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Rive r  i c e  simulation results are presented herein as a supplement to t%ose 

ineluded in the "Instream Ice Simulation S c ~ d y "  (Harza-Ebasco 1984b)  ' The 

suppleaentary simulations are ineended ro evaluate the sensitivity of Susitna 

Mver i c e  prlacesses to the following paramters: 

a) Case C vs. Caae E-VI instream flow requirements 

b) U t e r n a t i v e  operating po l i c ies  for rrmlti-leirel power int&es 

AZternstfve low levels f o r  Watana power in take  

d )  Alternative levels for Dev%l Canyon cone valves 

e )  "Staged Project" vs. "Eieense Applicaton Project." 

Results of  ihe  r i v e r  ice simulations szpps r t  the fol lowing conclusioaa: 

1. ZxpecteZ r i v e r  i c e  conditions with the Case E-VP f l av  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 wi" haas CC. 

2 .  O f  t h e  alternaelve i n t a k e  operattag pol ic ies  consldereu, use  of the 

" h o w &  ppo~.s: y@ar--round" may be the most e f f e c t i v e  in r e d u c i n g  r i v e r  

i c e  development. I.!oraever, Chis  p o l i c y  also results i n  the co ldes t  

surnaer ~ e B e a ~ e ~ ~  

3 ,  b f  t h e  a l rer i laelve Watana power in ta l tes  c o n s i d e r e d ,  ar. added low 

ineake a t  e % e v a % i ~ n  1636 f t ,  i s  e x p e c t e d  to be sost e f f e c t h e  i n  

s e d u c i n g  ?:Aver i c e  d e v e h p a l e i a t  Low i-.takes at elevaej-on 1880 or 

lDOO may not be ef fec t ive  in reducing the r i l ~ e r  i ce  ilt?vel.opnrent, 



4, An alternative h igh  cone vp'-~e (elevation 1425)  at E!evll Canyon has 

no significant effeet on exprc ied river i ce  c o n d i t i m s  r e l a t i v e  to 

the elevation 990 cane valve. 

5. Stage "I and Stage II o f  the "Staged Pro jec t "  are expected to resul?. 

in greateP ice f r o n t  extent a r d  greeter potential Lox: slough overto- 

p p i n g ~  relative to the License AppPFeation P r o j e c t .  Stage 1 x 1  is 

expected to be similar to the completed License Application Project 

w i t h  regard to r i v e r  icec 



T h i s  repart preaents t h e  results of r i v e r  i ce  simulations f o r  the z i d d l e  

reach o f  t h e  Susltna Riv&r  ( t e e . ,  downstream o f  the propoised Susitna 

gyi'foeiectric Project and upstream ef the Chulitna River  coaf lusnce  - see 

F i g u r e  1 ). These river ice  simulations are provided as a sr?ppli?mene t o  ;he 

prev ious ly  p ~ t b l i s t ~ e d  "Instream Ice Simulation Study" (Harza-Ebasco 1S84b) ar?d 

are intended to evaluate: the. s e n s i g i v i t y  o f  Suritna Rtver ice processes to 

several psramecers beyond the acope of the o r i g i n a l  pepore. In p a r t i c u l a r ,  

t h e  present  report considers the effects  on r i ve r  ice of alternative 'nstream 

f l o w  requirements, alternarive d e s i g n s  for the p r o p o s e d  mulci-level power 

intake at Watana Dam, aLternat ive  operating pol ic ies  f o r  the power intakes ar 

Watanra and Devil Canyon 2i;ms and alternative intake elevations f o ~ r  t h e  D e v i l  

Caayon cane v a l v e  o u t l e t  wcrks. me scope of these supplementa:cy r i ve r  i c e  

sfedPatf9sas As suamarized in T a b l e  I and d e e a i l s  sf these alternatives are 

di ,seussed in, Chapter 2 ,  Irz addftfon, c h i c  r epor t  considers  ttle river i c e  

effects  of "seaged construct ion" of the  Susitna Nydroelect~lc P r o  j e e t  as an 

a l t e r ~ l a t f v e  to the "License  App l i ca t i on  P r o j e c t , "  The 'Staged Projec~," as 

d e t a i l e d  i n  Sec t ion  2.5, inc ludes  i n i t i a l  conseruct ion o f  a iotger Watana Dan, 

foilowed by construction of  che f u l l  Devi l  Canyen Dan and fir-ally the r a i s i n g  

o f  Warena to i t s  f u l l  he igh t .  

The me%l-sasdol.rrgy f a r  t h e  szapp lemen t~~ry  r iver  bs:e s i ~ u l i l ~ i m s  he re in  i s  identi- 

c a l  to gha t  gmpioyed for t h e  i ~ s t r e s m  Ice S i i n u l o ~ i o n  Sgucly (ilia:za-. Elsasco 

1 9 8 4 b ) ,  The  c a l f b r a r e d  r i v e r  i ce  mdel Z C E G a  (Harza-Ebasca 1984a) i s  vsed 

to ~g:~::rlkc;itc siu~ti .Lai . i~nd* Each ICECAL s i i e t l l a t i u n  i s  based oi l  the resul~s 

o f  a ~ a s s e s ~ > ~ * r t d ~  ?=e-a.?rvnf+r TemyaernCure s i m ~ a  l ag  i o n  J ch, 1).;XES>f model, 

(Alaska Powr~: hthcri.", 1984) and 3 strean,  t e m p e r a t u r e  ~ i m u l a t i o n  v i a  ~ l a e  

SNTEElP mode l  ( A r c c i c  E n j ~ i  rcnmcini-ai I l ~ f ~ ~ r w a t i o r r  a n d  Data C e n t e r  i ' f 8 i ,  h:[nska 

Fi~ rgc r  itu;hoc:ry 1 9 8 4 ) , .  R 1 3 d : ~ ~ l s t : ;  t-\[ { b k - j ~ %  ICEC2iIbba t t t t . # t i t : ~  are? pce~;en!:ed i s  tei: :ns of  

rerit:ssentatl-arcr i ce  th i . r : lrnt~sst~s arrd wz:i::er G I J ' ~ " " $ . ~ ~ T " . c  e l e v a t i ~ r j ~  a fui.~c.tir_a?: of 

4. , * i rr:2 mi.l Xsscatd sia ;tP;sng ghe r i ~ r ~ $ c .  R;>:;is;'i tt: ~: i~ ie t  i n t a t  to be f ot.!~;rei*! c;r  i111.t 

tadvex n.11 Ie . l a c ? c S o n s  OF t hos t?  alsug;h areid sj:,e ~2\1311ti<<~< Bye,.lft.t-ct%- !:<, 13:": iaiO::r 

f 1flp3{3$:!,;bll", iii t"'f-*rl8!3 i3 ' f  533 f . l%si:~~k ~ ~ r : ( / a i i " i ,  3 t>i?. 



a more complete dascriptioll  of  the background, methodology, capabilities 

and limitations o f  the river i c e  modeling process,  it i s  recomlnended that  the 

reader r e v i e w  t he  p r e v i o u s l y  publ ished reports (Harza-Ebasco 1984a, Ha~za- 

Ebasco 1984b) before pcoceeding with the presen t  report. 



2,0 SGOm QP UmR ICE % %OMS 

Water temperatures within the proposed Qatana and Devil Canyon reser- 

voirs will vary with t i m e  and with depth .  The multi-level power in take  

stmctum:es proposed f o r  t h e  WaCana and D e v i l  Canyon ~eservcdlirs are 

theref ore intended to provide some degree of control over the reservoir 

release temperatures discharged t o  t he  r i v e r  t h r o u g h  t h e  powerhouse* 

A% t e r n a e t v e  p o l f  cf ea considered herein Scar aperating the mltl-level 

power intakes inc lude  "inflow-matching" , "warmest water" and "lowest 

p o r t " .  The "inf low-mat thing" p o l i c y ,  which was assualed f o r  t h e  

"Insrream Ice Simulation Seu5y" (Harza-Ebasco 1984b), represeknts a year- 

round attempt ta match the reservoir release t empera tu res  with the 

natural temperature o f  t h e  f L o w  entering :he r e s e r v o i r .  In e f f e c t ,  

"inf low-matching" resulcs in winter release of Che coldest water ava i l -  

able to the power i n t a k e s .  The "warmest water" p o l i c y  represents  a 

yea r - round  po%f cy of releasing the varlaaest water available to the power 

i n t a k e s .  For borh "inf 10%-matching" and "garmest wate r "  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  selec-ed for operiltlon w i l l  vary with  the chang- 

i n g  r e s e r v o i r  Levels  an& t e m p e r a t u r e  p r o f i l e s .  The "Lowest p o r t  " 

operating p a l i c y  means t h a t  t h e  l o w e s t  p o r t  o f  the mlt i - l eve l  power 

i n t a k e  w i l l  be operated year-sound regardless of  water temperatures* 

floaparisions of r i v e r  ice aimulatiarus foe: these th ree  alternative o p e r a -  

f n g  pu82c ie s  a9e bas& on Watana and Wacana .+ l ) ev i% Canyon. o p e r a t i ~ g ,  

Caaii G and Case E-VI alacernative f lov  requirements ( s e e  Section 2 2 3  23d 

t h e  weather condltiorc of 1961-82 and i?ii-72 (21:arsge and ccl; winters, 

r e s p a c t i v e l y ,  i n  terins : nvsan a i r  tempt;rature), 



R i v e r  i c e  sd~11~-Patfons baaed on the " b s e  @ "  and ""6ase E-'VI" alternative 

instream flow requirements are colnpared in this r e p o r t .  The "Case C "  

instream f l o w  requirement ( F i g u r e  2 )  i s  proposed  ;in the ~ u s i t n a  

Hydroelectric Psa j e c t  License Application (Alaska Power Author i ty ,  1983) 

and Ps assumed f o r  t h e  "Instream Ice Simulation Study" (Warza-Ebasco 

1984b). The "Case E-VIM f l o w  r e q u i r e m e n t  ( F i g u r e  i!) r eprese l l t s  

a recommended refinement of "Case C" as d e s c r i b e d  in t h e  r e p o r t  

"Eva:iua',ion of Alternative Flow P e q u i r e m e n t s "  (Harza-17basca 1 9 8 4 ~ ) .  

Comparisg3ns of r i v e r  f ce simula~iorae f o r  "Gas 1 C" and "Case E-VI" are 

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

( S e c t i o 2  2.11, Watana and Watana + Devil Canyon project stages, and the 

198i-82 weather conditions (an average w i n t e r  in terms of mean air 

temperatures). Figure 3 shows a comparison o f  t h e  s i m t ~ l a t e d  Case C and 

Case E--.VB flow rates released from Watrana reservoir fsa: Watana ope ra t ing  

a l o n e  with 2001 energy  demand and t h e  1981-82 weather c o n d i t i o n s .  

F igure  4 shows corresponding flows released from Devi l  Canyon reser \ .oir  

with the 2002 energy demand. 

2 ,3  Abte4rnative Des8gns f o r  IeIatana MuP$i-Level Power In take  

River  i c e  s i w l a t  ions a re  p r o v i d e d  f o r  several a%%erreat$ve desllgnrr of 

the Watana w 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  in T a b l e  2 .  

The " p r e s e n t  design" shown i n  F i g ~ r e  5 corresponds t o  t h a t  proposed i n  

t h e  Susitna Hydrae lec t  r i  c P r o j e c t  L i c e n s e  A p p l i c a t i o n  ( A l a s k a  Power  

Authority, ? 9 8 3 )  and  i n c l u d e s  i n e a k e  p o r t s  at elevations 2151, 2 1  14, 

2077 and 2040 fr. MSL w i t h  an  a p p r o a c h  c h a n n e l  a t  e l e v a t i o n  2025 f t .  

MSL* T l ~ i s  " p r e s ~ n t  design" was assumed f o r  the "lilstream Ice Simulation 

Study"  (Rarzhq-Ebasco,  1 9 6 4 b ) ,  'The a l f  ernative Cdrttana power i n t a l i e  

d e s i g n s  consisle r e d  h e r e i n  a re  ~; is1i l*3r  t o  the "present. desigi l"  b u t  i ~ i t h  

one additional low 1-eve1 p o r t  at e l e v a r i o n  IM80, 1800 or 1636 F t ,  kISL 

( T o  b L  2). These alternative poraer i n t  alie d e s i g n s  arc consiclereci 41.1 

t o  Q ~ ~ e ~ : n f n g l  i f  a n  a d d l s l o n a k  P o w  l e v - . l  p o r t  caa-k, e t ? ~ c : t i . u e l y  

p.;.s.ul.de warrnbzl- wln1:c.n. resee.vo:ls .~l.e%eas@s ,?r16j s i~b:~t?c!t . i~ li,l.ky i.i+dt\Cr~ii I * $ * V : P ~ : '  



i c e  cover development downstream relative to that with t h e  "presen t  

des ign" .  Coqar isons  of rj.ver ice s i m l a t i o n s  for the alternative power 

i n t a k e  designs are based  on the "warmest water" o p e r a t j . n g  p o l i c y  

( S e e t i o n  2.1), "Case C" flow requirements  ( ~ e c t i c n  2.21,  Watana and 

Watana + Devil Canyon operating and t h e  1371-72 and 1981-b82 weather 

csnd%tianso 

R i v e r  i ce  simulations are inc luded  for two alternative designs f o r  the 

incake t o  t h e  Devil  Canyon cone valves. The "present  design."  p r o v i d e s  

t h e  @once va lve .  i n t a k e  at elevation 998  f e e  MSL and %$pyas used f o r  t h e  

"Instream Ice Simulation Study" (Harza-Ebasco, 1984b).  An a l t e r n a t : v e  

" h i g h  l e v e l "  cone v a l v e  i n t a k e  at elevation 1425  ft. MSL was la ter  

considered for the p u q o s e  cf f mprovireg summer re lease  terrkpertgtiases e 

River  ice results f o r  the "present  design" and "high level" cone valves 

are cowared herein on the  bas i s  of the "warmest water" power  i n t a k e  

operating p o l i c y  ( S ~ . c t i o n  2.1 ), 'Xase  C" flow requirements  (Sec t i on  

2 .21 ,  che "presen t"  arid Elev.  1800 Watana power intake designs ( S e c t i o n  

2 . 3 )  and the  average 1981-82 winter weather conditions. 

The Susltna H y d r o e l e c t r i c  P r o j e c t  a s  p r e s e n t e d  in 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  be constructed in t w o  

pi~ases .  Watafia D a m  would be completed t o  i t s  f u l l  h e i g h t  (normal maxi- 

mum pool e l e v a t i o n  2185 fee t  MSL) f o r  ope ra t i on  in 1996 and D e v i l  Canyon 

Dam wgauld be c~mp:.$-~,t:ed f o r  ope ra t i on  i n  2002, The r i v e r  ice  siaulations 

d i s c u s s s z d  p r e v i o u s l y  i n  6a-81.s r e p o r t  a r e  ba2rtld oln t lris ""%.censr 

A p p l i c a b t o n  P r o j e c t .  " In addition, c h i s  reylolrt includes r i v e r  i c e  

s i m t a l a t i a n s  whicl.1 c o n s i d e r  t.he e f f e c t s  o f  an ;-.;It e ~ r t , a t $  v e  ""st: ~ g i ~ c l  
$6 * c o n s  t r n c t i ~ r r "  o f  t h e  S u ~ i t i ~ n  M y d r ~ e l e c r c i c  P r o j e c t ,  !zi i .~11 t i l t s  S ~ a g e d  

P ro j ec t " ,  a l-ower bJalnilz8 D a m  (rroi:iwI ina,c.imum p o o l  t ? l c v i i t i o n  200(! f Q C C  

NSL) crould  Ln i i l i  a l l y  5t2 coilsl:~:trctcd Itor operation ili LY90 (!;irib~ l! 

fcjjlc,ei~c~.d by cf~rnj~:Letl,on of t 1 - 1 ~  fu:i L D c v i  l (: ;~njrc", t~ klnm r n j *  t ~ 1 7 ~ i  ;ti, ~ C ~ I P  I &  



2002 (Stage 11) and finally t h e  raising of Watana to i t s  f u l l  heighr 

(norm1 maximum pool e l e v a t i o n  2185 feet MSL) f o r  operation in 2008 

(Stage 1x1). The "Staged Projec t" ,  when c o ~ p l e t e d ,  wou1.d therefore br 

equivalent to the "License Appl ica t ion  Project"  but would be completed 

at a later date. 
I 

Uver i c e  simulasto~s f o r  Stage I and Stage T I  . t h e  "Staged P r o j e c t "  

are included in t h i s  report  f o r  comparison with the  "Liceinse Aplication 

Projec t .  " Comparisons are b a s t d  on t h e  1981-82 weather conditions 

(average in terms o f  mean win te r  a i r  temperatures 1, the inflow-matching 

power i n t a k e  operating 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  

requirements . In accordance with t he  License Appl ica t ia~n ,  simulations 

of Devi l  Canyon included a maximum drawdown o f  50 feet and a 2- leve l  

power i n t a k e  ( p o r t  elevations 1425 and 1375 feet  I.iSL). In an e f f o r t  to 

imprave summer release remperatures from Devil Canyon d u r i n g  St age I I, 

an a l t e rna t i ve  9 foo t  maxlwm drawdam and an alternative 3-level power 

i n t a k e  ( p o r t  elevations 1 4 2 5 ,  1400 and 1 3 7 5  f e e t  MSL) were a l s o  

consf .dered ,  Uver ice sina%wlatfr;orrs f o r  khese alternatives are theref ore 

also included in t h i s  . report .  



The supplementary r iver  ice simulation results are presented in Exhibits 

A through V. These exhibi ts  are presented in the same format as t hose  

of the  "Instream Ice Simulation Study" (Harza-Ebasco, 1984b) and include 

eke %sPlow$ng p%otted i a f o r m t f o n :  

1. P r o f i l e  of maximum river stages which occurred during the  simulation 

per iod  and t h e  corresponding i e e  cover thickness which existed on 

the  date of maximum srage. 

2 .  Lacation of the i c e  f r o n t  and O'C water isotherm t h r o u g h o u t  the 

aLauf9;ltSone 

3 .  Time history o f  water s u r f a c e  elevation, i c e  t h i c k n e s s  and water 

temperature a t  selected slou@;h and s ide channel locations. 

T a b l e s  3, 6 and 9 presen t  a summary of t h e  maximum s i m u l a t e d  r i v e r  

s t a g e s  and s i w l a t e d  i c e  f r o n t  progression f o r  the  va r i ous  alternatives 

considered in this scud7 (see Chapter 2 ) .  With a similar format, Tables 

4, 9 and  10 summacf z e  t h e  xaaxinatxm s i m u l a t e d  t o t a l  i c e  thicknesses and -- 
T a b l e s  5 ,  8 a n d  11 S ~ I O W  t h e  maxir~um s o L i d  ice tlrickrtesses fa r  the 

various la l te rnaQivea  

For  comparative purposes ,  Tables  3 through 1 1 i n c l u d e  summary results of 

eertai8.s. rj .ver i c e  siaitllatf$aras a l r e a d y  p r e s e n t e d  i n  t h e  Instrearr?a Ice 

S i m u l a f i i o  S t u d y  (Harxa-Ebasco 1984b). 



Ril~rer i c e  simulation results for the 33~Bte~n~t ive  power ibrttake operat - 
ing p o l i c i e s  f o r  Watana operating alone (License Appl ica t ion  ~ r o j e c t )  

are?. presented in Exhibf ts A t hough  F, A summry of thease r e s u l t s  is 

ahom in Tables 4, 4 and 5. (Note t h a t  these exh ib i t s  ilnd tables also  

~orhsider  the ef f eets  a& the alternative instream f l o w  requirement a -- 

aegi Section 3 , 3 , )  

Review of  Tables  3 ,  4 and 5 suggests t h a t  t h e  relative e f f ec t s  on 

rf ves ?lee of t h e  alternative Uatsna power i n t a k e  ope~ra t lng  po l ie ies  

(i.e. "inflow-matching", "warmest water" and " l o w e s t  p o r t "  - see 

S e c t i o n  2.1) do  n o t  f o l l o w  a s imple  general trend. These river i c e  

r e su l t s ,  however, are esnsistewt with %he corresponding resul ts  af the 

reservoir temperature s i m u l a t i o n s  (DYRESM model)  and can best  be 

discussed i n  conjunct ion with t h e  DYRESM results. FSgures 6 ,  7 and 8 

show these corresponding reservoir temperature s i m l a t i o n  r e su l t s  f o r  

t h e  a l t e r n a t i v e  power i n t a k e  operaring p o l i c x e s  based  on  Watana 

operating alone wieh 2001 enerw demand. 

Figtare 6 shows tkkat, based on Case C f%onrs and 1981-82 weather madi -  

tions, t h e  " l o w e s t  p o r $ ' h o p e r a t % n g  p a l i c y  p r o v ~ d e s  significantly 

warmer releases ( o f t e n  by 1'C o r  more) d u r i n g  t h e  w i n t e r  months  t h a n  

either t h e  "" i f low-matchi r ig"  o r  ""warmest water" ppslicigs. T h i s  i s  

reflected i n   he r iver  i ce  resul ts  ( T a b l e s  3 ,  4 and  5 )  w h i c h  show a 

signiff icarnt  Ly 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  nrld 

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

p o l i c y  se ] . r~ t i . ve  t o  " i n f : l . o w ~ m s t c h i . n g m  o r  "'war~ilest i ~ n t e r . "  Figtire 0 

shows t h a t  the  "!.owest p o r t "  policy al.sr, p r o v i d e s  summer re  lt2:lses 

w h i c h  a r e  oEi-.en c o l d e r  ( b y  as inucir as b°C)  t h a n  t h o s e  o f  "inEi ,uw- 

~ [ n ~ ~ t : ~ k ~ " x . ~ ~ g @ *  01: '\warmcs L water" ", To  son\@ a x t  e n t  , these  C O I C I  s t k i ~ a l e ~  rm 

p421fiases o f  the  l lo war..;^ pe>~:t" ppall\:y aznatip. a$lov: the r ;?stsvoi i"  to : ; i . t : ~ ~ c :  



a relatj-vely large amount o f  the  1 energy (compared to the  alterna- 

tive p o l i c i e s )  which can sabsequentLy be re leased  in the form o f  

~ a m e r  water the fsX%ow$wg w i n t e r *  Based on Case C f l o w s  and t h e  

198 1-82 weather conditions, i t  theref  ore appeass that the "lowest 

part"  po l f  cy i s  more ef f a ~ * t i v e  than the o ther  policies in reducing the  

ex tent  of r i v e r  ice development. Environlnental effects o f  the rela- 

t i v e l y  cold summer releases with the "lowest port'" p o l i c y  are beyond 

the scope af t h i s  repor t*  

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

and 5 show t h a t  the "warmest water" operating pol.icy is not ef f e ~ k l - 2  

in reducing river ice deirelopmen"crelative eo " in2  low-mat c:hingW. In 

f a c t ,  simulated results of the "warmest water" po l i cy  at some loca- 

tions show greater ice thicknesses and r iver  stages than tl3e " i n f l o w -  

matching" p o l i c y .  These r i v e r  i c e  resul ts  are consisrent with the  

corresponding rese rvo i r  temperature simulation resu l t s  ( s ee  F i g u r e  6 )  

which show that, for' Case G f lows  and 1981-82 weather, t he  "warmest 

vatera pol icy  provides  w i n t e r  re leases  which are o f t e n  coo le r  t h a n  

t hose  o f  t h e  "inf low-matching" y o l i e y .  Al though t h i s  r e s u l t  may 

appear  unaasaaal, i ~ :  slzcsuld be emphasized tha t  these alternative paver 

intake operating poi fefes  are und - policies. As shorn in Figure 

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

n t f i c a n t l y  warmer r h a n  shose  w i t h  " in f3 .o~-mat th ing" .  The "'warmest 

water" p o l i c y  may therefore  cause faster  d e p l e t i o n  of the rmal  energy  

storage in t h e  reservoi r  and subsequen t ly  co lder  water available for 

release the fohkowPng w in t e r ,  

A compar i son  of  the  "war.rrest: water" anti " inf1 .o~-matching"  p o l i c i e s  i s  

also w d e  f o r  t h e  Case E-V6 f l ows  w i c h  2001 erter,w demanti a n d  1981-82 

weathesr c o n ~ : i t i o n s ~ +  The simulated ri,ver i c e  result*s;.,a ft41:" Case E--VI a r c  

again consCsrene wit:h t h e  co r respond ing  reservoir temperattrre s i mula-. 

tO'.ort rer;\n?.t:s shown i n  F'lgtlre 7. As shown ,  ternperati~re siiilulzati.oils 

w i t l - r  Case LCe-VI f l o w s  a p y r r r e n t l y  result: in a d l f f ' e r e r ~ t  t relid l roizl the. 

h s e  C fl.c:jids BJ.sci~ssec1 a b o v e ,  W41,li 6;xse E ~ - V I  ( s e e  E1.geti:e ;I),. %:'I-re 

"wat~l~t~st:  water" ;~ol . icy  aga in  shows  strrniiler rc* lr:ii;r.b: r#~lricli  :;:a;- c ~ f t c - 1 1  



tchlng", ht also shows wanes w%wter 

relleases. In t h i a  ease, release of warmer water durctng the suamr m y  

haws r e s u l t e d  fra e a r l i e r  formation QE the reservoir ice cover which 

subsequently tended to insulate the reservoir from the f u r t h e r  cooling 

e f f ec t s  of wind and a i r  temperature. As shown in Tabl,es 3 ,  4 and 5, 

simulated river i c e  pcsults f o r  Case E-VI with the "warmest water" 

pol icy  shag reduced ice thicknesses, river stages and ice  f r o n t  extent 

and fewer slough overtoppings re la t ive  t o  ' X i n l ~ w - m t c h i , n g * @ ~  

Alternative operating policies for Watana operating a~ lane  with 2001 

energy dsmand and Case C flows are a l s o  simulated f o r  19171-72 weather 

conditionsD F o r  these canditisns, F i g u r e  8 shows t h a t  r e s e r v o i r  

releases with the "warmest water" pol icy  are warmr during the w i n t e r  

months than ehose  with t h e  "inf  low-matching" pol icy .  These release 

ternperalnres are again reflected in the simulated r i v e r  i c e  r e s u l t s .  

As shown in Tables  3 ,  4 and 5, the "warmest water" polic:y (with Case C 

f lows,  2001 enerw dearnnd, 1971-72 weather)  r e s u l t s  in 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  stages and fewer S%QU@ over toppings  in the  

reach upstream of River  Mile 1 2 6  r e l a t i v e  t o  t h e  "inf low-matchinge' 

p9l . i  cy 

R i v e r  i c e  aimuPatioos% r e s u l t s  f o r  the ""if 1.0-i.i.-matching'hancl "'warmest 

water" ppawer i n t a k e  o p e r a t i n g  p ~ 9 1 i c i e s  f a r  Watana, a n d  D e v i l  C a n p i 1  

operating (License Application P r o j e c t )  with 2002 energy demand are 

p r e s e n t e d  in exhibits G,  N and X .  These resu l t s  a r e  b a s e d  on  Case C 

a n d  Case E - V I  f l o w s  an43 t h e  198%-82 w e a t t ~ e r  C Q ~ ~ ~ P ~ L Q S I S ~  As st-lown i n  

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 water" 

p o l i c y  a r e  n e a r l y  identical t o  t h o s e  with w i t 1 1  " i n f  l o w - - m a t c h w  

po].lcy. The corresponding reservoir  t e m p e r a t u r e  s i  m i l  la t i o n  rest11 t s 

( F i g t i r e s  9 a n d  10 )  show t l ~ a t  t he  "W~TII ICST water'' p o l i c y  provide : ;  

sI . .Lishtly warnler crixrter r e l e a s e s  t h a n  " i i ~ E L o w - m n t c h i ~ " r g ~ ~ ~  hut+ r i l l i s  

d i  f f e tBea.s6;e Is n o $  ,great enot1l5i.g t o  sbgnf  f d  c a n t  %y aFf t:cc :::hc r ive?  R* I CI,? 

tie v@ I op~nii n & 



R i v e r  i c e  s i m l a t i o n  results far Matana operating a h n e  w:Lth the Case 

C and Case E-VI alternative f l o w  requirements a r e  p r l e s e n t e d  in 

E x h i b i t s  A, B ,  D and E. These comparisons ase based on the License 

Application Project ,  the  1981-82 weather conditions and :200 1 energy  

denand and consider both "'inflow-raatching" and "warmest ~ i s t e r "  intake 

operating pof ic ier .  Resul ts  are summarized in Tables 3 ,  4 and 5 .  As 

discussed in S e c t i o n  3 . 2 . 1 ,  t r e n d s  in r ive r  i c e  simulation results 

reflect the corresponding t rends in the  reservoir temperature  s imula-  

tPon aresul%s. Sirnulaced Watawa resesvoir release temperattizres f o r  the  

alternative instream flcw requirements are compared in F i g a r e s  11 and 

12, 

Based on the "inflcasa-mtching" p o l i c y ,  s%mu%ated reservoir  release 

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

nificant rime-variation ( F i g u r e  l i ) b u t  t h e  average winter re lease  

temperatures f o r  t h e  two f l o w  cases appear q u i t e  similar. The cor- 

aespo3mding riwr i e e  s$mu%at8oaarz f o r  ""lnf%ow-.raatehfngw 'show t h a t  Case 

E-VI causes s l i g h t l y  greater i c e  thicknesses and r h e r  stages upstream 

o f  Riv'er  Mile 1 2 6  and  s l i g k t t l y  r e d u c e d  i c e  t h i cknes se s  and r i v e s  

stages downscream o f  Rlver Mile 126 r e l a t i ve  t o  Case C. The e x t e n t  of 

the i c e  caver y r ag re s s ion  and t h e  occurrences sf slough o v e r r s p p i n g s ,  

& ~ o w ~ % P , E ~ ~  remf ns  n e a r l y  t h e  same for h s e  C arrd Case E - V I *  

Rased on 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.-VI 

rest l l ts  in wa3.-mer w i n t e r  resezvoir  releases (often by l U C )  t h a r ~  those  

o f  Case C e  This 1s r e f l e c t e d  1.n k c d c ~ c e d  rl.ver I c e  e x t e n t ,  r e d u c e d  

river stages and fewer s lough  o v e r t o p p i n g s  f o r  t h e  Case t i -V r i v e r  i c e  

s i m u l a t i o n s  r e l a t i v e  t o  Ca?$e C ( T a ~ , > l e s  3, 4 a n d  5) br i :  on t i 'ac 

*\w?jrmest water" pc3lIma",y. 



Rive r  ice simulation r e s u l t s  f a r  the alternative 2143s requirements 

with both dams o p e r a t i n g  are presented in Exil ibFcsi  G, H and  I. 

C o m p a r i s o n s  of Case C and Case E - V I  are  based  on the L i c e n s e  

Applicat ion Project ,  the  1981-82 weather c o r ~ d i t i o n s  artd 2002 energy  

dernand and i n c l u d e  " i n f  low-ma t ching"  and "warmest wdrister'hoperating 

pol ic ies .  Corresponding results of  t h e  Devil Canyon reservoir release 

temperature simulations are shown i n  Figures 13 and 14. 

Figures  13 and 14  show that  the simulated winter releasies from D e - u i l  

Canyon reservoir f o r  Case E-VI are gene ra l l y  q u i t e  simPlar or only 

s l i g h t l y  colder  than those of Case C. This t r end  is refleeced in the  

r i ve r  i c e  simulations which show generally s f d l a r  riquer stages, iep. 

th:L&ne~ses and sfaugh cs.vertespp8ngs f o r  Case C: and (:as@ E-VI  f l o w  

River  i c e  slmularion results f o r  alternative Watana power Fn take  

designs (see Section 2.3) are presented in Exhibits B, F and 3 through 

O based an Watana operating alone (L icense  AppiicatPon P r o j e c r ) ,  2001 

entergy demand, Case C f lows and the "warmest water" operating p o l i c y .  

T h g s e  results a re  summarized fos compar i son  in T a b l e s  6 ,  7 a n d  8, 

F i g u r e s  15  and  1 6  show s i m u l a t e d  reservoir release temperatures for 

se l~era l  o f  t11ese al~ernatives and are ~ o m s i s t e n t  w i t h  t h e  t re rzds  in 

ri~ver ice s i w l a g i o n  resu l t s .  

Tables 6 ,  7 and 8 show t i j a t  t he  a d d i t i o n  o f  a lower l e v e l  i n t a k e  p o r t  

may e e n d  to r c d u i - e  somecqhat the e x t e n t  o f  t h e  s in , i t l a te?d  r i v e r  i c e  

coqiprer and corresgaonding r i v e r  stages r!zas the u p s t l ? e a m  cx te~zr i :  o f  t h d  

c o w  r, Based or., the 1971-72 we13t'iler conti2 t.io1-1~ C!I~P kcdr!:ecxlt r e d u c e i  01-1 

f s . a  i c e  extex l t ,  relative t o  t . I - 1 ~  pprest2ng i n r C ~ k e  cdei;$lp$a.a, i s  si?p~ul;lLei-< trfr 



eh.e a d d i t i o n  of an i3tak.e p o r t  at elevagion 1636 f t .  For this a l t e r  

na,eit-e, the i c e  cover  e x t g n t  is r e d u c e d  by 9 miles and sirnulaced 

overtopping at sloughs 9A, 11, 20 and 21 is prevented, relative to the  

preeent  ineake design* 

Prolr is ion of a lower l e v e l  intake port, however, does not necessarily 

result in significantly reduced r i ve r  ice development. Based on the 

1971-72 weather  conditions, for example, an additional i n t a k e  at 

elevation 1880 ft. provides no reduct ion in rdve r  ice exten.t or slough 

o v e r t o p p i n g s  re2at:ve to the preser.t i n t a k e  design. A ]bower level 

intake at e l e v ~ t i o n  1800 f e .  shows only a v e r y  s l i g h t  r e d u c t i o n  i n  

r i v e r  ice extent and prevents at mos: o n l y  sne additfonal slough 

(Slough 21-A6) from overtopping relative to the present design. 

It therefore appears t h a t  rhe addieion of lower level p o r t s  to the  

Watana power intake may rlot be a dapendable method f o r  r e d u c i n g  t n e  

extent sf r i v e r  ice developaent- A l s o ,  f u r t h e r  c o n s i d e r a i o n  o f  the 

a l te rna t ive  low i n t a k e s ,  p a r t i c u l a r l y  at e leva t ion  1636, w i l l  r e q u i r e  

evaluation of e t h e r  environmental effects (e.g. ,  high turbidity, l o w  

d i sso lved  oxygen) associated with relrsses from such grza t  depths .  

River ice  sirnulaelon results f o r  alternative? Watana illtake des igns  are 

p r e s e n t e d  in Exhibits G ,  P, Q and  R based on Watana and Del il Canyon 

operating (License A p p l i c a t i o n  P r o j e c t ) ,  2002 ellergy demand, 1981-82 

w e a r h e r  conditions, Case C f l .ows a n d  t h e  "waroiesl: water"  i n t a k e  

ope ra t i ng  p o l i c y .  $hese  r e s u b e s  a r e  s u m m a d z e d  f o r  c a n p a r % s o n  in 

T a b l e s  6 ,  7 and 9. Note t h ,  t comparisons are  based on horll "presen t"  

and "high" alternative d e s i g n s  f o r  t he  Devi 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 s'i~ow t h e  c o r r e s p o n d i n g  reservoir  

release temperature siiitul.at ism resu i t s ,  

Tableg; 6, 7 and t3 s h o ~  t h e %  an addit:i,onch Wataxla ir; i : i~h,c j301:e: :rg-, e j e l f ; ~ ~  

t i o i l  l8OO rrstlii:s in a very  s l ight :  r e d u c t i o r ~  i r l  river i c e  Li i .c ;~ ' lor ;n : :n~-  



r e l a t i v e  to the existing Watana. intake, designs. For t h e  most paxt,  

r i ve r  stages ar.d slough overtoppings w i t h  the lower ( E l e v a t i o n  1800) 

intake are  the same as t h o s e  with rhe p re sen t  d e ~ i g n ~ .  '=his trend 

occGrs based on both the  "present design" and the "high  l e v e l "  D e v i l  

Canyou cone valves. It theref ore again appears that lower level paver 

i n t a k e s  f o r  Warans may not be e f f e c t i v e  in r e d u c i n g  r i v e r  i c e  

development. 

R i v e r  i c e  simulation results for the "present"  znd "high i.eve?' desLgns 

f o r  the Devil Callyon cone valve i n t ake  (see Sect ion 2 .4 )  are ; *eseilted 

in E x h i b i t s  G, P, Q and R. These alternatives a r e  basted on 1981-82 

weather conditions, eke License Applicat!on Projece, 2002 energy demaad, 

C a s e  C flows arnd *$warne?r9$ water" operating p o l i c y f  TRLe results are 

summarized f a r  comparison in Tab1e.s 6 ,  7 and 8. Correspondin& r e s u l t s  

o f  .the reservoir rc:lease temperacure si~alatluns are shorn in Figuret- 19 

and 209 

As shown in F i g u r e s  6 ,  7 and %, zhcre Ss no significant d%fference Pn 

river ice results 'aetween the alter.:&a$IP.de Dev i l  Car3;~on carme va lve  in taka  

designs.  This i s  true based on both t he  "predent design" and the alter- 

nat ive  "El. 1800" d e d p  f o r  t h e  Wacana power i n ~ a k e i .  The s i m i l a r i t y  

sf  wineex r e se rvo i r  release temperatures f a r  $he alternative Devil 

Canyon cone valves  is apparenr from Figures  19 and 20. 

River i c e  s i m u l a ~ i a n  r e su l t s  f a r  Staged Cans t r u c l ~ i o n  o f  t h e  Susdtna 

Hydrne lec t3 : i c  Pro jec t  (see Sec t ion  2.5) arc p t r - ;en ten  1.n Exhibits S, T ,  

U and V, T h e  resales i n c lude  S t a g e  Z a n d  Stage LT ana  are b a s e d  sn 

t h e  198%--82 rodeather c o . r d b t i o n s ,  Case E - V I  Elow reqi9iremet1t~ 3rd the 

"hf I_ow--matf- ,S~ing" operating p o l . i c y ,  T h e  Staged P r o j e e r  *;:.vex- i c e  

~ ~ g ~ $ i l ~ : ; i  a r e  s t ~ m m a r f z e d  In ' rabBes 5, 10 and B & f o r  cozcyaci.son w i t h  Ctrc 

T44,E.e:l.;e AppL:i-ca::Col-: !?~:a ject~~ Rl?sul,i:s of : h e  i.,r?ri.c.:-;poiidi..:.i;;~ r c s e i - c r t i c . r i i i . ;  



Eemperafure s i ~ u l a c n c n s  are  shown i n  Figur;s 21, 2 2 ,  2 3 ,  and 2 4 ,  

Siau3atecI flow rates released f ram the reservoirs f o r  the Staged Projee;b: 

and License ApplAcatian Project are s h o ~ x  in Figures 25 and 21G. 

As shown f n  Tables  9, 10 and 11, expected river Ace th ickne~sles  and  i c e  

ccyler progression w i t h  Stage I and Stage I1 are genera l ly  gleeater than 

t h o s e  with t h e  L i c e n s e  Application P r o j e c t .  Stage I ( l o iw  Watana) 

r e s u l t s  sho~g a p ~ r o x i n a t e l y  3 additional miles o f  ice :rant progression, 

higher river s t s g a s  betw~en RM 130 and kY 1137, and an a d d i t ' i t o r a l  over- 

to;ping at Slough I I ,  relative to h i g h  Wacana (License Aplplication), 

Stage XI ( l a g  Watana + Devil Canyon) results show 7 addi t l .onal  mi les  of 

i c e  f r on t  progression,  greater maxinr~m r iver  stages dorvnstrearn of RM i 3 2  

gad z d d i t f s n a l  sver$appin$* events at Sloughs 8A and 9 r e l a t i v e  ta the 

final phase of  the  License Application Projec t .  For  Stage X I ,  r i ve r  i c e  

resuI ES SEOV no signiff cant bf f fesence be tween t h e  a l t e r n a c  i v e  9 f cw k 

and 50 foo;  drawdown p 3l ic i - s  a t  Devi l  Carayon. A l s o ,  there i s  no ap- 

p a r e n t  c f f e c e  on r i v e r  ice due  to @he 3 - l e v e l  D e v i l  Canyon i n t a k e  

re la t ive ?c t h e  2-level  in take .  

The gene5ral t rends  o f  these r iver  i c e  results are  cansistent wizh t h e  

corresponti l ing reservoir teaperature sirnulacions (Fiy?:res 11, 2 2 ,  23 and 

24)- The:;e r e c u h e s  show gener ;a l l2  c o l d e r  k 2 n t e z  re leases  wirh the 

S t a g e d  P r o j e c t  ( S t a g o s  X and 11) r c l a t i v c  t o  t h e  Z.icense A p p l i c a t i o n  

b o j e c t ,  F a r  i;"cage XI, sirnuhafled w i n t e r  r e l e a s e  temperacrzfes are 

s i m F  Lar amor,g t h e  a l t e r n a t i v e  Devi l  Canysn drawduwrs. po l  <exes and  in take  

designs t, 

13a;ei or1 t he  above  s i m r ~ l a t i o n s ,  1.t is exgt2ctdd tha t  t he  f i . s s ~  two s C E I F ~ ~ S  k2 -- 
8f ehe  S ~ n g e d  Projec t  w t s ~ l d  t e n d  t o  r e ~ s e ~ b t  in cars\,-?what ,%:eater ri vel- i c e  

deew l s p ~  2nt. dr;l,d grei-tte e" s l o i l g h  n v e r ~ p p i ~  c v e ~ r t s  ~ l l . ~ i i -  i vc  t o  t he  

L,iceni:c ~ X ~ , ~ ~ . L C Z $ C S O ~ I  P ~ O ~ ~ C L ~  A1 th0ug13 8-i inul at i n n s  we?l-ri nnr 13." t f b : i b l t : i ? ~ Z  

l o r  S c a g i - r  %II, i t  t s  eqi t - i -va lene  ::a t h e  fii.:r.?_ p h a s e  :~'r$: t i l e  i#iceiml;t2 

.I * - j I p 1 -  I - I  i i v t : i -  IP.. 



4,8  CONCLUSIONS 

The fallawing conclusions are based on the supplementary r i v e r  i c e  siroula- 

t fons  presented in t h i s  study. 

With Watana opera t ing  alone, the  "warmest water" smd "lowest pert" alter- 

n a t i v e  operating p o i i c l - . ~  may reduce r i v e r  i c e  development somewhat 

re la t iv tz  r o  t h a t  of t h e  "inflow-matching" p o l i c y .  Based on 1981-82 

weather condi t ions  and Case E-VI f lows,  f o r  example, the  "warmest water" 

p o l i c y  r e d u c e d  the e x p e c t e d  i c e  cover p r o g r e s s i o n  by 1 li miles and 

p r e v e n t e d  o v e r t o p p i n g  of s l o u g h s  RA, 9 and 9A r e l a t i v e  t o  the "inflow- 

mtckilngg" polkegre This trend, however, does not hoSd f a r  a3!1 cases and  

s k s u l d  a,oe be coianted sn as a g e n e r a l  r u l e s  Wivex i c e  development i s  

v e q  serssit ive ts wj-mnter r e s e r v o i r  release tempkratures  which, in turn, 

a r e  i n f l u e n e e d  by t h e  p r e c c e d i n g  summer release temperatrures and ehe 

t i m i n g  o f  the  r e se rvo i r  i @ e  cmer fosaaz^lti.on, among o t h e r  P ~ e c t o r s ~  The 

cumbination of Lhese f a c t o r s  i s  complex and may not fa1Low a regular  

pattern in terms OE wicter release temperatures, 

O f  rhe  alternative operzting p o l i c i e s  considered, i t  appears char the 

" " lowest  p o r t "  p o l i c y  m a y  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  

deve Espanerze T h i s  p o l i c y ,  howe-ger, a l s o  resuls;s in the c o l d e s t  surnmer 

reLeases which raust be e v a l u a t e d  i n  t e ~ m s  af e f f e c t  on  t h e  stimmer in- 

st ream env9 ros.nment, 

W i t h  Gatana a1-d Devil Canyon  operating, t-hct 2 1 t r c n a t  i v e  o i> t? l  a t  .iilg 

pc?%icies appear i a  h/ ve v e r y  l i t t l e  e f f e c t -  oil r x ~ w r  i c e  c i e ~ ~ t d ~ p ~ n ~ r ~ t ~  



equivaiferzt to OF less than tha t  w H t h  the Case C EXawsD W i i t ' L s .  Watana and 

Devil  Canyon operating and the 1981-82 weather conditions, the Case E-VI 

f l o w s  r e s u l t  i n  s l i g h r l y  greater expected ice front progxsession and ice 

thickalesses, but no significant difference in siough o v e r t o p p i n g s  rela- 

tive to Case 6. It t h e r e f o r e  appears t ha t  the Case E-VI instream flow 

r e g ~ f r ~ e ~ e n t s  are generaf ly  s f d P a r  to Case C with ragared t o  r i ve r  i c e a  

Relative to t he  p resen t  design of the Watana power i n t ake ,  the addition 

o f  lower l e v e l  intake ports with Watana operating a l o n e  tends  t o  reduce 

the expec ted  i c e  f r o n t  progression and  t h e  correspondin.g r iver  stages 

near t h e  upstream e x t e n t  o f  the  c o v e r ,  Based on t h e  1971-72 weather 

canditisws, t h e  mast s i g n i f i c a n t  r e d u a i o n  In r iver  ice O G G ~ ~ ~ S  f a r  t h e  

lowest o f  t h e  zleernative 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  

aleernative, the  expected fee eaver progression is reduced by 9 d l e s  and 

o~ re r t opp ing  o f  sloughs 9A,  11, 20 and 2I i s  prevented 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 w e a i k e r  conditions, 

t P l e  alternative lower i s c a k e  p o r t s  at e l e v e  1880 and 1883 a r e  much l ess  

e f f e c t i v e  than the e i e v .  1636 alternative and may n o t  s i g n i f i c a n t l y  

reduce slough aver t  oppings re la t ive  to the existing design* With Wetana 

a n d  D e v i l  Canyon opera t ing ,  based an t:he 4981-82 weather  cond i s i sn s ,  Chi 

a1terna"ii.k.e lower l e v e l  p o r t  a t  ef_cv, 1802 a l s o  i s  quite ineffective %n 

rcduci ng r f v e r  f ce deve iopment relattve to t h e  p r e sen t  design, 

X t  t i l c r c f o v c  appears t h a t ,  t3xcept f o r  t h e  v e r y  ?ow xntake ae e l e v .  1635 ,  

the  al.ternat:ive lower  i n t a k e  d e s i g n s  1si9P n o t  be a dependable  ;n,ctlri3d f i z ~  

ri-?iY~.~ci.ng r ive r  i c e  develupmeilc fur tFrer  <:onsiderat  :kcin o f  [:lie e leve  

1 0 3 6  i r r t a k e  a l t e r i ~ a t i v r  will r e q r ~ i r r  c:vnLuaCior: of  1 , o t e n t i a l  n z g a t i ~ e  

i2:iv-i ronmental effects ( e +  h i g h  t u r b i d i t y ,  l o t g  ~ i i s s o l v e d  a;x\.rge~; 1 

saeiat*et.-a 5.li.i t'rl re leases fs-am such  g r t 2 r 3 t -  iicp~P~&tl . 



Based on Watana and Devi l  Canyon operating with t h e  2002 enlergy demand 

and t h e  1981-82 weather conditions, t h e  alternative h i g h  cone valve 

in take  at elev. 1425 has no s ign i f i ca r l t  effect  on r i v e r  i ce  relative to 

the presen t  cone valve design at elev. 990. 

Relative t o  t he  "License  Application Pro jec t " ,  Stages 1 and II of the  

"Staged Project" are expected t o  r e s u l t  in somewhat greater ice f r o n t  

p r o g r e s s i c n ,  greater r i v e r  s tages  and increased  s l o u g h  overtopping 

events. Based on t h e  1981-82 w i n t e r  (average a i r  t empera tures ) ,  t h e  

additional expected i c e  f r o n t  progression is approximately 3 miles f o r  

Stage I and 7 miles f o r  Stage 11. Additional overtoppings events  f o r  the 

1981-82 winter i n c l u d e  S lough I I  f o r  Stage I and Sloughs 8A and 9 f o r  

Stage 11, re la t ive  t o  t h e  L i c e n s e  A p p l i c z ~ i o n  P r o j e c t .  Stage III i s  

especced t a  resul t  i n  rfver i c e  eondittsns similar  %o those of t h e  eom- 

p l e t e d  License Application Projec t .  

Uith t h e  "Staged P r o j e c ~ " ,  a d d i t i o n  of  D e v i l  Canyon D a m  (Stage II)  tends 

t o  reduce the expected ice Cover ex ten t ,  r l v e r  s tages  and d o u g h  o v e r t o -  

p p i n g ~  re la t ive  to Watana alone (Stage I). T h i s  t r e n d  is s i m i l a r  to Chat 

of the  "L icense A p p l i c a t i o n  Pro jec t . "  
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Level 1 
Level 2 
Level 3 
Level 4 
Level S 
Approach Channel 

SUS XTNA M'IIE)ROEtECTRlCC PROJECT 
AETEWATIVE WATMA BOWW ENT DESIGNS 

PORT ELEVATIONS IN FEET M e  S *L e 

Present Abt a A f t *  Alt , 
1880/BS50 %800/1500 

A l e  e 

a631s/147a 
_I__IC_ 

2,151 1964,5 
2 9 1 4  1926,s 
2077 1888,5 
2040 B850,5 
38 636 %8%2,5  
1470 H 880 
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