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-- 5s ns p a %  !he -,,,,b on pi& L ~ Z  r Use 2nd Qualjty div-ided fgur b$as,jc $ 2 ~ -  
$3 g-g 3 2 2 - e, 0 " &  = 

,$J,,,. :.,,cili?e c o n d l ~ ~ o c ~ s ,  project impacts, agency cc.nea;i?s arid recorn- 
mEr;d2';i a n ; ,  and ;"",I '-tj g ~ + -  ye ~ilhanc&aent, and p r o t e ~ t i  ve rn1faSure5. 
g"433j " La  7 * / a  . ,  tile s e c t i o ~ s  ~ $ 3  i 1 ne cocdf project impacts , en;pha- 
5.i f s aced on f i  , b~.ater qua; i t y  param&ers, g r o u ~ d  #aterrn coi;di - 
t j c ~ s  2nd ins=tve.;gj f !  uses, The importance of f!oip;s cannot  be over.- 
curessede Fl Q $ ~ S  3i.e important t o  a l l  instream uses. Near: f l o v ~ s ,  f lood 
f lows, Ioki f ] i ;ws  and f l aw  variabil ley arc-? ciiscussed. 

m e  p r ' i s ~ a r ~  focus or: the gater qua! i t y  dis~ussion i s  on thorie para- 
fie$;ecs d2termj~ed most cr;  ti cat f a r  mal: nten~ncf  of f$ sh popul z t i  ons 
and o"Lh.;. a q ~ a l i  c, organi sms. k t a i  4 eci d i  sc i j ss i  ans itre presented 39 

water  temperature Sat17 i n  %he mainstem Sus i tna  River aod i n  ehe sl oughs 
downstream c f  Devi 1 Canyon, i c e ,  sf~spended sediment i n  the r gse rvo i  PS 

.j d l  ssml v'ed oxygen, a i  t rogen so;:ersatura" an and dkswns"hream, t u r b i d $ +  * 
2nd nutrients. Shes@ parameters have previously been id -? r ) t i f i ed  a s  
areas o f  gt-eatest concern, 

f4a"lainjcem-sl ough graundwa-ter 'inter-action downstream of Devi l Canyofi i s  
impo r tan t  t o  salmanid spawning i n  s loughs and i s  discussed, 

me primary instream flow uses of the Susi fna  ars fo r  f ish,  w i  i d ! i f e  
and r iparian vegetation, As the52 $re f c l  t y  di:.cassed i n  Chapter 3, 
they are orfly b r i e f l y  discuss@:: this  chapter. %ai.;ever, &l:er i n -  
streain fl ow uses incl {~d- ing navigat ion and t r anspo r ta t i on ,  waste ass im i  - 
1 a t i  ~ i e  cap3ci ty afid f reshwater  rrcriii tirient $0 Cook %ill et estid2ry a r e  

L o f  river use i s  %ads of -the iqster, rOr,$*e rn:t~-simal ou" discussed, 5"'-- 
Tai kcetria be ing  the only town located near the r i v e r  and not relying or; 
the  river "for i t s  id;~ter supply,  only limited discussions have been 
presentee an ou t  o f  r i v e r  uses, 

Project 4mpacts have beer? separated by devel apme~t ,  impacts, asso- 
ciated w i t h  each development, a re  presented i n  chronalogicai order: 
construeti on, impoundment arid operati on, 

Tie agency concerns and r'ecommendalioi':s receiiped t o  da t e  are sum- 
mat-l zed, 

--* !he mi ti g a t 1  an p l  an irrcorporates the engi ileeri ng and cnrrstruction meas- 
ures arcessary ta ;a! n i m i  ze potenti a1 impar" s, g i  ?ten the ecor:om-is ar!d 
engineering const ra in ts .  



The  i ; r l $ - - i ~ a  *--, %.. r+.;iirb:oe ~ l x  i r i s %  arss of the Susitr;a River i s  abou$-+ 14,4Q{3 square 
a-il e s ,  of v 4 h i ~ ~ ~  the dra-ina-;e are2 above Gnid Creek z o ~ p r i s e s  approxi - 

w - rr,a-$:ely 6160 square miles (Fiyl;re E,2,1j6 Three glaciers ir: tiill Alaska 
Rang;: feed forks of the  S;l;itna P,fvi;r ,, , " ' - - * *  sou$hward z t b ~ u t  18 

a - 
f~~~~~ ~ f ~ $ j  --- i_ * $3 fgrm Sgsi",fia R iv@r,  me river I f j ~ w s  
add$ t i  anal 55 m i ]  es s o u ~ ~ . i ~ ~ a ~ ; d  -through a broad v a i l  ey macl~ of the 

"1"s coarw cedjmer;t from the y?ac* ie rs  set t les out, ine river thiln f lows 
. ~ . e ~ ~ w a r d  *--. k?4p about 96 m i l e s  t h r o u g h  3 narrow val ley ,  ~ 4 t h  c~nst:*ic'tinns aP; 
2- L. L i i r  Devil Creek and i j 2 v i I  Cznyan areas, creating viol ~ n t  rap id is .  Mjm- 
ero.5 small, steep g r a d i e n t ,  c lear -wa te r  trii;utaries ~ J F W  t~ the 
S u s t t g a  i n  $hi 5 react% a f  t he  rivers Several of $"r.Pese t"tsibutartes cas- 
P"I  over i . ~ ~ ~ c . ~ f a ~ ~ s  as  they epl-ter the  gorge. the S u s i t n i i  curves 
s~um h a s t  Creek, 12 mil 9s d0iqnstrei3m of the  moi : t i ?  eif k v j l  
Canyuc, i t s  g r a d i e n t  gradiialiy decreases. The r i v e r  i s  j o i r ? s ~  about 40 
::iiles bpycnd Gold Creek i n  the viciniLy of Tal kee'cni; by higo matjar t r i -  
b u t a r i  es, the Chu? i t ~ t a  2nd Tal keestna R i  i lers. From t h i  s conf l  uence , the 
Susi"irra f j aws  ~ 0 3 t h  t h r o u g h  braided channel s a b o ~ t  97 miles i~ln",I it 
empties i ~ i t ~  600k in1  et Gear Anchorage, approxigatel  y 318 mil es from 

SQU$CEe 

-- ihe Susi  t n a  Ri ver  i s typ i  c a i  o f  unregul a",d d~lor-the-n g i  a c i  all rivers 
w i t h  h j g h ,  t u r b i d  summer F? call and low, elear \.;inter flow, Runoff From 
snob3~ulelt and rainfa' l  i n  the sp r i ng  causes a r ap id  increase i n  f l ow  i n  
f~lag f rom the low d? scharges experienced throughelit the winter'. Peak 
annua.1 f loods usual ly occur dur lng th i s  period, 

Associated w i t h  the h i  g h ~ r  spring f ows i s  a 100 f o l d  increase i n  sedi - 
P;h~ooghou t  the sglifiaer. m e ~ t  transport i ~ h l  ch per-si st The large sus- 

pended i;cdimencL e o n c e n i r a t i ~ n  i n  the 6une t o  Septembet t i ine period 
causes the r i ver  t o  be h igh1  y t i j rb id ,  Glacial s i l t  contributes most of 
the turbidity of the rltfer when the  glaciers hegiir to melt; i n  la te  
spa i  ng. 

R3-i n fa l ' l  -re1 ated f i  oodo of ten r ~ c c v ~  i n August and gar7 y S p t ~ m b e r ,  h u t  
g e ~ e r a i i y  tirese f loods are not as  severe as  t h g  spi-iag snow melt 
$1 sods, 

As t h e  w ~ a i - , ~ ~ e r  begins - t o  ~301 jn tha f a ] ] ,  glac ia l  melt ra te  de- 
creases and the f l  civs i r: the ~ - i v e r  gradual 1 y decrease sorrespcnaingl y, 
I;;.caus@ filost 0: river suspended sediment 4s caused by glacial  fael t 

3- a* -the river al so begins t o  cl t a ~ ,  r! eeze up normally begins i r ?  Oct~bei" 
and c0nt.i nues t h r o u g h  early Deceieb.r, p~agressi i-19 upstrean Fvom natural 
1 ndgemeg3t points  the r-ir~e~. $0 n e x t  upstream i@dgemen$ poir : t .  
T *?+ q 4- 7 

ceilia up gef ier i i i iy  begf i ls  a t  the  upper basin lodgeinen;:, poi'nts r s i - s t ,  
r i  breakup g e f i o ~ a !  1 ;/ beg3 ns f 0 1 a'te 8pri "1 e a r ly  Ray near the 

mouth arid progresses upslr*eaia wi th  breakiab, at the damsite occuriatng i r ~  
rQ i {'j -!*jay << 



, ". Zant-j in~aus h i  scorj ~ $ 1  ser.eamfJ ow reca;.ds of i j a r j o ~ s  ree~r,d Ieae,P,h 
(7 "2 &-  ? # - - -  t h r o u g h  vdater year 1965) e x i s t  f o r  gaging s ta t ions  
on t f ie  Susi.bfi3 R j  %*te~ and i t s  t r f  bgearifs: USGS gages arr  ioca',ed 

ar. a t  bena l j ,  Cani-,ii!c*j 1 (!$an C a n v ~ ~ j ,  -J ci-.ei.k and Sgc; j tna Stati;cn 
on *,he Sac,j<ga River; an the Mar,jarer; R j y g r  near Paxso;l Ch~lftna 
SQation an the Chili i " c a  River; Pal keetna or; the Ta'i keetn(a River; 
and Skwentna on the Skwendna 2iver. i n  188P a USGS gaging sta- 
t i o n  instal led or? the Yentna ili ver and i n  1981 a USGS g a g i n g  
s % a $ j ~ g  gas j g z t a f  1 ed a t  > jn%hi  we ah?; %he s ~ s j t n a  River ,  s$atj  5 -  

t i c s  on rilter m i !  e ,  drainage area as?d years o f  record are ahoi.in 
n b e  2 1 arid a sunlmary o f  the  arinual maximum, r~nearr and 
maximum fiow f a r  the respcfctive per iods o f  record are shown i a  

5'9. Tab12 E, 2,e, Because o f  the s h ~ r t  durat-fon s f  "Lhe st!-[earn f l o w  
record a H u u o s h i n e  and an the Yentnil, summdriss h;ve no t  haen 

i i acf uded. Ine sea t i an  l o c a t i o n s  are illustrated in Figure 
P- 

L, 2 i  P P  

- A conpl $0 year strearnil ow data  set f o p  each gaging  s'catior; 
i 1 : !!st  rated i n  Tsb i e E, 2,2,  des generated t h r o u g h  a c o r r ~ l  at3  on 
anal y s i  s , whereby m i  s s i  ng [Bean mantkl y f 1 rsws were estimated 

-3 "&*"d, a (Mc res i. 5 a ~ c  j . 325 analys is  i s  based on the progr'arr! F I P "  
3 a.p developed by the Texas Water Development Baard (December id! ,, 

The procedure adopted i s  a mu1 t5 s i t e  regression technique v&-i ch 
analyses monthly t i m e  series da t a  and f i l l s  i n  3iiissing portions - 
i n the incamp1 e"L records, ihe program eval u i t e s  s e a t i  s t i  c a i  
parameters bbi ch eharae'tepi ze the batii set j i .. , seasonal means, 
seasonal s t a n d a ~ i :  d ~ v i  at i  ens, 1 ag-one avts-carre] at tor!  coef fi - 

. ,on coefficients) and eients and mu1 t i  -si t e  spat i  a1 carrel a+" 
creates a f i l led- i r r  da ta  set i n  ~ h 2 i c k  these s t a t i s t i ca l  para- 
meters are preserved. For the a n a l y s i s ,  a1 1 sti-earnflo~ data  up 
t o  Sep",ember 1979 have been ~ s e d  (30 ?fears data  a t  Gold Creek), 
The i.esultanP. inanthi y at3d annual maximum, mean and minimum I'! okts 
f a r  the 40 year record are presented i n  Table E,2,3, 

A"r,h@ inai asten! Susi "La gagging s ta t3  sns , h i  steri c a i  d a t a  from 
b~ater years 198C arid 1981 were added t o  the 30 years of  historP- 

e 

st17 and F'i 11 eb records t o  provide a 32 year  record, ih rough  an 
au!nual vol une frequency anal ys i  s, tho: 1969 d r o u g h t  was cletermir~eb 
La have a recurre~7ce interval of once 10 --- -- years, a s  i l l u -  
s'iratcd i n  Figure E,2,2, n7 i s  was considered t u n  extreme i n  
evel2t f o r  an energy sinlulat inn analys is  and vdas modified s ~ ~ o i d -  
i n g l y  t a  a once i n  32 year  es,t2nt based on the long term averageg 
rironth 'i:i ow d l  s t r i  but1 on ,  ( F o ~  a more detai 1 ed d i  scussi en refer 
t o  Section 3,2 Pqonthl y Energy Si mu1 at-i on j A sumrfiar*y OF the 
'esu'l t i  ng 32 year  fiiadi f e i  ad hydro1 oyy f o r  Cantwall Gal d Creek, 
Sunshine and Susi tna Ycat ian i s  presented i n  Table  E.2,4, 



f{ostirly summarj2s f o r  each m o n t h  of 32 year modifieti record 
f G  Cantpiel '1 , ddaiana, &y  i 1 Canyon, &I d Greek, Sunshi ne arid 
.suj{ ~ E E  S t a t i o n  are prese3tf.d i n  Tab{ a E, 2.5 t h r ~ u g k  E, 2, 

C-mparisas? of fl ovss i n  Table E2.3 indicates t h a t  413 percent of" 
.& i ~ n e  sr reamf l  oki  a t  Gold Creek o r i g i n a t e s  above 'chs Denal i and 
fqacl eren gages, It i s  i n  t h i  s catchment t h a t  ti?,@ gIiicieims ;$hich 
cantrjbute $,a -the f lc%d a t  Gold C~eek 1 ocated,  

The Susj  tfia R j  ver above Gold Greek contribgtes 19 percenl: of the 
.?wngal f443y4 meastaf-ed a t  k ~ i t n n a  S t a t i o n  near- cook et, 

The C h ~ i  i t n L 3  3 r d  Ta l  iteetna RI vers c o n t r i b u t e  20 and 10 percrLot 
a$ s U s i t B a  s+- ,a t i  on -fl ow respecti vel y .  T 1 1 ~  'ientna prov ides 40 
percent of the f i ~ ~ ~  g i t k  the remaining 11. percen t  o r i g i n 8 t l n g  i n  
fa j  scej 1 ~ ~ ~ C J U S  butaf-R_j es  g: 

The v a r i r t i a a  betiu.ean sumnrer a i ~ d  winter- flows i s  greater t h a n  a 
19 1 ~ a t i  o at a1 1 stat3 ons, Thi s 1 arge seasonal d i  f f e r e i l ~ e  i s  
d i ~ ?  the charactesj sties a$ the $as jg ,  Glacial meit, sno%hi;t'; t ,  
and riiiifa! 1 provide the majori ty  of the annual " i v e r  f low asring 
err@ summer, k t  Gold Creek, For  example, 88 perz12nt a f  the annual 
st reairif 1 ow occijrs diiri ng the summer months o f  May t h r o u g h  
September. 

maximum and. minimrllri monthly f lows f o r  the months omMay 
ehrouiglr S@p*~.nber indicate 3 h i g h  f l o w  vari~bility a t  a l l  s t a -  
t i o n s  on a year to year bas4 s. 

The pasiG cornman causes of Plorjds i n  the Susi tna River Basin a r e  
siio~&enel t or a combination o f  snoibelt a96 ra infa1  1 over a l a rge  
are; .  Thi s type o f  r'l aetd occurs‘ betureen Y ! y  and July t h  the 
majc: i ty occur#-ins i n  Jtine. Fl oods a t t r i  b u t a b ?  i? t o  heavy rains 
have dscr occuri-ed i n  August and September, These f lcods  are 
augmented by ~sno~hel  wc from h i  gher el evati ons and g l  ac.i a1 runoff ,  
n& uo2 - 1~ h y d ~ ~ t y  r a p h ~  f o r  years 1964, 1957 1'370 %-3- T~RW P Z  

.?hpJ ka*&+3493 ++*A 11 , Watana, and d Greek are ill u- 
st ra ted j n  F j  gurs2:2-$y 

-7- 

Tie d a i l y  r ' 5 0 v ~  a t  hratana has been 
approxi.iiated u5-i ng the Ti near d ra t  nag.. ar fa - f i  ow re1 a t1  ons i~i  p 
between Carltwell and ci Creel< ;aias i ! ~ ~ d  to determi fie Waetsna 
average manthl y f - 1  ovis. (8c;tual vaf ues nla), d i  i 'fer s i  g n i J i  c a n t l y ) ,  I- && 
~ ~ ; ~ ~ ~ r  - S g & p 2 ~ ~ 4 ,  ~~~~~~~&~ the 1argc~s.t t f; cod,rec~rded a t  T8 
Goid Creek, The 1.36@fSPrin9 f lood hydr~fg~ap'r: has ;1 dai! y peak 
oqca-1 t o  the ifiean a ~ n u a i  d;i i i  y fi ood peak., i n  addl tion t i -~c 



Exailpi e s  $5 t h e  i argt . .  annua l  inst;;i-ilaneoi;s fj peaks f:,?* Gal d 
f 2  Cai;'cw@;J, c ! f i a ! i  2nd Maciar.20 a r e  presenzed i n  Tabi f  
P- f i e $  
3". dS$$. $+fill321 ?: . ? s l ; a ~ ~ ~ a i ~ r o u s  fi ood frequency. : g  f ~ g  i ndi . j j  d-  
l..+""7 .-- 9 " 3 g&,, d r . f u i e d  Figures t , z w @ t ~  ;,,,@, Djst j -1-  da s$a$j mn sape j j  1 u.++--- 
bu t  s t a t f  s t i  cs a r e  ?resented i n  Tab1 e E ,  2,I& (R&it{: 1981.3) a 

';he m a j o r i t y  of cases the 'three parameter ic;g-r;ormal d i s t r i b u t j o n  
provides the best f i t  t~ a i j l j ien parameter. H~wever the aoa iy i ' i  s 
j izdi; capLes t h a t  e:mer 1 og -~~ i ; l l a ]  cr " i h r s e p 2 r ~ m e t f ~  ! (jg 
fionqal a r e  fiearly equally sat fs fac tor .y .  pa&city  of si,ream- 
f 7  ~ ; b  dai;l i n  the S~sjmn area ill combjna,tlofi \.if"L variabil f t y  
or' extren~e values r equ i res  the  f i t t i n g  o f  a theoretical d i s t r i b u -  
% i n n  o f  simp? e construct ion and Sew parameters, Cons~qu.-ntly , 
the log-normal d i s t r i b u t i o n  has been selected to model peak Plows 
due to  i t s  simp'! construction 3.d adequzry i i ;  m~C;ef i n g  the 
simp1 e d a t a  para8-$eters. 

A r e g i o n a l  f l c r ~ d  frrquer;i;i analys is  was conducted u s i n g  t he  
recor~ed f inods i n  the Sus i tna  k;vei- and pr inc jpa !  t r i h g t a r -  
l e s  j R & M  198La). The  rrsul t i n g  dimgnsioni ess r e g i ~ n a i  frequency 
curve i s  bepic$ed i n  Figure E ,  2 , @ / 2  A srepwise m u ' i t i p ; ~  linear 
r eg ress ion  computer program was used t o  re la te  t h e  meail annual 
-7 ; , ,s tantagg.ous #=E peak fl ow t o  ",he physiographic and el i m a t i  c char- 

'%- aster1 s t i  cs  of the drainage basi ns, I he mean anntial f nslantane-  
ous peak Plows For  the Watana and Devil Canyon clamsites w r e  
complited t o  be 40,800 cubic  f e e t  per second (cfs )  and 45,900 cfs  
r e s p e c t i  vely. The reg iona l  f l  ood frequency curve im,s campared t o  
the  s t a t i  an f r e q u g ~ c y  curve a"L(;Id Creek (Tab"/ e E ,  2.3). As tkc 
Go! d Creek frequency curve y i  el ded more eonserva t i  ve f l  ood peaiis 
( L e e  la rger) ,  i t  ~ $ 3 5  used to estimate flaad peaks a t  the Wa-Lana 
and Devi: Canyo2 j a i n s i t e s  f o r  f l oods  other t h a n  the mean annual 
f j o s ~ .  The r a t i o  of a par t icular  recgrrefice interval f lood  at 
Gold Creek t o  the emran annual f l o o d  at Gold Creek wzs m ~ i l t i p l i e d  
by the mean aisnual fiooc! a t  la'a"tan/ l ~ ~ j i  Canyon t o  o b t a i n  the 
f i ~ ~ d  a t  the given recurrence interval .  Foi- exa%ple, Etle ra"i-io 
~f the 1: I09Q00-year f lood  t o  Mean annual ";md at Gold Creek i s  
3 M i  t h  t i le :45e of Chis f as te r ,  the 1: b0,0DO-,vear f l  o o d ~  a t  
IdaQari and Devil Canyor were computed t o  be 157,000 cfs  and 
176,09Q i f  s respe-,ti y ,  The f i  aod frequency curves f o r  Wastan; 
sod Rev1 1 Canyon are presen*ted iii Fi gures E, 2, E3 and E, 2. l@i.G9 

14 Pe 
Uimens-i or11 ess f l  oc;d hydrographs fo r  the Susi 4t t n a  X i  ver a t  G Q ~  d 
!:reek were de\iel oped f a r  -khe Msit - July sn~v+?~el'c f l  gods and the 
August Qctabe;- rai~f811 f loods us ing  -ti!& - f i i ~ e  -/a,*gest 
I*  reek f1ouds occurring in each peciod jil&g, 198!"a Ff oad 
h~/drogr.aphi; f a r  the IOO, 500, and 10,000 year f'l ood events vder':! 
co f i swrc t cd  ui;i ng i;he appr0pr . f  a l e  fl ood peak and t i l e  dil.nensi ~ i i -  

jess hydragrha::h,, iiydrograph:; f a r  the May Ju ly  and Aiigdst -- 
*&at 3 Or-ol,er f 1  oat( per1 are  3 1 1 us-tra-ted i n  Ff yiii-es 2 2 ;  di?d 

$3 r-r?p+?c::I ye t $ a? +@ 

g ;$* 



p r ~ b a b l  e maximum f ?  ood (FMF) s tud ies  bqerf c>st?ductei, fai- b a ~ h  til? 
Hatanz arid Deb i 1 Canycn darrisi tes f o r  use i n  the  desi rjn of  project - sp j  1 : ways d',ed fact 1 j ti es Acres 1982aj ,  {he  PMF f! o ~ d s  
usre determined by u s i n g  the SSARR watershed node' developed by 
the  Port land District ,  U,S, Army Corps a f  Engi i ieers ail are based 
on Susi t n a  Basiri r,i l m a t i c  d a t a  and hydro! ogy. The probab le  
maximum prefj &i 2a'c-i on Has deri veci from a i.i&ximi zat ioi ;  si:udy of - 
h i  s tor jcal  s tons .  Ihe studies indicate t h a t  t h o  PMF peak a t  ",he 
"14p.- 6.,bailc - -. - d a ~ s i  te i 326,000 c f  s, Water surf', ace el evations dur ing  

w. the Probable M/iaximum F i o ~ d  event a re  g iven  i n  Figure /@ - !nsse 
el e v a t i  ens viere determined usi ng the "DAEfBRK" forecasti ng model 

.- devei cped by the  NaCi onal Weather .;ervice. 

The y a ~ i a b i - J  jty of f l o w  i n  a river system i s  impor tan t  t o  a l l  
instrean f l o p ;  ~ ~ 2 3 ,  % j l l~ s t r a ' r e  the variabflity ;;f f l o w  i n  the 
Susi t n a  R=i v e r ,  month!  y and annu21 f l  ow diirat t oil curves showi n9 
the propor i ion  o f  time t h a " L t n  ddischargs e q u a l s  o r  exceeds 2; 

g i v e 0  vai ue were dcvel oped f o r  the Four mainstem Susiwna lii ver 
gag4 ng s t a t i o n s  (Den%] i , Cantgel 1 , GD; d Creek ant? S u ~ i i i n a  

b?it.aries (Mac1 aren , ChuI i tna ,  and 
These curves d 9 i ~ h  are based an 

rneari d a i l y  f lows a r e  illustrated on F igures  E+2.@ t h r o u g h  
E, 2 ,  @, & &  S" f@ 

3% 
Sh2 shape of the monthly and afinuai f lcw d9rati.n C ~ ~ L . Q S  ~ j l n i -  
jar9 f each sf the s$a."Li~y:s and i s  indica."l-,i y e  of f% gw f ~ o m  
nor thern  glraiial  r i v e r s ,  9treamqflow i s  low i n  the tgjuinter months, 
~ 4 t h  1 i t t . I  e varja$j~n i n  flow and no unusual peaks,  Grcura~iqater 
con t r ibu l i ans  ape the pre! iminiiry sour-ce o f  the c,mal 1 b u t  r e h -  
t i  val y cons tan t  w l  nter f l  ows. Fi  a\.: begins "c increase $1 i g h t i  y 
i n  A p r i l  as breakup approac:ies, Peak flaws i n  Kay are  an order 
of magnitude greater Chao i n  A p r i l ,  Flow i n  May a1 so shovis the 
g r e a t e s t  v a r i a t < o n  f o r  spy m o n t h ,  as Tow f i  ows may c o n t i  nLie irl'i-o 
Nay before  the h i g h  snovkeltjbreakup floris occur, 3uiPi;- h a s  the 

X" !?igl'iest pzal:s and the ~ g h e s t  mediri! r l n w ,  The months of J u l y  
arid Augus-t havg re? a t ;  ye'$ g, f f  a t  fi d u ~ a l j o n  cui*;iesS r h i  s 
5-i g u a t j ~ n  i s  i n d i c a t i v e  o f  ;jvers wi th  strong bdse f j ~ ~  char -  
ci~Cerj s t i r s ,  d., j s the case 01 'h2 SusjMn a4-i m jqLs ~ o r ~ ~ ~ j ~ u ~ ~ j i j s  7 ' 7 "*- f ' r~ i *~~ snot.-.e r, gl a ~ !  ;'j me*i -b d u r j ; ; y  the siimmer . !vlof*e c:wi a b i  ! - 
j t y  ~f f ,  JW j s c:,i idei3t 10 $cptemb,-p arid October- as cool e r  wea9Liier 
beconiil.5 ;;cai*r p r ~ v a l ~ n t ,  



..- 3 '  
4 " Froin i q z  i j  ow rJur3-tjon curve fg; GoldCreek 1 %  7 %  

h 

f--m be @ h a t  f? Creek are jess t n a f i  21̂ 5,1300 e f s  
. % f-0% ;!k:;~c;et- -;through fipt--! i , As 2 re5uj-t 03- r the spring bre~a iap  i n  

t5iZa p +C : - iows ~ f '  20,000 c f s  are exceeded 25 percent o f  t h e  timr, 
grj !- + , , , i ;  - juf ie j ~ j ; ~ ,  p e r ~ ~ n t  of t j i i je  Gold Creek flows, exceed 
r*? .i..f-$ - i*c iu, ijLji: C T S  7 ilcrea;es -co 7 5 pe:.-cent, 9'33 pe;-.sntaye decrf!ssei ~ c i  

60 p~rer j j ;  f August 2nd f u r t hey   decrease.^ "r, ogly a / ? o ~ t  15 
perccrit i n  Sept.:~ber. 23 annual basi 5, a f!~a;i of 20,000 c fs  
j s ,, ~-p-3d-4a4 -,tuLc 20 p2rcent o f  -the timt!., 

=- " r. - !ne i-dtq3, j-day, ! -day and 15-day h i  g h  1 flew . ~ a i  ules v;epe 
tda+ - -  Q p q  e f a r  each month from May through October for t h e  
nap-, ,,, .ub, - 4 ~  of' record a"La1d Creek, Chcl imna R i v e r  near i a l  keeena 

- 
T a j  i;&e<:na Rf ye!" near !a % keetna and $us3 tna River a t  Susi t ~ a  
S t a t i o n  ( R & M ,  1982a). The h i g h  and low flow va iues  are preserrted 

3 "erne for  ;old Creek i n  t h ~  feom of frequency curves i n  Figcres, L a _ .  ~3 
3 -  s .  -ci;rougil E,  2, B?' May. skiowed the most va r i  sb: i ley. .  ft js 

I.;? ,,,~n*,h f" d ~ c ~  e i t h e r  low c i i n b @ i -  03s o r  h i g h  breakup f ! ~ w s  zay 
occlar and th;; s ign i f i can t  chEingeli O C C C ~ ~  From year to year ,  June 
2nd j g l y  yefi.-ra] ly exhiL;jted less v a r i a b i l  i t y  t h a n  the l a t e  
siimmiir !non-ths. F l  v i i r i ab i  1 -i ty increases i n  the  August  t h r a u y h  
ot tobcr  p e r i ~ d ,  Heavy rarnstonns oftei? occui' i n  August, w i t h  28 
percent o f  ~ h e  annuz: f l  gods occu r r i ng  i n  t h i s  msnth. 

--.I i f iq  daj:y hydm-7- , aphs For f4ay t h r o u g h  9ptr-mber f o r  w a r  
P T ) 3  ~ $ o + ~  1967, a ~ d  1970 shown i n  F j g u r a e  z - ~  ii!jusl;.-ste the d a i l y  ba--.--%-v 

sf the S u s j t n a  River -9.t G ~ i d  Gre?k and C a n t k i e I ? ,  
1964, 1967, and 1'370 request i.;et, average and dry 

?ears on an average annual  f l  ow basi s. 

Sccitrca River oi- igi~aQes i n  the  y7acizrs of t h e  southern 
sl apes o f  the central A l a s k d n  Range, f lowfng 318 m i l e s  t0 'its 
nou%ki a.9. In1 et sr 

Phe head~,.zlters of the Susitna River 2nd i t s  major upper t r ibl j-  
"caries charat ter i  zed by broad bra ided gravel f.1 ~ ~ d p l  
be1 ow t h e  glaciers.  l.ii t h  several m.:!tstr~ans e x i t i n g  from beoeath 
the giaciers befcre they combine further downstream. The %est 
Fork Sus i tna  R i y e ~  j c i ~ s  the ma?r; r i v e r  about  18 miles beiovr 
S U S ~  % R &  Glacier, Be1 ovd the  blest Fork cowfl uer;ee, t h e  Susi t:a 
R .i .%a - r  r r ~  bec6mcr.s j spl it-channe: eon f j  $ ~ i . a t i  or? w i  -th numerous 

ss4 i s lands ,  ihe rivet. is generally constrained by loiii b l u f f s  fcr  
a b o ~ t  55 miles, The "iac', ~ se i?  R j  ver, 3 s'i g n j  f f cant  g l  a c i  $1 
i- 1 :-, ,,ttiry, i 6 and -fyofiz R j y e r ,  itih :ch d r a i ~ s  L S ~ E  b ~ u i  ~e and the 

sivarapy lowiat9ds of t h e  southeastern llpper basif ! ,  b o t h  enter the 
P e .  ;,us 3 1I.j v e r  - f y ~ i n  east ,  0% t h ~  con%? ijer;ee k1-i th the T; i< : j n~  
[(j\r@r, the S u s j a j d  3; ver- ~ 2 s - t  -far 96 m i !  2% * t i : r ~ ~ g h  steei,i- 
wa 1 gci CaayojTs : ? ~ f o r g  r~ac1j . j  r;g ti2e m o u t h  of 0 2 y j  1 Cagyari, TJj32;e ' 



Beckdeen Dev j 3 Cany~n 2nd the m o u t h  a t  Cook I f i l f t ,  %he r - b e r  has 
been subdivided i n t o  nine c,parate reaci;- fhese reacf~es are 
3 f i n  Tab1 e E,  2, @%Qntcrgether wf th -the average $1 ope - predoininent channel pa t t e rn ,  lhese reackes are d-iscussed i n  more 
det.ail  bsloi,"~, 

Through  t h i s  reach, the Susitna Flows p r ~ d c m i n a t e l y  i n  a 
sir;g7e chanrrel confined by v h l l  ey wall s. A t  1 ocatioris where 

ij&! ey b ~ t t ~ m  w i d e n s ,  d e o ~ s u  o f  grayc.1 s$-d cclbbl s has  
Formed rniC-thanoel or si de -channel bars, Occasi on81 1 y? a 
i/ei,letat,eG i s 1  and or fragmentary f l  oodpi i i i n  ilas formizd w i t h  
elevations above non3al f lood  level 5% and has become 
vegetated. Presence 0-f cobbi es and t.ouiders i n  I bed 
m a t e r h i  a ids  i n  s t a b 1  1 -i za t ion  of the channel geometry. 

A b.. ,$oadening o f  the va l ley  bottom t h r o u g h  th is  reach has 
allowed the river t o  dev21 op a spr i t  channel ~ . i i i h  i n t e r -  
m i  t t e n t  , %el 1 - vegetated i 51 ands. A correlat ion e x i s t s  
Debween ban k.f ill 1 stage and mean -annual il ocd . idhere The 
main c h a n ~ e l  i m p i g y ~ s  on v a i  l ey  wal i s o r  terraces,  a ccbbie 
apiiier layer has * vel oped i j i t h  a top  eleva%ion a t  roiighl y 
bankfull flood s~age .  A t  KM 14', a ,periglacial a1 luvia!  fan 
o f  coarse sediments conf ines the river to a s l n g l e  channel. 

~ j v l r  reach i s  characterized by 3 de f i ned  split 
channel zonfi guratian, Vegetated $51 a n d s  separate the main 

b" channel from sf d e  channel s ,  S i  de channel ; occur rrequenl! y 
i n  the ael4uvja! f l ~ o c j p l a j n  and receive Sus i tna  water only a t  
f lows  above 15,000 to 20,800 cfs. Often, val ley  battam 
spr-ings flow jilt0 sl oiighsa 'There i s  a good correlatio. 
beC\lieen bankf  u l l  stage and the mean ar~nual f l  occi. 



River patterns t h r o u g h  t h i s  reach are s imi lar  to thi~se i n  
&L 

- 
previ ous reach. i he most promi neat characieri st i c be- 

:,ween Sherman and Curry i s  t b a t  the main channel ?refers to 
Tlaiv aga ins t  the west v a l l e y  wall and zhe east f l o o d p l a i n  
has several z . i d  channels and sloughs,  The a1 l uv ia?  fa:! at 
Girrry ci.ns"lricts the Susi tna to a s i n g l e  charinei and Lermi- 
nates t h e  above described pat tz rns .  A fa4 r cocre:i a i i o n  
e x i s t s  between bankfull stage and mean rinn~iai f lood i:hroilgh 
-this rezch, Comparison o f  1950 and 1980 airphotos reveals 
accacf anal i ocai changes i n  ban k i  i nez and i sl and marphio; ogy . 
The w w t  v t l  l ey  wall f s  generally nonerodible and has 
occasi unai bedrock outcrops. i h e  resi s t a n t  boundary on one 
side o f  the  m;;in chiinnel has generally forced a un i forn  
channel conf i  g v r a t l  on id t h  a we1 1 armored ?er imeter.  The 
west v s i i e y  v ~ a i i  i s  re la t ive ly  s ' c r - a i F t  and uniform except 
a t  RF4 1128 and 125.5. A t  these locat7ons, bedrock oirtcrops 
de f i  f c t  the ~ 3 a - i ~  channel t a  the eas t  s i d e  of the ii oodp! a i n .  

!hy -%&-$  r,s"kys *,hi reach the  river i s  predominargtiy a very slab1 e ,  
s j n g l e  iricjsed channel w i t h  a few i s l a n d s ,  The  chanfiel 
basks ape iqef 1 2r"mared ~ j t h  cab$?( a and b ~ g l d e t - . s ,  3% j s the  
bed. Several l a r g e  boulders occur intermittent1 y a1 on9 the 
main channei and are be! 2x1 have been transporter4 down 
2 

- v,.ai l ey  during g l a c i a l  icf- movement, ihey prov ide  local 
o b s t r u c t i o n  flew 8nd n a v f j a t i o n ,  b u t  do not have a s i g n i  - 
c . 7  * cant  i ~ p a c x  on channel morphaf ogy, 

P q: A t  the i ~ ~ - ; i  uei?ce of the  SusIma a, Chu; jena zqd TaI keetna 
F,jvers, t h e r e  15 3 dramat ic  change i n  thz % ~ = - 4 - ~ -  L I ! ~  from a 
rpl it charm-.: to a braided chacnel, h~niergerrce from confined 
molintai nous bas4 2s i rrtg t h e  gnccinfi  ned la\.ii and bast n has 
e ~ a h ' i  ed *,he r i  v.; systgms t o  devel op 1 atera! 1 y. kqpl e 
bedload  i;rar!ipor"rand a gradienj; d e c r z a ~ e  a l s o  6954~t i n  
cstabl i sh i  ng 'the bra ided pattern, 



- s -  C b ~ I j t f i a  W j i n c -  $ d f  has a j~pan  aggua! f-iotq ~ ; m ~ ~ a ~ -  $0 the  
Sctitfia ax Gold Creek, y e t  i t s  d r a f j ~ a g e  b a s i s  i s  z k o u +  td 40 
psri)ent s ~ a i  i t s  g jac ia :  tributaries a re  much cl oscr t o  
-.ha ~ 1 3 &  rn;lfi W W S Y  3 T rfanca t h a z  the S~~it-~o z Cc 'id i t  z~-ge:es f 
incised canyo!? 20 mi-les upstream o f  tile confluerice, t : ie  
r i  iier t r ;ans ic ;ns  i n t o  a bra ided p a t t e r n  l.;i t h  r n o d ~ r a i : ~ ~ :  vfge-  
etat ion grokafi:h 09 t h e  intermediate gravel bars, iYi a b o u t  6 
midpoirr'c between the canyon and coaf1 uence, the C h ~ i  i t n a  
e x h i b i t s  a h i g h l y  b ra ided  pattern w i t h  no vegetatiion on 

1 %  i f i t e rmed ia to  gravel bars, evidence 3 f  recent l a t e r a l  lns-ca- -- b j l  ity !h i s  pattern continues beyond the confluence and 
g i v i n g  the impression t h a t  the Sl;si"cn as t r i b u t a r y  to the - 
dorili nan t  Ch~t ' l  itna Ri tier, 1172 spl i t  channel Pal keetna Ri irer 
i s  t r i b u t a r y  -to thz dominant braided pa",erg, 

Perrzces general ! y b?und the broad i'l oodpl a i  n , b ~ t  provide 
1 !*,&,I e ccn-trcl 934g-y chai;nel zcrnhi" E9f Szw r nnlr iJ-3J = Cfncrz! f 7  g,sd$f l - i n  
instabil ily resui t s  froill the three river sys"Lm s t r i v i n g  ti, 
balance out the combined f l o w  and sediment regime, 

Downstream of the t h r e e - ~ i y e r  confi uene.9, the S u s i t n a  con- 
t i n u e s  i t s  bra ided p2ttern, w i t h  m l i l  t i  pl e channel s i n t e r -  
laced through a sparse ly  vegetated f l o o d p l a i n ,  

"F" rke channel network cansits  o f  the main channe!, usua:iy one 
o r  two subei~annel s and 3 number of minor channel s, The main 
cl~rinnei rrreandei-5 i rregul a r l y  tnrough the wide gravel f l  oud- 
91 a i n  3rd i n t e r m i t t e n t 1  y flows a g a i n s t  the vegetated i l  ood- 
p l a i n .  3 i  has the ability Lo easi ly  migrate laterally 
wi4:hin the a c t i v e  gravel f l oodp la in ,  as "Lhe rmin channel i s  
sjmply reworking the gravel t h a t  the system previo~sly 
deposi ted.  When the rnain channel f1 c;i.is agai  r;st vegetated 
bank l ines,  erosion i s  retarded due t c  the vegetation andlor  
bank m3~esia ls  Lhat are mare re5'ista;lt t c  e r s s i ~ n ,  Flow 473 

t he  main chaanel usual l y persi str ti:i4+oughout the en"i i r e  
year*  

Subchaiinel s are usual 1 y pos i t i oned  near o r  a g a i n s t  the 
vege t6 ted  il oodpl a in  and are general I y on the oppcrsi t e  side 
o f  the f l  oadpl a i  n from t h e  main zhani~el , 'The subci-iaone? s 
not*mali y b i  furcate s p l i t )  from the ii?ain channel v/lteil i t  
crosses over t o  the oppos-lte side o f  the flcradplaii? and 
terminate %here the main channel meanders $a& ~ G ~ Q S S  -the 
F l  oodpl a i n  and intercepts them, The subchaane? 5 haije 
srnali e r  geometric, dimens1 on5 t h a n  *the main channel , and 
t h e i r  thn i  weg 4s genera! !y about  Five f e e t  higher.  Their 
f l aw  r rg i i i l e  4s d ~ p e n d e n t  on the main channei $-:age ai;d 
)~ydi-anl .i c fl ow cont:-ol po i  ,qi: of  b j  furca.t i  o n ,  F i  0% i~my or 
may not p e r s i s t  t h r o u g h o u t  the year ,  



The main c i izo~el  i s  i nteml'ttent! y control 1 ed 1 a t e r a ?  1 y 
\-;here :+- i ,  *- J:.~s a g a i n s t  terraces.  C.ir;ccl the act ive  f7 ood- - * p w 1 5 l i l i l%- -mss  l r 6 %  n; 3e +$P n* f iF f ina  

T ~ V I I L ~  OF t e r races  has i i  ++l b b  g kz - 
s i  gn; t i  cance e x c e p u f a r  determining t ~ e  gefierai orientation 
of the r i v e r  system. An exeep t ioc  i s  ipdqinere the terraces 
coni;tric'i the ~ i v e r  t o  a single channel a t  the Parks Highway 
by1d.a s i ~  Subchannel s are d i r e c t l y  dependent on "Lhe samz, 
Hinor channels react t o  bo th  o f  the  larger chaiinel s '  
bekavlars, 

Dsvinstream o f  the E<ar;hv$i tna  R-i ver en2f l  uenee, Uhe S s - i  t n a  
Ri v e r  branches into mu1 t i  pl e channel s separated by i sl ands 
w i t h  establisiiod vegetation. This  reach o f  the r h e r  has 
been named Delta Is1 and5 because i t  reseables the di  str ibu- 

-%, pary channel network common wi th  large river d e l t a s .  irie 
n i f ~ T  ti p l  e chanfiei s are Forced t o g t t h e i q  b y  t e r r a c e s  j u i i  
ups t~ea ia  OF X ~ O L O  Creek (Deshka River 

Througj3 ",his react?, the  ve ry  broad f-!ovdpli: in and cha f i~e l  
network can be d iv ided  i n t o  three categories:  

- Nestern bra ided chanr~el s ; 
r - castern spi i t  channel s ; and 

- Intermediate meandering channei s, 

The ~ i e s t e r n  b r a i d e d  channel ne"%ork i s  considereef "i be tihe 
main p o r t i o i l  o f  "chis very cnnple:: river systzm. A l t h o i l q h  
no t  subs tan t ' i a ted  by rjver sarveys,  i-t appears t o  cons t i t~ r t e  
the ' i a r ~ e s z  f7 0% lowest  r h s ' w ~ g  21el:atinn. 'The 
reason f o r  t h i s  i s  t h a t  the wes&er-.n bra%Qed channel s co.,nsLi -. 
Lute the shar"cfs$ d i  stance between the po in t  crf b i  f u r c a t i  on 

EP1 t o  -the con-flu2nce of the Del - ta  I s l a n d  channels, r n e ~ e f ~ r ~ e  
jt; has steepest grzdien:-t clad highest potential energy 
f o r  conveyance o f  water and sedjment , 

Downstram of ;11@ U ~ l t a  i s l ands ,  the Susistria River graadient 
decreases as i t  approaches Cook i n l e t .  The river tends 
toward a sp i  it. channel c o n f i g u r a t ; ~ ~  as ; " c a j i i s L t s  t o  ' - *  L P I E  
1 ower energy sl ope. There are short reaches whe~e 3 
te:idency to b r a i d  .frlleryes, Downstreaic 0-f Rig1 20, ti12 iaiver 
oranches o u t  ntu de! t a  d i s t r i b u t a r y  channel s, 



- u j idgs  Coak e t  ~ i s e  above 30 f e e t  and thers f3rz  
cun"Li.ol the water suriace p i - b o f i i ~  and ta soiile degree tBe 
sediment regime of the lower r e  River elevatian o f  30 
f 2et ex4 %ts a t  - a b o u t  RM 20 and corresponds t.o where t h e  
Susi t ~ a  begins t o  branch o u t  i n t o  i t s  d e l t a  channel 5;. 

2,2,2 - Sloughs 

Sloughs a re  spring-fed, perched overflow channels th(3"Lon!y con- 
y ~ $ !  g l a c i a l  meltwater From the majnstem durins median and h l g h  
flak: periods. At intermediate and low floiiis, t h e  slocghs con3.-ley 
ci ear water from small tributaries and/or upwell i ~ g  groundwater. 
Uf Fferences bet:.reen mainstea \.rater siirface el ejtitions and %he 
streambed elevation o f  the  s ide  s loughs  are notab ly  greater a t  
t h e  upstream ~iritcance t o  the $1 oughs t h a n  a t  t h e  inouth  o f  the 
sl ough.  The gradients w i t h i n  the $1 oughs  are  typically ---%---- g rea te r  
t h a n  the adjacent  mainstem because o f  the shorter p a t h  iength -- 
from the upstream end o f  t he  sloughs to the downstream end tha:! - 
a i s n g  t he  mainstem. ihe upstream er:d o f  the s 1 0 u g h ~  gene~aljy 
has a h i g h e r  gradient than Lbe lower end. An a l l u v i a l  berm 
separates the head of the s lough  f rom t h e  r iver ,  whereas the 
water sur face el evaii on of '-,he gains tem general -. ! y causes a back-  
water effect  a t  t h e  mouth of the s l o u g h ,  ihe s loughs  i'urrctioii 
l ike jrfial1 stiBtarii systems. Several hundred fee t  o f  the sf ongh 
channel oftem conveys water independent o f  mains- te~~ backwater 
e f fec ts ,  

She s loughs vary i n  l e n g t h  from 2,900 - 6,000 f e e t .  c j -~ss- - .  
sections af s i  oughs a r e  typ ica l  1 y rectangui a r  w i t h  f! a t  bottoms.  
At the fiead 0-f the s l oughs ,  siibslrates are dominated by boulder-s 
and cobbles 8-14 i n c h  d ia i i ie~er ) .  F,-c;grtiesi ng tows,rds r;-1 ough  
zauih, substrate p a r t l c i e s  reduce i n  size i q i t h  gravels and sands 
pyedcmi na t i  ng . Beavers frequent1 y i nhabi t the  s i  oughs .  Ae"% ive 
and abandoirled dams a r e  ~ e ~ z * ; a t j  gcmm0nl y C Q J ~ Y ~  the 
banks  t o  the rgatcrs edge wi th  bank cutting and s lumping  occurring 
d ~ l r  i n g  spr  i rrg break -up fl ows. FFi gui-e egazff- i%lus%r"ates %he 
. t h a l ~ e g  pr .o f i j e  of 3 typ ica l  s iaugh.  Also indjcaecd the i.jater 
sur.$ ace ejeyatjen as measured @n Pi~j :ug i j j t  Pi4, 1982 afjd the va j - j a -  

t i s a  s f  ~u$sti%3-8-,e naterh-1 . comp&3t2d baci;bgat~; p i a f i  1 es ";:r 
various Gal6 Creek discharges f o r  t h f  dol;dflsi;i-eam end i?f s lough  9 

-mZ1 are <! lus t ra ted  i:i Piglire . ---- !ne backwater  prof i 1 es L.:eiae 
deeef7iai rled u f i  rrg the stzge-4-i scilarge re1 atiosishi p sj3:;a.in i n  F l  our. 

3.i The  r a t - i ~ g  curve ~a..ias ol..tained from 1982 f l e i  d d a t a  - --2:-*d--- 

-#- 3 j iup~rtance of' the s-1 ~ u g i l s  as 531 glen spawfii i i y  habi  tx-t i 5 d i  5 -* 

::ur;sc?d i n  cjei:di*i in Cilapteru 3 ,  



AS p r e v i o i i s i y  described i n  $0-"4 L ~ ~ t o n  2 2 ,  the S u ~ i - t w a  River i s  charac- 
+ -  L e ~ - i  by .large seasonal f! u c t u a t i ~ n s  i g  d i  %charge. ---$ {nrse fi o1k4 v a r i a -  
& 4 r n p  ~ i i l , , ~  a long w i t h  tiif g l a c i a l  g l - i ~ i n s  of the r.jiier e ~ s e n t i a i l j ,  co i~ t ro l  
.n- ~ $ $ f  6, .,$"Ler qga-i 'i ty of f q y e ~ . ,  

E x i s t i n g  water q u a l i t y  da-ta have beerr compiled f o r  the mainst;em Susi tna 
Ri rer :ram s t a t i cn i  located a t  Oanai i , ijee can yo^, &I ri Creek, Sun- 
shine, a ~ d  S u s j t n a  Stat' iofi, i n  a d d i t i o n ,  da t a  f r ~ m  two Sus j t i l a  River 
t r i  butaries , the Chul  i t n a  and Val keetna Rivers , have a1 so been compi l ed - 
(Rg4PI 1982~)~ !he s4tat ion loeations a r e  presented i n  Figure E2.1, 

Data 3e" eco;npi 1 ed ccrresi;onbi ng t o  three seascns : breakuy;, 
agd winter, Bi-aakup i s  tlsoal!; short and extends Frcm the  1:ime i c e  
begir is to move down river i r~i t ' i ,  recession o f  spring runoff. Suminrr 
extends f rom "Lhe end o f  breakup u n t i l  the water temperature drops 20 
e s s e n t i a l l y  0°C i n  the C a l l ,  aad winter i s  the periclb from the end o f  
sunmer t o  breakup. Ti?-. viatsr qua? i t y  parameters inrasured arid "ciieii 
respecti vel y detection 1 imi tj appear i n  Tab1 E E. 2, &it$" 

The water qua1 i t y  was eva1ua"Ld {R&M 1982b) us<r;g guide; i nes  d n d  cri - 
t e r i a  es'cabl i shed from the fol  1 owi ng references : 

- A D E C ,  Water Qua1 i t y  S t a n d a r d s ,  A1 aska Department c f  Envi ranmental 
Am 

----- i3n_s--S, R h f e ~ i  d a ~ l a a ,  Juneau, 81 aska, 1979, 

i.I - EPA, i t y  Crjter j  a For Water, U,  S, t n v i  rcnmen-La? Priuteczion 
-.~. 

Agency,   as hi n g t o n  , D,C., 1976, 

- Mc14eeIy9 R. id. V P 4  MLOimanism abd K ,  D+dj~er, - Water Quality Soi.:rce- ---- P 

bock-- A Guf - de t a  Nater Qua1 i t y  P~rameters. 
P - - - - c  

Envi  ronment Caiiada , 
in! and bIaters D i  rectorate, Water Quai i t y  Branch, O " i t a ~ ~ a ,  Ga:lada, 

- S i  e t i  rig, Marshal 1 . Handbook o f  Toxi'c and Hazardous Chemical s .  ?doyes 
*-- -- 

PilbT icatiorys,  Park Ridge, Rew Jersey, iml. 

EPA,  - bs'aaLer. Qua1 i ty Cri-teri - a Documents ; A v a i  1 abi !  iQy. Env i  ronmtrital  
~ ; o t e e " & w g T ~ e d e r a l  R ~ ~ s ~ s ~ ~ ~ ~ ? ~ - : ~ ~ ? I ;  (November 28, 

Tiye ytiidel ines or ;ri"ceria used Poi- the parameters ware chosen bas" ~ r i  
a pr j r , r jdty ~ y ~ t ~ m ,  Alaska ; : l i tep  Quality Sta,?ilar.ds were the first -- -------- 
ci3rijceg folloi+jeri by e r i t a r j a  presented i n  EPA's ()iia!ity C r i t e r i a  for* --- -.-*-- 

bj~tep., If a c r j t ~ r . i o n  exppessed as a soeec i f jc  c o f j c m : i ~ i l  ~$as fiat 
-"-,a- -- 
presented i n  the above t w i  references, the oti;et+ c i t e d  ie.feieences ~ . J E T ~  

used as the soijrce, 



seicnd pr io l - i ty  system was used fa ;% s e i c t l n g  the guide1  $i;es 
~ f i & e f i a  presented f o r  par3mfterS T h i s  was reqiJ i red beciause 
r a i % i o ~ s  refierences prssented c i t e  levels ~f parame+ers t h a t  
p ~ u i t i d e  foi. the p ro teco ion  of i d e n t i  f i ed  water uses, a s  (1) the  
p r c p a g z ~ i  on af T i  s;7 and, other a q u a t i  5 ~ r g a a i  sins, ( 2  j wawLer siipp! y f o r  

e - cirink,i n g ,  food pr-eparat ior ; ,  i ~ d u s t r i a ? .  processes, and  agrlciiif:ure, and 
(3') \gazer recreatian, Ti= fi r5.t pri0r-j tji , ~her f i f a re ,  t~1 p194~5gt 
t $-.. - i a u i d ~ j  ines or c r i t e r i a  " L h a  a p p l y  *to the p r o t e c t i o n  of f reshv~atzr  

T' squat i c b-.z3i *'I G~sa sns ifie second prior i ty  was to prssenmivt . !  s ~f 

pa i -a i~ i i t s rs  t h a t  a r e  acceptable For ivater supply,  and the i h i  rd p r i o r i t y  
\;as i:c presen:: other guide] i i l e s  or c r i t e r i a  f f  availabjf?, it should  
noted tha".watl~i. q u j l  jty s"i,gr;dads set c r i t e r i a  v&7*ich j jsjt majh-induced 
pol! r;ti fin 1-3 p r o t e c t  icieriti f l e d  wter  uses, A1 t h o u g h  the S ~ s i  :tna River 
b a s i n  i s  a p r j - ~ *  - L I  ne ar?a,  some paraueters natural  1 y exceeded their 
respec?;i zie cr3i t e r f  on a These parameters  are presented i n  gab! e E, 2,  /& 

z 2.3 
As noted i n  T a b l e  E,2,-gbcr-iteria f o r  t h r e e  p~rameters have beieri set  a t  

-7 a l eve; whicii na tu r a l  waller; usually dn n ~ t ;  .exceed. ine ' s~ggested 
cr i ter ia ,  -far aaluminsxm aad b"snuSth are  baszd sn burpran heafitk e $ % e c . $ ~ ~  
The cr i ter jon f a r  t o t a l  organ ic  carbon (TOC vias established a t  3 m g / l ,  
Mate? crsntain=in\j irss rilarl t h i s  concentration has beerr observed t o  be 
re] 3 t i  vely il can, h~i.iever, streams i n  A1 zska recei\~ing t u n d r a  runo f  F 

-, cc?mmcrr l y  exczed t h i  s ! eve1 . ine maximum TOC concentration repor ted 
-, herein, 20 mg/i ,, i c 1 i kei y the  resul-t of na tura l  condi tior:s. iine 

c r i - t e r i o i l  f a r  manganctse !;;as establ i shed to pralect water suppl i e s  i c j i '  

human c~n5ilnipiio:i. .-- The crih$eria presented For "ihe remaining parameters 
appoar i t lg  I iatble E,,2,@?s.r~ estao'i isned by law f o r  pra tece ion  of 
f re rhna te~ ;  tiijiwti~ c c rgan i  sias. Ihe i?tater qua7 i t y  standards app ly  to 
man-ii3di;ced al terat-ions and consti tute "Lhe degree o f  degradat- ion whi ch 
may ne t  !,e exceeded, Because ti3ere are no i n d u s t ~ i e s ,  no s i  y n i f i  c a n t  
6 g l - l  a r @ d ~ ,  ; i ~ d  no major c i ~ i c s  adjacent  to ths S u s i t n a ,  
.-w la1 keetna, and Chui i ti?a R i  f ~ e r s ,  the measured level s o f  these parameters 
are co53;~i dert:;d ~ C I  be n a t u r d  csndl" t i a m ,  Sj  we cr  i-teria exeeedance i s  
a l ; tp j  buti:c?d to n a h ~ r a l  condi t ions  , l i tti e s d d i t i ~ n a l  d i  ccussi on hi 1 l be 
y;vc:n t o  these phencmeii~n. A'i so, these rivers support ut  verse popu l  s-  
t i  ons o f  f i  sh and .other aquat i  c f i f ~ .  Ci?nsequenily, it ; s ccncl uded 
t h a t  "Lhe parameters exceeding t h e i r  c r i t e r i a  probably do not  have 
sig:-ri f i c a n t  a d ~ e ; ~ s e  e f f e c t s  on aquat ic  organisms. 

In the Sol ! owi i lg di sciissi on, parameters measured d u r i  ng breakup w i  l 1 
generdai ty no t  be Bi seussed s i  fice data. anomal l y  Tndicate a Lrsrrsi t i o n  
peririri between the vs-inter and summer rxtrerntis and the  d a t a  i s  usual ly 
' / imited. Levels of iqater qua1 i t y  parameters discussed ir! the fallowing 
sec-ki on a re  reported by R&M j 1982b ~n9ess  oti;eri.!ise noted, 



l a  general, d u r i n g  winter ,  the ent i re  mainstr?m 
i- busitria River i s  a t  o r  near O0C, However-, there are 
a number o f  small discont inuous areas w i t h  grcund-  
water i n f l o w  o f  near 2% As spring breakup ciccurs 
t h e  w a t e r  temperat?ire b e ~ i n s  "c rrise, cjenerai I y 
warming w i  'ch d-i starice downstream. 

In summer, g l a c i a l  me1 t i s  Rear 0°C as i t  leaves the 
rj'lacier, b u t  as i t  Flows across t h e  wide g ~ a v e i  
f i  oodpi a i n  be1 ow the glaciers the water bbi3g1ns to 
warm, As the water winr?s i t s  u:ay downstrraia to the 
proposed bdatana damsite i t  can reach -Lempera"Lrires as 
h i g h  as 14°C. Further downstream there i s  generally 
same addi "l anal warming b u t  ; "temperatures may be 
cooker a"h:%ome loca t ions  due "t -the eff~(3ct .  of 
t r i  buta rg ,  i n f l  ow. In Augus t ,  temperatures b e g i n  to 
d r o p ,  reaching 0°C i n  l a t e  September ~r Dctober, 
- * G {he seasonal te,aperaeure v3t:at-j on f=r the Sus j tna  
River at Denaji  and Vee Canyon d u r i n g  1980 and f o r  
Denal I and p- tana  dur ing  1981 a r e  displayed i n  
Figures E,?. 4 and E,  2. B.4/ bieekly averages f o r  
Natana i n  1981 are  shown i n  figure E,2,88=Jh The 
shaded area  indicates t h e  range of temperatures 
aeasured on a meat-! d a i l y  bas is .  The "LernperaWure 
vari a t ?  oils f o r  ei gh"isumner days at Denal i , Yee 
Canyanq_and Sirsi t n a  S t a t i o n  a r e  presented Figure 
E,  2,@$5d The recorded varj  a-tion i n  water tempera-tu~es 
a t  the  seven USGS g a g i n 9  s t a t i o n s  i s  d isp laysd  i n  
P""" ,...,, 0 %HP%<&- r l y u i - e  E,L.sBI.-- 

Addit i  ofla7 data  on igater temperattlre are a v a i l  ab l  e irl 
the annual reports o f  i l ,S ,G,S,  !.,'ate- Resources Q a t a  
P 

--.---- --- 
ror  Alaska,  the  X13ska Deyc?rtmen"Lf FFish and Garne 

5js-i t n a  Hydroel ectr i  c Project d a t a  reparts 
(Aqua t i c  H a b i t a t  and Instream i'!o%i P r a j e c t  - l98I3 -- 
a-lati 4: Studi  es Prograria - i 982 ) ,  dnd- i n  !dater - -*- 

Gu24 -k-y Data - 198IA$, 1981c, R&M Gsr;su% t a n % ~ ,  

,d a 

f i le  sloughs downs-tream or' Devil Canyon have a teriiper.-- 
stupe regjfne -that d j f f e p s  . f ~ i m  the r ~ a i ~ s t e n l ,  D u r i n g  
-the : of' 1982 jnter'yrave', 2nd s~irfiace w2i"ter. 

temperatures were nicasurud i n  r;l cuyi ls 8A, 9, li, I?, 
a' 



ijut.ii>g spr-ing and summer, \$hen f l  ow at the  !lead o f  
the 57ough i s  cut o f f ,  r ' loijgh tegjperatu;es tend .to 
cii f f e r  from m2instem temperatures. Durlng per iods o f  
h i g h  f l  oi.js, when the head end i s  o ~ e r t o p p e ~ l ,  s lough 
wate r  temperatures c o r t e p o n d  more c i  osei  y to main- 

Br stem tenp2ra~ures. Fi ijiire tc 2,3@bcomi;lpares week1 y 
dse! surface water temperature v a r i a t i o n s  dur ing  

Si' September, ~981 i n  Slough 21 w i t h  the mainstem 
Si is i tna  River a t  P o ~ t a g e  Creek JADF&E 1982). The 
s! ough teli~peratures show a marked c i i  urnal  v a r i a t i o n  
caused by increased solar warming of .the shaiicw 
water d u r j n g  the day and subsequent long Narre back 
r a d i a t i o n  a t  n i g i i L  idainstem water  temperatures are 
iiloiqe c o n s t a n t  because o f  " L h e  b u f f e r i n g  and mix ing  
capability of the river. 

- - 
[he t r ibutar ies  t o  the S u s i t n j  R i v e r  genera! i y  axhi - 
b i t  &osier water temperatures t h a n  does "he mainstem. 
Cantj g i l ~ u s  water tcn;peratures haqe been inani t a r e d  by 
ttle USGS i n  "r;e Chul i t n a  and I"a l kee t~ i - s  tKi v e r s  near 
-fa1 kee*tna, zila a1 jo by ADF&G i n Chose tvd.io rivers as 
e l  as i n  Po!--tr!ge, Tsusena, ii'atana, Kctsina, and 
Goo je Creeks, and i n  Ind ian  and the 0she"Ln RRi ver. 

e"-m Ike 1982 iriean d a i l y  temperature records 'for I i l i ian 
River and Portage Creek are compared i n  F igu re  
E, 2, s a 3 ? ~ a r t a g e  Creek was consi s t ~ n t l y  coel o r  t h a n  
I n d i a n  River by O , l  to 1, Fiaill The F i  a t t e r  terra in  i n  
the lower  reaches of the Indian  River va? l ey  i s  
appwer;tly nore coi3ciiici vc: ti! sol s r  and connzcti ve 
h e a t i n g  t h a n  the s t ~ e p - n a l  l e d  canyon o f  Portage - 
Creg2k. Fi 9ur.e k, 2. $@'$I so presenzs water temperature 
d a t a  fr jm the ma-i~stem Susitns For the same pe r iod ,  
show! ng the cor,sj s t e n t i  y warmpi. teinper'atures i r~ $lie 
mai inste~i~ 



L,&a at P;jl ke2-L - -[he major  i r i  b u t a r i e s  joining t he  Su;i*- 
,, sso-aib; a s - 4 k n e A n  
r $a u t i I i u r i l i  iiariati:ion in - temperatures 'From the 
malus-Lem. Compared to the !a1 keetna f i  shwhee!l s i t e  
oil the S u s i t n a ,  the T a ; ~ e e t ~ a  River temperature i z .  
1-3"C cooler aa a d a i l y  average Dasi s ,  The Cilul i t:la 
River, b e i n g  c'l oser "c oies glac ia l  headuraters , i s  
from O t c  2°C coal e r  t h a n  the Tal  keetna r e  and 
has 1 ess d"sunna3 f l  u c t u z t i  on% 

g i n t r r  stream temperatures are expected t o  be very 
cjo+e t o  O a C ,  as a1 1 t h e  t r i b u t a r i e s  do Free~ze up. 
Groundwater i n f l o w  at some loc2tions may creatie local 

s conditions above , reezi ng , b u t  the O V ~ T Z ~  1 
temperature regime w u f d  be a f f ec ted  by the extreine 
cold i n  the  envii-onment* 

A i r  r;empera+ures ir! the S u s i t n a  basir! increase frnrn 
the headwaters t o  the lower reaches. k ih i i e  the 
temperature  gradient i s  p a r t i a l l y  due  t o  the two - 
degroe I a t i t i i d i n a i  span o f  the river,  i t  i s ,  f o r  the 
nost  pa r t  due to the 3,300-Fnot d i f f e r e n c e  i n  
elevation between the lower and upper bas4 a s ,  and the 
cf imate-moderat.icg e f f e c t  o f  Cook In1 e t  on the lower 
r iver  reaches. The gradient resu!'cs i n  a period 
( l a t e  October - ear ly  !&avanlber) i n  ~ h i c h  the a i r  
temperatures i n  "Le j ~ w e r  basin  iire zb~ . re  f reez ing  

-i= 

while subfreezing i n  the upper bas in ,  rhe l a c a t i c l  
of freezins ai  f- temperatures mojtes i n  a downstream 
d i  ~ e c t i o n  as w j  nterQ p r ~ g ~ , * * - ' ~  , t a b z s  ( R & M  1982~). 

Fraz"s T - -  i ~ e  f o n t s  i n  the  upper segmant o f  the river 
f i r s t ,  due t o  the  i n i t i a l  cold  Geioperatures c f  
g lac i a l  melt and the earl i e r  cold a i r  temperatui-es. 
~ d d i  t i  a -1 f i a z i l  i c e  i s  generated i n  tile 

I P * f a s t  -fj {,h;i fig r a p j  ds ba.tween canyon and Uevj 1 - Canyon, ihe f ' razi ' i  i c e  ger;er.a",ion normal 1)i conti nues 
.c ! o r  a period of 3-5 weeks before a s o l i d  i c e  cover 
c ;or ;~s  in the r i v e r  doizrnsEtreani or' C ~ v i l  Caily~n, 



From naeuy.? iodgement pa in t s ,  t h ~  ice c-ver 
progresses upstream as addi  t iona!  i c e  i s  s i i~pl  ied 
from -f:lrthet up5trea.c. However, he for^ the ~ 3 i f z f  

cGn progress upstrean, a l e a d i n g  edge s t a b i l i t y  
c s j  l e  rion must P i r s L  be s a t i s f j e d .  Th is  t rans la tes  
to a o g j t y  a t  the  upstream end o f  t h e  i c e  f ron t  
-that i suf f i c j  e n t l ~ f  1 ow Cc; a1 I ow the f i  cwi n!; i ce  to 
af$.i;  x i tsel  f t o  "Le i c e  fruri'c, causing ar; upstream 
progpessioil of the i c e  f If the ye7 oci t ies  
upstre~m of the i c e  fron? are too high (i .e, l ead ing  
edge s t a b i  1 i t y  cr i te r ion  not sax i  s f i  ed) , the i c e  
f l ow ing  d ~ w ~ j t r e a n  w i l l  be p u l l e d  0adernea"i hhhe ice 
f r o n t  be depos i t iec i  beneath the estatl  i shied cover 
doi.~nst:-eam i n  ; ese i i c4  where, the vel oci  t y  permits, 

& 
A  us k causing a t h i c k e n i n g  &B ' t h a t  i c e  cover* Tie 

x- t h i c k e n i n g  i c e  cover constr ic ts  the  i i 094 dalwnstream 
of t h l  i c e  f r o i ~ t ,  increasing the resistance and 
creat i  ng 8 backwater ef feet, t he reb ,~  r~d;c i ng the 
veloci ty  upstream of the i c e  f r o n t  t u  the maximum 
v a l ~ ~  aga ins t  which the  i c 2  frcr,t c2ri prcgress 
upstream, Experi shsb~m that j w the thh"icken- 
i n y  process, tha vel cci  ey a t t a i  ned underneat k 
the  i c e  OeposiQ i i s  about three f e e t  per second, 

I Dur ing  Freezeup, the upst:=eam progression o f  t h e  i c e  

f r o n m f f t e n  raises ?dater levels by 2 tq 4 f e e t .  
i 

i re * - 
i ~.-i gure I ! l ustrates the apen water r a t i n g  curve 

/ -- a t  RM and the sbserved 
increase i n  smge as the ice Front progressed up- 
s t ream of this  locat iorf  i n  358 - . Once the i c e  cover 
has consol $ d a t e d ,  t he  r a t i n g  curve 1 be d p g r ~ x i -  
mately para1 iel ~ i t h  the open water discharge, liow- 
ever, the  water level incr i  ::" iri s par t i cu la r  reach 
o-f the r i v e r  i s  deaenden^; ~ p ~ r i  the prevailing dis-  
charge a t  ~d3iclp thf ice cover far-iaed i n  tha>reach, 
- Ihe v a r i a t r j  1 j t y  i n  d i  scilarye a"cFi*ceneup, . . and hence 
water 1 increase coup1 ed w i t h  line vary3 ng berm 
el zva t ions  a t  the upstream 2 n d ~  of sloughs results i c  
some sl o~ lghs  usual 1 y being ottertopped d u r i n g  freeze- 
u p  % o t he r  sl oijghs b e i n g  occasi ona'i l y ov:rtapped and 

1 0.thei.s b&ic:j a r e  not o v e r t ~ p p e d ~  /or examp1 e ,  
i n  s lough 8A, d u r l n f ~ ~ 1 9 8 2  .freezeup -the $1 o u g h  was 
o v e r ~ ~ r j p e d  ch an es"r.imated discharge of 150 cfs .  
Pljotogr3phs --- i7]uslpate the incraased \ g a t e ~  l e v &  
and i:] ow t h r o u g h *  sl ~ u g h  11.4 dur-ing t i le  1962 f reezeup  a 



-7- i h e  SfLis i tna g i ve r  5s t h e  primary c o n t r i b u t o r  of i ce  
+he r i v e r  sysxem bel ow Tal  k re tna ,  c o n t r i b i i t i n g  

75- 85 percent of  i c e  o2d 18 the  S ~ j s ;  tna -  
C h g i ,  i ina--?-aI k e e t n ~  R-ivers, Ice f s -ma l i on  ~ o f l  the - 
Chui  ixn:: a r d  131 keetna R i  vers normal l y cafnmences 
several weeks af ter  freeze-up an the middle and ilpper 
Susi ?;f-!C! Wi ver  0 

j i i 1 nter i c e  Londi t i  ons 
. . "- 

Once the sol i d  i c e  cover formsj open leads s t i  11 
occur i n  areas o f  high-ve loc i ty  wter Qr yroumdvjater 
up~ell i ng ,  These 1 eads skir--ink d ~ r ' i n g  col d weath~t? 
and are the las t  areas i n  the main channel t o  ire 
c'zjmp! ete! y covered h . ~  ;-- i c ~ ,  i c e  "Lhickn~ss intcreases 
t h r w u y h o u ~  the %inter&, The i c e  cover averages ever 4 
f e e t  t h i c k  by breakup,  b u t  thicknesses o f  crver 10 
f e e t  have been recorded neai' Vee Canyofi, 

Some c f  the side-cha~nel s and s i  oughs above Ta! keetnii 
have o~er3 leads durinq iginter due t o  g r f " ~ ~ ~ d v ~ a . f x : w  ex- - - 

T f i  *i $r-.ati en. gab; e i s a prei f m i  nary compi 1 a t i  on 

lid82). All 
open l eads  id2n t - i  f i e d  i n  Tab1 e be1 i e v e d  t o  
be: a s  t h e  res i l t  o f  thermal e f f e c t s ,  Winter grocnd- 
water temperatures general l y  vary? ng hetween P C  Cc 
4°C con t r ibu t2  enough heat t o  prek4ent the i c e  cover 

m from f o ~ i f i i n g  (Tr ihey 1982a), ihese zirc!as are of"Lsn 
sa*iizofiia egg i n r , uba t ion  a;eas, 

j i  i i  j Breakup 
" - P m  

*- 

! h e  onset o f  w2rmer a i r  temperatiires occurs i n  the 
1 Q W ~ P  bas1 2 several vieekr; earl i EP- i n a n  i n  the m i d d l e  
and upper basjns  due  t o  the  tenperature g r a d i e n t  
prev iour i ) ,  nlated. The  lo:.^-elevaticn snoivpack melts 
F I  r s t ,  i a u s i  ng rive; di  seharge t o  increase. The 

4 L  * rising :;'ater iettel ppessure on c;ie i c e ,  caus*ino 
fractures t o  develop i n  the ice cover. The severity 
o f  breakup i s  depender?t an the s n i r ~ ~ ~ e ' l t  riite, or: the 
d e p t h  o f  the srcowpack and the  mount o f  r a i n f a ]  1 , i f  
i t  OI,GLIPF;, A l i y h t  snowpack arid warm sp r i ng  tempcra- - Lurlc r e ~ ~ i 1 t  j n  a g radua l  increase i n  r i v e r  d i s -  

~ h a r g ~ : ~  Str-ong forces on the ice cover do not  occur 
"i: i t i ~ i ; ~  -ice iinavement resul-ting i n  a m a i l  ci breakup, 
as acc2i j-etd 3981 ( H & M  l " jM) ,  ionversg"1 y a heavy 
s f i~$~pac i :  am7 coo"/ a i  r temperatures i n t o  la te  s p c i  ng , 
f ~ l l  owed by a sudden increase i n  a i r  Lempei-atures ". v. may 
r e s u l t  i n  d rap1  d ri se i:! water 'i eve1 , ih2 :api 4 



wa*@er 1 eye] incr9i-.ease i w i $ j  a-i:es i c e  moveneibn$ and $hi  s 
moveme~t coup1 ed wi-ch ice  l e f t  i n  i s t r ~ n g  can~di t ion  
from the cc;oiei- dernper3t:dt-es leads H;o n ~ m g r ~ i d ~  and  
pcssitily severe i c e  jams wh-ich mey result i n  i l c o d i n g  
aild e ras ion ,  as occurred ir; 1982 (R&?4 138Z f ) ,  C ~ c a i  
ve loc i t i e s  d u r i n g  severe ice jams inay be ;s h i g h  a s  
i O  f e e t  per second. 

The f l  coding r e c i ~ 1 - t ~  i n  h i g h  P I  04s t h r ~ t  g h  numerous - sidechannels i n  the rsaeh above "%alkeetrm* ihe 
f? oodi ng and erosion d u r i n g  breakup are kxi i eyed t o  
be t h e  primary fac'tors i n f ' i  uericing river morplhol ogy 
i n  the reach between Devil Canyon aild Ta ikee tna  
1982a ) , 

T*% me S u s i t n a  River arrd many 3 f  i t s  major t r ib i i tar ies  are 
y lac i  a1 r i v e r s  w h i c h  exper ience  ex t reme f i  uctuatiains i n  
suspended sediment coneenirati  ons as the resal t o f  b o t h  
g l a c i a l  meit and runoff f rom r a i n f a l l  or snoumel t, Be~inn-  
i n y  iv i th  s p r i n g  Srr?akup, suspended sediment concentrati cns 
b e g i n  t o  r ise f rom the i r  near zero winter levels.  D ~ r i n g  
summer, values as h i g h  as 5700 mg/l  have SEER recorded a t  
Denal i , t he  g a g i n g  s t a t i o n  nearest the g l a c i a l  l y- fed  head- 
i va te rs .  Be fo re  e n t e r i n g  the areas  o f  the proposed reser- 
v o i r s ,  @ ~ : i ~ ~ n t ~ " a l i : i ~ i ? %  decrease due t o  %he in f low from 
several c7 eat- ~ a t e r  t r j  butaries Mzxjmuli"u summer csncentra- 
t i n n s  o f  2500 mg/l kave been observed zit Gold Creek, Bol ow 
T a l  keetr-ta , eoncentrations incr-ease due t3 .the c ~ n t r i  b u " Z ~ i l  
o f  the  sediment- iaaen Chui  i t n a  R i v e r  ~ 3 i c h  has 23 percent o f  
i t s  drainage area covered by year round i ce .  Maxinium val  ues 
of 3000 ng/! kave been recorded a t  the Sus i tna  S t a t i o r !  gage.  
A more extensi ve suinmary o f  suspended sediment ioncent r a -  
t i o n s  is presented i n  F igu re  Ea2.H. 

$4 

Suspended sediment d i  schargr  has been shown t o  Sncrease w i t h  
b i  scilarye (R&M 19826). Th-i c re1 a t i o n s h i  p f o r  various upper 
Susi t n a  River s t a t i o n s  i s  illustrated i n  F i g u r e  i.2,Z%i5. 

4l 

Estimates o f  the average annual  suspended sediment l o a d  f a r  
t h ree  l oca t ions  on the upper Srlsi tna River dre provided i n  
t h e  f o l l o w i n g  t a b l e  ( R & M  1982d), 

Average A n n u a l  Suspended 
Gagi  ng S t a t  i on 

-s------,--- 
Sedi menl:. toad i t anz lyea r  .---- k 

Sus i t r ra  Rivei- d t  Derlal i 2,965,000 
Susi t n a  River n e ~ r  cant\qej 1 5,898,000 
Sus-l t n a  Rsiver ad Gold Creek 3,631,000 



-- I&.. suspended sediment load  e n t ~ r i . i g  "Le praposec2 \.la-Lana 
Eeset-v~jr~ frsm the SusStna Rive? i s  assumed ta be that a t  
';he g j g i  r;g s i t e  for  "Lhe Susi t n a  River near Cantwe*! 'I , or  
6,898,000 tacslyear (R&M, L982d). 

A cuspended sediment s i z e  ai-ialysqs f o -  upper Sus i tna  R ive r  
sQajons j s presented i n  F j  gure E ,  2, &?% -:he c.-ial ysj i n d j  - 
cat@$ ilha"Lbeeween 20 and 25 percent 05 t h e  suspended ced i -  
fr~ent -is h s s  t h a n  4 microns .004 n i l ?  imeters) i n  diameter. 

- 
ihe Susi'cna R i v e r  i s  typically clear  d u r i n g  t he  
wi rlter months with values a& or very a *  zero, 
Tui-bidi t y  increases as sno~mel t and breakup commence, 
Tile peak " sub id i t y  values occur during sunnier when 
g i  a c i  a1 i n p u t  i s  greatesl , 

Limited tu~bidity da ta  a re  ava i  i a b i e  for  t h e  head-  
watei-s of the Susi t n a  Wi ver, Wowevi;~, meas~~rementi; 
up  t o  350 Nepho? ometer Turbidi ty units 
been recartied a t  Denal i , TurS i  d i  t y  tends to decrease 
i n  the v i c i n i t y  o f  the project areas due t o  clear-  
%-* ;$,ter % i n f l ~ t u ,  a l t h o u g h  h i g h  va? i;es s 6 i I  1 ex i s? .  A t  
t he  mou"k o f  the Chulitna R i v e r  near Talkeetrsa 
values sf aver  1900 NTU have been observed. Hn 
con t ras t ,  maximum observed values s n  the Tatkeetna 
River, w i t h  i t s  m i ~ ~ i m a l  g l ac i a l  i n p u L  %ere 270 NTU. 
Results a? da t a  co i  l ection are sunmari zed i n  Figure 
E, 2, &T@(R&H 1982e). Data 501 1 ected a t  vapio=is s i t e s  
i n  1852 are t abu1  axed i n  Table E.?,%edg 

4% 
Figl;re E .  2, shows the direct re1 a t i onsh?  p between 
suspendsd sediment concentat  i o n  and turbid"iy as 

t ; ~  red on the S u s j t ~ a  Wive,.. a$ Cantgel 1 , G3?d 
Cre2k, at-r: Chase (Peratroti-i ch , m t t i  ngham and Drage 
19822). However, suspended sediment ccncef?tratior~s 
can vary s i g n i f i c a n t l y  a t  simi !  ar f l  ow ranges, as the 
g l a c i e p s  eon"iribu';e h i  g%l y \ra;iabl e amounsts o f  
sediment (R&P4 1982d).  

P u r b j  d j  ty v j l  ses f i b ?  sel ected 51 ouahs we1.e c ~ i :  ected - 
by ADF&G during the suminer- of 1931. ihe "turbidity iri 
the sloughs was "less than the turbidity jp -bhe rjiaj:\- 

c n~,.. 2- B~ e):c~pt tiihert ups"trein ends were o v e ~ t o p p e d  a t  
a:ii;jck tjnje the  t : i rb jd i t j es  u sua l jy  mjrroi-ed mains.ten: 
l eve.! s ( A D F 8 6  1902) ;, Even wt "Lh overtoppi cy , smiie 
sl oughs majntai i ia~q~r *Ltlrbjdj.'iy d ~ e  "c g r ~ ~ i i ~ d ~ d a " t ; e r  
j $ ;  jn-)fl  ow, 



\~e;-ti ca j  1 ! 1 umi n 8 t - j  0.7 t h r o u g h  the wa",r q:d upail y a r i  es  
dj i.ec-t='j y w j  tl? turbj d i  ty and suspended sediment concentrali  on 
and nence f r j l j  ~ w s  same ternpara: aqd s p a t i a l  ;,ae-ternl;. 
F\ i  t;lougi! no qriant i t i  ve assessme!!t \.ias conducted,  summer 
vertical  3 um{nasian i s  genera! 1 y 3 f e n  i n c h e s .  k r i  ng 
3 a -  s-4- p*m ; ~qar!rhs, thz  river bottom cdn be seen ' i r i  areas 
I ~ ~ + - ~ ~ ~ ~ ~ ~  L i l d U b - i ~ e  2 cover, as the river i s  exceptional i y  c! ear. 
Vest-ica": 1 ? tminati an ilrader ak-s i c e  cotder s 'i i \ h i  b-i tee?, 
especially -if t h e  i c e  i s  not c l e a r  afid i f  s siilow cover 
e x i s t s  aver the  i c e ,  

R *  u i  bau a - m ?  : 2 r \ ~  vcu  c ~ a r e n r r z t 0 n s  are h i  gher, and @:%hi b i t  a 

~:ide; range d u r i n g  the w i n t e r  1oi.i-flow periods than d u r i n g  
the summer per iod,  Data a t  Dsrial i range from 110-8270 ng!i 
i n  "Lhe winter and from 40-170 mg/i i n  t h e  summer, i3rogress- 

-w* 

i n g  downstream on the S u s i t n a  River bas-in,  IDS concentra- 
t i o n s  are general i y 1 ~ w e r .  

- 
Gold Creek rDS w i  nter val l ies are 100-190 mg/l , wh i l e  summer 
concen-lrati ons tire 50-1.40 m o / l .  Measurements st Susi  tfia 
S t a t i o c ,  Pai?ge from 100-140 mg/l d u r i n g  winter and bt-ii.rern 
55 and SO my/ ]  i n  the summer. Figure E , 2 . B  proirides a 
g r a p h i  c represen ta t1  on o f  the data  co3 1 ected. $r 

5us-j t n 3  gj ver  cunduelj v i t y  ,,,,gs 2 s -  a re  h i g h  d ~ i r i n y  w i n t e r  
low-flow perlads and low dur ing the summer, i n  the upstream 
reaches rdoerr g! a c i  a1 i n p u t  i s most s i  gni  f i  c a n t ,  c o ~ d i i c t i  v- 
i t y  i s  generally nigher. A t  Denali , values range from 
190-510 umhos/m .in the  winter and from 120-205 umhss/m i n  
t he  summer"", 

Be1 aw Cevil Canyon, conduct! v i t y  if61 ues range from 16Q-338 
irixhos i n  the winter and Prom 50-230 umhns;cm i n  the summer. - The CRulimna ar;d !;.jkeetna Rivers haye s i f g h l  y lower con- 
d u c t i v - j t y  values ,  h u t  a p e  i n  the sam. range a s  i n  the 
Susi t n a  Wi ver , 

6 Figure E, f ,  4-y c j rapk i cd ' l y  provides the maximum, m i n i ~ i u i r i  2nd 
r ;hs meai; vai tips 25 we1 1 as the  nun~bei- o f  condiictivi t y  obser- 
vatior:s fur the seven gaging stations, 

S i  grii F i  cao t  i ons 
--w-m--- 

Concerltrai:i ofis of' ttle sf  gr,i fi can"Lio!~s are general ! y l ow t o  
moderate, w j  $:h sufijfler c=ncen"cra"L ians 1 owe? t h a n  i.43 n te i*  



g o n c e ~ t i - a t j  The  rsanges 0-f co~cz i : t rac , j  onr; recortjed up- 
stream of the project a t  D ~ n a J j  and  Veg C,anjicn jntf dawn- 
st;.eam of t h e  ~ r ~ j e c - t  at Gold Creek, S u n s h i n e  agd S u s i t n a  - S L a t b ! ~  are 1 j s t e j  -in i ab l e  E. 2.sfd~t The rsnges of j3n 

cancen i rc i t i  ons at e3ck moni 'coring s t a t i o n  are pi-eseiqted in - 4 

:-jgures E, 2, @i tto E.z ,@.  
+% 9% 

i c ; )  pH 
t g i  

Pverage pH ~ 3 1  ucis Lend "L !be sl i g i i t i y  al kal w i t h  vai ues 
typ ica l  ?y ranging betweer: 7 and 8, A wider ralnge i s  
general 1 y exhi b i  ted d u r i n g  the spring Speakup and summer 
months i s i i  th va? ues occas-i anal 1 y droppi  ncj be1 ow 7, -*I% i s 
phenomenon is  comrr,on i n  Alaskan sttreains and i s  a t t r i b u t a b l e  
t o  the  a e j d j g  $ ~ g d r a  ~ \ ~ g ~ $ f g  - 

- 
b4iflter pkl ranges a t  "Lhe Gold Creek s t a t i o n  are betw~eet! i e f i  

arld 8. i wiiil e the i-ange o f  summer values i s  6.6 t o  8, I. 
F-igure E,2, d i s p l a y s  t h t -  pH i n fo rma t ion  for  the seven 
s t a t i o o s  o f  recard* 

(j) Total  Hardness ---- 

Wa.ters of the S u s i t n a  River a r e  moderately hard  t o  h a r d  i n  
the w i n t e ~ ,  and s o f t  t a  moderately h a r d  dur i i ig  breakup and 
summer. In a d d i ~ i a n ,  Where i s  a genersi -creed toward softer 
water i n  the downstream d i  rectisn, 

'rota1 hardness, measured ao cal ci urn magriesi urn hardness and 
reported i n  terms of C ~ C O ? ,  r2nges L n + 2 - x * f i -  ucbr#ce;l 60-120 mg/1 ar, 

d 

Gold Creak d u r i n g  winter, and isetvjer: 30-105 mg/ l  i n  the 
summer, A t  Sus i t i l a  S t a t i o n ,  winter v a i  ups are 70-95 TS{I 
w i ~ i l e  summer values range From 45 t a  60 m g i ? .  

F i gu re  E, 2,433 pt-essnts rn0f-e de- ta i l  ed t o t a l  ha!-dness informa- 
'$ion, 

(k) Total  Al k a l  i n i  ty 
w m  . . 

Total Xl kal i n i  tji concenlr3ticns w i t h  bicarboilate typ ica l  ! y 
b e j  ng the on1 y -Copi.;1 of 2.1 k a l  i n i t y  present, exhi b i t  moderate 
to h l  g h  level s and d i  spj ay 2 much larger range d u r i n g  win te r  
t h a n  the 4cw to moderate summer values, i n  a d d i t i i j n ,  up- 
stream concentr2tic;ns are general l y Iar-ger t h a n  dvwilsiream 
val  ues, 



- c c i  or ,  measured i n pl a t i  num coba l t  u n i  i s  , d i  ~ p l  ays 3 
\q4cer raoge g summer t h a n  win te r .  This phenomenon i s  
a l t r i b u t a b l  e t o  organic acids especial 1 y t a n n i n )  chsracter- 
i st1 car 1 y present i n the summer tundra  runoff,  

Color  levels a f l ~ ] d  Greek vary between 0 and li) color  unjts 
d u r i n g  winter.  and 0 to 40 units  i n  t h e  summer, i u i s  not 
iincomrnori f o r  eol or level s i n  A1 ask3 t o  be as  h i g h  as 100 
units  f o r  s t reams r e c e i v i n g  t u n d r a  r u n o f f ,  I .e.? the maximum 
recorded value  a t  the Sunsh ine  gauge. 

V@ 
Figure E,2,% d t s p l  ays " c h e  d a t a  collected. 

m) Metals - 

The c o r r c e n t r a t i ~ n ~  of many metals monitored i n  the r i v e r  
Mi2i.e low o r  w i t h i n  t he  range c h a r a c t e r i s t i c  of na tura l  
waters. E i g h t  parameters a 

d molybdenam 
and zi rcsn i urn e below de t ec t ab t  e 

e r ,  the csncen some t r a c e  eIe%ewt% 
exceeded water qua1 i ty gui del i nes fo r  t he  p r o t e c t i  on o f  
f reshwate r  organi sins. b7 e E, 2.41, These concen t ra t ions  
a re  t h e  result s f  watu processes, since w i t h  t h e  excep- 
t i o n  of pfis-m 3uli i ,  placer {ninrng a c t i v i t i e s ,  there are no man- 
induced sources of these elements i n  the Susibiia River 
basin,  Met 5s whkh  ha e exceeded these IRmites I;nc"ade 
a1 urninurn ( A i  i ran (Fe) , lead (Pb 3l manganese 
( N n f ,  mercury (Ni) and zinc ( I n ) .  

$9 * 
F i g u r e s  E,2, th rough E,2, &%+ summarize the  heavy me'ca! d a t a  

2 ,3 ,2  - Disso"rved Gases 

D i  ssol ved Oxygen ----- 

iii ~ s o l  \ied oxygen j D a  0. ) coneen"crati ons gene~all y remain 
qu-i t e  i ~ i  gh throughout the dra inage  basi n, Mi fitzr val ues 
average near j.3 nrg/l wh i le  summer coilcei~trations average 
between 11 and 12 m g / !  7h.r:: conci?ntrat ions equate t o  
d i  ssol ved oxygen salurati  on 7 eve1 s g e n e ~ ~ a l l  y exceed! i q  80 
pe rcen t ,  though summer ~ a i  ues average near- 130 pe rcen t  .- 
Mi nl:er sal:urati on 1 ~ ~ e l  deci; i n e  $1 igh"Lly f roln suiamei3 
levels,  averaging near 97 percent a t  Gold Cree!: aiid 80 
percerit a t  Susi tria S t a t i o n ,  



t"@ --.J 
$2 

4wWI.s-3 

r- F i  gures  E, 2, F?j$j 2nd k, 2, cco-ta i  n add-! t iunal  d j  sro! ve-j 
oxygen d a r a .  

Limited sampl i ng f o r  d i  s s u i  ved gas conc~r2tra"L ions name! y 
nj bniannq L~~~~~ and oxygen, was pwr f rmed  d u r i n g  the 1983~ F i e ? $  
s e d s o t ~ ~  However, continuous i r ionitai- iag equi prnel~t was 
i i i s ta l led  i n  the vicinity o f  Devil Caiiyoo f o r  approximately 
two months (Ailgust: 8 - October 10) d u r i n g  1982. 'ril i s d a t a  
i s not a v a i  7 abS e a t  $hi s time b u t  HI f I be inc7 uded l~&eo -it 
i s ava i l  ah1 e ,  The 2981 d a t a  indicated t h a t  supersaturation 
e x i s t e d  above Devil Canyon as well as below rangiriy from 
105.3 percene. t o  if 6, '7 p e r c e n t ,  respecti vei y, 

Alaska water quai i t y  s t a t u t e s  c a l l  for  a maximum dissolved 
gas concentration o f  no higher than 110 percent ,  

Nutrient concentrations, speci f i  cai 1 y n i t r a t e  nitrogen and or tho-  
* - phosphate ,  e x i s t  1r-i iow to moderate concentration t h r o u g h o u t  the 

$4 Peak Sus=i t ~ : h t  $ L  Nixrate concentrations are  less "Lao 11,0 mg/l 
a1 an9 "Lhe Susi t n a  , a1 t h o u g h  Ta i  keetna Ri ver val ues have reachzd 
2,5 m g / L  b l d  Creek nitrate concentrations vary fronr below 
detectable 1 in l i 'cs  to rJE 4 m g / l ,  

Bia! ogicali y avsi  l a b l  e orthopi-losphates are ge~erall y less t h a n  
0,2 mg/ l  'chroilghout t i ts d r a i n a ~ e  basin, & I d  Creek oi-thophos- 
p h a t e  values vary from be1 ow detoc'cabl e 1 imi ts t o  0.1 iilg/l. most 
values at \iae Canyon are a l so  i n  ",his range. This  d a t a  j s  de- 
picted i n  F igures  E.2.H aud E,2,'Be 

2%- 
if T' y@ 

Studies o f  glacially in-flueneed l akes  i n  Alaska (Koenirlgs and 
$1 b , 1 e 19e2) and can2da ( S t .  Johr! E ~ L  81. 1976) ind ica te  t h a t  over 
50 percent cF the t o t a l  phosphorus concentration i n  the lakes - 
s t u d i e d  wzs D i i ? i o g i c a l i y  inactive. / h i s  was a t t r i b u t e d  to the 
f a c t  t h a t  the greatest percentage of the l akes '  t o t a :  #,sp!3c-r~is 
occurred i n  t i l e  par ' t i c l i l  ate form. Consequent1 y, phospko !-us 
a~ iaqaab le  i n  the dissslved fam i s  rouch less thaw recoj-ded 

'+- -?!a1 ues. i k i s  i s  i j iscussed i n  iii0i.e de'cai? by Pebcrson i n d  
t4ichois (1%82), 

Of the major cuirients--carbon sf  1 !;a, nitrogen and phosphorus, 
ch? 1 $ m i  t i ng L in the Susi t n a  Ri ver i s  phosphoriis 
( f 6  , s c l ~  - and Nichol s 19821, 



Chl orophyl  l -a  6s a measure o f  a lga l  biomass i s  qui $2 i 0% due 
t o  the  pc?or ii3h-t t r a c s m i s s i v i k y  o f  the g lac ia l  iaiaiaters, Re  

v chi oroi;i;,y] 1 .-a d a t a  a v a j  1 abl  e for t he  St is i tpa  R i  yf!r were 
co i  jetted 2t the Susjtna s g a t j ~ f i  g d g e f p  Val i;es 3p to 1.2 
ny /m3  *;or ch'i or-ophy! 1 -a peri phytcn uncorrected have been 
recorded, i-iocqever whet: t h e  ckrornospeetropi c t~chni 3 qlue was 
used, \/a!ues ranged from 3.004 t o  0.029 ing/rnd fo r  th ree  
samples i n  1576 and 1977. A1 1 recorded values from 1978 
t h r o u g h  1980 9.iere -1 ess t h a n  detectabl e ? imi t s  when arm: yzzd 
us'i ng ehe chruniogi-aphi c f l  uor-ometer technique, 

5 1 ;u:, d a t a  on chl orophy? l -a a r2  a v a i  i ab l  e for the upper bas in .  
r ia~ei lcj i . ,  ai th  the very h i g h  suspended sediment concei>'cra-- 
"L ions 2nd turbidlty values, i t  i s  expecbd  t h a t  thhl orcsphyl i - 
a va'3ues are i je r j i  low, 

a r e  ~ v ~ i l a b l e  for  bac ter ja  i n  the upper r i v e r  b a s i n ,  
However, because of tho  g l a c i a l  or ig? :ns  of the  ~ i v e r  and the 
absa:rce o f  dosest4 c , agricill tu ra l  , and indus t r i  a1 devel op- 
nent iii the waxershed, bacteria levels are expected to be 
q u i t e  loi& 

On7 y iimit~d d a t a  on bacter ia l  "ndicators are a v a i l a b l e  from 
the lower  river b a s i n ,  namely fo r  "Lhe Talkeetna River since 
1972, 2nd fr~om the S ~ i s i t n a  River a t  Susitna S t a t i o n  since 
9975. I n d i c a t o r  organi sms moni tnred iricl ude t o t a l  col i - 
forms, fecal ctpi i forgjs, and fecal  s"L-;pLc- s ~ c % ~  ---' $a 

Toii~;i io l  i F ~ m m  counts were generally quite low,  w i t h  a1 1 
mh~e samples a t  S u s i t ~ a  Sk2 t ion  and 79 perc2nl: of the 

than 20 samples an " c h e  %I k ~ r e t n a  giver registering less " 
eoi o n i f s  per i Q O  nil. Occasional h i g h  ual ues have beer1 
recarded d u ~ j n y  summer mofiths, w i t h  a maxinlim v a i i i e  n i  130 
col onies  per 100 m l  , 

FD pecai  co i  4 f ~ r r f i s  so 3 ow, gsuai 1 y regi j terffig less tkjan 
-t 20 col onies per kOC m l  . Ine maximum recorded - suii?mer val ues 

vdere 92 and 91 coionier; per 100 nri i n  - th2 ial keetna and 
Susi t n a  Ri rers , respec t i  ye-! y. 

-, !- :z a -1 ,-. 4- -+ rpbac~cci A +=* 4. d a t a  a]  so d i  spl iy 'tine same pattern ; 1 
v a i  uej i ii bii rjter months, w i  occas'l ofla1 h i  gti counts diiri:!g 
the summer months, 



pQ,i f f-ec3rde-J y a f u e s  are  ~ 2 1  I s  re f lec t  na-tu$-al v a ~ j a -  
e j o n  w i t h i n  the  r f ve r ,  a s  there are ns i f  hunian 
j uances t h p o u g h o u t  the 5ils-i "La RRi ver Bas3 n t ha t ,  w ~ l  d 
a f f e c t  b5e"Lr.i a1 counts 

Ccrncentra"cioni of organic  pesticides and herbicides, uran i -  
um, and gross  a l p h a  radioactivity were either les!s than  
t h r i r  r e s p e c t i v e  de tec t i on  1 o r  were below leve l s  
corisi  dered t o  be p a t e n t i  a1 l y harmful , S i  nee no s i  rjni F i  cant  
sources of these parameters are known t o  e x i s t  i n  the 
d ra i  nage basi n , ~o f u r t h e r  d i  seussi ons wi 1 f be pursued. 

2.3,5 - i ~ i a t e r  Qudl i ty Summary 
---- 

- the S ~ i s i t n a  River i s  a f a s t  f l o w i n g ,  cald-\.later g l ac i a l  stream of 
the  calcium bicarbuna"c type containSi i?g s o f t  t u  moderately ha rd  
wate r  dur ing  breakup and summer, and lnoderately hard water i n  the 
w in te r ,  N u t r i e n t  concentratians , nainel y n i t r a t e  and o r thophos -  
phate  , exist i n  low-to-moderate concentrations, Di ssol ved oxygen 
concentrations typ ica l  1 y remain high,  averaging about 12 mg/? 
d u r i n g  the summer and 13  mg/ l  d u r i n g  r.rinter. Percenugge sawura- 
t i  or1 of d i  nsol ved oxygen general 1 y exceeds 80 percen t  and a v e r -  
ages near 190 percent i n  t he  summer, iii?n'eer saturatlorr level s 
d e c l i n e  s l i g h t l y  from t he  sbmmer levels. Typica l ly ,  pH values 
range betiqeen 7 and 8 and exhi b i t  a wider range i n  the summer 
compared t o  the  winter, During summer, pkl occasionally drops 
below 7 ,  which i s  a t t r i b u t e d  t o  o rgaa ic  acids i n  the t u n d r a  
ruiloff , True col o r ,  a! so resulting from t r?ndra  r u n o f f ,  d i  s p l  ays 
a wider range durt i iq summet- than w in te r .  Values Rave been 
rneasured as h i g h  as 40 co lo r  u r r i t s  i n  the vicinity o f  t h e  dam- 
s i t e s .  Temperature remains a t  or near 0°C dur ing  win te r ,  and the 
summer maxi mu^ i s  14°C. AT k a l  i n i  t y  concentrations, w i t h  biear -  
bcnate as the dominant anion, are 1 0 ~  t~ moderate d u r i n g  sumer 
aod moderate to l i i gh  d u r i n g  winter, The buffer ing  capac i t y  of 
+kg L I I ( -  r ~ i j e r  at jg tg7y l r j ~  cpn oce2s i~n .  

The  ccsncentralions o f  rnany t race elements monitored i n  the rivet- 
triers? i o \ ~  a r  w i t h i n  the range characteristics of na"Lm31 waters. 
tloili9t'@r1 the cor!ie;;tp.;dtions o f  some trace elements exceeded wa te r  
qua 1 i t y  guide1 I nes  for the  protection s f  freshwater a q u a t i c  
organisms. These cor lcent ra t ions are the resul rl o f  na tura l  pro- 
cesses because w i t h  t he  excepstioi; o f  soir,e placer rniniing a e t i v i -  
t i c s  there are no man-indbced sources sf these dements i s . 1  the 
Susi Lna  R.l" ver bas? w ,  

C o ~ c c n t r a t i o l . ! ~  of organic  pe~a i c ' i des  and herbic-ides , ura i~ i  urn, arid 
gross  a1 pira rad ioac t i  \ri t y  were either 1 ess t han  tilei r respeclive 
d@-tec; - t i~ f .~ Yrin~i&s or piere below level % eonsidered Xo be po3:@w-* 
t i a l l y  harmful -Lo acquatic organisms, 



" i  i oe  i.indscape o f  '-,he kipper basit? cans4 s t s  of r e l a t i v e l y  barren 
bedrock. rno~inta-1 ns  wi t h  exposed bedrock ci i f f s  i n canyoiis a f ~ d  
i i ~ n g  sttrec;nis, and areas of uncansolida-ted sedimei-its (cu~tvia.;h, 

-# 

& i t t l  !obi r e i l e f  p a r t i c u l a r l y  i n  eP,e ley$.  
* arcr i c ::I intate has rk2tardea devel opnene o.f t n p s o i  l , ii:?-ico~n:l ned 

a q u j  fiaufis 2x.j set. j 8 uficonsol jdaQe sediments, a] though th1ej-2 j 
no water  t a b l e  da t a  i n  t h ~ s ~  dress except i n  the re! i c t  channei 
a t  Watarra and rhe south abilitnent a t  Devil Canyon, Wint , :~  l o w  
f i ows i n  t he  Siis9i"Lna River and i t s  i ~ l s j o r  trjbul:a:ies aire fed 

-.G 

pi - imari 1 p f r om ground water  starage i n  uncilnf i no;! aqui fers.  in. 
bedrock w i  t h i  n the bas$ n comprj ses crystal  1 i and net&msr~h i  r. 
rocks, NO s 4 ~ t - *  %,,i fi can t  bedt ock aqui fers have beer? i d e f ~ t  i f i ed o r  
are a n t i  c i  pa ted, 

Below Talkeetna, the brcad p l a i n  bet;+een the Timlkeetga Mountains 
and the A1 zska Range generail y has highar grciuf~d v~fiter y ' ie i  d s ,  
:ulath the unconfined aqui fers  immediate1 y ad jacen t  t o  the  Sus i  t n a  
R i v e r  hav ing  t9e highest y ie lds  (Freethey and  Scul l y  1980), 

2.4,2 - Hydraill i c  Connection o f  Ground Mate$- and Surface Water 
- e - - - - -  .-- -w-----a---.T 

Piach a f  t h e  g r o i l ~ d  w2ter i n  the system i s  stored i n  unconfined 
aquifers i n  t h e  gal l e y  boetams and i n  a! 1 u v i a l  fans  a1 ong the 
sl apes, Coosequent1 y ,  there i s  a d i rect  connect ion between t he  
grsut?d water  and surface water. Confi ned aqui Fers may e x i  s t  
b q i L h 2 ~  some o f  tihe ianesnsesl idated sed-irneiits, b a t  ns dq-ta are 
available as $a their  e x t e n t ,  

2 A . 3  - Locat ions o f  S p r i n g s ,  Well s ,  and Artesian Flows 
m a - - , P P .  = - 

Due t o  the w=i l d e r ~ e s s  charac te r  ~f the bas i  w, t he re  i s  ns d a t a  on 
the  1 o c a t i o n  s f  springs, we1 i s ,  arid a r t e s i a n  f i  o~drrs. However, 
winter aufejs i ; u i i&gps  h a y e  been observed between Vee Canyon and 
Fog Creek, i ndi edti  09 the presence of ground water d i  scharges, 
Ground water i s  the main source o f  f l  on d u r i n g  winter months, 
when prec ip i ta t ion  f a 1  1s as  snow and .there is no g l a c i a l  m e l t .  
It i s  be1 ieved t h a t  i.i.ruch o f  t h i  .: bgater comes frsa unconfirled 

Frceehey and S ~ ~ 1 3 t - j  19801, 

2,4,4 - Hydraul i c  Connect?on of Mainstem and Slougiis ---------- ------ ------- 
Ground w a t e r  studies -in respres,on-LaStive sloughs doi~nstream o f  
J Carryon inciicate t h a t  thfre  i s  a hydra21 ir c o n n a c t i ~ n  
between the mainstern Sus-itiia River 6ild the ~ i o ~ l g h ~ .  
51 oughs are  used by ,yalmonid ~peeie35 for spawriing, and hence, are 
jmpor*tani t o  the F i  si3erie.j. Ground watst- observitior; we1 i : 
indjcatze i h 2 ; t  tile upwe? 1 i n g  i n  the $1 oughs, \qh ich  i s  n@cesrrzi.je J 

far. egg 'incuoat;-ion, i s  caused by grourid ii'atev f'i 054 'from tiit?. 



sods and fram '~hz inains-tem Sssj tna, The hj oher p~rmc.abf 1 jty 
o f  1 ey hoeton; sediments (sarid-gravei -cobb: @-all 1 uz) 
compared ~ d i t h  the t i l i  mantle and bedrock of t h e  vallely jides 
j n j f c a * t e s  the mirigstem S u s i t n a  River 1:s the majar sr:urce of 
g r o u ~ d  vdater fnf1ok.i i f i  t he  s loughs .  i'r&limifiarj, estimate!; of the  
+ ,, U- avei time aF the ground water f r o m  t he  mainseeiii to the sloughs 
indicate a Ljme on the order -.f s i x  months, 

Ex'i s t i  t;g Lakes, Reservai r s ,  and Streams ------ -- ."..- - 

- 
lhere are no e x i s t i n g  reservoirs on the S u s i t n a  River or  on ariy 
a f   he t r ibutar ies  f lowing i n t o  z i t h e r  Wstana o r  Devil Cartyon 

T-edfQ Of F + & F - P I " = ~ A ~  -aC l i i * f i  ~ 3 y % f 3 P + o A  Reservsj rs &-J 1 a k e ~  d ~ p d n s t - -  -- L ~ ! E  f C ~ C I  V U  f F 3 az c LfipGbuG-u 

t o  real i ze any impact from project construction, impoundiiieni , ar 
operaqticrn, A febtr lakes a t  ar;d upsWrpam s f  the  damsites, hotdever, 
wil I be affected by "Lhe p r o j e c t .  

The fiormal maximum ope ra t i ng  level o f  2185 f e e t  i n  the Katana 
Rescr~loir w i  11 inundate several lakes ,  nofie o f  which are flamed on 
USGS t o p o g r a p h i c  qu8drangie  maps. Most o f  "Lase a r e  small tundra  
l a k e s  and are located along the Sus i tna  brtween RM 191 k n d  RM 197 
near the mouth  o f  k'atana Creek. The largest  o f  these lakes i s  
Sal l y Lake, It i s s i  t icated a t  geographi c i oca t i  on S/32N/07E/29, 
Sur face area o f  t h i s  lake i s  63 ac res .  I t  has a maximum d e p t h  o f  - 27 f e e t  and a ineafi depth o f  11.6 f e e t ,  ihe shoreline l e n g t h  i s  
90,500 f e e t ,  The water surface e leva t ion  i s  approximately a t  
e levat ion  2650 fee t .  A:! area-ct ;paci ty  curve i s  ii lustrated i n  
F igu re  Ig 

"iere,, a r e  27 7 akes kes tLh3r-i 5 acres i w  surfdce area and one 
between 5 and 10 acres 6- g&ggg+ 

41 on the worth s i d e  - m a small l a k e  
j ess  than 5 acresj hes  on the south shore o f  -Ehe S u s i t n a  a t  RM 

1995,5 aad another o f  abou-t 10 dc~-.es i n  area ' ! i e s  o j ~  the n o ~ t h  
side rf the  river a t  RM 204. Nost o f  these lakes appear t o  be 
simply perched, h u t  f i y e  o f  them are c-nnected by srnal l streams 
d o  Watana Creek t o  the Susi t n a  Rj i&se? f , 

- 9 .  A small l a k e  ('2.5 a c r e s )  1-19s ~n *the south abutrnei~t ne?r the 
Devil Canyot? damsite, a t  k!! "i1.3, ac$ at abou t  e levat ion 14G0 
f e e L  N other lakes e x i s t  w i t h i n  the proposed Devil Canyon 
Reservoj  r ,  

Several streanls i n  each reservoir wi! l be co in~ l  etely  or' p a r t i a l  1 y 
*inuad3ted by -?he raised wate r  levels d u r i n g  project Fi i ling and - .. 
opera t ion .  Ihe streams appear ing on the I :63,369 s c a l e  USGS 
q~iadr-ang 1 e niaps and 1 us-trated f n  F i  9~r.s 2nd 61 are  i'is'ied 

"iY&h* 
.--b"- 

bj! r c s ~ ~ ~ t o $ , - .  jc *Tables E,%,k2g and [ze2,g$3e L i s t e d  ir: the t a b l , ? ~  
3 $3 *s* i!ta 
4% +d*&J 



W j : ; h j n  W 2 i a ~ a  Rest;r;'ai r meye  i s  a small 5: oggh  w i t n  t y i o  smai 1 
p ~ n o s  @ a t  REji 212, four m i !  es lig~stream from tlhe mouth of Jay 
Creeke A i  Jay Creek, there are two sloug E. j i i s t  ups t r~ iam 
3w-j the other jgst dovdn~tream from the o? Jay Creek, 
Addj t i ana i  $ 2  oughs are iocsted al; 4;vi 205,7, 201.5 and just 
ciuwnstc%fn or' b!atana Creel<, With in  Devil Cagyon Peservai r , thgre 
are eight s loughs ( a t  Rb! 180.1, 179,3, '179,!, 117.3, 174,0, 

-i :73,4, 172,1, agd 159,5) which b r i l l  be tot377y inundater!. ine 
1 ocat ions  OF t h e  $1 ~ u g h s  to be inundated are a1 so d2pll:ted or! 
F i  gures - and 8j 

j dG Frrjm the st reams t a  be i n u r L ' ? t ~ f ;  by the two prn jec? 

rrilpoundments , there are several t r i  bdiaries downstream of the 
project w h i c h  may be af - fec ted by changes i n  the Susi 'cnla River 
flow regime. S-ince past-project summer stages i n  the Susitna 
wi l l  be severa l  Feet lawer t h a n  pre-project l eve ls ,  soae o f  the 
creeks may e i t h e r  degrade t o  t h e  lower e levat ion  o r  rcmair! 

, Llzed h*-" dbave the ri vei. ,  A ~ a l  ysi s was  do:^ on 19 streams Setiqeen 
Devi  1 Canyon and T a i  keenta w h i c h  iriere determined to be impor t2n t  
Tor Fishery reasofis c r  fo r  maintenance of e x i s t i n g  c ross i r igs  by 
the iilaska R a i l  road ( R & M  1982). These stresins a r e  l is ted i n  

-4 4 Table E , 2 , & ,  ~ j i % h  the i r  r ' l ve r  ~ - i i e  Iac in t jons and reason f o r  
concern. a% 

2,6 - Exi  s t i n g  l ' r istream Flow Uses --------- - , -  

Instream flow u s e ~  a re  USES made o f  wa%e;- i n  the s t ream channel as 
opposed t o  wlthdrai.iii;g water irem the stream for use. Ifistream f!ow 
used incl ude hydroel ectric povrer generati ctn ; comm2rei a1 o r  recreati anal 
f t a v i q a t l ; ~ ~  ; waste  l o&d assirnil a t I a n  ; doudostr2am water r i g h t s  -; watsr 
r equ i  remert.ts f o r  r ipar ian  vegetat ion,  f i s h  and  ci id: i f e  habitat; and 
recreati ort ; freshwater '  rec r u l  tment t o  estuaries ; and v~ater  requi red  t o  
maini-ain desi rable  charazteristtics of the r iver  itsel L .Ex istii?g 
ifissbrea;n flaw uses on the Sus l tna  River iriclude af! these uses except 
hydroel e c e r j  c power o p e r a t  ian, 

2.6,1 - Downst ream Mats? k i  gh ts  - 
w 18 d i f f e r e n t  ar-.eas i n  t he  Susi tna Rij~g~ Basin i n ~ e s t i g a t e d  

=- a 

f o r  :.rater c-lghts  a1-e shown i n  i-lgurs E.2,"a ) w i g h t  1381. 
E, 2, :&$hq cdjcates the ' ; ~ t a ' ]  amount of' si! \$a-Cer and ground - viai:er. a p p r o p f ~ i  w i  t h f  Q each area Ihe on? y s i  g n i  f i  can t  uses 
o f  5upP.fdce wa-tep j i 3  the Susf-tna Rfver*  basin ocf;",~ir j n  the  head.- 
wat:3f-s of @& Kak:'kRna arrd 1 Creek c a w ~ ~ s h i  p gr-ids *.here 



- w a s  irle Sus j  t n i  K i  sgpport;  popgl a t i ~ n s  of" boG3 a~idraj;i:3iis an3 
r-esj dam+. - 5 Impnrt-list semmercial , recreations! , and subsi s-  
tence  species i n c l g i d ~  p i n k ,  chum,  cohcr, scrkeye and chinook 
i a l ~ n o n ,  eul z c h n n ,  rainbow t ~ o u t  , arid A r c t i c  gray1 ing , ,  lnszrearii 
F l  oiqs g r e ~ e r ~ i i )  p rov ide  f o r  f i  si! pass2ge, spawning , i n t u b a t i o n ,  

.=== rear? ng ? overgd-? n t e r i n g  , and cutmigrat ion,  ihese activities are 
C o P $a , I 3$ ,,, ~ ~ - 4  t hz  n i l t ~ r a l  i?ydrcgrapt2j Salmon spavrn an the 
receclding l imb or' $he hydrog raph ,  t h e  eggs i ~ c i l b a t e  t h r o u g h  the 
"iow-fi ow period and f r y  e3ergefica Qccurs on the  ascending l i m b  of 
t h e  hydrcgraph. Rainbow t r o u t  and grayling spawn dur ing  the h igh  
'i1oi.i~ o f  the bi-edkfrp perjod w i t i s  embryo development occur r ing  
d u r i g q  -ti2e ;a-ly sumwer, P,!-terat$on af -the na tu r a l  r~g jme 
d u r i n g  r e se~vn i r  f i l l  i n g  and p r o j e c t  npei.d;cion 11 I i k e l  y resu! t 
i n  b o t h  detr imen-tai  and benefici31 effects 0 0  t h e  fishery 

r^r resources of t t je  Susj tna River ( see  Chapter $1. 

Nalii gapl;i on afid t r a n s p ~ r t 2 t i a ~  use of Susi  t n a  Ri ver present! y 
&? eons: s-ts of bo3"tfiq T Q ~  r e c r e a t i ~ r  spo r t  $ 3  s h i n g ,  hunf i ing ,  and 

%me t ranspa-tat ion o f  aoods. The reach. fro811 xhe heah~daters o f  
i jusj tna i ( jver l o  the D e v i l  Canyan d a m s i t e  has experienc~a 

-3 i lmfQd = due, p r $ m a ~ i i y  related t o  hu t-f~ sfid ~F ishe t -s '  acc2ss +- 

- t V  

"Lf iyone Mi ver area a f te r  liiiinchi cg at the  Denal i H i  ghway . San~f: 
re:;reaUiaiial k a y a k i n g ,  ~ 8 ~ o e i n n  and raf t i  or; has 8 :  so t a k s n  pi acf: 

t 3'" 6oi.riistream fi-onl t ire Delia! I 1-i; y hway Bridge gel;ei-al "/ y 5topp-i ~4 
near f t c i ~ h a n  Lake o r  sent? ather po in t s  aissye the rap ids  a w i ) z v i i  
Creek, Steep r a p i d s  riedr Devil Grezk and s"Lthe D e v i l  Canyon 
damcj te  are  biirriers tc most navigai;ion, t h 5 i i g h  a v e r y  smal; 
nuliibe; of kayakers have  sucr,{?ssful l y  travel e$ tiiiqoij~ii t h e  Oevj] 

-nt  Car;yr;c rs;jjtis j f i  rerent, \ ea r s ,  jn.si-2 have been se\jeya! u u 5 ~ ~ -  

ces;f'ul at"empsem to  pcnetpatr  "hn  t,., ranyoti,  b0't.k going 1.ip5-t ream ~r ! c i  
d~i+drjsl:rea~i, 1 n a pov~i:.r.f,o;~l: 2nd -j n kayaks , 



* .* ow k v i j  C a ~ y a n ,  'ihp r iver  i s  used f s r  access 'LQ sa imo~f i  f+sh-  
-ins: a t  sever-zl s i t e s  as  f a r  upstream as Portage Creek, T h i s  i s  
undertaken by private boat-owners and by ang"!ers u s i n g  cmglmercia? 
boat operatars, 1 either case ,  most of the Soat- launching i s  

7 Oarre a t  !a! kee.trra. Commerci a1 operators from Ta i  keetna a7 so 
cater  to si2htseeiny t o u r i s ~ s ,  ~ h o  travel u p r f v e ~  t o  v iew  the 

I = - 
~2 v e r s i  f"; ed t-erri i  fi and gi 1 d l  i fe, ]here i s  r e c r ~ a t i  ona]  o s a t i  ng 
i n  thi s 3 f r equen t l y  by kayakers or canoei st5 f l  oat l ing 
downriver - ; i ~  T& keetna from the p a i l  road access p;jnt  e t  G o l d  
ta ~ r e g k  

Awes:; t o  the Sus i tna  ds~nstream o f  Palkeetija -is oblaai,.med a t  
Ta7 keetna, frog- a boa t -1  aunchi ng s i t e  a t  Susi t n a  Landing near 
~ ( ~ s ~ ~ J * ~ ~ ~ ~ ~  3% se?:gpa? $39 + = h ~  r n i r t f i ~  " r 6 1 . . . 4 4 " - - 4 - - - -  $e$=~---.--- rp 

b e  ps, 3 1  b8tC iii i i s i d ;  La a U U L G ~  sl3 rerr 31 ke-skna 
and Cook !n?ct, arid from Cook in1 e t .  Other p r i m a r y  t r ibutar ies  
a c c e i s i b l e  by road a r e  \4iilovd Ci-eelij Sheep Creek, and p$sf~tana 
Creek. 'Jirtusll:; t h i s  e u t i r e  reach o f  " ie  S u s i t n a  i s  n a v i g a b l e  
under. nc;,. flow conditions a1 t h o u g h  a b u ~ d a n t  f l  oat1 ng debri s 
d u r i n g  extreme h i g h  \.later and occasiclnal shai l o i ~  areas d u r i n g  !ow 
water make n a v i g a t i  on t~escherous a t  times. 

Iden t i  ii ed r~s t i - ' i  c t i  ons of open-water nay4  g a t i  on over the fa! 1 
-I a e n y t h  o f  the river are t a b u l a t e d  i n  Tab le  E,2,BZ9 

Under the  e x i s t i n g  Tlcw regime, the i c e  on t h e  r i v e r  breaks up 
and the r l r e r  beccmes ice-free f o r  c a v i g a t i ~ n  i n  mid t o  l a t e  May. 
Flows typically remain h i g h  from t h a t  t i m e  t h r o u g h  t he  summer 
u n t i  i 1 a t e r  September ea r ly  October ,  when i'reezi ag beg-ins. 

8nSet i i v r i -  ireezi ng causes d i  s c i ~ a r y e  o f  s i  y n i  f i  can t  
f r a z i l  i ce  f o r  several days i r ;  an initial slirge, whiel? hinders 
boat  sporaaticrt, but C h i s  i s  o f t e n  Fo:iokred 9y a f r a i l - f r e e  - perlad of 1 t o  2 weeks when n a v i g a t i o n  i s  aga in  feasible.  ! i ie 
nex t  sequence o f  f r a z i  1 generation gener..Ily l e a ~ s  i n t o  canti  n u -  
ous f r e e z i  ng o f  the r iver ,  prahi b i  t i n ;  o p e n - ~ a t e r  n a f i i g a t i c n  
u ~ c i i  afxer the next  spring breakup, 

The Susi tna 1s used 0;. severa l  modes o f  non-5sat 'cransportatian 
a t  var iaus  tiales of the year. Fixed- \b i ing  air-craft  on f l o a t s  make 
use c l  the  river f o r  landings and t3k.e-ofis durin9 "Liie cpei, water  
sea,son, Thes;. are primarily a t  loca t ions  I n  the iawer 50 ni!es 
above the mouth, Flo3'cplane access a l s o  occi l rs  on occasion w i t i l -  
i n  the m i d d l e  and upper S u s i t n a  rejches, 



% f i . f g r m a - c j ~ ~  o r  tke recreaticw uses  ow the Susi  t ~ a  RRive~ -.ape - presented i n  Chapter I ,  

wetlands cover large p o r t i o n s  o f  t he  Susitna f i ivef- Basin, l o c l u d -  
i n g  r i p a r i a n  zailes along the malns tem Sus i tna ,  s loughs,  and t r i b -  
 cry streams, Net1 snds are S i  o! ogica l  1 y 4mpi~r'can"ibecause they  
general 1 y suppor t  a greater d i  versi Ly o f  wi I d; i fe species per 
i i n j t  3rea -than most ather h a b i t s t  types i n  Alaska ,  En aldd.itior;,  
p i  pa r i an  wet1 ands girovide winter browse fo r  moose a c d ,  d u r i n g  
severe w i n t e r s ,  can be a c r i t i ca l  saea~sivaf f a c t o r  f o r  t h i s  
species. They a1 so he1 p t o  r r ia inta in water qua1 i t y  t h r o u g h o u t  
regional \+a tersheds. Further information on r i p a r i a n  weti  ands 
and wildlife fiabiba'i can he found i n  Chapter 3, 

2. iala~te Ass im i  1 a t i  ve Capacity 
& ~ ~ - *  - 

22vier.j of the A1 aska Department o f  Envi  ranmental Conse rva t i i ~n  
document sn t i  ti ed " inventory Q.F Water Pol 1 u t i  on Sources and 
i"ianagement Actions , Msps afid Tab1 es" (1978 indicates t h a t  the 
pr imary  sources o f  pol! u t i o n  t o  the Sus ipna  River watershe0 are 

a p! acer n - 3  ili z i  L- - ; a- ogcra t f  03s. approx4male{y 3350 s i t es  were i d e n t i  - 
Tied a1i;iroi;gh many o f  these c l a i m s  are icactire. As t h e  result 
u i  these  operations, l a rge  amounts o f  siispended sediments are 
introduced i n t o  the wi;tershed, b w e v e r ,  no biociiemicai cjxygen 
demand (BOD) i s  placed on the sys tem,  and therefore, the  waste 
assirnil a t i v e  capaci ty  remains unaffected by thiise min ing  a c t i v i  - 
t i e s ,  

As f o r  i30Ddiscliargec ii! the watershed, t he  in\fen"iry d i d  iden t i -  
f y  one nuaici pal d-l s c h z ~ ~ g e  i n  7al keeena , two i n d u s t  r i  a1 ;vas"Lm - 
water discharges a t  Curry and ial  kee'ina, and three sol i d  wacte 
~ Q ~ T ; ~ S S  a t  T3-j keetna, ~ u r ~ - ~ ~ ~  135,trae, and Peters Creek, No V O P G ~ ~ S  are 
auai  I s b l  e fw these poll u t f o n  sources, 

Dur in~  persona l  coajrriunicatircrt (1982 w i t h  doe LeBeau OF the  
A1 asks Department o f  Envi  raniilental Conservation (DEC j i-t  gas 
not,ed t h a t  ~:o nety a\ias"tewster' discharges o f  any s i g n i f i c a n c e  have 
develcpzd sirice the 1975 reporL F u r  he noted t h a t  the 
r:ourcet; tha-t  do e x i s t  a r e  believed to be i n s ign i f ' i e an t ,  



- S u s j t n a  Rjvgi;l.s 3s t h e  chje-r c ~ p t f * j $ u t ~ o r  2-f' fresbga-cer - 2 ~  
I n l e ~  and 2% such has a major influence o:! the salinity ~f Cook 
Tp- "a -* 
. , i , ~ t .  in;. miyh summer freshwater flows caiasi? a rediciztinn i o  

i n1  e t  521 j n i t f e s .  Dljrinrj p f J  0 % ~  ehe reduci?d f" j  
r-d% , : t r m i - c  -% -L ~ n e  8 nore  sal inc g ~ t e r  *LO move up t~  COO^ En1 e t  f r ~ r o  $he 
ocean. Usir i l j  a computer mode7 f o r  the Cook i n l e t ,  Resource 
Management Mssocia$es (RbIEI 1982) predicted se2sonal s a l i n i t y  
i ~ a r i a t i o n  near the mouth  o f  the Sus i t i l a  River o f  15 pijr"i peer 

In the cer!traI p a r t  of t he  in!e-i., salinity 
yaries seasonal i y  hy about  5 ppt. 

Saj j n j e i r  -, m e a s ~ r s i ! ~ ~ ~ ~ ~  were takern a"a;hhe ~tout9s o f  the S u s i ~ n a  
R-iver ir: A~gus 'c  I982 $0  determine i f  and t o  \<hat extent s a l t ~ a t e r  
intruded upstream. No saltwater intrusion 'gas detected, F i  ow 
was approx imate ly  iOO,OCO c i s  a t  S u s i t n a  S t a t i o n  at the t ime  the 
measurements ~der-e made, Addi ti anal  sal i n i t y  measiiremen'cs wi l 1 be 
made dtaririg the 19.42-83 winter season t o  dgtermine i f  sa ' t  k$aEei- 
penetration occurs upstream o f  the mouth o f  the river duiring l c ~  
f l  ow periods. 

Access Plan 

The st reams crossed by the access road are pypical o f  the s~Sarr,- 
t i c ,  snow-dminated Flow i-egime, i n  rvhich a snohnerielt f l o o d  i n  
spring i s  Foliowee by generally low r'loru t h r o u g h  the summer 
punc tua ted  by ?er i o d i ~  rainstsrm f i  oods. O u r i n g  October-Aprli , 
przcipi- tat ion P a l l s  as  snovd aand remains on .the ground. Ihe 
annual low flaw occurs d u r i n g  t h i s  per iod,  a n d  i s  almost com- 
pl ete! y base f !  ow. 

Streamflow records 'icir these small streams a r e  sparse. Conse- 
quent l  y , pegressi 03 gqt;ati df i js l  apsd by U, S, &o i  c g i c a l  
Survey (Freethey and Scul l y ,  1980 have been u t i  1 i zed $9 es t  I " mate 
4 1 cot?. 30-day low i: ows fo r  recurre ee intervals of 2 ,  10, and 20 
yezrs ,  and the  peak il ovrs for r2currecce ifite, ual s o f  2, 10, ,25, 

7 %-$-&P* arid 50 years. !he$@ flows g e  t a  tee  .in E, 2, T Q ~  
J I C -& h cnrse segments Q n  ~ C C ~ S S  r ~ ~ t e :  Denal i Highaay to Hatan3 

2) idatana Dam t o  D e v i l  Canyon and (3 )  Devil Canyon to 
G ~ l s l d  Creek.  UP!"!^ named ssreams are  presented, 

I \  present very iittif: \~ia,ter q u a i i t ~ i  d a t a  i s  available for the 
w a t e r  resourtzas i n  the v i c i n i t y  of the proposed access route$, 



The trai:sm-i ss i on ccrr i  dor  consi  c t s  o f  f o ~ i r  segrfi~ijts : - * 
-t he 

Af ich ; rao~-~ j j  -9 1 j 0% 1 j ge, t h e  rDanics-Hea1 y 1 2  fie, t h ; i  11 ow-i;.ai y 
I f i e ~ r ; j e  a n d  tp? G c ; . ~  d inee 'The f i  ~ S X  'cv,ro ( f rom 
Afichorage afid Fa2 r3anks h z v r  exf  s t i  ni; fact l +"" t L l e s :  but. tihe?; will be - 
upgraded b e b i e  iidatana corrres on line. Ihe intertie i s  ciirrently being 

CT constructed under another c o w t r a c t ,  ahe l ine bet~een the dam and the 
i n t e r t i e  has yet to be designed, s i t ed ,  or constructed, 

Hac;erous wate r  bodies  f n  each s f  the fsuf s e c t i o n s  wi1 "ibe 

c ros ied!  by the t ransmiss ion  l ine, Mast o f  these a r e  smal i creeks 
i n  remo.te areas of the regfcn,  bg t  ~ 3 ~ b  5figm~'iC Sclne ~ a - i c r  
c r o s s i n g s ,  Data a r e  evw limited oil t k -  small streams, 510f:fi w i t h  
respect t o  w a t e r  qinant i ty and wa te r  qua l iey.  Most or' the  maj or 
crossings, kowevsr, have beef; gaged a t  some p o i n t  a1 osig t h e i r  
l e n g t h  by t h e  USGS. Major stream c ross ings  are i d e n t i f i e d  below. 
Perti i2en-t gage records a r e  suminari zed i n  Tab1 r E, 2. BZs 

The P,rrePiorage-k/illo~ segment wil l  cross  Mriik Arm o f  Cook In7 e t  
06i +(-& a s~bmarine cab1 e ,  Farther n o r t h ,  major stream crcssings 
include the L i t t l i  e Sus% t n a  Rr"ver and W - r l  low Creek, b o t h  s$ vinich 
have been gaged. 

The Fairbanks-Heaiy l i n e  will  make two crossings o f  the Nenana 
River arid one c f  the Tanana R i v e r ,  b a t h  l a r g e  rivers and gaged. 

The i n t e r t i e  r c u t e  b e t g - e ~  \&! 19% a d  Heajy w j l  j c rsss  several 
dozen smal l creeks, many s f  w h i c h  are unnamed, Major streairis 
i ncl u d ~  the Tal keetna, Susi t n a ,  and I n d i a n  R i  ve r s  ; the  East Fork 
and iii-iddle Fork a i  the Chuf i t n a  River ; the Nenana River ;  liafiert 
$ark  Q$ Xhe Menana; arrd heal y Creek. 

..- ]he f i n a l  tecj of t i - ;~ transmission c o r r i d o r ,  from Gold Creek t o  
iidatana Dam, w i l l  cross  only on? m a j o r  r lverg:  the Susitrra, iwo 
sma%4gy j -tributa;a$ies are Devil Creek and Tsusena 
Creek, neither o f  p~hich have been gaged. 

/-it presefit, essfntia';ly no d a t a  a v a i j z b l e  f o r  those sec t i ons  
GF ~"Lmams, r j v e r ~ ,  and l akes  t l~a ' c  exist  i n  c iose  proximity 
A* she en propased t ransmi  ssj on c$rrjdors, 



L%-= a fne bjatafia Reservoir wil l  be operated z?: a aormal maximum operat-  
i n g  i eve1 a? 2185 Feet above mean sea 1 eviil , b u t  wi 11 SE i i  1 owed 
-to surcharge t o  E l  23.90 i n  August  dur ing wet  ears, Average 
annual drav4dobtf~ w i  1 l be 105 f e e t  w i t h  the n&<;iimirm draiidolvni equal- 
i ng  120 f e e t .  D~rir;g extreme f l o o d  events the reserliioir will 
r i se  to E l  2193.3 f o r  f i n  10,000 ye2r f j g o i  and El 3300,5 
f o r  the probable  maimm f l ood ,  respectively. 

A t  El 2185, the reservoir v~~.jill have a surface area 13f 38,000 
acres and a t o t a l  yo l~ rne  o f  g g  47 mfll i o n  a.c"i""-f~et as i n d i c a t e d  
i n  the area-c3paci ty curves i n  F i g u r e  Maximm d e p t h  
w i  I I be 735 f e e t  and the correspondin Tepth w i  l 1 be 250 
f ee t .  ike res@rtioi\- wi l l  have a retention t i m e  o f  !, 65 yedrs.  
'The share1 i n f  l e n g t h  will be 183 miles, Within t h e  Wata.na reser- - 5 voi r  area the substrate c l a s s i f i e a t i o r ;  varies g r e a t l y ,  iT con- 
s i s t ~  predominantly of g l a c i a l ,  colluvial , and f l u v i a l  unconsal-i- 
da ted  sebiinents and severa l  bedrock lithoiogies. Many o f  these 
dfpgs i  j-3 a re  f r a ~ ~ f i  

De3iii Canyon reservoir w i  ' i l  be operated a t  a ilorma! rnaimlm snow- 
a t i n g  level o f  1455 f e e t  above mean sea leve l ,  Average annlial 
d ra~~down will  be 28 f e e t  wf th  the m a i m u r n  d r a ~ ~ d c r ~ n  equal1 i n g  50 
f e e t ,  A t  E l  1455 t h ~  resewo"I" Phas a surface area 0-f 7800 acres 
and a vol~irne o f  1,052 mil I ion acre-feet; Figure e$& 
t ra tes  the area c a p a c i t y  c;jrve o f  rhe rnse rvo i  

w 

d e p t h  831 l be 565 f e e t  Gd the mean d e p t h  140 f e e t ,  ike reser- 
vcir w i l l  have a r e t e n t i o n  "Lime o f  2 months. Shore1 ine l e n g t h  
w i i  i t o t a l  15 g j i l e s .  Material 5 forining the ~ a l  Is and flooy-s o f  
t h e  reservoir area are  coagosed p r a d ~ g i n a n t l y  P J ~  bedrsck and 
g l a c i a l ,  co;luvial, and F l u v i a l  materials, 

A m i i l  t i  reservoir energy c,i;mu! a ta+on  model was used t o  eval uzte the 
optiniua~ method o f  opera-ting the Sus i tna  !iyrcioel ec ' i r ie  project f o r  
a range of post  pr*oject flows st the  Gold Creek o d g f n a  3 3 s t a t f a n  25 
mj je r ,  downs;trem of the Devi l  Cafiy~il dms jee ,  

1'172 simul a t  i on  made1 inr:orporc,tes several features which are 
s a t i s f i e d  acording i-o the Fo l  lowing h i e r a r c h ~ i :  



- ; . l i j i i r l , n l  downsrrfi;m f jo iq  r e q u i r ~ r ~ e n t s ;  
- 2 energy d % ~ a i l d ;  
- Resfrvoir operating rule curBde; 2nd 
- b7,lax-imu~ tisable energy level ,  

T!j2 physical  th3ractaristics of tigo r3~servoir-s arid the opera- 
t-ioilal char act e r i  st i c  s. o f  t h e  pcwerilons,~j 3nd ejicirer t i l e  month! y 
or week1 y a\ieyaage flow a t  each d m s i t e  2nd Gold Creek for the 
i - k ~ b e r  o f  years t o  be simola-ted are input t o  the  s imu l~ t io r .  ore- 
yrm. ;'lie program the8 uses t he  hlei-ace:: l isted $hove t o  s a t i s f 2 i  
the minimm~ f l o w  i-equiremen'r: a t  Gold Creek, Fiext the rninirnkm -- 
ei?erfiy requirment is  met. i h e  reservoir ~ ? ~ r a t i n g  ru7 e curve i s  
checked md i f  "extra waterb' i s  i n  storage, -5-G " e x t r a  asatei-" i s  

,,,i,,, ~ $ 3  : e energy used to pi-od~ce a d a j t j ~ ; l a j  eneyrrv gp the m g < ' m i = -  
3f 

level,  There -is a further csns-sde~ation t h a t  the resei~vgir ca-r?a- 
not be dr8wn belovi the maxlmuir% allowabte drav$doi,~i.~~ l i m i t ,  The 
energy produced, the  Flow a t  the da-{]sites and a t  Gold  creek, and 
the r e s e r v o i r  levels are determined for  the period c f  record 
i npu t  t o  the model, 

The pi-ocess t h a t  led t o  tho  s e l e c t i o n  o f  the -flai+ scenario used 
i n  t h i  : icense appl ? c a t i o n  i n c i  udes the fo l  lowing steps : 

- Getern~ination o f  prf-project f7or:s a " c 1 d  Creekk, Cantiqe7 1 ,  
Walat~a, and Devil Canyon f o r  32 years of record; - $ales#;B& Ad ; ~ a % g  &$ $[wB 6 kg jedg$/dg& j! ~ @ a / ~ d ~ b 3  E 

- Selectfon o f  t irt i ing o f  F t o i ~ '  releases t o  match f ishery require- 
n~ents ; 

- Determination of energy produced and net beils-fits f o r  t h e  seven 
f l o w  release scenarios be ing  s t u d i e d ;  

- Influence o f  instrean f lop$  and fjshery considerat ions on selec- 
t io r ]  Q F  project ~ j e r a t i ~ n a l  -Floi$si ~ $ 4  

.l: summary d i scuss i o i i  of detcailed aga lys i s  i s  presented i f i  the 
f o i  '1 awing pai-agraphs,  

As discuszed i n  Sectiori 2.1,1, tke 32-year d i s c h a r . 9 ~  record a t  
Gold Qaeek was combined b i t h  a regional  a i?a ly j i s  t o  d ~ v e l o p  a 32 

9 P year recot-d for the Cantwell gage ne?ar ue:e Canyon ilr.co the upper 
e ~ 6  of" t h e  pybopec,ed \$$tans r-ese?*v~ir, f i i l i n g  $0 t h ~ s s  years fat- 
ilihich gage cjata was no t  recorded, The f i o w  a t  Watiii?s and Devi! 
C;anyoi~ wiis ti2i.n ca l cu la t ed  us ing  the cantpt~l ' !  .Flow 3s the 



-3 ! c s  a.a j !&le  32 year yecord 1435 consids-ed adequate for deter- 
n ? i n i ~ g  a s t a t i s t i c a l  d i s t r i b u t i o n  o f  znnual energies f a r  each 
ai?ni!al daqand considfired, ar;d hence i t  ?,,as n s i  ccscsidwed neces- 
sary t n  ~:~q~;r?rhesiz:! a d d i t i o n a l  years of rezcrd, 
= ' 

fhe 3zGvg3---- a 3 0"~: 8 1 ~ 3 1  ii~~d/cir~logy con-kained a low f ' low evefi t  
l Z v,q4j-zAj6 .* year 1965) w i t h  a recurrence interval  of app; .~s$matz>y 

The 1: 32-yezr annu81  volume was groportioned or! a mcnthiy b a s i s  
accsrdi;'g t c  the long " i ~ r m  average monthly distribution. T h i s  
resulted ir! increasjng the WY 1969 average anria31 d ischarge  a t  
Gef d <greek 3 iDuv ?a" C f 5 ,  from 5600 c fs  t o  c fs ,  gowever, the 
average ailfiual dischjrge a t  Gold Creek for the 32 years of r2ccrd 
i nireased on1 y one- ha1 f percent. 

Although the frequency o f  the rnodified yeyear i s  a 1~32-yt tar  occur- 
be s.-- c ~ l e e ,  the t b ~ 3  y e i r  law Plow frequetlcy o f  the modi f i ed  y2ai- WY 
1969 and t h e  succeeding lot.; flow WY 1970 i s  approximately  1: 10C - years ,  ike unmad-ificd t~iio year loiii f low frequency i s  approxi-  - 
matel? i:250 years ,  [ h i s  t ~ o  year 10% f l o w  event i s  a l so  in;pcr- 
t a n t  ~n t h a t  i f  t h e  rzserapoir is drawn down t o  i t s  m i n i m s ; 3  Sevef 
af ter  the f i r s t  y(3zr of low f1i.w t he  reszrvoir :-j=ill h a y e  less 
energy a v a i l  a b l e  For the winter f o i  lowing the s e c o ~ d  sumiiier o f  
low flow. Since the moci j i ieb hydrofogy had a one year low f l c i w  
freq~rency o f  1: 32-years a x !  a t ~ i o  year low flaw freq~iency o f  
!.:?.00 years, frequencies which a re  more i n d i c a t i v e  o f  an enersy 
p l a ~ n i r s g  pe r iod ,  the mod i f i ed  record rjas adopted f o r  use i n  the - s imvia t ion  s tud ies .  Ihe e f f e c t s  o f  th js  cf-ignge i s  hydrology are - ds"scussed i t s  Sect.ioi2 ihe resulting monthly flows a t  
ba'atana, Devil C a n p n ,  py , . -~ek a are presented din Tables 6 , 

arid 8 --- 

i a Project ~ l o w s  

W rai lge o f  project  operational target f l a w s  a t  G I  Creek 
were exmined,  '$he f l o w  a t  Galti Creek was sef ected because 
i t  was j udged  t o  be representative of t i l e  Devil Can2400 t o  - 
! a1 keetna reach where d o ~ ~ n s t r e 3 3  jimpdc"i swf 1 'i be greatest .  
Rddi"Lior1a7 l y ,  the flows can bo diutec-ti y compared w i t h  the 32 
years o f  Go711 C~eei; discl~arge uecards, 

I n  Case i i, *Lie r;~.inimi!rr: target  f l c w  a t  Gold C ~ e e k  fop -th. \ m c ~ n t h  o f  August and the f i r s t  c a l f  o f  September :ias 



eyta51 itr;hed a t  6030 c f s ,  Fl sw was jn~r;.ea.jed i n  j f i ~ y g m e n ' r : ~  * 

o f  2000 c f s  for t h i s  t i m e  period,  successively f o r  Cases AX, 
14 3 n i ,  C, Cl, and C2 t o  an Uugust/September f low of 26,000 cr's -. r?. \ { Czsf L i j  &dgus"september - 1 4  -flow estab] ished st 
19,000 c f s  for Case 0. Tie resulting 7 f!ow sceriscjos were 
hii2qua"ie t o  d e f i n e  the change i n  project econcni&s )resalting 

--I frorn a change i a  project flow requiregents, ine monthly 
l i ~ i n i m u m  target  f lows f o ~  311 seveg flow scenarios are pre- 
sented i n  Table  2 -- 3rd F i g u r e  &!T . 

---a 

19" i n  t h e  reach s f  the Sus i tna  RS%etn b~tween ~alkeetna and 
Devil Canyon i t  i s  perceived t h a t  the  most impor tant  aspect 

2 o i  m a j n t a i n i n g  & z.naturaT sockeye and chu3 ilasa,!mor, reprodiic- 
El'ori i s  p r o v i d i n g  access t o  the s i d e  channel anti slough 
spakming areas hydraulically connected t o  the main  stem c-f 
t h e  river.., Access t o  these rnain stem spawql y areas i s  
primari ly a -function o f  flow (water level)  i n  the inain than- 
riel o f  the river ciur-ing the period k & @ ~  the  salmon m~ust ga ln  
access t o  the spawning areas. Field s t u d i e s  during 2981 2nd 
1982 have shown t h a t  t h e  most c r i t i c a l  p e r i o d  For access i s  
August and early September. Thus, the p r o j e c t  ope ra t i ona l  
Az% i ioiv has Seen ~chedu ied  t o  s a t i s f y  t h i s  requirement;  -i .e., 
",he f? ow w i  1 i he increased t he  l ast week o f  July,  he1 d con- 
s t a n t  dur ing  August and the f i r s t  twc ,  weeks of September 2nd 
then decreased 'o a level s p e c i f i e d  by energy dmands  i n  mid 
Septmber  . 

1,2.4 - Energy Productiog and Net Benefits 
-- d.- -- a 

[he rese~~voi i i . .  sa"mu1 a t i o n  model was run Par the seven flovl ccases, 
M~il"Lh1y energies were detsrmined for  32 years  of simul a t  ior !  f o -  
each demand considered (yer 2'JOafar Watana and 2010 f o r  Matans/ 
Devil Canyort), Por  years 9993 t o  2002 i t  was assmed that  the 
d i s t r i b u t i o n  sf energies obta ined i n  the  year 200@2simu: a t  ion 
would apply  arid for  the years 2002 t o  2051, the 2010 siml;i a t ?on ,  
6 0 m  year 2010, the  dmand  was assumed constant ,  

To determine the  ner economic value o f  the  energy produced by the 
Sus i tna  iiydroelectrie Project the mathematical model commonly 
knol.in as ilGP 5 (0p~imized Generation P I  a n n i n g  Model, Version 5 
Has used t o  determine the present wcrth v a l u e  (1982 d o l l a r s )  o f  
the long-term (1993 t o  2 0 5 i )  production costs ( ~ T F I ~ C )  OF supply- 
i n g  t h e  R a i l b e l t  cilergy rreeds by  various a1 ternatifre mea~s  o f  
generation. A mot-is detai led i iesc i - ip t ion o f  the OGP rilodni i s  can- 
ta-ii?ed ia E x i l i b i i  B, S e c t i o n  1,5. The analys is  was gerformed for 
-the "best thermal op t ion"  ar, 1 as f a r  the seijen -flow scsnarjas 

m for ~ ~ . ~ ~ a t i i i ~  j u s j t n d .  ihe results are prc;eilted i n  E x h i b i t  6, 
" "  
rabble  3,55, 



"k ' .*-- i ae  net benefit p y e s e g - t e d  i n  i a b j e  B.55 i s  the d<f'fspence 
h a t L i ~ c a  -* %.". 6 ~ L  b# the LTP$.iC far t h e  ""  inermal o p t j ~ n ' ~  , a ~ d  the 
i_:P\$C for the v a ~ i c ~ ~  S u s j t n a  opt jo i - !se 10 i a b ! ~ ,  3,515, Case 
& repressntc <;he mairfim u z & t e  energy op t i on  and results i n  
a net bene-fjt sf $123[1 mil 2 i sn ,  As $ 5  t y a n s f e ~ r l ~ d  Prom 
, L Q J  winter t o  the A u g u s t - S f p t e m l ; ~  tir;je period fcr  fishery 

$f#y-&""7p,-"M. - x L - A  

aiiu ~ : ~ b i ~ ~  f low r n i t i g z t i o r i  purposes the ~ ~ ~ o i i n i  o f  usab le  
-3-l enerqy _ %+ decreases. iili s deerease i s  not s' ioni- f icant ur; t i  1 

the  flow prov ided  a t  Gold Grer?k d u r i n g  Hugust reaches the  
12,000 t o  14,fiGO c i s  range. Foi- a f j o b v  of 19,000 c f s  a t  
Sold Creek, a Slow scenario t h a t  ~epru-sents m i n i m i n n  down- 
s-trearn f i shery impact, approximate! y 46 percent c i  the po- 
"iettial project ne'; bet;efits have been. foregane. 

Based on t he  economic ana lys i s  discussed above, i t  was 
j udged t h a t ,  whi 1 e cases A, Al, and A 2  f7 ow5 produced essen- 
t i  a1 i y  t h e  came net benefit, ",he ios&$ firr net befiefits For 
Case C i s  o f  an acceptable magni tude ,  T h e  loss assac ia ted 
w i t h  Case C1 i s  on t h e  borderline betkeen acceptable and un- 

- Cj acceptasle. As f i s h e r y  and instrean flow impsct (and hence 
m i t i g a t i o n  custs associated w i t h  t he  various f l o w  scenarias) - - isse ;a;;@ E.3. i z  Chapter 3 )  the decrease i n  
i e i t i a a t i a n  costs associatf:  t h  h i g h e r  f l ogs  w + ! i  not $;-in- 

i-+dirt selsctiiig a h igher  flow case such as C?. Tie loss i n  
net $enef"ls assoe%ated w i t h  Cases C2 and D are consideyed 
unacceptable and the  m i t i c j a t i o r  c ~ s t  red~lction ass2c ia ted 
w i t h  these h igher  flows will not  b r i n g  t :~i ; .m i n t o  the accept- 
ab le  range, 

3,2,6 - hsbearn  F 1 ow and F ishery I mpa@"t sf f hsw Se] e c t j  on 

( a )  Mainstem Fishery impacts 
e - s  

r5 f unc t i on  c o n t y d  led by As e z y f i g y  the  m a " j g $ , s l p v  

the l a t e  summer flaw i s  the a b i l i t y  o f  t he  ialmoii t o  
ga i r ;  access t o  their  tra.JitScna1 mainstern ,side channel, 
and S T  oug h spawning grcunds. inst resin fl ow ~ssqessment 
cendilcted d u r i n g  1581 (the we"ctgst Ju1 y - f i g g u s t  or; 
j - ~ c o r d )  and 1982 (one o f  the driest Jut y-8ugusts or. 

has i i i d i ca ted  t h a t ,  for Fic~ds o f  the Case A 
n~sg?i-ituJe, seve-e impi,its wo;clb occur w h i c h  canqo'; 
m i t  i g : ~ t e t i  zxeept by co:iipei?sa4zir,n througt i  hatchery con- 
structioi-c and oper&cion. 

For flows i n  12-000 C-FS r a n g  (flows 1 
those t h a t  occurifled iri August, 1982) the salisron can,  
u;ith d i f f i c b i t y ,  o b a i n  access t o  t I ,e i ie  spawrlirrg 
grounds. insul*e t i j a t  the s ~ ~ ~ ~ ~ ~ n  can always o b t a i n  
ac.cess to spavming areas d u r i n g  a f low o f  12,000 c f s  



simp? f ,  r - i a t i ~ e l y  cost (see Tab]. E,3, 
* CB-iDFB 

) physi -  
cal  m i i : i ~ a S  i o n  measures are ? ' t l c o r p ~ r a t e d  ~ n f ~  the % i t 4  - 
ga t fo l?  p:i an p r f s e ~ t e d  i n  Chapte- 3 9-f E x h i b i t  E, Based 
on t h i ~  assesssent t h e  Case A, 1 ,  ai?d A2 f l a w  scegzr- 
i o s  zre considered rrnacceptabie, tl-125 estahlishina the 
7 pl i l lJ -  ,IAC& acceptab le  f l o w  range o f  app~oximate l ly  12;030 
c f s  (Case$,&) a t  Gold Creek dur i f ig  f f u g ~ s t .  

A* 
Si i i ce  three salmon species (chjnook, coito, and pink3 
use t h e  clear water tributaries f o r  essential i y  a l l  
their  spztmEinisig a c ' c i i $ i t 4 -  r c ~  a second pr imary  concern 
re la t ive  t o  post project f low modifications i s  main- 
t a j i ? i n g  a;cess i n t o  the tr ibutaries:  -i * e S  s r o o ~ t h  
o f  tributary cannot be permitt~d t o  become pet3-ched. 
H O W ~ V P ~ ~  p w r c h j n g  i s  a f u n z t - i ~ n  o f  t r j b u t a u y  flow and 
the sjzi! o f  bed m a t e r i z i  a t  the m o u t h  o f  t h e  t r i ~ u t a r y ,  
neither o f  which  will  be a f f e c t e d  by the post: project 
change i n  mainstem flow, Thus, gerching of t r i b u t a r i e s  
i n  general w i l l  not be dependent upon which o p e r a t i o n a l  
scznz.r5o i s  sel ec%?d, 

- F i  

i RE! WWataoa t-ese~rioi i - .  -is rdsed to tqedis;lr-a"$ute the P low  
. 4 -  - - - - - % -  rvnoff ?-a + S T S .  B 
1 v ~2~ L a r a r  s uifritrcr LU ~Trc winter .  h i g h  energy gews&.~d 

-3 perjod, rne m a i m u r n  reservoir draadowg i s  used t o  produce 
firm energy d u r i n g  a low f l o w  sequence w h i c h  i s  u s r i a i i y  one 
t o  two years i n  d u r a t i o n  f o r  the Susi tna R i v e r  above Gold 
Cyeek. R e  d y z g d s y 9 ~  sf the D e y i " ~ a g ~ i ~ ~  r e s e r v g j y  i s  g ~ e + j  

9 

either t o  provide the specified m i n i m m  downstream fishery 
x . 3  
I ;ow di;riisy August and e a r l y  September or t o  produce Firm 
energy iri April dilr.ir.ig t i iose years when the Watana reservgir 
&a% re8ched i t s  max-imum d y a d o m  l imi t ,  

o!jr ing t he S u s i t n a  Hydraelectric Feasibi l - i ty  S tudy  (Acres 
1982) the m a x i r n u ~ ~  d ra~?do i \~q  o f  the kdatana reservoir for power 
generaticn purposes selected 3: 160 fee t  and for  ttte 
Devil Canyon reservoir 50 f e e L  The 140 f o o t  drai%dosm was 
determined t o  be opt imal  f o r  the Case A ope ra t i ana l  f low 
scenar io ,  Howilver, the itl&<imuil: drag~doi47 was r e e v a l  u a b d  !'or 
two reasons, As ms~e  P-"So$$ ti% %-eleased PotA i i n s t r e a n ~  - f " T w  
purposes dur ing  the ~smli~er seasan, less 1 ive strorage vcl me 
i s  required o,i an anniiiil hasic, -to r e d i s t r i b u t e  the remaind?:. 
o f  the sisniaer runof f  i n t o  the wintei* h i g h  energy denlailij 

/ period. Ofi t i l e  other hand, du r i ng  a low flow year less f i o i q  
I s  a v a i l a b l e  f o r  r e se rvo i~  storage because of  the  additional 

v' ciownstrem flop$ req!lir~fie:~ts. i h -  net ~ F f e c h n l a y  i i ~ f l  uence 
I he nisi -i,imurilmrcqui red and was t herefare reassessed. 



i I j v n ,  t.3i(,jfii: i r , to  account the ifiinjmis;: d o ~ i ~ ~ ~ r s ~  f low c-~r,-- 
s i o e r a t i o ; ! ~ ,  the averGge anr?ual ai-id f i r m  eaergy prloduction, 
aria she jn takg structure cos t ,  r e n y d j ~ a t i o f i  process 
r-,suWi-ted 10 the selectior! of  12C f ee t  as  ti.;t. maximum draw- 

.-* o x  f o r  the Wztana reservoir w i t h  t h s  Case L si:pnzrio. 
Because the Cevi*! Can?/ci~ iiiairn~v~ drapidoi:n i s  ~ o n t r ~ ~ l l e d  b y  
technic;ai considerat ia t ls ,  the 50 f o o t  d r a d o i m  was not 
reconsidered and Iia; been retained as the 1 I'cr D e v i l  
Canyon, 

-m 

{he  msdifjed reco:.d had l i t t l e  effect  other t h a ~  on m b y i m ~ , ~  

ara~:down which i s  controlled by t h e  mininlirm annual f'jri-~ 
energy oroduct ion,  and v l c e  vei7sa. Ii has i i : i r , imal sffec? on 
average f l o w j  increasirtg t he  f low 3t 6 0 i d  G-eek b y  o r l j  
oce-nai f perce~i- ever the :~nmcdi.f ied record. Average annual  
energy increased hy the  s a ~ e  . one-h,l f percent, Project 
~p :z r+a t i an  d i f f e r e d  frng ~ c m ~ d i f  ie-j y e r ~ r d  3 ~ 7  q i  d z y i f i ~  
4- " 2- x 4  

~ n 2  tb%a-year low f l o w  period and -the succeeding aile ,vear 
recovery per iod,  

Unless b o t h  t he  Watana reservrs-r"r -is d r i ~ ~ d o ~ ~ n  to i t s  minimbm 
level and na tura l  flow a t  Gold Crzzk are less t h a n  the 1 ' 7 0 ~  
requirement,  t i l e  downserea;! requiu.ement would be a t  
a l l  t imes.  The pclssibi l i ty  of '  th is  occurring i n  the slimmei- 
months i s  re3gte. Even i f  5 tpdoio-ye3r. low F1cw event w ? t h  8 
recurrence Snterv al greater  t h a n  100 years occurred, down- 
str.iam f i o i ~ ~  ~ o u l d  be provided a t  a1 1 times. Only ciurin7 a 
1 ate spring h r e z k u p ,  occu r r i ng  3F-tr-v a severe tba-year lobd 
f l o g  event when the reservoir is dr3avrndo\h;:i $0 minjmim 
elevation $9.,ouSd there by a p o s s i b i i - i t y  o f  noe meeting the 
dnwnsWraa f7 ow requf renient. 

1 For deha-lls O F  the physical fea-tuues cf t h e  W a h a n  deevz!opent, 
yefeyt tg Sec t ion  3. of Exhshj t  A, 



impacts s),odld resu l - t  i ron  this  acticrr. 

Flovis, \ l e ioc i ' c ies ,  and assoc ia ted  water levels upstrean: iroa 
tkje proposerj Bat an,? dams4 t n  wi 1 l be  tinaffected dur ing con- 

1 E s t rucx io f i  except f o r  approx  imare"\ y one-hil  f mil ~p~~~~~~ 
from the upstreaq cofferdz .  ddurisg piinter and t v a  mliins up- 
strearfi du r i i l g  summzr f lood  flows. D u r i n g  winter, po~nd-ing to 
E l  1470 w:iili be required t o  form a s i a b i e  i c e  cover. How- 
e v e y ,  the volme o f  wabe rcottained i n  t h i s  p ~ n d  :s insig- 
n f - i " * i ca~ t  reI;%t-";ve "i sthe t o t a l  t - i ve r  -flrcaw, 

D u r i n g  the summer, t h e  diversior! i n t s k e  gates will  be fu ' i ly  
opened to pass the na tura l  flours resul k i n g  i n  a run-lof-rivw 
opeu.3tion. A l ?  f l o w s  up t o  approximately th ,n  me3n zqnua l  
fiood w i l l  bf: passed t h r o u e ; h  t h e  1owp_r d i y e y s j ~ ! ,  t~gge:. 
A v e ~ a g e  veiocitins t h r o u g h  the  d l v e r s i a n  t u n n e l  w a l l  be 13 
and 35 f e e t  per second f t / s )  a t  discharges of 20,090 an6 
40,000 efs, r e s p e c t i v e l y .  The mean annual f l o o d  o f  40,800 
c f s  wil l  cauo"higher t h a n  na tc ra l  water levels f o  yE * + a  ~4 !$& 

miles upstrean from the c o i i e r d ~ ~ .  The t~a ter  level 1468 . g ? ~ % ~ ~ f p e a . ~ ~  
$@4 E l  1520. 7%~ miles upst rea ,  t h e  water level w l  "i 1 be es+$f.+s&!fi 

about  4 f , x t  higher t h a n  the na tu ra l  water level dur i t ig  "he a ~ ~ s j ~  

mean annual f l  a sd ,  cssJ;ae.. 

The tvta d ivers ion  tunnels are desfgrred f c  pass the 4: 50 pear 
return period f lood of 81,000 c-fs wi th  5 ~~i~~~~ h ~ a d - p o i - ~ d  
E l  o f  1536. Fot- flows up t o  the 150 year f i c o d  event, 
~ s t e r  ?eve% s and ve lsc i t t ie  d o w n ~ - t ~ e & q  6-f the diveaasi~lie 
t,-..---." ar:iie i 3 w i  11 be the san;e as pre-project leve'i s, 

( b )  MkAmGGaa-a Effects o f  \#darter Qua1 i t v  
- a ~ ~ ~ - s m - a ~ #  

(i) Matrr Temperature 
-a- - , - - a s - P " - - %  

S?nci? the cperatioii of tho  diversion striict!ire will  
essentially be run-af-river, no impact on the 22mroper- 
a ' t ~ ~ r e  reg ime wlll  occLIr downstre&% froin the  tunnel 
e x i t ,  A smai 1 afiount of' pocr'ji?g will orcur e a r l y  i n  
the  freezeup staye t o  enhance " i h e  i 'or rnat i~;~!  a f  a 
stab! e i c e  cuger upstr-eg!~ f tlu32 tuiil;ej -ij,take, 
T h i c  w%-1 1 not  have a iias'tjceable e f f e c t  ~ O ~ V ~ S ~ : P ~ S J J " F ~ ,  



a more r a p i d  i c e  f ron t  r ~ f i ~ - ~ ~ ~ i ~ ~ -  *inc~-.---. 
@$ -? v f t  b r 4 - '  cat, Pram the 

darnsi te.  The i c e  fcrrmed the upper  reach, iiihich 
normally feeds the  downstrean! i ce  groirith, will  nQ 
longer be a v a i l a b l e .  However, because o f  t h e  pres- 
ence o f  a na tu r a l  lodgmefit poirit imaedis,tcely dow- 
stream OF Ha-Lana - framibbice frrjm 
upstream o f  Watana does not con t r ibu te  t o  the i c e  
C Q V ~ ~  d ~ w g ~ f ; ~ a % m  fig t h j ~  - -5** under &'- 

I c t a i r  u 9 g ~ j -  $:it L ~ J E  n a t u r a $  
regime. Hence, no apprec iab le  impact or? {ice forma- 
t Son da;jlwnst.sezn from W a t  ma w j  l l occur as a T ~ S I A %  t o f  
the diversion scheme. The m d o r  con t r ibu to r  o f  
5 
i r a z i l  ice will be the r a p i d s  t h r o u g h  Devil Canyon as 
i t  now i s  (R&M, 19823). 

T h e  i c e  cave.- upstresfi from t h e  d a ~ s i t e  w i  11 therm- 
al!y decay i n  pi  ace, since i t s  rnovairre~t d o v ~ ~ s t ~ e a r n  
would be i-estr i c t e d  by the  diversion structure.  
Downstream from Devil Canygn, t he  volume o f  i c e  i n  
"ce covey % i l l  be the same as " i h e  base1 ine condi-  
t i o n s ,  and breakup ~o;ould l i k e l y  be sirnil ar  t o  natura l  
occurrences, 

Dur ing  construction, suspended sediment concentra- 
t i o n s  and t u r b i d i t y  levels are expected t o  increase 
wi th i n  the  irnpound,:?ent area, and For some dis tance  
downstrean. "fhi s wr" 7 P resul t $1-om the necessainy con- 
s t r z ~ c t ~ o n  a c t l v  es wl"ihin and immediate1 y a d j a c e n t  
t o  the r i v e r ,  i n c l u d i n g  d r e d g i n g  aiid exc;vation o f  
gravel from o r '  areas, e x c a v a t i o n  a f  diversioii 
tunnels, ~!aemmer;t o f  r a f f e r d ~ ~ f l s ,  v e g e t a t i v e  ciear-  
i i lg,  b l ~ s t ~ n g ,  gravel processing and dewatwring, 

The loca t ion  and subsequent e x c a v a t i o n  F the ma-te- 
ria! from proposed borrow s i t e s  wi l l  create the 
greatest potent i a1 f o r  suspended sediment . - " t ~ b  id -  
i s y  p ro i s l a i s  .@;The propcrsed borrow s i t e s ,  i d t , , t  & r. i i i ed  
i n  F igu re  E2,&g3 t en t a t i ve ly  located it; ~ n e  river 
f l o o d p l  sin both  upstrean and dav&?strea~~ Fran! the  dam- 

Y 1 s i r e ,  W~\gey f r ,  except for  t material for t h e  
i ;pst r raq c ~ f f  erdm, most  of the borrat:~ rna"ieri1 wi 1 l 

grr 

be ohta i f izd  frl;m S{tes D 2nd t, Materia! Foi- the 
c a r e  of  t h e  main d m  w i l l  be o b t a i n e d  irom S i t e  D 



e r (LO, OgO, QOCi yards)  a f ; ia te r ia j  fok- t h e  f j j t e r .  afid 
";f~'? m a i s  i j a r ~  be ob ta ined  fra;n s"l$e E 

(523001!,C20 y a r d s ) .  Borrcw excavst ian wi l l  take 
pi ace di;rifig t k f :  suiiiiner- months : i hn  suspradetj j ~ d i -  
7 antj t u r b i d i t y  vaSlues i n  t h ~  3ains i ;~m of the 
r i v ~  we a-;ready quits h i g h .  a result, incre- 
mental impacts riurir!g the summey should  not ina sig- 
n i f i c a n t .  Str ,ckpSl ing  of gravel i s  expected to a l i e -  
v i a t e  "Lhe need for  excavation dur i f ig  the vr5nt1er &hen 
the impact on overwinteriag f i sh  czused by changes in 
siispeoded load  auld be greatest, As a result o f  the 
proposed scheduling or' a c t i v i t i e s ,  jrnpacts w i l l  be 
minimized. Hobqever, i t  i s  i t levitable t h a t  there ~ g i i  l 
be some increases i n  suspended sedimeit ts and t u r b i d -  
i t y  dur ing winter ,  b u t  these .;hould be short term and 
l oca l i zed .  Do~~7silstreaa, t u r b i d i t y  and suspended sed i -  
gent  l e v e l s  s h o u l d  remain eisentia7iy the !:ame as 
basel i ne  conditions, 

Gecrp.@ases Sn sumrqeY-. and winter vertm'caf i l l  umiinatQow 
are  expected to be cojnmensurate ~ i t h  any increased 
suspended sediment concentrations. 

sj a"iG s ~ ~ ~ n ~ ~  t i isws hi 1 i be passed t h r o u g h  the d i v p r -  
sion tunnel w i t h  nc impoundment, no set t  1 i ng  o f  sus- 
pended sedimsnts i s  expected t o  occur. The i n ~ s i g n i f -  
i c a o t  iigadpond t h a t  w i  11 be mainta in5d d u r i n g  wintzr. 
$5 nof expected t~ af fec t  thp R2nrll  f LJ Jr 10% ~ ~ ~ ~ - - f i ~ - , - i  ~ L E B P C I ~ L : C I ' U  

sediment and t u r b i d i t y  levels present d u r i n g  the 
ids" , + P I -  

Y t a i t L T ;  SeaSofl. 

Sl igt?"iincrear,es i n  ~ h e  concentrat ion  of  t r ace  metal s 
cou ld  occur d u r i n g  constrliction when disturbances t o  
so j l  s and rock aecut- o;sn the si~orei ine and -in the 
riverbed. Such increases are expected t o  be belcw 
detection Ilmi", sad thus c ; ~ i i l d  not i n d i c a t e  a change 
From basel i n @  cond i t i ons  described i n  Section i , 3  (a )  

x i i i )  . 
( v )  Coi!tarninatioil by Petroleum Products 

a & ~ E E L i ~ \ L ~ ~ 7 ~ ~ ~ ~ ~ ~  

A c c i d e i ~ t a l  sp i  11 age and 1 eakage o f  petrol em products  
can contarnina-te Hater d u r i n g  constructlofl. Lack o f  
maintenai-fee awd sers,z i c e  t o  veh ic l e s  could  i n c r ~ a s e  
the ! eaicage of  fuel ,  l u b r i c a t i n g  o i l s ,  i~jjdiciraul i c  
P t-1  id, aiitifreoze, e tc ,  in a d d i t i n n ,  p o ~ r  ~; i ; i , f? ;g t l  

and hand? i n g  techniques could  i ead  t o  accidenta' i  
s p i l l s ,  Given the  dyrnaqj-ic nature o f  the r iverl  the 
c o n t a t  water wou16 be ql;icki y d i'i ij6Lzd; ~ O S ~ C ) V E ) I . ~  



Construction of the Watana project i.,.i1i ~ ~ e a t ~  a 
potenti a1 For ccriicrete contsmjnation 9-f the Susi t f ia  
Rifiei-. 7i7e wastewater associ2ted w i th  the hatching 
of concrete, f Sirect l ,y  discha-ge$ to th;: iii;ei-, 
c o u l d  seriously degrade dov~fidi?stre&~j ivatar q u a l i t y  and 
resui t i n  subst ant i  a1 morta l  3:y o f  f;i sh. h'obever, 
t h i s  p o t e n ~ i a - I  problain should not occur, s-ince the 
wasbewater w i  11 be nieutral ized and se-ti1 ing  ponds 
w-i 1 I be e ~ ~ p l  ayed t o  a1 1 ow the concrete contamjnants 
t o  se t t l e  prior t o  the  discharge o f  t h e  w2stewater t o  
t h e  ~"r"var, 

( v i i )  Other 
P 

No add i t i o n a l  water qua1 i t y  impacts are ao t ic - ipa ted .  

( c )  E f f e c t s  on Ground  biatrr Conditions -- 
t 

Since  there will  be no change i n  mainstem d ischarge or water j e . j ~  
other t h a n  i n  t h e  loca l  $zed area o f  the project ,  no ground 
water "pacts are expected either upstream or downstream o f  
t h e  consti-uction area. Howefjer i n  the ronstriiction area 
g r o i d ~ d  hater impacts will  l i k e l y  resuit fieom the construc- 
t i o n  ac t i v i t y ,  

There w i  11 be mino:* impacl:~ on 1 akes and strea3s i n  the im-  
us-. *A-=-=- pbiifiul~ierlt ai-ea niiused by excaij a t  i o n  o f  borrow materi a1 . 
A1 so, f a c i l  i t i e s  will  be construc"Ld do house and support  
cons t r i i c t$on  personnel and tileir I i s  The construc- 
t i o n ,  ciperaticifi and maintenance of  these fac i l  i"cies are ex- 
pected t o  impact the isuseni: and Deadman Creek d ra inage  
ba3ins  and =me o f  the smai 1 lakes Tscated between t he  two 
creeks near t h e  da%s i te ,  For a complete discussion of t k2se  
inipacts t o  tile discussion on f a c i i  i t i e s  i n  papagraph 
( f )  belcw, 

For a l l  reaclies o f  the Sus i tna  River s:;cept f o r  the irnrnt4i- 
a te  vicinity a f  the Wstana dmsSte,  tkere u i f l  be v i r t u i i l l y  
no impact on n a v i y a t i o : ~ ,  t r a n s p o r t a t  Son, recreat ioi l ,  f i sh -  
e r i e s ,  ~ - 4 p a r i a r l  lieyetation, ~q i l c i l i f e  h a b i t a t ,  was te  i ~ a d  
a s s i m l t  a-tion o r  the freshwater recruitrncriil to Cook Sni et ;iliq 

Irjkqs jess thaf i  the 1: Si].$year f igad  euer:'L, Since +hi? ~ 3 : - i y  



t$# &4 6% **LYE- 
phases 3i,construction a;e d e s i g ~ e d   fa^ $-he 1: 50-y12ar f ' 0 3 i .  

~ $ f e n t ,  f l o o d s  ~ T E Z ~ E Y  t i i d 2  P h i s  cou ld  i;verTop t ~ h e  Natana 
e ,,.. E d 2  

r , Q ~  erdajlrS @ausg f a i l  [ l y e  i-jf t h e  cgfferd&qs, A{ t h o u g h  
d&qlmace i5 PJQG! c! occur downstream, t h e  a t i v s i  y S Q ~ I !  3 hme 

sf the head pond and the a t t e n g a t i o n  do!.;nsiyeaq ~ 9 ~ i i . i  ;ffs& 
the gr~ ten - t i a !  d e s t r u c t i o n ,  In any eyej;:, if t h ~ p s ~ .  f l ood  
"B - * r  )eve1 s t o  sccur t h e y  ~ d o u i d  i ~ k e l  y i-iasie nec:ejsitated 
e*l;lacua-kicn of 68i$2st~ea73 popul  a t  ion cen te r s  before the cgf -  
f e r d m s  fa?  1 ed d, 

Since a i l  f low wi l l  be d i v e ~ t e d ,  there i.ii 11 be an 
iinpact on n a v i g a t i o n  and t r anspor t a t ion  snly  i n  the 
9 4- i~gni i~b iate v i c i n i t y  o f  Watana d3-n and the diversiijn 
tunne l ,  'The c o f f e r d m s  w i l l  form an abs tsc ln  so nay-  
i g a t i o n  w h i c h  will  Se d i f - f j s u l t  t o  c i rc~mvent ,  %ON- 
ever, s ince  t h i s  s t re tch  o f  river has very :iniited 
use because o f  the heavy r a p i d s  upstyem! and dov8q- 

s t r s m  f ~ c r m  "Lhe s i t e ,  impact  will  be minjma!. 

Diiring winter, t h e  d i v e r s i o n  g 
closed t o  maintain a headpond 
@&470, 6 T h i s  w caus 
t h a n  20 f e e t  per second a t  the g a t e  i n t a k e .  T h i s ,  
coiigied w i t h  the 50-fsot-depth a t  the intake may 
impact f jsheries.  The impacts associared w i t h  the 
winter d i v e r s i o n  are discussed i n  Chapter 3.  

Dur ing  summer,. the diversion gates w i ! 1  be f u l l y  
opened,  h w i  i 1 permit doavnstrem f i s h  movsfient 
d u r i n g  low Flows n f  about 10,000 c f s  (equivalent vel- 
nc i ty ,  9 f e e t  per second [ f t i s ] ) .  Highep tilnoei vel- 
o c i t i e s  may l ead  t o  f i s h  n o r t z l  i t y .  The impacts 
assoc iated w-$ t h  scTgc-tmer tunnel v e l o c i t i e s  aye dis- 
cussed i n  Chapter 3 ;  

Exist i t iy shore1 ine vegetarian upstream f r om the c o f -  
F e r d a ~ ~  n!lAIiil be i n ~ n d a t e d  approximate ly  50 f e e t  t o  E l  
1520 d u r i n g  f lood events.  However, the Fiood4> sag will  
be cojifined t o  a t\qo'o-mile rive:- s e c t i o n  upstrem fyom 
t h e  co f f e rdm,  witis the d e p t h  o f  f i o o d - i n g  ' lessenii lg 
w i t h  distance wpst:-e&q ?n. S i  !ice tile <?I ood i i7g  lyi ! 1 be 
i n f r e y ~ e ~ r t  and temporary i n  natiire and the f looded 
l a n d s  are \@!thin the p r i p o ~ e d  reservoir, the  i inpact 
i s  not considered s i g n i f i c z i i t  , Fui-thcr inforniat iriri 
on the impacts t o  r ipar ia13  vege ta t ion  car) be f o u n d  i n  
Chaptei- 2 ,  



-1 ; o n  c ~ n s t ~ ~ ~ r _ t i i ; f i  2-f the ga tana  po'der project r e r j u + - ~  
tne coi35%ruction9 opera t  ion  arid maintenance of support 
S a c i l  i t i e s  c.:nabie of p r o v i d i n g  t he  t;2s-ic needs f:,u a m a x i -  
-*, iitul!i , .e i j o ~ u i  3 t i  3n of $720 pea21 @ (3500 $ 3  thg c s n s t y ~ c * t i g n  ca%p 
ai;d 1120 in the .:ill age) Acres8 1482 The faccili::igs, 

. Facil  ; t i e s ,  airports, e tc . ,  w i  
d u r i n g  t he  f i r s t  three years o f  i I ~ s  proposed 
tefl-yfar construction period. The c s ~ p  2nd v i l l a g e  k ~ i i l  t;e 
1 ocated appr*oxi@ate] y 2.5 m!] es gortheast of the Watz;;a daq- 
s i t e ,  between Dsadnan dnci Tsuseni? Creeks, The 'ioctltion and 
1aya;ou-t a f  t h e  cm.p and v i i l a g e  f a c i ' l  i t i e s  are presented iii 

34 35, and 36 n";xh+hit f; 

( i j  Yater S u p p l y  

Rearby 'Tsusena Creek wi l l  be utilized as the @aja r  
source o f  water f o r  the com;nlinity (P la te  341, In 
6 i i d i t i o n ,  wells will  be d r j l l ed  i n  the 9'riist!na 
a l  i uv i i lm  as a backtap w a t ~ r  siippl y. 

During  construction, the required capac i ty  o f  the 
via'rer trea:.;ient p l a n t  has been estimated a t  1,000,000 
gal i s i i s  pet bi ly ,  or 7 G O  g a i i a n s  per niinute ( 1.5 cfs)  
(ActeesB 1982). W i t h  the use the GSGS regression 
equation described i n  Table  E2. 30-day m i n i m u m  
flogds ( c f s )  : ~ i t h  recurrence intervals  of 20 years  

est fmated fay Tsusena cy-~ek near the watel* 
supply in take .  The low f l o w  was estimated t o  be 17 
c f s  For the approximate 126 square miles o f  drainage 
basin.  As a result ,  00 s ign i f i can t  adverse impacts 
are a n t i c i p a t e d  !From the m a x i m u m  water supply w i t h -  
drawal o f  1.5 c f s ,  Further, a withdrawal  ~f this  
magnitude shou ld  not occur d u r i n g  the low-flow w?nter 
mant!2s, since constructicjn psrsofice'i wi 1 l be s ignif  i- 
c a n t l y  fewer t h a n  d u r i n g  summer. 

The  water  supply @;ill be treated by chernical add+-  
t i a n ,  F l ~ c c u l  a t i o n ,  Fil";Aa"ciot~3 acd disjnfection priot.' 8' t o  i"& use, D i  sinfec"iion snould p r o b a b l y  be wi th 
ozcrile t o  avo id  hav ing t s  dechlor ina te ,  i n  a d d j t j o n ,  
t h e  ~ a t e r  wi l l  be daf~ineral ized and aerated, i f  
necessary, 

A secondary wastewa"ie Itreat~ilei:; f a c  i l  i t j ,  w i  1 1  t rea t  
a l l  waste.i.l'r-!- pr - i~ r  t o  i t s  dfscharge l n t o  Ceadn~al? 
Creek ( P l a t e  3 4 ) .  



Tr~ati.ilenc wil l  reduce the BOD and 7SS congen1cyatjfli-i~ 
-io 1evcls acceptable t o  the  Alaska Departrnerit ijf 
Ej~-.i.i;~ cgnk;e~c'iig" j ~ n ,  33e "gyels are Ia ikeJv J t o  

a. be 30 mg/1 BOD and  30 mg/l TSS, i b e  aaimiin: yo? !me 
#- II of er;-luent, I mi'H ion g a l  Ions per day or 1,s c f s ,  

w i 1 1  be discharged t o  Deadman Greek vdbich has 3 iovi 
? ? o w  09' 27 c f s  ( s e e  be1oi.d). i h $ s  j p r g y i d e  a 
d - i i t r t  ion Fac to r  o f  abotlSt 17, thereby  reducing BOO and 

. TSS coiicentr a t  ions t c  about 2 fag/ 7 a f t e r  rccmp! e;ce 
# * 

m2.x - ~ n g  under the vi~rst case Flow conditions (maximum 
e f f i  uent and lovd f i  on i n  Oeadmjii. Creek) , Mix  i n g  will  
occtir  r a p i d 1  y i n  the creek because o f  t u r h u l  ent can- 
d i t i o n s ,  

The effluent i s  not expected to cause any tlegrada- 
ti;ons o f  water q u a l i t y  ? n  t h e  2 - l i Z  mile section a-f 
Deadiiian Creek between the wastewater discharcje p o f n i  
and the  creek'^ c~nf luence  w-i th  the Sus i tna i  Rivet-, 
Furthermore, no gate? qua1 i t y  p ~ o b i @ q s  aye  a n t t c i -  
pated ~ i t h i n  t he  impoundment avea or ciowns",rf8m on 
t h e  S u s i t n 2  R I : i r e r  a s  a result o f  tke i n p u t  s f  t h i s  
lreateo e f f l  uent . W i  tii the use o f  t h e  OSGS regres- 
55387 ana lys i s ,  the l:20-year, 30-day low f l o w  f o r  
0eadgal-r Creek a t t h e  eetsnfluerrce w i t h  the Sus-i tna was 
es f ima ted  a t  27 cfs .  Flow a t  p o j o t  o f  disckayoe, 
r.:hich i s  less than  two  mile; upstrem, i s  not ex- 
pected t o  d i f f e r  significan"ciy, 

C o ~ s t r ~ c t i ~ n  of t h e  %tastewater treatment f a c i l i t y  i s  
expected to be completed ir? the f i r s t  12 months o f  
the  Watana construction scheduie. Prior  t o  i t s  oper- 
a t i o n ,  a1 i waste will be s t ~ ~ e d  i n  s Jagoon system 
for  trea~:meiit a t  a i ater date.  Ha raw rewage w i i  1. be 
discharged t o  any water body. 

rj, g,le applicant will  o b t a i n  374 the  necessary DEC, EPB, 
DRR, and PHS p e r m i t s  fo r  the water silppl y and ivaste- 
water discharge f a c i !  i t i e s .  I 

Construct ion, d Operat ion 
-->A. --%=-' -4-e- .. - 

ConstructIan o f  the iiratana camp, v i l l  age, a i rs t r ips ,  
e i c ,  i~~iii cause impacts .to ;$ater q ~ a l i t y  simiiar t o  
inany cif ti-ibse occurring from dim c o n s t r u c t i ~ ~ r .  
Pnct-eases i n  sediment at inn and tu i -b id l ' i  y 1 eve'l s are 
ari"ricipa1:ed i i t  the loca l  d ra inage  bas ins  
-, Bsusena and Beadmatn Creeks Even w i t h  extefis*1?6e 
s a f e t y  control s ,  acc identa l  sp i l  l age and ieakage .of 
p e t  e products  could occur creating local  <zed 
ca r ! . t 8~ ina t i sn  w i t h i n  the wateieshed, 



I f  iri! i be completed ;',s r.;pidiy as possible, taic2ny in to  
1 ( 1  ccfisid~r-2-c;un ifownst f 7  oiu ~ - ~ q u i ~ e m e n ~ s  afid a c2 r , xdjtOG sq 

storage ~ a f e t y  f a c t o r ,  

Pecai~se o f  the q a t u r a i t y  o i ~ u r r i r i g  low f r o ~ w s  d u r i n g  
\~ i ; l t e r ,  I j t t l ?  oppcrtunity $ s  a.j.ailable folr filling 
L J G +  P B l l . b S Q ' I  - % < *  * dkse.P..-%&, 3 d t g  --.- ;; r f l z i " e f g j * ~  = p.roCiosed " . - :t L U ~ T  

t h e  doi+%stre&~ f f ; c l a ~  i-2quirernenf s be sirnil i i t  t o  the 
n a t u r a l  regime. During summer, runoff w i l ' l  be cap- 
tured 2nd sts~*ed i n  the r e se rv~ i r  9n a s$n!~"i aar man- 

t o  t h a t  which  iqiil  occur daring projec t  oDera- 
"ion. The p r i m z ~ y  difference wi l l  be t ha t  the doun- 
stream f l o w  roquir-ements w j l ?  be met by pi$sscige o f  
Q *  " " .rc i~er th rauoh  t h o  low Ieve; outlet- ra ther  t h a n  the 
powerthous@, %erefotae, .the dowastrew f 7 . 3 ~  require- 
meats selected for the i4ay t h r o u g h  Septeinber pei*?od 
a_ye t h e  s&qe .is f o r  prcjeei; opf i raf ion (see Sect ion 

P 
-l 

i 1 7  ustrate8 t he  t a r -  
-7- geted n'iiimum Gold Cree !he m;n -irnbm doliii7~- 

str2m flow of AGOG c.Fs F:-om i'a'ove3be;- throus ' l  Ppri! 
i s  s l i g h t l y  lobqer than the averdge :+iilter r̂ lcv-i ar 
Gold Creek, 

Fi-om Nay t c  ~ i ;e  l a s t  week of J!i!y, the  t a r g e t  flow 
wil l  be increased t o  6,000 c f s  t o  a1 low For mainstem 
flshery ;icavmeiiP. D;lr.?ng Junz, i t  may he desirable 
t o  sp ike  the t o  t r igger  the outmigration of 
szimon f r y  f - w n i  the sloughs,  (Schnidt  persoitai can- 
munieation, 1982). It i s  be1 i 2ved  t h a t  the  outmi-  
qratjon i s  t r i g g e r a d  by a camhination of stage, d i s -  
charge, and teiiiper2tui-e. Trihey (4.982 hzs observed 
t h a t  the f r y  outmigrate d u r i n g  the falling l i m b  o f  
the spr ins f l ooii hjvtlrograph . 
The 6003 cfs  G31d Creek flow wi l l  p rov ide  a minimurn 
of- 2 f e e t  of river .;$age fop ~ ~ ~ j ~ s f - , e f i l  fjsbier;~ ~ l o v 2 -  
men-t a t  a l l  65 ~ L I T V P : ~ ~ ~  cross ~ e c t i o n s  btween 
T a j  i;eetna and Lie;/ i 1 Canyon. F i  y tiye EZe  is@$'/ -1 us- 
+ .! ", ate5 - computed water ~ t i i - -~ -  I ccx elevaxior:~ f i > ~  V ~ ; ~ ) S ! O U S  
discharges a t  C Y O S S  S e c t j ~ r l  32 located near Si~e~nian  
RN ?30), (Accuracy i s  hlFXI 'I. F o o t ) .  Th i s  cross sectic~n 



D ~ ~ r i n g  the last  5 d a p  o f  Ju ly ,  f l ows  wil l  be i n -  
sressed From 6080 cPs t o  92,OCG c f s  i n  incremie~t j  of 
approx'mately 2&00 c f s  pei- dsy .  Slows wi l l  ble m2ir:-  
tajne-j 3 -  12,000 cfs  fr*gn nuyus; " * . - . a  k t h r ~ ~ g h  
Septerriber t o  coincide approximately  w i t h  the scc.key2 
and chum s p a ~ i n i n g  seasan i n  the sloughs upstre38 - F m m  - 
/ill keetna. Adverse impacts .to f i s h  resul t i n q  from 
t h i s  flow regime are discussed i n  Chapter 3. 

- Starting September 15, Plows w?i l  be reduced .to 6000 c f s  ji3 d a i j  *-p---.--&- ; ~ f f i c * f  ~3 Q$ c"$ a ~ d  4*Ld'e- trrertf held 
c o n s t a ~ t  u n t i l  Oc$:ober when they  wS!l be further 
reduced t o  2000 s f s .  In Novmber, the flow iriil I be 
l awey ed t~ 1080 c f s  , 

- i ine i o i n i m u m  ta inge t  flow: at Gold Creek wl11  be 
a"Ltained b y  releasing t h a t  f low necessary f ~ o m  the 
Watana impoundment which, when a d d d  t o  t he  f l o w  con- 
' t i - ibu t ion  from the  in tervening dra jnage  area berbqeeri 
i l a tana  and Gc:c?ld Creek, wi l l  equal the m i n i m u m  G ~ l d  

OP-" Creek target flow. ! h e  abso lu te  rri?'nim~m flow release 
a t  Watana wil i be 1000 c f s *  Durlng f i l l  i r i g ,  f l o w s  a t  
Gold C.i--eek will  be i3-rtonito-i-ed 3rd the flow sat Watana 
ad jus ted  as necessary t o  provide the required Goid 
G ~ e e k  Plow, 

ii) Flood Flows --- 

Taking  i n t o  accouvt  the 30,000 cfs discharge capab i l -  
i t y  o f  the ;ow-level ou t le t ,  sufficient storage w i l l  
be made a v a i l a b l e  d u r i n g  the f i l l i n g  sequence sc t h a t  
f lood  vo iu8es  f a11 f loods  up t o  the 250-year 

4.. recurrence interv a'i f !  ood car1 be ~emporat-i 1 y s t ~ r e d  
i n  the  raserjioir witijout en.?angering the main da i i .  
Whefiever t h i  5 s t ~ r a g e  c r j t e r j o n  i s  v i o l  a r ~ d ,  d i s -  

I charge worn t he  Hatana reservoir will be increased tip 
A. :o the maxiriim capaci ty  o f  the  ou t le t  t o  !awer the  
ifleser.-v~?"~4 leve"8ehilnd the d a n ,  

r n n g  a With the use o f  the reservoir f ~ i  i - i l g  criteria, three 
reservoir %i  1 l ing sequences were s i m u l  a ted  t o  deter- 
mirre t h ~  ;j:?.i.,n o r  1 ilteiy f i i  1 i n g  seqEente and p robab le  
dev  i a t i ~ n s  if iqet or clry hydrologic segijrinces 



~ ~ . r - j a * l r  ,,;r-d 0 d u r i n q  3 1  S i f i ~ ?  spproxigatelj, rilree 
w 

ye2rs v i . j i l  1 be required to br ioa $-he r ~ c f i r ~ ~ ; ~  .-r~i,I +-  ~ i , f  its 
.h. 

i i~rfi ia? ~ ~ e r a t i r l c  lei je' ,  thrze-veai. w r u r i ~ i i n g  aver~r j I3s 
0-f j-kie t c t a l  anr"i.57 f?o \g  j i s f ~ ~ g e  a* Cpepk  q,~,;ej""e 

, ,. conpuled fro8 mmonthiy mean flo.its. Tt~e  prcbabiiity c f  

t i l e~ i zed  fo r  each case. An iden'fcaf process ~ $ 5  
to ~ y ~ t h e s i z e  the 10, 50, an$$ 90 perr:er!tiIe - irola~es and f l a w  d+stribubicr.js a.f: Matzga, jhe inter- 

ned i a t e  $1 67;1~;# ce0nPribut $ o n  was *taken as the di"$.ferecce - beti.jeen the i{atana an6 Goid Creek m o n t h l y  Fiowi:,. ine 
kiatana ar!d Gold Creek monthly Flows Par ezch of tne 
three cases a r e  identi as "pre-prcljec"i"ir: Tab?es 
E,2.&%8 iind E,2,%9. T . e  dovinsti-em f l o w  cr5- 

Gold Creek, 
were used eo 
seqQence for 

each p~rc ,on t i l e  ffcrr, i i n t i l  t h e  reservoir ~.ias f i l l e d .  

The  Watana reservoir water levels for each s f  the 
t h r e e  f i l l  i n g  cdses conssderfd $k$6 i j  lustrated i n  
F i g u r e  2. BqQ Under aver age eondi"iions (50 percent 
case) ,  the  reservoir would f i l l  sufficiently by 
a u t u m n  1992 t o  a i l o w  t e s t i n g  and zonmissioning o f  t i l e  
iinits t o  commence. However, the reservoir ~dai?ula nct 
b e  f i l l e d  t c  i t s  normal operat ' ing level o n t i i  t h e  
foliowing smriler. If the d r y  sequence were t o  occur, 
(90 percenti le case) the  reservoir ~ : ~ u i d  not be suf- 
f i cen t jy  F u l l  t o  permit the start a t  testing jnd c o i ~ -  
mlssioning u n t i l  l a te  s p r i n g  1993. 
were t o  occur (10 percentile case) 
pri3tection criteria -is v j - ~ l  ated and f low b e  by-  w we-+&b&e+~ 

passed ra'cher t h a n  stored, The d ry  sequency and wet @Ne &~ees-r;sz 
sequence would each have a p r o b a b i l  i t  y o f  occur:-ence {4a.~~# 
o f  approximately SO percent. 

The Watsns discharges for  the h i g h  (10 percendt), mean 
(50 pc.rcei:t and ?ow (90 perc~n'c) f l o w  cases con- 
% 4 w are cornpat-ed t o  the  Watana i f i f l o w  ii?, i ib le  
E 2 For "ihe average hyd~olog!c  case, pi-e-i;ro.ject 
d i s c h a r ~ e  for the F~li;y-i)cfoi;e~. pe r i od  i s  redcced by 
appr~ximstel  y 60 percerit d u r i n g  :he f i  11 k g  period. 
Huwe\ier, f ~ o m  Nova~ber t h r o u g h  A;lril there i s  l i t t i e  
diffeleence, 

For. -tho Dev-il Canyon to Talkeetrra reach, Gold Creek 
Flows are cor-tszdered representative. Mont i i iy  pve- 
project aud f i l  i 3ng f lows  a t  Geld Creek ~Fou tire wet, 



(13 p e - c ~ n i ; ) ,  mean (5!> percent): and dry (90 percent) 
seouenfs-, cofi;jdc;r-d are i 1 j usatrated ii? @Figure 

Table E,2,%ge 
..- 5 

Percentage iurnmler and 
i r i n t ? ~  ; i ~ + d  r!-!anges are s i t -n i l z r  those a t  hate- ~ r a  
b u ~  are somevjhat 8.-.ebuc-,ed bec5use of a & d d f e j ~ n a l  t r ibu- .  
t z r y  i::flow. For the mean case, August zionthl y f l o w  
it G s l d  Creek i s  redaced by 45 percent (21,900 cfs  t o  
12,300 c i s )  when the reservoir i s  capable  of" !:toring 

7 T 2 * 3  
2 i i 094 1 ess the do;iristrcaq $1 sw yec4u-i remefit, 

w-d7S be 37 tered jr-i i h e  Talkeetfia to Q-j&: Inlet 
reach, hii t  because 3-f s i g n i f j c a n t  t r i b u t a r y  iroorltv-ibu- 
tions, the i~npac t  ori sQxmer flows w i  l l be ;real:l ?em 

' 2avds a duced v,i-tk Sjstan~e do&.;.rstt-.esun, T a b k  r ,  
compac jso~ c f  mean pre-project monthly floiris and 
mo4A1 , tniy = iiows d u r i n g  reservoir f j i ;  i ng  a t  SransR-ine 
arid S u c i t f i a  S t a t i o n .  Pre-project floivs are brtsed en 
t h e  long-term av2rage r a t i o  betvdeen the respectilie 
s t a t i o n s  and Gold Creek. F i ' i l i r i g  r"lawr_ a r e  pre- 
pri:ject f l o w s  reduced by t he  flow s ta red  ir! the 
~ e s e r v ~ b  

Pi;-e rese;-voir fi: 1 i ng  criteria d i c t a t e  t h a t  ava i  1 
stoi-age ijoli~me i n  reseuavoir mast prcvjde p r ~ t e c -  
t j cn  f o r  311 f l o o d s  lip t o  the 250-3jear v recurrence 
interval Floeil.. Thus, the  reservoir must be czpabie  
of  s t o r i n g  a l l  f l o o d  inflow except f o r  the  f l o w  w h i c h  
can be  discharged t h r o u g h  the outlet  facilities dur-  
i n g  the Flood e v e ~ t .  The maxiam discharge o f  the 
ou t le t  f a c i l i t i e s  a t  Matana i s  30,000 c f s ,  The maxi- 
mm Flow of 30,000 c 

eak reductiat-i- 

the 1~50-yea r  Flood a'c Gold Creek i iould  he reduced . Zmtg4 
Prom 106,000 cfs t o  49,000 cfs. 

Af te r  the f lood  event, the ou"Let f a c i l i t y  wii?  con- 
tlnue to discharge a t  i t s  m a x j m ~ m  capac i ty  u n t i l  the 
storage vnlane c ib i te r ia  are reestablished. T h i s  ~ $ 1 1  
cause the f lood  duration t o  be extended beyand i t s  
normal du i^a t ion ,  a l t h o u g h  at  a reducec"r1ow as noted 
above, d 

.-* 

The  ; i r i a b i l i t y  e M F i o w  -in t i l e  biatana t o  Ia'iceetila 
r-each be a'ltet-ed, Under mc:t:;sr.;ril co;?adj@Sons, 



iu3s.t,antia1 chsnge in  f l o w s  czr; o c u r  di.,i;;ia T h i s  
e- ; vzy i 2 b i l  j t y  w j 7  1 be j*e-jLi~ed p r  Ft  j ing. 

FI- a u z j n g  August 1958 as an exaqple, i l r j u ~ s  L C3? - ,  ~ ? ~ - ~ ~ i ~ ~  * S n . b p d , l ~  

" L h e  d d j j y  f ' l o p ~  v a j - i j t j o n  t h l r  b2uia oc--g:. , rkie aver- 
age  morithly f l o w  o f  22,jSQ cfs  dur ing August 1558 

I S  . A h 3  y r e ' l d s  a value  close to cne ioilg t e - r i ~ :  ailsage r n o n c i $ $ y  
d i ~ ~ h a ~ g e  o f  22,OoO c f s .  Stiper impc sed or?, F$ ,?~P*T 3 ~ s  d 

- C E, 2,78 are t h e  f ' $ ~ %  ~ ~ y ~ ~ j ~ ~ ~ ~  t h a = f ~ u i ~  G C I C ~ F -  ~ f i d e ~  
f i 11 ing  conditions wi th  the jiuo2sk - 1958 Icyja$+lJ 

fg&ssbn,ing t h a t  t h e  reservoir storage c r ; t ~ l r i ( j a  V - I  ~42s 
itcy=ge a t  :qajrani) 2nd G o 1  aied ( i ,z,, JO,OL?O c f y  d l s ck -  

ass~mfng t h a t  the  reser\ioir czpabie  dtf nccow- 
-7 lii,dating a"3 the i n f l o w .  B~~ h &c!d Creek hydragraphs 
have reduced f lood pc3ks. !r: f i l l  i ng  Sequecce I, 
o u t f i o w  i s  greater thsn jnficv-i a t  i.iatar~a on the 
recedifig i inh  of the  h y d f ~ g r 2 p h  " nor9:rQ t o  m;.& the 

< * r3eserifair storage v07ume crireria, ::encti, di lr ing 
th is  t ima period, Gold Creek flows are g r ~ , i t ~ r  -than 
n a t i ~ r a l .  In this  exz~inplle i-t wzs assumed t h ~ t  o n g ~ i n s  
constructicin d i d  not perni-t a d d i t i o n a l  storhage. i? 
real i t y ,  the  d m  i.ieigf:i w i l l  be increa~icg 3cd addi- 
t i o n a l  s-torage would be permitted, -thus r e d ~ u c i r ~ g  the 
r e q u i r e d  a u t f l o u  Fro~3 Watans, Th is  18$3ii!d coi-respqnc- 
jngly reduce the  Creek discharge, 

- a  7 7 In t - 2  1 i i n g  Sequence 2, Ea ld  Cl-~ek f!oi+ $ 5  c~>?:st.nt 5: 
12,riCO efs .  However, the flow ireieasi? st bjat83fia G U Y -  
i i i g  the f i l l  l'ng seqiience would be 4350 c f s  a t  the 
n a t u r a l  Gold Creek f lood  pezk and &out 10,00Q c f s  
when the n a t u r a l  Gold Creek flow drops  t o  @Z2,0CI0 
c" f  

Farther domji:earn, t h e  d a i l y  ~ a u - i a t i o n  i n  flow for 
b a t h  sequencgs . @ I  1 increase as a resu l t  of the imu.S- 

i n%t"""."q s b i l  i t y  i b u t  w i  l 1 be less t h a n  ijndlr- 
nahuu-a1 conditions and the percerqt difference from 
ns$:.$f*a] f j  0% w j  1 3 be less becau~a  ~f the added tjfi jbu- 
ta.6.v j n f b w ,  

As reservoi:- fi 11 i n g  nears camp-1 et i o n  and the reser-jloir 
lev-.i i s  above -the powerhouse i n take  e leva t i on ,  t e s t i n g  ani; 
commissSoning of t h e  powerhouse ur; i t s  c ; i i  l commence, iili s 
procesg m+2y t a k e  several mcnt!?s and w=i 4 1 requi r e  a ctm~ber oi 
tes ts  f o r  u n i t ,  Every a t t i 2 p t  wi ; l  be mzde t o  rornmis- 
sion the iinits so t h a t  the impact c!i ficw w.!i!i he a i~:ninium. 

nn~rt fevcre interruptions flow ~i* ]?  Occur ~ U Y . ! R ~  tito 
f 1:o l aad  off and 'ioad@ of f  rid f u i l  "102?(? on tests  
kdt:ei2 the f l  ow t ; l r ough  -the t i~rh  i f is b e i  f i ~  tes-ted \ y i  '1 1 4u.i sitl y 



T 1' 
r i  -test :irg occurs i n  er and f""!kd i s  near the rnjnirnurn o f  
1000 c f s  @$k<atana, dill gradually be increased t o  35CO 
c f s  over a one d a y  period and maintained a t  t h a t  :eve1 
a. i t r r o ~ i g h  g t he  t e s t i n g  period. If testing i s  temporarily 

+ s h a l t e d ,  f ' 2 ~ ~  g r a & ~ g j l  y be red ; l~?d  +- tu 3:;;--*-- - -  f-2- 

qaire;nni,: over a one day period. 

River Morphology 
- - - m * - z 4 - z  

jIurji ig T h e  fi! l i n g  of Wahana reservoir, the t rdppi r rg  of bed- 
load and  suspendecj sed iment by the reservoit- w i  1 i ~jrearl;! 
reduce The sedime;~t t r anspor t  by the S u s i t n a  River ir! t h ?  
Waeana-Ta1 ke2tna reach. Except For isol aleci areas bt;-.dload 
:r?ou$s;rent wil l  rmns'n l imited over this  r e a c h  b2cause c f  tile 
di-mor l ayer and the low -Flows. The 3 ack o f  suspended !:ed i- 
ments ri i 1 s iqn i f i can - t iy  r2cil;ce s i  l t t S t i o n  i n  calmfr areas. 
T S u s i t n a  Rsvw main channel w i l l  t e n d  t o  became more 
defined w i t h  a na;P.--i-svdeT channel -in this  reach, The m a j n  
channel r iver  patter-n w i l l  s t r ive f o r  a t i g h t e r ,  better 
def i i ied zg~fide; pattern wt"ifi the e x i ~ t i r ; ~  banks. A trend 
o f  channel ikr ic i th  reduction by encroachgent o f  vegetation 
wii 1 beg in  and will  continue d u r i n g  reservoir operation. - ~r ibu ta ry  stredqs, including Portage Creek, I n d i a n  R-iver, 
G o l d  Creek, aitd F o u r t h  of Ju ly  Creek, will extend their a3e. ., 

fans i n t o  the river,  Figure t , i e m * ~  a % u5-t Y ate5 the 
hnfl uence a f  the mainstem S ~ s f - t n a  River4 on the sed imeo-ttatson 
process occurring a t  the m o u t h  o f  the t r ibutar ies ,  Overflow 
i n t o  most o f  t h e  s i d e  chanfiels w i ?  1 riot ocr;rr, as high flows 
will be gr.eatly reduced. The b8ck$vatebv e f f e c t s  a t  the 

8 1 ' 5  mouths o f  s i d e  channel s arid sloughs ~3 i : be s i g n i f i c a n t l y  
~9de;srsed. 

A t  the Chu l  S tna  ccjnfiuence, t h s  C h u j i t n a  R i v e r  -is expzcted 
t~ e r y x i i  dtx! ~ Y ~ ~ R c I  j t ~  a l l u v i a l  deposits, Reci;jced summer 
Floba~b i n  the ; t n a  Rive r  ioay a1 low t h e  Chu? i t n a  R+ver  t o  
extend i t s  s ? l ~ - : a l  deposit-, to ,the east ar;d sou th ,  l-io$d- 
ever, h i g h  flows in the C h u l i t n a  River may cause r a p i d  chan- 
1731 changes, i r ~ d u c i q  the main rhannel t o  ii7igrate t o  the 
west, T h i s  vd~i i ld  te f id  3x1 r*eioiate the deposi+tiuu! t o  the 
west , 
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G~l.irijer-aq fi-0% the b g s ?  tfia-Cfiu) i t n 3  ~ o n f  1 iience, $-lie pre- 
project  mran a ~ i n u a i  f f i ~ 0 d  <i;jj 1 h a y e  a recur- 

" - r.nce i;itei;jai of f i v e  to years. Ti*a i i ~ s  ; ~ " 1  {:end t o  
decrease the f ~ e q ~ l ~ l i ~ ~  of  O C C U ~ T ~ ~ C ~  of D ~ t h  bed n ~ t e r i a l  
moiiment anc , consequent l y, of changes i n  b r a i d e a  channe-I 
shaps, f ~ r m  2nd c e t b ~ 3 ~ k ,  A trend toward 72: a t i v e  s t a b i ]  i z a -  
t i o n  of t h e  f!codplair: fsatures i.iil! i;egin, b u t  t h i s  w ~ u i d  
sccur ovw a long  period of time (R&i? 5.982a). 

Beginning w i t h  the S i l l  ing o f  the  rese~vcrir, many 05 the 
phys i ca l ,  chemicai , and b io log i ca l  processes coarrron ti, a 
i e n t i c  envjronment shou ld  bzy in  t o  app2ar.  Some of the more 
i ~ ~ p o r t a n t  processes include sedi i i le~tat io!; ,  1 eachini;, 
nutrient etirichnent, se ra t i -F ica t io i l ,  evaporatt~n, and :L.E 
J ? "  - v . ~ e r ~  These processes are expected t o  in teract  to a l t e r  
the water q u a l i t y  c o n d i t i o n s  a ~ s o c i i t e d  w i t h  the  na tu ra l  
riverine conditions t h a t  presently e x i s t .  A summary d i s c u s -  
s$on o f  the processes and t h e i r  in te rac t loas  i s  prov ided  i n  
Pete~c-ssfi and Njc ha1 s 

(i) Water Temperature 

D u r i n g  the  f i r s t  smmer o f  filling, the  temperature 
i n  the  katana reser~oir ~ S l l  be e s s ~ r i t i a i i y  a corn- 
p o s i t e  o f  the i n f l  ow temperature, increased sorne~taat 
by t i l e  e-FTricts a f  so la r  heat i i ig .  The reservoit* wil l  
r * . ; ; -  

T ?  i i verjj r a p i d ?  y ( t o  about a 400- foot  d e p t h  the  
end o f  summer) and the e f f ec t :  ~ * f '  s o l a r  heat ing wi l l  
no t  penetrate to the depth a t  w h i c h  the outlet i s  
loca ted ,  T~ilerefore, ou t1  ~t temperatures dui- ing the 
F i r s t  summet- o f  filling should be an average s.f t h e  
existing river w a t e ~  temper atures w i  ~h zsme 1 agging 
w i  t i t  the in f l  oiv water -temperaatures . 
During 1 ",e reservair gv-ab. !; l y  cool t o  
4 or- 

L ,  Once a t  th is  -temperature, the low-level outlet  
w i l i  ccn'cinue -to discharge i.jate- & just above 4°C 
i s n t i l  t he  reservoir kqater level has increas2d t o  
 here the f i  xea cane v a1 ves can be used, 

Downstreua -?ram the  biatana d e v ~ l o ~ e n l ' ,  t h e  water 
temperature i.ii 11 be modi f j ed  by heat exchange with 
t h e  atm~sphere. The f i i  I i ng  sequence w i  l l cover tbga 
;.ti lter periods and the temperature a t  the dc..nstream 
end 3C D e b s i l  Cak2yon w i  1 ? reach 0°C a t  o r  about  the 
begiiinirig of Novminber i n  the  f i r s t  y e  and toward 
the 2nd o f  October 'in the secona, T h i s  wi l l  have the 
el'f cct  of I agg i~lg the dawnstr-em temper a t ~ i ~ e ~  b y  
a!: oi;a-t 5 pdeeks f;-om the base! b e ,  Fai-rher d~t~g3str.ea;r?, 
-the 1 aggirlq i n  rem~eratur*es w.i 1 l be reduced 25 c i  i -  
s j ~ a t j ~ ;  cand j t i o f i s  can t  i n k~e  t~ - i r f  watey 
t atlpet* a t  u r  e . 



D ~ ~ r i g g  the  second ;ummer c f  fi 1':- i v;!iJ, ~ - ~ u t k t  ~ E ~ P P W -  - -  I t  

y 3 be 4°C ijn-i:j*/ t?.f 9c;tlet faciliries start  
o p e r a t i e n  i n  Acgust. D~, . . . ~  ~~~istrei=ti~r frog $iat:ana, the 
i.jatey t f ~ p e r a t u r f :  v~i; 1 j n ~ i - e a s e  bg;t j be iqe? 2 
$21 OW nsir?ma'f wate"~" temper at ares,  

With de lay  o f  freezing water tf.~!perati;res, t h e  
enti,-s i ce  formation process ~&i!l occur 3-4 ;.ieeks 
l a t e r  t h a n  for na tu ra l  c o n d i t i o r ~ s .  F,q&;ee_ygy, because 
o f  the - -- l.-LIC- lower -..rb.,,__, f l a g ,  .- t h e  severi'y o f  jgs 
d i n i ~ s h ~ d  --- ---" e and the s t a g i n g  c a u s e d b i - - i c e  g i i  3 
t h a n  present1 y experieficed, A t  hr.akap, t he  

wilj be 
* n 

.be - i e ss  ---* 

r gvJ t!c ed 
flows i n  combins"ion w i t h  the diminished jaaming i n  
the river # J $ J ~  t e n d  t o  p r o d u f s  a severe breakup 
&. r ~ n a r i  current1 y occurs. 

- " t  7 As t h e  reserifofr b e g i n s  to T I  i i ,  velocit ies will  be 
reduced and deposi";ion o f  the l ar jer  suspended 
sedinent partir?es A -  s Wiii Q P - ~ . '  b ~ J s s  I n i i j a l ; y ,  a:: bu t  
the 9 arger particles w i  ;l pass th rough  the resor- 
v c i r ;  b a t  w i t h  more irnd more viater impoilnded, 
smaller diameter partic1es u i i i  1 s e t t i e .  As the 
roservoij* ;pprcach@s notma: aper a t ;ng  1 eve] s, 
percentage of particles s e t t l i n g  will  be ~ i m i l a r  to 
t h a t  occurring d u r i n g  reservojr gpera t ion .  How- 
ever, since dur ing  the  f i r s t  one and a ~ e - h a l f  years 
o f  filling water wil l  he pzssed t h r o u g h  t h e  1oi.i- 
level out le t  w h i c h  i s  at invert E l  14'30, wi-iereas 
d u r i n g  operjf i o n  ? t  will  5.1 d from above E l  
2065, larger particles iqcuib be expected to pass 
t h r o u g h  the reservoir dur ing  e a r l y  f i l l  ing  t h a n  
d u r i n g  operaZion. ( T h e  depos i ' c jon  process d u r i n g  
j ~ e s e r v o i t *  ~ o e \ * a t j a n  3s discussed i n  de tas1  i n  
Section 3,2 i c j j i i i ] . )  

Dur ing t h e  fi 11 it-ic .d process, r e s e r v o i r  t u r b i d  
will decrease i n  cor-ijunction with t h e  se t t?  ing  af 

-=.4% suspended sedimsn-ts. i u r b i d i ' c y  w l l  i be highest a t  
4s." ~ n e  uppet* erid of the  reservcir wilei'e the Sus i t na  
iii ver enters Turbid in te r f l  and underf-I ow: may 
occur d u r i n g  summer mcilths, d e p e n d i n g  on the re1 3- 
t j-ge densities sf t h e  y e s e ~ v ~ " i  arid  VET waters, 
T u r b - i d j t y  levels i n  the i ~ i n t e j -  aye e::pected t o  
decrease s ign i . f i can t i  y from summer level s ;  however, 
t l i r b - i d i t y  i s  1 i k e l ~ f  to be cjreairer Than  pre-pi-oject 
iifii~-a"rnter levels,  



Vertjcaj d ' ]  1~i .minat jan i g r 4  the :l-~j ;  4 
decrzase d u r i n g  br4edkup as f l o w  b e g i n s  b r i n g  
g i  acial  s i !  ts i n t o  the reseriioir. Verticai 51 1ua-i- 
n a t i o n  d u r i n g  t he  summer w i j ?  vary, diei;endigg fin 
:&ere the r-fver ~ ~ a t e r  f i nds  i t s  equil'lbriLim d e p t h  
(cverfiow, i t i t 2 i " f i 0 ~ ,  or dnde~iC1owj. Data fr-- 13ii5 

6s - 9 1  g i  a c i a l  iy -fed EM u tns  Lakc i n d i c a t e  t h , a t  v e r t i c d i  
-illu~f:-lnafisn will not  zxceed a meters d ~ y "  'ng the 
mid-summer months ( F i g u r e  E .  2 ,  @], ~ ~ j - ~ < ~ ~ l  -ill  hm- 
i n a t  ion  w i  11  g r a d u a l  7 y increase d u r i n g  the af~tu. i in 
as g l  ac i a1 Snpi-jt decrmases, 

Dur ing  t h e  f i! l i ng  process, add i t iog i ' l  silspendcd 
sedjmeilts w i j  1 be int roduced to  he rc2servoir by 
the  sl s i ~ p i n g  o f  the val l ey  wall s 3nd conltinued con- 
struction a c t j y i t i e s .  The slbmping of v a i j e y  w a l l s  
w i  i 1 p r o v i d e  intermittent quantities of siispended 
sediments, A i  i h o ~ g h  no quantitative estimates $3: 
t h i s  impact are avai lable ,  i t  i s  anf ic jpa ted  t h a t  
these impacts wi l l  be local ized ,  o f  short duration, 
and t h u s  ncr very s i g n i f i c a n t .  8ovieirer, s l  ~ m p i n g  
z = expec ted  t c  continue af te r  cpwrttio3 of 
project  beg ins  u n t i l  equi? ibriwn i s  a t t a i n e d .  Con- 
struction a c l i ~ i t j e t ;  suck 8s the  r e a ~ v s l  o f  t-hnbel* 
from wi th in  t h e  proposed inpuundment a r e a  are also 
expected t o  contribute t o  increased suspended sed i- 
ment cnncentr a t  ions and t u r b i d  i t  y 1 eve1 s sfid 
d2ciqeased ver t i ca l  i l  l im ina t ion .  Once removed, the 
1 ack o f  r o i l - s t a b i l  i z i n g  vegetative cover w i 1 i  
1 ikely acce le ra te  wall slm.pinq. However, the  
increase !n suspended sediments hecause o f  ~ a i  1 ey 
wall sltanpi1ng will be s i g n i f i c a n t l y  l e s s  t h z a  the 
reduc"iion caiised by the sed imentzt i o n  process, and 
thus, the river w i l l  be clearer than under  na tura l  
c ~ n d j t j o n s ,  

Max imum suspitnded par5t ii:i e s i  zes pass ing t h r o u g ! ~  
t h e  prng'ect: area downstream k i i  1 decrease from 
about  SOU micrcins d ~ r i ~ ; g  pre-prc.,ieci con& i f  i o n s  t o  
about 5 microns as f - i Y 4  * , r rg  pr~g l -e s ses .  As can be  
obsi-i.ve3 frcm., the  particle s i z e  distr ibi l t iof3 

* e p e A  .&L * (i:.igui-e E. 2.*&je L s i ? S  results 50 r e t e i~ t ion  o f  
about 80 p e ~ c e n t  o f  the pre-project sirspended sed 5- 
!men-$ a t  Hatiatla, 3ecduse of  the c lear  bqake~~" t r "  r 8 if-- 
-5 - ~ a ~ y  infioif, 43 the tdatana t o  ia l i tee t~i i  r e a c i ~ ~  
Furtiler redtiction 0" t h ~  suspended sedinles~t concen- 
t r a t i o n  w 4 S f  aceuy as the f l o w  moves downstrbe6~3, 
D i j r i i ? ~  h igh  t r i b u t a r y  f l o w  pet-iads, a d d i t i o n a l  5us-. 
perjiieti sediment w; i 1 he added to t h e  r i v e r  by tile 



t . r j Q u t a r j g s .  T i l u s  sl ides  mzy 3793 c o n t r l j b ~ t e  t o  
t he  downs t rem suspended s ~ d  iment con-sntr  a t i o n s  . 
In  genera!, the  suspended sediment concentrsticn i n  
thc! Watana t o  ialkeetna reach w j 7  1 be relduced by 
app rox  imate! y 30 percent du- i ~ y  the  suiiimer months 
zi ld s l i g h t l y  increased d a r i n g  the t v i i l t e r  m o n t h s ,  

Dohinstr~am surfimer t i i r b i d i t y  lev21 s ~i l l he! redtjced 
t a  an es-T:cimated 38-53 t4TUG 1 1 J  

~3 n t p r  t:ursb i d  i t  y 
levels, a l t h o u g h  not presently quaii t i i i .ble,  w i i i  
be ine~eased a b s v ~  na4:uraI levels o f  near ZET;C~. 
Bfcause o f  the reduced t u r b i d i t y  i n  sunliner, the 
v e ~ t i c a l  i f  1 a~fiqination w-a" 1 " r z  enl-aanced. bi-8nter 
yeyxjg-al  j T  l y3 i02+;Rer ; l  &;j -/ f r - - _ r l  *---> 

S H - I I  F ? l % Z a ; L  1%,.?196@ U K  TeUGLeU, - 
r-9- 

-. ia lkee tna  t o  Caok Inlet  

In the Taliceetna t o  Cook Inlet reach, t he  suspended 
sediment and * t u r b i d i t y  levels d u r i n g  suigoer iq-ill 
decrease s l  i g h t l  y from pre-project level s. Th-e 
Chul i-tna River i s  a mqior sediment contriibuto:. t a  
t he  SusiLoa w i t h  28 percent o f  i t s  dra inage  3i-ea 
covered by  g l a c i o r .  As such, i t  w i i l  t end  to keep 
the suspended sediment concentrations h i g h  dur ing  
stimrner. Rerefore, t h e  sumriier character of this  
reach w i  11 not  change signiiican"Liy, 

i t  I ,  d u r i n g  the 3 -:/ear f i  11 ing  process, the 
reservoir D.0. 1eiiris should  a p p r o x i s a t e  r iverine 
conditions. As Fi 11 i n g  progresses, some weak s t r a t i  - 
f i e a t i o n  may b e g i n  t o  develcp, b u t  no subs tant ia l  
decreases i n  disstllveci oxygen levels are a n t i c i p ~ t e d ,  - Ihe v o l m e  o f  Freshirater inflow, the  e f f e c t s  o f  wind 
and waves, and the l oca t ion  o f  the outlet  structure 
a t  the bottom o f  the  reservoir are expected t o  keep 
the r @ ~ ~ k - ~ ~ j j n  l a j i * ?y  we] 1 mi;;&, thereby r e p i  e n i ~ f ~ l g g  
oxygen levels i n  the hypo1 lmnion. 

No s i g n i f i c a f i t  b i o c h e m i i a i  oxmen dtrnand i s  z n t i c i -  
pated. The timher i n  the resfrt/oir 3rea hiill be 
cleared9 tiiiireby el i m i n a t i n g  the assoc ia ted  oxyqen 
dw~land t h a t  would be crea ted  b.4 tile i n u n d a t i o n  and 
decomposition o f  t h i s  vegetat ion,  Further,  the  ehem- 
ica l  oxygen d~qanc i  COD) i n  t h e  S u s i t n a  Rivw i s  
q u i t e  '1 ow, COD levels medsured upstre3ivn a t  Vet\ 
Ca~iyc)n du r i ng  1980 2nd. 1981, averaged 16 mi;/:, 

iqo s igni f - ican t  BOD l o a d i n g  i s  "[~ected froti? t he  con- 
s t $ - u r t i o n  cafnp ar;d v i l ?  age,  



As p r ~ ~ ~ i g ~ i ; s i y  no-cjd, 6 law-gei/e] obt-et @ ; $ I ?  be u t j l -  
- 7  i zed  for  discharging wzter, iherefore , the  l.ve!sof 

oxy3~37 immfd i a t e i y  dcwns-~rean f y b m  the out2 4 2 ~  cculd 
be s - i i a h t i ~  reduced. However, pre--project: va;ues 
1t j+ '?1  be @stabTjshed pjj thia a shor t  dis"&sn<;e @own- 
sts-.e%o from t h e  s t ~ t l e t  because s$ feaera t - i~n  enh2nced 
by t h e  turbulent  nature o f  the i-iver, 

Ei i  trcrgen supersaturaticin o f  wzter below a d m  i pas- 
s ib le  i s ?  cer ta in  seasons, extending a considerable 
d i stat~ce daimst~earn, The detrimental fmpact o f  
nitrogen supersaturat ior~ $ 5  i t s  l e tha l  ef-fect or: 
f j s h i  1-f disso?ved gases rezrh !et!:3! 1 ~ ~ ~ ~ ~ ~ ;  ~f 

supersaturation, a f i s h  k i l l  c;lased by gas embolisms 
may r e s u l t  For iililes dsban.nlstrem From 2 impcur!dment 
( T u r  kkeim 1975 

Ni trogen supersaturat 5on caii be caused by passing 
w a h r  over a h i g h  sp i l  lwajf into a deep p l u n g e  pool.  
The f s c t o r s  i n f l uenc i r ; g  t h i s  phenomenor, inciude the 
d e p t h  s f  the p l u n g e  pool ,  the height  o f  the spillway, 
and the mount o f  w a t e r  bei~c spil ied. Since all '  
f l ow  i v i i  1 he passed through t h e  low-level diversioi; 

e l - "  \* tunnel and no sp-i i i :ng o f  watee r ~ i  11 occiir a t  t h e  
Wat2iia d m s i t e ,  t h i s  p r o b l n  wil l  not exis t  d u r i n g  
filling. 

T" iwo spposi . ig  f ac to rs  w i  11 a f f e c t  nutrSent conceotra- 
t5ons d u r f n g  t he  f i l i i n i ;  process. First,  i n i t i a l  
inui;daticn w i !  1 1 ike ly  cause an incy-ease i n  nutrient 
concent;-at i~ns.  Second, sedimentation w i  11 s tr ip 
some nutrier?ts from the water tcl~%~ann, The magni tuje  
o f  net change i n  nutriisnt concentrations i s  unkfiovm, 
bu t  i t  i s  I i k e l  y t h a t  nutrient concentrations wi i 1 
increase fo r  a t  1 east a si73~i: term d w  i n g  f i ! 1 ing  . 

Ns s iy t? i .F icant  changes i n  a n y  other  ~ a t e ~  qua'ii 'ry 
pal-aine-ters a t a  an"cic ipated,  

l u v  iasi  gra7,e.l s $5 the r.$ve\- 2nd t r i b - t a y y  b o t t ~ r ? ~  
l u i  1 'i he inundated. No 5:igniSlicant aquii'et-s ar? knob$q-i 
t o  be i n  the reservoir area ,  other than t k  eAr~t:cl!?- 
fjiied dcju i fers sthe y e i j c l  channel and 'in d a j i e y  
but to~ms, 



Sji-mer %.+ a $ - S  re-ieas@s fi-orn the r e s e - v ~ i r  c i~ t - ing  f i1 . l  jog ai-e 
discussed i n  Sectjcri 3,2(5) ( i )  , As 3, result  of the 
decreased summer f b w s ,  water levels w i l l  be reducedj 
esgjecja'ji y ahaye Talkgetna,  T h i s  w i j  1 ji; t_urbn cause 
a reductif117 i n  grc?ur;d water levels osiq~stream, b u t  

* - the ground wahe 1 i e e l  changes wl r ? be confined to - the river - f loodpla in  area, ihe ground g3te!r t a b l e  
w i  1 l be reduced by about 2 feet  i n  sunnier {]ear the 
shore1 i r ie wi th less change o c o u r ~ i n g  :.ii t!! ilistance 
avjay from the r iver ,  

A simliar process wil l  occur dovfisrream from - ialkeetna, bu-t the changes j n  g round water 7evei s 
w i 1  i be o f  l e s s  magnitude as the  restll t o f  t h e  
becyeasecj ef fec t  ~2 i f i fvey S ~ ~ P C  

3--- -s 

*The reduced mainstem f:?or.rs and subsequent1y lower 
Susi%i..ra River w3ter  "Ievels w U 1  reduce the  prater 
level g r a d i e n t  between the mainstom and the  sloughs, 
At locations where slough upwelling i s  unafic.cted by  
mainstem backwater eFfec"is, the reduced gradient  rvi 1 l 
resul t i n  rediiced s l o u g h  upwell i ng  rates, Howniier , 
a:: analysis  o f  mainstem water e l e v a e i ~ i ~ ~  a t  the 
dec~eased Tiow r a t e  and the slough upwei.7 f n g  eleva- 
tions : nd jca tes  a corit inued p o s i t i v e  f l o w  toward 
these upwelling areas w i t h  the exception t h a t  t he  
jntersection o f  the s l ~ u g h  and the ground water t a b l e  

s - 2  -a w? i ; ~ ~ v e  d o w n s t ~ e a q .  D s t ~  csnfjy% the at-ea; 
p ~ - h ~ r L  , $L. o f  upwe-: 1 ing  a t  low f! or;s are unavai l able  a t  
t h i s  time, 
- 
Ihe thaiweg p ~ o f l l e  i n  Sl ouyh 9 and computed naiostem 
water sur face  gr~f i ; l e s  i n  the v i c l r i i t y  o f  S l o u g h  9 
are ill userated i n  Figure E a  2,&%7 The thal\g@g pro- 
fmi? B 

tugether with t i l e  inains"ren watet- levels, shows t h a t  
u p ~ ~ ~ l l i t ~ g  w i l l  ct,ntinue a t  loww mainstem f ? o w i .  
(Ti le waster surface p ~ ~ o f i  I ss whici~ were computed ds ing 
HEC-2 3re sufficient? y accurate t o  ii 1 us t ra te  the 
r e l a t j o n s h i p . )  I t  should a l so  be noted t h a t  t h 2  
g r o u ~ d  w a t ~ i .  d r iv i r3g  head i s  more i n  an upsirearn- 
dovrfisiremi ddirection t h a n  i i q  a dlr-ee'iioi? pet-pendicu- 
ia:- t o  ?he maiiistem, Th i s  can, i n  conerai,  *d be a t t r i -  
b u t e d  Po the loca t ion  of '  most slo~lghs a t  r?a"L~ral 
bes?ds i n  the river* The d f s t ance  f r o m  "i7e mainstem 
a t  the  liead erid of t he  slougkis to t he  snainstea a w h e  
m o u t h  of the sloughs i s  usually she-ter t h r o u g h  the 
r;lcughs a l ~ i i c ;  i-na$nstem, 



fit the s l o u g h  u p i s ; e l ? f ~ g  loca t ia i i r  w h i c h  a rz  affected 
by t he  riiainsten backwater, t k e  g r ~ ~ i n d  i~iiter g r s d  i en t  
he+ .,,den I+"ie r* mainsten and s lough  i s  re: a t i y e j y  ~ i i a f f e ~ t g d  
by d i scha rge  u n t i l  back~dat,c e f f ec t s  are nc: l ~ ~ g e r  
pressi~t a t  the upw! l i n g  l a c a t i o n .  (4s the rnafnsteni 
b;atey- level decreases a t  the head 2nd of the s lough,  
' i i izre i s  a carrespondirig decr*ease i n  majnst em viater 
ie i ls l  a t  t i l e  m o u t h  o f  the slough kk+iere the backwater 
5s co!ierol led. Rlerefor~ ,  the  g r a d i e n t  bet:~~een the 
mainstern water level iipstreaq and the backv~iiiiter p ie -  
v a t i  on i n  the slnugh i s  ?ssentia!ly i;ni:hangfd.) 
iience upwe1i:ny ra tes  i r ~  backl\ii.,ter ireas 2fr?u"ld remain 
virtually unchanged until the area i s  n o  "longs* 
a f f e c t e d  by backwater. M: t h a t  time, t h e  upweliing 

i * #f-%$]g'-j $5 Q : " s f f S ~ ~ c  $ b ~ ~ - " @ ,  

Undw i c e  ~ o ~ d i t i o c s ,  the mainsten! i.;5ter ? e v e i s  
i~crease, rezit? i i n g  i n  an increased he3d d i f  Ferent i a1 
betweeri rnainsteni arid 31 ougk$ and increased upwei l i ng  
i n  the sloughs, Under ri?servoir f i l l i n g  c l~nd i t ions  
d u ~ i n g   inter, discharge w i ? i  be reduced t o  about  
l O 0 O  c f s  a t  Gold Creek d u r i n g  t h e  freezeup period. 
T h i s  ~ i ?  l reslil t i n  reduced st  aging frcm pre-project 
ice-staging level 5 ,  Hence, c i ~ i - i n g  winter, the main- 
stem s lough water level differenti a1 wil l  be redtrced 
w i t h  a corresponding reduct ion ir! upwe'i l ing area, 

I n  summary, based on ava i i  able information t o  d a t e ,  
upwelling i n  sloughs w j l l  continue b u t  a t  an equal or 
51 i g h t i y  reduced froom the n a t u r a l  rate.  Add j- 
tionally, the uppe r  enGs o f  same s loughs  may be 
desztcred becarise of the lower ground water tzhle 
a s ~ ~ r , i a t e d  ~ 5 t h  $he ?.dr:yea~e 55 ~ $ 8  ai n st  em gat elg 
levels,  

(g) -- Impacts on i akes and Streams - -*-=- 
Several t u n d r a  Bakes :$;492 be inundated as the r es t r? iAv~ i r  

-7- approaches f u l l  pool a !he mouths 0-f +tr ibu tary  stre&";1s enter- 
jflg l f j e  r -eserr~i r  1 be jnunda$zd f o r  serera! m i a / e s  (Sec- 
t i o n  2 , 4  [Dl). Bedload and suspended sediment carriwd by 
these s t t eems  gv i ' i  1 be d e p ~ j i t e d  a t  o r  near the new mouths of 
.&- L i r ~  ban streamins as the r 4 v e r  mouths move upstream durit;g 1i:e 
f l ' l l  i ng  pIaocei;s, No s i g n i f i c a n t  impacts t o  Tsusena or  Dead- 
inan Creeks arc! a n t i c i p a t z d  from their use as water supp ly  anil 
waste reciplerlt , respeitiveiy. 



(i) Fishery Resources, Ripar ian  Vegetation, 
2nd i5j - i :  Id3 j$e H abj+-a4t 

impacts on *fis?,ory resources, r i p a r i a n  ./e<letatlonI 
and wild1  i f e  k a b i t 2 t  dur ing the f i l l  ing v a ~ e e s s  are 
discussed more f u l l y  i n  Chapter 3. As sumnlgr flopis 
a re  ?educed, f i sh  access t o  siaugb h a b i t a t s  w i ; l  be 
decreased. Si i lce temperatures of  dpwef 1 i ng  ground 
viatei- i n  s loughs are expected to be iinci-ianget! ~ n d  up- 
wei ? i ny  shculd continue a t  most ?ocat5ons, t b t o ~ i g h  
p o s s i b l y  .st a reduced ra te ,  impacts on the i n c u b a t i o n  
o f  salmonid eggs are  ,lot expec",e tt3 be seveipe, 

Once impoundment o f  the reservoir commenlces, the 
chal-ac-ter of t h e  river immerliate:y upst,-earn f ioir, the 
dm w i  11 c h a ~ g e  f rom a fast-flowing r i v e r  w i  t h  nmer- 
ous r ap ids  "r. o asti! :-water reservoir. The reservoir 
w i l l  i t l t i ~ a t e i y  extend 54 river miles ilpsti-em, E 
mil 9s doiq~strem f ~ o m  the confluence w i t h  the Tyone 
River, and wi l l  inunda te  the m d o r  r a p i d s  iit Vee 

IAd-%d-mlc**: Canyofi. I cScI tJ air  %+i 1 21 10% <~cy-cas?d Srjsat 
t r a f f i c  t o  this  reach o f  r iver  by decreasing the  
nav iga t i onz l  diffiiulties. 

"The yed3eed summer f h w s  rr.?heaseb fyrf33: ~ e s e r t j ~ j j -  
d u r i n g  filling could reduce the  nav iga t i on  d i f f i -  
cu l t i e s  b e t ~ e e n  NatantG and Devil Canyon dur ing  the 
summer months, However, tip2 I O W ~ T  ~zginent ~f t h i s  
reach from Devil Creek to Devil Callyon w-ill s t i l l  
consist o f  heavy whitewater r a p i d s  su i t ab le  on ly  f o r  
exper t  kayakers. 

Naviyatlona! d i f f i c u l t i e ~  betgeen Devil Canyon and 
the conf luence w i t h  t C h u l i t n a  Rives. b d i l ?  be 
incveased as the result o f  skal f o w e ~  watev a i ~ d  a 
sornewh& tcons'rricted channel, i l l ' i i~ough there w i l l  bc 
saP7f i c ien t  d e p t h  ir! the r iver  to nav iga t e ,  gr-eater 
c3re will  be required tc! avoid  g r o u n d i n g .  There wil l  

'less f - i o a t j n g  debris i n  t h i s  reach of the r i v e r ,  
w;iich wi l l   educe the n a v i g a t  l'onal danger somehhat. 

a*,* 

Ihcre will  be ; i S t t i e  impact on ii $ i g a t i u g  be!ow the 
coiifl g?nce O F  the  Chu l  i t n a  River. The SusSl:na River 
i s  i-,ighiy b ra ided  from Taikeetnn t o  1nl.t wi th  
nilmcrol!s channels w h i c h  call challge rapidl : ,  becai~sr of 
the h i g h  bedload  moveneiic and readi'i!j erod?tr"ie bed 
ma te r i a l .  r i a v , i y a t i o  can be d i f f d c u l l :  a t  present,  



and knowledge 3 - F  * Lhe ~j11e.t- Jis beneficiaTf 38 
.. - <-* +r ~GWS. the reduced summer f h y + r  Sr~m the Suz?tn., 
R i v e r  w j l i  be sonewhat compensated fo r  by the ii.jgf3 
$1 Okd5 f r o m  other t r i bu t a r i e s .  No impacts near the 

7 boat  access p o i n t s  ~f S u s f t n a  1.znd in;, 
i<ashwjti?a g iver ,  gr i.iillow Creek h a y e  been i d e n t i -  
Pied. igiinor restricti~ns oo nav iga t i on  niay ciccur at 
-5.. &.. w e  iapstrea% access t o  Aiexande- S l s u g h ,  O ~ i t  t h i s  
would occur on ly  i n  low streaqiiow years v~h;n t h e  
sther t r ibutar ies  a l so  have ?ow f P m ~  

(iii) Recreation 

I n fo rma t i on  on recreation can be found i n  Chapter 7 ,  

The  previous: y noted reduct ioi?s t3 dovastreziri summe;. 
Flows cou ld  result i n  a sl i g h t  retjuction i n  the waste 
assirnil a t i v ~  capac i ty  of' the r iver .  tiowever, na 
s ign i f ican t  impact i s  a n t i c i p a t s d  gi l len the l imi ted  
sour-ces of waste l o a d f n g  on the r f v e r  ( s ee  Section --. 3 * 2 ( a )  (ii)). 

v)  Freshwater Recruitmeirt t o  --------- 
X " 7  " D u r i n g  ~ i t I ? u g ,  unde- average f low conditions, the 

mean annus1 f're~h~datek- s"nflow t o  Cook In le t  wi l l  be 
reduced by about  12 percent. Th i s  wil l  cause a few 
p a r t s  per thourand  i~crease i n  the natural  $31 i n i t y  
conditians. Horiever, the s a l i n j t y  change would s t i l l  
be w i t h S n  the  range  o f  normal v a r i a t i o c .  If Fi l l i r l g  
weye to 9:ake p l a c e  du r i ng  an average hydroloaic 
sequence, then the annual  freshi.iater input  t o  Cook 
Inlet \~~iould s t i l l  b e  greater t h a n  the e x i s t i n g  annual 
flows i n t o  Coo!: Pnl e t  25 percent  of the t ime,  

Dur ing  s; dry-flc.18~ sequence, t he  dowstre&% f l o w  
requIrments a t  Gold Creek would be maintai:ied. 
.-,.s. 

! ha s ,  a smalier percentage of the Gold Creek f l o w  4s 
a v a i l a b l e  for  storage. Consequently, t i l e  percent 
reduction ;.i .r"reshvda"sekti ";flaw -in-cs Csak Enlet i s  
less For  a sequence o f  dry years t h a n  for  average 
conditiaws, 

The higner Cook 117T~.t 5a.l i i ? i t i e ~   ill last oniy  u n t i l  
project operatiori ,  a t  which t i m e  a new equil i t i r i u ~  
w i l f  be establ ?shed as descieibed i n  $eetJsn 



Wat an a wi 1 1 be operated i n  a st or ag e- and.- re1 ease 
niode, 50 t h a t  summer flows will be captured for 
release i n  winter. Generally, the ikiatana rleservoir 

* 1 
$ 7  I 1 be a t  or near i r  s normal ma% i ~ u ~  op2rat ing l ejdel 
of 2185 f e e t  each ye;.vat t h e  end o f  Sep-ternher. 
Gradi;al l y ,  the rfc,ervo-ir w j  11 be t o  meet 
ivinter energy dmand ,  i n  e a r l y  Mayp the riessrvoir 
will resch i t s  minimu31 annual level and tnert begin to 

T" - i-efi l l from the spr i n9  me1 t . r i 0i.i i n  excess o f  bo th  
the d o ~ m s t r e m  Floir~ requirmen'cs and porqer ne~ad.: w i l l  
be stored d u r i n g  the sun;mete u n t i l  the reservoir 
reaches t h e  normai m i i x i m u m  opera t ing  level of 2265 
f s e t .  If the reservoir reaches El  2185 f l o w  greater 
t h a n  t h a t  requjreb f o r  power generation will b e  
rvasted. However, a f t e r  the "it-eat o f  s i g n i f i c a n t  
f i o o d i g g  has passed i n  1 ate 4 ~ ; g u r t ,  the  1-ieservoir  
w i !  l be alloiged t o  surcharge to E l  2130 t o  in in imize 
wasting cF ~ a t e v  Sn l a t e  hugust and September. 

D u r ~ n g  project opera t ion ,  m i n i m u m  Gold Creek target  
F! cws from :day t h r o u g h  September wi 11 be ui~chaaged 
frcm those d u r  {r;g r e s e r v o i r  impoundment. Flows 
from 3ctober t h r o u g h  Hpril wii 1 be maintained a t  o r  
above 5 , b d ~  QP? C ~ S .  it shou ld  be noted t h a t  these 
f ic~ws are minimlsn target f l o w s .  i n  r e a l i t y ,  pro.j- 
ect  opera t ion  flogjs will  noiAma!ly be greater t h a n  
tile targeted m i n i m l m  flows d u r i n g  winter. During 
May, June, Ju ly  and October, operati~nal flows wil l  

-3-9 a l so  norma!*iy b e  greater t h a n  the minimbqils, m e  
1 ete J u i  y, August, and September flows wii i pro- 
b a b l y  co inc ide  very i:!osely w i t h  the m i n i m i l i l l  r e -  

9D qui ra~en ts .  !he m i n i m u m  target flows duvqing opera- 
t io r !  sre s h o w  =in Table  Ea2+%7* 

If, d u r i n g  summer t h e  na-tirral flows f a 1  1 be1 ow the 
Gold Creek minimum target ,  then t i i ese  Flows wi l l  be 
i;ugri~ented t o  majn ia in  the d o ~ ~ s " r a 7  f l o w  require- 
rn{:nt, 

- Ko:it:hl y Energy 5 inul irt io;?s 
***-**~-&*m*-sw*s =*w--m-em 

4 .!~;:thly ene;yy sifi~u]aPic. .~ progi-;by? was rGn us ing 
the 32  year-5 sf  \aIr?t.ioa synthssired flow d a t j  g i v e n  
j il T 3 1) 1 e a 2 a @ $  $3 e2<++*&%-d~~ ~ ~ e ~ a $ w r G # ~ ~ A ~ ~ ~ ~ ~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ $ ~ ~ ~ t j  g+i$ 
~.ir~ee~p~4~eflee~(i(i%U~"r+pc~ k p -  7 -  . w". - - d..-.p*- a-ete+,wtr *-4d.,4&3 3pe%+3bcb ;\## I- 3F--3 t,". F -$ S?:.ctf  CILIPL xC r 
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reservoir ope ra t i ng  criteria and t h e  dorinstregJ% - * f l  ow requirements. Ihe eilergy simul at ion pi*ogte,&~ 
-is d$scussed i Appendjx A of f+as j -  
b i l  i t y  Report 

Ecn th !  y maxinliiin, m i n i m ~ m ,  and median  Watana r -~ser-  
voj r  levels For the 32 year. sirnu1 a t i o n  are il!iis- 
trated m'n F igu re  E, 2, a94 

In an effor t  t o  s t a h i l  izo, downstre2m fFl,nws, W3t3na 
wi l l  be  operated as a base-loaded p l a n t  gnrli! Devil 
Canyovr i s  coinpleted. T h i s  .rill produce d a i l y  f l o v i s  
-tha-t are v i r t u a l  ly cons tan t  throi lghoi i t  a 24 hour  
period foi- most o f  the  year. n&? w i l l  be a 
g radua l  chaf ige d a i l y  f j 3 ~  t o  a d j u s t  t o  the  
chang S i ~ g  seasonal dtrrland f o r  en -i-gy, Our i n g  summer 
i t  may b,o i j c n n f i m i c s l l  ~r r ( o c j y 2 h ? a  $--z w-=rv f 3 n . l  

b r S c V l 1 V 1 1 U .  +1, U t P hy bL.3 Wiltrd I br Y t i r  r u WT* U ~ F  a 
d a i l y  b a s i s  t o  take advantage o f  t h e  F IGW c o n t r i -  
bu t ja r ;  dob$:n;nstrem from Watana t o  rnect t h e  Flaw 
requirexenh st  tooid Creek. T h i s  would y-ieid iqe7a- 
t i v e l y  s t a b l e  f l ows  f-om Por tage  Creek "c G8Ad 
Creek, b a t  solne~iiniit v a r j a b i e  r i v e r  f l o w s  bet~3e11 
lkatana and Portage Creek. 

Monthly discharges at blatanz for t h e  32-year perio:~ 
I -  rdef a.ii-=* e ~ u l f ~ p u i t u  rrir19P19rrlI& -A a x -  ub - i i r y  - -  the  month:y energy simu] a t j g n  

pVogi-33 aad are  presented i n  Table E.2.@3l The 
nim, mean, and minirnm2 f f l o ~ ~ s  for eacb mc?nlh a rz  sum- 
marized fn Tab le  E,2*@@ p~re-project flows are s ] : ~  
presented For compari sorr. In genera? , powerliouse 
f l o w s  froin Cictober t h r o u g h  $9~3 l w i  l i be riiuch greater 
t h a n  n a t u r a l  f ? o ~ j s .  For exaxpie, i n  I~larch the opera- 
t i o n a l  flows w S I 7  be e q h h  ttimes gt-zater t h a n  n a t u r ~ l  
river Flow, Uvt f *age p3st pvoject f'low *For May w i l l  
be about  30 percent less than the n a t u r a l  f:aw, 
d551y p o d - - p r ~ j e c t  f lows d u r i n g  F4ay i.jfli s i m i i  31. 
f o r  each d ~ y  of mof i th ,  in ccnzrast ,  f r i s t i c g  
j sas&i i f~e  f':ows ~ 6 t - y  i o f i s i deyab l y  f rom t h e  of 
the rnor~tij? to h 2  end o f  the mcnth  because o f  the 
t i rs lng of the S I I O W I E ~ ~ ,  ' 1  ows ~ U T  i n g  June, JG 1 ; d  

A!igul;t acid September i+vi 1 1  subsbant.! a1 1 y reauc~:.Li, 
t o  el'fact reserifoir F i i  i inq .. 



- -  and p~s 'c -projec t  mcnthiy f;o;+~s 3% crkeek are 
li5;;e-j i n  Tab les  E,2,@@and Es2. @+'3 A 

".. sumimary i s  
pvesented i n  { a b l e  E. 2, @3$ The crjmpaisison i s  simj! 
t o  i n a t  f u r  Watzna i i i t i iough tk? ;re-projec:t/pnsci- 
a-q p ? ojcct  percentage change i s  ! e s s ,  

Farther downstre&% a t  the Sunshine and S u i ? t ~ a  Sta- 
t i o n ,  gag ing  s"rti-ion pre- sr;d post-project f lov i  &if- 
fe\=ences vdil l become less st y n i f i c a n t  , During J ~ I J J ,  
are rag?  month1  y F!OWS w i  1 f be reduced by 11 percent 
a t  5iisitna Stat- ion. Wnwvei-, d u r i n g  the wintelr flows 
w i  i 1 be 100 percent greater than e x i s t i n g  condiitions, 
Month1 y pr2-. and post-project il ovij a t  the.  5,ur;shine 3 5- 

@ 9&$#@, a.11 i g r j t i a  - r l i j ~ g s  5-- ~ ~ ~ G ~ 5 t e d ~ f & @ ~ ~ f & ~ w E a ~ e @  7) e ~ s 4 *  

tions. i i owve r ,  f l a w  wil l  be rrdistr?buCed flrom the 
summer months t o  the winter m s n t h s ,  

9 

0% - For the $ 2  years simulated, idhiatzna reser:iofr had 
s ~ : f f i c i ~ n ' c  . , torage capac i ty  t o  absorb a11 f l oods .  
e.-s 

{he l a r g ~ s t  f l a o d  o f  record, June 7, 1464, httd a 
peak d i r cha rge  05 90,700 c f s  a t  Ga?d Creek, corres- 
9 c r g ; ; i z ~  .sLJ a~ aannaT f ~ & 5 0 6  recurrence jnterval  of' 
be'tter t h a n  20 years. Th i s  Flood provided t he  
i a r g g s t  rr,ejn monthly i n f l o w  on reccrd a t  Gold 
Creek, 50,580 c f s ,  and c o i ~ t a i n e d  the largest f i a a d  
Y G ~ U ~ I ~  on record. However, even w i t h  t h i s  l a r g e  a 
f I asd, t h e  sia!bl ated reservoir level increased on1 y 
49 f e e t  f~+cm El  2889 t o  E"f2138, A f u ~ t h e r  47 fee?  
of s torage  were a v a i l a b l e  Sefoi-e reseriiair s p i l l a g e  
v~oul  d have occut-~ed , 

The  Flaad volume for  a !;isy-Jul y 1: 50-year f l o o d  v ~ a s  
d~teril?irled to be 2.3 mil 1 i o l  acre f e e t  (Rhtd, 

7h;s i s  equivalent to the storage volume 
containeu Detiqeei2 E l  2117 and 21SS3 nzglectirg d i s -  
charge. Since +he maxin r j~~  elevation 3t the begin-  
n i n g  of J u n ?  was ;~fways less tharl ?!I7 dui-ing the 
sirnut atiorl,  t he  50-j~uar f lood v c i  U ~ I E  cai: be stored 
l.rithout spi11sge if' i t  occurs i n  :*jne, Ass~h~; i :?g 
A" L. trig maxfmum June 30th water level "t the sirnula- 
tion, if' eke f l ood  e*gent occurs i n  July, .ti?@ 'j:Sg- 

( Z jOQt  ex.,+ f j o o d  volu%e can a1 50 be accsmmadzted v$-d.itL-.. 
ceoding Elevatior; 2155 if tkle po%i.rhoase disc;:arye 

mva, a" * dverages 10,OaO 2 - f ~ .  intis, f ~ v .  i. io\,s up to 
1: Sli-f!ood e\jeiie, Wztana r e s e r v o i r -  cap5ci- t :~  i s  ~::p... 
a i j ' ] ~ ~  o f  t0;3]3s + abso;i-jng $-he fjoocf : $ i t i - i ~ c t  i - .  
4 
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Qn-iy f o r  f-!ood events greater  t h e  1:5C-year 
yg;lr event 2nd a f t e r  the ~esey-~joir  e ' e v a t i ~ c  
yeachfs 2155.j, wi the ex fac-f.1 he oper- 
ated, D i  $charge would be set equal to inf loi~;  rip to 
the f u l l  o p e r a t i r i g  ~ a p a c i i ; ~  of out le t  f ~ c $ i ~ -  
t i e s ,  Guying Flood events of t h i s  magni;:uae t he  
~ ? n ~ a i a ~ a  p,,mi, ,,,J;, c a i v o ~ l d  a1 SO operate a t  m2ximz3t di2aiid 
capacity thwreby reducing the f lood level in ti:@ 
reservoir. If inflow continues t o  be greater ti-iai: 
or~"c1ol.i~ the reservoir w j l l  i ; r adu i i l y  r i se  to E l  
2193, A t  t h a t  tl'me, the  main spillway galte; will  
be opened and operated so t h a t  the oii:flow matches 
the inflow. The main s p i l l w a ; ~  w i l l  be ab le  to 
1.- B B Q l l u  -a as A 7 2 2  f j  p%3PfdS - 2 3  + ~ a  ip-bfi Xj a_ Fi f i  i S ~ ? I C ? ~ * r = n ? m  ~ - r s - l p ~ ~  

LU L V s l J V V  YzCII cliciiir. Psak 
inf low f o r  a 1: l0,000-year f lood w i l  l exc~led com- 
b i n e d  powerhouse, out le t  f a c i l i t i e s  and main  spill- 
way out f low c a p a c i t y  resulting i n  a s l i g h t  increase --- 
i n  i v h t e r  level above 2193 f e e t ,  ihe discharges and 
water levels assoc ia ted  with a 1:10,000-ye'ar f lood 
are shovdi"~ i n  Figure E,2,-@75* 

If a f lood greater t h a n  a I:IO,OOC-year f lood  were 
t o  occur., t h e  main spillway vioiild be operated t o  
ma tch  inf low u n t - i l  the inf lov)  r a t e  exceeds the 
c a p a c i t y  o f  t h e  spillway, The reservoir elevat ion 
would then r i se  u n t i l  i t  reached E-d 2200, At t h i z  
elevation,  t i l e  erodible dike i n  the emergency 
spi 11 vtoul ti be eroded and the  eiiiergency spi l !way 
would aperate, i n e  resill t i n s  tat27 ouif 1 oi.4 t h r o u g h  
a17 the discharge structures would be l5,,ClOO c f s  
less . than t h e  p r o b a b l e  maximm f lood  (PMF) 0-7 
3369Ci00 c f s .  The inflow and outflow hydrographs 

0 

for the PMF are illustra:ed ir; Figure E,2,@y$" 

For  f l oods  occurring i n  August and September, i t  i s  
p ~ o b a h i e  tha t  Hatana reservoir ~ 3 ~ 1 6  reach fl 
2185. Design ccnsideratisns wet-e there-fare esta5- 
lisiieri t n  ensure t h a t  the po~erbause  and o u t l e t  
f a c i l  itii .s w j l l  have suft ' . ic ienf  capac j ty  t o  pass 
the 1: 5i3-year summer f l o u d  withcut operatjng t he  
inain spillway as the resultant fiitrcgen supersatur- 
a t i o ~  caul d De de$t4irneat a1 t o  d s t$a~ t \~a&q  f i  sher.i2s, 
D ~ l f i i n g  the  f lcod, t h e  reser1;o.r 1: be lowed t o  

/.i surcharge t o  E l  1193, 

- * 4- An ana! ysi.; o f   he 3.:50-year summer -floes was 
c I- < p-J i ;u; assujljing t h a t  ;fie \tee- # G X Y V ~ k  - a a - = -  2 V V ~ Z ~  a - e  a t  ?Iai5 
f e e t  when the f-load commenced, TaPte i n f f o v ~  f l a o d  
t r  I a t  ) ia tana \$;as d e i - i \ ~ - {  t i p l y j n g  t h e  



meat? annua; fioid peak a t  %ataoa by t h e  r a t i , r ,  of 
t h e  i : 2 - ~ e a i -  simmer f lood peak at Gold (:reek to 
%ear? znniia? f lood peak z t  Go?d Creek j-2 ~ b ~ t a i r ,  the 
1:2-yecir summer f l o o d  peak at  iiiatana, T h f s  va?ge 
Has t h e n  mul t ip l i ed  b y  the  raxis of t h  l :5G-~ear 
siirnlnei- f i ovd  t o  ;he 1: ?-year sumi7;er floor! at 
Creeic, to o b t a i n  t i l e  W a t a ~ a  l:50-year summiel. f lood 
peak o f  64,500 cfs ,  The August t o  OctobevR dimen- 
s i o i l i  ess hydrograph (R&M 1981a) was n e x t  mi; l i+p l  i ed  
b y  t h e  Watana peak f lood f i o t i  t o  o b t a j n  t h e  inflow 
hydi-ograph. infi ow $gas t'iieri routed t h r ~ o u g h  the 
reservoir 'ca ob ta j r !  the  out f low hyerograph.  Maxi- 
mtm outflosu i s  the sum of the ou t le t  f a c i l i t y  dis- 
char.. =r-L. and sir-.a p$~,gerhnse f1~si 2q1-j 3553- 

* - ciiited water levels are i ilils-trated i n  Figure  
E .2, @Tse 
T "  rr suminer f loods  o f  lesser m a g n i t u d e  than the 
50-year event occur wi th  the reservoir ful I,  i n f i o w  
w;Jill match out f low up xo the discharge c a l p a b i l i t y  
of the out1 et f a c i  l i t  i e s  and pawerhouse. 

August f lcods occurring i n  the 32-year energy simu- 
l a t i o n  period d i d  n o t  cause the reservoir t o  exceed 

2293; - i?ence, no spi i 1 s occurred. The sirnul st ion  
included the K ~ a y u s t  15, 1967, f l o o d ,  rxi2ich had an 
instantaneous peak o f  80,200 c f s  a t  Gold Creelt and 
an equiv a1 ent summer r e t u r n  per iod of 1: 55-years, 
2, ~ r j t , ~ ~  L da%onstr-atjny tF;p conservative nature of  t h e  

above ar3 a1 ys i s , 

O o l g n s t ~ e z ~  f r om Wat~ina, f l ood  t'jows a t  Goid Creek 
sti+ll be reduced ccrrresgou05ng t o  the reductior. i n  
f lood f l o w  a t  Watana. Flood peaks a t  S u n s h i n e  and 
Susi "ca S t a t i o n  will a lso  be attenuated, b u t  t o  a 
1 esser ex tent,  

lire at?ai!al and -,ummer i n f l  -f! ood frequency curves 
fo r  Watana are illustrated i n  Figui-e E.2.wtkf 

Urider normal hydrolog  ii: c a n b i t  wns,  f i o w  from the 
Wztarja c ! e \ ~ e l ~ ~ ~ ~ e ~ ~ t  wi l l  be totally regulated. The 
dov~~?streag f1oi.i wili be coiitrolled by one o f  the Fo l -  
?ow jny  crj j ;e i ia ;  ~ Q ~ ~ ~ J C ~ ~ - " - ~  f1 OW requfr&y~ents, m i n i  
miim poi.ier dc;nand, o r  reservoir i?vn? operating rule 

s %" c L V V  e* {here  .ti 1 1  genera! 1 y g o t  be s i g n ~ - i i c j i ~ C  
change? i n  mean d a j f  y I t w W  e 8 . s  from znc d a y  to ;3g3t a 

I-ioi.:eve,-, 'cheiBe can be siyr;.ificanr v a r i a t i o n s  -In d i s -  
charge ict-cjni oile seasoil to the next and for  t i i e  saiiie 
gonth I';.oi;l one year C L O  the nex t  



l~$~ri~th; 'y  and annual  fiii'ii diirat ior!  cLlrves based the 
rifoiithl y av2i-agf f j  <C r v r  ,, p r e p r i ; j ~ i ~ t  and 
pos t -p ro j  @it apera t  i n g  cond i t i ous  -For ti2e s-imu; a t i o n  

nn3 Jp 8 p e r i ' ~ 4 ~  are i? 1 ustrated i n  Figures E e  " t h - o ~ . g h  
E, 2.t$8''frrr Watana, Gold Creek, S t insh ine ,  ancl S u s j t n a  
a The f70v1 dha;ra&s"on G ~ T V ~ %  5 h ~ y d  a dfmjnir;hed 

3 
p*pf 

pre- and post -p ro j  ect difference gi ti: c j i s t  arice dam- 
-* di" [4&aktJ tWx a 6, me%> s t r ~ a g l  sf kdatana, 

9 4 
1@8g&w [ i*f&#%.s$ 

j!*&*-- M @ a;;Ta%q * * 

8- 5s @Lea (23 SQ: a 

$.$AT impacts on r i j~e r  morphology d u r i n g  Watana operzticn w i l l  be 
s-imi!al- t o  those occurring during reservor impoundment (Set- 

J@&$ 82 
8 :  p y t - ir;~ ( j  al though -f law je~.eIs  n p n ~ l r z j i u  J - - = -  &- be 

4 iP p $/ F?fs w incr-eased f a r  power operat  ions ,  The reduction i n  sl:reziiifl ow 
1 ' # %JLs,;,4;3~ 163)PJ pe3k~  and the t r a p p i n g  o f  bedload 2nd suspended :;ediiiients 

q-% ! w i  1 1  cocitinue t o  z i g n i f  i c a n t l  y reduce morphoi oy i c a l  changes 
~ $ ~ ~ ~ ~ ~ d - c ~  4r.t t h e  I " ~ v E ? ~  a b ~ w  t h e  Sus-itna-ChuS i t n a  cc?r?fl tiel?ce, - ?he 

miiainstem river channel w-i 11 tefid tc  Decgme t ighter and bet -  
ter  def ined. Channel v ~ i d t h  reduction by vegeiaat ion en- 
croackment wi ' t  % contfnue. 

The e f f e c t s  o f  i c e  forces d u r i n g  breakup on the r i v e r  mor- 
phology above the C h u i i i n a  Ri\rer will be effectively elim- 
i n a t e d .  A l t h o u g h  an i c e  cover cou ld  form up to irevii 
Canyon, the r a p i d  r ise i n  strearnflov~j w h i c h  causes the 
i n i t i a l  i c e  ,novment a t  breakup w i l l  be eliminated because 
o f  the reservoir regul a t i o n .  Iiistead o f  moving doiynriver 

$ j j j 4 -  3 .-iP%,=--i at2d - F ~ ~ _ W V ~ ~ ; ~ P I  i r icz i i io~ty  U r i j r a u e .  Hken 
i t  does move, i f  wil l  be i n  a weakened s t a t e  and wil l  not 
cause a significant amoun t  s f  damage, 

Occurrences a f  the over topp ing  o f  the gravel berms a t  the 
upstrem end o f  s loughs will be virtually el imiilated. ?hove- 
rnent o f  sand and gravel bars  &ill be minimized. Debris jams 
and beaver dm?is, !.ihich previously were washed ou t  b y  h i g h  
f 1 o k . j ~ ~  will  rminain i n  place,  w i t h  resultant ponding .  Veye- 
"cation encr*oachnent I n  the sloughs aod s i d e  channels will 
a150 be evident as the h i g h  f;oi45 are reduced. 

impacts ax tiif C h u l i t n a  confluence and dosdmstre&v inwill be 
sirnil ar  t o  those occurriiig during reservoir impoundment, 

i j W a t  ET Temper a t  ure 
-3me&x&-a-*--m 

-- Reservojr and Ju t l e t  Water fernperature 

A f t e r  impoufidmenf , Watarra ~ ' ~ S T V O ~ Y  rri 'i 1 e x h i b i t  
t h e  thernial rharactersist izs o f  3 deep g ' iac ia l  laite. 





i+fj-thJ y reservoi:- t~mperature  prof 2 1 i.5 and t he  mean 
d a i l y  i n f l o w  and out le t  i . a a t ~ r  tempora3cui-gs a!re $lei-  

r&&%%sL pa!& 2 - 
.F a ted  i n  Figures E.2.b& and i .2 .  s. rhe m a x i -  u 53- .- 

mi.m reservoii- temper at?;re sirnu' ate6 wzs i O . 4 " C  and 
ccciii-red i n  e a r l y  August .  i s  less tlkar, the 
m2::irnti~ rrecorded inflow "ifmptratiire o f  13"!:. 41- 
thcugb there is an i n i t i a l  l a g  'Ir! outf low tempera- 
tures irr e a r l y  June, i t  5s p c s s i b i e  to r ra~sonabiy  
match inflow temperatures from la te  June to mid-- 
September, nus ,  t h e  sum3er out i e t  temperatures 
Fi-on Waiana wi l l not  be : igni f ican; t l j ,  diifzrent 
t h e n  pre-pruject temperature conditions, 

In ' a t e  Sewember, the n a t u y a i  water temp2rature  
f a ?  i s  t o  near zero de9i*eesS Because o f  thio large 

' .  * q u a n t i t y  o f  heat stored i n  the reservoir, i t  3s not 
possible t o  match t he se  na tu r a l  temperature:;, The 
lowest ou t l e t  temperature t h a t  could be o b t a i n e d  i s  
4'C w i t h  t he  use of a lower level out let ,  

From Sepbmber t h r o u g h  Novmbe~ , reservoiv wate r  
temperatures w i  1 I gradual  l y  decrease u n t i l  an i c e  
cover i s  developed i n  l a i c  Novmber or December. 
Dur ing  the i c e  cover formation process and t h r o u g h -  
.$& +h" s.*4*-bS--p -.A- -F;6$i  &=.-*.* 

t . 2 ~ ~  W ~ T ~ L L ~  Ip ed-UL Lb,atpp=F &-ijj*es +#-$+ i 1 be be- 
"cween 0°C and 4"C, b u t  most l i k d y  the low temper-a- 

-7 ture wi l l  be 1°C o r  greater. m i s  range  o f  o u t f l o w  
temperatui.t! (1 "C t o  4°C) can be obtained by selec- 
t jve! y w i  P_hdrawing water' of the desi:-ed tonlperatur? 
Froin the app rop r i a t e  level w i t h i n  the i n take  strut- - ture ,  ihus, when the opt imm lenrperat ure, ( Detv~een 
app iox ias te l y  1°C and 4°C) has been determined, t h e  
reservoir wi l l  be operatec! t o  match t h a t  tempera- 
ture  as closel;~ 35 possible. 

In winter, the o u t f l o w  terrrperature wil l  i n i t i a l l j f  
decrease as reservoir heat  i s  exchanged w i t h  the 
cold atmosphere. Ttw downstreaq temper a ture j  were 
invest i ~ a t e d  w i t h  a cofistant 4°C out f low and a7 so 
w i t h  a tenlperatuv-e o f  4"' 1, up t o  Cctcber 15 and 
decreasing l i n e a r l y  t o  1°C by Jat2uary 1, This sor t  
o f  anal y i i s  brackets " c h e  expected temperature 
reg ime  du r i ng  Watana operation. 

A t  the dawnstrean end o f  Devil Caf-ryon, the tempera- 
tures \+auid be i n  "Lhe range o f  1.5" t o  0 "C b y  aborrt 
t h e  f i r s t  vieek i n  Jailciauy* 'This v ~ o u l d  place the 
upstream edge 05 0°C watei- somewhere between 



Sher;nan and P o ~ t a g e  Creek by about the m i d d ' ~  cf 
"1 1 Jar!!~ary. 4'hi s : eg -;me would cant-inue t h r o u g h  t h e  

re~i.,aind2r of t h e  v~inter  u n t i l  ahout  Ai;r-ii pfhen the 
;?et heat  exchariye aqain becomes posit.ive, 

D u r j ~ ~  summer, outlet w a t 2 r  temperattlrles g q + l ]  

dpproxiniate existing baseline water temperatures. 
Dawfistrean ,mwn t er t-enrpei-atures w i  1 1 essent 11 a! i y be 
unchanged from e x i s t i n g  w a t e ~  temperature. FO r 
ex~jiiplc?, a t  Gold Creek, mw4mgn water emper&-  
*Lure5 wi 1 1  apfjroximate f 3°C. Through Ju7 y, tenper- 
atilres w i l l  va ry  From 10°C to 12"C, and t b r o u y h  
mid-August temperatures gj 3 ! r ~ a a j g  .I? 3hoi~t  29°C * 
About nid-August, temperat~~rss  will bfkgjn t o  
dec:*ease, 

Prel iminary invest igations shnvd t h a t  grounld water 
upwelling temperatures i n  sloughs reflect the long- 
term water temperature o f  the Jusftna River. Dam- 
st re&^ ffrom Devil Cznyon, t he  long tcrri; average i s  
no t  expected t o  chany e s ign i f i ran"c  ly, 

Post-project summer Susi tna River water tempera- 
t ures downstream from Portage Creek w i  1 l be simi! ar  
t o  e x i s t i i l g  tet~peratures. F a l l  temperatures  vdill 
be s l i g h t l j ~  warmer h u t  shou ld  f a l l  t o  0°C by  Jan- 
uary arid w i l l  r@ga in  a t  0°C until temperatiires 
begin  t o  warm. i n  s p r i n g ,  however, water tempera- - tures will reqain cooler longer. this i#~i!l count- 
eract  the  warmer f a l l  temperatures and result i n  
the average annua l  water temperature remaining 
c lose  t o  e x i s t j o g  conditions i n  the Talkeetna t o  
Devil Canyon reach, 

Ihe dsiayed occurrence o f  0°C wafer i n  the reac!; 
below D e v i l  Can~~on  w i  7 1 t end  t o  del ay the  fol-mation 
05 an i c e  cover  s i g n i f i c a n t l y .  Since 75-80 percent  -- 
o f  the i c e  supply below ialkeetna i 5  cur ren t ly  r'l'om 
-the S u s i t n a  Rive r ,  " I e  faormation a f  the cover  i n   he 
lower river* wi l l  be delayed u n t i l  about  Decembe- wi th  
t h e  i c e  front progressicn abot.e the con.fT ilence st ar t -  
i ng  i n  lz te  Decemeier or ea r .1~  ilar~iaary. Depei;ding or  
4 I 
L ~ E :  water temperatures upstream, the  i c e  cover will  
12rogress t o  a p o i n t  bztiqeer! Si-revman arrd P o r f ~ g e  
Creeic. S t a g i n g  w i l l  i -ange from abou"i f e e t  a t  
Palkeetna t o  a b o u t  3 f e e -  S!3ermdn. 53ore 
l i k e l  y occurrence i s  an ice c o v w  t o  Portage Creek, 



As " f h e  sedimenbladen Susi$na R f ~ e r  entws  t h ~ n  $jataga . ... ~ e s f r v o i r ,  the r i v z r  ve lac i ty  w; i l  decrease and the 
1 a r y f r  disneter suspended sediments w i  i 1 se t t l e  out 
to forni a d e l t a  at t he  upsti-eaq ei7d of t he  reservoir. 
'7- !he Sel t z  FormatSon w i l l  be crii;stanti y a d j u s t i n g  t o  
t he  chang ing  reservoir vdatsr 7 eve3 . Sedime~nt w i  1 1 
pass t h r g v g h  channels i n  the d e l t a  to be drtposSted 
over the Yip of the d e l t a ,  Depending on the relat ive 
densities o f  "che reservcfr i4~atar and the r iver  water, 
t h e  river water containing tho  finer unsettled sos- 
pended s e d i m e ~ ~ t s  will  e i t h e r  enter the lake as ever-- 
PI ow ( s u ~ f a c i !  currenq ), in"ierfliiw, or  underflow (tur- 
bid i t ; j  curt-ent) . 
TiAap e f f i c i e i l c y  e s t i m a t ~ s  ~ s i ~ g  general $zed t r a p  
e f f i c i e n c y  envelope curves devci oped by Rrilne (1953) 
indiciite 90-100 perceot oP the ir;comir:g sediment 
would be t r a p p e d  i n  a reservoir t h e  s i z e  o f  Watana 
Reservoir, Howeve,-', sedimentation s t u d i e s  a t  97ac5al 
lakes i n d i c a t e  t ha t  the Bt-une curve may not be appro- 
p r f  ate for  Watana. Tnese s tud ies  have shown t h j t  the 
1 9 1 "  r >i?e j l  aci a1 sedimer7t may pass t h r o u g h  the reservoir ,  
i i~deed, g l z c i a l  lakes immaiately below g lac ie r s  have 

A ,  ,- been r e p o r t e d  -to have ~1 or, rfficienc+es of  78-75 
percent. Kamloups Lake, British Colhqbia, a deep 

-* g l a c i a l  lake on the ircornpson R i v e r ,  retains  an e s t i -  
mated 66 p e ~ c e n t  o f  the incoming sediment (Pharo and 
Carmack 19791, 

P a r t  {c le  d iane te rs  of 3-4 microns have been est irnated 
to be the a p p ~ o x i m a t e  r n 2 ~ i f n ~ ~ 2  iiij ze o f  The sediment 
particles t h a t  w i  11 pass tht30ugh -the iziatana reservcii- 
(P~ t*a t r cv i ch ,  N u t t  ingham Le. Drage, 1932 
i ng  the  particle s i z e  i l istr i i iuti~i7 
, j i s  est jmated tilair: about 80 percen t  of the 6 6 

incoming sed irnent wi t 1 be t r a p p e d  

In the I4laxar:a r e se r f~o i r ,  i t  i s  expected t h a t  wind 
Ta? *[ \ 4 .,, x . n g  wi i 1 he s i g n i f i c a n t  i n  retaining oarticles 
1 ~ 3 5 5  than 12 microns i n  suspension i n  the upper  
5 O - F ~ o t  v/ater 13yei- (Peratroiiich, i lottincjham & D:*aye 



1982 1. Re-errt~ainiiient o f  sediment from the s h d  
de9ths  a1 ong the reservoir boundat-y d u r i n g  high ~ i i n d r  

* p a p  P 7  f* i d i  11 y-fsal t i n  short-tern] h i g h  t u r b i d  {ti; b b  3 q  

?;his  w i g  1 O E  par ' i icui  a r l y  i ap~r tan t  d u r i n g  thie summer 
y t - 9 4  7 '9 { m f l  
i c I I i f  l i y  process men water i e y e i  wi 11 y-js:!, resub- 
mei-gilly sedin~ent deposited a1 ong the shore1 inie d u r i n g  
the  previous win te r  dra~dom period. 

Sliplipjilrj will  occur for  a nmber o f  years u n t i l  the 
va l ley  walls a t t a i n  s t a b i l i t y .  T n j s  process will 
cause T ocal 1 y increased suspended sed iment and tur- 
bid i t y  2 a- -"' 9. F2p $ 2  

i e v e i b D  e~ wj ; I  resuit ir. pro- 
longed sedimenr suspen&sion d ~ r i n g  "ihi s process are 
the l iiiilt;d mount of '  s i l t s  and clays conta:ned i n  
the v a l l e j t ~ ~ a l l s .  Because o f  the'r small sixe, these 
particles w i l l  s t a y  ir! suspensjon For a long period 
c f  time sirnil ar t o  the f ine  g l a c i a l  materials. DuY*- 
i n g  suiilrner, t h e  levels c f  suspended sediments arid 
t i i r b i d i t y  should raqain about f i v e  times less t h a n  
d u r i n g  pre-project r iverine conditions, 1-f s l  imping 
occurs  duri 'ng svinter, sncreases i n  suspended sediment 
concentrat i ons  ~jve3- r?atural ecndit  i ons  w+ 7 1 occur, 

F3r  an engineering estimate o f  the time i t  would t a ke  
t o  f i l l  the r o s e r v ~ i r  w i t h  sediment, a conservative 
assamption o f  a 100 percefit t r a p  e f f i c i e n c y  can be 
mzie. Ihis results i n  472,500 act-e- feet .  o f  sediment ' 
being deposited ar'ter 100 years R&M 1982d) and i s  
equivalent ts 5 percent o f  tots? reservoir voiiline and 
12.6 percerrt o f  the 15ve storage. T h u s ,  sediment 
deposition wil l  not a f f e c t  t h e  operation o f  Watana 
reser;.vsir, 

Suspended sedjment concentrations do~d>?. ; is t re~ r 6 l l  be 
similar t o  t h a t  discussed i n  Sect ion 3. S(b), ( j v )  
except t h a t  inax imi im particle sines leait ing  the reser- 
v o i r  P.U 1 be 3-4 ~ I C Y D ~ ~ ~  

T u r b i d i w  ypafiterns may h j v e  an i inpact on ?Fisheries, 
bot i i  i n  the reservoir and davsq>stre?a~. T u r b i d j t y  i n  
the t o p  100 f e e t  o f  t h e  reservoir i s  o f  primary - interest,  !he t t l r b i d i t y  pautern 4s a ifiunctiai~ o f  the 

, cure, wind-mix i n y  , and reentrainment t herri~ a3 st r { u p  " 
a long the r f - se rvo i~  boundaries.  Turb id?. ty  patterns 
o'Jserved with i r ,  E k i u t o a  Lake, 1 l a k e  30 niiles norbii.i 
oiLF\nchoragep nlay provide the best  ajiail ab le  phys'ca! 
rirodei of t u r b  id ' i ty  w i t h i n  Watana Resek5voir. A1 t h o u g h  
i t  1s o n l y  on2 tenl:h the s i r e  oi' t h e  ,idatan$ R C ~ S ~ : Y ~ -  
v o i u ,  i t s  inorphometric cha!-3ct?r i s t ics  ai-E ~ i r i i f l  dl* to  
i.jatatia. 1-t 7 rcii'es long ,  200 f e e t  deep, i;ic i i  



s:ir-Face ar?a of 3,420 acres, and has a t o t a l  s torage  
o f  about 414,OQO a c ~ e - f e e t  a 8 ~ 1  i: i n n u a l  yesidencz 
t5me js 1,77 years ,  compared t o  Watanai s 1.65 years ,  
I t  a l so  has  5.2 percent o f  i t s  basin covered by 
g! acie!-s, compared t o  5.9 pekecent o f  Wsrana' i d r ? f n -  
aye area, C~r!sequ,?fitiy, i t  -is be] ieved t h a t  tdrbid- 

- Y i t y  patterris i n  "Le tta bodies u f  water w i  i i be some- 
* * -  \ghat  s Im3  I a y ,  

Data c c l l  eeted a t  Ek! utnz fro@ M2rch thraiigii October 
1982 iizinnnstrate the expecbd p p t t t e r  nat Mataria. In 
Piarch, t u r b i d i t y  benea th  the i c e  cover was ut?if;lirml~t 
less t h a n  10 P4f U j n  the lower end of the l alce near 

i the intake t o  i ne  E k l u t ~ r ;  hydroelectric o l a n t .  
Shor t ly  after the i c e  melted i n  la te  May bu t  before 
s i g n i f  i c a o t  94 ac i a l  me1 I: had toifimenced, t urbidTtgf  
rexiained a t  7-10 Mi8 -thi6ouyhol;t the viater calusn. By 
mid-June the t u r b i d i t y  had risen to 14-21 NTU, but no 

' ,&"" d i 3 ~ 3 r ; c t  t u r b i d i t y  pime was ei i iderrt.  It i s  be1 i evd  
the lake had I-ecently completed i t s  s p r i n g  o v s t u r n ,  
s i n c e  a warming trend was evident on ly  i n  the uppet- 3 
meters, By eariy Ju ly ,  a $1 i gh t  iilcrease i n  t u r b i d -  

l r v r c u  a t  -$=kc 3 djCe h - i b n r  + 1 3 arPe~. - i  
L I I*, uvtLrjitf f ie6~- S h e  r i L r e ~  

in le t .  D i s t i n c t  t u r b i d i t )  plmos were evident as  
inter-flows i n  the ugstream end o f  the lake from l a t e  
Ju ly  t h r c u g h  mid-September . T ~ r b i d  i t y  1eve; s had 
sig ' : i f ic_ag~t jy deir-eased by the t i n o  the  p j t 3 e  had 
ii-aveltid 5 miles d o w ~  the 1 ake, as sediment was 
deposited ir; the 1 a k e .  I n  l a te  September, a t u r b i d  
layer was noted on the bottom o f  the lake as river 
water entet-ed as underflow. By midl)ctober, the i8ke 
was i n  i t s  f a l l  ovei-turn per iod ,  w i t h  near-unifarm 
temperatures a t  about 7°C and a t u r b i d i t y  o f  30-35 
$iTU, 

Ir! Maloops Lake, 8.C,, thermal s t r a t f f i c a t i o n  o f  the  
lake tended t o  "short-circuit" the r;yw plb%es 
especjally d u r i n g  pericds o f  h i g h  f l o g  (!St, John et 
a1 .a 1 9 7 5 ) .  The t u r b i d  piamf: was confined t o  the 
siirFc?ce l a y e ~ r ,  resulting i n  a re1 a t i ~ ~ i y  shoi-t r e s i -  
dence time o f  t h e  river water d u r i n g  summer. S t .  
Jo kn eQ 3'4 . 1976) noted t h j t  high t u r b i d i t y  vaTties 
exteilded almost the  e n t i r e  l e n g t h  ~"iaamloops Lske 
d u r i n g  ths summer, sug3estiny t h a t  the  e f f e c t s  o f  
d-il i i t - icln and particle 5e.t-kling yjere n ~ i v i i m a l  Becaiise 

a P O  o f  t h e  thermocline a t  10 -0 C effectively separating 
the  h i g h  t ia~abid-ity waters i n  the  ijpper layers OF the 
l ake ft.*orn h i g h 1  y t r a n s p a r e n t  h j ~ o l  immion p ~ a t e r s ,  
-a 

! h i s  was no t  apparer"cin the E k ! v t n a  Lake d a t a  wkere 
p l  gfjes vdere eiiideni: up lo 5 i i ~ i l t ? s  do~83  the 1 nkc, but 
' ; h~ jy  wevae be1 t h e  t irem~ncl in.. i n  a d d i t  ioi-i, f o i -  
1 Lake particle t l  i n3  i i i d  di1ul:Iort we:-:. 
ev fcjpi~&, 8% t u r b  rd  it y cog inlji;.I 1 y ( . ; ~ : C ~ * ~ C : ~ S P I I  i / ( ! \ ~ ~ ( ~  f).13 
1 zng o f  2 z.j<<: 



The re1 a t i v e j  y cool , cloudy c !  i # & l  i n  southcentra7 
A?  ask,a piould t e n d  to preven-k a sharp tha---- G r  3 $ 1 ~ ~  f ine 
deiielopf ng, so t h a t  the  pocess2s  evidef i t  i n  Kal;loaps 
l s k e  ~;ati!d not be e x p ~ c i d  d i n  E k i g t n a  ,QT p ~ . l j ] j  
they be expec'ted i n  the Watans reservoir, 

- - 
Ihe 1 caching process, as previously idef i i  i f i e d  i n  
Sect ion 3.2, ( a  ii), i s  expected t o  r e s ~ l t  $3 i n -  
~ r e d ~ e d  s of' &$aide n2r3rna$nt, . .~ ~ i - k h i ~ ~  +he -r-3 - F = - = - - T  

*+ i s r r  = r r  t , i a C  

reservoir immed-iatel y af ter  impoundment, Tile msgni- 
t i i de  z f  -these changes c n n o t  be quant i f ied ,  b u t  
should  not  be s i g n i f i c a r 7 t  Peteruson 1982 ) . Further- 
more, Baxter and Glaude (1980) hive f ound  such 
e-ffect i ;  are temporary and d im in i sh  w i t h  time. 

The  e f f e c t s  wi11 d im in i sh  f o r  two  reasons, Firs t ,  
the  most sfiiuble eIa3eri"r; swi i 7  dr'ssolve into the 
\ ~ a i e r  rather quick ly  and the r a t e  o f  l eacha te  produc- 
t i o n  wil l  decrease w i t h  time, cecond, much of  the 
- ; ! i v i g ~ f i i c  - il̂i. Lsl sediment c a r r i e d  by the  S u s i t n a  River wi l l  

settf e i n  the Uatana r e s e r v o i ~ ,  Tne formatSon o f  an 
incrgai?ic sedinlent b l a n k e t  cn the reservoir bed will 
retard leaching (Peterson and Nichols 19821, 

--I ine e f f e c t s  o f  t h e  leaching process should nct be 
i * e f i e c t 2 J  i u  the river below the dam, since the  
leaci?aete i s  expected t o  be confined t o  a sniai 1 layer 
o f  w a t e ~  immediately adjacent  t o  the  reservoir f l ovr  
and the intake structures wi l l  be near the surface, 

Secaidse o f  the l a rge  sur-face area o f  the proposed im- 
poilndment, evapora t ion  w i l l  be  s u b s t a n t i a l l y  i n -  
creased GYEI' ex-ist i iqg conditions. Tie annual average 
rvspcltat ion r a t e  For i+ay t h r o ~ i g h  September a t  Watana 
i s  es'cSmztad a t  10.0 inches or  0,3 percent o f  the  
reservoir vol uine  peters so^ aiid NSii~al s 1982). During 
evaporation, s l i g h t l y  h igher  concer:tr;ltions of d i s -  
solved stabstances have been found  a t  t he  surface of 
?;rtipoui3r',rner;"c (iwvf8 1961; S j ~ a o n s  1969 ), Negl ec"iiilg 
precipi"Lat-iof7 i h i c i i  v401~ld negatuthe ?:Sects o f  evap- 
oration, the potent5al increase of  "less thsn one per-  
cent i s  considered signif  Icant  Peterson and 
P4ichsIs 2 a 

U i  sso1 tted so1 i d  cancent ra t  ions  are  expec-ted to 
increase near the  surface o f  t h a e  iinpoundnrent d u r i n g  
w i  ~ " " I c ~ Y ~ .  !40r*t jmer 1941,1942) qote.2 t h a t  t h e  Forn~a- 



Precipitation o f  irrctals such as i r ~ n ,  iiianganese and 
Gfl fieif trace elcqents have heen noticed ir; resi.-yoirs, 
i e . j g i  t i n g  i f i  reduced coficet-~tr at ions  of these el merits 
(N-.al 1567). Oligstropi:ic resc;rvoirs t.dith hic j i ;  98 
and h i g h  {dissolved sa l t  couice~trltioos gener2~lly ?re- 
c i p i t a t e  more metal t h a n  reservoirs w i t i t  !o\rr pi" and 
joaq dissolve$ %aPt xr;orlcen.e-lracjons, Tnis -is at$r in -  
uted t o  the dissolved sa j t s  reacting ~ i t h  t i32 metal 
ions and silbseqilent 7 ;  se t t  1 irrg out (Peterson and 
iq'chcls, 1982 *. Average S u s i t n a  Rive r  c c n d u c t i ~ i t y  
values For bee Canysn and Go13 Creek durinig ;;inter 
a r e  70 and 125 umhos/m a t  25"C, r~spsc t ive ' iy .  For 
su~~rner they  are somev~hat lower: 45 umhos!crii at 25°C 
f o r  borh station.;, Values fci- pH r a n g e  b~twecin  7 , 3  
and 7,6 f o r  t h e  two stations. &:though neither of 
the parameters was h i g h ,  some precipitation elf metal s 
i s  expected t o  reduce the q u a n t i t i e s  suspendtS i n  the 
T Q S ~ Y ~ B O ~ T ,  

Srts i tna  River i j - t f l o ? ~  will  continue f o  have b o t h  hiah 
d?ssoived oxyyer, concen'craticr-is aiid h i g h  percentage 
s a t u r a t i o n s .  The oxygen deiland en te r i r ?~  the reser- 
voir  shou ld  continue t o  remain F G W ,  %o mai3-made 
sources o f  oxygen d s n a n d i n g  effl u f n t  e x i s t  iipstrem 
fi-om the impoundment. C!3er1ical oxygen Jayrand (COD) 
~easurements a t  Vee Canyon d u r i n g  1g8G and 1981 viere 
q u i t e  !ow, averag ing  it; my/]. Nu b iochemica l  oxygen 
d m a n d  vslues \$ere reco~ded ,  

Wastewa"i*- from ;hi3 permanent towri @!ill not contri- 
E- A 
L I ~ L ~  an oxygen dfmanci o f  al2y s igni f icance  t o  the res- 
ervsi;-, AM \wastewatetA v;< 11 be L r e a b d  d o  aavc-id 

' effluent-related prub!a?ls. 

The trees w i t h i n  the i n ~ n b 2 t e d  ayes will  biafje been 
cleared, removing the p o t e g i i a l  BQD they  would i!ave 
created. The layer of oi-ganic matter aflthe reser- 
v o j ~  bottom w i l l  s t i 9 1  rema-i"~ and could c ~ e a t e  some 
short-te~m lac31 i z ed  oxjigen dep la t io f i .  i-fouiiiver*, t he  
process o f  cdecomposi",ion should be v e r y  siniq because 
o f  the co ld  temperatures. 

The weak s "c ra t i f i ca t - ion  o f  the re;ervair ma;{ caass. 
the oxygen levels i n  !:he !~ypol 'nnicn t o  d i m i n i s h  as 
$ 2 2 ~  ~ e s u l h f  l"'i ark of  oxygen replenishment. The 
s p r i n g  turnover, w i t h  i t s  large inf low o f  water, iq-i j  l 

* cause m j x f f ; g ;  however, the cfep-th ti, ~ u h i c h  - t i . ~ i s  ; n - ~ x - -  i 

w j l i  occtjr i s  uokr;oi.rj, Ps 6 i-esiiltl t h e  I;j,tpol imniog 
coiil cf exprr i e n c ~  reduce3 9xyy en 1 eve1 s., T t ~ e  u ; i ; ~ u  
200 f e e t  of $;gp~u:itij!:i~ni: slqanid a ia i r j< -a in  ~ j 4 c j ~ ~  0 3 a a a  
becaljse of y - j y e r  ji,f! 8.: c;jnuijual iy i c y ,  



As p ~ e u i o u s l  y no ted ,  nitragen s i i p ~ _ r ~ a t ~ t ~ a t  i ~ r ,  can 
rjscur below high-head  days 5s the result of % p i 1  lagem - 7 OurSng project c;peration2 ~peciaI?y dfsigncid 
cone valf ifs  ~ S l i  be use:! t o  d ischarge  flow releases 
up t o  the 2 :  50-year f l o o d .  

Reservuir i r o p h i c  s ta tus  i s  determined i n  p a r t  by the 
re1 a t i v e  a m o ~ z + r  3f carbon,  s i l  icon, n i t rc~~jen,  and 
phosphorbis present ir a systeni, as well as t i l e  q u a ? -  
i t y  and quantity o f  1 : g h t  pene t ra t ion .  The C:Si :N:P 
i - ~ t i s  indicates which ntl"er.i;ent levels ~ 5 3 1  1 k n - i - t  
a l g a e  p r o d u c t i v i t y .  The n u t ~ i e n t  w h i c h  :s i 'e2st  
aburidant will be l i m i t i n g .  On t h i s  b a s k ,  i t  was 
concl?ided t h a t  phosphorus w S l 1  be the l i m i t - i n g  nut- 
rierrt i n  the S z s i t n a  impoiind-;en'cs. Yo1 1 %sp"n~eider' s 
1976 model was considered t o  Se the -0s; re? f a t :  e 

a r 
? W  A,-!-,a,,-*-,- *?L%, -*L,-..-. - - - - A -  

u c L e r  i:r r il rity p i p  u L L  + S a t  f he 
Wztana impoundment. However, because the va! i d  it y o f  
t h i s  miidel i s  based on phosphorus d a t a  frcxl temper- 
a t e ,  c lea r  beater lakes, predict ing t r o p b i c  status oF 

* - s i  I t -  l8d-n v d a t ~ r  bodies  wi th  redzced r ?gh t  c ~ n d i t i ~ n s  
arid high inorganic phaspharus levels may overestimtite 
the  a c t u ~ i  t rophic status. 

The  spring phospilorus concentrat ion  i n  phosphorus 
1 i a f t e d  3 akes cansidered t h e  hsi: est j f i fate of  3 

l ake ' s  trophic status.  B f i - a v a i l h l e  phnspilor~rs i s  
the Si-.actinn o f  the t c t a l  phosphol-us pool b t ~ i c h  con- 
t r o l s  a l g a e  qrciAh i n  a p a r t i c u l a r  lake,  The meas- 
ured d?ssoi \ /ed orf hophosphate concent ra t ion  3"1iiee 
Canqon was eonsidevc.nd t o  be the b i n a v a i i a S f e  f r a c i i o n  
i c  the S u s i t n a  R i v e - .  Pbccerdingi.y3 the average dSs- 
solved orthophosphate conczntrat r ~ r :  i n  June r . 3 ~  mu1 - 
t i p l i e d  by the average annual .Flow t o  ca;cGirte 
sp r i ng  phosphorus slippliQs, R2rse values wet? in 
turn ~0gb i j7ed  with P ~ O S ~ ~ O T : ; :  v a l  t ier f r ~ m  p r e c i p i t a -  
"Lion itnd d i v i d e d  by the surface area o f  the i:npounl?- 

*TI  merit, ine t -~;s~; ' i tant  i p r i i l y  phosphgr~is  l o a d i r : ~  3 values 
a t  iiak ai-l . r,cf in., e ";T below the m f i ~ i m w a  l oad ing  levels 
t h a t  re$t;l t  in a ~ n j t ~ i ~ i i ~ g  other  t h a n  01 +got - ~ ~ k i c  
c,/nd i-t i sn s , k?.'i kev4-i se , iipcr.1 i r * c . ~ r  porba t  i ??g spring 
?ciading values i n t o  Voi!eilweideiA'; ('1975) pht~spircirus 
niodei, t h e  voi iae tr lc  spring phcspiior.us csncentratit!13 
f e l l  i g t a  t h e  c,atne r.ai?t-:? as 0-1 igot r~c . ;a~~- ic  >z{<:2sb ; 4 ~ * i t i j  

- j a i i i a i -  mesi; d e p t ; ~ s ,  flv,ii;i:q * ~ ~ ~ < ~ ~ p ~ i t ~ ~ ~ ~ ~ ~ ;  
'1 c j zd  i ny  2: ups a. d P C  -# *ha wc-j r e  p!'cf:;.i a !  .; j,?e2) 



,, NG appreciable  amourlt o f  b i c - a v a i l  abl"hhosphi?ris 
i s  released from the soil upon f i l l  ing c f  the res- 
e r v o i r ~ ;  

P9~sphcy2s 1 ~ a i ;  iFg  r bly 12r ~ 1 s  ai-f ;onst ai;: - $ > - = ~ ~ b - - -  r rar i.jt 
the peak a lga l  groiuth period; 

Gune phosphorus concentrations meastired a t  Vee 
C a n p n  correspond t o  t he  t ime  of peak a lga l  produc- 
t i v i t y ;  

Phosphorus spec ies  other t h a n  dissolved u r t h u p h o s -  
pilate are n o t  conve3-ted t o  a b i o - a v a i l  able form; 

, Fl i i sh ing  rates and pho5phorus  sed {mentat i o n  rates 
a r e  const ant ; 

, Phosphorus l o s s e s  occllr on1 y t h r o u g h  sed imentatictn 
and the  o u t l e t ;  aud 

, The net loss o f  pjlospho~us t o  sedimen-ts i s  propor- 
t i o n i l  t o  the amount o f  phosphorus i n  each reser- 
v o i r ,  

As a y e s ~ l t  6-f $he at.znuaf \+a$e!- l e y p f  " f 'uc tuat jon 
the reservcir, there w j l l  be laca l ized  changes i n  
ground %ate\- ii. the ir~mediate v i c i n i t y  o f  the reser- 
v o i r .  Ground water imp2cts d o ~ ~ n c t r e a m  wil l  be con- 
firled t o  the t - i ve r  area, 

( i i j  Impacts on S l o u g h s  
- v r % v a - 3  --%".ex&- 

D ~ r i n y  cuinte- i n  the  Talkaetna t c  3evil Canyon reach, 
sljtne s l o u g h s  e t!lose nearer i'al keetna) w i  'I i be 
adjacent  tu an !ce-covered sect jot :  o f  the Susi:tria 
R-jvpp In jee-covered s e c t i o n s ,  ti= st js j tna W-!ii.gIo 

7 3 have  ::aged to form the i c z  c o v w  a t  project  
operation f lows ;;f about 10,000 c f s .  assoc-ia-ced 
pdater level * be 5 febq f ee t  a b ~ v e  r301'g"rr~31 k j j i "s - i :@~"  



i$.iater l e3:e1 s and w i  1 l cause inci*eased upplel1 i.-ig i n  -- the s lgughs  because o f  the increased gra j fen i t ,  in@ 
berms 3-t the  head end o f  the s loughs  may ble over- 
ippeci .  

S ilbmber o f  s loughs upstream c f  Gold Creek will be 
adjacent t o  ogen water sections o f  t h e  Susitncr giver. 
Since f lows  wil l  average appror?mateiy 10,000 rfs  in 
win ter ,  the assoc ia ted  water level ~ i l i  be less t h a n  
the e::istiny baseline Sus i tna  Rivei* water levels i n  
w?:nter because i c e  s t ay ing  under present cond i t  ions 
y,';e!Js 2 ,-sty e j u j ; ~ i :  t-0 20 open d j s -  
tzharge t h a t  i s  greater than 20,000 c f s ,  Hence, i t  i s  
expected t h a t  the wintel- grad ien t  w i l l  be reduced iind 
w i 1 1  rilsillt i n  a decreased upwelling ra te  i n  the 
s?  aug hs . 
Q~rjng  summer, the  il~ainstem-slough ground ivater 
i n ~ ~ e r a c t ~ ~ n  will be s i m i ? a r  "i t h a t  dfseussed i n  Sec- 
t i o n  3.2 [ h ) ( v  , w i t h  the exceptioi! t h a t  o p e r a t i ~ o a l  
floi+s ~ i l !  be greater ti?an the dozinstream floi~is dur- 
i n g  f f  i l ing, and thus, upwel 'i lng rates wi! l be c: oser 
t o  t h e  oa t t l r a l  condi t ion  than were the upwelling 
rates d u r i n g  f i l  l ing. 

( e )  i~s t ream Flow Uses 

( i) Fish ing  Resources, iii par ian  Vegetat ion 
and kJifdl-s"fe R a b j t a t  

Impacts cg project operation on the Fishery  r e -  
sources, p a r i a n  vege ta t ion ,  and w i l d1  i f e  h a b i t a t  
are discussed i n  Chapter 3 ,  

W i t h j n  the r e s e r v o i r  area, water c r a f t  naviga t ion  
w i  'i 1 extend t o  idovaher because o f  t h e  ciei ay i n  i ce -  
cover f s rma t io i~ ,  During Sate w i n t ~ r  and e a r l y  
sp r i r~g ,  the r e s e r v o i r  will be ai ta i  1 ab l e  fo r  use b y  
d o g s !  ed and sncw machine, 

A1 thcugh summer Flows doms'crezim of the  dm vlil i be 
i-zdiiced f r o m  na"cura1 cnnditioos d ~ r i n g  project opera- 
t - ion,  n a v i g a t i o n  and transportat'nn i n  t i le  kiatclna t o  
Taiksetna reach k,j . j i l l  ~ 0 . t  be  ~ S g f i i f - i ~ a f i ~ t j y  im;itacted. 
Flaws w-i" s t a b j l j z e d  becakjse o f  a $ase--loaded 
operax,,, a Hewever , because a-h": t he  ~ e d r i e z d  watee.iS 
iel iels ,  c a u t i o n  b v i l l  be requi~ed ri?. fialtfga-tiny v a r i -  

-7- r i i ~ s  reashcis, !he!-@ will he less f l o a t i n g  debc is  
tlljs reach of t l je rtvef-, g ) ! i ~ I ;  y r i l :  ?fiee]~r_:e th;? rlsvj.- 

n" 

g a t i o n u l  haza rds ,  



D u r i n g  the f a i l  and winter, s i y n i f j c s n t  reach of 
the r i v e r  downstreafi frcm hataria .u:-i;l can ta i r !  open 
 dater. T h i s  w i l l  a!!ow f o r  3 i ~ n g e r  bn2iting season 
b 7 1 iillpede uss or' river as a transport~"Lio3 
carridnr by snow machine o r  dog s led ,  

Dopfi7strea3 firon T a l  keetna, ice-cover forma? i o n  w i  1 '? 
be delayed and river s tage  d u r i n g  :reez?lup will  be 
iiic;-eased. This  may impede w i n t . ~  t ranspor ta t ia r !  
aersss the i ce ,  

Sal in i tg  changes i n  C O G ~  inlet caused by project 
opera t ions  were projected t h r o u g h  the use a f  a corn- 
pvter model Res~urce M a n a g ~ ~ e r t t  Assoc ia tes  1982) . A 
cornparisoil of t he  i a l  i n i t y  impacts  of average project 
flaws w i t h  average na tura l  fnF1oi.i showed t h a t  iinder 
project ope ra t ion ,  the  sal i n i t y  range ciecreased 2 
m a i m u r n  o f  two p~drts  per thousand ( p p t )  near the 
m o u t h  o f  the S u s i t n a  River. The  change was most not- 
ah12 at the end o f  winter- %Ben post p ro j ec t  sa! i n i -  
- t ics were I. 5 ppt lower than e x i s t i n g  condi t ions .  i;t 

~r ; . I JLc ' I 'UC '  - - " - 2 " '  L,kie End -" - p _ ~ a + f i - & p l - . . ~ * ~ ~ f i  361 FI8 I L  tes he?- 42 
about  0.5 ppt h i g h e r  than na tu ra l  sai i n i t  i e s  because 
of the reduced sbmmer freshwater i n f l o w .  Al t h o u g h  
there wi l l  be seasonal d'fferences i n  s a l i n j t y ,  the  
oose-prcject 531 i n i Q  y c h ~ g e s  should not haye 8 s i q -  r 
n i f i c a n t  impact. 

Access t ~ n , , e l  construction a t  the  De.iji canyon s i t e  i s  sciledulo@ 
t o  begin i n  1995. The D e v i l  Can~ion  developnent d-ren cojnpieted i n  
2002 % i l l  cons i s t  o f  a 646-foot high, concrete arch dm: o u t l e t  - 
f a c i l i t i e s  c a p a b l e  o f  passing 38,500 c f s ;  a f l ipbucket  sp~ilway 
w i t h  a capac i ty  o f  125,090 c f s ;  an emergency spil3way w i t h  a 
c a p a c i t y  3 f  160,000 cfs ; and a 60C-MLrl capac i ty  underground power- 
house. Further i n fo rmat ion  on the physic21 features o f  the Devil 
Canyon deiielopeilt can be Pouiid i n  Sec*tion 7 o f  E x h i b i t  A. 

The D e v i l  Canyon diversior! t u n n e l  i s  designed t o  pass t h e  i:25- 
year recurrence interval f lood  wi thout  endangering t h e  d i ve rs i c i ?  
d a l e  T i i s  lolrier level of f lood  grotectioil t h a n  used For Matan? 
is psssible because o f  t he  degree o f  regulation p ~ o v i d e i !  by the 
Watawa Dam, 



T4gt34 $ : ~ - + Y - D -  -. -:tees i n  the q u a n t i t y  and qgai  i t y  of israter from 
e l a  -? c sr :ST i n g  b2se i !ne corid i t  i ons  ciur i n g  the Cievi:l Cai;yon constr  uc . t j~r r  

a * "  

7 1 1 be pr imar i ly  hecause o f  the presence and operation of the 
$l.stan- 'lac 31 f i  ye Ther ' r f~ ;~ -e ,  the impacts described i n  Section 

1 - -  3 , ~ ( ~ )  %I!! -in biost cases, be referre$ to pdilen j i s c u s s i f i g  the 
fm-3-a-t~ ef Deq if rqh* 3 r - s - n  ~ - r - ~ ? y j - A -  
r t I$  ;4s %.. ,ariyurg ~ v ~ . b ~ i " ~ ~ b c i ~ n .  

j i) idoiqma? Mat ana -Darn Operat i on  

Operation o f  Watana w i  I! be unchanged during the con- 
s"Lruction c f  l j e ~ i i  Canyon. Hence, flows wil l  be as 
discussed i c  Section 3 . 2 ( c j .  

D u r i n g  construct ion o f  the d i t i e r s i on  t u n n e l ,  the f l aw 
i n  the  rnainstem wil l be unaffected, completion 
o f  t he  diversion tunnels i n  1995, the ~jpstj.-eagl cof- 
ferdm w f i  1 he closed and f low d j v e r t e d  t h r o u g h  the 
diversion tunnel wi thcu t  ariy inte~riptjon i n  f low. 
T h i s  3ct;on will dewater approximately l i O Q  fe2-t of 
the  Susi tna River between the upstre&? ;nand do\qrir;istream 
cofferd&qs. 

Because l i t t l e  i c e  - 1  b e  generated t h r o u g h  the 
Mat ar~ a Dev i l  Canyon reach, pond ing d u r  -i ng w i  n t e r  w i  11 
be unnecessary a t  Devil Canyon* 

C a Velocites t h r o u g h  the  30-foot-dimeter tunnel a t  
flair,_ o f  10,000 c f s  wil l  be 14 feet  per second. 

s 

The  d i v f r j i o n  t u n n e i  i s  designed t o  pass f iosd  f lows 
up l o  the I: 25-year summer f l o o d ,  r ou ted  t h r c u y h  
Watana. Tile f lood  frequency curve f o r  D e v i l  Canyan 
i s  illustrated Figure  E,2.@PB I l ~ f t i z l l y ,  there i s  
l i t t l e  change i n  discharge w i t h  frequency because ti?.. 
due t o  t h ?  f a c t  t h d t  the Watai:a geservoir cai; 8bsur.b 
the 1:5C-year f l ood ,  d i s c h a r g i n g  a m a i m u r n  o f  31,000 

24,GCIO cfs t h r o u g h  the ou t le t  facilities and 
7000 c-Fs ti;i-ough the p ~ w ~ i - h ~ ~ s e  [assuming mininun 
enzrgy ilag~ilai>d] ). 

There w i  l "1 be no detec-tab1 e ti<-i'Fzrei?ce -in !dater $:ernpa* 
eratrii-es a t  Devil Cariyon o r  p o i n t s  downstieearn from 
those disckissed i n  Sec"iiori ? , 2  ( c )  (iii) kda-tano Opt?r- 
$.I; -i 0 rl 4, 



i c e  pr.ocesses w i  1 l be uncharrgnd -Fro% those disc~rssed 
i n  Section 3 .2(c  iii) biatana Operation excc:pt t h a t ,  
i n  th2 event water temperatures are iclwere~d to 0°C 
uy;si:ifit?a2 From Devil Canyon, ariy f r a z i  1 i c e  produced 
w i  I l be passed t h r o u g h  the d ive r s ion  tonne1  . 

Canstruct<on o f  t h e  Devil C n n p n  S a c i l i t y  i r r i l i  have 
impac ts  similar t o  t hose  expected d u r i n g  the ia'atana 
construc'tion. Increases i n  suspended sed fments 2i.d 
t u ~ b i d i t y  are expected d u r i n g  tunfie1 excavat-ion, 
p l  ace~ifn t  o f  t h e  cofierdms, b l  ast i n g ,  excavat ion c f  
grave? f ~ o r n  b o ~ r o n  2;-eas, gr.ar/el washing, anid cl ear- 
i n g  o f  vege ta t i on  from the reservoir, Any impacts 
t h a t  occur di i r ing summer w i !  l be minimal conipared t o  
ore-Watana base1 i n e  conditions. Ho~~~ever, ritringent 
construct ion practices wil l  l . i r e  t o  be imposi!d d u r i n g  
the construct ion o f  Devil Canyon t o  p r o h i b i t  sus- 
pended sediments From entering the r iver  and nega t ing  
t he  improved v~ater cjilal i t  y, re1 a t  i v e  t o  suspended 
se-j t h a t  1 1 resiij t - W Z ~ I :  A-.- Wztanz becomes oper- 
a t io i l a l  , Dur ing  winter s i  i g h t ?  y incressed suspecded 
sediment con,centratjons can be ?xpected, since par- 
& * ~ l c l e s  less fl-ian 3-4 microns i n  diaineter wil l  pro- 
b a b l y  pass t h r o u g h  t h e  r e s e r v a i r ,  

Ro impoundment of water wil l  occur d u r i n g  the piace- 
mefit and existence o f  the coffe i -dmni.  a resul t ,  no 
s e t t l i n g  o f  sediments will  occur. 

5: i g h t i  y decreased ver t ica l  i? I tminat ion y ~ j  11  occur 
w i ' t i  any increase i n  t u r b i d i t y .  

i v )  Metals 
-----a--- 

Sirnil ar t o  Watana constrnclicr;, disturbances t o  s o i l  s 
afid rock sr skoi8e-f ines and riverbeds wi ""l increase 
dissolved and slrspended rnaterjals t o  the r ivera  A l -  
rl;?ou$li? th is  may result i n  elevated ineta1 Teitels wi th -  
i n  the construction area and do~~ninstream, the water 
qua1 i t y  should not be s ign i f i can t !  y impai red,  s i nce  
substauti  a1 caneentr31:ions o-f many me"c1 s a1 t-eady 
E X - i s t  i f l  the river (Section 2,3[tij j .  

v') P ~ t r ~ l e u m  Contarninat ion 
*amM4%-d---**Ps-------- 

Constrt~ction a c t i v  ? t i e s  a t  Devil Zai~yoi? r v i  I T  iilcvaease 
t h e  p o t e i i t  i a1 f o r  contarninat  i o n  a f  I-he Stjs-i t r i d  Ki \ier 
by petrolelarn products.  However, 3s per the i da l - a~18  
coristr~rc-tion, precailt-ians w i l l  b~ taken t o  t+r~s~j~-[? 
ti! i?  c!oer; no t  happen  Section 3, ? ( a )  i i  i 



- 
Cany~r! Dan] wS11 he greater t h a n  d t r r ing  Wa?:ana can- 
s t ~ ~ c t ; o r ;  because o f  the 3arge volme ~f ~ a r i i r ~ t e  
required. i s  estjaated t h a t  1,3 gj : i j inp c 8 h - i ~  
yards a f  concrete will  be used i n  the constructi~n of 
the dm, 7ne wasteviater assoc ia ted with the t i i i t~hi i ;g 
o f  the concrete could,  i f  d i r e c t l y  discfiarqed i n f o  
the r i v e r ,  seriouzl y degrade dokmstreiiq vidt~r qt.81 i t :x  
w i t h  subsequent F i s k  mcrial i ty ,  1'0 prevenx tiifs, the 
wastewater wi 1 1  be neutral i zed and sett! iing p o j i d ~  
gj 1 ! he mp! ~ y @ @  t o  31 jgw s e t i !  gf ccficr;te a n -  
t a m i n a n t s  pr-ior t o  &the discharge 3 f  wastewater t~ the  
r jver .  

( v i i j  O*Lhi?r Parameters 
e a - ~ x 2 ~ ~ r ~ ~ ~ . ~ ~  

No ar id i t i cna l  g r o ~ n d  water qua1 i t y  ircpa.:ts are ex- 
pee-^Led fron incse discussed for  rhe p~oposed opera- 
t i o n  o f  t h e  k a t a n a  F a c i l i t y .  

( c )  Ground Water 
riiOsr.-7--- - 

There will  be no i;round water impacts from Dpgj! C a n y n  con- 
s t ruct ion other t h a n  $2 the immediate 1:i i iniiy of -Lne con- 
s t r  uc"c ion s j  te e, 

l d j  i rripact oo i ake.; and Streams 
~ S ~ L L -  .we,------ 

The perched lake adjacent  t o  the Devil Canyon damsite w i l l  
be impacted by construction o f  the saddle  daq across t h e  low 
;re3 cn the sou th  bank betwzen the emergency spillway and 
th;: m a i j l  dm, T h e  lake i s  J u s t  west o f  the d o w n s t r e z ~  toe 
af t h ?  saddle dar, and will be d r a i n e d  and partially f i l l e d  
du r i ng  construction a f  the s add l e  d a l .  

Instream F l a ~  Uses ( w--X--se-- 

The d i v e r s i o n  t u n n e l  and cofferdaxs wi ? I  5lock upstream f ish  
rriova~iilent a t  the  Devil Canyon eoristruction s-ite. 

s - Howevey, CIiie Dev~!  Canyon and Devil Creek r a p i d s  act as 
r; atuv.ai barr j e r s  -to most upstream F i  sh i;;ioiienent, 

Nav iga- t ios ia i  impacts wil l  be t,he sa:n2 as d u r i r ~ g  Watana oper- 
a t i on ,  except & t h a t  t he  whitewater r a p i d s  a t  Devil Canyon 
w i l l  be i i laccfssible because cF coi?:;fruction a c t i v i t i e s .  



".* ihe construction o f  t h e  D e v i l  C a n y a ~  power projot:: wi;] 
requi i-e the  construction, ope ra t i on  and m a i ~ ~ ; ~ ~ a n ~ ~ !  Q? sup-  
p o r t  - f a c i l i t i e s  capat j ie  o f  p r o v i d i n g  the b a s i c  needs for a 
maxu im~m popu la t i on  o f  i,WO peop le  [P,cres 19821, The f a c i l -  
? t i e s r .  including roads ,  buildings, ~ t j j i t j e ~ ~  stores, rec- 
rea t ion  facili"Lies, e t c , ,  will be essefitiaily campleted dur-  
i n g  the f i r s t  s i x  years (1992-1997; o f  the proposed eleven- 
yet-ir C O ~ S ~ T U C I L ~ O ~ ~  period, The Uieiiil Canyajon c o n ~ t ~ ~ l i t i g ~  
cmp  and 1 be b u i l t  u s i n g  compcnents From the 
!dadtar7a can?p, The cmp and v i l l a g e  will  b e  jocated approxi -  
mately 2,s m i l e s  southwest o f  the D e v i j  C a n p n  daxsite,  The 
iocaticn and layout o f  t h e  cmp and v i l l a g e  fac i l - i t i es  are 
presented i n  Plates " D l 0 ,  F.71, and F.72 o f  Exhibi t  F, 

The kiatan a water treatment arid v~astewater tt-eatment 
p l a n t s  iiji11 be reduced i n  s i z e  and reutilized at 
Devil Canyon, As a resui t ,  processes ident ica l  ts 
those mpioyed  a t  Giatana wil l  be used t o  process the 
ciomestic water  supply and t reat  t h e  wastewater. 

;,!t-ke has been A--"----" = a.r- .F r - . ~  < LQ k4-3-L-A - - - a  - 
I S =  % T O L P = S  u r s  ~ y r i c u  t o  * ; i i r u i  avi a 

rnairn~q? o f  775,000 gal loi is lday to p r o v i d e  fo r  the 
needs o f  the suppor t  communities, or less than 1 c f s  

Ac.,res 19821, Since the source of this  supply ? s  the 
S2-i r i n a  F ( i  ver2- jap3cts an f: opjs wi 7 1 3cc.r thi-ot~ah- "-3  

out  "ihe durat7fin o f  the cmpfa"existence, 

The wastewater treatment f a c i !  i t y  wi 7 1 be 5-i zed to - h a n d l e  5OQ,OC;O g a l l o n s  d a i l y .  ihe effluent  from t h i s  
secondary treatment f a c i l i t y  wil l  not affect  the 
waste assirnil a t i v e  ccipacity o f  t h e  r iveif ,  The eif lu-  
r c ; ~ ~ ~  ,,.r -- wS l 1 be discharged agpi-cjxim3tel y 100G f e o t  do%??- 
S ~ Y * E Z ~  f~*om the in"t,ke, 

Prior t o  t h e  completion o f  t ho  ci;ste\+ater "Lreatment 
f a c i l i t y ,  a l l  wastewater wil! be themr'caily t rea ted  
and stoi'ed for futul-e processing by the f a c i l i t y .  

The app l i c an t  \.;ill o b t a i n  a l l  the necessary permits 
fu r  the water sappl;i and waste d i s c h a ~ g e  fac5i ! t i e s ,  

Sirnil ai- t o  Hatana,  the consti-uctlon, upera t1a t~  and 
main"cer;anc e f  f he caiqp and v i 1 1  irgr? could cause 
si i;ht i n c r e a s e s  i n  t u r b i d i t y  and suspended  sed fnents 
4r1 the  loca l  d r a i n  -i ,e , , Cheec !lac kw C;.*eek 
and Jack L.(sng Cre i t i o n ,  there ~ i i i l i  be (I 

potenti *I+I for accirien-ia? s y i  11 age  and leakage i3 f 



p e t r o l e ~ q  and loca l  streax5 
arid fakes. tech- 
niques, these putenti a1 impacts wi I! b e  miniln?ized. 

Upon comple-t ion o f  the main d a i  t o  a height sufficient t o  
allow pand ing  above the primary o u t l e t  facilities ( E l  930 
and 1050), the  i n t a k e  gates w ~ l l  be partially c:losed t o  
ra-!se the upstreal water level from i t s  r - " ~ -  t ~ l t ~ f ~ a l  Tevel o f  
about  850 f e e t ,  Flaw w i l l  fbe maintsSned a t  a r n $ n : " r n ~ o  s f  
j,OGD cfs  at Goid Creek j f  t h i s  process oCCUT!i betwen 
October and Apr-i1 . From May t h r o u g h  Septe~>ber, the m i n i m u m  
env i~onmewt a1 P I  ows d esc r bed i n  Section 3 , 2 ( b  
re1 eased (See Tab1 e E ,  2.2!7 

Once the level rises above the lower level djscharge vaives, 
the diversion gates  will be permanently closed and f low 
passed t h r o u g h  the f i x e d  cone valves. 

Since the starage v o l m e  required before operat ion o f  the 
cone $~alves  cai7 commence i s  l e s s  t h a n  76,OGO acre-feet, the 
f i l l  ing process will  require about one t~ four  we~eks. R e  
rese~vo-ii- % i l l  not be iilhwed t o  r i se  above 1135 f e e t  f ~ r  
3pproximaLeSy ane year while the diversion t u n n e t  i s  b e i n g  
p lugged  w i t h  concj-cte. 

When the dm i s  completed, an add i t i ona l  storage voliime o f  
one mil 1 ion acre f e e t  w-i I! be required t u  %ii 1 l the reservr;ir 

s .  t o  :ts notarnal operating el eijj'at !or: o f  1455, F i l ' i n g  will be 
accompl ished as q ~ i c k l  y as possible jctirrerjt? y est ima"id dto 
be between 5 and 8 weeks u t i i  i z i n g  m a i m u r n  powerhouse flows 
at \$a-tafia, During fiiling of Devil Cany~r!  r r - sprv~ir ,  Geld 
Creek flows w i l l  be a ~ a i n t a i n e d  a t  OT & 0 ~ e  t ha  m i n i m ~ m  "kv- 
get operation f l o w s  depicted ii-i Table  E,2.w, 

( b )  Flows 
rsir m m  

Because of t he  tvdw distinct f i l l i n g  periods, the  t w - s t a g e  
impoundmen-i: sequence w l 1 1  be severa l  years Icing, even 
t h o u g h  the ac tua l  tfme fo r  filling will only be abc;.t two 
mcn'chs l o n g .  Flov~s d i r r ing  the f i r s t  i t a g e  of  f i l ' l f n g  wll l  
be impacted For ok;ly a few weeks, 

Bettieen the -first stage and secoaci s::age o f  f i i  1 ing, the 
~ e s e r v o i r  w"; B"Z not be al'lovaed $0 exceed 1135 f e e t ,  . - Thiis, 
t h e  Eevil Car~ynn r e s e r v o i r  wi l l  be  xiore o r  less xi o id a t  a 
cons t an t  level .  F"%ow.; i n  the  S u s i t n t 3  R, ive~~ wi l l  be uv-ic- 
cbidn~jed I t i i cse d u r i n g  D e v i I  Canyon construction 

r d* "r Sec t i a r~  $, 3 ,  $, 



Euri:ia the  second stage of f i i ] i n g ,  T9C14,0CO ac--e.~fe@t are 
added tic iievjl Canyoii:l rese.i.yo4ra Tje Hatana pogevnoase 
w c u ? d  b? aperated t o  suppi y either t9n tots,] r a i l  be i t  energy 
d e ~ ~ a n i i  a;* rn3xirnaa ppnigl-house capi;ci'cy wkiciieva~ i s  iesg* She 
-flow iy+am the h'at3na reservcir t i i&  -is i n  el;cesls of t h ~  
dowr;sti-e&o? requiremeiits T a b l e  E.2.$&7), t h a t  resul', from 
ti-:-is h i g h e r  than no-;nal level of energy produc t ion  ~4:iill be 
~isect " LO "fil the Devi l  Canyon reservoir. During t h g g  pro- 
cess,  the \+lat3;?i9 ~eservo- i t r i  wi'lt be l ~ ~ ~ e r e d  &out 25 Feet i n  
ordei- t o  f i l l  the Devil Canyori reservoir, Althoi;gh the f j o w  
from the Watana powerhouse 1 b e  approx- 
Fma.tely tw- ice tile normal p A  he impa;t 
o f  i~creased  flow wsll be  iriininai i n  the Devii Cany;ji!,n-#atana 
veac h ,  

Florid dilvit3streaii: from Devil C a n j ~ ~  b & ] j  be s l i g h t l y  reduced 
d u r i n g  t h i s  f i  11 i n g  process. Hoir;?i/ei-, the time peviod w i  11 
be short  and f lows V J - ! ?  3 be n:laintair?ed a t  or & ~ v g  {:he m j n j -  

mum bagget  Flow a t  Gold Creel: (Table  i,2.*27). 

sj.-- i i ~ e  acxual T i  l f ing times are  short 2nd since f i  11 ir ;y w i  11  
occur i n  far!  or #inter ,  f loods  are l i k e l y  t o  5.. .important 
on ly  di i r ing the t i m e  tke reservoir i s  not  8lloweiJ to in-  
crease above 1135 f e e t .  if a f l o o d  should  occur dur-ing this 
A L S F ~ Z , ~ ,  * me gone valves are dccjcy-r.d +n_ T . - T - -  -,, .,tt,.u t-u ra.3 t h ~  &I.: 5 G - Y ~ B T  
design f lood  o f  38,500 c f s .  ~*ae$ ~4 

( )  Water rempersture 
A"-.-*-- 

The o i l t  1 ehwat el- temperatures f:-c~% idat aria wi I 1 be un- 
changed from those o f  t h e  "Watana cnTyM scenario. 
Because of the  rapid 1 o f  t h e  D e v i l  Canyon 
resefvoir, there i v i  1 be minimal impact on the outlet  

C *  - ;g- temper~atures a t  Dev i l  Canyon d u r i n g  r ?  r ! i n g .  

Bztsgeert the  filling stages, t h e  larger surface area 
o f  -the reservoir w i l l  offer mere opaor tuni ty  f a r  
at r i~osp i??~ i c  heat exchange, Ilov~ever, since the re-<en- 
t i o n  'eiiiie w i 9  1 o n l y  be about 4 d ~ y s ,  :"is expected 
t h a t  a t  the Devil C a n p n  out le t  or dowrjstream l i t t l e  
change - n  water temperature wi l l  occur from t ha t  ex- 
perienced ilfider "bJaiai3a on?)/". 

i??? exteilsire i c e  cover i s  not expected t o  form on the 
i l e v i i  ':anyon reservoir i n  t he  per iod  when ';he 
pool i t ;  i f is inta ined a t  E i  1135, Add i ' c io i~a i  l y, since 



- - 3 -  iiirlrer tefli;eratures ~ o ~ ~ . m s t r e & ~ l  ~1 1 1  not be s i g n i - f i -  
c. - a n t l  y artected by the pool,  i c e  processes doi.insti-em+ 

From Devil Canyon 1 remain the sjii:e a s  dr_lrfng 
De-iil Canyon cons j r ruc ion ,  

A5 previo~fs i  y discussed,  t he  bjatat2a reservoir wii l 
act zs a sediment t ~ h p ,  great1 y redgcing the qiiant i t y  
oF suspended sediment enter ing  the Deiii: Cariyon res- 
ervoir, During the Filling or' Devil Canpn from 
approximately E: 1135 1.0 fiii i i jool,  the flovu w i l l  be 
inciA%a& dto the  maimm power flow from bdatana. 

Scme short- t e rm  incre3ses i n  suspended sed iiiria-it ecjn- 
c~r i t i . ; t ion  and t u r o i d i t y  may occur w i t h j n  i:he Devil 
P ,~n)Dirtn --. impoundment f r o m  sl  uxping o f  v a l  ley tqai l s. 
However, since the Devil Canj/on impouodn~ent area i s  
chardcterized by a very s h a l l o $ ~  aoerblrrden l a p r '  w i t h  
nmerous outcroppfngs o f  bedrock, slope ir!r,tabil i t y  
shou ld  not  s i g n i f i c a n t 1  y affect t u r b i d i t y  and sus- 
pended sediment concentration. A further d iscuss ion  
of slripe s t a b i l i t y  can be f o u n d  i n  Appendix K u f  the 
Sus i t na  hydroel ec"L5 i  P ~ r c j e c t  G~qtechnical  Rsport 
(Acres 1381 1. 

t As the Devil Canyon reservcir i s  f i l  led the increased 
reservoir v a l i n e  will  p r o v i d e  add i t io i l a l  settling 
n =x- sh ~ a ~ a u  $ 7  ley and thus the net resill t i o  suspended sed i- 
ment concenWrtt ion do13nstreax from Devil Canpn w i l l  
not  be different f r o m  t h a t  d u r i n g  operation o f  Watana 
alone.  T u r b i d i t y  Ieve! s and ve r t i ca l  i l  Sbqiina-~isn 

* - 
w? t l I-mair! iinchaageo' f r om "biatana onlyG opera t ion .  

( 4 ~ )  T o t a l  D j  S S O ~ V &  Sol S ~ S ,  Conduc t iv i ty ,  /Yl kal i n i t y ,  

S i r n i l  3r t o  the process occzrring d u r i n g  Wataila e ' i  1 I- 
Ssg, iosreases i n  dissolved sol ids ,  c o r ! d u i t i v i t y  and 
most o f  tho meor ions w i  f I 1 ikzl j t  i-esul t -from leach- 
i n g  o f  the  impoundment soils and rocks d u r i n g  ilevil 
Canyon f i  l 1 i i i g  , Howejier, fo r  i n  i t i a1 f i  1 1 i ng  froin El  
850 t o  113% ,no s i g n i f i c a n t  d o v g ~ s t r e m  impacts are 
Foreieec;, since i t  will t a k ?  on ly  about ti.a weeks t c  
accimui ate 'rile 76,000 acre-Feet of  storage, In  such 
a :hart m e  i n s i g n i f i c a n t  1eaei.linq would O C C L ~ T  

~ d h i c b  couf d be detrimental t o  d o w 8 ~ 8 r e a i g  vdater 
q ~ j a l  it y. 



b .  S u b s e q u n t  t o  i ' i i 7 i : i g  and for  tfie re!fi:ai~;def 
I - o f  t;ie f g process,  f jxzd-cone $ja'-yes id; 1.; 

u t  j 1 j2e-j for  reservijir d ischarge*  S3.ice ";hey i.ii ; 1 b e  
~ r ~ ~ f J , r i ~ ~ g  water from we1 3 the bo-i::aii; of the $3- 
poundmefit arid since the leaching process ;.ii 11 be can- 
f i i l e d  t o  a I ayer o f  water near the hottom {Fketerson 
2nd chol s 1982), do&gstr-eam water qua1 i t  y sinotild 
not  be adversely impacted. 

Ev apora t  i o n  a t  the Devil Canyon reservoir surf ace 
w i ?  1 be increased above EX i s t  i n g  riverine ev apora- 
t b n ,  hut this  triiii be negated by prec ip i ta t i ion  f a ? -  
l i n g  d i i -ec t i  y on the  reservoir, Hence, they;. p i i l l  be 
:?o impact on t o t d l  dissolved -id c2.cegtyztigr. fr;ria 
ev a ~ c l r a t j o n .  

( v )  Dissolved - Oxygen 
& h a % & ,  

As previouri y dizcussed i n  Sect ion  3.2(cj ,  j i i i )  
bdatarra Opera t ion ,  water enterjng Devil C a n ~ ~ o n  ai 11 
have a h i g h  dissolved oxygen concentrztion and low 
BOD, 

B2cause o f  the extrainel y short  residence t i m e s ,  no 
hdvo l  imentii uxjlgen depletion i s  expected t o  devei op 
d u r i o g  either tho  one year* th3-t t h e  reservoi~- i s  h e l d  
near El 1135 o~ the f j n a t  s i x  v~eeks o f  ~ ~ e s e t - v c i r  
filling. 

Treated wastewater wi l l  continue to be d5scharged 
~ ~ V ~ V S ~ T S ~ I ?  from t h ~  but the river f low wil l  be  
more t h a n  m p i e  t o  assimilaie any was tes .  

Nitrogen supersaturation wil l not be a concern d u r i n g  
t h e  filling of Devil Canyon resei-vuir, During the 
- i n i t i a l  filling t o  an e l e s / a t i o n  o f  no greater that1 
1135, low-level outlets wil l  be employed. No super- 
saturatdon w j t h i n  $he Savdeir fe l~el  o f  t he  reselr.?veGr 
kj i  11 occur d u r  i t ~ q  t h i  s t v j ~  ~waek: time fr aqe. Fuu ; 
there w i 1  I be no :?!;3ging discharge to enf. a w  
n+;trogen.  

I r l ng  sequence, d i s -  D u r i n g  the rmiaipdfr o f  the *g " l -  
' 

c i l a r y q  w j  11 be v j a  the Fixed-cot~e valves. The\-efor.e, 
no nitrogen supersatilr a- t ion concl i t  ions are expected 
dow?s t tmea  fvom the  daf t ,  



majot* groi;nd #ate;. impacts aye a~ticjp3tsd 5 tipa 
in:~oilr:dia~~n'c o f  De:i i i Canyon. The i ncrgased wai:gy 1 eve7 
vdi i r h i n  the reservuir wi 1 7 be c o n f i i ~ f d  between bedrock walls. 
Downstrez: there nay be a s i  i y h t  ckesi-ease i n  waii.er l e j e i  
f r o m  r2duced f4cws i f  f i l  l i ~ n  occurs ot;iier t h a n  i:i Auniist or 

-T+ 5Ge - - . - e - . a - :  -.&*-A trle f i r s t  3 weeks of September, a ~ 2 u c r a i e c l  t3znge i n  
g ~ o u n d  water level will  be conf ined t o  the immeiiiate area of 
%he f i ve rbank ,  

( e )  1npaci:s a 
-T * 

undnen-l: 

Az the De;ii! Canyori pool level r i s e r ,  the mouth~s o f  the 
fr*ibuiraries efitering the reservoir ~ ; i l  i be inundated for  g p  

e-* t o  i , 6  miles See Tt ib i F E. 2. &, . Sediment t r  ansl2orted by 
these  stre&gs i.ril1 be deposited d'c the new streaa inoutii 
esta$l $shed p&eg the r,,erv~iy i s  f i  1 I p j  

As Devil Canjioii reservoir i s  f i l l e d ,  a d d i t i o n a l  f i s h -  
ery  h a b i t a t  w< "i &come a ~ 2 i 4  a b l e  w i t k - l n  the rreser- 
VG~T. However, impacts t o  f i 5 b  i l ab i t a t  will occur as 
t r i b u t a r y  mouths become inu1:dated. Fu:'thar inr'cjrmz- 
t ion on reservo-ir asd downst ream irrirrtcts may be found 
i r  Chapter 3, 

During flliing, the ~ a p i d s  ~;ps'ire&q from l i ~ v i l  Canyon 
1 l be i n  u i d  a t  ed ai:d v3% i t ek$ater !CJ yaki rrg ol?port un i- 

' 5 9  t i : e ~  w i j r  be $ o s ~ ,  S j n w  the j-eservoir b ~ j i i f l  be .rjs.- 
fng 5s much 8 f e e t  2 ~ : -  d ~ r i a g  -fill ins,  the 

*J 

iSeservoir i.ii ! 1 be iansi:fe ro r  !,oat ing . Dcsvnstream 
water level s may he 5' jghi-1 y lgwered, q j  i s  not 
e; tpe~- tnd a f fec t  nav {gat <ori becailse 9-f tl.i@ 51 ighe 
change most l ike-1 y $:onfined t o  t ? ~ e  &.:inter seas3n.  



When f i z v f j  Canyon comes O R  1 ine, W&ana w i  1 1  be ope+ 
ate6 as a p e a k i n g  p: ant and Devil C a n j i ~ n  w i !  1 be base- 
loaded.  Advantage will  be taken o f  the two r2ssrvoir 
system to opt im- ize energy product ion Grrile at the same 
t i ge  prov i d i n g  the downstre33 in1 oiv requirments. 

Each S~p%+a.iber, the  Hataria reservoir wii! be f i i  l s d  t o  
as near the m a i m u r n  water level oT 2130 -Fee.t as pos- 
s ib le ,  while s t i l l  meeting the d ~ % n ~ t r t ? a m  flow 
reqiiireu~ents, Frm October t o  May the r e s e r v o i r  v d i l i  
iiora,:i l y  be drawn down t o  approxfmately E l  ;?O8ij, a i -  
t h o u g h  the r e s e r v o i ~  will  b e  allowed -to f a l l  t o  a iairi- 

irnur;~ reservojr level o f  2065 f e e t  d u r i n g  dlry years. 
It2 May, the spring runoff  % i l l  begin  t c  fi!i the res- 
ervoir ,  

idowever, the reservoir wil l  not  b e  allowed t o  f i l l  
abaye  El 2185 until l a t e  j j ~ g g s t  tho, t h r e a t  of  3 

s ! g n i - f i c a n t  summer f lood  wi l l  have passed. 1.f 
Sepreiabeju i s  a ive? : r ~ o n t h ,  the  reservoir wi l l  Se 
a??obJed t o  fZl9 an a d d i t i o n a l  5 f ee t  t o  E l  2130 
because the  p r o b a b i l ! t y  of s i g n i f i c a n t  f lood inn,  $J ; I I  
have passed u n t i l  the next s p r i n g .  

From kovmber t l ~ r o ~ i g h  the ei.d o f  JL; ly, Dev.i! . C a n j ~ n  =, 

~i 1 l be  operated a t  the tlornal m a x i m u 0  headpond ereva- 
-4". * ~ i o r l  a f  1455 tu opti icjze power production, I n  8u.;ust, 
t h e  Der ii Canjtolton reservoir 1 l be a1 : obtjed t o  fa1  1 -to 

- * 3 mlnlmL;m level 9.f 1405 f ee t ,  In t h i s  ..-.. v-iaf, %itch o f  
the A u g ~ ; s t  dnb~nstreaq f i a k ~  requirm;nei?t a t  (;old C Y E E ~  
catl be met from wdter cowing out ~f storage at Dej~i! 

"re-, 

Car?~ton, !his wl11 a i low most o f  t he  water enterins 
the Watana reservoir t o  be stored I-atker t h a n  pass 
t h r o u g h  the turSi!:es and produce i:nsal a b l e  eriergy, In 
Septeiajer, t h e  Qev ii Ganj i~n reser-yni: w i  11 bf furtpipr 
laiqered if ii: i s  riot a l ready  a t  + t s  m - l i i i m m  ~1eva-i-iors 
0 f  1465 ar-sd if the ka tana  ~eservoil7- i s  not f ~ i l l .  When 
t h e  d o i ~ ~ s t i * e ; ~ g  i 7  094 -eq9i i6mer t s  d i r o i n j  sh i n  October, 

1 &KG the D e i j i i  can;fo;3 reseri i~ji*+ $ 1  Q,o - f j l l e d  i;g , .,,, 
f e e t  ,. 



ivlont h l  y m a  imam, nin irncn3 arid ined i a n  Wata~r~a and 
Devfl Cailyon reservoir levels TOT the 32-year simu- 
l a t i o n  r l re illustrated i n  Ffgures E.2. @% and 

l a  23 E *  2, %, FZsW 

Ecgj +&. 13 1 
J G-7 

&-,a 

E ~ % E ~ ~  9 - -?--a=L-- Dai ly  b e r a t i o n  
- .a 

;rs 9 % .  \ ) &*-*$& 1 mg Q ** k i t h  b o t h  Devil Callyon and Wa-tariii operating, Watana 
will fiper3te as a peaking plant,sir,ce i t  w i l t  d i s -  
charge d i r e c t l y  i n t o  the Devil Canyon ~ e s e r v o i r  
where t h e  f ? o $ ~  can he regal ated.  Water levels $ n  
694 il v ~ ~ n  w i  1 3 f 1 uctuate 7 ess than one -foot on 8 

J* 

d a i l y  b a s ~ s  because o f  " c h o  peaking opera1:ion o f  
kjatana. Devil Cany~n w i :  1 o p e ~ a t e  as a baseload2d 
p l a n t  f o r  the 1 i f e  o f  the project .  

( j j i j  idpan ivlonthly zind A n n u a l  Flows 
e -- 
i$oiithly kratana, Devil Canyon, and Gold Creek f lows 
fo r  the -32-year monthly energy s jmula t ion  are pre- 
sented :n Tables E . ~ . s $ ~  E.2.=tf and E.2.wa She 
m s i m u m ,  ;oean, and m i n i m m  Flows fol- each m o n t h  a t  
Watana, Dev*" (Canyon, and Gold Creek are summarized 
and compared r o  pre-project flows and "Watana-only" - 
pas$-project 4,f ir iwr (id2ere a p p r o p r i a b )  i n  !$bIes 

P* PI- 2 E. 2,k@, jnd  E.2. &. From October t h r o u g h  
April, the post-prcjecf Flogs are many t imes  greater 
t h a n  the na tu r  3'1 , iinreyui a ted  f l  ow5 . P ~ s e - p r o j  ect 
flows 3uri:iq the months o f  J~lne, J u l y ,  August, and 
L~ptember are 36,  34, 56, and 79 percent a f  the aver-  
age mean monthly  p r c - p r a j x t  flow 2-t G I  C-eek, 
r2spectivfl  y .  ' 7 5 ~  r educ t i ons  represent the f l o w  
vs1w'~e ~ s e d  t o  fi"el the batan6 ~ e s e ~ v r d i ~ ~ ,  Vat- ia t - ions 
i n  meail mcn"i1~1 post-project Flows occur, b u t  the 
rai?ge i s  s u b f ; l a n t f a i l y  reduced frcni pre-projeci: 
f l  aws , 

iriirther I percentage d iiferfnc~s h%t w ~ e i i  
pre- and posi-prcject  f i o ~ s  a r e  ~-.zduced by t r i b u t a r y  
i r i f io. is.  Tht! p $ * ~ : -  and ~ a s t - p r o j e c t  mai i th ly  f3aw sun-, 
giai. fcl- C.unshine 2nd S u s l t i ~ a  Stal-ior? are compared 

8-t &Fg g c c c  i n  '"f'?ij #>*;. E , r i d u  aritj 2 Woiqithly gilqi:-pi*t;j,-;-i- 
t3 *"$ ri'@ 9 e .u 



t;I.* d&-$"" 
*c - -.. ps i o;8j5 are presented in Tab] fs E, 2.32 and t. i, :g$, Xi - 
t h o u g h  smrner f lows from May ~ h r o u g h  October avecaae 
abog t  perzenl: greater thar ;  ex i s t  :rig cond f-l:lons. 

A comparison o f  pos"l-projec'c irrean nonthl y flows v i i th  
Watsna operatjng alone and wi th  W a t a ~ a  anid CeviI 
Caiiyori b o t h  operating shows t h a t ,  a? t h o u g h  tfiere 
some differences, the differences are  micor . 

c p-i id? " r 
d Q f  i 0~ F 

For the 32 years sirnu1 a b e d  nn oflow lreleases 
cccurrfid betieer; May and J v l y  ax either kizktana or  
Devil Canyon, A1 1 P l o w  v.:as e i t h e r  hijsorbeci iii the 
blat $na reservoir or passed tl?rocg h the rebspect jve 
pdiqerhouses. T I  June 7, 1964, -flood o f  reccrd 
w i t h  al? annual f lacd recuryeace interval o f  b e t t e ~  
t h a n  20 years?  resui teci i n  i; i j a tana  reservoir  el e- 
v a t i o n  a f  2151. a t  the end o f  June, an e ieva t i c r ;  35 
-feet $efglw ef e t ~ a t i o n  a t  f f  024 

re1 eased, 

-i ine maximum mean monthly discharge a t  Devil C a n p n  
dur ing  the  s p r i n g  f l o o d  period was apprcxirnate!y 
10,500 cfs .  If peak i n f l o w  i n i c  Devil Canyon res- 

c_ontr i b n t e d  from drsinaqe a,*es d ~ k ~ q -  
stresrn from Watana approached this d~scharge, Flow 
a t  bJatana b ~ u l d  be virtually s k ~ t  off + L O  majn";{il a 
Devil Cafiyori reseuavoir level o f  1355 f e e t  . Lateral 
inf low w o ~ l d  supp ly  most  o f  the  power n e ~ d s ,  How- 
evet*, i t  i s  u n i  i k e l y  the peak c o o t r i b  tion down- 
s t y e m  from h'atana \qodou?d be as l a r g e  as 10,500 c f s .  
F ~ Y  e7;mp'/ eS t=gz GO]d Creek itidx - - - - - -  i i j lb~ hP 5 t 0 t - f ~  31 one 
day peak f l o w  t o  mear: m a ~ t h i y  f i o i v  r a t i o  for the 

C? m o n t h  tf3f 3~i"ne is ~ ~ 0 5 .  If -it i s  assu~qd this r a t i o  
i s  v a l i d  f o r  the d ra inage  area betweell Watana and 
D ~ v i l  Canpan, the peak one day Juoe inflow d u i T j n g  
t h e  siiriui a t  i o n  period wuid ;pprcx imate 9303 c f s ,  

F 3 r  the ::5(j-ypar flood, t h e  dor~nstrem flow wSth  
Wstana and O ~ . u i l  i;anyorc ii: o p ~ r * a t i o n  G i  1 be 

sirniiar t o  ti?@ f l o w  w i t h  Ma-kana operating alone.  
The kdatana r@c,wvo'ir w i  3 5  be drafg37 dckgn suffi- 
cien"cj4 such t ha t  the 4:50-.jear f l o o d  ifclri%e c jn  be 
skak--,-ed \q,dq cbij!? "5.4-,he ye5ek*vg_lija jf the - f lood  occurs i n  
June. The f l o w  coiltrihut ion  ~t D e v i l  Cai:wn for  
t h e  dra inage  area between i:at;ina and Devil Ca i i y~n  
r~ou ' id  appr:;x i m a t e  31,000 c-!s , iler-cce, povier ileeds 
\gotirid be me?: by r u n r ~ i r l y  Devii ianjton t c i  near capac-% 
* .  j r y  $fin reaugjncj f f W&i:ana 3:; 7 
p-:;sihl i; t o  preye~it tl  oyi d'.sasttqea 



Far f l o o d  eifeit L i  greater  t h a n  the 
year event a f t e r  Bztawa r;.esersjajr e'l evat jon 

% 

i-etiches 2185,5, the powe:-has52 aitd ~ n t  1 et Fac-4 - 
i f  jes a t  b o t h  Watana and Devil Canyon w i  1 l be oper- 
i'ceci t o  match infloiii up to the f u l l  operati~g 
c a p a c i t y  of the powerilouse and out le t  Faci l i t ies .  
T 1 

ld t  i n f l o w  t o  tk M~atana reservo'i'r contGnges t o  be 
grezter t h a n  outf low,  the reservoir will gradual  ! y  
r i s e  :,o E l  2193, &ken the reservoir level reaches 
2193, the @.,in spillway gates w i l l  be opened and 
operated so t h a t  o u t f l o w  matches flow. Coricur- 
~ e n t  w i i h  openirig the Watsna ~ a i n  spil'iwaji ga tes ,  
the m a i n  s p i i l w a j i  gates a t  Devil Canjan will be 
opened so t h a t  i n f low matches o u t f i o ~ i ~  l'kp main 
spillways at b o t h  Watana and 0 e v i i  Caiipn wil i have 
s u f f  icienr capac-ity t o  pass the 1: 10,000-year 
f v e i l t .  Peak i f i f l o w  for  the 2:?0, OOO-yeaii- f l o o d  
will exceed outflow capaci ty  a t  Mat323 resui t i n g  i n  
a s l i g h t  i n c r e a s e  aboiie 2193 f e e t ,  A t  Devil Cankon 
there wS 3 1 be no increase i n  ~ ~ a t e i - .  level . The dis-  
charges ?ad viater 9eveIs assocjated w i t h  a 
2:i09D2C-year Flood for  b o t h  Watana and Devil 
ianyori arc illustrated i n  F igures  E.2-,@& rind 
E *  zoS* q5 

~ 3 %  9 ' -  

T f  the p r o b a b l e  maximum f l o o d  (PHF) were to occur, 
the  operation a t  Natana s4oiild be unchanggd *&ether 
Idatana i s  opera t ing  alone o r  i n  series w i t h  Devil 
Cz,:yo!~. The maic spillway wi l l  be oper-2tfd to 
m j t c h  i f i f l o w  i:cltil the capac i ty  of t he  spillway 's  
exceeded, A t  t h i s  p o i n t ,  t he  reservoir elevat ion 
would rise u n t i l  "I wreathed E l  22019, If t f ~ e  water 
level exceeds E l  2200, the erodible d i k e  i n  the 
emergericy s p i l  lway would be washed out and f i o w  
i .~ould  be passed t h r o u g h  the Emergency spillway, 
The resulting t o t a l  outfloihi t h r o u g h  a l l  d ischarge  
structures d~otild be 31l,C100 c f s ,  15,000 c f s  less 
-2:Ilan t he  RVF, 

At Dettii Canyon a s i i o i 1  ar scenario iy.i,ulci occur.  
m 

rhe main spii lway ivauld contintie t o  ope-atc, pass- 
i n g  the naif.; spl i l ivay discharge From Watana. Once 
Whe elergency spillway a t  Na-:zna started opei-ating, 
 he Cc.tlil Can~~a;u:1 reservoir p ; ~ ~ i d  sarckartge t o  1165 
a r ~ d  i t s  emergency spi i lv iay ri;.o~ild beg in  t o  operate, 
Peak aictr'lovd wou'd occur immediate1 y af t@;"  t i l e  Ftrse 
i ; l ~ g  eroded away, iiov~evtiu., the peak i s  s i  i g h t l y  

7 - 1  less t h ~ n  "the p ? i k  inf low,  ine i n f i o i v  and out f io i i i  
hjjd:..og?*dphs for bo th  the Wacana - aild Devil Canyon 

a r e  s!?ovdn i n  F i g u r e s  t a 2 + 4 & 9  dwz*f3$% ..a ~ 3 9  

Q \-" 
rsspectivrl y ,  t d  J,~+~X. 



A ;  though tk2re ;yere no f l o w  re1 e i ses  at [a;atafia 
s i t e  d u r i n g  f i i l g ~ ~ t  OT Septeorrber ? n  t h e  32-;8ear 
sir i iulation,  i n  wet years Watans an3 Devil Canyo2 
nay produce more energy th3r-t can be ,ised. IF t h i s  
occurs, F l o ~  wil l  have t o  be re1 eased thvc~igi-1  he 
o u t i e V f a c i i i t i e s .  Ho~iever, on 3 nean monthly 
basis  the t o t a l  discharge a t  'iatana w i ; l  be less 
t h a n  the l~latana powerhouse f low capacity o f  
c f s ,  

F1 o~ will  be released o n l y  \$hen eke reservoitw 
exceeds El  2185.5. Since gatana was designed to 
pass the 1: SO-year summer f iaod without  req~iir ing 
g p e r a t i o n  o f  t h e  main spillway and z;ince the 
c a p a c i t y  3-f the  powcrhoiise and out1 e t  Facil i t  i e s  i s  
31,000 c f s ,  idatana sLimmer- f lood 510~~s iri i! i vary 
from a low va lue  equal to the powerhouse Flows up 
to 31,CiOO c i s  for  f l o o d s  w i t h  a recurrence interval 
less t h a n  f i f t y  years. For t h e  1: 50-yeqr summer 
f l o o d ,  t h e  Hatana discharge wi l l  be rnaintaioed a t  
31,300 c f s ,  bu t  the reservoir wi11 surcharge t o  
2 193 zr,--s f r e f e ~  t o  Sec t ion  3 e 2 ( c ) ( i )  f a r  4 "  

derilj.atii7~3 o f  "" ~ n e  l:50-year summer flood 

Ir; 32-year simu] a;ion per jnr i  u" 9 k9ej-e four- 
years i n  which f l o w  releasfs occurjqed 3t Devil 
ianyoiion dur ing  h i g h  summer f i o w  per-iods. Al'i:lougii 
C i  .ne maximum monthly release was o n l y  4100 c i s ,  the 
yeaic flow nay have been h i g h e r  d e p e n d i n g  ;n the 
v a r i a b i l  i t y  o f  the t r i b u t a r y  in-florv dowstream from 
Watana and on the Wataila reservoi~- level, However, 
t h e  peak Devil Canyon o u t f l o w  would not have 
exceeded the czpac i ty  o f  the pbwarhouse and outlet  
f a c i 7  i t i e s ,  

As discussed aboile, a t  bo?h \+J;iatana and Devil Canyon, 
peak  montl-ily F'iows may d i f f z r  fran? neaE m o n r h i y  S i c w s  
if the .f-eser-.lvoiiA exceeds El 2185,5 a t  Iqatana and flaw 
i s  released, For Devi! Car:yc!l, as reservoir i i~ f l c lw  
from sources b'cher t h a n  t he  Watana reservoi!- var?es, 
the peal: d u t f l o w  may a lso  d i f f e r  f r o m  the mean 
month ly  flow, 

For t h e  32 years  o f  s i m u l a t i o n l  the maximum De:iil 
Can~ir,n d5scharge i.; Aug i i s t  was :7,900 ~ & i ~ ~ +  ,, r i 

i ~ i ~ l u d e d  14,!00 cFs from kiatna and 3860 cFs Fro,n 
r ~ $ i ~ ~ j t ~ i * y  -inffo\%f i n t o  "tiie i ) ~ v j l  cai:;icjrj y ~ ~ ~ ~ j - y ~ ~ ~ j - , a  



i n  f x j i n i f i i ng  f io iq ri;tios of cne d a y  p a k s  to 
moi7tfily f low 8-t G t j i d  Creek f a r  the  month  of Aunijst, 
i t  can b e  seen t h a t  these r.:t+os vary from l.;Q t o  
a a0 , If these  rat ios  car! be appl jed 1-0 t h f  tr2!-** sdu-  
t a r y  inf low,  "Lhe nche peak inf low cauld have as 
h i s h  as 9100 c f 5 .  .4lso, if j:he Watana pa~w~rhsuse 
Flop: &as not sonstint for the m o n t h ,  then sloriie f low 
v a r i a b i i  i t g  could  a lso be a t t r i b u t e d  t o  biatama, The 
ne t  rejui t i s  a D e v i l  Canyot? out f io iv  that could be a 
can%t5n-& value f o ~  the en t i r e  m o n t h  or a vd-rjable 
outflow t h a t  has t h e  sanle mean 1iall;e tju-t a peak or, 
t h e  okld ef- s f  30,006 cfs .  -3 iite 2cttl61 vsr5ab i I i i : y  
waul$ depend on the d a f t  y i n f i o &  hydrwraph - for  b o t h  
biatana and Devil Canyo!?, 

Ti i f  mcjfitl~ly and arrnual Flow d u r a t i o n  curves For pre- 
project and post-project conditions f o r  the 32-year 
simul a t i o n  p are i l lus t ra ted  ?n  Figureis ~ ~ 2 .  @ / f 3  
througi? E. 2. r kiatana, Gald Creek, Sunsh~ ine ,  and 
Susi-tna S t a t i o o ,  The f b w  d r r i M a t i ~ n  curlies shokv less 
v a r i a b i !  i t y  du r i ng  post-project  o p e r a t i o n s  and a 
diminished pre- and post-project difference with d i s -  
tance dswstrem f r ~ m  Ma-tand, 

~ ( b )  

The winter temperatures discharged from Devil Canyon 
pi?? 1 range From about 4°C t o  1 "C. The temperatiire 
w j i i  s i ~ a i y  ~ , P C Y P ~ S ~  i n  the  dou;n;trem direci;ion 
because of heat exchange w i t h  the colder atmosphere. 
i n  January, by the  titrre the f l o w  reaches Sherman a 
d i . 0 ~  i n  temperature  sf about 1,3"C wi l l  be expected, 
w h i l e  a c+op o f  a b o ~ t  4°C will occur t o  Tal  keetna. 
Depending nri the o u t f l o w  temperature, arid cliiilatic 
condit icjns ;hi -~si?hoTd of 0°C g ~ t e y  vcfy frsii; 
Tai keetna t o  Sherinan . nrrouy h o u t  the w i  nter3 water 
ten1i3eratur.es ups trez~o froom Sherman wi 11 be above 
Freezing, approaching the  o ~ t f l o w  temperature as i t  
moves u p s t r e ~ a 3 ~  The minii i ;~m temperatiire expect;id a t  
Go7d Creek wi l l  be  betwe@i: 6,5"C and 3°C. 

*file suiiinier ienipei'atures w i  1 1  be sl i g h t  1 y higher  - than  
tlsose Far the k a t a n a  because o f  the l a rga r  surface 
~ r a e ~ ~  $QT /ledt ej;c/jatrge, /\ peak i e f i l p ~ r a t u r e  0-f abollt 

L wi l l  be reached st Go"% Creek about  t h e  m+ddte  1 3 ac8 
'P 

0 i" Jutat2 ii-ji-ough Jill y and f i i**si; f of  Aagus t ,  
. . 
L I S ~  : *  ~i l i about  10 t o  12"C, slow1 y 
deci-ejsing t h r o u g h  t he  1ai;e;- jsrt o f  August 3 t h e  
fiiid o f  5~ptcmber. 



Tine i n i t - i a t i o n  of i c e  $orrr.raO-r".;.ss a t  Tajkee--jna i t j i j o e  
-7 del aye6 i b y  several mon ths ,  i i le  i siege yo1 uroe of % a r m  

water from upstrean wi 1 ! d l 1  ay 2nd redijce the 
quan t i t y  o f  i c e  supplied from t h e  S u s i i n a  R i v e r  
upstre%j~ o f  i h l  keei'na. Depending grr the rc.serv~ir 
cutflow temperatirrcs, t h2  i c e  cover will s tart  t~ 
form by tho end o f  January ar:d progress a shor t  - distance upstrem t h r o u g h  February. rhe location o f  
the i c e  f r o n t  i s  expected t o  h? betiveen T a l  ketrtna and 
Sherman. S t a g i n g  caused b y  the i c e  cover ~ - r 5 1 1  be 
about 3-4 f e e t ,  

The b r e a k u p  i n  the sp r i ng  w i  1 1  occur doiimsireaq 
because s f  vjari-ner climat-ie conditions and also f s ~ c ~ m  
the upstrem front  because o f  the warEer .ryater f r o m  
& - 
  he pr~ jec ' c ,  ike c o v e r  wil l  t end  t o  thermally decay - 
i o  p lace ,  ihere-fore, t h ?  i n t e n s i t y  o f  the Oreakop 

&i) be less sever-e w i t h  fewer i c e  j a ~ s  than the 
p ra ro j  ec t occur%hces. 

4 & 

O f  the suspended sediments passing through the Wataoz 
reservoir, ~ f i l y  ii silal1 percentage i s  nxpected to 
se t t l e  i n  the  D e v i l  C a n p r :  reser*vair. 7% -J" s + s 
3+tI*jb,,,blz tf; " " " " 3  4 
w w b t  i t  s i zes  o f  the  partjcies 
( less  tha!? 3-4 micl-ons i n  dimeter) entering the 
resei-voir and the r e l a t i ve ly  shor t  i 'etention time, 
The sijspeilded sediment, t u r b i d i t y ,  and ~ f e r t i c a i  
i l  l w ~ i n a t i o n  level s t h a t  occur wi th i ! ?  the $mpoundiilent 
and doi+~stream 1 be o n l y  s l i g h t l y  i-educed from 
t h a t  \&ich e x i s t s  at the sutflsw from Watanz, 

Some minor slmpino o f  the reservoir wal Is and 
resuspension o f  shcibel ine se:! iment w i  11 prcSat.1 y 
ccrltinue t o  occur, especially d u r i n g  lidgust and 
September when the reservoir may be dratm d01*7! as 
m u c h  a s  50 f e e t .  These processes will produce 
short-term, local  +zed incre3ses i n  suspended 
sed -Ement s. However2 as j l r r i i i0~~1y ~ ~ t e d  the 
ovnrb~rdeil layer i s  shc?liow 50 no s ign i f i can t  
prob1r;~s  wi l l  a ~ i s e .  Additio:?a'i1y, since most a f  
th4" s sed i m e ~ t  w i  7 1 sett 1 e ~ ~ ) ~ " e ~ ~ k ; ~ s t r e a o t  jncreases 
w i  3 7 he minsyQ, 



Je3.cllir;g process i s  expectoc: to r e s u l t  ir; $nc re~sed  
Ievel r ~f the aforementioiied w3ter qua'] i t y  proper- 
I '" r w s ,  Ti-iese e f f e c t s  are  not expected t o  digj??inish as 
r a p f d l y  as was ind ica ted  for  $J.!atana, A j  t h o u g h  leach- 
i i i g  c f  the nlore so luble  chemica ls  wil l  d i m j r f i s h ,  
crthers r a i i ' i  continue t o  he leached beca.5~ 7zrge 
q a a n t i t i a c  ,, o f  inorgan ic  sediment ~i 11 not he c o i i e i n g  
t* &- d ~ i i e  reservotr bottom, I t  i s ,  however, a n t i c j g a t z t  
4 h h t  tkre leachate w ? l l  be c c ~ f i n e d  to a lllayer O F  
water near t i l e  impoundment F l o o r  d n d  should  r!o: 
degrade  the r?rfl.mainder o f  the reservojr or  dor.mstveam 
water qua1 i t y ,  

As pi25 the case a t  Wata,la, t h e  increased surface area 
i d  1 lead ro cir! increase i n  the mount s f  evapora- 
t i o n .  Hoifideirever, because o f  the t w ~  month  re-tentioii 
t i i n e  and the mSxfng actiorls o f  the winds  and waves, 
the concentrations o f  d.I*ss3ljv& substances skou" 
virtually be  ~~ncilanged;  and no adverse 8Ffect on 
water qua1 i t y  w i t h i n  the reservcir or  dowfistpe&x 
should  occur, 

Since no i c e  cover i s  an t i c i pa ted ,  no Sncreased con- 
centrations o f  dissolved s o l i d s  w-8""1  result at the 
ice-watet- interface,  

. 

AS was previously discussed i:il Section 3.2 ( c )  ( f i i  
reduction o f  dissolved oxygen concefitratio:;~ i t i n  
occur i n  the i-rfiioiiiicnion o f  deep r-eservoit-s. 

S t r a t i f i c a t i o n  and the slow biochemical decomposition 
of organic matter will promot2 low oxygen levels near 
4-L, I.IIE? res~?-v"iiO;- b ~ t t ~ ~  over time, t(o estimates of the 
extent of '  oxygen dep le t ion  are a v a i l a b l e ,  

t i  -the upper ?aye;-3 (ep i l  imr~ion) of  the reser -  
v a i r ,  dssolved oxygen eoneentr3tinns wi? 1 remain 
i l i g h .  l i 2 f l o ~ ~  water t o  the impoundnrent wi l l  continue 
t i7  have a h i g h  dissoiiid oxyg3n content and low BOD. 
S i i i c i  wa'rer Fcr energy yeneratidn 3s dra~i?2 f ~ r c  the  
uppp- , - %  l ? r r n y ~  q ~ L  0-f' the reservoir, no adverse e f f e c t s  t o  
i?o:~~j$tr eafiq Gxygen l eve1 w i  1 1  o i ~ ~ i e ,  

No s u p l i ~ b a t ~ r a t e d  co r i d i t i ons  w i l l  occur downstream 
s ir-om r!:e [je;! -i i Can yon Dam, f j  x d -  cone v es w j  1 '/ be 
einpd!oyeci t o  miii.imizo potenti a i  n i t r o g e n  su;ersat~r- Q- - 

-" r. bP-a r I\ , ! , ,  pr*oi,i ems for -  a1 1 f 1oc;ds a4-i tii a rccuvmrence ifiter- 
~ a - 1  jess than ?:5()-yeays, 



11 be mintmized t h r o u g h  the  inc,ta-[ ll atscii of' 
d e f l  ectors which wi 1 1  preverit the  creation 

o f  a p iuf ig ing  a c t i o ~  thst could er;-tr;lin a: ; - .  

" - The conct ruc t ion  imp and v i l l  age w-i !I be ideccmmis- 
sioned upon complet {on o f  constrtiction and f i  7 1  i n g ,  
Lcca l i zed  i q  the l oea f  dra';naae bzsigs because of due 

rrl 

t o  these a c t i v i t i e s ,  b u t  these e f f e c t s  w-ill not be 
$ 1  ?cant since erass'on c ~ n t v o l  nlaasilires w+T f be c ig f l=  

empl oyed . 

EF-Fec-cs or! g b - o u ~ : !  .dater conditio,,s !.,ii 1 l be confined to the  
D e v i ?  Canyog reservair i t s e l f ,  Dowstrem f l o w s  alnd hence 
impacts w i l l  be sirnil ar t o  those occurring iqditk Natana o9f-r- 
a t  i n g  a i  one, 

d l  es and Streams 

1 the e f f e c t s  i d e n t i f i e d  i n  Secti~n 3 fo r  the 
streaqs i n  the  Watana reservoir will be  experienl;ed by t h e  
streams FloPjis?y i n t o  t h e  Devil Canyon reservpir l i s t e d  i n  
-s. i ab le  E-7 -a &+&* aBz@ P&-J lakes $ 0  the nevi? Canyon impoundment g i l l  

be impacted other  t h a n  the prev ious ly  described small lake 
a t  the Devil Canjfor.on dansite. The t r ibotar- ies  d ~ i $ ~ s t ? - ? & q  
from D ~ i i  Cany~n  wi! 1 no2 change frbiil the cond$t ions  ts";bb- 
7ished when Wataria vias operating d o n e  as discussed 
earl iet-&. 

( e )  I n s t r ~ a m  Flow Uses 

Tiie effects on the "i ishery,  i ~ i l d l i f e  h a b i t a t ,  and r ipa r ' an  
veyetatiori ar.2 described i n  Chdpter 3. 

N a v i g a t i o n  and Transgoration 
* ~ ~ ~ m ~ ~ ~ ~ f i i i i ~ - A ~ ~ ~ ~ ~ ~ & ~ ~ - & - . s x * ~ ~ ~ a ~ b ~ ~ ~ ~ ~ W  ar. * a ' a - ~ Z  



- 1 -  S i  rice t h e  n ~ v  ii canyao $ 2 ~  -I i i - ty  w i  1 1  be operalted as 6 
basel oaded pl a n t ,  downstream impacts shou! t i  -?main 

w- s i r n i l  ar t o  the "&atana-or;lyu opecation. reach of 
river t h a t  r m 3 i n s  f ree  o f  i c e  Ray be extended some- 
-L- 09nn 5t far- tbn-;-  d L > r  d 0 ~ i q ~ t ~ 2 2 ~ ~  

ii) Estuarine S a l i n i t y  
-" -- - - ---..=%%s&-- 

S a l i n i t y  v a r i a t i o n s  i n  Cook inlet  were c c ~ r i ~ p u t ~ d  ~ i s i n g  
a ~ k m e r i ~ a l  model o f  Cook Inlet (Resou~ce id!.~anagment 
Assoc ia tes ,  1982;. As expected, the sa! i n i t j r  changes 
f rom base1 ine condit-ions piere almost i d e n t i c a l  w' l h  
those determined .For Wtana  operation alone. Ti e 
post-project sal i n i t y  ranye 55 reduced, s ince  there 
are lower sal in-ities, fa wintev and higher sal ini3:y ii: 
summer. Figure E.% & illustrates the comparis~n of 
annt~a1 sal i n i t y  v a r i a t i o n  o f f  t h e  m o u t h  o f  the  
S i i s i t n a  River u s i n g  mean mon"c1.y r e  a15d 
pas-t-project Sus i t na  S t a t i o n  flo\.rs. 

3 , s  Access F 3 an Tmaacts 

- kdatana access route wi l l  b e g i r ~  w i t h  the clzi istr~ctior!  of a i;-mi!e 
road  from the A1 aska Railyoad a t  Czntweli, t o  the junctiori o f  the 
George Parks and Dena; i Highways, Access will then i3iIow the e x i s t i n g  
Denali iiighwaji f3r 2 1  miles. Portions o f  th is  road segment wi l l  be 
upgriideci t o  meet s tandards necessary fo r  the a n t i c i p a t e d  constructiori 
t r a f t i t .  From the Deilali iiighwajt, a 42-inile road wil l  be constructed 
i r  a southerly direction t o  the Watana s i t e ,  

Access to the Gevil Canyon s i t e  w i l l  be v i a  a 37-mile road from &atana, 
n o r t h  o f  the S u s i t n a  Fivera, and a i2~, .ni le  r a i l r o a d  e x t e n s i o n  from Gold 

r=' Creek, ow the sitsum h i d e  a-f the Suc_.r"tna Ria~er, p ~ r  3 more d e t a i l e d  
descriytik~n o f  the access routes r e f e r  t o  E x h i b i t  A, Sections 9.12 and 
-7 1 . 1 2 ,  

F1oi.j rates on s-tre&q~s c~ossed  by t h e  3ccess road w i  f i not 
be ii i ipacted. Mo~azver, local  i zed  irapac~s on water level s 
and f j ~ w  y e i o c i t i e s  c o l i l j  occur if ;i-ossjogs a r e  poorly 
designed. Because they d o  not i-estr i c t  sti*eain.i?ow, 
b r i d y  e c ross i ngs  are oreferred to cueiuebflts or low-water- 
cror.sinys. Bridge sl;?pcris should  be loca ted  o u t s i d e  

' C i l  a c t i v e  chanflels, i r  pcssible,  

Where nct ppuper!,y designed? c i j l * /er t ,s  car) cestyajc i :  f jsb i  
(3a 9 err .3.ien'i becaure o f  h i g ' h  v ? i ~ c + ~ t i e s  or p e u a ~ h j n g  of  'he 

r\ c 6-1 v ep& a$jgve ?:he s$ r;-ealj$ed, L~ 1 v e y t s  {jye 37 50 roO;Ae S I ~ S  . 
I I i c i ng  ! j coh ]s r~s  causing restricted ~1~ ~I~~:~~-~~, C 

ei;p.qc$a*l duj. i~<j winter siiob$;je'[-b r ;z i~ jcds,  



L~ki-xt~3ter c ~ o ~ ~ i r g ~  :nay b e  i ~ 5 e . t  i n  areis o f  i ' n f r ~ q i i s _ n t ,  7 i gn t  
:- z,c;, - I/;ey s h ~ i ~ i d  g ~ i l i f ' ) ~ ~ ?  ;hi: j ~ ~ j j  ~ t r s aqbed  <;lap? and 
..-*-p %- 

+32ss;r- c~ns" i~ucleQ of ; f ia teyfa3s so t h a t  ~at-~ ; q j j  I f l o w  over t h a ~  
instead of gereo'laeing , throi;ch them, w h i c h  isould a i s ~  v ~ : t ! - i ~ ; t  
_ P " "  

T i  r h  passaGe, 

Most watfi. qua1 f t y  impacts a s s o c i a t e d  w i t h  the proposed access 
r-  cj L- j i b s  2 1 1  cc'ciir d u r f n y  constriictjon. f ie principal afi{:fcipated 
wi .9 - f  qua7 i t y  impacts assoc ia ted  w i t h  cgnstruction ~ l i l  1 be i n -  
creased suspended imer ; * tii:*b j-j !;./ ! eye! s and s::~ i d e c t c j  
1 e a ~ a y e  and sp i l l  age o f  petrol e ~ q  p ~ r d u r t s .  Given rjrapeir design 
and ~ o i l s t ~ u c t i o n  techn jques, f e w  watei% qua: i t y  impacts atre a n t i -  
cipated f r om the subserjident l ise and  maintenance of these f a c i l  i- 
t i e s ,  

( c )  T u r h i d i  y and Sedimentation 

of the inore app?rent  potenti 5oui-g;es of turbiLd i t y  2nd 
sed imei i ta t ion probIms icc!ude: 

T- - A , -  - i f r s r i  ~ % z  cpperaijofi ~f heavy equipment; 
*- PI acmeili and t p e s  c:' permanent stream crossings (ciil- 

b e r t s  vs .  b r idges) ;  
- L o c a t i o n  o f  borrow s i tes ;  
- L ~ t p r a j  sere.-. t rans i t s ;  
- Vege ta t i ve  cle.;ring; 
- S i d e  h i l l  cat=; 
-- Di st i r~*bances t o  permafrost ; 2nd - - l iming and schedules for construction. 

inese po ten t i a l  sources o f  rb- -b id  i t y  and sed imentat ion  are 
discussed more f u l l y  i n  Cilap:e15 3 .  

( b )  - ContamS:?ation b y  Petro'ieum P.od;jcts - , -- 
Contaminaction o f  ~ ! a t e ~  coGrsss from accidental spi! -I s a f  
i lazzi-dous materials, i;>meiy fue ls  and o j i  s ,  i s  8 m q ~ r  con- 
cern, Cur-ing ~ o i i s t r ~ : t - i ~ n  o f  tile ti-ans-Al asita o f :  p;pel in?, 
i t  becme apparegt 0i. i  s l j i i f s  o f  v a r i o u s  sgrts  ;-;ye 3 
ciAea' i~r ~ ; y . , ~ b l  @-I: -than a n t i c  jpa-led a Y.iost spi 1 1 ofcbr:-ed as 3 
i*esli I t o f  equ; v~eilt ~epair, refue'l ing2 and v 2 h i i i  e act jdents .  
+ ~jnen t 8  e i j u i ~ e n l  w i t h  leaky hyiirau! i c  hoses  are G p f i r  i n  
s t reams@ ;3et;-oie~;n prc;ducts are vepy t o  r2sch -the 

4 as. 

e i o  a v o i d  this, vehicles and ~qir!miienr w i l l  be prop- 
~ 5 ~ 1 4  mdjnta j r ier l .  



-*& central  secjmfn'; i s  cornpfjsed of t v i ~  sections: &atar:a t o  [:heech31.:~ 
C~e.2 and C';:eechai:n Creel; "c @dSd Creek. Construction of the pfireion 
J- r i  ,A om the Idatanz d m s i t e  t o  Cheechako Creek w;ll be und~r!:ai.,er: dur ing  
r &; , .~e:* t i  T;ii k,tp:i t h  ininj inal  dis turbance t o  vegetat ion.  Hence, impact G I ~  s t r e a ~  
f l e w  and ?dater q u a l i t y  slkriuld be mininaj .  Fro% Ch~e:chako Gr.eek to t he  
intertie, the  tran~missior: corridor w i l l  follow the ex fs t i f i i g  t r a i l ,  - { h i s  should  a l s ~  ~es i t l t  i n  niinimal impacts, 

.%," 

ihe tiillovd-Weaiy intertie i s  being built as a separate projeci and wi l l  
be completed i n  1984 (Corni~onv~eai t h  Assoc ia tes  1982). The Sus iLn?  proj- 

*t cct wil l  3dd anotirer l ine o f  ta~ejer.5 w i t h i n  the same right-of-way. Ine 
iapacts then wi 1 1  be sirnjl ar to those experienced d u r i n g  intert  ie con- 

, * s'iructior:, The exist?ng access po in t s  and construct ion t r a i l s  w i l l  be 
utilized, l%e Enl+jironmental Assessment Report f o r  the i n t e r t i e  (Corn- 
r;ianv~eal t h  Associ j tes 1992) discusses t h e  expected environmental kipacts 
o f  i ~ h a ~ ~ m ~  isi i u l i  1 jfie cons t ruc t i o f i  i n  t h j  cj sesmznt, 

K , ~ $ ~  .--m.-,+cq25e+~+-.- .--S +LG - e - L L  
4Q;tij s t u b s ,  strez.;i crossings w i l l  be v L V T ! ~ ~ ,  u~ r 2 ulf :i i ~ i r t ,  T T U T - L I I  ~ f i ; l d  ~ ~ ' i a + ~ -  

required. R e  poten t ia l  e f f e c t s  wil l  be o f  the stme tJype as those d i s -  
cussed irj Section 3.4, a l t h o u g h  generzlly much less s-.vere becauss o f  
tke 1 im?"ted access naeded "L s&oi"rstruct a trarrsmissiors 1 "ne, Erosion 
re1 a'ed prob l3xs  c$fi b? ~ 3 ~ 5 2 4  b y  stre&% r,crssir;gs, ~ 2 g ~ ' ; a t i v z  < i  cay- 

i n g ,  siting o f  t ransmiss ion towei-s, 1 ocat ions  and methods o f  access, 
and d i s t u r b a i ~ c ~ s  t o  the peiqmafrosta However, giver$ propel- d e s i g n  and 
construction practices,  few erosion-tel a t ~ d  p r o b l ~ x s  are anticipated, 

Containinat ion 7r' local  &atetas rom accidental spi 1 l s o f  "id s i l id  o i l  s - 
i s  another poten-t i  a l  wate r  qua1 i t y  impact. i o  min im$ze t h i s  p o t e n t i a l ,  
veh fc f  es w f  1 ; be properly mainta ined and app rop r i a t e  refueling prac- 
t i c e s  will  be required. 

Onc? t y a n s m j i ; s j ~ n  7 j ~ c  has been b u i l t ,  there should be very few 
Srnpacb  sasoc i a t e d  w i t h  routine inspectioi? iind r;iair!tenance o f  towers 
and l ines,  

I" boiae 7 0ca-i /zed te~i i>orary sed fmentat jon a::d t ~ y b  id i.t y ijrot'i cou ld  
occur when maintenailce veh i c l es  are requfred t o  cross wet! ancis and 
st;-eatas Lg r~pdj:% jajiaged 1 j ~ e s  0,. i:oigers. Feymager;f; roads not be 
b u i 1  i- i n  con junc t i on  w i t h  trans:i~ission 1 incs. ibowcivei* l a n d  access 
w i ?  l be piAovide.I For maiiltejiance o f  the 1 l ine sand towers. Rather, 
grasses aae.J shrubs will be alin:dec! to groi.r along the  t , -ansmi is ion 
coneidoi* b u t  ivil l be k e t  tr$i.imed so t h a t  uehic:Jes a r e  a b l e  4:~ f ~ l l a i .  

! * i g % ~ - - ~ . f - ~ ~ a y  dsiociaieu : ~ ~ i t h  the 1 'nfs, Streajns ~3;ly fieec- t o  h e  
forded,  ;iiiiicti:iie-, reyei;-tecil y ,  i n  order t o  e f f e c t  ~epairs. Depc:rlil {f ig an 

.a +a % 

i-i.le season, crosiiriij ik:~i:aPion, type f r e q . - ~ - ~ -  ~ ~ i ~ ~ ~ ~ h + , y  ~f ij&-!-ic"i E: l:j-a:--r-pc * 

i , ; j i  cociSi d <:ituse @r<j.,-i oi? prob: efilr, r;i st;--am c:\-ossing 5, 



' - - Sedimentax> on process i n the resfrvoi r and da2tdnstra~m suspended sedi -- 
merit level s and CurSidi  ty ; 

~ - N i  t r cgen supersaturation dawnstream f rom the dams ; 

~ - -. !ropl;lc sLatus a f  the i-eser-voi rs  ; 

~ - ijissolved oxygen levels i n  the reservoir and dowfistream; 

~ - Doiirnstream ground water and water t a b l e  impacts; 

~ - Sediment and turbidity i ncreases d u r i n g  construction ; 

* - - P c t ~ n r i  c~neami n a t j  ~n f ro% ;ccj$enta: p2ij-c : em 5p-j 1: a3,d l e ak -  
age ;  and 

~ - War;"Lewater d i  scharge 'it-on the temporary commbzity. 

A tilcirough and complete caaplement o f  agency concerns and reionnenda- 
"Lions wil l  be presented p ~ r s u a n t  t o  the review of t h i s  d r a f t  license 
app '  1 m -%+4 nel-3 

i B L 5 a L f V I l s  



- 
;he f i  rsi phsse of" the  miti g a t i o n  process ident i f ied  water quzl i t y .  arid 
q ~ i a n t i  ty ;mpjcfs i'roiii constriiction, f i  11 i n 9  and opera t ion ,  and incor-  
porated mi t i  gat4 i ie measures i n  the precon:':rtictioi; pl aririinij, d ~ e s i g n ,  

-. .I -- 
arid s c h d u !  I ng , inree key mi ti g;i-tion measures were incorporateti i n t o  
'he engineering desi  gn : 1) miniillurn flaw recjuixi~en'cs were selected 
d u r i n g  the salmon spav~n ing  season t h a t  were greater "Lhan &hat viould be 
d i  scharged i f  f7 ow were set ec 'z~d sol el y f r om an optimum economic point 
of vie#, ( 2 )  ioultilevel ?niakes were added to improiie temperature 
control and iiii n i m i  ze p r o j  ect e f f e c t s  ; and ( 3 )  ii xed-cone v a i  V Q S ~  were 
incoiapora"ied to prsifent fiitrogen supersaturation from occurring1 more 
frequently than cnce i n  f i f t y  years.  &her m i t i s a t i o n  meastlres incar- 
pora tcd  i n  the  p r ~ j e c t  desige and cons t ruc t ion  prr~cedures 3r.e d i s c ~ s s e d  
be1 ow, 

.- ihe second phase o f  the  mitigation process w i i  I be the imp1 emenstation 
OF ~ n v ~ r o n r n - - n L a l l  y sound construction practices during the ccnstrloction 
p3 anni  n g  process. mi  s w i  l 1 invol ve  the educa?isn o f  project persorlnel 
t o  the proper Lschciiques needed t o  mi3imize impacts to a q v a t i c  h a b i -  
t a t s .  Honi t a r i n g  of cctns",ruc-lion practices w i  11 be r e q ~ i  red to i d e n t i  - 
fy  and co r rec t  c i i f is t ruct is f i - re1 a t s d  pi*obi ems Upon coi~pl e t ion  o f  tori- 
s t r u c t  i o n p  the tiii r d  p'iase o f  mit iga t ian  will  consist o f  operatianal 
mani t o r i  ng and su-vet 9 l ance t o  ident i fy  probl  ems and mpl oy correcti ve 
me8d.%ed!-es * 

-a i e  m i  t i  gal i cn , enhaficement , and pi-otec~i ve measures i ncl uded i $1 

Chapter 3.2,4(a j are appropriate for c o n s t r u i t i  on of "Le tdnz and 
n veciil Cagyon Faci 1 i t i e s ,  the access road construct ion,  and the traiis- 
mission l ine con st^-uctisn, 

--L. ! r e  pi-jmat-y conceras dur i r , g  f i l l  i n g  3 rd  opera t ion  o f  the reservoir 
a " discussed i n  Section 3 of t h i s  chzpter include: 

-. t4aint;enancc o f  nininium do\\instreain f lows;  
- P4afnl:enance of acceptable fioiinstr21;n thermal regime th f~ughggj t  the 

ye>w -;; 
-- Ci-~ai?.~es 'in downs~rc-a81 srdiman't odds ; deposi tf on, and f i  csh;' ng ; 



r4jilimuiii do;:.nri~eiam f l o y ~ s  ~ i l !  be p rov ided  l;o n i t j g a t ~ :  the  ir,?.pzlct thz 
fiijjgg cf t f i2 reservoir could have on downstreas7 f i sh  and other 
jnst;-ean f! ow gses.  A-1 t i iougf i  access may be d i  f ' f i  c+ i i  c , the 12, aaa cfs  
-f! ow a t  Gujd Cr~zi.. i n  August  l.ii 17 provide spawning salmon access 
nioct of the  sj oirghs betwezri Devil Canyon and T a l  keetna Addl t i  aria1 Iji , 
the selotcted do%nstrearn f'law i;f 12,000 c f s  will assf st. i n  maintaining 
adequa"; grrsund viaeter levels and upwe1 l i n g  rates -in the sl oughs ,  

Eutrcphi c a t i o n  was deter- l i i ined not to be a probi em and therefore no 
mi tf g a t i  on i s requi red, 

Coi.instream gas s u p e r s a i u r a t i  on :.ri l l be prevented by desi gfi of the 
energy d i  s.;i p a t i  ng va! lies 2nd chambers incorporated i n  the out 1 e t  
f a c i  1 -i xi es used ~ U F ?  ~g impoundment. 

Chai3g2~  j n  the downstream r i v e r  morphology will occur but are n o t  
expected to be s i g i l i f i c a n t  e r l o u ~ h  to war-rant m i t i  gs t ion  except For 
the n;outh  o f  somz t r i b u t a r i e s  between Devil Canyon and Talkeetna  ere 
selective reshaping and g r a d i n g  o f  the  m o u t h  may be reqiii red to insure 
salmon access, 
r., 

p r o m  the f i r s t  wintec of f - i r \ l i n g  t o  the coir.mzncement of operat ion of 
t h e  out3 et f ac i l  + t i e s  on"-and-one-ha1 i years l a t e r ?  the water  tempera- 
t e r e  st the  Watana law-level out le t  will  approximate 4°C to 5°C. 
A l t h o u g h  these temperatures wil l  be moderated soniewhat downstream, 
do?:nsb;-i.am jni;acts a re  l i k e l y  t o  occure No m i t i g a i i a ~  measurps haye 
been incorporated i n  the desi yn t o  o f f s e t  these low downstream tenpera- 
tcires d u r i n g  the second yesi o f  t he  f i  lT i ng  process. i f ,  d u r i n g  the 
f-inai d e s i g n  phase o f  tile project , a technically acceptable, cost- 
e f f e c t  i ve nethod can be devel oped t o  mi t i  gate  t h i  s patent i  a l  tempera,- 
t u r c  impact, i t  w i  I! be  iilcai'porateci into the f ina l  designs, 

5,4 - ,--. Mitigation o f  katana rjperati on Impacts 

The primary concerns d u r i n g  Matana ope ra t i on  are i d e n t i  fie6 i n  Sect ion 
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Toe ~ n i n i m u m  dovins%fa~am f l  sws a " L ~ o i d  Creek wi l l be unchanged f rom 
"Lase p r ~ ~ v f d e d  d a r i n g  impo!indmer~b f rom !pa; throush %pttii?nbei*. 
However, f o r  October rhrcugh April "Lhe minimuiii  i-bw a t  Gold Creek 
w i  l l be 1 wci-eased ts 5000 c f  s 

--6 ' !rlese ciiinimiirrr flav;!rs are not tiia most a t t r a c t e i  ve From a pro je i - ,  
economic point 017 i d - iev~~ E~"i;?2~er,  tkjey do provide a base flaw of 
s u f f i  c!eat  nlayn-itude t h a t  permsts the devel opment of mitigatioa 



As i ia ted i n  Sectian 3, the impoil~dment  o f  the Watana reservoir 
wi i i  change the dow~strearn "Lemperature regime r,f " L h e  Sus i tna  
R i v ~ r .  Mi;iti]evel intakes have beer: incorporated T ~ Z  +ha r s i r ~  n n w a r  

y;r"7"" "" 

p l a n t  ir;take s t ruc tu res  so t h a t  water  can he drawn from various 
usual i y the sur face ) .  By ?yee{ ecli ve! y w i  t h d r ~ ~ i i  f ig water, 

d e i i  temperature can be maintained a-k the povferhouse 
t a i  1 race and dowiistrearn. Usi n y  a resei-vci r temperaturz !n:~dei , i t  
was possib! e to closely match e x i s t i n g  S u s i t n a  River- water 
temperaturs-s except for periods i n  the s p r i n g  and f a 3  . 

Nitrogen s t i pe r sa tu ra t i on  i s  avaided by the  - - i n c l  usicn o f  
f -i xed-cone ual yes i n  "Lhe oti"L9 ex fac-il i t i  es , i-3 xed-csne va'i yes 
have been proven effecti  ve i n  p r e y  e n t i  ny n i  tragen supersaturati on  
(Ecoi c g i c a l  Analysts Inc, 1.382 Instead of pass ing water over 
the  spi l lway i n t o  a pl unge pool , excess water i s  re1 eased thi-itiigh 
t h e  va lves .  These fac i l  i t i e s  are desigaed to piis5 a i: 50-year 
f i  GOO event  w i  t h o u t  creat ing supersaturated ~ a t e r  cone? Zions 
down~treaiir9~ 

The bafana  faci l ^ i t i o s  incarporate six Fi  xed-cone val ves t h a t  are 
c2pabl  e of pass i  rig a t o t a l  design f l  ow o f  24,000 cfs. 

5.5 - Mi!:i g a t i  on o f  Devi l Casyon impoundment Imp t t s  

Other ";an the cnn"l;intiance of the dokqz~strearn fP sws a t  Gal d Cqeek 
e s t a b l  i shed d u r i n g  the operation of bia"Lan a, no add3 ti onal miti g a t i o n  
measures are pl anoed d u r i n g  the Devil Canyon impoundment period,  

5,E - M i  ti g a t i  on o f  Dev i  1 Canyon/itaCana Operati ai! 
----*-w-----v- -*---*- P- 

The downstream f i  ow requi reulent a t  Gold Creek w; 'l I he the same as 
3 ' f o r  Wfitana operation alone.  AF.ter Devil C3nyon i s  on !:fie, 

biatana wlil  be operated as peat in2 p!ai;t, s ince the Wa-tans 
t a j  "1 !-ace w j  11 d i  schar-ye rectiy j i ~ t o  -the Dc-vSI C4inyon reservoi r, 
The Devj 1 Ciiiiyon reservo3 r w i  1 1  provide the f l  ow regiil a t ?  on 
reqt i i  red  t n  st ah-i 1 i se the downs :ream Fl o v i ~ .  



As ~j c h  \dq-;;aiia ) gpu! tj 1 esjei intakes haye been ificorjora-tedl into 
1212 ijsvii ragyon design. 3nly  tl.iu intake ports w i l l  be lieeded 
ofcause o f  $he iimited drawdown a t  Devil Cznyon. 

The 9zvii Cariyctn dam is designed w i t h  seveo f ixed-cans v i a l ~ ~ ~ ,  
-three w i  &"rs ddiametef o f  90 inches and four more % a i  th a dili;lfr;kete~ 
c f  102 inches. Total design capacity o f  tile s2ven v a l ~ ~ e s  i.~'i I !  be 
38,5830 cFs,  
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A. D E ~ E C ~ I Q N  L j M f  TS FQt5 C4TEW QUALITY PAgANETEWS (Can:") Tg48tE E , 2 s -  =- -= . - - " -  
* r a - - - - w a m e - v  

------*-- *T---WF~&-&---=-----~ ' 'r 

-n"o-gv Parameters Ccoac'd) iLi!iz%2bd z.sa-*---&n%- 

-@I r Sb, Ank i m n y  
e $2, SeEeni~m 
Si, S i l i c o n  

a\ Sn, Tin * %r, Skrowtim 
.# Ti, $ i t a w i u g 3  

-=f W s  Tungsten 
3 Vanaaiun 
f i s k  zA* zinc 

Z d r s ~ n i ~ m  ,-.--- 1 

(21 - ( f i i k e r a " ; d  fgtergaa t h a t  oassee through a standard glass: r&@r T i i t e l ?  and 
---#a 

remains arter evapera t ian  (34 p $31, 

'3'155 .. (non~iiterable) matesiai  requazed on a standard f & ~ s  Pi i tes  a f t e r  f i i k r a k i ~ n  of 
L71w--mi- 

a b e  1, $-mix& sample6 

i c A Q  ScJltd - r h i r k y - e n ~  ( 3 2 )  eleraent aomputeeieed scan irr par t s i rn i l  tion (Ag, AS, Au, 

8, Ca, Cd, CQ, Cr, Cu, Fe, Hg, X, Ny, 'in, Mo, Ma, M i ,  Pb, P t 3  50, Se, Si, sfi, 
Sr ,  f i ,  V, W ,  2n, Zr), 



S - St~nrmer L .. Es tabf i shud  b y  1a:i a s  pe r  
% -- Winter f i lauka Wake;. tzual.Hty 

---** m -.----%..* B -. ~~~~k~~ S t  :,!nd43sa;irs 



i 
1 "r --XI-_1--. 

t t $Td 4 
JOB NIjElieEF: j -------- 

1 i * ,,,2>*aB&*>d <,$t"r;i di$&t&$$z*g$3g 
re 8 -FILE N U M B E R  

a 
@li" S H E E T  _ ,  1 

I BY ----- DATE 
I 

- ------ BATE 
---p-m---- 

- - - - , - r r ,  

id* 



fq 
td 

IABbE %,2,&3:  5482 IURBIDIYY AND SUSPENDED SEDrWENT ARWLySIS 
-1__---- ------- --.----Pp----p--m 

---------- ."...-"---------, ------. - .-~ - 
3 

Suspended 
5ed;amenk. 

-I 2 
Date DaEr e Turbadn%y Cantentrat l o n  01 x h a r g e  

La?cz"s.sn 
.-----%----------- 

S m p l  ed hna?  ymed {hYTs') -------- (q/_5) (cfs) -- 

Susl t n a  R a v z r  a t  9 S i  2 5 /8  2% 5/'24/8 2 8 1 - - ." .- 
cress S e c i l o n  LEX-:~% 
(Re!-!* 9 9 )  

S r r s ~ t ~ ~ a  River a: S u n ~ h l n e = % -  6/3/82 
Parks Highway ~r ldcje& t5.i 1 Q/8 2 
(W,M, 8 3 )  6j7 7 /82  

I.;bas/sz 
s/;,zs;a2 
7/6/82 
7/ 1 2 i 8 2  
7/39/82 
7/26/82 
e/ a / ~  2 
8/9 /82!  
8/ 16/82 
8/2 4/82. 
8/ 30/9 2 
9/19/82 



- _I-_li__..-- ---- "- _ _ _ _ _ - w ~ ~ ~ ~  ------------ -------r--s 

Suspended 
3 

Sedlrnefit = 

3 2 0 
Bate D8te  Turbmdl ty  i= i rncs~%rat?sn Dzscharga 

i w a t  lor3 Sanpled Analyzed ------__i (?:I U) r",-rs; 
--YCi_v-- _---- -- - --- 

Notes: '* ReFers t o  samples collected by RAM Consultants, a l l  o t h e r  samples were collected 
by USGS, 

48M C ~ n s u l t  a n t s  conduc t ed  a l i  l u r b l d i t y  mrasdremenii. 



Suass~: kj in ter  ce ~mzma3p -- ---- .hawBiiiv?- a, -*- Winter --- 
B &  l z.3' 4 4  -gF 

-3j,~?".~4;i:~$at@ !&k52~irg;kty] 39 88% 57 '- &%T - 86 A9 - &* 

-g$8bd; .i& 2 2&381i and Vg%3 ~ S ~ Y Q D  

2 z Go13 Creek, Sunshine and Susitns %tatinn%$ 



I 'O . a~nn-tamed 
R C"I E L ,  unrssmsd 
1 j0 unriaasd 
%4, ussnerwed 
5 unnamed 

uc-rnamed 
19, unnaaed 
18, unnamed 
"i 9 ,  ~ r - ~ n a ~ s d  
20, unnsmed 

29,  unnamed slough 1 
30, urlf28t3ied I 

1 
P f ,  Jay Creek 
32, t~wnamed 

33, unnam~d 
34, Kosir~a Credc 
5 unnamed 

J T 6  unnamed 
3 uranamed 

380 
1,800 

TOO 
&QB 
580 
450 

70 
75G 
1 3 3  
825 

3;uth an By 
%8u%h aarn%y 
maa~kh an ly  
mouth o n l y  

0,l 
o m  3 
26 0 
8,2 
2,2 
032 

Q, 2 
?*a  
8-5  
o* 3 
8,4 
0,6 
0,  3 
0,S (ent i re  

l eng th )  
0.3 3 
0,7 



5 3 ,  unnamed 
54, ana%ansd 
55, unnamed 
$ 6 ,  &@dl-nan Creek 

iengk h 
of 5i:resiE 

tea 
1n;ajndaCed 

m - x  
,,JL kes (."------ 

I I 
"5,700 f 250 B 1,9 

f 
B 

I s 
1,s (entsre 

l e n g t h )  
3,9 ( longest  

Farkc) 
0,5 
G, 7 
l , 7  
2 Q  3 



1 E 1 I LenaQ k i-3 
o f St !-earn 

sdsikna t a  Brs 
R A Q ~ ~ ~  f+j& %~g;i~'id-~it ETA 

St zeem Nz~re at i4sjuth 
0- i r _ r x ~ x - - % - a " A % T ? ~ h  -.----- ww-mp-d- 1 1 

6 - W - - = z f P  

+ " a ,  13U3&r38 

28 ~wnfif~led 
3 unnamed s B ~ u g h  

aswnag~ad 
unnarrjed 
unrga~?ePla' 
~i"rdf!84@d 
unnatned 
i&dyal 

unnattaed 
tinnamed 
unnamed 
$ CP~eechako Creak) 

064 2 
a,$ 0,2 (en t i re  

Peng"&R) 
0,1 
Q* 2 
0 s  1 
100 
0,4 
Q, 1 
O O ?  

0,3 
2,0 (entire 

l e n g t h )  

Be2 

0,2 

a,'! 
Oe5 (ent i re  

l e n g t h )  
0,3 
o w  2 
0,2 
8,8 (enkire 

%engt h )  

09 i 

0, I 
o* 1 
D9 6 

Qentise 
Isng t h 1 

0,2 
0,8 
0-2  
Q> 2 
0,2 
'is4 
1,3 
Qa4 

1,6 



Po s t  bee @seek 

Jack creek 

%w..:- -m G a d , ,  River 

G ~ l d  Creek 

uw i-jf-..î mb 

Four th o r  5 u l y  Creek 

S?r e r men Cr edc 

I n  
I-E: 

unnamed 

S k u l l  Creek 

unnsmed 

@~esk 

unnamed 

L z i t  %e Porkaee Creek 

i < c K ~ c z % e  Creek 

Lane Cc-e~k 

Gasp Creekz. 

annemed 

\$hrskers Creek 

%j8h aceasz3 

f i s h  access 

f i sh  ~ c c e s s  

$ash access 

Railroad ( R R )  

f i s h  access 

RR/f~sh acces3 

Railroad 

Rai Proad 

Wai %road 

f i s h  accsss 

RWiFiah access 

f i s h  access 

Rai l rond 

fish access 

Fish access 

f i s h  a C C B 8 8  

Rai 1 rood 

f aah  access 

degrade 

gse rcl-~ 

deg adkz 

degrade 

perch 

dagrwds 

perch 

perch 

degrads 

degrade 

perch 

pere!~ 

degrade 

degr adr? 

degrade 

degrade 

perc8~ $but 
backwater) 

pas s ib l s  restrict ion c$ Pxsh access 

: . v b  r o e  -, $. ,il,,d *-.-a by Facrlleg daw9asf;re~w (LR -. le$& bank, RB sr: r ~ q h k  b a n k ) ,  







9rral.r zge Jii---Day Mrnimun iVioii. ( c f s ) '  &ak F l o w s  ( c f s ) Z  
Eas2 D Recurrence In te rva l  (y rs )  Rscerrence inrer-vfaj. {?zs) --- -------..-.--.-,-"------~CXI~-~~~~~M-~ 

Brushkbna  Creek 1 
S n t e  1 27.0 

i 

Upper Deadman 
P - L L  eek 5 2a 1 

Deadnjafr Cs eek 
T r  .abut~sy 

19 Tsvsena Creek 1 %6=6 26 17 780 1309 174a 2000 

D e v ~ %  kreah.: T7*6 6 ,  '7 4 - 8  4, 2 3 99 369 5 597 

Dcezl Canyon %a 
Goid Czeek Segneiat ------- 1 

i 
Gald Creek / 25.13 1 5,4 3,9 3-4 62 304 InW 447 

-____IIppI -------- ---- 



I b!i,-it:hcrn Flo>is e s i i a a e z d  From t h r  ecjua!?on USGS ieC;resslon [F ree they  and S r i i i l y  
?pao), 

bf = ~ ~ f i ~ c ~ z d m  flop$ (c fs )  
d r=: nigil~er days  
rt = recurrence nn%erv@ ( y r s )  
W = drainage a r m  ( m l L >  
LP = area o f  lakes and ponds (percent) 
S b: mean F;unli?ium J a n d a ~ y  a r r  terriperatirre ( O F )  

a,b,r,)f= cozPFiclents 

where: Q = = i n n ~ a + ~ e a k  discharge (e fs )  
t z ieci;rrence i n t e r u ? l  ( y r s f  
A 2 drzjnage 2-ea < a n  ) 

\ f 
LP = aiees  o f  134es and ponds : p e r c e o ~ ~ q )  
F I: mean a n n u a l  p r e c i p x t a t l o n  (~.d 

a , b , c , d  z c o e r y l c l e n t s  
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WS T COLD f R F E l l  Dh3R1zVG 6BJATliNA FILL. IN6 $G!-5) 
__l_-l__-_l_- --- - --_I----- --- 



*rG"* b . ~  2,935 

&$as 

Apa 9,036 

Nay 20,433 $3,493 
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53,& r 
i 
g- *--*----w&2-r̂ -u*>-" -iOlllO. * ~ ~ - ~ w ~ ~ ~ i r * l c * m - - - = - ~ ~ ~ ~ ~ ~ - ~ P -  ----*------------- 

2v>3 d$f~ 8 --*-<-=-F-----.----pp-" -----.- 
bd & p-Pp--P- - - - 

k j  
fir3 
a"-- 

-4s' 

.---------=-------P - --- ~ ~ ~ - ~ ~ ~ ~ - - . - - - - - " . ~ - ~ i l l . m  

" 

-------=-.---.--_ - - T - - ~ ~ - v - - ~ .  - ~ - ~ ~ ~ ~ ~ -  
2 

-=---------.-- ----- -- 

a-- . 

I 

6 
)- -- 
f 
?i A?*" 

,>fly ; 
*"""~'"i*" "'~^""-""--."..,".","---" -e&*,s'wz " %&t v 4," @ .*" 

""-"qwa4"-." -1. $:*.,& W 2 
i r; $3 2 w-4_.-da&,.. i.,_-.,.... ;. __&k =z,-...k#' L___l_Ar.__._"-_-C.M?~a.r.,_.__ ._0 ..sL. ...* 3 . L - .  

df2 9 s ~ . $ $ < f i j  f h::T;$;i~~$,3 ~ab%g ci.3 i ! i ~ : ~ t ~  $jj.ta$$ B I ~ t ~ i i  
" $ 

?',":yff. 2 id i" - 
,': , :, , t -  r i, ",,, 1;f k 9 b ; " t ~ , , ; 1 ; j $ ,  );c2; {kt*  3 k\f;$::. 
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1 
B C P b  # a 

"I 
k 774E F:bJ,EdK .h:iQ!$UAL INSTAtdTAt4EQUS FLOOD PEL$% 

$ %  QEIE&g&+jiqED By %"HE F O L ~ ~ \ J { ~ ~ G  

3~ l$dEAN ANNQAB INST&tdTANEOUS PEL\f,K FLOVd [GFS 1 
D f i . ~  ORgaiNAGE E-REA [ SQ* &#I,)  
G - PE9GENT OF D$?AQKkcGE AREA COVERED BY GLipiC!BERS 
L.= STRE&i& LEMGHt4 [Mi , I  

i 
2 

.--- 
L .O% 125 2 5 i0 20 5 100 2W 500 

REGURREHGE INVERVkL $YEARS$ 























b f !  
2 L _ . p  

I i 1 I---- 
! 1 E 

3 -- L--- 

0 ~ I A c * ~  --- .+--+-- 
g r"---.--- 

+--+--Ai 
f 4 ~T---T-- *+)-I ----, 

8 i 

-4-1 1 " I -- %- L A -  
~O"_I<~?,: _-,2~ 

8 f---YLl---- 
fg G-L-- 

h 2 - '  %--- 
4 w.--j--- k~--* - - t--- 
2 ii;k-- 

/ / 

0 10 10 30 40 50 EO 70 $30 90 loo 
X OF l i M L  BISChB3GE EQUAL120 OR EXCEEDED 



% OF TiMF GISCMARGE EQUAbi,E3 OF2 EXCEED 





( I N  

0 LO 20 3Q 40 58 60 70 80 90 lW 
Ya Q Q F  Tkh%E DISCblARGE E Q U a E D  DCSW EXCEEaED 





9% 9 F  THME DISGE.b$*RGE "OldAKkD O R  EXCEEDED 

f, F"LBW DURA'Y EON CURVES BASED ON MEAN 
04iR,Y FLOWS, 

2, ;AEW~~>D f iE@QRQ:t$~j;aC R:>5@ -. SkpT Ep&BER 3581, 'a 



6 10 20 ~JJ 4:) $g$; WJ 733 80 $0 
OF TIME BiSGk-iaR"3E EQUALLED OR UCEEDEB 





X O F  TOME p;$tSGE-kK+GE $Q%SALCEB Of3 ";?CEEOEz 





Egm-Es 
~ ! , ~ $ 3 b \ ~  QuWATf!ON CUfa'VES BASED 6% 

2 .  PERrBDS QF RECORD: 
-fALKEFTNA Wl'tfER NEAR"*h;AL b;&ETNA; 

J U N E  1964 - SEF7TEr"4SER 2951 
CMbk-lTNA RtVER NEAR -$i%L,KEETNA: 

f7EBWL$AR"$ 1958 - SEPTEf&B,Zi? 9972 
!uI&Y 3980 - $EP-Tkr_EdBER 192 l 





2 !g 
%B r Q 20 50 

RECLlRFqEFiaJGE k NTERiiLib [ Y E A R S  1 

x c; 0 I 8 2% #? t'" -"" 

~ . ' ,  - %,8$$t:.1< 

fb;;*{ c\ji3Tj/r:A$; 
@ i' *'y j f l t 9 ' P  

91043$!\ i.. 5, t a 





2 5 $7 
i 

RECURRENCE iNTEF%VAk, ( YEARS ) 



15- OAY g!GM R-OW 

7-DAY WOGB FFLQiV 

5 ! * I  2 5 10 20 50 

RECURREhfCE INTERVAL ( WEA2S 1 





b$O"$E: PEROQD OF RECORD IS $950-1981, 







---ma--- 

. I , !  2 4 10 20 

















AUGUST 





% DAY LOW FLQW 

- - - - - ---- I 7 -  *wJ'&pLa-L--m 
1,05 8 . 1  2 5 SO 20 50 

RECURf7ENGE lt4-rERtPAL (YEARS 1 



a.0:5 1 , t 2 I 2 o 20 50 - * 
f?EZuf2F"?ENCE INTERVAL { YEARS 1 











i 

c*"8 
Ld -- 

ig A y J U E ~ E  JULY AUGUST ;Q- 06Te 





WEEK 
g@y$A DEC a &&Re FEB, A &PR, 14 &?if JUN, 









SEP 7-83 



SUSISNA RIVER DA~LB. AL@\BERAGE$ 
TEMPERATURE, RM 126,0 
i BASED OP4 PRELIMINARY 
~ a y A  1 1 

7 
INDIAN RIVG? DAlbY Ats!ERA6E 

(BASED ON PRELIk4i&"$AR2' 
DAIm& FRO&$$ ADF 43 GI 

tmUSP - -B * $OWTA(* i. IEbl OAlLY AVERAGE-7 
TC QCLT-,FQlhLB3mQUIlL f i a e e - ~ a . ~  ri 3mt-" Z8&6"10@ A 0 8 n h  i i P P B a W U 8 i l  8 3 % ~  4 

(BASED Oh! PRELiMlidARV 
D,&T&i FROM ADF f-3 @ 1 

f 
-: ----Az--x?rm- d --- 1- 
i 3 za B o 20 10 3 I 143' 

4 IJ;~;E JULY AUGbLjST SEPTEIdBER 



- <if 
,*as 
iii 

%d 















C-DE&i%LI V-VEE GAkG'tQM @-@OLD CREEK G-GHULtTRA T-  TALKEETNA S- SU&S&I!NE SS -SUSlTNA STATBON 



NO, OF OOBSER$4AIIOtdS 

koc&-glQiv 







BREAKUP 

G-3Ef{s%~I  ~-g!Ez gG@ik$Q& O-GOLD CREEK C--GHULkiTMA % - *fALKEE$NA 8 -. SUNSHIbiE SS - SUSBTMA STATION 





.,$Y.". c, 
a,,, 

:, A LESS T@8A!t4 6 5 OR GREA-FER T3POb4 9.0 ~ 1 4  UNi'W SHALL 
?$G? g+%@Y ;&ORE *Fi+AN 9.5 @NETS FRQi4 NATURAL 60&!OlTi^lOf4 [ BDEC 19791, 

G, ES:-&~SL:$$~EG p@O$ECT FRE%EkFf&JER g\QUA$)C ORGANISMS,  

NO, OF OBSERVATIQF4S 

LOCATION 



BREAKUP 

- .~--*-.- 
#<$2* %a: 
; :ii;Q CKpTEBjQtsj EETABLiSI+ZD, 
7 ~ r * - , s ~  - ,:t it.gykbS j+&VE gABh E SjfNERG!%%BC EiYFECBS WITH HARDg$ESS, DE PENDEMT 

.*,Yip' - 8  l*" a r * - *  *,l < 1 , ,.: ; t5c :.-qt ul.:iaj&Q i+A8CF4ESS i &  Ti4E i!kjATERa THE CRITERIA FOR GADLUQd , FOR 
-. .;;,sb&"KE\ tS C,36R mg 1; f @  HARD YgATER AQQD 0.0004 mg$ I BN SOF"e"ATERR, 







2- $ - S F * *  t * t kdd-"EE cg,@jyQP: 
A- G-08kD CREEK 6-GHUkiTHA T- TACKEETNA S-  SUNSMIBJE S8  - SUS84TbJA STATiQM 







MEAN 

@ $&I&$iMUM 

FIGURE E.2, %% - - ~ - r a ^ r * . - . I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ - - ~ - " - g i x - - U " 5 1 U " 5 1 ~ - - ~  

1 
--su-ms-**s--.-I 





*" - ;,z-;."~;-! cg-% 5 4-  eE CAsbiYON %-BOLD CREEK C-CidULITNA T -  TALKEETMA S - SC1MSMiME SS .- SUSI3"t+3A STATION 





2- E L  2'-VEE GA!4bfON @-GOLD CREEK C-GWUL17PdA T - 3TALKEETNA 9 - SUNS H l N E  SS - SLIi$!TNA S*&&TIO W 



- MEAN 

433 @AiNib9&jhj 



e". r $-f;&&l V-?"""_ Cq"" Le-dzA ~ c g  a q 40@! G-GOLQ CREEK C-GMULITidA T-  TALKEETNA S- SUNSHINE S$ - SUSITNA SThaTb10N 





72; C? , ,2: g-- - . ., .,,,,.,, r, ;:-R: ti$&kGA&ESE [ t&a) ( m g .  +! ; .  1 TOTAL RECQVERAEfbE 

NO, OF OB8ERV64TBOHS 

LOG ATION 
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