi.csnaliy s,de s lcughs  are overtopped by mainstem water d u r i n g  

s t a g i n g  at freezeup kahieh severely disrupts t h e  r e l a ~ i o n s h i p  between 

inr-ragravel  and su r f  ace water temperatures. Qnee overtopped t h e  

small volume of r e l a t ive ly  w a r m  slough water, which senves to buffer 

submerged upwelling areas from extreme c o l d ,  i.s imed ia te ly  replaced 

hy a large volume o f  O'C wager and s lush  ice.  As t h e  over topped  

condition persists  the warming irifluence o f  the upwelling is 

diminished and in t ragrave l  water temperatures decrease from 3 o r  4 ° C  

to near zers  (mFbG %983)a  

A similar condition occurs during s p r i n g  breakup when large volumes o f  

near z e r o  degree mainstem water. may flow through side sloughs f l a s h i n g  

them of t h e i r  substantially wawer surface water. Although l i t t l e  

data  are  available f o r  this period, intragravel water temperatures are 

not suspec ted  to be as adversely affected by overtopping events during 

breakup as they are  by overropping dur ing  freeze up. 

Construction and operatian of 

Watana dam w i l l  d i r e c t l y  a f fec t  seasonal water temperatures by 

redistributing strearnflow and its associa~ed heat content throughout  

the  year. Those p o r t i o n s  of t he  Susitna River most affected by 

~ g f ~ t h - p r o j e c t  stream temperatures w i l l  be mainstern and s i d e  channel 

arzas that convey water released from t h e  reservoir. With-project 

sumrner flows are expected to be lower and winte r  flows h i g h e r  t han  

naturally occur r ing  streamflows. It is an t i c i pa t ed  t h a t  stream 

Cemperatures w i l l  be similarly affected but  not to the same degree as 

serrearaflow. Addi t ion  of  Devil  Canyon reservoir would amplify ehe 

dev ia t i an  in b o t h  sumer and w i n t e r  wi th-projec t  stream temperatures 



from natura ' ly  o e e u r r i n g  mainseem temperatures ac any given I .oca t ion  

within the  m i d d l e  Susdtna River  (Tab le  % V - I Q j .  In  effect, the 

a d d i t i o n  ;.f Devil  Canyon Resena i r  results in naturally accurrirag 

stream temperatures being  affected fu r t l l e r  downstream. 

Table  ZV-10,  Simulated mi dle Susitna River mean s u m e x  mainstem 
temperatures f o r  n a t u r a l ,  Watana only, and ~atana/ 
Devi? Canyon conditions. 

-- 
Natura l  8 , 4  8,s 5IaQ 
Watana only  (1996 Demand) 7 , 4  7 3  8 ,5  
Watana/Devil canyonZ (2002 Demmnd) 6 , 4  6 6> 8 7 2 3  

1 
Average o f  f o u r  May-September stream temperature simulations u s i n g  
meteorologic and hydro logic  ccnditions assoc ia ted  w i t h  t he  summers 
a% $971,  1974 ,  1981 and 1982, 

2 With increased load  demand in l a t e r  fears of operation, less 
frequent use of t he  Devil Canyon cane values  would resul t  in 
s l i g h t l y  warmer mean surmner temperatures (AEIDC 1984b). 

P r o j e c t  des ign  and operat ion has a notab le  inf luence on ehe 

femperature and flow rate of water discharged from t he  dam(s). Within 

the  anticipated operat ing range o f  the p r o j e c t ,  t he  temperature o f  t h e  

reservoir outflow has a greater influence on d o n s t r e a m  water 

teraperatuses than flow rate. Table PV-I11 d i s p l a y s  "he simulated 

downstream temperatures f o r  two situations: t h e  water week 3 4 ,  where 

the downstream release temperatures are equal  but release ra te  d i f f e r ,  

and water week 45 GIhere release rates are equa l  but their temperatures 

d i f f e r ,  The weekly simulation period is  he same with in  each example 

thereby eliminating downserearo temperature differences r e s u l t i n g  from 

climatic influences. The 1.8'C temperacure difference shorn in t h e  

second case resu l t s  in a m c h  greater downstream temperature 

difference than that resulting from 810 cfs flow decrease (13 percent 

decrease in flow) shorn in .$he first ease, 

The most n o t a b l e  e f  fee t  of p ro jece  construction and operation on 

natural  strean temperatures is d e l a y i n g  t h e  rempesatuse rise d u r i n g  

ear ly sumer and extending wcm stream temperatures i n t o  f a l l  



T a b l e  IV-II. Do~n~stream temperatures ( " C )  r e s u l t i n g  from differences J n  sunmler 
resemoir release flows and temperatures, 

Water Week 34 Water week 4 5  
st 5 11, $ 9 7 4 3  

im-a------ 

Dam Release: Dam R-elease: 
6080 e f s  5270 CPR 10,958 c f s  10,950 c f s  

Temp : Temp :: 
B 0 9 " C  

Wj-ver Crass 2802 
Section River  Mile Demand 

2020 
Demand 

2002 
Demand 

2020 
Demand 



( F i q u ; e  IV-7). As with m i d - s u m e r  stream ten~pera tu res  , the 

-ernpeaature of t h e  middle Susirna River d u r i n g  winter is d i r e r t 1 . y  

infl isenced by climate and p ro jece  o p e r a t i o n .  The location at which 

0°C water occurs  dams t ream from t h e  darn, and consequenely t h e  maximum 

upstream excent  o f  t h e  i c e  front, i s  controlled by ann~ ia l  w i n t e r  

cl.:kma.e:e, I%oweves i t s  I s e a g i ~ n  a l so  varies in response t a  resgrvsfr 

outflow temperature and to a lesser flow rate, 

Due t o  " i h e  occurrence of W a r n e r  stream temperatures dur ing  f a l l ,  i c e  

r'ronf. devej.gpment on rhe middle Susiena Rives is expected t o  be 

delayed from t w o  60 seven w~eks (Harza-Ebasco 1984b).  In addleion, 

the l o c a t i o n  of t h e  ice front under with-project  conditions i s  n.ot 

expected to extend as far upstream as ir, does unde r  n a x u r a l  

caaditfons, Among the  variables i n f l u e n c i n g  winter stream 

temperature, b a s i n  meteorology is the most significant. 

Short p e r i o d s  of -15 to - 2 S 0 C  a i r  temperature increase t h e  c o o l i n g  

r a t e  o f  water downstream from t h e  -dams and result in b h r  production of 

f r a z i h  ice, There i s  a rap id  upstream progression o f  the  i c e  f r o n t  

d u r i n g  ehese periods (Gemperline 1984) .  Tab le  IV-12 provides an 

example of the influence. winter a i r  temperature has on simulated 

domstxeam water temperatures, 

The second most impartant variable ,  and one over which p r o j e c t  d e s i g n  

and operation has  some degree of c o n t r o l ,  is the temperature o f  t h e  

resemofr OU$~%QW, The amount of water being released from t h z  

resemoir also In f lmnces  winter stream temperature b u t  it is not  as 

s i g n i f i c m ~  a variable as outflow temperature or basin climate. 

Table IV-13 displays dokmstreara temperatures f o r  t w o  cases: (1) where 

dam release tencperatures are the same b u t  flow volumes change (in t h i s  

ease a 59 percent  increase) and ( 2 )  h e r e  dern release flows abe 

r e l a t ive ly  constant (ncte: a c t u a l l y  a 11 percent  increase) and release 

eemperaeures d i f f e r .  As in the previous  example f o r  summer releases,  

the differences in release eemperatures y e c u l t  in the grea t e s t  

downstream temperature differences. 





8 - v  l a b r e  IV-12. Comparison between simulated domstream wat2r temperatures for 
eonstant resewsir autfhsw conditions and different air 
temperatures, 

Water Week 8 Water Week 18 

Dam Release: Dam Release: 
7,590 efs  7,608 c f s  

Lower River Release Temp: 1.9"C Release Temp: 1.9'C 
River Cross Mile Air Temp : (Talkeetna) A i r  Temp : (Talkeetna) 
Sestiaw -1 1,6"6 - 3 , 4 O " P C  

Noee: Both simulations are f o r  Devil Canyon dam, 2302 Demand. 



Tab3 e XV-13. Damstream temperatures ( ' C )  resulting f rom differences in w i n t e r  
reservoir  release f l a w s  and temperatures, 

Water Week 9 Wager Week 2 2  
3 ,  1982) 

- P m - a - - > -  

Dam Release: Dam Relsase: 
7778  cf8 12,370 c f s  "$90 c f s  8008 cfs 
Temp : Temp : 
1.3 " C  L03"C 2 * 8 " C  

Lower 
Rfver Cross 
Section River Xile Demand Demand Demand Demand 



Ice Processes 

The most important f a c t o r s  affecting f r e e z e u p  o f  t h e  Susitna River 

are air and water temperature, instream hydraulics, i c e  s u p p l y ,  and 

channel morphology. Breakup i s  primarily influenced by a~tecedant 

snowack conditions, af r temperature and spring rainfall. Tne t ippea 

S u s i t n a  River i s  eomonly subjected to freezing air temperature by 

mid-September, ant. s l u s h  i c e  has been obsewed in t h e  Talkeetna-to- 

Devil Canyon reach as early as l a t e  Sepfcmber. I n i t i a l  phases o f  i ce  

cover deterioratian colnmsnly begin by mid-April w i ~ h  ice o u t  on the 

middle  Susitna River generally being ccml3lete by mid-May (RBM 

Csnsultants 19831, 

F i g u r e  IV-8 presents a generic flowchart which diagrams the i c e  

f o m i n g  process on the  Talkeetna-to-Devil-Canyon reach of t h e  Susitna 

River based on a recognition o f  pertinene climatic and p h y s i c a l  

f ac to r s .  I n  order to understand the  flow char t  and subsequen~ 

discussions in t h i s  tex t ,  brief definitions have been adopted Prom R$M 

(1983) for the mst common types of ice found in the middle reach of 

the Susf  tna River, 

o F r a z i l  - Ind iv idua l  crystals of i c e  generally believed g o  

f o m  when waeer becomes supercsssfad, 

6 - F r a z i l  Slush - F r a z i l  ice  eryseaLs have strong cohesive 

p r o p ~ r t i e s  and tend to agglomerate i n t o  l o o s e l y  packed 

c lus ters  t h a t  resemble s lush,  m e  s lush eventually gains 

sufficient mass and buoyancy ta counteract the flow 

eurbulense and f l o a t  on t he  water surface, 

o Snow Slush - S i m i l a r  to f r a z i l  s l u s h  but formed by l o o s e l y  

paeked snow par t ic les  in the stream. 

0 Black Ice - Black ice initially f o m s  as i n d i v i d u a l  c r y s t a l s  

on the water surface i n  near zero vel.ocity areas in rivers 

and underneath an existing ice cover. These crystals 
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deveicp in an o r d e r l y  arrangement r e s u l t i n g  in a ccmpacr: 

s t r u c t u r e  which is far stronger t han  s l u s h  ice cwers.  

Black ice  developing in t h e  absence of  f r a z i l  crystals i s  

characteristically t rans lucent .  This  t y p e  of i ce  often 

grows i n t o  elear layers several fee t  t h i c k  under the SusFrna 

s l u s h  i c e  cover, 

o Shore i c e  or Border Ice - This Eoms along flow margins as a 

result  of s lush ice drifting i n t o  low velocity areas and 

f r e e z i n g  against the channel bed. 

o - These generally f o w  when shore  ice grows o u t  

from the banks t o  such an extewe t h a ~  a BscaP water surface  

constriction results.  Large volumes of s l u s h  i ce  may not  b e  

able to negotiate t h i s  constriction at t h e  same r a t e  as t h e  

water ve loc i t y .  Bn accumulation o f  s l u s h  subsequently 

occurs at the eonstriceion which may freeze i n t o  a 

continuous s o l i d  i c e  eover or br idge .  This i c e  b r i d g e  

usually prevents s lush  rafts from continuing domstream and 

therefore an upstream accumulation or progression of ice i s  

initiated, 

o Burnoeked Ice - This is the most eomon f o m  o f  ice cover on 

ehe Susitna mainstem and s i d e  channel areas. Essentially it 

is formed by continuous accumulation of s l u s h  rafts that 

progress ive ly  b u i l d  up behind ice b r i d g e s  caus ing  the  ice 

cover to migrate upstream dur ing  f reezeup.  

F r a z f l  Ice Generation, Host r i v e r  i ce  covers are formed as a r e su l t  

of the fornation and concentration of f r a z i l  ice, men river  water 

becomes s l i g h t l y  supercooled (O°C), f r a z i l  crystals begin  to f o m ,  

u s u a l l y  by nucleation. Fine suspended sediments in the water during 

freezeup season may be t h e  nucleating agent i n  t h e  Susitna River.  

F r a z i l  c r y s t a l s  initially f o w  p r i n c i p a l l y  as small d i s c a i d  c r y s t a l s  



only a f e w  m i l l b e t e r s  in diameter. These grow r a p i d l y  to larger  size 

and beg in  to accurnulate as f r a z i l  s l u s h  masses, o f t e n  contribeahed to 

by snowfall i n t o  t h e  r iver  which f o m s  floating snow s l u s h .  The 

combined s l 7 ~ s h  u s u a l l y  breaks up i n  turbulence  i n t o  i n d i v i d u a l  s l u s h  

f l o e s  chat  continue drifting Bowriver until s topped  by j a m i n g  at 

r ive r  c o n s t r i c t i r n s  (Asheon 1978; Mishel 1971; Ostercamp 1978) .  

F r a z i b  ice general ly  first appears in the r iver  between DenaPi and Vee 

Canyon by mid-September. i s  i c e  d r i f t 3  do~gnrfver, sften 

accumulating i n t o  loosely-bonded s lu sh  f l o e s ,  until it melts away ox 

exits i n t o  Cook I n l e t .  During f reezeup,  generally about  80 percent o f  

t h e  i c e  passing Talkeetna into the lower r iver  i s  produced in t h e  

upper Susiena River, while the remaining 20 percent is produced in the 

Talkeetna and Chuliena Mvers. Belcw the  Yentna confluence, u s u a l l y  

more than  50 percent o f  t he  ice is prcduced by t he  Yentna Xiver. 

Talkccetna to Gold Creek. The leading  edge o f  t he  lower Susitna River 

ice  cover u s u a l l y  arrives at ehe confluence of ehe Susltna and 

Chuliena Rivers (RM 99) between early November and early December 

(Table  IV-14). The rate of upstream progression is significantly 

sPswer on the middle reach of the Susftna River. 

The i ce  f r o n t  progression rate decreases as t he  ice front moves 

u p r i v e r .  In 1982, the progression rate slowed from an average of 3 . 5  

miles p e r  day near the confluence to 0.05 miles p e r  day by t h e  time it 

reached Gold Creek (RM 136). This is probably  due to t h e  increase in 

gradient  moving u p r i v e r  and to t he  reduetion in f r a z i l  ice generation 

in the upper  Susitna River as it develops a continuous ice  cover. The 

upper Susitna River freezes over by border ice growth and intermediate 

b r i d g i n g  before the  advancing l ead ing  edge reaches Gold Creak. 

Local groundwater levels are often raised when the l ead ing  edge 

approaches.  This is probably  due to staging e f fec t s  r a i s i n g  the water 

level in t h e  mainseea, which then is  propagated thpro~gii t h e  permeable 

r ive r  sediments i n t o  surrounding s loughs  and s i d e  channels. 



" T b i e  IV j  1b4,  Sumary  o f  f reeze up esbservatisns f o r  several l oca t fons  w f t h i n  t h e  Yalkeetna $0 Devs'l (:anyon 

reach o f  the  Susitna Rive r .  Source: RbM Consu l tan ts  4980-83, 1982, 1983, 1984, 

@Over M i l e  9988-3981 1981-1982 9982-1983 '9983-3 984 

k i ce  Frant  At 
S u ~ i $ w a - c h ~ T  i t w a  csnf %uense 

Lawe Creek 
McKenzig Creek 

$ 8  

Cu P r y  
Slough 8 

4 2 

9 1 

Slough 9 
9 )  

Slough 5 4  

Cold  Creek 

Portage Creek 

M i  d-Dee, NQV, 22 
Nev, 29 
Bsc. I 
Dec, 6 

Bee, 1 2  Early  Jan, Jan, 14 

Dee, 23 

Jan, 5 

Jan, IS 



1 4 ~ n - y  s l ~ u g h s  f a i l  t o  f a n  a continuous i c e  cover a i l  w i n t e r  due so uj. -- 
~ g e l l i n g  of r e l a t i v e l y  w a r m  ( 1-3@C) groundwarer ( T r i h e y  1982, ;U)F&G 

1983a). However, i ce  does  farm a l o n g  s lough  margins, restricting the 

open water area to a narrow, open lead. Some sloughs that do f o m  i c e  

covers  after being  inundated w i t h  mainstem water and ice  Later melt 

o u t  because of the  groundwater thewal  inf luenee .  These leads o f t e n  

then  remain 0 p ~ t 2  a l l  winter .  

As s l u s h  ice accuaulatcs against the  leading edge, i e  consolidates 

from time to time through compression and thickening. Staging 

accompanies t h i s  process,  which sometimes l i f t s  the i ce  cover and 

allows i t  lateral movement, o f t en  extending the ice from bank t o  bank. 

Water flowing under the ice  cover throughout the  winter often causes 

frictional eros ion of the  unde r s ide  of the ice, opening leads  in t h e  

cover. This usually occurs r a p i d l y  after t h e  i n i t i a l  s t a b i l i z a t i o n  of 

a s l u s h  ice  cover. These leads u s u a l l y  s lowly  freeze over w i ~ h  a 

secondary i c e  cover, and most leads are closed by blareh. 

Tlae s l u s h  ice f r an t  progression from the SusitnaIChulitna csnf luenee 

genera l ly  terminates in the v i c i n i t y  of Gold Creek , about 35 t o  40 

miles upstream from the confluence, by December or early January. 

Freezeup occurs g r a d u a l l y  in the reach 

from Gold Creek (RM 136) to Devil Canyon (RM 1501, with a complete ice 

cover in place much later than in the reach below Gold Creek, u s u a l l y  

not until mrch ( R 6 M  Csnsuleants 19831, e ice front does noe 

generally progress beyond the  v i c i n i t y  of Gold Creek because of the  

lack of f r a z i l  ice i n p u t  after t he  upper  river freezes over. Also, ice 

is l a te  in forming here because of the r e l a t ive ly  h igh  velocities in 

e h i s  reach, caused by the  steeper g r a d i e n t  and single-channel 

characteristics sf the  reach, 

Wide border ice layers build out from shore throughout ehe f r e e z e u p  

season,  narrowing the  open water channel in t h e  mainstem and 

frequently fo~gning ice  b r i d g e s  across t h e  r ive r ,  sepasated by open 

leads. I n  the open w a t e r  areas, f r a z i l  i c e  adheres easily t o  any 



o b j e c s  it contaccs within the  river flow, s u c h  as rocks and g r a v e l  o; 

t h e  channel  bo~tom, forming anchor ice. Anchor i r e  may fom.  into law 

dams in the strean bed, e s p e c i a l l y  in areas narrowed by border  i c e ,  

increasing loca l  water t u rbu lence  which may increase f r a z i l  

generation. S l i g h t  backrsater areas are sometimes induced due t o  a gen- 
rAF-e &~d. l -  r a i s i n g  of ehe effective channel bottom, affeceiwg f l o w  

dlsrribution between channels and causing overflow onto border  ice. 

Lgithin ihe backwater area, s l u s h  i ce  may freeze in a t h i n  layer from 

bank ts bank, 

L i t t l e  staging occurs i n  t h i s  reach during f reezeup,  and sloughs and 

side channels are generally not breached at their upper  ends. 'l"hey 

u s u a l l y  remain open all winter due to groundwater inflow. Open leads 

occur in t h e  mainstem . especially in high v e l o c i t y  areas between i c e  

b r i d g e s ,  b u t  few new leads open a f t e r  the formation of t h e  i n i t i a l  ice 

cover, There is minimal ice cover sag in t h i s  reach. 

h c e  the i n i t i a l  i c e  cover 

f ~ w s  i e  remains q u i t e  dynamic, either thickening os eroding .  S lu sh  

ice adheres to t k e  underside sf the ice cover in law velocity areas 

and becomes bonded by low temperatures. The ice cover becomes most 

s tab le  at i t s  h e i g h t  of maturity, generally in March (R&M Consultants 

1983). The only open waeer at t h a t  time is i n  ehe nurnerous leads char 

p e r s i s t  over tu rbu len t  areas and areas of groundwater upwelling, and 

l i t e l e  frazil s lush is generated. - 

. Under na tu ra l  conditions, the  Susftna River i c e  cover 

disintegrates in the spr ing  by a progression beginning w i t h  a slow, 

gradual  deterioration o f  the ice and ending with a dramatic breakup 

dr ive  accompanied by ice jams, f looding,  and erosion (R&M Consultants 

1983), The duraeion of the breakup per iod  depends on t h e  i n t e n s i t y  of 

solar r a d i a t i o n ,  air temperatures, and precipitation. 

A pre-breakup pe r iod  occur s  as snow~nelt beg ins  in t h e  area, u s u a l l y  by 

early A p r i l .  Snowmelt beg ins  f i r s e  at t h e  lower e l eva t i ons  near t h e  

Susitnca Rives mouth ax~d s lowly  works northward up t h e  r iver .  By late 



A p r i l ,  snow has  u s u a l l y  d i s a p p e a r e d  on rhe rlver s o i l ~ h  of T a i k e e e  ia 

aimil s n o m e h t  L, proceeding i n t o  the reach abolie  he Sus i tna /CIxuLi tna  

cr._~~?fluence, Tributaries t a  the lawer r ive r  have u s u a l l y  broken out $11. 

their lower elevatians, and apen water exists at t h e i r  c3nfluences 

\ ~ P t h  t h e  Susftna River, Increased flows frem eehe tributaries e rode  

t h e  Susftna i c e  cover f o r  considerable distances dow~stream from t h e i s  

C O ~ ~ H U ~ ~ C ~ S ,  

As water levels in the river begin to rise and fluctuate ~ ~ i e h  spr i -ng 

s n o m e l t  and p r e c i p i t a t i o n ,  overflow often occurs onto the  ice since 

the rigid and irmpameable i c e  cover f a i l s  to respond quickly enough eo 

these changes. Standing water appears in sags and depressions on t h e  

i c e  cover. This standing water reduces the a lbedo,  or r e f l e c t i v i t y ,  of 

t h e  ice surface, and open leads quickly appear  i n  these depress ions .  

As t h e  water level rFses and erodes t h e  i c e  cover, i ce  becomes 

undercut and collapses into t h e  open leads, d r i f t i n g  to t h e i r  

downstream ends and accumulating in small i c e  jams. In t h i s  way, 

leads become steadily wider  and longer .  This process i s  espec ia l ly  

no tab le  in the reach from Talkeetna-to-Devil Canyon; in the  wide.  Pow- 

gradient  r iver  below Talkeetna open leads occur less frequently and 

exeensive overflow gsrf mainstem water onto t h e  ice cover is  he f i rs t  

i n d i c a t o r  of rising water levels. 

The disintegration of t h e  ice cover into ind iv idua l  fragments or f l o e s  

and t h e  d r i f t  of these f l o e s  dowseream and o u t  of t h e  r iver  is cal led 

t h e  breakup drive. The n a t u r a l  s p r i n g  b r e a k u ~  drive is larqely 

associated with r a p i d  flow increases, due to p r e c i p i t a t i o n  and 

s n o m e l t ,  that lift and fracture t h e  ice surface. When the rives 

discharge becomes high enough to break and move the  ice sheer, the 

breakup d r ive  begins.  Its intensity is dependent upon meteorological 

conditions dur ing  the pre-breakup per iod .  

Major ice jams generally occur in shallow reaches w i t h  a narrow 

confining thalveg channel along one bank, cr at sharp  r ive r  bends. 

Major jams are cornonly found adjacent  to s i d e  channels o r  s l o u g h s ,  

and may have p layed  a part  bra forming them through  catastrophic 



overflow and s c o u r i n g  at some time in t h e  pasir.  T h i s  is knc-wir to hnv:-: 

happened at Slough 11 in 1976, as r e p o r t e d  by loca l  residents in the 

area,  when a large f e e  j a m  overflaw event a l ~ e r e d  a y r e v i o z s l y -  

existing small upland  s lough  i n t o  a major sf.de s l o u g h .  

. = 

breakup i c e  jams e o m ~ n l p  cause r a p i d ,  local stage increases that 

eoneinue r i s i n g  un~il e i the r  t h e  j a m  releases OP the adjacent  s loughs  

ctr s ide channels become flooded. While the jam h o l d s ,  flow and large 

m o u n t s  cf ice are d i v e r t e d  into side channels or s loughs ,  r a p i d l y  

e rod ing  away large sections o f  riverbank and often pushing ice well up 

j-nts t h e  trees, 

Genera l ly ,  t h e  final destruction of t h e  i c e  cover occurs  in ea r l y  t a  

mid-May when a series of i c e  jams break in succession, adding  t h e i r  

mass and momentum to t h e  next  jam downstream. This continues until 

t h e  river is swept clean o f  ice except f o r  scranded ice f l o e s  a long  

shore ,  Ice ehae has been pushed well up onto banks above the water 

Level may las t  f o r  several weeks before  melting away in place. 

r Ice 

I C E C a L  modeling runs show that opera t ion  of the Susitna River Hydro- 

e l e c t r i c  P r o j e c t  would have significant effects on the ice processes 

o f  che Susltna River,  especially in the  Talkeetna to Devil Canyon 

reach, due to changes 'n flows and water temperatures in t h e  r iver  

bebaw the dams. General ly,  w i n t e r  flows would be several times 

greater than they are under n a t u r a l  winter  conditions, and w i n t e r  

water temperatures would be 0.4 C to 6.4 C where they are normally 0°C  

immediately below t h e  dams (AEIDC: 1984b).  The ICECAL computer model 

developed by Harza-Ebasco Susitna J o i n t  Venture was used t o  simulate 

river ice conditions under var ious  scenarios of p ro j ec t  o; leraeions,  

with Watana o p e r a t i n g  a lone  a ~ d  i n a  conjunction with Dwi% Canyon dam, 

under  va ry ing  power deman6 ~ i t u a t i h a n s ,  and w i t h  differing climatic 

conditions (Warza-Ebaszs 1 9 8 4 ~ ) ~  



Arrival of the ice  f r o n t  at t h e  Yentna River aonouth u s u a l l y  occur s  in 

Late Oetoljer o r  early November under  n a t u r a l  conditions. This timing 

is not expected ta be significantly altered with-project in s p i t e  o f  

t h e  reduced f r a z i l  i n p u t  from t h e  upper Susitna River because t h e  ice 

contributions f ram! the Yentna River and s t h e r  m a j  or t r i b u t a r i e s  would 

remain t he  same. Based on this, November 1 was used by ICECAL as a 

representative date f o r  t he  passage o f  the ice front by t h e  Yentna 

River mouth. However, reduced f raz i l  i n p u t  would slow t he  advance rate 

o f  t h e  leading edge. These effects would combine with t h e  h i g h e r  

wineer flows and wamer wager temperatures to produce a delay of inl.- 

e i a l  freezeup at the Susitna/Chulitaa conf luenee ranging from about  2 

ta 5 weeks w i t h  Watana operating alone to 4 to 4 weeks with Watana and 

D e y ~ i l  Canyon aperating together (Table IV-15). 

The vamer wager temperatuq-es released from t h e  dams would not cool to 

the f reez ing  level f o r  a number of miles and would prevene i c e  from 

f o m i n g  a l l  w i n t e r  there, except f o r  some border ice attached to 

shore. T11e maximuol u p r i v e r  extent of ice cover progression below the  

p r o j e c t ,  w i t h  Watana operating alone,  would vary  from RM 124 to RM 142 

depending og win te r  climate and operational scenario. Similarly, w i t h  

b o t h  Watana and Devil Canyon operating, ehe maximum i c e  cover extent 

would be from 123 t o  137. The ice f r o n t  would reach its maximum 

p o s i t i o n  between &id-December and l a t e  March f o r  Waeana alone  and 

Frazil ice t h a t  is generaced  it-^ 

ehe u p p e r  r i v e r  area, p r i n c i p a l l y  i n  t h e  Vee Canyon and DenaLi aress, 

worna l ly  d r i f t s  damstream i n t o  the lower and middle reaches sf t h e  

Susitna River  and prov ides  the source  f o r  initial i c e  b r i d g i n g  and 

subsequent ice saver fornation f o r  most sf &he those xeaches, b J i t k i  

Watana da~n and resesvoir in place, t h i s  f r a z i l  would be t r apped  in. t h e  

reservoir and be preve~lted from reaching its n o m a 1  destinations. 

Consequently, freezeup of the river below t h e  dam would 'be delayed. 

Later,  w i t h  the construction o f  Devil can yo^. d m  and resemois, most 

of t h e  frazil-generating r a p i d s  w i t h i n  Devil Canyon would be 

inundated, f u r t h e r  reducing f razlbl produceion reaching the middle and 

lower r i ve r  reaches, and f u r t h e r  de l ay ing  river f reezeup.  



T3*ble  IV-15, ICECMA simula~ed Fee f r a n c  prsgression and w e l t o u . ~  ciat - s  
(Warza-Ebasco Susltna J o i n t  Veneure, 9 9 8 4 ~ 9 ,  

Maximum 
Starting Date Upstrear1 
at  Chulitna Mef t -out  Extent 
ConfPuense Bate (River Mile) 

Nat:ural Conditions 
1971-72 
1976-77 
1982-82 
1982-83 

Watana Only - 1996 Demand 
1971-72 
1976-77 
1981-82 
1982-83w 
1991-72 

Watana Only - 2001 Demand 
1971-72 
1982-83 

Both Dams - 2802 Demand 
1991-72 
1976-77 
1981-82 
1982-83 

Bseh D a m s  - 20268 Demand 
1971-72 
1982-83 

Nov, 5 
Dee, 8 
Nsv, 18 
Nsv, 5 

Nsv. 28 
Dec, 25 
Dee, 28 
Dec, $ 2  
Dee, 17 

Dee, 2 
Jaw, 10 
Dee, 30 
Dee, 2 2  

w e -  

May 10-95 
B 

May I b Q  

May lSE 
May 3L 
A p r i l  3 
March 20 
Harch 27 

May 4 E 

A p r i l  20 
March 12 
mreh 20 

A p r i l  15 
March 12 

Legend: 13 - Observed na tu ra l  break up. 
E -- Malt-out date is extrapolated from results when 

oceurrfwg beyond A p r i l  38 
N - Ice cover f o r  natural conditions extends upstream of 

Gold Creek (River Mile 137) by means of l a t e r a l  ice  
b r i d g i n g .  

I - Coarputed i c e  front progress ion  upstream of Gold Creek 
(River Mile 137) is approximation only.  Cbsewat ions  
indicate closure  of r iver  by l a t e r a l  i c e  i n  this reach 
f o r  n a t u r a l  conditions, 

Notes: 1. CC" inscream flow requirements are assumed f o r  
with-ps ect simulaeions, 

a j  2 ,  1991-72 simulaeion assumes w a r n ,  4°C reservoir 
releases. 811 o t h e r  wi th-pro jec t  simulations assume an 
"inflow-matching" "mperature p o l i c y .  



micl-~Janua.ry ta mid-Harch f o r  Watana and Bevib Canyen together, 
** 

l i 

worald f l u c t u a u e  considerably in p o s i t i o n  f o r  t h e  rese: o f  the w i n t e r  

depend ing  an prevailing ai.r temperatures, 

Under n a t u r a l  conditions, secondary i c e  b r i d g e s  may f c m  b e t r ~ e e n  t h e  

Susitna/Ghulitna confluence and Gal$ Creek be fo re  t h e  i c e  front 

progress ion  in the  midd le  Susitna River has reached Gold Creek. W i t h  

t h e  p r a j e s t  in plate these conditions may no t  occur, and I C E C L  

sffwulatiens are based only on the initiation o f  one i c e  b r i d g e  at W 9 

i n  Navember and the subsequent ice cover development on t h e  lower 

river.  ICECaL assumes only  one l ead ing  edge progression above t h e  

~ ~ n , f % ~ e n ~ e .  

Increases in winter d i scharges  in the r iver  below the dams would cause 

s t a g i n g  levels d u r i n g  f r eezeup  to be significantly h i g h e r  t h a n  

n a t u r a l ,  In that reach, where the ice cover f o m s ,  staging is 

expected t o  be 2 to 7 feet  'higher than normal with Watana o p e r a t i n g  

alone, while w i t h  both  dams operat- ional ,  stages should be about  1 to 4 

feet h igher  than no 1, Damscream from t h e  i c e  fpont ,  mare s l sughs  

and s i d e  channels would be overtopped more f requen t ly  (Table  IV-16). 

Winter discharges would be higher than normal but no freezeup staging 

would occur upstream from the ice front's maximurn p o s i t i o n  and water 

levels in t h a t  reach would be 1 to 3 fee t  lower than n a t u r a l  freezeup 

sraging levels w i t h  Watana opera t ina  alone, and 1 to 5 feet  lower w i t h  

both dams operaeing. Therefore, no sloughs should be overeopped. 

However, lack of freezeup s tag ing  in this reach of t he  r iver  may 

prevent or reduce groundwater upwelling in  he s loughs .  Na tu ra l  

freezeup staging causes approximately the same hydraulic head to exist 

between t h e  mainstem and adjacent s loughs  as occurs d u r i n g  summer. 

With the pro j ec t  in place and no freezeup s t a g i n g  o c c u r r i n g ,  t h e  

h y d r a u l i c  head would be reduced. 

Since the ice  edge would n o t  advance as far, or as r a p i d l y ,  during 

p r o j e c t  operations as d u r i n g  n a t u r a l  conditions, more areas of open 

water wsuld e x i s t ,  and they  would remain longer than usual. This 



1 
T a b l e  TV-16, Occurrences where w i t h - p r s j e c e  mafiaurn r i ve r  stages 

are h i g h e r  than n a t u r a l  cgaailditisr8-n~~ 

Slauph o r  
Side Channel 

Watana Watana and 
River Only 2 

Devil Cany 11 

Mi %e O g e r a i n g  Ope ra t i n g  
I! 

hhiskers 
Gash Creek 
6A 
8 
13s I" 1 
MSII  
Curry 
Msose 
8A Vest 
8 8  East 
9 
9 u / a  
4 t h  J u l y  
9A 
10 u8s  
11 d / s  
11 

"'Case C89inttrearn flow requirements and "inf low-matching9' reservoir  
release temperatures are assumed f o r  wi th-projec t  simulations. 

\ ' For exannple, 4 1 4  means that 4 of t h e  6 with-pro jec t  s i lnula t ions  
r e su l t ed  in a higher  maximum r iver  stage than the n a t u r a l  
sondbtisns for s o r r e s p ~ w d i n g  w$nce~a, 

Seuxe:  Marza-Ebaseo Susitna %obw$ Venture, lY84a 



coudd cause t h e  inc idence  of mare anchor ice d u r i n g  c o l d  period 

This migbe cause the f o r n a t i o n  of slight baehgaeer areas because o f  

she  general raising af t h e  channel battom, possiblgr affecting flow 

distribu~isn between channels w i t 1 1  Paw bems,  

!*G%exe an ice cave$ f ~ m g ~  t h e  maxbum t o t a l  i ce  thickness v S t h  bJatana 

operating alone are expected to be genera l ly  similar to n a t u r a l  i c e  

ehfekness. With bseh dams o p e r a t i n g ,  maximum total ice thickness 

sRsu%d b e  about 1 g o  2 feet less than na tu ra l  bee thickness, 

Breakup processes are expected to 

Ise d i f f e r e n e  in t h e  Susitna River belaxq the p r o j e c t ,  e s p e c i a l l y  in t h e  

Zralbeetna t o  Devil Canyon reach. Since t h e  maximum upstream e x t e n t  o f  

the bee cover below eke d a s  would be samewhere between N4 124 and W 

1 4 2 ,  there  would be no contfnuous ice cover between t h i s  area and the 

d m s i t e ,  and consequently no breakup o r  meltslut i n  t h a t  reach, Any 

border ice astaehed t o  shore would probably slowly meat m a y  in place;  

occasional pieces of border  i c e  might break away from shore  and float 

damstream. Ice in the river reach a b o ~ e  t h e  p r o j e c t  would break up 

I l y ,  but  would not d r i f t  into t h i s  area as it n o w a l l y  does 

because it would be t rapped in t h e  reservoirs. 

The normal s p r i n g  breakup dr ive  is usually brought on by r a p i d  flow 

increases thae lift and fracture t h e  ire cover. The proposed p r o j e c t  

reservoirs would regulate such seasonal flows, y i e l d i n g  a more steady 

flaw regime and resulting in a slow melroue of the ice cover in place. 

The wanner-than-nawal water temperatures released from the pro j ec t  

w u l d  cause t h e  upseream end of t he  ice cover eo begin  to ciecay 

ear l ier  in the  season than nsmal, Gradual spring meltout with 

Watana operating alone is predicted to be 4 t o  6 weeks earlier t han  

normal, and 7 to 8 weeks ear l ier  than n o w a l  w i t h  both  dams ope ra t ing .  

By May, flow levels in t h e  r iver  would be significantly reduced as the 

pro jece  beg ins  to seore  incoming flows from upstream. The r e su l t  is 

expected to be t h a t  breakup dr ive  processes t h a t  now normally occur in 

t h e  midd le  Susiena River area would be e f f ec t ive ly  eliminated. 



I n s t e a d ,  a slow and steady meltout o f  r i v e r  i c e  in t h i s  reach woui: 

p r o b a b l y  occur ,  S i n c s  there would be no extensive  wolune s f  braken i c e  

f i - s a t i n g  d o n s t r e a m  and accumulating against the u n b ~ o k e n  i c e  c o v e r ,  

ice jaming in the middle Suaitna River  wguld u s u a l l y  n o t  ~3;ccur o r  

would be substantially reduced in sever i ty .  This would eliminate or 

s r ~ b s t a n t i a l l y  reduce rive'r staging and flooding n o m a l l y  assoc ia ted  

with ice  jams, thereby eliminating or g r e a t l y  reducing t h e  overtopping 

sf bems rand the f looding o f  side sloughs. 

In the lower  r iver  below t he  Susitna/Chulitna confluence,  breakup 

would approximate n a t u r a l  conditions due t o  t h e  substantial f lo rg  

rsne~ibuzfans fram rtlajor erlbuearl@s. Ice ehielefiesses i n  e h i s  ~ e a e h ,  

however, may be somewhat th icker  ekan norm; '.. because of t h e  h i g h e r  

S u s i t n a  River w i n t e r  f lows  from the prsject .  

EwvironmentaP Effects 

Ice j a m s  during breakup commonly cause r a p i d  and pronounced increases 

in l oca l  water suxface elevations, m e  water continues to rise until 

ei ther  the  j a m  releases cr the rising water can spill out  of the  

mainstem into adjacent side channels or sloughs.  - This may cause 

sections sf riverbank to be eroded, Ice sears have been documented on 

t rees in some loca l fzed  areas as high as % O  f e e t  above the stream 

bank. The s d f m e n t  transport associated w i t h  these events can r a i se  

o r  lower  t h e  elevation of bems at t h c  upstream end of slaiughs. Ice 

f l o e s  l e f t  stranded in channels and sloughs during breakup can d e p o s i t  

a layer of silt as they malt. 

Ice processes in che mainstern r iver  are illlportant in maintaining the 

character of the slough h a b i t a t .  Besides reworking substrates and 

f l u s h i n g  d e b r i s  and beaver dams from the sloughs that c o u l d  otherwise 

be  potential barriers  t o  upstream migrants, ice  processes are a l s o  

cousidered imporeant f o r  maintaining the groundwater upwelling in t h e  

s ide  sloughs d u r i n g  winter months. This is c r i t i c a l  in maintaining 

t h e  incubation of' salmon eggs as desc r ibed  p r e v i o u s l y  in t h e  sediment 

transport (Sect ion I V - B ) .  The increased s tage associated with a 



k ~ i n t e e  ice cover an t h e  S u s d t n a  wakes i t  p s s s i b l e  f o r  app~:sxi~naeePy 

t h e  same h y d r a u l i c  head co e x i s t  between t h e  m a i r r s t e m  and an adjacent  

s i d e  s lough  d u r i n g  p e r i o d s  of Pow winter f l o w  as that which exists 

d u r i n g  normal sumer. The r i v e r  stage observed  d u r i n g  mid-win te r  

1981-82 assaciated with eke ice Cover f o m a t i a n  on t h e  Susftna River 

appeared very similar to t h e  water surface e leva t ion  associated with 

suroner discharges o f  18,000 -to 19,006 c f s .  The alluvial deposits that 

f o m  gravel b a r s  and islands between t h e  mainstem r iver  and side 

sloughs are h i g h l y  pemeable, making i t  p o s s i b l e  f o r  water from t h e  

r ive r  g o  flow d o n g r a d i e n t  through the alluvium and into the s loughs .  

Thus the increased stage associated wi th  an ice eever on t h e  river may 

provide  an fapor tan t  d r i v i n g  mechanism EOP maintaining t h e  upwelling 

in t h e  s i d e  sloughs throughout  t h e  w i n t e r .  

Ice processes may also have negat ive  impacts on fisheries h a b i t a t .  

bee scouring can remove redds, Mainseem water entering t h e  s lough  

near an ice j a m  can expose juvenile f i s h  and incubating eggs to near 

ze ro  degree water, causing morta-lity. The removal of substrate by 

anchor ice, scouring or flooding can g r e a t l y  effect cover a v a i l a b i l i t y  

f o r  rearing fishes. Freezing processes, such as anchor i c e ,  can a lso  

encase many types of cover, making it useless to juveni le  f i s h .  

Benthic organisms and small fish can also be d i s p l a c e d  by sudden 

f l u c t u a t i o n s  in flow caused by ice jams. 



V , INFLUEHCE OF STWEmmQW $SD INSTREMI HYBRATS'LICS 

ON MIDDLE RIVER ITATS 

As lssed in t h i s  documene:, habitat type refers  t o  portions of t h e  

r iver ine  enviromene having v i s u a l l y  distinguishable morphologic, 

hydsokagic and hydrau l i c  characterigtics which are comparatively 

slnafbanr, Wabhrat types used here are not  defined by b i o l o g i c a l  

criteria, Bagher, eheg are based on e x p l i c i t  hydrau l i c  and t u r b i d i t y  

considerations. Thus, both h igh  and low value f i s h  h a b i t a t  may exist 

w i t h i n  t he  same habitat .  type .  The re la t ive  va lue  o f  one h a b i t a t  t y p e  

over  another  is der ived  from seasonal f i s h  utilizaeion and d e n s i t i e s  

within the middle  Susitna River. S i x  majar r i ve r ine  h a b i t a t  Cypes 

have been identified with in  the Talkeetna-tomDevil Canyon reach of the  

Susiena River: mainstem, s i d e  channel, s i d e  s lough ,  upland s l o u g h ,  

t r i b u t a r y ,  and t r i b u t a q  mouth. - 

The t o t a l  surface area of each h a b i t a t  type in t h e  Tslkeetna-to-Devil 

Canyon reach has been estimated f o r  mainstern discharges ranging fzom 

9,000 eo 23,000 cfs at Gold Creek (USGS gage 15292000) us ing  d i g i t a l  

measurelnents on 1 inch = 1,000 feet aer ia l  photographs (Kl inger  and 

Tr iheg  1984) .  

Surface  areas of cleawater  h a b i t a t  types, such as upland s l o u g h s ,  

eributaries and tributhry mouths, co l l ec t ive ly  represent  approximately 

one percent o f  the total v e t t e d  surface area w i t h i n  the middle  Susitna 

River (Kl iager  and Trihey 1984) .  The surface areas of these h a b i t a t  

t ypes  exh ib i t  l i t t l e  response to mainstea discharge (F igu re  V-1) . .4t 

times t h e i r  surface areas may respond more to seasonal runoff and 

l oca l  p r e c i p i t a t i o n  than to v a r i a t i o n s  in mainstem discharge .  

Comparatively large differences exist r ega rd ing  the  magnitude and r a t e  

of response o f  mainstea, s ide  channel,  and s i d e  s lough  surface areas 
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e c  mainstem discharges. k t  9,000 c f s ,  mainstern and  side chanrle.. 

surface areas are approximately 37 percent I.ess than  t h e i r  combined 

su r face  area at 23,000 c f s ,  Bue, side slough surface area is n e a r l y  

230 percent  greater  at the lower  d ischarge .  A s  a r e s u l t ,  t h e  e o t a l  

surface area of clealsrater h a b i t a t  types w i t h i n  t h e  r i v e r  c o r r i d o r  

represents 8.2 percent  o f  t h e  t o t a l  v e t t e d  sur face  area a t  9,000 e f s  

s~hereas Less than 2 percent of the t o t a l  wetted surface  area consisted 

of cleamager h a b i t a t  types at 23,000 e fs .  

Subreaches of the middle Susitna River possess var ious  -aunts a f  each 

h a b i t a t  type .  The d i v e r s i t y  o f  habi tae  types within subreaches o f  the 

middle  Susitna Rivet i s  d i r e c t l y  related to the complexity of  t h e  

channel and mainseem discharge. The greatest diversicy occurs from 

aEii 113 to 138 in the  Lane Creek-to-Gold Creek subreach (Xlinger and 

Trbhey 1984) .  This river segment is characterized by a s t ab le  

m u l t i p l e  channel p a t t e r n  and numerous p a r t i a l l y  vegetated grayre1 bars .  

The least diversity occurs in the s i n g l e  channel segments between 

RM 103 and PM 109, and upstream qf RM 145.  Tbese subreaches consist 

almose e n t i r e l y  of mainstem habitat regardless of d i scha rge .  

For some specif ic  areas within the middle Susitna River corridor, such 

as major side channels and t r i b u t a r y  mouths, a designated habitat t ype  

persists  over a wide range i mainstem discharge even though its 

surface area and habi ta t  quality may change significantly. In o t h e r  

instances, ehe classification of s p e c i f i c  areas may change from one 

h a b i t a t  t ype  to another in response to mainstem d i scha rge  (Klinger  and 

Trihey 1984) .  Such an example i s   he transformation of some t u r b i d  

waeer s i d e  channels at 23,000 cfs  to elear wager s i d e  sloughs at lower 

mainstem flows. An important characteristic of these s iees ,  w i t h  

regard to  heir value  as fish h a b i t a t ,  appears go be the frequency, 

d u r a t i o n ,  and time of year they  exist as one h a b i t a t  t ype  o r  the other 

(ADF&G 1984d) .  

C l o s e l y  related to habitat transf o m a t i o n  is the concept of  var iab le  

b,undary habitats ( i . e ,  microhabitat l o ca t i on  changes with discharge). 

Within t h e  midd le  Susdena River, rear ing habieal:  i s  an example of a 



va r i ab l e  boundary h a b i ~ e a t ,  p a r t i c u l a r l y  in mainstem and side ehanme l. 

e.reas where the combination s f  law-velocity flow and m r b i d i t y  appear  

to be ehe  daminant microhabitat variabPes, As d i s c h a r g e  changes,  ?he 

s p a t i a l  distriburion o f  t u r b i d ,  low-velocity conditions su i ta l j l e  f o r  

rearing f i s h  a l so  changes w i t h i n  t h e  r ive r  c o r r i d o r .  

P.arher than crack t h e  spacial  movement o f  s u i r a b l e  variable boundary 

h a b i t a t s ,  the transfornations and changes in habitat s u i t a b i l i t y  were 

rn~tnirared at specif ic  areas 05 the  river in response to incrcmeneal 

changes in streamflow. This provides  a sys trtmatic framework f o r  

analyz ing  r ive r ine  hab i t a t .  A specif ic  area is d e f i n e d  as any 

loeation w i t h i n  t h e  middle Susitna Rivet: carryidor w i t h  a designated 

nextmeter that contains a portion of t h e  ncn-mainstem surface area. 

The t o t a l  surface area o f  a11 specific areas equals t h e  total 

nost-mainstern surf ace area. Spee i f  ic areas are class i f ied  by h a b i t a t  

t ype  and t h e i r  wetted surface areas measured on aer ia l  phoecgraphy at 

several mainstem dischargns. S p e c i f i c  areas frequently contain 

i n d i v i d u a l  s i d e  channels, side sloughs,  o r  upland s loughs .  

Occasionally a large s ide  chanrial or slough was subdivided Pnta ewo sr 

more specific areas. 

A significant amount of wetted surface area is expected to be trans- 

famed from one h a b i t a t  type to another as a resul t  of projec t - induced 

changes in stremflow (Klinger and Tr ihey  1984) .  This approach was 

chosen as t h e  basic framework f o r  t h e  ex t r apo l a t i on  methodology 

because it focuses on che dynamic change in the system and allows 

examination of the system as flows change from a sunrmer mainstem 

discharge of 23,000 cfs Eo a lower discharge level. H a b i t a t  

transfornations are refereneed from a mainstem discharge o f  23,000 c f s  

ae Cold Creek because 23,000 c f s  is a ~ypieal mid-summer !,ischarge 

( M A  1983) and cont inuous  ove r l app ing  ae r i a l  photography w t i s  

available, 

Nine h a b i t a t  categories are used to desescibe the transfornation of 

spec i f i c  areas from one h a b i t a t  t ype  t o  another  as mainstem d i s c h a r g e  

decreases below 24,000 c f s  (Tab le  V-1). Figure V-2 presents a f l o % ~  

chart  o f  t h e  p o s s i b l e  h a b i c a t  transfornations that may oecur as 



T a b l e  V a l ,  Descr i - t i sn  of Habitat Categories 

Caregory O - Tr ibu ta ry  and t r i b u t a r y  mauth h a b i t a t s  whish pers is t  
as tributary or tributary mouth h a b i e a ~  at a mainst~m 
d i scharge  less than 23,300 ef s .  

Caeegapy I - S i d e  s lough and upland s lough habitats at 23,000 c f s  
which persist as the same h a b i t a t  eype at lower 
mainstem discharges 

Category I1 - S i d e  channel h a b i t a t s  which t r a n s f o m  tc cleanaaeer 
h a b i t a t  at a mainstem d i scharge  less t han  23,000 c f s ,  
and possess sufficient upwelling to main ta in  an open 
lead 'hroughout vinter . 

Category III - Side channel h a b i t a t s  which t r ans fo rm to clearwater 
h a b i t a t  at a mainstem discharge Less than  23,000 c f s  
b u t  do not possess sufficienr upwelling to maintain an 
open lead throughout winter .  

Category IV - S i d e  channel areas which persist as s ide  channel 
h a b i t a t  at a mainstem discharge less than 23,000 c f s .  

Category V - Mainstem or side channel shoals which transform i n t o  
distinct s i d e  channels at a mainstem discharge less 
than 23,000 c fs ,  

Category VI - Mainstern or s i d e  channel shoals which become 
apprec iab ly  dewatered but persist as shoals at a 
mainstem d i scharge  less than  23,000 cfs. 

Cagegory VII - Mainstem or side channel shoa l s  which transform t o  s i d e  
slough habitat at a mainstem discharge less ehan 
23,000 cfs ,  and possess sufficient upwelling to 
maintain an open lead throughout winter .  

Cagegory VIIX - Mainstern or s i d e  channel shoals which transform to 
eleamater h a b b t a ~  at a mainstem dbscharg@ less ehan 
23e000 cfs b u t  do not  possess  sufficient upwelling t o  
maintain an open lead throughout v in te r .  

Category I X  - Any water course which is weeted at 23,000 c f s  b u t  
becomes dewatered ae a I O W ~ P  mainstem d i s c h a r g e ,  

Category X - Mainstem h a b i t a t s  which pers is t  as mainstem h a b i t a t  at 
a mainstem discharge less than 23,000 c f s .  





f;.zb.i,nstem d i s c h a r g e  decreases from 23,000 cfs eo  9,000 c f s .  krry mid,  i e  

Sus%.traa River flow of in teres t  lower  ehan 23,000 c f z  f o r  wkaick a e r i a l  

photography exists can b e  substituted f o r  t h e  8,000 c f s  d i s c h a r g e  

l eve l ,  

Wkkim t h e  h a b i t a t  t r ans fomaefcns  at a l l  16.7 of the  specific areas 

delineaeed in t he  m i d d l e  SusStna River are summarized, a r e ady  

if lustratisn of  overall r iver ing  habf tat bbehavios wf t h  decreas ing  

mainsfem discharge i s  obta ined  (Table V-2) .  mis analysis i s  dil-eetzly 

a p p l i c a b l e  60 the assessment o f  p r o j e c t  effects on m i d d l e  Slasitna 

River  fisheries habitats, 

Latspecrion o f  t h e  relat ive numbers of spec i f i c  areas in t h e  v a r i o u s  

categories at several mainstem refer3nce f lows  reveals some i n t e r -  

esting trends (F igu re  V-3) .  Wieh decreas ing  mainstem discharge,  there 

is a n o t a b l e  decrease in t h e  number o f  s i d e  channel s i t e s  

(Category IV), and an increase in side sloughs (Category I T ) .  There 

is also  an increase in dewatered areas (Category E X ) ,  which indicates 

t h e  loss o f  potential h a b i t a t  f o r  f i s h .  The implications assoc ia ted  

w i t h  the  decrease Pn s ide channel and the  increase in s i d e  slesugh 

habitat types to f i s h  are less obvious. Although it is p o s s i b l e  t o  

g e n e r a l l y  characterize some of the a t t r ibu tes  o f  t h e  specific areas 

t h a t  belong in these caeegories, a more refined analysis of 

microhabitat variables (e.g., dep th ,  v e l o c i t y ,  substrace, e t c .  ) i s  

necessary eo f u l l y  assess the c a p a b i l i t y  of a r i v e r i n e  habitat t o  

suppo r t  f i s h .  



T a b l e  V-2 ,  Number of  s p e c i f i c  ateas classified in each habitat 
cagegory f o r  seven mainstem d i scharges .  

ISab it a t  
Category 18088 16800 % 2500 10408 9080 

T o t a l  167 167 167 167 167 167 167 



Figure Ha 3 .  1\8umber a0 specific areas elassif ieel in each habitat category 
lor various Geld Creek mainstem discherg e. 



Figure X - 3 continued. Number sf specific are= classi f ied in each habitat 
catsgo~y for various Gsld Creek mainsfem discharge. 



Fish passage is defined as ehe movement o f  f i s h  from one location t o  

another. The a b i l i t y  t o  move f r e e l y  into and o u t  of h a b i t a t s  on a 

seasonal basis is important in main ta in ing  f i s h  populations. F o r  

anadromous species, a d u l t s  move ups t ream into spabming areas and 

j~aveni les  move Tram na ta l  &reas t o  r e a r i n g  habitat and finally 

o u t m i g r a t e  ta marine envi roments .  .:estricrion of passage conditions 

car1 i n h i b i e  ar eliminate u t i l i z a e i o n  of even h igh  q u a l i t y  h a b i t a t .  

Three levels af d i f f i c u l t y  are defined f o r  f i s h  passage in t h e  m i d d l e  

Susdbna River (mFd@ 1684e) : 

1. Success fu l  passage - movement t o  a n o t h e r  l o c a t i o n  i s  

unrestricted, 

2. Difficult passage - movement: t o  ano the r  l o c a t i o n  i s  

p o s s i b l e ,  but ie requires strenuous e f f o r t  and exposure rc  

atmospheric drying  or preda t ion .  

3 .  Unsuccessful passage - movement to another location i s  n o t  

p o s s i b l e ,  

These three levels  define the  re la t ive  level sf d i f f i c u l t y  that most 

f i s h  of the same speciesllife stage have with passage even though 

c e r t a i n  i n d i v i d u a l s  may have a greater or lesser degree of  success 

than the m a j o r i t y  of f i s h  (ADF&G 1984e) .  

Passage reaches (PR) are sub-sections of stream channel w i t h  hydraulic 

or morphologic characteristics t h a t  impede the movemeal: of fish. m e  

lengeh of a passage reach is based on the length of stream channel 

having such characteristics (F igu re  V - 4 ) ;  t h e  nonuniformity of n a t u r a l  

stream beds necessitates some averaging of characteristics when 

e v a l u a t i n g  the reach length. 

Physical parmeters that cause passage  restriceions i n c l u d e  shallow 

dep th  of f l ow ,  h i g h  f low v e l o c i t y ,  and barr iers  such as d e b r i s  o r  





b ~ : ~ v e e  dams, P a s a g e  c r i e e r i a  f o r  chum salmon, b a s e d  on flow dept 

and Elow v e l o c i t y ,  have been developed (ADF&G ! 9 8 4 e ,  Thompson 197:') ps 

T f  the reach over which rhese parameters are limiting i s  Long, passage 

b~ou ld  be more d i f f i c u l t ,  %Price the swimming speed sf salmon and their 

a b i l i t y  t o  navigaee through shallow d e p t h s  decreases with increasing 

reach l e n g t h  (Bell 1973). Limieed resting areas i n  a passage reach 

a l so  makes passage more difficult, 

Af .- Although t h e  adult and j u v e n i l e  migration and 

reanring life stages of the anadrclnous and resident species frt the  

middle Susf tna  River involve movement from one location t o  another and 

t h u s  are potentially affected by passage, a d u l t  chum salmon migration 

i s  the  species / l i fe  stage with t h e  greatest p o t e n t i a l  t o  b e  affected 

by passage r e s t r i c t i o n s .  Adult  chum salmon shl~ta less a b i l i t y  than 

o t h e r  salmonid species to surmount abseacles (Bell 1973,  S c o t t  and 

Crossma11 1973).  Adult  chinoqk salmon a lso  have potential f o r  b e i n g  

af feceed by passage  restrictions due to t h e i r  large s i z e .  Depth  

c r i t e r i a  f o r  chinook salmon is grearer than f o r  o t h e r  salmon species 

(Tnompson 1972). Adult: coho, sockeye, and p i n k  salmon cou ld  h e  

affected by passage restrictions i f  t h e  conditions were d i f f i c u l t  o r  

rlnsuceessful for chum or chinook; thus, ehe analysis of passage 

conditions for chum or skfnssk salmon is consenat ive ly  taken as b e i n g  

representative of coho, soekeye, and pink  salmon. Resident a d u l t  

t r o u t  t y p i c a l l y  have shallower minimum dep th  c r i t e r i a  f o r  passage than  

salmon and thus w s u l d  not  b e  res t r ic ted  by d e p t h  as offtew as salmon 

would be,  b u t  the maximum v e l o c i t y  criteria f o r  trout i s  lower t han  

chac f . ~ r  salmon (Thompson 1972). 

Parameeets af f ecring passage of juveni le  resident and anadromous 

species i n t ~ ,  ou t  of, and w i t h i n  their r e a r i n g  habitats include 

shallow flow d e p t h  and h igh  velocit i-es.  The most r e s t r i c t i v e  

c o n d i t i o n s  f o r  j uven i l e  passage would be entrapment, where poo l s  

containing juveni les  become isolated when surface  f l o w s  reduce t a  

z e r o .  High velocities ( ~ 2 . 0  f p s )  in channels w i t h  f e w  interstitial 

spaces between streambed par t i c l e s  o r  few cobb le s  and b o u l d e r s  to 

provide  low v e l o c i t y  resting areas would a l s o  be d i f f i c u l t  passage 

reaches f o r  juven i l e s .  



F ~ s s a g e  of outmigrating smolt would have sinlilar c r i t e r i a  t o  chose  o f  

juveniles. Entrapment would be most c r i t i c a l ,  as t h e i r  dow2stream 

direction of migration reduces the importance of v e l o c i t y  as a p a s s a g e  

criteria parameter, 

?fainstem Nabitaes .  The parameter with the  p - - a t e s t  p o t e n t i a l  t o  
. u m  

r e s t3 : i~ t  passage within mainseem habitats is v- i l ty.  The m a l r l s t e m  

i s  used as a migration c o r r i d o r  by a d u l t ,  juveni le ,  and smolt 

salmontds. Mean channel ve loc i t i e s  ranging from 5 to 9 fps are 

cornonly associated w i t h  t y p i c a l  midsrammer f l ows  (R&M Consultan~s 

1982b). Shore l ine  velocieles and velocities near the channel bottom 

are  gene-ral ly well. below the  maximum v e l o c i t y  c r i t e r i a  developed by 

Thompson (1972)  of 8 fps f o r  a d u l t  salmon, bu r  occasionally very near 

t h e  m a x i m  ve loc i t y  c r i t e r i a  of 4 f p s  f o r  t r o u t .  An analysis o f  t h e  

ti.raing of a d u l t  salmon migration indicates t h a t  discharges at Gold  

Creek ranging  from 12.000 to 60,800 c f s  d i d  n o t  appear t o  a f fec t  a d u l t  

saPaon migration to sloughs and s ide  channel entrances !ABFBIC 1984el .  

Water dep th  is sufficient f o r  successful passage at rnainsten 

discharges within the n a t u r a l  range; barriers  such as d e b r i s  dams do  

not exist in the minstem of t he  middle Susitaa River,  

S i d e  Channel Habitats. S i d e  channel h a b i t a t s  may b e  used f o r  

mig ra t ion  by adult, juvenile, and juvenile salmonids. Some side 

channels are used by chum and sockeye salmon f o r  spawning; successful 

adult passage conditions are needed f o r  successful spawning. 

Passage conditions in side channel habitats are similar to those of 

mainstem habitats dur ing  much o f  t h e  cpen water season. During 

breaching,  ve loc i t y  is t h e  parameter with the  greatest  potential f o r  

affecting f i s h  passage. Depth would be sufficient f o r  successful 

passage, 



f f*- ; .ii ..owes mainstem discharges, t h e  deprh  at the head o f  s i d e  channe rl 

becomes elre most sigraif  icant parameter a f  f ee t i - ng  passage. As t h e  

water sur face  el ,evation in the mainstem decreases t a %eve% be low 

t h a t  r e q u i r e d  f o r  breaching.  ehe head of the s i d e  channe l  becomes 

exposed, preventing passage through that reach and p o t e n t i a l l y  

trapping f i s '2  in domstrearn poo l s ,  Many s i d e  channels receive inflow 

~ ~ O I I I  groundwater o r  t r i b u t a r y  sources along their length. As f l o w  

aceumia tes  a long  t h e  s lough ,  passaga is f i r s t  provided f o r  by 

juveniles and outmigrating smalts due to t h e i r  shallow minimum depth 

requirements, I f  suf lficient f l o w  accumulat:~, adult passage cou ld  

become successful .  Backwater from t h e  mainstern aay b e  sufficient t o  

prov ide  f o r  s u c c e s s f u l  passage through lawes passage reaches in a s i d e  

channel, 

S i d e  s loughs  are u t i l i r e d  by chum and sockeye 

salmon f o r  s p a m i n g .  Thus, successful  spawning in s loughs  r e l i e s  on 

successful passage into and within t h e  sloughs. Successful spawning 

would lead to the need f o r  successful passage conditions f o r  

outmigrating smoles. Juvenile salmon a l s o  use s l c u g h s  f o r  r e a r i n g .  

Side s lough  h a b i t a t s  have similar passage characteristics t o  s i d e  

channel habitats except breaching is less frequent. Thus,  t h e  d e p t h  

restrictions described f s r  eanbreached s i d e  channel s i tes  would a p f i y  

t o  s i d e  slough h a b i t a t s  more frequently d u r i n g  the  spawning season.  

Passage into and w i t h i n  s i d e  s lough sites is p r o v i d e d  by b r e a c h i n g ,  

backwater, or l o c a l  f l o w  eondlitions. Even in side slough sites, 

breaching is r e l a t i v e l y  frequenr d u r i n g  the spawning season under 

natural flow regimes. Bacbater p rov ides  f o r  passage through the 

first and sometimes second passage reaches upstream of the s lough  

mouth during much of t h e  spawning season. Slough flow, when increased 

by r a i n s t o m  runoff from t h e  loca l  area may p rov ide  f o r  passage o f  

adults th rough  some reaches. 



g_T ;. "re" 
.-x~h:s::2? As with s i d e  s l m g h s ,  upland sgioeaghs 

u t i l i z e d  by adult salmon f o r  irnigrstion and spacmi1:g and j u v e n i l e  

salmon f o r  r e a r i n g ,  and salmon smoEts f o r  cutmigration. Passage i n t o ,  

within, OP out of upland s l o u g h s  r e l i e s  primarily on backwater and 

l o c a l  f low,  s ince  breaching  is an in f r equene  event, 

Tr ibu ta ry  Rabicats are u t i l i z e d  primarily by 

a d u l t  chinook, coho, and chum salmon f o r  s p a m i n g ,  coho juveni le  f o r  

rearing, and chinook, esho, and chum salmon f o r  smelt outmigration, 

Passage i n t o  or ou t  of er ibura ry  hmbie2cs could be affected by reduced 

mainseem f l ows  of t h e  p ro jec t .  Studles h ~ c e  identffied t h a t  most 

tribu~aries will a d j u s t  to t h e  new mainstem elevations th rough  a 

degradation process (R8M 1 9 8 2 ~ ~  Tr ihey  1983).  

The relationship between habitat availability and passage conditions 

unde r  natural conditions is assessed by i d e n t i f y i ~ g  how o f t e n  t h e  

d e p t h  requi red  f o r  passage is available. As in t roduced e a r l i e r  the 

depth  at: passage reaches in a slough o r  side channel is a function of 

the cumulative e f fec t  of backclater, breaching,  and local f l ow  in the 

channel,  

Analysis of escapement timing to sloughs and flow h i s t o r y  d u r i n g  t h e  

1981-198: spawning season provides  t h e  i n f o m a t i o n  necessary t o  

delineate t h e  period in which combinations of backwater, breach ing ,  

and local f low are most important f o r  passage. 

Selection of t h e  period from August 12  through 

September 8 f o r  chum salmon passage i n t o  and within sloughs and s i d e  

channels of the middle Susitna River is based on chum migration timing 

in t h e  mainstem a t  Curry Station (RM 120) a.ld the  dates of f i r s t  and 

peak counts i n  six sloughs that contain t h e  m a j o r i t y  of s lough-  

spawning chum salmon in the middle Susirna River.  These s l a u g h s  ( 8 A i  

9 ,  9 A ,  11, 20 and 21) are Iscated between M 125 and 1 4 2 .  



T h e  peak of the churn salmon run passes C u s ~ ~ y  S t a : i a n  d u r i n g  ehe f i r s  

two czeeks o f  August (AI7F8G 1981, 1982a, 1984a). S i n c e  t h e  average? 

migr~tion speed  of chum salmon ranges between 4.5 miles p e r  day !mpd) 

and 7 , 7  mpd (ADF8;G 1981, 1982a, 1 9 8 4 a ) ,  most chum salman would be 

expected to cover t h e  5 to 22 miles from Ct1:ry Station to t h e  six 

s l o u g h s  mentioned in one to f i v e  days.  Therefore, churn saimun a r e  

expected to b e  abundant in the sfx s loughs  during the first th ree  

weeks of liuguse. 

'Che dates t h a t  c h m  salmon were f i r s r  observed in Sloughs  @A, 9 ,  9A, 

11, 20 and 2 1  have ranged from August 4 t o  September I I ,  while t h e  

dates a f  peak counts a t  these s i x  sloughs have ranged from August IF 

to S e p ~ e m b e ~  20 (AI)F&G 1981, 198Za, 1984a). Thus t h e  p e r i o d  o f  

Aitgust 12  through Seprember 8 covers t h e  first obse rva t ions  of chum 

salman in s loughs  and most o f  the period of peak counts .  

The $1-ough utilization by chum salmon i s  one t o  t w o  weeks Eater than  

t h e  predicted dates based on migration timing in t h e  mainstem, 

Factors that may expla in  t h i s  d i f f e r ence ,  either s i n g l y  o r  t o g e t h e r ,  

are: (1) stock differences; ( 2 )  milling behavior;  ( 3 )  s l c u g h  

obse rva t ion  conditions; and ( 4 )  passage conditions. 

Stock  Differences. The dates o f  first  and peak counts in tr4butaries 

a r e  one to t w o  weeks earlier than in sloughs (ADF&G 1981, 1982a,  

1 9 8 4 a ) .  Hence, the f i r s t  part of t h e  run passing Curry  Station may be  

a separate stock destined primarily f o r  tributaries. 

F i s h  may mill in the olainstea near the mouths of  

s loughs  be fo re  entering the sloughs to spawn. 

When sloughs are overtopped by t u r b i d ,  

h i g h  velocity lnainstem TIarer, observation conditions deteriorate. 

Poor obse rva t i an  conditions may r e s u l t  in f i s h  u t i l i z a t i o n  remainirig 

undetected until tke s l s u g h  water clears. 



9 -  r- -sa"2e C o n d ~ t i i s l a s .  Passage conditions, ,&. ..ch ~ l r k  i n f  lelcr~ced p 
"""2*___b--p- 

b r e a c h i g g ,  b a c h a t e r ,  and l o c a l  flow CmF&G 4984e), may d e l a y  p a s s a g e  

af d m n t  salmon i n t a  oand w i t h i n  slaughs in sariat. years, F a r  examFle, J n 

1982, mairastena d i s c h a q e  ae Gold Creek w a s  be low 20,OCO c f s  from e a r l y  

August t o  mid-September, which reduced backwater and b r e a c h i n g  

influences and m y  have restricted chula passage i n t o  s l o u g h s .  A 

ra i r l s tam event f ro% August 29 ~o September 3 increased l o c a l  ffoGs, 

which appeared t o  p rov ide  successful passage conditions ar  most s i t e s .  

A I I  sloiaghs (9, 9A, 11, 20 and 2 1 )  except Slough 8A conta ined  peak 

~ ~ u n t b e r s  o f  ehun salmon between August 30 and September 6 (IIDF&C 

1382a), 

Frequenev sf Passage 

Passage conditions can be  f u r t h e r  evaluated by establishing how o f t e n  

t h e  d e p t h  r e q u i r e d  f o r  passage occurs  under  natural o r  p r o p o s e d  

p r o j  ece flows and what condition (breaching,  backwater, o r  l o c a l  Elow) 

is r e spons ib le  f o r  passage. For example, the specified depth fclr  

staccessful passage at a passage reach located near t h e  mouth of a 

s lough  may be equalled or exceeded 80 percent of the time due t o  

backwater only, 20 percent of the time due to breach ing  o n l y ,  and 40 

percent  of t h e  time i f  an average groundwater flow were supplemented 

by surface inflow. Since b a c b a t e r ,  breaching ,  and groundwater 

upwelling are functions of mainstem d i s c h a r g e ,  the frequency of a 

c e r t a i n  dep th  be ing  equalled o r  exceeded is o b t a i n e d  f rom a flow 

frequency analysis f o r  the p e r i o d  of i n t e r e s t .  Analysis of t h e  

contribution of loca l  flow (surface flow and groundwater upwelling) to 

passage conditions will be completed as 1984 f i e l d  data  become 

ava i lab le ,  

Breaching flows occur r e l a t i v e l y  frequently a t  sloughs and s i d e  

channels under n a t u r a l  conditions. The frequency o f  o v e r t o p p i n g  was 

evaluated at selected sloughs and side channels (Table  V - 3 ) .  This 

c a b l e  presents the  rtumber of years each s i r e  was breached  aE l e a s t  one 

day d u r i n g  t h e  evaluation p e r i o d .  The f requency  of pez rs  t h a t  

i n d i v i d u a l  sLocghs and side channels breach v a r i e s  acco rd ing  t o  t h e i r  



"k'able V-3, Freq.ueney of b r e a c h i n g  f l o w s  ac se lec ted  sl .oughs and S-T-de 
channels  

Controlling Years 
Discharge Frequency Occurred 

(cfs) ( X )  ( o u t  s f  3%) 

Slough  9 

Upper S i d e  
Channel 11 

Side 
Channel 2 i  



b r e a c h i c g  flowe example, t h e  frequency o f  years  f o r  b n e a c h ~ g  

f l o w s  ate Slough 2 1  (25,000 c f s ) ,  Slough 9 (17,000 c i s ) ,  and t h e  bower 

p o r t i o n  of S i d e  Channel 2 1  ( iZ,000 c f s ) ,  are 4 7 ,  91,  and 9 7  p e r c e n t .  

Although i he number o f  years in which a t  l e a s t  one breachjLn:< evene 

occu r r ed  was similar f o r  Slough 9 and Side Channel 2 1 ,  t h e  average 

n~smber of breached days per yeas f o r  Slough 9 (13.9) was abou4- half 

that sf S ide  Channel- 21  ( 2 4 , % ) ,  Assoefated with the  decrease in 

frequency a f  years at Slough 2 1  is a decrease in the average number of  

d a y s  breached ( 8 . 3 ) .  iFhe importance of m u , l t i p l e  event breaching  flows 

f o r  passage ae a site depends on t h e i r  tinning w i t h i n  t h e  spawning 

season. Several c l o s e l y  clustered events rnay be  l e s s  beneficial t o  

passage than a fzw well spaced over toppings .  F igu re  17-5 presents a 

frequency analysis of t h e  percent of years  that a f l ow  i s  equalled 01- 

exceeded a t  least once dur ing  t h e  per iod  12 August t o  8 September. 

The 50 percen t  occurrence flow is apprsximately 22,500 c f s .  From t h i s  

analysis, ie can b e  concluded that channels with breach ing  flows be low 

22,500 c f s  w i l l  be breached,  on t h e  average, once every t w o  years.  

'Fhe baeba t e r  :zssoeiated with mainstem discharge under natural 

conditions provides  passage through passage reaches in t h e  mouths of 

some sloughs. 1 Slough 8A, f o r  example, a mainstem discharge of  

IC1,600 cfs is required t o  produce the backwater r e q u i r a d  f o r  

successful passdge at Passage Reach I. This discharge occurred in 97  

percent of t h e  l a s t  35 yezrs* At Passage Reach I1 a mainstem 

discharge of 15,600 is needed, wkich also occurred 97 percent  of t h c ~  

t ine  (F igu re  V - 6 ) .  However, t h e  average number of days p e r  year t h a t  

passage w a s  provided PR I and PR TI dur ing  the August 12  - 
Septsmber 8 per iod  were 2 5 . 6  and 18.5. 

ITnder anticipated pro jec t  flows, naturally occurring mainstem flow t o  

breach s i tes  o r  cause t h e  backwater e f fec t s  necessary f o r  passage will 

in general be significantly reduced durirkg the spabming season-. The 

importance of  l o c a l  flow in compensating f o r  same s f  t hese  reductions 

in passage conditions will be d e s c r i b e d  in the  final d r a f t  of  + t h i s  

r epa r t ,  







Depth and v e i o c i t y  of flow respond  ts v a ~ r i a t i o n s  i n  streamflow, 

alfeceing t h e  availability and quality of f i s h  h a b i t a t .  The e f f e c t  o f  

streamfliiw variatirns an the a v a i l a b i l i t y  o f  s p a w i n g  and rearing 

h a b i t a t  has been modeled at seyeral s i d e  slougki and side c h a n ~ ~ e l  study 

s i t e s  (Ur'bG 1 9 8 4 ~  O F & G  1484d). %%is roodelkng p rocess  used  computer 

software developed by t h e  USW? Instream Fl~w and Aquat ic  Sy srems 

Group (Bovee ax~d ?ti(i'llhous i978,  Bovee 1982, Nilhaus e t  ale 1 9 8 4 ) .  

S p a t i a l  distribution o f  dep ths  and velocitiee w i t h i n  a s t u d y  s i t e  were 

simuljted ae several different site-specific flows u s i n g  t h e  EFC-4 a n d  

IFG-2 h y d r a u l i c  models. Using the simulated d e p t h s  and velocities in 

cnmbrnati.on vitlt  n l~mer ic  d e s c r i p t o r s  f o r  qcher  microhabitat va r i ab l e s  

(upwelliog , cover, and subsrrace) , p h y s i c a l  h a b i t a t  a t  t h e  s t u d y  site 

can be desc r ibed  as a function cf streamflow, R e  numeric uescription 

o f  upwelling, d e p t h ,  velocity, substrate and cover avai lable  t o  f i s h  

at v a r i o u s  flow levels are rben compared t o  w e i g h t i n g  factors 

represen t ing  the! r s u i t a b i l i t y  t o  fish. These weighting f ac to r s  are 

o b t a i n e d  from h a b i t a t  s u i t a b i l i t y  criteria f o r  each species and life 

stage be ing  eva:'.~~atrd. Xn index of h a b i e e t  availability ca l led  

Weighted Usable Area (WA) is calculated by t h i s  modeling process. 

Because several of  t h e  mic~PO&gabttat variables used respan,$ to 

streamf low variations, weighted u s a b l e  area may be cons ide red  a 

streamf low dependme h a b i t a t  a v a i l a b i l i t y  index.  

Hicl-ohabi ta t  Preferences. The influence s t r e m f l o w  variations map 

have on s p a w i n g  h a b i t a t  is generally evaluated u s i n g  e h r e e  

r n i c r o h a ~ i t a t  var iab les :  d e p t h ,  v e l o c i t y  and s u b s t r a t e  (Bovee 1 9 8 2 ,  

Wesche and R e c k a r ~  19803. However, a f o u r t h  va r i ab l e ,  upwebling, is 

a l s o  considered imporeant f o r  s e t ~ c e s f u l  churn and sockeppe sal-mon 

s p z ~ . ~ i n g  in rhe middle Sas i tna  River habitats (ADF&G 1 9 8 4 d ) .  

U p w e l i i ~ ~ g  h a s  also been identified as an important h a b i t a t  component 



f o r  ~ ~ p ~ i ~ ~ i ~ g  churn shlmon at other locations in Alaska (KogL 1965, 

... l s k i i 1 4  75, Wilson et al. 1981, Hale 1901) .  

C-lf the f o u r  microhabitat va r i ab l e s  used  in t h e  mode l i t~g  p rocesses ,  

iJpigelling appears t o  be  t h e  a o s t  important v a r i a b l e  i n f  l ~ e n c b n g  the 

sa; :cc-Lon of redd  s i res  by spatmilag chum and sockeye salmon. Spap-ming 

is cornonly o b s e w e d  a t  upwelling s i t e s  in side s lough and s i d e  

%:hannel areas possessing a r e l a t ive ly  broad range  of d e p t h s ,  

v e l o c i t i e s  and substrate s izes .  Bowover, oeher  porkions of these same 

habitaes b u t  possessing similar dep th ,  v e l o c i t i e s ,  and substrate sizes 

.rif:hcu; upwelling are no t  used by spawning salmon ( D F & G  1 9 8 4 d 3 ,  

Secause o f  t h i s  strong preference evident  in f i e l d  o b s e r v a t i o n s ,  a 

binayr. criterion was used f o r  t h i s  microhabitat v a r i a b l e .  Habitat 

s u l t a b i l b t y  c r i t e r i a  f o r  upwelling assign..; optimar s u i t a b i l i t y  t o  

a reas with upwelling and non-suitability to areas wi thou t  upwelling. 

23 r ega rd  i ; ~  12s o v e r a l l  inf luence on the quality of spawning h a b i t a t  

substrate could rank second to upwelling in importance, However, t h e  

substrate c r i t e r i a  devejoped by ADF&G f o r  chum and sockeye salmon 

spa~bmfng in side slough and side channel habitats assigns optimal 

s u i t a b i l i t y  to streambed material s i z e s  from one to nine inches 

( F i g u r e  V-7, P a r t  A). This range inc ludes  much la rger  p a r t i c l e  s i z e s  

than  are  cornonly c i t ed  in t h e  literature as being  s u i t a b l e  f n r  

spawning chum and sockeye salmon. L i t e r a t u r e  values typically range 

f r o 3  coarse sands to f ive- inch  material; with 114 t o  three  i n c h e s  

be ing  t h e  most s u i t a b l e  size range (Hale 1981). 

This discrepancy between the ADF&G criteria and t h e  litc,ature is 

probably  related to t h e  dominant, in f luence  upwelling has  on t h e  

selection of redd sites. Apparently, su& a small amount csf goad 

quality spatm!ng substrate exists in middle Susitna River habitats 

that :  b o t h  chum and sockeye salmon use whatever streambed materia; 

s izes  are associated with the upwellings,- Another consideratietin is 

thae salmon recarded  as spawning in l a r g e  subs.trat@ s i zes  ( > 6  i nches )  

may actually have been excavating t h e i r  redds in smaller streambed 

p a r t i c l e s  su r round ing  t h e  cobb le s  and b o u l d e r s .  
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?;i l ampar i son  to s t r e a u ~ b e d  p a r t i c l e  s i z e s  i d e n r i f i e d  in t h e  l i c c r a  c r e  

a s  s p a m i n e  subscrate, t h e  o v e r a l l  quality o: substrate in side siougk 

and side channel  h a b i t a t s  f a r  s p a m i n g  salmoli i s  quiCe l o w .  The 

predominant substrate t y p e  in s i d e  sloughs consists o f  ~ 2 n d ~  and s i l t s  

in low v e l o c i t y  areas o r  Large gravels and small cobb le s  i n t e z ~ i ~ p t ~ j  

c-rith large cobbles  and small b c u l d e r s  in f ree  flowing reaches (ADF&G 

1882b). Since t h e  substrate composition 2s  often similar w i t h i n  and 

berveen s i d e  s lough spawning areas (ADF6G 1982b, 198bd)  and spatmine: 

salmon u s e  a br?ad range o f  par t i c le  s i z e s  in the middle Smsitr ta  

R i v e r ,  s u b s t r - a t e  composition does not  appea r  t o  have much influence on 

t h e  selection o f  redd s i t e s  o r  when compared eo t h e  o t h e r  mic rohab i t a t  

var iables* The h h i t e d  influence sf s t r e a n ~ b e d  material s i z e  on 

slough-spawning chum and sockeye salmon is ev iden t  in t h e  b r o a d  range 

o f  p a . r t i c l e  s i z e s  identified as be ing  optimal (ADF&G 1 9 8 4 d ) .  

Veloc i ty  i s  often cons idered  one o f  t h e  most inportant microhabitat 

var iab les  affecting spawning salmon (Thompson 1 9 7 4 ,  Wilson e t  ale 

1980, B j  ornn et al, 1981). The h a b i t a t  q u i t a b i l i t y  c r i t e r i a  developed 

by mF&G for  t o t h  s p a m i n g  churn and sockeye salmon a s s i g n s  c p r l n a i  

s u i t a b i l i t i e s  t o  velocities less than 1.3 i p s  (Refer F i g u r e  V-7,  

P a r t  B ) .  As the mean column v e l o c i t y  at the spawning s i t e  increases 

above 1.0 f p s ,  s u i t a b i l i t y  declines more r a p i d l y  f o r  sockeye t h a n  f o r  

chum, Microhabitat areas w i t h  mean column velseities exceeding 

4 3  f p s  are considered unusable by both species. 

The ADF&G c r i t e r i a  a s s i g n  s l i g h t l y  lower s u i t a b i l i t i e s  to v e l o c i t i e s  

between 2 and 3 f p s  than criteria availzble in the literature (Bovee 

1978, Wilson et ale 1981, Esees et al, 11980, Hale 1981). This 

discrepancy may exist because most data used to develop velocity 

s u i t a b i l i t y  c r i t e r i a  f a r  s p a w i n g  and sockeye salmon in the  midd le  

S u s i t n a  River were co l lec ted  in s i d e  s lough  habicars t h a t  

characteristically have a narrow range of low velocities. Habitat  

s u i t a b i l i t y  c r i t e r i a  developed by otht?r investigators in Alaska %rere 

b a s e d  on data p r i n c i p a l l y  co l l e c t ed  in higher y e l o c i t y  h a b i t a t s  of 

o t h e r  r iver  sys tems .  The velocity s l r i e a b i l i t y  criteria deve loped  by 

ADF&G f o r  chum and sockeye spawners are considered wost a p p l i c a b l e  t o  



S l ~ e c *  -.-d possessing slough-like velociiies, Velocity c r i  i e r i a  from elri 

literature are cons ide red  more a p p l i c a b l e  to eva i r i ac ing  microtab itnt 

p-references cf spa7mxng chum salmon i n  the mainstem and side c h a n n e l s  

o f  the middle Susitna River, 

Hab i t a t  s u i t a b i l i ~ y  c r i t e r i a  f o r  d e p t h  i n d i e a t e  t h a t  d e p t h s  in excess 

of 0 , 8  fees provide  optimal spawning d e p t h s  f o r  churn and :sockeye 

salmon (Figure  V-7, Part C) . This d e p t h  is s l i g h t l y  more conse.rvative 

bur  coasistenr: with the  0.6 f o o t  dep ths  used elsewhere (Smith 1977,  

Thompson 1972).  Microhabitat areas with d e p t h s  less than 0.8 f e e t  

provide  suboptimal s p a m i n g  conditions and dep ths  of 8.2 f e e t  or less 

a re  unusable .  These minimum depth criteria are  consistent with v a l ~ ~ e s  

presented by others as minimurn d e p t h  requirements f o r  spawning chum 

salmon (Kogl 1965, W-iPson et al. 1981). 

Habitat Availability. WUA indices ( h a b i f a t  respnnse c u r ~ e s )  halie bee;.; --- - 

developed by ADF&G f o r  spawning chum and sockeye salmon at, seven s i d e  

s l o u g h  a-ad s i d e  channel locations; Both chum and sockeye salmon have  

been o b s e w e d  spavming within four  o f  these study si tes  o r  in t h e i r  

illimediace v i c i n i t y  (ADFP;G 1984a,d). Af.though minor differences occur  

between t h e  habitat  response cunres f o i  s p a m i n g  chum and sockeye 

salmcn at each of these four  s tudy  sites,  t h e y  are,  in general, q u i r e  

similar (Figure V-8). Tile minor d i f  ferernces that exist between t h e  

h a b i t a t  response curves f o r  these t w o  species a r e  a t t r i b u t a b l e  to 

differences betweer1 d e p t h  and v e l o c i t y  s u i t a b i l i t y  criteria. A 

slightly h ighe r  s u i t a b i l i t y  is assigned i o  d e p t h s  between 0 .2  and 

0.8 f e e t  f o r  sockeye whereas a s l i g h t l y  h ighe r  s u i t a b i l i t y  is assigned 

to velocities in excess of 1 f p s  f o r  chum salmon, 

Except f o r  a f e w  i s o l a t e d  observations, z l l  sockeye salmon spawning in 

t h e  middle  Susitna River has occurred  in s i d e  s l o u g h s  t h a t  a re  also 

u t i l i z e d  by chum salmon. The rirsing and spawning h a b i t a t  requiremenrs 

of sockeye salmon a re  a l s o  similar to chum salmoll (MJ)F&G 1 9 8 4 d ) .  In 

addition chum salmon spaxmers are b o t h  mare ntjmeroras and -ssPdespread 

than  sockeye spaTners in middle Susitna River  habitats. Thus che 

analysis w i l l  focus on t h e  response of chum salmon spawning habitats 
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and lase chase  WA indices t a  a l s o  estimate the response  sf sockeye  

salmon spa~fming habitats, 

Response curve; f o r  total surface  area and weighted u s a b l e  area f o r  

spami r tg  chum salmon are presented by h a b i t a t  ca tegory  in F i g u r e  V-9, 

Habitat Category I contains those areas t h a t  exist as c l e a n ~ a ~ t e r  s i d e  

s lough  habitats at mainstem discharges sf 23,000 c f s  and less. 

C ~ t e g c r y  11 sites convey t u r b i d  maznstea .$acee at 23,000 e f s  b u t  

become cleawaeer s i d e  s'fough habitats at a Power discharge, BabPta t  

Category III tefers t o  s i d e  channels that continue t o  smrv t u r b i d  

water. Of most in teres t  in Figure V-9 2% t h e  relatively low WA 

indices forecast at a l l  sites in camgarison t o  t o t a l  surface area. 

K e  magnitude o f  t h i s  difference underscores t h e  inappropriateness of 

uePng wetted surface area as a measure o f  s p a m i n g  h a b i t a t .  

The other n o t a b l e  feature in these graphs for Category X and II i s  t h e  

location of optimal W A  values. The highest value occurs at a 

re la t ive ly  high discharge after the  slough i s  overtopped by mainstem 

flows, The habitat response cuwes  f o r  these m o  categories generally 

increase r a p i d l y  as t he  channel is overtopped and then levels o f f ,  

e i the r  slightly increasing or decreasing with s i t e  discharge. In 

Rabdeae Category X I 1  sites, the WUA is not c lose l y  re la ted  to f l o w  in 

the s i t e  for the discharges analyzsd. WA values remain r e l a t i v e l y  

constant as flow increases. The shape of the W A  funrtion r e l a t i v e  to 

change in g r o s s  area indicates the  s t a b i l i t y  of the h a b i t a t .  The 

magnitude of the WUA function is controlled by f ixed  habitat 

a t t r i b u t e s ,  upwelling and substrate while t h e  slope WUA r e f l e c t s  the  

dep th  and veloefty distr$bution or vartable habfea~ aterlbutes. 

The maximurn amount of spawning habitat potentially ava i lab le  at any 

s i ee  under noted conditions is d e t a m f n e d  by t h e  t o t a l  surface area of 

the upweiling. '%he t o t a l  surface area of upwellings at t h e  S i d e  

Slough 2 1  and Upper S i d e  Channel i l  study s i t e s  were increased by 16 

and 53 respectively and W b  recalculated.  By arbitrarily i.ncreasing 

t h e  percentage of tlae t o t a l  surface area o f  t h e  upwelling a t  these 

s i t e s  bmA increased a t  b a r k  sites wiekoue a notab le  change occurring 



in t h e  s h a p e  of t h e  h a b i t a t  response cur7re f o r  eithei: s i ~ e  

(F igu re  V-10 ) .  T h i s  demnst ra tes  t h a t  a general increase o r  decrease 

i n  the amocnt of upwelling will a f f e c t  t h e  availability of spawl i ing  

h a b i t a t  t o  approximately &he same degree  over a broad range of s i t e  

f lows .  Other  microhabitat variables  that are important t o  spawning 

salmon in the  middle Susitna River (depth  and v e l o c i t y )  p r i n c i p a l l y  

deternine t h e  access ib i l i t y  and quality of upwellling areas* 

The h a b i t a t  response cuwe f o r  Slough 2 1  peaks when t h e  mainstem 

discharge i s  appraximstely 26,500 efs, t h e  respones curve f o r  Upper 

S i d e  Channel 11 peaks when the  mainseem discharge  is near 23.080 c f s  

(F igu re  V-l I ) ,  A t  these discharge levels, t h e  a l l u v i a l  bem a t  t h e  

upstream end of each s i t e  is overtopped and t h e  site s p e c i f i c  flows 

sre approximately 70 e f s  in Slough 2 1  and 150 c f s  in Upper S i d e  

Channel 11 (BIDF&G 1 9 8 k d ) .  Base flow at bo th  sites is approximately 

5 e f s  whenever the mainstem diseharge i s  less than t h a t  r e q u i r e d  t o  

overtop t h e i r  upstream bews (ADF&G 1984d) .  The depth  af f f o v  over 

upwelling areas forecast by hydraulic mdefs o f  these sites indicate 

that deprhs  t y p i c a l l y  range less than 0.5 feet at base flow b u t  

increase to 1.0 feet or greater when overtopped ( F i g u r e  V-12) . 
Velocities respond similarly to overtopping t y p i c a l l y  i n c r e a s i n g  from 

the 0 to 0,s f p s  range to approximately 1,s f p s  (F igure  V-13). 

Comparison of dep ths  and velocities associated with baseflow and con- 

trolled flow conditions with habitat s u i t a b i l i t y  c r i t e r i a  presented 

ear l ier  f o r  spawning chum salmon (Refer F i g u r e  V-7) i n d i c a t e s  t h e  

rapid increase in WA indices for Slaugh 21 and Upper S i d e  Channel 11 

evident in Figure V-ll is a t t r i b u t a b l e  to an increase of dep th  over 

upwelling areas (Figures V-12 and 13). The gradual decrease in WA 

ind i ce s  at h i g h e r  site flows is due t o  mean column velocities over 

upwelling areas exceeding the 0 t o  1.3 Pps optimum range established 

f o r  slough spawners. The importance of depth adversely influencing 

t h e  availability of spawning h a b i t a t  at Category I and II s i tes  under  

nonabreached conditions is important to recognize. The analysis 

presented ea r l i e r  regard ing  the influence of overtopping events on 

prov id ing  adequate passage depths  w i t h i n  these s i tes  f o r  a d u l t  salmon 
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Figure H-11. surface area and WMR responses to  mainstem discharge 
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i r ;  ,nlso * l i c e b l e  ir. estimating the  importance o f  brt2acij.ing f ~ O W S  :I? 

t h e  a -  ,in?.Ety of  apami-asg h a b i t a t ,  

Side s l o u g h s  p r o v i d e  a r e l a e i v e i y  s t a b l e  amount o f  habi ta1:  f o r  

s p a ~ ~ n i n g  chum s a h o n .  The h a b i t a t  s t a b i l i t y  results from t h e  base 

flow conditions which are present d u r i n g  much of t h e  s p a m i r a g  season.  

Figu *e V- lb  presents f lm d u r a t i o n  and h a b i t a t  d u r a t i o n  s u w e s  f o r  

thy h a b i t a t  categories.  Each h a b i t a t  d u r a t i o n  curve was constnacted  

f r  L. d a i l y  habitat values  derived from daily flows at t h e  site. Site 

f laws  were decemiaaed P m m  mainseem flow at GsPd Creek u s i n g  the 

regression eqcaeions presented by ADF&G (1984d). 

Slough 2 1  p rov ides  an example c f  a category I h a b i t a t  which is q u i t e  

s tabbe .  The h a b i t a t  dura t ion  Cume indicates t h a t  t h e  "nabitat va lue  

e q u a l l e d  sr exceeded 90 percent: of t h e  time is near ly  t h e  same as that 

equalled o r  exceeded 10 percent of the time. The h i g h e r  h a b i t a t  

values are associated w i t h  breaching flows as discussed p r e v i o u s l y .  

Mabitat category 11 s i t e s  are also relatively stable.  Upper s i d e  

channel 11 has a f l a t  habi~ae duration cume fram %80 to 58 percent 

equa l l ed  or exceeded. Higher habita; values assoctated w i t h  breached 

conditions occur more frequently than in category I. 

Wearing Salmon 

Microhabitat Preferences, Extensive f i e l d  studies have been conducted 

by DF&G to determine the seasonal movement and habitat requirements 

of juvenile chinook, chum, coho and soekeye salmon i n  the middle  

Susitrna River (mF5G 1984b) . Juvenif e coho salmon rear predominantly 

in tributary and upland slough habitats. The ibv numbers of sockeye 

juveni les  rear ing in t h e  middle Susitna River are most cornonly found 

in upland s lough habieats. Juvenile chum and chinook salmon are  t h e  

most abundant salmon species that rear in side s lough and s ide  channel 

habitats. By ear ly  sumner (mid June) most juven i le  churn salmon have 

outmigrated from middle Susirna River habitats, and a l a rge  

i m i g r a t i o n  of chinook f r y  is occur r ing  from nata l  tributaries, These 







;~rns:aEure chinook redfs t r tbuute  i n t o  s i d e  channels and side s l o u g h s  

d u ~ i s n g  the remainder o f  the %urnere With t h e  onse t  s f  f a l l  and c o l d e r  

matnstem and s i d e  channel water temperatures, chinook j u v e n i l e s  move 

i z * o  t h e  upwelling areas associated w i t h  s i d e  slough h a b i t a t s  t o  

svex~fi~i-nter ( D F & G  1 9 8 4 )  , 

Rearing habl  ea t  i s  cornonly evaluated us ing  th ree  variables : d e p t h ,  

v e l o c i e y ,  and cover (Bovee 1982 and Wesche and Reckard 1980). Habitat 

s u i t a b i l i t y  criteria have been developed by AI)FBG to descr ibe  t h e  

preferernees a f  juvenile churn and ehinook salmon f o r  these microhabitat 

va r i ab l e s ,  Habitat s u i t a b i l i t y  criteria developed by ADF(kG indicate 

t h a t  water d e p t h s  exceeding 0,1S feet prov ide  o p t i m a l  condftions f o r  

rearing chinook (ADP&G 1984b). This compares well with Burger  e t  al. 

(1981.) who found chinook using d e p t h s  gredter t han  0 .2  f ee t  up t o  

$ U  f e e t *  

Cover is  used by juvenile salmon as a means of avoiding predation ai:d 

o b t a f n i n g  protection from unfavorable water velocities. Instream 

o b j e c t s ,  such as submerged macrophytes, large substrate, organ ic  

d e b r i s ,  and undercut banks provide both  types of shelter f o r  j u v e n i l e  

salman (Burger e t  ale 1981, Bustard and Narver 1975,  Bjornn 1971, and 

Cederhola and Roski 1977). One significant resul t  of the ADF&G f i e l d  

studtes i s  the use of t u r b i d i t y  by juvenile chinook as cover. 

Juvenile chinook were cornonly found i n  low-velocity t u r b i d  water 

(100-200 NTU) without object  cover b u t  were r a re ly  observed  in 

low-velocity, cleawater  (under 10 NTU) without o b j e c t  cover. The 

inf luenee o f  t u r b i d i t y  on the  d i s t r i b u t i o n  of juvenile chinook in side 

channel habitats was so pronounced that habitat s u i t a b i l i t y  criteria 

f o r  ve loe i ry  and ob jec t  coves were developed by ADP&G f o r  bo th  clear 

and t u r b i d  water conditions ( F i g u r e s  15 and 16) .  

These criteria euwes assign optimal s u i t a b i l i t y  va lues  t o  v e l o c i t i e s  

between 0.05 and 0.35 f p s  f o r  t u r b i d  water, and between 0.35 and 

0 ,65  f p s  f o r  clear  water. The Susitna River criteria f o r  juvenile 

chinook t n  clear  water d i f f e r  from v e l o c i t y  c r i t e r i a  developed in 

o t h e r  Alaska studies (Burger  e t  al. 1981, BechteE 1983) ano t hose  used  







by rhe fFG (Nelson pers. corn.  1 3 8 4 ) .  Lrbeeraeure values t y p i c a .  !y- 

indicate optimal velocities f o r  juvenile chinook in c lea r  water a re  

less chan 0.5 fps. T h e  c r i t e r i a  preseneed by b o t h  Burger er al. and 

BechteL (Figure  1 7 )  can be considered comparable to ABF&G" c r i t e r i a  

f o r  j u v e n i l e  chinook in so fa r  as t h e  Burger and Bcchtel c r i t e r i a  %Jere 

rlcq<;eioped f o r  juvenile chinook (under EOO m) rear ing In large g l a c i a l  

r i v e r s  in Alaska. Although t h e  chinook c r i t e r t a  from the. literature 

\ e r e  developed from data eoi lected in clear water (less than 30 NTU) , 
t h e y  are more simflaz to the  Susitna River v e l o c i t y  c r l t e r E a  f o r  

t u r b i d  waeer (100-200 mu). The apparent reasom f o r  t h i s  discrepancy 

i s  t h e  difference i n  f i e l d  methods used by ADP&G and t h e  o t h e r  

f n ~ ~ e s t i g a E o r s .  

Mean column velocities were measured by bo th  ADF&G and o t h e r  

investigatars to develop habitat s u i t a b i l i t y  c u w e s  f o r  juvenile 

chinook. However, the' location at whish t he  mean column v e l o c i t y  was 

measured relat ive to the apparent Eveations of juvenile chir,ook were 

q u i t e  different:.  ADF&G repor ted t h e  mean column v e l o c i e y  a t  t h e  

midpoint o f  a 6 faor  by 50 fcof cell (mid-cell velocity) regardless o f  

the location that juvenile f i s h  may have occupied within. The 

v e l o c i t y  criteria develaped by Burger and Beehtel are based on mean 

column ve%ocf tf es measured in the  ediate vicinity o f  i n d i v i d u a l  

f i s h  observations or captures (po in t  velocities). 

Assuming that i t u r e  fish in clear water are more bikely to be found 

along stream banks (where lower veloci~ies and cover are g e n e r a l l y  

more available), t h e  practice af measuring mid-cell velocities a 

minimum distance of 3 feet (one half t h e  width  of the ADP&G sample 

cell) from the streantbank would result in s l i g h t l y  h igher  mean column 

velocities being measured than i f  p o i n t  v e l o c i t i e s  had been measured. 

Wenee i t  is understandable that t h e  0.35 to 0.45  f p s  velocity range 

selected by DF&G as being optimal f o r  juvenile chinook is slightly 

h i g h e r  than the 0 to 0 . 5  fps v e l o c i t y  range selected by o t h e r  

investigators, 





in t ~ r b i d  water (100-200 NTU) ic appears  that j u v & r & l e  chinook i . n ~ t  

o r f r n t  a long  t h e  screambank o r  assoc ia te  with o b j e c t  cover to tkvi! same 

deg ree  t hey  do in clear water ( B n F B G  1 9 8 4 ~ ) .  Rather,  they are 

.randomly diseributed in IQW v e l o c i t y  areas with l i t t l e  o r  no object 

sever. En these Pow-velocity t u r b i d  areas, i t  is q ~ l f e e  likely that 

mid-cell velocities meauared 3 f e e t  from t h e  streambank d i f f e r  P i t t l -e  

'from po in t  velocities measured in microhabitats along t he  sho re l i ne  

that ~ ~ o u l d  be inhabited by juvenile ehinook i n  a cleamqater stream. 

Therefore, it i s  net surrprising that ehe O t o  O,4 f p s  ve lac i ty  range 

selected by BBF&C; as being optimum f o r  juveni le  chinook in t u r b i d  

water d i f f e r s  little Prom the  0 t o  0.5 Sps ve loc i ty  range selected by 

o t h e r  investigators us ing  po in t  ve loc i ty  measurements r a the r  than  

afd-eel$ velocities as t h e i r  data base, 

It can b e  i n f e r r ed  from t h e  ADF&G h a b i t a t  s u i t a b i l i t y  c r i t e r i a  t h a t  in 

low-velocity water (<0 ,4  f p s )  where juvenile chinook do nor r equ i r e  

peceeetion from water currents, they are more likely to be found 

wiehin t h e  water column away from' object  cover if t h e  water is t u r b i d  

(100 t o  200 NTU) than if it is clear (less than 10 NTU) . A t  

veloci t ies  greater than 0.4 fps , the distribution of juvenile chinook 

in t u r b i d  water will lfkely beeom more strongly influenced by 

ve loc i ty ,  and when velocities exceed 1.0 f p s ,  ob jec t  cover is probably  

as important to juveni le  ehinook in t u r b i d  water as it is t o  them in 

c lea r  water. However, since these young f i s h  do not appear t o  o r i e n t  

well in t u r b i d  water, they  cannot make use af ob jee t  cover chat may be 

available and are therefore redistributed in microhabitats by velocity 

Whenever mainstem discharge recedes suf f i e i e n t l y  f o r  t u r b i d  water in 

small side channel areas to clea-, juveni le  chinook redistribute from 

low-velocity t u r b i d  water pools to clear water riffles near t h e  

upseream end c f  t h e  site. In  these elearwater r i f f l e  areas o b j e c t  

cover appears important, and juvenile chinook are most commonly found 

among sereambed pa r t i c l e s  or near organ ic  d e b r i s  regardless  of t h e  

v e l o c i t i e s  present  (ADP&G 1 9 8 4 ~ )  a Based ow t h e  preceding discussions 

o f  habitat s u i t a b i i i t y  c r i t e r i a  and t he  behavior  of juven i le  ctaincsok, 



i t  appears  "Liac velocity and cover z re  the t w o  most important abii)-.Lc 

uli>crohabitae: va r i ab l e s  in f  Puencing juveni le  chinook rearing h a b i  ~ z c .  

Of the t w o  ecver a p p e a r s  most influential, 

Although offering no proeecrion from v e l o c i t y ,  t u r b i d  water appears eo 

provide juvenile chinook adequate concealmeaf: from t h e t r  p r ey  and 

preda to rs  eha t  they make extensive use of t u r b i d  (100-280 WTU) 

E6pp~-velecPty areas ( ~ 0 . 4  Eps) . lda elear water juveniles generally 

seek concealment within interstitial spaces among s t r e a d a d  par t ic les .  

Utilization of these i n t e r s ~ i t f c s l  spaces a l s o  provider; s u f f i c i e n t  

proteceion from v e l o c i t y  t h a t  they are f r e q u e n t l y  found d u r i n g  

d a y l i g h t  in riffle areas possessing v e l o c i t i e s  between 0.35 and 

0.65 Eps (ADF&G 1 9 8 4 ~ )  . 

The d i f f e r ence  in v e l o c i t y  ranges u t i l i z e d  by juvenile chinook f n  

e lear  and t u r b i d  water is thought to be most strongly inf luenced by 

Raod and cover availability. Gf-ven the h igh  suspended sediment 

concenerintions that presently exist in s ide  channel h a b i t a t s ,  

interstitial spaees between streambed particles are g e n e r a l l y  f i l l e d  

with fine g lac ia l  sands in most areas where veloci t ies  of 0.4  fps o r  

less would exist at moderate to high mainstem discharges. A t  low 

mainstem discharges when water at the site elears the most E i k e i y  

place to find interstitial spaees between streambed particles n o t  

filled with fine sediments and a good food supply is in r i f f l e  a reas  

that were s u b j e c t e d  to r e l a t ive ly  h igh  velocities when t h e  s i r e  was 

brsached. Generally these types a f  riffle areas occur at t h e  h e a i  of 

the site, 

Based on t h i s  l og i c  t he  following raodifications have been made to t h e  

mF&G habitat s u i t a b i l i t y  criteria for juvenile chinook. The cover 

and dep th  c r i t e r i a  developed by ADF&G f o r  chinook in clear  water have 

been adopeerf. However the ABF&G velocity criteria f o r  bo th  c lear  and 

t u r b i d  water have been combined such that t h e  optirnhl o r  preferred 

v e l a c i t y  range extends from 0.05 f p s  to 0.65 f p s  f o r  cleaswarer 

situations. As velocity increases above 0.65 f p s  t h e  habitat 

s u i t a b i l i t y  deereases i n  accord with the D F & G  c lear  water c r i t e r i a .  



i V \  ' F ' 
5 approac2i ineorporaees the response o f  j u v e n l i e  chi.ncs!r 

o r i - v z l a e i c ; r  f low o b s e w e d  by o t h e r  investigators ae 1.0catiuns whe I 

bercer o b j e c t  cover w a s  ava i lab le  than in low veLoeFry middle Susitna 

River h a b i t a t s ,  The importance o f  o b j e c t  cover in p r o v i d i n g  b o t h  

concealment and prsgection from v e l o c i t y  Ps expressed in Ehe 

cleamaeer cover criteria developed by ADFdG f o r  middle  Susitna River 

h a b i t a t s .  menever  he water i s  t u r b i d ,  t h e  mF&G depek and t u r b i d  

water v e l o c i t y  eriberia are a p p l i e d  in conjunction with a modification 

of the mF66 t u r b i d  water cover criterBae 

'%he BE)F&G cover erieeria f o r  t u r b i d  water were modified by multiplying 

the clear water percent cover s u i t a b i l i t y  va lues  f o r  each cover t y p e  

by a t u r b i d i t y  f ac to r ,  This t u r b i d i t y  f ac to r  i s  t h e  mean catch p e r  

cell in t u r b i d  water d iv ided  by t h e  mean catch p e r  c e l l  in clear water 

f o r  corresponding percent  cover categories  (Table V - 4 ) .  

Tab le  V - 4 ,  Calcula t ion of  t u r b i d i t y  f ac to r s  f o r  d a t e m i n a t i o n  o f  the 
inf luence of t u r b i d i t y  on clear water cover criteria f o r  
juveni le  chinook s ah&,  

Bercen~ Number of Fish Per Cell T u r b i d i t y  
Cover 

- - 

Source: mFbG 1 9 8 4 ~  

Appl ica t ion  cf these t u r b i d i t y  fac tors  to t he  AS)F&G elear water cover 

c r iee r ia  increases the s u i t a b i l i t y  of percent rover categories under 

t u r b i d  water c o n d i t i o ~ ~ s  if 50 percent or less ob j ec t  cover is present 

b u t  decreases s u i t a b i l i t y  if more than 50 percent ob j ec t  cover is 

present  (F igure  V-18). The decrease in s u i t l a b i l i t y  o f  t h e  h i g h e r  

percent  eaver categories  in t u r b i d  water condie ions  may be attribueed 

in p a r t ,  to t h e  i n a b i l i t y  of j uven i l e s  to o r i e n t  themselves and f u l l y  

ut ilfze the available cover. Because t h e  t u r b i d  water s u i e a b i l i e y  





t~a1uc.s calculated f a r  the no-cover Cype raere urareaiLstica1Ey lo!; 

(aparoximately 0 .04 )  a more a p p r o p r i a t e  va lue ,  6.39, was a r b i t r a r i l y  

chos2n that is similar to t h e  majority of ca lcu la ted  values in rise 0 

te 5 peacent cover categori.es f o r  o t h e r  cover types .  By a p p l y i n g  t h e  

above c r i t e r i a  it i s  f e l t  t h a t  a rearfag habitat model can be 

developed that can r e l i a b l y  respond to a broader range sf w i t h - p r o j e c t  

conditions: by making use o f  species-specific behavior i n  addition to 

microhabieat preferences of chinook juveniles.  

14ab WUA indices  forecast f o r  juvenile chinook 

rearing at S i d e  Channel 22 and Upper S i d e  Channel 11 using flBFBG 

c r i t e r i a  and t he  modified velocity c r i t e r i a  are compared i n  P i g t ~ r e  

V-19, Increasing t h e  range o f  low ve loc i t i e s  s u i t a b l e  f o r  juvenile 

chinook in clear wa-r a t  these study s i t e s  d i d  not substantially 

increase WUA ind ices  above those previously  Poreeast by ADF&G. T h i s  

is aetributable t a  ehe importance of cover to juvenile chinook i n  

clear water and ehe poor cover conditions assoeiatec, with low-velocity 

areas i n  these sf t e s  under n a t u r a l  conditions, The most n o t a b l e  

changes although light, cccurired at the very low discharges 

(5-10 e f s )  where ica~-velocley wager is mare likely associated wi~h 

larger s u b s t r a t e s  in the mfd-channel zone, WA i n d i c e s  fsreeaat  f o r  

juveni le  chinook using cover criteria f o r  low and high ~ u r b i d i t y  

conditions are presented in Figure V-20. Identical habieae response 

cunves a re  forecast f o r  l o w  t u r b i d i t y  conditions because t h e  ADF&6 

clear  water cover criteria is used in both models. However, 

application of the  modified t u rb id  water cover criteria results in 

approximately a 25 percent reducifon ie WA indices  from t he  ADF&G 

forecasts, 

Under p r o j  ece operation, the  larger sedfments (sands and s i l ts)  that 

are c u r r e n t l y  transported by t h e  r i v e r  are expected to s e t t l e  o u t  i n  

t h e  ~ ~ S B W O % P % .  Uf t i~au t  sontinual recruitment sf these sedfments i n t o  

h a b i t a t s  downstream o f  t he  reservoirs it is anticipated that t h e  f i n e r  

material presently filling i n t e r s t i t i a l  spaces among larger sereambed 

p a r t i c l e s  will be g r a d u a l l y  removed. The ef fec t  of ail increase in 

cover s u i e a b i l i t y  resulting from t h e  remval  of f i n e  sediments from 







i i l i e r s t i t i a l  v o i d s  gas simjlatecl by upg rad ing  a11 recorded p e n  L - : ~ ~ t  

mver ca tegor ies  a e  t w a  s t u d y  s i t e s  by one categsrg and rcgcal.culatin.eg 

m.4 i n d i c e s  f a r  juven i le  chinook. This s i rnula t ian  r e sub red  i n  

increased EFjA i n d i c e s  at Upper S i d e  Channel l i  and S i d e  Channel 21 of 

approximately 60 percent  depending on t h e  suitability e r f t e r i a  a p p l i e d  

(F igure  V-21). 

gearing h a b i t a t  f o r  juveni le  chinook under l o w  and h igh  t u r b i d i t y  

conditions was modeled us ing  a s~mbip la t ioa  cf t h e  revised clear  water 

velocfey criteria, modified h igh  t u r b i d i t y  cover c r i t e r i a  and WF&G 

c r i t e r i a  f s a  dep th ,  ve loc i ty  and cover (Table V - 5 ) .  WCTA indices 

Table  V-5.  H a b i t a t  s u i t a b i l i t y  criteria used in revised model t o  
forecast WA f o r  juven i le  chinook salmon under  l a w  and 
h igh  t u r b i d i t f e s ,  

Low T u r b i d i t y  (330 NTU) High t u r b i d i t y  (100-200 NTU) 

AE)F&G Depth Cri teria ADP&G Depth Cr i ter ia  
mF&G Cover Criteria Modified Cover C r i t e r i a  
Revised Velocity Criteria ADFdG Velocity Cri ter ia  

forecase for juvenile chinook salmon at S i d e  Channel 21  and Upper Side 

Channel 11 using the  ABF&G and revised rearing hab i t a t  c r i t e r i a  are  

compared t o  total surface area in Figure V-22 as f m ~ c t i o n s  o f  mainstem 

discharge. The upstream bems at these s i tes  can be overtopped at 

mainstem discharges of 9,200 efs and 13.000 cfs, r e spec t i ve ly .  f e rce  

low t u r b i d i t y  conditions exist at t h e  S i d e  Channel 2 1  site whenever 

t he  mainstem discharge is less than 9,200 cfs, and h igh  turbidities 

prevail whenever the mainstem discharge exceeds 8,200 cfs. The same 

r e l a t i o n s h i p  between maimstem discharge and t u r b i d i t y  conditions 

exists f o r  Upper Side Channel l i  excepe the t h resho ld  discharge is 

13,000 cfs .  

The general shape of h a b i t a t  response curve s f o r  j u v e n i l e  chinook is 

d e t e m i n e d  primarily by che irateraceion between cover availability and 

s u i t a b l e  velocities. Of these, cover seems t o  be t h e  more important 

variable  deterwining t h e  a b s o l u t e  amount of rea r ing  habitat avai lab le .  







Beca~sse ch inook  salmon in t h e  middle  Susieaaa River  are  capable of 

using naturally oeelarring t u r b i d i t y  levels  as a f o m  of cover,  

increases i n  WA caused by breaching sf a study slipre respond direc~ly 

to an increase in wetted surface area passessi~g s u i ~ a b l e  velocities. 

The initial increase in MA indices d e p i c t e d  i n  F i g u r e  V-19 is 

artributable to ehe inf luence of t u r b i d i c y  on ianprovilag o themise  poor  

cover conditions a6 these sites. Subsequene increases in mJA r e s u l t  

f r e  in wegeed surface area with s u i t a b l e  veloef~ies f o r  

j uven i l e  ehinoak. Turbidiey has a lesser e f f e c t  an inc reas ing  W A  

i nd i ce s  a t  t h e  Side  Channel 21 s i te  than the  Upper Side Channel I I  

s%ee becal:**e less favsrabfe veloei tfes  exist at ehe S i d e  Channel 2 1  

s i t e .  This t r e n d  f o r  habitat Category III si tes t o  possess  less 

favorable  rearing velocities than habitae Category I or E I  sites is  

suspected  to be widespread in the middle Susitna River.  

r e l a t i a n s h i p  bemeen weighted u s a b l e  area and wetted surface area 

is platted as a flow dependent percentage i n  Figare PI-23. At h i g h e r  

miastern discharges a lesser percentage ~f t he  t o t a l  wetted surface 

area is avai.lablr as rearing h a b i t a t .  T ~ A J  is a t t r i b u t a b l e  to wetted 

areas wieh s u i t a b l e  veloci t ies  f o r  rearlzg fish becoming avai lable  at 

a lesser rate that increases in wetted surface area; a conrmonl 

occurrence in steep gradient  channels. The most efficient use of 

sereamflow to provide r ea r ing  habitat occurs at lower mainstem 

discharges h e r e  a greater percentage of the  ~ o t a l  wer~ed surface area 

i s  associated w i t h  s u i t a b l e  velocities f o r  r ea r ing  fish. 





The p r i m r y  environmental factors  at t h e  macrohabitat level  which 

i.;nflmuence f i s h  habitat i n  ghe niBdLe Susitaa River are p~ater supp ly ,  

a i r  eemperzneure, and channel morphology. O f  these water supp ly  and 

a i r  eemperature vagy both seasonally and annually (AEPDC 1984b) 

whereas channel morphology i s  considered constant (R&M C o ~ l s u l t a n t s  

1982a, AEEDC 1984a) ,  The relatfonships between a i r  tempnperaeure and 

rgateE- supply deternine t h e  seasonal response of middle  S u s i t n a  Riven- 

flow, xgater temperature and water quality. Annual variations in b a s i n  

precipitation and climate account f o r  year to year fluctuations i n  

there three p r i ~ l a p y  habitat components. CPaeierr, which cover approxi -  

mately 290 square miles of t h e  upper S u s i t n a  Basin, as well as t h r e e  

l n r g e  lakes in t h e  Tyone River drainage have a moderating i n f l u e n c e  a n  

streamflow v a r i a b i l i t y  during sumer. Because glac ia l  f l e w  resu l t s  in 

high t u r b i d i t y  and suspended sedimen~ concentrations in sumnner, t h e  

water q u a l i t y  of eke middle Susitna River changes markedly with the 

seasons, 

The sereamflow and themal regime with associated water quality 

( t u r b i d i t y  and suspended sediment) characteristics are  the d r i v i n g  

var iables  which cont ro l  the  availability of habitat i n  t h e  m i d d l e  

Susitna River . As discussed in Section IV, seasonal changes in these 

d r i v i n g  variables significantly Influence t he  seasonal t h e  charae- 

cer isgies  and u t i l i t y  of middle  Susitna River habitats. These sea- 

sonal  changes in physical components of middle  Susitna River habitats 

are also  attended by seasonal changes in b i o l o g i c a l  acEiv i t ies  and 

habitat u t i l i z a t i o n  patterns, 

The cl imat-ologic ,  geo log ic ,  and topographic  characteristics of t h e  

watershed deternine t h e  channel. pa t t e rn  and channel s t r u c t u r e  o f  the 

r ive r  as w e l l  as seasonal and d a i l y  variations i n  streamflow, scream 

tenpesature and water q u a l i t y .  Among t h e  many ~ ~ a t e r s h e d  



ch~racteristics affecting these th ree  d r i v i n g  v a r i a b l e s ,  a i r  cemp: a- 

tuxre end bJater s u p p l y  a re  mose important. A i r  tern-perature aegula l :es  

seasonal changes in streamflow pat te rns ;  precipftaeion gcvesns its 

v a z i a b i l i e y .  Streamflow, stream zemperature, and water quality either 

d i r e c t l y  o r  indirectly con t ro l  t h e  seasonal availability and quality 

of f i s h  habitat in t h e  middle  Susitna River, 

O f  t h e  three,  s t read low is most important because it is d i r e c t l y  

related i n  v a v i n g  degrees to a l l  physical processes influencing f i s h  

h a b i t a t  in the middle Susitna River. High streamflows reshape channel 

g c o m e t q s  which a t  Lower discharge levels cont ro l s  s i t e  s p e c i f i c  

hydraulic conditions. Sumrner streamflews transport large amounts of 

suspended s e d i m n r ,  which cause h i g h  t u r b i d i t l i e s  and generally degrade  

water gualiey. The re la t ive ly  poor quality of mainstem and s i d e  

channel h a b l ~ a t  i n  summer is caused by h igh  stzspended sediment concen- 

trations. The suspended sediment load is considered Limiting t o  t h e  

eelonizaticn af  streambed materials by algae and aquatic insects which 

gene ra l l y  provide an important food source f o r  fish. 

Str~amfEows and stream temperatures during winter p l a y  an i n t e g r a l  

r o l e  in middle Susitna River ice processes, which directly a f f e c t  

channel s tructure,  shoreline s t a b i l i t y  and t he  general q u a l i t y  015 

winte r  f i s h  hab i t a t .  River ice affects instream hydraulic conditions; 

most n o t a b l y  constricting t h e  channel reducing velocity and in-  

creasing r iver  stage (Harxa-Ebasco 1 9 8 4 ~ ) .  This increase in water 

surfaee elevation during winter has both positive and negative e f f ec t s  

on f i s h  Rabitae. Higher water surface elevations dur ing  winter appear 

important f o r  raising, local  groundwater tables within t he  r iver  

cor r idor  thereby mainraining upwellings in slough and side channel 

areas ekiroughout winter (R&M Consultants I982d,  9ar~a-Ebasco P 9 8 4 d )  . 
These upwellings provide a source o f  relative1.y w a n  water ( 2 - 3 ' C )  

th roughout  winter  (Tsihey 1982, ADF&G 1983) essential f o r  t h e  success- 

f u l  incubation of salmon eggs and t h a t  can also be used  by over- 

wintering f i s h .  However, i f  r i v e r  s t a g e  increases above t h e  streambed 

elevation a t  t h e  upstream end of t h e  slough o r  s ide  channel then near 

O°C water from t h e  mairkstem will f l ow  through these? channels g r e a t l y  



I* , t ~ ~ ~ c i n g  - p d 5  t h e  thenmal effect of upwelling areas and rheir v a l u e  2 

wintern: hab j - t a t  (mF8{G 1983) . 

Seasonal  Habitat U ~ F l i z a t i o w  

bfairastc?m and s i d e  channel habitats are predominantly used as wigra- 

r i~p la l  c o r r i d o r s  by adult and juveni le  saPm~n. Adult  inmigration 

beg ins  in Pate May and extends to mid-Sepeeraber, Juvenile out -  

migraeicsn BCCUPS Nay through Julyo A limited amount of chum salmon 

spa~gning occurs ae upwelling areas along shoreline rnargins i n  these 

habitats (ADF&G 1984a) and chinook juveniles use low-velocity areas 

f o r  rear ing (ADF&G 1384s) .  

S i d e  slough h a b i t a t s  provide  important spaxmiag, r e a r i ng ,  and over- 

wintering hab i t a t .  One prominent physical feature  of t h i s  h a b i t a e  i s  

upwelling groundwater, which maintains clearwater flow i n  these 

h a b i t a t s  du r ing  pe r iods  of low mainstem discharge. ApproxfmatePy half 

o f  t h e  chum sa lmn (5 .000)  and a l l  of the sackeye salmon (1,500) t h a t  

s p a n  in the middle Susitna River depend upon s i d e  s lough habitats 

(PrBF&G 1984a).  Most chum and sockeye spawning activity oecuz-s between 

rnbd-&4ugust and mid-September. Upwelling at tracts spawning salmon and 

p r o v i d e s  good incubation conditions, which result  in h i g h  s u r v i v a l  

rates (ADF&G 1 9 8 4 ~ ) .  Fpy begin to emerge in late April and rear near 

these  n a t a l  spam2ing areas until June (ADF&G 1 9 8 4 ~ ) .  Chum f r y  ou t -  

migrate in June and ear ly  J u l y  to marine habitats while soclteye 

juveniles general ly  move i n t o  accessible upland slough habitats t o  

rear, Juvenile chinook follow s p a w i n g  salmon into side sllough 

habitats i n  August and ovewinter  near upwelling areas until l a t e  

spring when they begin t h e i r  outmigration to marine habieats. 

Upland s loughs  provide  rearing and overwintering h a b i t a t s  f o r  juvenile 

soekeye, coho and chinook salmon (KDF&G 1 9 8 4 ~ ) ~  Some spawning by churn 

salmon a lso  occurs in t h i s  habitat b u t  i t  is  f a i r l y  r e s t r i c t e d  (AUF&G 

1984a). Sockeye f r y  re?,r in upland s lough  habitats th roughout  t h e  

summer b u t  a p p a r e ~ ~ t l y  lesve  t h e  middle Susi tna  River  p r i o r  freezeup 

(DU)F&G 1 9 8 4 ~ ) .  



T r i b i ~ t a v  mouth h a b i t a t s  provide  Papor?arar: areas f o r  spabming, rearf-  .;i 

and ovemin%tering.  P ink ,  chum, and chinook salmon have been o b s e ~ ~ e d  

spaxmlng in t r i b u t a r y  mouth habitats in mid-August (kDF&G 1984a). 

Juveni le  chinook and eobo salmon occupy ~Rese h a b i t a t s  f o r  b o t h  

rearing and oaremineering (ADF&G 19846) .  

Bath the b i o l o g i c a l  astlvities and the physical processes vary season-. 

a l l y .  In  o rder  to i n t eg ra te  the physical processes and b i o l o g i c a l  

aetivfeies t o  evaluate seasonal changes in h a b i t a t  we d i v i d e d  t h e  year 

i a r a  f o u r  segments. The four  semenes were e s t a b l i s h e d  can t h e  basis  

of  timing of t h e  f o u r  principal life stages of the  freshwater resi-b 

deney of salmon: SpamPng , incubation, ovemin te r ing  , and sumer  

r e a r i n k .  (F igu re  VI-1). Although these p e r i o d s  over lap ,  t h e  h a b i t a t s  

occupied by overlapping life stages and the physical requirements 

d i f f e r  sufficiently te warrant separate analysis. To fac i l lea-  the 

analysis of ehe effects of streamflow on h a b i t a t ,  t he  b i o l o g i c a l  

a c t i v i t i e s  were d r f  ined in water weeks (Table VI-l) . Water taeeks 

beg in  October 1 &ad cons i s t  of 51 consecutive 7-day periods. The 

fifty-second week (Septendber 23-30) contains eighe  days and 

Febmary 29 is omitted. 

Table  V I - 1 .  Simplified p e r i o d i c i t y  chart ,  

Chum Spaming August 12 to September 15 45 through 50 
Chum Incubat ion A u e a t  12 to March 24 46 through 25 
Chinook Overwintering September 14 to Play 19 5 1  through 33 
Chinook Sumnngr rear ing  May 20 to September 15 34 through 50 

Seasonal habitat requirements are species and life stage spec i f i c .  

Eva lua t ion  species have been selected on t h e  basis of their importance 

t o  comercia1 and spore f i sher ies  and potential impacts p r a j  e c t  

c onsemc t ion  and opera t ion  might have on t h e i r  habitats (.WA 1983). 

The primary evaluation species and l i f e  sgages f o r  n a t u r a l  conditions 

are chum salmon spawwing 'and incubatioc, and juven i le  chinook salmon 



FIGURE 9 ,  PWENOLaOGj4 AND HABIT AT UTSLIEABiON OF MIDDLE 
SUSlTbdA RIVER SAhhAON 8N MAiNSq$EBA, YWlF3UTAi~Y, 



xeaiCng (\daodward-Clyde 1 9 8 4 ) .  These species and life scagEs 2 

se lec ted  because they greatly depend a7 s l o u g h  and s i d e  chann~l 

R a b i t a c s  that w i l l  b e  s i g n i f i c a n t l y  a l t e r  by psojece  o p e r a t i o n .  

Inf luence  of Phvsfcal B a b i t a t  Gom~owenZs 

Spa i~ming  and incubaedon are associated w i t h  f ixed  botendasy habitai 

conditions, rahi%a sear ing and o v a w i n t e r i n g  generally occur under 

var iable  boundary condief ons . Fixed boundary coladit Pons are more 

closeEy a s s o c i a t e d  wieh loca l ized  strvctural  features sf the channel 

like subs t  race o r  upwelling, whereas 9iiaiable boundary habitats are 

more strongly inf kuenced by transient hydraulic conditions xgitlnin t h e  

channel ,  such as dep th ,  velocity and t u r b i d i t y .  Both t h e  quali~y and 

l oca t i on  of variable boundary habitats respond to changes in stream- 

flow; only  t h e  quality of f ixed  boundary h a b i t a t s  respond. 

A v a i l a b i l i t y  of spaming  and incubation h a b i t a t  appears q u i t e  limited 

throughout the  middle Susitna River. The presence of upwelling water 

i s  t h e  mast iwortant microhabitat variable influencing the selection 

of spaqming areas by chum salmon and it significantly affects egg- 

eo-fry survival rates (ADF&G 1 9 8 4 ~ ~  1984b). Table VI-2, Parts A and B 

sumarize ehe influences sf exisring physical h a b i t a t  components on 

s p a m i n g  and incubation in each h a b i t a t  type. 

Use o f  mainstem habitats by spaming  chum salmon i s  limited by several 
9 

factors .  Velocities between 5 and 9 f p s  (Harza-Ebasco 1984e) p r e c l u d e  

s p a w i n g  in mny mainsterm areas and substrates are generally large and 

well-cemented wf th si l ts  and sands (R&M Consultar.ts 1982e, DF&G 

1983b). Upwelling areas within s i d e  channels are used by s p m i n g  

salmon but to a limieed degree. Side channel habitats generally have 

low quality subatrate and are a lso  limited by ve loc i ty  except in 

i s o l a t e d  loea t ions  along sereambank margins. During t he  spabming 

seasan mainstem discharge is usually adequare to p r o v i d e  a d u l t  

spamers access ts upwelling areas i n  s i d e  channel habitats 

(Warza-Ebaseo E984f, Klingar and Trihey 1 3 3 4 ) ,  Exclusive of the major 

cleamater tributaries, spaw12ing most frequently occurs in side s lough 



3 0 . )  VL - 2 . .  Evaluation of t h e  relative degree7 of in f luence physical h a b C t s t  components exel'. on t h e  
s u i t a b i  1 i ty of  middle S u s i t n a  River  h a b i t a t  t y p e s ,  

38" da  S i  de Up1 and T r i b u t a r y  
Mainstem Channel S l  ~ u g k  S l o u g h  Flouth 

~ u b s t f o t e  cornpasition 
Suspended sedi men$ 
Turbidity 
Water Chefi2i stry 
W8ter Temperature 

PART 8 
Mainstem f low 
Urwell i ng 
Suos t r a t e  composition 
Suspended sediment 
Turbid: t y  
Vjater chemi s t r y  
Water t e m p e ~ a t u r e  
I ca processes 

lndex v a l u e  

MpypI l d asg 
S , B % ~ F ~ ~ E  e@mp6ai~fsn 
Suspsnded sed9ment 
"r"r$Sdf$y 
Foad a v a i  1 a b i  1 i ty 
Water chemi s t r y  
Via&@? temperature 
1 ce processes 

PART B 
Mainstem Flow 
Upwet "ling 
Substrate eomposi t i o n  
Suspended sediment 
Tu rb id i t y  
Food a v a i  1 abi 1 i t y  
Water chemistry 
Water temperature 

Index value 

Eva lua t i on  scale 
9 3  extreme1 y b e n e f i c i a l  
+2 moderately bene f i c ia l  
+I sl igktl y beneficial 

0 no e f fec t  
- 7  slightly detrimental 
- 2  moderatel y detr imental  

* .-4 extrsmal y detr imental  
Typ i ca l  cond i t ions  f o r  t h e  h a b i t a t  t y p e  dur ing the season eva lua t ed .  



)~abi , rars  where upwe$ling is peevzl-ent and a t h e r  physical habi ir 

conditions are s u i t a b l e  (&mF&G a and d ) .  Seldaa in s i d e  s l o u g h  ha~i-- 
+* * '1- 
,.,LI: does v e l o c i t y  sr s u b s t r a t e  composition limit sp;at?sFng conditions, 

Often, however, side s lough  habitats are l i rn iced  by d e p t h .  Passage 

problems excku-de spakming salmon from u s i n g  upstream reaches and 

shallow depsks reduce the  q u a l i t y  of accessible upvel%ing areas. 

B r ~ a e h i w g  f lews,  which appear to be important f a r  passage and the 

S ~ O P P :  tern improvemelit o f  spaming conditions, f r equen t l y  occur in 

s i d e  s loughs  (Section V ) .  

Both incubation and ovemin ta r ing  conditions are adversely influeneed 

by n a t u r a l l y  occurring co ld  water temperatures, winter  ice conditions 

and l o w  streamflows (Table VI-2,  Part B and Pa-p: G )  . Due to the 

presence of upweblihg groundwater throughour h i n t e r  (TrPhey 1982, 

mF&G 1983a) , incubation conditions i n  slough habitats are generally 

favorable and r e s u l t  in high egg-to-fry s u w i v a l  rates; up g o  35 

percent in 1983-1984 (mF6G 1984b). b ~ n y  sloughs have ice-free areas 

bu t  ice  covers do form over teeper pools  and a t  t he  slough mouths. 

h e m i n t e r  conditions in sloughs are re la t ive ly  good. Pool  habiecnts 

generally provide adequate dep th ,  water Eeolperatures are w a r n ,  and 

small fish can occupy interstitial spaces between the larger substrate 

mater$als, 

At times sloughs are overtopped by mainstem f h w s  d u r i n g  winter, 

Ttrese overtopping events are caused by ice c o v e t  formation (see 

Section IV). The influx of cold ma~instern water i n t o  s i d e  s lough 

habitats reduces ineragravel water temperatures and adversely a f f ec t s  

incubation rates and embryo growth, Overtopping events also  adversely 

affect ovemintes ing  habitae as water temperatures drop to near zero .  

Aarchor ice may f o w  on the streambed f r eez ing  embryos and small f i s h .  

Such overtopping events do not  appear  to be cornon under n a t u r a l  

conditions .at t he  most product ive  slough habitats. 

The influence o f  cold waeer emperatures  i s  moae adverse in mainstem 

and s i de  channel habitats where near 0°C water ternpevatures exist f o r  

approximately seven months, In addition, a t h i c k  i ce  cover (4-6 Et) 



!j~Ltliougiz a t h i c k  ice cover can sene:  t.0 i n s u l a t e  the underlying 

strrembed from subf reez ing  a i r  remperatures , i t s  fornation and bre.ak- 

up a l s o  appear t o  have suhsraneial detrimental effects. 

Shorefast and s l u s h  i c e  f o w  a long channel margins f r e e z i n g  the 

staeamtbed and filling the  Pow-velocity areas where fish might  over- 

~ g i r k t e r  w i th  ice, Upwelling exists in mainstem and s i d e  channel areas 

but i t s  themal va lue  i s  significantly reduced due t o  she Large volume 

of 0°C water in these channels, Veloefeies in muck of the  mainstem 

are excessive? f o r  oveminter ing  habieae  since fish would have to 

egspernd energy ea maintain position, P o r t i o n s  o f  mainstern and s i d e  

channel hab i ea t s  possessing large bed elements t h a t  would p r o v i d e  

v e l o c i t y  hrr iers  g e n e r a l l y  have interstitial spaces f i l l e d  with 

densely packed g lac ia l  sand; thereby preventing small f i s h  from 

b u r r o ~ ~ i n g  into the  streambe< 

S u m e r  rearing h a b i t a t  for chinook juveniles i s  found in t r i b u t a r y  and 

tributary mouth habitats, s i d e  channels and side s loughs .  Most 

rearing fish were captured in tributary hab i t a t s ;  s i d e  channels had 

she next highest abundance (ADF&G 1 9 8 4 ~ ) .  Much o f  t he  main channel 

and large s i d e  channels contain areas w i t h  high velocities and high 

suspended sediments not suitable for slaall fish (Table  VI-2, P a r t  D). 

Although t u r b i d i t y  is used by juveni le  chinook f o r  cover, h igh  t u r -  

b i d i t y  a l so  limits light penetration and r e h c e s  pr imary  produci ion  

levels in these habitats. Low primary produc t ion  resu l t s  in a Low 

aquatic food base f o r  rearing fish, n u s  t u r b i d i t y  has both bene- 

ficial and dct r im< neal effects on rearing h a b i t a t .  Side channel 

h a b i t a t s  t h a t  f l u c t u a t e  between clear and c u r b i d  in response to 

streamflow va r i a t i ons  or tha t  have a clearwater i n p u t  would a p p e a r  to 

provide berter rearing h a b i t a t s  than areas t h a t  remain t u r b i d  through-  

o u t  suauner. mile the area is clear, primary production rates would 

b e  h i g h ,  stimulating production of ben th ic  p r e y  items. Under t u r b i d  

condi~ions, t h e  young chinook cou ld  move i n t o  these areas and feed  

wi thou t  unduly exposing ekemselves t o  predation. However, if r e a r i n g  

areas remain t u r b i d  continuously, aquatic food produe t ion  would l i k e l y  



te pocc. Turbid areas wieh clear  water i n f l o w  would a l sc  p r o v i d e  load 

reari~lg; habitat. Food p r e d a t i o n  o c c u r r i n g  in cl.eaawater areas  wsu7.d 

be transported ineo t u r b i d  s i d e  channels w i t h  b e t t e r  cover .  

Substrate in many mainstem and s i d e  channels has glac ia l  fines filling 

interstieial spaces reducing cover va lue  of large substrate. Stream 

tempexagure i s  generally positively correlated with growth. Siarfsce 

wager t eqeraeurcs  in mainstem and s ide channel h a b i t a t s  are t y p i c a l l y  

warnex than  shose in slough and tributary habitats d u r i n g  such o f  t h e  

sumere 

Rearing areas in mainstem and s ide  channel h a b i t a t s  are located i n  

low-~rebaci ty areas along the  l a t e ra l  margins, in backwater areas, o r  

behind v e l o c i t y  barriers .  Depehs less than 2 f t  are nast cowon ly  

a s s o e i a ~ e d  with mild-gradient  shorelines. I n  these areas, sereamflow 

fluctuations can cause large changes in vetted area. Low-veloci t y  

area genera l ly  increases as discharge decreases. 

In contrast to mainstem and s i d e  channel lkabitaes, eleamater h a b i t a t s  

such as s i d e  sloughs and upland sloughs provide  a much be t t e r  food 

base and physical environment f o r  juveni le  f i s h  if s u f f i c i e n t  cover i s  

present. Although their water temperatures in most of the  channel are 

generally cooler (10°C) than would exist under ideal conditions 

(12-14'C) they  are q u i t e  s u i t a b l e .  Unless the s lough  is over topped  

and conveying a large amount o f  mainstern water, v e l o c i t i e s  i ; ~  most o f  

the  channel are generally wi th in  t he  tolerance range f o r  j uven i l e  

f ishe 

Given n a t u r a l  s t r lemflow,  strearn temperature, and water quality 

conditions, t h e  most s t ress fu l  p e r i o d  f o r  f i s h  within the  m i d d l e  

Susitna River appears to occur during winter  (Table  V'E-3). High 

streamflows, suspended sediment concentrations and t u r b i d l t i e s  d u r i n g  

sumer appea r  to have a significant adverse i n f h e w c e  on mainstem and 

s i d e  channel  habitats when compared t o  ad j  acent clearwater habitats. 

The limited mount: (surface area) of spawning h a b i t a t  t h a t  e x i s t s  in 

f ive  s ide  s l o u g h s  (21, 11, 9 ,  9 A  and 8b) accounts f ~ r  approximately 95 



Table  V i - 3 .  Tabu la t ion  of habitat and evaluation p e r i o d  indices f o r  t h e  m i d d l e  
S u s i t n a  River,  

- --m=w----m*. 

Evaluation 
S i d e  Sf  de Upland T r i b u t a r y  P e r i o d  

Perf ad U i n s t  em Channel Slough Slough Msutk Index  

f- ,~pam,%k-kg -4 -2 +6 + P  4-4 4-5 

Xncubatisn -9 -7  4-7 -4- 4 -2 -7 

h r e n r i n t  ering -7 -9 +8 4-54 4-3 --  16 

Surmrie Rearing -9 -6 +7 +18 4-6 98 

H a b i t a t  Hwdex --29 -24 +28 920 913 



peicen-c o f  t h e  soekeye ,  and 75 pe rcen t  o f  the  chum. salmon, spa%*jmr~j1 ;;s i.n 

n o n - t r i - b u ~ a r y  habitats within t h e  m i d d l e  Susitna River. trh P F  cb m-l.ia - ,.-. -.+ e t 2 .  

-improvement o f  incubat ion/oveminter$ .ng  conditions; reduction of h i g h  

summer streamflows, suspended sediment c o r a ~ e ~ t r a t i o n s  and t u e ' o i d i r i e s ; )  

and maintenance or enhancenrene of existing cleamater spabrning hab i -  

t a t s  appea r  t o  be three reasonable g o a l s  to p u r s u e  when e s t a b i i . s h l n g  

instreant flow requiremenes f o r  tlie middle Susitna Mver. 

Thhe most notab le  p r o j e c t  induced changes a t  the macrohabitap: level  

wi. l -P be a l t e r a t i o n  of  n a t u r a l  streamflow, stream temperature and 

sediment transport regimens (Figurr V I - 2 ) .  These anticipated changes 

in t u r n  cause changes on stream channel s t a b i l i t y ,  upwelling, t u r -  

b i d i t y ,  and win te r  i ce  conditions. Underseanding p r o j  e e t  induced 

changes in these h a b i t a t  componenes and degree o f  control associated 

with p r o j e c e  operaeions will prov ide  a basis f o r  eseimating t h e  

potenef al habitat conditions f o r  spawning, rear ing ,  and o v e m i n t e r i n g  

in the  middle Susiena River. Ssae changes in hab i t a t  components are 

inherent. in construetion and opera t ion  of the  p r o j e c t .  Ochers we ear, 

choose or influence through opera t ion ,  f a c i l i t y  design o r  l o c a t i o n .  

Inherent with-Prol ec t  Relationski~s 

With-pro j ect summer streamflows are expected to be approximately one 

half naturally occurring average monthly values  whereas winter flows 

are estimated to increase f i v e  f o l d  (APA 1983). Overall there w i l l  be 

less v a r i a b i l i t y  in the annual flow cycle and a rnarked reduetion in 

f lood  peaks, r e s u l t i n g  in more stable midd le  Susitna R i v e r  flows. 

Since mid-summer streamflows will be lower and w i n t e r  flows h i g h e r ,  a 

n o t a b l e  difference will exist r ega rd ing  site s p e c i f i c  h y d r a u l i c  

eondieions in pe r iphe ra l  habitats. Many areas will be dewatered that 

p r e s e n t l y  convey srreamflow d u r i n g  sumer whereas t h e  o p p o s i t e  t r e n d  

will preva i l  during winter. Mid-channel areas will a l so  experience a 

change in hydraulic conditions that will a f f e c t  t he  amoune and quai-ity 

of fish h a b i t a t  r e la t ive  t o  present levels .  
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v-* v 
fie 3, 6 million acre-foot fa~paundrneaa~ b e h i n d  the proposed  aJaeawa 2Si.m 

wb4.1.. e f f e c t i v e l y  t r a p  n e a r l y  all t h e  sand and la rger  size m a e e r i . a l s  

c u r r e n t l y  b e i n g  eransported d o m s t r e a ~  Erca ups t r eam s o u r c e s  (RSM 

1982%,  Haraa-Ebasss 1 9 8 4 a ) ,  

in addition, ehe time requ i red  f o r  wager from t h e  Sus i ena  Glacier t o  

reach Tal.lceetna will be g r e a t l y  increased. Detention time f o r  Cbatana 

Reseevoir is estimated to be 1.6 years (APA 1984), t h u s  dows t ream 

water quality will be affected by limnolcgieal processes occur r ing  in 

the resesvoirs. It i s  hypoehesizrd, f o r  example, ehat  t h e  Watana 

reservoir w i l l  conta in  t u r b i d  glacier mele water throughout  t h e  year. 

!?erase C o n s t r e a m  flows are expected to change from h i g h l y  c u r b i d  fn 

suTyaer and clear  i n  winter  to mderate ly  t u r b i d  a l l  year ( P e r a t o v i c h  

ee al, 19821, 

Cc~#ins:ream tenperature is also expected to be altered by t h e  large 

impoundmen~s. The reservoirs will attenuate existing mid-stamer 

stream temperatures and store solar energy during sunrmer f o r  r ed i s t r i -  

b u t i o n  during f a l l  and winter months. This will promote. warmer stream 

temperatures in the f a l l  probably de l ay  f reeze-up (AEIDC 1984b, 

Harza-Ebasca % 9 8 4 ~ )  , 

Anticipated instream water quality and temperature are inrportant eo 

flow negotiations i n  thar wi th -p ro jec t s  conditions may e i t h e r  a l r e r  a r  

p rov ide  mitigative opportunities being considered. Although it is 

necessary to evaluate the in f luence  o f  p r o j e c t  design and operation on 

wi th-projec t  water quality and temperature conditions, it must be  

recognized t h a t  cer ta in  unavoidable conditions (p ro j ec t  e f fec t s )  may 

exist over which pro j ec t  design and operation has  limited c o n t r o l .  

However, in masy s i t u a r i o n s  design and o p e r a t i o n  o f  t h e  proposed  

S u s i t n a  p r o j e c t  ~qLJi l l  a f f o r d  varying degrees  of  control over t h e  

screamflow, stream temperatures and water quality oh t h e  middle  

S u s i t n a  River.  The degree of  control ehat  might exist over  these 

macrohabi~at conditions will in t u r n  influence o t h e r  important habitar 

components a t  the microhabitat l eve l  (Figure  VI-3). 
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The degree of c o n t r o l  that p r o j e c t  d e s i g n  and o p e r a t i o n  can e3r;ert over 

masraha$itak c o n d i t i o n s  in t h e  middle Susitna River is strongly 

i n f luenced  by bas ic  laws of physics governing energy transfer and t h e  

seasonal changes in a i r  temperature. 27ae influence sf mainstem 

discharge, temperature and water qualley on middle Susitna River f i s h  

habitat i s  also h i g h l y  dependant upon t h e  l o c a t i o n  sf a f fec t ed  hab i -  

eats wieh sespecr. to the $an s i t e ( s )  and the  =instem channel. The 

f u r t h e r  damstream from t h e  p r o j e e t ,  t h e  less infhuence p r o j e c t  

o p e r a t i o n  has OR streamflow (Earza-fiasco 1984 f ) ;  sere= temperacure 

(AEIDC 1984b); and presumably, water q u a l i t y .  It i s  also  evident that 

aquatie h a b i t a t s  pe r iphe ra l  to t h e  mainstern are s e n s i t i v e  t o  

dewatering by variations i n  mainseem discharge (EWT6A 1 9 8 4 ,  PDF&G 

1984d )  whereas habitats directly associated w i t h  the mainstem are most 

significantly inf luenced by variations in mainstem temperature and 

wzter quality (ADF&G 1982b). 

Therefore the nature and degree of change t h a t  may be intentionally 

caused by pro jec t  design and operation i s  bounded by watershed charas- 

ter iseiss  and physical l a w s  of science as well as p r o j e c t  economics. 

Some unavoidable effects o f  projec t  construction may be beneficial t o  

middle  Susitna River f i s h  h a b i t a t s .  Hast notably  is t h e  entrapment of 

nearly a l l  suspended sediment currently be ing  t ranspor ted  by t h e  

middle Susitna River. Reduction in mid-summer suspended sediment 

concentrations is expected to result  in more hospitable h a b i t a t  

conditions f o r  invertebrates and inanature f i s h  tha t  typically i n h a b i t  

streambed materials. Associated with the reduetion in suspended 

sediments, w i l l  Likely be a reduction in mid-summer t u r b i d i t i e s ,  which 

may improve t h e  dep th  of l i g h t  penetration and stimulate a lga l  growth 

on a more stable and coarse graded streambed. 

Mainstem t u r b i d i t i e s  are a l s o  expected to remain h i g h e r  than n a t u r a l  

chroughoue w i n t e r .  A t  present it is no t  knom wheeher p r o j e c t  d e s i g n  

o r  operation could  significantly c o n t r o l  dohmstream t u r b i d i t i e s .  Nor 

has t h e  effec t  of t h e  p ro j ec t  induced change in na tu ra l  t u r b i d i t y  



lei7els been estimated. However, overwin te r ing  f i s h  are t h o u g h t  r o  

13r imar i ly  use LOT~J- v e l ~ c j - t y  lateral habi~ats, such as sloughs, slka~rgl-? 

mouths cr t r i b u e a r y  mouths. It i s  likely Chae t h e  high  inter E lo~ !s  

 ill increase upwelling and thus may increase t h e  amount o f  c l e a r - -  

rdater, low ve loe iey  habitat in the win t e r ,  m e  actual gain in habi - -  

tat, i f  any, would depend on t h e  upstream extent o f  rhe ice fronts and 

+he effects of staging on slough h a b i t a t s .  

With-projece stream temperatures are expected t a  be cooler  i n  sumes  

and \Tamer i n  winter .  P r o j e c t  des ign  and o p e r a t i o n  can exert a 

moderate degree of con t ro l  aver middle Susitna River temperacures 

(AEIDC 1984).  The most important season in bJhich t o  e v a l u a ; ~  t h e  

degree of con t ro l  project  des ign  and operation has over m i d d l e  Sus i tnn  

RI.ver  temperatures is winter .  Cold stream temperatures and associated 

i c e  processes appear eo be ehe h a b i t a t  component most limiting exist- 

i ng  f i s h  p o p u l a t i o n s  (Table  V I - 2 ) .  Hence t h e  increase of stream 

temperatures throughout winter would likely r e s u l t  in improved over- 

wintering conditions Fn mainseem and side channel habitats. Sur face  

and groundwater temperatures in slough habitats may also increase 

s l i g h t l y .  Were mainstem and s i d e  channel temperatures suf f i c ienr  t o  

prevent formation of an ice cover, it is expected t h a t  terrestrial 

vegetation would s t a b i l i z e  along shore l ines  and p a r t i a l l y  vegetated 

grave1 bars. T h i s  change would l i k e l y  improve sumel- rearing 

conditions due ea greater availability of terrestrial insects and 

sho re l i ne  cover, 

Lack of winter  ice cover would also  g r e a t l y  reduce the adverse effeces  

cu r r en t l y  associated with the naturally occurring overtopping of side 

slough sparaning habitats. Lack o f  an fee cover would reduce s t a g i n g  

and therefore the frequency at which s i d e  s lough  h a b i t a t s  are over- 

topped. In addition those channels which convey water wawer than 0'6 

may provide  improved overwintering and incubation conditions. P r t ~ j e c t  

operation can p rov ide  a high degree of control over streamflow in the 

middle Susitna River (Harza-Ebasco 1984f ) .  Summer flow cou ld  be 

regula ted t o  prov ide  r e l a t i v e l y  stable d e p t h s  and velocities on: 

intentionally f l u c t u a t e d  t o  f l u s h  undesirable sediment from t h e  



st rearabd,  Streamf l o w  f%u~tua~ions during f a i l  c a l ~ h d  assist . L i s  

sal.iiaoa ga in  access t o  s i d e  s l o u g h  s p a * ~ ~ n i n e ,  habitats (Ai)FhG 19:4e, 

WCC 1384 Mitigation). During winter, h i g h e r  than natural, but s t a b l e ,  

sereamflows would likely improve s v e ~ v i n t e r b n g  conditions %.w m a % n s t e n l  

and s ide  channel habPeaes, However, t h e  i n f l o w  o f  c o l d e r  mainstem 

water could  adversely affec t  i n c u b a t i o n  and ovemiwter ing conditions 

in side slough habitats if mainstem wager surface elevat ions 

associated with higher  winter s~reamflows were sufficient r o  cause 

recurrent mid-winter breaching events. 
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