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R i v e r  i c e  simulation r e c 3 ~ l t s  are  p r e s e n t e d  h e r e i n  as a supplement to t h o s e  

included i n  the  "Instream i c e  Simulation S t u d y "  ( H a r z a - E b a s c o  1 9 8 4 b )  The  

supp1ementa.w siimulations are in tended  t o  e v a l u a t e  t h e  sensitivigy o f  Susicna 

River i ce  processes to t h e  following parameters: 

a) Case C vs. Case E-VI instream Slow cequirernenrs 

b )  Alternative o p e r a t i n g  p o l i c i e s  f o r  mPt i - l eve l  power i n t a k e s  

c )  Alternative low levels f o r  Wataila power i n t a k e  

d )  Alternative levels  f o r  D e v i l  Canyon cone va lves  

e )  "Staged Pro jec tqa  vs. "License kpplicaton P r o j e c t .  " 

Rosl;:rs of t h e  r i v e r  i ce  simulations s u p p o r t  t h e  following conclusions: 

1. E x p e c t e d  r i v e r  i c e  conditions with the Case E-!'I f l o w  requirements 

are not s i g n i f i c a n t l y  d i f f e r e n t  from those with Case C .  

2.  O f  t h e  alternative i n t a k e  operating p o l i c i e s  cons idered ,  u s e  o f  t h e  

"lowest p o r t  year-round" may be the most e f f ec t i ve  in r e d u c i n g  r i v e r  

i c e  development. However, t h i s  p o l i c y  a l s o  results in tQe coldes t  

summer releases 

3 .  O f  t h e  alternative Watana power  i n t a k e s  c o n s i d e r e d ,  an added l o w  

intake at e l e v a t i o n  1 6 3 6  ft. i s  e x p e c t e d  to be most  effective i n  

reducing r i v e r  i c e  d e v e l o p m e n t .  L o w  i n t a k e s  at elevation 1880 o r  

1800 may no t  be e f fec t ive  i n  reduc ing  t he  r iver  ice  developmerlt .  



This r e p o r t  presents t h e  r e s u l t s  o f  r i v e r  i c e  simulations f o r  t h e  m i d d l e  

r e a c h  of t h e  Susitna R i v e r  ( downstream of  t h e  p r o p o s e d  Susitna 

H y d r o e l e c t r i c  P r o j e c t  and u p s t r e a m  o f  t h e  Chulitna R i v e r  c o n f l u e n c e  - s e e  

F i g u r e  1 ) .  These r i v e r  i ce  s i m u l a t i o n s  are p r o v i d e d  as a supplement  to t h e  

p r e v i o u s l y  p u b l i s h e d  "Instream Ice Simulation Study"  (Harza-Ebasco 1984b)  and 

a r e  intended to e v a l u a t e  t h e  s e n s i t i v i t y  cf Susitna R i v e r  i ce  processes to 

severa l  parameters beyond t h e  scope o f  t h e  o r i g i n a l  r e p o r t .  Xn particular, 

t h e  p r e s e n t  repor t  cons iders  t he  e f f e c t s  on r i v e r  i c e  or alternative instseam 

f l o w  requirements,  alternative d e s i g n s  f o r  the p r o p o s e d  multi-level p c w e r  

i l t ake  a t  Watana Dam, alternative operating po l i c i e s  t o r  t h e  power i n c a k e s  a t  

Watana and Devi l  Canyon D a m s  and alternative intake elevations f o r  t h e  D e v i  l 

Canyon cone  v a l v e  outlet works. The scope o f  these supp lemen ta ry  r i ve r  i c e  

simulations i s  summarized i n  Tab le  1 and d e t a i l s  of t h e s e  alternatives a r e  

d i s c u s s e d  in Chapter 2 .  I n  addition, t h i s  r epor t  cons iders  t h e  r i v e r  i c e  

e f f e c t s  of "staged cons t ruc t i on"  of t he  Susitna H y d r o e l e c t r i c  P r o j e c l :  as a n  

alternative to the "License Application Pro jec t . "  The "Staged ~ r o j e c t , "  as 

detailed in Sec t ion  2.5 ,  includes initial construction of a lower Watana D a m ,  

followed by construction of t h e  f u l l  Devil  Canyon Dam and f i n a l l y  the  r a i s i n g  

of Watana to i t s  f u l l  he igh t .  

The methodology f o r  the  supplementary r i v e r  ice simulations h e r e i n  is i d e n t i -  

ca l  to t h a t  employed f o r  t h e  I n s t r e a m  Ice Simulation S t u d y  ( ~ a r z a - E b a s c o  

1 9 8 4 b ) .  The c a l i b r a t e d  r i v e r  ice model ICECAL (Harza-Ebasco 1984a )  i s  u s e d  

t o  generate the s i m u l a t i o n s .  Each ICECAL s i m u l a t i o n  is based on t h e  r e s u l t s  

of a c o r r e s p o n d i n g  r e s e r v o i r  t e m p e r a t u r e  siaalation via t he  DYRESM model 

(Alaska Power Authority 1 9 8 4 )  and a stream t empera tu re  s ' i a u l a t i o n  v i a  t h e  

SNTEMP m o d e l  (Arctic Environmental Information and  Data Cen te r  1984 ,  Alaska  

P o w e r  Authority 1 9 8 4 ) .  R e s u l t s  of t h e  ICECAL model are p r e s e n t e d  in terms o f  

r e p r e s e n t a t i v e  i c e  ~hicknesses and water surface elevations as a function af 

tiine and l o c a t i o n  a long t h e  riv,r.  R e s u l t s  continue t o  be  f o c u s e d  a t  t h e  

r i v e r  mile l o c a t i o n s  of t h o s e  s lough and s ide  channels  b e l i e v e d  t o  be most 

impor tan t  i n  terms o f  salmon p r o d u c t i o n ,  



A n  alternative h i g h  cone va lve  (elevation 1 4 2 5 )  at D e v i l  Canjon  has 

no significant ef fec t  on expected r i v e r  i c e  conditions r e l a t i v e  to 

t h e  elevation 990 cone va lve*  

Stage I and Stage II of the  "Staged P ro jec t "  a re  expec ted  to r e s u l t  

i n  greater ice f r o n t  extent and greater potential f o r  s lough  over to -  

p p i n g ~  r e l a t ive  to t h e  L i c e n s e  Application P r o j e c t .  S t a g e  III i s  

e x p e c t e d  t o  be s i m i l a r  to the  completed L icense  A p p l i c a t i o n  P ro jec t  

with regard t o  r i v e r  ice. 



T h i s  r e p o r t  p r e sen t s  t h e  r e s u l t s  o f  r i v e r  i c e  simulations f o r  t h e  m i d d l e  

b e a c h  o f  t h e  Susitna R i v e r  . downstream of t h e  p r o p o s e d  Susitna 

Hydroe lec t r i c  Projec t  and u p s t r e a m  of  t h e  Chulitna R i v e r  c o n f l u e n c e  - s e e  

F i g u r e  1 ), These  r i v e r  i c e  s imula t ions  are p rov ided  as a supplement  t o  t h e  

p r e v i o u s l y  published "Instream Ice Simulation Study"  (Wasza-Ebasco 1984b)  and 

a r e  intended to e v a l u a t e  the s e n s i t i v i t y  of  Susitna R i v e r  i ce  processes to 

several  parameters beyond t h e  scope  of t he  original r e p a r t .  In p a r t i c u i a r ,  

t he  p re sen t  repor t  considers  the effects on r i ve r  i c e  of alternative instream 

f low requirements, alternative d e s i g n s  f o r  t h e  p r o p o s e d  mu l t  i - l e v e l  power 

i n t a k e  at Waeana Dam, alternative o p e r a t i n g  po l i c i e s  f o r  t h e  power i n t a k e s  at 

Watana and Dev i l  Canyon Darns and alterriative i n t a k e  elevations f o r  t h e  D e v i l  

Canyon cone v a l v e  outlet works. The scope o f  these supplementary  r i v e r  i c e  

s imu la t i ons  i s  suunwrized in Table  3, and d e t a i l s  of these alternatives a r e  

d i s c u s s e d  i n  C h a p t l r  2 .  In a d d i t i ~ n ,  t h i s  repor t  cons ide r s  t h e  r i ve r  i c e  

e f f e c t s  of "staged ccns t ruc t ion"  of t h e  Susitna Hydroelectric P r o j e c t  as a n  

alternative to the "License Application P r o j e c t . "  The "Staged P r o j e c t , "  as 

detailed in Sec t ion  2 3 ,  ine ludes  Bndtiaf constxuction o f  a low- Watana D a m ,  

followed by cons t ruc t ion  of the f u l l  Devi l  Canyon Dam and f i n a l l y  t h e  r a i s i n g  

of Watana to its full he igh t ,  

The methodology f o r  t h e  supplementary r i v e r  ice simulations herein i s  i d e n t i -  

c a l  to t h a t  employed f o r  t h e  Instream I ce  S i m u l a t i o n  S t u d y  ( H a r z a - E b a s c o  

1 9 8 4 b ) .  The c a l i b r a t e d  r i v e r  i c e  model ICECAL (Harza-Ebasco 1984a)  i s  used  

to generate the s i m u l a t i o n s .  Each ICECAL s i m u l a t i o n  is based on t h e  r e s u l t s  

of a c o r r e s p o n d i n g  reservoir t e q p e r a t u r e  simulation v i a  t h e  DYRESM model 

(Alaska Power Authority 1984)  and a stream t e m p e r b t u r e  simulation v i a  t h e  

SNTEMP m o d e l  ( A r c t i c  Environmental Information and  Data Cen te r  1984 ,  Alaska 

Power  Authority 19841,  R e s u l t s  of t h e  IGECAL model are p r e sen t ed  i n  terms of 

r e p r e s e n t a t i v e  ice thicknesses and water surface elevations as a function o f  

t i m e  and l o c a t i o n  along t h e  r i v e r ,  R e s u l t s  continue to be f o c u s e d  a t  t h e  

r i v e r  mile l o c a t i o n s  of t h o s e  s lough  and  s i d e  channels  b e l i e v e d  t o  be most 

important  in terins o f  salman produc t ion .  



F o r  a more complete  description of the  background, methodology, capabilities 

and limitations of t he  r tver  ice  modeling process ,  it is recommended t h a t  t h e  

r eade r  r e v i e w  t h e  p r e v i o u s l y  p u b l i s h e d  r e p o r t s  (Harza-Ebasco 1984a, H a r z a -  

Ebasco 1984b),  before  proceeding with t h e  p r e s e n t  r e p o r t .  
j ,  



%#Q SCOPE OF R I W R  I C E  S 

Water temperatures within the proposed ldatana a n d  D e v i l  Canyon reser-*  

v o i r s  w i l l  vary  with t i m e  and with dep th .  The mul t i - l eve l  power i n t a k e  

s t r u c t u r e s  p r o p o s e d  f o r  t h e  Watana and  Devil Canyon r e s e r v o i r s  a r e  

the re f  o r e  intended t o  provide  some degree o f  c o n t r o l  over  t h e  r e s e r v o i r  

release temperatures d i scha rged  t o  the r i v e r  t h r o u g h  the p o w e r h o u s e .  

Alternatf ve  p o l i c i e s  c o n s i d e r e d  here in  f o r  ope ra t ing  the  m l t i - l e v e l  

power in takes  i n c l u d e  " inf low-matchingQs , "warmest water" and " l o w e s t  

p o r t " .  T h e  "inflow-mat c h i n g "  p o l i c y ,  which was assumed f o r  t h e  

'*Instream Ice S imula t ion  Study" (Harza-~basco 1984b),  represents a year- 

round  attempt t o  match t h e  reservoir r e l ea se  t empe ra tu r e s  with t he  

natural temperature of  t h e  f l o w  entering the r e s e r v o i r .  I n  e f f e c t ,  

" i n f  low-matching" results in w i n t e r  release of t h e  co ldes t  water ava i l -  

able to the power i n t a k e s .  T h e  "warmest wafer" p o l i c y  r e p r e s e n t s  a 

y e a r - r o u n d  p o l i c y  of releasing the  warmest water ava i l ab le  t o  t h e  power  

intakes. For  both " i n f  low-matching" and "warmest water" p o l i c i e s ,  t h e  

p a r t i c u l a r  in take  p o r t  selected f o r  operation w i l l  vary with t h e  chang- 

i n g  r e s e r v o i r  l e v e l s  and t e m p e r a t u r e  p r o f i l e s .  The "lowest p a r t  " 

operating p o l i c y  means that t h e  lowest p o r t  of t h e  mu l t i - l eve l  power 

i n t a k e  w i l l  be opera ted  year-round regardless of water temperatures. 

Compariscils of r iver  ice simulations f o r  these three alternative ope ra t -  

i n g  p o l i c i e s  are based on Watana and Watana + D e v i l  Canyon o p e r a t i n g ,  

Case C and Case E-VI alternative f l o w  requ i rements  ( see  S e c t i o n  2 2 )  and 

the  weather conditions of 1981-82 and 1971-72 (average and c o l d  w i n t e r s ,  

r e s p e c t i v e l y ,  i n  terms of mean a i r  temperature).  



R i v e r  i c e  simukatisns based on t h e  ""Cse C" and "Case E-VI" alternative 

instream f l o w  requirements are compared i n  this r e p o r t .  The  "Case C" 

i n s  t ream f l o w  r e q u i r e m e n t  ( F i g u r e  2 )  is p r o p o s e d  in t h e  Susitna 

H y d r o e l e c t r i c  P ro jec t  License Application (Alaska Power Authority, 1983) 

a n d  i s  assumed f o r  t h e  "eInstream I c e  Simulation S t u d y "  (Harza-Ebasco 

1 9 8 4 b ) .  The "Case E - V I "  f l o w  r e q u i r e m e n t  ( ~ i g u r e  2 )  r e p r e s e n t s  

a recommended refinement of  "Case C" as d e s c r i b e d  in the r epor t :  

"Evaluat ion of Alternative F l o w  R e q u i r e m e n t s "  (Ba rza -Ebasco  1 9 8 4 ~ ) .  

Comparisons  of r i v e r  i c e  simulations f o r  "Case C" and "Case E-VI" are 

based on both "inflow-matching" and "warmest water" operating p o l i c i e s  

( S e c t i o n  2.1), Watana and Watana + D e v i l  Canyon p r o j e c t  stages, and the  

1981-82 weather conditions ( a n  average winter i n  terms of mean a i r  

temperatures) .  F ig l l r e  3 shows a comparison of t h e  simulated Case C and 

Case E-VI f low rates released from Watana reservoir f o r  Watana operating 

a l o n e  with 2001 e n e r g y  demand and the 1981-82 weather conditions. 

F i g u r e  4 sh0tqy-s corresponding flows released from Dev i l  Canyon reservoi r 

with t h e  2002 energy demand. 

R i v e r  i c e  simulations a r e  p r o v i d e d  f o r  several alternative d e s i g n s  of 

fhe  Watana m u l t i - l e v e l  power i n t a k e  s t r u c t u r e  as d e t a i l e d  i n  T a b l e  2 .  

The  " p r e s e n t  d e s i g n "  shown in Figu re  5 corresponds t o  t h a t  proposed i n  

t he  S u s i t n a  H y d r o e l e c t r i c  P r o j e c t  L i c e n s e  Application ( ~ l a s k a  Power 

Authority, 1 9 8 3 )  a n d  includes i n t a k e  p o r t s  at elevations 2151, 2 1 1 4 ,  

2 0 7 7  and 2040 f t .  MSL with a n  approach c h a n n e l  at e l e v a t i o n  2 0 2 5  f t .  

MSL. This " p r e s e n t  d e s i g n "  was assumed f o r  t h e  "Instream Ice Simulation 

Study"  (Ha rza -Ebasco ,  1 9 8 4 b ) .  The alternative ga tana  p o w e r  i n t a k e  

designs c o n s i d e r e d  h e r e i n  are similar  t o  t h e  " p r e s e n t  d e s i g n "  b u t  with 

one a d d i t i o r l a l  low l e v e l  p o r t  at e l e v a t i o n  1880,  1800 o r  1636  f t. M S L  

( T a b l e  2 ) .  T h e s e  alternative power i n t a k e  d e s i g n s  are c o n s i d e r e d  i n  

order  t o  de te rmine  i f  an additional l o w  l e v e l  p o r t  can e f f e c t i v e l y  

p r o v i d e  warmer w i n t e r  reservoir releases and subsequently r educed  r i v e r  



i c e  cover deve lopmen t  downstream r e l a t i v e  t o  t h a t  with t h e  " p r e s e n t  

d e s i g n " ,  Comparisons of r iver  i ce  s i m u l a t i o n s  f o r  the  a l t e r n a t i v e  power  

Il lrake d e s i g n s  are based  on t h e  "warmest water" o p e r a t i n g  p o l i c y  

( S e c t i o n  2 .1 ) ,  "Case C" f l o w  r e q u i r e m e n t s  (Section 2.21, Watana and  

Katana + Dev i l  Canyon o p e r a t i n g  and t h e  1 9 7 1 - 7 2  a n d  1981-82 wea the r  

conditionas 

R i v e r  i c e  simulations are inc luded  f o r  two alternative designs  f o r  t h e  

i n t a k e  to t h e  Devi l  Canyon cone valves .  The " p r e s e n t  design" p r o v i d e s  

t h e  cone v a l v e  i n t a k e  at elevation 990  f t x s  MSL and was used f o r  t h e  

"Instream Ice S i m u l a t i o n  Study" (Harza-Ebasco, 1 9 8 4 b ) .  An alternative 

" h i g h  l e v e l "  cone v a l v e  i n t a k e  at elevation 1 4 2 5  ft. MSL was later 

considered f o r  t h e  purpose of i m p r o v i n g  summer re lease  temperatures  

R i v e r  ice resu l t s  f o r  the " p r e s e n t  des ign"  and "high l e v e l "  cone v a l v e s  

are compared h e r e i n  on the b a s i s  of t h e  "warmest watere' power i n c a k e  

operating p o l i c y  ( S e c t i o n  2 .1  ) , "Case C "  flaw r e q u i r e m e n t s  ( S e c t i o n  

2 . 2 ) ,  t h e  "presen t"  and Elev. 1800 Watana power in take  d e s i g n s  ( S e c t i o n  

2 . 3 )  and t h e  average 1981-82 winter weather conditions. 

T h e  Susitna H y d r o e l e c t r i c  P r o j e c t  as presenced i n  t h e  L i c e n s e  

App l i ca t i on  (Alaska Power  Authority 1983) w o u l d  b e  constructed i n  two 

p h a s e s .  Watana D a m  would be completed t o  i t s  f i l l 1  h e i g h t  (rlormal maxi- 

mum poo l  elevation 2185 feet  MSL) f o r  ope ra t i on  i n  1996 and D e v i l  Canyon 

Dam would be completed f o r  o p e r a t i o n  i n  2002. The r t v e r  i c e  simuZations 

d i s c u s s e d  p r e v i o u s l y  i n  t h i s  r e p o r t  a r e  b a s e d  o n  t h i s  " L i c e n s e  

A p p l i c a t o n  P r o j e c t . "  I n  addition, t h i s  r e p o r t  i n c l u d e s  r i v e r  i c e  

s i m u l a t i o n s  wh ich  consider t h e  e f f e c t s  o f  a n  a l t e r n a t i v e  "staged 

construction" of t h e  S u s i r n a  Hydroelectric P r o j e c t .  With t h i s  "Staged  

P r o j e c t " ,  a lower Watana D a m  (normal  maximum p o o l  e l e v a t i o n  2000 f e e t  

MSL) w o u l d  initially be c o n s t r u c t e d  f o r  operation 111 1996 (S tage  I ) ,  

f o l l o w e d  by comple t ion  of t h e  f u l l  D e v i l  Canyon  Dam f o r  operation i n  



2002 ( S t a g e  11) and f i n a l l y  t h e  raising of Watana Co i r s  f u l l  height 

(normal  maximum p o o l  eLl3va t ion  2185 feet. MSL) f o r  o p e r a t i o n  in 29C)8 

( S t a g e  111). The "Sraged P r o j e c t " ,  when comple ted ,  would the re fo re  be 

e q u i v a l e n t  to t he  "License Application P r o j e c t "  b u t  w o u l d  be c o m p l e t e d  

at a l a t e r  date, 

River  i c e  s i inula t ions  f o r  Stage I and Stage II of t h e  " S t a g e d  P r o j e c t "  

a r e  i n c l u d e d  in t h i s  r e p o r t  f o r  comparison with the  "License Aplication 

P r o j e c t .  " Compar i sons  a r e  based  on t h e  1981-82 weather conditions 

(average  in term of mean b ~ ~ n t e r  a i r  temperatures) ,  the i n f  low-matching 

p o w e r  i n t a k e  o p e r a t i n g  p o l i c y  a n d  t h e  Case E - V I  i n s t r e a m  f l o w  

r e q u i r e m e n t s  . I n  accordance with t h e  License Application, s i w l a t i o n s  

of Dev i l  Canyon i n c l u d e d  a maximum drawdown o f  50 f e e t  and  a 2 - l e v e l  

power i n t a k e  ( p o r t  e l e v a t i o n s  1425  and 1375 feet  MSL). In an e f f o r t  t o  

improv2 summer release temperatures from Devi l  Canyon d u r i n g  S t age I I, 

an a l t e r n a t i v e  9 f o o t  maximum drawdown and an alternative 3-level power 

i n t a k e  ( p o r t  elevations 1 4 2 5 ,  1 4 0 0  a n d  1 3 7 5  f e e t  M S L )  w e r e  a l s o  

e o n s i d e r e d  Wver  ice  s i m l a t i o n s  f o r  these a,f  tesnatives are theref o r e  

l l s o  i n c l u d e d  in t h i s  r e p o r t .  



3,1  General  

The supplementary r i v e r  i ce  simulation results are presented i n  E x h i b i t s  

A through V. These e x h i b i t s  are p r e sen t ed  in the same f o r m a t  as t h o s e  

o f  t h e  "Instream Ice Simulation Study"  (Harza-Ebasco, 1984b) a13d include 

t h e  following p l o t t e d  information: 

1. P r o f i l e  of maximum r iver  stages which occurred d u r i n g  t h e  s i m u l a t i o n  

pe r iod  and the  corresponding ice  cove r  thickness which e x i s t e d  o n  

the  date of naximum stage. 

2 .  Location of t h e  i c e  f r o n t  and 0 ° C  water isotherm t h r o u g h o u t  t h e  

sfmu1Sbation. 

3. T ime  h i s t o r y  of water su r face  elevation, i c e  t h i c k n e s s  a n d  water 

temperature a t  selected s lough and s i d e  channel  l o c a t i o n s .  

Tab les  3 ,  6 and 9 p r e s e n t  a summary of t h e  maximum simulated r i v e r  

s t a g e s  and simulated ice f r o n t  p rogress ion  f o r  the  va r i ous  zlternatives 

considered in this study (see Chapter 2 ) .  With a similar format, T a b l e s  

4 ,  7 and  10 summarize t h e  maximum s i m u l a t e d  total i ce  th icknesses  and 

T a b l e s  5 ,  8 a n d  11 show t h e  maximum s o l i d  i c e  t h i c k n e s s e s  f o r  t h e  

var ious  alternatives 

F o r  comparative p u r p o s e s ,  Tables 3 through 11 i n c l u d e  summary resu l t s  o f  

c e r t a i : ~  r i v e r  i c e  s i m u l a t i o n s  a l r e a d y  presented i n  t h e  Instream Ice  

S i m u l a t i o n  S tudy  (Harza-Ebasco 1984b). 



Power In t akes  

River  i c e  simulation results f o r  the alternative power i n t a k e  o p e r a t -  

ing p o l i c i e s  f o r  Watana operating alone (License Application ~ r o j e c t )  

are preserted in E x h i b i t s  A through F. A summary of these r e s u l t s  i s  

shown in Tables 3 ,  4 and 5. (Note t h a t  these exh ib i t s  and t ab les  a l s o  

dments --. cons ide r  the effects o f  the  alternative instream f l o w  r e q u i r c  

see S e c t i o n  % * 3 , )  

Review of Tables 3 ,  4 and 5 suggests t h a t  t h e  r e l a t i v e  e f f e c t s  or! 

r i v e r  i c e  of the a l t e r n a t i v e  Watana power i n t a k e  operating p o l i c i e s  

( A . e .  " i n f  low-matching", "warmest waterq6 a n d  "lowest p o r t "  - s e e  

S e c t i o n  2.1) do not f o l l o w  a s i m p l e  general t r e n d .  These r i v e r  i c e  

resu l t s ,  however, are consistent with t h e  corresponding resul ts  of t h e  

r e s e r v o i r  t empera ture  s i m u l a t i o n s  (DYRESM m o d e l )  a n d  can b e s t  be 

d i s c r ~ s s e d  in conjunction with t h e  DYRESM results. Figu re s  6 ,  7 a n d  8 

show these corresponding reservoir temperature  s imu la t i on  results f o r  

t h e  a l t e r n a t i v e  power  intake operating p o l i c i e s  based  o n  Watana 

opera t ing  alone w i t h  2001 energy demand. 

F igu re  6 shows t h a t ,  based on Case C f lows and 1981-82 weather c o n d i -  

tions, t h e  "lowest port" operating p o l i c y  p r o v i d e s  significantly 

warmer releases (often by I 0 C  or more) du r ing  t h e  w i n t e r  m o n t h s  t h a n  

e i t h e r  the " i n f  low-matching" o r  "warmest water" p o l i c i e s .  T h i s  i s  

reflected i n  t h e  r iver  i c e  results ( T a b l e s  3 ,  4 and  5 )  w h i c h  show a 

s i g n i f i c a n t l y  r e d u c e d  i c e  f r o n t  e x t e n t ,  r e d u c e d  i c e  t h i c k n e s s  and 

r i v e r  s t a g e s  and  fewer  s l o u g h  o v e r t o p p i n g s  f o r  t h e  " l o w e s t  p o r t "  

p o l i c y  r e l a t i v e  t o  " i n f  low-matching" o r  "warmest water." Figu re  b 

shows t h a t  t h e  " l o w e s t  p o r t "  p o l i c y  a l s o  p r o v i d e s  summer r e l e a s e s  

which a r e  o f t e n  c o l d e r  ( b y  as much a s  6 ° C )  t h a n  t h o s e  of " i n f l o w -  

ma t ch ing"  o r  "warmest water". T o  some e x t e n t ,  t h e s e  c o l d  sulnmer 

r e l e a s e s  of t h e  "Lowest por t "  p o l i c y  may a l low t h e  reservoir t o  s to re  



a r e l a t i v e l y  l a rge  amount of  thermal energy (compared to t h e  a l t e r n z - -  

tive p o l i c i e s )  w h i c h  can  s u b s e q u e n t l y  be r e l e a s e d  i n  t h e  forin cf  

w a r m e r  water t h e  following w i n t e r .  B a s e d  on. Case C f l o w s  a n d  t h e  
S l  - 

1981-82 weather conditions, i t  t he re f  o r e  a p p e a r s  t h a t  t he  Lowest 

p o r t "  p o l i c y  is more effective than t h e  o t h e r  p o l i c i e s  in reduc ing  t h e  

e x t e n t  o f  r i v e r  bee development. Environmental e f f ec t s  o f  t h e  rela-  
C1. 

t i v e l y  co ld  summer releases with t h e  "lawest p o r t "  p o l i c y  a r e  b e y o n d  

r 3 1 t  + . "7.) b i C  yJi-  &... - .* -<*a -*,*, J - - .  
t h e  scope of this r e p o r t .  

Based on the  Case C flows and 1981-82 weather conditions, T a b l e s  3 ,  4 

a n d  5 show t h a t  the "warmest water" operating p o l i c y  i s  not  e f f ec t ive  
-8- in reduc ing  r i v e r  ice development re lat ive to "inflow-mat c h i n g "  . ~n 

f a c t ,  s i m u l a t e d  r e s u l t s  of the "warmest wate r "  p o l i c y  at some Laca- 

tions show greater i ce  thicknesses and r iver  stages than t h e  " i n f l o w -  

matching" p o l i c y .  These  r i v e r  i c e  r e s u l t s  are cons i s t en t  with the 

corresponding reservoir temperature simulation results (see F i g u r e  6 ) 

which show that, f o r w  Case C f l a w s  and 1981-82 weather, t h e  "warmest 

water" policy provides winter releases which are often c o o l e r  t h a n  

t h o s e  of   he " in f low-ma tch ingqe  p o l i c y .  Al though  t h i s  r e s u l t  may 

a p p e a r  unusua l ,  it should  be emphasized t h a t  these alternative power  

intake opera t ing  p o l i c i e s  are pol ic ies .  As shown in Figu re  

6 ,  t h e  summer releases o f  the "warmest water" p o l i c y  are o f t e n  s i g -  

nificant ly warmer than t h o s e  with "inflow-matching". The  " w a r m e s t  

water" p o l i c y  may therefore cause fas ter  d e p l e t i o n  of t h e r m a l  e n e r g y  

storage in t h e  r e s e r v o i r  and subsequen t ly  c o l d e r  water ava i l ab le  f o r  

release rhe following w i n t e r .  

A compar i son  of t h e  "warruest waterqv and "inflow-matching" p o l i c i e s  i s  

a lso  made f o r  t h e  Case E-VI f lows with 2001 energy demand a n d  1981-82 

weather conditionss The simulated r iver  ice  resul ts  Eor Case E-VI  a re  

again c o n s i s t e n t  with the corresponding reservoir temperature s i mu la- 

t i o n  r e s u l t s  shown i n  F i g u r e  7 .  As shown,  temperature s i w l a t i o n s  

with Case E-VI  f l o w s  a p p a r e n t l y  r esu l t  in a d i f f e r e n t  t r e n d  f r o m  t h e  

Case C f l o w s  d i s c u s s e d  a b o v e .  With Case E - V I  ( s e e  F i g u r e  7 1 ,  t h e  

"warmest water" p o l i c y  a g a i n  shows summer r e l e a s e s  w h i c h  a r e  o f t e n  



1" 1 !#a 

, warmer than t h o s e  af ' I n f low-mtch ing" ,  but  a l s o  shows varmer w i r a k r  

releases. Ira c h i s  case, rePcase o f  warmer water d t a r ~ n g  sumruen: 
/#s< 

have  r e s u l t e d  i n  e a r l i e r  formation of the reservoir ice cover  which --- 

s u b s e q u e n t l y  tended t o  i n s u l a t e  t he  reservoir from t h e  f u r ~ h e r  c o o l i n g  

e f f e c t s  o f  w i n d  a n d  a i r  temperature. A s  shown i n  Tables 3 ,  4 and 5 ,  

simulated r i v e r  i c e  resu l t s  f o r  Case E-VI  w i t h  t h e  "warmest w a t e r "  

p o l i c y  show reduced ice t h i c k n e s s e s ,  r iver  s tages and i ce  f r o n t  ex t en t  

and fewer s lough  over topp ings  r e l a t i v e  to "inflow-matching". 

A l t e r n a t i v e  o p e r a t i n g  p o l i c i e s  f o r  Watana o p e r a t i n g  a lone with 2001 

energy demand and Case C f lows are a lso  simulated f o r  ' '71-72 weather 

conditionsB For  these conditions, F i g u r e  8 shows t h z t  r e s e r v o i r  

releases with the "warmest water" p o l i c y  are warmer d u r i n g  t h e  ~ i n e e r  

asnths t h a n  t h o s e  wli th the "inflaw-mnzatchinrg" p o l i c y ,  These xeBease 

temperatures are again reflected i n  the simbiated r i v e r  i c e  r e s u l t s .  

A s  shown i n  T a b l e s  3 ,  4 and 5,  t he  "warmest water" p o l i c y  (with Case C 

flows, 2001 energy demand, 3 7 1 - 7 2  weattier) r e s u l t s  i n  r e d u c e d  i c e  

t h i c k n e s s e s  and r i v e r  s tages  and fewer s l o u g h  o v e r t o p p i n g s  in t h e  

reach upstream of Mver K i l e  1 2 6  r e l a t i v e  to the "inflow-matching" 

P Q ~ ~ C Y  b 

R i v e r  i c e  simulation r e s u l t s  f a r  t h e  "'inflaw-matchi& and ""warmest 

water" power in take  o p e r a t i n g  p o l i c i e s  f o r  Watana a n d  D e v i l  Canyon 

operating ( L i c e n s e  Application P r o j e c t )  with 2002 energy demand are 

presen ted  in E x h i b i t s  G ,  H and I, These resul ts  a r e  ba sed  on Case C 

a n d  Case E-VE f l o w s  and t h e  1961-82 weatber conditions. As shown in 

T a b l e s  3,  4 and  5 ,  t h e  r i v e r  i c e  r e s u l t s  f o r  t h e  "warmest w a t e r "  

p o l i c y  a r e  n e a r l y  identical t o  t h o s e  with with " i n f  low-matching" 

p o l i c y .  The cor respond ing  reservoi r  t e m p e r a t u r e  s i r n u l a t  i o n  r e s u l t s  

( F i g u r e s  9 a n d  10) show t h a t  t h e  "warmest wate r"  p o l i c y  p r o v i d e s  

s l i g h t l y  warmer w i n t e r  r e l e a s e s  than "inflow-matchingE', b u t  this 

d i f f e r e n c e  is n o t  great  enough to ~Lgnificantly a f f e c t  t h e  r i v e r  i c e  

de ve l apa~ent  * 



3 2  Alternative Instream F l u  ---- 

R i v e r  ice simulation r e s u l t s  f o r  Watana o p e r a c i n g  alone with the Case 

C a n d  Case E-VI a l t e r n a t i v e  f l o w  r e q u i r e m e n t s  are p r e s e n t e d  in 

Exhibits A ,  B ,  D a n d  E .  These comparisons are based on trhe License 

Application P r o j e c t ,  t h e  1981-82 weather conditions a n d  2001 e n e r g y  

demand a n d  c o n s i d e r  both "inflow-matching" and "warmest sater" i n t a k e  

operating p o l i c i e s .  Resu l t s  are s u m m r i z e d  in T a b l e s  3 ,  4 a n d  5 ,  A s  

d i s c u s s e d  i n  S e c t i o n  3 .2 .1 ,  t r e n d s  i n  r i v e r  ice  s i lnu la t ion  r esu l t s  

r e f l e c t  t h e  co r re spond ing  t r s n d s  i n  t h e  reservoir temperature s i m u l a -  

t i o n  r e su l t s .  Simulated Watana reservoir  release temperatures f o r  t he  

a b t e t - n a t i v e  i n s t r e a m  f l o w  requ i remen t s  are compared i n  F'imres 1 l a n d  

12, 

Based on t he  "inflow-matching" p o l i c y ,  simulated r e s e r v o i r  r e l e a s e  

t empera tu res  d u r i n g  t h e  w i n t e r  f o r  Case C a n d  C a s e  E-VI show sig- 

n i f  i c a n t  time-variation ( F i g u r e  I I ) b u t  t h e  a v e r a g e  w i n t e r  release 

t e m p e r a t u r e s  E O P  t h e  two f l o w  cases a p p e a r  q u i t e  s imi lar*  The cor- 

r e spond ing  r i v e r  ice  s i m u l a t i o n s  f o r  " inf low-matching" show t h a t  Case 

E-VI causes s l i g h t  Hy greater  i c e  th icknesses  and r i v e r  s tages  u p s t r e a m  

of k i v e r  Mile 1 2 6  a n d  s l i g h t l y  r e d u c e d  i c e  t h i c k n e s s e s  a n d  r i v e r  

s tages downstream of R i v e r  M i l e  126 r e l a t i v e  to Case C P  The extent of 

the i c e  cover p r o g r e s s i o n  and t h e  occurrences o f  s lough o v e r t  u p p i n g s  , 
however, remains near ly  the  same f o r  Case C and Case E-VI ,  

Based sn t h e  "warmest water" p o l i c y ,  F i g u r e  1 2  shows t h a t  Case E-1'1 

r e s u l t s  in warmer w i n t e r  reservoir  releases (often by i ' ~ )  than those  

of Case C. T h i s  i s  r e f l e c t e d  i n  r e d u c e d  r i v e r  i c e  e x t e n t ,  r e d u c e d  

r i v e r  s tages  a n d  fewer slough o v e r t a p p i n g s  f o r  t h e  Case E-VZ r i v e r  i c e  

simulations r e l a t i v e  to Case @ ( T a b l e s  3 ,  4 and 5) b a s e d  o n  t h e  

"warmest w a ~ e r ' " p p s h i c y ~  
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R I V E ? ~  i c e  simuLation r e s u l t s  f o r  t h e  alternative f l o w  r e q u i r e m e n t s  

with b o t h  dams o p e r a t i n g  a r e  p r e s e n t e d  i n  E x h i b i t s  G ,  H a n d  I .  

C o m p a r i s o n s  s f  Case C a n d  C a s e  E--VI: a r e  b a s e d  on  t h e  L i c e n s e  

A p p l i c a t i o n  P r o j e c t ,  t h e  1981-82 weather c o n d i t i o n s  a n d  2002 e n e r g y  

demand a n d  i n d u d e  "'inflow-matching"" and  ""warmest w a t e s ' h p e e s a t i n g  

p o l i c i e s .  Corresponding resu l t s  o f  t h e  Dlsvi l  Canyon reservoir release 

temperature simulations are shown in F i g u r e s  13 and 1 4 .  

Figures  13 and 14  show t h a t  the simulated winter r e l e a s e s  f rsm D e v i l  

Canyon reservoir f o r  Case E - V I  a r e  g e n e r a l l y  q u i t e  similar  o r  on ly  

s l i g h t l y  eohaler tk'ian those  sf Case C ,  This  t r end  is re f l ec ted  in the 

r i v e r  Bee s i m u l a t i o n s  which show genera l ly  s i d l a r  r i v e r  sPages, i c e  

thicknesses and s l o u g h  o v e r t o p p i n g s  f o r  Case 6 a n d  Case E - V L  f l a w  

requi rements .  

3 , %  Alternative B e  
P 

Multi--Level Power I n t a k e  

R ive r  i c e  simulation r e s u l t s  f a r  alternative Watana power  i n t a k e  

des igns  ( see  S e c t i o n  2 .3)  are presented i n  E x h i b i t s  B ,  F and  J t h r o u g h  

O based  on Watana operating a lone  ( L i c e n s e  Application P r o j e c t  ) , 200 1 

e n e r g y  demand, Case C f lows and t h e  "warmest water" operating p o l i c y .  

These r e s u l t s  a r e  summarized f o r  compa r i son  in T a b l e s  6 ,  7 a n d  8,  

F i g u r e s  1 5  a n d  1 6  show s i m u l a t e d  reservoir release teml~eratures f o r  

several  of these alternatives and are consistent with t h e  t r e n d s  i n  

r ive r  i c e  sirnull.aticsn resultse 

T a b l e s  6 ,  7 and 8 show t h a t  the addition of a lower l e v e l  i n t a k e  p o r t  

inay t e n d  t o  reduce  somewflat t h e  e x t e n t  o f  t h e  s i m u l a t e d  r i v e r  i c e  

cover  and c o r r e s p o n d i n g  r i v e r  s t a g e s  near the rapstream e x t e n t  of clze 

c o v e r .  Based  on t h e  1971-72 weather c o n d i t i o n ,  t h e  I.argest r e d u c t i o n  

in i c e  e x t e n t ,  r e l a t i v e  t o  t h e  p r e s e n t  i n t a k e  design, i s  s i m u l a t e d  f o r  



the a d d i t i o n  of an i n t a k e  po re  ah: el.evati.on 1636 f t ,  For  this i l l . te~-- 

n a t i v e ,  t h e  i c e  c o v e r  e x t e n t  i s  r e d u c e d  by  9 miles  a n d  s i r n u l a c e d  

o v e r t o p p i n g  a+, slsvtghs 9A,  11, 20 and 26 is p r e v e n t e d ,  r e l a t i v e  to the  

p r e s e n t  i n t a k e  designB I : J /A$- 

P r o v i s i o n  of a lower l e v e l  i n t ake  p o r t ,  however, does n o t  necessarily 

reseakt in significantly reduced  r iver  i c e  deve lopmen t  Based o n  t h e  

1 9 7 1 - 7 2  weather  c o n d i t i o n s ,  f o r  example, a n  additional i n t a k e  a t  

elevation 1880 f t .  p r o v i d e s  no r e d u c t i o n  i n  r ive r  i c e  e x t e n t  o r  s lough  

o v e r t o p p i n g s  r e l a t i v e  Eo t h e  p r e s e n t  i n t a k e  d e s i g n ,  A b o w e r  l e v e l  

i n t a k e  a t  e l e v a t i o n  1800 f t ,  shhaws o n l y  a v e r y  s l i g h t  r e d u c t i o n  

r i v e r  i c e  e x t e n t  and prevents at most o n l y  one  additional s l o u g h  

(Slough 21-Ab) from over topp ing  re la t ive  t o  t h e  p r e s e n t  d e s i g n .  

It t h e r e f o r e  appear s  t h a t  t h e  a d d i t i o n  of  lower l e v e l  p o r t s  t o  t h e  

Katana power i n t a k e  may slat be a d e p e n d a b l e  me thod  f o r  r e d u c i n g  t h e  

e x t e n t  o f  r i v e r  i c e  development. A l s a ,  f u r t h e r  c o n s i d e r a t i o n  of t h e  

alcernarive IWW i n t a k e s ,  p a r t i c u l a r l y  a t  e l e v a c i o n  1636, wi Zl r e q u i r e  

evaluation of o t h e r  environmental e f f e c t s  ( e . g e ,  high turbidity, low 

d i s s o l v e d  oxygen) assoc ia ted  with re$eases from such great  d e p t h s .  

3 , 4 , 2  Watsna and Devil 

R i v e r  i c e  simulation results f o r  a l t e r n a t i v e  Watana i n t a k e  d e s i g n s  are 

p r e s e n t e d  in Exhibits G ,  P ,  Q and R based on Watana and  D e v i l  Canyon 

ope ra t i ng  (License Application P r o j e c t  f , 2002 e n e r g y  demand ,  198  1-82 

w e a t h e r  c o n d i t i o n s ,  Case C f l o w s  a n d  ~ h e  "warmest w a t e r ' y i n t a k e  

operating p o l i c y ,  T h e s e  r e s u l t s  a r e  summarized f o r  c o m p a r i s o n  in 

T a b l e s  6 ,  7 and 8, Note t h a t  comparisons are based  on bo th  '"present" 

and "h igh"  alternative d e s i g n s  f o r  t h e  D e v i l  Canyon  cone v a l v e s  ( s e e  

S e c t i o n  2 , 4 ) *  F i g u r e s  1 7  a n d  18 show t h e  c o r r e s p o n d i n g  r e se rvo i r  

release temperature simulation resultso 

Tables  6 ,  7 and  8 show t ha t  an  additional Watana i n t a k e  p o r t  a t  e'cva- 

t i o n  1800 rest~gtts in a very  s l i g h t  reduction i n  r i v e r  ict? d e v e l r : ~ p m e n t  



r e l a t i v e  t o  t h e  existing Watana i n t a k e  d e s i g n s .  F o r  t h e  most p a r t ,  

r i v e r  stages and s lough  over topp ings  w i t h  t h e  l o w e r  ov leva ti on 1 8 0 0 )  

I n t a k e  are t h e  same as t h o s e  with the p r e s e n t  d e s i g n *  T h i s  trend 

occurs  based on both  t h e  " p r e s e n t  des ign"  and t h e  " h i g h  l e v e l "  D e v i l  

Canyon cone valvesl It therefore  aga in  appears t h a t  lower l e v e l  power 

i n t a k e s  f o r  Watzna may not be  e f f e c t i v e  i n  r e d u c i n g  r i v e r  i c e  
* .XI 
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In take  

R i v e r  i c e  simulation r e su l t s  f o r  t he  "presen t"  and "high level"  dez'.,ns 

f o r  t h e  Devi l  Canyon cone valve i n t a k e  (see S e c t i o n  2 . 4 )  a r e  p r e s e n t e d  

in E x h i b i t s  G ,  P ,  Q a n d  R e  T h e s e  a l t e r n a t i v e s  a r e  based on 19819-82 

weather conditions, t he  License Application P r o j e c t ,  2002 e n e r a  d tmand ,  

Case C f l o w s  a n d  "warmest water" o p e r a t i n g  p o l i c y .  The results a r e  

summarized f o r  compar iso~l  in T a b l e s  6 ,  7 and  8. Corresponding r e s u l t s  

of  t h e  reservoir  release teaperature simulations are shown in F i g u r e s  1 9  

and  2131, 

A s  shown in F i g u r e s  6 ,  7 a n d  8, there is no significant d i f f e r e n c e  in 

r iver  i ce  r e su l t s  between t he  alternative D e v i l  Canyon cone va lve  i n t a k e  

designs .  This i s  t r u e  based an both t h e  " p r e s e n t  des ign"  and t h e  a l t e r -  

na t i ve  "El. 1800" des ign  f a r  the Watana power  i n t a k e s *  The s i m i l a r i t y  

of  w i n t e r  r e s e r v o i r  r e l e a s e  temperatures f o r  t h e  alternative D e v i l  

Canyon cane va lves i s  a p p a r e n t  from Figures  19 and 20, 

R i v e r  i c e  s imuEat ion  r e s u l t s  f o r  Staged Construction of t h e  Susitna 

H y d r o e l e c t r i c  P r o j e c t  ( s e e  S e c t i o n  2.5) are p r e s e n t e d  i n  E x h i b i t s  S ,  T, 

li' and V, These r e ~ j u l t s  i n e l u d e  Stage  T a n d  S t a g e  I1 a n d  a r e  baseL' o n  

t h e  1981-82 weather conditkons, Case E - V I  f l o w  requireineats and t h e  
s *  . ~ n % P s w - m a t c h l n g ' b o p e r a t i n g  p o l i c y  a 'r,'Iae S t a g e d  P r o j e c t :  r i v e r  i c e  

r e s u l t s  a r e  sumnna r i zed  i n  T a b l e s  9 ,  1\3 and  i l  f o r  comparison with t h e  

L i c e n s e  Application Pro jec t . .  R e s u l t s  o f  t h e  c o r r  rrestrzrvczir 



temperature s i m u l a t i o n s  a r e  shown in F i g u r e s  2 1 ,  2 2 ,  2 3 ,  and 2 4 *  

S i m u l a t e d  flaw ra tes  released from t h e  reservoirs  f o r  t h e  Staged P r o j e c t  

and  L i c e n s e  Application P r o j e c t  are show1 i n  F i g u r e s  2 5  and 26. 

As shown in T a b l e s  9 ,  10 and 1 1 ,  e x p c t e d  r i v e r  Fce tMicknesses and f ce 

c o v e r  p p o g r e s s i m  with Stage I and Stage ZI are g e n e r a l l y  greater  t h a n  

t h o s e  with t h e  L i c e n s e  Application P r o j e c t .  S t a g e  I ( l o w  W a t a n a )  

r e s u l t s  show a p p r o x i m a t e l y  3 a d d i t i o n a l  miles s f  ice f r a n t  p r o g r e s s i o n ,  

h i g h e r  r i v e r  stages between 130 and W 137, and a n  a d d f t i o n a l  o v e r -  

t o p p i n g  at Slough I I ,  r e l a t i v e  t o  h i g h  Watana (License  ~pplication). 

Stage II (low Watana + Devi l  Canyon) results show 7 additional miles of 

ice f r o n t  progression, greater maximum r ive r  stages downstream of RM 132 

and a d d i e l a n a l  ave r topp ing  events  a t  S l o u g h s  8 A  a n d  9 relative $0 t h e  

f i n a l  phase of t h e  License Application Projec t .  Fo r  Stage TI, r iver  i c e  

r e s u l t s  show no significant d i f f  erencr b e t w e e n  t h e  a l t e r n a t i v e  9 f o o t  

m d  50 f o a t  drawdown p o l i c i e s  a t  Devil. Canyon* Also,  there i s  no ap-  

p a r e n t  effete on r i v e r  i c e  d u e  es t h e  3 - l e v e l  D e v i l  Canyon  i n t a k e  

re la t ive  t o  t he  2-level intake. 

The general trends of these r iver  fee r e s u l t s  are  c o n s i s t e n t  w i t h  t h e  

c o r r e s p o n d i n g  r e se rvo i r  temperature simulations ( E  i g u r e s  2 1, 2 2 ,  23  and  

2 4 1 ,  These  results show g e n e r a l l y  c o l d e r  w i n t e r  r e l ea ses  with t h e  

Sraged  P r o j e c t  ( S t a g e s  1 a n d  11) r e l a t i v e  t o  t h e  License A p p l i c a t i o n  

P r o j e c t .  F o r  S t a g e  ZI, simuPated w i n t e r  r e l e a s e  t e m p e r a t u r e s  a r e  

s imi l a r  arslang the ailterraative D e v i l  Canyon drawstom p o l i c i e s  and  intake 

d e s f  gns 

Based on t h e  above s i m u l a t i o n s ,  it i s  expec ted  t h a t  t h e  f i r s t  two s t ages  

s f  t h e  S taged  Pro jec t  would t e n d  t o  result: i n  somewhat grea te r  r ive r  i c e  

d e v e  Lspmen t  and greater slough o v e r t o p p i n g  events r e l a t i v e  t o  t h e  

L i c e n s e  A p p l i c a t i o n  P r o j e c t .  Although s i m u l a t i o n s  were n o t  p e r f o r m e d  

f o r  S t a g e  I h L ,  it i s  e q u i v a l e n t  to t h e  final phase of t h e  L ~ c e n s e  

Application P r o j e c t  a n d  is expected t o  be  simj.lar i n  terms of r ive r  i c e .  



4,O CONCLUSIONS 

The f o l l o w i n g  ccanclusi ons  are based on t h e  s u p p l e m e n t a r y  r i v e r  i c e  s i m u l a -  

t i s n s  presented i n  t h i s  s t u d y ,  

1 .  Alteacraati  
P 

na  a n d  D e v i l  
P 

L e v e l  

With Watana o p e r a t i n g  a lone ,  %he '"warmest water" and '"owest p o s t "  a l t e r -  

n a t i v e  operating p o l i c i e s  may r educe  r i v e r  i c e  d e v e l o p m e n t  somewhat 

r e l a t i ve  to that of t h e  " i n f l o w - m a t c h i n g "  p o l i c y .  B a s e d  on  1981-82 

weather conditions and Case E-VI f lows,  f o r  example, t h e  "warmest water" 

p o l i c y  r ? d u c e d  t h e  e x p e c t e d  i c e  c o v e r  progression by l i  m i l e s  a n d  

p r e v e n t e d  o v e r t o p p i n g  o f  s l o u g h s  8A ,  9 and 9A r e l a t i v e  t o  t h e  " i i i f l o w -  

m t c k i n g "  pooliey. This  t r e n d ,  however, does not: h o l d  f o r  a l l ,  r a s e s  a n d  

s h o u l d  n o t  be c o u n t e d  on as a g e n e r a l  r u l e .  River i c e  development  i s  

v e r y  serrsitiw t o  w i n t e r  reserlroir release tempera$ltases w h i c h )  i n  t ~ i - s n ,  

a r e  i n f l u e n c e d  by the p r e c e e d i n g  s u -  r r e l e a s e  temperatures and t h e  

t i m i n g  of t h e  reservoi r  i c e  cover Eormaraan, among o t h e r  f a c t o r s  The 

combination o f  t h e s e  f a c t o r s  i s  complex and  may not; f o l l o w  a. r egu l a r  

p a t t e r n  in terms s f  winter release temperatures. 

O f  t h e  a l t e r n a t i v e  o p e r a t i n g  p o l i c i e s  c o n s i d e r e d ,  it a p p e a r s  t h a t  %he . 

"lowest p o r t "  p o l i c y  may be most e f f e c t i v e  i n  r e d u c i n g  r i v e r  i c e  

d e v e l o p m e n t  T h i s  p o l i c y ,  however, a l s o  resul ts  in t h e  eoLdest summer 
d* 

r d e a s e s  wklicb must be eva lua ted  i n  terms o f  e f f e c t  on t h e  summer  i n -  
I_____... - -  - 

I 
s t  ream envi ronment .  

W i t h  Watana a n d  D e v i l  Canyon operating, t h e  a l t e r n a t i v e  o p e r a t i n g  

p o l i c i e s  appear t o  have  ve ry  l i t t l e  e f f e c t  on r i v e r  ice  deve lopment .  

2.  --- Alternative Ins t ream - Flow .-- Requi rements  - -. License Application Pro  

With Vatana  operating a l o n e ,  based  on the 1981-82 weather conditions, t h e  

expected r i v e r  i c e  deve lopment  with t h e  Case E - " V I  f l o w  r e q u i r e m e n t s  is 



e q u i v a l e n t  t o  or ess t h a n  t h a t  with t h e  Case @ flawso W i t h  Watana and 

D e v i l  Canyon operating and t he  1981-82 weather c o n d i t i o n s ,  t h e  Case E- ' J I  

f l o w s  r e s u l t  i n  s l i g h t l y  g r e a t e r  expected  i ce  f r o n t  p r o g r e s s i o n  and i c e  

t h i c k n e s s e s ,  bu t  no significant d i f f e r ence  i n  s l o u g h  o v e r t o p p i n g s  r e l a -  

t d v e  t o  Case C .  f t t h e r e f o r e  appears t h a t  t h e  Case E-VI instrean flow 

r equ i remen t s  a re  g e n e r a l l y  s i m i l a r  t o  Case C w i t h  regared t o  r i v e r  i c e .  
P' 

3 ,  Alternative Multi-level Power I n t a k e  - License 

Relative to the p r e s e n t  d e s i g n  of t he  Watawa power i n t a k e ,  the  a d d i t i o n  

o f  lower l e v e l  i n t a k e  ports with Watana ope ra t i ng  a l o n e  t e n d s  t o  r educe  

% h e  e x p e c t e d  i ce .  f r o n t  progress  i o n  a n d  t h e  c:urresponding r ive r  stages 

near t h e  upstream e x t e n t  o f  t h e  cove r .  B a s e d  on t h e  1 9 7 1 - 7 2  w e a t h e r  

conditions, t h e  mast s i g n i f i c a n t  r e d u c t i o n  in r i v e r  i c e  occurs  f a r  the 

lowest  of  t h e  a l t e r n a t i v e  i n t a k e  p o r t s  ( e l e v .  1636  f t . ) .  W i t h  t h i s  

a l t e r n a t i v e ,  t h e  expected i ce  cover progression i s  r e d u c e d  by 9 miles and  

over topp ing  of s loughs  9 A ,  11, 20 a n d  2 1  is p r e v e n t e d  r e l a t i v e  t o  t h e  

p r e s e n t  power i n t a k e  d e s i g n .  Based on t h e  1971-72 weather c o n d i t i o n s ,  

t he  a l t e r n a t i v e  lower i n t a k e  p o r t s  a t  e l e v .  1880 a n d  1800 a r e  much less 

e f f e c t i v e  ~ h a n  t h e  e P e v ,  1636 alternative and m a y  not s i g n i f i c a n t l y  

reduce s lough  over toppings  re la t ive  t o  the existing des ign .  With Wat ana  

a n d  D e v i l  Canyon operating, based on t h e  1981-82 weather conditions, t h e  

a l t e r n a t i v e  lower l e v e l  p o r t  at e l e v .  1800 also i s  q u i t e  i n e f f e c t i v e  i n  

r educ ing  r i v e r  i c e  development r e l a t i v e  t o  t h e  p r e s e n t  design. 

It therefore appears t h a t ,  except f o r  the very  low i n t a k e  at e l e v .  1 6 3 6 ,  

t h e  alternative lower i n t a k e  d e s i g n s  will. n o t  be a dependab le  method f o r  

r e d u c i n g  r i v e r  i ce  deve lopment .  A l so ,  f u r t h e r  cons idera t  i o n  of t h e  e l e v .  

1636  i n t a k e  a l t e r n a t i v e  w i l l  r e q u i r e  e v a l u a t i o n  o f  p o t e n t i a l  n e g a t i v e  

environmental e f f e c t s  ( e .g .  h i g h  t u r b i d i t y ,  l o w  d L s s o l v e d  o x y g e n )  as- 

socia ted  w i t h  refeases f rom s u c t ~  grea t  d e p t h s .  



4, Alternative ----- on Cone Valve Intake - License  

Based on Watana and D e v i l  Canyon operating with t h e  2002  e n e r g y  demand  

a n d  t h e  1981-82 weather  c o n d i t i o n s ,  t h e  a l t e r n a t i v e  h i g h  cone v a l v e  

in take  at eleve l 4 2 5  has  no significant e f f ec t  on r i v e r  i c e  r e l a t i v e  t o  

t h e  p r e s e n t  cone va lve  des ign at elev. 990. 

Relative t o  t h e  ' 'License A p p l i c a t i o n  P roJzc tW' ,  Stages I and I1 of t he  

"Staged Projeet"  are expected t o  r e s u l t  i n  somewhat g r e a t e r  i c e  f r o n t  

p r o g r e s s i o n ,  g r e a t e r  r i v e r  stages and  i nc r ea sed  s l o u g h  o v e r t o p p i n g  

events .  Based on t h e  1981-82 w i n t e r  ( ave rage  a i r  t e m p e r a t u r e s ) ,  t h e  

additional expec ted  i c e  f r o n t  progression i s  approximate ly  3 miles f o r  

Stage I and 7 miles f o r  Stage XI. A d d i t i o n a l  o v e r t o p p i n g s  events  f o r  t h e  

1981-82 w i n t e r  i n c l u d e  S lough  11 f o r  S t a g e  I and Sloughs  8A and 9 f o r  

Stage 11, r e l a t i ve  t o  the L i c e n s e  Application P r o j e c t .  S t a g e  I I I  i s  

expec ted  t o  result in r i v e r  i ce  conditions similar t o  those  of t h e  com- 

p l e t e d  License A p p l i c a t i o n  P r o j e c t .  

With t h e  "Staged Pro j ec t " ,  addition of Devi l  Canyon Dam (Stage I I )  t e n d s  

to reduce t h e  expected i c e  cover extent, river stages and s l c u g h  o v e r t o -  

p p i n g ~  r e l a t i ve  t o  Watana a l o n e  (Stage I). T h i s  t r e n d  i s  s imi la r  t o  t h a t  

of the "License A p p l i c a t i o n  Pro jec t .  " 
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SUSBBNA HVDROEkEGTRIC PRQJECT 
MAXIMUM SIMULATED WINTER RIVER S T A G E S  

Ah"TI"EWIhC&\TlVE BOWER INTAKE OPERATING PBLiCIES AND !%STREAM FkObV REQUIREMENTS 

W A T A M h  ONLY 3001 ENERGY DEMP.ML3 
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SUSITNA MYDRQELECTRBC PROJECT 
MAXIMUM SIMULATED TOTAL OCE Ti4BCKNESSES 

ALTERNb@T@VE BOWER INTAKE OPERAT LgNG POL068ES 14NO $NS4rBEAM FLOW REQUIREMENTS 

1 - 
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SUSITNA WVDRBELEGTWOC PROJECT 
MAXIMUM $SIMULATED SOLfD lCE THlcKwESSES 

ALTERNATIVE POWER f N B A K E  CPERATBNG BOhlCflES AND I N S T R E A M  FLOW REQUlREMENTS 
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SUSDTNA M.lgVDRQEkECTR86 PROJECT 
MAXlMUM SIMULATED VdlHTEW RIVER STAGES 

ALTERHATiVE D E S l G N S  FOR WATANA POWER I N T A K E  AND DEVlB CANYON CONE V A L V E  ONTAKE 
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SUSBTNA HVDROELECTWIC PROJECT 
fdAXitMUM SIMULATED TOTAL ICE THjCKNESSES 
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SUSlTNA HYDROELECTRIC PROJECT 
MAXIMUM SlMUIkATED S Q l l D  ICE BHlCKNESSES 

ALTERNATIVE DES1GNS FOR WAPANA POWER lNTAKE AND DEVik C A M Y O N  C O N E  V A L V E  IHTAKE 
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SUSITNA HYBWOELEC%W%G PROJECT 
MAXIMUM SIMULATED WINTER ROVER S T A G E S  

S T A G E D  CONST RUGTION vs  LICENSE APPklCATlON PROJECT 
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SUSlBNA HYDROELECTRIC PROJECT 
MAXIMUM SIMULATED TOTAL ICE BHPCKMESSES 

STAGED CONSTRUCTION v v  LQIICENSE APPBlCATBON ABPbDGATiON PROJECT 
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R E L E A S E  CONSTRAINTS 
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FIGURE 5 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































