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STREAMFLOW TIME SERI ES

SUS IT NA RIVER AT WATANA AND DEV I L CANYON

1.0 SUMMARY

Thi s r eport presents the results o f a s t udy made t o updat e t he month l y and

7- d ay s t reamf l ow se que nc es a t t he Wata na and De v i l Ca nyo n da m s i t es . The

updat ed s t r e amf low serie s are g i ven in Ta bles 1 t hroug h 4 .

2.0 BAClGIOOXD

Acres Ame rican Inc o rpo ra t ed (ACRES) gene rated 32 ye a r s ( 19 50- 198 1) of mont h­

ly and 7-day s t reamf low se r ies at t he Watana a nd Devil Canyon s i t e s ( l )lJ .

The mon t h ly s t reamflow se ri e s were de r i ved us i ng t he s t reamf low data of t he

SusitnA Ri ve r a t Gold Creek and a t Can t wel l . The r esulting series ave rages

79 55 and 9056 cub i c feet pe r se cond (c f s ) r es pe ctive l y a t Watana and Devil

Canyon . The 7-day se ries were based on dat a a t Gol d Creek Sta t ion . The

r e s u l ting se r i e s averages 820 1 and 91 98 c is r espectively at Wata na a nd Devil

Can yon .

R&M Couns u l t a nt s . Incorpo ra ted (R&M) a nd Dr . W. O. Harrison o f the Un i ve rs i ty

o f Alas ka. have invest igated probab le mont hly contribu t io n of gl a c i e rs t o

t he r ecorded s t r e a mf low a t Go l d Creek fo r t he mon ths of June th r ough Septem­

ber. Ba s e d o n resu lts o f t he investigatio n , five sce na rio s of mon t h ly

s treamflows were cons t r uc t ed f o r Watana ba s ed o n diffe re n t assumptio ns of

g l a c ie r con t r i bu t ions .

11 Refe rences liste d a t t he end of text.
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J.O SCOPE OF 1'IIE STUDY

The majo r work t eeea of the present study include :

1. Review of ACRES' proced ure s used fo r generation of st reamflow

series a t the two da m s i tes and mod i fy t he s e pr ocedures 1f neces­

sary;

2 . Rev iew the study made by R&!'i a nd Dr. Harri s o n on t he contribution

t o s t reamflow by g l a c iers and ad op t most ap pr op ria t e estimat es f o r

pos sible use i n a nalyzing se ns i t i v i t y of glaci er was t e on e ne r g y

pr oduction ;

3 . Add f low data fo r the water ye a r 1982 ; a nd

4 . Es t i mat e net re s e rvot r evapo ra t ion fo r us e i n t he r es ervoir ope ra­

t i on s tudy .

4.0 REVIEV or AClES STUDY

St reamf low se r ies ge ne ra t ed by ACRES a t t he t wo da m s t r es a re discussed

be l ow . Comme nts a nd nec e s sary impr ov eme nt s t o these time se r i e s al sc a re

d i s cu9sec.:.

4 . 1 STREAMFLOW EXTENSION

ACRES s e lec ted d common base pe riod of 30 ye a rs ( 1950 t o 19 79 ) f o r t he

mon thl y s t reamflow se r i e s and used t he ava i lable s t rt..,I..:I. f l ow da ta at eigh t

s t r eam gag ing sta tions (Exhibit l ) t o est i mate mis s i ng mo nt h ly f lows a t eac~

sta t ion . An in-house compute r prograll , based on the program FI LLI N devel­

oped by t he Texas Wa te r Development Boa rd (2) was used i n estimat ing the

da ta . The pe riods for which observed data were available and the pe riods

fo r which the data were estimdted a re shown e n Exh i b i t 1 .

- 2-



The FILLI N c omput e r program is ba sed on a mul ti- site regression t echniq ue

which analyze s mon th ly streamflow se r ies and es t i ma t e missing da t a . The

prog ram eva luates s t a t is t ica l parameters ( me ans . standard deviatio ns. lag­

o ne auto-correlatio n coe f fi c i e nts and IIU l t i - si t e spatial c o r r e l a tion coe f ­

ficients ) a nd es t i ma te missing dat a in which the statistical parame te r s are

preserved.

The primary obj e c t ive of ACRES' a nalysis was to generate 30 ye ars of monthly

s treamflow se que nc e a t Can twe l l s t ream gagi ng s tation . These data were us ed

with tho s e a t Gold Creek s t r ea m gag i ng s t a t ion t o es timate flows a t t he t wo

dam s i tes . A c ompa rison of the s ta tis t ica l pa rame ters of reco rded and

filled-in data series at Ca nt we ll, prov i d ed by ACRESO ) i ndicate nearly the

s ame statistical pa ramete rs i n bot h cases. The refo re, the 30-year s t r ea m­

flow se ries at Cantwell is considered acceptable. The monthly s t r e a mflows

at Can t well and a t Go l d Creek a re give n 1n Tables 5 and 6 .

4 .2 STREAMFLOW TRANSPOSITION

ACRES derived the mon t h l y st reamflow se rie s at t he two dam s ite s using t he

following relation ships: ,
1) \.-',IV~ ' .

QOC • 0 . 827 (QC - Q ) + QC I
1\,, : .

c "
,

~, ., •QW • 0. 515 (QC - Qc ) + QC II /
1n whi ch : OJ -;r:

QOC • Mo nthly fl ow at Devil Ca nyo n ;

QW • Mo nthly flow a t Wa tana;

QC • Mon t h ly flow a t Go l d Creek ;

QC • Mont h ly fl ow at Cantwell

The coef fi c ient o f 0 . 8 27 is the rat tc of the drainage a reas be t wee n Cant wel l

a nd Devil Canyon t o that between Ca nt well a nd Gold Creek . Si mila r l y , the

coe ff i ci e n t of 0 . 515 is t he ratio of the d ra inage a r e as between Ca n t we ll a nd

Wa t a na t o t hat be t ween Ca nt we ll a nd Gol d Cr eek.
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ACRES c omputed t he 7-day s t r ea mflow s e ries at each e t te by ad justing the 7­

da y flows at Gold Creek with the ratio between the dra i nage areas up stream

o f t he site and that ups tream of Gol d Creek . The fl ows a t Ca n t well were no t

used bece r ee t he 7-day fl ows were not ge ne r a t ed at Ca n t we ll fo r t he mis sing

period of r e cord at the station.

Since ACRES us e d di ffe rent methods t o ge ne ra te t he monthly and 7- da y st ream­

f l ow se r i e s , a check was made t o eva l uate t he diffe rence s i n the s t reamf l ow

data if t he monthly flows also were ge ne ra ted by using the method adopt ed

for the 7- da y fl ows .

Fo r a few se l e c t ed yea rs , the fl ows trans po s e d by t hi s method a re about 3 t o

10 percent hi ghe r than those ge ne ra ted by us i ng equatio ns I a nd 1[. It

would be bet te r if t he 7-day s t r e amflow series is a l s o ge ne ra t ed by t he same

met hod us ed to ge ne r a t e t he lDOn t hl y s t reamflow s e r i es . Howeve r , t hat will

r e qu ire the estima tion of missing 7-day fl ows a t Can twell whic h wi l l i nvolve

conside rable effort without assurance of s i gnifica nt l y r ed uc ing t he differ­

ences between t he two se r i es .

The ac cu racy o! s treamflow r ec or d s at t he two ga g i ng s t a t i o ns is fair t o

good with a probable e r r or of +5 '::0 :,10 perce nt (3) . Si nce t he diffe re nce

i n t he lDOn t h l y and 7- day flow se r ies a re wi th in th i s ac curac y, both serie s

a re cons idered acce pt a b le f o r r eservoir ope r a t i on s t ud ies .

Tr ans position of fl ows by draina ge area r a tio s is ac ce pta ble if t he r e i s no

sign i fi c a n t va r ia t ion i n seasona l o r annua l pre c ipitatio n amount s ove r t he

two areas . This was ex ami ne d by using mean annual precipitation map

(Ex h ib i t 2) developed by the So i l s Conse r va t i o n ~e rv ic e ( 4 ) . The mea n-annu­

a l pr ec i pi t a t io n ( HAP) upstream of Wa t ana a nd Dev i l a r e a ho u t 37 .4 and 36 . 8

inches, r e s pe c t i ve l y. The HAP upstre am o f Gol d Cree k i s ab out 36 .6 inche s .

The differences i n the HAP up stream o f the thr ee l oca tio ns a re i nsigni­

fi c ant. Therefo r e, no adjustment s t o the es t i mated s t r eamf low fo r dif­

f erenc e i n pr ecipita t i on a re required .
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4.3 ADJUSTMENT TO 1969 STREAIlFLOW

For the period from 1950 to 1979. the l owest mean annual flow oc cur r ed in

1969. ACRES eade a frequency 8n41Y811 of eean annual flows at Gold Creek

and estll1L&ted a return period of more than 1.000 years for the 1969 (wa te r

year) flows. Since ACRES accepted a return period of JO years for the

selection of allowable reservoir drawdovn and firm energy. the observed 1969

mean annual f l ow of ~ . 5 6 1 cubic feet per se cond ( cf s ) W88 replaced by a 30­

year l ow flow estimated to be about 7,200 cfs , The llI:)nthly flows were then

derived using this value and the rae tee of long te t-a mean IIIOnthly and annual

flows. The recorded llI)nthly atru1lflows at Cantwell also were replaced by

a 30-year l ow flow. The resulting 1969 streamflow at Go l d Creek. and

Cantwell were used to compute the corresponding flows a t the two dam sites.

The use of higher streamflows f or t he ye ar 1969 is inappropriate because

this will al te r the s ampl e distribut ion of historical dat a which. in turn.

"Ul cause difficulties i n prope rly evaluating t he probabilitie a of fi rm.

energy and wa t e r sho r t ages . Furthermore. in t he frequency anal ys is I118de by

ACRES, the 1969 data was treated as an outlier having a return period of

ov er 1. 000 years. Such an as ses sment is highl y tDlcertain considering the

s ho r t period ( 30 ye ars ) of r ecords. Therefore. the 1969 streamflow included

i n Tables 1 through 4 a r e t hos e based on o bse rved records.

s.o GLACIER CONTRIBUTION

Dr . W.O. Harri s on and R&H have I118de a pre l i mi na r y study of g l a c i e r co nt r i bu­

tion s t o s t r eamf lows a t Gold Creek . The s t udy resulted in fi ve scena rios of

s t reamf lows a t Gol d Creek each co r r espond i ng to one of the fo l lowi ng assump­

tions.

1. Glacie rs wer e assumed t o have net zero l oss du r i ng the 194 9-80

pe r i od. bu t there were an nual var iations in t he wa ste. Annua l

con t ributio ns duri ng t he pe r iod were estimated using t he Tangborn
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runoff-precipitation eode I (4,5) and used to adjust the recorded

flows. The resulting flow series represents the condition of zero

contributions frolll the glaciers in each year.

2. Glaciers were aesumed to have wasted 25 meters ( 82 feet) during

the 1949-80 period. Annual con t r i but i o ns were estimated using the

rangborn !DOdel, and used to adjust the recorded flows.

3. Glaciers were assumed to have wasted 45 eeceee (148 feet) during

the 1949-80 period. Annual contribution were estillUlted using the

Tangborn !DOdel. and used to adjust the recorded flows.

4. Glaciers were assumed to have wasted 25 meters (82 feet) during

the 1949-1980 period. Annual c ont r i bu t i o ns were estimated using

the Ta ng bo r n lIIOdel, and used to adjust the flov series resulting

frolll Case 1.

5. Glaciers were assumed t o have wasted 45 meters (148 feet) during

the 1949-1980 period. Annual contributions were estimated using

the Tangborn lIIOdel, and used to adjust the flow series resulting

frolll Case 1.

The Tangborn !DOdel (4,5) c omput e s annual glacier balances by relating

measured precipitation amounts and annual mass balance of glacier with

differences In runoff between a glac1erized basin and a nearby non-glacier­

lzed basin. R&H c~mputed the model parameter using data for one glacierized

basin, Phelan Creek draining Gulkana Glacier, and t wo non-glacierized ba s i ns

listed below:
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Non-glac1er1zed Bas1n

Ship Creek

Ship Creek

Caribou Creek

Caribou Creek

Index Precipitation Station

Talkeetna

Golbna

Talkeetna

Gulbna

The resulting estimate of annual contribution by the glaciers was distrib­

uted In the months of June through September based on average monthly

temperatures at Talkeetna and a base temperature of 43-F for thawing degree

days, allowing for a lapse rate I)f about 3-' per 1000 feet becveen Talkeetna

and the glaciers. The differences in monthly contributions between Cases 1

and 2 (scenario 4) and Cases 1 and 3 (scenario 5) for the period 1950-79 are

given In Table 8. The values In this table can be subtracted from those in

Table 1 to obtain sdjusted streamflows for Watans refleting r es pe c tively . 25

and 45 meters (82 and 148 feet) of net glaciers waste~ during the 1949-80

period.

The estimate of 45 metus (148 feet) of glaciers waste during the 1949-80

period was based on tva sets of photos taken in 1949 and 1980. Since the

photos were taken without vertical and horizontal controls and the analysis

was made only for East Fork Glacier which constitutes only five percent of

glaciers in the basin. the estimate of 45-meters (148 feet) waste is highly

specula tive and questionable. tn view of the uncertainty in the estimate ,

R&M made another assumption of 25-meter (82 feet) waste in the computation.

A brief water balance analysis based on available mean annual isohyetal maps

of the basin and streamflows records at the Susitna River near Denali and

the Maclaren River near Paxson indicated that the glacier wastes during the

1949-80 period is ecee likely to be in the order of 22 eecere (72 feet ).

Currently. pertinent data are not ava ila bl e to verify the estimated historic

waste or mass balance of the Susitna glaciers. Regardless of how much

effort is made to reconstitute historical wastes of the glaciers, the
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resulting estimate s would be of h i gh uncertainty. However. in the a bs e nc e

o f any better information . the glacier co nt r i butions as estimated by R&K a nd

Dr . Harrison (Table 8) c ould be used through a sensitivity analysis to eval­

uate their effects on power production. The streamflow series at Watana

adjus ted fo r these constribut ions are gi ve n in Table 9 . However. the

adjus ted series shown in this table repr esent no co ntribution or at leas t

great r ed uc t i on in co ntr i bution from. t he glaciers , and the r e is no es tab­

lished ev idence t hat such a situation viII occur when t he Sus i tna pr oject i s

placed i n operation.

6 .0 RESERVOIR BVAPOIA%IOa

Net r e s ervoir evaporation from t he Wa tena and Dev i l Canyo n reservoi rs are

estimated to be negligible . The procedures use d in the estimation a r e dis­

cussed below.

Pan evaporation data ne ar the Sus i t na River basin are av aibtble a t McKinley

Parle.. elevation 2.0 70 f eet above mean sea level ( f t . llIs l) and Ha tanus ka

Agricultural Experilllent Station. elevation 150 ft.llIsi. These data are given

in Tables 10 and 11. r espectively .

Ba s ed on normal pool elevation of the Watana reservoir (about 2. 185 f t.MSl)

and a c ompa r i s on of monthly tempera tures a t Watana and HcKinley Pa rk ( Ta b l e

12), the pan evapo ration da ta at McKinley Pa rk i s conside red appl icable fo r

Watana. The mean 1IlOnth ly evapo rations fo r J une a nd J uly at this station are

about 82 ~e rce nt of those at Ma tanuska . Us i ng t h i s as an adjustment fac t or,

the long term me an lDOnthly pa n evaporatio n. for Wa tana were compu ted as

s hown in Table 13 .

R&H measured pan ev aporation at Watana f r Oll' May 8 through August

r he June ;: : .=o:.u~h August evaporation was abou t 9.42 i nche s ( 1) .

t eC'1ll evaporation for the co r r es pond i ng period 19 9 .5 i :'lches ( TAbl e

- 8 -
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Table 14 i ndicates sub-f reez ing tempe ra tu res o f Wa tana fo r the months of

n c cc e be e t hrough April. Because of ice cover ov e r t he r es e rvoir. evapora-

tion du ring t he s e months would be ne gligible . The mean annual pan evapora-

t i on is . t herefore. about 14 . 7 inche s ( Ta bl e 13) .

Lake eva po ra t ion fo r the mo nt hs o f May throu gh September wa s comput ed us ing

a pa n coe f ficien t of 0 . 7 ( s e e Table 13) . This gives May t hrough Se p tembe r

l a ke ev apo ra tion of abou t 10 . 4 inches . This va l ue is c l ose to the RIi}t's

es t imate of 10 i nche s of res ervoir ev a po r a t ion at Watana ( L} ,

Precipitation rlat a at Wa t ana ar e ava i lab l e s i nce Hay 1980 ( Ta b l e 14 ) . The s e

da t a ar e t oo sho r t t o COmpute long- te rm mean prec ipi ta t ion a nd mean net

r e s ervoir evaporatio n . The mean an nua l prec ipi ta t ion a t Wa tana was es t i ­

mated t o be abou t 30 inche s from Exhibit 2 .

Monthly dist ribution o f pr ecipitation at Ma tanuska and McKinley Park a r e

g ive n i n Table is. The Hay throu gh Se p t embe r precipitation is 6 3 and 67

perce nt of t he a nnua l precipi t ation . Ot he r prec i pita t ion s t a t ions ne a r t he

Sus itna ba sin. al s o s ho w pe r centages c l os e t o these values .

Us i ng McKinley pe r centages and 30 inches of annual ~recipitation at Watana .

the mont h l y pr eci pi t a t i o n at Watana were es t t eaced as g iven i n Ta b l e l L,

Except f o r t he mo n th of May. t he mont hly preci pitat ion amoun ts a re liignif ­

i can tly higher t han the es t i ma t ed lake eva po ra t ion .

Net eva po r a t i o n f r om a eese r vot r ca n be es t i ma ted by the difference be tween

e v apo r a t ion f r om the r eservoir s ur face and eva po t r a ns pi r a t ion f r om the same

a r ea pr i o r t o co nst r uc t io n of the da m. A compa r i so n of t he es t t a a t ed a nnu a l

ee s e rvct r evaporation with annual eva po t rans pi r a t io n a s r epresented by t he

d ifference betwe en orec i p i ta t ion and runoff ( i n de pt h of water ) i nd i ca t ed

tha t ne t res ervoir evapo r a t ion 108 s for Watana would be In the o r de r of one

t o two inche s wh i ch r epre sent a r eduction o f 4 t o 8 cfs from t he me an a nnua l

- 9 -



flow. This is quite negligible compared to the mean dnnual flow of about

8.000 de.

Devil Canyon reservoir 18 located under the general cl1utic conditions

(excepts at lower elevation). Therefore, net reservoir evaporation at this

site also can be all&umed negligible.

-10-
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TABlE 1. ~nmtLy STRFJl.MF1D"J AT WATANA
(CFS)

OCT NOV [l Ee J AN FEI! MA R Af'R MAY JUN J lJL AUG SEF'
IYSO 471 9. 9 2(' j .6 11 68. 9 8 15 . 1 6 4 1 . 7 5 6 9 . 1 680 . 1 865 5 .9 164 3 2.1 191 9 3.4 1691 3.6 7 320 . 4
1951 3 2 99.1 I I v 7. 3 90 6 .2 808 .0 673 .0 6 19 .9 13 0 2.2 11 649. 8 1851 7. 9 19 7 8 6. 6 164 78.0 172 05. 5
1952 45 9 2. 9 2 17001 150 1 . 0 1274. 5 8 4 1. 0 73!L 0 803 . 9 4216. 5 25773 . 4 22 1 10 .9 17356. 3 11 5 71. 0
19SJ 62 8 5 .7 2 756 .8 128 1.2 9 18 .9 6 1 1 . 7 6 70 . 7 138 2. 0 15037. 2 2 1469 .8 17355.3 16681. 6 11 5 13. 5
195', 4 218. 9 15 99. 6 11 93 .8 10 8 7. 8 8 0 3.1 638 .2 9 42 .6 11696.8 194 76. 7 16993.6 204 20.6 9 165 . !j
1955 3859 .2 20 51 . 1 154 9. 5 13 88. 3 10 5 0 . 5 886 .1 9 40.8 6 71 9.1 2 488 1 . 4 23787 . 9 23 537.0 13447. 8
1956 41 0 2.3 1598.1 10 3 8 . 6 816. 9 75 4 .8 69 4 . 4 7 18 . 3 129 53.3 27 17 1 . 0 2 5 8 3 1 . 3 19 15 3 . 4 13194.4
1957 4 2 08. 0 2 2 76. 6 17 07. 0 13 73. 0 11 8 9. 0 935 .0 9 45 . 1 10176. 2 25275 .0 19 948.9 1731 7. 7 14841.1
l Q58 603 4 .9 29 35 .9 2258 .5 14 8 0. 6 1041. 7 973 .5 12 65.4 9957 . 8 22097 . 8 19 752.7 1984 3.4 5 9 79. 7
19S9 3668 .0 17 2 9 . 5 1115 . 1 108 1 .0 9 49 .0 69 4.0 8 9 5 .7 1014 0. 6 19 3 29. 6 20 4 9 3 . 1 2 3 9 40 . 4 124 66. 9
1960 5 165 . 5 2 213 .5 16 72 . 3 14 0 0.4 11 38. 9 96 1 . 1 10 6 9. 9 13044. 2 13 2 33.4 19 506.1 19 3 23.1 1 6085. ~

1961 60 4 9 . 3 :::!3 2 7.8 19 73. 2 17 79. 9 13 04. 8 1331. 0 19 65. 0 13 6 3 7. 9 22 78 4 . 1 19839.8 19480. 2 10146. 2
1962 46 37. 6 2263.4 17/t0 .4 16 08. 9 125 7.4 11 76. 8 14 57.4 11 3 33. 5 360 17. 1 2 3 4 4 3 . 7 19897.1 12 74 6. 2
1963 556 0 . 1 2508.9 17 J8. 9 130 8. 9 11 84. 7 B8 :~ . 6 7 76 . 6 1529 9 . 2 :::!0663 . 4 28767 . 4 2 10 1 1 . 4 10 BOO. 0
1964 5 187 . 1 178 9.1 11 94. 7 852 . 0 7 8 1 . 6 5 75 .2 609 .2 3578 . 0 4 2841. 9 2 0 0 82 . 8 14048.2 752 4 .2
1965 4 75 9.4 2 368 .:::! 10 7 0 . 3 86 3 . 0 77:::! . 7 80 7 .3 1:::! 3 :::! .4 10 9 66. 0 2 1 :::! 13 .0 :::! 3 2 3 5 . 9 17394.1 16 :::! 25. 6
1966 52:::! 1. 2 1565 .3 1203.6 10 6 0.4 99 4.7 98 4. 7 13 38.4 709 4 . 1 25939 .6 161 53.5 17390. 9 9 21'" .1
1967 32 69 .8 12 0 2. 2 1 121.6 11 0 :::! .:::! 1031. 3 889 . 5 8 49 .7 1 2 5 ~ 5. 5 2 47 11 .9 2 198 7 . 3 26104. 5 136 72. 9
1968 401 9.0 1934.3 1704. :::! 16 17.6 15 60.4 15 60.4 15 7 6 . 7 128 2 6 . 7 2 5 70 4 .0 22082 . 8 14147. 5 7 163 .6
1969 3 135.0 1354. 9 753 . 9 619 .2 607 . 5 68 6 .0 12 61.6 ' 9 3 13 .7 139 6 2.1 14943.5 7 77 1 . 9 4 :::! 60. 0
1970 2 40 3 . 1 10 20. 9 709 .3 636 . 2 602 . 1 62 4 . 1 986 . 4 9 536.4 '14 399.0 18410.1 ' 16263.8 722 4 . 1
197\ 3 7 68 . 0 2 4 96 . 4 16 8 7.4 10 9 7.1 7 7 7 . 4 7 17 . 1 8 13 . 7 2 8 57 .2 276 12 .8 2 1 12 6 . 4 2 7 4 4 6 . 6 12188. 9
1972 4 9 79 .1 2 5 8 7. 0 19 5 7.4 16 7 0. 9 14 91. 4 13 66. 0 1305.4 159 73.1 27 429 .3 19~20.3 17509. 5 10 9 5 5 . 7
1973 4 301.2 1977. 9 1:::!4 6. 5 10 31 .5 10 0 0. 2 8 73 .9 9 1 4 . 1 7287 .0 23959 .3 16 351.1 18 01 6. 7 8099 . 7
1974 3056 . 5 1354. 7 93 1.6 786 . 4 689.9 62 7 .3 9 7 1 .9 12 8 8 9. 0 14 78 0. 6 159 71. 9 1352 3. 7 9 786 . 2
1975 30 8 8 . 8 14 74.4 12 7 6 . 7 121 5. 8 111 0. 3 1041 .4 1:::! 1 1 . 2 116 7 2. 2 2668 9 .2 23 430 . 4 151 26. 6 13 0 75. 3
1976 5679. 1 1601.1 8 76 .2 757 .8 7 4 3 . 2 690 . 7 1059 .8 9938.9 19 994. 0 17 01 5. 3 18 3 93. 5 5 7 11 .5
1977 :::! 97 3 . 5 192 6. 7 1687 .5 1348. 7 120 2. 9 111 0. 9 12 0 3 . 4 8 569.4 31 3~ 2. 0 19 707.3 16907.3 1061 3.1
1978 579 3 . 9 2 6 45 . 3 19 79 . 7 15 77. 9 12 6 7. 7 1256. 7 14 08.4 11231.5 1727 7. 2 18 385.2 1341 2.1 7 132 .6
1979 3 773 . 9 1944.9 131 2.6 1136. 8 1 0 55.~ 11 01. 2 131 7.9 12 3 69.3 229 0 4 . 9 2 49 1 1 . 7 16 6 70. 7 9 0 9 6 . 7
1980 6150 3525 2032 1470 1233 1 I 77 1 4 0 4 10 ) 1- " 1J 40 0 26 74 0 180 0 0 11 0 0 0
198 1 663 2 J044 1790 18 S8 I S9 2 I 2(,2 1 b 4 I 1 ,'. /: 1.; 16 73 9 2 711 0 1 J OS4 2 11 6 6 9
1982 S700 26S0 18 11 3 I 70 0 1 2 )4 898 1 I 9 ( I J ~7 1} 2 14 4 4 2 0 4 4 5 I J 20 6 138 90



TABLE 2. foOlIliLY ST~'1 AT Df.VIL CANYOO
(CFS)

OCT NOV DEC JAN FEB HA R AP R HAY JUN JUL AUG SEP
19 5 0 5 7 5 8 .2 2 40 4.7 13 42 . 5 9 5 1 . 3 73 5 .7 6 7 0 . 0 8 0 2 . 2 104 9 0. 7 18468. 6 21 3 8 3 . 4 18820 .6 7 950.8
19 5 1 365 2 . 0 1231. 2 1030 . 8 905 .7 7 67 . 5 6 97. 1 15 04.6 13218.5 19978. 5 215 75 .9 18530.0 19799.1
19 5 2 522 1 .7 2539 .0 17 5 7 .5 1483 . 7 9 4 3 . 2 8 28. 2 878 . 5 4989.5 30014. 2 2 4 8 6 1 .7 1964 7. 2 13 441 . 1
195 ) 75 17 .6 3 23 2 .6 155 0 .4 9 99 .6 7 45 . 6 76 6 . 7 153 1. 8 17758.3 2 5 2 3 0 .7 191 84. 0 1920 7.0 13928.4
19 54 5 10 9 . 3 19 210 3 138 7 01 12 24. 2 92 9 .7 729 . 4 1 130.6 15 286.0 23188.1 191 54.1 24 071.6 115 79.1
19 5 5 403 0 . '- 25 06 . 8 .1.868. 0 1649 01 12 75.2 10 23. 6 11 07. 4 8390. 1 280 8 1 .9 26 2 12 . 8 24 959.6 1398 9. 2
19 56 464 7 . 9 17 88. 6 1206 . 6 9 2 1. 7 8 9 3 .1 8 5 2. 3 86 7 .3 15 9 79. 0 3113 7 .1 2 9 2 1 2 . 0 2 2 6 0 9 . 8 16495.8
19 5 7 52 35 . 3 2 7 73 . 8 198 6 . 6 15 8 3. 2 1388. 9 11 05.4 11 0 9 . 0 12 4 73.6 28 4 15 . 4 2 2 109.6 19 3 8 9. 2 18029 .0
19 58 7 4 3 4. 5 3590 .4 2 9 0 4 . 9 1792 .0 121 2. 2 108 5. 7 14 37.4 11 84 9.2 24413.5 2 17 6 3 . 1 2 12 19. 8 698 8. 8
1959 44 0 2 .8 19 9 9 . 8 13 70. 9 131 6. 9 11 7 901 877 . 9 111 9.9 1390 0 . 9 2 153 7 . 7 233 90 . 4 2 8 5 9 4 . 4 15329. 6
19 60 6060 . 7 2 6 2 2 .7 2 0 11 .5 1686 .2 134 0 . 2 111 2.8 121 7. 8 14802 . 9 1 47 0 9 . 8 2 17 3 9 . 3 2 20 6 6 . 1 18 9 2 9 . 9
1961 7 170 . 9 2759 . 9 2 43 6 .6 22 12 .0 159 3.6 16 38. 9 2 405 . 4 16 030. 7 270 6 9 .3 2 2 8 80 . 6 2 1 16 4 . 4 12 2 18 . 6
19 6 2 5459. 4 254 4. 1 19 78 . 7 17 96. 0 14 13.4 13 20 . 3 161 3.4 12141 . 2 40 6 79 . 7 2 4990.6 2 22 4 1. 8 1 4767.2
19 6 3 6307 .7 2 6 96. 0 18 9 6 . 0 14 96. 0 138 7 .4 9 58. 4 8 10 .9 17 69 7. 6 2 409 4 . 1 3 2 3 8 8 .4 22720 . 5 1 17 77. 2
19 6 4 5 9 98 . 3 208 5 . 4 13 8 7 .1 97 8 .0 9 00 .2 6 6 3 .8 696 . 5 4 046 . 9 47816.4 2 1926 . 0 15595.8 8840. 0
19 6 5 5 7 4 4 .0 26 4 5 . ':- 11 60. 8 9 25 . 3 82 8 .8 8 6 6 . 9 1314 .4 12 26 7.1 24 11 0.3 26195. 7 19 789.3 19 2 3 4 . 2
19 6 6 6 496. 5 19 0 7 . d 1 4 79 .4 12 78 . 7 11 8 7 .4 11 8 7.4 161 9.1 B73 4 . 0 30 4 46 .3 18 5 36. 2 2 0 2 4 4 .6 10844.3
19 6 7 3 8 44 .0 14 5 7 . 9 13 6 4. 9 13 5 7. 9 12 6 8 . 3 10 9 9.1 10 5 3 . 7 1443 5 . 5 2 7 796 . 4 2508 1 . 2302 93 .0 15 7 28. 2
19 6 8 4 5 85.3 2 20 3 .5 19 2 9 . 7 18 5 1 . 2 17 78 . 7 17 78. 7 1791. 0 14 9 8 2.4 29 462 . 1 2 487 1 . 0 160 9 0. 5 8 22 5 . 9
19 6 9 3 5 76 . 7 153 1 . 8 836 . 3 686 .6 68 10 8 769 . 6 14 21 . 3 104 29. 9 14 9 50. 7 15 651. 2 84 83.6 4 795. ~,

19 70 2866 . 5 114 5. 7 8 10 .0 75 6 .9 70 8 .7 7 2 1 . 8 1046. 6 10 7 21 .6 17 118. 9 2 1 1 4 2 .2 18652 . 8 8443. 5
19 71 4 7 4 5 . 2 3 081 . 8 2 0 7 4. 8 131 8 . 8 9 43 .6 866. 8 9 8 6 . 2 3 4 27 . 9 3 1031. J 229 4 1 . 6 3 03 15. 9 13636. 0
19 7 2 5537 .0 29 12 . 3 2 3 1 2 . 6 2036 .1 1836 .4 16 5 9 .8 15 6 5 . 5 19 7 7 6 .8 31 9 29.8 2 17 16.5 18654 .1 11 8 8 4 . 2
19 73 46 3 8 .6 21 54 .8 138 7 . 0 11 39. 8 11 28. 6 955.0 98 6 .7 7 8 9 6 . 4 26392.6 175 7 1.8 194 78.1 8 726. 0
I 974 3 4 9 1. 4 14 6 2. 9 997 . 4 8 4 2 . 7 7 45 .9 68 9 . 5 9 49 . 1 15 0 04 .6 1676 6. 7 17 79 0.0 1525 7 . 0 113 70.1
19 75 3 506 .8 161 9.4 14 8 6 . 5 14 0 8 .8 13 4 2 . 2 12 71 . 9 1456 . 7 14 0 3 6 . 5 303 02 .6 2 6 18 8 . 0 17031 . 6 151 54. 7
19 76 700 3 .3 18 5 3. 0 10 0 7 . 9 8 9 6 .8 8 76 . 2 82 5 . 2 1261. 2 1 1305.3 228 13 . 6 18 25 2. 6 19 29 7. 7 6 46 3.3
19 77 355 2 . 4 2 39 1 .7 2 147 .5 16 5 7. 4 1 469. 7 13 61. 0 15 0 9 . 8 1 12 1 1 . 9 3560 6 .7 21 74 0. 5 18 3 71. 2 11 91 6.1
19 78 6 936 . 3 32 10 . 8 237 1 . 4 18 6 7. 9 15 2 5 . 0 14 8 0 . 6 15 9 7 . 1 1 16 9 3 . 4 1 8 ~1 6.8 2 0 079.0 153 26. 5 8080 . 4
19 79 4 5 0 2 . 3 2 32 4 . 3 15 49 . 4 13 04.1 12 0 3. 6 1 16 4 .7 14 0 2 . 8 13 3 34. 0 2 4 0 52 . 4 2 7462.8 19 10 6 . 7 101 72 .4
19 8 0 b90 0 39 5 5 2 2 79 I f- I. " 1 38 3 1 32 1 } 5 75 1 13 77 2 6 2 5 5 3000 2 20 196 1 2 34 2
1981 73 35 338 2 I 8 4 I I " J 8 18 3lJ 14 70 1898 15 78 9 18 38 7 31 67 9 3 5256 1 30 ))
19 8 2 6384 327 0 2 20 7 2 u 8 fJ I 5 59 10 9 4 15 74 12 4 90 2 4 43 9 228 77 U536 16 4 2 7
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TABLE 7

i - DAY STR~tFLQ\.'S AT GOLD CREEK

( CFS)
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7- DAY STREA.'iFLOt.'S AT GOLD CREEK
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Table 8

ADJUSTMENTS FOR GLAC I ERS WASTE

Scenario 4 Sce na rio 5

Ye a r June July Aug Sept June July Aug Sept

1950 1,63 2 2 , 24 4 2,376 612 2.952 4,068 4.3 08 1,104
1951 2,38 8 4.260 2.808 1,044 4.320 7,704 5,076 1, 88 4
1952 2.208 3,072 2.280 312 3.996 5 .568 4,140 576
1953 912 984 636 216 4, 860 5 ,304 3.384 1,176
1954 '2,263 2 .496 2.184 780 4,116 4.548 3.972 1,416
1955 1,860 3,936 2.316 516 3, 26 4 7,140 4,188 936
1956 2.436 3.360 2 .988 276 4.368 6,024 5 , 3 76 21 6
1957 3.288 3.084 2,880 696 5,940 5,580 5,220 1, 26 0
1958 2,41 2 2,6 28 2,124 144 4.380 4,776 3, 840 264
1959 3 . 14 4 2,364 2 , 6 16 612 5,712 4,284 4,764 1,11 6
1960 3,252 3. 852 3 .048 408 5,904 7.008 5, 5 3 2 180
1961 2, 8 32 3.384 2,556 360 5, 124 6 . 120 4. 63 2 660
196 2 2.868 3 . 9 6 0 2 ,976 0 5 ,208 7,176 5 . 388 0
1963 1, 704 3,70 8 2 ,904 1, 704 3, 0 84 6, 7 20 5 .268 3 ,084
1964 2 , 24 4 2 . 880 2 ,076 804 4, 0 56 5. 208 3, 7 6 8 1, 4 5 2
1965 1,992 3 ,984 2 , 8 3 2 1, 68 0 3,624 7 , 260 5, 16 0 3 ,060
1966 2,71 2 2, 964 2 ,~qO 924 4, 920 5, 3 76 4, 1 5 2 50 4
19 67 2,604 3, 1riO 2 , 9 88 864 4 , 716 5,76 0 5, 4 1 2 1, 572
1968 2 ,29 2 3,31 2 2,71 2 105 4,140 5 , 988 4 ,908 31 2
1969 1 . 680 1,728 888 324 '3,048 3,312 1 , 704 624
1970 2 , 4 4 8 3, 816 2 , 8 20 0 4 , .. .. _ 6, 9 0 0 5.1 00 0
1971 2,436 3,564 3,312 492 4,380 ... 1 12 5 .952 876
197 2 2, 196 4,500 3.300 0 3. 996 8,1 . 1: 5. 988 0
1973 2 ,292 3.3 24 2 . 0 52 240 4,152 6 , 0 12 3 , 720 432
1974 1,896 1. 968 1,896 792 3.444 3,5 52 3.444 1,428
1975 2 .280 3. 672 2, 97 6 996 4,128 6 ,6 36 5.3 76 1,78 8
19 76 1,41 6 1,8 24 1, 5 24 · 300 2 .568 3 , 300 2 ,7 48 552
1977 2 , 77 2 3,51 6 3.720 744 5,1;1 6 6 , 74 4 6 .360 1.344
19 79 1.200 1 , 87 2 1, 9 92 56 4 2 ,1 60 3 ,396 3 , 61 2 1, 0 3 2
1979 2. 028 3 .228 2 .856 1,104 3 ,67 2 5, 844 5 .184 2 , 00 4

Source : R&rt



Table 9

MONTHLY STREA:1FLOWS ADJUSTED FOR GLAC I ERS \'lASTE
SUS ITNA RIVER AT WATANA

Scenari o 4 Scena rio 5

Year June July Aug Se pt J une July .\ug Sept

1950 1 4 .800 16 .949 1 4 . 538 6 .708 13.48 0 15, 125 1 2 .666 6 , 2 16
1951 16.130 18 ,527 13 ,670 16 , 16 2 14 . 199 12 ,083 11 ,462 15 ,322
195 2 23 .565 19 ,039 15 , 0 76 11, 2 59 21 ,717 16 , 543 1 3 .216 1 0 . 9 9 5
1953 22 ,381 1R,339 17 ,3 18 11 ,730 16 .610 12 .051 13 .298 10 . 33 8
1954 17 ,209 14 .488 18,237 8 ,386 1 5 ,361 12 , 436 16,449 7 ,75 0
1955 23, 0 8 1 19, 8 5 2 21 , 22 1 12 ,932 21, 61 7 16. 648 19, 349 12 ,511
19 56 24, 7 36 2 2 .471 16 ,165 1 2, 9 11 22 ,804 19 ,807 13 ,777 12 . 97 8
1957 21 ,987 16 ,865 14 ,438 14 ,145 19 ,335 14 ,3 69 12 , 09 8 13 ,58 1
19 58 19 ,686 1 7, 1 2 5 16, 719 5, 8 35 1 7 , 718 14 ,977 15 , 003 5,71 5
1959 15 .1 8 6 18 , 129 2,324 11 , 13 5 5 12 , 61 8 16 . 209 19 ,176 11 ,351
1960 9 ,98 1 1 5, 6 54 1 6, 275 1 5, 6 78 7 , 329 12 , 498 13,791 1 5, 9 0 6
19 61 19 , 9 5 2 16 ,4 56 16 . 924 9 , 78 6 17 , 6 6 0 13, 7 20 14 .948 9 . 486
19 6 2 33 , 149 19.4 8 9 16, 911 12,746 30 .809 16 . 268 14,489 12, 746
1963 18 ,959 25,059 18,1 0 7 9 ,096 17 , 579 22 ,097 15 .743 7 ,7 16
19 64 4 0 .598 1 7. 70 3 11, 972 6 ,220 38 ,786 14, 87 5 16 , 284 6 . 0 72
1965 19 .221 19 ,252 14,562 14 .546 17 , 584 15 ,776 12 , 23 4 13 , 16 6
196 6 23,2 28 1 3 ,1 90 15,1 11 8 .71 0 21 , 020 10 ,778 1 3, 2 39 8 ,290
1967 22 .10 8 18 .80 7 23 .117 12.809 19 , 006 16,227 20 ,69 3 12 .101
1968 2 3 ,412 18 .771 1 1, 456 6 ,996 21 , 564 16, 0 95 9 .239 6 ,8 5 2
19 6 9 12, 282 13 ,11 6 6 .884 3 . 936 10 , 914 11 . 5 3 2 6 ,068 3 ,6 36
1970 11, 951 14 ,594 1 3 ,44 4 7, 2 24 9 , 9 59 11,510 11 ,164 7 , 224
1971 25 ,1 77 11 ,6 2 2 24 , 135 11 , 607 23 , 233 14 , 814 2 1 ,995 11, '31 3
1972 25 ,23 3 15 .320 1 4 ,2 10 10 , 956 23 .43 3 1 1, 648 1 1, 522 10. 9 56
19 73 21,5 67 13 . 027 15 .965 7 . 866 19 ,70 7 10 ,33 9 14 , 297 7, 668
1974 12 ,8R5 1 4 , 0 04 11, 628 8 , 704 1 1, 33 7 12,420 10 , CAO 8 .3 50
1975 24 , 40 9 19 ,7 58 12 ,151 12 ,077 22," 61 16 , 79 4 9 . 7 51 1 1 ,287
1976 1 8 . 528 15 ,19 1 11;, 8 70 5 .41 2 17 , 426 1 3 ,715 1 5, 1;46 5 .1 00
19 7 7 28. 581 11;,1 9 1 13 , 087 7 ,867 26 . 33 7 12. 16 3 15 ,44 7 9 ,2 69
19 79 1 6, 0 7 7 1 6 , 5 13 1 1 ,429 6 . 569 1 5,11 7 14 . 9 89 9 ,800 G, l Ol
l q79 20 , 8 7 7 21, 684 13 ,815 7 , 9 9 3 19 .233 14 ,068 11 ,48 7 7 , 09 3

Sou r ce : RS.~ 1



Tab l e 10

PAN EVAPORATION (INCHES)
McKI NLEY PARK

Mont hs

Year Ma y Jun Jul Aug Sep

19 6 7 3 . 97 3 . 20 2 . 42
19 68 3 . 31 3 . 67 2 . 25
19 6 9 3 . 48 2 .3q
1970 3 . 35 2 .20
19 71 6 . 38 3 .75 2 .06
197 2 3 . 9 7 4 . 10 2 . 61
19 73 3 . 37 3 . 25 1. 5 5
1974
19 7 5
19 7 6
1 9 77 3 .77 4 . 0 2 3 .37
19 7e 3. 02 3 .46 3 .31
1979 2 .81 2 .97 2 . 7 3
1980 4 . 04 2 .92 1.88
19 81 3 . 24 1. 89 2 .18

Av era g e 3 . m 3 .35 2 .41



Table 11

PAN EVAPORATION ( INCHES)
~ATANU SKA AGRICULTURAL EXPERIMENTAL STATI ON

f.1o nths

Year May Jun J u1 Aug Sep

195 1 4 . 16 2 . 2 1 1. 79
1952 4 . 45 2 .98 1. fl4
1953 3 .99 4 .96 4 . 8 8 2 .58 1. 71
19 54 4 .74 4 .80 4 .1 0 3 . 03 2 . 2 3
19 5 5 1 . 48 4. 9 1 3 . 96 2 .50
1956 4 .83 4 .'32 4 .44 1.47
1957 6 . 4 1 5 . 45 4 .QO 3 . 59 2 . 03
1958 4 .35 5 .00 3 .97 3 . 53 2 . 00
1959 4 .76 5. 2 3 2 . 79 2 . 82 1.46
1960 3 . 76 4 . 4 4 3 .59 2 .47 1. 08
19 61 5 .18 4.17 3 .40 2 .41 1. 6 2
1962 3 .66 4 . 0 9 3 .85 2 .A l 1. 66
19 6 3 3 .56 3 .42 2 . 50 1.48
1964 4 . 04 3 .06 1. 60
1965 4 .1 8 7 . 19 4 . 34
19 6 6 ) . 56 4 . 0 8 4 .36 2 .60 2 .25
1967 4 . 35 3 .07 3 .99 2 .91 1. 76
1968 4 .57 3 .56 3 . 30 1. 6 6
1969 5 . 42 4 . 38 3 .5 3 2 . 0 7
1970 5 . 0 3 3 . 13 2 .36
19 71 5 .34 4 .9 3 4 . 9 0 2 . 69 1. 57
197 2 3 . 43 4 . 0 6 4. 9 0 3 .79 2 .63
1973 5 .05 3 .56 4 . 3A 3 .5 2
1974 5 .06 4 .96 3 . 9 6 3 .79 2 .20
1975 4 . 20 3. 56 3 .16 3 . 17 1. 7 3
19 7 6 4 .22 5 .3 4 4 . 55 3 .21 2 .13
1977 4 .11 5 . 20 5 . 24 3 . 18 1. 84
1978 4 .60 3 . 01 3 . 33 3 . 23 1. 70
1979 4 . 8 4 3.90 4 . 01 3 .73 2. 54
1980 3 . 72 2 . 98 3 . 27 2 . 74
19 8 1 4 .41 3 . 9 Q 2 . 82 2 . 25

Ave rage 4 .48 4. 30 4 . 18 3 . 10 1. 8 8
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Tab l e 12

COMPARI SON OF MONTH LY TEMPERATURES (- F )

Month Watanal! McK i nley ParkY

Hay 4 1 41

June 48 52

.IuLy 51 54

August 43 50

Se ptemb e r 40 ·n

Ba sed o n t h e data collected by R&M (Sus itna Hy d roelectri c
Pr o j e ct, Pr oce s sed Cl i ma t o l o g i c a l da t a . ~pril 1980 th r oug h
Septembe r 19 8 2 . vo lume S . Wa tana Sta tio n s . two volumes) f o r
the y ea r s 19 8 1 . 8 2 and 83 .

Fo r the pe riod 19 51 - 7 5 . taken f rom NOAA Cl ima tog r aphy o f
the Un i t e d States 'lo . 60 , Cl imate o f Alaska .



Tabl e 13

NET RESERVOI:l EVAPORATlor:
W~TANA RESERVOIR

Average Pan Lake Average
Month Evaforation Evaforation Precioi ta t i on

in> in} '( in )

Jan 0 0 1. 20
Feb 0 0 1. 20
Ma r 0 0 1. 20
Apr 0 0 o. ~O
May 3.67 2 . 67 1.50
Jun 3 . 53 2 .47 4 . 80
Ju1 3 .43 2 . 40 6 .30
Aug 2 .54 1. 78 4 . 80
Sep 1. 54 1. 0 8 2 . 70
Oc t 0 0 1. 80
Nov 0 0 1.80
Oec 0 0 2 .10

Total 14 .7 1 10 . 40 30 .0

1



Table 14

CLIMATOLOGICAL DATA

Watana Devil Canyon

Temper- Precipi- Temper- Precipi-
Year Month ature tation ature tation

I •C) (mrn) I 'C) (mrn)

1980 May 4.6 14.6
Jun 9.1 55.0
Ju1 1 1.9 107 .6
Aug
Sep
Oct 0.2
Nov -7.2 2.0 -5.1
Dec - 21. 1 0.2 - 17 .9

1981 Jan - 4 . 5 1.6 -2.5
Feb -7.3
Bar -4.3 1 8 . 4 - 1. 8
Apr - 4 . 3 1.2 -1.8 1. 2
May 7.6 44 .0 8.7 39.0
Jun 9.3 129 .8 10.0 166.4
Ju1 9.3 170.6 9.3 176. 6
Aug 2 .0 165.6
Sep 4.0 77.2
Oc t -2.1 25.0 -.'
tso v - 1 0 . 4 5.6 - 8.3
Dec - 13.7 7. 0 -11. 6

1982 Jan - 19.6 0 .0 -17. 0
Feb
Mar -7.1
Apr -4.5 7.2 - 2 . 7 21. 0
r"ay 2. 3 25 . 8 ••• 22. 0
Jun 8. 6 8 7 . 4 9 . 9 8 5 .2
Ju1 10 . 8 109.2 11. 7 106 . 4
Aug 10. 0 58.2 10.8 3 5 . 0
Sep 5. 0 100 .8 6 .0 156. 6



Tab le 15

MONTHLY PERC ENTAGES OF PRECI PITATION

l'1a t anus k.a f1cKinl e y Park.

Percent Percent
Month preci e i tat ion of Annual precieitation of Annua l

( l.n) ( l.n)

Jan 0 .79 5 0 .68 4
Fgb 0 . 6 3 4 0 .61 4
M"lr 0 . 5 2 3 0 .60 4
Apr 0 .62 4 0 . 38 2
Hay 0.75 5 0 . 8 2 5
Jun 1. 6 1 10 2 .51 16
J u1 2 .40 15 3 .25 21
Aug 2.61 18 2 . 48 16
Sep 2 .31 15 1.43 9
Oc t 1. 39 9 0 . 9 2 6
Nov 0.93 6 0 . 90 6
Dec 0 . 9 3 6 0 .96 7
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