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REPORT



STREAMFLOW TIME SERIES

SUSITNA RIVER AI WATANA AND DEVIL CANYON

I .0 SUMMAIl.Y

This report presents the results of a study made to update the monthly and

7-day streamflow sequences at the Watana and Devil Canyon dam sites. The

updated streamflow series are given in Tables 1 through 4.

2.0 BACGlOlJIO)

Acres American Incorporated (ACRES) generated 32 years (1950-1981) of month

ly and 7-day streamflow series at the Watana and Devil Canyon sites (I)J.J.

The monthly streamflow series were derived using the streamflow data of the

Susitna River at Gold Creek and at Cantwell. The resulting series averages

7955 and 9056 cubic feet per second (cfs) respectively at Watana and Devil

Canyon. The 7-day series were based on data at Gold Creek Station. The

resulting series averages 8201 and 9198 cfs respectively at Watana and Devil

Canyon.

R&H Counsultants, Incorporated (R&H) and Dr. W.D. Harrison of the University

of Alaska, have investigated probable monthly contribution of glaciers to

the recorded streamflow at Gold Creek for the months of June through Septem

ber. Based on results of the inves tigation, f1 ve scenarios of monthly

streamflows were constructed for Watana based on different assumptions of

glacier contributions.

11 References listed at the end of text .
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3.0 SCOPE or '!HE STUDY

The major work items of the present study include:

1. Review of ACRES' procedures used for generation of streamflow

series at the two dam sites and modify these procedures if neces

sary ;

2. Review the study made by R&K and Dr. Harrison on the contribution

to streamflow by glaciers and adopt most appropriate estimates for

possible use i n analyzing sensitiVity of glacier waste on energy

production ;

3. Add ~ low data for the water year 1982; and

4. Estimate net reservoir evaporation for use in the reservoir opera

t ion study.

4.0 REVIEW or ACUS STUDY

Streamflow series generated by ACRES at the two dam sites are discussed

below. Comments and necessary improvements to these time series al so are

discussed.

4 .1 STREAMFLOW EXTENSION

ACRES selected d common base period of 30 years (1950 to 197 9 ) fo r t he

monthly streamflow series and used the ava i l a b l e s t r ...ai:lf l ow data at eight

s t r eam ~aging sta tions (Exhibit 1) to estimate missing monthly flows at eac~

station. An in-house computer program, based on the program FILLIN devel

oped by the Texas Water Development Board (2) was used in estimating the

data . The periods for which observed data were available and the periods

for which the data were estimdted are shown on Exhibit 1.
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The FILLIN computer program 19 based on a multi-site regression technique

which analyzes monthly streamflow series and estimate missing data. The

program evaluates statistical parameters (means. standard deviations. lag

one auto-correlation coefficients and multi-site spatial correlation coef

ficients) and estimate missing data in which the statistical parameters are

preserved.

The primary object ive of ACRES' analysis was to generate 30 years of monthly

streamflow sequence at Cantwell stream gaging station. These data were used

with those at Gold Creek stream gaging station to estimate flows at the two

dam si res , A comparison of the statistical parameters of recorded and

filled-in data series at Cantwell. provided by ACRES(l) indicate nearly the

same statistical parameters in both cases. Therefore, the 30-year stream

flow series at Cantwell is considered acceptable. The monthly streamflows

at Cantwell and at Gold Creek are given in Tables 5 and 6.

4.2 STREAMFLOW TRANSPOSITION

ACRES derived the monthly streamflow series at the two dam sites using the

following relationships:
'\

l"r'M~)"
QDC - 0.827 (QG - Q ) + QC 1

,,\..t . . ...... -

C c: {.
QW - 0.515 (QG - Qc) + QC 11

.....~"' I 'T

in which £., . '"1C

QDC - Monthly flow at Devil Canyon;

QW - Mont hly flow at Watana;

QG - Mont hl y flow at Gold Creek;

QC - Monthly flow at Cantwell

The coefficient of 0.827 is the rat~o of the drainage areas between Cantwell

and Devil Canyon to that between Cantwell and Gold Creek. Similarly. the

coefficient of 0.5 15 is the ratio of the drainage areas between Cantwell and

Watana to that between Cantwell and Gold Creek.
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ACRES computed the 7-day streamflow series at each site by adjusting the 7

day flows at Gold Creek with the ratio between the drainage areas upstream

of the site and that upstream of Gold Creek. The flows at Cantwell were not

used because the 7-day flows were not generated at Cantwell for the missing

period of record at the station.

Since ACRES used different methods to generste the monthly and 7-day stream

flow series, a check was made to evaluate the differences in the streamflow

data if the monthly flows also were generated by using the method adopted

for the 7-day flows.

For a few selected years, the flows transposed by this method are about 3 to

10 percent higher than those generated by using equations I and II. It

would be better if the 7-day streamflow series is also generated by the same

method used to generate the monthly streamflow series. However, that will

require the estimation of missing 7-day flows at Cantwell which will involve

considerable effort without assurance of significantly reducing the differ

ences between the two series.

The accuracy of streamflow records at the two gaging stations is fair to

good with a probable error of ~5 to ~10 percent (3). Since the difference

in the monthly and 7-day flow series are within this accuracy, both series

are considered acceptable for reservoir operation studies.

Transposition of flows by drainage area ratios is acceptable if there is no

significant variation in seasonal or annual precipitation amounts over the

two areas. This was examined by using mean annual precipitation map

(Exhibit 2) developed by the Soils Conservation Service (4). The mean-annu

al precipitation (MAP) upstream of Watana and Devil are about 37.4 and 36.8

inches, respectively. The MAP upstream of Gold Creek is about 36.6 inches.

The differences in the MAP upstream of tho! three locations are insigni

ficant. Therefore, no adj ustments to the estimated streamflows for dif

ference in precipitation are required.
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4.3 ADJUSTMENT TO 1969 STREAMFLOW

For the period from 1950 to 1979, the lowest mean annual flow occurred in

1969. ACRES made a frequency analysis of mean annual flows at Gold Creek

and estimated a return period of more than 1,000 years for the 1969 (water

year) flows. Since ACRES accepted a return period of 30 years for the

selection of allowable reservoir drawdown and firm energy, the observed 1969

mean annual flow of ~,561 cubic feet per second (cfs) was replaced by a 30

year low flow estimated to be about 7,200 cf s , The monthly flows were then

derived using this value and the ratios of long term mean monthly and an nual

flows. The recorded monthly streamflows at Cantwell also were replaced by

a 30-year low flow. The resulting 1969 streamflows at Gold Creek and

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

The use of higher streamflows for the year 1969 is inappropriate because

this will alter the sample distribution of historical data which, in turn,

will cause difficulties in properly evaluating the probabilities of firm

energy and water shortages. Furthermore, in the frequency analysis made by

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

over 1,000 years. Such an assessment is highly uncertain considering the

short period (30 years) of records. Therefore, the 1969 streamflow included

in Tables 1 through 4 are those based on observed records.

5.0 GLACIER CONTRIBUTION

Dr. W.O. Harrison and R&M have made a preliminary study of glacier contribu

tions to streamflows at Gold Creek. The study resulted in five scenarios of

streamflows at Gold Creek each corresponding to one of the following assump

tions.

1. Glaciers were assumed to have net zero loss during the 1949-80

period, but there were annual variations in the waste. Annual

contributions during the period were estimated using the Tangborn
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runoff-precipi tat ion IIlOdel (4,5) and used to adjust the recorded

flows. The resulting flow series represents the condition of zero

contributions from the glaciers in each year.

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

the 1949-80 period. Annual contributions were estimated using the

Tangborn IIlOde1, and used to adjust the recorded flows.

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

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

Tangborn IIlOdel, and used to adjust the recorded flows.

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

the 1949-1980 period. Annual contributions were estimated using

the Ta ngbo r n eode l , and used to adjust the flow series resulting

from Case 1.

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

the 1949-1980 period. Annual contributions were estimated using

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

f rom Case 1.

The Tangborn model (4,5) computes annual glacier balances by relating

measured precipitation amounts and annual mass balance of glacier with

differences in runoff between a glacierized basin and a nearby non-glacier

ized basin. R&M computed the model parameter using data for one glacierized

basin, Phelan Creek draining Gulkana Glacier, and two non-glacierized basins

listed below:
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Currently, pertinent data are not ava i l a 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

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°y for thawing degree

days, allowing for a lapse rate of about 3°y per 1000 feet between Talkeetna

and the glaciers. The differences in monthly cont r i but i ons between Cases 1

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

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

Table 1 to obtain adjusted streamflows for Watana refleting respectively, 25

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

period.

Talkeetna

Gulkana

Talkeetna

Gulkana

Index Precipitation Station

Ship Creek

Ship Creek

Caribou Creek

Caribou Creek

Non-glacierized Basin

The es tima t e of 45 meters (148 feet) of glaciers waste during the 1949- 80

period was based on two 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 York Glacier which constitutes only five percent of

glaciers in the basin, the esticate of 45-meters (148 feet) waste is highly

speculative and questionable. In view of the uncertainty in the es t imate,

R&M made another as sumpt i on of 25-meter (82 feet) waste i n the comput at ion.

A brief water balance analys i s 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 i nd i ca t ed that the glacier wastes during the

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



6.0 RESERVOIR BVAPORATIOR

Net reservoir evaporation from the Watana and Devil Canyon reservoirs are

estimated to be negligible. The procedures used in the estimation are dis

cussed below.

Pan evaporation data near the Susitna River basin are available at McKinley

Park, elevation 2,070 feet above mean sea level (ft,msl) and Matanuska

Agricultural Experiment Station, elevation 150 ft,msl. These data are given

in Tables 10 and II , respectively.

31, 1981.

The long

13).
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resulting estimates would be of high uncertainty. However, in the absence

of any better information, the glacier contributions as estimated by R&M and

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

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

adjusted for these constributions are given in Table 9. However, the

adjusted series shown in this table represent no contribution or at least

great reduction in contribution from the glaciers, and there is no estab

l ished evidence that such a situation will occur when the Susitna project is

placed in operation.

R&M measured pan evaporation at Watana fro~ May 8 through August

f he June t : .= cu~h August evaporation was about 9.42 inches (1).

term evaporation for the corresponding period is 9.5 i nches (Table

Based on normal pool elevation of the Watana reservoir ( about 2,185 ft,msl)

and a comparison of monthly temperatures a t Watana and McKinley Park (Ta b l e

12), the pan evaporation da t a at McKi nl ey Park is considered applicable for

Wa tan a • The mean monthly evaporations for June and July at this stat ion are

about 82 pe r ce nt of those a t Matanuska. Using this as an adj us t ment fac t o r ,

the l ong term mean monthly pan evaporation , for Watana were computed as

shown in Table ~ 3 .



Table 14 indicates sub-freezing temperatures of Watana for the months of

Octocber through April. Because of ice cover over the reservoir, evapora-

tion during these months would be negligible. The mean annual pan evapora-

tion is, therefore, about 14.7 inches (Table 13).

Lake evaporation for the months of May through September was computed using

a pan coefficient of 0.7 (see Table 13). This gives May through September

lake evaporation of about 10.4 inches. This value is close to the R&M's

estimate of 10 inches of reservoir evaporation at Watana (1).

Precipitation data at Watana are available since May 1980 (Table 14). These

data are too short to compute long-term mean precipitation and mean net

reservoir evaporation. The mean annual precipitation at Watana was esti

mated to be about 30 inches from Exhibit 2.

Monthly distribution of precipi tation at Matanuska and McKinley Park are

given in Table 15. The May through September precipitation is 63 and 67

percent of the annual precipitation. Other precipitation stations near the

Susitna basin, also show percentages close to these values.

Using McKinley percentages and 30 inches of annual vrecipitation at Watana,

the monthly precipitation at Watana were estimated as given in Table 13.

Except for the month of May, the monthly precipitation amounts are signif

icantly higher than the estimated lake evaporation.

Net evaporation from a reservoir can be estimated by the difference between

evaporation from the reservoir surface and evapotranspiration from the same

area prior to construction of the dam. A comparison of the estimated annual

reservoir evaporation Iii th annual evapotranspi ration as represented by the

difference between orecipitation and runoff (in depth of water) indicated

that net reservoir evaporation loss for Watana would be in the order of one

to two inches which represent a reduction of 4 to 8 cfs from the mean annual
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flow. This is quite negligible compa r ed to t he mean annual flow of about

8,000 cis .

Devil Canyo n reservo ir i s located under the general clima t ic condit ions

( exc epts a t lowe r eleva t i on) . Therefore, net reservoir evaporation at t his

si t e also can be as sumed negligible.

-1 0-
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TABIE l. ImrnLY srRFJI.MF1O'1 AT WATJINA
(CFS)

OCT NOV DEC JAN FEB MA R APR MAY J UN JUL AUG SEP
1950 4719 .9 2083 . 6 1168.9 815 .1 641.7 569.1 680 .1 8655.9 16432.1 19193. 4 16913.6 7320 .4
1951 32 99.1 1107 .3 90 6 . 2 808 .0 673. 0 6 19 . 8 13 02 .2 116 49 . 8 18 5 17 . 9 19786. 6 16 478. 0 17205 .5
1952 4592.9 2170 . 1 150 1. 0 1274.5 841. 0 735.0 8 03. 9 4216.5 257 73.4 22110 . 9 17356.3 11571.0
1953 6285.7 2756.8 1281.2 818.9 611. 7 6 70 . 7 1382. 0 15037 . 2 21469.8 17355.3 16681.6 11 5 13 . 5
195/, 4218 .9 1599.6 1183.8 1087. 8 8 03.1 63 8 . 2 942. 6 11696.8 19 476.7 16983. 6 20420.6 91 65 . 5
1955 3859 .2 2051. 1 1549.5 1388.3 1050.5 88 6 . 1 94 0. 8 6718.1 2 4881.4 23787.9 23 537.0 13447 .8
1956 41 02.3 1588.1 1038.6 81 6.9 754.8 694 .4 718.3 12953.3 27 171 .8 25831. 3 19153.4 13194.4
1957 42 08. 0 2276.6 1707.0 1373.0 11 89.0 935 .0 945 . 1 10176.2 25275.0 19948 .9 17317.7 14 841.1
1958 603 4.9 2935.9 2258.5 14 80.6 1041. 7 9 73 . 5 1265.4 9957.8 22097.8 19752. 7 18843.4 5978.7
1959 36 68. 0 1729 .5 1115.1 1081. 0 949.0 694. 0 885.7 10140.6 18 3 29 .6 20 493 .1 2394 0.4 12 466.9
1960 5165 .5 2213.5 1672.3 1400.4 1138.9 9 6 1 . 1 1069 .9 13044.2 13233.4 19506. 1 19323.1 16085.h
1961 6049.3 2327.8 1973 . 2 1779 .9 1304 .8 1331. 0 1965. 0 13637.9 22784.1 19839.8 19480.2 10146. 2
1962 4637.6 2263.4 17"'0.4 1608.9 12 57.4 1176.8 1457. 4 11333. 5 360 17.1 234 43.7 19887.1 12746. 2
1963 556 0.1 2508.9 1 7 08 . 9 1308.9 11 84.7 883.6 7 76 .6 15299.2 20663.4 28767.4 21011.4 10800.0
1964 5187 .1 1789.1 1194.7 852. 0 781.6 575.2 609.2 3578.8 42841.9 20 08 2 . 8 14048.2 7524.2
1965 4759 .4 2368.2 1070.3 863.0 772.7 8 0 7 . 3 1232. 4 10966.0 21213.0 23235.9 17394.1 16225.6
1966 522 1.2 1565.3 1203.6 1060.4 984.7 984.7 1338.4 7094 .1 25939.6 16153.5 17390.9 921 401
1967 3269. 8 1202.2 1121.6 11 02.2 1031.3 88 9 . 5 849.7 12555.5 24711.9 21997.3 26104.5 13672.9
1968 401 9. 0 ' 1934.3 1704.2 1617.6 1560.4 1560.4 1576.7 12826.7 25704 .0 22082. 8 14147.5 7163.6
1969 3135.0 ' 1354.9 753.9 619 .2 ' 607.5 686 .0 1261.6 ' 9313.7 ' 13962.1 -14843 .5 7771.9 ' 4260.0
1970 24 03.1 1020.9 709 .3 636 .2 ' 602.1 ' 624.1 986. 4 ' 9536 .4 ' 143 99 . 0 ' 18 4 10 . 1' 16263.8 ' 7224.1
197t 37 68.0 2496.4 1687.4 1097.1 777 .4 717.1 813.7 2857.2 27612.8 21126.4 27446.6 121 88.9
1972 4979.1 2587. 0 19 5 7. 4 1670.9 1491. 4 1366.0 1305.4 15973.1 27 429.3 19820.3 17 50 9 . 5 10955.7
1973 4301.2 1977 .9 1246.5 1031. 5 1000 .2 8 73 . 9 91401 7287. 0 23859.3 16351.1 18016.7 8 099.7
1974 3056.5 1354.7 93 1. 6 786.4 689.9 6 2 7 . 3 871.9 12889.0 14 780.6 15971 .9 13523.7 9786. 2
1975 3 088.8 1474.4 1276.7 1215 .8 1110.3 1041.4 1211.2 11672.2 26689 .2 23 43 0 . 4 15126.6 13075.3
1976 5679.1 1601.1 876.2 757.8 743 .2 6 90 . 7 105 9 .8 8938.8 19994.0 1701 5.3 18393.5 5711. 5
1977 2973.5 1926.7 1687.5 1348.7 1202.9 11 10.8 1203.4 8569 . 4 31352 .8 19707.3 16807.3 10613.1
1978 57 93.9 2645.3 1979.7 1577.9 1267.7 1256.7 14 0 8 . 4 11231.5 172 7 7 . 2 18385 .2 13412.1 7132.6
1979 3773.9 1944.9 1312.6 1136.8 10S5.~ 1 10 1. 2 1317. 9 12369.3 22 904.8 2 49 1 1 . 7 16670.7 9096. 7
1980 6150 3525 2032 1470 1233 1 177 14 04 lnll," ~3 4 0 0 26 740 180 00 110 00
1981 6632 3044 17 90 18 58 159 2 121i 2 164 I ] :, I, 1Ii 16739 2 76 0 1 305 4 2 116 69
1982 57 0 0 265 0 18 6 3 1700 1234 898 1 19c 1QG7,' 21 444 20 44 5 1 320 6 1 38 90



TABLE 2. r-rnrHLY STREAMFlil~ Nr DE.VIL CAN'iOO
(CFS)

OCT NOV DEC JAN FEB HAR APR HAY JUN JUL AUG SEP
1950 5758.2 2404.7 1342.5 951.3 735.7 670 .0 802.2 10490.7 18468.6 21383.4 18820.6 7950.8
1 951 3652 .0 1231.2 1030.8 905. 7 767.5 697.1 1504.6 13218.5 19978.5 21 5 75.9 18530.0 19799.1
19 52 5221.7 2 5 3 9 . 0 1757. 5 1483.7 943 .2 8 28.2 878.5 4989.5 30014. 2 2 4 8 6 1. 7 19647.2 13441 .1
195 3 7517 .6 3232.6 1550.4 999 .6 74 5 .6 766.7 1531.8 17758.3 25 23 0 . 7 19184 .0 19207.0 13928.4
1954 5109.3 1921.3 1387.1 1224. 2 9 29.7 72 9 . 4 1130.6 15286.0 23188.1 19154.1 24071.6 11579 .1
19 5 5 4830.4 2506.8 l868 .0 1649.1 1275 . 2 1023.6 11 07.4 8390 .1 28 08 1 . 9 262 12 . 8 2 495 9. 6 13989 . 2
1 95 6 4647.9 1788.6 1206 .6 921.7 89 3.1 852.3 867.3 15979.0 31137.1 2 92 12 . 0 226 0 9 . 8 16495 .8
1 957 5235.3 2773.8 1986.6 1583. 2 1388 .9 1105.4 1109 .0 12473.6 28415.4 2 2 10 9 . 6 19389. 2 18029.0
1958 7434.5 3590.4 2 9 0 4 . 9 1792.0 1 21 2. 2 1085.7 1437 .4 11849.2 2 4 4 13. 5 2 17 6 3. 1 2 12 19 . 8 6988 .8
195 9 4402 .8 1999.8 1370.9 1316 .9 11 79 .1 877.9 1119.9 13900.9 2 15 3 7 . 7 23390 .4 2 859 4 . 4 153 29.6
19 6 0 6060 .7 262 2. 7 2011. 5 1686. 2 1340. 2 1112.8 1217.8 14802.9 14709.8 2 17 3 9 . 3 220 6 6 . 1 189 29 .9
1961 7170 .9 2 7 5 9 . 9 2 43 6 . 6 22 12 . 0 1593.6 1638 .9 2405.4 16030.7 27069.3 228 8 0 . 6 2 1 16 4. 4 12 218 .6
1962 5459.4 2544.1 1978 .7 1796 .0 1413 .4 1320 .3 1613.4 12141. 2 40679. 7 2 49 9 0 . 6 222 4 1. 8 14767. 2
196 3 6307.7 2696.0 1896.0 1496.0 1387.4 958 .4 810.9 17697 .6 2 40 9 4 . 1 3 2388.4 22 72 0. 5 11 777 . 2
1964 5 9 98 . 3 2085.4 1387.1 978 .0 900. 2 663.8 696.5 4046.9 47816.4 2 192 6 . 0 15585.8 8840.0
196 5 5744.0 2645 . ~ 1160.8 9 25.3 8 28 .8 866.9 1314.4 12267.1 24110.3 26195.7 19789 .3 18234 . 2
1966 6496.5 1907.tl 1478.4 12 7 8 . 7 1 18 7 . 4 1187.4 1619.1 8 734.0 30446 .3 18536 .2 2 02 4 4 . 6 10844.3
196 7 3844 .0 1457.9 1364.9 13 57.9 1268 .3 1089.1 1053.7 14435 .5 27 796.4 25 0 8 1 .2 30293.0 15728 . 2
1968 4585.3 2 20 3 .5 1929. 7 1851. 2 1778.7 1778.7 1791.0 14982.4 2946 2 .1 2 487 1 . 0 16090.5 8225. 9
1969 3576 .7 1531 .8 8 36 .3 686 . 6 681 .8 769 .6 1421 .3 104 29.9 14950 . 7 156 51. 2 8483.6 4 795. ~)

1970 28 6 6 . 5 1145. 7 810.0 756 . 9 708 .7 7 21 .8 1046.6 10721.6 17118.9 2 1 142.2 1865 2 .8 8443. 5
1971 4745.2 3081.8 2074 .8 1318.8 943.6 866.8 986.2 34 27.9 31031. 0 22 9 4 1 . 6 30315 .9 13636 .0
1972 5537 .0 291 2.3 2312 .6 203 6 . 1 1836 .4 1659.8 1565 .5 19776.8 31929.8 21 716. 5 18654 .1 11884 . 2
1973 4638.6 2 15 4 . 8 1387.0 1 139.8 1128.6 95 5.0 986.7 7896.4 26392.6 17571 .8 19478 .1 8726 .0
1974 3491.4 1 462. 9 997.4 84 2 . 7 7 45 . 9 689 .5 949 .1 15004.6 16766.7 17 7 9 0 . 0 1 5 257.0 11370 . 1
1975 3506 .8 1619.4 1486. 5 1408 .8 134 2 . 2 1271. 9 1456.7 14036.5 30302.6 26 18 8 . 0 17031.6 151 54. 7
1976 7003.3 18 5 3.0 1007.9 896 .8 876. 2 8~5. 2 1261.2 11305.3 228 13 . 6 18 252.6 19 29 7 .7 6463 . 3
1917 3552.4 2391.7 2 1 47 .5 16 57.4 1469. 7 1361. 0 1509 .8 11211.9 35606 .7 2 17 40.5 18 3 7 1. 2 11916.1
1978 6936.3 3 210.8 2 3 7 1 . 4 18 67 . 9 152 5. 0 1480.6 1597.1 11693 .4 18416.8 20 0 79. 0 15326.5 8080.4
1979 4502.3 2324.3 1549.4 1304 .1 1203 .6 1164.7 1402.8 13334.0 2 4052. 4 2 7 462 . 8 19106.7 10172.4
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TABLE 5

MONTHLY STREAMFLOW AT CANTWELL

(CFS)

Yl hR Otl NUV ~ l C JAN FH MR AF'R "AY JUIl JUl AUO su' SU" YR CALYR

1 4 ~le,J IB ~4.1 924.6 B ~8 .J 66 ~ .6 562.1 618.3 7~27.5 IJ670.4 16690.4 13901.9 5631.6 69J60.7 19~O

2 2710 .0 889.0 ,j6;7 556 .2 -- ~ 9 4. ~- - 4b9;~ 999.4 6194.6 12003 .0 14652 .4 11642.8 11693.5 629~5.8 1951
3 3255.8 1575 .1 956 .5 740.4 492.3 5~0.5 639 .3 2642.7 16465.7 17394.7 13705.1 8185.0 66613 .1 1952
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TABLE 6 . MONTHLY STRE~1FLOW AT GOLD CREEK
(CFS)

YE A~ OCT 1I0V lo[C J AN r n "A~ Ar~ "AT JUN JUl AUG S[ r SU" YR CAL YR

1 6335 . 0 2593 . 0 1439. 0 \O~'.O 799 . 0 7 ~6. 0 970.0 11 5fQ;O-r9 660 .0 22600 .0 \ 98 80.0 830\.0 9565 9 . 1 \9 ~ 0
2 39 49 . 0 I l OO.O 1100 .0 960 .0 9 ~0.0 740 . 0 161 7 .0 14090 .0 207 90. 0 22570.0 19670.0 2 1240 . 0 1097 45 . 1 19JI
1 55 71. 0 27 44. 0 1900.0 1600 .0 1000. 0 9~0 .0 920.0 5419 .0 l2 l 70 . 1 26l90.0 2092 0. 0 1. 490 .0 114194 .1 195 2
4 920 2 .0 3497 .0 1700.0 1100 .0 9 20 .0 8 20 .0 1615.0 19 270 .0 27 l 20.1 20200.0 20610.0 15270 .0 120424.1 1951
5 5604 .0 2 100 . 0 1500.0 I lOO.O 1000 .0 790 . 0 1235 .0 17 290 .0 2~250 . 0 20l60.0 26100 .0 129 20.0 1154 29 .1 1954
6 53 70 . 0 27 6 0 . 0 '20 45 . 0 17 94 .0 1400 .0 1100 .0 1'0 0 . 0 9319.0 29960.0 2 7 5 6 0 . 0 25 75 0. 0 14 290 .0 12 2448 .1 19~~

7 495 1.0 1900:01300 ·.0 990 .0 970.0 - 940:o-9":5D.OI7 660;n3J 40. 0 3Ici90: T :i45lo. 0 l iiii ii:O- 136941.2 19:,6
R 5 8 0 6 . 0 3 050. 0 ~ 14~ . O 17 0 0 , 0 1500 .0 l~O O. O I ~OO.O lJ1JO.O ]0160.0 233 10.0 2 0 5 40. 0 19BOO.0 1~41~B.l 195 7
9 9 21 2.0 3 95 1, 0 32 6 4. 0 1965,0 130 7.0 1 14B.0 153 3.0 12900.0 2 ~700.0 2'BB~540 .0 7550. 0 112953.1 19~!

10 4911 .0 2 15 0. 0 151l.0 1449 .0 Il07.0 990.0 1250.0 15990.0 23 l 20 . 0 25000 .0 3 1190 .0 16'20 .0 125 969 . 1 195 '
II 6559.0 295 0 . 0 22 00. 0 1945 .0 14 52.0 119 7 .0 IlOO .O 15790 .0 15530 .0 22 990. 0 23590.0 20 510.0 11 5792 .1 1960
12 7794.0 3000. 0 2694. 0 2452. 0 17 54.0 1910.0 2650. 0 17360 .0 29450 . 0 24570 .0 22100 .0 Ill70.0 129004.1 1961
Il 59 i 6 .0 27 oO:O-;;I00:0191iii:Ol"500:01400:·oIi00 . 0 12 590 .0 43 270 .0 25950 .0 2l~50. 0 15990 .0 Il9 l66 .0 196 2 - ' ·-
14 67 2l .0 2900 . 0 200 0. 0 1600 .0 1500 .0 1000.0 9l0.0 19030.0 26000.0 3 4400. 0 2l6 70 .0 12 l 20 .0 Il1973 .0 1961
15 644 9 .0 2250 . 0 1494.0 104 9.0 966 . 0 71 l. 0 745 .0 4l07 .0 50590.0 22 95 0. 0 16440 .0 9" 71 .0 11 751 3 .1 1964
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7- DAY STREAMFLOWS AT GOLD CREEK
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Tab l e 8

ADJU ST~1ENTS FOR GLACIERS WASTE

Scenario 4 Scenar io 5

Year June July Aug Sept June J uly Aug Sept

19 50 1, 632 2.244 2.376 6 12 2.95 2 4.068 4. 308 1. 104
1951 2 . 388 4.260 2.808 1 .044 4. 320 7 .704 5 .076 1 .884
1952 2. 208 3.07 2 2 . 280 312 3 .996 5.568 4.140 576
1953 912 984 636 21 6 4 .860 5,304 3 . 38 4 1.176
1954 2,26 3 2.496 2 .184 780 4 .116 4.548 3 . 9 7 2 1 .416
1955 1 . 860 3.936 2 .316 516 3 .264 7.140 4 .188 936
19 56 2.436 3 . 36 0 2 .988 276 4 .368 6 .024 5.376 21 6
1957 3 . 288 3 .084 2.880 696 5 .940 5.580 5.220 1. 26 0
1958 2.412 2.628 2 .124 144 4 .380 4.776 3,840 26 4
1959 3,144 2.364 2 . 616 61 2 5.712 4 . 284 4. 764 1 ,116
1960 3.252 3.85 2 3.048 408 5,904 7.008 5.532 180
1961 2 , 8 3 2 3 ,384 2.556 360 5 .124 6.1 20 4 . 632 660
196 2 2.868 3.960 2.976 0 5,208 7 .176 5 . 388 0
1963 1,704 3 . 70 8 2, 904 1.704 3 .084 6.720 5 .268 3 , 08 4
1964 2. 244 2.880 2,076 804 4 , 0 56 5.208 3.768 1,452
1965 1. 99 2 3 . 984 2,832 1.680 3 .624 7 .260 5.160 3 . 06 0
1966 2 . 71 2 2.964 2 . 280 924 4,9 20 5 . 376 4 ,152 504
1967 2,604 3. Hj O 2,988 864 4.716 5,760 5 .41 2 1,572
1968 2. 29 2 3 ,312 2 .712 168 4 .140 5.988 4.908 31 2
1969 1 . 680 1.728 888 324 3.048 3.312 1,704 624
1970 2 ,448 3 ,816 2.820 0 4 . 4 40 6.900 5 . 100 o
1971 2 . 4 36 3,564 3,312 49 2 4 , 38 0 6,312 5,95 2 876
19 72 2,196 4 . 50 0 3 . 30 0 0 3,996 8 .172 5 . 988 0
1973 2 , 29 2 3,324 2,052 240 4 .152 6 .012 3 ,720 4 32
19 74 1,896 1,968 1.896 792 3 . 444 3.55 2 3, 444 1 .428
197 5 2 .280 3.672 2. 9 76 996 4, 128 6,636 5,3 76 1, 78 8
1976 1,416 1.824 1 .524 . 300 2 , 568 3 . 300 2 . 748 55 2
1977 2 , 772 3 . 516 3 ,720 744 5 . 616 6 ,744 6 ,360 1, 344
1978 1.20 0 1.872 1. 992 564 2 , 160 3 . 396 3,612 1, 0 32
1979 2. 0 28 3 , 228 2 . 8 56 1 .104 3.67 2 5,84 4 5 ,184 2, 004

Source: R&11



Table 9

MONTHLY STREAHFLOWS ADJUSTED FOR GLACIERS ~lASTE

SUSI TNA RIVER AT WATANA

Scenario 4 Scena r io 5

Year Juue J uly Aug Se pt June J ul y Aug Sept

1950 14 , 800 16,949 14, 5 38 6,708 13 ,480 15 , 1 25 12 ,666 6 ,216
1951 16,130 18 ,52 7 13, 670 16,162 14,198 12,083 11,462 15,322
1952 2 3 , 56 5 19,039 15,076 11,259 21,777 16,543 13,216 10 ,995
1953 22,381 18,339 17,318 11 ,730 16,610 12 ,051 13,298 10,338
1954 17,209 14,488 18,237 8 ,386 1 5 ,361 12,436 16,449 7,750
1955 23 , 08 1 19,852 21,221 12,932 21,617 16,648 19,349 12,511
1956 24,736 22,471 16,165 12 ,911 22, 804 19,807 13,777 12,978
1957 21, 987 16,865 14,438 14 ,145 19 ,335 14,369 12,098 13,581
1958 1 9 ,686 17,125 16, 71 9 5 , 835 17 ,718 14 , 977 15,003 5,715
1959 15 ,186 18,1 29 2,324 11 ,855 12 ,61 8 16,209 19,176 11,351
196 0 9 ,981 15,654 16,275 15 , 678 7 ,329 12,498 13,791 15 ,906
19 6 1 19,9 52 16 ,456 16,924 9 ,786 17 ,660 13 ,720 14,848 9 ,486
1962 3 3 ,149 19,489 16,911 1 2,746 30,809 16,268 14,489 12,746
1963 18 ,959 25, 0 59 18,107 9,096 17,579 22 , 097 15, 743 7 ,716
1964 4 0 , 598 17 ,703 11,97 2 6 , 2 20 38,786 14 ,875 16,284 6,072
1965 19,221 19,252 14,562 14,546 17,584 15 ,776 12,234 13,166
1966 23,228 13,190 15,111 8,710 21,020 10 ,778 13,239 8,290
1967 22,108 18,807 23,117 12,809 19,006 16,227 20 ,693 12,101
1968 23,412 18,771 11,456 6,996 21,564 16,095 9,239 6,852
1969 12,282 13,116 6,884 3,936 10,914 11,532 6,068 3,636
1970 11.951 14 ,594 13,444 7,224 9,959 11,510 11,164 7,224
1971 25,177 17,622 24,135 11,607 23,233 14,814 21,995 11 ,313
1972 25,233 15,320 14,210 10,956 23,433 11,648 11 ,522 10,956
1973 21,567 13 ,027 15,965 7,866 19,707 10 ,339 14 ,297 7,668
1974 1 2 ,885 14,004 11,628 8 ,704 11,337 12 ,420 10,080 8,358
1975 24,409 19, 758 12 ,151 12 ,077 22,<;61 16,794 9,751 11,287
1976 18 ,528 15,191 16,870 5,412 17 ,426 13,715 15, 646 5 ,1 60
19 77 28,581 16 ,191 13 ,08 7 7,867 26,337 12 , 16 3 15 ,447 9 ,269
1978 16 ,077 16 ,513 11 ,429 6 ,569 15,117 14,989 9,800 6 ,101
1979 20 ,877 21 ,684 13 ,81 5 7,993 19, 233 14,068 11,487 7,093

Source: R&n
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Table 10

I PAN EVAPORATION (INCHES)
McK INLEY PARK

I Months

I Ye a r May Jun Jul Aug Sep

19 6 7 3.97 3.20 2.42

I
1968 3 .31 3.67 2.25
1969 3.48 2.39
1970 3.35 2.20
1971 6.38 3.75 2.06

I 1972 3.97 4.10 2.61
1973 3 .37 3.25 1.55
1974

I
1975
1976
1977 3 .77 4 .02 3.37
1978 3 .02 3 .46 3.31

I 1979 2.81 2 .97 2.73
1980 4.04 2.92 1.88
1981 3.24 1.89 2.18

I Average 3.78 3.35 2.41

J
J

-
--



Table 11

I PAN EVAPORATI ON (INCHES)
MATANUSKA AGRICULTURAL EXPERIMENTAL STAT I ON

I Honths

I Year May J un Jul Aug Sep

1951 4 .16 2 .21 1. 79

J
1952 4 .45 2 .98 1.64
19 53 3 . 9 9 4 . 96 4. 88 2. 58 1.71
1954 4 . 74 4.80 4 .10 3 .03 2.23
1955 3 .48 4 . 91 3 .96 2 .50

I 1956 4 .83 4.32 4 .44 1.47
1957 6.41 5.45 4. 130 3 .59 2.03
1958 4 .3 5 5 . 00 3. 9 7 3.53 2 .00

I
19 59 4 .76 5 .23 2.79 2 .82 1. 46
1960 3.76 4.44 3.59 2.47 1.08
1961 5 .18 4.17 3.40 2.41 1.62

I
1962 3. 66 4.09 3. 85 2 .81 1.66
196 3 3 .56 3 .42 2 . 50 1.48
1964 4.04 3.06 1.60
1965 4.18 7.19 4.34

I 1966 ).56 4.08 4 .36 2 .60 2 .25
1967 4 .3 5 3.07 3 . 99 2.91 1. 76
1968 4 . 57 3 . 56 3.30 1.66

I
1969 5 .42 4.38 3.53 2.07
1970 5 .03 3.13 2.36
1971 5 .34 4.93 4.90 2 .69 1.57
1972 3 .43 4 .06 4.90 3.79 2 .63

I 19 73 5 .05 3 .56 4.38 3. 52
1974 5 .06 4 .96 3.96 3 .79 2.20
1975 4 .20 3 .56 3.16 3 .17 1. 73

I 1976 4 . 22 5.34 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

I
1979 4.84 3.90 4 .01 3 .73 2 .54
1980 3 .72 2.98 3.27 2 .74
1981 4.41 3.98 2.82 2.25

I Average 4.48 4 . 30 4.18 3.10 1.88

I
I
I
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Table 12

COMPARISON OF MONTHLY TEMPERATURES (OF)

Month Watana!! McKinley ParJd/

Hay 41 41

June 48 52

July 51 54

August 43 50

September 40 41

Based on the data collected by R&M (Susitna Hydroelectric
Project. Processed Climatological data. April 1980 through
September 19B2. volume 5. Watana Stations. two volumes) for
the years 19B1. B2 and B3.

For the period 1951-75. taken from NOAA Climatography of
the Un i t e d States No . 60. Climate of Alaska.
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Tab l e 13

NET RESERVOIR EVAPORATION
WATANA RESERVOIR

Average Pan Lake Ave r a g e
Month Evaf o r ation Evaforation Pre cipitation

in ) in) (in)

Jan 0 0 1.20
Feb 0 0 1.20
Mar 0 0 1.20
Apr 0 0 0.60
May 3 .67 2. 6 7 1. 50
Jun 3.53 2.47 4 .80
Jul 3.43 2.40 6.30
Aug 2.54 1. 78 4.80
Sep 1.54 1. 08 2. 70
Oct 0 0 1.80
Nov 0 0 1.80
Dec 0 0 2 .10

Total 14 .71 10.40 30 .0



Table 14

I CLIMATOLOGICAL DATA

I Watana Devil Canyon

Temper- Precipi- Temper- Precipi-

I Year Month ature tation ature tation
( 6 C) ( mm ) ( 6 C) ( mm)

I
1980 May 4.6 14 .6

Jun 9.1 55 . 0
Jul 11.9 107.6

I
Aug
Sep
Oc t 0.2
Nov - 7 . 2 2.0 -5 .1

I Dec - 21 . 1 0 .2 - 1 7 . 9
1981 Jan - 4 . 5 1.6 -2.5

Feb -7 .3

I
lIar - 4. 3 18. 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

I Jul 9.3 170.6 9.3 176.6
Aug 2.0 165.6
Sep 4 .0 77.2

I
Oct - 2.1 25 .0 - . 4
Nov - 1 0 . 4 5 .6 -8 .3
Dec -13.7 7.0 -11.6

198 2 Jan -19.6 0.0 -17 .0

I Feb
Mar -7.1
Apr -4.5 7 .2 -2.7 21.0

I May 2.3 25.13 4.4 22. 0
Jun 13.6 87 . 4 9.9 85.2
J ul 10.8 109.2 11. 7 106 .4
Aug 10.0 58 .2 10.8 35. 0
Sep 5.0 100.8 6.0 156.15

I
I



Table 15

NONTHLY PERCENTAGES OF PRECIPITATION

~Ia ta nuska 11cKinley Park

Perc ent Percent
Month preciritation of Annual preci~itation of Annual

( ~n) ( ~n)

Jan 0.79 5 0 .68 4
Fgb 0.63 4 0 .61 4
M'l r 0 .52 3 0.60 4
Apr 0 .62 4 0 .38 2
f1ay 0.75 5 0.82 5
Jun 1.61 10 2.51 16
Ju1 2.40 15 3.25 21
Aug 2 .61 18 2.48 16
Sep 2 .3 1 15 1.43 9
Oct 1.39 9 0. 9 2 6
No v 0.93 6 0.90 6
Dec 0. 93 6 0 .96 7
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