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STREAMFLOW TIME SERIES
SUSITNA RIVER AT WATANA AND DEVIL CANTON

1.0 sSmOURY

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 steasfiow series are given in Tables | through 4.

Acres American Iocorporated (ACRES) generated 32 yesar: (1950-1981) of
'u-:hly mnd T-dsy streamfiow series at the Watana and Devil Canyon sites
(Acres, 1982). The moathly strumflow series were derived csing the
streamflow dats of the Susitns River at Gold Creek and at Cantwell. The
resulting series averages 7955 and 9056 cubic feet per wsecond (cfs) at
Watana snd Devil Canyon respectively. The 7-day series weres based on data
at Gold Creek Station. The resulting series averages 8201 and 9158 cfs ac
Wataca and Devil Canyon respectively.

REM Consultants, Incorporated (R&M) and Dr. W.D. Harrison of the University
of Alaska, have iavestigated probable moanthly coatributicas of glaciers to
the recorded stresmflow at GCold Creek for the moaths of June through
September. They constructed five scenarios of wmoathly streaaflows for
Watana based on different assumptions of glacier contributions.
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3.0 scCoPE OF THE STUDY

The major work items of the present study include:

1. (Review ACRES' procedures used for geseration of stresmflow series
at the tvo dam sites and modify these procedures, if necessary;

2. Reviev the study sade by R&M and Dr. Harrison on the contribution
to streamflow by glaciers, and adopt the most appropriate
estimates for possible use in analyzing sensitivity of glacier
vaste oo energy production;

3. Add flow data for the water years 1982 through 1984; and

4. Estimate oet reservoir evaporatioa for use in the reservoir

operation study.

4.0 EXVIEW OF ACRES STUDY

Stresmflow series geoerated by ACRES at the two dam sites are discussed
below. C s and y improveseats to these time scries also are

discussed.

4.1 STREAMFLOW EXTENSION

ACRES selected & common base period of 30 years (1950 to 1979) for
the monthly atreamflow series and used the available stresmflow data at
eight stream gaging stations (Exhibit 1) to estimate missing monthly flows
at each station. An in-house computer program, based on the program FILL-IN
drveloped by the Texas Water Development Board (1970) was used in estimating
the data. The periods for which observed data were available and the
periods for which the data were estimated are showm oa Exhibir 1.
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The FILL-IN computer program is based on a mulci-site regression technique
which snalyzes woathly stresmflow series and estimates missing data. The
program evaluates statistical parmeters (means, standard deviations, lag one
auto-correlation coefficients and multi-site spatial correlation
coefficients) and estimates missing dats in which the siatistical paraseters
are preserved.

The primary objective of ACRES' analysis was to generate 30 years of monthly
stresmflov sequences at Cantwell stream gaging star on. These data were
used with those at Gold Creek stream gaging station to est'mate flows at the
two dam sites. A comparison of the statistical parameters of recorded and
tilled-in data series at Cantwell, provided by ACRES (1982), indicates
nearly the same statistical paraseters in both cases. Therefore, the 10~
year streamflow series at Cantwell is considered acceptable. The moathly
streanflows at Cantwell and at Gold Creek are given in Tables § and 6.

4.2 STREAMFLOW TRANSPOSITION

ACRES derived the monthly streamflow series at the two dam sites using the
following relationships:

Qpe = 2-827 (Qg - Q) * Q¢ t
Qy = 0.515 (Q - Q) * Q¢ 1
in which

Qpc = Moathly flow at Devil Canyonm
Qy = Monthly flow at Watana

QU = Monthly flow at Gold Creek;
Qe = Monthly flow at Cantwell

The coefficient of 0.827 is the ratio of the drainage areas betwsen Cantwell
and Devil Canyon to that betwsen Cantwell and fold Creek. Similarly, the
coefficient of 0.515 is the ratio of the drainage areas between Cantwell and
Watana tr that between Cantwell and Gold Creek.
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Transposition of flows by draissge area ratios is acceptable if there is no
sigunificant varistion in sessonal or sanusl precipitation emounts over the
two areas. This was exsmioed by using a sesn snnual precipitation map
(Exbibit 2) developed by the Soil Comservatioa Service (SCS 1581). The
mean-sunual precipitation amounts (MAP) upstream of Watans and Devil Cayon
are about 37.4 and 36.8 iaches, respectively. The MAP upstreams of Gold
Creek is about 36.6 iaches. The differences ia the MAPs upstreas of the
three locations are insignificant. Therefore, 5o adjustments to the
estimated streamflows for differences in precipitation are required.

The relationships given in equations I and I1 were not used to generate 7-
day flow sequences. Insteid, ACRES computed the 7-day streamflow series at
each site by multiplying the observed 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 wvere not used because the 7-day flows
were not generated at Cantwell for the missing period of record at the
statioca.

Since ACRES used different methods to generate the wmonthly and 7-day
streamflow series, a check was made to evaluate the differences in the
streamflow data if the msonthly {lows also were generated by using the method
adopted for the T-day flows.

For a fev selected years, the flows trassposed by this sethod are abour 3 o
10 perceat higher thaa those generated by usiog equations [ and II. The
accuracy of streamflow records st the two gaging stations is fair to good
with a probable error of 5 to #10 percent (USGS). Since the difference in
the monthly snd 7-day flow series are within this accuracy, both series
would normally be considered ascceptable for reservoir operation studies.

However, refined reservoir operating guidelines are oow being formulated to
optimize project economic feasibility and to establish enviroomental flow
constraints at Gold Creek under various power demand scenarios. Total

421493 -
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energy production is being esrimated for both monthly and weekly reservoir
operation studies. The previous streamflov sequences give inconsistent
results in energy production because of the discrepancies in the
interveningl/flows derived from monthly and 7-day flow sequences.
Therefore, computations wer: mala to revise the 7-day flow sequences at the
two damsites to provide tonsistear emergy production between the weekly and
moathly operation srudies. The monthly flow sequences wvere assumed to be
correct.

4.3 PROCEDURE FOR REVISING 7-DAY FLOW SzQUENCES

The 7-day flow sequences at Cantwell, Gold Creek and the other six stations
used by ACRES (Acres, 1982) to estimate missing monthly flows at Cantwell,
were reviewed. The purpose was to ascertain whether the computer program
FILL-IN could be used o generate the missing weekly data at Cantwell and
wvhether the geilerated data would produce consistent intervening flows with
7-day flows gensraced using equations I and II. ([t was concluded that,
because of poor correlation amcag various stream gaging stations based on 7-
day flow sequences, the estimated flows at Cantwell and consequently at the
two damsites, were unlikely t provide the same intervening flows as derisad
from sonthly flow sequences. Therefore, the following procedure was used to

revise 7-day streamflow sequences.

1. Assume monthly streamflow sequences derived for the Watana aad Devil

Canyon damsites using equations I and II are correct;
2. Compute intervuning :tlows for each month;
3. Compute 7-day intervening flov sequences from the monthly intervening

flov sequences using the pattern of observed 7-day flow sequences at
Gold Creek;

V' The term intervening flows means the flow coming solely from the drainage
basin between the dams and Gold Creek.
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4. Compute 7-day flow sequences at the damsites by subtracting the iater-
vening flows computed in step 3 above, from the observed /-day flow
sequence at Gold Creek;

3. Compute wmouthly flow sequences at the damsites using 7-day flow
sequences derived in step & above;

6. Compare the monthly flow sequences derived in step 5 ubove with those
derived by using equations I and [1, Some discrepancies were noticed;

7. Adjust 7-day flow sequences derived in step & abovs until the moathly
flow sequences based on 7-day flow sequences mat-h with the sonthly
flow sequences based on equaticns I and IL.

The above procedure provided the same intervening flows from .“e monthly and
7-day flow seq when pared on a monthly basis. In each water year,
the 7-day flow sequence starts from the first of October. The flow for the
last 7-day period of September is the sum of 8-day flows divided by 7. 1Inm
leap years, the flow on the 29th of February was neglected wmince it is
generally insiganificant. To compute wmoathly flows from 7-day flows, the

flow for & part of & week falling in a given month was prorated according to
the oumber of days falling in that month.

4.4 ADJUSTMENT TO 1969 STREAMFLOW

For the period from 1950 to 1979, the lowest mean annual flow occurred ia
1969, ACRES made & frequency analysis of mean anoual flows at Cold 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 dravdown and firm energy, the observed
1969 mesn annual flow of 5,56 cubic feet per second (cfs) was replaced by a
30-year low flow estimates to be about 7,200 cfs. The monthly flows were
then derived using this value and the ratios of loag Cerm mean monthly and
annual flows. The rrcorded monthly streasflows at Cantwell also were
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replaced by a 30-year low flow. The resulting 1969 streamflows at Cold
Creek and Cantwell were used to compute the corresponding flows at the two
dam sites.

The 1969 streamflows included in Tables | t'rough & of this report are those
based on observed records fo preserve the simple distribution of historical
data.

5.0 GLACIER CONTRIBUTION

Dr W.D. Harrison and R&M have made a preliminary study of glacier
contributions to streamflows at Gold Creek. The study resulted in five
scenarios of streamflows at Gold Creek each corresponding to ome of the

following assumptions.

1. Glaciers were assumed to have net zero loss duriag the 1949-80
period, but there were annual variations in the waste. Annual
contributions during the period were estimated using the Tangborn
runoff-precipitation wodel (Tangborn, 1980, 1983) and used to
adjust the recorded flows. The resulting flow series represents
the conditions of zero coatributionn from the glaciers in each

year.

2, Glaciers were assumed to have vasted 25 meters (82 feet) during
the 1949-80° period. Annual coutributions were estimated using the
Tangborn model, and used to adjust the recorded flows.

421493 7
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3. Glaciers were assumed to have wvasted 45 seters (148 feet) during
the 1949-80 period. Annual contributions were estimated using the
Tangborn model, and used to adjust the recorded flows.

4. Glaciers were assumed to have wasted 25 meters (82 feet) duriag
the 1949-80 period. Annual contributions were estimated using the
Tangborn model, sad used to adjust the f{low series resulting tros
Case 1.

S. Glaciers were assumed to have wasted 45 meters (148 feet) during
the 1949-1980 period. Annual contributions were estimated using
the Tangbora model, and used to adjust the fiow series resulting
from Case I.

The Tangborn model computes annual glacier balances by relating measured
precipitation smounts and anoual mass balance of glacier with differences in
runoff between a glacierized basin and a nearby non-glacierized basin. R&M
computed the mode! parameters using data for one glacierized basin, Phelan
Creek draining GCulksna GClacler, and two non-glacierized basins listed

below:
Non-glacierized Basin Indes Precipitation Station
Ship Creek Talkeetna
Ship Creek Gulkana
Caribou Creek Talkeetns
Caribou Creek Gulkana

The resultiag estimate of annual contributioa by the glaciers was
distributed in the months of June through September based on average mouthly
temperatures at Talkeetna and a base temperature of 43°F tur thawving degree
days, allowing for a lapse rate of abour }*F per 1000 feet between Talkeetna
and the glaciers. The differences in monthly contributions between Cases |
and 2 (scenario 4) and Cases | and ) (scensrio 5) for the period 1950-79 are
given in Teble 8. The values in this table can bs subtracted from those in

42149) 8
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Table 1 to obtain adjusted streamflows for Watana reflecting, respectively,
25 and 45 weters (82 and 148 feet) of net glacial waste during the 1949-80
period.

The estimate of 45 meters (148 feat) of glacial 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
wvas sade only for East Fork Glacier which constitutes oaly five perceat of
glaciers in the basia, the estimate of 45-mecers (148 feet) waste is highly
speculative and questiomable. Ia view of the uncertaiaty in the estimate,
REM made another assumption of 25-meter (B2 feet) waste in the computation.
A brief water balance analysis besed on available cean ancual ischyetal =maps
of the basin snd stressflows records at the Susitna River near Denali and
the Maclaren River oesr raxson indicsted that the glacial waste during the
1949-80 period i{s more lively > be in the order of 22 meters (72 feet).

Currently, pertioent data are not availadle to wverify 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
resulting estimates would be of high uncertainty. However, in the absence
of any better information, the glacier cootributions as estimated by REM and
Dr. Harrison (Table 8) could be used through & sensitivity enalysis to
evaluate their effects oo power production. The streamflow series at Watana
ad justed for these contributions are given in Table 9. However, the
adjusted series shown in this table represent no contributioa or at least
great reduction iz cootribution from the glaciers, and there is oo
escablished evidence that such & situation will occur when the Susitna
project is placed in operation.

6.0 REESERVOIR EVAPORATION

Net evaporation from the Watana and Devil Canyon reservoirs is estismated to
be negligible, The procedures used in the estimation are discussed below,

B 1



Pan evaporation data sear the Susitoa River basin are available at McKinley
Park, elevation 2,070 feet above mean sea level (ft, msl) and the Matanuska
Agricultural Experiment Station, elevation 1350 ft, =sl. These data are
given in Tables 10 and 11, respectively.

Based on norsal pool elevation of the Watena reservoir (about 2,185 ftr, msl)
and a comparison of moathly temperatures at Watana and McKinley Park (Table
12), the pan evaporation data at McKinley Park is coasidered applicable for
Watana. The mean moathly evaporations for June and July at this station are
about 82 perceat of those at Matanuska. Using this as an adjustment factor,
the loag term mean moathly pan evaporation, for Watans were computed as
shown in Table 13.

R ed pan P ion at Watana froem May 8 through August 31, 198,.
The June through August evaporation was about 9.42 inches (R&M, 1982s). The
long term evaporation for the corresponding period is 9.5 inches (Table 13).
Table 14 indicates sub-ireezing temperatures st Watana for the wmoaths of
J¢ctober through April. Because of ice cover over the reservoir, evaporation
during these months woulu be negligitle. The mean annual pan evaporation
is, therefore, about 14.7 ianches (Table 13).

Lake evaporation for the wmonths of May through Septesber was computed using
& pan coefficient of 0.7 (see Table 13). This gives May through Septesmber
lake evaporation of about 10.4 inches. This value is close to the R&M's
estimate of 10 inches of reservoir evaporation at Wetanma (RéN, 1982a).

Precipitation data at Watana ave available since May 1980 (Table 14). This
period is too shor: to cospute long-ters mean precipitation and mean aet
resarvoir evaporation. The mean annual precipictation ar Watana was
estimated to be about 30 inches from Exhibit 2.

Monthly distribution of precipitation at Matanusks and McKinley Park are
given in Table 15. The May through September precipitation is 63 and 67
percent of the annual precipitation. Other precipitation staticns near the
Susitoa basin, alsu show percentages close to these values.

421453 10
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Using McKinley percentages and 30 ioches of amnual precipitatios at WVatasa,
the monthly precipitatioan at Watass were estimated as given in Table 13,
Except for the wonth of May, the monthly precipitation amounts are
significantly 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 with amoual evapotranspiration as represeated by the
difference between precipitation and runoff (in depth of water) indicated
that net reservoir evaporation loss for Watana would be in the order of one
to two ianches which represeats a reduction of 4 to 8 cfs from the mean
snousl flow. This is quite negligidble compared to the mean annual flow of
sbout 8,000 cfs.

Devil Canyon reservoir is located under the same geseril climatic conditioas
as Vatana, except at lower elevations., Therefore, net reservoir evaporation
at this site also can be assumed to be negligible.

421493 11
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7-DAY STRERMFLOW AT WATAMA
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B T I L PR T T T AT R T N U LA T TR TR
370, 2170, 3170, 2170. 2183., 2233, 1623, 1179._ 1038, 1038. 1038. _1og, 140%.

1415, JAIS. 1543, 2075. 3194, T6A0. 1AL, 19999. 21424. 24638, 20616. 37218, 36410.
9. 1744, A2, pegns. 22313, 15684, 1364T. L1902 13218, L3730, 1997 25048, 18779,
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TABLE §
MONTHLY STREEAMFLOW AT CANTWELL*
T ——

ocT NOV DEC JAN FEB MAR AFR MAY Jus JuL AUC SEP SUMYR  CALYR
4218.3 1B24.1 9°4.6 838.3 662.6 562.7 618.1 7827.5 15670.4 16690.4 13901.9 5631.6 69360.7 1950

R55.8 1575.1 956.5 740.4 492.3 560.5 639.3 2642.7 16465.7 17394.7 13705.1 BIB5.0 66613.1 1952
3431.2 1668.6  932.4  731.2  S11.6  476.7 833.7  5960.2 13671.0 13140.8 11158.3 5876.8 58392.4 1953

3293.4 1784.7 1105.3 930.6 797.6 491.0 563.2 3014.7 14675.8 16621.7 12900.7 6064.7 62243.4 1955
2465.1 107S.3  855.2 684.3 727.2  614.7 569.2 B8231.9 20082.3 18916.4 14164.8 B8487.2 687).6 1956

3410.4 2051.9 1096.8 B876.9 592.2 434.1 689.9 3004.9 13973.2 15743.3 12723.2 4464.4 59081.3 1958

™"
1
3
-
L]
7
9
10 26%0.1 969.6 733.6 661.7 644.9 501.,2 671.2 7894.5 16362.3 15620.2 16790.6 8063.5 71601.4 1959

12 4625.6 2012.7 1534.8 1207.4 984.7 1056.1 1701.7 9688.0 15710.0 14820.0 16700.0 6725.0 76766.0 1961

7
13 Jul.o 1.0 1400.0 1300.0 1000.0 940.0 1200.0 10000.0 28320.1 10!900 15000.0 9410.0 95541.1 1962

429.0  465.0 2806.0 34630-0 1moo 11510.0 $352.0 79487.0 1964
13440.0 12910.0 79160.1 _ 1965

560.0 S513.0 9452.0 19620.0 uan.'o 19190.0 10280.0 81637.1 1967
0 17480.0 10940.0  5410.0 73359.1 1968

463.0 887.0 7580.0 9909.0 13903.0 12320.0 S5211.0 54129.0 1970
470.0  $29.0  1915.0 21970.0 18150.0 22710.0  9800.0 81451.1 1971

17D . . - v.0 15620.0 9353.0 BIE51.0 972
638.9 723.2 4763.6 16762.6 12619.. 12379.8 5037.5 61318.9 1973
407.8 553.0 9163.1 12544.9 13434.2 11833.3 7888.1 60493.8 1974

3879.3 1052.1 S64.4 S49.6 529.7 496.4 628.4 4788.3 16571.4 14057.3 14468.0 4585.6 62170.6 1976
2198.5 1195.9 1150.1 848.6 689.9 777.8  996.2  9619.2 30705.6 16866.4 12262.6 74200 84510.7 1977

2345.0 1288.6 1032.3 B878.5 B08.3 746.7 B870.6 6209.9 15598.4 18493.7 12750.7 7320.9 68343.7 1979
17370.0 14870.0 8570.0 1

33 Jlu.o 1627.0 1297.0 $73.0 8219, o usoo 0 9942.0 71869.0
- . . 48 .U U.0U - b 1 B 50,0 ) 0 OB
3 3377.0 2130.0 1600.0 1500.0 1500.0 IA81.0 1460.0 8481.0 189100 1985+

13 3848.0 13000 877.0 664.0

18 23220 780.0 720.0 680.0
01490

1638.0 815.0 543.0 437.0 42
2155.0 1530.0 1048.0  731.0 _ 503.

3619.2 1962.0 1138.5 B895.6 778.
2037.4  929.4  651.2  S83.7 467,

=g it vl

* The Cantwell gage became operational in June, 1980. Flows for the period Oct. 1949 to Sept. 1979 were generated by
::;““A:rlcan, Inc, using & multi-site regression model. Flows have not been generated for the period Oct. 1979 to

#* Preliminary data obtained from USCS

421493/ TAL
850116




TABLE 6
MONTHLY STREAMFLOW AT GOLD CREEX
- wsr_

O 740.0 1617.0 14090.0 20790.0 22570.0 19670.0 21280.0 108745.1 1951
0 92 32370.1 263900 1141941

1IS~291 1954
122448.1 1955

0 0 124158.1 1957
0 0 0 80, 0.0 112953.1

11 6558.0 2850.0 2200.0 1845.0 1452.0 1197.0 1300.0 15780.0 15530.0 22980.0 23590.0 20510.0 115792.1 1960
0 0_2694.0 2452.0 1754.0 1810.0 2650.0 17360.0 29430.0 24570.0 22100.0 13370.0 129004.1 1361

}l sm:o uﬁ.g 2000.0 :m:g 1500.0 wno.g 830.0 19030.0 26000.0 Jumo 23670.0 12320.0 nuno 1963

117571.1
)

0 1775.0 9645.0 312950.0 19860.0 21830.0 11750.0 112744.1 1966

1338i0.1 1967

1167.0 15480.0 29510.0 26800.0 32620.0 16!100

O 816.0 1510.0 11050.0 13500.0 16100.0 8879.0 093.0  66729.0 1969
8.0  776.0 1080.0 11380.0 18630.0 22660.0 19980.0 9121.9  90424.1 1970
0
0

1823.0 1710.0 21890.0 34430.0 22770.G 19290.0 12400.0 130030.1 1972
1000.0 8235.0 20290.0 _ 9074.0 %

% ;m:g 1700.0 1603.0 1516.0 ugfo 1400.0 1593.0 15350.0 32310.0 27720.0 18090.0 16310.0 122802.1 1975

12620.0 24380.0 6881.0 97631.1

29 7571.0 3525.0 2589.0 2029.u 1668.0 1605.0 lm'n 11950.0 19050.0 21020.0 umo'.o 8607.0 97706.1 1978
4907 13870.0 24690.0 28880.1 20460.0 10770.0 113126.1

. ’ - i . 0 . - o\ = - - - L
32 7735.8 3569.0 "150 2013.0 1975.0 1585.0 IMO 16550.0 19:000 33940.0 )"700 111900 1&22720 1981

1783.0 26100.0 24123.0 15274.0 17783.0 117162.0
35  8181.0 3153.0 zzsalo 2048.0 1969.0 1900.0 1837.0 13250.0 26770.0 1984+

* Preliminary data obtained from USCS.

421493/ THL
850116



TABLE 7
7-DAY STREAMFLOWS AT GOLD CREEX
(CFs)

195012056, STaD, 43¢0, 3800, 33el. 2986, 2518, 2071, 1700, 1Te0. 1506, 1314, 1129,
78, Ted, Ma%, 1309, 2314, o087 1N0TL AR08 1718 17100, 10571 20171, 10343,

1950 S397, <sps, w3vl, 203a. A7, 1386, 1390, 1229 1171, 1lef. 11e0, 1190, 1160,
Tre, 9T, 1529, 2887, eiST ATIAN 10270, 957 16671,.29%543,21300,13543,19071,

-;0ﬁ¢ €229, wlTi. esps, stge, JSuD, 3208, 2389, 23a3, 2186, 1940, 1990, 190D, 1990,
: g0, g0, g0, o, 191, 1518, g01, lllt.ll'l'.?llll.litl!.lllll.!zlz:.

1S4, tudva, 7243, S2T1. She0. @257, 2729, 3343, 2429, 1700, 1790, 1760, 1Y@,
828

930, 30, 1508, 2500.1214Y,1eR1e, 15300, 20306, 20743, 35118,27114,22071,25829,
1956 8119, o733, 4940, $047. 2avl, 2271, elvd, JOST, LT6s, 1500, 1500. 1500, 1500.
1. 1a8

870, ATE, 1uvs, 1800, eT4D 12206, 19%00 22034, 21571,25457 29457 23857 20818,
i 1955 %590, olv¥, sbed, «hud. desa, 3098, 2929, 2S0, Jele, 220, 2157, 1988, 1Wes,
1200, 1290, §230, 1390, 2557, «Sef, S257.15Te3, 10420 20329 35143, 05957 3301,

198e /236, 53e7, @359, 3T5T, gapa, 2100, 1929, 700, |Sea. 1)e0, 130, 1300, 3o,
1 940 240 940 240

@30, 950, 950, 950, ¢516,11800,18271,32371,21606,33457,83543,31971.281¢n.
ST T2et. T2e0. hee. 45e0. 3TST. 32ves 2671 2eee. 27ST. 2ews. 23av. 1900, 1990

12e0, 1290, kw0, K2w0. Sege, 3757, SEG0. 21097 50018 37000, 33008, 2v35T 2018,
TTedt, et 1250 Tese 3a2v eSa1. 3A70. J10L. 3ee. edie. Deas. cTeer FRev.
. —3R2R. 4129 18ST_ 47

T Rau0, 13a3. 637, {Teh, 3900, TAB3.11018,2u971,22057.200u0,28000,24143,22000,
1959 2981, 3271, S0s3, SS¢0. 29es, Jewd. 2218, 1790, 1529, L1ue, 1214, 1900, 1960,
L Te4

1092, 10w0, 1229, 15D, 2057, A543, 19000,27686,2232% 20009, 19483, 23171,2%%2%,
19autuTia, Taud, <071, 30, Sdes, 3000, 2871, 2TeS, 4557, 2790, 4290, 2290, «dvd,
1100, 1190, 14el, 1500, 9857, Teu0, 1uans 2¢Rh57 24208 14357, 14080, 15814, 10%),

196112929, vi00, eull, w78, SSes, $300, 30a3, 2700, 2757, 290, cBsd, S5v0. 2540,
21ud

2900, 2%90. €757, 2060, TR29.12716,22000. 20957, 19018, 10%7).3u%s8, J0716,32549,
190215428, anul. ~ou0, sded. 3516, 2790, «Twb, 2700, 23529. 21wb. 2100, L1eb. 2100,

700, 1Tu0. i7uR, 1TeB. 3700, -So!.Id!ll.lulol.!ltlt.!0!00.5-1.].5:2&:.lsss'.
1A872




TABLE 7 (comtinued)
7-DAY STREAMFLOWS AT GOLD CREEK
(CFs)

- l'_u_!l e, 2000,
r. uu. 1eel. 1eeS, 1557, 1 -0. 1560, 1508, 1

1904 .-w,_n.u._;
112%, 11e0, u«!. 10u0. 4000, L0ue.

29371, 20108, 24T 1, 0009, 19757, 10729, 15100, 10100, 15000,11358, 9253, vive, Wios.
-

®s0. #30. Bel. T7C. 739, ael, bad.
.l

.ll. '... Spl. Wed. QIT- Ss0. Be0., Sa0, 877, %0, We0. !‘.. b,
L]

M
1819, a0, u-!. 1ses. tli’. iS¢0, 1390, 1300, 1398, 130, lul. n-o. u-o.

l—-L
Tonsd, 17757 . 10500, 21029.20018, 22918, 1603, 22829, 16300, 'chon 14510, un:.u)u.
—198) o940, atnl. aSed. Zeul. 1728, leuD. 1090, AA00. US71. 1SNB. 1S40, 1500, 1Se0.
1508, 1598, 15v6. 13v0. 1957, 1400, 1408, 1400, i314, 12v0, 12v0, 12v0, uuo.

Y L ST .
2159720071, 29857 Jul0 27100, HOII Sebly, ‘nvl.llbl‘-?’l" 17157, 1é871,10831,

2000, 2000, ¢0we, 1971, 1900, 1%u0, 1%u0, 1900, 1900, 1%vO. 1960, 1%v0, %0,
— AR 2AYN, iRes. J019, 2240, 294312000 33061 2750} 20887 Ja020 NTNeY 2000,
295¢% 20Ten 23057  2e%s8 20218, 20 10 ST, 15183, 13829, 1127104291, 1213, eluY,
Q70 346 2987 24) 1971 1500 1314 1086

~15ay 5061 ! N S W T s
m % ™ 700 m 0 ns % % 779 80 88

957 NI WUnN 28k 6013 114M 20057 12069 12800 163Nk 17EM1 16229 s S
L13929 17629 181 15143 u.m 4286 7395 600) 559) 6303 5511 4728 4536

L 197 S%a0. 37, A2se, 2193, 1718, 1820, ISVOIUVY, van,. %R0, 857, 859, A0, 00000000000

AyA, P50, Aja, Mes,. Bue, ABe. 50, TS50, TSA, TS0, Tas, AUO, AND,
— | £ 1% ] L
FI0EN 21000, 28590, 21514, 20829 2RV 1TRT, 19971 15Te0 11097, Saas, Wee), alsl,
4920 Tl SesT. aTll. «RST. aful. APy0. AMST. S0ST. 2fal. 2871, Jeud. £208. 1))
1TRY, 1957, 161A, 12«3, 18T, 1000, L000. B0v0, 7%, G50, 950, WL0, 9S85,

—SaA_lBsl_ ifan. i21d. 14ST_ i9.8, 2840 aSsl. 8
= mu.a-no.uv.- 18871,2e357 ,8a70), 80000, 2e529, 19471 22857 14500, 11029, 10958,
~d4%72 12
2860, 22v0, L2v8, 2290, 248, 20pa, 2000, 2040, 114, 18es, 1M, RS, 1T771.
7. as 123129,
23371,25357 ., 24000, 1009, 20243, 21749, 19929, 2un00,15Tnn, 13100,.10029,13208, o857,
L3973 alan. wAZ%. alal, wSST. ALIM. 2Sed. 2073 o0ul. 1Tad. MbuO. 189, L6y, QSu@.

122%, 1398, 1290, 12v0, 12e0, 1290, 1290, 120, 1118, 10w, 10eD, 060, 100,
Sx8. 1848 1808, 1057, 1848, Jess. 9250 12671 157318 2u2ie ) = L]

21057 . 2010, 15229, 1oscP 1ToST 2109, 10757, 21000, 23101, 128148, %2, 1551, TR0,
SI9. 950
0, Sub, Mem, ASH, g9, AgO, T, 750, 750, 750, Tie, Teo, 7o,

15 Als. L ’ -
fa0eN 20T NN 1 eSTILITT IS, 100ee, 15%00, 12051 17130 10018, #314, Wil 1elds,
1w

o is
1500, 1SvB, LSef, 1S5S0, 1500, 1%00, 1Se0, I8a), LAQ0, Lew0. 1800, (w0, BauD,

444 :
21500, 29040, 205e3.22%29, 2«200, 1vane, 10010, 10829, 14157, 11743, 1V800. 1002%,1793,



TABLE 7 (continued)
7-DAY STREAMFLOWS AT GOLD CREER
(-FS)

19falidet, SO0 nlsl =900 3020, JaST. IST1. (486, 1270 11ad. 1100, 10ST. 20u0

1000, 10e0, Wee, 950, W58, %0, W50, NS0, 29, Sul, Sud. We0. WwO.

AN
19329, 192en . 1030n. 10057 . 21TIN 27700, 2057115000 1110). TT2%, o330, ele?. 7750,
1971 <ALL. 39

1937, 190, I8w0, 1737. 1Tel. 16&V. 1he0. few0. 1957, 1500, IS¢0. 1%ed. 15e6.

1nal
AT R aB 20010 2128, 24200 2132V NS0, 10729, 12510, 1030) 14001 La0T1, ll!lﬂ¢
wias, 189 G468 LS J9sd  JTST Juis. g8a]

4!1.. 17, 4040, 1920. 1RET, 1700, 1850, Ili'. a0, L1ewd, Ieeld, 180, ll‘l-

ltlll FuT W BT 2uSST 2w IR IVIIA L ITT 16020  tonan.ti210  1uluY, ',"q LI
191V 38.A slad._ uf 1540

1857, Qe 1swB. %90, 1300, 13w0. 3ve. 1300, 1200, 1298, 1299, ;lll. 1det.
25111

2ol 2e0an B TT VAT 2eS1N 2aBu0 20020, 1705715170, YeaT, 20d. 13900420,
3. Z2aal

1%, 182%, (Tq%, iesd. 1860, 15¢%. 15T, jewb. jeu0. AwS. K0ud, 1400, lewl,
1A

_lllli.ljiui. Fot T S lad R 00un 20200, 209V I9aR. 1anST 1eST0 01004, 1v0u0, inlde,

Lall

1:“. iRV, 219, 23v0, 2Me%, 20|48, 2018, feul, (990, 1900, lewd, 129, Le3d,
17ud..
BiAg® Schne,ilel, JoTvl doeud SolsT Salg® JT029, 2080 11000, 1a5u0, lalul, tidae,

1982 el 7300 TI9Y EMBL AGLD 394D 8T 114)  IE28 139 1383 1300 2200
2368 100 1300 D00 14 18T 1M1 1330 1100 L10o 1100 1lsk 497
1500 1500 1637 2200 )M BIO0 13000 2014) 1274 26141 JLAST JMENT 28000
19300 2alla 24306 217300 23457 1GA29  1AATE 13639 JA0Le 1AM 1MABE 24357 1WYDS
1983 10429  BI01  &47T M4 2971 3786 1843 4TI 00 100 IO 1IN0 48]
W WG U W00 19T 1900 204 086 1957 WBLA 1700 1) 131&
1%0 1329 1784 24le  A3BE  LI0BA LWNAD 17000 24el4) ITIAD 1B 23886 23671
23371 20837 LAY 196BE 21004 36384 24829 21737 1639 LARIT LTI 10O ARG
1986 L1283 9373 TRAE  SAST  ABAD 3384 3940 2700 2504 3386 284 3300 1B
200 1000 2019 000 000 000 000 14 1900 1900 1500 1900 180D
W00 100 1800  1EST 2800 6400 198AD 2354) 14343 1BAAT I7TOO IMATI 39i00

BOTE: Streamfliows fov the weler years 198) sed 1584 are the prelimisary daca cbtained
from USGH.



Table B

ADJUSTMENTS FOR GLACIERS WASTE

Scenario 4 Scenario 5

Year June July Aug Sept June July Aug Sept
1950 1,632 2,244 2,376 612 2,952 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 3,072 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 3,264 7,140 4,188 236
1956 2,436 3,360 2,988 276 4,368 6,024 5,376 216
1957 3,288 3,084 2,880 696 5,940 5,580 5,220 1,260
1958 2,412 2,628 2,124 144 4,380 4,776 3,840 264
1959 3,144 2,364 2,616 612 5,712 4,284 4,764 1,116
1960 3,252 3,852 3,048 408 5,904 7.008 5,532 180
1961 2,832 3,384 2,556 360 5,124 6,120 4,632 660
1962 2,868 3,960 2,976 0 5,208 7,176 5,388 0
1963 1,704 3,708 2,904 1,704 3,084 6,720 5,268 3,084
1964 2,244 2,880 2,076 804 4,056 5,208 3,768 1,452
1965 1,992 3,984 2,832 1,680 3,624 7,260 5,160 3,060
1966 2,712 2,964 2,280 924 4,920 5,376 4,152 504
1967 2,604 3,180 2,988 864 4,716 5,760 5,412 1,572
1968 2,292 3,312 2,712 168 4,140 5,988 4,908 312
1969 1,680 1,728 888 324 3,048 3,312 1,704 624
1970 2,448 3,816 2,820 0 4,440 6,900 5,100 0
1971 2,436 3,564 3,312 492 4,380 6,312 5,952 876
1972 2,196 4,500 3,300 0 3,996 8,172 5,988 0
1973 2,292 3,324 2,052 240 4,152 6,012 3,720 432
1974 1,896 1,968 1,896 792 3,444 3,552 3,444 1,428
1975 2,280 3,672 2,976 9296 4,128 6,636 5,376 1,788
1976 1,416 1,824 1,524 300 2,568 3,300 2,748 552
1977 2,772 3,516 3,720 744 5,616 6,744 6,360 1,344
1978 1,200 1,872 1,992 564 2,160 3,39 3,612 1,032
1979 2,028 3,228 2,856 1,104 3,672 5,844 5,184 2,004
Source: R&M



Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

Table 9

MONTHLY STREAMFLOWS ADJUSTED FOR GLACIERS WASTE
SUSITNA RIVER AT WATANA

Scenario 4

Scenario 5

June

July

Aug

Sept

14,800
16,130
23,565
22,381
17,209
23,081
24,736
21,987
19,686
15,186

9,981
19,952
33,149
18,959
40,598
19,221
23,228
22,108
23,412
12,282
11,951
25,177
25,233
21,567
12,885
24,409
18,528
28,581
16,077
20,877

Source: R&M

16,949
18,527
19,039
18,339
14,488
19,852
22,47
16,865
17,125
18,129
15,654
16,456
19,489
25,059
17,703
19,252
13,190
18,807
18,771
13,116
14,594
17,622
15,320
13,027
14,004
19,758
15,191
16,191
16,513
21,684

14,538
13,670
15,076
17,318
18,237
21,221
16,165
14,438
16,719

2,324
16,275
16,924
16,911
18,107
11,972
14,562
15,111
23,117
11,456

6,884
13,444
24,135
14,210
15,965
11,628
12,151
16,870
13,087
11,429
13,815

6,708
16,162
11,259
11,730

8,386
12,922
12,911
14,145

5,835
11,855
15,678

9,786
12,746

9,096

6,220
14,546

8,710
12,809

6,996

3,936

7,224
11,607
10,956

7,866

8,704
12,077

5,412

7,867

6,569

7,993

June

13,480
14,198
21,777
16,610
15,3861
21,617
22,804
19,335
17,718
12,618

7,329
17,660
30,809
17,579
38,786
17,584
21,020
19,006
21,564
10,914

9,959
23,233
23,433
19,707
11,337
22,561
17,426
26,337
15,117
19,233

July Aug

15,125
12,083
16,543
12,051
12,436
16,648
19,807
14,369
14,977
16, 209
12,498
13,720
16,268
22,097
14,875
15,776
10,778
16,227
16,095
11,532
11,510
14,814
11,648
10,339
12,420
16,794
13,715
12,163
14,989
14,068

12,666
11,462
13,216
13,298
16,449
19,349
13,777
12,098
15,003
19,176
13,791
14,848
14,489
15,743
16,284
12,234
13,239
20,693

9,239

6,068
11,164
21,995
11,522
14,297
10,080

9,751
15,646
15,447

9,800
11,487

Sept

6,216
15,322
10,995
10,338

7.750
12,511
12,978
13,581

5,715
11,351
15,906

9,486
12,746

7,716

6,072
13,166

8,290
12,101

6,852

3,636

7,224
11,313
10,956

7,668

8,358
11,287

5,160

9,269

6,101

7,093



Year

1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981

Average

Table 10

PAN EVAPORATION (INCHES)
McKINLEY PARK

Months
May Jun Jul Aug Sep

3.97 3.20 2.42
3.31 3.67 2.25

3.48 2.33

3.35 2.20
6.38 3.75 2.06
3.97 4.10 2.61
3.37 3.25 1.55
3.77 4.02 3.37
3.02 3.46 3.31
2.81 2.97 2.73
4.04 2.92 1.88
3.24 1.89 2.18
3.78 3.35 2.41



Table 11

PAN EVAPORATION (INCHES)
MATANUSKA AGRICULTURAL EXPERIMENTAL ETATION

Months

Year May Jun Jul _Aug Sep
1951 4.16 2.21 1.79
1952 4.45 2.98 1.64
1953 3.99 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
1956 4.83 4.32 4.44 1.47
195" 6.41 5.45 4.80 3.59 2.03
1958 4.35 5.00 3.97 3.53 2.00
1959 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
1962 3.66 4.09 3.85 2.81 1.66
1963 3.56 3.42 2.50 1.48
1964 4.04 3.06 1.60
1965 4.18 7.19 4.34

1966 3.56 4.08 4.36 2.60 2.25
1967 4.35 3.07 3.99 2.91 1.76
1968 4.57 3.%6 3.30 1.66
1969 5.42 4.36 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
1973 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
1976 4.22 5.34 4.55 .21 2.13
1977 4.11 5.20 5.24 3..8 1.84
1978 4.60 3.01 3.33 3.23 1.70
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

Average 4.48 4.30 4.18 3.10 1.88



‘Table 12

COMPARISON OF MONTHLY TEMPERATURES (°F)

Month watanal/ McKinley park2/
May 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 1982, volume 5, Watana Stations, two volumes) for
the years 1981, 82 and B83.

For the period 1951-75, taken from NOAA Climatography of
the United States No. 60, Climate of Alaska.



Table 13

NET RESERVOIR EVAPORATION
WATANA RESERVOIR

Average Pan Lake Averagas
Month Evaporation Evaporation Precip.tation
i%ni ﬁni iInl
Jan 0 0 1.20
Feb (4] 0 1.20
Mar 0 0 1.20
Apr 0 0 0.60
May 3.67 2.67 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
CLIMATOLOGICAL DATA

Watana Devil Canyon
Temper- Precipi~ Temper- Precipi-
Year Month ature tation ature tation
T mm ey mm
1980 May 4.6 14.6
Jun 9.1 55.0
Jul 11.9 107.6
Aug
Sep
Oct 0.2
Nov -7.2 2.9 -5.1
Dec -21.1 0.2 -17.9
1981 Jan -4.5 1.6 -2.5
Feb -7.3
Mar -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
Jul 9.3 170.6 9.3 176.6
Aug 2.0 165.6
Sep 4.0 7.2
Oct -2.1 25.0 -.4
Nov -10.4 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
May 2.3 25.8 4.4 22.0
Jun 8.6 87.4 9.9 85.2
Jul 10.8 109.2 11.7 106.4
Aug 10.0 58.2 10.8 35.0
Sep 5.0 100.8 6.0 156.6



Table 15
MONTHLY PERCENTAGES OF PRECIPITATION

Matanuska McKinley Park

Percent Percent

Month Precipitation of Annual Precipitation of Annual
lEu, nj

Jan 0.79 s 0.68 4
Feb 0.63 “ 0.61 4
Mar 0.52 3 0.60 4
Apr 0.62 4 0.38 2
May 0.75 5 0.82 5
Jun 1.61 10 2.51 16
Jul 2.40 15 3.2% 21
Aug 2.61 18 2.48 16
Sep 2.31 15 1.43 9
Oct 1.39 9 0.92 6
Nov 0.93 6 0.90 6
Dec 0.93 6 0.96 7
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