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AFPENDSX A: FISH RESOURCE 

INTRCDUCT HOB 

E x i s t i n g  i n f o r n a t i o n  on S u s i t n a  River f i s h  resources i s  relatively 

estensive 5 u t  weighted toward salmon. The S u s i t n a  b a s i n  a s  a whole i s  a major 

producer  of salmon i n  Cook I n l e t ;  hence, salmon have (drawn considerabe 

research e f f o r t .  Tasks 1 and 2 respect ively  p rov ide  an ove1:vi.e~ of b a s i n r ~ i d e  

salmon escagements and t h e  time of occur rence  of t h e i r  major life phases.  

I x ~ f o m a t i o n  on a l l  species i s  more complete f o r  t h e  open watt?r season than f o r  

winter .  A synopsis of ava i lab le  information f o l l o w s .  

Judged a g a i n s t  c r i t e r i a  fo r  E I S  p r e p a r a t i o n  (40 CFR 1500),  e x i s t i n g  

i n f o m a t i o n  on S u s i t n a  River f i s h  resources i s  genera l ly  adequate  f o r  an 

assessment  of w i th -p ro j ec t  e f f e c t s .  (An EIS is  simply an accounting t o o l  

whose ch ie f  purpose is to ensure that a l l  elements deemed s i = n i f i c a n t  by t h e  

s cop ing  p rocess  are  c o n s i d e r e d  i n  d e c i s i o n  making.) Available information on 

open water season salmon-l i fe  s tage a c t i v i t i e s  ( d i s t r i b u t i o n ,  abundance, 

spawning timing and l o c a t i ~ n ,  r e a r i n g ,  and mig ra t i on )  i s  q u i t e  complete ;  t h e  

ovemln t e r  salmon d a t a  base i s  much less  so.  Nonethe less ,  it i s  s u f f i c i e n t  

f o r  t h e  pu rposes  u s e d .  Tab l e s  2 and 3 r e s p e c t i v e l y  p r o v i d e  an overvieid of 

basinwide salmon escapements and t h e  t i m e  of occur rence  of t h e i r  major l i f e  

phases .  A s  w i t h  salmon, i n fo rma t ion  on r e s i d e n t  s p e c i e s  i s  much more complete 

f o r  t h e  open water season than  i t  i s  f o r  w in te r .  Unl ike salmon, however ,  i t  

i s  h e a v i l y  weigtited towards  se lected species .  I t ,  t o o ,  i s  s u f f i c i e n t  f o r  E I S  

p r e p a r a t i o n  p u r p o s e s .  l n f  ormat i o n  on ra inbow t r o u t ,  b u r b o t ,  and Arct ic  

g r a y l i n g  i n  t h e  open water season i s  nlore complete t h a n  f o r  o t t ~ e r  residents. 

Clith the.  exception of limited w i n t e r  I -adio- tagging d a t a  f o r  ~ ~ a i n b o w  t r o u t  and 

b u r b o t ,  l i t t l e  i s  k n o w  o f  the l i f e  h i s t o r i e s  c f  r e s i d e n t  f i s h  a t  t h i s  s e n s o n ,  

~ y ~ 1 0 p ~  o f  ;ivail;:hlc fish resource  i n f o r o i ~ t j o n  f o l  lcvs ,  



IMPOUNDMENT ZOHE 

The principal source  of i n f o r a n t i o n  on f i s h  d i s t r i S u t : i o n ,  abundance,  

h a b i t a t  u s e ,  and l i f e  h i s t o r y  i n  t h e  impoundment zone i s  ADF&C, 1981a and 

1983d. Impoundment s t u d y  a r e a  i n v e s t i g a t i o n s  were conducted i n  1951 and 1982 

by ADF&G Sit-Hydro d u r i n g  t h e  open water f i e l d  season (1.lay-October). These 

s t u d i e s  concenirated on Arctic g r a y l i n g ,  making da ta  on t h i s  spec ies  t h e  most 

complete. Data on o v e w i n t e r i n g  a c t i v i t i e s  i n  t h i s  area i s  p a r t i c u l a r l y  

s c a r c e  f o r  a l l  spec ies .  The major o b j e c t i v e s  of t h i s  s t u d y  b:ere to: 

1) de t e rmine  che  s e a s o n a l  d i s t r i b u t i o n  and abundance of f i s h  p o p u l a t i o n s  i n  

t h e  proposed impoundment area;  2 )  i d e n t i f y  spawning and r e a r i n g  areas; and 

3 )  determizle t h e  p h y s i c a l  and chemical c h a r a c t e r i s t i c s  of these habitats 

(hDF&G 1981a, 1983d) .  Elore s p e c i f i c  t a s k s  d e a l t  wi th  d e t e r m i n i n g  the  

d i s t r i b u t i o n ,  abundance ,  and m i g r a t o r y  h a b i t s  of Arct ic  g r a y l i n g ;  de te rmin ing  

t h e  d i s t r i b u t i o n  and r e l a t i v e  abundance of se lec ted  r e s i d e n t  f i s h  species ;  

de t e rmin ing  t h e  abundance of l ake  t ~ o u t  and A r c t i c  g r a y l i n g  i n  S a l l y  Lake; 

record- ing b i o l o g i c a l  information on selected resident f i s h  p o p u l a t i o n s  t o  

p r o v i d e  i n f o m a t i o n  on s u r v i v a l  and growth; and identifying Arc t i c  g r a y l i n g  

s p a w n i ~ ~ g  and r e a r i n g  l o c a t i o n s  w i t h i n  and adjacent  t o  t h e  w i th - "p ro j ec t  

impoundmen? areas  (ADF&C 1983d) ,  

P r i o r  t o  initiation of t h e  198i ADFRG Su-Hydro s t u d i e s ,  f i s h  r e s o u r c e  

da ta  f o r  t h i s  area were c o l l e c t e d  by t h e  U.S. F i s h  & W i l d l i f e  S e r v i c e  (1952. 

1 9 5 4 ,  1957,  1959a, 1959b ,  1960, 1965) and ADF&G (1978).  These s t u d i e s  were 

preiiminary Susitna environmental assessments des j -gned . t o  d e f i n e  

species ccmposi t i .on .  They a l s o  h i g h l i g i ~ t e d  se lec ted  habitat locations o f  

p i i r t i cu l - a r  interest. i ldd i  t i o n a l  i n f  o r m a t i o i ~  on the  f i s l r  r es~2urce  i n  r : i l i s  a rea  

i s  fourid in tile ~ r a n s m i s s i o n  carr ic lor  s t u d i e s  o f  Schmidt er: n l ,  1 9 8 4 ~ ~  



T h e  n a t u r a l  environment between Devi l  Canyon and t h e  upstrean er.d of t h e  

p roposed  Wata~la Reservair p rov ides  habitats f o r  n i n e  f i s h  species  (ADFP;G 

19832) ; e i g h t  are year-round residents and anc (chinook salmon) is anadsornous 

(F igure  1). Within Devil Canyon, Fog Creek (HI 176.7) marks the  upstream 

limit of salmon migration in t h e  mainstem S u s i r n a  River. Only th ree  streams, 

i n  t h e  canyon had salmon observed in them d u r i n g  1984.  T h e s e  streans, 

(Cheechako, Chinook, and Fog creeks) had, i n  t o t a l ,  fewer thain 130 chinook 

salmon observed us ing  them f o r  spawning (Barrett, Thompson and Idick. 1985). 



T a b l e  1, S u s i t n a  River  S a l m o n  Escapement Estimates, 1981-1984. 

T s a r  Chinook Sockeye Pink  Chum Coho T ~ & a l  I 2 
-~ - - - 

1 
Second run sockeye on ly .  

2 
The 1984 dra inage  wide  escapement estimates. Escapement counts f o r  1981 
through 1983 do no t  i n c l u d e  chinooks o r  any escapements i n t o  tributaries 
domstream of RE1 7 7 ,  with t h e  exception of  t h o s e  i n t o  t h e  Yenfna River.  

Source: AD'F'&C 1983a; Ba r r e t t ,  Thompson, and T.<ick 1984 ,  1985, 



117 iable 2, Susi.",na River S a l ~ i ~ n  Plaenolsgy, 

--#- --- 
- HABITAT RANG E - PEAK 

---""- 

Cook I n l e t  - TaPkeetna 
Talkeetna - D , C ,  
PiicidLe River T r i b u t a r i e s  

Play 25 - Aug 18 
Jun  07 - Aug 28 
J u l  01 - Aug 06 

Jwn 18 - Jun 30 
J u n  24 - d u l  6 4  

I & S  
May 18 - 8c t  03 Midclke River 

Midd le  River  T r i b u t a r i e s  
Lower River  T r i b u t a r i e s  

SUB OH - Aug 26 
J u l  07 - Aug 20 

ai30Hi) (SILVER) SAEFION 

z Adult Inmigration 
8 

Cook I n l e t  - Talkeetna 
Talkeetna - D , C ,  
Midd le  River  T r i b u t a r i e s  

J,I 07 - Sep 28 
Jul 18 - Sep 19 
hug 08 - Sep 2 7  

3 u l  27 - Aug 28 
Aug 1 2  - Aug 26 

1&3 May 18 - 9ct  1 2  May 25 - Aug 21 Juvenile Migration 

Sgawriing 

Middle  River  

Middle  Rives Tributaries 
Lower River Tributaries 

Sep 01 - Oct  08 
ficlg 08 - O c t  01 

Sep 05 - Sep 24 

CHUM (DOG) SALMON 

k d d t  Tnmigratio~ Cook I n l e t  - TaPkeetna 
Talkeetna - D , C ,  
M i d d l e  River T r i b u t a r i e s  
Midd ie  River  Slsugl-ns 

Jun  24 - Sep 28 
J u l  10 - Sep 15 
JuB 27  - Sep 06 
Aug 06 - Sep 05 

J u l  27 - Aug 02 
Aug oa - k g  1 7  

M i d d l e  R ive r  May 28 - J u l  1 7  SzV.renile  Pfigra t i o n  



?‘l iab?e  2. Susitna Rivcr Salmon Phenology.  

-- 
DATE -- 

HAB ITAT 
--. 

- .  - -- PEAK 

Spawning 

Juvenile Pl igra t ion  

S p a m i n g  

FIKX (WTmP8AeK) L;ALMON 

Adult Inmigration 

J u v e n i l e  Migration 

Spawning 

filirldf e River T r i b u t a r i e s  3 u l  27 - Qc$  O f  
M i d d l e  River S l o u g h s  Aug 05 - Oct  12 
M i d d l e  River Mainstern Sep  02 - Sep 19 
Lower R i v e r  T r i f ~ u t a r i e s  J u l  2 7  - Sep  09 

Cook I n l e t  - T a l k e e t n a  
T a l k e e t n a  - D , C ,  

M i d d l e  River 

Midd le  River S l o u g h s  

Cook I n l e t  - T a l k e e t n a  
Ta lkee tna  - D , C ,  
M i d d l e  River T r i b u t a r i e s  
Midd le  River S l o u g h s  

Midd le  River  

M i d d l e  R i v e r  T r i b u t a r i e s  
Middl e River  S l w . ~ g h s  
Lower Rives  l . ' r ibt~tarFes 

J u l  04 - Aug 08 
Jul 16 - Sep 18 

May 18 - Oct fl 1 & 3  

Aug 05 - Oct L1 

Jun 28 - Sep 10 
J u l  10 - Aug 30 
J u l  27 - Aug 23 
Aug 04 - Aug 1 7  

3 May 18 - J u l  24 

J u l  27 - Aug 30 
Aug 04 - Aug 30 
J u l  27 - Sep 09 

Aug 05 - Sep  10 
Aug 20 - Sep 25 

Aug 06 - Aug 14 

J u n  22  -,. J u l  17 

Auy 25 - Sep 25 

Jul  26 - Aug 03 
Aug 01 - Aug 08 

May 29 - Jun 08 

~ u g  10 - Aug 25 
Aug 15 - Aug 30 
Aug 06 - h g  09 

1 ? .ill migration ( i n c l u d e s  nigration t o  and between h a b i t a t ,  n o t  j u s t  outmigration). 
L 

Second r d n  sockeye  on ly .  
9 

;\'3 data available f o r  pre-breakup movement; ear l i e r  d a t e  of g iven  r a n g e  refers t o  initiation o f  outnligrant  
t r a p  o p e r a t i o n ,  

S c s r c e :  S a r r e c t ,  Thompson and  Wick 1984, 1985; Schmidt  e t  a l .  1984;  ADF&G 1983a,c. 



Arctic g r a y l i n g  a r e  t h e  mast  wide ly  distributed and abuncian: s p e c i e s  

utilizing habitats above t h e  canyon. The total 1982 Arctic grayling 

population above 15 cm i n  l e n g t h  i n  e i g h t  of  t h e  impoundment zlone streams was 

estimated t o  be over  16,000 (IUFKG 1933b) .  Plainstern areas aklove the canyon 

p rov ide  essential ov"rwinter ing h a b i t a t  for A r c t i c  g r a y l i n g ,  which move i n t o  

t r i b u t a r i e s  t o  spawn fo l lowing  breakup  i n  l a t e  May o r  ear.ly J ~ n e  (ADF&G 

l983d) .  Arct ic  g r a y l i n g  migrate ou t  of n a t a l  t r i b u t a r i e s  i n  September a s  

water l e v e l s  and temperatures beg in  to drop. They overwinter i ~ .  mainstem 

environments. which become l e s s  turbid fo l lowing  freeze-up (rU)F&G 19830). 

Except f o r  documentation o f  t h e i r  presence,  little is known of the 

relative abundance of o t h e r  species r e s i d e n t  in t h e  environments of the 

proposed impoundment zone, Based on l i m i t e d  cap tu re  d a t a ,  i t  seems t h a t  boch 

b u r b o t  and longnose sucker  are  r e l a t i v e l y  common there (AIIF&G 1983d) ,  

Elsewhere i n  t h e  S u s i t n a  R i v e r ,  b u r b o t  spawn under  t h e  i c e  ir, t r i b u t n r i e s  

( such  a s  t h e  Deshka River)  o v a  gravel  subs t ra tes  f r o n  J a n u a r y  to February, 

and radio tagged fish data  suggests they also spawn in the mainstern (ADF&G 

1983b).  During t h e  rest of the year, they apparently distribute themselves 

t h r o u g h o u t  the d e e p e r  por t i .cns  of a q u a t i c  environments.  Susitna River long- 

nose s u c k e r  a r e  s p r i n g  spawners  which move f r o n  ove rwin t e r  h a b i t a t s  i n  t h e  

mainsten1 t o  t r i b u t a r y  n a t a l  areas from late Piay to ea r l y  June  (AGF&G 1983d).  

S m a l l  numbers of round and humpback w h i t e f i s h  have been captured ( a t  two loca-  

t i o n s )  w i t h i n  t h e  impoundment a reas ,  b u t  t h e r e  a re  no estimates of t h e i r  r e la -  

t i v e  a b u r ~ d a n c e s  (N)F&G t 383d f .  Xf they  behave similarly t o  lower  r i v e r  and 

m i d d l e  r i v e r  w h i t e f i s h ,  krhey a l s o  overwin"lcr i n  mains tcm e n v i r o n m e n t s ,  ~ 1 ~ -  

tl-iough a v a i l a b l e  information i s  s c a n t ,  it appears  t h a t  t he se  two whire fish 

s p e c i e s  spawn in early October  in clearwater t r i D u t a 1 . y  streams. 



INSERT FIGURE I 



Although no t  c u r r e ~ t l v  p r e s e n t  i n  mainstem arezs,  soae lake trout might 

g a i n  access 1to the reserv~irs a s  a r e su i e  of the  p r o j e c t .  Sally Lake, which 

supports a lake t r o u t  p ~ p u l a t i ~ l r ,  of undetem~ir ied number, r*rould h e  inundated by 

the Watana Reservoir (N)F&G 1983d'. Lake trout generally sparm f r o m  August 

through Decenber and require s t a b l s  lake  shore  gravel  subs~rates f o r  

reproduction. High lake ( located i E m e d i a t e l y  n o r t h  of Dev i l  Canyon) is a 

t r i b u t a r y  system t o  Devil Creek which has  a resident pcpulat i -on of rainbow 

tro~t. Should t h e  p r o j e c t  be completed, it is p o s s i b l e  that some rairlbows 

m i g k t  g a i n  access t o  the Devil Canyon reservoir  by ~~~~~~~~~~~cg down Devil 

Creek. Elsewhere in t h e  b a s i n ,  r a i n b g w  t r o u t  t y p i c a l l y  oven~l in te r  in lakes 

and w i n s t e m  h a b i t a t s ,  returning in t h e  s p r i n g  following breakup to sparx. i n  

t r i b u t a r y  streams. Most rainbow t r o u t  spa&- i n  cleanb~ater streams whose beds  

a r e  covered w i t h  re la t ive ly  small c o b b l e s  and have relatively moderat-e 

velocities (hhaSF&G 1983b).  

MIDDLE RIVER 

F i s h  and aquatic h a b i t a t  i n t e s t i g a t i o n s  have been conducted or'. t h e  

Susitna River  s ince  t h e  1950's t o  evaluate t h e  proposed hydroelectric p r o j  e c t  

(U.S. F i s h  and Wi1dl"re Serv i ce  :952,  1 9 5 4 ,  1957, 1959a, 1959b, 1 9 6 0 ,  1965; 

Darrett 1974;  mF6G 1976,  1978, 19512, i . 3 8 3 ~ ~  1983b, 1 9 9 3 ~ ~  !985b; Bar re t t ,  

Thompson, and Wick 1 9 8 4 ,  1985; R i i c  1977;  Schmidt er a l .  iYGi;a, i984b;  and 

Wangaard snd Burger  1983) .  I n  1380, t h e  S u s i t n a  Hydro~lectric Aquatic Stud ies  

Program was i x ~ i t i a t e d  tro c o l l e c t  d ~ t a  or t h e  f i s h  ar t ;  a q ~ a t l i  h a b i t a t  

resources sf t h e  b a s i n ,  

Ex~cant  S u s i t n a  River basin da;a om iiskl distribution, zbundaalille *, and 

h a b i t a t  u s e  f o c u s e s  on salmon and a r e  temporaijy arid 5 p a t i : i l i y  limited. Tlie 

t i t u d i c t s ,  aria t h e r e f o r c  t he  - i n f u n l a t i o n  a v ; ? i L n h i c ,  i b ;  *:lc-rc c o ~ l p i n t c  i o i -  iilc 



omsen water :season and f o r  t h e  area upstwarn of t h e  Ch~litna River ccnflueacc, 

-4 sumary  of NjF&G's So-Hydro s t u d i e s  of t h e  f i s h  resources damstream of 

D e v i l  Canyon is x a i l a b l e  i rk  a r e p o f t  b y  bloodward Clyde Consul t :ants  and E n t r i x  

(1985). AQFgG's Su-3ydro s t u i i i e s  have ciocumen&~d migration iiming of salmon 

r s n s  i n  t h e  S u s i t n a  R i v e r ;  estimatd the  p o p u l a t i o n  s i z e  and r e l a t i v e  

abundance of salr,ion i n  various sub-has ins  of t h e  Xs i i tna  River; estimated t h e  

t o t a l  sai.man escapements in"L olloughs and t r i b u t a r i e s  upstream cf @I 58.0;  

quantified selecred b i o l o g i c a l  characteristics of Sus i cna  River salmon s t o c k s  

e sex  r a t i o ,  fecundity, l e n g t h  a t  qge); i d e n t i f i e d  important spawning 

areas f o r  some resident species;  documentel timing and estimated t h e  r e l a t i v e  

utilization of  macrohabitat t > p e s  by Juvenile and a d u l t  s a h o n  anti some 

resident species;  developc? h a b i t a t  suitabiiity c r i t e r i e  f o r  d d u l t  and 

j u v e n i l e  sai.mon, eulachon,  Ber ing  C ~ Y C O ,  and some res idenr  spec ies ;  e s t  inated 

p~gulation s i z e  and s u r v i v a l  f o r  j u v e n i l e  chuil: and sockeye: dcrcurnerrred 

o u t m i g r a t i o n  i i rn ing sf juvenile si'l.rn013; c o l l e c t e d  base15 nr p h y s i c a l  arid 

chemical water quality d a t a  in identified m a c r u h a b i - t a ~  t - y p e s ;  developed 

~nderstanding of s i t e - s p e c i f i c  t a b i t a t  responses  t o  v ~ r i o u s  mainstem 

discharges; evaluated t h e  c a p a b i l i t y  of a d u l t  s ~ l m c n  t o  pass i z t n  selected 

s l g u g h s ;  and confirmed t h e  importance of g r n l ~ n d w a t e r  upwel1ir .g  f o r  salmsn 

spawning i l i  s l c u g h s .  

Above the Chuli i rna River coilfiuencil P 8 )  salmon spawn i n  a v a r i ~ t y  

af t r i b u t a ~ i e s ,  s l o u g h s ,  and a f e w  mainstem s i t e s ,  LI t h i s  r i v e r  reach, coho 

and ch inook  have o n l y  been found t o  spawr. in t r i b u t a r y  scl-c;m environments; 

pink s s l m o t ~  m y  i n  t ~ : i b c t a i - y  ztrcams ( w i t i i  a srnzll. n i l n ~ t c r  u t i l  i : - i t ~ g  

sloclgll Flab: c,! ts) ; chun~  salmon r :  t r i b u t a r y  , s i  ~ u g k .  and  ;i,ni n s ~ e i : ~  envirun-. 

men[ s ; :.~c!ccyc a lloo.;: ex i ! i l s i v c  l y  in 5 Lougiis ( B i ~ x - r ~ ~ ~ t  + .!'ht~r~p:sor~  TIC! \dj,cj: 



1395). Over 90% of salmon spawni-ng i n  t h i s  reach o c c u r s  i n  t r i b u t a r i e s  

(Rarrett, Thompson S Wick 1985). 

A t  least e i g h t e e n  t r i b u t a r y  streams in t h e  m i d d l e  r ive r  provide salmon 

spawning h a b i t a c s  --iblz 3) .  Over 96% o f  t h e  t o t a l  chinook escapement above 

t h e  Chulitna conf luence  spawn in t w o  streams; Pcrtage Creek 9 ar.d 

Ind ian  River (PJ! 138.6) ( t a b l e  3 ) .  I n  1984,  these two streams had a conbined 

escapement of over 13,000 f i s i i  which represented a l i t t l e  over 57 of the 

b a s i n ' s  t o t a l  chinook r e s o u r c e  (Bar re t t ,  Thompson and Wick 1985). Only about  

10% of S u s i t n a  River coho salmon spawn above t h e  Chu l i t na  clonfluence; they  

a p p a r e n t l y  spawn only i n  t r i b u t a r i e s  i n  t h i s  reach  (Barre~t. Th~ompson and Wick 

1965). I n d i a n  River ( R l I  138.6) i s  the  most impcr tan t  t r i b u t a r y  f o r  coho, 

p r o v i d i n g  a l i t t l e  over 3 0 k f  t h e  r e p r o d u c t i v e  habitat ava i lab le  here 

( t ab l e  I ) .  Pcr t age  and 4 t h  of J u l y  (W 131.1) creeks and Ind ian  River p r o v i d e  

r e p r o d u c t i v e  h a b i t a t s  f o r  over SO% of m i d d l e  r i v e r  p ink  salnlon; t h i s  repre- 

s e n t s  abou: 1:: of t h e  t o t a l  Sus i tna  escapement f o r  p i n k  salmon (Barreft, 

Thompson & Wick 1985) .  The same three  streams provi i ie  over  987; of t r i b u t a r y  

s p a ~ m i n g  h a b i t a t  f o r  chum salmon in t h i s  reach (Barreft, Thompson and W i c k  

1985). I n  1 9 8 4 ,  these t r i b u t a r i e s  accounted f o r  about  1% of t h e  :otal  S u s i t n a  

chum salmon escapement, 

Based lzn cscapenent counts f o r  1 9 8 4 ,  34 m i d d l e  r iver  s3oughs  co*Llect ively 

prcviied habitat f o r  approximately 5,57: of. a1.l s a h o n  migrating dbove 

TaLkeerna s t a t i t ~ p  (Barrett, Thompson and Wic.c 1985). Tiiese sloughs a r e  of 

p a r t i c c r l a r  importance t c ~  m i d d l e  r i ve r  chum and sockeye salnion. About 30% of 

t t a -  c:-i~~m 2nd a lmos t  a l l  of ;he  sockeye spawning above the Chul i t l i a  confluence 

- r c u r s  i n  s l u u g h s ,  T h i s  represects a b o q ~ t  2Z of a l l  churn and  l e s5  tklan 0.5" of 

a] :;t,i:;eyc? s p a w n i i ~ g  in   he S u s i  tna drainage a r t  Thon!,,~on 1 !$ii-ii 

198.5) 
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. ~ " ' 1.. -, f t ~ k  Siotigti E c c a p t ~ n ~ r n t  Counts Above Talkcetnn. 

T ~ l k c > e t n a  S t .  103 .0  - lC5.2 
c. 1 ~ 7 . 2  
6 108. 2 1 
e .$. 1 L 2 . 3  
7 1 1 3 . 2  
e 1 1 3 . 7  

~1, r r -y  S t .  120.0 
b i j  121 .8  
5!' 121.9  
8 D 1 2 2 . 2  

Barret:  1 9 7 4 ;  B a r r e t t ,  Xt.otiipson and 2 i c k  1984, 1965; Riis,  1997; ADFhC; 1976, 1978, 1981, l983a.  



Spawning h a b i t a t  quality apparently varies g r e a t l y  between sloughs n e ,  in 

t h e  l a s t  f o u r  years,  t h e  m a j o r i t y  (388%) of chum salmon spawners counted were 

i n  10 of  t h e  34 ( t a b l e s  4 and 5 ) .  Three of these 10 ( 8 A ,  11, 21)  have added 

significance in t h a t  they  a l s o  acccmodated over 90% of a l l  sockeyc s p a ~ m i n g  

i n  t h e  m i d d l e  r i v e r  ( t a b l e  4), 

R e l a t i v e l y  f e w  salmon spawn i n  mainstem nunslough h a b i t a t s ;  of those 

which do, chum salmon predominate .  Genera l ly ,  spawning habitats within the 

mainsten p r o p e r  are  small  a r e a l l y  and w ide ly  d i s t r i b u t e d .  In 1984. AI)F&G made 

a c o n c e r t e d  e f f o r t  t o  i d e n t i f y  mainstern m i d d l e  r i ve r  spawning h a b i t a t s  ; they 

i d e n t i f i e d  36 spawning s i t e s .  Numbers of f i s h  counted a t  each of these  s i t e s  

va r i ed  from one t o  131 w i t h  an a v e r a g e  of 35 (Barrett, Thompson, and Wick 

l985)  The estimated t o t a l  mainstem escapement  was approximat:ely 3,000 chum 

salmon (Garre t t ,  Thompson and  Kick  1985). This i s  l ess  t h a n  0.5% of t h e  total 

S u s i t n a  escapement. 

Four  of t h e  f i v e  salmon s p e c i e s  (all b u t  p i n k )  u s e  m i d d l e  r i v e r  waters 

f o r  r e a r i n g  p u r p o s e s  (Schnidt e t  al. 1984b) .  A t  t h i s  t ime i n s u f f i c i e n t  

i n fo rma t ion  e x i s t s  t o  c h a r a c t e r i z e  t h e  r e l a t i v e  importance of mainstem r e a r i n g  

habitats r e l a t i v e  to each o t h e r .  From May t o  September  j u v e n i l e  chinook rear 

i n  t r i b u t a r y  and s ide  c h a n n e l  environments ,  coho mos t ly  rea r  i n  t r i b u t a r y  and 

u p l a n d  s l o u g h s ,  and sockeye move f rom noted  s i d e  s l o u g h s  t o  u p l a n d  s l o u g h s  f o r  

r e a r i n g .  From May t o  J u l y  r e a r i n g  chum j u v e n i l e s  a r e  d i s t r i b u t e d  th roughout  

s i d e  s l o u g h  and t r i b u t a r y  strean1 en3 ironments (Dugan, Sterritt , and Stratton 

1 9 8 4 1 ,  

of t h e  f i v e  salmon species  p r e s e n t ,  o n l y  c h i n o o k  and coho were c a p t u r e d  

in tile m i d d l e  r i v e r  d u r i n g  t h e  1981-82 w i n t e r  f i e l d  s e a s o n  (AUF&(; 1 9 8 3 ~ ) .  

i 3 r e ] - i m i . n a r ~  : ; t l l d i e s  i n d i c a t e  t h a t  significant numbers (perklaps 25 to 50"; o f  

i : \ l inool;  ; incj  coho j u v p n i  1 e.; rearcti in t h j  s zone overwinter in r; id:. !; l oili:i\ .iad 



Table 5. Chum Salmon Escapement f o r  the Ten Most Prcductive i;loughs Above 

Source:  B a r r e t t ,  Thompson, and Wicl,, 1984,  1985. 



t r i b u t a r y  s t r e a m  environments (ADF&G 1985a). P r o v i s i o n a l  c a p t u r e  data  f o r  t h e  

1984-85 winter field season show that a f e w  sockeye are a l s o  ovelwinter ing  i n  

this area of t h e  r i v e r  (Crawford 1985). Preliminary evidence indicates that 

few juvenile salmon u t i l i z e  t h e  mainstem prope r  f o r  overwintering pu rpose s  

(ADFSG 198Sa), 

O f  t h e  I I  res ident  m i d d l e  r i ve r  f i s h  species ( f i g u r e  l ) ,  cap tu re  data  

i n d i c a t e  t h a t  rainbow t r o u t ,  Arct ic  g r a y l i n g ,  round w h i t e f i s h ,  longnose  

sucke r ,  and sli.my s c u l p i n  a re  common (ADFGG 1 9 8 3 ~ ) .  D o l l y  Varden, b u r b o t ,  

humpback w h i t e f i s h ,  threespine stickleback, and Arctic lamprey a l s o  occur ,  b u t  

a l l  appear t o  L r  more abundant  i n  t h e  lower  r i v e r  (Sundet and Llenger 1984). 

Lake t r o u t  a r e  found on ly  i n  sur rounding  area lakes ,  none of which would be 

i n f l u e n c e d  by t h e  p r o  j ec t  , 

Less i s  known a b o u t  most r e s i d e n t  fish species in t h e  middle r i v e r  than 

a b c ~ t .  salmsn. Rough p o p u l a t i o n  estimatss made i n  1983 showed there  t o  be 

d m u t  4,000 a d u l t  rainbow t r o u t  in t h e  m i d d l e  r i v e r ,  Catch data from 1981-84 

in t h e  m i d d l e  r i v e r  show round whitefish t o  be t h e  most abundant spec ies  and 

t h a t  Arc t i c  g r a y l i n g  and longnose  s u c k e r  a re  more abundant than  rainbow t r o u t  

which are  more cornon t h an  bu rbo t  (Sunder and lu'enger 1 9 8 4 ) .  Lakes i n  t h e  

P o r t a g e  Creek and Four th  of J u l y  dra inages  where rainbow t r o u t  are  abundant 

p r o b a b l y  c o n t r i b u t e  h e a v i l y  t o  m i d d l e  r iver  rainbow p o p u l a t i o n s  (Crawford, 

liialc, r Schmid t  1985). 

Given t h e  n a t u r a l l y  r e d u c e d  w i n t e r  f l o w  regimes o f  t r i b u t a r y  streams, t h e  

m a j o r i t y  of  r e s i d e n t  f i s h  (wi:h t h e  e x c e p t i o n  o f  l ake  t r o u t )  p r o b a b l y  

o v e r w i n t e r  somewhere i n  t h e  mainstem. l t  i s  generally believed t h a t  most 

r e s i d e n t  fish which  migrate t o  t r i b u t a r i e s  in t h e  summer ove rwin t e r  downstream 

of t l ie i r  natal t r i b u t a r i e s  in t h e  mainstem ( S u n d e t  and  Wengcr 1 9 8 4 ) .  O f  t h e  

rrrost commnn r e s i d e n t  s p e c i e s ,  tllree (ror ind i f  i s  1011gi1osc. I and 



slimy s c u l p i n )  can occur year-round i n  che  mainstem. Rainbow trour and Arctic 

grayling migratz o u t  of t r i b u t a r i e s  by ea r ly  October and most orreminter i n  

t h e  mainstem, slightly downstream of these *Lr ibutar ies  ( C r a w l f o r d ,  Hale, and 

Schmidt 1985$, 

LOWER R I V E R  

A t  l eas t  1 7  t r i b u t a r y  streams and s i x  s loughs  p rov ide  salnion reproductive 

h a b i t a t s  downstream of t h e  Chulitna confluence. T r i b u t a r y  systems i n  t h i s  

reach s u p p o r t  more than 99% of a l l  spawning salmon. To d a t e ,  no chinook, 

sockeye, o r  p i n k  salmon have been observed spawning in lower r i v e r  mainsten 

waters; a l l  apparently u s e  tributarv streams e x c l u s i v z l y  f o r  t h i s  purpose 

(Barrett, Thompson and Wick 1985). Small numbers of chum and coho salmon have 

been seen spawning in 13 separa te  mainstem sites and s i x  s i d e  s loughs ;  most 

members of these  t w o  s p e c i e s  a l s o  spawn i n  t r i b u t z i r y  environments. ADF&G 

estimates t h a t ,  in aggregate, t h e  number of chum salmon sgawning within 

mainstem environments i n  t h i s  reach represents rough ly  0.3% o f  t h e  1984 

b a s i n w i d e  escapement. The estinated number of spawning coho in the mainstem 

represents roughly 0.2% of the 1984 escapement (Barrett, Thompson and Wick 

1985) .  Chuln salmon were the principal users of side slough spawning 

environments, being present in five of t h e  s i x  s l o u g h s  used .  T h e i r  estimated 

numbers represent r o u g h l y  0.12 o f  t h e  t o t a l  1984 escapement. On ly  six coho 

were seen s p a m i n g  i n  s l o u g h s  i n  1 9 6 4 ;  a l l  were in one s l o u g h  (Barrett* 

Thompson and Wick  1985) .  Thus, lower r i v e r  s l o u g h s  a re  less important t h a n  

middle r i ve r  s l o u g h s  f o r  spawning purposes. 

I.ess is known of  snlnion r e a r i n g  and  o v e ~ ~ ~ i n t r r i n g  h a b i t a t s  in lower  r iver  

mains $:ern cna7ir0'1%rnents thtk~l  in tile micidle  r i v e r .  Coho, c h i n o o k ,  chtl.srz and 

socke~7c- juveniles primarily rear  in tributaries; c l i i ~ ~ o o k ,  cilum, and  sut:!ieve 



j u v e n i l e s  a l s o  make u s e  of s i d e  cha~mels .  S loughs  are l i m i t e d  i n  occurr2nce  

and are  no t  u s e d  h e a v i l y  by any salmcn species  ( C r a r ~ f c r d ,  Hale, and Sch~i .12  

1985). A few coho and chinook have been cap tu red  du r ing  w i r i t e r  in mafnstem 

environments in t h i s  r i v e r  reach (ADF&G 1 9 8 3 ~ ) .  

Several  million euiachor; spami i n  l a t e  May to ear ly  June in t h e  lower 50 

miles of t h e  mainstem S u s i t n a  River. Most of these f i s h  spawn below 29 i x i  

main channel h a b i t a t s  near c u t  banks over loose  sand and g3:avel substrates 

(5a r re t t ,  Thoinpson and Wick 1 9 8 4 ) .  Bering c isco r e tu rn  t o  the  Susitna River 

in l a t e  August and spawning takes place from September throulgh October. In 

1981 and 1981 ,  spawning a c t i v i t y  peaked i n  t h e  second week cf October. Bering 

c i s c o  are known t o  spawn on l y  i n  main channel environments; t h e  majority of 

s p a m i n g  apparently takes p lace  between RM 75 and RH 85 (Barrett, Thompson and 

'&Sick 1984 )  , 

L i f t l e  is known abou t  most r e s i d e n t  f i s h  life h i s t o r i e s  in t h e  lower 

r i v e r .  The 13 r e s i d e n t  f i s h  species found in t h e  lcwer r i v e r ,  with t h e  

exception of lake t r o u t ,  n o r t h e r n  p i k e ,  and n i n e s p i n e  s t i c k l e b a c k ,  a re  

g e n e r a l l y  be l i eved  t o  be common (Sunde t  and Wenger 1 9 8 4 ) .  A s  elsewhere i n  t h e  

d ra inage  rainbow t r o u t ,  Arct ic  g r a y l i n g ,  and D o l l y  Varden spend most cf t h e  

open water seasan i n  t r i b u t a r i e s ,  u s i n g  t h e  mainstem p r i n c i p a l l y  f o r  m i g r a t i o n  

and o ~ e n ~ f i n t e r i n g  (ADFGG 1983b).  These species move i n t o  t r i b u t a r i e s  to spalm 

in t h e  s p r i n g  a f t e r  b r e a k u p ,  Rainbow t r o u t  and A r c t i c  gra ; - l ing outmigrate 

f rom most e a s t  s i d e  t r i b u t a r i e s  i n  September  ( C r a w  f o r d ,  Hale, and Schmidt  

1985). Bu rba t ,  whitefish, longnose s u c k e r ,  scu lp i .n ,  s t i c k l e b a c k ,  and .%rctic 

]anprey  a r e  found i n  b o t h  t h e  mainstem and t r i b u t a r i e s  d u r i n g  che open water 

s e a s o n .  i\ll o f  these s p e c i e s  3re believed t o  o v e r w i r ~ t e r  i n  the nlainstem, b u t  

u n j y  r a i n b o w  t l - o u c ,  b u i b o t ,  and slimy s c u l p i n  were capturciti  t l ~ e r - .  during 198% 

ui n t c r  salilij ling ( A L I F ~ ( :  I 983b )  . Rolind \ih i t c f i s l i  arc: 'w 1 i cvet i  t o  3 i n  



October at e i t h e r  mainstem, r r l bu t a r l  mouth,  o r  t r i b u t a r y  locations (Sc'nnidt , 

et al. 1384b).  Eiirbot spawning genera?- ly  o c c u r s  betweer. January and Harch 

under  he ice in areas i n f luenced  by the mainstem or i n  t r i b u t a r i e s  l i k e  t h e  

Deshka, 

Based on ongoing r a d i o  telenetry studies, it appears  char  favored 

mainstem overwinter  h a b i t a t s  f o r  a d u l t  rainbow t ro t i t  and b u r b o t  d i f f e r  

p r i n c i p a l l y  by d e p t h  and l o c a t i o n  (Crawford 1955). Tagged rainbows are  most 

f r e q u e n t l y  r e l o c a t e d  i n  mainstem s i d e  channe ls :  near  t r i b u t a r i e s ,  i n  waters 

g e n e r a l l y  less than  f i v e  f e e t  i n  d e p t h .  Tagged b u r b o t  a re  f r equen t ly  located 

i n  w i n t e r  i- nainstem p o o l s  g r e a t e r  than  six f e e t  deep a l o n g  r ive r  bends. 

However, most  of t h e  t agged  b u r b o t  were found i n  t h e  Deshka River.  Both 

species seen t o  favor l o w  v e l o c i t y  environments ,  

I n  the Susitna River, sslmon smolt o u t n i g r a t i o n  generally occurs  from 

mid-flay through August ( S c h n i - d ~  e t  a1. 19841.  R i - ~ e r  i c e  breakup generally 

precedes a large  p 2 r t  of t h e  i n i t i a l  chum and p i n k  salmon f r y  outmigration 

p e r i o d .  There  are  few data a v a i l a b l e  on pink salrnon ouc ic ig ra t ion ,  but this 

a c t i v i t y  i s  be l i eved  to occur  betweer. mid-Hay and mid-June, peaking i n  ea r ly  

June.  Outmigrating chum f r y  cccur in t h e  river mainstem from mid-Play to 

mid-August ,  peak ins  i n  June.  Coho, ch inook ,  and sockeye j u v e n i l e s  outmigrate 

from mid-May t o  ea r ly  October ,  w i t h  peaks o c c u r r i n g  f rom June th rough  August. 

I? addition t c  salmon smai t  outmigrstion, t h e r e  is a l s o  a m i g r a t i o n  

between habitats as both resident and juvenile anadromous fish redistribute 

tkemselves i n t o  s l o u g h ,  side cl iannel  and mainstem h a b i t a t s  f o r  o v e n ~ i n t e r i n g .  

'Ti~cse emigrations g e n e l - a l l y  p e a k  i n  Augus t  f o r  c l ~ i n o a k  a n d  coho salmon 

(Sc i imi r l t  et a l e  1 9 8 4 ) .  R a i n b o w  crout arid t l rcc ic  g r 3 v l i ; l g  g2nerally move o u t  

of tributaries to o v e r w i l l t e r i n g  :Ireas i n  l a ~ e  ~Ju&;usi: t i i r o u g h  . 2r lnber  ( S ~ , ~ n d f c  

anid iveilj;i.~- 19t3[+) 



m * ~ m i n g  s f  smoft  entrance to t h e  sea is "Peliev.sd to ri_rlfl~:sr?ce s ~ r ~ ~ i - v a f  

- ~ d t e s .  s ." Seve ra l  ha tchery  s t u d i e s  ( B i l  tori ! 9 i 8 ;  i4ashington 105;2). fcund that 

aptimnl s i z e  v a r i e d  wj ti1 tine of  ele ease; e . g , ,  maximum r e t u r n  o f  a d u l t  salnran 

i n  one s t u d y  r e s u l r e d  when smolts weighing about  2 0 g .  n piece uere released 

j u s t  p x i ~ r  t o  t h e  summer s o l s t i c e  (Bi l to r ;  1978) .  D i l t c n  ( i978)  fourid ve ry  

l a r g e  mele smolts d i d  : i o ~  migrate at a l l - ,  becoxning j acks .  



AF'i3Z?;DIX 3 :  SYNO > S l S  OF TliE WpITER TEPPEIUTURE DATA RASE 
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Temperature data f a r  w g t e r s  i n  the Susitna Basin have been c o l l e c t e d  by 

three  d i f f e r e n t  g roups  : t h e  ii.  S.  Geological Survey (USCS) , Alaska Department 

of F ish  and Gaxe (mF&G), and R&>I Consultan~s. P r i o r  co the  1980 f i e l d  

season ,  the o n l y  continuou:; temperature recorders were a t  three mainstem 

Susitna a c e s  operated by t!lr USGS s ince  t h e  mid-1970s. O f  t h e  new s i t e - )  

s p e c i f i c a l l y  f o r  the S u s i t n a  h y d r a e l e c t r i c  p r o j e c t ,  t h e  m a j o r i t y  a re  

concentr-nred i n  t h e  IGatana-to-Sunshine reach of t h e  - i v e r .  Teinpera ture  da ta  

collection below t h e  Parks Highway b r i d g e  (RM 83.5) was increased d u r i n g  t h e  

i 3 8 4  f i e l d  seacon by .4DF&G on request from HETDC t c  x o v i d e  additional data  in 

t h e  e v e n t  that lower r i ve r  temperature s i m u l a t i o n s  were  under taken .  Table  1, 

showing t h e  a v a i l a b l e  t empe ra tu r e  da ta  used f o r  i n i t i a l  ~ o n t h l y  stream 

tinperature s i r n u l s t i o n s  (sumers 1980 t o  i 9 8 2 ) ,  i l l ~ s t r a t e s  t h e  d e n s i t y  and 

temporal  consistency of these da ta .  

There  a r e  a number of prob lens  i n  t h e  available wacer temperature data  

set w i t h  regard  t o  i t s  u s e f u l n e s s  f o r  temperature modeling. These primarily 

lie with t h e  s h o r t  p e r i o d  of record available and i n  t h e  r e l i a b i l i t y  of son2 

of these  d a ~ a .  These problems are  discussed below. 

S h o r t  14-:1-ng"L o i  record  - Collection of most of t h e  d a t a  needed f o r  
- . b z ~ - - " - ~  

temperature rnodelicg began  in 1980. I n  o r ~ j e r  t o  p r e d i c t  instream temperatures 

c o v e r i n g  a .large range of  meteorologic c o n < l i t i o n s ,  representative years  \*?ere 

s e l e c t e d  f o r  sinulatiun, some p r e c e d i n g  1980. For these  e a r l y  years ,  

teir1per3~1irtl d a t a  were s y n ~ h e s i z e d  u s i n g  regressi(3n techniques ( t IE1UC 198:?p3 

13234) * 



I.ebie 1. Yonnil)- stream tcnipera tures ,  u s a l i e  da ta  June t o  Sepr+:mbcr 1960, 1981,  1982, (Fi-am AEIDC 15183). 

?lai:rstef7 1 1 s i b u t 3 r y  Number o f n a y s  
PP 

R i v e r  !.I1 l e  River Nane ./Lesilr Lptior? 1980 ---- 1981 - 1992 - 

I l e s a n d e r  C r .  25 31 31 30 
Sus1;-a a b ~ v c  Alexander Cr. 25 31 51 1 

Sus i tna  R . ,  Su S t a t i o n  SO 31 3 1  30 -jo -- -- -.. 
Yeqtna F,. 26 33 31 14 

Yentna R ,  23 31 31 27 
Susitna 8 ,  above Yentna R, 20 31 31 30 
S u s i t n a  R, a ~ o v e  Yenilna R *  25 31 33. 12 

Destlka K, 29. 31 33. 30 

**Decept ion Cr, near WiI l cw 5 8 -- 8 
9c*WiB?ow Cr. n e a r  Willow -18 -.- 22 

L i t t l e  Willaw C r .  7 3 1  31 30 
S u s i t n a  K.  2 b ~ v e  L i t t l e  idillow C r .  7 31 31 24 
S u s i t n a  R, above Kashwi tna  R. -- - -  2 27 

E'ioatana Creek 29 24 -- 1 

S u s i t n a  R, above Msntana C r .  39 3 2 30 

Sasi tna R . ,  e a s c  s h o r e - - P a r k s  I-ii~y. 20 I$ - -  -- --  -- -- 38 

Susitna R e ,  west shore--:"arks Hwy, 2 3  9 1.0 30 

Susitna 8 ,  --Lul 1 7  -- - -  ."- 
**Ta~keetna R,  near T a i k e e t n a  - - 1 -... -- 

Ta1,keetna R ,  iO 31 31 30 
T a l k e e t n a  R, 17  1 31 30 

&*Chul i tna  R ,  n e a r  Talkeecna i 1. 1 -- 27 30 3 20 

C h u l i e n a  R. 11 1.7 -- 20 

C h n l i t n a  X. 1 7  -- 10 25 
Susitna R. --Tlirl, fisiih&ieei 11 10 19 22 7 28 31 25 

Susitna R. --LLY l 8  - - 25 31. 30 

S u s i t n a  F.--Curry - - 25 31 30 
S u s i t n z  R ,  - -Slough SA - - 4 3 1  30 

S u s i t n a  R . - - L R X  29 - - 22 3 1  30 

S z s i t n a  R. - -Slough 9 .. - 4 3 1  24 

S t i s i t n a  Q. --LXX 35 - .. 23 4 17 

S u s i t n a  R. aboY,e 4 t h  L'C Jt:Iy C r ,  15 31 30 26 

* k S i l s ~ t n a  R .  n e a r  Go ld  Cr. 30 3 1  3: 30 -- 8 25 29 --  -- i *  30 

Gold C r e e k  11 7 3 --  
Ind ic ia  R .  23 31 4 28 

I n d i a n  R ,  - -. 10 25 14 

S u ! ; ~ t n a  K. a b o v e  in i l i an  11. - ... I1 29 16 

Susitna R.-*-Slough 19 - -  - -  5 13 

S u s i t n d  R . - - L U  53 - -  ."-- 2 3  - -  
S u s i t n a  R .  - .-Slough 2 1  m -  - -  4 24 - -  4 31. 30 

S u s i t n a  R. jtjoste Pcirtngi? Cr. - - 13  3 1  29 

Port .lge Cr. 1.3 26 28 -- 
l ' su sena  C:r, 1 2  1 3; 30 

?kSus i  t ~ i a  I(. a t  IJ,a tan:! tia;n si t c  30 - -  31 30 

\Jat.c;:-.a Cr , 11. 11 15 I h  

Kosina i:x-. 31 1 7  7jl 

.k*Su.;i Lna ;C, n e a r  C ' i n t i ~ c  11 27 3 1  3 1  2 2  

Goose Grt.cih - 7- 11 3 1  30 

o ~ , i ~ : ~ L 1 7 ' 1  < % P k  * - 31 31 '30 



T a b l e  ui Cant, ?!011~213y s i t  ream t e m p e r a t u r e s  u s a b l e  data Jr:ne tc S e p c c ~ ~ b e r  1980, 1.981, 1982. (From -4EIDC 1 9 8 3 )  0 

-- --- 
?la i i : s~c~r , l / ' l r ib r~ tc l ry  ------- Krrnber of Clays 

River  Xi'be River  Nar-.fe/Descripticrn 1980 1 9 8 1  1982 

- J J A S J S J J A S  

AIexandcr  C r ,  

S u s i t n a  above Alexander C r ,  
Susitna R., Su S t a t i c n  30 31 31 
Y e r ~ t n a  R, 
Yentna R. 
Susit::a R, above Yentna R, 
S u s i t n a  R, above Yenfna R ,  

Dcslik.2 K. 
**Pecept ion C r ,  near Willow - - - - - - 
* W i  'i low (71- . n e a r  I4 i . l  low - - 1 3  -- 

L i t t l e  W i l l ~ ~  C r ,  

Sus i  tnt;  R, above l i t t l e  W i l l o w  Cr, 
SusLtna  R, above Kashwitna R. 
i'.Iontar?a Creek 

S t l s i t n a  R, above blontana CK. 

83 ,8  S u c i t n a  R, , e a s t  s h o r e - - P a r k s  tiwy, 8 - - - -, - - - - - - - - 3 0 

83.9 S u s i t n a  R . ,  west s h o r e - - P a r k s  my. 14 -- -- 30 

'37. 0 S u s i t n a  R ,  --LRY 1 
l L b  -- ^"  -..@ 

J- 4- - - T a l k e e t n a  R, n e a r  T a l k e e t n a  

T a l k e e t n a  R, 
T a l k e e t n a  R. 

**Chulifna R, n e a r  T a l k e e t n a  
Cnnulitna R. 
C h u l i t n a  R. 

S u s i t n a  R .  --TI;\ f i snwhee  L 
S u s i t n a  R.--LRY 18 

S u s i t n a  Re--Curry 

S u s i t n a  R. --Slough 8 A  

S u s i t n a  R,--LRX 29 

S u s i t n a  R. --Slough 9 

S u s i t n a  R . - - L U  35 
S u s i c n a  K. abovc 4 t h  o f  J u l y  Cr. 

**Susicna K. above Gold C r .  
Gold Creek 
I n d i a n  R.  

I n d i a n  K. 
S u s i t n a  K.  above I n d i a n  R. 

S u s i t n a  R.  - -Slough 13 

S u s i t n a  R e - - L U  53 

S u s i t n a  K, --Slough 2 1  

Susitna R .  above Portage Cr. 
Portapc7 C r .  

Tsusena  CJr. 

*Susi tnr i  K ,  at. Watana dam s i t e  

2 0 6 , 8  0,0 Kosincl C r .  

223,7 ~ k * S u s  i tna It. near  CALI t w ~  l l 

231 .3 /0 .0  Goose Crtlcl: 

? 3 3 . 4 / 0 . O  0 : ;h i> l r i , 1  (:I-eclc 



Discon~inucus records - Most of t h e  t e m p e r a t ~ r e  recorders used f o r  the --- 
Sus i t na  p r o j e c t  are se l f - con ta ined  u n i t s ,  Omnidata Datapods and Zpan 

Thermographs, These instruments are designed for infrequent senrice, and thus 

are i n f r e q u e n t l y  visited once they  are in s e r v i c e .  Idhen these u n i t s  

m a l f u n c t i o n ,  data may be lost f o r  p e r i o d s  of two weeks o r  mcrre. Throughout 

t h e  study there  were instances of data  gaps  resulting b o t h  from instrument 

r a i l u r e  and from tampering by peop le  and wildlife. 

Inaccurate data - There are a number of e r r o r s  inherent_ i n  t h e  data 

i t s e l f .  The f i r s t  is associated w i t h  t h e  i n s t rument .  The accuracy  of 

Datapods and Thermographs i s  6 0.1 a n d  f. 0.6 C respectively, prov ided  the 

i n s t r u m e n t s  a re  p r o p e r l y  c a l i b r a t e d .  Improper  r e c o r d e r  placement m a y  a l s o  

lead t o  e r ror .  The USGS mainstem S u s i t n a  temperatare r e c o r d e r  a t  Gold Creek 

was i n i t i a l l y  loca ted  i n  t h e  plur;,e of Gold Creek, i n a c c u r a t e l y  r e c o r d i n g  

mainstem r e n p e r a t u r e s .  The p robe  was l a t e r  moved. 

F u r t h e r  problems r e s u l t  from t h e  fac t  that the recorders  must b e  anchored 

t o  the shore .  T h u s ,  they lie close to shore p o s s i b l y  i n  t h e  plume of a 

t r i b u t a r y  o r  i n  a quiescent area unrepresentative of t r u e  mainstem 

temperatures. Even under the best conditions, wher, a recorder  is p r o p e r l y  

c a l i b r a t e d  and no t  l o c a t e d  i n  a qu iescen t  area o r  in a tributary plume, it is  

o13ly r e c o r d i n g  t h e  temperature a t  a s i n g l e  l o c a t i o n ,  Temperatures across  a 

r i v e r  transect o f t e n  show la rge  v a r i a t i o n ;  Schmidt ( 1 9 8 4 )  found differences as 

t i igh as 2.8 C ac ros s  t r a n s e c t s  belo\$ t h e  Talkeetna Rive r  confluence (P&f 4 2 . 7 ) ,  

whi.1.e t h e  USGS (Bigelow, pers .  comm.) r e p o r t s  de fe rences  a s  h i g h  as 3.3  C 

:lcro:;s id tr311i:ject ;it S u n i j h i ~ l c  f m! 83,5) , 



"IfEMPEELATURE Pf(3DEES 

DYRESM 

The reservoir  temperature simulation model, DYRESEI, is used to p r e d i c t  

t h e  t h e m a l  stratification of b u t h  reservoirs under  v a r i o u s  r m e t e o r ~ l o g i c  and 

power load demznd conditiocs. The o r i g i n a l  m o d e l  (Imberger and Patterson 

1981) has been modified with t h e  i n c l u s i o n  of an i c e  cover s u b r o u t i n e  

developed f o r  Canadian lakes (Hasza-Ebasco 1984) .  R e s u l t s  from DYRESM, 

coupled  w i t h  those  from t h e  reservoir operations model, provide  p r e d i c t i o n s  o f  

reservoir  release volumes and temperatures zt t h e  domstream-most  dam. These 

va lue s  serve as upstream boundary conditions f o r  t h e  stream temperature model. 

The DPXESP mcdel was ca l ib ra red  f o r  Alaska c l imat ic  ciondi t i o n s  u s i n g  

Ek lu tna  Lake da ta  f o r  t h e  p e r i d  June through December 1982 (Harza-Ebasco 

1 9 8 4 ) .  E k l u ~ n a  is a g l a c i a l  l a k e  t a p p e d  f o r  hydroelectric power. The main 

differences betweer: it and t h e  proposed reservoi rs  are t h e  d e s i g n  of t h e  

i n t a k e  structures, bat l iymet r ic  shape  near  t h e  i n t a k e s ,  and l o c a l  meteorolcgy. 

R e s u l t s  f rom t h e  Eklutna Lake s t u d y  (Harza-Ebascc 1984) show accurate  

prediction of b o t h  suzmer and w i n t e r  outflow temperatures t o  f I C.  Some 

i n s t a n c e s  of temporal  d i f f e r e n c e s  of  approxims 2l.y 2 C were seen d u r i n g  

p e r i o d s  of h i g h  summer w i n d s .  These d i f f e r e n c e s  were a t t r i b u t e d  t o  d i f f i c u l t y  

i n  modcling aj-ind-induced m i x i n g  and i n t e r n a l  wave a o t i o n  near  t h e  illtake 

snructure u s i n g  a one-dimensior-I model (Harza-Eb3sco 1 9 5 4 ) .  



Reliability, 

DYRESM i s  a one-dimensional model ,  p r e d i c t i n g  on ly  a v e r t i c a l  temperature 

distribution. T h i s  assurnptioil  i s  most s e r i o u s l y  taxed d ~ i r i n g  p e r i o d s  o f  high  

wind which induce  mixing in t h e  epilimion. It is treated i n  t h e  model by 

corrections which a f f ec t  deeper surface mixing (APA 1 9 8 4 ) ,  This problem is of  

some concern w i t h  b o t h  reservoi r  s i m u l a t i o n s ,  as  wind speed predictions at the 

proposed reservoir  surface l e v e l  are somewhat specula t ive .  

I n  o r d e r  t o  m a i n t a i n  t h e  a b i l i t y  f o r  s e l e c ~ e d  r e s e r v o i r  temperature 

releases,  i t  i s  e s s e n t i a l  t h a c  the  reservsirrs' thermal s t r a t i - f i c a t i o n  remain 

i r l cnc t  in t h e  f a r ?  of b o t h  wind-induced surface mixing and tkydrau l ic  mixing 

near  t h e  i n t a k e  s t r u c t u r e s .  The Federal Energy Regu la to ry  Commission (FERC)  

(1984) p r e d i c t e d  a weak the rma l  s t r a t i f i c a t i o n  of the  Watana reservair  and 

q u e s t i o n e d  t he  a b i l i t y  of t h e  i n t ake  s t r u c t u r e  to allow selective temperature 

withdrawal. FERC no ted  t h e  same concern with t h e  Devi l  Ca-qmn recervcir, 

estimating coole r  summer temperatures than  those  p r e d i c t e d  by DYRESM. APA 

( 1 9 8 4 )  acknowledges t h a t  t h e  s ~ r a t i f i r a t i o n  of b o t h  r e s e r v o i r s  would b e  weak 

r e l a t i v e  to %hose i n  temperate cl imes,  b u t  ~aintains t h a t  t h e  stratification 

s h o u l d  b e  s t r o n g  enough a r o u n d  t h e  i n t ake  s t ruc t t l r e s  t o  maintain 

stratification e x c e p t  d u r i n g  s p r i n g  and f a l l  t u r n o v e r  p e r i o d s .  

;in t h e  event  t h ~ ~ :  t h e  thermal stratification c o u l d  n o t  b e  maintained, t h e  

a b i l i t y  t o  re lease  t h e  warmest available summer and c o l d e s t  w i r i t e r  waters 

t i de r9  %t t h o s e  i n  t h e  uppermost thermal s t r a t a )  would  be  l o s t .  Release 

temperatures t h r o u g h o u t  t h e  year would b e  c l o s e r  t o  t h e  mean a n n u a l  r e s ~  ~ i r  

t r m p r : * a t ~ r f ,  a p p r o x i n l n t e l y  4 C,  limiting its effectiveness ;is a m i t i g a t i c i n  



Svnapsis ~f Resu l t s ,  

DYRESM has  been run  f o r  bo th  a oqe- and two-dam c o n f i g ~ l ~ a t l c n  f o r  rcyr iad  

combinations of power demand, f low requirements, meteoro logy,  i n t a k e  ope ra t i ng  

rules and i n t a k e  des ign .  Consequentlyi generalizing these r e s u l t s  is 

difficult and p o s s i b l y  m i s l e a d i n g  . Results f rom these  D'i%ES>1 simulations are  

a v a i l a b l e  in AEIDC (1984) f o r  Case C simulations under t h e  " inflow matching" 

operating r u l e .  R e s u l t s  under Case E-VI f l o w  requirements have no t  been 

p u b l i s h e d ;  however, r ive r  water temperatures immediately below the  proposed 

E e v i l  Canyon dam face  (RPI 159) z r e  available i n  A E I D C  (1985). 

The ranges of o u t f l o w  temperatures under  t h e  v a r i o u s  combinations are 

stlown f o r  summer (here defined as water weeks 36-52, June  3 - September  3 0 )  

and w i n t e r  (weeks 5-30, October 29 - A p r i l  28) i n  Tables 2 and 3. Kate  t h a t  

weeks during t h e  s p r i n g  and f a l l  transitional p e r i o d s  are no t  represented i n  

t h e s e  t ab l e s .  The number of simulations run  f o r  each of t h e  ca tegor ies  va ry .  

A s  few a s  one and as many as f i v e  seasons of meceorclcgic d a t a  have been run 

i o r  some categories; d i f f e r e n t  i n ~ a k e  structure d e s i g n s  are represenred in t h e  

t i ~ b i e  as w e l l .  Consequently, making d i r e c t  comparisons between r u n s  is n o t  

r e c o m e n d e d ,  



T a b l e  2 .  Synaps i s  of simulated summer (weeks 36-52) release temperature 
ranges  ( C ) .  

Case C 

Watana Devil Canyon 

v 

In take  
Operat i o r  1996 2001 2092 2020 

I n f l o w  
Pfa~ch ing  

Case E-VI 

Entake 
Operat i o n  

FJa t arta D e v i l  Canyon 

Ida rnne s t  
I;ater 



T a b l e  3.  Synopsis of simulated winter  ( r~eeks  5-30) release ter ipera ture  ranges 
( C )  . 

Case C 

h t a k e  
Operation 

Watana Devi l  Canyon 

In f low 
Matching 

Case E-VI (win te r  cf 1961-82 o n l y )  

Wa tikana D e v i l  Canyon 

I n  8 low 
b1d. i c l ~  i n g  



in gener;~l  terms, s inu la t ed  summer release temperatures are cooler  from 

the  Devil Canyon r e se rvo i r  rhan from the  Watana reservoir .  I n  l a t e r  demand 

years under  two-dsm operation (represented by  he year  2020)  ; lhowcver , cone 

va lves  are used  less frequently and warmer suralcr release temperatures r e s u i t .  

During w i n t e r ,  t he  reverse occurs w i t h  warmer release tecperatures resulting 

f r o m  two-6221 operation. 

The SNTEFI1' instream tenperature node l  has been used  to sinulate mainstem 

Susiina River temperatures in t h e  icstana-to-Sunshine reach. Discilssions aLi 

rhe model and its application t o  t h i s  p r o j e c t  are ava i l ab le  in Theurer  et n l .  

(1983) acd  A E I D C  ( i983,  1 9 8 4 ) .  

As with a l l  s i c i ~ l a t i o n  models, SNTE?P i s  governed by a l a r g e  s e t  of 

assumpticns (AEIDC 1983, 1984) .  Three of these are  e s p e c i a l l y  important when 

c o n s i d e r i n g  t h e  applicability of n o d e l  r e s u l t s .  

1. ane -d imens iona l i t y .  The temperature a t  any g ivec  cross-section is 

represented by a sin~le v a l u e ,  presumed t o  be  t h e  mean temperature a l o n e  .-. 

t h a t  crcss-sect i.03. tis mentioned p r e v i o u s l y  , t!lemal t r a r i . z ~ k o ~ i  a c r o s s  22 

t r a n s e c t  may b e  g r e a t e r  than 2 C. 

2. Instantaneous mixing of t r i b u t ~ r i e s .  The mass and a s s u c i z t e d  h e a t  

con ten t*  o f  i n f l u e n t  t r j b ~ a r i e s  a r c  instantaneously mixed ty tlie model at 

tile - g r y  co r~ i l - r i ence s .  There i s  no ;xcccjunti!~g f o r  the  :ef i~pe~:~t~jre:  

plr:i.:cs r i n  t r i - b u r s r i p s  i o i i n ~ i  i n  the r i v e r  system. 



KO ice cover, S1lTL:P simularrs openwater condittons throughout t he  y r Q i .  

T h i s  is of concern in t he  s p r i n g  when simulated water temperatures rise 

in response t o  increased so la r  radiation and warxaer  aP:r "i~~peraturei ; ,  

Under an  i ce  cover, w a t ~ r  temperatures would warn  much slower. T h u s ,  

s i n i : i a t ~ d  temperatares d u r i n g  t h i s  p e r i o d  a r e  ;:arner tt.ark r e a l i s t i c  u n t i l  

after breakup cccurs,  

Additicnal note  s h o u l d  be made o i  t he  estimation methodls i-mplcyed f o r  

i n f l u e n t  t r i b u t a r y  tenpex-atures. A temperature regression func~ion for m i d d l e  

r i v e r  t r i b u ~ a r - i e s  was developed us i r .p  data froin t h ree  t r i b i l r a ry  s i t e s  ( A E I C C  

1 9 8 4 ) ,  Likewise, r eg r e s s ion  f u n c t i o n s  are used t o  p r e d i c t  water teaperature~ 

of t h e  l a r g e  t r iba ta r ies  ( t h e  Talkeetna and Chulitca rivers) when 5ata are not  

available. As these two r ivers  contribute la rge  volumes of f1cw to t h e  

nainsteln S u s i t n a ,  p r e d i c t e d  temperatures below t h e  t h - r e ~ - r i v e r  confluence must 

be g iven  c a r e f u l  scrutiny. 

T h e  ir.fiue1lc2 of mainsten r i ve r  temperatures on t h e  trmperrit irre cf 

groundwater i n f l u e n t  ro ad jacen t  s loughs  has  not  been f u l l y  r e s o l v e d  a t  this 

cine. r i v e r  temperatures are  b e l i e ~ r e d  t o  d r i v e  n e a r b ~  grou~dvater 

t e n p e r a t ~ l r r s  ; t h u s ,  changes i n  mean arinual m a i r . s r e ~  ceiz;>er-ntures ( c v p e r t ~ e d  t o  

be sligh';) nay  a l s o  be f e l t  in s l o u g h s .  O f  special. concern is whether the. 

t i n r n g  o f  mainstez:  temperature changes would be f e l t  in slai!giis during key 

f i s h  u s e  p e r i o d s ,  nntably e g g  incubacicn. Hydrologjr  studies on these sloughs 

- the v a r i a t i o n  in respoase betw-en d i f  f ere12'i s l .ougi:s ;  \ * a r i a t i o ~ ~  i n  

rcl.;pi.;-nt:!r-~l changes ~ l o u i d  Likewise b e  e x p c c ~ c i i .  ~ d d i : i t j n a I  s t i i dy  o i l  t l ~ i s  

tc:p ii; p r c s ~ . c t L y  b r i n g  doiie by ! !arzn-icb; i . ;co, 



SETEibII' was ca l ib ra t ed  f o ~  t h e  p e r i o d  nf June th rough September 1482 a 4 

l O G ?  (kkEIDC 8 3  Ca>! ib r~ t lon  d u r i n g  the w i n t e r  p e r i o d  i s  nloot, as n a t u r a l  

:,&ter t sn :pe ra tu re s  arp  unifnrmlj? O C. Model validation was  d c l n  on a n;onzhiy 

{2a12WC 2233) ;;gd t..:l-cl.:l~- basis ( A E I 3 6  19e1F), The 90% conr idencc  i n t c r k y s l  

(using t h e  % - st- isti tic) f o r  veek iy  water temperatures f o r  water  years  

995i-h$83 is I O t o  ! J , $  C ,  

3e i inkA b i  tv , -- 

To p r e d i c t  maim ten r z & t e r  temperatures, SNTE3P ;~. . l ies  on u p s t r e s ~  

hau~d ; i r ; .  cor2di t i o n s  p r e d l c  tcd by anoril:?r simulation model (Di'!<ES?I) , influent 

t r ii31rt-ary t enper,: t u r f s  e s t  iziated u s i n g  regrrssioil r c c h n i q ~ l e s  .jn short ,  records 

2: d a t a .  and ne tcoro lc f i i c  dncn 2strapolated from t h e  rsccrd a t  Talkeetna. The 

model 112s i;ci:~i s s l i i r ; ~ r c d  :!sing p u b l i s l l e d  data which is I - c p r e s r n ~ s t  i v e  , hilt 

not i n t  .i!.Li b1e .  Coi~sequcr?cLy,  t h e  resulxant t emperc i tu re  p r e t l i c ~ i o n s  l i l d i i d e  

f- ,I,c I, p u : ~ s i b i l i t v  DI ;I v n r i e t v  o f  r c m b i p ~ d  ~ x r o r s ,  

!i?iile t i l ~  a b i l i t y  ~f S$?;TFE?KP to p r e d i c t  a b s o l u t e  tempernt l j rcs  is 

l r  n:urii g r e a c c r  relisnce n a y  be p laced  on e r e l s t i v e  temperntilre 

ditfcrences resulting be:wcL>n d i l i e r c n t  simulation scecarics, T h u s ,  t h e  

. - .  
i. t o  . I s s r ss  :\;c tc;.r?ernciiri. 1 r e 5 i ~ I t i l i g  f TQE oper, : t ion o f  i - 1 1 ~  

: ~ i * o j  cc L I 8092 . 



r rn . i -  .3cLer t f  i n t a k e  opt t ra r ion)  i n  AgICC (1985). T h e s e  results are  preserlted a t  

th ree  mainstem l o c a t i o n s  (RX 150, 130, and 100) i n  t a b u l a r  and g r a p h i c a l  foj:m, 

connnring methods of powerhouse i n t a k e  o p e r a t i o n  a n d  power l o a d  demands. The 

reader  i s  referred t o  these sosrrces in l i e u  of ex tee~s ive  discfgssiorr h e r e .  A 

b r i e f  --?iE1aary of simulation r e s u l ~ s  and a cab l e  of mean suifEier t e m p e r a t u r f s  

( T a b l e  101, b o t h  a t  a rt!presental:ive  idd die r i v e r  l o c a t i o n  (mf 130) a re  

i n c l uded  here, As chese resu l t s  are  I n c l u d e d  to show r e l a t i ve  differences 

betideen methods of operatio:;, a s i n g l e  suirmer season (1982) i s  u s e d ,  which 

represents normal air tenperatures and h y d r o l o g i c  conditions, 

C( I ~ w o  g e n e r a l  o b s e r ~ a t i o n s  s ! ~ o u i d  f i r s t  be no ted  concerning r i v e r  

r e x ~ p c r a t u r e s  under  with-project condi  ions re la t ive  to n a t u r a l  conditions. 

7- . r l r s t ,  t h e  magnitude oi v a r i a t i o n  between win t e r  and s u r m e r  temperatures would  

be  icssencd; w i n t e r  tem2er~tures would be warmer t h a n  n a t u r a l  rinZ sumrr.~>~ 

texperatnres c o o l e r .  Seco ;~d .  there would be a general  d e l a y  of  ti12 normal 

c e c : p e r n t u r e  x i x i a t  lon p a t  t e r n ;  c o o l i n g  wouid occur  l age r  t h a n  nornil L i t h e  

- - *  
lab, a d  warming r ~ c i l i d  o c c u r  l a t e r  i n  t he  spring/summer. 1 synopsis of 

summer and w i n t e r  s i i z u l a t i o n  r e s u i t s  follow, 

~jr ;  nisted ~ r e v i  pus I\-,  no temperature sizulntion bas been done das?lst-rcam 

ui Parks h a  b r i d g e .  T h i s  is largely d u e  t o  t h e  i c y  or 

lrodcii!i i :  r i?e s w e r  ri \ri i i  w i t l i  t ! i e  i imited i ~ ~ c a i - l n b l c  d a t a  and  t h e  l i r i i t z t  ion i ; :  



S i n . u I - ~ t e d  n:ecin summer 1982 r temperatiires f o r  water weeks  

31-52 at RI\Ef 130, 

Case C Case E-VI 

Cam Load I n  f law Fa rme s t Inflow kYarr311t 
Configuraiion Demand bfatching 1.h t e r  Hatching Water 

XR = n o t  rEn f a r  this c x e  



Su~mer, Simulated summer temperatures are  coo le r  then n a t u r a l  

t empera tu res  unde r  all p r o j e c t  c o n f i g u r a t i o n s ,  f l o w  requ i rement s ,  and zethods 

of i n t a k e  o p e r a t i o n s .  Simulated r i ve r  temperatures under  ivo-dam operation 

[ire coole r  than  under Wstana only .  This is a result of t w o  conditions: 

gene ra l l y  cooler  r e s e x ~ o i r  release temperatures, and 30 miles l e s s  r i ~ ~ e r  

awiiilable f o x  reservoir releases t o  t g a r m  t h rough  normal heat-transfer 

pf'OCeSSeS, 

Simulated mean surrner r i v e r  :emperat2res t e n d  to bc? coo le r  under 

increased load demands. T h i s  t r e n d ,  h o ~ ~ e v e r ,  is contradicted unde r  t h e  Devi l  

Canyon ope ra t i an  scenario f o r  2020, as the higher power demand results in 

fewer cold-water non-power releases thrciugh t h e  cone va lve  structures, There 

is a n  addition21 tecdency with increasing l o a d  demands for d e l a y i n g  b o t h  

s u r m e r  w a r ~ i n g  and fall cooling. I2 iiierences ii? mean summer temperaEures 

1,etween Case C and Case E-YI simulations are  negligible under  a IJacana-oilly 

conf i g u r a t i o r ,  ar,d only slightly ccoler  (less t!laii 0.5 C f o r  m y  s e t  o f  

c o n d l t i o i l s  at 130) f o r  Case E-VI under  the twc-dam p r q j e c t ,  

Winter*  The? s- i rsula ted selection of water from t h e  t h e m a 1 : ~  stratified --- 

-w- . c s e r v o i r s  a d u r i n g  t h e  wicter  i s  based  in p a r t  cn  meeting desired ice 

c : ,ndi t fonr ;  dc-wnr iver .  i*,*~ile releasing near 0 C water d u r i n g  t he  r r i n t e r  may b e  

,in up t i o i l  somc i  cases, r e s u l t  i i lg  i c e  conditions w i t h  t l i ~  t en-fold incre;ised 

f ' l~~: n1a.j d e v ; i s t ; l t i r g .  In s u c h  ca se s ,  r e l eas  i n g  ih t l  warme.; t z v a i l  a b l e  water 

r v 

i n  c ~ r d . ? r  s u p p r t 3 s s  i.:e foni!ati;n I be d e 5 ; i r n t ~  1 2 .  T h u s ,  I I of 

j t ~ c ~ g , ~ ~ ~ g  *b.~i  ~ \ ~ - - p r t . ~ j e c t :  S U I I A ~ ~ L C I -  ~ ~ ? I ~ I I ~ ~ ~ ~ ? ~ I I I : L ~ S ~  d d ~ ~ ~ t - i ~ f i  ~ I - L J I I I  ~ > : i t t ~ i - ~ ~ l  ~ ~ ~ I ~ I ~ I c x ~ ~ ~ u I ~ Q s ~  

I :; i:,)~ i c * i b i  ,. - I  1 1 : ~  I * + ~ ~ I I K P : - *  1 -  ;i i t  - fir I * ' V L Y  



temperature/ice s i m u l a t i o n s ,  t h e  reader i s  referred t o  5arza--Ebasco ( 1 9 8 4 ,  

1 9 8 5 ~ ~  19&5b), 

I n  most gene ra l  cerms, r e s e r v o i r  releases d u r i n g  t h e  w i n t e r  (water veeks 

5 t h r o l ~ g h  30) r ange  f r o m  0.3 C t o  5. F C. Release craters beg in  cooling 

i.mnediately once exposed  co t h e  co?d air temperatures. I J i t h  fincreased load  

demands i n  l a t c r  years of operatLon, l a rge r  amounts of wa te r  would be  re leased  

r e q u i r i n g  l o n g e r  distances t o  c o o l  t o  O C .  Under a single-dam configuration, 

30 additional miles  of r i v e r  a re  a v a i l a b l e  f o r  t h i s  c o o l i n g  proctess to occur .  



rlPPENDIS C :  SYNOPSIS OF SALMON L I F E  HISTORY lrilTH RESPECT *1:0 :TEMPEiL4TL'r\L 

A s  an aid t o  defining t h e  estcnt of p o s s i b l e  e f f e c t : s  on f i s h  from 

w i t h - p r c j c c t  temperatilre changes, the  literature was searchied f o r  pertinent 

information on the  influence o f  temperature on nigration, spawning, a l r v i n  and 

j u v e n i l e  b e h a v i o r s ,  and on incubation success and t h e  smoltif ica~ion p r o c e s s .  

interpretation and subsequen t  application of the  very l a r g e  body of  

informatior1 on P a c i f i c  salrnon t o  t h i s  a n a l y s i s  i s  confo~ lnded  by t h e  fact  t h a t  

i t  is  s p e c i f i c  t o  a v a s t  number o f  d r a i n a g e s  stretching o v e r  nearly 20 degrees 

o i  lacitudc. Timing of major 2hys io log i : a l  and b e h a v i o r a l  c!inracteriscics are 

s t i a ~ z d  by gerlet ic  selection and a s p e c i f i c  t e  i n d i v i d i l a l  d r a i n a g e s  (and ,  

o f t e n ,  portions of given drainnges) sonewhar constraining the applicability c f  

this icformation t o  t h e  Susitna DL-ainage. A synopsis of this ir.iorrnat1-on 

P o l l o a ~ s *  

rl,Ilt'i.T IN411GEdlTZOLi' 

Cpstrcam nigra~ion of salmon is z l o s e i y  r e l a t e d  to t h e  cecperature resine 

cX~;-ar:~t:tcris~: 1 tl of each spawning scream ( S h e r i d z n  1962) .  The reported 

ti!mpcrritu:es a t  w h i c h  n a ~ u r n !  nigrarion o c c u r s  v a r y  b e ~ w e e n  s p r c i e s  and 

location hilt. a p p e a r  ic b e  L n f i u e n c e d  by I s t i t u a e .  In general, a-~lerage ;i.annrll 

fu-esi~w.iter- temperatures 2re p i a g r ~ s 5 i v e L y  c o o l e r  w i t t i  i n c r e a s i i l g  latitude 

i t  1 1  solio, i;oskcyi., (i:c!.zcl 9 At latitudes r;bc*ie 55'3' 

: ~ n d  c l l t i ~ n  sa ]Li::iori / lave beer:  o k s e r l r ~ d  ir. strc~ii.::: h; iving !:a ~ C I :  t e ~ ~ p ? ~ a c ~ ~ ~ e : :  of 4 C 

o r  C ~ > l c i e Y  (l$eLl- ltlt33) a 

,, I ( ~ m p ~  l-;jtxm:; ; h o v e  the :::,?t- !- ~ ~ l t . ~ - . i : ; c c  t 3 \ :  ri:i;ii~-t zt i  ri, st i.);2 

j 1 9 1 p t 1 1 ~  r,lnjic3 h i  k i i I i : .  



r e p o r t e d  t o  be b e ~ w e e n  20 t o  24  C ( E e l 1  1950; Reiser and  Bjornn 1979) .  

Temperatures between 6 and 6.5 C reporccd  by s t o p p e d  p i n k  salnon inmigration 

to t h e  Main Day Hatchery in P r i n c e  William Sound (Krasnowski 1 9 8 4 ) .  At these 

tenperatures, p i n k  salmon were seen  milling i n  seawater vhich 3s at a 

temperature between 10 2nd I ?  C (Grasnowski 1 9 8 4 ) .  \;??tti-~ t he  hatciieries 

raceway water temperature was artificially ra ised t o  8.5 C ,  t h e  salmon q u i c k l y  

en te red  t h e  h o l d i n g  pond (Krasnovski  1984) .  

A d u l t  salnlon througt lout  t h e  T a l k e r t r ~ a  t o  Devil  Canyon reach experience 

n a t s r a l  water temperat~res rgng ing  from ;pproximately 2.5 t o  16 C d u r i n g  t h e  

chii:aok i n m i g r a i i o n ,  4 t o  15 C d u r i n g  tilt? coho inimigracioc, and 5 r o  16 C 

d u r i n g  th2 p i n k ,  chum, and  sockeye inmigration ( A E I D C  1 9 8 4 ) .  

ADGLT SPri\WN Z tlii'l 

S p a i a ~ i v g  cf a a u k  P a c i f i c  salmon has  heen r e p c r t e d  t o  occur  in water 

temperatures r-anging frcni apprc:.rinately 4 t o  6 , a l r h o u g l ~  t h e  p r e f e r r e d  

temperature range f o r  r;l l f i v e  ?:arch zb-\n?erica~~ spec i e s  i~ repcrted by PfcReil 

a n d  Gailey (1915) t o  b e  between 7 t o  3 C Chum salmon have been o b s e r v e d  

spawning I n  upper Susitnn mainsxem h a b i t a t s  3 t  temperatures 2 s  c o l d  as 3.3 C 

(ADFSG I983b), 

At;ri,ot niicl -cund b: l l i t rcf ish a r c  t h e  most numerous spec i e s  v s i n g  mainstem 

habitat:; i o r  spawning. IltlrbL-t is one 0.i t i l e  .'a$ specici; oi iresii:?ater f i s h  to 

!;I';IL.:II in w i n t e r .  El s c ) ~ ~ h e r e ,  b u r b o t  s p , ~ w r i n g  iias b e e n  o b s e r v e d  t o  take place  

jli x;icer hctwcen 9.5 C O  I .3 C (Scoit a n d  i:rossixan ?973; A L c ~ ; ~ s L ~ - 2 ~  aiid L l o y d  

I.7 I cn~pl-rntliri t : ;  : ,u twci . t i  0 d 0 7 w e r e  oh:;( r v c d  i ~ i  S i i s i t c n  l;ivc:i 

1 :  I -  %pswlll~:&; ;irc.,:s i 1-1 1 Oi j ( 1  108 ii: ) i\"o~~ncf t h ~ i ~ i i : ~ ~ i i - ~ i l :  



s p a l q ~ i n g  has been observed  at temperatures between O and 4.15 C ( S c o t t  and 

Cro.;sman 1973; Bryan ar,d X a ~ o  1975). T h i s  spec ies  is be l ieved  iro spasm in the 

S u s i t n n  River  d u r i n g  October while water temperatures are  d r o p p i n g  r a p i d l y .  

EtPl,iSKP"tl D3<6:EI,ISPFITST 

Co!~pared to o ~ h e r  life h i s t o r y  phases, embryo development i s  perhaps t h e  

most i n f l u e c c e d  by water temperature. Temperature ranges t h a t  cause no 

increased c ~ b r y o  motality a re  much narrorqer than those for a d u l t s  (Alabaster 

afid L.loyci 1 9 8 5 ) .  In the f reshvater  species f o r  which d a t a .  on embrycnic 

deve:opnent a i l v a i l a b l c ,  t h e  preferred range of tec!peratu4res is 3.5 to 

1 i . l  C ( i l l abas tc r  and  Lloyd 1982) .  G s n e r d l y ,  t h e  lower and upper temperature 

limits for succrssfui initial incubation of salmon embryos are 4.5 a n d  14.5 C ,  

r e spec t ix~e ly  (Reiscr and Bjor-nn 1979). In l a b o r d t c r y  s t u d i e s  conducted i n  

l4nshingtan (Combs lM5)  2nd fro?? n l i t e r a t u r s  review conducted by 3ams (1967), 

~ i ~ i l ? ~ l i  eii lbryos a r e  reportedl;. nus: v u l n r r z h l e  to temperature stress be fo re  

ch : ;u re  sf t h e  i ~ i a s c o p o r r ,  occurs at abcut  140 accurnulnted C e l s i u s  

temperature u n i t s ,  te3pern:ure u n i t  is one degree above f r e e z i n g  

experienced by developing f i s h  embryos p e r  day . ;  A f t e r  t h e  p e r i c d  of  i n i t i a l  

s e n s i t i \ . i r ~ !  ~ C I  lor; tesiperatures has p a s s e d  (approxi~ately 30 days  a t  4.5 C )  , 

embryos  :3nti a l c v i i i j  can t o l e r a t e  terr.pe?:atures n e a r  0 C (McNeil rind I j a i i e y  

icd75j. 

Prom h i s  work on Sasllir! Cl.rct:lic In scut2i tsc is~ t l iaska ,  f*ie~-r~.I7L (1962)  

; :  : i~n t  pi-r'k sa lmon eci3ry.j s i l r v i l ~ a l  in;ly be r e l z t e i  to w a t p r  

" * rpin;.;r:ii-ur-~s CJ:.I!-I:I~ s ~ J ~ : ~ ~ I I ~ I I ; < ~  b!cf\;I~ il ( 1 Y G < j )  f UX-E\IQ !? ~ ? x Y ; ; z ~ ~ I ~ ~ I L c ~  S;;S\~ i r a  c:l-t:t.\i 

ti;~t:;-: : j r i c i  {i i :>t-l1:;:3eci t h e  1-c- 1 ;it- i o ~ ? s i ~ i p  ~ C ~ I ~ ~ L I I  ill i: ia3- i r ~ c x ~ ~ ~ ~ i  c i I.:II L c l ~ ; ~ ~ > e r ; ~ t ~ ~ ~ * e  ; a L ~ 7 ~ i  



s u r v i v a l  Tiiese two investigations determined t h a t  embryos exposed t o  c o o l e r  

spzwning temperature expcricliced grea ter  i n c u b a t i o r ~  mortality t h a n  embryos 

1:Iiich began i n c u b a t i o n  a t  warlner temperatures. Abnormal embryonic developmer~t  

cotrld occur  i f ,  duri;:g i n i t i a l  s t a g e s  of development, embryos a re  exposed t o  

temperatures belor< b C (Ba:.l.ey 1983). B a i l e y  and Evans (1971) reported an 

i n c r e a s e  i n  pick sa imorl embryo mortalities when i n i t  iai incuba t i o n  water 

temperatures w e y e  h e l d  be low 2 C d u r i n g  t h i s  i n i t i a l  incubation p e r i o d .  

Of t h e  spec ies  found in t h e  S u s i t n a  River ,  t h e  most  sensitive embryos t o  

temperature change are t hose  of b u r b o t  w i t h  a tolerance range  of only  0 t o  3 C 

and 2; perferred r2t)gc o i  6.5 co i , O  C (Alabaster and L l o y d  19132). The n e x t  

n o s t  ~ e n s i t i - ~ e  woulii b~ ttie cu;egonid:< fo i lowed  by t h e  s a l m o t : i d s ,  of ;4hlci1  he 

most sensitive appe,l;- t c .  be pin!< salmon. T h e  most tolerant s p e c i e s  would b e  

those  s p s ~ ~ n i i ~ g  in q u t c .  si:;;Llow waters e x p e r i e n c i n g  d i u r a n l  fluctuations . ~ f  

tcmpcrGturc [ ~ l l a b z s t c r  and L l o y d )  1982). 

A'I_EVTt<$ 

A l r v i u  i n t r a g r n v e l  movement r a t e s  a re  knoun t o  b e  i n f l u e n c e d  by  

eu%:ironn!erital t~r . : i ,eratures.  Earl;. i n  t h e i r  d e v e l o p ~ e n t ,  a l e v i n s  rnove downward 

i n  : he i r  n n ~ a i  r i ldds where ;hey rezain u n ~ i l  shoruly b e f o r e  e m c r g i ~ g  (Lili 

9 )  Botli ~i:e descending 2nd ascending r a t e s  f mov:.r;enl ;Ire: p r i r n ~ ~ r i  1 y 

inf1uer.i-.:d b v  r e  (Dams 19691;  s i ; : ~  of gravel i l~ tc l r s t i ce : , ,  clissalv,:d 

g a s e s  J s l x e ,  se<iii-.enii;tior? : i lso eff c c t  mgvement r a t e s  (Bn!:ls 196;'; 

L :  :in(! Cob!c i i ]7b;  i d l ~ z e l  and  EincCr-i~:t~:o;i 9 ;  i * 'ns t  c!t 31. !9RL'l, h u t  

t c ~ r ~ i : ~ ~ * ~ - ; j ~ ~ ~ r c :  i s  t h c b  t - l ~ i c : !  c $ e i - ~ ? ~ - r : ~ j ~ ; ~ i : ~ t  (!3:3~:., I Q h ? )  



REAR1 $!G 

\ia:zr temperatu-ce a l i e c t s  innature f i s h  m e t a b c l i s ~ n ,  growth,  f ood  c a p t u r e ,  

swinming performance, dnd disease resistance. Juvenile salxlonids  can  u s u a l l y  

t o l e r a t e  a w i d e r  range  of water. temperatures t h a n  embryos. They can a lso  

s ~ r v i v e  s h o ~ t  exposure  t o  ter .peratures i ~ l ~ i c h  would  b e  u l t i m a t ~ k l y  l e t h a l ,  and 

car. l i v e  f o r  longer p e r i o d s  a: temperaturds ac wtiici: t h e y  abs ta in  from f e e d i i ~ g  

(k l l abasc r r  and Lloyd l 9 8 2 ) .  

J u v e n i l e  salnor. a c ~ i v l t y  s lo~r i s  a2 water  temperatures lower than  4 C; at 

these  temperatures, iish t end  t o  b e  less a c t i v e  a n d  spend more time r e s t i n g  in 

s e c l u d e d ,  covered hahitars (Chapmdr, and  Bjornn 1969) .  I n  Carnat ior :  Creek, 

I i r i t i s h  Colui~bic? . ,  B ~ s t c i r d  and Narver (1975) reportcd t h a t  a t  water 

tcm?eratulres be1o.z 7 C, i i s h  stopped f e e d i n g  and aoved i n t o  d e e p e r  water er 

c l o s e r  t o  o b j e c t s  provid i i ig  cover .  IE GI-ant Creek near Sc31~ard, hl~ska, 

j u - i e n i l c  s a l m o n i d s  were i n a c t i v ~  zt water temperatures 0 2  1.0 to 4.5 C 

i n l l a b i t i n g  cover a f  f c rded  by streambed cobb les  and o t h e r  large g r a v e l s  ( A E I D C  

1 9 8 2 ) ,  

G e n e r a l l y ,  t h e  t o l e r a b l e  temperaturf rar,ge f o r  r e a r i n g  sa lmon ids  i s  

herweec 4 and 16 C. However, r e a r i n g  j u v e n i l e  sal~anids ahve been obse rved  in 

;;itie slough-. i n  c h e  u p F e r  S u s i t n a  Weer where, from J G ~ P  t i : r ~ u g h  September, 

water tempera:ures w e r e  between 2 . 4  and  15.5 C (ADF&G 1363d), 2 s l i g h t l y  w i d e r  

- I  . r ~ ~ ~ n i l e  coho 2 n d  ch inook  snii:i.-.n ilave b t . m  : ~ u c c e s ; f u i l y  reared i:: 

. \ i s  i t  a'c;::petaturE2s between 2 sfid ~ ' r  C (Pratt 8 I n  a n  

r p ~ r i ; : l c l ~ l ~  a i  t h e  U . S ,  h ~ j t  ;on31 >larine F i s h e r ; ~ ;  .Servj.-~? Liuki Kay i ~ h o r n t o r y .  

: : n i i : i i ~ i j  g r e i  c!:iir\jii.rzctlres of 2 ;inLi ! i  C. 0 t :;t.~i? i n  

i :nfci t  - i t  tiiesc t t l r*ipc~-~-tCures i i x c r p  t for .  tiic15d at -i i: (k:c~:~ki  t1 t i4)  



This suggests tha t  a t  temperatures at and above 4 C ,  coho a r c  s~ . l f f i c i e i , t l v  

a c t i v e  co r e q u i r e  f o o d ,  whereas bel.ow t h i s  temperatures t h e y  a re  i n a c t i v e  2nd 

ba no?. r e q u i r e  f o o d ,  

S>iOLT 1 F T CilT f ON 

Salmon f ry  a re  p l ~ y s i o l o g i c a l l y  a d a p t e d  to l i f e  i n  fresh water 

e n 3 i i r o n r n e r . t ~ ~  and before  t h e y  can s u c c e s s f u l l y  undertske i i f  c at sea (and ,  

t~e rxe ,  mature)  t h e y  must undergo  a cnnples p h s i o l o g i c a i  and morphologica l  

transforma~ion, T h i s  prxeas is temed smol~ification. The cvctrai i  

contrn!iing f o r c e  is endogenous and has  he characteris~ics o f  a circann:i:ll 

rpl r i m  (kicar 15176; Wedeneyer r t  a l ,  1980). 12.ming of transioraa:ion is 

d t l ~ e n d e n t  o n  numerous e ~ ~ ~ ~ i r o n m e n t a l  fzctors which inf luence?  n:etaboi!.sn and  

which a c t  as b e h a v i o r a l  re leasers  (Schrsck  1952).  

P!lotopcriud is t h e  major environmental f a c t o r  influencing s ~ o l t  

t r a r ~ s f o r r n a t i o ~ ~  in A t  I n n r i c  sa imai~ ,  steelhead t r c u t  , 2nd c o l : ~  a n d  sockeye  

salrnm ( i lagnrr  i 9 7 4 ;  lclec!eoleyer- e t  al. 1980). Photoperiod i s  a p p a r e n t l y  

s ~ ~ b o r d i n a t e  t o  o ~ l ~ e r  as y e r  ~ ~ n i d e n t i i i e d  e n v i r o n m e l ~ t a l  factors in chinooic 

sainon (c l :~rke  r t  a1. 1981) .  Lr; species where p i ~ o t o p e r i o d  i s  controlling, i ~ s  

c h i e f  i n f l u e n c e  n p p e x - s  t c  be r5at of synchronizing cndogenocs  :hy~hm w i t h  

natural season ci3an:;c (Groat 1982). T e n p z r a t u r ~  a f f e c t s  t h e  s ~ n o i t i f  icarisn 

p r ~ c e s s  by r e g u . l a t i n g  ~ l iys ia ! .og<cai  response  to photoperiod; i t  c a u s e s  effecrs 

t l j  o c c u r  sooner t i e  higl2er- t h e  tem~erature o r  l a t e r   he lower te~perature 

(Clarke e t  a l ,  IYHi). I n  s l :c r~ ,  t e i x p e r a h ~ z - e s  r x e r r - 5  i l i f l i i t rnce a:: il?e snc3lrir.s 

pro.l:e~;:-; y c o n t r o l  l i n g  g r o i i c h ,  3rd it t-2fit113tes hclt i i  the ma;~:itt:~le .iiid 



d u r a t i o r ,  af t h e  sc . , i l t ing  process  ( C l i i r k i l  i:t 31. 8 Grzu 15182:; sf. G r o u t  

4- i- 
X z  K ATFase g i l l  a c t i v i t y  h a s  been a s s o c i a t e d  w i t l h  t ? & ~  smolt 

t r a ~ : s f i * r ~ n t , o n  p r o c e s s  and is b e l i e v e d  t~ b e  an in.!Lcatcr of ph;~siologic:31 

re;di_ness f o r  Life a t  sea (Wedcmeyer e'lr a l .  1960).  T h i s  a ~ t i * % ~ i t - , -  can be 

c o r r e l a t e d  with smolt  s i - ze ,  b u t ,  i.ar;lc s n o i ~ s  do not necessari . ly d i s p l a y  t h e  

hiehest . I !2-~-21 s f  a c t i v i t y  (Wedemeyer c: a l .  138G). However, there does appear  

co  be a minimum t h r e s h o l d  s i ~ e  necessary f o r  i n p i -  % & d i n g  t h e  g i l l  ATPase c y c l e  

( e - g .  SG to 9 h m  in s p r i n g  r u n  chinook and S O E ~  in cohc) (!iediemeyi.r e t  a;. 

19Et3) * 

F I ftt:T?II: G U T  IO? i  

P i s p e r s n l  (mig ra to ry )  E;ovezents o f  salmcn f r y  may h z  rategcrized i n t o  one 

of t h r e c  t y p e s :  d i s p e r s a l  w i i h i n  t h e i r  natal r e p r o d u c t i v e  h a b i t a t ,  d i s p e r s a l  

1 :  y k t  of c i spersa l  t o  a n  estuar.2 (GoGin i%SS)  t i a c u r n l  ir:cicient 

- - -  i i g % ~ t  i c t e n s i t i .  a p p e a r 5  to be the ~ ~ s t  important env i ren ix r :~ ra l  n l . i z s L e  

i n f l u e n c i n g  daily m s e t  :ind t e r ~ i n a t i c n  of sdlncnid migrstory novezerts (Gadin 

iqS2j, b u ~  wstcr temperature has ;t t iues  beer  c o r r e l a t e d  x i t h  pezk migration 

r a t e s  (Sap-o 1966; C o b u r ~  and l~Icj!art- 1967; Ttio-nas 1975). f?resur-.abl:;, t h i s  js 

due incre;: *:.d f ; n o h i l i t : j  a r  h l g h r r  t i .~:iperaturcs (Codin 1982). 

h' i t  ' 3  1969) h a s  si;o:,-n e x p i - r i v e n ~ n i l ; .  A c e r n p i i r ~ t u ; ~  

drtcr!:.ii:c:s tr t ic?  d i  i-ec t Lon of rn i i :buw t r o ~ l t  f r c  movements arid iiayr;.cnci ( l 9 7 S i  has  

c:arl-i. l a t e d  j u v c n  c h j  l~ocL  outmigi;i:io:is -run tke  Salno:r 3 . ivcr  w i t h  s u d d c l ~  

risks i n  wn t i  rB t en :~cra turc ,  Ter-pc.:,it u r a  !&J;i\. i : ; i : : . :-nc t i ; j  t\: c ; ~ * ~ i i j t  i c i ~ c r c ~ r -  cc-5 

. Lork lL :xc  I i . .  ! C ) 7 ! )  &rLi c ~ ~ L t ? l r ~ ~ i l t  L I - ~ ~ I . : ~  : ~ ~ ~ . J ~ ? l g l \  a q ~ j  



Chdpnnn 197;) upstream movement rates. Temperatures a t  o r  bellow 5 C seem t o  

slaw instream m i g r a t i o n s  of cohc, c u t t h r o s t  , and s t e e l h e a d  f r y  (Cederholm and 

Scarlett 1982);  temperatures ~ b o v e  7 C s t imu la t e  chinook salmon t o  m i g r a t e  

(Raynond 1979). 

Godin (1952) hypozhesizes c h a t  t h e  annual  t iming of g r ave l  emergence and 

subsequent  d i s p e r s a l  of salmonid f r y  t o  i n i t i a l  f eed ing  h a b i t a t s  is determined 

generically as  a r e s u l ~  of n a t u r a l  se lec t ion determined by p r e d i c t a b l e  annual  

changes i n  ~.>virc.,;ner.tal va r i ab les  which i n c l u d e  water t empc2ra tur~ .  Godin 

(1982) f u r t h e r  a rgues  t h a t  annua l  timing of d i s p e r s a l  is; ". . . op t imized  

e v o l u t i o i . a r i l y  by n a t u r z l  selection t o  maximize the f i t n e s s  of i n d i v i d u a l  

f i s h . "  Solamon ( i 9 8 2 )  s u g g e s t s  t h a t  t h e  role o f  increas ing  water t e n p e r a t u r e s  

i n  t h e  ice-free season is in enhancing tLe  physiological readiness of t h e  fish 

f o r  m i g r ~ t i c n  ehrcug'- stinulafion of t h e  end..)crine s , ; t e m .  

In t h e  S u s i t n a  River,  sal~on smelt ou~migration generali:; occnrs  f r o m  

mid-F!ay t i ~ r o u g h  August (Schmidt e t  at. 1 9 0 4 ) .  River i c e  breakup generally 

precedes a l a rge  p a r t  of t h e  initial chun and p i n k  s a l m ~ n  f r y  outmigration 

p e r i o d .  There  a re  few da ta  a v a i l a b l e  on p ink  salmon outmigration, b u t  t h i s  

a c t i v i t y  ic b e l i e v e d  to occur between m i d 3 l a y  and  mid-June, peaking in e a r l y  

J u n e *  O~tmigrating clium f r v  occur in t h e  r ive r  mainstern frorn mid-May t o  

P mid-August , peaking i n  Junc.  L.-.I~, chinook,  and sockeye  j u v e n i l e s  outnigrate 

from mid-!lay t c  ear ly October ,  w i t h  peaks  o c c u r r i n g  from Jurir t h rough  August .  

I n  addition L O  salnon smclt o u t m i g r a t i o r . ,  there  is a l s o  a migration 

!,etcreeil i l ab i t a t s  as boch r e s i d e n t  and juvenile anadromous f i s h  r e d i s t r i b u t e  

theasel ves  i n t o  s l o u g i ~ ,  side c1:annt.l and  rri?iirstein i j i lbirats  f o r  o v e r w i t l t e r i n g ,  

TI lese  emigr , ; t ions  g e n e r a l l y  p e a k  in August f u r  chi-nook and coilo sa1;3an 



(Schmid~ e t  31. 1984). Iiainbow t r o u t  and Arc t i c  g r a y l i n g  g e n . e r n l l y  move o u t  

of t r i b u t a r i e s  to overwin te r ing  areas i n  l a t e  August through September  (Sundet 

and  Nenger 1 9 8 4 ) .  

I-- = i ~ m i n g  of smoI t  entrance to t h e  sea is believed to i n f l u e n r e  su rv iva l  

rates. Several s t u d i e s  ( R i l t o n  1978; Washington 1'382) found that 

optimal s i z e  va r i ed  w i t h  t ine  of release;  e.g. ,  maximum r e t u r n  of a d u l t  salmon 

in one study r e s u l t e d  when smolts weighing about  20g.  a p iece  were released 

j u s t  p r i o r  to t h e  sunnier solstice (B i l t on  1978) .  B i l t o n  (1978) found very  

large male smolts d i d  not  migrate at all, becoming jacks .  



mPEND3S D :  SEDX>fEXT "TAqSPORT DtI\TA BASE 

OVERVIEfJ 

Sediment transpgrt d a t a  pertaining t o  S u s i t n a  Basin waters have been 

collected ;zd analyzed by t h e  U.S. Geological  Survey (USCS), the  Alaska 

Department of F i s h  and Gane (r\DF&G), R&?-I C o n s u l t a n t s ,  Znc. (RBI-I), Harza-Ebasco 

S u s i t n a  J o i n t  Venture ( t i -E) ,  Pe ra tov ich ,  Nottingham, and Drage I n c . ,  and 

E. Woody T r i h e y  and Associates (EWTCA). X3GS information u s e f u l  i n  address ing  

t he  sediment t r a n s p o r t  i s sue  i n c l u d e s  over 30 years  of stream d i s c h a r g e  data 

and some s i t e - s p e c i f i c ,  s y s t e m a t i c a l l y  g a t h e r e d ,  sediment and h y d r a u l i c  data 

f o r  t h e  October  1951 t o  February 1984 p e r i o d .  The l a t t e r  i n c l u d e  suspended 

sediment  c o n c e n t r a t i o n ,  bed load  d i s c h a r g e ,  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  and 

mainstem c r o s s - s e c t i o n a l  d imens ions  (Knott  and Lipscomb 1983, 1985). 

USGS f i e l d  s t a t i o n s  f o r  t h e  1981-84 study wrre l o c a t e d  ork t h e  Talkeetna  

and Chulitna r ive r s  (near t h e i r  r e s p e c t i v e  conf luences  w i t h  t. e S u s i t n a )  and 

on t he  Susitna Rive r  (one s t a t i o n  w a s  j u s t  ups t r eam of t h e  Talkeetna River 

e a n f l u e n c e ,  another was l o c a t e d  near Sunshine ,  t he  l a s t  was near t h e  mouth s f  

Gold Creek). T h i s  s t u d y  found t h a r  from November through suspended  

sediment concentrations a t  a l l  s t a t i o n s  were s imilar  t o  each o t h e r ,  g e n e r a l l y  

less than 10 mg/L (Knote and Lipscomb 1983, 1985).  Suspended sed iment  

c o n c e n t r a t i o n s  rose r a p i d l y  i n  May of 1982 i n  concer t  ~ i t h  b r e a k u p ;  r eco rded  

c o n c e n t r a t i o n s  were a g a i n  somewhat similar i n  t h a t  a l l  weye in t h e  low 

hundreds of  rng/I. (Knott and  Lipsconib 1983, 1985) .  Great ~ i i f f e ~ e a c c s  $n 

suspended  sediment corkcentrat i o n s  rdere noted be tween sampling s t a t i i . n s  i n  .luly 

a n d  Augr;st, the t i m e  o f  m a ~ t i r n u ! ~ ~  g l a c i a l  meltwater f l o w .  Co i l cen t r a t ions  in 

t h i ~  r . i m e  p e r i o d  r a n g e d  from 5 t o  768 nig,'l. f o r  t h e  Ta!l.ec2ti~o a n d   usit it-?;^ 



r i ve r s  (measu~:cd a t  the two s tae ; ians  located near t h e  t o m  of TaEkeetna) and 

f ron 766 t o  1270 mg/i, f o r  t h e  Chulitna River (Ka0t-d dipscomb ~ 9 8 3 ,  1985 ) .  

Sunsh ine  (below t h e  confluences of  t h e  TaPkeetna and Chlxli~zna r ivers )  t h e  

USGS found suspended sediment concentrations in t h e  .July - Augubst timeframe to 

be b ~ c w e e n  4 2 4  t ?  1430 mg/L (Kno t t  and Lipscomb 1983, 1985). 

The USGS documented t h e  f a c t  t h a t  t h e  Chul i tna  River was t h e  major 

c o n t r i b u t o r  o f  b o t h  suspended s e d i ~ e n t  and bedload  t o  t h e  mainstem S u s i t n a  

below Talkeetna (Knott  and Lipscomb 1983). For exanple, bed]-oad d i s cha rges  

from t h e  S u s i t n a  River (near Talkeetna) ranged from 105 to 2840 t ons  per day 

d u r i n g  t he  1982 water year (October  1981 t o  September 1982);  b e d l o a d  a t  t h e  

Chuiitna River s i t e  ranged fron: 2560 t o  18,300 t ons  p e r  day d u r i n g  t h e  same 

i n t e r v a l  (Knott  and Lipscomb 1983). Between June and September  1982,  the 

t o t a l  bed load  d i s c h a r g e  a t  the USGS sample s i t e  upstream of Sunshine  was t w o  

t o  f i v e  times greater  than  t h a t  a t  Sunshine (Knot t  and Lipscomb 1983), 

p r o v i d i n g  i n d i r e c t  evidence of aggrada t ion  i n  t h e  mainstem. The same da t a  

a l s o  i n d i c a t e  t h a t  ma te r i a l  d e p o s i t e d  above Sunshine is transport2d under 

n a t u r a l  conditions by p e r i o d i c  h i g h  f l o w s .  

The USGS graphed water discharge against b o t h  suspcndeci seaiment and 

bedlosd c o n c e n t r a t i o n s  and found a p o s i t i v e  correlation to e x i s t ,  i . e . ,  

sed iment  t r a n s p o r t  volumes increased w i t h  i n c r e a s i n g  water flow (Knott and 

Clpsconb 1983, 1985) .  However, t h e  correlation was n o t  d i r e c t l y  p r o p o r t i o n a l ;  

Susitna R i v e r  sed iment  t r a n s p o r t  r a t e s  increase exponentially above a p o i n t  

For each ib?cremental change i n  water  d i s c h a r g e  (Knot t  and Lipscomb 1983, 

1985) .  USCS sediment y i e l d  estimates f o r  t h e  1982 water year  a r e  presented i n  

t ; ; lb%@ 1 ,  



~ T a b l e  I, Estimated and recorded sediment y i e l d .  

Drainage Ida t e r  
S t a t  i o n  Kame Area Discharge Total Sedinqnt  ( t o n s )  

and I;umber (mi2) Per iod  (acre-f t) Silt-Clay Sand Gravel Total  
b 

S u s i t r r s  River  near 6,320 Flay 920,666a 120,000 100,000 1,100 270,OCO 
T a l k c o t n a  (159921CQ) June 1,700,000a 630,000 330,000 5,300 770,QOO 

July 1,500,000a 680,000 220,000 l, 980 900, OOC 

August 1,000,000a 310,000 52,OQO 1013 360 ,C3i)Cs 

September 1,100,OQOa 339,000 140,000 900 480,000 
Ffay - Sep 6,200,0003 1,900,000 840,000 9,300 2,800,609 

Chulitna R i v e r  near 2,s 20 May 386,700 58,00t5 74,000 48,000 210 '309 
T n l k e e  tna  (15292400) June 1,092,000 880,GaO 6f0,000 230,000 1,390,003 

July 1,575,000 1,900,000 910,000 190,000 3,000,000 

August 1,252,000 1,000,600 510,000 Z50,OOO 1,700,000 
Scprember 1,085,000 1,300,OOQ 356,000 66,000 1,600,000 
Hay - Sep 2,67G,000 500,000 810,000 110,000 1,50C,OOO 

Sus i t r rn  River a t  13,100 Nay 1,633,000 280,000 260,000 15,000 550,0~0 
S u n s h i r ~ c  (1.5292780) June 3,738,003 P,500,000 1,200,000 130,000 2,300,000 

July 3,875,000 2,800,000 l,400,000 75,000 4,300,000 

August 2,083,000 1,SOO ,000 660,000 54,000 2,500,000 

September 2,9Q6,0~0 B,90P,000 880,000 46,008 2,800,003 
Ffay - Sep l4,235,000 6,300,030 4,400,000 230,OOO 13 ,000,00C'i 

-- - - - - - -- - - - - - --- - - - 

Source: Knoct and Lipscomb 1983 

a - Esti.mated 
b - Mounded 



R&N (19823) combined e x i s t i n g  CTGS stream discharge and suspended 

sed iment  da t a  w i t h  a e z i a l  photographs  of the Sus i t na  River ,  i n fo ra j a t ion  on bed 

materlal size, and cross-:ectional transecxs of stream morphology to calibrate 

a water s u r f a c e  p r o f i l e  mode l  (R&N 1 9 F 2 a ) .  They concluded t h a t  t h e  mainstem 

Susitna River channel  between Devil  Callyon and the  Chu l i t na ,  River confluence 

would tend t o  narrow and become more d e f i n e d  under  w i t h - p ~ r o j e c t  conditions 

(R8bl 1982a), Do~nstream of t h e  Susitna-Chulitna cord  luence  t h e  r i ve r  would 

stabilize wi t i l -p ro jec t ;  t h e r e  would be fewer subchannels  and increased 

vegetation cover  (as p l a n t s  c o l o n i z e d  ba r r en  b a r s  now su lo jec t  to p e r i o d i c  

f l o o d i n g ) .  S p e c i f i c  wi th -p ro jec t  changes p r e d i c t e d  i n  r i v e r  norphology by KEM 

(1982a) are  summarized i n  t a b l e  2.  

R&)i (1982b) a l s o  c a l c u l a t e d  reservoir sed imen ta t ion  r i i tes u s i n g  assu~ed 

t r a p  efficiencies ( t a b l e  3 ) .  They n o t e  that t h e  estinated d e p o s i t  in Cev i l  

Canyon r e s e n ~ o i r  (assuming 100% trap 2f f i c i e n c y  i.f Whtana Rese rvo i r )  ( t a b l e  8 )  

a p p e a r s  t o o  low (R&M 1982b).  Given knowledge of sediment s i z e  d i s t r i b u t i o n  

and  flow volumes, R6M (1982bj  be l ieves  t h a t  t he  reservoi r (§)  would n o t i c e a b l y  

a f f ec t  downstream environments; w i t h - p r o j e c t  s u m e r  t u r b i d i t y  between Dev i l  

Canyon and t h e  Talkeetna River conf luence  would s h a r p l y  d e c r e a s e  because of 

r e s e r v o i r  sediment t r 3 p p i n g  (Y&kI 1982b).  ldinter w i t h - p r o j e c t  t u r b i d i t i e s  a r e  

predicted t o  b e  near natural ap i n - r e s e r v o i r  near sur face  s u s p e n d e d  sediments 

a re  l i k e l y  t o  s e t t l e  r a p i d l y ,  e s p e c i a l l y  following freeze-up (R&M I 9 8 2 b ) .  

T.&M ( 1 9 8 2 ~ )  and R&M and  C\I~TSA (1985) a l s o  c o l l e c t e d  and  a n a l y z e d  

s t  reamflaw and sediment transport mechanism da ta  f o r  14 t r i b u t a r y  stream 

mouths. The o u t l e t s  o f  Jack  Long, Sherman, and Deadhorse c r e e k s  a r e  predicted 

t o  ag;grade s i l f  f icienely t o  restrict f i s h  access (R&?I 1 9 8 2 ~ ) ~  while t r i h u t : ~ r y  

mo:trlis at l i E I  1 2 7 . 1  and RM 1IU.1,  as well as Skull e c  are prcdirtcd to 

~ ; ~ ~ ~ 3 ~ ~ t ~ f ~ ~ ; ~ ~ ~ ~ : l y  c!cgrLcica (f:Ilc~*~:i~y t k ~ r ~ ~ l t ~ ~ I ~ i ~ l l g  t\lt.? riiil~.tl;lc! i 7 l - i i l j : f 3  t , i l i ? i - P ) *  *[ ' i \P 



Table  2.  1 7 r c d i c t e d  r;:orphol og ic  change with-project . ,  

Ma~nstzem Slough TCr ibu t a r y  

&%I 144 Less e ros ion  of v a l l e y  

t o  139 w a l l s ;  distributaries may 
become i n a c t i v e ;  channel  

w i l l  be rriore uniforn-ily 

sinuaus; less reworking of 

streambed d e p o s i t s .  

Portage Cri~ek w i l l  degrade  
w i t h - p r o j e c t ;  i t  will not be 

perched, 

MI 139 Less erosion G E  v a l l e y  Some s loughs  E'ourt 3 of J u l y  Creek and 

t o  129.5 walls; c?-..arine! w i l l  b e  more c c u i d  be  I n d i a n  P.iver will grade 

u n i v o r n l y  sinuous. ciewatered. t h e i r  2zds  t o  w t c h  
r c g r ; l ~ t e d  flows; Gold Creek 

w i l l  becomts perct:ed. 

KPI 1 2 9 . 5  Less e ros ion  of  va11e4 S i d e  channels and 

t o  119 walls; c h a n n e l  will be rcore sloughs may 
u n i f o r m l y  sinuous; ri13er Seco~w perched,  

will contirrcc t o  hug west 

bank.  

KP? 104 C h u l i t n a  w i l l  e x t e n d  
t o  95 a l l u v i a l  deposits ac ross  

mains tern  S u s i t n a ;  e a s t  bank 

of t h e  Susitna c o u l d  e rode ;  

TaHkeetna R i v e r  flow wi; 1 

m a i n t a i n  c h a n n e l  a l o n g  e a s t  

bank t h e  S u s i t n a ,  

RP! (35 Main  cil,?nnel of  t h e  S u s i t r ~ n  e m - - -  

t o  o l  R ive r  w i l l  s t a t ~ i l  l i ' c s ,  



T a b l e  3 ,  Reservoir  sedimentation, 

100 percen t  t r a p  efficiency 
70 p e r c e n t  t r a p  e f f i c i e n c y  

Devil  Canyon - 

100 p e r c e n t  t r a p  eificiency 
70 percent trap efficiency 

D e v i l  Canyon 
o f  Watana 

100 percent t r a p  e f f i c i e n c y  
70 percent t r ap  efficiency 



remain ing  13 t r i b u t a r i e s  e v a l u a t e d  a r e  p r e d i c t e d  t o  e i t he r  aglsrade o r  deg rade  

w i t h - p r o j e c t ,  b u t  w i t h o u t  e f f e c t s  o:i f i s h  a c c e s s  o r  o t h e r  r e s o u r c e s .  

The f i r m  of P e r a t r c v i c h ,  Nottingham & Drage, Inc. u n d e r t o o k  an analysts 

of turbidity levels i n  t h e  Watana R e s e r v o i r .  Using a model  (DEPOSITS) to 

compute turbidity at v a r i o u s  d e p t h s ,  t h e y  conc luded  t h a t  part:icles less  than  

t h r e e  t o  f o u r  microns (about  20% of summer sediment i n p u t )  would remain 

suspended (Pera t rov ich ,  Nottingham S Drage 1982). They p r e d i c t e d  maximum 

o u t l e t  t u r b i d i t y  levels  t o  b e  around 50 ETUs ( roughly  200 t o  $00 mg/L)  ; 

p r e d i c t e d  minimum t u r b i d i t y  l e v e l s  are around 10 NTUs ( r o u ~ h l y  30 t o  70 m g / L ) .  

Peratrovi-ch,  Nottingham 6 Drage (1952) p r e d i c t  t h a t  wind mixing i n  t h e  

ice-free season would kedp sed imen t s  sized 1 2  microns  o r  less; i n  suspension,  

a t  l e a s t  i n  t h e  u p p e r  50 f t  of t h e  water column. Resuspension ~f nearshore 

sedincnts a r e  p r e d i c t e d  t o  occur during s to rm intervals produc ing  s h o r t - t e r m  

h ig i i c r  t han  a m b i e n ~  t u r b i d i c y  Level-s ( F e r a t r o v i c h ,  h'ottingltam 9. Drage 1982) .  

Trihey (1982)  a n a l y z e d  f i e l d  d a t a  collected by o t h e r s  on t h e  mouths of 

I n d i a n  R i v e r  and P o r t a g e  Creek. H i s  calculations (made for mainsten 

disc l iarges  of 8,000, 13,400,  21 ,500 ,  and 34,500 c f s )  i n d i c a t e  that both strean 

mouths i.rouic3 d e g r a d e  w i t h - p r o j  e c t  p r o v i d i n g  f i s h  passage,  He a l s o  analyzed 

with-project effects on salmon access t o  m i d d l e  r i v e r  s l o u g h s .  He focused 

a n a l y s i s  on Slough 9 g i g  t h a t  it i s  a reasonable index of e n t r a n c e  

c o n d i t i o n s  i n  a l l  m i d d l e  r i v c ~  sloughs. T r i h e y  (1982)  r e p o r t s  t h a t  access  t o  

S l o u g h  9 would r.ot appear  t o  b e  restricted by f l o w s  at o r  above 18,000 c f s ;  

access  heconies i nc reas i . ng ly  difficult as f l o w s  decrease. A 12,000 c f s ,  

Trihe-y (1382) r e p o r t s  t h a t  a cu t e  access  problenis  would  occur .  

i ia r~a-Ebasco Susitna J o i n t  Ven tu r e  used  sediment d j  ,cliarjie data f o r  the 

S t j s i t n a  R i v e r  t;lken ncctr  C i i n t w c i l  t o  estimate s ed imen t  inflow to the  propost2d 

rat:servo i r s . 11s i n g  t h e  s c ~ t l  inlen t r a t  ing-f  low d u l - i i t i o n  i:urvt. i ~ ~ e ~ l 3 o i i  ,mc! , issii :ning 



1COX rese rvoxr  trap e f f i c i e n c y ,  they es~lmated t ha t  6,730,000 t a n s  c3f sedia,nc 

would be trapped p e r  year in t h e  Watana Xeservoi r ;  t h e  100-year sed imen t  Je- 

p o s i t  would be about  7 %  of t h e  h a d  s t o r a g e  volume (Harza-Ebasco Susj- tna Joint 

Tjenture 1 9 8 4 a ) .  Without Iv'atana Reservoir ,  Harza-Ebasco S u s i t n a  J q i n t  Venture  

( 1 9 Y ~ a )  estima~tes sediment  deposit i.n the Devil Canyon Zesex-voir would b e  

abou t  7 ,243,000 tons  p e r  year;  t h e  100-year d e p o s i t  would be  ablaut 60% of che 

dead s t o r a g e  v o l u ~ e .  With bL,th dams on- l ine ,  sediment deposit :  i n  the D e ~ r i l  

Canyon Reservoir i s  e s t i m a t e d  t o  b e  about  515,000 tons per year; the 100-year 

deposit would be about 4X of dead  s to r age  capacity.  Rezuced sediment load 

below the dams would r e s u l t  i n  some mainstern degradation doranstream to the 

v i c i n i t y  of the C h u l i t n a  and Telkeetna conf luences  with the Susitna River 

(iiarza-Ehasco Susitna Joint Venture 1984a). 

Estimates r ~ f  w i t h - p r o j e c t  mainstem d e g r a d a t i o n  are p rov ided  i n  t a b l e  4 .  

A t  c e r t a i n  mainstem s i t e s ,  w i t h - p r o j e c t  bed degrada t ion  is predicted t n  vary 

from l-l!i  f t  under  a dominant d i scharge  cf about  30,000 c f s  (Harza-Ebasco 

S u s i t n a  J o i n t  Venture 1985). F lows  o f  t h i s  volume are  expected in t h e  e a r l y  

years of ir'atana and  Devi l  Canyon r e s e r v o i r s  (Earza-Ebasco Susi t r 'a  J o i n t  Ven- 

t u r e  1 9 8 4 a ) .  Predicted d e g r s d a t i o n  of s i d e  channel  and sloughs v a r i e s  between 

0 t o  0.3 f t  (Narza-Ebasco S u s i t n a  J o i n t  Venture 1985; R6M and EWT&A 1985). 

Becacse o f  c h a n ~ i e ?  d e g r a d a t i o n  h i g h e r  t h a n  n a t u r a l  flows would b e  

r e q u i r e d  t o  o v e r t o p  s l o u g h  berms.  Using an assumed one-foo~ channel 

degradation as a bench mark,  w i t h - p r o j e c t  f l o w s  necessary t o  o v e r t o p  s l o u g h  

berms would  need t o  b e  4,000 t o  12,000 c f s  g red te r  than n a t u r a l  (Warza-Ebasco 

S u s i t n a  J o i n t  Ven tu r e  1985). Harza-Ebasco Susitna J c l c t  Venture (1955) 

p r e d i c t  t h l t  if s l o u g h  berms were ovcutopped, w a L - l r  q r r l o c i f  y ~dou1.d b e  



Tab le  4, Potential degradation a t  selected slocghs, side channzls and ~ a i n s t e n t  s i t e s ,  

Discharge a t  Gold Creek ( c d s )  

5000 7000 1-0000 15000 2000C 25000 30030 35000 40600 $5060 55C00 
- - _ _ I I - - - p - . _ _ _ _ _ - -  

x d ~ ~ a  t ion 

*$%in Chamel  nezr 

Gross Sectiioil 4 0 0,2 0 , 3  8.6 0.8 1-3 1.3 1.5 3.7 L m 9  2,4 

Itla i n  t 3annc  l be tween 

C r a s s S e c t i o n s 1 2 6 1 3  G.1 0.2 0 , 3  0.4 0 , 6  0.8 1-1 1 . 3  1 - 8  2 - 4  3-7  

"earn F-fain Channel ups t , ,  
Prom Lane Creek 0 - 2  0 , 2  0 3  0 0.5 0.8 1 , O  1,2 1.5 1 - 3  2.5 

Fiainstem 2 Si.de C h a ~ n e i  

~t Cross Section 18.2 

Hain c h & a ~ e l  
Northeast Fork 

Northeaesr Fork 

Wain Channel  upsLream 

from F o u r t h  of J u l y  
Creek 0.3 0.3 0.4 0.6 0.6 1-1 1.3 1.5 1 . 7  2,8 2,s 

S i d e  Channe l  10 0 0 0 0 0 0.1 0.2 0.4 3 , 6  P,O 2.0 

Lower S i d e  Channel 31 0 0 0 0 . 1  0.2 O*.? 0.5 7 1-0 1,3 2.1 

Slough 11 0 0 0 0 0 0 0 0 0 (3 0-1 

Cpper S i d e  Channel 11 0 0 0 0 0 0.3. 0.2 0.3 0,6  0.9 1.8 

E l a  i n  Cnannc l between 
Cross Sections 46 & 48 0 . 3  0,4 0 - 6  0 * 9  1 , 2  1,4 1.7 1.9 2,1 2.4 2.8 

Slough 21 0 0 C) 0 I) 0 0 i3 0 , L  0,2 0-5 

S{.~tarce : iI,lr-z,~-Eb;~sccj Sus  i t n a  J o i n t  I '~n t t l rc  1985 

i+Luc,lt i o n s  arc  d e f i n e d  on p g e s  7 t o  P I  i f 1  I-Ial-~;~-Eb,rnsco Sasi  tr,cr J o i n t  Vent-tire 1985, 



suff i c i e r ~ t  to car ry  o u t  f i n e s  <. 004 nn. However, coarser s i l t  and f i n e  sand - 

e n t r a i n e d  by over topp ing  water wculd s e t t l e  i n  the i r  stead (Harza-Ebasco 

Susitna J o i n t  Venture  1985). 

A E I D C  (1985) analyzed natural geomorphic change i n  t h e  Susirna River  

between D e v i l  Canyon and t h e  Chulitna confluence by comparing a e r i a l  

photographs taken over  r h e  l a s t  36 years. A E l D C  (1985) concluded t h a t  t h e  

reach i n  q u e s t i o n  i s  s l o w l y  degrading  i t s  bed under natural. f lows as it has  

ice agz. Sloughs were found t o  be t r a ~ ~ s i t o r y  i n  n a t u r e ,  be ing  con~inually 

created and destroyed by n a t u r a l  sediment transport mechanisns (AEIDC 1985). 

SYNOPSIS OF RESULTS 

The Watana and Dev i l  Canyon r e s e r v o i r s  a r e  p r e d i c t e d  to t r a p  most 

sediment  r each ing  them. The consequeilces of t h i s  are v a r i e d .  First, t h e  

r e se rvo i r  environments would b e  c h a r a c t e r i z e d  a s  h i g h l y  t u r b i d  (-50 NTUs) w i t h  

r e l a t i v e l y  h i g h  sedimentation ra tes .  Second, reduction i n  sediment l o a d  

d o ~ m s t r e a m  of tlie Dev i l  Canyon Dam would induce  some channel  d e g r a d a t i o n  to 

about  t h e  confluences of t h e  Talkeetna and Chulitna r ive r s  i t h  t he  S u s i t n a .  
F 

Channel degradation coup l ed  with regulated with-pro jec t  f l o w s  +would r educe  t h e  

i n c i d e n c e  of  l ' locds which overtopped sicilgh berms. Floodwaters, while s t i l l  

capable  of  resuspending intragravel f i n e s ,  would d e p o s i t  significant amounts 

o f  sand  and s i l t  in t h e i r  place. Some naturally occurring patterns of stream 

aggradation near t he  T a l k e e t n a  and Ghulitna confiuences w i t h  t h e  Susitna River 

c o u l d  be enhanced,  b u t  n a t u r a l  discharges from t h e  Talkeetna Rive r  s h o u l d  h e  

sufficient t o  keep a c h a n n e l  open.  

Precl ic t : ions  of t h e  w i t i l - p r o j  e c t  envirorlnienr (based oi l  t h e  s t u d i c s  

out1 i r i e c i  a b o v t ~ f  a re  sufficiently d e t a i l e d  and  veriCinbIe to n l  l o w  a:1 

I :  f the  wi t l i - - -pro  j e c t  scld l:r:errt t u; i l lsport  irtigiilii. c'n fb::li. r i l e  c!k i e i  

i i t  f a11  I .  i:; t i l e  i ~ p p i i ~ t ~ ~ ~ ~  ! \ v : ; f ~ ; ~ ~ ~  

'; , f ~ p l s l  - ; ) 7  



between sediment load  and water discllarge, a problem connnon t o  g l a c i a l  

meltwater streams (R&M 1982; Knott and Lipscomb 1983. 1985). The n e t  r e s u l t  

of t h i s  i s  t o  make long-term predictions r e l a t i v e l y  more acclurate than  L.lose 

f o r  t h e  short-term. T h i s  conditi~n, w h i l e  p o t e n t i a l l y  tro~bling to engineers ,  

is of small importance t o  t h e  e f f e c t s  analysis which ,  of necessity, has  a 

long-term focus .  



APFEh'DIX E: SYSOPSIS OF SEDI>lENT EFFECTS OX AQUATIC ORG&UISMS 

The Literature was searched f o r  information d e s c r i b i n g  t he  ways in which 

suspended  sediment  affects a q u a t i c  l i f e  ro  a i d  i n  eva lua t ing  t he  e f f ec t s  of 

t h e  w i t h - p r o j  e c t  sediment rcgine on them. A nega t ive  correlztion e x i s t s  

between r u r b i d i t y  l e v e l  and instream p r i ~ n r y  productivity (McCart and DeGraaf 

1974) .  T u r b i d  c o n d i t i o n s  reduce p e n e t r a t i o n  of i nc iden t  so la r  r a d i a t i o n  and 

can limit growth of aqua t i c  plants t h a t  a re  important food f o r  streern 

invertebrates which i n  turn, are  food f o r  f i s h  (Cordone and K e l l y  1961) .  

D e p o s i t i o n  o f  sediment can,  overtime, reduce available h a b i t a t  f o r  stream 

invertebrates (Giger  1973).  As s e d i r ~ e n t  accumulates, the character  of the 

substrate can change from b z i n g  relatively d i v e r s e  to one b e i n g  r e l a t i v e l y  

homogeneous. Phny i ~ ~ v e r t e b r a t e  spec ies  which are important salmonid food  

items are a d a p t e d  t o  life on relatively s t a b l e  g rave l  and r u b b l e  bottoms; t h e y  

cannot Fnhabi: r e l a t i v e l y  u n s t a b l e  areas  of s h i f t i n g  sand and silt (McCart and 

deGraaf 1 3 7 4 ) ,  

Benthic  macroinvertebrate numbers in reservoirs may be  limited by a range 

of v a r i a b l e s ,  of which s i l t a t r i o n  i s  one (Isom 9 )  Accumulnted silt can 

c l o g  g r a v e l  i n t e r s t i c e s  r e d u c i n g  water  f l o w  a n d ,  hence, oxygen availability. 

T b i s  rnay negatively a f f e c t  invertebrates, ( Z i e b e l l  1960) e s p e c i a l l y  t h o s e  

w h i c l ~  respi re  t h r o u g h  gills, such  as caddisfly, m a y f l y ,  and stoi-tef l y  l a rvae  

(C~cCart and deGraaf 1 9 7 4 ) ,  a l l  o f  which a r e  izportant f i s h  f o o d  i tems.  S i l t  

may - n j u r e  aquatic i n s e c t  g i 1 . s  o r  nembranes, t h e r e b y  interfering wi.th 

respiration (Usinger 1956) .  I n  s i l t y  environments, epifauna are o f t e n  

replaced by t h o s e  more t o l n r a n t  o f  low d i s s o l v e d  oxygen l e v c l s ,  such  as 



dipterans and aquatic worms (Eustis and H i l l e n  1 9 5 4 ) ,  some of o f  which bur row 

i n t o  bottom sediments and o f f e r  reduced availability t o  f i s h  (Phillips 1971) .  

Given extremely high  concentrations over a prolonged time, suspended silt 

can accumulate i n  f i s h  g i l l  filaments, reducing oxygen exchange and eventually 

c a u s i n g  dea th  (Cordone and K e l l y  1961) .  N o ~ ~ e v e r ,  t h i s  seldom happens 

naturally. Highly t u r b i d  waters may reduce f o r g i n g  efficiency and hence,  

su rv iva l  ra tes  i n  s i g h t  feeders, such as salmonids ( P h i l l i p s  1 9 7 1 ) .  Because 

suspended sediments eventually s e t t l e ,  major changes i n  bot tom habitats migh t  

r e s u l t  from increased sediment de~osition. F i n e  material. accumulates on t h e  

stream bo t tom f i l l i n g  up spaces between stones and b o u l d e r s .  T h i s  decreases 

t he  permeability of t h e  substrate r e s u l t i n g  in decreased intragravel f l o w .  

Var ious  authors have r e p o r t e d  t h a t  increased sediment deposition can b e  

detrimental t o  t h e  s u r v i v a l  of salmonid eggs and a l e v i n s ,  t h e  most sensitive 

stages in t h e  life cycle .  Reduction i n  s u r v i v a l  of salmon eggs and a l e v i n s  i s  

roughly  in proportion t o  t h e  reduction of water f l o w  th rough  t h e  g r a v e l ,  which 

i n  t u r n  v a r i e s  w i t h  t h e  concentration of sediment--the greater  t h e  sediment 

concentration t h e  greater  t h e  reduction i n  permeability. Idhen permeability i s  

r e d u c e d ,  eggs and f r y  a re  l i k e l y  t o  s u f f e r  fronl oxygen deprivation and 

p o i s o n i n g  from waste  merabolites which a re  n o t  removed. Hall and Lantz (1969)  

f o u n d  t h a t  a f i v e  p e r c e n t  inc rease  o f  material smaller t h a n  0.03 in (0.8 mm) 

i n  di.ameter i n  spawning s u b s t r l t e  caused a decrease in s u r v i v r i l  of energrilt  

coilo f r y .  Sedi lnent  can  a l s o  form n b a r r i e r  t o  f r y  emergence by b l o c k i n g  

i n t e r s t i t i a l  g r a v e l  spaces t h r o u g l ~  which f r y  moIFe. S u r v i v a l  of f r y  a f t e r  

emergence can a l s o  be  r e d u c e d  by l o s s  o f  escape cover if crr~clts  and spnccs 

.fill w i t h  sediment, t4cC:art a n d  d c  G-saaf (1974)  n o t e d  thae: if scd imeaa tn t ion  i s  



o f  s h o r t  duration, streams can recover q u i c k l y  without any long-term 

consequences f o r  t h e  aquatic ecosystem. The rate of reinvasion of stream 

habitats i s  u s u a l l y  most r a p i d  wher, s h o r t  sections of stream r a the r  than 

e n t i r e  d r a i n a g e s  are a f f e c t e d ,  adequate reservoirs of new orgaoisms exist, and 

t h e  degree of sediment deposi~ion i s  s l i g h t .  



APPENDIX F: ldATER QUALITY DATA BASE 

The main body of data  describing t h e  n a t u r a l  water quality 

cha-92;cteristics o f  t h e  Srasitna River i s  found i n  the U,S, Geological. Survey 

(LSGS) "Water Resources Data f o r  ~ l a s k a "  annua l  r e p o r t  series.  Th is  

i n f o m a t i o n  i s  s u m a r i z e d  t l ~ r o u g h  1981 i n  K&M Consultants, Inc.  and L A ,  

Peterson and Assoc. (19813, b ) ,  These data  are col lected routinely on a 

monthly b a s i s  by t h e  USGS a t  i t s  gauging stations loca ted  at Denal i  (1957-), 

Vee Canyon (1962- ) ,  and Cold Creek ( 1 9 4 9 - )  on the  upper  and m i d d l e  S u s i t n a  

River ;  t h e  Chulitna River (1958-1; t h e  Talkeetna River (195'4-); and a t  i t s  

Sunshlne  (1971-) and S r i s i t n a  s t a t i o n s  (1955-9 on t h e  lower. S u s i t n a  River. 

Data c o l l e c t e d  by R(4P1 Consultants a t  Vee Canyon and Gold Creek from 1980-82 

arc s u m a r i z e d  in R&M Consultants, Inc ,  ( 1 9 8 2 ) ,  L i m i t e d  addi&ional  d a t a  f o r  

mainstem, s l o u g h ,  and t r i b u t a r y  s i t e s  can b e  found in v a r i o u s  Alaska 

Department of F i s h  and Game r e p o r t s  (;IDF&G, Su-Hydro 1981). 

Water quality data  co l l ec t ed  a t  Vee Canyon can b e  used t o  d e s c r i b e  some 

o f  t h e  chemical characteristics of t he  water that- will f l o w  i n t o  FJatana 

reservoi r  (Tab le  I ) .  The b a s i c  p a t t e r n  these  da ta  p r e s e n t  f o r  t h e  u p p e r  river 

i s  similar i n  most respects  t o  t h e  a n n u a l  cyc l e  displayed i n  t h e  m i d d l e  r i v e r  

f o r  which a much more conlple te  and l o n g e r  da ta  r ecord  i s  a v a i l a b l e .  The most  

s i g n i i  i c a n t  difference i s  t h e  absence of d i s s o l v e d  gas supersaturation a t  Vee 

Canyon. O t h e r  m i n o r  differences ( e . g . ,  h i g h e r  mean pH, potassium, and 

chemical oxygen demand l e v e l s  i n  sunlD?er and a Lower mean t u r b i d i t y )  can be  

attributed e i t l ~ e r  t o  the i n f l u e n c e  o f  clearwater t r i b u t a r i e s  entering upstream 

o f  the  station o r  t o  tile r e l - a t i ve ly  small number o f  data  p o i n t s  available f o r  

anal y s i s ,  



T a b l e  I ,  Mesn baseline w a t e r  quality characteristics f o r  uppe r  Sus i tna  River 
a t  Vee Canyon under  sumer (May-ilugust) and w i n t e r  (~etober-~pril) 
conditions, 

v- 

Summer - - Winter 
Parameter 

Abbsreviatiorn) U n i t s  sf Pleasure USGS' ~ & 1 4 ~  USGS' R & M ~  

T o t a l  Suspended S o l i d s  (TSS)  mg/l 799 3 5 13 

Turbidity NTU 70 156 

Total Dissolved S o l i d s  (TDS) mg/l 94  98 
-4. 

Conductivity (pmhos cm , 25°C) 146 1 2 9  

PH pE! lh i t s  7 , 7  7 . (5 

Alkalinity 

Ilardness 

S u l f a t e  (so4-') 
C h l o r i d e  ( C P )  

Dissolved Calcium ( ~ a " )  
4-2 

Dissolved Hagnesium (Mg ) 
9 

Sodium (Na ) 
+ 

Dissolved Potassium (K  ) 

Dissolved Oxygen (DO)  

DO (% Satu-ation) 

Chemical  Oxygen Demand (CUD) 

T o t a l  Organic Carbon (TOC) mg/ I  -- -- 
True  Celcsr pcu  $8 70 

Dissolved 
T o t a l  Phosphorus ~ i g i l  60 140 

Nitrate-Nitrogen as N (NO -N) 3 
mg/l 0 2 0  0 , 1 4  

Disso lved  Copper (Cu) 

D i s so lved  Iron ( F e )  

Dissolved Lead (Pb) 

D i s s o l v e d  Mercury (Ug) 

Dissolved Nickel  (~i) 

D 3. ti :;611~yed Z  in^ (Zn) 

I HKM Coni ;uLtan~ t s ,  i l c .  1982; K&M C6~n:;uIt:ant:s 1,.A. I , ~ n d  :\t;soc, 
%"s,r?,l ,  

2 
6:n,3l::;ir l t an$::-,, IIPC. B fdi(i>! ,, 



The water q u a l i t y  records  f o r  Gold Creek (Rl1 136) p r o v i d e  t h e  best  

p o s s i b l e  d e s c r i p t i o n  of ba se l i ne  c o n d i t i o n s  i n  t h e  n ~ i d d l c  r i v e r  and can 

b e  used t o  approximate many characteristics of t h e  Watana reservoi r  i n f l o w  

(Table 2). 

Natural water quality conditions -h.-. i ~ i d d l e  r i v e r  change seaso~ally as 

a r e s u l t  of changes in mainstern f l ow  5 d i m e n t  con ten t .  During w i n t e r ,  

- s u r f a c e  f l o w s  average less than  2,000 c i s  and are  der ived a lmost  e n t i r e l y  from 

grougdwater o r  outflow f rom t h e  Tyone River system.  Thus9 t o t a l  d i s s c l v e d  

s o l i d s  (TGS) and alkalinity, f o r  example, a r e  a t  t h e i r  h i g h e s t  annual  l e v e l s ,  

v h i l e  t empera tu re ,  t o t a l  g a s  c o n c e n t r a t i o n s ,  t o t a l  suspended s o l i d s  (TSS) ,  

t u r b i d i t y ,  and t h e  t r a c e  metals and phosphcrus  associated with inorganic 

p a r t i c u l a t e s  a re  a t  t h e i r  lowest l eve l s  of t he  year. The maximum observed 

dissolved Cd, Cu, Hg, and Zn concentrations r eco rded  a t  Gold Creek were 1, 5, 

0 . 2 ,  and 14 pg/l, r e s p e c t i v e l y .  Most of  t h e  r ive rbed  sur face  area is rovered 

i n  w i n t e r  by t h i c k  i c e  and d e e p  snow w i t h  t h e  exception of peripheral channels 

b e a r i n g  u p w e l l i n g  groundwater and channels c a r r y i n g  ve ry  f a s t  moving mainstela 

water ( v e l o c i t y  l e a d s ) .  

Al though su r f ace  f l o w  i s  low and water temperatures are bet~geen O and 

b G, b e t ~ t h i c  a l g a l  and invertebrate g rcwth  is t a k i n g  p l ace  d u r i n g  t h i s  f i v e -  

t o  six-month p e r i o d  and supporting a l a r g e  percentage of t h e  o v e r w i n t e r i n g  

fish community o f  t h e  system. 

Brecikup usua1l .y occurs  i n  May following a b r i e f  ( t h r e e  t o  f o u r  week) 

s p r i n g  t r a r l s i t i o n  p e r i o d  of increasing temperatures, l eng thened  photoperiod, 

a n d  nccelerat i .nr ,  i c e  a n d  snow melt. Fl idd le  ri-ver  st^-cam f l o w  rapidly 

i l i c i c : o s : ~ s  from dpprosimately 5 ,000  cis t c  20,000 c i s ,  , w h i l e  f l u c i - u a t i r ~ f ;  

s t j ! ;pend~d se;i inlcnt concencracions ave rage  i ,pp . roxin la te iy  360 ni l ; /  1 ( I ' c ~ ~ i i t r o v  i c l ~  

et ; j i ,  j')a?) g e n c r . a t i i ~ i ;  rnt2;)n ttlrtjitlit:ii!s o i  1 c . s ~  t h a n  50 N'l ' i l .  



T a b l e  2. Mean b a s e l i n e  water q u a l i t y  characteristics f o r  m i d d l e  S u ~ s i t n a  Ri-er 
a t  Gold Creek under  summer (May - September) and winlter (October - 
A p r i l )  conditions. 

Units  af 
Pfeasu~e 

Parane t e r  
(Symbol or i i b b r e v i a t i o n )  Summer Winter 

T o t a l  Suspended S o l i d s  JTSS) 

T u r b i d i t y  

T o t a l  Dissolved S o l i d s  (TDS) 

Conductivity 

Alkalinity 

Hardness  
-2 

SuSEaee ( S O  
4 

C h l o r i d e  (~1 - l )  
4-2 

Dissolved Ca lc ium (Ca ) 

Dissolved  Magnesium ( M ~ ~ ' )  
4" 

Sodiium (Na ) 
4- 

Dissolved Potass ium ( K  ) 

Dissolved  Oxygen ( D O )  

DO ( X  S a t u r a t i o n )  

Chemical  Oxygen Demand (COD) 

T o t a l  Organic  Carbon (TOC) 

True Cokar 

T o t a l  Phosphorus  

N i t r a t e - n i t r o g e n  as N (NO -N) I 
3 

mg/ l  

NTU 

pH units 



Parameter 
(Slmbol o r  Ab5revi . t t ion)  

Units sf 
Ffea s u r e  

T u r b i d  Clear 
(Summer) (winter) 

Total. Rezoverable Cadnium 
2 

i C d ( t )  I 
T o t a l  Recoverable Copper 

[ C u ( t )  ] 
T o t a l  Recoverable I r on  

[ F e ( t )  1 
T o t a l  Recoverable Lead 

[Pb (t) I 
Ta tal Recoverable I lercury 

PWk) I 
T o t a l  Recoverable Nickel  

IrY'iW 1 
T o t a l  Recoverable Zinc 

[ z d t )  1 
- 

NB = None De%ec%ed 

Source:  U.S. Geological Survey  a s  s u m . a r i z e d  i n  R&M Consultants (1982) .  

' Data collected by R8M Consultsnts, 1950-82 (R&M Consultants 1982). 

2 
A l l  t r ace  metals a re  U , S , G , S ,  da ta  as s u m a r i z e d  i n  R%N C o n s u l t a n t s  
(1981) ;  w i n t e r  v a l u e s  a r e  f o r  S u n s h i n e  Station. 



Under normal weather  c o n d i t i o n s ,  approximately 907! of t h e  t o t a l  annual 

streamflow occurs  between May and September  w i t h  xax ina l  d i s c h a r g e s  i n  Jvre, 

J u l y ,  and A11guse. These summer discharge  nasima are t y p i c a l l  y between 30,000 

and 40,000 c f s .  These high summer flows, resulting l a r g e l y  from surface 

- -. 
runc.  2 and  g l ac i a l  melting i n  t he  headwaters, serve t o  dilu.:e t h e  d i sso lved  

s o l i d s  load  de r ived  f ron bedrock and s o i l  weathering. Thus,  such parameters 

as TDS and a l k a l i n i t y  are at t h e i r  lowest annual  levels ,  whi le  tempexature, 

TSS, t u r b i d i t y ,  t o t a l  recoverable trace metals, and t o t a l  phosphorus are a t  

t h e i r  h i g h e s t  annual  levels.  

lJater e n t e r i n g  Devi l  Canyon i n  summer i s  genera l ly  nearly s r t u r a t e d  with 

d i s s o l v e d  gases (mostly oxygen, nitrogen, and minu te  amounts of a rgon ) ,  h u t  

becomes s u p e r s a t u r a t e d  by t h e  a e r a t i n g  a c t i o n  of r a p i d s  and t h e  pressu-  rf zat iorr  

which occit.rs 5n plunge p o o l s  w i t h i n  Devi l  Canyon. The d e g r e e  of gas 

supersaturation increases w i t h  discharge. T h i s  flow effect h a s  been 

documented f o r  discharges ranging between 10,000 and 32,500 c i s  (N)F&G 

Su-Hydro 1983 Basic Data  Repor t )  and naf u r a l l y  o c c u r r i n g  supersaturation 

coi ld i t ions  as high  as 110X have been observed a t  t h e  mouth o f  D e v i l  Canyon. 

Rater can remain supersaturated as f a r  domsrream 2 Curry  (Dana Schmidt ,  

ADF&G Su-Hydro, persgnal c o ~ m . ) .  Ko instances of gas bubb le  dtsease embolisns 

i n  f i s h  have been documented t a  d a r e ,  however, 

A b r i e f  (one-month) f a l l  t r a r i s i t i o n  p e r i o d  t y p i c a l l y  begins in l a t e  

September and extends t h rough  most o f  October  d u r i n g  which mains~em f l o w s  

average between 6,000-12,OGO c f s .  TSS concentrations and :urbi .diry level-; 

decline r a p i d l y  a n d  t h e  resulting hydraulic dnd l i g h t  transmission p r o p e r t i e s  

o f  the  3:iver a r e  g e n e r a l l y  a t   heir most f s v o r a b l e  for a l g a l  growth wherever 

sui tablr sqihstrate exists. P r e l  :rnin:~ry e s t i m a t e s  i n d i c a t : c  t l ~ a t  the q u a i l t i  tv 



of a l g a l  biomass produced  d a i l y  i n  t h e  m i d d l e  r iver  a lone  duri .ng t h i s  p e r i o d  

may exceed 30,000 metric tons, 

The water quality r e c o r d s  f o r  S u s i t n a  S t a t i o n  (RM 2 5 )  provide  t h e  b e s t  

p o s s i b l e  description of  b a s e l i n e  c o n d i t i o n s  in t he  lower r i v e r  (Tab l e  3 ) ,  By 

t h e  time water flowing from t h e  m i d d l e  r ive r  reaches t h e  S u s i t n a  gauging 

s t a t i o n ,  it has  been  d i l u t e d  over fivefold by f l o w s  from t h e  g l a c i a l  

Talkeetna, C h u l i t n a ,  and Ycntna Rivers as w e l l  as numerous smaller clearwater 

t r i b u t a r i e s .  The annua l  pattern af  water quality conditions i n  t h e  Lower 

r i v e r  is s imi lar  t o  t h e  pattern d i s p l a y e d  by the midd le  r i v e r ,  Genera l ly ,  t h e  

lower  r i v e r  displays lower TDS concentrations year-round than t h e  m i d d l e  

r i v e r ,  w h i l e  mean TSS concentrations are  approximately t h e  same. D e s p i t e  t he  

similarity of mean TSS c o n c , : i i ~ r n t i o n ,  lower r iver  water t e n d s  t o  b e  nea r ly  

twice as t u r b i d  and h i g h e r  i n  t o t a l  phosphorus and most trace metal 

concentrations t h a n  t h e  m i d d l e  r i v e r .  This indicates a longitudinal change i n  

t h e  particle s i z e  composition of t h e  sediment l o a d  as i t  is t r a n s p o r t e d  

through the system i lower  r i v e r  water carr ies  a h i g h e r  proportion of 

f i n e r  sedimen~ p a r t i c l e s  which exe r t  a greater  t u r b i d i t y  per  unit weight and  

o f f e r  more sur face  area f o r  adsorption of phosphorus  and t r ace  metals than  t h e  

r e l a t i v e l y  l a r g e r  particle sizes t r a n s p o r t e d  in t h e  m i d d l e  r i v e r ) .  T h i s  

inc rease  i n  t o t a l  r e c o v e r a b l e  concentrations does  n o t  appea r  to b~ attended b y  

inc reased  concentrazions of dissolved phosphorus  o r  t race  meta l s ,  e i t h e r  in 

w i n t e r  o r  suLyner. The maximum observed  dissolved Cd, Cu, Hg, and  %n 

concen t r :%tkons  recorded a t  S u s i t n a  station were 1 ,  7 ,  0 . 2 , ,  and 20 pg/lq 

respectively. 



T a b l e  3. Mean base l ine  water q u a l i t y  characteristics f o r  lower Susitna River 
a t  S u s i t n a  S t a t i o n  under summer (May - September) and win te r  
(October - A p r i l )  conditions. 

Parameter U n i t s  S u m e r  Winter 

T o t a l  Suspended S o l i d s  (TSS)  

T u r b i d i t y  

T o t a l  Dissolved S o l i d s  (TDS) 

Conductivity 

pH 

A l k a l i n i t y  

Hardness 

S u l f a t e  ( s u ~ - ~ )  
Chlo r ide  ( C I )  

+ 2  
D i s s d v e d  Calcium (Ca 

4-2 
D i s so lved  Magnesium (big ) 

4- 
Sodium (Na ) 

4- 
Disso lved  P o t a s s i u m  (K ) 

Dissolved Oxygen ( D O )  

DO ( %  S a t u r a t i o n )  

Chemical Oxygen Demand ( C O D )  

Tot.al  Organic  Carbon (TOC) 

True  Cslagf 

T o t a l  Phosphorus 

Nitrate-nitrogen as N ( N O  -N) 
3 

T o t a l  Recoverab le  Cadmium [ C d ( t ) ]  

T o t a l  Recoverable  Copper [ C u ( t )  1 
T o t a l ,  Recoverable  Iron [ F e ( t ) ]  

Total necove reb le  Lead ( P b  ( t )  

T o t a l  Kecoverable  Mercury [Ng ( t )  ] 

T o t a l  L',ccover;ible Nickel (Pi. ( t )  

pH u n i t s  

mg / l  as CaCO 
3 

mg/l as CaCO 
3 

mg/l 

mg/l 



FORECASTED DATA 

Few quantitative forecasts of wieh-projec t  water quality cond i t i ons  i n  

t h e  impoundment zone o r  downstream a re  p r e s e n t l y  availisble, Deta i led ,  

quantitative p r e d i c t i o r , ~  r e g a r d i n g  reservoir temperature p r o l f i l e s  and  m i d d l e  

r iver  temperatures u n d e r  a w i d e  r a n g e  of meteorological and hydrological 

scenarios are  found in APA ( 1 9 8 4 )  aEd A E I D C  ( 1 9 8 4 ) .  The r e s u l t s  of these  

intensive modeling e f f o r r s  and a discussion of environmental consequences are  

p r e s e n t e d  in a separate i s s u e  pape r  arid w i l l  on ly  b e  b r i e f l y  :;ummarized here .  

The temperature p r o f i l e  of  any reservoi r  va r i e s  with hydrologic and 

meteorologic conditions as well as t h e  morphology of t h e  rleservoir and i t s  

operational schedule f o r  any  g i v e n  year.  The Katana reservoir  will be l o n g ,  

narrow, and deep  w i t h  a r e l a t i v e l y  s h o r t  h y d r a u l i c  residence time (Table  4 ) .  

The topography of t h e  impoundment area w i l l  p r o v i d e  l i t t l e  opportunity f o r  t h e  

development of an extensive littoral zone. The genera l  annua l  temperature 

p r o f i l e  pattern f o r  Watana Reservoir will b e  characterized by a f a l l  t u r n o v e r  

in November r o u g h l y  coi .ncident  w i t h  t h e  f u n l a t i o n  of  an i c e  cover dur i r tg  which 

isothermal conditions of approximately 4 C will p r e v a i l .  Th i s  will b e  

followed by i n v e r s e  stratification in which e p i l i c i n e t i c  temperatures w i l l  d r o p  

f rom near L? C at. t h e  sur face  t o  approximately 2 .5  C near t h e  me ta l in~n ion .  

H y p o l i m e t i c  temperatures will app roach  4 C. T h i s  condition will usually 

persist u n t i l  Nay o r  June .  During t h e  summer, t h e  e p i l i n m i o n  will gradually 

w a r m  w i t h  maxima1 s u r f a c e  temperatures of 1.0-13 C occurring i n  August and 

September. Stratification will remain i n  p l a c e  u n t i l  t h e  t u r n o v e r  in 

~ o v f m i ~ e r .  Available forecast : ;  indicate t h a t  a s p r i i ~ g  t u r n o v e r  r n i g t ~ t  a l s o  

o c c t ~ r  in . l u i ~ e  d u r i ~ ~ p ,  unusually d r y  y e a r s  ( e . g . ,  1 9 7 4 - 7 5 ) .  



Table  4 .  Selected norphometric and h y d r o l o g i c  features of t:he Watana and 
Devil. Canyon r e s e r v o i r s ,  

Parameter Watana Devil Canyon 

Maximum Length (1) 

Mean. w id th  (6) 
b x i m u m  Surface 

Area ( A  ) 
m 

Volume ( V )  

Maximum Depth (7,  
m 

Mean Depth  (Z) 
Relative Depth (Zr) 

Shorel ine  (i) 

Shoreline 
Development ( D  ) 

L 
Mean Hydraulic 

Residence T i m e  
1.65 y r s  

26 mi ( 4 2  km) 

60 d a y s  

Based on:: Acres American 1983, 

@ u s .  Hydro P r o j e c t ,  Fed. Energy Reg. Corn. L icense  App, E x h i b i t  F ,  Suppor t ing  
Design R e p o r t ,  ( P r e l i m i n a r y ) ,  Feb .  1983, by Acres.) 



Piadel forecasts f o r  downstreani r i v e r  temperatures show a general 

dampening of t h e  variations t h a t  occu r  naturally and t h i s  will a f f e c t  

conditions as f a r  dowrtstream as Talkeetsra. Mean summer ri .ver temperatures 

under Watana on ly  would be  i ?pprox imate ly  1 C coole r  than n a t u r a l  at r i v e r  

miles (Wf) 150 and 130, and 0.6 C c o o l e r  at RM 100. A d d i t i o n  of t h e  Devi l  

Canyon dam would increase t h i s  seasonal  change t o  approximate ly  2 .0 ,  1 . 7 ,  and 

1.2 C c o o l e r  at Uf 150, 130, and 100, r e spec t i ve ly .  Under bo th  scenar ios ,  

downstream temperatures would peak l a t e r  i n  t h e  summer with the  g r e a t e s t  

deviation from n a t u r a l  temperatures occurring in September-%October. Winter 

releases would range from 0.4 t o  6 .4  C f rom October t o  April., Natural winter 

temperatures a re  0 C .  These alterations in t h e  n a t u r a l  tempera ture  regime are  

well w i t h i n  t he  tolerance limits f o r  adr i l t  and j u v e n i l e  salmon and are no t  

~xpected t o  significantly inipact migration o r  spawning activity w i t h  t he  

excep: inn of a p o s s i b l e  d e l a y  i n  chinoolc inmigration t o  P o r t a g e  Creek. Some 

rrJ:ic:ion of j u v e n i l e  growth might  occur due t o  c o o l e r  summer temperatures. 

The a n t i c i p a ~ d  warmer f a l l  and w i n t e r  r i v e r  temperatures c o u l d  sufficiently 

a l t e r  b o t h  b u r b o t  and whitefish spawning and incubation timing t o  eliminate 

these  species from t h e  m i d d l e  r i v e r .  

A preliminary, c r u d e  estinlate of w i t h - p r o j e c t  TSS concen t r a t i ons  and 

tu rb lc ! i+y  l e v e l s  can b e  found i n  P e r a t r o v i c h ,  e t  a l .  (1982)  and a d i s c u s s i o n  

of  t!lei- p c ~ t e n t i a l  e c o l o g i c a l  co- sequences appears i n  EWTA and WCC (1984) .  A 

f o n n a l  r e s e r v o i r  m o d e l l i n g  e f f o r t  i s  c u r r e n t l y  uriderway t o  p rov ide  more 

p r ec i s e  est inlates of anticipated TSS concentrations (Tom Stuart, tlarza-Ebasco, 

personal communication). 

l ' r ed ic t ic lns  r ega rc i i i~g  some o f  t h e  parameters addressed i n  tllis p a p e r  ~ ~ r c  

f v ~ L i r l d  in 1 1  0 1  l i c e n s e  application and t he se  a r e  b a s e d  i;jrp,e.l.)i on ; 

st l r c l j .  cor l i j uc ie t l  by l,. A. i Je tc rson  and A H ~ ~ o s ,  a n d  iii$bl (:orlst~ l t ; lk?r ; : ;  ( i\)ti?) . 



T h i s  s t u d y  concluded t h a t :  

1. Both t h e  Devil Canyon and Watana r e s e r v o i r s  w i l l  be  oligotrophic based on 

t h e  r e s u l t s  o b t a i n e d  from t h e  Vollenweider phosphorus load i r ,g  model 

(Vcllenweider 1976) .  

2 ,  A short-term unquantifiable increase in d i s s o l v e d  s o l i d s ,  conductivity, 

and most of t h e  majox i o n s  may occur  a f t e r  c lo su re  due t o  inundat ion and 

leach ing  of rocks  and s o i l s  in t h e  impoundment area. 

3 .  Approximately 70-97 p e r c e n t  of t h e  suspended sediment l o a d  car r ied  i n t o  

t h e  Watana reservoi r  by t h e  i n f l o w  w i l l  s e t t l e ,  resulting in 

significantly less t u r b i d  conditions i n  summer, b u t  h i g h e r  t u r b i d i t y  

levels in w i n t e r ,  

4. Evaporati:~e lo s ses  from b o t h  reservoirs will n o t  exceed 1 percent of 

t h e i r  t o t a l  volume and will t h u s  n o t  produce a s i g n i f i c a n t  increase i n  

dissolved s o l i d s  concentrations, 

5. The amplitude and phase  o f  t h e  river's annual temperature cyc l e  w i l l  

change u r d e r  with-project conditions. 

6 .  T l ~ e  concentrations of "many" metals will b e  reduced in ljatana Reservoir  

d u e  t o  p r e c i p i t a t i o n  and  s e t t l i n g .  

7. reservoi rs  w i l l  maintain r e l a t i v e l y  h i g h  oxygen l e v e l s  because 

e x i s t i n g  oxygen demand is l o w ,  

8. The reservoi rs  will support o n l y  low l e v e l s  o f  phytoplankton production 

w h i c h  w i l l  be  limited by h i g h  t u r b i d i t i e s  and  t h e  presence o f  an i c e  and 

snow cover  d u r i n g  t h e  w i n r c r .  

Field studies a r e  c r l r r e n t l y  b r i n g  conducted by  tqCI1)C a n d  U.\V'TII c ~ ,  i ievclnl '  

:I modpi t h a t  w-i l p r o v i d e  q1 r ; :n t i t a t ive  e a t i n i < ~ t - c s  o f  tllc t x - o ~ ~ l ~ ~ c  s ~ - , : ~ u s  oil t.jlc 



m i d d l e  r i ve r  under w i t h - p r o j e c t  condi t ions .  P re l imina ry  resu!.ts w i l l  b e  

ava i l ab le  i n  June 1985, 

DATA G A P S  

The U S G S  water quality reecrds  f o r  t he  Sasitna Rive-r and some of its 

major t r i b u t a r i e s  p r o v i d e  t h e  b e s t  avai lable  information with which t o  perform 

a rigorous hydrochemical analysis. To date, t h i s  has r,ot been done. However, 

t he  da ta  sumrriaries conducted b y  R&M Consultants do p rov ide  mefan, maximum, and 

minimum v a l u e s  f o r  a l a rge  number of water q u a l i t y  parameters. These v a l u e s  

arc grouped accord ing  t o  three seasons: w i n t e r ,  summer, and breakup.  The u s e  

of such seasona l  means, however, does n o t  p r o v - d e  the b e s t  p o s s i b l e  l e v e l  of 

r e s o l u t i o n  f o r  t h e  p u r p o s e s  of b i o l o g i c a l  j n t e r p r e t a t i o n  and  can l e a d  to 

distortions. For  example ,  R53i C o n s u l t a n t s  .198?) r e p o r t s  a summer mean TSS 

concentration f o r  Gold Creek of 7 4 0  mg/l based  on t he  USGS data  r e c o r d s  and a 

mean of 768 mg/l ba sed  on i t s  own f i e l d  work c o ~ l d u c t e d  d u r i n g  1980-82. The 

much h i g h e r  v a l u e  ob ta ined  f rom t h e  USGS records  r e f l e c t s  t he  f s c t  that d u r i n g  

t h e  g l a c i a l  s u r g e s  which occurred  in :he 1 9 5 0 ~ ~  USGS g a t h e r e d  water samples 

a lnos t  d a i l y ,  w h i l e  i n  l a t e r  y e a r s  s ~ m p l i n g  frequency dropped  to j u s t  a f e w  

each y e a r  ( J i m  K n o t t ,  USGS, Anchorage:, personal communication). Alzo ,  t h e  u s e  

o f  medns unaccompanied by any s t a t i s t i c a l  measure of c o n f i d e n c e  i n t e r v a l  i s  

h i g h l y  irregular. 

The l a ck  of  a formal  hydrochemica l  analysis i n  which t h e  water chemistry 

characteristics of  t he  Susitna River  a re  i n t e r p r e t e d  i n  the corltext o f  the 

vegetation, s o i l s ,  geo logy ,  and h y d r o l o g y  o i  its waterslied makes i t  d i f f i c u l t  

t o  pl- i~vi . t ie  quantitative e s t i - m ~ t e s  of p r o j e c t  impacts oi l  . g a t e u  q u ~ l i t y .  T h i s  

j-s e x i ~ c c r b a t e d  b y  t h e  r e l a t i v e  paucity u l  i lcavy r n e t . 3 1  tiatxi, ( e s p e i  i a l  ly for '.'pi? 

C;lrlyon ;~nt-j s e - l t i c ~ n s  t l ~ l r - i n g  the  qdint:er mc~itiis) airti h v  tlrr Lack ili ~ i m ;  



quantitative base l ine  information on the  trophic dynamics o f  t h e  r i v e r ,  

Another  imporcant data  gap is t h e  a b s e ~ c e  of any data 3n baseline tissue Hg 

leve l s  f o r  resident f i s h  and land otters inhabiting the middle river o r  on Hg 

speciation. Also, on ly  very limited water chemistry data are available f o r  

midd le  r iver  s loughs  and t r i b u t a r i e s  w h e r e  most of t h e  f i s h  produc~icn of t h i s  

reach originates. 

For the  most p a r t  these shortcomiilgs, however, do no t  preylent qualitative 

estimates which should provide  a reasonable degree of cer ta ia ty  regard ing  

potential ecological  impacts. 


