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1.0 SUMMARY

Groundwater discharge into s loughs arong the Middle Susitna Rive r main

ta ins habi tat for sa lmon spawnin g and rea ring of the juvenile salmon . The

operation of the proposed Susitna Hydroelectric Project up s tream of these

areas would chi'nge t he f low regime in t he river . The effect s of these

changes in f low reg ime on t he g roundwater discharge into th e s loughs we re

studied .

Ana lysis of preViously collected data en d r-a infa ll- r-u noff data collected

during 1984 lead to t he following concl usions :

l . Stage <:: hang l"S in the mainstem will effect the r-ate of groundwater

upwelling to the sloughs . The effect varies fr-om sloug h to s lough

being depen dent on loca l st r-atig r-a phy . gr-adient. a nd s lough

mor-phology . Relationships have been developed fo r- S loug hs SA. 9

and 11.

2 . Upla nd grou ndwater- is a sig nificant sour-ce of wate r- to some s loug hs .

This a lso va r-ies between sloughs . The avai lability of t his water- to

the sloughs depends upon t hat por-tion of t he water-shed ar-ea wh ich

has deepe r- so ils . preventing r-ap id runoff . The ele vatten of the

gr-oundwate r- table adjacent to t he s loughs is cont rolled by mains tern

stage .

3. A high per-centage of precipitation r-uns off t he steep r-ocky hi llslopes .

However , some of t he water- seeps into th e ground as th e streams

c ross alluv ial fans at t he base of the s lopes , red ucing water avai lab le

to the s lou g hs .

,-,
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2.0 INT RODUCT ION

On the Susi t na River, side stoughs are def ined by the Alnka Depa rtment

of Fis h and Game IAO Ft.Gl as the s idechannel or adjacent wetted hab itats

to the mOlinsteon SUl ltna River which periodica lly receive <II portion of their

sur-he. ""'Oiter f rom the mainstem Susitn.. River in addi t ion to other

s.ou rces . Between r.lkeetno: and Dev il Canyon , an are.. referred to on the

middle Susi t n. River, the,-- ex ist <II nu mber of neas that meet the above

defi ni tion . Some of these doug hs provide spoly-ni"g and o\'erwinterin g

habitat for chum, pink lind sockeye sa lmon . For the yelrs 1931-83 the

est im.ted tctel number of these species using these sloughs for spawn ing

are .n follows : 1, 000 - 2. 000 Soc keye ; J, ooo - 5,000 Chum ; 300 - 500
Pi nks(1) .

Th e major ch Oi racteri5t ic of the l e l loug hl whi ch makel them l uitable habitat

for $.lImon l pawning and the ov erwinte ring of $.lImon f ry il th'! yea r round

f low of wat'!r , e ither U lurlace or intragrav el flow. The lOUreel of th il

flow and the manner in wh ich it would be affected b y the regulat ion of

flow in the SUl it na River ha ve been the focul of ltudiel that have been in

progren st ece 1982. Previoully publilhed reportl include Ac rel American

( 1983) . R&M Conl uita nh ( 1982) . and Alaska Power Authorit y ( 1984) .

The purpose of thi l report il to present both 1984 data and additional

an alYl es of the hyd rologic conditions a t se lec ted s loughs in the middle

Su sltn a River . To further ref ine previous estimate ' of g roundwater flow

into Sloug h 9, falli ng head testl were cond uc ted at thrM wells. Water

lev els were a lso cont inuously monitored at two wells . Ins tead of further

attempti ng to sepante the loca l and main stem c.xnponentl ot groundwater

flow into Slough 9, an attempt was made to di rectly measure the flow which

the uplands contributed to the s lough . Add it iona l streamgagf'S and p re

cipitation gages were installed at and nea r Slough 9 in order to co nduct I

wate r ba lance study . In addition , streamgages were maintained on Sloughs

SA and 11 to «'nt inue to document flow on s loughs which rar"ly receive

mainstem flow .

2-1
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3 .0 DESCRIPT ION OF BAS INS

The following ba sm d esc riptions are mod if ied s lig htly from those by

ADF &G • Su Hydro .

3 .1 Slough 8A • RM 125.3

Sloug h SA is located on the east ban k of the Susit na Riv e r ( Figu rl!'s

3 . 1, 3 .2) . The s lou gh is app rollim a tely two miles in leng t h and is

se pa rated f rom t he mains tem Susitna River by a large vegeta ted

g rav e l ba r . The slough mout h is adjacent to a side channel . Two

pri ncipal channe ls connect t he slough with the mainstem Susi t na

River . The sloug h chan nel is relatively H raig ht with a gent le bend

near the head of the s lou gh . App rOllimately 2.000 feet upat reem of

th e mout h , a se r ies of beave r dams wh ich inhibit upstream mig ration of

salmon are located ac ross t he b r a ided channel. Some d ams a re

compl etely filled in with cobble, r es ult ing in a semi-perm..ne nt

ba r r ie r , while ot he rs ..ee f requent ly modif ied by stage c hanges .

During th e 1983 se ason , an oth e r bea ver d ..m was (Cons t r uc ted

..pp ro ltimately 3 . 200 feet upst ream of t he mouth . The bank s ran ge f rom

low, gent ly sloping ban ks to f ive-foot hi9 h s teep cut ban ks . The

AI..ska Rail road pa rallel s t he so uth b..nk of the sloug h . The ov e r..11

s loug h gradient is 10 . 5 feet/mi le . Cobble/boulder subs t ra te

pred o;omi nates in t he upper h..lf of the sloug h . Grav e l/ r ubble is the

predominant su bst eate in th e lower half of t he stou gh . S ilt / sand

d epos its a re fo und in t the b..ckwate r are.. a t the mouth and in the

pot.ls fo ..med by the beave r- dams .

A bac kw..te r area e xtends app rolt im..tely 1. 000 feet upstream of the

mouth d u ring periods of mode r t: te t o) h igh mainstem d ischarge . Above

the b..ckwete e a rea is a 100 -300 foo t r iffle fo llowed by a la rge beaver

da m. The northwes t ove rf low chan ne l flows in to a ta rge poo l beh ind

the beaver d am. Another d..m 1, 200 feet fu rthe r upstream impo und s

the water from thl" nort he..s t chan ne l . The cont ro lling d ischarge of

the no..thwest chan ne l is 27, 000 ch , while that of t he northeast

3· '
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channel is appro. im.1ltely 33 ,000 cis. Bn. slough flow is maintained

by surlKe runoff , groundwater seepage Ind upwelling . Rapid runoff

occurs from the steep, rocky slopes adjacent to t he slou gh .

3 .2 Slough 9 - RM 128.3

Sloug h 9 is a 1.2 mile lon g unobstructed "S"- s hap: ,:! channel on t he

south b.ln k of the Susitna Ri....e r- ( Fi9ures 3 . 1. 3 .3 ). Both the he..d

..nd mout h of t he s lough open into sid e chin nels of the m.1I instem

Susitn.. Ri....er , The lower h..lf of the s loug h hn .. ret ..t ivel y sh..llow

g radient wh ich steepens pnt a point roug hly 3 ,000 feet upstream of

the mouth wh ere the s lough make s .. sharp bend. The overall s lou gh

g r ad ient is 13.7 fee t/mile . Grevel/ rubble sub s t ra te is predominant in

t he lower ha lf of the s lough. wh ile cobb le/boulder predominates in the

upper half . Sil t/s..nd deposits are found in th e pool a reas and the

backwater are.. at t he mouth . The area ..t the mout h co nsists of sa nd

ba rs that are in a consbnt sta te of ch..nge . T he ban ks gener..lly

hav e a moderate to s teep s lope and a re 3 -4 feet high. A small s loug h

(98 ) br..nc hes off in a northe..sterly direction near the he..d of

S~U9h 9 . The Aluk.. Railroad pa rallel s t he southeast bnk of t he

lower h..lf uf the s loug h .

The head of the s loug h hn an init ia l bre..c i· !ng discharge of 16. 0Cl0

efs . Below this d ischlrge the upper half of the sloug h is p ";rrulI.. ly

d~, wit h ..n intr..g r ......e l flow of water . Th.,.. is little, if ..ny ,

intrag rav el flow in t he lower half of the s loug h . At controlling

di schlrge cond itions of 19,000 cis or ..bcve , water flows f reely

th rough t he s loug h, <:hilnging it to a <:omp letely turbid envi ro nment .

At mainstem dischil rges less than 12.000 cis t he blckwater area It the

mouth utends 500 feet upstre..m to the bne of the first riffle . At

the high mainstem di sch..rges , the r iffles ilr e inundlted and the lowe r

hillf of the s loug h becomes one long pool. The lower h..lf of the

slough is .. ser ies of poo ls ..nd r iffles end ing with the b..ckwater area

3-'
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.t the mouth . Base s loug h f low is lMinh ined by two sm.1ll1 cI'Mks

ilnd cont ributions from g roundwilter percolilbon ( upwelling) . The

upltreilm c reek was gaged at 2 IOCilt ion l in 1984 . T he creek or igi 

nates at a I fIl4I l1 lake at elevation 1900 f..t, draining the s teep upland

a reas before becoming ponded on the uphill l ide of the r a ilroad trillckl

iIlnd meeting an other I mall drainage . After flow ing through culverts

un d er the ratlbed , the creek flow , through . meadow into Slough 9 .

Th e s t ream is occasiona lly d ill mmed by be. vers bot h upstream of the

railroad tracks and between the t rillCks ilnd Sloug h 9 . Cont r ibutions

to base s loug h flow by S lou~ h 9B are neglig ible . A beaver dam was

const r ucted across t he mouth of Slough 9B in ea rly 1983.

3 .3 Slough 11 - RM 135 .3

Slough 11 is . ppro lC imilltely on e mile long and is located on the eills t

b ill n k of t he Sus it nill River ( Fig u res 3 .1 .3. 4) . Both the head and the

mout h of the slough join s ide c han nels of the m. instlml Susi t na River .

The s lollg h has. wind ing cha nnel that il • series of poo ll .nd r iffl es

with . n overa ll g rad ient of 19 .8 feet/mile . Subs t r ate in the upper

h.1f of the s lou g h is composed mostly of cobble/ boulder with the lower

h. 1f composed of g rillvel/ rub ble . S ilt/sand deposi ts are confi ned

mostly to the billckw.ter pool a t the mouth . This pool is formed by a

relatively s table nnd/g rillvel bill r iIlt t he mouth . The s lough chillnnel

il broad in general . being enlillrg ed by drillfll4lt ic b re l kups wh ich

occurred in prevtou l yeillrs. The steep tNnks are iIlpprolC imilltely s ix

feet high iIlnd spusely vegetil ted .

Slough 11 hillS I breach ing disch illrge of app rolCim.tely 42. 000 cfs .

Th e s loug h was tas t breillched in June 1~. In an unbrel ch ed state ,

intrl g rlvel flow Cln be ob se r ved enteri ng the slough through the

berm It the head . However . this flow is minimal. and below

b reaching disch.rges molt of the uppe r th ird of the s lough is

d ewl tered with isol. ted shallow pools. Su rf l ce runoff and upw elling

3-3
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maintain flow in t he lowe r two-third s of the s lough . The backwate r

pool at the mou t h e lthibits considerable fluctuation in direc t respo nse

to changes in mainstern discharge . The backwater area is q uite broad .

encompass ing t he enti r e s loug" width , in cont ras t to t he narrow cha nne l

in the rest of the slough .

3·'
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4 .0 1984 DATA COLLECT ION

4.1 St,....,..fkM'

Five s t ream gaging s tations were established to define the flow chu

acteristies on 3 s loughs . Th r-ee of these s ta t ions were in Sloug hs 8A,

9 and 11, and two were locat ed on a major tributary st ream to Slough

9 . Gaging locations a re shown on Figures 3 .2 . 3 .3 . nd 3 .4 . Aver

. ge d . ily di scholrg es . t e.ch s ite are toIbul.ted if'l T.bles 4 .1 th rough

4 .5 with foot f'l ot es if'l Table 4 . 6. All g.ge s it es co f'l si s ted of • still if'lg

well and • Ileat-cper-eted Stevens Typllt F recorder. R.t ing c urves

were developed e t e.ch site to relate the rete of flow to the menured

stage . Biweekly serv ic ing of these g.ges atlcwed 8-10 discholrge

measurements to be made at each si t e . At one s ite, the gag e on the

upper p. rt of the s loug h 9 tributary , • weir wn insta lled to .!Iow

eeeueete measurement of the flow in an . re. where no suitolbte n.turoll

controls ui sted . Prior to Aug ust 13, 1984 . th is wu • 90" V- notch

....ei r . After th is d..te • su pp re$S ed rectol ngu l..r ....e ir with a crest

length of 1. 97 fee t wu used .

Provis ion..' me..n d.ily flow d..t .. fo r t he Susitna Rive r . t Gold Cr~k

are included 011 Table 4 .1

4 .2 Precipitation

At the begin ning of t he 1984 f ie ld senon the re ....e re th r~ we.ther

s ta tions in the mid d le Susit n. River basin , incl ud ing the T. tkeetna

NOAA sta t ion and the Dev il Canyon and She rman Stat ions from the

Sus it na Hydroe lectric Project . The Devil Ca nyon s ite hn provided

precipitoltion d ati for the summer months s ince 1981. The She rm..n

site wu installed in May 1982. However, the precipita~ion recorder

at this site worked onl y inte rmittent ly from mid-August 1983

to August 21, 1984, when the s ite "NilIS repaired . For more s tte-

4-1



4. 4 Groundwlter lev. "

4 .5 Aqu ifer Properties

4.3 Evaporation

specific; dilt•• five addition.1 rOl in gages we,... installed in the bui"

in 1984. These sites Ire described in Table 4 .8 .

- - - -_.._._.- -- -------

Pan evapontio" dau were gathered at w..t.". Camp . The dilily an d

monthly values &rill tabulated in Tab le 4.9 .

Fluctuations in the groundwater tab!e we re meilS ured co nti nllously at

t wo s ites in t he S lough 9 area . Boreholes were inst r ume nted with

p ressure t ransdu cers connected to Omnid.h Datapod recceder-e ,

Fluctua t ions in g ro und wate r levels I re plotted with mains tem discha rge

olI t Gold CreeK on Fig ur es 4 . 1 (a) • 4 . 1 ld).

R20/ 1 13•••••••,•••
Aquifer proper1:ies in the areas near the sloughs have not prevtously

been well·defined . An .ttempt was tn4de to conduct a ris ing head

pump test at Well 9-1 It Slough 9 . Howey.r, the test wn not sec 

eessful in prov id ing uubl. d.till with wh ich to es: imilte aqu ifer prop~

erties . Subsequently, blling hud tests w..... milld, at well si tes 9-1 .

9-2. 9-3 .nd 9 -4. The dilltil were .nalylltd using t he technique

deseribN by COOPer , Bredehoeft , iIInd Pilpildopulos (1961) . The

~sulting t rillnsmissiyity y"lues determined from the d.t. ili A t.bu lilted

in r"ble 4 . 10 .

4-'



TABLE 4.1

MEAN DAILY FLOW. SLOUGH SA

locil tio n: Gage was midway along the length of s loug h SA.
Oroainag e Arn: 1.51 sq . mi.

Disc harge, ;, Cubic Feet Per Second , 1984 Mean Values

D.y July Augu st s.ptembe,. October

1 5.' ' . 1 1.4
2 5.G 3.2 I. ,
3 2.G 5.2 2.G 1.3• 2.G ' .8 2. ' 1.3
5 2.' ' .8 2.0 1.2
G 2.2 ••• 1.7 1. 1
7 2.2 ' . 1 1.5 1.0
8 2.0 3 .8 I.. 1.0
s 2.0 ,.4 1.2 1.0

10 2.2 ' . 1 1.2 0.'
11 2.0 3.G 1.0 0.'
12 2.2 3 .2 1.0 0.8
13 2.0 2.G 1.0 0.7
14 2.0 2.' 0.' O.G
15 1.7 2.2 0.8 O.G
lG 1.5 2.0 0.' 0.5
17 1.2 1.7 0.' 0. '
18 1.5 2.G 1.2 0.'
19 1.7 • . I 1.7 0.3
20 2.2 ' .8 2.2 0.3
21 2.2 5.2 2.2 0.3
22 2.2 5.' 2.2 0 .3
23 2.2 8 .0 2.2 0.'
24 2.2 34.0 2.0 0.3
25 2.G £i5 .0 2.0 0.3
2G ••• 44.0 1.7 0 .3
27 5.G 17. 0 1.5 0 .2
28 7.1 11.0 1.5 0 .1
29 G.2 8 .0 I., 0 .1
30 8. ' 5.' I. , 0 .1
31 7.1 ' .8 0.1

•

R20t l 14

TOTAL
Mean
M..
Min

....
2 .98
8.'
1.2

285
9 .19

G5
1.7

'-3

51.0
1. 70
' .1
o.a

19 . 6
0 .63
1.4
0 .1
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til
II TABLE 4.2

MEAN DAILY FLOW. SLOUGH 9

II Lcc at jc n : Downstream end of S lough 9
Drainag e Area: 2 .26 sq . mi.

II Disch,l l"ge . in Cubic Feet Per Second , 1984 Me, n V. lue,

D. y June July August September October

II 1 9. 1 190 190 18 2.1
2 11 240 130 14 2.1
3 9.7 210 66 11 2.1
4 11( ,1 ) 92 56 ' .5 2.0
5 11 66 69 7. 1 2.0
6 12 65 160 5.6 1.9
7 18 sa 170 4.8 1.9
8 23 55 150 4.2 1.9
9 30 53 220 3 .6 1.9

10 35 51 200 3 .2 1.8
11 30 81 160 2.8 1.8
12 29 62 50 2.4 1.7
13 140 " 40 2.4 1.6
14 500 51 24 2. 1 1.6
15 440 28 17 2. 1 1.6
16 810 20 14 2. 1 1.5
17 " 13 2. 1 1.6
18 60 18 2.7 1.4
19 ss 34 3 .2 1.4
20 sz 43 3 .6 1.4
21 70 56 4.2 1.3
22 32 100 " 3 .6 1.4
23 34 110 43 3 .2 1.4
24 44 57 300 2.8 1.4
25 59 110 790 3 .3 1.4 ( 8 )
26 140 590 750 3 .3 1 .4 (e)
27 so 680 480 2.8 1.3 (e )
28 27 500 160 2.4 1.3 (e )
29 45 410 " 2.4 1.3 (e )
30 65 380 35 2.1 1.3 (e )
31 260 25 1.3 (e )

TOTAL 4 .8~ 4 ,567 136 50.1
Meal. 156 147 4.53 1. 62
M" 680 790 18 2.1
Min 9. 1 20 13 2. 1 1.3

(.) The berm at the upstream end of S loug h 9 was overtopped co nti nu·
oU$ly between June 4 throu gh Augu st 15 "d Aug us t 19 through
Aug ust 30 .

( ,) Estimated values .

4-4
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TABLE 4 .3

MEAN DAILY FLOW
UPPER SITE, TRIBUTARY B, SLOUGH 9

Locat ion: Gage was 150 feet uph ill from th e Railroad trac ks on the
t ributary sfreem

Drainage Area : 0 .73 , q . mi.

Disc harge . in Cubic Feet Per Secon d, 1984 Mean Values

D.y August Sep tembe r Dctobo'

1 0 .92 1.89 0 .80
2 1.02 1. 59 0 .7 5
3 1. 03 1.4. 0 . 75
4 1.02 1.26 0 .75
5 1.08 1. 15 0 . 71• 1.11 I. 10 0 . 66
7 0 .95 0 .99 0 .66• 0 .85 0 .94 0 .66• 1. 14 0 .00 0 .66

'0 1. 03 0 .84 0 .66
11 0 .92 0 .75 0 .66
12 0 .82 0 .75 0 .62
13 0 .73 0 . 78 0 .62
14 0 .11 0 .73 0 .57
15 0 .71 0 .69 0 .53
I. 0 .62 0 .66 0 .49
17 0 .57 0 .66 0 .49

"
0 .85 0 .80 0 . 45

"
1. 89 0 .8~ 0 .45

20 2 .27 1. 10 0 . 41
21 2 .20 1. 07 0 .38
22 2 .53 1.04 0 . 41
23 3 .07 1. 02 0 .38
24 8 .89 0 .97 0 .38
25 14. 7 0.97 0 .34
2. 9 .91 0 .90 0 .30
27 6 .23 0 . 90 0 . 27
2. 4 . 74 0 . 85 0 . 24
2. 3.42 0 .85 0 .20
30 2. 79 0 .85 0 . 18
31 2.33 0 .18

TOTAL 81. 1 29 .4 !5.6
Mean 2.62 0 .98 0 .50
M.. 14.7 1.89 0 .80
Min 0 .57 0 .66 0 .18
CFSM 3 .59 1.34 0 .08
IN 4 .13 1.50 0 .80

4 -5
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•• TABLE 4 .4
MEAN DAILY FLOW

• LOWER SITE , TRIBUTARY 8, SLOUGH 9

location : Gage was 400 feet upst ream of the mouth of the tributa ry

• stream.
Drainage Area: 1. 46 sq . mi.

D ischarge , in Cubic Feet Per Second , 1984 Mean Va lues• O. y June July August September October

• 1 2.2 1.5 1.7 I. , 0 .09
2 2.7 I. , 2.' I. , 0 .09
3 2. ' I., 1.7 1.2 0 .09• 2.2 1.3 1.3 0 . 85 0 .09• 5 1.8 1.2 1.4 0 .45 0 .09
6 I. ' 1.2 I., 0 .28 0 .09
7 I., 1.2 1.3 0 .25 0.09

• 8 1.1 1.0 1.1 0 . 16 0.09
s 1.5 1.0 1.7 0 . 12 0.09

10 0 .95 0 .95 I., 0 . 12 0.08

• 11 0 .85 0 .95 1.2 0 . 10 0.08
12 0 .45 0.90 0 .85 0 . 10 0.08
13 0 .45 0 .85 0 .55 0 .10 0.08
14 0.70 0.40 0 . 10 0.08• " 0.60 0.25 0.08 0.08
16 0 . 45 0 . 16 0.08 0 .08
17 0 .65 0 . 15 0.06 0.08

• 18 0 .70 0.25 0 .1 0 0 .07
19 0 .45 1.7 0.12 0 .07
20 0.35 2. 1 0 . 16 0 .07
21 0 . 45 2.2 0 . 18 0 .07

~
22 0.40 2.3 0 . 18 0.06
23 1.7 0.40 2.' 0 .16 0 .06
24 1.5 0 .28 16.0 0 . 14 0.06

~
ze 1.4 0.30 43 .0 0 .14 0.06
26 1.4 1.7 34.0 0 .12 0.06
27 1.6 ' .7 14.0 0 . 10 0.06
2. 1.7 2.6 6.6 0 . 10 0.06
29 1.7 2.5 ' .2 0 . 10 0.06
30 1.6 3 .0 3 .0 0. 10 0.06
31 2.3 2.5 0.06

TOTAL 37.4 154 s. I 2.3
Mean 1.21 4 .91 0.30 0 .01
M.. ' .7 ' 3 I.' 0.09
Min 0 .28 0 . 15 0.06 0.06
CFSM 0.83 3. 40 0 .21 0 .05
IN 1.95 3.92 0 .23 0.06
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TABLE 4.5
MEAN DAILY FLOW, SLOUGH 11

Location : Gage was 2500 feet upstream of the mouth of Slough 11 .
Drainage Area : 1.69 sq . mi .

Discharge. in Cubic Feet Per Second , 1984 Mean Values

D.y June July August September Odober

1 1.7 3 .6 2. 7 2. 7 2.2
2 1.6 3 .2 2.6 2.7 2.2
3 1.7 3 .2 2.4 2.7 2.2
4 I. , 3 .2 2.4 2.7 2.•
5 2.2 2.' 2.4 2.6 '!. .o
6 2.2 2. ' 2.4 2.6 2.o
7 2.2 2.' 2.4 2.6 1.7
8 2.4 2.' 2.7 2.4 1.7s 2.4 2.' 2.6 2.4 1.7I. 2.7 2.' 2.4 2.4 1.7

11 2.7 2. 7 2.4 2.4 L7
12 2.6 2. ' 2.2 7.4 1.6
13 2.' 2.7 2.2 2.4 1.6
14 2.' 2.7 2.2 2.4 1.4
15 2.' 2.6 2.2 2.4 1.4
16 3 .4(e) 2.4 2.2 2.4 1.3
17 3 . 9(8) 2.4 I., 2.4 1.3
18 4 .4(8 ) 2.4 2.' 2.4 1.2

"
4.8 2.4 2.4 2.4 1.1

2. 4.4 2.4 2.2 2.6 1.1
21 4.• 2.4 2.4 2.4 1.1
22 4.• 2.6 2.6 2.4 1.1
23 4.• 2.4 2.7 2.4 1.1
24 4.• 2.4 3.2 2.4 1
25 4.• 2.7 4.4 2.4 t
26 4.• 2.' 4.4 2.4 1
27 3.6 3 .2 4.4 2. 2 1
28 3.6 3.6 4.• 2.2 1
2. 4.• 3.2 3.6 2.2 1
3. 4.• 3.2 3.2 2.2 1
31 2. ' 2.' 1

TOTAL 95 . 1 81.7 85 .1 73.2 43.4
Mea" 3 .17 2.82 2. 75 2 . 44 1.45
M" 4.8 3 .6 4.4 2. 7 2.2
Min 1.6 2.4 I., 2.2 I..
(. ) Sloug h 11 Wal overtopped du ring the per iod of 6- 16 to 6-18 . Th.

values listed are est imated non ove rtopped flows .

4·7
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No data avai lable
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TABLE 4 .6

Total of daily mean d ischarges fo r the month.

IN - Run off in inc he s shows th e d~pth of wh ich t he dra ina ge area wou ld

be covered if a ll ti, t' ru noff fo r t he month were uniforml y dis 

t ri b uted on it. Thi'. value is reported only if t he data is not

affected by the m.1in~tem (See CFSM abo ve) .

Tota l -

FOOTNOTES FOR DISCHARGE DATA

R20/ 1 19

Daily ME'oIn - Average d ischarge ov e r a 2~ hou r per iod in cub ic feet per

second . This va lue includes flow f rom the main s tem if th e

u p s t eeam berm of t he s loug h is ove r to pped.

Min - Minimum dal ly mean discharge , fo r the mont h .

CFSM Runoff in cubic feet pe r se con d per sq ua re mite is t he ave rage

n umber of cubi c feet of wate r f lowing per second from ea ch

square mile of area d ra ined . This va lue is reported only if th e

d ata is not affected by the mam s tem, e it her as ove r topped flow

or groundwater flow . Th is add itiona l flow f n:>m the mains tem

does no t reflect t he ;Ia t ura l y ield of the drainage ba s in .

a Overtopping of ~erm 'I t upst ream end of slou g h p rov id es part of flow

Ma ll, - Ma ximum daily mean disc ha rge for t he month .
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TABLE 4.7

MEAN DAILY FLOW (PROV ISIONAL )
SUSITNA RI VER AT GOLD CREEK

D. y June J uly Augu st September OCtober

1 12,200 25,500 22.900 12. 500 7.600
2 13,1 00 24, 800 21,500 11, 800 . 8,JOO
3 15. 100 2S. 100 19. 900 11 , 200 7, 700
4 17,200 23, 200 19, 500 10, 800 7, 350
5 18, 000 22,400 20,600 10. 400 7,1 00• 18, 200 22. 300 22.800 10, 300 ' .600
7 19. 300 21, 900 22.900 10, 600 s.roo• 20,300 21, 500 22.500 10.800 ' . 600
9 21.1 00 21.400 23.900 10, 600 6 ,650

10 21 , 900 21,200 23.500 9.600 '.600
11 21 •:;()() 23, 100 22, 100 9.300 ' . 600
12 21 , 300 21,900 18. 500 9.000 6, 700
13 25. 900 21. 200 17.1 00 9.000 6. 150
, 4 31,500 21, 200 15, 600 8.700 5,550
' 5 3 1,200 19, 400 14. 600 • •500 5.000

" 40.600 18. 600 14, 000 8,200 5.000
11 52, 000 20.500 14. 300 8.1 00 4. 400
1. 40.600 21. 700 15. 200 8.300 4,300
19 33.600 21,600 17,000 9.400 3. 800
20 31 , 500 21. 100 18 .000 10. 400 3 , 700
21 31. 400 22,300 19 , 400 11 .400 3.900
22 30.900 23.000 18 ,600 10. 300 4.300
23 31, 100 23. 500 17.900 9.000 4. 500
24 30.000 21.600 22,700 8 ,300 4.600
25 28,400 22,300 30 .300 7.950 4.000

" 26.600 29.800 31. 700 7,650 3 .1 00
27 28. 700 33.500 28, 000 7, 400 2,700
2. 32,000 30.300 21, 400 7,200 2. 400
29 30, 100 27, 900 17. 300 7,200 2, 200
30 27,900 27,000 15, 700 7,400 2. 200
31 24,700 13, 600 2,200

TOTAL 803,200 725,500 623,000 281,500 158, 500
MEAN 26, 770 23.400 20, 100 9.380 5. 110
MAX 52,000 33.500 31, 700 12,500 • •000
MIN 12 , 200 18 ,600 13 , 600 7,200 2,200
CFSM 4.35 3.80 3 .26 1.52 <.83
IN 4 .85 4.38 3 . 16 1. 70 0 .96

4-9
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TABLE 4.8

MIDDLE SUSITNA PREC IPITAT ION GAGES
Downstream to Ups t ream Or der

Location River Mi le Period of Record Type of Stat ion

Tal keetna FAA 97 1941- Presen t Obs erve r

Cu r ry Camp 121 8/1/84-10/31/84 Observe r

Cu rry at 1750' 121 8/ 14/84 - 10/ 31/84 Collec ti ng buc kets
chec ked biweek ly .

Sherma n 129 . 5 6/ 1/82 -9/30/82 Reco rd ing tipping
bucket .

6/1183- 7/31/ 83
8/2 1/84 -10/3 1/84

She rma n at 1900 ' 129. 5 6/1/84-7 /31 / 84 Collec ting bucket
chec ked biwee kly .

8/ 14/84 -10/3 1/84 Record ing tipping
b uc ket ,

4th of J uly'" 1SOO' 129. 5 8/1 4/ 84-10131/84 Collecting buc ket
checked biweekly ,

Co ld Cree k 136 , 5 8/ 16/84 -10/ 31/84 Observer

Dev il Canyon ,>1 7/17/80- Present Record ing tipping
bucket .

4-10
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TABLE 4.9 (9)

NOTES ON PRECIPITATION

1 . Til lk eelna FAA St ,1 t ion re ports d a ily precipi tation from midnight to

mid ~ i9ht f or the d Ol y ' noted . Where .. sl.uh (/ ) i1ppeaf'"l , the f i rs t

number is the repor ted precip itation i1nd the second number is the

precipitilt ir>" from 9 a , m. of the previous day to 9 I . m. of t he dilte

noted.

2. 8Cur ry a t soer is monitored d aily . wit h an . ttempt to measu re be 

tweee 8 • .m. i1nd 10 .. . m. eilch day .

3 . MCu r .-y il t 1750" ",nd ..4t h of J u ly Creek ill 1600" a re cumul.ti ",.

stat io~tI measured at app ro_imatel y 2 week in terva ls .

4 . "S he ""'. '" at 700· . "S he nna n il t 1900" i1 nd M~vi1 C. nyon " i1 re cont inu 

o us ly ret;Ordir.g sbt ions . Where,} ,I.uh (Il a ppeilr s . the first num

be r is t he p recip it at ioFl from mid n ig h t to mid n ig ht .u.d the second

number is th e preci p ita tion from 9 a .m . of the p revio us day to 9 a .m .

of the d ate noted .

T · Trace amount s o f ra in fall

(e) · est imated va lue

• No data

4· 17
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5 .0 ANALYSES

5.1 Precip itation

Precipit.at ion reeon:ls . t T,lkeetn. for th is per iod 19-13·1983 were

revi_ed to determine if the sunwner precipihtion reeon:ls fo r 1934

were unusu,t in ' oy w.y . The tot.l monthly precipit... tion y,lues

....e re ranked in order, .nd <I re plotted on the monthl y !;umul,tive

percent f requeflcy curves on Figu re 5 .1 . The 1984 monthly

prectpitat tcn totals ue included on this figure. It CillO be easily seen

that June (10':. eeeeeda nse l a nd September (93"0 eeceecence l were

d rier tha n normal, Ju ly (48"" eeceeda ncel wu ilbout ave r-age, I nd

August (211'~ exceedencel was much wetter t h<ln normill. Th is pattern

can a lso be obse rved in the pre<: ipi tation ex ceeda nce c urves fo r the

mont hs of Ju ne th rough September ( Fig ures 5.2 · 5 . 5). June and

September had about the average number of da ys of precipitation , but

th,

rainfall was not as heavy ..s nonnal. July had greater than nonn.al d.ays

with light ·to· mode rate rainfa ll. \ .9 l.: s t had more days than nonn.al of

moderate· to · he.avy r a inf all .

Daily precipitlt ion va tues have been previously summari zed in Table

4 .8 . D.a ta f rom fou r periods have been summarized in Tillble 5 .1 for

the 1984 network in the midd le Susitna b.nin . Month ly and specif ic

stO"" da ta f rom the cont in UOus recording gages at Devil Canyon .

She""an . and Tal keetna have been summarized in Tables S.2 and 5. 3 .

Ellamin at iun of the above data indicates the fo llowing g ene ra l trend s

for summer p r eci pitat ion .along the Su , itn.a River between Ta lkeetn.a

and Devil Ca nyon .

(a) Local e leva tion changes ha ve litt lo or no affect on summer

preci pltilltion . As seen ill Tabl e 5. 1, precip ita tion a t Curry is

sim ilar at e levat ions SOO and 1750 feet. During Septembe r 13·25,

precip itation at the Sherm ao n (elevation 1900 feet) and 4t h of J uly

C reek (eleva\ion 1600 feet) stations are about equal, an d on ly

5- 1
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slightly higher than that at the lower Sherman site Ielevatrcn 700

feet) , Simil<1lrly . precipitation at both Sherman sites is nearty

equal during the intense rainstorm of August 21 ~26 , 1964.

(b) Summer precipitation varies longitudinally along the SU$itna

River . During the two significant rainfall periods noted in Table

5. 3 (Au gust 13-27 and September 13-25). rainfall at Cu r ry was

57- 71 percent greater than that at Talkeetna . Rainfall amounts

then decr-eased upstream from Cu r ry . with the Devil Canyon site

recei ving the least precipitation . This general trend seems to

hold true in the monthly and ot he r storm-specific data in Ta bles

5 .2 Olnd 5.3. although it varies from storm to storm .

Coefficients for transferring precipitation data to ungaged areas

along the middle Sus it na River are shown in Ta ble 5.4 .

5 .2 Slough Discharge - vs. - Mainstem Discharge

Linear and log-t ransformed reg"ession ecuet tcns relating slough dis

cha rge to main stem di sc harge were determined for Slough s 8A, 9 , an d

11 . The resulting equations are shown in Table 5 . 5, with the re

gression lines on Figures ~ .G and 5 .7 . RegreSSIon analyses were also

conducted using slough d ischarge lagged by one and two days from

mainstem discharge , but the regressions did not improve the deter

mination coeffic ient .

At slough 8A , the equation developed using low-flow data (mains tem

flow less than 12, :100 cfs) uplilined si g nific ant ly more variance than

that using milinstem discharges up to 27,000 ds . Under natural

low-flow conditions , local runoff is less likely to be making a

significant contribution to slough dischilrge . Slou gh discharge during

these periods ilre more closely related to seepage affected by

vaeieticns in main stem discharge , and would not be affected by lccal

runoff .

5-2
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O... ly data from per iods when the upstreOllm berm wu not o",. r toppC<:i

WillS used for ana lyzing Slough 9 . Muimurn d ischarge f rom Trib...b ry

B WillS on ly 0 . 18 eft. du ring th is pe riod . so Slough 9 flo. ¥J.S p ..i 

marily from seepage . However . there was s ig nif ica :lt water Ion in

the tributary between the upper and lower 9 ' 9 i09 site1 . The water

may have re-emerged illS seepiilge in the s lough .

Dd. at Slough 11 were collected during non·o ....ertopped pel"jodl. No

surface water tributaries flow into Slough 11 . The relationsh ip may

be aff ec ted by local p recipi b t ion onto the s loug h a"d by subsurface

flow dnini ng fron! the hillslope .00" . the , Ioug h .

5.3 Storm Runoff

Prec ipi tation and s t reilm dischiilrge data were collected in 1984 to

determine storm runoff , wate.. ba lante and main stem -slough flow

rel.t ionships . At Slough 9, the upstream berm was breach ed cont in u 

ou . ly from June 4 through August 15 and from August 19 through

Augu st 30. so storm runoff could not be analyzed . However, flow

data were co llec ted at two sites on the tributary entering the upper

part of the slough , so direct storm runoff cou ld be analyzed at these

sites. Storm runoff an..lyses for the Slough 9 tributary for the

rainfall periods of August 11·25 and September 15· 20, 1984 are

summ arized in Table 5 .6 with f low patterns shown on Figure 5.8.

The upper ..nd lowe r gages indll;a ted a r unoff perc:enbge of ..bout 50

perc:ent in the Aug ust storm . HOllliever. the percent runoff was

cons id~roIbly less in the Se ptember storm. dropping to 12 percent fo r

the upper site ..nd 1.6 percent for the lower s ite. Seve,...1 possible

r easons may exist for the sig nif ica nt changes in r unoff percentages .

including :

(a) The volume . in tens it y , and timing of rainfal l. The August storm

was more intense and had a much greater pr«ipitation volume .

' ·3
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High r ainf. 1I ntes occurred euly in the August Itonn .

u t ur at ing the g round euly in the storm and resulting in higher

runoff rilles later. In the September storm , the higher rainhll

amounts did not occu r until tete in the ,tonn .

(b) Antecedent moisture . Th e Aug ust storm followed " t -week

period of no p rec ip ita t ion , while the J weeks prior to the Sep

tember s to rm had little or no precipitation. The soil manUe wn

probably drier in September, therefore absorbing more mois l u r e

before sur-hee runoff could occur . The precipitation t iming

p reviou s ly m..ntioned al so affected loil moisture .

(e) Groundwater le veI, . T he ""alt. ,. level in well 9·3 wn .bout 2

feet lower during the September stonn . This like ly ,ffected the

rate of water Io n betw_n the uppe r- ;tnd lower gages on t he

tributary . During the August stonn , mi instem flow 01 the

Sus itn. River .t Co ld Creek w., . bout 20 , 000 efs gre.ter th.n

in the September s tcrm ,

5.4 Witer e..l..ee••

Monthly w.te r b.l.nces were estimited for July through October for

Sloughs 8A .nd 11 .nd the two ,ites on Tributir-y 98 of Slou gh 9

(Tables 5 . 7 and 5 .8 ). Monthly precipit.tion at eech site w.,

determined from eithe r ga ge, at the site or "'om nearby gages .djust

ed by the coefficients in Table 5 .4 . Ev.poritio n w., e ,tim.llted by

using the 198-' p.n ev . pon tion d.t. from W.t.n. C..mp . mult ip lied by

0 . 7. Flow d. t . were recorded .t the 9 '9in9 st.tions ,

At Slough 8A. 62-73".. of t he i va il. b le ",reci pitat ion nn off duri ng

J uly , September . nd October . T he hig h pe rcen tage of 124\ in

August r eflects the stonn in I..te August. in whic.h the upstream berm

of the s lo ug h w., like ly overtopped for .. sh ort period of t llM,

5-4
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affect 'ng the runoff values . Precipitation not running off ., surface

flow wou ld remain n groun dwater , and could uep into the slo ugh

during a la te r time per-icd , However. s loug h dischnge is very low

(0. 1 ef,) by la te October .

S lough 11 maint. ins a re lat ive ly t.tudy flow th roughout t he s uawner .

Even the heav y r ainfa ll in late I\ugust CiII uSed only .. minor va r iation

in stre..mflow wh ich wn close ly co r related to mainstem d ischolrge . is

a lready shown in Section 5 . 2. This correlation may also be illus t r. t ed

by comparing average mont hly flows fo r bot h the mol instem .nd Slo ug h

11. and looking oil ' the correspond ing mont hly runoff rat ios .

Flow. (d s

Susitna Rive,. Slough 11

.t Gold CrNk Slough 11 Runoff Ratiol .. )

June 2E.770 3 .11 -0 . 11

July 23 .-t-W 2.82 0 . 77

August 20, 100 2.75 0 . ....

September "'00 2.4" 1. 19

October 5 ,110 1.45 1. 41

(a l (Slough di sch argel / (Prec ip itat ion Ev. po rat ionl

~spite the strong ne-gative belanee in June (e=Japorat ion br ex ceeded

prec ip it.tion ) . .yerage flOliO in S lough I I was t he highes t for the

sunwn.,r . (Sl ough 11 was oye rtopped in June for 3 dOiys but those

y.lues a re not inc luded in the ayerage month ly flow .) Sup.ge meter

data f rom 1983 and the strong s lough di sch.rge v s , m.ins tern

di scharge ca r ·e lat ion indicat e that Slough 11 is p r imari ly . Hect ed by

main stf!m flow (stage) . Th e laek of surface tribu taries indicates all

precipitat ion infil t ra tes into t he ""at ershed . The water ba lances for

Slough 11 are somewh.t s p urious , s ince s loug h disch arge would likel y

hay. been very s imila r for sima.r main s tern flOliO S, no m. tt'!'r wha t

prec ip itat ion fell on t he watersh ed .

,.,
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Th e upper gaging s ite on Tr ib uta ry B. S loug h 9. is .It the base of

t he hillslope . monitoring f low just beta re the st ream reaches the l" rge

..lIu"i. 1 loin . The dolt. indic.te that mos t ;l! yailable water run s off oil

surface flow , with about 10 -20 pe rcent remoi ining oil ground.... ter-,

However, t hIS does not occu r at t he lower gaging s ite , wh ich is

located near the con flu en ce of Trib utary B ..nd Sloug h 9 . From t he

data in Table 5.8 , i t is ilppuent tha t much of t he f low reaching the

head of the alluvial fan seeps into the ground . A$ the water table

drops through Se-ptembe r and October , reflecting the change in

m.linstem f low .lind water le vel , the tribut..ry loses $ign ficantly more

flow t han when tt>e water t"bl e is hig h . The ..ate of water loss f rom

t he s trea m is a fu nction of t he g rour d wate l" level. The higher t he

water t ab le , the s lower the wat e r is los t f rom the t r ib uta ry. Th e

h igh surface runoff p e rcent;l3e in August is lik e ly d ue to the

in tens ity of the storm and to the hig her groundwater levels (F igure

4 .1 (d» .

The wat er 1»55 in Tributa r y 8, Slough 9 , likely explai ns th e

relat ively poo r co r re la t ion between seepage met er data fo r me te rs 9·2

and 9 -3 and main stem d ischarge . 80th seepage meters 9 -2 and 9-3

were Ioc:;.a t rd at a spring upstre.lm of the lowe r gag ing s ite of

T ribubry B. This s ite would have been affected bot h b y mainstem

sbge lev..ls and by water lou in Tributary B.

' -6
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TABLE 5 . 4

R20! 1 39

PRECIPITATION COEFFICIEN TS

FOR TRAN SFER OF RECORDED DATA

1.,

1.3

1.7

Devil C,Jnyon

Continuous Sta t ion

Tal keet " o1 Sherma n

1. 5 1.2
1.3 1.07

1.2 1. 0
1. 0 7 0 .9

Sit e

To ob ta in prec ipi tation estimate for above s it e s . mult ip ly precipita tion a t

gaged site by the appropr iate mult ip lie r .

Cur ry

S lo ug h SA

S lough 9 [Sherman!

Gold C ree k

•••••••••••••••••••
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app ropr ia te

the middl e

be used to

Talkeetna precipitation records , ad justed by an

coefficient , may be used to estimate precipitat ion along

Sus ltna Rive r . The estimated p rec ipi tat ion val ue s may

estimate local ru noff into sel ected sloughs .

d . St ro ng linear and logarithmic relationsh ips exist at S loug hs 8A, 9 ,

and 11 between mainstem d ischarge and s lough d isch arge d Uring

periods when the upstream berm of the slough is not over topped .

These relat ion sh ips may be us ed to estimate groundwater discharge

under with -project cond it ions . Sloughs will also recei ve local su rface
runoff .

c . Water level in the mainstem is the primary cont rol cf t he g roundwater

lev e l in the allu vial so ils adjacent to the slou g hs . Under with -p roject

cond it ions . the reduced g roundwate r levels will affect t he rate of

runoff across allu vial fans such as that at Tr ib ut a ry B in Sloug h 9 .

b . A high percentage of p recip it at ion (60-90':.) ru ns off the steep rock

hitlslopes at;'ove Sloug hs SA and 9 . However , t he t r ib uta ry streams

may los e a significa,lt po rtion of their surface flow to groundwat e r in

allu vial fa ns at the base of the s lopes such as at Slough 9 . The r at e

of loss is affected by the dept h of the water table .

The results of the 1984 water balance studies , taken together with results

frem previous s t udies in t he a rea , lead to the following con clusions :

6 .0 CONCLUSIONS

••

e . Examination of watershed characteristics can g ive an ind ica t ion of how

sloughs which have not ye t been studied would react to cha nges in

mainstem flow. although with -project slough discharges could not be

accurately quantifi ed .
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