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INTRODUCTION

The purpose of this report is to review the water resources of the Chelan

Basin with specﬁa1 regard to management of the level of Lake Chelan.

The basin contains 950 square miles. Most of this (97%) is drained by
the Chelan River and its tributaries; the remaining portion drains the
area bordering the Columbia River. Lake Chelan GOVePS:52 square miles
of the area. Figure 1 shows the location of the area, along with sub-

areas (defined by the SCS) and major gaging stations.

Table 1 shows land use in the basin (as of 1966). As can be seen, about

85 percent of the basin s uhgrazed forest Tand.
WATER USE

Based on the available information, the estimated water use in the Chelan

Basin, for other than hydroelectric powsr purposes, is:

Use Surface Water Ground Water Total Use
(acre ft/year) (acre ft/year) (acre ft/year)
Irrigation 15,700 900 16,600
Industrial _ 650 0 650
Mimicipal 1,500 0 1,500
Domestic 300 50 350
Stock 100 0 100
TOTAL 18,250 950 19,200

About 8,000 acre=fest 6f water s used for irrigation of orchards bordering
the Coluiibia River. This amount is not included in the table above because

the water used is niot part of the "Lake Chelan Systei'.
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. Perlods of record
Station name Htation | Drainage area
number (sq mi)' Datliy or monthly figures Annual peaks
{calendar yvears) {(water years)
CHELAN RIVER BASIN
Stokmekin River (head of Chelan River) at Stehekln.... 12451000 344 1910-15;1926-
Lake Chelan:
Railroad Creek at Luceérne, Wash, .iiciverasansenssas 12451500 64.8 1910.13;1926-.57,
Safety Harbor Creeck near Manson, Wash,...essassaas. 12451600 T.85 [1961-.69,
Crade Crcoek near Manson, Wash,........ e earanss s sel 12451820 8,45 11960-69,
Calg Creek near Manson, Wash, eausnesaa | 12401650 6,30 [1880-69,
Antilon Lake feeder qutem (caral) nemr “auson..... 12481760 - 1958.69,
Lake Chelan 2t Chelan, Wash.iiieavseseeaesvreavsnesas| 12452000 924 (1897-99;1905;1910)4; 1911 -
Chelan River at Chelan (below Chelan que), Wash,..., 124525600 924 11903~
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The amount of water used for power production is approximately 95 percent
of the total flow of the Chelan River (1,490,000 acre-feet per year for
the period 1904 to 1973). Lake Chelan is used for recreation, mostly

boating and swimming, and is the largest natural lake in the state.
Table 2 gives a breakdown of water rights in the basin. The recorded
rights are far in excess of actual water use. Table 3 shows water right

claims in the basin.

Addition information on the water use in the Chelan Basin is given in

the following paragraphs.

Hydroelectric Use

The Lake Chelan Hydro-Electric Project was granted an FPC (Federal Power
Commission)} operating license on May 8, 1926, and put into service the
following year. The development utilizes Lake Chelan as a reservoir and
regulates the lake outfiow by means of a 35-foot high concrete dam at the
lake outlet on the Chelan River some three miles upstream of the Columbia
River. Llake Chelan is a narrow, deep body of water, some 55 miles in
length, with a surface area of 32,800 acres and has a watershed of 924
square miles. The permissib1¢ reservoir fiuctuation is from a maximum
normal elevation of 1,100 to a minimum of 1,079. The layout of the

hydroelectric system is shown on Figure 2.

The dam has eight gated spillway bays with a spillway crest elevation of
1,087 feet, and 20 foot by 14 foot tainter gates which raise the lake to

a maximum level of 1,100 feet. The foundation of the dam is glacial till.

4



Table 2: Water Rights in the Chelan Basin (1967)

{in cfs)
Use Surface Ground Total
Municipal 2.0 0 2.0
Irrigation 428, 3% 29.4 457.7
Individual and 66.5 4.5 7L.0
Community Domestic
Industrial—- 22,6 . 0.8 23.2
Commercial
Fish Propagation 0 1.0 1.0
Stock 0.5 0 0.5
TOTAL 519.9 24,9%% 544.8

*Nearly all of the guantities for irrigation, domestic supply, and stock
use are common,

**Total prime right quantities do not agree with the sum of the uses
because water right quantities that are common to two or more uses are
listed under each appliable use category.

In addition to the rights listed above, there is 640,000 acre feet in
reservolr storage rights and 4000 cfis for power generation.



Table 3: Water Right Claims, Chelan RBasin, 1274

Number of Water Right Claims ' Irrigated
‘Source Domestic Stock Irrigation Other Total Acres
Surface Water 246 57 54 55 412 1335
Ground Water 67 13 i5 2 97 149

Total 313 70 69 57 509 1484

NOTE: A high degree of reliability should not be placed on these
figures; there is no accurate way to assess the human error
invelved when filing a claim.
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On the west abutment of the dam is the intake structure for a 14-foot and

a 17-foot diameter tunnel. The 17-foot tunnel is stubbed off. A 14-foot
butterfly valve controls the tunnel inlet while the downstream end connects
to a steep, 35% grade steel lined section 1,002 feet in length. A vertical
14-foot riser pipe in this section leads to a surge tank 45 feet in diameter
and 113 feet high. The steel lined conduit tapers to a diameter of 12.50
feet and splits into two 8.83-foot penstocks, 138 feet long. Fach of the
branches terminates in a hydraulically operated needie valve and a reducing

section to the 6.50-foot diameter turbine scroll case.

The two identical reaction turbines have a 34,600 horsepower rating and
discharge 1,100 cfs each when operating at full gate. Each generator has

a nameplate rating of 24,000 kw at 0.80% power factor and 300 rpm. Maximum
capability of the two units under the most favorable operating conditions
is 52,000 kw. The plant discharges into the reservoir of the Rocky Reach

Project on the Columbia River with an average elevation of 707 feet.

The total maximum hydraulic capacity of the hydroelectric system is 2,200

cfs.

Irrigation Use

The consumptive use (depletion) in the Chelan Basin has been estimated
at 3.1 acre-feet per acre in the Irrigation Appendix of the CNP study.
This figure may be a 1ittle high, but is considered accurate enough to

use in computing water use. To date, the 118 water rights for irrigation



amounted to 16,308 irrigated acres. Most of this is under a few large

rights held by the Bureau of Reclamation. These recorded rights are in

excess of the number of acres actually irrigated; typically the ratio is

in the order of 3 to 1. The Soil Conservation Service (in 1967) has estimated
only 4,700 acres are actually irrigated in the basin, and all of this is

by surface water. Approximately 7,800 acres have been classified as potentially

irrigable land.

Presently the Department of Ecology is issuing water rights for domestic

and irrigat{on purposes without conditiqn. The Chelan P.U.D. has rights

to 4,000 cfs in the Chelan River subject to a 33,000 acre-foot reservation
for domestic and irrigation uses. A1l but about 1,000 acre-feet of this

has been appropriated. When this reservation is fully appropriated, which
will probably be in the near future, an immediate problem arises. Either
additional rights issued will become subject to the P.U.D. right, or an
additional reservation will have to become effective. This may take place

if the 4,000 cfs right is reduced to the 2,200 cfs maximum hydraulic capacity
for the dam.

Recreation Use

The recreation use of Lake Chelan is very large, with an estimated 600,000 |
visitor-days per year. The lake is Tong and narrow (55 miles x 1 mile)

and is very scenic any time of the year. A commercial transport boat runs
from Chelan to Stehekin year round. A number of boat launches facilities
exist along the lake and commercial and public recreation facilities are

numercus.



Other Uses

The other uses of water are for industrial, municipal, domestic, and stock
purposes. These uses account for about 14 percent of the total consumptive

water use,

WATER SUPPLY

The water supply of the Chelan Basin is extensive. The annual water balance

for the basin is:

-

Precipitation 2,706,000 acre-feet
Runoff. 1,490,000 acre-feet
Evapotranspiration 1,216,000 acre-feet

The water balances for subbasins of the Chelan Basin are given in Table 4.
Data on the streamflows in the basin are given in Table 5.

The Chelan Basin has a mean elevation of 4,530 feet, hence much of the
winter precipitation occurs as snow and is stored in the basin until the
spring melt, usually beginning in April. The percent distribution of the

precipitation and runoff are given in Figure 3.

Ground Water

Ground water use in the basin is ré]ative}y small and there are no extensive
aquifers. Where stream valleys are large enough, high yields can be obtained

from the narrow alluvial despoits. Near Manson, moderate supplies are

10
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Percent of Total Annual

Figure 3: Monthly Distribution of Precipitation
and Runoff in the Chelan Basin
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pumped from the glacial drift material surrounding Wapato and Alkali Lakes.
This is accentuated by the large amount of irrigation and percolation losses
in the area which build up the water table. Below Chelan Dam, ground water
is increased by seepage of the nétura] moraine dam as well as infiltration
from the Columbia River. A rough sketch of ground water availability is

given in Figure 4.
Lake Chelan . |

Lake Chelan is the largest natural fresh water lake in the state. The
surface area is about 33,100 acres with a maximum depth of 1,605 feet.
The original lake level was about 1,079 feet. In 1928 the maximum lake

Tevel was raised 21 feet to an elevation of 1,100 feet.

Prior to 1928 the lake level was controlled at Tow water in the interests
of navigation by operation of a flash board dam at the outlet. Attempts
to construct a dam were made in 1889, 1892, and 1893. Each of these dams

was destroyed by the following year's spring flood.

The natural range in lake levels is bétween elevations 1,084.4 (June 8,
1921), and 1076.8 (January 2?, 28, and December 2, 3, 1898); for a total
change of 7.6 feet, The present allowable range is between 1,079 and 1,100
for a total change of 21 feet. The lowest elevation after construction

of the dam was 1,079.67 in 1970. Prior to 1928 there were navigation hazards
in the lake during low water perjods; after 1928 the raised lake level

eliminated the hazards.

14
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WATER RESOURCES MANAGEMENT PROBLEMS

The major water resources management problem in the Chelan Basin is the
guestion of lake levels on Lake Chelan. Some questions exist as to whether
the negative impacts of the present fluctuation of lTake stage on other uses
of the lake exceed the positive impacts of power production which results
from the fluctuations. The current FPC license governing the Lake Chelan
Hydroelectric Project is due to expire in 1976; hence, there is a need to
review the present drawdown Timits on the lake levels and the timing of

drawdown.

Existing Situation

The Chelan County P.U.D. holds an appropriation permit for 4,000 c¢fs and

a reservoir permit for 640,000 acre-feet. Both of these are for power
production, although the maximum hydraulic capacity is only 2,200 c¢fs.
Under the present operating permit (FPC License-Project No. 637) the lake
may be drawn down from its full Tevel elevation of 1,100 feet to a minimum
elevation of 1,079 feet. This is a total drawdown of 21 feet. On April 15,
the lake discharge must be restricted to 1,000 c¢fs until the water level
has risen to elevation 1,096. On July 1, the lake must be full and £rom
this date until September 15 the lake Tevel must be maintained between
elevations 1,100 and 1,092. The operation of the reservoirs is governed
by a so-called energy content rule curve which permits the P.U.D. more
flexibility than the customary rule curve based on the worst historical
flow conditions. Figure 5 shows the allowable minimum level, and Figure 6

the results of applying the criteria from 1927-1974.

16
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Impact on Other Uses of the Lake

The impact of the existing range in lake levels is described below for each

of the principal uses.
A. Navigation

The construction of the hydroelectric dam in 1928 eliminated the navigation
hazards on the lake itself. The Chelan Boat Company operates from Chelan
all year with regular stops at 25 Mile Creek, Lucern, and Stehekin as well
as some private docks for mail stops. Boats can be lunched all year at

the Chelan County P.U.D. vramp near the dam and at Manson although 1unching
at the lowest lake levels can be a bit of.a problem. Many private docks

cannot be used when the lake is at its Towest level.

The drawdown of the lake does not have a large impact on commercial

navigation but use of wost private docks is curtailed during low water.
B. Irrigation
At present the water of the lake is used for irrigation. The minimum Tevel

for pumps is as follows:

Lake Chelan Irrigation District 1,079 feet
Others 1,085 feet

The soil moisture reservoir is used to supply crop requirements until the

lake Tevel increases as a result of the spring runoff. In 90% of the years

19



the lake level is up to 1,085 feet by May 15 and in all past years by May 25.

€. Recreation

The major impact on recreation of Tow lake levels is through the impact
on small boat use. There appears to be littie problem with aesthetic and
sport fishing resulting from the fluctuation in lake levels. The impact
on water related recreation is of major concern to people in the basin

as well as people outside the basin.

The Nature of the Conflict Between Recreation and Power

?He area of greatest concern is not particularly the amount of drawdown

on the lake, but rather the time of drawdown. The greatest period of
recreation use on the lake is from May 30 (Memorial Day weekend) to
September 1st (Labor Day weekend), when full lake level would be most
desirable. The usual operating procedure of Chelan Dam for bringing the
Take level up varies from year to year. Figure 6 shows this variance over

a 47-year period. Usually the lake is full by mid-July and begins receding

again in early August.

The conflict between recreation and power interests is related to whether

the lake shall be full by June 1 and when should drawdown begin.
The Chelan County P.U.D. considers any change in timing of lake Tevel as

a éonstraint on drawdown. In a report to the P.U.D., R. W. Beck and

Associates made the following statement:

20



"The hydraulic capacity of the existing power plant approximately
matches the average annual flow and utilizes this discharge reasonably
effectively with the present reservoir regulation. A decrease in

the permitted 21-foot reservdir drawdown would reduce the energy
output of the existing power plant. Preliminary calculations show

the following approximate losses in average and critical period
“energy in the svent that the reservoir minimum elevation is raised

above the existing 1,079 level."

Minimum 30-Year Average Critical Period
Reservoir Energy Loss Percentage Energy Loss Percentage
Elevation (Mw) Loss {Mw) Loss
1079 ¢ 0 0 0
1087.5 3.22 7.4 0.54 1.5
1091.8 6.09 14.0 4,90 13.5

ANALYSIS OF THE PROBLEM

The management of the water resources of the Chelan is a function of the
hydrologic system. The major factor is the timing of inflow into the lake.
In general, the power demand is highest when the inflow is Towest and the
water which could be used for power production approximates the supply.

(At an efficiency of 0.9 and flow of 2,200 cfs, the annual use could be

1,432,000 acre-feet compared to an average supply of 1,490,000 acre-feet.)

A good way of looking at lake level fluctation vs. inflow is to look at

a "wet" year and a "dry" year. These, of course, are hot typical but can

21



serve as relative upper and lower bounds for a long period of record.

Two very good and frequently used examples are 1972 (wet) and 1973 {dry).

The runoff during the 1972 water year was 2,265,000 acre-feet and 985,100
acre-feet during the 1973 water year. The record flows and the flows adjusted

for changes in lake storage are shown in Figures 7 and 8.

In the case of a dry year, outfiow at the dam may have to be restricted

in order to bring_the Take Tevel up. In 1973, there was an average 20 cfs
outflow and no power production from March 25-Jdune 22 in order to fill the
lake. This was the most extreme case in 47 years. The relationship between
inflow, outfliow, power production, and ]aké levels is graphically shown in

Figure 9.

In the case of a wet year, i.e. 1972, the opposite is true. Both inflow
and outflow were very high as can be seen in Figure 10. During filling

of the lake, more than 16,000 cfé was being discharged downstream, and from
June 15 to June 30 the lake level was deliberately held at elevation 1,098.
This was to reserve some storage for flood control, but it is not clear
what the downstream f1oqd control réquiraments are or how great the flood
frequency is. Figure 11 demonstrates that during 1972, spillage actually

began 1in thé middle of May, long before the lake was at full level.

The water years 1972 and 1973 were the most extreme examples in the period

of record.

The average measured and corrected flows for the period 1929-70 are given

in Figure 12. A frequency analysis of the data has been made and the

22
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Figure 8: Chelan River at Chelan (12-4525), 1972
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results presented in Tables 6 and 7. The storage contents of Lake Chelan
at the end of the month have been analysed and are presented in Table 8.

The curve relating lake elevation to content is given as Figure 13.

The dune 1 Proposal

The present operation criteria for the lake levels requires that the lake
be as near to 1,100 feet elevation as possible on July 1. A proposal has
been made to change the criteria to require an elevation of 1,100 (or 1,098)
by June 1. In the period 1929-1968, the July 1 and June 1 lake levels have

been in the range shown below:

June 1 July 1
Low 1,087.07 (1937) 1,098.48 (1953)
High 1,099.19 (1968) 1,099.94 (1941)

A problem with requiring higher lake levels on June 1 is that in some years
much of the spring runoff (April-Jdune) occurs in June. Data for 1958 through
1974 are given in Table 9. The range in percentage is 64 to 30 with an
average of 48. The data have been plotted in Figure 14 with the percent

of spring runoff in June as a function of the total runoff. The data suggest
that the percentage of runoff occurring in June decreases with a decrease

in the total spring runoff.

The Chelan County P.U.D. considers that changing the time when the lake
has to be at a high state would have the same effect as restricting minimum
lake level; hence a reduction in power generation. Data given in a report

by R. W. Beck and Associates have been used to determine the probability

29
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Table 8: Frequency and Water Use Data

for Lake Chelan
{In Acre-feet and Stage ht.)

Mean End of
Month Contents One in Two Year One in Ten Year
Month _ ‘ s e > _
October 502,000 497,000 409,000
(1094.8) (1094.6) (1091.9)
MNovember 444,000 432,000 316,000
(1093.0) (1092.7) (1089.0)
December 378,000 358,000 231,000
(1090.9) (1090.3) (1086.4)
January 305,000 279,000 157,000
(1088.8) (1087.9) (1084.0)
February 246,000 219,000 111,000
(1086.9) (1086.0) {(1082.7)
March 209,000 172,000 70,000
(1085.8) {1086.0) (1081.3)
April 277,000 235,000 102,000
{1087.8 (1086.5) (1082.2)
May 509,000 496,060 363,000
{1095.0) (1094.5) (1090.4)
June 657,000 657,000 641,000
{109¢9.7) (1099.7) (1099.0)
July 666,000 666,000 657,000
(1099.9) (1099.9) (1099.7)
August 635,000 634,000 592,000
(1098.8) {1098.7) (1097.5)
September 569,000 566,000 501,000
(1096.8) {1096.7) {1094.8)

Period of Record: 1929-70
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Table 9: Spring Runoff and the Percentage of Spring Runoff
in June -- Chelan River at Chelan

Runoff in 1,000 Acre-feet June as Percent
Year June Aprii-dune of April-June
1974 690 1,127 61
1973 227 544 42
1972 369 1,250 30
1971 450 1,019 44
1970 381 683 ; .56
1969 468 | 1,093 43
1968 422 798 53
1967 618 ' 966 | 64
1966 268 | : 686 39
1965 374 792 47
1964 509 821 62
1963 293 - 655 45
1962 309 651 47
1961 538 - 1,032 52
1960 419 839 | 50
1959 484 974 50
1958 333 954 35
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April- - June Runoff

Figuke 14: Percent of Spring Runoff in June as a
Percent of Total Runoff (1958-74)
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of equaling or exceeding a specific lake level as a function of the minimum
lake level. The results are given in Figure 15 for June 1 and in Figure

16 for July 1. These figures can then be used to determine the required
minimum lake level, given any probability. As an example, if you assumed

a 90 percent probability of equaling or exceeding 1,098 feet on July 1 or

June 1, the resulting minimum lake Tevels would be:

July 1 1,081.3 feet
June 1 1,089.3 feet.

The energy loss from these restrictions would be:

Minimum Average Annual Percentage

Elevation Energy Loss Loss
(Mw) |

1,081.3 0 4

1,089.3 : 4.6 10.6

The rule curves used in the R. W. Beck and Associates study are given in
Figure 17. The Chelan County P.U.D. has estimated, in terms of MWH and
dollars, the ehergy losses they feel would result from changing the minimum

lake level. This is shown in Figures 18 and 19.

Chelan Basin Inflow & Qutflow

In order to obtain some idea of the inflow to Lake Chelan, the streamffow
data for Railroad Creek, Stehekin Creek, and the Chelan River at Chelan

were used. The annual runoff into the lake was calculated using the equation
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¢ AKE CHELAN RESERVOIR

"' LEGEND FOR ENERGY LOSS

FEDERAL SYSTEM 1LOSS
GRANT COUNTY PUD LOSS
f- 7] CHELAN COUNTY PUD LOSS

AT-SITE LOSS

o AT-SITE & DOWNSTREAM
- ENERGY LOSSES RESULTING
FROM STORAGE REDUCTION

1080
ASSUMED MINIMUM LAKE ELEVATION

1085 10%0

1095

1100

At-Site & Downstream Energy Loss Resulting from Storage Reduction (MWH)

Assumed Min. Elev. 1080 1085 1090 1095 1100
-.Athite : 9,284 56,494 105,153 155,260 208,556
Chelan P.U.D. 3,721 22,441 41, 395 60,559 72,211
Grant P.U.D. 4,198 25,318 46,702 68,323 20,156
Federal Sys. 9,254 55,814 102,956 150,621 198,753
Total Downstream 17,173 103,573 191,053 279,503 368,520
Total Loss 26,457 160,067 296,206 434,763 575,476



Figure 19

LAKE CHELAN RESERVOIR
COSTS OF ENERGY REPLACEMENT FOR
AT-SITE & DOWNSTREAM ENERGY LOSSES
45 | EGEND FOR REPLACEMENT COSTS
FEDERAL SYSTEM COSTS
4.0
GRANT COUNTY PUD. COSTS
CHELAN COUNTY PU.D, COSTS
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Costs of Energy Replacement for At-Site & Downstream Energy Losg {(Costs based
on Alternate Source at 7.27 mills/KWH)

Assumed Min. Elev. 1080 1085 1080 1095 1100
At-Site $ 67,000 411,000 764,000 1,129,000 1,502,000
Chelan P.U.D. 27,000 163,000 301,000 440,000 581,000
Grant P.U.D. 31,000 - 184,000 340,000 497,000 655,000
Federal Sys. 67,000 406,000 748,000 1,095,000 1,445,000
Total Downstream $ 125,000 756,000 1,389,000 2,032,000 2,681,000

Total $ 192,000 1,164,000 2,153,000 3,161,000 4,183,000



Qianc+ S+E

where Qin is the inflow into the lake, Qc is the measured flow of the Chelan
River at Chelan, S is the change in storage in the lake, and £ is the estimated
evaporation from the lake (88,000 acre-feet per year). A schematic diagram

of the concept is shown in Figure 20.

The annual fiow from the Chelan Basin below gages on the Stehekin River

and Railroad Creek was then calculated using the equation
D@ = Qjp - Qs - Qppr

where DQ is the flow from the basin above the Chelan River at Chelan and
the gages on the Stehekin and Railroad Creek; Qip, is the inflow into the

lake; Q¢ is the flow of the Stehekin; and Qpp the flow of Railroad Creek.

The monthly distribution of the flows from the Lower Chelan Basin were
estimated using streamflow data for short term gages. The following
distribution numbers represent the ratio of the mean monthly discharge

(in cfs) to the mean annual discharge {(in cfs).

October 0.134 April 0.473
November 0.134 May 3.309
December 0.093 June 6.064
January 0.113 July 0.986
February 0.134 August 0.237
March 0.165 September 0.154

The resulting monthly inflows, during the period 1927-57, are presented

in Table 10.
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Q451 sy

Qt515

Figure 20: Annual Inflow - Outflow Diagram for Lake Chelan.

Where:
04525
Q4510
Q4515

AQ

AS

Qin

AQin

B

H

i1

b1

ey Q4525

mean annual discharge of "Chelan River at Chelan”
mean annual discharge of "Stehekin River at Stehekin”
mean annual discharge of "Railroad Creek at Lucerne"

The difference between Q4525 and (4510. This, with other
data, is the amount of H,0 entering the system from tributary streams.

The change in lake storage, using gage 4520 lLake Chelan"
Lake evaporation, using annual average (32 in) X lake area (33104 acre)
amount of Ho0 in basin; E + AS + Q4525 + others

Difference between the amount coming in at Stehekin and the amount
in basin; Qin =aQin - Q4510
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“The finflow into Lake Chelan, over the period prior to July 1, was calculated
using the data developed from the above concepts. The equation used was:

( ) June
Q(inflow over period) =
Z

1

where Qi is the average monthly flow during the ith month. An example is,
the flow from October 1 to July 1 is the sum of the flows of the months
Qctober through June. The flows remaining for periods up to June 1, May 1,
and April 1 were also made. After the data for each year were compiled,

a frequency analysis of the compiled data was made. The results for the
case where the volume exceeds the shown volume nine in ten years are given
in Figure 21. The amount of inflow for the average, the one in two year,

and the nine in ten year cases are given in Table 11.

The inflow volumes are not the same as possible outflow volumes because
of evaporation. Estimated evaporation volumes for the varjous months are

shown in Table 12.

Using the informétion in Tables 11 and 12, the amount of water needed to
fi11 the lake by a certain date can be calculated. With a 90% probability
of reaching elevation 1,098 (610,700 acre-feet) by June 1, the volume required

in Lake Chelan and the amount of inflow needed are:
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Flow Volume {acre-feet) remaining to date shown

Figure 21Lake Chelan Inflow Volumes Remaining
For the Nine in Ten Year Exceedence Interval
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Tab]elllz Lake Chelan Inflow Volumes

Exceeded Exceeded
1 in 2 g in 10
Period Average years years
(acre-feet)

Oct - June 1,182,000 1,150,000 848,000
Nov - June 1,133,000 1,102,000 812,000
Dec - June 1,084,000 1,057,000 789,000
Jan - June 1,046,000 1,021,000 765,000
Feb - June 1,017,000 993,000 746,000
Mar - June 989,000 966,000 727,000
Apr - June 952,000 979,000 697,000
May - June 835,000 812,000 595,000
June - June 475,000 457,000 318,000
Oct - May 707,000 683,000 488,000
Nov - May 658,000 636,000 455,000
Dec -~ May 609,000 590,000 427,000
Jan - May 571,000 554,000 400,000
Feb - May 542,000 526,000 380,000
Mar - May 514,000 499,000 361,000
Apr - May 478,000 463,000 336,000
May - May 361,000 349,000 250,000
Oct - Apr 347,000 327,000 212,000
Nov - Apr 298,600 280,000 177,000
Dec - Apr 248,000 234,000 150,000
Jan -~ Apr 211,000 197,000 125,000
Feb - Apr 182,000 169,000 105,000
Mar - Apr 154,000 142,000 87,000
Apr - Apr 117,000 107,000 63,000

47



Table 12:

Estimated Evaporation from
Lake Chelan

Monthly Evaporation from
Month Evaporation 1st of Month to June 1
| (in acre-feet)
October 5,400 46,300
November 3,400 40,900
December 2,500 37,400
January 3,000 34,900
February 4,600 32,000
March 6,300 27,400
April 9,300 20,500
May 11,200 11,200
June 12,000 -
July 11,600 -
August . 10,200 e
September 7,800 --
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Inflow Value to Lake Value

June 1 {90% prob. required for Lake Elevation

fonth of exceeding 90% probability on Ist of Month
(acre-feet) (acre-feet) {feet)
October 486,000 171,000 1,084.4
November 452,800 198,800 1.085.2
December 424,800 223,300 1,086.0
Japuary 398,400 247,200 1,086.9
February 378,500 264,200 1,087.0
March 359,600 278,500 1,088.0
April 334,000 297,200 1,088.4
May 249,100 372,800 1,090.8

The information above is helpful in developing a rule curve for the filling

of the lake. Another part of the Take Tevel problem is the drawdown of

the lake in the fall and winter. The present criteria allows the lake to

be drawn down to elevation 1,092 during the summer and 1,079 beginning in
mid-September. A suggested criteria is that the Take not be drawn down

below elevation 1,098 until after October 1. The only problem here is predicting
the inflow for spring. Spills could be larger fn.spring in order to anticipate
the amount of water to be used for power or storage. Figure 22 shows the
probability of October-Jdune inflows, and suggests that the capacity to use

the inflow is exceeded one out of four years. Over the period 1927 through
1970 the actual spill volumes have exceeded 50,000 acre-feet 22 out of 43

years (incomplete data for 1955) and exceeds 100,000 acre-feet during 11

of the 43 years. Hence, the maintenance of a lake level of 1,098 feet until

October 1 would not result in a significant loss of energy.
A method of improving water management is to use forecasted inflow volumes.

Inflow volumes have been forecasted by the Soil Conservation Service using

snow survey data. Their March forecasts for April-dune runoff are given
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in Table 13 and 1in Figure 23. Using the March forecasts for 1971 through
]974 and the information in Figures 14 and 23, the April 1 ilake levels

that would virtually insure filling are:

1974 1,087.2
1973 1,089.5
1972 1,086.8
1971 1,087.2

An option to a fixed rule curve is to inciude the snow survey forecasts

in the operating criteria for the lake. If a fixed rule curve is used for
Lake.Chelan, the results for filling the lake are shown in Figure 24A
(assuming a 90 percent chance of filling by June 1, and Timiting the drawdown

to 1,098 until October 1).

The elevations of 1,098 for the summer recreation period appears to be a
desirable level from the standpoint of shoreline owners. This is only

two feet below maximum lake Tevel, which arrive§ sometine in July anyway.
Elevation 1,098 also has tradifionalTy been a "holding" Tevel for flood
control. According to Washington Water Power Company figures, this elevation
would provide 610,700 acre-feet of useable storage. There is a 65,400 acre~
foot capacity from elevation 1,098 to 1,100 (full lake)}. Extension of this
elevation through the month of September seems quite possible from the

information available as well as from the Chelan County P.U.D.
Another possible set of lake level criteria is for the lake to be at 1,095

by June 1, 1,098 by July 1, then held at or above 1,098 until October 1. The

results of applying this criteria are given in Figure 24B.

51



Table 13: Forecasted and Actual Runoff Volumes
in the Chelan Basin for April-Jdune Runoff

March
Year Forecast Actual Ratio

(1,000 acre-feet)

1974 1,145 1,127 1.02
1973 660 544 1.21
1972 1,230 | 1,250 0.98
1971 1,050 1,019 1.03
1970 820 683 1.20
1969 1,050 1,003 0.96
1968 940 | 798 1.18
1967 950 966 0.98
1968 790 686 1.15
1965 970 792 1.22
1964 940 821 1.14
1963 700 655 1.07
1962 (NF} 651 -

1961 825 1,032 0.80

NF = no forecast

Source: Water Supply OQutlook for Washington for March of
years shown.
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Forecast Runoff - 1,000 acre-feet

Figure 23: Forecasted versus Actual
Runoff in the Chelan Basin
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DISCUSSICN

Only one alternative lake level and date of filling has beén presented in
this report. The data presented are adequate to produce alternative levels,
dates, and probabilities of filling as required in developing alternative

‘management policies.
There appears to be a difference between the R. W. Beck results and the

results of the analysis presented in this report. The cause of this

difference has not been determined.
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