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Surface inflow

1,467,000

Springs and seeps

INTRODUCTION

This atlas presents a quantitative water budget for Upper
Klamath Lake. It includes an inventory of water entering
and leaving the lake and changes in lake storage for the 3-
year period October 1, 1964, to September 30, 1967. The
basic premise of the budget is that the total inflow equals
the total outflow plus or minus the change in lake contents,
as shown in the water-budget-equation illustration. The
lake bottom, shoreline, and water surface form the bound-
aries of the budget system.

The basic data in this report were originally compiled by
the U.S. Geological Survey as monthly quantitative water
budgets. These compilations were furnished monthly to the
Federal Water Pollution Control Administration to pro-
vide data for determining the sources of nutrients that con-
tribute to the growth of bothersome algae in the lake during
the summer (Miller and Tash, 1967). These monthly figures,
with some minor updating, are shown in the table of inflow,
outflow, and changes in lake storage. This report summa-
rizes the results of the original U.S. Geological Survey study
and should be useful in research studies or in water manage-
ment of Upper Klamath Lake.
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1965 WATER YEAR

TABULATION OF MONTHLY INFLOW, OUTFLOW, AND CHANGE IN LAKE STORAGE IN ACRE-FEET FOR UPPER KLAMATH LAKE, OREGON, FOR THE PERIOD

1966 WATER YEAR
GRAPH SHOWING MONTHLY TOTAL INFLOW TO UPPER KLAMATH LAKE

1967 WATER YEAR

Evapotranspiration

292,000

GENERAL DESCRIPTION

Upper Klamath Lake, just east of the Cascade Range and
about 17 miles north of the California State line, has a drain-
age area of 3,810 square miles and is the largest lake in Ore-
gon. Itis about 22 miles long, with about 165 miles of shore-
line and a mean depth of about 8 feet. Depths reach 40 to 50
feet in a narrow strip of the lake between Eagle Ridge and
Bare Island. During the study period the lake-surface area
ranged from 104 to 143 square miles, of which 0 to 39 square
miles was submerged marsh area. Some of the original lake-
bed has been reclaimed for agricultural use by diking. For
the purpose of this report, Agency Lake, connected by a
narrow channel at the north end of Upper Klamath Lake, is
considered to be a part of Upper Klamath Lake. (See map
showing location of hydrologic-data sites.)

The lake lies on a plateau formed by lava and unconsoli-
dated volcanic materials. Parts of the east and west sides of
the lake are precipitous fault scarps which may extend be-
neath the lake in places.

Change in lake storage

Note: Number in box represents average
yearly quantity in acre-feet for 3-year
period, October 1, 1964,to September

The lake serves as a reservoir to provide water for irriga-
tion and electric-power generation. The lake level is con-
trolled between 4,137 and 4,143 feet altitude.

Mean annual precipitation is 14 inches at Klamath Falls
at the south end of the lake and 18 inches at Chiloquin near
the northeast end of the lake. Much of the precipitation in
the lake area falls as snow from November through March.
Average annual lake evaporation is about 40 inches. Pre-
vailing winds on the lake are southerly, but northerly winds
are not infrequent.

INFLOW

Water enters the lake from streams, irrigation canals, agri-
cultural drainage, springs, seeps, and by direct precipitation
on the lake. (See graph showing monthly total inflow to
Upper Klamath Lake.)

Surface inflow.—Surface inflow provided 79 percent of
the total inflow to the lake. The Williamson River, which
flows into the lake from the north (drainage area at the
mouth, about 3,000 sq mi), is the largest single contributor
of inflow, furnishing 49 percent of the total. The Wood Riv-
er, which also enters the lake from the north, is the second
largest single contributor of inflow, furnishing 16 percent
of the total.

. The flows of some of the streams that drain the Cascade
Range on the west side of the lake enter the lake through ir-
rigation canals. Cherry, Sevenmile, Fourmile, and Three-
mile Creeks are examples of such streams, and their flows
are included in the flows of Sevenmile, Fourmile, and Cen-
tral Canals. Flows of Modoc Point Canal drain at the north-
east end of the lake are made up of irrigation waste waters.
The combined flows of Sevenmile, Fourmile, Central Canal,
and Modoc Point Canal drain were 8 percent of the total
inflow.

Rock, Fourmile, Varney, and Moss Creeks flow inter-
mittently and, with Denny Creek, contribute only 2 percent
of the inflow to the lake.

The magnitude of surface inflow by individual streams
and canals is shown by the graphs adjacent to the map show-
ing the location of hydrologic-data sites.

Data furnished by the Federal Water Pollution Control
Administration indicated that agricultural drainage contrib-
uted 4 percent of the total inflow. This part of the inflow
included (1) waste water that ponded on the land and was
pumped into the lake, and (2) waste water that drained into
the lake by gravity flow through drainage structures.

Inflow from springs and seeps.—On the eastern slopes of
the Cascade Range, infiltration of water into permeable vol-
canic rocks in the upper parts of the drainage basins provides
water for many springs and seeps in the lower parts of the
basins (California Dept. Water Resources, 1964). Springs
are the major sources of flows in the Wood and Williamson
Rivers. For the purpose of this report, only those springs
and seeps that occur at the edge or below the surface of the
lake (within the boundaries of the budget system) are con-
sidered as springs and seeps in the budget. Inflow from
springs and seeps amounted to 14 percent of the total.

30, 1967
Inflow from precipitation.—Precipitation falling directly
on the lake provided 7 percent of the total inflow.
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GRAPH SHOWING MONTHLY TOTAL OUTFLOW FROM UPPER KLAMATH LAKE

OUTFLOW

Water leaves the lake as controlled surface outflow and
as evapotranspiration. Because the geologic structure at the
outletofthelakeistight, little or no seepage loss occurs there.
(See graph showing monthly total outflow from Upper
Klamath Lake.) )

Surface outflow.—Surface outflow constituted 84 percent
of the outflow from the lake. The gaging-station record for
Link River at Klamath Falls, Oreg., published by the Geo-
logical Survey, was adjusted for diversion by “A” Canal.
This total flow for the Link River is used in this report and
accounts for 82 percent of the total outflow from Upper
Klamath Lake. (See graph for Link River adjacent to map
showing location of hydrologic-data sites.)

At times, irrigation water was pumped directly from the
lake or flowed by gravity through headworks in the dikes
onto the agricultural land. This irrigation diversion from
the lake accounted for 2 percent of the total outflow, as com-
puted from figures furnished by the Federal Water Pollution
Control Administration.

Evapotranspiration.—Evapotranspiration is considered
to be a combination of evaporation from the free-water lake
surface and of transpiration from the hydrophytes in the
submerged marsh area. Over the 3-year study period, evapo-
transpiration accounted for the remaining 16 percent of the
total outflow.

CHANGE IN STORAGE

Changein lake storage accounts for the difference between
the total inflow and the total outflow, as shown in the graph
of monthly total inflow, outflow, and change in storage.
During the period of the study there was slight net decrease
in lake storage.

RELIABILITY OF BUDGET

The flow figures used in the budget were determined by
using accepted engineering procedures. (See footnotes to
table of inflow, outflow, and changes in lake storage.) The
budget figures are considered to be of good reliability with
the possible exception of the period during the December
1964 flood. Gaging conditions were difficult during the
flood because water bypassed gages and ponded between
gaging sites and the lake boundary. Because of these prob-
lems, the budget figures might have been less accurate during
the flood than during the rest of the study period.

BUDGET COMPARED TO LONG-TERM RECORD

To fully utilize the data, it is helpful to compare the 3-year
budget to the long-term average. Long-term gaging-station
records such as those for the Williamson River provide an
index for comparison. (See graph at right.) The 3-year aver-
age flow during the budget study was 913,000 acre-feet per
year ascompared to 736,000 acre-feet per year for the 50-year
average.

The high flows for the 1965 water year are the result of
the December 1964 flood, the largest flood of record for the
Williamson River and many other rivers in Oregon and ad-
jacent States. The total yearly flows for water years 1966 and
1967 approximated the 50-year average—1966 was slightly
below and 1967 slightly above the 50-year average.
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AND CHANGE IN

STORAGE FOR UPPER KLAMATH LAKE

OCTOBER 1,1964, TO SEPTEMBER 30, 1967

1965 WATER YEAR 1966 WATER YEAR 1967 WATER YEAR
Water year Water year W ater year
Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept total Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept total Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept total
Williamson River near Chiloquin! 36,060 38,970 226,400 189,000 174,700 110,800 108,900 124,400 64,250 44,140 38,140 36,740 | 1,193,000 41,390 51,500 53,900 48,930 45,410 90,100 134,300 67,760 42,250 33,430 29,560 32,050 670,600 35,520 43,860 70,520 54,200 68,570 98,220 113,800 183,300 107,300 39,900 30,080 30,770 876,500
Wood River at mouth near Fort Klamath
(Combined flow of Wood River near
Fort Klamath, and Crooked Creek near
Fort Klamath! 21,850 23,960 31,190 29,990 21,700 30,540 29,710 23,700 23,580 20,590 24,100 27,000 313,900 29,550 30,270 29,950 29,390 26,320 31,580 30,090 18,590 19,720 14,240 13,470 19,640 292,800 24,930 25,640 21,170 26,520 22,980 27,190 26,430 23,000 18,200 14,830 12,090 19,430 269,000
Denny Creek near Rocky Point?2 256 357 7,620 4,070 4470 1,930 1,200 505 317 386 468 461 22,040 416 521 508 547 421 719 685 284 280 220 212 238 5,050 275 363 434 41 494 581 538 506 e 219 245 215 4,270
Moss Creek near Rocky Point? 0 6 464 240 164 75 175 17 323 4 0 0 2,170 0 0 14 22 0 84 (4 89 i 0 0 0 360 0 0 26 25 22 2 40 328 696 29 0 0 1,190
Varney Creek near Rocky Point! 0 3 1,410 840 380 210 210 480 340 110 100 3 4,150 47 20 1 0 0 6 91 193 26 12 3 0 470 0 0 2 0 0 38 48 216 335 29 7 0 675
Fourmile Creek near Rocky Point2 0 4 7,670 9,490 5,590 1,050 1,920 5,020 1,690 1 0 0 32,440 0 0 0 0 0 162 742 2,490 235 0 0 0 3,630 0 0 65 4 26 196 228 2,850 4,440 82 0 0 7,890
Rock Creek near Rocky Point3 0 0 4,420 3,060 962 214 222 1,160 456 8 0 0 10,500 0 0 0 0 0 69 470 720 212 7 0 0 1,480 0 0 0 64 91 14 9 969 1,390 54 0 0 2,590
Fourmile Canal near Fort Klamath? 1,060 1,690 29,800 14,740 14,620 5,450 5,250 6,490 1,840 2,490 1,100 912 85,440 1,320 1,470 1,740 2,170 1,600 3,700 7,180 1,570 1,610 2,180 847 954 26,340 899 1,940 4,630 3,920 3,620 4,670 4,140 5,160 3,910 1,260 2,140 1,780 38,200
Sevenmile Canal near Fort Klamath? 6,840 10,580 16,900 11,130 8,520 7,700 7,220 6,640 5,000 4,400 4,780 5,100 94,810 6,920 7,560 6,930 7,370 5,990 12,600 12,400 7,320 5,270 2,660 4,140 6,990 86,150 7,110 7,840 7,890 6,870 6,210 8,660 7,130 7,160 4,730 2,220 2,050 3,250 72,660
Central Canal near Fort Klamath? 595 1,930 6,340 2,320 1,850 1,080 571 2,370 3,260 3,840 3,950 1,860 29,970 932 1,450 452 62 292 3,500 1,850 3,270 1,930 1,630 1,740 1,400 18,510 239 358 1,110 1,900 1,400 2,850 1,670 930 2,850 1,700 1,120 1,740 17,870
Modoc Point Canal drains 657 12 194 18 0 0 0 0 149 149 298 655 2,130 298 0 0 0 0 74 279 576 686 208 211 267 2,600 582 127 0 0 0 0 0 700 583 172 421 469 3,060
Agricultural drainage between lake and
inflow gaging stations¢ 3,000 2,000 700 1,000 8,610 24,450 9,650 4,300 7,850 7,620 6,640 4,400 80,220 3,260 2,140 676 1,100 8,830 12,800 11420 6,380 6,500 4,550 3,380 2,380 63,420 861 1,840 4,860 8,420 5,220 8,110 11,420 8,240 5,770 5,470 2,380 2,380 64,970
Precipitation inflow 2,660 25,620 107,100 30,130 2,740 859 19,080 3,200 5,850 3,930 14,240 0 215,400 240 16,470 7,650 9,960 2,100 8,150 3,560 3,560 5,200 2,180 5,300 2,560 67,430 869 13,230 16,330 19,310 2,810 11,990 13,300 7,670 16,070 0 0 283 101,900
Springs and seepsé 9,700 9,000 7,100 56,300 37,900 26,100 8,300 18,400 15,000 15,800 19,400 17,100 240,100 30,500 38,600 28400 39,800 14,700 29,600 2,200 21,100 22,800 24,100 12,500 23,200 287,500 26,600 14,000 23,300 23,500 32,000 4,200 16,300 21,400 9,900 18,300 20,400 17,600 227,500
Total inflow 82700 114,100 447300 352,300 288,200 210,500 192,400 197,400 129,900 103,500 113,200 94,300 | 2,325,000 | 114,900 150,000 130,200 139,400 105,700 193,200 205300 133,900 106,300 85,400 71,900 89,700 1,526,000 97,900 109,200 156,900 145,100 143,400 166,300 195,100 262,200 176,900 84,300 70,900 77,900 1,687,000
Link River at Klamath Falls! 105,500 63,560 196,600 409,300 359,200 286,200 63,810 99,770 68,590 88,330 81,540 128,700 | 1,951,000 157,600 216,200 143,100 125,000 50,650 40,620 139,200 80,500 80,750 93,200 110,540 85,250 1,323,000 94,720 74,300 126,700 130,400 120,200 42,040 95,620 196,200 125,300 110,400 107,600 99,420 1,323,000
Evapotranspiration? 12,100 1,600 0 0 2,700 20,400 17,200 43,900 45,000 54,700 48,000 37,300 282,900 22,500 5,000 200 0 700 12,500 27,900 49,700 48,000 60,600 47,800 28,800 303,700 17,440 2,590 0 0 1,930 8,500 11,840 44250 49,890 63,630 57,320 33,180 290,600
Irrigation from lake* X 700 400 0 0 0 0 360 4,000 3,570 4,490 3,870 1,190 18,580 676 0 0 14,350 0 184 536 4,580 4,230 4,920 4,370 " 3,990 37,840 3,260 5,300 3,940 3,940 2,330 2,520 2,860 4,430 4,400 4,370 3,970 4,170 45,490
Total outflow 118,300 65,600 196,600 409,300 361,900 306,600 81,400 147,700 117,200 147500 133,400 167,200 | 2,253,000 | 180,800 221,200 143,300 139,400 51,400 53,300 167,600 134,800 133,000 158,700 162,700 118,000 1,664,000 115,400 82,190 130,600 134,300 124,500 53,100 110,300 244,900 179,600 178,400 168,900 136,300 1,659,000
Lake storage! —35600  +48500  +250,700 —57,000 —73,700 —96,100  +111,000 +49,700 +12,700 —44,000 —20200 —72900 | +73,000 | —65900 —71,200 —13,100 0  +54300  +139,900  +37,700 —900 —26,200 —73300 —90,800 —28300 | —137,800 | —17,500  +27,000 +26300  +10,800  +18900  +113,700  +84800  +17,300  —2,700  —94,100  —98,000  —58,900 +27,600
1Gaging station records published by U.S. Geological Survey. 5 Records estimated on basis of U.S. Weather Bureau records at Klamath Falls, Chiloquin, and Fort Kl h, Oreg.
2 Geological Survey gaging station records not published. 6Determined as residual of water-budget equation.
3Records estimated on basis of disch with nearby gaging stations.

4Records furnished by Federal Water Pollution Control Administration.

7Lake evaporation estimated on basis of Pacific Power& Light Co. floating pan inUpper Klamath Lake and U.S. Weather Bureau class A

land pan at Kl

th Falls. T

for marsh area computed using Blaney-Criddle method (Cruff and Thompson, 1967).
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