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- 8  

! tsis stt?dy conducted under con t rac t  to War-za-Ebsscol S u s i t n a  Joint 

Ventu re .  F u n d i n g  was provided by t h e  Alaska  Potver Authority in  

conjunction with  envi ronmenta l  impact  assessment studies foir the proposed 

Sus i t na  Hydroelect r ic  Project.  

The aerial  phctographs were  t a k e n  by A i r  Photo Tech wi th  p h o t ~ g r a p k  

printing and enlargements by North Pacific F.eriai S u r v e y s .  Bill Ashton, 

Sharon Kl inger-Kings ley a n d  Steve Bredthauer  did the fieid checkiiig of 

t h e  habitat type  des ignat ions.  J a c k  Bolke, Rick B e n n e t t  and L e n  Story 

digitized the  wetted s ~ l r f a c e  areas  a n d  D2bbie Stephens ass i s ted  in d a t a  

a n a l y s i s .  Steve Bredthauer ,  Woody Trihey and Carl  Schoch provided many 

r ~ s ~ f ~ ~ i  rev iew comments. Oriando Paraoan  ai?a Mark Cordery dr-ai ted t h e  

f igures  and B a r b  E s t u s  typed t h e  iQeport. 



The proposed Sbsitna fiydroelectric Project wili a i t e r  t h e  natura l  streamfiocv 

regimes of t h e  Sus i tna  R e  i n  general, with-p:oj,~t f lows will be lower 

than na tu ra i  flows during the  s u m m e r  a n d  higher Jurir:g t h e  win te r .  

T ' n e s ~  a l te red  flow. wii l  a f fect  t h e  a m o u n t  and  seasonal  availability of  

aquatic hab i ta t s  present in  the  river. 

T h i s  r-eport presents t he  results of th ree  studies which examined t h e  

response of wetted sur face a reas  t o  changes  in ma ins t em discharge in the 

V e n t n a  Rive r  Confluznce tc Taikeetna reach of t h z  Sus i tna  River [R i ve r  

Mile (iihl) 28.5 to River Mile 98) (herea f te r  referred to as the  lower 

river).  The three studies were: 1) to define simi lar  morphologic 

seyiitents and assess t h e  change in wetted sur face  area  of the lower river 

(Rivl 28.5 to  RM 98) in response to c h a ~ g e  in f low; 2 )  identif ication, 

mapping,  a n d  s u r f a c e  a r e a  determination of a q u a t i c  hab i ta t  types in 

selected study a r e a s  i r ~  t h e  lower r i v e r  a n d  e%/aiua t ing  the s i l r f a c e  area  

response to discharge f o r  these h a b i t a t  types;  a n d  3) a n  eva lua t ion  of t he  

morpi,o!ogiz s t a b i l i t y  of is lands a n d  side channels in t h e  s t ~ i d y  ai-eas using 

aerial photegraphy taken  during t h e  pet-ic.d I951 to 1953. The scope of 

this s tudy  i s  t o  p r e s e n t  t h e  results of the three subjects described above 

for n a t u r a l  f low conditions. Subsequent  r e p o r t s  wi l l  de ta i l  t h e  effects of 

t he  with-projeci  f low regime G n  these three subjects. 

Previous work o n  t h e  Susitn;: R i v e r  h a s  used ae:-la1 photography f o r  
-TL. 

aqua"ciz h a b i t a t  a r i a l y s i s .  Ki inger  a n d  I r ihey (1984) measti red wet ted  

su r face  areas of aquat ic  t i a b i t a t  types in  t h e  S u s i t n a  River  between 

Ta!lieetrla a n d  D e ~ f i l  Canyort (RM 98 to RM 14C) a n d  evriiuatec? ckranges Ir: 
-v- werted st i r face a r e 2  a s  a response l a  n-iainsteiri discharge. r i j e i r  s tudy 

pi-ovided hackground and sprved  a s  b i i s i s  fr-om wt~ic-,ii ;cckiL3rrs of" riiis 
- -  - 

i.,ai+!:icuiar s h d y  weeve  developed. i h c :  wii~rk of l i e  - T r i i ~ c y  [ ' i9f3j<.) 

! 1 2 ~  SI IC)WTI  i:iiat it2peatabIe, visi. lai idel3f:if ic;i$inn tz-f t i  i i :  f i ~ c ? ! ~ ~ t ~ ~ f  ; u  i - i f q r t - d  

j [ \  f "  : - ;.\i2133 i 1 t*;)iwi i 
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measuremen-ts  c a n  be obtained by digitizing the  aer ia l  photography. The 

ability to achie1.e botil these goals i s  essential  fo r  t h e  saccerisftrl cornpietion 

of a study such  as the  present one. To adequately in terpre t  t h e  resu l t  of 

silrface a r ea  measurements ,  a n  evaluation m u s t  be, made of the relat ive 

stability of channels and is lands in the s tudy a r e a .  For t h ~ i s  reason, the 

morphologic assessment wss performed. 

This report consists of four  sections. Section 2 describes t h e  wetted 

surface a r e a  response to discharge for  the entire lower river between 

Talkee tna  a n d  t he  Y e n t n a  River confluence. Section 3 presents results of 

delineating aqua t i c  h a b i t a t  types and measur ing  their surface area response 

t o  dischapge in  selected representative a r ea s .  Section 4 addresses t h e  

relative s t a b i l i t y  of t h e  c h a n n e l s  and is lands in t h e  selected representative 

a reas .  The results of this el laluat ion will pr-avide some l i m i t s  bvi thin 

which t h e  surface area  response data  can be interpreted and wi l l  indicate 

to what extent extrapolations c a n  be made f r om t h e m .  Section 5 conbines 

the  results a n d  discusses their applicability to  the lower river. P.II 

mainstem f lows  referenced i n  t h i s  report a re  based o n  the b . S .  Geological 

Survexi streamflow gage a t  Sunshine (No. 15292780). 



2.0 - MORPHOLOGICAL CLASSIFICATION AND WETTED SURFACE AREA 

DETERMiNATIQN 

~ 2.1 Lower River Segments 

The purpose of t h i s  s tudy was t o  provide a n  in i t ia l  est imate of changes i n  

wetted surface a rea  in  response t o  changes in discharge in the  lawer 

S u s i t n a  River.  The lower r i v e r  was divided i n t o  5 segments based on 

river morphology a n d  hydrology (Figure 2 . 1 ) .  The segments are  

de,cribed below and a r e  de l i aa ted  on photographs in Exh ib i t  l4 .  

~ Segment I : RM 98.5 ta  R M  78 

This segment extends from the  Ch~i i tn; !  River confluerice d o w n s t r e a m  to  

t h e  head of rhe side channel complex just ups t ream of Montana Creek.  

The river i s  braided, wi th  the m a i n  channel meander ing  t h r o u g h  a wide 

gravel  floodplain. Larye expanses of gravei bars a r e  exposed a t  low 

f lows. The channel i s  constr ic ted to a single c l ~ a n n e l  a t  t h e  P a r k s  

Highway Bridge ( R M  2 3 . 5 ) .  Signif icant tributaries in this segment include 

B i r c h  Creek,  Trappnr  Creek ,  S u n s h i f i e  Creek,  and Rabideux Creek.  A 

total of s i x  side c h a n n e l  complexes were ident i f ied.  

~ Segment li: RM 78 to RM 55 

This segment ex tends  f rom the  s ide  c h a n n e l  above Montana Creek to the 

head of Delta Islands jvheri .  the river s p l i t s  in"c two main chanriels .  T17e 

morphology irr segment i l  i s  complex, qnjith a -total of 9 side c h a n n e l  
1 

complexes along the  f i~odp la in  margin ,  a n d  two additional si4.3 channel 

cornolex~s located w i t h i n  rlrrid-channel isld;;nds. c'" a~gni f icant  t r i b u t a r i e s  in 
-=, 4- t h i s  segment include Montana Creek ,  G(3ose (,reek, 317eep Creek, Casib4jell 

r e e  1.c a 4 ,,rt,. K a s h * ~ i i t r s a  River ,  



This segment encompasses t he  Delta i s lands  reach where two main channels 

ex is t ,  one on t h e  east  and  one on t h e  west .  A total of f i ~ i .  side channe l  

complexes e x i s t  in t h i s  segment, with  a major  complex between the two 

main channels. Th2 segment ends  where the two main cf.rannels rejoin. 

S ign i f i can t  tributaries in  t h i s  segment include Little Willow Creek a n d  

Willow Creek. 

This segment extends From the lower end of the Delta Islands to the 

confluence w i th  t h e  Y e n t n a  Rive r .  The reach i s  charafctet-ized by a 

braided pa t t e rn ,  w i th  seven sidp channel complexes. The Deshka River 

enters t h e  upper  end of t h i s  reach. Krota Slough branches o f f  f rom t h i s  

segment, a n d  extends to  t h e  Yerltna R i ve r .  

This segment ex tends  f r om " re  Y e n t n a  River ,  which cont r ibutes 

approximately 40 percent of the total flow of t h e  S u s i t n a  River, t o  Cook 

I n l e t .  The segment i s  pr imar i l y  a sp l i t - channe l  configuration down to RM 

19, t h e  head of Alexander? Slough. T h e  S u s i t n a  R i v e r  h a s  two cl ianneis 

fl-om RM 19 to Cook In le t ,  w i th  t h e  main  c h a n n e l  on the e a s t  s ide.  Thjs 

\ l es t  c h a n n e l  i s  p r i m a r i l y  a n  overf low channel.  I t s  upper  sectticn 

dewate rs  a t  low f low,  whi le  the  lower segment i s  f e d  by A l e x a n d e r  C r e e k .  

C"iher t r i bu ta i - i es  en ter-ing this segment i n c l ~  cle Anderson Creek  and F i s h  

Creek,  

7 . 2  Morphological G lass i f  i ca  tior-1s dl-' 









Mainstem Channel i s  t h a t  portion of t h e  river floodplain between t h e  

vegetated boundaries, including t h e  wide  gr-avei f loodplain and isolated 

vegetated i s l ands  in  mid-channel.  Two subc lass i f i ca t io r :~  a re :  

~ 1 , Mainstem r i ve r  - the tha lweg c h a n n e l  a n d  m a i n  subchannctls. 

3 
A * Alluvial is land comp!exes - areas of broad gravel1 is lands w i th  

numerous subchannels which dewater as  floiv decreases. 

Side Channe l  Complexes consist of one or more c h a n n e l s  filowing among a 

group of vegetated i s l ands .  These complexes a r e  usual ly located a long t h e  

edge of the  mainstem river, but in areas  s u c h  a s  t h e  Delta I s l a n d s  may 

occur in t h e  middle 08 the r iver .  C h ~ n n e I s  within t h e  side c h a n n e l  

complexes a r e  c lassi f ied w i th in  one of these groups.  These groups a r e  

d i f fe ren t ia ted  bv the  presence o r  absence of overtopping f low in  t h e  

photography used in th is  a n a l y s i s  (see Section 2 . 3 ) .  Once a c lass i f ica t ion 

i s  determined f o r  a channel, the c h a n n e l  wi l l  have t h a t  classification 

throughout the range of mainstem f lows, This classifica'cion i s  based solely 

on overtoppiny f lows a n d  does not consider potent ia l  h a b i t a t  chSracter is t ics  

of the c h a n n e l ,  

1 , hlajor s ide c h a n n e l s  a r e  overtopped a t  m a i n s t e m  f lows of  73,900 cfs 

a n d  lower an3 may dewater  a t  t h e i r  u p s t r e a m  berms j u s t  pr io r  t o  

f reezeup o r  !maintain f low th roughout  -the winter .  Major s ide channels 

tend t o  be, hui. arc- not l imi ted to, the outs ide-most channel of a 

complex, closest t o  the edge of t h e  floodplain. These channels may  

collect groundwater sezpage and t r ibutary  f low.  
* 

fntermedi3i:e sidf? cIiarineIs dewater a t  t k e i r  crp2trean.i berm i n  the 

mainstem ilow i-anye of 21,'100 c f s  to 59,400 c f s .  Afte l*  ti3eit- u~3strei;np 

beri-11 dtwclii:t\s, suirici intermediate channels r x ~ a i n t a i n  t u  !-bid w a t e r  to a 

m a i n s t s n  f low of  21,100 cfs o r  l e s s .  whi ie  the turbid b:;ater of o i i ie t - . "  

is i i i s s i p a t e d  : g r * ~ t i n d ~ : ~ ~ i ~ r  a n ~ j / ~ r  : i ~ ~ ~ r f a ~ ~ :  vqa t t v  i t - i f l o v j ~~  g ) e 11 G~ tc.b 

s d r r 

~ k ~ i ~ c : ~ ~ ~ i ~ k ~ < ~ { i % - ) b G :   sic:^ ck1;4!7!*)6:i*~ ~ ! P ~ V ; ~ ! * C ~ F *  iIkilf? c:k-j$iqeq4.)\?:  1 :#yi! i  flf \!cJ:-- t ' q - ; 7 4 ; # p < q  



before the m a i n s t e m  flow decreases t o  21,100 c fs .  Intermediate side 

c h a n n e l s  may be e x t e ~ s i o i i s  of tributaries once theiir upper ber-ms 

dewater + 

3 .  Minor side c h a n n e l s  dewater a t  their. upstt-earn berm a t  mainsten: f lows 

above 59,100 cfs and tend to  be dewatered the  compleite l e n g t h  of the 

channel a t  m a i n s t e m  f laws of 36,600 c f s .  

2.3 Photography 

Black and whi te  ae r i a l  photography a t  a scale of 1" = 2,000' was obtained 

of the iower S u s i t n a  R i v e r  a t  f ive mainstem d ischarges (Table 2.1) .  

TABLE 2.1. DATES AND DISCHARGE A T  WHICH 

AERIAL PHOTOGRAPHY WAS OBTAINED 

Date 

5-27-84 

8-27-83 

Discharge 

a t  Sunshine 

75,200 cfs  

59,100 c fs  

35,600 c f s  

Remarks 

Typica l  Ju ly-August  n a t u r a l  f low 

Typical Ju ly -August  f low during 

pro jec t  operation.  

Tr*ansitiarec?l n a t u r a l  f low a n d  

project operation f low dur ing  

May and September. 

High w i n t e r  flow 

during pi-oject operat ion.  

k-nt~l w in te r  -flow d!.ii-iiii. *C f ) i h ~ j e i j  

(3[3ei*2 t i Q j 3  



Photo mosaics were prepared f rom each  set of photography for river Seg- 

m e n t s  1 through 4. Segment 5 was not included due t o  i~nflow f r o m  the  

Y e n t n a  River a n d  tidal inf luences  which were assumed t o  mask changes in 

habitat surface a reas  due to projection operation. 

Boundaries of each subsegment (mainstem or side c h a n n e l  complex) were 

defined. Each island a n d  gravel bar  was numbered and its boundary 

delineated. The t o t a l  a r e a  of the segment was determined. Areas of 

i s lands  a n d  gravel b a r s  were subtracted f rom the  total area  to  obtain 

wetted sur face area  of the  subsegment. C h a n n e l s  which extended through 

a n  island complex were delineated. Bsckwater a reas  were a[so included, 

but isolated pockets of wate r  left when t h e  water lpvel dropped were not 

digitized, as these areas  were not considered usab!e h a b i t a t .  

Sur face a r e a s  were d ig i t i zed  using a HP-9345 coniputer. individual 

m e a s u r e m e n t s  were replicated 2-4 t imes a n d  t h e  ave rage  va~lue used. All 

measurements were adjusted f o r  a common scale due to  minor scale 

di f ferences between flights. The September 16, 1983 s e t  of photography 

was used a s  the  base and a l l  measurements adjusted t o  match  t h & t  scale. 

~ 2 - 4  Results 

~ Segment I 

Thc response of the  wet ted  surface at-ea in  SG 1-5 t o  i;iainsi-ern discha,-ye 

is indicative of a s i d e  c h a n n e l  c~mplex  wi th  a mix o f  major, i r l termediate, 

and minor side channels (F igure  2 . 2  and  Table 2.2). 7he  rate of decraast.. 
i 

in wetted su r face  a r e a  increases wi th  decreasing mainsstem discharge.  SC 

1-4, a side channei complex w i t h  few in termedia te  a n d  n3inor s ide  channels 

a n d  na !major side c h a n n e l s ,  h a s  a slight change in wet ted  sur-face a r e a  

i v i t h  d e c i - ~ i ~ s i n g  maifistern discharge (Figul-e 2 . 2 ) .  For- SC 1-1 a n d  SC 1--2 

t h e  s l i g i ~ t  r i s e  i n  wet ted   surf^.^^ a r e a  a t  #l3.$?00 c f s  i s  d u e  to the 

ill cln{iri;jiji.iii t.h(.: cclgc~ #:+1: vq~iaf.t-i* wi th  tile? i c ~ !  coaitil* i t i le  i-,fir?i.ogt.;l!?h-. 



Segment I! 

SC 11-6 i s  3 lsrge side c h a n n e l  complex wi th many minor  anci intermediate 

c h a n n e l s  (Figure 2 . 3 ) .  The s h a r p  drop in wet ted surface a r e a  a t  21,700 

cfs  i s  d u e  t o  dewatering of many in termediate c h a n n e l s .  SC 11-1 shows 

t h e  wetted surface area respocse of a side channel complex vvith no major 

c h a n n e l s  and a few in termedia te  channe l s .  SC 11-9 consists of intermediate 

channels which rapidly dewater a t  mainstem discharges belolw 59,100 cfs 

(Figure 2 . 3 ) .  A t  SC 11-8 the  wet-ted sur face a r ea  a t  75,200 c f s  and 59,100 

cfs a r e  approximately equa l ,  b u t  d u e  to s l i g h t  local scale ch~anges in t h e  

a i r  photos t h e  i ve t ted sur face a r a  a t  59,200 cfs  digitized slighty l a r g z r .  

Segment I II 

SC 111-2 has m a n y  m i n o r  a n d  intermediate channels. The ra te  a t  which 

in termedia te  c h a n n e l s  a r e  dewaterina increases below 36,600 cfs, indicated 

by the increased siope of the wetted su r f ace  at*ea response curve (F igure  

2 . 4 ) .  In c o n t r a s t ,  t h e  r a t e  a t  which intermediate c h a n n e l s  d e w a t e r  in  

SC 1 1  1-5 i s  greater b e t w e e n  59,100 c f s  a n d  36,600 cfs than between 36,600 

c fs  and 21,100 c-;s (Figure 2 . 4 ) .  This is probably due  t o  t h e  wider  

shallo"~.ver channels o f  SC B ll-5. 

Segment l V  

SC IV-5 and SC IV-7 a r e  s ide chani-[el compiexss w i t h  one in termzdia ie  s ide 

c h a n n e l  a n d  no major  o r  minor  side channels (Figur-e 2 . 4 ) .  S i  IV-1 a n d  

SC I\/-2 a r e  side channel complexes w i t h  many mino!- and inter-mediate side 

c h a n n e l s  arid no majot* side channe l s .  The siope of the wetted sur-face 

a r e a  response c i i r ve  i s  s teeper  because the  channels in  SC IV-1 a n d  

SC IV-2 at-e gerleraliy wide a n d  shallow whereas the? c h a n n e l s  in  SC 1V--5 

and SC iV-7 a r e  general ly  deep a r i d  n a r r o w .  
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The response of wet ted surface a r e a  t o  discharge for side channel  

complexes i s  generally indicative of t h e  mix of major, in termediate and 

minor side channels w i th in  a speci f ic  s ide  c h a n n e l  connplex and the 

cross-sect ional shape of those side channels. F o r  example, when the  

mainstein discharge decreases fl-om 75,200 c fs  t o  59,100 cf's side channel 

co~nplexes w i t h  re la t ive ly  few minor s ide channels a n d  re la t i ve ly  deep 

narrow i n te rmedia te  s ide channels have little o r  no decrease in  wetted 

surface a r e a .  A s  t h e  m a i n s t e m  discharge decreases f r om  59,100 c f s  to 

21,100 c i s  the rate of decrease in wetted sur face area,  as i~ndicated by the  

slope of the wetted su r face  a r e a  response curves  in  Figures 2.2 thi-ough 

2.4, ind icates t h e  mix  of in termediate and major side c h a r ~ n e l s  and the i r  

cross-sect ional shape. For example ,  s ide  channel complexes with wide 

shal low i n te rmedia te  side channels w i l l  have a steeper sloping l ine in 

F igures 2 . 2  throug13 2 .4  than wi l l  a side channe! complex wi th  

predominately nar row deep channels.  

As t h e  mainstem discharge decreases t o  13,900 cfs i n te rmed ia te  chanrlels 

have dewztered completely o r  a re  substant ia l ly  smal ler than a t  21,100 c f s .  

T h e  wet ted surface a r e a  a t  13,900 cfs was difficult to digitize because t h e  

aer ia l  photographs were t a k e n  a f t e r  ice h a d  covered law velocity areas.  

There fo re  the wet ted su r face  a r e a  for t he  13,900 cfs a e r i a l  photogl-aphy is 

pi~obaL3Iy underes t imated for  most side channels and overes t imated fat. a 

fekv side chartneis ,  



3.0 H A B I T A T  DELlNEATlON AND SURFACE AREA MEASUREhdENTS FOR 

SELECiTED STUDY AREAS 

3. I Study Sites 

The lower S u s i t n a  River  encompasses a n  ex tens ive  a rea  of braided channels 

and i s l a n d s .  R a t h e r  t h a n  mapping and  diaitizing t h e  total wetted surface 

area  of the  lower r iver  as  done for  t h e  middle river (Klinger & Trihey, 

19811, rep resen ta t i ve  areas were chosen in t h e  lower rivler f o r  which 

habitat t y p e s  would be mapped and  vetted s u  I-face a r e a s  measured 

(Figure 2 .  I ) .  E i g h i  representative areas were selected which exh ib i ted  

t h e  different morphologic patterns and conta ined the various types  of 

a q u a t i c  h a b i t a t  preseiit in the lower river (Table 3.1).  

TABLE 3.1, REPRESENTATIVE AREAS FOR T H E  

LOWER SUStTNA R I V E R  

,Area Name 

SC I\/-4 

Willow Creek (SC I I I -1 )  

Caswei l  Creek 

Sheep Creek 

Goose Creek (SC 11-3) 

Montana Creek & SC b l - I  

Sunshine Slough (SC I-5) 

B i r c h  Creek SIcjugl-i 

i n~Iusi'tbe River Miles 

S ide  channel cornpicx SC IV-4 i s  located be-tthds-en appi-o:cii-r-i2t-i~ R[\ i  :{?. 
2- r h  - * 

r ~ i ~ t l  RM ..(ti 4,n t l i ~  ~ ~ 5 t  b311 k the i t  R j ~ i i i * .  1 !'\is ~ * ~ ~ ~ ~ p ~ * t ~ : ; ~ ~ ~ * ~  1 ; ; i ~  

. ;a .:!*c3.i I : ;  !\,vo ii-mjor slc~l- k / ~ ~ ~ t  L \ x - L : t ; t - l ~ ~ > t \  ~t ! 1 ) , 3 ; ! - ~ : # :  1 ~ ~ ~ 1  



disci3arges as  low a s  13,900 c fs .  One intermediate side ohannel i s  no 

longer breached between 21,100 and 13,900 c fs .  Several smaller  

in termediate a n d  m i n o r  side channels e x i s t ,  Most become dewatered as 

mainstem discharge drops f rom 59,100 t o  24,100 c fs .  

~ Willow Creek  (SC 111-1) 

SC I l l -hex tends  from? Rh4 49 to  RM 52. kViillow Greek enters t h e  side 

channel complex a t  approx imate ly  RM 49, whi le L i t t le  Willow Creek enters 

a t  RM 50.5. This representative at-ea h a s  0r,2 main major side channel 

f lowing through t h e  upper  two-thirds of the  complex w i th  a major  side 

c h a n n e l  branching o f f  and con t inu ing  t h r o u g h  t he  r e s t  of t h e  cempiex. 

Severat intermediate side channels e x i s t .  Little ba/itlow Creek fioivs into a n  

intermediate channel which h a s  clear t r ibu ta ry  wate r  as  mainstem s tage 

decreases and/cr  t r i bu t a ry  f low increases .  

~ Casvdei8 Creek 

Caswell C r e e k  i s  a t r i bu ta ry  entering a side ctjannel of the S u s i t n a  R i v e r  

a t  approx imate !y  RM 64. The u p s t r e a m  end of this side c h a n n e l  i s  

dewatered s t  m a i n s t e m  discharges below 37,000 c f s .  When t h i s  cccurs t h e  

t r ib i i tary  m o u t h  extends approx ima te l y  800 f e e t  downs t r eam.  

~ Sheep Creek 

Sheep Creel; i s  a tributary en tz r i ng  a side channel of t h e  S u s i t n a  R i v e r  a t  

RM 66.1. Backwa te r  e f fec ts  d u e  to s ide  channel s taye r-ange f r om no 
$ 

e f f ec t  a t  low mainstem discharges (13,300 c f s ) ,  to a backwater  tone  of 

approx imate ly  5,0C)0 f ee t  a t  a mzinstem discharge of 52,000 c i s .  

~ Goose CiNcek (SC 11-41 

Cok,se C:i-ecic Sidc Cl3anrrel, located brtinleei-1 I 58.5 a n d  RIP 7:!s5dv is ;\ 

u .. 
j 3 I 1 C O I ~ ; C I I C I <  I I ~ S  i i i~i-. liiiiIri i ~ ~ ~ ~ c ~ i * i j ~ t > ~ - ! ~ ~ j t ~ >  



channel a n d  numerous sfnailer inter-mediate a n d  anir7sr s ide  cha inne t s ,  Goose 

Cr-eek entet-s t h e  main in termediate side c h a n n e l  of the side c h a n n e l  

complex a t  approx imate ly  RM 72. 

Montana Creek (SC It-1) 

SC I!-1 extends f r om  RM 77 to  RM 78 with Montana Creek  enl:ering SC 11-1 

a t  i t s  downstream exterlt. SC 11-1 i s  a relatively smal l  side c h a n n e l  

complex wi th o n e  m a i n  i n t e r - m e d i a t e  side c h a n n e l  a n d  several smai ler 

intermediate and minor side channels. Montana Creek h a s  a relatively 

steep gi-adient resulting in no backwater  a rea  u n t i l  m a i n s t e m  f lows 

increases t o  approx imate ly  38,000 c fs .  

S u n s h i n e  Slough (SC i -5)  

Sunshine Side C h a n n e l  complex i s  located between Rivl 84 a n d  RM 86.5 o n  

the eas t  Sank of t h e  S u s i t n a  River. The side channel complex consists of 

one major s i d e  channel, two  main in termediate sid;. c h a n n e l s  and several 

smaller intermediate a n d  minor side channels. On l y  the major  channel 

conveys ~ ~ v a t e r  throughout t h e  f low range invest iga ted.  The o ther  c h a n n e l s  

becon;e side sloughs, conta in  isolatzd ponded w a t e r ,  or- dewater* completely 

a t  13,900 c f s .  Sunshine Creek  f lows  into t h e  major side c h a n n e l  a t  a point  

app rox ima te l y  8,000 f ee t  upstr-earn f r o m  t h e  point w h e r e  t h e  s i d e  channel 

adjoins the  mainstem S u s i t n a .  

Birch 

B i r ch  Creek Slough i s  a single c h a n n e l  ex-tending -from appi -ox imate ly  RM 

88.5 to RM 93 or1 t h e  east  bank af the S u s i t n a  Rivet*. 8ir-ch CP-eek er-ntei-s 

the s ide cl-1%. ‘riel a t  a p o i r ~ t  slightly l ess  thai? a m i l e  t~psti-eain fi*oir! i t s  

jur4ctu:.ce with the S t ~ s i t n a .  B i r ch  (:reek Slough w a s  chosen a s  a s t u d y  s i t e  

to b e  rk?pr-esentaiive of s ingle  c h a n n e l  s i tes  in  t h e  t - i v t r .  



Habitat  Type Designaticns 

Aquatic hab i t a t s  associated w i th  t he  lower S u s i t n a  River were c lass i f ied  

into eight general categories: mainstem, p r imary  s ide channel, secondary 

s ide  c h a n n e l ,  tut-bid backwater, clearxater, side slough, tributary mouth, 

and  t r ibu ta ry .  i hesc categories represent physical charact:eristics of the  

habi ta t  type visually discernab le  from aerial  reconnaissance or  examinat ion 

of a e r i a l  photography. As such these do not necessar i l y  convey a n y  

specific biological signi f  lcance nor dc they indicate speci f ic  geograph ica l  

locations. In some ins tances,  transformation of one hab i t a t  type i n to  

anotI7er mat/ occur az river s tage  increases or  decreases. 

Character is t ics used to  del ineate the eight a q u a t i c  h a b i t a t  types are  de- 

scribe";~e!ow. These descriptions rep resen t  physical attributes of t h e  

hab i t a t  t y p e  during ice-free conditions. These  phys ica l  at t r ibutes a r e  

-gisual ly recognizable during helic2p-ter i-econnaissance f l i n h t s .  

Mainstem h a b i t a t s  r e p r e s e n t  - the  mainstem ~ i v e r ,  consis t ins  of the t h a l w e g  

c h a n n e l ,  major subchannels a n d  al!uvial  i s l a n d  cor;lplexes. This habitat 

type  was, in  most  cases, outside " i e  boundaries of the conti-ol a r e a s  used 

to define rep resen ta t i ve  a r e a s .  

P r i m a r y  side c h a n n e l  h a b i t a t s  a r e  those c h a n n e l s  wi7ici.i normal ly *;onvey 

st reamf low throughout t he  enti r e  y e a r .  They ex h ib i t  characte:.istics 

s im i la r  to midd le  Sus i t na  Rivqer mainstem habit2t types,  as  described by 

Klinger a n d  Tr ihzy (1983). They a r e  char*;icierized b tat-bid ylaciai 

w a t e r ,  hiy h veloci t ies, and few m i d - c h a n n e l  grilvel $ b a r s .  

Secondary side channel h a b i t a t s  a l s o  have tcrrbbid watei*,, b ~ i t  ex i~ ib i i .  c h a r -  

a c t e r i s t i c s  of t h e  midd ie  river side thann13I:i. For exainpie,  - d:-t: 

rrrid-clr~annel g r a v e l  bar-s a n d  riffles 01- w a t e r  sur*face i e a t u i . 3 ~  i3-1a.t i nd i ca te  

sIowe1--imo;/fn2, shal lower w a t e r .  



Turbid backwater  h a b i t a t s  a r e  non-bi-eached channels  c o n t a i n i n g  turbid 

w a t e r .  7'hey have nol2-vegetated upper tha lwegs  t h a t  a re cvertcpped 

during periods of moderate tc high mainstem d l s c h ~ r g e .  They represent a 

ti-ansitional h a b i t a t  type between breached secondary  s ide c h a n n e l  i :abitats 

a n d  non-br-eached clearwater o; side slough hab i ta ts .  Because of their 

/at-ge size with  respect  to the  iocaiIy ava i lab le  suppiy of clear ivater, 

considerable t ime i s  required for  these areas to  become c lea r~~ia te r  h a b i t a t s  

a f te r  the ups t ream bet-m dewaters.  Some c h a n r l e i s  may dewater completely 

kvithout  t ransi t ion ing t o  clea rwa te r  hab i t a t .  

Clearwaiter areas are non-breached chanfiels  containirlg clear- water  which 

dewater comp!ete/y a t  a mainstem dischar-ge of 13,900 cfs c r  h i g h e r .  These 

char:nels have  n o n  -vegetated upper thaltvegs t h a t  are overttopped du ring 

per iods of moderate t o  h i g h  mainstem discharge. t ipwel l ing a n d  local 

surface r u n o f f  appea r  to  suppi: wate r  to  these a r e s s  a t  m a i n s t e m  flows 

above 13,900 c f s .  A t  13,900 c fs  a n d  lower these a r e a s  a r e  dewatered. 

Side slough I ~ a b i t a t s  contain cicar wale:.. Upwel l ing and locai su rface 

r u n o f f  appear  to  supply suf f ic ient  clear i v a t e r  to these areas to main ta in  

wet ted a r E a s  at. a maicsterri discharge of 13,900 c f s .  Side sloughs d s o  

have ncr!-vegetated upper- thalwegs t h a t  are overtopped a t  moder-ate t o  

h i g h  mainstem discharges.  

Tributary mout l?  h a b i t a t s  a r e  clear wa te r  h a b i t a t s  tha t  e x i s t  between t h e  

d o w n s t r e ~ m  extent o-f a clear-water plume a n d  upstream inro the  tribljtat-y, 
- to t h e  uppei-  e x t e n t  of t h e  b a c k ~ v a t e r  ir~fluence. i i?e s u r f a c e  a r e a  depends  

on t h e  discha!-:je of both the  ti-ibutary a n d  m a i n s t e m .  

TI-ibutary i i a b i t a i  e x i s t s  upct r -ear l  of the iribiitai-y mouth habi ; a t .  In  this 

ana lys i s ,  t r i f ~ u t a r - y  habitat was ineasured o i ~ l y  to ti7e boundai*y o f  t i l e  

digitized photo ei:Iat-genlttnt. Tributary h a b i t a t  !nay i c e  di-an>atic,iiiy 

v the  t i - i b u t a r y  f l ows  into a noii-I:;-eachr:d s i d f  chac-inel ai:ii the c ie-B &I rh 

t r - t ' s ~ ~ t a i - y  f i i jws  thi -ougj  t h e  s ide  channel to jo:9 t i l e  Susi t i r -  Rive r * .  



Non-wetted areas were c lass i f ied  as  gr.3~91 bars or vegetatefi i s l ands .  

Lt'ettrd areas  t h a t  we,e not contiyuous a n d  c o n ~ e c t e d  to  a side c h a n n z f  or  

nainstero ivere considered "pot~ded waxer" a n d  their surface a rea  i vas  

i n c u d ~ d  in  thz  rtesut-ement of gravel bars .  Areas which  were with in  t i l e  

rivemeorridor bu t  were not r e l e ~ f a n t  to  the ana lys i s  w e v ~  c lass i f ied  as  
$ 1  ~ a c k ~ - ~ c ! n d " .  g 

Black a n d  w h i t e  aerial  photogr-aphy a t  a scale of 1 inch = 3,000 f e e t  

w ~ s  obtaiiind of t h e  lower S u s i t n a  River a t  f ive m z i n s t e m  discharges 

a s  measiired a t  t h e  USGS S u n s h i n e  i-jage. 

'delicopter- mapping f l igh ts  were  conducted ove r  the eight 

:*epr-esentative are?; 6: m a i n s t e m  dischat-ges s i m i l a r  to  those a t  wh ich  

th.- aer-iai pha tography  kvas obxained (Table . Dut-ing these 

f!ights,  aquatic habi tat  t ypes  we -e i den t i f i zd  a n d  the i r -  locations 

n~apped o n  blue- l ine  pr-int, inade fr0i.i ! i n c h  = 500 f e e t  enlar-geinents 

of the  s t u d y  a r e a .  G r ~ v e i  bsrs  and dewaxered s t ; -earnbank areea; w e r e  

sketched on the bi i ie i ines along wi th  t h e  b s ~ r ~ d a r i e s  of t h e  va:-iuus 

habi tat  t ypes .  

TAB!-E 3 * 2 ,  DATES AND W S T t N M  RIVER D I S C H A R G E  
(AS MEASijRED A T  S!iNSHii.iE) A T  WHICH A E R I A L  P H O T G G R A P H Y  
WAS u B T A ! N E D  AND i7ELICCIPTER hIAPPING FLIGkjTS WERE FLOWbI 

Aer idI  Photography M ~ p p i ~ g  F I i q h t  
I rlst-2ra B ~ I ~ ~ O L B S  Pde i n  Dail~! 

F3 ;I t 2 Discharge ( c i s )  -+<  ate Discharge ( c i s ]  



Habitat Type Delinations 

Photo enlargements a t  a scale of 1 i n c h  = 500 f ee t  were prepared f o r  

each  of t h e  eight rep resen ta t i ve  a r p a s  a t  each of the  f i v e  d ischarges.  

Aquat ic  h a b i t a t  boundaries tha t  had been mapped on t h e  blueline 

p r i n t s  during t h e  hel icopter reconnaissance fl ights were transferred 

to  acetate ove r lays  on these enlargements. 

F 1 r x r e r n a !  boundat-ies of the representa t ive  a rea  t o  b e  included in  t h e  

s u r f a c e  a r e a  analys is  (hereafter referred to a s  control a r e a s )  were 

defined cn each er.largernent. Control a r e a  bounda!*ies were estab- 

i i shed using feztures ident i f iable on ail f i v e  se ts  of photography. i n  

some cases, a given enlargement was braken into more  t h a n  one  

conti-31 a r e a  t o  accommodate the size of t he  digit izer tabl,?t used i n  

t h e  a n a i y s i s .  Control areas se rved  as  a n  index of qual i ty  conti-oi .  

S u r f a c e  a r e a s  sf the individuai elements bvithin each cantr-ot arQea bver-e 

s u m m e d  and compared to  t h e  total surface a r e a  of the  cdnt ro l  a r e a .  

This insur-ed t h a t  no hzbitat elements were  l e f t  u;~digit ized.  

Digit izing 

Bou ndi3r-ies were dr'akvr7 3 t*ourld each tj~etted a n d  rton -1veBted l i a b i t a t  

e i c ~ i ~ ~ e n t  on each enIsr-!;enie~~i: f o r  each  of t h e  f i v e  ~ / C W S ,  i ni i i v id t ia l  

a r e a  elcinenis w e r e  identified a s  to l idbitat  t ype  a n d  s s s ~ ~ ~ . , e d  ~ n i c j i i e  

A identi f i r s *  r7utilber-s. C:hanneis wi i i i i - i  contc i i r~ed i \ .atet- st t h e  
"Ti'" i"\ 

i 3 ,  -00 C ~ S  Flow werke assigned n n i q i l e  ide1:tifier- r~unL,e t *s  tiiat. .*:r.r-- 

used f ~ r  i!-ii. sc>rne c f ian i  2i  a t  ioiv~r-  f i ~ w s .  ',;!-a\ el ba r s  ;i;,d ,:~*;e~ 1: 2:-i 

i - l . ~ i i i l i  w e r e  assignee! u n i q u e  nilirlbcr-s f o r  a g l v e u  p i : ~ i ~ l  ~ * i ~ i ~ r < j r ~ i ~ ~ t . i ~ f  . 



Surface a r e a  deter-minztions were rmade u s i n g  a n  H P-9845 computer- a n d  

a r e a  measureiments Lvere calculated and dispiayed to  a n  zccuracy of 

3.0043 inches. This represents a n  accui-acy of 2,s f ee t  fo r  

photogr-aphy a t  a scale of 1" = 500'. The total suf-face a r e a  of a 

cont~*ol a r e a  was digitized. l ndividual h a b i t a t  at-eas with in  t h a t  

conrroi area  were  t h e n  d ig i t i zed  a n d  their a r e a s  summed for* 

comparison to the control a rea .  Replicate rneasu r-ements we$-e m a d e  

for each  a r e a  digitized to ensure repeatability within five per-cent. 

Comparisons between suinmed individual a r e a s  and t h e  total  contr-ci 

a r e a  were considel-ed acceptable if t he  difference wzs less t h a n  f i ve  

per*cent. 

A t ~ a l y s i s  Procedures 

Each i n d i t 2 i d u a l  s u  r-face a r e a  measurement entered into the d a t a  base 

t i a d  a n  i den t i f i e r  nurllber t h a t  allowed ident i f icat ion bv discharge,  

repr-esentative a r e a ,  habitat type ,  a n d  specific a r e a  . ,ent i f icat ion 

number-. In  t h i s  way,  d a t a  may be displayed by s tudy  a r e a ,  by 

t i -acking a spec i f i c  c h a n n e l ,  o r   sing a varie.;y of other  fc- - - .ats .  

D u e  to w e a t h e r  conditions such a s  ce i l ings  and w ind  a t  t i l e  titnc of 

the a e r i a l  photcigrapi~y f!igI?ts wet-e f lown,  t h e  d i f f e ren t  s e t s  of 

photogr-aphs were obtaii3ed a t  s l igh t l y  d i f f e r e n t  scales. lo ai low 

direct comparisons. t h e  Septeinber 16, 1983, 21,100 c f s  s ~ t  of 

photogr-aphy was C / T O S ~ ~ ~  a s  s base  a n d  c o r r e c t i o n  factor6s were  

d(?te!-n-rit:ed to s tandar r l i i ze  s-neasti rXernei1ts to  a coininon scale ,  



type designations are  shown on a e r i a l  photographs in E x h i b i t  B. 

Mainstem, primary a n d  secondary s i d e  c h a n n e l  su r face  a r e a  decreases 

w i t h  decreasing discharge. The response of wet ted surface area  for 

tt-ibutalt-ies varies depending on tr ibutaries j u n c t u r e  wi th  the  m a i n s t e m  

OF" siGe c h a n n e i .  

The amount  of cleat-water wet ted  sur-face ar-ea incr-eases wi th  

decreasir:g mainstem flow. A s  mainstem discharge decreases many 

c h a n n e l s  t rans i t ion i r o n  s ide channels t h  t-ough tu rb id  backwaters a n d  

c i e a ~ ~ v a t e r  a reas  to gravel b a r s .  The discharge a t  w h i c h  the change  

occur-s v a r i e s  for- e a c h  side c h a n n e l  cornplex. Some c h a n n e l s  

t ransi t io i i  bir-ectty f rom side channel to side slough skipping turbid 

backwater-  and ma in ta i n  a base winter f low,  Turbid backwater ~veited 

s u r f a c e  a r e a  incf-eases with deci-easing discha!-ge as t h e  heads of side 

channels de~vater ,  then decreases as  c h a n n e l s  c i ~ a n g e  to  cIe3rwater 

a r e a s  or* dewater completz iy  a t  lower- discharges. 

3 . 4 . 2  Stiidy S i tes  

Tke si isht change in mainstern w e t t e d  s u r f a c e  a r e a  w i t h  c h a n g i n g  
. . i n a i n s t e m  dischar-ge i s  due  to  t he  close pr-sx!m: ty  of t h e  m a i n s t s m  

- - 
t i ~ a l w e g  to the side c h a n n e l  ~ ~ 7 m p I z x  [F igui -e 3.1:. I herefare ,  ti7er-e 

i s  access to t h z  s i d e  channe i  complex a i  i ~ b ~  Cioivs. S e c o r ~ d a r y  s i de  

channel  sci r-face a r e a  d e a - l a s e s  wi-ch decrc3asi:ig d i s c i - i ~ l - g e  beloiv 59,IUO 

c f s  a s  secondat-y s i d e  c ! ~ a n n e l s  deiv,itei- or- become t c  rbid L3ackwater-st 

c i r a r  wztcir  a r ea s ,  ~ i n d  side siocii;.hs. The incrt-ease in  secoi~dai-y side 

chan i2e i  a r e a  Froin 75,700 c f s  to 59,IOO c-fs I :  due  to ti-i. 

ir-arrsior-niatioi? of  ;1 pi-imat-y sid 2 ci7anr:ei to a seco;?t-!ar*y s i d ~  c l i a n n ~ i .  
-.t- 

I -11-bid b a r ; k v v . . - t i ~ r ~  a r ~ !  c iea~- \va te! -  a r e a s  iiil-in a i  t i l e  d iscl - iar-312 

. .  i i-oin 5 ' 1  s t 5 ,  1 f :AS t!-ie i i i ~ ~ i ? i i ! * g t ~  r!.:~l-r-~;,;;~: 

3& ( 3 j f )  : ~ i t - : ~ : , j  l . ~ 6 e ~ - ~ ~ ~ t ~ ~ ~ l ~  %; t b  ) i ( -  $ v  ~ I - ~ ~ ~ , ~ ~ : , ~  I ~ ~ ~ I   IT^^^; p ~ r . ~ ~ ~ ~ t /  

I >  , l ~ ' I \ j \ > i , j \ ~ > J  1 I \I"; ; 1 \\'. I\;*i-, i / j l n  , i 
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TABI,.E 3 * 3 =  WETTED SURFACE AAWEAS AND PERCENT QF TO'$AI, WETI$ED 
SU8F.ACE IIREA BY $--%ABITAT 4 - Y F X T  FIVE MAINSTEFv! DBSC1HAfPGES 

FOR SELECTED REPRESENTATIVE A R E A S  

Primarlf Side Charlnel Mai n s t e m  

Discharge a t  WSA' Percent sf 
S ~ n s k i n e  (cfs) ( f e z  x 10') Total PI"b9SA 

Percent of 
Total WSA 

WILLOW CREEK (SC 111-1) 
6570 35.4 

CASWELL C R E E K  
143 23.4 

S H E E P  C R E E K  
... - .a. - 

GOOSE CRZEK (SC II-4) 
- - - ... 

MONTANA CREEK (SC ! / - - I )  
. -, ". - 



Secondary Side Channe l  Tuf-bid Backwater C lea r-water 
WSA F3ei-cent 0 4  V4SA Percent sf &lS A Percent sf 

( f t 2  >: lo3)  Total WSA ( f tz x lo3)  Total WSA (ft2 x 103) Total WSA 



TABLE 3.3* WE7"TEB SURFACE AREAS AND PERCENT OF TOT145, WETTED 
SLJRFACE AREA* BY Ha4B_hTAT TYPE A T  FIVE MAINSTEM DtSCHi4WGES 

FOR SELECTED REPRESENTATIVE ARE,4% 
QGe~s%tit-nuebjr 

Side Slough Tributary Mouth Tr ibutar  

Discharge a i  WSA' Pet+cerlt of 
Sunsh ine  (cfs) ( it2 x lo3)  Total WSA 

MjSA Percent sf WSA Q E  
( C t 2  x lo3)  Total IYSA ( f t z  x l o 3 )  7 

Vd! !-LOW C R E E K  
732 
973 

1 540 
1 SO0 
2340 

CASWHLL CREE 
1 1 . 7  51 .R 
20.0 16.6 
6 .5  101 

27,s 76.4 
- - 4 02 

S H E E P  CREE!< 
58 4 
362 
68 I 
883 
875 

MON-rANh CRE 
1 . 8  1372 

I"& t" 2 1  2, G 
0 . 2  3 09 
0,7 :S c;i 1 
0.2 1 GEi 



: R E E K  (SC I I I - I )  
3.8 
5 . 2  

10'0 
"1.1 
2G.3 

. C R E E K  
8.5 
3 , 2  

25.9 
36.4 
GO.? 

REEK (SC i1-4) 
3,a 
8 . 1  3; 9 
*ur. 

4.6 
7 4 
35.2 

CREEK (SC i i - 1 )  
5.1 
3.6 
6 . 1  
6 * 4 
5,s 

Inc remen ta l  Change 
Gt*avel Bar  ToPa l \Vetted 0 4  Tbatai WSA o$- 

A pea Percent of Surface Area Given Discharge from Next  
6 (ft2 x lo3)  Total A r e a  (ftz x 10 ) Lower Dischlarge (Percent) 



for-ming c l e a r w a t e r  a r e a s .  Clearwater  h a b i t a t  disappears a t  :!1,100 c fs  

because the a r e a s  pi*esent a t  36,600 c i s  dt-y up but no neMr ones are 

fat-ined by the  heads of o t i i e r  side channe l s  dewatering c r  turbid 

backwate l -s  clearing u p .  Below 21,100 c f s  t h e  turbid blackwaters  

t i-ansit ion to side sloughs. 

~ - Willow Creek Side C h a n n e l  Complex 

The a r e a  o f  secoi3dal-y s ide  channel increases as  mainstern discharge 

decr-eases fr-am 75.311'3 c fs  to 59,100 c f s  because the  prilrnary side 

c h a n n e i  t rans i t ions  to  a secondary s ide  c h a n n e l  (F igu re  3 . 1 ) .  

Tributal-y surface a r e a  increases wi th  decreasing discharge because 

t h e  head  of s ide  c h a n n r i s  dewater  w i t h  decreasiny m a i n s t e n  discharge 

a n d  the  t r i bu t a ry  e x t e n d s  down -the s ide channels.  W i t h  decreas ing  

maii istern d ischarge t r i b u t a r y  mouth s u r f a c e  a r e a  f i uc tua tes  depending 

c,n t he  tr ihutai-y discharge.  Turbid backwater  a r e a  increases w i t h  

deci-easing d ischarge as  t h e  heads of  more side c i i a n n e ! ~  become 

dewsterec j  a t  36,600 c f s .  Turbid backwaters trarrsitiorm to side 

sloughs a n d  gravel  b a r s  f ro in  21,100 cis to  13,900 c i s .  

T'f-ibutary a n d  t r i b a t a i - y  m o u t h  w e t t c d  su r face  a r e a s  vary  depending 

on both indinstein a n d  i r ib t i tary disci-12rge (F i gu re  3 . 1 ) .  B e t ~ v e e n  

' Z i , l i ) i l  c f s  a n d  13,900 c i s  the t i- ibuiai-y a r e a  i nc resses  because  ti:^ 

he;id of the side c ! l anne l  dewatei-s and t h e  tr-ibiitai-y ex tends  down the 

s i c k  eGr'wmel. 

~ Sheep C !*eel; 



e f fec t s .  Tributar-y a r e a  increases a s  the  tr ibutary m o u t h  area 

decreases, however the  total wetted surface area  s tays  appi-oxim~teiy 

t h e  same. The slight rise i n  wetted sur-face area wi th  decreasing f i ~ ~ v  

is because of bIigl7t d i f ferences between t h e  1983 a n d  1984 

photograp i~y .  

G a o s ~  C r e e k  (SC 11-41 

Mains t em su r face  a r 2 a  d rops  o f f  sharply a t  iower f l ows  as grave l  b;ti-s 

en la rge  a n d  fna ins tem h a b i t a t  within the  representative area  i~ecsrnes 

seco~:C!ai-y s ide chai lne l  habitat {Figure 3.3) .  This is br:cause the 

m a i n s t e n  t i ;a lwsg is on t he  w e s t  side of t h e  r i ver  floodplain a n d  t h e  
-r- side c!-mnnei complex is on t h e  e a s t  side. r ributar-y surface a rea  

inc reases  a t  13,900 e f s  because the head of t h e  s ide  channel becomes 

dewate,-$4 and the  s ide c h a n n e l  in to w h i c h  t h e  t r ibu ta i -1  f lows 
- hecotnes a n  extens ion of t h +  tr ibutary. i r ibutary  mout i i  a r e a  is lokv 

a t  75,'!00 c f s  relative t o  59,100 c f s  dde  t o  t he  r s l i ns io rms  pr io r  t o  t h e  

75,200 c f s  ae r i a l  photography. The heavy r r in  resbited i n  higher 

t f- ibutaiy f low which there fore  lessened t h e  back . !a te r  e f f e ~ ,  due to 

mainstem s tage  for- this  steep gradiz i l t  t r ibutary.  Tarhid  b a c k w a t e r  

sur-Facc a r e a  i n c r e a s e s  bebyeen 59,TCO a n d  36,609 c f s  a s  var ious 

ci.iannels become dewa te red  a t  t h e i r  upper  be;-ms and thzn decreases 

i ~ e l o w  36,603.  CIear iva ter  a r e a s  a p p e a r  a t  59,100 cfs ,  increase in  

s u r f a c e  a rea  st 36,600 c f s ,  and t h e n  decrease jt l o ~ v e r .  d ischnr-yes. 

Siclc. s l o u g l ? ~  a k  ear. a t  36,500 c f s r  dei:rezse in  -u!-face a r e a  sligiitly 

a t  21,100 c i s  a n d  i-f~en incr-ease a t  13,"3(!0 c f s  a s  " r : ~ b i d  backwa1.:-s 

ir-ansfol-in to s i d e  s i o t ~ g l ~ s .  

FJiontana Creek (SC l i - I )  
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GOOSE CREEK [%@ is-4) 



MONTANA CREEK (S6 I!-$1 



MONTANA CREEK [SC 81-1) 



Secondary side c i ~ a n n e l s  transit ion t o  turbid b a c k w a t e r s  a t  21,100 c i s .  

The turbid backwater goes to side slough a t  13,900 c fs ,  

S u n s h i n e  Slough (SC 1-51 

Mainstern s u r f a c e  a r e a  s t a y s  fairly cons tan t  because t h e  side channe l  

comp!c?x i s  n e x t  to  the low w a t e r  char lne l  (Figure 3 . 4 ) .  From 21,100 

cfs to 73,900 cfs some mainstem area becomes secondary s ide c h a n n e l .  

P r i m a r y  side channel stays re la t i ve l y  constant f rom 75,200 c fs  t o  

59,100 c fs  then t r a n s i t i o n s  t o  secondary side channel a t  36,600 c fs .  

With decreasing discharge secondary side c h a n n e i s  become t ~ : r b i d  

backwaters, clearwater a reas ,  s ide  sloughs o r  g r a v e l  bars. Tributary 

a r e a  decreases a t  59,100 c f s  because t h e  tributary discharge was 

relatively low a t  t h e  t i m e  of photography, inc reas ing  tributary mouth 

habitat e x t e n d i n g  t o  the  edge of t h e  control a r e a .  

B i rch  Creek Slough 

Bi rch  Creek  Slough is a single, isolated c h a n n e l ,  f e d  by Birch ?reek 

and groundwater  inf loiv.  This d i f f e r e n t i a t e s  it f rom t h e  other s ide  

channel complex s tudy  a r e a s .  B i rch  Creek  Slough is long, nar-row, 

and meande r i ng .  I t  f l ows  t h r o u g h  a vege ta ted  a r e a  f o r  i t s  entire 

length w i t h  vegetat ion extending down t o  and overhanging much of 

t h e  bank. The combination of the narr,>w channel, overhanging 

vegetat ion, acd  shadows in t h e  photography m a d e  detect ion of wa te r ' s  

edge a n d  the  edge cf vegetat ion very  d i f f i cu l t .  For  this reason,  

delination and digitizing of habitat type su r face  a,*eas was not done 
t 

on B i rch  Creek Slough. I-lowever, a ve rba l  descript ion o f  t h e  slough 

and its r-csponses to t h e  mainstem s t a g e  that w e r e  noted dur-ing the 

he l i cop ter  over f  1 igh. l~ a re  discussed L>e!o!~. 

T h e  head of U i  rch Creek Slough becomes dewatered betwepi3 r n a i n s t k ? i ~ >  

elischarges of  59,100 and 36,600 c i s .  A road crosses the .;\oiic;r[~ 

p i  1,000 f e d  doi-+nstr-e:;lir i i * ~ ! ~ i r  7 \,pad a f  i 1 7 i 3  . : \ i b i l l i r i ! l .  
* a  





-, 

i h e  q y x r  port ion of t he  slough contains numerous b?aver  dams 

wI?ic,h form a series of irt pounded pools. These do not appear  to  

have s igni f icant  f low th rough  t hem as evidenced bly stagnant-  

appearing water ,  and early ice formation. Dur ing ri2connaissance 

surbeys ,  no evidence of s p a ~ n i n g  was seen in t hese  upper  areas  in 

contrast  to t h e  lower  reaches of the  slough where  sainnon spawning 

was observed on A u g u s t  31, 1984 and carcasses were  seen on October 

10, 1954. The lower r-ezches of the slough a re  characterized by a 

pool-riffle t ype  of habitat which appears  to  provide sui table habi ta t  

for  spawning. The beaver dams appea r  to  provide a bar!-ier t o  

~ l p s t r e a m  movement of salmon in  the slough and l imi t  f i s h  util ization to 

t h e  d ~ ~ d % / n s t r e a r n  a r e a s .  

B i rch  Creek  enters  Bir-ch Creek Slough approximately 5000 u p -  

st ream f r ~ m  t h e  mouti? of the  s lough .  During per iods when t h e  

~~pstr-ea.1 end of  the slough i s  overtopped and the  s l ~ u g h  i s  f lowing 

turbid :vater, G i rch  Creek  provides clear w a t e r  habitat do~vns t ream to  

t h e  i n o u t h .  As mainstem s t a g e  drops and the slough i s  no longer 

bl-eached, t h e  slough becomes a clearwater habitat.  Backwater ef fects  

of t h e  mainstem a r e  reduced and t h e  t r ibutary habitat o f  Birch Creek 

ex tends  down to t h e  mouth of t he  slough. 

Definitions f o r  aquatic habi tat  t ypes  used in  t h i s  s t u d y  represent a s e t  of 

visually recognizable, streamflow-dependent physical  cha rac te r i s t i cs  t h a t  do 

not r e s t r i c t  t h e  occs r rence  of a par t icu lar  habitat type t o  f i x e d  g~ograp i - i i c  

locatiorls. A n  example of t h e  f low-dependert t  n a t u r e  of these def  in i t i o ~ s  

a r e  s ide  s I D L I ~ J ~ ,  c learwater  a rea ,  turbid baclcwa"ier a n d  side channel 

h a b i t a t s .  Thc  be!-ms a-t t h e  heads of s ide ci3anncls rnay become dewatered 

a s  t i l e  m a i n s t e m  disc!large decr-eases, f o r - m i n g  a turbid backwater-  h a b i t a t .  

A s  the  d ischarge con t inues  Zu decrease  the turbid  tsacitwatei- niay i*clr i lain ;, 

1 3 P 3 1  1 qi<J( '  ~ii>i i i ; l { i  \ ] ~ ~ \ T ~ ~ \ ~ ~ * ~ ~ ~ ~ ~ ~ ~  

r .  
I -  { J  I i ~ ~ / I i j i i r t ~ c v O j  v 3 - 1 3  I I -  ~ i 1 c i  V : : I I ~ I ~ ~ ~  



Clear*water a r e a s  form as  remnant  wet ted a r e a s  remain ing af te r  the  be rm 
-> - 

beci~mes deivater-ed. I hese aiQzas clear due t o  se t t l i ng  out of suspended 

particles o r  due to some intragravel flow. Th2y eventuaily d2water 

completely. Side sloughs a r e  cisar w a t e r  habitat: irt which t h e  flow i:; 

maintai17ed by up~vel l ing a n d  sur face water  runoff .  When mainstem 

discharge ~nc i -eases and river* stage r i ses ,  t h e  berm a t  the head of t h e  

side c h a n n e i  i s  over-topped. Turbid m a i n s t e m  f lows Intc, the over f iow 

c h a n n e l  ar;d replaces t h e  fcrrner, clearwater habitat w i t h  deeper, 

faster--f lowing, turbid  water .  The a q u a t i c  habitat t y p e  a t  t h i s  location 

t h e n  f i t s  t he  def i i t i t ioa sf side channe l  habitat. 

The sur face  a r e a  response curves  f o r  the  repi-esentative a r e a s  in  the iower 

r iver  a p p e a r  a t  f i r s t  very c~mp!ex  without clear t rends .  This is a 

furiztio;~ of the  c o r ~ p l e x i t y  of m a n y  cf these  representative a r e a s  each 

con ta in ing  numerous individual c h a n n e l s .  CVithin a side c h a n n e l  cornpiex,. 

f o r  exampie, var ious c h a n n e l s  o r  gt-uups 3f cIliinnels have d i f fe ren t  

breaching d i scha rges .  A typcial sequence f c r  a c h a n n e l  i s  t o  t r a n s i t i o n  

f r om a secondary s ide  c h a n n e l  t o  a turbid backwater  t h e n  become a c l e a r  

i vz te r  a?-ea and f ina l ly  dewatel*. Another seqdence may show a secondary 

side c h a n n e l  becoming a s ide slough, or  remaining a secsndary side 

c h a n n e l  throughout the f low range.  In  combination the l oss  of a given 

l ~ a b i t a t  t y p e  in one chant2el may b e  replaced by t h e  ga in  of t h a t  or  another 

h a b i t a t  type in  another  ~ h ~ n r i e l  wh ich  is a t  a d i f f e r e n t  point in  t h e  same 

o r  in a d i f fe ren t  sequence. 

Sur face  a r e a  responses a r e  3 funct ion of sf reamflow and cha!?nel geomet ry .  

Previous work  by Klinrjer and Ti-il7ey (1983) h a s  s h c t v n  the rc-peatabil i ty 
D 

and u s e f k ~ l n e s s  of wet ted  su r f ace  a r e a  mappiny on the Susi tn,  River f r o m  
"?W* RM 401 to RM 149, a single cha r~ne l  a n d  s p i i t  channel i-iqv*er. ! he 

r epea tah i i i t y  o f  wetted s u r f a c e  ai-ea measu rement-s a r e  dependent on s t a b i f :  

f:han ne l  geomet ry .  i ' i f ferences in channei morpl?oiogy were r ioted betu fe3n 

the 1953 aer ia l  pi-:otographs a n d  the  r i ve r  in 798-1. T s  differ-c.r\c;. v m s  

! . , - s t  t:jbici-veci c l u r i i ~ g  the i l e l i co~~ i -c ; -  i>i:e*-fli:~L:i;t 01-1 . l i i l \~ 7-!, I -  $ 1  P i l ~ \ r  

&yt(> (! je j t ( ] ( ) [ )  ( - ( s )  i ~ y <  t l2dr\  il]cx ! # 3 ( b 1  L)r +> &y%l{j! , q ] l ~ ~ L b , . ~ ~ * # { $  \ - \J \ \ I ( \  



c f s ) .  After f i e ld  mapp ing  t h e  we t ted  sui-face area  f o r  the 59,100 c f s  

photography, t h e  deiineations were f ie ld  checked on August  22, 1984. 2 t  

56,300 c fs .  Betweer1 t h e  dates of original mapping a n d  checking, a peak  

f low of 52,000 cfs occurred.  By the  t i m e  of the later field checking, some 

of the gravel bars h a d  increased in s ize and changed locatiorl. 

Even though c h a n n e l s  of lower river side channel cornpiexes display gravel  

ba r  shift ing on a relatiiiely shor t  t i m e  scale as a r e s u l t  cf m~oderate h i g h  

f low events, as  described above, t h e  wet ted surface a r e a  response to  

d ischarge generaf ly  i s  repes! -o le  a n d ,  i v i t h i n  t h e  p rec is ion  of this work, 

use fu i  in  f u r t h e r  ana lys i s  of re lat ive changzs of habitat  a rea  in response 

to c h a n g e s  in  f low.  




















































































































































































































































































































