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The field data used in t h i s  repore were collected by t b ~  &Alasqhk Departtnenc of 

Fish and Gaote (ADF&G) Su Eydro Aquatic Eabitaf; and instregm Plow Group during 

the 1982 suanner: f i e l d  season, Special  thanks are extended to the mF&G 

Aquatic HIabitat end insth-earn Flow group staff f o r  eheir  assbstsmce i n  extrac- 

cing these data fram a much larger data base and expedftzng %:heir reduction 

for use in this report .  

Mr. Willigm J, Wilson and Dr. Charles G. Prewftt (Arctie Envircimental Infor- 

mation and Data Center, Uaiversfey o f  Uaska) developed the species period%- 

c i t y  chare and provided technical revPew o f  the paper. Dr. Ltlrpy Ruaifqui~e 

(2oodward-Clyde Gonrsultants) provided assistance with  the paper's organization 

and technical rev iew  af the backwager profiles. Jean Baldr:Lge (~oudvaard- 

Clyde Consultants) and Mr. Charles D. Evans a l so  provided rechndbcal review of 

t h i s  paper, 



The proposed Susitna hydroelectric p r o j e c t  w i l l  a l ee t  the  existing streamflow, 

sed8meae and the li segPmes o f  the river, The project would reduce stream- 

flows ae Gold Creek dazing summer and increase them during winlker, Suspended 

sedimerat, tu rb ldF ty  and water temperatures are expecsed ta fallow s i l o d l a ~  

pattexas (heres AmerLs;~a 1ni:osporated 1982). Several anadrornorrs ar,d resident 

species of fisk urPLfze a vardety of rLvl\rar%n.ne and associated t:ribpltary habi- 

tats ecp varydng degrees throughout va~ ious  seasons (Aj)F&G 1981e, 1981b, 
- - 

1981~). me anticipated chaages in the streamflow, the I,, and eed8aen$: 

regimes hire expected to affece the quantity and/or quali~y o f  f i sh  habitat i n  

the Susgtna River ehroughoue the year (Qa~oodb~ard-Clyde Consultants 1982). 

Although ~orn~e xaainsbem spawning has been doeumetteed, t he  most i~kteaeively used 

spamiag 2aeas within the Talkeeem to Devil Caayon reach are Lacabed in 

t r ibueary  tstreanas and s ide  sloughs (NF&G L981a). Of these, side-slough 

hab i t a t s  are ntose l i k e l y  ta  be adversely effected by reduced streamflovc 

during ehe inmigrarion and spaming perfad. Nat~ral  flows at the  Gold ~ k e e k  

scream gage cornonly range from 25,000 to 16,000 a f s  during late August and 

early September. b controlled flow of no trhan 12,000 e f s  from mid-August 

to ntfd-Septernbe~ i s  proposed by t h e  Alaska Power Authority.  

Because o f  rhe magnittxde of the proposed s%reanf 2ow redactdoas during the 

lnroigratiorra and spawning period, r h ~  avaFPability, a s  w e l l  as the  qualiey,  o f  

ex8s~bng side-slough spamirag habita~ is o f  concern, The purpcse? o f  t h i s  

papex i s  to pnresent a preliminary analysis of the influence t h a t  nnafnsbem 

discharge has on access t o  spawning areas in eEne sdde sl.oughs above Talkeeena. 

The paper  bas been prepared at the requese a f  t h e  Alaska Pcrwer Authority and 

La1 conperacian w i t i t  the Alaska Department o f  Flsh  arnd Gaate, Su lfydro ih$uae%c 

Studaes Group. 

t&it~eh o f  t h e  disknu~ssion and ithe concla.siows presented inL t h e  Xlat:ter pa.rt&oas of' 

t h h  report sire based on dircct obncznra~inn b y  the aur:hor. 2 other 
a?l' , .~~terfk3i~ct?cl - O ~ G ~ ? ~ T V @ T S ~  Cgetrrot)orar:ive fj-exgt rl&~..a ko cuppore ~ 3 , z ~ i ~ l r  kl?-c? 
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Studies G ~ s u p  wfll provide a more reliable indication of the range of ma%a_astem 

discharges that inre necessary for providbng access by adult s a l ~ ~ o n  to the aide 

slaughs. The AI)P&G repore fs scheduled for June 1983, Until bhe remainder of 

the 1982 data are analyzed by @Fl)F&G, the staeements presented in chis paper 

regardgap; t h e  streamflows necessary f o r  chrua salrnon to gain accress to the  s ide  

sloughs musg be viewed a s  t h e  provisional opinion of the author. 

Four g e n e ~ a l  sategozies of f i sh  kabita't  that exist along the Susitna River 

between 'Ealkeetna and. Dwll Canyan are identified, and ~ I R  introducroxy 

deserbption o f  the physical  processes that interact to provide slde-slaugh 

ha3itat i s  pzeseafed. Much of the discussion pertaining to sl.ough processes 

eonsists of e5ygrpotheses and Ps unsupported at th i s  tine, by dat.a or analyses. 

However, i t  is believed that fu r the r  analysfs of the data collected during the 

1982 f i e l d  seasail and data that: cauld be collected during a well focused f%eld 

program in 1983 will sabstantiate these hypotheses and provid:~ a bas i s  f o r  

qu;nnt%fying associated relaeionsh8ps. TQ assist with recognizing the  speeffie 

focus 06 t h i s  gaper, the  sequence in FjRFeR the various tapics are addressed is 

The Susitna  rive^ basin s c p p s r t s  populations of f i v e  Pacific salmon specSes 

(chinook, sackeye, coho, chum, and pink),  one additioaal anadromaus salmonid 

(Bering c%sco), an anadroaous osmerid (eulaehon), and sewexax resident species 

(Arctic grayl.ing I rainbaw e r o u t ,  burbog , Dolly Vardea, round cJhitef Ash, 

humpback whitefish lnngnose sucker, threespine st icklebiack, Arctic lamprey, 

and s cu lp i a ) .  RaFaabow t r o u t ,  g r a y l i n g ,  Dolly Varden and brarbot: are t h e  

prBncipa1 resident c a n g r i b u ~ o r s  Co the Sus i tna  River spor t  f i she ry  ((Mills 

b"182), The rairnbaw, graylit,$ and Dolly Lrar-den fishery $s primarily Located in 

clear alater trfllatizraes, c~i~ereas burbar are generally Zeutnd i n  the mal.astklm 

S t ~ s l t n a  Riv&?s, 



Spat i a i  znd Seasonal DPser  Sbu t i o n  
Zua%ua%:?n Species 
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l t  PInPnseem @$8~hara"gs 
2 ,  Local RunsfP 
3 ,  Groundwaecr XafXaw 
4 ,  R i v e r i n @  Ice Procgsseg 



fas  c h $ n ~ \ ~ k  ;;salmon until mo~ac% of the run  has @neered natal streams* H o w ~ K ~ ~ F ,  

ch%n.aaook stklmon are a very P q o r r a n t  sport f i s h  in ehe 1oar.e~ Susigne draiaage, 

and are harvested in a local subs.iscenee flshes)r at Tyoanek. Thlerefare Susitna 

River c h f ~ ~ a o k  stocks mf.ghl: be considered to hold a relactve averall rank tn 

the  Susitne bas8n at. least equal to pink and coho salmon, 

The fiix~e species o f  Paclfic salmon ghat inhab i t  t he  Susitna basin ub i%f%e a 

variety o f  htgb%tats t o  d f  f f ezent degrees during variavs seasons (Figure 2) .  

Aetdarity is implded by  he relabive abundance o f  a $particuls.r species/life 

stage withirl Ehe n'espeebive rime periods. Degree of a c t i v i t y  (intense or 

aanode~ate) wa,s detemined by the Universiey of Alaslca @ s Aretic. Environmental 

Inf~mnatSon and Data Center ( a L D @ )  from information presented by Woodward- 

Clyde GonsuPtants (WGC) in Chapter 3 of the draft Exhibit E for 6Re FERG 

PIcense application report (Acres 19821, 

I[dentlfCcaeion csf crftical. h a b i t a t  cornponentrs dur ing  each season o f  rhe year 

is a necessary step in assessfag impacts and developing sr viable tnitigatFon 

plan ,  Vaxiorrs species .and life stages have d i f f e ren t  cr$tieal  requirements 

and respond differenely to habitat altera~ions. A change i n  habi ta t  

conditions that benefits one specjies or life stage may adversely a f f e c t  

another; and mitigation p l a n s  favoring one speef es rnay discriainate against 

another. Thearefore, sePoctPon o f  one or  two species (evaluation species) In 

preference to ehe many life seages or species that utilize a particular 

h a b i t a t  type duzf.ng any given season i s  an e f f e r e l v e  approach f o x  pr%ori t lz inp,  

seasonal habigat requirements and focusing mitigation effcrts. 

An evaluation spec-les can be selected after i n i t i a l  baseline studies and 

impact assessments have identified the! dh~arfnalst species o f  interest and those 

habitat8 that stre most *mlnerabLe: t o  p o t e n t i a l  impacts. Far t%le gurpoSes 05 

tires report, sgeciee cri",hi.na the  Smsitaia ICdver wl.th high conrmerciai*, sport, 

subsf  stcracc, o r  aeseheebc valil~e were given p r i o r i t y .  Thosf: species .ca$thin 

%iris category whoee inahitat il; (I81augbc: to bc mast jeopardized by nntl.c$-paked 

pragerce effec:j:.n were rated hagher thaxa &hose spcej.es %ahope habitat: was  nou: 
a .  ;ccrrrafdq;yed ;:jo ~ ~ t d 4 . ; . r e r . a ~ ~ ~ ~ ?  (Tab3.e 1 ) .  $%nee no :*are a~x e g a i : ~ n ~ e : ~ . e ~ ~  :y?et* '-o bd A. 42 bib 
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Figuxe 2. Provisional PerPodfeity Chart for  Salmon in the! Tslkeetna to 
Devil G a y o n  Segtaenb csf the Susiena R$*ver (Adapted from AEPDC, 



Table 1. PSva!.ueitiu~ Speeies  s ~ l d  L i f e  Stages far  Side Slough. Hahi ta ts  FIP the 
Talkeetna to Devbl C q o n  Reach. 

Returning adults; 
Spawning adul-s; 
Incubating embryos and pre-emexgent f r y ;  
Emrgent f ry ;  
Outrnigrant juveniles. 

Returngng adultc;; 
Spawning adults; 
bcuba t ing  embryos and pre-emergent dry; 
Emezgent fry; 
Outmigrant juveniles. 

Rearing juvenir t, 

Rearing juveniles. 

Returning adults; 
Spambng a d u l ~ s ;  
Incubating embryos and pre-ewrgent f ry ;  
Emergent f r y ;  
ButmLgrant duveni%es, 

- Res - 
Lfmited data base preel.udes 
iden$ifiea~%on of relevant 
life stage#. 

Beeiduse o f  differences iar hcabirat location arad seasonal habi ta t  requlrernera&s, 

n a t  a11 sal.mun ripecies are expected to be eqrsaPBy affected by t h e  proposed 

prrject, The greaeese changes Ln Elow-dependent h a b i t a t  characteristics are 

expected to occur between Tallceetna and Dev" Canyon, Of t h e  f i v e  species of 

s~ll.anon elmat Inhabit t:'fiae: TaXkcetna to ])evil Canyon rzach, chum and soeke:l~k3 

s a  Lrr~n81 al2pear to be the t;105;% vlalnesrable. T t l i s  ir; due to t h e i r  depende>llcc.. 07-r. 

i;?rr: a 10%-tgh ; ~ ' i i O i  t.? % Y alh)i.ip; t h ~ :  n~an-l;lri;s of the fKor;rdy l.r:dn f'o~: .-pau.r;iislg .:t?c+iA. - 
, qau", t.?43r9>t* !ii,-c,b,, --sv".vfr,ri .lht;i J *) J ~ ) 8 ~ r j ,  j i  t3[{,j3:, i ( j$j6)).  3;. .r:"!," 



species, chu2~ aalmon &pappear (ro be daminane (ADF&G 1381b). Chllncok and coho 

srrlaan, w h f  le having a greaeer commercial and aport vaZue tha~n cbq~a sahon,  

may not be as adversely af fec ted by the project. These species are 

priacipally ~ s f b u t a r y  spawners; f r y  and juve~iles tear Fn cldkarwaeer areas 

such as the mouths o f  sloughs and tributaries (A3P&G 1981a, 1981b, 1 9 8 1 ~ ~  

1982). Postprojeec conditicns in the mainstem (reduced velocity and 

t u r b i d i t y )   nay pzovide replacement habitat t o  offset any poteintial lass ca 

these CradftfonaL gei9ii-fng areas that: might occur. b%ile some pin;. s a b o n  

spam bn slough habitats in the reaeh between Talkeet~a and Dev:L1  anya am, the 
rnajaribgr af these f%sh l i t i ldze tributary hab i f a t s  (ADP&G 1981La). Uthough 

@once adul t  residents appear tc use the side-slough habi ta ts  beitween Devil. 

@a~ky:lgrse and Talkerstna, Liabted infomation regarding utlfizatfon o f  side-slough 

habigat by other l i fe  h is tory  phases of ressdent species precludes a 

meaningful p ~ i o r i H i z a t i o n  at t h i s  t h e .  The au~hors' prioritization o f  

evaluatioa speefes for  side-s:ough habirae along the Susftna River between 

DevPL Canyoa and Talkeetna is provided in Table 1. 

Fish habftat: fa the  Talkeecna eo Devil Canyon reach of the Susitma can be 

divided dnto four  general categories: mainstem, side-channel, ~ide-slough, 

and t r i b u t a r y  habitats. Each g e n e ~ a l  habigat category concabns a spectrum of 

physical aterLbutes rather than a specific set o f  uniform eharacter%stics, 

consLsts of those portions of ehe Susfmn a v e r  thal: no 

convey strearoflow throughout she year. Both s ing le  anJ a i l l t i p l e  channel 

reaches are included An t h i s  habitat eategorg. Groundwa*.ate~ and tributary 

inf low appear t a  be ineonseqrterakial contributors to t he  overal l  characteris- 

t ice o f  nnaielst~m hab i t a t .  Plai~isfcem habftaa: I s  tygPeal ly  characterized by 

high-veloekty ~treawflows and weEP amlored stsealllbeds, Slebserates genera l ly  

consbst of boulder  and cobble size materials with f r a ~ e r s t l ~ f a l  spaces f i l l e d  

uu-is;, a groue-like mixture of small grave ls  and glacial  sands, St~speuded 

sc:dirnenxt ~onrcinae r a g  fort:; and tarrb$=dir;y are hig11 cB~<~ring summer due to t h e  

l~:~fllircrace. o f  gL~e:bal me?lt-~~ates-, Streaarifioi?.~ recede %n early fall, ::lrd the 

;u:irbtzte::,;t i:ldinu.r. ; ~ p ~ i ~ ~ ~ ~ ; i a ~ ~ l p  in Qctaber: be:fore aa i c e  srolrer f~*rii:c; i:lit. i::j..i--; 



ix Xate November or December. Seasonal surface water tempieraltubes da the 

minstem rFvec appear to be prilnarily influenced by ambient air tenperature 

and solar radia~ior i ,  &fastem surface wager tenperatures are ibeLieved to be a 

pr fnc ipa l  deceminant of mainstern inrnragravel. water temperaturcss. 

nornally convey s t r e a f l o w  daring the open water season but bec:omcr spprecPabEy 

dewatered dx~ring perlcrds o f  .low flow. SiGe-channel 'nabitat mlay exist either 

in we11 def fned overflab2 channels, or in poorly defined wafer courses flgwing 

rhrough p a r t i a l l y  submerged gravel, bars and islands along the snargfns o f  the 

~ i ~ s q ~ ~ * ~ ~  rbver . SPde-chan~lel streambed elevations are typlcialfy lowsr than 

the  mean raonthly water surface a.levat&ans dlur9ng June, JuXy antd August. Thus 

side ehaane18 no lliy convey streamf low th~ougf iou~ the summer. Sf de-channel 

hab i t a t s  are characterized b y  shallower depths, fcwer velocbties and smaller 

streaded ~jaterials than maiastcrm habitats.  In general, t he  sedisleat and 

themal regims of the side channel habitats reflect rcainsteol conditions. b 

winter fee  C O ~ J ~ X ~  sfm%1ar to that which forms on the mainistern, generally 

exists i n  the eide channels. The presence or  absence cf elear water inflows 

fs not caasidered a cri t isal  component fn t h e  designaeion o f  side-channel. 

habitat. Tribuiral-y and groundvatex fnf low may prevent some side-channel 

habitats f ram becoming completely dewatered when mafnsrtem flows recede. 

Throughout ehe winterrs cf 1974-75 and 1981-82 groundwater inflow and upwelling 

retained apen leads itn some side-chanael areas (Barreet 1975a, 1975b, f975c 

and Trihey 1982). 

are found An spring-fed overflow channels along the edge 

o f  the  f loodp la in ,  separated from the nalnstem by well-vegetated bsrs .  AR 

erepased a l l v v l a l  bem a f t en  separages the head o f  t h e  slough from mafnstem car? 

side-channel f l o ~ r s .  The controlling strec;mbed/stseambank elewatioas zt the 

12ps@reaar end o f  CRe s i d e  sloughs iar-e s l f g l a ~ l y  Loss than the r$,B.eem: surface 

e3.evations of the mean monthly :EIaws f o r  June, J u l y ,  and Auguse, At iia'ier- 

mediaee and lug-f  la^^ per iods ,  the si t ie sloughs convey clear water from siitiall 

;r$ butar:ies and/or upwcll-inp groundwihter (89)FltE 1981~~ 1982). These c!.ear- 

W ~ ~ C T  hn$]Ld~t~8 art? ~ ~ f 3 @ a t $ ~ d ~ 1 ~  cantx*ibu8ors to the e~zj~8t@ffkee $:"tiis h 4 '-q3**40-*-~ a~ ihil -4" *i u 4%- 

*a * * ("L" 

t j ; ~ : e  jqct:er i.:!i,rf ace elcy~;t ign of i::iv~b ~ ;~a~) : :~Y .~y  r-;gg-.g; $a@b;-j~:i ::y 

! j:asj:lj c l . , ~  8;la~*q$-i 'it$?; d i a k t 9 p y  E 9 1 +,-"u '.& a % L T  8, p' 



Ereaa tqougk a aubstantfal backwater exists, the  sloughs funct ian~ hydraul ical ly  

very m ~ e h  l i k e  small sexearn systems. Several hundred f ee t  of t he  slough 

channel often conveys warer fndependent c*f nainstem backwater effects. 

gx-ept xghea the wat:er surface elevatior. (df s e h ~ r g e )  in the m a i ~ n s t e m  r lver  Ps 

su f f i c i en t  to eTereop the upper end of  :he slough, surface water temperatures 

f n the side sloughs appear to zespond independently o f  lnainste~m temperatures 

(&F&G 1 9 8 1 ~ .  1982). Surface water temperatures in the side rslailghs during 

s~mer months are pr inc ipa l ly  a function a f  air temperature, solar radiation, 

and the gemperatare o f  the local runoff. bring winter months surface water 

teqeratures are strongly influeneed bp upwelling groundwa%e:r. The large 

deposi~s of a l l u ~ r i u m  through which the upwelling water flews aplpear to act  as 

a buf fe r  on themal reservoir, attenuating summer t~mperatures and providing 

very stable wfnter tehnperatures, Al~hough some exceptions have been noted. 

Patragravel water teinperatures in upwellfag areas are generally betwo.?-rt 2 and 

4@C throughout the year. 

consists a f  the f u l l  complement of hydraulic and norphal&ie 

c~ndiei~ns t : h a ~  occux fn the ~ributarbes, meir seasonal atreamflow, 

aebiment, and eke 1. regimes re f i ece  the integratioil  o f  the hydroldgy, 

geology ard elfaate of the Gtgb-~ ta ry  drainage. The pBysical attributes of 

~r ibu tanry  habitab: arc? not dependent on mainstern condf tisns except at the 

trfbutarjp ~ O U C R ,  where the discharge influences access into the gributazy and 

$be clear water ~ z f , f z g x ~ a ~ ~ y  h a b f t a ~  exteads as a plume into the ~ u r b g d  waters o f  

the mai-~lstern (BDP&G %986c, 1982). 

Tine physical charaekeristgacs of side-siocbia habitat appear t o  be depe~drnt 

upon Chr lmar$erace%ora 0 5  fou r  p r i n c i p a l  factors: discharge c f  the xaainstem 

Susiena River, surface runoff paeterms from e"n addjacenir catchment area, laeal 

g r o ~ ~ r ~ d w a t l j : ~  i i l fLcwp ancn river$r:ti ice processes. T h ~ ~ s e  factoris interact e n  

--* bar-p.i.n@ b de.g3:;;?~S~ durfng different seasons ol' the year to prtsvgdf a alnigue ,yp; 

x-3 e of $ 1  habrr:ar: a2.ung the a l a r g i ~ s  of the  S.x?sj.tna Rj-vei: ~ ) : x g t ~ r ~ :  'j) 

5 ;  j :  , rrt:l.lj.zeti pr:edo~;.ia~:::7y Ijy ci?,la ai?4! g3~1q.i~" ~ ~ : - ~ ~ ; k p ~ ~ ~ t f l  r L  *-. 
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m i - iguse 3. A r ~ i s g s  skeeeh af a side-slang21 and adjacent  Sus i t n~ r  River (courtesy 
$ o f  AEIDS) ,  



time during ~ h e i ~  fzesh water life, Resident specles are also found in! these 

a 

The amalane sf tiere~mf l o w  i p l  the minetem Susitna itivar p ~ i n ~ i p i a l l y  influences 

side-slough habitat conditions in two ways: 1) inteamediate level streamflow@ 

cause a baekwklter e f f e c t  at the meuth o f  the slough, which cxitettes a. special 

type  o f  elaugh hab i t a t  and faeilitirtes aceess by fish into the! @lough (ADF&G 

B981e, 1982); and 2 )  high flows overtop the upstream end of the slough and 

provide ehe dominaat f lushing action, reanoving debris  and sedf.ments from the 

s laugh. 

Sereambed elevatians at the downstream entrance eo the side slloughs are 

generally lower than tbe stage (water surface elevatlan) i n  t h e  adjoining 

minskem chinamel. Thus khe stage sf t he  =sinstern causes a hydraq~l ic  plug, 

whish impedes the f l a w  of clear water from the mouth of the slough and forms a 

elear baekwa~er zone that may extend several hundred f e e t  upstream in to  'the 

slough. 

As mainstem discharge incrccises, &he depgh and s i ze  o f  the backwater zone at 

the  math o f  ehe slough coneinues to inexease. A t  some p o i n t ,  the stage fn 

the  mainstem river becomes high enough that eurbld glacial  flow from the 

miastern enters the slough ae i t s  upse-ream end. Once overtopped, flow within 

the sloughs o f t e n  increase rap9dly from less than 10 sfs t o  more than 500 cfs 

(ADF$G 1982, R&M Celnsultraness Ine, 1982). These periodic high flows rend to 

f l u s h  out  drtrital material and f ine  sediments, which com%anPy accumulate in 

4sv veloci ty  area@ near ihe  illoath of t he  slough. OccaskonaXly, high flaws 

ttaraspcaxt sands and silts Pnto the &laugh from the  maiarstem; t~cpwever, ehe 

ovestall effect o f  these ger iodic  overcoppings i s  generally thouglrt %o result 

.Err a. fie\: transport o f  f i n e s  rand organic material out  o f  the  ~ 1 0 ~ g i i ~  Duxilig 

spr i l ig  break tapa large ~ k ~ r t - d ~ r a t b ~ n  pass through 2 1 1 ~  s i d e  ~ l o s a g h s ,  

$ od i ca l 1.y hreatcup flcs~.rs are apparent]-y nf sracEi mgk,.L&u(lil ~ l i l i i  &hey i'ilt~iovc 

c:abx:Ss and E~eavax dawa, n:adle@rl.kute s$a."argtb~d g2:'@1~t:?Ji-: andai ~ i :  t.:F,~ie;"3~ q d + % : t x  
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During those poreions of ehe year sjhen mainseem sereamflaws are high enough Co 

cause a backwa~er ef fee@ se: the mouth o f  the slough, but not high enough to 

overtop the  slough ae F t s  upstream end, the pr inc ipa l  soaarcesi sf streamfllow 

vithi~ the slough (slough flow) are from Poeal surfaee runoff (and groundwater 

upwelPing. Sunnoer ra ins tnms appear to have a rnajor influence! on the amunt  

o f  elear vaeer f l o w  i n  side sloughs during Ju ly  and August. In general, local 

surface runoff is ehoughr to c~atribuee a greater percerstagc! to the  clear 

water flow in the stlough during ehe ice-gr+e period o f  the yeag thaa does 

groundwater upwel%iag. However, a subset -of side sloughs also exist ghat 

depend p~edonninantly on ground wmees throughout the year (ADP&G 1981~) .  

Unseasonably dry weather during August, of 1982 aesuLted in the seccsnd lowest 

mean monthly m.'.nstem discha~ge in 33 years of resord ac Gald Creek. Average 

d a i l y  serearmflows f luc tua ted  between 12,000 and 14,000 cfs f o r  14 days. The 

man rasnthly flow was 270 in somparis~n ta the long term werage monehly 

f l o w  a f  22,200 c f s .  Isurlng this time, groundwater inflow to small t r2buiaW 

streams and upwelllbng withtn the  side slough i t s e l f  was the most signifFcznr 

faceor in maintaining sloughflow, Ik is hypethesized that, during a mare 

normal year, local runoff would have provided the greatest source of elear 

water to the s i d e  sloughs. 

Gr~an&i$aee~ I w f  low 

Although graundvater upkrelling; ~ o r t n a l l y  c o n t r i b u t e s  a lesser anmount o f  water  

t o  llhe co ra l  cleamater f l o w  i n  the, s ide sloughs than does surface runoff, the  

upwelling i s  bel ieved t o  be essential f o r  aterasting a d u l t  aalmon ineo those 

spawaning areas that are not likely freeze during winter. During winter  

munths, groundweer  inflew and upwelling provide slearly all o f  the. slouglr 

flc~e-?. Even t h e  water flos~irng into the slough from 6;nld;rll. t r i b u t a r y  cbaxnnels 

most 3.2Re3.y haa entered chat channel as groz*wdwiil:er. Groundwater inflow also 
T-w i.k,,.,~f.ci; jU"4 GD in seable water s u r f  ace elevations and ta aB3.senntinunus i c e  cover. Cy 

~~~t.i;-wl.xic:er  ere ~mains~ern  river 3.8 frozen otierr and nearly aXI  t-cibzrt;?rju .fXa:*r> hr j j  

A: * T s cca:;<:ttf.. 'it;;: r;sxbtii:a:nt:l:sl. p n r t $ o ~ % s  oi' tlu:+ ~:d.aJo+ 83.cra;iiill;i ;:i-i;riria i!,:;5rn e S 1 ~ + ; 4 :  
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over the slde ~ l ~ u , g R s ,   substrate^ taze nol: expected fo freeze. Fie ld  work eon- 

ducted dur ing   he winters a f  1974-75 and o f  1981-82 indicate ti~ao: surface and 

intragt-aveh water temperatures in upwelling areas comon%y sliinged between 2 

and 4@C and had a sigoff icant in f  luenee on retarding the foma~t ion  of an i c e  

cover and maintsirning gsavel substisates in an unfrozen condilrion ehroughout 

the winter (Barrett 1975a, 1915b, L975c and TriAey 1982). 

Prelimina~y gnvestigations indicate ghag the predominane slope of the 

grosmdwater table beneath rhtj flood p l a in  i s  down valley (hrcrza berfean 

I n c o q o ~ a t e d  1982). The ~r l lg in  af ehe water that anpwells in tlhe side sloughs 

i s  uakncrwn at this ti=. It may be from a dfseontinuous local. aquifer ar it 

m y  be fram the  mainstem river. 

UvelLing water appears t o  f l a w  f ~ o a  beneath the streambed ingo the slough i n  

a near vertical direction, Besides preventdng substrates from frceeziing, 

upwellgag i s  al.so thought to prevent deposits o f  silts and sands from suf- 

faeating developfng eabqos that are with in  the landerlying streambed griavels. 

The general oxygen eontenr and di rec t ion  of the upwekling f l o w  is a ~ s o  

believed to keep the embryos axygen3ted during the 2n.ncubatfon period. Oxygen 

being supplied from beneath the streambed should obviate the problems that B . E ~  

normally associated with a deep silt mantle overlyrag spawning gravels. 

lee processes in the mafnstem river are impartant in maintain%ng the  character 

o f  t h e  slough habitat. Besides reworking substrates and f lushing d e b r i s  and 

beaver dams from t h e  sllaughs that could orhewise be potential barriers to 

upstream migran,%s, i c e  processes are a lso  considered important f o r  maintaining 

the  groundwater upwelling i n  t h e  side sloughs dur ing  winntei- m~nehs. 

'The increased szage &esoeintetP wj-th a wineer. i c e  cover on the  St~s iena  saiakee; i t  

p~: i~~ i * i , i c  f o r  approx$macel.y the Game hydraulle head to exBsL- bet:wc?en t h e  

ranl,nutcue and en adjacent sidesPough during periods a f  l o w  wAntex flow as eSi;an; 

~*.hirli E:x~*GC~: ~ I I ~ K I P ~  normnE. sumer flow (l7iyq~r.e 4 3 .  The r3.var st;n,.;c ~bs:zr&vri;l 

drrciiig: eir.Jd dtgih.nr~ 190 1-82 asgoctai:gtd r*.Sne Lcc cnqr re  fn i . r i i~~j . : :k i  UP., +:E; rh -. 
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wleh sumer discharges of 18,000 ta 19,000 efts. The ice SomatPan eove~ed the 

miastern and most side chesnnels. %en the ice eovar was perpetrateds the water 

level grmerally rose in the auger hole to within .lr few inches o f  the i c e  

amrface. Thx-s the midvinter hydraulic grade l i n e  of the  aafniseera i s  suspected 

of closely paral le l i i lg  the  surface of t he  mainstea i ce  coveP. 

The s1Puvial. deposits that  f ~ n m  gravel bars and islands begwteen the  mainstem 

rtv.ver a ~ d  side sloughs are highly pennealple - =king it possZble for water 

from the. r iver  to flow dowrngradienr through the alluvium and i ~ n t o  the sloughs. 

Thus the increased stage associated w i t h  an i c e  cover on ehe r:bver may provide 

an i tnp~rtane driving mechanism for rnafntaining t he  upwellfag in the s ide 

sloughs throughout the  wbnter. 

SIDE-SLOUGEI ACCESS 

The remainder of this paper addresees only one elemenl: of the preceding 

discuusikbm: the effect o f  mainstem discharge on chum salmon access Pnro the 

sa 3ug;hs during the spaming  season. Slough 9 has been selected as 'the 

f o c a l  point  Sor t h i s  analysis. I., general, accesa f o r  upstream migrants into 

Slough 9 i s  somewhat more di f f icu l l ;  than an avsxage aceess condieion 

encountered by aduLr spawners in t he  Talkeet.~a to Devil Canyon reach. 

Upserean aceess i n t o  Slough 9 is f a r  bet ter  than access to Slough 16B or 19; 

b u t  much more d i f f i c u l t :  than access ingo Whiskers Slough or Slough 8A. re i s  

a reasanable index of entrance conditions Pntc Sloughs 20 and 21, 

The s~reambed and water surface p r o f i l e s  that d e f i n e  entrance condi~ions for 

Slough 9 on August 24, 1982 are presented in Figure  5, The mainstern discharge 

a& Gold Greek was 12,500 c fs  atld f low i n  Slaugh 9 was 3 cfs,  The p r o f i l e s  

origilnate i n  t h e  S u ~ 2 t ~ l a  River sppraxLaately 1000 f e e t  dw%rastream from  he: 

rplogath o f  e%le slough < 2 % M  crass section 12Ba4W1) and continue up the slough 

tetminatlnp with the screnni$ed elevation a t  the upstrsarzl emtrance tc the  

slczugh. The p r o f i l e  is 7250 feee i n  iex~geh, and reflects a difference :in 

elevation o f  approximately 15 Eeea: beeween e%e dowfiertx*@om (anou,~h) and tire 

eapi:i:rciia ("ndd) cnds of" ehc s lough ,  The uppc?maoc? 2900 f e e t  of  Slotigh 9 has 

an alicrage s~-renar~l~cd gxadiexlt o f  13.6 f ~ i r n i ;  wheczas ch.2 ;~v~":i . : i~f? gi*illdi8ik~~t 31' 

r: i t : :  i r s . r ~ j : .  % V l j i ,  f c~B:  02 the fiI43t9gEl J,R :ran6 j?tim-i, lri ~ : p ~ : j 8 ; L ~ : : ~ - ~ f : j ~ ~ ~ c  c - F I ~ :  



SLOUGH 9 

STREAMBED STATION fN FEET 
PRE~BMINAR~ 

subj@b to Weviriwa 

-- 
Figure  5, SPough 9 Streambed & Water Surface P r o f i l e s ;  August 24, 1982. 



gradienb: of the r iver  between  he head and %he mutb  o f  Slough 9 i s  10.9 St/@& 

(R&M Coneultanttr, Irtc, 1982). 

Alttrough high vellociries have been identified as blocking rhe upstream 

migraeion o f  spawning f i s h  in same Alaskan rivers, f i e l d  observaejlons of 

itnerance conditions at several s ide  sloughs in the Talkeetna Co Devil Canyorn 

reach indfcate that i t  is nearly impossfble foe veloejlty berrlle~s to exist at 

these localefons, Thus the  ease with wh%ch adult salman can enter the sdde 

sloughs from the  mainseem Susitna i s  primarily a function o f  dtrpth. 

The depth at the slough mouth is a function r r f  the water surfstce elevation a f  

the mainstem a ~ ~ d  the discharge Erora the slough. Data obtained during the 1981 

and 1982 f de ld  aeasotls indicate ehat the  flow from Slough 9 is qu l te  snaall, 

unless the  mainstem has overtapped the a l luv ia l  berm a& i t :@ upstream end 

(Table 2 ) .  h the  basis of these data, 3 cfs was selected as be$.ng t y p f e a l  of 

the mid-summer sloughflow in Slough 9. 

A seaff gage was i n s t a l l ed  near the much o f  Slough 9, and numerous gage 

height: readings were recorded thralrgh September. The staff gage was ininstalled 

i n  the deepest wager available withdai the passage reach to ensure t h a t  i t  

would act dewater befsre t h e  passage reach. A s  a r e s u l t ,  gage height readdnngs 

are 0.3 feet greater than the controlling depth  at the much of ehe ulough, 

Waeer surface e levat ions  were determined f o r  each staff  gage reading and 

compared ko the average d a i l y  mainstem discharge at Gold Creek ('Sable 3 ) .  A 

p l o t  of  these data indicates ehae the relationship between malnstem discktarge 

and the  ua te t  surface elevation i n  the mourh o f  Slough 9 i s  well defined f o r  

the  range o f  s t re~n ikoras  from 11 t o  31,000 efs (Figure 61, 

To evaluate zhe influence raf rnininstem discharge on f i s h  passage, backwater 

profiles were de temlned  f o r  the 2200 f o o t  reach near the m c s ~ ~ ~ h  o f  Slough 9 

f o r  fncremenral levels  of msa ians t em d ischarge  and n constant: sloughflow of 3 

c f  s (Figus'ci? 7 ) .  %o poeen t fa l  pvobleirm areas exist f;or ar luP~.  salmon enterring 

?iTough 9 ,  n 125 fooi: reach approximat:ely 400 f e e t  dounseremm fsonr eke  inou~i.1 of 

t l r ~  slcat~gh (passage react, A), avid a 280-Eonh: reach from 620 to 900 feet: 

~r:,ntrct;ra cnf t h e  mauc1: (passage reach B) . 'I'ine appras:aiui~;x ~:c r  levlgti \  r,aai! a qe ;:;~~l:-t~ 

i i- . j :  tfli! Ev i i i  t :  k.j3:;@3ji:! I :  r : ( e l ;  
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Tabae 2,  A comparison of Slough 9 streamflow measureaen%s 182th the average 
daily mainskern discharge ar: Gold Creek, 

mF&G 1Sb8lc and 1982, 
6! WbM Consultawte 1982, 

Table 3. Colnpsrison of water surface elevations (WSEL) at  he entrance to 
Slough 9 and t h e  average d a i l y  mainstem discharge at Gold Creek, 1982, 

- & 

Gold Creek 
WSEL* Discharge WSEL Discharge 

Date 
.4- -- f s )  -- 

$C hj)F1&G ~ Q ~ Q R  B2ge2 W1A and W1B, 



Figure 6. WATER SURFACE ELEVkaTlON AT 
bA0UeIB4 OF $L,OUGH 9 VS, MAIN* 
SrEM DISCHJiRGE AT GOLO CREEK 



WSEL 592. $5 
Maingf~rggl r: 22 ,m c$s 

-- -- 

' PRELIMINARY DATA 

{ W f h  OF Slough 9) 

THALWEG STATION IN FEET 

b- " 
*- a .- J-~5:..- ce 7. Ea:,ckr.~ater Prof i les  at the Entrance to ~lough' 9 for Selected Mainstem 

S~reamflows a t  C o l d  Creek, 



Upstream passage into SPough 9 by adu l t  chum salmn would not, appear to be 

resc;xlcted when malnstea discharges were 18,000 c f s  or higher. Access becomes 

increasingly .yare d i f f i c u l t  as mainstea discharges decrease. AIR acuee access 

problem exis ts  ae sgreamflovs o f  L2,00C c f s  and less. 

These stagemeats are, in  piart, substantiated by  field observatioss made by the  

author eke morning o f  August 24, 1'382 while conducting a f o o t  survey to assess 

spawning conditions in ehe lower 5000 feet o f  Slough 9. The mafnseem dis- 

charge wins 12,500 c f s  aad na appreciable backwater zone was present at the 

entrance to the slough. Several chum salmon were observed grounided tn shallow 

Table 4. Eatranee conditions at the mouth of Slaligh 9 for vax:ious mains"iem 
f l c3ws  at Gold Creek and sloughflow of 3 cfs. 

Discharge Average Reach 

water near t h e  encrance to the slough (passage reach A ) .  Depths w e r e  arasurnd 

at numerous points where the f i s h  were grounded. A f e w  isolated depth6 o f  0.5 

f e e t  were measured, b u t  :he mast represeneative depth rescriccing access a t  

t h e  entrance co the slough was 0.2 feet ,  Approximately 500 f ee t  upstream 

several chum salmon ;$ere ac t ive ly  digging redds along both b a ~ k s  of the 

slough. Fur the r  upstream between sr~tion 15+00 and 20+00 (refer Pig. 5) chum 

salmon were observed actively digging three redds  in upwelling areas along the 

t g e s t  bank o f  Slough 9,  (A e o t a l  uf  twenty f i s h  were counted), No r a _ n f a l l  had 

occurred iar c? mairistern s treanfl .0~4~ had ranged betr~een 12,200 and t 3,300 cCs 
i * dur-1 ng $lac f:t%re dnys preceding t81ese obse~:.ls.nt:Sg;~s ab:S 1982) 1h:s.s 

r t  - : :  I :  ELI:! ~ h ~ i l l o b ?  d e p a ~ c i :  : : -  .I; 

3 c ,  for  d~jyp;g~;- :~; :~~~ y L * ; ~ A p ; ~ j t l t  g 



The =instem discharge ar Gold Greek fPuctuated betgf~en  16,000 &ad 18,000 ef s 

from August 30 ro  Seprernbe~ 3 ,  the r e su l t  af rnthex t yp i ca l  f a l l  rains. 

Strearoflaw data are not available f o r  Slough 9 during this peric,d, although ft 

i s  knom thae the mainsteol discharge of 18,000 e f s  d id  nag; breekch the head of 

the sPough. On Septenzber 5 the author conducted anocher ground suwey of 

spawning conditions i n  Slough 9. b u y  more chum salmon were observed in the 

slough than were. obsenred Auguse 24, and aceive redds were located as Ear up 

the slough as station 37+00. From these observations it can be concluded thae 

a short term rise in nainstem stage in conjunction with  a.n increase i n  

sloughfaow can p ~ o v i d e  conditions that permit adult. salmon to reach spawning 

areas mid-way in ta  the sloughs, 

Pre- and Postprojec t  Aceess 

Typical  preprojece entrance conditions at SjLough 9 during the churn scdlrnon 

inmigration and spawning period were determined from a comparison o f  

streamflow duration curves (Figure 8) and the knfamation sumar ized  in  able 
4 ,  pr+.+, a p r o j  e e t  stseiamf lows during August would seldom ix~hibf  t passage into 

Slaugk 9 by adult spawners. Average d a i l y  streamflows equal  to or greater 

thall 18,000 cfs  have occurred 70% o f  the t i t n e  during 33 years o f  record, 

Adult passage: could be hampered during September since streaa~flcws equal to o r  

greater than k6,OOQ cfs have only occurred about 25% of the t h e ,  and mainsrent 

September flows c f  12,000 cfs ar grearer only occurred 54% o f  the time. A 

more refinect. evaluation af accesg i c s  the s ide  s loughs during t h e  inmigration 

and spam1ng pe r iod  C O U ~ ~  be ~ b r a i u e d  from a f low duration curve s p e c i f i c a l l y  

deve.? !d fox t h e  roid-August to mid-Septenher per iod ,  

The range of entrance co~ ld i tdoas  mast l i k e l y  ~o exist at Slough 9 under 

p o s ~ p r o j e c t  flows was *-ietermined fronn a comparison between ghe proposed 

aierage wcnthly streamflows dur ing  August f o r  var ious  p r o j e c t  phases (Table 

5), aand %he information sum~iarj.zed i n  Table 4 .  It Es antbcipa~ed t'nbat adult 

spawners will experience considerable difficulty in ga in ing  access to 

t.radj-tioas%. sg38~4-nin.g area8 in the 6 ide  s:%.sughs under the grspoacd f i I . l i n $  us;si;:t 
" #' ". p -  f o  However, these y3:nposeel s t i -ce~uflous umy be !;tzrk:..cl.i.nr. r... 
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analysis will provide a more refined unders~anding o f  the d<aiEy or weekly 

fluctuations in mainstem stage and slough discharge that m i g ' h t  be expected 

under various pos tp ro jec t  scenanios, This knowledge will be ilnstrumental. in 

~ better quantifying impacts and evaluating alternative mZtigatio~n proposals.  

Table 5. Comparison o f  average monthly pre- and proposed postp~eojecl: 
s t : reamf la  as Gof d Greek, 

Streamf l o w  (cf s) 

January 
February 
March 
A p r i l  
Mag 
June 
J u l y  
A q u s t  
September 
O e t ~ b e ~  
Noveaber 
December 

a Filling streanflows are target m i n i m u m  values; actual streamflows during 

b filling will t y p i c a l l y  b e  greater. 
Operation o f  Watana dam only. 

C 

d 
Operation of Watana and Devil Canyon dams. 
Inc ludes  a con"cr1lld d P l w  of no less than 12,000 c f s  from mid August to 
a i i d  Sepeeaber,  
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