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1.0 INTRO DUCTION

T he I" 'oposed Sus it na Hydroelectric Project will a lte r the natural flow

,"eg rrne of th e Sus itna Rive r by inc re asing winter flows and decreasing

s ummer f lows . Pr evious s t udies ha ve evaluated the effects of the propos ed

Susi toa project on t he mor pholog ic stabi lit y and fish access conditions at

tributary mout hs and s ide s loug hs wit h in the Talkeetna to Devil Ca nyon

reach of the Susitoa Rive r ( Rt M, 1982 ; Trihey , 1983 ; and Sautner , Vini ng

and Rundq uist , 198-1).

This report provide s an as ses smen t of the potential effects of t he

wit h -p rojec t f low regime d own stre am of the Chulitna ·Susitna~Talkeetna

co nfl uence on three areas : 1) the c ha nge in backwater zones (low ve loc it y

fisheJ'y holc!ing a reas ) at t ri b uta ry mouth s ; 2) ~ccess by adult salmon into

tri b utaries ; a nd 3 ) morphologic s tability of the tributa ry mouths . Th e

assessment is . based on v is uill evaluation of aer-ial- photographs .

c b servat fcns fr:om helieepter- ov erfli g hh at se lec t ed lower ri ver di schilrges .

ilvailabl e U.S .G. S . streamflow data , and on -s ite field mea surements made

du r ing a period of low 5treamflows .

With in th is report , the term ba ckwater zone and holding area are used

inte rchilngea b ly . Section 2 de sc r ibes the niltural flow reg ime , the. timing

of upstream salmon migrations and a general discussion of the effects a

t ypical with-project flow regime might have on tributary mouth stability ,

adult salmon access into tributaries and the availability of holding areas ,

Sect ion 3 describes the methods used in the analysis , and section 4

s umma ri ze s t he re sults of t he anillys is . Exhibit A p re5ents a locilt ion map

and aerial photos of each tributary , a brief description of fi sheries U5e of ,

and pc te nt jal with -project effects at each study si te .

-5-

o OVERV IEW OF EXISTI NG SYST EM

2 . Ba s in Overv iew

The Susitna River drainag e basi n is loc at ed in the so uthcentral region of

AI.15ka . It is bordered on t he west an d north b y the AlilSka Range , o n

the eas t by the Coppe r Rive r lowlands and the Talkeetna mountains, a nd

on the sout h by Coo k Inl et ( Fig u r e 2 . 1) . The ba5in lies within two

climatic zones and covers an a rl"a of 19 , 600 squa re miles . The upper basin

(t he portion of th is basi n above Oevil Cany on ) is in the con t inent al zone ,

wit h the lower ba s in in t he t ra nsit iona l zone . Cont ine nta l c limat e is

cher-acter-iaed by larg e d iu r nal a nd annual temperatu re varia tions , low

p recipitat ion . low humi dity an d mean annual tempe ratures i.1 the range of

15- 25° F . T r.ln s it ion al climate is characterized by diurnal and annual

tempe rat u re va ri a t ion s mode r ated by maritime influ ences , higher

p recip itation t h an co nti nen ta l cl imat ic zones and mean annual temperatures

in the r ange of 25-35°F I Hartma n and Johnson . 1978). The mountainous

areas of both c limat ic zon es ty picall y ha ve h igher p rec ip it a t ion values than

va lley area s .

2 .2 Fisheries

The Sus itna River cont r ib ut es s ig n ifi cantl y to the Cook Inlet commercial

sa lmon ha rvest and sport fi s hing oppo rt uni t ies for residents of the

Matanu5ka - Susitna Borough and Anchorage (Barrett et ai , 1984 ).

Impo rtant commerc ial and s port fis he ri es incl ude f ive species of Pacific

salmon : chi noo k, chum , sockeye , p ink and coho. The primary salmon

sp awni ng area s with in the lower Susitna Basin appear to be the clearwater

tribu taries such as WIllow Cree k and the Deshka River (Barrett et et,

l£l8·n . Bcchwater a reas in lowe r r iv e r si de chan nels . sloughs , and the

adj oin ing tr ib utaries tt emsetv es , are thought to provid e important rearing

a reas for j uv en ile salmon and holding areas for adults. Tim ing of the

adult salmon migration varie s by species and from yea r to year . The rate

of upstream migration by ad ult salmon appears. to be retarded by mainstem
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T he Tal ke etna to Dev il Ca ny on reach of the Susitna is primarily a

si ngle channel and sp lit ch annel rive r . At it s confluence with the

Ch ulitna River t he cha n ne l patte rn changes from a spl it channel to a

braided channel. T his change in channel morphology is primarily due

to th e inc r eased inp ut of sediment from the Chul itna River, add itional

flow f rom the Chul itna and Tal keetna Rivers, and a flatter channel

gradient. The Sus itna River contributes 43 percent of the annual

flow at the Chul itna -S us itna -Talkeetna confluence , with the Chulitna

and Talkeetna contributi ng 39 p e rcent and 18 percent , respectively .

Du r ing th e euuuuer-, lhe Su:. il nd f\.i v~r··s dve rage contribut ion ranges

( rom a high of 51 percen t in May to a low of 39 percent in July

(Table 2. 1) ,

R20116 II

flows above r~ J .ll(~ ) LIs I Ba o...('t! et ,11. 1984 and 1985) . Timing of the

u p st r c am mig l'a tlC,tI fo r fiv e spe c ies o f Pacif ic sa lmon are presented in

Figu r l" 2 .2 thl'ough 2. 4 based on 198 1-83 un it effort f ishwheel catches for

Suns hine s ta t ion (RM SO). Typica lly ch inook reach Sunsh ine station in

ea l' ly J une . followed by soc keve , pi nk . ch urn and coho salmon .

2 .3.1 Mainstem Susitna River

2 .3 Natural Flow Regime

Low ve locity ba ckwa ter areas neal' t r ibutary mouths are often used as

hold in g a r eas b y ad ul t sa lmon d uri ng upst ream migrat ion . Pink and chum

sa lmon have bee n ob se r ved spawnin g in the in terface reach of some of the

lower river tr-ibutar-ies (Barre t! e t ai, 1985) . T ributaries in the lower

Susi tna River are predominan tly used for spawning by p ink, coho and

ch um sal mon , with some tr-ibu ta r-Ies hav ing r u ns of c hi noo k and sockeye

(A ppen d i. 7, Barrett et a i, 1985 1. T he g reat es t n umb er s of fish in the

t r ibutaries dUI'ing 1984 occ u r-r-ed f ro rn late Ju ly through August (Appendi.

7, Bar rett et al. 1985),
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I
I The mean d ilily flows Ice- the S us rt na R,\ ('r .. the S u ns hi ne g age ,

",pp ro ~ i moJtl!' ly ~I mIl es <.Jownstreilm f rcen the t hr*'f" ri v ers con fluence.

I .1,.e also p resen te-d in Figures 2 .2 t h ro ug h 2 .4 , along wIt h th e ; i ; ; ; ~ i ~ ~ ~ ~ ~ ~-'
mig ntion t "nln g i n f o r moil t io n Ior- 1981 , 198 2 end 198J . The in,ti.1 r,se

I in m..ins tem di scharg e on t he sp r m 9 rl"s ult s I~ sno wme lt in the

low e r basin d uring late Ap r, l a. t"olrly May . A. the ",no wmel t ru noff

decreases . stredmf low ,n t he c1edrwat l/'r t r ib utdr ie s c!eclines I ref er to
~ ~ ~ 1'1 ~

~ ~ ~ ~ ~ ~ ~ ~

I 2 · · • - ~ ~
,

~ -
De sh koil Rive r end \villow C r ee k in Fi gures 2.2 t h ro ug h 2 .4) . While

t he s treamf low contribution I.~ g lac.ie r men to the ma instem Su sitn .ll

I en d its g lac ially fed t ri b u taries Inc rea ses . A good e . ..mple of e

cl earwate r tr,bubr y f1~ decreasing wh .le t he m<llflstem flow r ema,ns ~ ~ ~ ~ ~ ~ ~ ~
,.

~ ~ ~ ~

I high oc cu rr<'d d u ri n g J une a nd Ju ly f98J ( Fig u re 2.-'1 . Th.

i n fl u~nc~ 01 gl.c.i~rs on the mains t em flow r~i~ is mor~ p ro nou nced ~

I be low the Chulitn. ·Su s itna· Tal kE't"t na cen t tueee e than in the middle ~~ j jri ver . ::8 · · • · ·-. E~g ~
~ • ~ · · , ~ · . ~~~;'

g ; • -' 0 0 £
I · e • -' •• •

Glaci ers > of the b.uin above t he Go ld C ree k - ~l:t~cove r percent area " ';;t~ ·streamgage increasing to 10 percent of fh . bas in a rea at the S u ns hi ne ~ !!';f ·I s t reamg"ge . Th. inc rease i. d ue to t he Ch u lit n. en d T"l kee tnii ~ ;~~

-~
0 - _

t~~- · · ; · · · .- · -
Rivers h"ving 27 a nd 7 pe r cent. res pec ti v el y . of their bas in ilr ea eo • -.- · 1; · ~.. ~ ~ · - - ·I g l.lc ie rs . Th. percen tage of th e lower t-rv e r- flow con trib uted b v the -. - · · · -

~S

i
•

Ch ulitna increa !'>es during Ju ly e nd Augu st d ue to it s I"rg e r ., :

I pe rcentage of gl ac ieriled b esin a rea and lower b as in r ilin storm s (Tab le s ~

2. 1) . T he in fl uence of th e Ch ulit na a nd Ta lkeetna Rivers dec reases
:;

= · · -· 0 0 · · ·~ -· · · ;: · · ~ ~ ~• • • · · ·• · ? • ,
I t he re la t ive impo r ta nce of the middle S usitna River fa. maint a in ing - z .

s ummer base ttow in th e lower ri ve r . BV mid - Se pt emb e r cold ai r

!~
,,; !

I
t emperatu res of high e levations ca us e a decrease in t he st reamflo w ,;

co ntrib ution from glacier mel t and increa ses the importance of f,,11 rai n · ~
,;

· • - 0 · e
s to rms in milin tain ing lowe r ,' ,v e r s t r-eamflcws . '~ §

,
~ ~ g !I ; ~ ~ · -' ~ - ·I

, - · •
l~ · • • ~ - ,

2.3.2 Lower Susitnil River Tributuies

I ~

Tribuhries to the S u s itna Riv e r be low Ta lkeetna ge ne r a lly fa ll withi n 1

I two c lass if ica t ions : Susi t'lil Basi n lowland s t r eams end s t reams . · j • e ~ t c. : I i ~ • - ·
~

s l e " · 0

~
,

.I ~ ·8 • 0
~ : ~

, ;,

I -9-
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o ri g inat ing in the Tal keetna lI.'oun t a ins . ntlnll~ b..!;!,, -\\ id f> sunuee r­

st orms , th e olmount of r unoff per u r ut C1 rt'd ::;<'IH" I".. lly l nl:: n ' .. , .. s ..s t he

ba sin s ize decreases . Sma lle r trib utar ies 9""ne r ..Il~' h,lVt' it mo re ra pid

and preoc u nced r es pon se to ra instorms t ha n la r !::le r t rl l>ut .. ru~s o r t he

rna.osten! Susitna River .

The Susitna low lan ds a re co vered with b irch ,lnd wh ite sp r uce fore st s

on the be tter drai ned si tes . wit h b lold . sp r uc e trees .m d Sphil::1num

bogs on t he poor lv d r-ained srtes . The a r('<l is rela t ivE'ly f la t . wit h

low h ills to t he south a nd moun ta ins to t he "ps t t-a ng ing In e lev a t ion

up to 8. lXX> feet . Lcwt a nd s l reams hav e relati Vf'l y n. t cha n ne l g r.l d i ­

eots and nume rous meand ers . Sno wmelt in la l p AprIl to ea rly -.,,, .,.

uuses h igh spring s t rl;'amflo\\S . T r ib ut il ry flow typic illl y e!ec line s

during the su mmer wh ile r espone!ing to rain filII wh ic h ol t t imes Col uses

short term peol k f lows . La ke s ilnd bogs ret ar-d runoff f rom summe r

s torms u usi ng low e r ~ak f10\~S of lo nger durati o n . Hence low er­

r iver ' ributa ries wit h ta kes en d bogs ar-e gener a lly b u ff e red f rom

flash y spi ked flow e vents . St reamflow in 10" la n d trib utaries e r-e not

influenced by g lacial me lt . The Deshka Rive r nea r \\' illow (USGS

St.tion No . 152941 00 ) provide ol n e llamp le of streoilmflow s fo r a low l. nd

tributary , Figu r es 1 .1 th rough 2..1.

Streams o r ig ina t ing in t he Till kl'e tn a :l. lou ntilins hev e a lp ine ve g e ta tion

covering th e portio n (If t he ba s in above ilp p rOllima te ly 1 ,OO(l feet , with

fores ts of birch olnd wh ite s p ru ce o n bette r d r-ained s ites . a nd b lack

spruce trees and s p hag num bogs on t he poorly dnined s ites . The

St reolmS have relolti"el y s tee p c h a nn el g radients in the mou ntai ns oiIr,d

tra ns it ion to r elat ive ly flat c han ne l g rad ie n ts a nd meander- s in the

lowlands , Snowmelt in la te April to ea r-lv May Col u ses high sprin g

s t reamflows . Tributary flows typiCol lly d ecline dUring th o s umme r

wh ile r es po ndi n g te r;J i ~ f ;:!! whi ch .It t ilr.C:: :;;::"; :;1::: ::hc r t te r m .. eak

flows . Willow Creek near- Willo w ( USGS Stat ton No . l a29-l00a) p ro v ide

a n ellolmple of a Talkee tna Mountdin s t re am, Fig ur!!'s 2 2 th roug h 2..1.

-10-

R20/ 16 14

2..1 Potent ial EHKts of i1n Alte-red Lo we r Rive r Flow Regime

2. 01 .1 Ge neral

Th e effeet of the a ltered flow regime of t he middle S us it na Rlvpr

uused by the p roj ect will be dampen ed o n t he low er- Sus itnd Ri \ t' r b y

the moljor tributa r ies - the C h uli l n ol Rive r ( RM 98 ) , the Ta ll. t'et n.

River ( RM 97) an d the Yentna River ( RM 28) . Wit h -p roJec t f lows In

th e lower r iver are e llp«ted to be h igher t h <'l n na t u r a l flow s e!u r in g

the winter and lower than na tu ra l tlows du ri ng t he SUIDmf'"r .

\vit h -projec t f lows will inc rease t he re t urn p eriod fo r il g ive n

molgnit ude flood , For ins t ilnc e , t he nat ura l flow h \ O-" t' ilr re t u r-n

period flood fo r natu ral co nditions at Su nsh ine will ha ve iI re lv r n

period of .pprollimately ten y ears e!u r in g proj«t opf'" r ..- tlo n

( Br edt hil ue r . nd Orilge , 1982) . Th is analysis WilS bast'd ..." one of

several possible with -p ro ject flow re-gllnes an d IS p resen tee! to

illust r ilte the effect of the p roposed p ro ject o n the f req ue nc y of

ch.nnel formi ng floods oc curring in the lower Su si tna River .

Project ine!uced reduct io ns of mid -summer mains tem discholrge mol Y

potentiollly . ffee t adult salmon acc ess in to 101\ e r S u s itna River

tributaries by : 1) d ecrea si ng the s ize of bac kwate r a reas av a ila b le to

migrating sa lmon fo r rest ing o r holding a reas nea r t ri buta r y mout hs;

2) decreasing the wa ter depth in t he tri butary mouth ca using

in s uff ic ie nt depth for ad ult Sol lman to enter the t r ib utary ; and 3 J a

change in the morphologic stabilit y of the tribu t a ry mo uth o r

.djoi"ing s lough/ side c h ol nne! tbe r-ebv inhib iti ng ,Iccess into the

t r ib u ta r ies during pe r iod s of low tributary tt cw .

2 4 Holding Arons

One princ ipal affect of with-project ftOI\S o n t r lbutolri t>s will be a

reduc tion in the sill" and depth of low ~' ,, ' oci ty b ,lc l.wilt t>r il re ilS nea r

t he t r ib utary mouths . Quant if ica t ion of t his e ff ec t is co mp lica t ed
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bKau!.e· the up strea m e x te n t o f these b ..~ I.. " atpr .ur .lS 'I.'iln e s as a

func t io n of ma in st l"fTl s tage , chan ne l 9Po1Tl.. try .md tnb-u t .. ,.y flow .

Th e decrease in main s t em a nd s ide c ha nne l witt e r $u rf ..CII' e fe .... .atl e.n s in

t he lowe r Sus itn a Riv e r ca used by p r-ojec t op e r-a t ion will V<lry d epe nd ­

in g on the s ha p e of the ch annel c rcss -vcct tcn . For a g ive n c he ng e in

di sch a rg e the s tag e ch an g e will be g reater a t it co nf ine d c han nel

sect ion s uch as at th e Parks Hig hw ay B r id ge It he loc a t ion of t he

USGS Su nshi ne strram gag e J t han . t a wid e . b raided chan ne l sec t io n ,

such as the Delta Is l.lnds , where . , molll mc r-eas.e in s t age g reat ly

inc reut's t he chim nel cross -sect ional .areol .

, h e ch..og e from natuul flow s o n t he lower r iv e r ca used b y p roject

op e rAtio n will g e ne rally resu lt in inc.r ..-.ned flow s in t he l.ate fa ll and

winte r . lower flow s d u r ing t he s umme r . a nd nearly eq ual flo ws in

s p ring and early fa ll. During e x t re mel y d ry y ears , wit h - p rojec t

flo ws ma y e q:eed natu ral flows in la te s ummer and ea r ly fa ll. T he

ge neral effects of the a lt e r ed f low reg ime o n th e s ize of ba ck wate r

a r ea s a r e s hown in Ta b le 2 .2 for " a r iOlJS trib uta r y flo w co nd iti o ns .

Duri ng with -project s umm..- r fl ow condit ions when t r ibut a r y flows are

h ig he r than a" erag e long te rm .t r ib u t a ry flow s . t he size of backwater

iil reas a t t r ib uta ry mouth s wi ll d ecrease Ctl ( T.ab le 2 .2 ) . Du ri ng

wit h -project s umme r flo w co ndi tions wh en t r ibu ta ry flo ws a re les s

t ha n a"erage lo ng t e rm t r ib u ta ry flow s . t he s ize o f back wate r a rea s

may inc rease Ctl. ha" e no cha nge C- ). o r decrease U) ( Ta b le 2 . 2 )

d e p ending upon the retet tve pe rcenta g e s of wh ic h with -p roj ec t flow s

and t r ib u t a ry flows a re lo wer . The n a tu re e nd d eg r ee of change of

t he b ac kw at er a r ea ... t e ac h t r ib u t ary is a f u nc tion of c ha n ne l

gradi ent . t he ru noff c h a r ac te r ist ics o f t he ba sin ( s uc h a s percentage

of b .JS in .::s !o :-e :o t . takes e r bogs , thc rc-b.,· c ...us in:;; s lowe r- t ime tc

p ea k a nd lowe r pe a k flo ws) and whether th e trIb uta ri es jo in t he

main stem d i rec tl y o r th rough .a side chan nel .

- 11-

TABLE 2.2 CHANGE IN SIZE OF TRIBUTARY BACKWATER

AREAS DUE TO WITH-PROJECT FLOWS

" "IN STEM WITH-"ROJ E C T FLOW

HIOHER T RANS IT ION PER IOD L O W ER

LAT E FAL L MAY" S E P T FLOW S UM M E R F L O W
" L O W

w
wC
> c <:>O· 0 Q

• w
Q

c >
I• c

0
~ I• w
> •• c
c • <:> -
"

w Q>
~ c
~

•
" • w

•
~0 c <:>~ • 0w w Q

• >
c

SIZ E OF a ACIe WA TER A R E A S A T TRIBUTAR Y MONTH S .

.0 IN C:RE A SE S ,

18 ..... PRO XI ..AT E LY T H E 5 A M e . O R

Q DE C:RE A S ES .

D EPE N OI IiliQ O N T R I BUT A RY " L OWS AND M" IN aTE M W I T H- PROJE C T FL O w S .
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2A .3 Trlbuu.-y Acuss

r ...b ut. ..ie-. enter t he lower Sus itn~ River either in s ide channel s or

s lough s or di rectly in to t he lNIinstem . The ..ffeet of the .. tte eed flow

reg"". on f is h . eu 'ss in to tributaries entering in s ide :himnels or

s lo ug hs de-pends on t he with -project f low rel.tive to the main st em

discha l"ge rKj uired to ove r top the head of the s ide eh."".1 o r slough.

Overtoppi ng d isch a.-ges menu red .It Sunshine nnge from less th an

13. 900 ch .It WIllow Creek to 36,600 efs .It Kreto Siougn . For th e

wit h - p ro jec t flow r egi me being used in this anal ysis . on an av e ra ge

wee kly ba sis 36 . 600 eh will be exceeded 95 percent of the time f rom

June 14 to August 11 (Harza- Ebasco . , ~) . For the tributa r ies

whi ch en ter til e mitinstem di rectly the upstream extent of th e

backwate r will decs-ease, u will the depth of f low .

2.~ .~ Tribut~ry Mouth SUbility

Morphologic st~bi l ity of the tribubry mout hs in s ide ch~nnels .nd

sloug hs depend s on t he pe.k flow of ei t he r the lNIinstem o r the

t r ibub ry . Where depos it ion of sedime nt U1r r ied downs t re.m b y t he

t rlbut.ries p resen tly oc c u r s it wou ld likely oc c u r somewh .t clo ser to

t he t ribut. ry mou t h un der with · project flow u ~ result of t he

u pst re~m uten t of b.ckw.t e r in the t r ibuury being reduced . Si nce

the flows in the tributuies will not be affected by p ro ject ope n ti on .

t r ib ut. ry pe.k flows will continue to tnnsport INIterj~ 1 from th e

tributary .

-12-
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3 .0 STUD Y PLAN DES IGN AND METHODS

Th e ,,1·IC(.t ,\"f' of this e Villu. t ion is to delermi ne ""heth.,. . Itention of t he

Iv" e,. SUll t n. River flow regime by t he p roposed Susitna Hydroelectric

P rol~t is l ik el y to ,dfect the aVilil.bility of hGIding ueu fo r .dult ulmon

n~.r tr.but. ,.y mout hs, .ecess by .dult ulmon into t r-ibutary ,1,.eMns for

s P,llwn ing or morphologic sbbil ity of the tributary mouths . Th••bil ity of

fis h to pilU t hroug h • given stre~ reilch is primni ly • function of the

sPK ies c,f f. s h .nd life ,1. 9. being considered, environmenbl ,tres,es the

fish ere ... pos ed to during migration . water d~th .nd velocity in the

p.lSuge r-••c h , len g th of th e puuge reKh and ilvilil.bility of resting

.reu . Pus~e c,. it eri. most oft e n co nside red .Ire .liter depth . w.ter

velOCity .nd puuge n •• c~ length .

Pre" iou s p .1Suge c r iteri a used for evaluating aaess and puuge conditions

in the middle Susitna Ri" er (RM 98 .0 to RM 152 .0) include a set of c u rves

de vel oped for adult chum ulmon (Sautner, Vining and Ru ndquist, 198-1).

Puuge abili ty wu r-ated as a function of water depth and reK h length .

The middle ri"er eur-ves were deveJoped for s lough spawners from field

meuurements, lite r a t u re "alues a nd professiona l judgement of AOFf.G ,

W~ward Cly d e and E .W. Tri hey f. Associates personnel . Water velocity

was ass umed to be less than 2 .0 fps, and two genenlized cha nnel types

we re d ef ined .

Puuge crite r ia fo r the lower Sus it na Ri"er needed to inc lude t he five

Pacific ulmon , therefo re t he pa suge criteria u sed are those r ec omme nd ed

by Th ompson (1972) and applied by Trihey (1983) fo r t he mid d le Susit na

River tributaries India n River an d Portage C reek ( Table 3.1) . The

p roc~dlJres used fo r evaluati ng tributa r y accen in t he lower Su sitna Ri"er

illl,. luut!: i" it i..l ..i rphoto assenment u ' the umdi t ions at the trib utary

mouth . field c heck ing of the airp hoto assessment d uring low flow

cond iti ons , and taking spo t meas urements at loc at ions where passage may

be a probl Ml .

- 13 -
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TABLE 3 .1 DEPTH AND VElOCITY C RIT ER IA FOR SUCCESSFUL UPS TR EAM

MIGRATION OF ADULT SALMON ( FROM THOMPSON , 1912)

Min imum hbwimum

Fis h Copt. Velocity

SpKies 1ft) I .... )

Chinook ulmon 0 .8 8
Coho u lmon O.G 8
Chum u lmon O.G 8
Pin k ulmon O.G 1
Sod.eye ulmon O.G 1

Th e lowest wit h ·projec t . verage weekly flows es ti m.a ted fo r the period June

J to September 15 is 21.500 cis at Sunshi ne (H.aru-Ebasco, 1984) . The

Sept ember 16. 1983 .erial p ho togr ap hy , with a flow .It Sunshine of 21,100

cfs , wu select ed for t he initi al airphoto .ssessment and as t he photo b.se

for this r eport . These photos show reason. b le worst cue passage

conditions since the mainstem flow rate is lowe r t h.n the ellpected

wit h -project flows . nd the tributary flows .Ire also low . The p hotos were

ex amined for sa nd ba rs, riffle .areas and contin uous water at tributary

mouths and in s ide c ha n nels lead ing from th e mainstem to t he t r ib u tu y

mou th s . Tribut.ries with potentia l access problems were id"ntified for

foUow-up aerial reconnainance and on -site field mees urement s • Depending

on the tribu t a r y , field c hecking co nsisted of he licopter overflights ( Oeshka

River) , boat ing up t he sid e channel to the t ribut.ry mouth (Su nsh ine

C reek) , walk ing along th e s id e c ha nne l to the tributa ry mouth (Trapper

Creek). and taking depth -"eloci ty meas u reme nts .It po ten tially c ri tical

pa ss age reac hes (Goon Creek) .
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·1.0 RESULTS AND CONCLUSIONS

-l . 1 Ge ne r ill

Thi s as ses sme nt of access conditions at fifteen lower 5u sitna River

t ri b ut ari es found f iv e loeations that may presently restrict the movement of

ad ul t sa lmon ( Tab le 4 .1) . Specif ic site evaluations are presented in

b I'libi t A with obliq ue and ve r t ical air photos showing the tributary

co nfl ue nce with t he mai n s t em and an air photo mosaic showing the area

su rroun d ing t he tributary mouth . The head of Kroto Slough becomes

d ewat er-ed a t mai nstem flow of approllimately 38 ,000 efs, but there is still

acces s in to the lowe r part of the slough from the Ventna River . Potential

access p ro b lems e xis t at Roll y Cr ee k due to a debrois jam near the mouth ,

at Caswe ll a nd T ra pper Cree ks because of shallow depths in an unstable

s id e c han nel leading f rom the tributary mouth to the mainstem and in some

reaches of Monta na Cree k whe re the water veloc ities may be excessive .

T he affect of the p roposed project on the flow regime of the lower Sus itna

Riv er will be d ampened by t he influence of . the major tributaries : the

Chu iit na , T'al keetn e , Deshka , and Yentna Rivers . Effects of the altered

lowe r r iv e r flows on acc ess cond iti on s at tributary mouths will be further

mas ked b y the dynamic va r ia t ions of a braided river and the natural

response of th e tributaries to s umme r rain storms . Figure 4 .1 compares

average weekly natural flows for a representative year , 1983 , with flows

during project operation. This ellample is one of SIIveral poss ible

with -p roject flow regimes and is presented to illustrate the potential

c hanges in lower river flow regime .

Based on the t r ibutary evaluations p rovided in Exhibit A, it can be

concl uded t hat access by adult salmon into tributaries of the lower Susitna

Rive r s hou ld not be inh ibited by with-project flows in the 25 ,000 to 30 ,000

cfs ran g e . The size of backwater areu will be affected hs shown in

Tab le 2 .2 1. howe ver the degree of change is difficult to quantify due to

t he natural v a ri ab ility of tributary flows. Tributny mouths should become

R.:!U/ 16 20

more stab le wit o wit h -p-roject flows a lt ho ug h the n atural v a r ia t ion in a

b roil id cd r w er- wI ll ma ke q uan t i f ic at ion o f t h is chang e difficult.

4.2 Holding Aren

Proje ct affects on t he e xt e nt of backwa te r area s va ry depending on the

sea son , p reci p ita tio n , the cha n nel gradien t and location of the tributary

mout h (in a side ch an nel o r t he main stem ). Th e ch annel cross-section will

determine t he amount t he rnainstem s tage d rop s for a s pec if ied dec rease in

flow . Fo r @Kample, th e lowest medi an average flow at Sunshine du ring the

fou r week period Jun e 3 to J une 30 d ro ps f rom 59 ,400 cf s under natural

condit ion s to 3-1. 900 ct s un d e r wee kly wit h - projec t conditions (1996 load)

(Ha r za -Ebasco , 1984 1. Thi s ch ang e in s t reamflo w causes a decrease in

stage of 1.9 feet at th e USGS Su nsh ine gage , whereas at Willow Creek ( RM

49 .1) and Caswe ll cree k ( RM 64 .0 ) the decrease in channel stage for the

s ame d ec rease in f low a re 0 .7 an d 1 .1 feet , respectively . Using the stage

c ha ng e at Su ns h ine to dete rmine t he chang e in channel stage at other

loca tions on t he river may be misleading . Where possible , stage-discharge

curves developed at or near the tributa ry mouths should be used to

dete rmine the po t entiat eff ect 0 1 wit h-proj ec t flow s o n s t age. At 21 ,1 00

et s t he upstrea m ex tent of back water is s lig h t or nonexistent at each

s t udy site except t he Desh ka River . In the ftow range of 35, 000 to 60 ,000

cfs in June an d July t he change in backwater edent may be severe at

Sheep C reek due to the relat iv ely flat tributary channel gradient(Table

5 . 1) . For mos t of the other tributa ries there wi ll be a moderate change in

ba ckwater e xt e nt .

4 .3 Tributary Access

At confl uences of t ri bu t a ries with the mainstem or side c ha nne ls t ypicall y

t he r e is a low wat e r ch an ne l. T ributaries identified during the init ial air

p ho to a ssess me nt ha v ing potential access problems had water depths

ra r,g ing f rom 0 . 4 to 3. 0 feet at 17, 800 cfs (Table 4 ,1) , Exhibit A

describes whe re the water depths were mea sured . Three creeks have
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~ .I S-" 0' rolEIlTlAL E"ECTS 011 WIIH-l'tIOJlCI rLOlr.; Oil TR' 8 UI ARI[ S 0 1
THE LOWER SUSllllA RIVER

[ ffeC\ i o r With- Pro rec e " OW~ On
s.-.ry or Adu lt S. 1.an r.aug. COncUt ions. lIe.c r . 5 he rlC:5 Acce ss Int o fitO rpho l09 ' C St.b t I h l'

l r ! bll t. I.I "I"'I ~_+ _\JJ.!'~ U. '98 o f St re•• Tr lRutary Moyth ....I!.!h.UL!n.-. I .lil!Lll-.JZj ..-Q!1.J'!'y'!"~.!.~re•• O J Of Ir jbut. ry !!Du \h IItt
~ ,,, , . f' S . d ·' In terf .c. R••e n , 198~11 1 for DiSCha rge It PtJ.. .. . b la ... Soevuru Itoderate S ' . qh t

J.L I I,lll ~U· _" 1 1'0 c.rl_.!I'"U ~I n lulls.! &!J!!!!l!!i Wlt, r DeR\h ,'S ) Sunlh ine ' cr,) lma!! ~ ~ ~ ....Q!!..!!9.L ~ t!£Um WISn-rm ' te t

A I O .. . ftddr C. ~ . I Ilot Surwyed ~ ~ Good COOCl

k r o t u So ' ~t. . 1 Ilo t Surwyed dry 38 ,000 X il i A Good COOCl

RO i l y C r 19 .U X -.- _ 3 , 300 X X Good COOCl

De ...... " " O. t. ~ CI'IS ' Co X X f. ' e r. l r

Wi l l ow Cr &t9. 1 S P CI'I Co P Ol 2 . 8 17. 800 X II Good COOCl

l w. I 'ow Cr ~.~ ~ Ck S P CIt I .~ 17. 800 II X Good COOCl
Co.... ",.,i trw " 61 . 0 POl X X r, l r , . Ir

c..,wel l c- 64 . 11 Ck S POl PCI'I 0 . _ 17.800 X X h ie ' . l r/COOd
Co

Sheep C r 66.1 .< S P CI'I Co 3 .0 17.800 X II Good COOCl

Goo s e Cr I?O .< Ck S P en 0 ._ II II r. 1r '. 1r/COOd
Co

Monta na Cr I1.U .< Ck P Ol Co POl 1 .1 17. 800 X X I'oor Poor/ ' . ' r

fUtl leh "," Cr 8 3 . 1 X Ck S P Ol X X F. 'e COocl
Co

Sunsh i ne Cr ft~.1 X Ck S P Ol POl I .~ 22 . 600 X X Good COOCl
Co

B. ree Cr 89 . 2 II Ck S P CI'I X X r. le '. ' r / COOd
Co

' r .. ppe c Cr 91.~ II Ck S POl PCI'I 0 . 6 20.100 X X r, l r F, I r
Co

1 t he i n t.e r f ace re.c n I s rirs t. th ins • • te rnMI Mtu th up the tr lbuury.
So u rce aar ret t.. et. . 1 . 19850. Ck . ch i nook. 5 • sockeye . p . p ink.
e h • c rll,• ••nd Co • eeee ,

2 rroble. - There i s. an e '-:Is t.i ng prob le. w i t h r lsh acce's .

Po s S l b ll , 'rub le_ • The re is. the pOten t i a l r o r a cce,s prob letlS depend i ng o n l ov t r lbuta,." fl OWS.
da b r ;, J a . , or channe l c ha ng e .

No Prub l e • • No pro bl e . w.th .. e ee.. , c u r ren tl y e Xht s .
Se ve r e Ch.ng8 - The e x ten t or b.ck",. ter are. c o ul d be , e verl y reduced by v i t h-proJect

fl ows. d u r i ng J un e .nd Ju ly.

Mode r a t a Cha ng e - The .x t e n t or back..,ate r area c oul d be -adent.ly reduced by
by v i t h-projeCt fl ows dur ing June .nd Ju ly.

51 i g h t c n"''ge • The e x t e n t Or backwater area could be s l ightly reduced by 'l Ith-proJect
r low s du r ing June and J ul y .

It Good - No Cha nge In tr Jbutary lIOuth ..rphology s ince 19:"

ra l r - so.. CMnej e i n tr lbuury -out" IIOrpholOCJY s ince 19'"

Poo r - Ch. ngo i n tr i buta ry lM)u t " IIOr pno log y r roll 1951 to present .

-15-
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not

t he

low grad ie nts of the t r ibuta ry st re ams , it is

be dow n cu tti ng of the cha n nel bed at

resul t in p rob lems with perched trib uta r ies .

R20l1 G 21

Currently only one t r ibuta ry mout h is morphologicall y un stable . Since

1 ~5 1 the side cha nne l ups t ......m vr :.lontan .. C r ""I.. !odS y rown in si ze and

becom e more stable . However, t he creek mout h con ti nu es to s hift its

locat ion from year to year . Th e genera l effect of with -project flows will

be to r educe th e f requency of t he cha nne l- forming flo ws , thereby s lig htl y

increas ing the s tability of the s ide ehan ne ls .

Wol le r d ep th s Ipss th a n Ihe recommend ed depth (Table 4 .1) . Caswell Creek

was m..a s u rcd al 1i.800 cfs , below t he 21.1 00 ds considered the base low

flow ;u ,d well b..low th e 30 .000 to 35,000 ds range for low with-project

flows mid -J une through Sep tember . For with -project flows th ere shoud be

sufficien t wate r depth for acces s . Be low 20,000 to 23,000 ds the head of

Goose Creek s ide c ha nnel becomes dewatered and water depths in the s ide

cha nne l are dependent on tributary flows . The shallow water depths were

meas u red durin g a non-overtop ped condit ion . Water depths during

overtopped periods should be s uffic ie nt for access . Shallow depths in

Trapper Creek were measured during a non -overtopped condit ion when the

wa te r depth was dependen t on tributary flows . Du ring overtopped periods

t he re should be suff icien t water depth for access .

Site s pec if ic quantif ica tion of with -project water depths ava ilable for adu lt

salmon acce ss in to lower ri ve r tributaries is no t considered necessary

because t he meas u r ed and estimated water dept hs at 21,100 cfs are

suffic ient for passage. Th is flow rat e is exceed ed 1~ pe rc e nt of the t ime

durin g the period June 3 to September 15 (F ig ure 4 . 1) . With-project flows

may hav e an effect on the upstream extent of . backwate r areas at t he

tribu tary mouths , however the dec rease in s ize of these areas is not

expected to cau se access problems .

Due to the relatively

a ntic ipat ed there will

conf luence , which co uld

I
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I
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f XHIBI r A EVALUATION OF SEL ECTED LOWER SUS ITN A

RIVER TRIB UTARIES

The following are d~$cript l('n s of t hi' hp~ rolvgy ~nd h shlPr ie-s use of selec t­

ed lower Su s it A,} Riv~r t n b ut a r :f'$ . r hes e t!fOsc r lp h ons are b.lst-d On in it ial

aerioJl photo evalu a ti on of acc. u p eoblems , h e ld dd t . col lec ted to confirm

the eVdluat ion . and anal\'s is of t he pote nti a l e t t ec t of with · p rojt"C.t flows on

bKkwater areas and morpholoJic s ta b ilit y of the trib uta ry mout h . The

fisheri e s use of the trlbu tar.,. muut hs fo r t.p d"ning o r passage is from

" Ap p e nd i. 7 - Adult Salmo n Lowe r ~ u s i t n" River Spa wni ng Su r-vey s ," by

Le vesque and $polgr(' n I Barr-et t , et at . 1985) . Dept hs reported for

tributa ries are passage d ...pt h s whe re c rc ss -secucn s were measured and

ma . imum depth whe re c n lv spot mea s u reme nt s we r e made , Pauage depth

is the average of th e mean de pth "Inc the ma lt.imu m d ep t h ISautner . Vini ng

and Rundquist , 19&11. Ae ria l p hotog raphs (a t 1M = 5Ol:f) of each s t ud y

site ' are p rovided fo r a flow at Sunshine of 21,1 00 efs h. cep t fo r Caswell

and Sheep Cre-eks . whe re t he 1000'o'! s t flow at wh ich ae r ia l photography is

av ail.lble is at 59,100 ef s. T he t r-ibu ta r-ie-s are g iven in upstream orde r.

Tributary locations a re marked on t he lower Su si tna Riv er aerial mou ics

(at 1" =2iXXf) .

A- I
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Alex ande r Creek

Ale Jla r.der Creek (F igure ,\ ·1 an d ,\-:0 o r ig in.tte !!. II I the Susuna lowland s

and flows southeast to t he Susi t Oil RiH· '". Lhe flow rC'g imr is s imdilr to

th e Deshka River ( Figu re 2 . 2 . 2 .3 and :L ·I) . e vcep t t ha t f low f rom

Alexa nder lake wil l r esult in a h ig ht' r b il$t> f low Cl/ r illg dr y summor-s a nd

during t he winter . Th e c ree k is a popula r fIs h ing s tream . Year carcu nd

r esidents live ju st up stream fr-om th e co nf Iuenc e ,\ ith t he Sus it n a River

(Phot o A - I ) . Th ere is beat s cce s s <It 21 . \lIO ds (a t Sun sh ine ) from Cook

In le t up the west cha n ne l. Potentia l fi s h access is up thi s s ide c ha n nel o r

throu gh th e eas t cha nne l then t hro ug h iI slou ah (R \ l G) to t he wes t

chan nel. Th e affe ct of \\ ith -p r-ojec t flows on t be l1>ol'p ho log ic s t ab ilit y of

th e t r ibu ta r y mouth and fl s hC'riC's acc es s in to th e t r-rbute r v \\'11 1 b e minimal

d ue to the flow conf r rbut ron f r-om t he Ye n tn a Ri v e r . Ft sbertes use of

Ale lt. a nd e r Creek was no t repor t ed i n Ap pendi x 7 ( ADF r..G, 1935).

R20!16 28

PHOTO A- l

l oo king upst ream at the mouth of Alexander- Creek I R\ 1 9 , 11 . In th e

foreground is Aleund er Sloug h flowing fr om r ight to left. Photo tak en

9/11 / 84 dis charge at Sunshi ne 23 , Gl.X) cf s , d lsc h;u"ge at Su su na St a t ion

51,400 ch .
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Kroto Slo ugh

Kroto Sloug h flows from Kroto Side Channel to t he Yen t n. River . Be low

In.u n s tem flow s of 38 , (0) ds th e head of Kroto Slough becomes d ewetered

( Figure A -3 ) . flow in to the u pstream end of t he s loug h is e n t irely

depende nt on s id e c han nel flow s , although sma ll lowl..nd t r ib utaries en t er­

,Jiang the sloug h . The s ide c har.ne l typica lly h.n wate r unt il a few wf'f' l.s

p ri o r to I r-eez e up . T here is a controll ing b e rm a t t he head of t h ~ sloug h

(point A. Figu re A -·t) . An ADFtG Re s ident -Ju ve nile $ t u~:' s ite l point B.

Fig ure A4.l) s tud ied th e eff ec t of c han g e in s tage on sev f'ra l hdb it at

pe rem et er-s . Pa ss ag e by t he u p s tream b e rm is u nce rta in a t rat us-a l flow s

be-low 38 .000 c fs , which u s ua lly occur d urin g e a r ly May and la te Aug u s t.

TIll' g rav el bar a t t he mouth of t he s loug h will tend to become mor-o s ta ble

d ue to t he lowe r magn itude of the an n ual flood p eak u nder w et h vp r-oject

co nd it ions ( Photo A· 2). T he head of Kro to Slou gh may be used b y

sockeye im d coh o s almon t.1 access \vh itsol Cr ee k , an d b y chin ook a nd co ho

sa lmon to ac cess Fis h C ree'<.

' -5

R ~ll 1630

PHOTO A·2

l oo ki ng dc wns t r eam at Krctc Slough (R ~.1 36 . 31. flow is f rom bottom to to,')

of p hoto . Gr-avel ba r in ce nter of photo overtops at ap p r o ll; imat ely 38 , 000

cf s . Phot o ta ken 9/ 1 1 /8~ . d isch a rg e a t Suns hine 23 , 600 ch .
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Rolly C j-ee k

1 he heed wa te r s o f Ro lly C r ee k are in the Su s it na lo wla nd s in the Nancy

l.ol l.l" M e ", . Thf' flow n ' gim f' is simi la r to t he Deshka River (Figure 2.2 .

2 .3 and 2 . H. but wo uld ha ve hig her besencw due to the in f lu en ce of the

la kes in t he b.asin . A log jam whi c h formed in 1984 near t he confluence

wit h t he main s te rn lIl ay .. Hect f ish access to Roll y Creek ( Fig u re A ~3 . A-S

an d PhQ~O ,\ -3 1. \..'1111 p roj ec t flows wi ll re duce the b ack water zone , but

sh ou ld ne t affN.! t he ac ces s o r mo rpho logi c s ta b ilit y of the tr-ibutai-v

mo u t h . Ch inoo L. ,lr llJ co ho salmo n spa wn upstream .

A·8

R2tl/l li 32

PHOTO A-3

l ooking u ps.t r-eam at Rolly Cre ek ( RM 39 .0). The Sus it na River mains te m

is in t he fo reg ro u nd flo wing from left to ri gh t. Photo taken 9 / 11/84 .

discharge at Sunshi ne 23 . 6(XI cf s .
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De sh ka River

The IJ. ' s h k" Riv <! I' OI"l9 " ,,, l es In th e S u sn na low land s and flows southeas t to

t he S usitna River- ( r i9 U I -~ A·G ) . Si nce Octo b e r 1978 . th e USGS ha s

mai n t ilin " ,j ,1 con t inuous r 'l'Con~109 Jisc hiU"g e s ta t ion 7 . 9 miles up st ream on

t he Desh ka Rive " fn,m It s con fl uenc e wit h t he S us it na Rive r ( Fig ures 2. 2 ,

2. 3 a nd l .·n. Aft e r t he Yeu t na Rive r, t he Deshka River is the second

la r g est t r-ibu ta r y be low Lalk ec-tna . Bac kwa te r exte nd ed app rolC imate ly

G. OOIl f eet u p s tream fro.n the con flu e nce wh ile t he ma in s tem disch arge was

23 . 6CX) cr s . 'Lhere i s suff icient dept h to a llo w f ish acces s at 21 ,1 00 cf s , so

wit h vprojec t flows s hould no t a f fec t acces s , Is land A ( Fig ure A- 7) has

ac tively inc reased in s ilEo si nc e 1951, a lt ho ug h recently it has sta rted

erod in g , Wit h ' projl"ct flows will dec r ease t he size of the ba ckwater zone ,

The r ed uc ti on In s ize , hcw ever , de pe nd s on man y fact o r s , p rimari ly

ma in st em s t age and magn Itu de of t r ibu tary flow , T he tributary mou t h may

be come mo re s t a b le beca use of sli g h tl y lower peak mainstem flows . T he

e ro s ion rat e of Is land A may de c r-eese . C hinoo k, soc key e , pink a nd co ho

sa lmon s pawn in t he u pstream ha b it ats .

A-l0

R20/ 16 3·'

PHOT O A·4

Loo king upstr eam at the mou th of t he Des h ke Rive r ( RM -\O,G) .

Su s itna Rive r mains t em flows f rom ri g ht to left in th f' fo reg round .

ta ken 8/31/84, di scha rge at S uns h in e 33.nuo cf s .

Th.
Photo
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Willow Creek

''' tllow C ree k o r igi na te-s in t he r " l l.._l o,) \ 'ouotA !n, oIl n.! flows y.e s t th,"oug "

the Susitn a lowla nd s to t he Su s ;t n... Riv e, l r l~ un' A-8 ). S ince J un e 19;8.

the USGS h,n m.u n t <1 ined • co n ti n uous r('<orc mg d ischa rg e s tat ion o n

Willow Creek app ro ... i,noltely 15 miles upst r e..m f rom It s con fl uence With t he

Su sitn. River ( Figures 2. 2. 2: 3 co nd 2. -1 ) , \, ..te r- dept h s a t 21,100 ci s are

s ufficient to a llow p.JSuge from th e mairr s tern in to h 'illo w C ree j, . At a fl ow

of 17. 8(X) cfs . the pa s So\g l' dep t h \\ .u 2 . 3 {('('I and 1. 9 tee t at

cross -secti ons A an d B , r-es pe ctivel v f Fig u r t' A -9 l . Thes e c rcs s v secticns

a r e a t o r nea r t he sballowes t dep t h in the reac h . The I1U"a O vel oc ity was

2.4 per second for a d ('pth of 2 . 8 t ee t ill A. an d 3 0 fp s for the m,H.imum

dept h of 2. 2 feet a t B . T he subs t l"atl! rangt'd f ro m 5i1 nd to sa nd y gravel

a t both A an d B. \'t''lth'p ro ject flows may Cil U S l.' reducl.'d b ac kwat e r aon e s ,

but should not affect access or morpholog ic s t a~>l ll ty of the tributary

mouth . Pin k a nd chum sa lmon we re ob se r ved s pa " n ing in the tributary

just ups t ream of the mouth o f \\' illow Creek in 198-1 ( Barrett et a i , 1985 ).

Ch inook , sockeye , chum an d coh o salmon spawn in the upstream ha b it <1l t s .

A-13

R20! 16 36

PHOTO A-S

Loo king upst ream at Willow Cr ee k co nfluence (R M

flows from lowe r ri g ht to the cen t er of t he photo .

discharge at Su nshi ne 38 .000 cfs .

49 . I ) . wdlcw Cr ee k

Photo ta l-e n 8/31/84 ,



LOWEll S USITNA RIVER

OAT( ", PtfOTCK."APwT 5l~T 11 . "'3
5CAL.( ,". lOCO' Hn I " 01 II

DUr z... r- . ..

I
I
I
I
I

TRIBUTARY ACCESS STUDY I-- ~

STUDY SITE LOCATION MAP

FIGURE A-a



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

PIitE'AREO BY ;

~
R &M CONSULTA N T S , IN C .

DATE O F PHOT OGRAPH Y: SE P T. HlIh,IIUI 3

SCALE: ,- " 50 0 '

DISCHAR GE _, SUNS HINE: 21 .l oocra
WILLOW CREEK

fiGURE A-9 PREPARED FOR~,----------1

Gn&OO~&c §OO&®©@
SUS1T"IA JOI NT VENTURE



••••••••••
•
••
I
I
I
I
I
I
I
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Litt" Willow CrMIr.

Litt le Willow Creek orig in.tes in the Talk"ln. Mountain s and flows wes t

t h rough the Sus itn. lowlands to the Susitn. River ( Fig u re .1. - 10 an d A-II ) .

The flow r~ime is si miIn to WiIJow Creek (F igures 2 . 2 . 2 .3 and 2.4 ).

W.ter d epths for .. m.instem !low of 21,100 cfs ne suffic ien t to allow

pu uge from the m.;nstem to litt le Willow Cree k . At . flow of 17,800 ch.

the PI I Ulg _ d~th was 1 .~ fee t .t crosS · SKt ion A ( Fig ure .1. - 11) .nd t he

_ an veJocity Will 2.0 feet per second . t the m.nimum depth 1.6 fee t ,

T he lublt n t. wa... s ilty und with some g n v el cove red with .. I.)' e l" of

s ilt -d.y . Acuss to litt le Wino" Creek is through .. s ide ch.nnf!'1 from the

Susitn. Rive r . At .. flow of 11,800 ef. t he re we re no .pp.re.... t ,h.11ow

ri ffl •• wh ich woukl impede the pus~ of f ish in to the s id e chlln"e!. Th e

extent of ~ckw.ter .t 23.600. 38 ,(0) and Sl.(QJ cis ue rqrked in Fig ure

A-n . With-project nOW's m.y uuse reduced b~ck'l...ter lone s . b ut should

not ~ffect Kc.n or morphologic st~bi lity of the t ..ibu tuy mout h . Pin k

u lmon w.r. obs. ..ved n.... po int A du ring 1984 ( Burett et ~I . 198:)) .

Ch inook. sockeye , pi nk . chum ~nd co ho u lmon s p~wn in the upst reim

h~bihts •

A-16
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R:?Oi 16 33

f he I" .shwi tn,. Rive r o r ig in <l t es in the Ta lkeet na t.loun t.:!in s and flows we s t

t hroug h the S usi t na lowland s to the S u s it na Rive r ( Fi gun' A-12 ) . Gla c ie,"

melt in the he adwate r-s results in a high e r baseflcw dur ing J u ly and

Augu s t thiln o t he r ea st b an k tribu ta ries without g lacie rs . Th e ,' jve ,-

r espond s to s ummer r a in s in a man ner- s imila r to \Villow Ce-eek . Fis he ri es

.1eCeS!; i!o through a s id e c ha nn e l from t he ma ins te m ( Fig u re A- 131. Th is

ch a nn e! provid e s boa t acc es s f rom t he bo a t la nd ing in t he Kas hwitua River

to t he main s tem (Phot o A-G) , With -projec t flows will decreas e t he s rze of

till?' ba c kwate r- l one . The reduct ion in s ize d epends o n m,loy facto r's ,

p r im,Wily mainstem s tage a nd mag nit ude of t r ib uta ry flow . The ba r' to t he

wes t of t he bo a t r-amp ha s been inc reas ing in s ize s inc e 19:>1. The r a te of

g r·o\\ t h of the bar ma y slow dow n with with -project f lows . Chi nook , pin ".

c h um and co ho s pawn in up s t r eam ha b ita ts.

A-19

R2o.. ' 6 3g

PHO TO A-G

l ook ing u ps tream at t he Kashwitna Rive r ( RM 61 . 0) . $usi t na land ing boa t

r amp is on the gra v e l b ar in t he top center to lower ri g ht . Ph o to ta ken

9 /1 1/ 84 , c isch ,lI"ge at Sunshine 23 . 600 cfs .
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k!lI 16 ·10

Tt'll! h'"dd w.ll t e n of Cuwell Creek a re in t he Sus itn . River low:ands in t he

CdSwe ll l ake a rea ( Fig u re A-14) . Cuwell Creek hu lower pu k flows

",ftP" rai n fa ll e Vl'n t s t han doe' s Des hk a Rive r o r Willow Cr _ k due of t h e

infl 'J t"nce of lakes in the basi n . Ba se flow during the win ter and d uring

dry s umme rs wou ld be r eloitivel y h igher due to t he in fl ue nc e of Cuwell

l a ke . Wate r depths for flo w at Su ns h ine of 21, 100 c fs would be suffici en t

In t he c r ee k and ill the c reek mou t h to a llow fish pass ag e. C hannel A

(F igu r e A· 15 j is -:ewat e r ed at ap proxima te ly 36 . 600 c fs t hereb y ex tend ing

t he trib u tary mou th approll:i mat ely 800 feet to the so u t hw es t (Phot o A-7) .

T he low w<l le r mou th is a mobile bed of silt a nd Sclnd wh ich ch an g e s wit h

eac h h ig h flow e vent. Du r ing ou r si te v is it (Septe mbe r 21 , 1984 , 11,800

cis ) t he re wa s a wat e r de-pth of 0 2 to 0 .4 feet for a le ngth of 10 t o 20

fee- t at the mouth . Wate r ve loci t ies were low , 0 . 2 to 0 . 60 fps . Th ere cou ld

be difficu lty in passage due to s hallow d epths . At 21, 100 cfs t here wo u ld

be suff ici e nt depths an d ve loci ti es to e ns u r e puuge . With-project fl ows

will aff ect the e xt ent of backwater u p Caswell Creek . However, the area

whic h would cha nge wou ld be 600 to 800 feet ups t re.am from th e t r ib ub r y

mout h . T he stab ilit y of t he tributary mouth wou ld not be aff ec t ed b y

With -pro ject fl ows . Th e shape of t he s ide c ha n nel immedia te ly downstreilm

of th e trib uta r y mouth changes with each h igh flow i1 nd will co ntinue to

chilng e shape un der with -project co nditions . Pin k a nd c h um u lmon we re

ob se r ved spawning in t he tributa ry just upst ream of the mouth . Chi nook,

sockeye , p in k , c h u m an d co ho ulmon spilwn in ups tream habibts .

k~ : 1I1G .• ,

Caswell C reek (RM 6-LO) flows

Sid e c ha n ne l be low t he creek

Sunsh ine 23 . 600 c fs .

PHOTO A-7

from right to le ft .

mout h . Photo tak e n

Th is p hoto sh ows th e

9/11/84. d is charge at
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Sheep C ree l..

5hf> t'I ' ( r('f>l.. (l r ig i n..tes in the Tal keet na Mountains and f low s west through

t he Su si t n a Rive r lowlan d s to the Su stt r o River . As Sheep Cree k le av e s

t np moun ta ins , a seco nd a r-y c ha n ne l flows to Goose Creek . The perct"n tage

of wat e-r- 9 0in9 to Goose C ree k v a r ie s , depending on natura l channel

sh ift ing a nd man -made d ive r s ions a t the confluence of the two creeks .

T h e flow reg ime is s imila r to Willow C r ee k (Figures 2 .2 . 2 .3 and 2.4 ).

T he sma ll area of g ldcie rs in th e headwaters will maintain a margi nally

h ig he r baser tow d u r ing J u ly a nd Aug u st than that at Willow Creek .

't he .l e ,·ia l p hoto ( Figure A· 1G) is 59 , 100 cfs , a s th e a r ea was not co vered

in t he :!1, 1111 cf s p ho tog raph y . At 21 .1 00 cfs there is a continuou s water

cou rse in the s id e chan ne l d ownstream from Sheep C r ee k (Photo A-8) .

Bac kwate r in th e tributary oc c urs at ma in s t em discharges above 23,<nO cfs

(Photo A- 8 and Fig u re A- 16 ) . At 52 ,000 cfs the b ac kwat e r zone extends

a p proxi mately 5 , 000 feet u p Sheep C r ee k . T he extent of backwater for

t h r ee different flows at Sunshine a re mar ked in Figure A-16 . The effect

of with -p roject fl ows will be limited to red uced backwater zones , and will

not affec t acces s o r morp hologi c stabi lity of the tributary mo ut h . Pink

s al mon we re ob s e rv ed to s p awn just u p s t r eam of the t r ib u t a r y mouth .

C h inoo k , scckeve , ch u m a nd co ho spawn in upstream habitats .

1\-25

R20 '1 6 ·:3

PHOTO A-8

Sheep Creek (R M 66 . 1) flows f rom right to le ft. Sheep C r ee k side channel

flows from top to low er left . Photo t a ke n 9/ 11/84 . di scharge at Su ns hine

23 , 600 cfs .
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S u ns hin e on 9/ 11/ 84 .

toward s bottom

23. GOO cis. a t

Goo se C reek flows fr om top r ig ht

c ha n ne l was bare ly oves-top ped at

PHOTO A·9

ups tre...rn 'It t he con flu e nc e of Goo se Creek an d Goose C ree k s id e

(RM 72.0) .

T he s id e

IlKJ \ 'in9 d uwn Gvose Cr ee k a nd e Ie "'dt ing th e old mou t h whe r-e It I.... in s " ' Id eo

th..nnt>1 " t in t A (F igu re A ':~ l ). From poin t A water flows bo t h to t h e

no r t h a nd to the sou t hwnt. T he e vent whi c h caused t he t hdng e III t he

mou t h was probdb ly a s to rm in up pe r Sheep C ree k basin whic h ca use-d "

ch.nnel c h.ng e , d ivert ing mos t of the water d own Goo se C reek .

Looki ng

cha n nel

center .

..\-27

R10/ 16 ....

Goos~ Cr_k ori9i n. te~ In the foothills of t he Ta U..eerna Mou o l " ' " 5 end

f Jow$ we s t t h rough the Susit n. Jl,iver lowl illnds to th e S us il na Ri" t> r I Fisun:.·

A·17 .li nd A· 18) . Th e c h a nn e l s t u t s as Sheep C,._k lea ve s t he roc u m am s .

The pe n: e nt ag e of wa ter en t e r ing Goose C reek f r om Sht"ep Cr_k ve eres ,

d l:'?end in g on n at u ul c.ha nnel shift ing a nd man made d i ov enio n . The flow

re-g l~ is ' Imila r to WIllow Cr_k (Fi gu res 2 .2 . 2 .3 an d 2.4) . Goo s e C re£'k

s p lits in to fou r main channels , with two flow ing into t he m4in s t£"l11 o f t he

Sus itnol Ri...e r- an d t wo flowing in to a s id e c h an nel ( Pho to A-9) . Th e si d e

channel ov e r tops bet wee n 2O. ()(X) a nd 23 . (0) el s , with lh ~ ac tual

o verloPPlng flow \liu' y ing fl'"OlTl yea r to yea r d ue to c hannel cha n!]es anrl

d eb ri s acc urnul at :ng a t t h e head of the si d e c ha n n e l. wh en t h e , ide

ch an nel is o ve rtop~. t here is s u ffic ie nt wat e r depth a nd low wat er­

ve loc ities to e n ' u re fish passage in to Goo se Crf"ek . \"at er d ep t hs an d

vetcctues we r e meuu red in t he sid e ch .ln nel dow ns tream o f t he t r lb ut .lr)'

mou t h wh e n t he berm wa' not ov e r topped . At c ross ·,ec.tion A ( Figure

A·18) the criti c. l section h ad a wate r depth of 1. 0 fee t , . ....eloc ity of -!. 6

fp s and. r-ea ch len g th of :?O feet. Section B ( Fig u re A-19 ) ha d oil c r it ica l

secuen w. h! r depth o f 1. 2 feet, a velocit y of 4 . 6 fp s an d a r eac h le ng t h

of 20 feet . The d ischarge in th e side c hanne'l wa s 39 cis during t he se

meas u reme nt s. T he sh allowest wat e r depth , 0.4 fee t, was at Sec t ion C

(F igure A·1 9L with a water v e locit y of 0 .9 fp s and oil reach le ng t h of 50

fe et. During with -project flow s . Su n shine flows will ex ceed 2-1 . 000 c fs 95

perce nt of t he t ime f rom Ju n e 3 rd to Se ptembe r 8th . Pink sa lmon we re

c bs erv ed to s pawn nea r t he tribu ta r y mouth . Ch inook, soc keye . p ink .

chu m an d coho sa lmon spawn in upstre am h ab it ats .

Sin ce most of th e ad u lt inmig ra t ion occu rs d uring th e pe r iod wh en t he s ide

:::hi1nr.c1 berm is ov e r top ped (J u ne 3 tc !>e~te;llbE:r C). tI .... E: i , t.tue d ,,,, ,,..e

of fish passage prob lems . T he sli g ht cha nge in stag e wit h wlth 'rH"oJ('d

flows Wi ll s lig htly a lte r t h e backwa ter in t he ch a n ne ls flowin g int o t he

mains tem , b ut s ho u ld no t s.eve re ly "ffeet po te n tia l holding itr f""'S. Tile

tribu t oi r y mout h has c ha ngf"d cons ide rably sinc e 1951 due to be d toad
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Montana Cr""k

Mont .1I1a C ree k o r igi na te. in t he T;,I~eet'h1 ~lvu nl a lO ' and f lows wes t

through the Su si t na lowland . 10 t he Su s iln;, Rive r (Fi g u re A-22) . The

flow reg ime i••imila r to Ivillow Creek I r igu r es 2.2. 2 .3 and 2 . ·1). Wate r

de pths during 21,100 c f s a re s uHic ien t 10 a llow pas . age l l"Om t he mairr st em

to Montana Creek . Dep en d in g on t he l i. h specie••and IiII' s lagI.' . wat er

veloc ifies with in t he t r Ib ut a r y may part ia lly bloc k f i.h pa ••age (F igu re

A-23) . Durin g the pa . t 30 year. t he . a nc b.... a t t he con fl uence of

Mon tan a Creek and t he Su. it na have become more v('get;, ted an d

morpholog ically s tab le , Howe ver. the morp hol og y of the c han ne l bet wepn

measuremen t .i te. A and B ane t he c nfl ue nc e ch a nge each year (F igu r e

A-23 and Pho to A- IO) . At poin t A and B t he wat e r dep th an d vel oc ity

were 1.8 feet and 3 .1 fp. , an d 1.2 le e t and 2. 8 f ps , r espect ivel v , At

poin t C th e wate r d epth and vel oc ity we r e 1.3 fee t an d T, 1 f p s , while a t

poin t 0 th ey were 1.1 leet and 3 .2 f p s . ~Ion tan a Creek has a re lat ivel y

s teep g rad ient, with e• • en t ially no bac kwat er Lon e a t mainstem flow. of up

to 38 ,000 cfs , and with 600 leet of backwa te r a t 52 , 000 cfs . T he s ide

channel. entering tonta na Cree k from t he north are o ve r to p pe d betwee n

38 . 000 ch and 52, 000 cf s , The effect of with - p rojec t flow. will be limit ed

to . Iig h tl y r educed ba ckwater zones , and will not affec t access or

mor phologic stabilit y of t he t r ib ut a ry mou th . Pink a nd ch um salmo n were

obse rved .pawni ng [us t ups tream from the tribu tary mou t h . Ch inoo k and

co ho salmon spawn in u p . trea m habit at s ,

A-33

R20/l(; ~ 7

PHOTO A- l 0

Monta na C reek ( RM 77 .0) flow. from r ig " t to le ft cen t e r , 1 he Sus itn a

River main stem f low. f ro m up pe r le ft to lowe r lef t. Phot o tak on 9/ 1 1 /8~ .

d i.charge a t Suns hi ne 23,600 cfs ,
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R20/ 16 -18

g eb rdeu x Cree k

Ra bi(jl' llll. creek o dgin a to>s In th e S usu na low la nds and flo ws sou t he .. s t to

t he S u si tna Riv e r t r igun · A- 2-l). The flow "cg ime is s imilar to t he De s hk a

Riv e r ( Figu r es 2 . 2 . 2 . 3 an d 2 .-1) . At 21 ,HXl cf s p as s ag e a ppe ol rs feas ib le .

Ther e is on e r oa c h th at may p r-ovide p roblems . The ba r at t he mou t h

c ha nges s hap e yea r to yea r, d ep e nd ing on t h e h igh flows from Ra b ideu x

C re e k ( Fig u r e A -2 5 and Photo ..\- 11). Th e co nfl ue nce with th e Sus it na

Riv e r ha s b ee n nlOl"p ho k"9 Ic<llly s table s ince 1951. T he e ff ec t of

w if h vproj ec t f lows will b e limit ed to re d uc ing t he b ackwater zon es and will

not aff t'c t acce s s or mo r p holog ic st abili ty of th e t r ibu t ary mou t h .

C h inoo k , soc keve . p ink , c hurn a nd coho sa lmon s p awn in up st ream

habit at s .

PHOT O A- ll

Loo k in g upst rea m at Rabi d eu x C re e k (RM 83 . 1) .

ma in stem flow s from cen ter ri ght to bottom ce nt e r .

d ischarg e at Sun s hin e 38 ,000 cfs .

T he Sus itn a Riv e r

Photo ta ken 8/ 3 1/ 84 ,
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Sun sh ine Cree k

S u ns hine Crec k o rl g ll1.. tes II ' t he Susi t n.. Rive,' lowla nd s and fl ows south­

wes t to th e Su s ilnil River ( Figure A-2GL The aff ect of the many lakes in

t h e b asi n is to flatte n o ut t he p ea k fl ows f rom r .. infa l! events and to

ma. ntain a r('l .. ll ve ly h igh e." b as eflow. as co mpa r ed to a bas in without

lakes . A t a main :>tt'm f low of 21,100 c.r t he mout h of Sunsh ine Creek

ell te nd s dOIHI a s id e c ha nne l (f ro m po int A t o po int B. Figure A·27 and

A-28) to Su n s h ine S loug h . Du r ing t he s it e v isit of Septembe r 19 , 1984 .

1. 5 Iee t was t he c rit ica l rna ximu m dep t h in t he low water cha nnel from the

mains tem Susi t ne Riv e r- to t he mo uth of Suns hine Creek . The aff ec t of

with - p roject f lows wi ll Le to red uc e t he magnitude of fl ood flows ca us ing

mo r p holog ic c hanges in Su n s h ine S lo ug h . The s loug h wou ld t end to be­

come more s tab le . The e xt e nt of the bac kwate r a re a may b e red uc ed b y

with - p r·ojec t flows , b ut t h is wo u ld not affect access con d it ions . The

tributa r y mou t h ha s b ee n relati ve ly s t abl e s ince 1951 , and s ho uld not be

affected b y with- project flows . Pink and c h um salmon were observed

s p awn ing just upstream of t h e tributa r y mouth du r ing 1984 . Chinook ,

soc ke ye , p ink , c h um a nd coh o s p awn in the upstream habitats .

A-39
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Bi r ch e rHI..

BIrch C r f't:'" l) ri9 i nat~s in t he Sus it na River lowlands and flows southw est

to t h.. Su sl t na Rive r ( Fig u r e A- 26 and A-29) . The affet:t of the many

la ke-s In the bas in . especia lly Fish Lak e . is to fla tten out the peak f lows

from rain fa ll eve n t s a nd 10 main ta in a r elative high besenew, a s compared

to a bas rn wlth ou! la k..s . Bi rc h Creek ( Fig ure A-JO) flows in to Bir ch

C r eek Sloug h. whi ch fl ows into one of t he maios tem c ha n ne ls (Photo A-12 ) .

8 i,"ch C r f"t'k 510u9 h has suff icif'n t water for fi s h ac cess a t 21,1 00 c fs .

ThE' " " " 01 of t he b ac kwa te r a n~a in Bir ch CrHk Slo ugh may be reduc ed

<It \\ It k projt'Ct flows . b ut this wou ld not a ff ect acce ss co ndit ions .

8 .. tw("", 1 9~ 1 and 197.1 an is la nd between the mout h of Birch Creek Slo ugh

a nd the mains tem Sus it n. has e roded away . Sinc e 1974 the tributa ry

mou th h. s bee n relat ively st ab le an d s ho uld not be a ff ected b y

wit h -p eoject flows . Pink sa lmon were ob se rv ed s pawni ng near th e mouth

of Birc h C r ee k and in Bir c h Cree k Sloug h below the co nfl ue nce in 198-1.

Ch inook , scc keve . p ink , chum and coho salmon spawn in upst r eam

habi tats .

A -43

R:!tl.' 16 ~l:!

PHOTO A-12

looki ng upstream with Birch Cree-k Slo ug h ( RM 89 .2 ) flowi ng f rom c e nte r

r ight to ce n te r . Photo t aken 9/11 / 8-1 , d ischarge at Su ns h ine 23 , 600 cfs .
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Tr.p!X"r Cr ee k orig in. tes in the Susi tn~ towl~ nd s ~nd flow s sou t h('..,t to

t he Su sitn~ Ri'ller (F igu re " -29) . The flow reg ime is s imi l~ r t o t h.' of t he

o.shk~ Riv e e-, b u t h~s • sm~ lIer magnit ude of flow (Figures 2 .2 . 2 .3 ~nd

2...1) . At 21 .100 cts. Tnpper Creek extends down ~ s ide ch~nMI to the

lNi ns t~ Susitn. River . The ch .nnel is tr~ns itory . with its sh.pe .nd

w.te r d"pt h v.rying from ye~ r to y,,~r. depending on t he m.gnit ud e of t he

p"'. k flow th.t ye.r . Photo A-13 s hows how t he c h~nn,,1 ch~ngt'd sh.pe

f rom 1983 to 1984 ( Fig u re A-3 1) . During t he field 'IIisit of S"pt~b('r 18 .

1984 . the cha n ne l sh~p" wn d ifferen t from th~t s hown in Ibe .eri.1 p hot o .

M".u ured c r i t ic~ 1 malimum d"pths va r ied between 0 . • . nd 0 .6 Iee t . At

21 ,1 00 . f> f is h were eb te to . cc"ss bo th Tupper Creek . nd the ADFLG

IFI'" Tnpper Cr ee k s t udy site ( Figure A -31) • S ince 19S1 the main

ch . nn el of the Su s itn. River h" shiftt'd f_ th e west s ide to t he ea st

s ideo of t he flood p la in . inc r en ing the le ng t h of the s ide ch."nel f rom t he

mouth of Tupper Creek t o the Susitna River_ The effect of wit h -p ro jKt

flow s will be to reduce the mag nitude of the Uood flows uusing

morpholog ic ch."ges in the chan"el downst ream of Tupper Cr ee k . T he

c h.nnel would t end to become rel~ti 'llely more st~ble and the veget.tion m. y

enc~ch on the ch."ne l. The b.c kw~ter l on es will be s-educed by

with -p ro ject flows. but t his s hould not ~ffect ~ccess condi tio ns . Pin k a nd

chum ulmon we re observt'd sp.wnin g just upstreo~m of the t r ibut.ry mou th

during 1984. Chi nook . sockeye . p in k , chum ~ nd coh o ulmon sp.wn in

ups tre.m h. bit. ts .

A -4 6

R:!O/ l G 54

PHOTO A-1J

Loo king upstream at Trapp"r Cree k Side Ch .nnel ADF&G IFI M St udy Site .

T r appe r Cree k ( RM 91.S) flows f rom ce nter left to bo ttom center . Phot o

tak en 8/31/84. disc ha rge a t Suns hi ne 38 ,000 ch .
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