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Spawning activity was not observed beyond the cleanfater plume at the

Fourth of July mouth area. High mainstem tributaries prevented spawning

observations beyond the plume . Spawning may have taken place beyond the

plume. Because of th is uncertainly. the importance of the clearwater

plume in detennining the usable salmon spawning area and cr iteria at

tributary mouth habitats is unknown .

Salmon spawning in tributary mouth habitat locations was evaluated .

lane Creek and Four th of July Creek tributary mouth areas were selected

as study areas for thi s investigation due to the ir historical importance

as chum salmon spawning areas . During the 1983 field season. chum

salmon were observed spawni ng in the cl earwat er plume of the Fourth of

July Creek. However , sal mon were not observed spawning at the Lane

Creek mouth area .

Location and area of the available and useable salmon spawning area at

each study site was determined. Available habitat size was positively

cor relat ed to changes in mainstem discharge at both mouth areas. while

useable salmon spawning areas increased only at the Fourth of July Creek

mouth area with increasing mainstem discharge. Useable salmon spawning

area within the Lane Creek mouth decreased as ma instem discharge

i ncreased. This difference is probably related to the different type of

confluence area of each site . Lane Creek flows directly into the

mainstem while Fourth of July Creek empties into a side channel .
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Digiti zing - a graphics analysis procedure used to determine surface

area .

Discharge - Water vol ume passing a f ixed point per unit time.

Speci fi cal l y refers t o mainstem habitat.

Flow - Water volume pass ing a f ixed point per unit time. Refers to

slough, side channel, and trIbutary habitats .

May 5, 1984

Ava i lable Habi t at - the we tted portion of the study area .

GLOSSARY

Clearwater Plume - the extension of the clearwater of a t ri butary i nto

the t urbi d ma i nstem at and below the conf luenceof the two. Due to

the different densi t i es of the ma inst em and t ri but ary waters , t hese

two water bodies do not readily mix, causing a cl early def ined

cl earwater extens io n of the tri b".tary al ong t he r iver bank at end

below th e actual confluence . Size of the plu me i s a functi on of

t ri but ary fl ow and ma instem discharge.

DRAFT

IFG-2 model - a water surface profi le computer program. based on

hydraul ic theory and formulae, which provides deta iled descriptions

of the depth and veloc ity distributions at each cross secti on of a

study site. Requires one set of f ield data to operate .
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GLOSSARY (cont inued)
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IFG-4 model · a wate r surface prof fle computer program similar to the

IFG-2 model , but i s more strongly based on fie ld observat ions and
i>b,~.:l

empiric ism. Requ 1 res~three set s of fi el d data to operate.

Tsopl eth - a li ne which connects points on a map that have equa l va lues

with regard to certai n variables (depth, veloci ty, elevati w', etc).

Project Datum 0 . true elevation .

Usabl e Habitat - that portion of available habitat which provides

the hydraulic and substrate conditions deemed necessary to support

successful salmon spawni ng .

Uti lizati on Data - hydraul ic and phys ical data col l ect ed at act ive

salmon redds. Th is incl udes: water depths; mean column water

velocity, substrate size , and surface and fntragravel water

temperatures.
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This chapter presents an evaluation of tributary mouth spawning . This

study was conducted at Fourth of Ju ly and lane Creeks (Fi gure 8- 1) to:

establ i sh base l ine phys ical data at sel ected tr ibutary mouth areas which

would be helpful in ascerta ining direct impact s of the proposed 5usftna

Hydroel ectric Project; and . develop specif ic sal mon habi tat requirement

cr iteria for tri butary mouth spawners.

Specific objectives of the t ri butary mouth habitat i nvest i gat i ons were

to :

1. locate and quantify the wetted surface area (avai lable

habitat ) within the tributary mouth habitat study areas for

selected rnainstem discharges ;

2. monitor and record the hydrau l ic and ather physical conditions

which appear to be i nf luenci ng the se lection of spawning sites

(redds) by chum sal mon with in t he tributary mouth habitat

areas ; and

3. locate and quantify that portion of the wetted surface area

(avail abl e habitat ) wh ich represents potential chum sa l mon

spawning habitat (usable habitat) within the t r ibutary mouth

habitat study area for selected ma instem dis charges.

For the purpose of thi s i nvest igat i on, the tributary mouth hab itat

extends from the uppermost point i n the tributary influenced by mainst ern

8·1
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The hydraulic models used in those stud ies cannot be adapted to

tributary lIlQu th habitat because the var iable flow conditions present

8-3

Eval uat ions of salmon spawning habi ta t in side slough and si de channel

habi t ats are presented i n Chapter 7. The purpose of the slough and side

channel investigations has been to predic t t he avai labi l i ty of spawning

hab itat in slough and side channel habitat s as a function of flow.

These st udi es have rel ied on the use of computer simulat ion through

mathematical model s to achieve t hei r purpose.

Susitna River effect s . to the downstr eam ext ent of t he tr i butary pl ume

wh i ch extends i nt o the mains tem Sus itna River . Every comol nat ion of

Susi t na River discharge and tributary flow af fects t he boundary where

the free-flow ing t r ibutary habitat ends and the tributary mou th habitat

area begins . Designat ion of th i s boundary l ine is impor t ant for

delineating and differentiating between habitat util f zatt on data for

salmon which spawn i n the tribut ary habitat versus sal mon which spawn i n

t he tributary mouth hab itat.

In general . tributary mout h areas of t he Talkeetna to Dev i l Canyon reach

of the Susi t na River provide spawni ng habitat for pink and chum salmon .

These tr ibutary-mouth areas have also been found to prov ide re aring

habit at for various resident fish speci es (Schmi dt et . al , 1984). ln

spi t e of the importance of these tributa ry mouth habi t at s . analysis of

t~ese areas i s lacking because of l imi t ed resources and a higher

pri ority placed on ot her habitat types. Also. because of sampling

problems associa t ed with the dynamics of these habitats . very l ittl e

descript ive work has been done on these areas .

May 5, 1984DRAFTI
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1

with in t ri butary mouth habi ta t vio late the st eady fl ow as s umption~ which

is a bas ic premi se of t he models . Existi ng mathematical models ar e

i ncapabl e of s imulating the hydraulic int eracti ons of trfbutary/ma ins t em

confluence areas . This tr ibutary mou th habitat invest i gat ion was

therefore des igned to describe , evaluate. and quant ify the presence of

phys ical conditions as a function of combined mafnstem discharges and

tributary fl~s which were observed. The results o· this i nvesti gat ion

cannot be used as a predi ctive tool . Instead , ;hey describe the

baseline phys ical condi tions present within these selected areas for the

observed sampled combinations of ma instem di scharges and t r ibutary

flows .

The var ious secti ons of th e tributary mou t h habitat evaluation

i nvesti gat ion are div ided into th ree subsections bas~d on availabl e

habi t at (wetted surface area ) I useab le salmon spawning habitat , and

salmon spawni ng ut il ization habita t . The next secti on sunmarizes t he

methods used for th is i nvest i gat i on.

0_'
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Tributary mouth habi t at investigations were conducted at Lane (~ 113.6)

and Fourth of July Creeks (RM 131.1) . These locations were selected

based on their historical impor tance as salnen spawning areas.

Transects were establ ished to represent reaches having similar hydraul ic

and related character i stics . Transects located within the ma instem and

t ri butary port ions of t he study areas were perpendicular to the

discha rge or flow , respect ively .

The addit ional transects at both sites we re added after the first

sampl ing period had been completed at the lane and Fourth of July Creeks

study areas . Discharges were 23.000 cfs and 24.000 cf's , respectively.

Compar isons between t he data der ived f rom the graphical analyses of the

overall s t udy areas collected during the f irs;: sampling period

Hay 5. 1984

2.1 Site Selection

The tributary mouth study area boundari es (upstream and downstream) were

initially established to include t ile area at and below t he actual

t r ibutary/mainstem conf luence (Figures 8-2 and 8-3). After consultati on

with a hydrauli c engineer , the mainstern portion of the st udy area was

expanded to better describe t he overa 11 hydraul i cs with; n the or; gi ne1

study area . This i ncl uded adding two transects i n t he mai nst em above

the confluence at both study areas and adding a downstream transect at

the Lane Creek study area (Fl9ure 8-1).

DRAFT
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should not be compared wi th the habitat analyses of data collected at

other mai nstem d1sc~arge level s for t hese sites . Compar isons of habitat

eval uation maps. hceever- , are vali d for the area between boundar ies of

t he orig inally sampled transect s for all ma i nstem discharges sampled.

The clearwater t r ibutary mouth plume, .... i t hi n the ma fns t em . for both

study areas was within the confines of the or1g1nal study area

boundaries for both creeks during the first sampling period at the

23,000 crs and 24.000 cfs discharge level s. The cl ean/at er piume was

not. however. contai ned with i n t he or1g1naI or expanded boundar ; es of

the Fourth of Ju ly and Lane Creeks study areas at mafn stem sampli ng

discharge l eve l s of 16,000 , 12,000 and 8,000 cfs. The boundaries of the

tri butary mouth study areas did conta in t he maj or port ion of t hese two

tributary mou th habitat areas at al l of the ma i nst em di scharge l evel s

samp l ed. Although spawni ng act i vi t y was observed beyond the boundary of

t he Fourth of July Creek tri butary mouth study area, th i s activity was

min imal and t herefore, not cons idered as important as t he spawni ng

act iv ity within the st udy area.

In suntnary, both study areas were cons idered representati ve of the

entire tr ibutary/ma instem ccnfluence area . Thp. exclusi on of habitats

beyo~d the establi thed study areas was not consi dered to be an obstacle

to the attai nment of t he study objectives. Limi t ed manpower and t ime

were a lso factors governi ng t he scope of this stUdy. It was t herefore

decided that the second set of establ ished study area boundar ies should

rema in fixed and not be changed t o accoomodate the incre ases i n plume

lengt h ! xperienced at the l ower dfshcarges.

8-8
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Chum saleon was selected as t he target species for th is i nvest i gat ion

because it is the dominant salmon species us ing the tr ibutary mouth

habitat area for spawning (ADF&G observat ions ).
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2.2 Available Habitat

Hay 5, 1984

Available habitat was definl!CI as the wetted surface area within the

study area boundaries at each combinat ion of ma instem discharge and

tributary flow sampled. In order to determine the amount, location, and

type of available habitat present within the study area for each

discharge/flow combination sampled, the wetted surface area of hydraul ic

and substrate condi t ions evaluated were del ineated on maps.

Base maps were developed from survey data which included transect s.

Surveys were referenced to project datum. Streambed elevat ions along

establ ished transects were obtained during low Susitna River discharge

conditions (8.000 ers), One foot contours were added to the maps as

determined from survey data.

The clearwater plume of the tributary was defined for each sampled

Sus i tna Ri ver di scharge by measuri ng the di stance from the headpi n of

each established transect to the water's edge and then to the interface

of the clear and turbid waters . The downstream extent of the clearwater

pi ume wit:l in the study area was al so noted. StUdy area transects ,

shoreline and cl earwater plumes were defined on study area base maps at

each combination of mainstem discharge and tributary flow measured .

Hydraulic data (water depths and mean column velocities) were collected

along transects when Susitna River discharges at Gold Creek (USGS gaging

st ati on 15292000) were in the ranges of 8,000 , 12,000, 16,000, and

20,000 c15 by wading or from a boat when depths and/or velocities

8-10
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Substrat e composit ion was detenni ned along transects by visual

observat ion dur ing the l ow, c l ear , autumnal flows of t he Susitna River

{IS, OOO cfs ). Turbid ity level s associated with higher open water

ma i nstem di scharges proh ib ited eva lua t ion earl ier i n t he season .

Substrate compos ition was assu med to be st at i c throughout the sampl ing

period . According1:" one substrate composi t ion ma p deli neat i ng

substra t e dat a obse rved a long study ar ea transects was construct ed for

each study area.

8-U

di ctat ed. These data were plotted al ong study area transects on

respect ive parameter spec i f ic maps . Wa ter velocity and depth isople ths

(incremen t s of 1.0 ft/sec and 1. 0 ft . re spect ively) were drawn between

ident i cal readi ngs on st udy transects on each paramet er specifi c map .

If the actual fSQp l eth i c value was not observed, the value was

i nt erpolat ed. A sample i soplet hi c ma p is pre sented i n Fi 9ure 8-4.

Quantifi cati on of ar eas charact erfzed by an i ncrement al vel oci ty or

depth was Ithfeved by dete rmin i ng t he water surface area associated wi th

each speci f ic inc rement by digitiz ing.

large substrate s ize and re lati vely high water veloci ti es precluded the

vi sual detection of upwelli ng groundwater below t he "fat er surface at

both stud! ar eas at a l l sampled mai nst em discharges and t ri but ary f l ows .

However, t l imited number of temperature differences between surface and

i nt ragr avel wa ters observed at ac t ive chum redds i ndicat e poss ible

groundwaters vent ing within t he Fourth of July Creek t ri but ary mouth

study area . Because of the l imited amount and tentati ve nature of these

.1ata , possible upwelling areas are only depicted on the spawning area

map (Fi9ure 8-27) .
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Usable salmon spawning habitat was def ined as the portion of available

habitat area wnere an acceptable range of water velocities. depths. and

substrate condi ti ons all existed for supporting spawning by chum salmon.

Earlier i nvest igat ions have not focused on chum salmon spawn ing

requirements at tr ibutary mouth hab itat areas. Therefore . overall

ranges of water velocities. water depths. and substrate spawning

conditions for chum salmon were der ived from l iterature, the study

presented i n Chapter 1. a~d data collected as part of this study. Hale

(1981). in his review of several authors ' work, 5unmarized val ues of

specific variables observed at chum spawning sites. That and the

utilization data collected by the ADF&G at chum salmon redds in sloughs

and side channels durin9 1982 (ADF&G 1983) and 1983 (Chapter 7) and chum

salmon habitat utilization data f r-Dm this study wer-e also incor-porated

into t he ana lys ts. The resulting ranges of hydraulica l ly related

habitat parameters considered to be acceptable for chum salmon spawning

in tr ibutary mouths for this study were determined to be:

2.3 Usable Salmon Spawning Hab ;tat

I
I
I
I
I
I
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I
I
I
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I
I
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Pari.lmeter

Water veloc i ty

Water dept h

Substrate

Range

0. 0 - 4.5 feet /sec .

0.2 - 4.0 feet

Small gravel - boulders
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Usable habi tat areas were determined by f irst outl ining on each

parameter-specific map the areas where the observed val ues were withi n

the acceptable range . The three maps (water velocity. water depth. and

substrate composition) constructed for a particu lar combi nati on of

mafnstem discharge and tributary flow were than overlaid. The resulting

surface area where the observed values of all three variab les were

within acceptable ranges was defined as usable chum salmon spawning

habitat. These areas were quantified by digitizing and the location

within each study area was del ineated on a final habitat map for each

mainstem/tributary discharge.

The range of usable hydraul ica lly related habitat requ irements for

spawnin9 by chum salmon i n tri butary mouth habitat is broad. It is

derived from the best informat ion known to be availabl e. Subsequent

chum salmon spawning investigations at tributa ry mout h habitats should

be considered i n order to refine th is range of habitat usabil ity

characteristics and/or stratify the overall usable habitat into graded

or other similar categories (e.g. opt i mal , preferred , and marginal) .

2.4 Util ized Habitat

Utilized habitat is defined as that portion of usable habitat actua lly

used for spawni ng by chum salmon. Utilization data were gathered

according to methods out lined in Chapter 1 when spawning salmon were

present and with in the tributary mouth study area .

8··14
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Preference curves coul d no t be developed si nce the avail able habitat

within the tr ibutary clearwater plume was not determined during the

co14ection of t he utilization data because of resource li D1itat i ons .

That i s . available habitat collected at the sampled combinations of

ma instem discharge and tributary flows differed from these fl ows which

existed when ut i l ization data col lected.

Chum sa lmon spawn ing habitat ut i l ization data were coll ect ed only within

the c1ea~ater plume of· the st udy area. It could not be det ermin ed if

salmon were actual ly spawning beyond the plume because the t urbid water

of the ma instem prevented visual observations. Utilization dat a

collected within the t ri butary clearwater plume were used in defining

usable habi ta t and are present ed in the Results Section of th is chapter .

The rel ative importance of the clearwater plume i n defining usable chum

salmon spawning habitat is unk nown.

I
I
I
I
I
I
I
I
I
I
I
I
I

DRAFT May 5. 1984

i
I
I
I
I
I 8- 15



DRAFT

3.0 RESULTS

May 5, 1984

General surrrnarfes of the habitat analyses for the tributary mouth

studie') conducted at lane Creek and Fourth of July Creek are presented

in Tables 1 and 2, Figure 8-5 , Tables 3 and 4. and Figure 8-6.

respectively. Comparisons of data analyses presented for ma;nstem

discharges of 23,000 and 24,000 and other sampled discharges should not

be attempted due to unavailable transect data when these discharges were

observed. Results from these abbreviated sampled areas are. therefore,

presented in tables and figures but are not discussed in the text ..

Morphometric and substrate maps of the lane and Fourth of July Creek

tributary mouth study area are presented in Figures 8-7 and 8-8, 8-9 and

8-10. respectively.

~vailable Habitat

Water surface area of available habitat (wetted surface area) at both

tributary mouth study areas was positively correlated to the mainstem

discharge at Gold Creek (Figures 8-11 and 8-12). There were no

correlations between assoc iated water surface area of available habitat

with tributary flow (Fi9ures 8-13 and 8- 14).

Fluctuations in percent available habitat were much more dramatic at the

Fourth of July tributary mouth s t udy area than the lane Creek study

area . Available habitat at the lane Creek. tributary mouth study area

ranged from a low of 60S of the study area at a mainstem discharge of

8·16
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Table 8-1 . Lane Creek tributary mouth study area habitat analysis .
1983 .

Dhch. ,ge left) Surface Are. ( t t 2 )

Usub1e
Habitat of Toul

SUit tn. Lane S.~ ' .d Aval l.bl. U•••bl. Clearw.t.r Clearwater Unacceptabl o
D.t. River Creek Ar•• Habitat Habitat Pll,1M PI~ Hlb t tat

831007 9.2"0 ,. 1&0 .500 96,500 79.100 2S. a "O 22 .IISO 17 .381J

830912 11.600 " 160.500 101 .600 "'5.900 13 ,100 12,600 55 .700

830908 13 .700 2B 160.500 107 .000 35 .900 13.000 11 ,300 7t.nO

830625 23 .000 ,. 11' .200· 35.200 9.850 .' .' 25, 350

• S.~l. ar•• reduced becaul. of unavail.bl. transect dati .

b Cl.arw.t.r plume surfac• • , •• occurs outsld. ~f , • .pled .rnl . Tota l surface ar •• of
cl •• rw.t.r pl u.. i s 850 squlr. feet . Us.ble h.btt.t are. of c l ea rwat er plume
outside of SIMP' ••r•• f. 840 square f ••t .

8- 17
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Table 8-2 . Analysis of the total unacceptable avai lab l e habi t at i n the
lane Creek ~uth study area.

Tot el
Unecc.puble eo.efnetlon

Date H.-bltat Depth Veloc ity Substn te (desc:r fptton)

831007 17 ,3150 1.800 (+)c ' .790 3 ,1100 100 ( ~pth ee ) and vel ocity]

2."'0 (.)d

830912 55.700 "7 . 110 (+ ) "' .150 3 ,550 38.000 (depth (+1 .nd ve l ocity ]

' .970 (-I 80 [depth (-) and veloc i t y]

810908 nino 60.910 (+) 58.815 3,770 5.. . Z80 {depth ( +) . nd veloetty]

'.970 I - ! 80 ( dept h (+) and vel oc i t y]
SO [ dept h ( + ) Ind sub't nte ]

830625 21.210 (+ )

570 I -I
10.590 150 (depth ( -) end subs trate]

20,590 [depth ( + ) Ind vel oci ty]

C (+ ) Indi cates habitat un.ccept .bl. due t o d••Q ••t e r depths ( ".0 ft . )

d e-) Indi cat e. habitat unacceptabl e due to shal low •• ter depth. ( 0. 2 f t. )

.. ~.-p l .d are. reduced beeeuse of un, v,il , bl . t r,nsect d,ta

1

I
I
I
I
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Proport ioned area pte charts of t he sampl ed area,
clearwater ~ ~ ~me . and available and u ~ ~b l e salmo n
spawni ng habitats of t he Lane Creek tr ibutary mouth
st Udy area (RM 113. 6) at the four sampled ma instem
discharges (USGS gag i ng stati on. 15292000) , 1983.
(Note : sampled area at the sampled mafnstem di scharge
of 23,000 cfs was reduced by 74%because of
unavailabl e t ransect data).
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Table 8-3 . Fourth of July Creek tributary mouth habitat analysis, 1983.

Oi,chug_ (eh) Surf.c. Ar•• (ft )
ose,bl.

Four t h Habfht of Tot . l
Susitn, Of July S.~led AVIIlabl. U,••b1e Cl•• rw.t.r Cl• • rwlt.r Unacceptable

D.t. Rtver Creek Area Habitat H.btht Plu_
.,_

H.bttat

831008 8 .~O 55 199.600 80,700 66 .700 115,500 37 ,800 '_.030

830912 11 ,600 J3 ''' .600 11'J. '00 106.100 '6.200 40 ,800 13 .000

830907 ".SOO 63 199 .600 131,\00 120,600 li2,8oo 40.000 10 ,aOO

83062\ 2\ ,000 " ,.3.900' 117 ,200 105,000 3.100b 2.600b 12 ,100

• Sa.pl.d .r•• reduced bec.us. of unayall.ble transect dat• •

b C1,.rw,t,r plu-e and t ubstrate .r•• Is not affected by , • .pled . r••
red uctton.

8-20
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Table 8-4. Analys is of the total unacceptable available habitat in the
Fourth of J~ly Creek tributary mouth study area.

Un.cc.pt.bT . H.blt.t (Iurf.c• • r•• Utz))

Tot.1
Un.ce-pt.bl. Depth Ve l oci ty Substnt. eo.bl n.tion

Oat. Klblbt ( + or -I (0 ) (d••cr1ptlon]

810810 ".010 8.070 I · )c 0 6.1ao no [depth ( - ) or substr.t.l

831209 11 .000 5.960 ( -) 0 7 ,080 0

810709 10.800 1.720 ( -) 0 7,080 0

812~ 12.200d '.S70 ( 0) 6,160 '.500 0

,
( e ) ' "dt c. t •• ~blt.t ~cc.pt.bl. due to ~11ow .,t,r depth ( 0.2 ft .1

8- 21
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Figure 8- 6 Propor t ioned area pie chart s of the sampled area .
cl earwat er plume. and available and usable salmon
spawning habitats of t he Four t h of July tri buta ry
mouth study area (RM 131.2) at t he four sampl ed
mai ns tem discharges (USGS gaging station. 15292000) .
1983. (Not e: sampled area at the s,mpl ed ma i nstem
discharge of 24.000 cfs was reduced by 28S because of
unava ilable transect data) • .
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Usable Hab itat

9,240 cfs to 67~ at 13,700 cfs . The available habitat with in t he Fourth

of July Creek tributary mouth s t udy area, however. ranged from 401 t o

66%of the study area over a s imi l ar mainstem di scharge and time peri od

(Figure 8-15).

Water surface area of usable salmon spawning habitat at the Fourth of

July tributary mouth study area (Figure 8-12). was posit ively correlated

to the Sus i tna River discharge (at Gold Crp.ek ), but negativel y

correlated at the lane Creek tr ibutary mouth study area (Figure 8- 11) .

May 5, 1984DRAFT

Due to the t ime consuming method of digitizing each surface area between

i sopleths , i t was deemed impract i cal to determi ne water surface area for

all combinati ons of depth, velocity and substrate for each study area at

each combination of ma instem discharge and tributary f l ow sampled .

However . thi s t ime constraint could have been overcome if a computer

linked dig it izer had been ava ilable.

Frequency di stributions of the water surface areas associated with t he

i ncrement a1 ve loci ti es and depth s of the Lane Creek tr i butary mouth

study area were general1y skewed toward the deeper and faster waters

(Tables 5 and 6; Figure 8-16). Fourth of Jul y t ri but ary mouth

veloc ities and depths were skewed toward the shallower and slower waters

(Tables 7 and 8. Figure 8-17) .

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I



90

80
0..
~

«
""..,
~

lJ>
70

- ~Lo"e Creek Tributary Mouth
0

~• -Fourth 01 July Tributary Mouth

l- 60«
l-

lD
«
:I:

W
50.J

lD
«
.J-«
>
« 40

I

I
I
I,

i
21,000

I
'.,000

(cfs )

I
15.000

DISCHARGE

Avail abl e habitat versus Sus i tna Riv er di scharge
(USGS gag ing st ati on. 15252000) f or the Lane Creek
and Fourth of July Creek t ri butary mout h study areas,
1983. (Note: data unavailable f or the 23 .000 and
24,000 cfs samp l ed Susi t na River discharge.
respecti vely) •

i i
9,000 12t)00

SUSIT NA RIVER

8-15

a
O-!--//-...,----,,-----,-----,-- ----,

Fi gure

. "



-------------------
DRAFT Hay 5, 1984

Table 8·5. lane C~eek tributary mouth water surface area associated with increments of observed
veloctt tes at four Su, i t na .Ri ver dlscha rges (USGS 9a91n9 station 15292000) , 1983.

OhChlrljl8 (eft)
2

••t.r Ve l ocity Ar• • 1ft 1(_»)
SUllEn. Li .. i, t.r Suri.c. incre-en £I l i t/ sec l

O.e. Riv er Cree k 0 .0-' .0 1.' - 2.0 2.1 -3 . 0 3. '-11. 0 11 .1 -5. 0 5. 1-6 .0 6. 1-7.0 7. 1- 8.0 8 .1" .0 9 .1 "0.0 ( ' 0 .0 ) Tot.,

811007 92110 " 17100 16200 lIt "O 7.60 17880 1250 96500

1' 8 ) t11) ( 161 171 119) 1'1 (100)

830912 11600 21 1(l<J50 151190 16720 8110 26760 213110 101600.,
111) (151 ( 16) 101 (26) IU) (100);.

~

83090 8 13700 " 11180 9710 12$20 91' 0 11950 26580 25100 ". 101000

('01 (') (121 (91 ( 11) (25) (2 111) ( 1 ) ( 100 )

BlO62S 21000 2. IDalia 2060 ' 00 20. '00 20. 2280 2100 2260 "00 11110 35200'

tl l ) ( 6} 111 III (ll 111 (0) (0) (0) I' ) (171 1'001

1 • Tot. 1 •• t . r l urf. c••r• • "mpl ed reduced due t o un, v, t" b' . I , •• t.xt t or .apl . net ton.
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Table 8-6. lane Creek tributary mouth water surface area associated with increments of observed water
depths at four Susi t na River discharges (USGS Gold Creek 9a91n9 station). 1983.

DheMrg_ leh) W,t.r Surf.c. Are. (tt21\ )

Sus1t ..• lane iatar Depth Increments t'tl
D.t, River Creek 0.0-1.0 1.1 -2.0 2.1 -3.0 3.1-" .0 ".1-S .0 5.1-6.0 6 .1 -7 .0 Total

8)1007 9nO 19 '11050 19100 23650 38"0 1250 96500
(15) (20) (2S) ('01 11) (100)

8)0912 11600 21 109110 20290 11550 11850 29650 17)00 101600
(11) 120 1 (11 ) (12) (29) (17) (100)

0 .,.... 13700 28 ,'\20 16200 9580 .,'" 231170 3'820 5180 107000, .
" (11) (151 1'1 I') (22) ('01 (51 (100)t

810625 23000 ,. "90 63110 2190 210\0 2808 52)2 127)3 35200'
(11 ) (18) 16) (6) 18) (15) (l5) (100)

1 • Tot.l wlter l urf . ce .rl' 'Iepled reduced due to un.vIII.bl. ( ••• t • • t for ,aplln.tton) .
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Figure 8-16 Frequency distr ibutions of observed water veloci t i es
and depths at t he Lane Creek tributary mout h
st udy area (RM 113. 6) at t he four Sus;tna Ri ver
di schar~es sampled , 1983.
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Iable 8·7. Fourth of Ju ly tributary mouth water surface area associ ated with increments of observed water

veloci t i es at four Susitna River discharges (Gold Creek USGS yaglng station), 1983.

Dhchu;. Ich ) 2
Water Surface Are. 'It 1\ 11

SUl ltn. f ourth of Wa t-, V,'ocl ty Incr...nt. llt/'ee)
Date River Jul )' Creek 0 .0-1 .0 1,1-2.0 2. 1- ) .0 3.1-11.0 1I.1-S .0 5.1-6. 0 Tot . 1

8308,0 .... 55 61080 165'0 IIlO 2•• 2. ..,00
( 76 ) 1201 (1 ) ( 1) 111 (100)

810912 11600 13 61600 15580 21910 119' 00
(52) (lD) (181 (l001

-
11]0907 1\BOO " 58210 \ '820 26560 1160 ' GlO 13'1100

1\11 CUI (:l01 (3) III (lOCH

8106U "000 11 39220 32120 uno 16150 5020 2250 17200
113 ) (27) (191 (1') 1'1 12) (100)

---

- -- •
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Table 8-8 . Fourth of July tributary mouth water surface area associ ated with increments of observed water
depths at four Susi t n. River dlsch.rges (Gold Creek USGS 9'91n9 station) , \983.

2
Dhcharge (ch i Web r Surf.el An. (tt (\) I

SUlltn. Fourt h of W,t.r Surf.ce Incr...nt.
a.t, Rlv,r July Creek 0 .0 -1. 0 1.1 -2 . 0 2.1-1 .0 1.1 -".0 ".I -S .0 Yotl1

8108'0 .... SS U1BO 10\96 ... 80700

(62 ) llOl III (100)

'"~.

~

810 912 11600 " 55~O $1570 12000 119'00

(11 7 1 (0) (10 1 ( 100 )

oi0907 naoo 6' )8790 68\'0 23950 160 1)11100

(3 0 ) ( 52 ) lUI (11 ( 100)

81062_ ,"000 11 10050 :ZQj50 'W J90 )O~O 52. 17200
(26) ( II ) (3 0 ) (26 ) I II ( 100)
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There were no correlations between water surface area of usable habita t

Overa", substrate composition had min ima l i nf luence on t he usability of

the available habitat by spawning chum salmon at bo th study sites

because substrate composi ti on was generally with in the acceptable range.

Water surface of the tributary clearwater plume is obviously dependent

upon tributary discharge but is also affected by Susitna River

discharge. Increasing Susitna River discharge had a dampening effect on

the surface area of the tributary c1earw~ter plume at the Lane Creek

tributary moutt study area (Figure 8-51. As L~ne Creek discharge

and respect ive tributary discharge (Figures 8-13 and 8- 14) . locations

of surface areas asso ciated with the usable habitat at the lane Creek

and Fourth of July tributary mouth study areas at each combination of

mainstem discharge and tributary flow sampled are del ineated in Figures

8-18 throu9h 8-25.

Hay 5, 1984DRIFT

Usable salmon spawning hab itat was restricted and confined at the lane

Creek t r i but ary mouth study area mainly by unacceptably high water

velocities and deep water depths . As Sus itna River discharge increased.

the surface area of usable habitat within the study area decreased

(Table 1 and 2, Figure 8-26). Usable habitat area at the Fourth of July

mout h study area was limi t ed by high water velocities (but not by deep

eater- depths ) only at the 24,000 ers , ma instern streamflow. Shallow

water near shore was the main rest riction on this habitat. Since the

upper 1imi t of acceptable ranges of water velocH i es and wa te r dept hs

was not a major restri ct ing force at the Four t h of Jul y tr ibutary mouth

study area, usable habitat increased as available habitat i ncreased.

(Table 3 and 4, Figure 26) .
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i ncreased f rcltn 21 to 28 cfs there W<lS a sli ght decrease in cl earwater

plume surface area (Figure 8-13). Th i s clearwater plume surface area

decrease can be attr ibuted to the dampeni ng effect of a corresponding

2, 100 cfs. i ncrease in ma t"stem di scharge. With the except ion of t he

above i ncident , all other samp led i ncreases in l ane Creek. flows were

accompanied by a decrease 1n Sus itna River discharge .

In all cases. water surface area of the usable habitat portion of the

tributary clearwater plume increased as the size of the plume i ncreased

(Figure 8-5 , 8-6, 8- 11 and 8-12). The area of usable habi t at of the

clearwater plume reacted to fluctu at ion i n ma tnstem discharge i n the

same manner as the tr ibutary clearwater plume did.

Ut il i zed Habitat

Spawning uti l ization data was collected at 28 acti ve chum salmon redds
•and 5 act ive pink sal mon redds within the Fourth of July tri butary

mouth study area (Table 8-9). Spawnin9 salmon were not observed within

the Lane Creek study site . Ail observations were made when the daily

mean Sus itna Ri ver ~1scharge at Gold C~ek was betw~~n 21 ,000 and 26, 000

cfs (USGS gagi ng stat ion 15292000). A ma p cf the study area deplet ing

spawning areas, possible upwelling areas. and shoreline at 24.000 cfs

and 8,040 cfs mainstem discharge Is presented In Figure 8-27. A large

portion of the depi cted spawni ng areas was dewatered before the fi na1

transect habi tat data was collected on October 8, 1983 .

.1 • These data are incidental and not discussed i n this report.
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Table 8-9. Salmon spawning habitat utilization data collected at the mouth of Fourth of July
Creek August 11-28, 1983 .

out SA""'"

",,'"ateme Water T., . eel
Obser.... Depth Veloclt{

Sub!!!!!.!b
Intri P

Oate o (eh) • .l.!!J. gflvet SurfAceUt/ ••s:
8-17 22,100 01 1.00 0." lCiRU to.6 11.6 .

01 1.70 0.75 to/au 11.5 11.6
0' 1." 0.10 l CiRU 11.2 11.6
O. 2 .20 0.60 lCiRU 10 .2 11.6
os 1.00 0." lCiRU 10 .8 11.7
06 2.30 0 .60 lCiRU 10.7 11.6
07 1.00 0 .10 CO/RU 11.0 11.8
O. 1. (:0 0 .25 selle 11.3 11.9.. 1.C.o 0.25 RUlLO It.3 11.9
'0 1.70 0.20 RUllO 11.2 11 .'

8-18 . 21,000 12 2.10 1.35 RU/CO 11.8 12 .2

" 1.50 0.10 SCiSA 10.' 12 .D

" 1.70 2.10 LC!5C 7.5 12 ,3
'5 1,90 '.50 RU/CO '.1 12 .3

8-22 2'.600 16 2.20 1.30 RU/lC ' .7 11.2
17 2.00 1.00 RUlLO 11 .' 11.3

" 1.80 1.0\0 lCiSA 11.0 11.3
19 2.00 1.80 RUlLO .., 11.3
'0 1.30 2.20 RU/lC ••• 11.2
21 0." 2.00 Ru/lC 11 .' 11.3" . 1.20 3 .10 RullO 11 .~ 11.3

" 1.70 2.00 RU/CO 11.' tl,3

8-28 26.600 " 0.10 0 .0\0 ... ' .5 10 .7
IS 1.10 2.50 ._. ••• 10.7
26 0 .90 0.80

_..
'.0 10.6

27 0 .70 0 .75 --- '.7 10 .6

" 0." 1.20 --- 10.1 10.7,. 1. 10 o.to ... 5.7 10 .8

I : Dlschlrge measured at uses Cold Creok Station.
, Sub strlte Code l,

1- - - . - - -
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figure 8-27 Chum salmon spawni ng areas at the Fourth of Jul y

t r ibutary mouth study area (RM 131 .2) and shorel i ne
boundar ies at the 24.000 and 8.040 cfs Sus t t na Ri ver
discharges (USGS gag, ng st ati on 15292000) , 1983.-
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Water velocities observed at all active chum redds ranged from 0.1 ft

sec to 4.5 ft /sec . Water depths ranged from 0.6 ft to 2.3 f t.

It appears that the physical habitat conditions (water- depths, water

ve loci ty. and substrate) may be the limi ti ng factors for chum sa lmon

redd site selection at this site.

The locat ions of spawning areas of redds measured at Fourth of July

tributary mouth are noted on the spawning area map ( Fi gure 8~27) . A

scatter · plot of water depths versus water velocit ies observed at act ive

chum salmon redds within t he Fourth of July tributary mouth study area

is presen~ed i n Figure 8-28 . Water velocity and water depth frequency

di ::tributions of active chum redds indi cate that spawning salmon most

often selected the redd sites in relat ively slow (O.I-I .O ft/sec),

shallow (1.1 to 2.0 feet) water (Fi9ure 8-29).

May 5. 1984DRAFT

The scatter plot of intragravel versus surface water temperatures

(Figure 8-30) can be used as a tool to detect redds located wi thin

possible groundwater upwelling areas. The use of this scatter plot to

detect redds located in upwelling groundwater area is only effective

when discernible temperature differences occur in the two water bodies .

At least three chum salmon redds within the Fourth of July tributary

mouth study area are probabl y located in areas influenced by

groundwater .

I
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Lane Creek empties into a main channel of the Susitna River. Ma instem

channe1s are characteri zed by high water vel oci ties, relatively deep

waters depths and wide channels (ADF&G 1983b). These tribu tary mout,

habitats are usually open, that is, the opposite river bank is located

far beyond the influence of the tributary on the mainstem . Water

veloc ities and depths i ncrease from shore without reach ing a max imum or

subsiding within the tributary mouth study area. Populations of water

velocity and depths within the study area are skewed toward deeper and

faster waters. The generally steeper banks and the openness of the

habitat accounts for the small i ncr ease in available habitat associated

8-57

Fluctuations i n Susi tna River discharge affect the Lane Creek tributary

mouth area differently than the Fourth of July Creek tributary mouth

area. As mafnstem discharge increases, the amount of available habitat

rema ins almost constant at the lane Creek area , while the available

habitat withi n the Fourth of July Creek tributary mouth st udy area

increased dramatically. The large reduction in the usable chum salmon

spawning habitat at the Lane Creek tributary mouth study area (from 49

to 22S of the study area) between Susitna River discharges of 9,240 cf s

and 13,700 cfs did not occur at the Fourth of July Creek area. In fact.

the usable habitat almost doubled (from 33 to 60S of the study area)

between similar mainstem discharges. These differences in the ava ilable

and usable habitats between study areas and the manner in wh ich these

habitats react to change in ma1nstem discharge can be best discussed by

f irst explaining the basic differences in the nature of each

trfbutary/mafnstem canfluence area .
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with increases in mainstem discharge. As water velocities and depths

increase, the water surface area corresponding to the result ing

unacceptable sa lmon spawning habitat increases, severely 1imit lng and

confining acceptable or usable habitat area .

Alternatively, Fourth of July Creek empties into a side channel of the

Susitna River . The tribu~4~Y mv~th habitat associated with the

confluence also reflects the characteristics of a side channel habitat.

Side channel habi tllts are characterized by lower velocities. shallower

depths and a more constricted channel than the adjacent habitat of the

ma instem river (ADF&G 1983b). The tributary mouth habitat area is

usually confined, that is, the opposite channel bank 1s located within

or just beyond t he 200 foot extension of the study area transects.

St udy area water- velocities and depths increase from shore. reach a

maximum. and subside as the transect approaches the opposite bank .

Study area water velocity and depth populations are skewed toward

shallower. slower waters. The relatively shallow nature of the side

channel accounts for the relatively large increases in available and

utilizable habitats with corresponding increases in mainstem discharge .

In summary , channel morphology dictates the hydraulic conditions present

at each tributary mouth area. A list of tributaries to the Susitna

River between the Chulitna River and Devil Canyon is presented i n Table

8-10 .

The small amount of chum salmon utilization data (28 redds) collected at

the Fourth of July tributary mouth study area was insufficient to

definitely state whether chum salmon which spawn i n the tributary mouth

area do or do not select different hydraulic conditions than chum salmon
which spawn in sloughs and/or side channels. Fish were not observed

8-51
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Table 8- 10. Sus i tna River tributaries between the Chul i tna River
(RH 98. 3) and Devi l Canyon (RH 152. 0) and t he i r ty pe of
confluence habitat .

•

•

•
•

•

•
..
•
•

•

•

•
•

•

Tributary

Whiskers Creek
Chase Creek
Slash Creek
Gash Cr"'ek.
Lane Creek
Lower McKenzie Creek
McKenzie Creek
Little Portage Creek
Fifth of July
Skull Creek
Shennan Creek
Fourth of Ju ly Creek
Gold Creek
Indian River
Jack Long Creek
Portage Creek

R.M.

101.4
106. 9
111.2
111.6
113.6
116.2
116.7
117.7
123.7
124.7
130.8
131.0
136. 7
138. 6
144. 5
148. 9

Confluence Habi tat

s l ough
mainstem

side channel
side channel

mainstem
mainstem
mainstem

side channel
ma instem

~1 de channel
ma1nstem

si de channel
ma 1nstem
mainstem
mai nst em
ma instem
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Table 8- 10. Sus i tna River tributaries between the Chul i tna River
(RH 98. 3) and Devi l Canyon (RH 152. 0) and t he i r ty pe of
confluence habitat .
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•

•
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•
•

•

•

•
•
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Fifth of July
Skull Creek
Shennan Creek
Fourth of Ju ly Creek
Gold Creek
Indian River
Jack Long Creek
Portage Creek

R.M.

101.4
106. 9
111.2
111.6
113.6
116.2
116.7
117.7
123.7
124.7
130.8
131.0
136. 7
138. 6
144. 5
148. 9

Confluence Habi tat

s l ough
mainstem

side channel
side channel

mainstem
mainstem
mainstem

side channel
ma instem

~1 de channel
ma1nstem

si de channel
ma 1nstem
mainstem
mai nst em
ma instem
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spa\lln ing at the l ane Creek site. therefore . utili zati on data were not

coll ected at that s ite . . At the Fourth of July tri butary mouth area chum

salmon were observed spawning in water depths wh ich range f rom 0.6 to

2.3 feet. These depths were within the range of depths (D.16-3.9 ft)

reported for chum salmon redds at various locations i n a number of

reports summarized by Hale (1981 ) and i n the s l~J9hs and side channel s

of the Sus itna River (D.2-2.9 ft ) (ADF&G 1983a and Chapt er 7).

Chum sa l mon redd veloci t ies observed at the Fourth of July tr ibutary

mouth area ranged from 0.1-4.5 ft / sec . All but one of these 28

velocities (4.5 ft/sec) were within the combined ranges of observed

velocitie s of chum salmon redds reported by Hale (1981) in his

literature rev iew. The same outlying velocity was the exception again

when tr ibutary mouth area redd velocities were compared with the

combined range of sl ough and side channel chum salmon redd vel ociti es of

t he Sus i tna River (ADF&G 1983a and Chapter 7) . The combi ned range of

slough redd velocities for 1982 (ADF&G 1983a ) and 1983 (Chapter 7) for

the Sus itna River was 0.0..1.8 ft/sec . A high percentage of velocities

observed at chum salmon redds i n tri butary mouth areas exceeded thi s

range. This may be explained by the unava ilabil i ty of higher velocities

i n sloughs.

Predomi nate substrate types observed at chum salmon redds i n t he Fourt h

of July tr ibutary mouth study area ranged fr om small gravel to cobble.

This observed range corresponds well with the range of substrate types

reported in the literature (sand to bedrock covered with small boulders)

(Male 1981) and in the sloughs (sand to boulders) and side channels

(sand to cobble) of the Susitna River (ADFLG Ig83a; Chapter 7) for chum
8-CO
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U mi tatt ons

salmon redds (Note: only 3 of the 305 combined s lough and si de channel

chum salmon redds had sand as the predominate substrate type) .

Substrate type had l i t tl e i nfluence i n detenni ning t he limi ts of t he

chum salmon spawni ng uti l izable habitat at the Fourth of July tr ibutary

mouth study area.

Although limited, the coll ecti on of the util ization data at the Fourth

of July tributary mouth area serves as the initiation of an important

data base s ince the tributary mouth area presents a wide range of the

parameters deemed tmportant in the se lection of redd st tes by spawni ng

chum salman. Based on the l imi ted utt~1zatton data collected, i t

appears that the physical habitat conditio ns (water depths, water

veloci ty. and sUbstrate) may be the li miting factors for chum sa lmon

redd stte select ion.

May 5, 1984

A limitation of this study is the limited precision of the hydraulic

data analysis. Computer simulation of tributary mouth areas was not

possible . Therefore, a method of delineating isopleths and digitizing

areas between isopleths was devised . Thi s procedure i s t ime consuming

and i s not as ,accurate as computer simu lat ion. Wi th i sopleth increments

of 1.0, i t 15 diff icult to accurate ly estimate the fractional area

withi n an i ncrement which may be necessary to define graded (preferred,

optimal) uti lizabl e habitat area. Smal ler i sopl et h i ncrement s could be

used but determination of surface area between 150pleths by dig itiZ ing

becomes increas ingly difficult as i ncrement si ze decreases .
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Another limitation is determining the importance of the tributary

cl earwater plume in defining utilizable habitat. Visual observations of

spawning salmon beyond the cteareeter plume is obstructed by the high

turbidity associated with mainstem water, del ineat ion of the utilized

portion beyond the plume is impossi bl e . If it could be assumed that

spawning salmon limit their utilization of the habitat within the plume,

ut ilizable habitat would basically be a function of plume size .

The importance of the clearwater p'lume may also be complicated by the

presence of upwell ing waters within the plume area. Since spawning chum

salmon have been associated with areas of upwell ing ground waters (Kegl

1965, Francisco 1977, Wilson et al . 1981, ADF&G 1983b) , i t may be

possible that tributary waters flowing through the interstitial spaces

of the unconsolidated alluvium at the mouth of the Fourth of July Creek

are the impetus for chum salmon spawning. Although the seeping water is

associated with the tributary, it may be less variable and more specific

to the spawners than the plume itself. During t imes of low tributary

discharge and limited clearwater plume surface area. spawning may take

place in the turbid water areas downstream of the tributary/mainstem

confluence. Although the plume is absent, spawning may be initiated by

the detection of the seeping waters from with in the gravels by the

spawning salmon. Since seepage probably occurs only on the same side of

the channel as the tributary, it follows that chum salmon spawning wou ld

only occur there . Although not definitive, surface water disturbances

caused by spawning salmon were observed i n the shallow waters of the

clearwater plume but were not noted in the shallow waters near the

opposite bank. This may i ndicate that salmon spawnin9 was restricted to

the tributary side of the channel :

I
I
I
I
I
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A C1aj ority of the spawn ing areas observed at t he Fourth of Jul y

t ri butary mouth area at ama tnstem discharge of at lea st 21.000 cfs were

d~atered at 8.040 cfs discharge. At winter mains t ern discha rges wh ich

approach 1.100 cfs (USGS 1975) , additiona l spawning areas may also be

dewatered. The salmon embryos in these dewatered areas must rely on

upwe111 09 or seeping ;ntragrave1 waters to survive. If the embryos

freeze and die i n these areas, the observed spawning may be incidenta l;

but, if the embryos are viable, these areas may be extremely import ant

to the Fourth of July Creek stock chum salmon . Reduct ions in mainstem

discharge during the chum salmon spawning period may prevent access by

adults to these spawning areas .

Finally, t he actual tributary mouth study area boundaries were a

limi ti ng factor In describi ng the habitat condi ti ons wi thin the tota ;

t ri butary mout h area because the study area did not i nclude the tota l

mouth habitat at all sampled tributary/mainstem discharges . However,

the tributary mouth study area was consi dered to be representat ive of

the total mouth habitat. This i s especially true at the Lane Creek

tri butary mouth area since the clearwater plume was conta ined with in the

width of the study area at all mainstem/tributary discharges . Physical

conditions vari ed l ittle al ong the greatest extent of the tr ibutary

cleanfater plume. At t he Fourth of July Creek tributary mouth area,

however. condit ions changed radi cally as ~sfnstem discharge decreased.

Physica l condi t ions at the t r ibuta ry mouth area signi f icant ly changed at

the Fourth of July Creek tributary mouth area. During the fi nal

sampling on October 8. 1983. Fourth of July Creek discharge was

relatively hi9h (55 cfs) while the si de channel, which the tributary

flows into. was extremely low (ID-7D cfs). The cl.arwater plume of the
8-63
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tri butary ~ncompassed the ent i re side channel below the confluence with

the tr ibutary to the confluence with the mai nstem. Because of the very

low stage of the Susi t na River during this t i me . large areas of river

bed within the tributary mouth study area were exposed. Total lengths

of transect~ (200 feet ) were dewatered. The watered s ide channel below

the tri butary confluence mi grated beyond the dewatered transects out of

the study area . (When t he t ransects were est abli shed at a maf nstem

discharge of 24.000, the exposure of t his large portion of riverbed was

not anti cipated ). Upon i nspecti on, the total wetted area of the side

channel , including portions within and beyond the study area, appeared

to be of usable salmon spawni ng habitat . If the study area i ncl uded

this portion of the tr ibutary mouth habitat. percent of usable salmon

spawn ing habitat would mos t likel y i ncrease . No appreciable percent

i ncrease i n usabl e salmon spawning habi t at wou ld occur at the lane Creek

study area i f t he ent ire plume area was sampl ed.

Future i nvesti gati ons shoul d cons ider the re lat ionship of usable sa l mon

spawnin9 habitat wit hi n the t r i buta ry mouth habitats at sites where

tributaries confluence with s ide channels and sloughs. Ava ilable and

usable sal mon spawni ng habitat within tributary mouth areas may be

i nflue nced by var iat ions i n tributa ry discharge at l ower mai nstem

dt scharge 15.000 cfs USGS 9agin 9 station 15292000) ra ther than

mai nstem Susi t na River discharges.

Sugges t i ons to use computer si mu lati on of t he Fourth of July Creek

trtbutary mouth area at fixed Susttna River discharges while varying

tributary discharge are presently being considered by E.W. Trihey &

8-6'1
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Associates and Woodward Clyde . This simulation may provide insight into

the ava ilable habi tat conditi ons ~resent at the Fourth of July tr ibutary

mouth area with the proposed Watana Dam i n operati on.
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