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PURPOSE AND INTRODUCTION

The purpose of this report is to set forth in a condensed form
the data compiled and conclusions reached by the State Water
Resources Board as the result of an inventory,K study of the
Klamath Basin.

The study was instituted at the request of the Klamath Basin
Water Users Protective Association and was conducted under the
broad guidelines of three major objectives. These objectives
are as follows:

1. Determine the availability of water resources.

2. Update the California Department of Water Resource's
Bulletin No. 83, "Klamath River Basin Investigation"
as it pertains to Oregon.

3. Collect, correlate, and publish existing data.

The Board's investigation, completed July 1971, was conducted
in compliance with ORS 536.300 which states:

""The board shall proceed as rapidly as possible to study:
existing water resources of this state; means and methods
of conserving and augmenting such water resources; existing
and contemplated needs and uses of water for domestic,
municipal, irrigation, power development, industrial,
mining, recreation, wildlife, and fish life uses and for
pollution abatement, all of which are declared to be
beneficial uses, and all other related subjects, including
drainage, reclamation, flood plains and reservoir sites."

The Klamath River Basin Compact, an interstate agreement
between Oregon and California and consented to by the U. S.
Congress, established the Klamath River Compact Commission and
designated it as the official body for establishing the use
and control of the water resources of the Upper Klamath River
Basin. Due to this designation, the State Water Resources
Board does not have authority to formulate an integrated, co-

ordinated water resource program as required in ORS 536.300
(2) which states:

'""Based upon said studies and after an opportunity to be
heard has been given to all other state agencies which
may be concerned, the board shall progressively formulate
an integrated, coordinated program for the use and control
of all the water resources of this state and issue state-
ments thereof."

A summary of the basic data and factors examined in the study

are contained in this report. Detailed information is avail-
able for examination in the files of the Board in Salem, Oregon.
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FINDINGS AND CONCLUSIONS

The total basin yield is adequate on an average annual
basis to supply all presently existing and some contem-
plated needs and uses of water, but some shortages exist
each year in most areas, because of the seasonal and
geographical yield distribution pattern.

The basin's average annual yield, from streams and ground
water, supplies water to irrigate 269,000 acres in the
Oregon portion of the basin, supplies all other consump-
tive uses, and supplies an outflow of 1,205,000 acre-feet
to the Klamath River.

Natural flows are not sufficient in some areas during low
flow months to meet existing or future demands.

Flows at or near the zero level also occur under natural
conditions on some streams having little water under
appropriation.

Major contributions to surface water yields are made
directly from spring flows. Major development of the
ground water resource without proper regulation could
affect these contributions.

Simultaneous use of a major portion of the existing con-
sumptive water rights results in flows at or near the
zero level in many streams during the summer and early
fall months.

Available data indicate that the ground water resource
is of major significance and represents an important
source for ‘domestic, livestock, municipal, irrigation,
and industrial needs, both present and future.

Augmentation of the water supply in periods of need can
come through storage of surplus runoff and through more
efficient use of presently appropriated water.

Further knowledge of the quantity of surface flows is
required. Reestablishment of inactive gages and estab-
lishing stations at new sites is needed to record inflows
to Upper Klamath Lake from its western and northwestern
drainage areas, inflows to Swan Lake, and flows in the
Sprague and Sycan Rivers above Beatty. A program to
establish specific locations should be undertaken.

xii
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FINDINGS AND CONCLUSIONS

General studies of ground water occurrence and yield
capabilities are presently being carried out by the

State Engineer and the U. S. Geological Survey. Detailed
investigations are limited and should be expanded.

The Klamath River Basin Compact between the States of
Oregon and California establishes an agency with respon-
sibility to manage the use and control of the waters of
the basin.

The Compact establishes a priority of use as follows:
domestic and irrigation; recreational use, including

fish and wildlife; industrial use; generation of hydro-
electric power; and other uses as the state may recognize.

The priority of use for irrigation is limited to lands
irrigated at the time of Compact ratification and an
additional 200,000 acres in Oregon and 100,000 acres in
California.

Waters of the Lake of the Woods and tributaries have been
withdrawn from future appropriation by ORS 538.190.

There is an estimated total of 200 cfs allowed for out-
of -basin diversions for irrigation, power, domestic,
and municipal uses. An effort is needed to evaluate if
these rights are being fully utilized.

There are consumptive water rights for 2,878 cfs within
the basin. Irrigation rights account for the greatest
consumptive use with 2,754 cfs. These rights do not
include those rights to use water for irrigation claimed
by the U. S. Bureau of Reclamation.

There are sufficient ground and surface water resources

to supply supplemental water to the presently irrigated
acreage, increase the irrigated acreage within the Klamath
Compact limitation, plus supplying some additional needs
for domestic, municipal, industrial, and recreation uses.

Water for increased domestic supply probably will be sup-
plied by ground water sources.

Of the total water consumption in the basin, irrigation
use consumes about 98 percent.
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FINDINGS AND CONCLUSIONS

Most of the presently irrigated lands have an adequate
water supply during the June through September portion
of the irrigation season in average water years and
experience some shortages in critically low water years.

Pollution of ground and surface water is a problem in
the basin and is due, to a large extent, to natural causes.

Summer flows recommended by the Oregon State Game Com-
mission are in excess of available flows on some of the
Klamath Basin stream systems.

To satisfy documented fish life needs in lower basin
streams would require approximately 250,000 acre-feet
of annual outflow from the basin.

Priority of use established by the Compact and the avail-
able water resource may prohibit the Commission from
restricting further appropriation of natural streamflow
to protect fish and wildlife. A few streams would be
benefited by such restrictions.

Further studies are needed as to possible means of fur-
nishing flow requirements for production and rearing of
fish life.

Waterfowl habitat will continue to be an important user
of water in the basin. Conservation of the basin's
natural lakes and marshes would help protect fish life
and waterfowl habitat, and would increase recreational
potential.

Competition for water exists among irrigation, recreation,
pollution abatement, and fish and wildlife uses.

Flooding and streambank erosion are serious local problems
on about 68,000 acres of valley land and where the streams
pass through urban areas. Erosion is a major problem on
about 70 percent of the land in the basin.

Flood damage benefits are not great enough to justify
large single-purpose structures.

Small reservoirs on important tributaries could reduce

local flooding and erosion and provide late season water
for irrigation, livestock, and fish life.
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FINDINGS AND CONCLUSIONS

The surface water supply as now developed is inadequate
in some areas to provide enough water for the basin needs.
Therefore, coordinated development of ground and surface.
water supplies is essential for total development of the
basin within the Klamath Compact limitations.

There are few feasible potential reservoir sites in the
major watersheds. -

There are over 980,000 acres of mapped irrigable land
within the basin.

Further agricultural development throughout the basin is
limited to a certain extent by climatic conditions.

To accomplish irrigation development up to the limit of
the Compact, regulation of the annual yield will be
necessary.

Utilization of available ground water for additional
irrigation development may allow management of unappro-
priated surface water for uses with an inferior priority.

The Klamath Basin Compact Commission should undertake a
multipurpose basin planning program. There is need to
coordinate individual project plans into basinwide plans.

Feasibility studies of future development in the basin
either for large reclamation projects or for waterfowl
enhancement projects should include objective analysis
of land quality, water supply, climatic conditionms,
economic returns, and impacts on wildlife habitat.
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KLAMATH BASIN

PART 1 THE BASIN

NATURAL FEATURES

Location and Description

The Klamath Drainage Basin is located in south central Oregon
and northwestern California. This report is concerned with
the area upstream of the point where the Klamath River passes
from Oregon into California as shown in Figure 1 with study
areas tabulated in Table 1.

TABLE 1

KLAMATH BASIN AREAS

STUDY AREA ACRES SQUAFE MILES
le  Willismson River 950,900 1,485.8
2. Spregue River 1,013,400 1,583.4
3a. Wood River 208,600 325.9
3b. Upper Klamath Lake 256,400 400.6
4a. Swen Iske 84,700 132.3
4be & co Lost River Eg:ggon pgrtio:z. 755,500 1,180.5
ifornia portion) 1,092,100 1,706 4
5. Klamth River iOregon portion) 363,600 568.1
California portion) 396,700 619.8
TOTAL 55121,900 8,002.8

Data Source: Klamath River Basin C cty California Department of Water Rescurces
Bulletin No. 83, USDA, SCS River Besin Survey Staff, State Water
Resources Boarde

This drainage area, essentially as defined by the Klamath
River Compact, also includes two closed basins contiguous to
the natural drainage basin of the Klamath River. These closed
basins are the Lost River drainage in the eastern extremity
and the Meiss Lake drainage in the southwestern section of the
basin. The portion of the basin in Oregon, as delineated by
the State Water Resources Board, measures about 85 miles from
north to south and averages about 70 miles from east to west.
The basin in Oregon, about 3,633,100 acres, encompasses the
major portion of Klamath County and smaller parts of Jackson,
Josephine, and Lake Counties and lies almost entirely within
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THE BASIN

the State of Oregon's eleventh Administrative District. The
California portion of the basin comprises about 1,488,800
acres and encompasses major portions of Modoc and Siskiyou
Counties.

For study purposes the basin has been broken down into five
major study areas as shown in Figure 1 and Table 1. Study
Area 1, Williamson River, is situated in the northern portion
of the basin and forms the major tributary to Upper Klamath
Lake. Study Area 2, Sprague River, forms the northeastern
portion of the basin and is tributary to the Williamson River.
Study Area 3 comprises the drainage into Upper Klamath Lake
along the western side of the basin, which is the eastern
slope of the Cascade Range. Study Area 4 is comprised of the
Lost River and Klamath River drainages above Keno in the south-
eastern portion of the basin. It also encompasses the closed
Swan Lake Basin. In this Study Area lies the Klamath Project,
one of the larger irrigation developments in the State of
Oregon. Study Area 5 is comprised of the area tributary to
the Klamath River downstream from Keno, north of the Oregon-
California state line, and the closed basin of Meiss Lake in
California.

Stream .Systems

Plates 1 and la of the Appendix illustrate the stream systems
and locate all known water features including streams, springs,
lakes, marshes, reservoirs, canals, and major wells.

Crater Lake, lying in the caldera of collapsed Mount Mazama,
is a major water feature of the basin and is the principal
attraction of the only National Park within the State of
Oregon. Located along the crest of the Cascade Range, it has
no visible inlet or outlet. On a long-term basis, precipita-
tion and snowmelt on the crater walls are balanced by seepage
and evaporation from the lake surface. The lake has a surface
area of approximately 13,200 acres.

Upper Klamath Lake, the largest natural lake within the state,
is another outstanding water feature of the basin. It is fed
by both surface water entering from the north and west and
large springs and seeps located in the lake bed.

Upper Klamath Lake receives surface inflows from the Williamson
and Wood Rivers, its major tributaries. The Williamson River
rises in large springs along the toe of Booth Ridge in the
northeasterly portion of the basin. It flows northward for
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some distance before turning to the west and entering Klamath
Marsh. From Klamath Marsh it flows southerly into Upper
Klamath Lake. Between Klamath Marsh and Upper Klamath Lake,
the Williamson has two tributaries that are significant.

The first, Spring Creek, which enters the Williamson above
the town of Chiloquin, exhibits almost constant flow; the
second, Sprague River, joins the Williamson just south of
Chiloquin. .

The Sprague River has its headwaters on the westerly slopes

of Coleman Rim and Gearhart Mountain in the eastern extremity
of the basin. It is joined in the central portions of the
Sprague River Valley by a major tributary, the Sycan River.
The headwaters of the Sycan are on Winter Ridge in the extreme
easterly portion of the basin. The river flows in a north-
westerly direction until it enters Sycan Marsh. From the
marsh it flows southwesterly to its confluence with the
Sprague. The Sprague then flows generally westerly until it
merges with the Williamson River near the town of Chiloquin.

Wood River rises from Wood River Springs. The springs are
located about 17 miles due north of Agency Lake. Wood River
drains into Agency Lake, the shallow, marshy, northerly arm
of Upper Klamath Lake.

Drainage from the easterly slopes of the Cascade Mountains
provides surface inflows on the west side of Upper Klamath
Lake. Within this western drainage, many small high altitude
lakes exist in small natural pockets. One of these, Fourmile
Lake, provides storage for releases into Cascade Canal, one

of two systems that export water from the Klamath Basin for
use in the Rogue Basin to the west. The other system utilizes
water from Howard Prairie Lake and transfers it via the Howard
Prairie Canal to the Rogue Basin.

Prior to modification by man, the outlet of Upper Klamath Lake
was over a basalt dike located at the extreme southern end of
the lake. This dike, which formed natural falls, is the head-
waters of a short stream, Link River. Link River discharges
into Lake Ewauna, which during peak floods overflowed into
Lower Klamath Lake. ;

Historically, flood overflows from Lake Ewauna fed this large
natural marsh known as Lower Klamath Lake. The area inundated
extended from Klamath River into California and covered approx--
imately 94,000 acres, as indicated on an old 1905 map. It was
in this old lake bed that some of the early private irrigation
development occurred. The area in Oregon has now been almost
entirely reclaimed for agricultural purposes.
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As the Klamath River leaves Lake Ewauna, it flows in a
generally southerly and westerly direction. Near Keno the
stream narrows and enters a precipitous gorge from which it
enters John C. Boyle Reservoir, a facility of Pacific Power
and Light Company. After release through a power generation
facility, it leaves the state, flowing in a southwesterly
direction for about 208 miles where it reaches its estuary
at the town of Klamath, California.

The Lost River drainage east and south of the city of Klamath
Falls includes areas both in Oregon and California and con-
stitutes a naturally closed basin. The river originates at
the outlet of Clear Lake, which is located in Modoc County in
northeastern California. Clear Lake receives inflows from
Willow Creek, which drains the southeasterly portion of the
basin. Upon leaving Clear Lake, Lost River flows northerly
for some distance into Oregon through Langell Valley. In the
central part of the valley, flows from Miller Creek enter from
the east, after regulation in Gerber Reservoir. Near the town
of Bonanza, the river turns to the west. In this area large
springs contribute substantial inflows to the shallow, sluggish
stream. Upon flowing through Olene Gap, some 10 miles east of
Klamath Falls, the river turns to the southeast, flowing
through the Klamath Valley and eventually discharging into
Tule Lake, which is located in Modoc and Siskiyou Counties in
California. Historically, Tule Lake was a large natural sump,
which at times reached a water surface of about 90,000 acres.
At this extreme the lake covered the sites of the existing
towns of Tulelake, California and Malin, Oregon. During
periods of high runoff, flows from Lost River would raise Tule
Lake to it$ highest elevation. The lake would then slowly
recede during the summer and fall months due to evaporation.
During construction of the Klamath Project, one of the first
facilities built was a diversion canal connecting the Lost

and Klamath Rivers, which provided for diversion of Lost

River flood flows into Klamath River, thus allowing the recla-
mation of the bed of Tule Lake. Tule Lake Tunnel was also
constructed between Tule Lake and Lower Klamath Lake so that
excess water could be pumped to Lower Klamath Lake and
ultimately to the Klamath River.

In the southwest portion of the basin, lies the naturally
closed basin of Meiss Lake, fed by Butte Creek. This inter-
mittent creek has its headwaters in the northerly slopes of
Horse Ridge and flows northerly into Butte Valley, in which
the towns of Doris and Macdoel are located. Historically,
the lake had no outlet, relying on summer evaporation to dis-
pose of flood flows entering the 1lake.
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Topography

The Klamath-Siskiyou section of the Pacific Border province,
the Cascade Mountains province, and the Basin and Range

province make up the physiographic units forming the Klamath
Drainage Basin. :

The Klamath-Siskiyou section physiographic unit, forming the
extreme southwest corner of the basin, is noted for its rugged
steep slopes, deeply dissected canyons, and turbulent streams.
Mount Ashland, 7,533 feet above sea level, is the highest
elevation in the unit and has been developed into one of the
most spectacular skiing areas in the state. The entire unit
is heavily timbered, principally with fir. The lower valleys
have been developed for a variety of agriculture.

The Cascade Mountains physiographic province, comprising most
of the western boundary of the basin, is made up of the Western
and High Cascades units. The province is characterized by
snow-capped volcanic peaks, rough steep slopes, and a heavy
growth of high-grade timber, predominantly pine on the lower
levels and fir on the higher elevations. Numerous small
streams and springs contribute large quantities of crystal
clear water to surface flows in this province.

World-renowned Crater Lake, lying in the caldera of a volcano
on the crest of the High Cascades unit, is unique for its
depth, deep blue color, high precipitous walls, size, and
scenic grandeur. It is one of the most spectacular topographic
features in Oregon. The lake is 4% to 6 miles in diameter and
1,932 feet deep, making it the deepest lake in the United
States. The caldera was created approximately 6,600 years ago
by the collapse of an erupting volcano, now named Mount

Mazama, which geologists estimate to have been nearly 12,500
feet high.

The Basin and Range province, comprising the majority of the
basin area, has a variety of terrain formed by block faulting
of large land masses and differential erosion. Extensive
pumice plains and marshlands occur in the northern and western
parts of the basin. The uplands and broad flat valleys in the
central area support pine timber in the higher elevations.
Lower elevation valleys in the northern portion of the basin
are generally devoid of timber and are covered with native
grasses and sagebrush where not under agricultural development.
The eastern portion of the basin is mountainous and well
timbered with both pine and fir. The low-1ying flat southern
portion is under intensive agricultural development. Those
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areas in the southern portion not under agricultural develop-
ment are generally covered with native grasses and are used
primarily for pasturelands.

This province is also characterized by parallel fault-formed
mountains and valleys, generally trending northwesterly. .
Steeply dipping cliffs and scarps front the many tilted fault-
block mountains, some of which have vertical displacements of
more than 1,400 feet. One of these scarps, located south of
Algoma adjacent to U. S. Highway 97, forms Oregon's longest
exposed slickenside, a polished and striated fault surface.

Drainage is poor in the flat-lying valleys, as evidenced by the
meandering courses of three of the four major river systems.

Valley floor elevations range from the 5,000-foot elevation
Sycan Marsh area in the northern portion of the basin to the
4,030-foot Tule Lake Sump area in the south. Maximum peak
elevation on the eastern border is 8,364-foot Gearhart

Mountain, whereas 9,495-foot Mount McLoughlin, highest peak

in the basin, crests the western border formed by the Cascade
Range. Maximum relief in the basin is approximately 6,745 feet,
ranging from Mount McLoughlin to about 2,750 feet elevation
where the Klamath River leaves the basin at the Oregon-
California boundary, 25 miles southwest of Klamath Falls.

Climate

The climate of the Klamath Drainage Basin is generally charac-
terized by relatively dry summers with high temperatures and
wet winters with moderate to low temperatures. The geograph-
ical differences of the Klamath Drainage Basin contribute to

a large variety of climatic conditions. Annual precipitation
and native vegetation indicate the climate is semiarid.

This subject is covered more extensively under the section
titled Climatology in Part II of this report.

CULTURAL DEVELOPMENT

History

The history and settlement of the Klamath Basin typifies the
settlement of the American West. First, came trappers and
explorers followed by more formal military exploration
parties, which led to later settlement by immigrants. The
Applegate Trail, the southern route to Oregon, crossed the
basin and traffic was heavy. In the early 19th Century
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the basin was within the area in dispute between Spain and
the United States concerning the northern boundary of the
Spanish claim. The resulting negotiated settlement estab-
lished a boundary at 42 degrees latitude. The present state
line between Oregon and California was surveyed and estab-
lished in the 1850's. _ '

In the early 1820's Hudsons Bay Company trappers, led by Peter
Skene Ogden in particular, traveled through the area trapping
and exploring. These early parties named two mountain peaks,
Mount McLoughlin and Mount Shasta, which still carry those
names. In the 1840's General John C. Fremont made two expe-
ditions through the basin. The second occurred in May of
1846. He and his party traveled up the western side of Upper
Klamath Lake looking for a wagon pass through the Cascades.

Again in 1846 a party led by Levi Scott and including the
Applegate brothers laid out a trail from Oregon to the east
passing through the Klamath Lake country over to Goose Lake
and through Nevada's northwest corner. This was to become
the Applegate Trail, the southern route to Oregon.

Early in the 1850's the first agricultural use was made of
the basin when Wallace Baldwin pastured 50 head of horses in
the lower Klamath country. It was not until 1866, however,
that the first permanent settler, Wendelin Nuss, arrived.
Very shortly thereafter, Orson Stearns, the first homesteader,
arrived. He was followed by Steven Stukel. Prior to this
time, in the middle 1850's, a military survey party involved
in the Pacific Railroad survey under the command of Lieuten-
ants Williamson and Abbot, with a military escort led by
Lieutenant Phil Sheridan, passed through the Klamath Basin
exploring for a railroad route from the Sacramento Valley to
the Columbia River. The report prepared at the conclusion of
this journey has recently come into a measure of importance
due to the references it contains concerning the potability
of water in Upper Klamath Lake.

The 1870's saw the first water rights for irrigation estab-
lished in the basin. These were for irrigation of lands in
Swan Lake Valley, filed by Lucien Applegate, and for irriga-
tion of lands along Lost River, filed by Silas Kilgore.

This decade also saw the advent of the Modoc Indian war.
Even today, along the northern boundary of the Lava Beds
National Monument, the siege ground may be visited with
essentially little change having occurred since the battle
raged.
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In 1867 George Nurse, a storekeeper at Fort Klamath, saw
commercial possibilities in the area and established a store
and ferry at the base of Klamath Falls, which grew into the
first town in the basin, Linkville. Some ten years later

the Linkville Ditch Company was in operation de11ver1ng water
for irrigation of town lots.

Some time prior to this, water rights had been established
for irrigation along the Sprague River. The Moore Ditch,
which ran down Link River for the purpose of powering a saw-
mill, also had been constructed. The decade of the 1880's
saw the construction of the Van Brimmer Ditch and the begin-
ning of irrigation development in the Wood River Valley.
About 1886, 4,000 acres were under irrigation near Merrill,
being served by the Van Brimmer Ditch, which was soon to be
extended via the Adams Canal to irrigate additional lands
farther east. About 1892 the Moore Ditch was enlarged for
irrigation of additional town lots, and it was within this
decade that Linkville was renamed Klamath Falls.

In 1902 passage of the Reclamation Act foretold a development,
which through the years, has become significant not only to
the Klamath Basin but also the States of Oregon and California.
About a year after passage of the Act, a reconnaissance survey
was conducted in the basin by Messrs. Whistler and Green,
engineers from the U. S. Reclamation Service. About this time
the construction of the Modoc Point Irrigation System was
begun; and a general investigation of that area was conducted
by T. H. Humphreys, also of the U. S. Reclamation Service.

The Klamath Water Users Association was formed in 1905, the
same year that approval of the Klamath Project was received
from the Secretary of the Interior. This year was of further
significance because Oregon, by Legislative action for the
purpose of irrigation and reclamation, authorized the United
States to (1) lower the water level of Upper Klamath Lake,

(2) lower and drain Lower Klamath Lake and Tule Lake in
Klamath County, (3) use the beds of said lakes for storage,
and (4) ceded to the United States any lands uncovered by the
lowering or drainage of said lakes. Also in this year the
first contract was awarded for the construction of "A'" canal.

In 1907 the Southern Pacific Railroad in reaching Klamath
Falls constructed a railroad embankment between the Klamath
River and Lower Klamath Lake. At this time the U. S.
Reclamation Service had structures installed in the embank-
ment at the Klamath Straits crossing so that the Klamath
River overflow into the Lower Klamath Lake area could be
controlled. The structures were installed by the railroad
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company and are maintained and operated by the Bureau of
Reclamation.

In 1908 Executive Order Number 924, by Theodore Roosevelt,
established the Klamath Lake Reservation upon lands in the
Lower Klamath Lake area, subject to the provisions of the
Reclamation Act. This was the first national wildlife refuge
established for waterfowl in the nation. This action initi-
ated recognition of this important natural resource, which is
presently protected by five national wildlife refuges within
the Klamath Basin, four of which are superimposed upon lands
under the primary jurisdiction of the Bureau of Reclamation.
In 1964 Public Law 88-567 stabilized the ownership, adminis-
tration, and management of these four refuges.

On September 11, 1957; the Klamath River Basin Compact between
the states of Oregon and California became effective. This
followed ratification by both states in April of 1957 and
Congressional consent in August 1957. The document is unique
in Oregon and establishes the administrative framework under
which future development of the water resources of the basin
may be carried out.

The significant impact of development is illustrated in
Figure 2, which shows the basin in about its natural state
and the rearrangement of lake and water surface features as
they are today.

Population

The population of the area encompassed by the Klamath River
Basin Compact amounted to nearly 54,100 people in 1960. Of
this amount a little over 88 percent or nearly 47,800 people
resided in Klamath County in Oregon. The remainder, about
6,300, resided in Modoc and Siskiyou Counties in California.
The major urban center within the Compact boundary is the
city of Klamath Falls, whose 1960 population amounted to
almost 17,000 people.

Tables 2 and 3 show tabulations of historical growth and pre-

. sent data obtained from various projections cited in appropriate
locations. Within the basin the most rapid growth occurred

from 1910 through 1930, during the period when development of
the Klamath Project was under way. A like but less significant
growth rate occurred in the Project portion of Siskiyou County.
The portion of Modoc County within the Compact boundary has
exhibited a slow but relatively steady rate of growth through-
out the recorded census period.

10
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TABIE 2

KILAMATH COUNTY POPULATION

YEAR | KLAMATH CO.
1880 .
1890 Yy
1900 5,106
1910 8,553
1920 11,413
1930 32,407
1940 40,497
1950 42,150
1960 47,475
1965 48,100
1968 49,100

KLAMATH FAILS | BOWANZA | CHIIOQUIN | MALIN | MERRILL
250 L 3 - .
264 - - - -
447 E; B - :

2,758 . & - -

4,801 77 % - 237
16,093 141 481 215 306
16,497 233 741 535 648
15,875 259 668 592 835
16,949 297 945 568 804
17,600 287 910 560 848
18,200 250 890 570 850

*Population of Indian Reservations not emmerated prior to 1890.
Klamath Falls figures do not include the suburb of Altamont.

Data Source?

Ue Se Buresu of Census, University of Oregon, Bureau of Municipal
Renzegrc.h, Portland State College, Center for Population Research
a ensus.

TABIE 3

PROJECTED POPULATION

TABLE 4

PROJECTED POPULATIONS

KLAMATH BASIN ACTUAL | PROJECTED
IN OREGON 1960 1980 AREA oy 0 2020
. Klamath Basin 57,900 | 64,800 78,300
Total Population 46,780 | 57,900 Modoe County 1,800 | 3,700 | 63500
Uebet Eiatien i b Sislkiyou County 3/ | 4,900 | 8,800 | 17,800
Percen » 604 7
Percen s | 2o TOTAL 64,600 | 77,300 | 103,000
Rural Population 16,703 | 20,400 1/ State Water Resources Board's Oregon's
. Range Requirements for Water, Appenidx III,
Major Urban Places Selocted Major Waer Using Tafusbrd
Rloneth Falls Avea®| 27,760 | 34,700 Popuistion Degjecisens, 1oeo o ries and
Other Communities 2/ Pacific Southwest Intera Committee
Chiloguin 945 | 1,090 Z California Region, Comprenersive Framewerk
Malin 568 620 Study, Appendix IV, Economic Base and
Merrill 804 1,090 Projections, Advanced Prelimirery Field
Dra%t, 1970
*Includes Klamath Falls and Altamont. 3/ Ibig. adjusged to area of county included
. in Compact boundary on basis of tions
Data Source: Ue Se Buresu of Census, State contained in Caligrnia Departmenpgp‘;%‘BWater
Water Resources Boardo Resources Bulletin Noes 83,

12
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Projections of future population, Table 4 and Figure 3, indi-
cate that within 50 years the population of Klamath County

80,000
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70.000

60,000

50,000

40,000

POPULATION

30,000

20,000

10,000

fo) ]
2
o

1800 |

o]
a
@

DATA SOURCES .
1890-1960 - U.S. Burecu of Census
1980-2020— Oregon's Long-Range Requirements for Water, SWRB 1969
California Region Comprehensive Framework Study 1970 (Draft)

FIGURE 3. Historic and Projected Populations of
Klamath Basin Compact Area.

will increase more than one and one-half times to over 78,000
people. The portion of this population allocated to the
Klamath Falls area (Klamath Falls and Altamont) amounts to
50,100. Projection data for Modoc and Siskiyou Counties,
obtained from the ongoing California Region studies, indicate
a population of 6,900 people in Modoc County and 17,800 people
in Siskiyou County. These projections are for those portions
of the counties within the Compact boundaries. The total
population for the year 2020 within the area encompassed by
the Klamath Compact would amount to about 103,000 people,
almost double today's level.

The levels of population in 1957, the year of the Compact
ratification, were derived by straight-line interpolation for
the various governmental components of the area. Based on
this estimate, the 1957 population of the entire area was
52,450. The estimate indicated 45,900 people residing in

13
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Oregon and the remainder in the California portion, with 2,775
in Modoc County and 3,775 in Siskiyou County.

Transportation

The populated areas of the Klamath Basin are readily accessible
by a variety of transportation facilities. The basin's metro-

politan areas are served by a network of primary and secondary

roads, rail, and air facilities.

The basin is crossed from north to south by U. S. Highway 97,
providing Klamath Falls and Chiloquin with access to points
outside the basin. Oregon State Highway 140 crosses the basin
from west to east and provides the city of Klamath Falls along
with the communities of Olene, Dairy, and Beatty, egress out-
side the basin. Oregon State Highway 39 connects Klamath
Falls, Merrill, and Malin with Tulelake and Alturas to the
southeast.

Railroad service by the Southern Pacific and Great Northern
Railway Companies serves the larger cities of the basin with
connections for transcontinental service. Regular bus and
truck freight service is available to all larger and most
smaller communities.

Klamath Falls is the only city in the basin served by a
scheduled airline. The airport, Kingsley Field, is operated
jointly by the city of Klamath Falls and the Air Force.
Numerous other airports accommodate small private aircraft
and governmental air traffic to the outlying communities.

Telephone service is provided primarily by Pacific Northwest
Bell throughout the basin.

Land Use and Ownership

Due to the complexity and lack of current data on land use

and ownership in the California section of the Klamath Basin,
only that portion of the basin lying within Oregon will be
discussed in this section. The Oregon section of the basin
contains approximately 3,633,100 acres. The largest landowner
is the Federal government, which owns 1,830,500 acres or
approximately 50 percent of the Oregon portion of the Klamath
Basin. Private, municipal, county, and state ownerships
amount to 1,661,100 acres or approximately 46 percent of the
Oregon portion of the basin. The balance, approximately 4

14
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percent, is made up of Indian Trust lands.

Approximately 273,600 acres of the federally-owned lands are
public domain, which are administered by the Bureau of Land
Management. About 1,417,600 acres are included in the Fremont,
Winema, Deschutes, Rogue River, and Klamath National Forests.
Other Federal ownerships include the Bureau of Reclamation

and the Department of Defense. About 141,500 acres are Indian
Trust lands managed by the U. S. National Bank of Portland.

Table 5 shows the status of land use and ownership broken
into four major categories. These categories are range and

TABIE S

LAND USE AND OWNERSHIP
KLAMATH BASIN, OREGON, 1970
Acres

USE
ONNER PERCENT OF
TOTAL BASIN
apd
Pasture Crop Forest Other Total
FEDERAL
Forest Service 769100 - 1,332,500 | 9,000 1,417,688;/ 39
Bureau of Land Management 102,400 - 170,800 400 27346 7
Other Federal - 29700 734200 | 63,400 138, 3 _/ 4
Subtotal 178,500 2,700 | 1,576,500 | 72,800 | 1,830,500 50
INDIAN TRUST 74200 29300 131,900 100 141,500 4
STATE, COUNTY, MUNICIPAL 373,100 | 296,500 | 428,000 | 123,500 | 1,221,100¢/ 7
and OTHER
LARGE TIMBER INDUSTRY 16,000 - 421,800 24200 440,000 12
TOTAL 574,800 | 301,500 | 2,558,200 | 198,600 | 3,633,100 100
Percent of Basin 16 8 71 5 100

a/ Includes O and C landse

y Includes Bureau of Sports Fisheries and Wildlife, National Park Service, Buresu of
Reclamation and U. Se¢ Air Force.

g/ Includes state administered lands on Klamath and Agency ILakes and small private landse
Data Source: USDA, SCS River Basin Survey Staff.

pasture, crops, forest, and other. The other category includes
lands which are unsuitable or unavailable for use within the
other three categories. Examples are urban lands, roadways,

15
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and open water areas. As can be seen in this table, the
largest portion of land use is made up of forest land, which
comprises approximately 71 percent of the basin in Oregon.
These are lands that are forested to an extent of at least
10 percent or lands from which timber has been harvested.

The next largest category of land use is the range and

pasture category. This category includes primarily those
areas of grassland or other long-term forage that have less
than 10 percent timber coverage. Although the basin sustains
an agricultural industry, the total cropland within the Oregon
portion of the basin amounts to only 8 percent of the basin
area, with the remaining 5 percent made up of other uses.

Figure 4 is a generalized land use map. It should be noted
on this figure that the other lands category not only com-
prises those gray areas shown but also the white open-water
areas.

ECONOMY AND RELATED NATURAL RESOURCES

General

The two most important contributors to the economy of the
Klamath Basin traditionally have been the agricultural and
the timber industries. However, the recreational industry

is the fastest growing industrial enterprise within the basin
and may soon become one of the major contributors to the
economy of the basin. Other types of economic activity
include the various retail and wholesale trades, service
trades, and nonwood products manufacturing to a limited
extent.

There were approximately 530 retail establishments in Klamath
County in 1967. Of these, 118 were classified as eating and
drinking places. Although the total number of retail estab-
lishments decreased by approximately 5 percent during the
9-year period from 1958 to 1967, the gross value of sales for
the retail trades increased by about 24 percent.

Manufacturing can be considered one of the major sources of
economic activity in the basin, due to its relation to the
timber industry. Fifty-eight firms were classified as manu-
facturing establishments in 1968. The largest single category,
25 firms, dealt with wood products processing. The mineral
processing industry in the Klamath Basin is minor and is
limited to the extraction of sand, gravel, stone, and pumice,
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which is used primarily in the building and construction
trades.

Census data indicates that the total employment in Klamath

County for 1968 was 19,000 people. As can be seen from
Table 6, the largest single employer in the basin is the

TABIE 6

KIAMATH COUNTY EMPLOYMENT

1958 1963 1968
INDUSTRY
NUMBER % of NUMBER % OF NUMBER % OF
EVPIOYED TCTAL EMPLOYED TOTAL RVPLCYED TOTAL
Lumber and wood troducts 34360 19 24680 17 34440 18
mmfscturing
Cther mymfacturing 570 3 390 2 380 2
Contract construction 1,050 6 370 2 400 2
‘rancrortation 1,580 9 1,460 9 1,530 8
Wholesale und retail trades 24670 15 24880 18 - 34230 17
Service, selfeemrloyed, snd 4,370 25 4,620 28 5,090 27
eiscellupeous a
Government 1,910 11 24240 14 3,210 17
TCTAL 17,540 100 16,260 100 19,000 100

g/ Includes unpaid and domestice
Data Source: USDA, SCS River Basin Survey Staff.

lumber and wood products manufacturing industry. Of the

19,000 people employed in 1968, approximately 18 percent were
employed by lumber and wood products manufacturing. The next
two largest employers were wholesale and retail trades with
approximately 17 percent and various government agencies,
federal, state, county, and municipal with another 17 percent.
Although the agricultural industry is one of the major contrib-
utors to the economy of the basin, it employs only 9 percent

of the work force.

As shown in Table 6, employment in Klamath County increased
from 17,540 people in 1958 to 19,000 people in 1968. During
this same period from 1958 to 1968, unemployment varied from
a high of 7.4 percent in 1961 to a low of 4.7 percent in
1968. Unemployment in the county not only varies from year
to year but varies from month to month within the year.

Unemployment has reached as high as 10 percent during the
months of January, February, and March and averages around

18
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4 to 5 percent during the months of September and October.
The lower unemployment rates in the summer months are due
to the seasonal characteristics of the lumber and agricul-
tural industries.

Median family income within Klamath County for 1960 was _
$5,922, exceeding median family income in both Oregon and
United States. The value within Oregon for 1960 was $5,892
and was $5,660 for the entire United States.

The Timber Industry

The economic potential of the timber resource of Klamath
County was first evidenced in 1863, with the building of
the first sawmill at Fort Klamath. Today, approximately
350 million board feet of lumber is processed annually
within the basin.

Table 7 shows the available commercial forest acreage within

TABLE 7
COMMERCIAL FOREST IAND
1968
MILIED IN
AVATLABIE BASIN
OMER
% of MW % of

Acres Total Board Feet Total
Us S¢ Forest Service 1,125,300 82 108.0 29
Buresu of Iand Mapagement 744100 3 30.8 8
National Park Service - -
Trust 131,900 4] 3040
Forest Industry 421,800 20 113.0 30
State 24,000 2 10.0 %/ 3
Other 363,800 17 80.0 I/ 22

TOTAL 29150,900 100 371.8 100

y Estimated from USDA records.
Data Source: USDA, SCS River Basin Survey Staff.

the Oregon portion of the basin. Most of the commercial
forest land in the basin is managed under a sustained yield
program. Approximately 2,151,000 acres are classified as
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available commercial forest land, consisting primarily of
ponderosa and sugar pine. Other species classified as com-
mercial forest include Douglas-Fir, lodgepole pine, incense
cedar, western larch, shasta fir, true fir, mountain hemlock,
and Englemann Spruce. As can be seen from Table 7, approxi- -
mately 52 percent of the available commercial timber within
the basin is managed by the U. S. Forest Service. The U. S.
Bureau of Land Management, the Forest Industry, the State,
and Indian Trust lands constitute most of the remaining
ownership. Unavailable commercial forest land, lands dedi-
cated by Congressional action to recreation and wildlife
uses, totals 142,600 acres of which 56,600 acres are managed
by the National Park Service.

There are 10 lumber processing mills within the basin with

a capacity of 380 million board feet. Peak production
occurred during 1941 in which there was a total of 808.6
million board feet processed within the basin boundaries.

At that time there were 22 lumber processing mills in the
basin. The recent trend has been toward larger mills with
greater processing capacity. Approximately 90 percent of the
timber cut in the basin is milled into lumber and plywood,
and the remaining 10 percent is processed for plywood core
stock and box shook.

The total annual cut within the basin in 1968 was 398.5
million board feet. This total annual cut has been on an
increasing trend in
recent years from a low
of 182 million board
DPCRTS feet in 1957. Table 7
TDBE%S shows the distribution
of the total annual cut
milled within the basin

TABIE 8

ONNER M{ BOARD FEET for the year 1968. The
largest portion cut was

Oregon harvested from privately
Fremant National Forest 33.2 owned land. In addition

i forni to the 371.8 million

Califi .

T - board feet cut and milled
et L L 250 within the basin in 1968,
Private Owpership - 12.0 an additional 57.7 mil-

lion board feet was
TOTAL - 8442 ; ,
shipped outside the

Deta Source: USDA, SCS River Basin Survey Staff. basin boundaries for

milling.

Table 8 shows the total annual amount imported into the basin
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for processing in 1968. The majority of this timber was cut
from the Modoc and Klamath National Forests and private lands
in California.

Using 18 sample sales within the national forest boundary,
the average stumpage value of timber cut was $20.22 per-
thousand board feet as compared to the milled lumber value
of the 18 sample sales of $95.05 per thousand board feet.

If these rates were applied to the 1968 level of production
within the basin, the 371.8 million board feet would produce
approximately $7,518,000 at stumpage value and approximately
$35,340,000 for the milled lumber value.

Agriculture

Within Klamath County approximately 270,000 acres of privately
owned land is utilized for production of agricultural products,
using various methods of irrigation. In 1964, 86 percent of
total cropland harvested was irrigated, compared to 78 percent
ten years earlier. Types of crops include potatoes, grains,
peas, grass and legume seed, alfalfa hay, grass hay, and
pasture.

In 1945 there were 1,421 farms in Klamath County that averaged
slightly in excess of 980 acres in size. By 1959 the number
of farms had declined to 1,089 but had increased in average
size to 1,390 acres. Most recent census data indicate that
there are approximately 1,072 farms averaging in excess of
1,450 acres in size. Included in the number of farms are 98
farms that are less than 10 acres in area and 101 farms that
are in excess of 2,000 acres.

In 1964 of the 1,072 farms classified within Klamath County,

48 percent were classed as general, which includes all farms
not specializing in any particular crop or livestock operation.
Eighteen percent were classed as specialized farms, which is
any farm specializing in the production of a single crop such
as potatoes, hay, or cash grains; and the remaining 34 percent
were classed as predominately livestock operations, including
cattle, sheep, dairy products, and poultry.

Table 9 indicates the tenure of farms in Klamath County for

the period of 1954, 1959, and 1964. This table indicates 61
percent of the total farms within Klamath County were operated
by the owner in 1964. This percentage has decreased from 1954,
when 65 percent of the farms were owner operated. During the
same period the percentage of part owners increased from 25
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to 29 percent of total number of operators. It can also be

TABLE 9

NUMEER OF FARMS

KILAMATH COUNTY
NUMBER

1954 1959 1964

Fually Owned 839 701 657
Part{y Ovmed 330 290 316
Meraged 7 8 13
Tenant Fermed 121 90 86
TOTAL 1,297 1,089 1,072

-Data Source: USDA, SCS River Basin Survey Staff.
seen from this table that tenant farmers make up only 8 per-
cent of all operators.

Table 10 shows the average value of land and facilities per
farm and per acre within Klamath County for the years 1949,

TABIE 10

VAIUE OF IAND AND BUILDINGS

KTAMATH COUNTY
Dollaers

STATE AND COUNTY 1949 1954 1859 1964
Average Per Farm

Klamath County 35,977 62,910 £8,625 108,113
Average Per Acre

Klamath County 54 59 76 106

Oregon 62 76 87 115

Deta Source: USDA, SCS River Basin Survey Staff.

1954, 1959, and 1964. The average value of land and facilities
per farm has been consistently higher in Klamath County than
the average for the state, although the value per acre has been
lower than the statewide average. This is due to the many
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large cow-calf operations that are typical within the basin.
This table also shows that total value per farm has increased
200.5 percent from 1949 to 1964, whereas the total per acre
value has increased 96 percent.

Table 11 shows the major crops grown in the Klamath Basin:
alfalfa and other hay crops, potatoes, and small grains.

TABLE 11
ACHEAGE HARVESTED
KLAMATH COUNTY
Acres
PERCENT
CROP
1954 1959 1964 1964
Small Grains
Whaet 12 &2 7,836 6,930 4-1
Barley 54,253 46,530 31,613 18.7
Oats 22,463 30,012 26,4219 15.5
Rye and other grains 4,692 1,7% 3,751 22
Subtotal 104,330 86,084 68,513
Xi alte 29,420 22,471 45,511 26.9
Clover 4,237 8,057 8,734 5e2
Oats, wheat, barley, 11,923 11,521 14,930 8.8
and other grains
Wild hay 24,128 18,610 15,439 9.1
Other hay 4,479 3,765 4,132 24
Subtotal 74,187 74,4424 88,746
Silage Crops 1,913 790 981 6
Seed Crops af 69755 5,953 1,548 o9
Potatoes 10,998 8,032 9,275 5.5
Miscellaneous Crops b/ 243 41 207 el
Subtotal 19,909 14,816 12,011
TOTAL 198,426 175,324 169,270 100

2/ Grass and hay seedse.
y Includes vegetables, berries, orchards, and other cropse
Data Source: USDA, SCS River Basin Survey Staff.

Approximately 27 percent of the total cropland harvested in
1964 was devoted to the production of alfalfa. The next two
largest crops were barley and oats, which consisted of approx-
imately 19 and 16 percent of the total croplands, respectively.
Clover hay, small grains, and wild and other hay were grown
on approximately 25 percent of the total harvested cropland.
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TABIE 12
MAJOR CROP PRODUCTION
KLAMATH COUNTY
Thousands
CROP UNIT 1954 1959 1964 1968
Small Grains
VWheat Bushel 272 167 239 360
Barley " 2,097 1,926 1,888 25121
Cats " 888 1,558 1,633 1,404
TOTAL 39257 3,651 3,760 3,885
Hay
Alfalfs Ton a5 111 163 NA
Clover " 6 14 15 "
Small grains N 14 15 25 "
Wild hay " 25 17 18 "
Other hay " 5 4 7 "
TOTAL " 145 161 228
Silage Ton 64765 5,971 5,664 NA
Potatoes CWT 2,171 24255 1,954 24856
Data Source: USDA, SCS River Basin Survey Staff.
TABIE 13
AVERAGE MAJOR CROP YIEIDS PER ACRE
KLAMATH COUNTY
CROP UNIT 1954 1959 1964 1968
Small Grains
Wheat Bushel 21 21 H 40
Barley . 39 41 60 53
Oats " 27 52 62 54
Hay
Alfalfa Ton 32 3k 346 NA
Clover o 1.4 1.7 1.8 "
Small grains " 1.2 1.3 1.6 -
Wild hay " 1.0 0.9 1.2 "
Other hay Py 1.2 1.6 548 -
Silage Ton 365 746 5.8 "
Potatoes owr 197 281 211 280

Data Source: USDA, SCS River Basin Survey Staff.
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Potato production utilized only 6 percent of the total crop-
lands as of 1964. A trend in the basin in crop production

in recent years has been to decrease acreages of small grains
and to increase production of alfalfa.

Total production of the major crops grown in Klamath County

is shown in Table 12. Increases in production have occurred
in all the small grains and potatoes from 1954 through 1968
and in most hay crops from 1954 to 1964. Table 13 shows the
average unit yields of all major crops, indicating significant
increases in all crops in recent years. Yields in wheat and
oats increased about 90 and 100 percent respectively from

1954 through 1968. During the same period, potato yields have
increased approximately 42 percent.

Table 14 shows the total value of sales of the major crops
grown within Klamath County. As can be seen from this table,

TABLE 14

MAJOR CROP VALUE
KIAMATH COUNTY
Thousands of Dollars

CROP 1959.1964 1965 1865
Small Grains
Wheat 419 495 483
Barley 1,616 1,660 1’817
Other - 1,221 958
All Seed 29 281 212
Specialty Crops 13 30 e
Vegetables 5 5 5
All Potatoes 5,003 34770 4,818
Other Crops - 290 139
TOTAL 9,611 10,774

Data Source: USDA, SCS River Basin Survey Staff.

potatoes are the most important crop in terms of the total
value of sales. Potatoes grown in the basin are sold pri-
marily for fresh market consumption. The smaller sized
potatoes that would normally be suited for processing are
generally used locally for livestock production within the
basin as there are no potato processing facilities within
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the area. In recent years the barleys that were originally
grown for sale to the eastern breweries have been shifted
to the production of higher yielding feed barleys.

The predominant type of livestock enterprise in the basin is
cow-calf ranching. A few of the feeder cattle and calves
produced in these operations are fattened in local feed lots,
but the greater percentage is shipped out of the basin to
feed lots in California and western Oregon. The cow-calf
operation accounted for approximately 90 percent of the total
sales of livestock and livestock products within the basin
for the year 1968. The total sales for livestock and live-
stock products for this year were $16,794,000.

A great deal of the area within the basin is used for pasture-
lands. Significant amounts are used for large numbers of
cattle from California ranches brought into the basin for
summer grazing. Approximately 70,000 head were pastured in
the basin during the summer of 19689.

Table 15 indicates the livestock numbers in Klamath County
for the years 1954, 1959, and 1964. It can be seen from

TABLE 15

LIVESTOCK NUMBERS

KLAMATH COUNTY
STOCK 1954 1959 1964
Cattle and Calves
Cows and heifers calved 48,752 37,744 55,082
Heifers and heifer calves 30,507 30,855 42,852
Steers and bulls, including calves 40,037 30, 351 42,283
TOTAL 119,296 98,950 140,217
Sheep and ILambs
Lanbs under a year 23,531 22,853 9,539
BEwes ; 31,004 32,754 29,763
Rams and wethers 1,098 - 917 1,079
TOTAL 55,633 56,524 40,381
Hogs and Pigs 4,244 4,218 1,958
Chickens : 54,531 47,819 34,603

Data Source: USDA, SCS River Basin Survey Staff.

this table that the number of cattle and calves has increased
significantly. The trend in hogs and chicken production has
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decreased sharply over the same period. Sheep have decreased
somewhat but continue to be the second largest livestock
industry within the basin.

It is interesting to note that the 1930 census indicated there
were 36,000 head of cattle in Klamath County, whereas the

1964 census indicated 140,217 head. Contrasted to this, the
number of sheep in 1930 was some 140,000 head as compared to
1964 when approximately 40,400 head of sheep grazed within

the basin.

The dairy industry in Klamath County has followed similar
trends as those throughout the United States. The 1940 census
indicated that there were approximately 8,000 dairy cows
within the county as compared to the 1964 census figures that
indicated only 2,100. Although the total number of dairy

cows has declined, production has not declined proportionately.
Presently there are approximately 15 commercial milk producers
operating within Klamath County; and, while the number of

cows may further decline, an increase in county population
will require greater yields, thus insuring the continuance and
probable expansion of the dairy industry.

The stability of the agriculture economy within the Klamath
Basin is best represented by the success of the Bureau of
Reclamation's Klamath Project. Costs of the Project since
1905 amount to a total of approximately $20,000,000, of which
about 87 percent has been repayed to date. The balance of
about $2,700,000 is contracted for repayment,with all contract
payments current.

In addition to repayments, approximately $120,000 per year
received from leasing government-owned lands in the refuges
is used to pay in lieu taxes to Klamath, Siskiyou, and ‘Modoc
Counties.

Mineral Industry

Mineral production in Klamath County amounted to $2,139,000
in 1969, according to the U. S. Bureau of Mines. This is an
increase of more than a million dollars over the prior year,
due principally to an increased use of pumice and volcanic
cinders for road construction and maintenance by governmental
agencies.

The minerals produced, in descending order of value, were
stone, sand and gravel, pumice and volcanic cinders, and clay.
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The term '"stone'" designates any consolidated rock. Stone
suitable for construction purposes is available throughout

much of the Klamath Basin, as are volcanic cinders. Good
quality sand and gravel are not abundant. Pumice occurs
predominantly in the northern portion of the basin. Clay is
excavated north of Klamath Falls for brick and tile manufdcture.

The principal use of water in the production of these minerals
is that required to wash sand and gravel aggregate for concrete.
Much of this water is reused.

In the Klamath Falls area, stone is currently produced at two
quarries within seven miles of the city. Sand and gravel
comes from two large deposits within nine miles of the city
limits. Upon exhaustion of these deposits, a very large
quantity of sand and gravel is available west of Ball Bay, a
hauling distance of less than 20 miles to Klamath Falls.

Diatomite underlies much of the southern portion of the basin
and is presently being deposited in Klamath Lake, Agency Lake,
and the Klamath Marsh. Except for a few carloads from a site
west of Keno used as a concrete additive for dam construction,
the diatomite is generally too high in volcanic ash and other
impurities to have commercial value at this time.

The State Department of Geology and Mineral Industries reports
(1970) that there is little or no evidence to indicate the
presence of commercial quantities of o0il or gas in the Klamath
Basin. This finding is based on the results of geologic studies
and the drilling logs of five exploratory wells.

Geothermal steam, a mineral resource having a high potential

for development in the basin, is discussed in Part III, Water
Use and Control.

Recreation

The Klamath Basin is a land of wide diversity of both flora

and fauna and is utilized by outdoor recreationists throughout
the entire year. .Recreation is the third largest contributor
to the basin economy and is the fastest growing 1ndustry .within
the basin.

Outdoor recreation includes such activities as camping, pic-
nicking, fishing, hunting, natural and historic sightseeing,
vacation ranching, and outdoor winter sports. Facilities for
all these activities are available within the basin.
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Numerous parks and recreation facilities exist throughout
Klamath Basin, having been developed by federal, state,
county, and city agencies. The major park facility in
Klamath County is Crater Lake National Park, which consists
of some 250 square miles of federally owned land and is
totally situated within county boundaries. Crater Lake is
recognized as one of the natural scenic phenomena of the
western United States and annually attracts in excess of
500,000 visitors.

The United States Forest Service provides recreational con-
veniences, which include riding and hiking trails, camping
and picnicking areas, boating areas, fishing and hunting
facilities, and, in general, open natural spaces for public
use. There are two wilderness areas in the basin, Mountain
Lakes and Gearhart Mountain, comprising a total of 65 square
miles.

The four state parks within the Klamath Basin are Collier,
349.03 acres; Jackson F. Kimball, 19.44 acres; Klamath Falls-
Lakeview Forest Wayside, 80 acres; and Tubb Springs Wayside,
40 acres. These facilities afford the visitor camping,
picnicking, and fishing opportunities. Collier State Park

is the site of the largest museum of pioneer logging equip-
ment in the United States.

There are seven county-operated parks within Klamath County
that represent a total of 622 acres. These provide facilities
for fishing, camping, and picnicking in addition to boat
launching facilities for water-based recreational sports.

Particular credit must be given to the city of Klamath Falls,
which provides an all year recreational program on some 463
acres to the benefit of the residents of the Klamath Falls
area. Also the city of Malin has gained recognition as having
one of the most outstanding community parks in the state
available to the general public.

A winter sports facility has been provided on national forest
land on Mount Ashland for skiing, sledding, etc. Tomahawk
Ski Bowl operates some 25 miles northwest of Klamath Falls.

Water-related recreational activities are enjoyed extensively
on Upper Klamath Lake, and, to a more limited extent, on Lake
Ewauna.

The total recreational use of various outdoor activities is

shown in Table 16 and is enumerated in terms of visitor-day
use. Sightseeing and other miscellaneous uses were the most
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TARLE 16

FECREATTON USE

KLAMATH BASIN

VISTIOR-DAY 1/

BUREAU OF RECLAMATION®S PROJECT AREAS
FOREST BUHEAU OF PARK LARGE TDAEER
RECREATION USE SERVICE | LAND MANAGRMENT SERVICE
Lower th | Clear Gezber : th
Eloas Tule Sasteril?, [#reer Kl.aéf
* Wildernsss Trevel 4,000 - - - - - - - -
Camping 210,700 6,500 231,300 13,000 8,300 - 3,500 5,300 4,000
Picnicking 26,100 3,300 - - - - - 1,000 2,000
Fishing 44,100 4,900 1,200 20,300 - - - 4,700 20,000
Big Geme Hunting 164,000 3,400 - 20,100 - 5 - - -
Small Geme Homting 8,400 - - 2,000 - - - - -
Vaterfowl Hunting - - - - 39,900 400 | 27,700 200 9,000
Water Sports 33,500 100 1,000 - 1,100 40 1,900 800 18,000
Winter Sports 18,500 - 500 - - B - - -
Sightsesing and 172,000 1,000 474,100 26,800 3,400 1,100 8,500 700 21,000
Other

y Ons visitoredsy is equivalent to eight hours of recreatiom use by one persen for a specific activity or an equivalents
g/ 'n:{emberaforUmetﬂmthIakammthuesﬂmhsdmeothannunitedmdmituredaccesstothahh.
Data Soarce: USDAy SCS River Basin Survey Staff; U. Se Buresu of Reclammtione

TABIE 17
IEER HARVEST
KILAMATH BASIN
UNIT 1964 1965 1966 1967 1968 AVERAGE

Honters Nomber 24,013 25,075 23,&0 25’6% 26,655 24,931
Hunter-day a/ | Days 127,915 | 1324452 | 122,757 | 128,720 | 146,315 | 131,632
Harvest Nombexr 14,401 14,398 13,627 15,640 12,845 14,180
Hunter Success | Percent 60 57 59 61 48 57

'g/ Ahnnter-dayisoneperscnhnntingforazwpowtionowputimsofazwmeday.
Data Source! USDA, SCS River Basin Survey Staff,
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popular recreational activities in terms of visitor-days in
1968. Camping ranked second as the most popular recreational
activity with big game hunting ranking third.

Table 17, Deer Harvest, shows Klamath Basin as one of the most
successful areas for deer hunters in the state.

Pheasant, valley quail, and dove are the most heavily hunted
small game in the basin. Table 18, Small Game Harvest, gives

TABIE 18
SMALL GAME HARVEST
KLAMATH BASIN
1966 1967
GAME SPECIES
HONTERS | EUNTERWDAYS a/| HARVEST | HUNTERS | HUNTER-DAYS sf| HARVEST
Pheasant 2,647 10,049 6’548 2,5% 13,316 6,681
Quail 712 29229 3,854 1,182 5,698 12,904
Dove 959 39257 10,647 753 34279 8,207
Grouse 91 162 113 304 573 418
Silver Gray Squirrel 156 501 229 24 973 950
TOTAL 4,565 16,198 21,391 5,027 23,839 29,150

y A huntereday is cme person hunting for any portion or portions of any cne daye
Data Source: USDAy SCS River Basin Survey Staffe

the figures on small game harvest in the basin for the 1966
and 1967 seasons.

The greatest waterfowl concentrations in North America occur
in the Klamath Basin. Approximately 80 percent of the water-
fowl in the Pacific Flyway pass through the basin during
spring and fall migrations.

Waterfowl hunters from several states expend an estimated
65,000 to 80,000 hunter-days annually in the Klamath area.
Oregon accommodates about 40 percent of this use with the
remainder occurring in the California portion of the basin.

Trends of recreational visits and activities to Crater Lake

National Park and national forest lands are shown in Figure 5.
As can be seen, the trends are on an ever-increasing basis.
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FIGURE 5. Recreational Trends.

Fish Life

Fish resources of Klamath Basin are an important part of the
recreational industry. The basin is generally noted for its
excellent fish populations, which attract sportsmen from con-
siderable distances. Four species of trout, two of land-
locked salmon, and nine species of warm-water game fish
inhabit streams and lakes in the Oregon portion of the Klamath
Basin.

According to the Oregon State Game Commission, the distribution
of resident trout and warm-water game fish populations is
concentrated in those streams and impoundments maintaining

the most favorable perennial water quality and quantity con-
ditions. The upper Williamson, Sprague, and Wood Rivers in
addition to the various high lakes, support the highest trout
populations along with Upper Klamath Lake.

Rainbow trout are the most important game fish, and fish over

30 inches in length are not uncommon. Other popular species
of trout are brook, brown, and Dolly Varden, with the latter

32



THE BASIN

being the least common and more restricted in distribution.
Kokanee and coho salmon have been introduced recently into
Lake of the Woods, Fourmile Lake, and other high mountain
lakes. Lost River is the basin's only major stream that has
no trout fishery.

Warm-water game fish include black crappie, largemouth bass,
yellow perch, bluegill, pumpkinseed, and brown bullhead and are
confined to the warm, lower elevation streams, lakes, and reser-
voirs. Popular warm-water game fisheries exist in Agency Lake,
Gerber, J. C. Boyle, Willow Valley, and Bumpheads Reservoirs.
Lost, Klamath, and Sprague Rivers in their lower reaches also
have good warm-water game fisheries. Mullet, or Lost River
Sucker, are unique to the Klamath Basin and attain lengths up
to 36 inches. Mullet fishing activity occurs during the spring
spawning migrations from Upper Klamath Lake into the Wood

River system, lower Williamson, and lower Sprague Rivers.

Nongame or rough fish are established throughout most of the
basin. Sucker, dace, cottid, roach, redside shiner, and lam-
prey are found in Klamath and Agency Lakes, the lower Sprague,
Williamson, Klamath, -and Lost Rivers.

Streams draining the eastern slope of the Cascades generally
have excellent perennial flows. Elsewhere, streamflows are
normally acceptable for fish life but become critically low
during July, August, and September. Streams experiencing
seasonal low flows are the Williamson River between Klamath
Marsh and Spring Creek, tributaries of the upper Williamson
River, lower South Fork Sprague River, Sycan River and its
tributaries below Sycan Marsh, the Lost River system, and
Jenny Creek.

Water quality in Klamath Basin streams is generally acceptable
for fish propagation, although temperature is a problem in many
cases for salmon and trout. Klamath River, lower Williamson
River, Lost River, and Sprague River frequently carry high con-
centrations of organic nutrients. Klamath Basin streams are
generally noted for their fertility and ability to produce
large fish.

Continual accumulation of organic nutrients in Klamath Lake
has several significant effects on fish, the most desirable

of which is the rapid growth and large size of trout. Less
desirable, however, is a loss of dissolved oxygen as water
temperatures rise and organic constituants increase, contrib-
uting to the heavy blooms of phytoplankton or algae. Figure 6
shows the general distribution of game fish in the basin. The
salmonoids refer to all salmon-like fish that include all
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species of trout, coho, and kokanee.

It should be noted that a species of mosquito fish was
recently introduced into the Lost River drainage to provide
mosquito control.

On the Klamath River a project developed jointly with the
Oregon State Game Commission and the California Department of
Fish and Game resulted in planting of mature steelhead trout
on the Oregon side, upstream of the Copco Dam. This estab-
lished a steelhead fishery on the upper river for the first
time since 1916.

Wildlife

According to the Oregon State Game Commission, the Klamath
Basin has excellent wildlife populations that attract hunters
from every part of the state.

Big game within the Klamath Basin include mule and black-
tailed deer, elk, pronghorn antelope, black bear, and cougar.
Approximately 85 percent of the land in the basin is utilized
by deer populations for at least a portion of the year.
Black-tailed deer are generally found in the southwest corner
of the basin during the summer months and move to the Rogue
River Basin during the winter. Herds of mule deer occupy
major parts of the basin throughout the entire year. Many of
these have summer ranges in the Klamath Basin and migrate out
of the basin during winter. Some herds use winter ranges
around Swan Lake, east of Bly, north of Bonanza, and along
lower Sprague River. Some winter range is used in the area
southwest of Klamath Falls.

A small number of elk are present in the basin. The majority
use summer range in the southwest portion of the basin, migra-
ting from their winter ranges in the Rogue River Basin. Herd
numbers are expected to increase due to the light hunting
pressure in this portion of the basin and the closed season

in the eastern portion of the basin.

A small herd of pronghorn antelope summer in the southeast
portion of the basin, migrating from their winter range in
California. Although there is no open season, the numbers
within this herd have been on a continual decline.

Small numbers of black bear and cougar are scattered through-
out the mountainous areas of the basin.
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Small game species are an important segment of the basin
wildlife resource. These include 10 separate species of up-
land game birds plus the silver gray squirrel. Bird species
include mourning dove, ring-neck pheasant, valley quail,
mountain quail, blue grouse, ruffed grouse, sage grouse,
Hungarian partridge, chukar partridge, and wild turkey.
Populations of upland species vary significantly, generally
coinciding with land-use patterns. Increases occur in areas
of new cropland development. Generally, decreases occur as
dry farmed lands are converted to alfalfa and potato produc-
tion. There have been attempts to establish chukar, wild
turkey, and Hungarian partridge, which have met with limited
success.

Ruffed and blue grouse are generally found in the western
portion of the basin along the Cascade Range. Dove and sage
grouse populate the north central and south central sections
of the basin. Valley quail and pheasant are found in the
south central section of the basin, with some populations of
quail in the Sprague River Valley.

The greatest waterfowl concentrations in North America occur
in the Klamath Basin. Approximately 80 percent of the water-
fowl in the Pacific Flyway pass through and spend some time
resting and feeding in the basin during spring and fall
migrations. The greatest concentrations generally occur in
November. During this period waterfowl numbers often exceed
5 million, including about 50 percent of the goose population
in the Pacific Flyway. Although most species of waterfowl
are present in the basin at one time or another, Pintail and
mallard ducks comprise approximately 70 percent of the total.
Other waterfowl species common to the basin include widgeon,
shoveler, redhead, canvasback, ring-necked, and goldeneye
ducks, and white-fronted, snow, cackling, Canada, and Ross's
geese. :

Other migratory waterfowl not classified as game birds are
found in the Klamath Basin in large numbers. These birds are
important to the wildlife resource for aesthetic and natural
heritage values. A few examples of these species are loon,
white pelican, cormorant, heron, egret, sandhill crane, sand-
piper, gull, and tern.

The Bureau of Sport Fisheries and Wildlife presently maintains
fiwve national wildlife refuges within the Klamath Basin.

These are Upper Klamath, Klamath Forest, Tule Lake, Lower
Klamath, and Clear Lake. They are primarily managed for
preservation of waterfowl habitat and encompass an area of
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approximately 190 square miles. These refuges are shown on
Plate 1 in the Appendix. In addition the Oregon State Game
Commission operates a management area in the basin along the
Klamath River in the Miller Island area along with management
areas in the Shoalwater .Bay and Squaw Point areas on Upper
Klamath Lake. ' ’

There are many fur bearing animals within the basin. Their
populations are concentrated along the marshy areas in the
Williamson, Sprague, and Upper Klamath Lake areas. Some of
these fur bearers include beaver, otter, mink, muskrat,
racoon, marten, skunk, fox, wildcat, and coyote. The majority
of the furbearers taken by local trappers are muskrat, beaver,
and mink. In 1965-66, 11,272 muskrat were taken as compared
to 108 mink and 189 beaver.

Diking and reclamation of marshland for agricultural purposes
have had some impact on the fur bearers' habitat; especially
mink, beaver, otter, and muskrat. Water quality and quantity
are important limiting factors in habitat of these species
whose requirements are similar to waterfowl. Predatory fur
bearers such as wildcat, coyote, and fox are also affected

by reclamation of marshlands, due to the fact that these
areas are the major producers of their prey.
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PART 1II

WATER SUPPLY

SURFACE WATER

Introduction

Flow characteristics of the Klamath Basin streams are typical
of semiarid regions. Normally these streams would exhibit
extreme differences in both seasonal flows and annual yield;
however, because of the numerous springs contributing to
relatively large base flows and manipulation by storage of
other basin streams relatively small diversity occurs. The
following text, graphics, and tables present information
defining these parameters.

Source of Data

Published U. S. Weather Bureau station records are the source
of all climatological data used herein. Surface water data
were obtained from U. S. Geological Survey water supply papers
and Oregon State Engineer's records. Special reference should
be given to Klamath Project reports prepared by the U. S.
Bureau of Reclamation and Appendix D, titled "Water Supply,"
from the report "Upper Klamath River Basin-Oregon-California,"”
March 1959. Additional sources are listed in the bibliography
in the Appendix. Table A in the Appendix includes a complete
tabulation of all hydrological and climatological stations in
the basin. The location of all stations is shown on Plates

2 and 2a, titled "Hydrological Stations and Average Annual
Precipitation." Correlations were performed where inadequate
data exists.

It should be noted that the availability of hydrological
records is extremely limited in Study Areas 1, 2, and 3; and
much more extensive monitoring of surface water flows is
needed for complete evaluation of the water resource in these
areas. Climatological records also are limited throughout
the basin.

Base Period

The base period used in this report is from October 1929
through September 1968. This 40-year period presents the
majority of recorded data available and includes both the
""dry cycle" of the 1930 decade and the "wet cycle" of the
1950's.
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Mean annual streamflow at the station '"Klamath River at Keno"
for the base period is 1,205,700 acre-feet per year. For the
entire period of record, 48 years, the average annual flow is
also 1,205,700.

Climatology

The Klamath Basin is characterized by local microclimates.
Conditions vary in severity, even though separated by only a
few miles. In keeping with the nature and scope of this
report, this section will deal with climatology on a gener-
alized basis.

The climate of the Klamath Basin is generally characterized
by dry summers with high temperatures and wet winters with
moderately low temperatures. Annual precipitation as re-
flected by the vegetation indicates the climate may be
classified as semiarid.

The basin, due to its location just east of the Cascade
Mountain Range between the Pacific Coast and the inland
plateaus, is in the path of many cyclonic storms originating
in the north Pacific. Practically all winter precipitation
is derived from these storms traversing the basin in an
easterly direction from the west and southwest. Precipita-
tion amounts in the basin are greatest along the eastern
slope of the Cascades. The area is subject to residual pre-
cipitation from primary uplifting of storms passing over the
Cascade Range. The areas in the central and eastern portion
of the basin receive relatively minor amounts, although
secondary uplifting of these storms over the divide between
the Klamath and Goose and Summer Lakes Basins results in
release of much of the remaining moisture. Plates 2 and 2a,
prepared in the office of the State Water Resources Board,
depict the distribution of average annual precipitation over
the basin.

Most winter precipitation falls as snow, particularly at
higher elevations. Total average annual snowfall at Klamath
Falls weather station is approximately 41 inches and at Crater
Lake National Park Service headquarters approximately 521
inches. Midwinter rains are frequent in the lower elevation
areas. Maximum precipitation and minimum temperatures
generally occur in December and January. Minimum precipita-
tion and maximum temperatures generally occur in July,

August, and September.
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Figures 7 through 11 illustrate the annual precipitation for
the 40-year base period at the four selected stations in the
basin. Approximately 60 to 70 percent of the total average
annual precipitation occurs in the months October through
March.

Table 19 shows average monthly precipitation in both inches
of rainfall and percent of average annual precipitation for

TABIE 19

MONTHLY DISTRIBUTION OF AVERAGE
FRECIPITATION AT SEIRCTED STATIONS

1929.1968

CHIIOQUIN ELAMATH FALLS 2SSW ROUND GROVE TULELAKE 1/
MV | Monthly | Percent | Monthly | Percent | Manthly | Percent | Momthly | Percemt

Average of Average of Average of Average of

Inches Total Inches Total Inches Total Inches Total

Jamsry 2465 15.7 2,01 14.8 1.90 11l.1 1.02 9.8
February 182 10.8 1.36 10.0 1.78 10.3 0499 946
March 144 845 1.13 8e3 1.67 9.7 0.88 845
April 1.04 6ol 0.83 el 1.35 7e9 0478 745
May led 743 1.0¢ 7¢6 1.78 1043 1.21 11.7
June 0099 Ee9 0490 66 142 8e2 1.03 9.9
July 0429 1.7 0426 1.9 Oetl 24 0625 S
August 0032 1.9 Oed 342 0.53 3.1 0.28 247
September 0,58 | 34 055 3.9 0.68 4,0 0445 4.3
October 142 8e4 1.15 845 1.56 9.1 0495 9.2
November 2420 1340 1.65 12.1 1.76 10,2 l.14 11.0
December 2491 1743 230 17.0 2436 13,7 1.39 134
TOTAL 16490 | 100.0 13.60 100.0 17,20 | 100,0 10437 100,0

1// ™lelske Feriod of Record 1933 = 1968
Tats Source: Ue S Weather Durezus

various Weather Bureau stations throughout the basin. During
the growing season, April through September, precipitation
amounts to approximately 4 inches. It is apparent that in
order for successful agricultural enterprises to be carried
out in the basin an irrigation program must be conducted.

40



WATER SUPPLY

CHILOQUIN

1950 1955 1960 1965
WATER YEAR

1945

1940

SIHONI Ni NOILVLIdID3INd

DATA SOLURCE U S Weather Bureau

Annual Precipiation - Chiloquin.

FIGURE 7.

41



WATER SUPPLY

KLAMATH FALLS 2 SSW

| |

30

S3HONI NI NOLLVLIdID3Nd

1935 1940 1945 1950 1955 1960 1965

1930

WATER YEAR

DATA SOURCE: U.S. Weather Bureau

Annual Precipiation - Klamath Falls.

FIGURE 8.

42



WATER SUPPLY

ROUND GROVE
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Seasonal variation of temperature in the Klamath Basin is
large. At Klamath Falls the average temperature over the
year is approximately 48 degrees, with extremes ranging from
105 degrees to minus 24 degrees. Figures 12 through 14 show
the mean daily average temperatures for three selected Weather
Bureau stations in the basin, along with the maximum and
minimum mean daily temperatures. The diurnal variance in
temperatures is approximately 20 degrees in the month of
minimum temperatures (January) as compared to approximately
40 degrees in the month of maximum temperatures (July). The
annual mean variance in temperature from maximum to minimum
is approximately 65 degrees.

Killing frosts, temperatures of 32 degrees or less, have been
recorded throughout the basin in every month of the year.
Table 20 shows estimated average growing seasons for the study

TABLE 20

AVERAGE FROST-FREE SEASON

STUDY AREA Growing Season
1, Williamson River 2040 days
2. Sprague River 30=50 days
3s Wood RivereUpper Klameth Iake 90=100 days
4., Lost River 100-125 days
S¢ Klameth River 100125 days -

areas within the basin, based on available Weather Bureau
data at stations throughout the basin.

These values are presented as estimates, based on limited

and sporadic data. However, the table indicates that agri-
cultural operations in the Williamson and Sprague River Study
Areas should be limited to frost resistant crops or those
with short growing seasons. Generally, agricultural develop-
ment in the entire basin is limited to a certain extent by
climatic conditions.

Frost does not always occur at the freezing point or even 4

or 5 degrees below the freezing point, due to the usually low
relative humidity.
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FIGURE 13. Maximum, Minimum, and Mean Daily Average Temperatures - Klamath Falls.
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FIGURE 14. Maximum, Minimum, and Mean Daily Average Temperatures - Round Grove.
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Prevailing winds in the basin are from the west and southwest.
Average recorded wind velocity in the basin is approximately
6 miles per hour on a long-term basis, but localized surface
wind patterns vary throughout the basin,due to the irregular
topography. Severe wind storms are not uncommon, and in May
1962 a small tornado was recorded in the southern portion of
the basin.

Both temperature and wind conditions have a significant effect
on evaporation rates from exposed water surfaces as well as
total evapotranspiration from vegetated areas. Evaporation
losses from water surfaces in the basin vary from over 4 feet
per year to as little as 1% feet per year, being greatest in
the low-1lying areas of the basin. Upper Klamath Lake has an
evaporation rate of between 3% to 4 feet per year on the
average; whereas Clear Lake, in the higher elevations of the
basin, has a recorded evaporation rate of between 2% to 3%
feet per year on the average. High mountain lakes in the
basin have correspondingly lower evaporation rates.

Evapotranspiration data on vegetated areas in the basin have
been estimated from 1% feet per year for large stands of pine
to less than 1 foot per year for noncommercial vegetation,
such as sagebrush and the low-lying prairie lands. Values
estimated for crops vary from 2.7 feet per year to 1.7 feet
per year for alfalfa and 1.5 feet per year to 1.7 feet per
year for grain.

Natural Runoff

An estimate of average annual natural runoff for the selected
base period, 1929-68, is presented for major streams in each
study area. Where appropriate, estimated natural runoff is
shown for more than one point in a drainage system; and an
average monthly distribution of runoff for the 40-year base
period also is shown. The estimate was derived by adjusting
gaging station records for significant depletions where
possible.

Some minor consumptive uses are not accounted for in the
calculations. The results are, however, the best estimates
of natural flows obtainable within the limitations of time
and scope of this study.

Study Area 1, Williamson River, has some development that
consumptively uses water for irrigation. However, irrigated
land is mostly reclaimed marshland. Consequently, recorded
flows are felt to be fair representations of natural flows
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Water Years 1929 through 1968

HUNOFF
Thousands of AcreeFeet
STATION TRAINAGE
Sq. Mie
Maximom Aversge | Minimum
Williamson River above Spring Creek 4173 12667 1645 1,377
Williapson River above Sprague Re 628 33644 27 1,417
Sycan River near Beatty 28645 89,9 Be8 540
Sprague River pear Beatty 467.1 199,7 8869 513
Spragus River msar Chiloquin 1,012 41443 170 1,583
Willtemson River below Sprague Re 1,587 7512 397 3,076
Wood River at Fart Klameth 2580 171.8 1024 90
Surface Inflow to Upper Klamath 29574 1,42044 796 39796
Klamath Iake Outflow 1/ 29346 1,249.5 | 639 3,796
Kl?mth River below Keno 65063 49,0 1553 450
Study Area 5
Recorded Flow, Klamath River 2960040 1420567 39560 39920
at Keno
Project Seasomal 1y
(4pril = September
1929 - 1944 285.8
1951 - 1967 36769

1./ Inclnding irrigation and power diversionse

Deta Source: Use Se Geological Survey and SWRB Computationse

51



WATER SUPPLY

OQMPLETE ANNUAL, RUNCFF HECORTIED RUNOFF
USGS | IRAINAGE FERICD WATER ACHE.~FEET
STREAM GAGE AFEA OF YEARS OF CFs
NO. Qe MIe RECXURD RECOHD Minimom | Maximom Average Minimom | Maximmm

Williamson Re mre Klemath

Agency 4935 1,290 1908°,10,55-68 76,5800 339,500 160,000 0 1,590
Williamson Re below Spra R,

nre Chiloguin ey 5025 3,000 191768 396,000 | 1,587,000 733,000 320 16,100
Spragus Re nre Beatty 4975 513 1914°,26,54-68 18 97,700 467,100 218,600 57 6,980
Sycan Re mre Beatty 4990 540 1912°,16,17-25 9 16,300 139,000 70,400 1 9,250
Sprague Re mre Chiloguin 5010 1,560 1920-21,11-68 48 187,000 | 1,012,000 402,200 50 14,900
Wood Re mre Fort Klamath 5040 90 1911°,22,23-36 18 102,000 225,000 155,700 84 520
A" Capal at Klamath Fells 5060 - 1911-68 58 35,700 293,900 180,000 0 1,180
Link Re at Klamath Fells 6075 3,810 1904-68 66 639,000 | 2,030,000 | 1,153,000 17 9,400
Diversion from Klamath Re to

Lost Re neer Olene 5086 - 1931.68 38 91 534400 25,400 0 719
Klamath Re a8t Kenoy Oree 5095 39920 1904-14,30-68 48 395,000 | 2,600,000 | 1,205,700 26 9,250
KRemath Re below Fsll Cre

nre Copco, Calife 5125 4,370 192461 38 650,000 | 2,905,100 | 1,306,400 10 12,000
Howard Prairie ILake mye

Pinahursty (Content 5129 28 1958.68 10 15,700 29,200 24,300 61
Keens Cre mear Ashland 5145 12 1917°,22,49-67 20 2,000 12,300 9,400 751
Lost Re 8t Clear Lake, Calif, 4830 550 1904-9,18e50 . 36 34700 247,000 35,200 3,020
Miller Cre. at Gerber Res.

near Lorells 4835 220 1904-09,25-50 29 17,000 110,600 42,700 0 64730
Lost Re Diversion Canmsl

mear Olens 4860 - 1912-15,16%y19,20-68 2 21,900 396,800 117,600 - -
Lost Re at Wilson Bridge

near Olene 4870 1,620 1912-20 8 5,700 121,000 45,200 0 2,920

* Unpublished Hecords
Data Source!

Us Se Geological Survey.
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on an annual basis. Flows estimated for Study Area 2, Sprague
River, were determined in the same manner.

Measurable consumptive use occurs in Study Area 3a, Wood
River; but the amount is small compared to the overall inflow
into Upper Klamath Lake. Recorded flow data are sparse,

which required the use of correlation techniques. The results
can be considered good estimates of the natural occurrence.

Study Area 4, Lost River, is not included in natural runoff
calculations. The area is almost entirely within the boundary
of the Bureau of Reclamation's Klamath Project, and project
facilities have significantly altered volumes and schedules

of flow within the area over the entire base period. Conse-
quently, data are presented that indicate the impact of
Klamath Project operation on the water resources of the

basin.

Data for Upper Klamath Lake are separated under a special
heading, due to the complexities of lake level manipulation
for irrigation diversion to the Klamath Project and for
power generation at downstream plants.

Table 21 is a summary of all the calculated average annual
natural flows, maximum and minimum calculated flows for the
base period, and calculated Project seasonal supply. Table 22
is a summary of recorded data from gaging stations used in
study calculations. Figure 15 is a flow diagram, which will
aid the reader in visualizing the relative yields of the stream
system.

ANNUAL RUNOFF AND MONTHLY DISTRIBUTION

Study Area 1 - Williamson River

The natural average annual runoff of the study area is 751,200
acre-feet and comprises the total inflow into Klamath Lake
from Study Areas 1 and 2. At a point immediately above Spring
Creek, the average is 126,700 acre-feet. Immediately above
Sprague River, the average is 336,800 acre-feet, which repre-
sents the total annual flow from the Williamson River drainage
area. Annual flows at these three points are shown in

Figure 16. Average annual flow over the base period is also
shown. The majority of the Williamson River drainage area 1is
upstream of Spring Creek; however, the surface water contri-
bution is only 17 percent of the total flow of the Williamson
River into Upper Klamath Lake. The majority of the annual
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FIGURE 15. Relative Yields of Stream System.
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yield, about 210,000 acre-feet per year, of the Williamson
River above Sprague River is contributed by Spring Creek, a
stream which is largely spring fed. Spring Creek's drainage
area is small, only 9 square miles, yet it contributes approx-
imately 28 percent of the total flow of the Williamson River
into Upper Klamath Lake and during low flow months contributes
almost the entire flow of the river.

The average monthly distribution for the three points discussed
is shown in Figure 16. Months of maximum flow are March and
April, with minimum flows occurring in August and September.
The monthly distribution is nearly the same for streams in
Study Areas 1 and 2. The Williamson River below Spring Creek
has higher minimum flows, due to the relatively continuous

flows of Spring Creek.

Study Area 2 - Sprague River

The natural average annual runoff of the study area is 414,300
acre-feet and contributes about 55 percent of the total flow
of the Williamson River into Upper Klamath Lake. About 70
miles above its mouth, the Sprague River is joined by the
Sycan River. The yields of each of these streams at Beatty
are shown in Figure 17. The combined flows of the Sprague

and Sycan Rivers at their confluence comprise 70 percent of
the total flow of the Sprague River at its mouth. Of the com-
bined flows the Sycan River contributes only 30 percent.
Although the Sycan River has a relatively large drainage

area, Sycan Marsh consumes significant quantities of the
stream's yield. The total surface flow of Study Area 2 is
shown in Figure 17, Sprague River near Chiloquin.

The monthly distribution of flows based on the 40-year average
for the three locations discussed is shown in Figure 17. Run-
off patterns for these streams are very similar in nature to
those of the Williamson drainage above Spring Creek. There

is a large variance between yields during wet and dry years,
which lessens the reliability of the long-term average value.

Study Area 3a - Wood River

The natural average annual runoff of the Wood River at Fort
Klamath is 171,800 acre-feet. Figure 18 shows the calculated
annual runoff for the Wood River at Fort Klamath some 15 miles
upstream from its mouth.
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Figure 18 shows the average monthly distribution for the Wood
River at Fort Klamath. The distribution of flow for the Wood

WOOD R. NR. FORT KLAMATH

Average
171,777

o

PERCENT OF AVERAGE ANNUAL RUNOFF

il
il

1955 1960

1945 1950
WATER YEAR

1930 1935 1940

S WRB Correlations

1965
FIGURE 18. Annual Runoff and Monthly Distribution - Study Area 3a.

River has less variation than Study Areas 1 and 2, due to the

relatively continuous flows of Wood River Springs.

Study Area 3b - Upper Klamath Lake

The natural average inflow to Upper Klamath Lake totals
1,420,400 acre-feet. The results displayed in Figure 19 can
be considered very good estimates of the actual total inflow.
The flows of the Wood, Williamson, and Sprague Rivers total
approximately 923,000 acre-feet. The difference is made up
of additional surface inflows from the surrounding watershed
area (approximately 300 square miles) and flows from springs
and seeps around . the lake and in its bed. This figure shows
the annual inflow to Upper Klamath Lake for the 40-year base
period. The monthly distribution of the total inflow, Figure
19, indicates. that the distribution patterns compare favorably
w1th the distribution patterns displayed in Study Areas 1 and
2, although the minimum flow months represent a much higher
percentage of the total, due to the constant flow character-
istics of the many springs around and in the lake.

Figure 19 also shows the outflow from Upper Klamath Lake is
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FIGURE 19. Annual Runoff and Monthly Distribution - Study Area 3b.
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completely regulated for irrigation storage and power genera-
tion and does not represent a natural occurrence. The outflow
distribution and the resulting change in lake surface area are
discussed in more detail in Part III, Water Use and Control.

Study Area 5 - Klamath River

The natural average annual runoff of the drainage area tribu-
tary to the Klamath River within Study Area 5 is 249,000 acre-
feet. That part of Study Area 5 to the south of the California
border is a closed basin. No attempt was made to calculate
surface water flows in the area because of inadequate data.
Monthly distribution of the runoff from Oregon is shown in
Figure 20. The majority of runoff from the Oregon portion

KLAMATH R. BETWEEN KENO AND COPCO

1.000 15

PERCENT OF AVERAGE ANNUAL RUNOFF
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S.W.R.B. Correlations

FIGURE 20. Annual Runoff and Monthly Distribution - Study Area 6.

enters the Klamath River downstream of the Oregon-California
boundary and downstream of the Klamath River Basin Compact
Boundary.

Study Area 4a - Swan Lake

The Swan Lake Study Area constitutes a closed basin. Surface
runoff flows into Swan Lake or is diverted for irrigation,
and flows reaching Swan Lake are consumed by evaporation or
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FIGURE 21. Klamath Project Seasonal Supply
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deep percolation. No recorded surface water measurements
are available, and no climatological data are recorded.
Consequently, no estimates are presented in this report.

Study Area 4b § ¢ - Lost River

The annual yield in the Lost River Study Area is, to a large
extent, controlled for irrigation of Klamath Project lands

in Oregon and California. The Lost River in its lower reaches
below the Lost River Diversion Dam is used as a canal during
the irrigation season. Streamflow records during the 1929-68
base period reflect this control and usage. As a consequence
an estimate of natural flows would not be usable in preparing
an estimate of unappropriated water and is not presented.

The requirements of the Project

KLAMATH PROJECT lands, expressed in terms of sea-

sonal supply, have been developed
2861000/ 9. 367200 4 AL to aid in determining their impact
on the basin's water supply. Sea-
sonal supply is the amount of water
diverted from various streams and
facilities during the irrigation
season, April through September.

100

Irrigated acreage within the Project
increased sporadically over the

base period until the late 40's.

It has stabilized at a level between
190,000 and 200,000 acres from about
1951 to 1967. During this period
the total seasonal supply to the
Project lands averaged almost
368,000 acre-feet per year. Figure
21 illustrates fluctuations in
Project seasonal supply over the
base period. Figure 22 shows the
monthly distribution of Project
seasonal supply.

4]
(o]

ACRE-FEET IN THOUSANDS

4 O o
2 uw
3.4: (0]

P
A
JUN

About 266,000 acre-feet per year is
estimated to have been the average

DATA SOURCE: U. S. Bureau of Reclamation . N
diversion from Upper Klamath Lake

FIGURE 22. Monthly Dis- and Klamath River during the 1951-67
tibution of period. This represents about 20
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sonal Supply. to Upper Klamath Lake over the base

period and amounts to about 73
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percent of the total Project supply. The great majority, 66
percent of the total, is delivered via "A" canal, with the
remaining 7 percent being diverted from Klamath River via
the Lost River diversion canal. Figure 23 shows the monthly

KLAMATH PROJECT
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DATA SOURCE: U.S. Buresu of Reclamation

FIGURE 23. Monthly Distribution of Supply from Selected Sources.

distribution of diversions at these sources.

Runoff from the Lost River system yields the remaining 102,000
acre-feet per year.

Estimated average seasonal releases from Clear Lake and Gerber
Reservoirs amount to 38,000 acre-feet and 35,800 acre-feet,
respectively. The flow of Bonanza-Big Springs is estimated

to average 34,800 acre-feet per season, based on little re-
corded data. The monthly distribution of reservoir releases
is shown in Figure 24.
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KLAMATH PROJECT
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FIGURE 24. Monthly Distribution of Reservoir Releases.
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WATER QUALITY

Introduction

Material for this section is abstracted from a report prepared
by the River Basin Survey Staff of the U.-S. Soil Conservation
Service. A complete summary of quality standards also may be
found in their "Klamath Drainage Basin Report."

Surface and ground water of the Klamath Drainage Basin has a
wide quality range. The drainage system includes broad,
shallow lakes and reservoirs, sluggish rivers, and extensive
irrigation facilities. Nowhere else in the state are surface
waters more manipulated and reused than in the Klamath Project
irrigation system.

Water quality in the basin. is generally suitable for most uses
common to the region. Standard treatment measures are used to
attain acceptable standards of quality in some areas. Quality
standards quoted in this section are those decreed by the

State of Oregon, Department of Environmental Quality, adopted
July 1967. The quality of surface and ground water is summa-
rized in the following text. Tabular data detail the chemical,
biological, and physical characteristics.

Drainage to Upper Klamath Lake

The water quality of the springs and streams draining into
Upper Klamath Lake is generally adequate for most uses, as
listed in Table 23.

Iron occurs throughout the Sprague River Valley in concentra-
tions higher than the allowable maximum of 0.3 parts per
million (ppm) for domestic and municipal uses. The level of
coliform organisms in the lower five miles of the Williamson
River exceeds the permissible limit of 1,000 per 100 milli-
liter (ml) for public health and water-contact recreation
purposes. A rapid increase in the coliform count for the
Williamson River near Chiloquin indicates one or more
localized sources of coliform pollution. The high coliform
concentration entering the lake is diluted to acceptable
levels before passing from the lake to the Link River. Tur -
bidity in the lower reaches of the Sprague and Williamson
Rivers exceeds the 10 Jackson Turbidity Unit (JTU) limit
desi;able for fish and other aquatic life during the winter
months.

The major water quality problem in Upper Klamath Lake is a
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TABLE 23

WATER QUALITY
DRAINAGE TO UPPER KLAMATH LAKE
AND ASSOCIATED GROUND WATER*

CONSTITUENTS

QUALITY

HNo =

O 00

10.
11.

12.

13.
14.

+
®

Data Source:

INORGANIC CHEMICAL CHARACTERISTICS

Dissolved oxygen
Hardness*
Iron*

[T Sl

~

Nitrogen

pH*
Phosphates*®

(o ¥, |

Sodium adsorption ratio*
Specific conductance®*
Total dissolved solids,
including boron, chloride,
sodium, sulfates®*

Total solids 10.

O 00 3

Suitable for all uses.
Suitable for most uses.
Relatively high concentrations
throughout the Sprague River
Valley.

High concentration from
Williamson River.

Suitable for all uses.

High concentration from
Williamson River.

Excellent for irrigation.
Excellent for irrigation.
Suitable for all uses,
excellent for irrigation.

Suitable for most uses.
Suitable for most uses.

Adequate for public health

and recreational purposes
except lower Williamson River.

Generally suitable for aquatic

Water type: calcium-sodium 11.
bicarbonate
MICROBIOLOGICAL CHARACTERISTICS
Coliform organisms 12.
PHYSICAL CHARACTERISTICS
Temperature 13.
life.

Turbidity 14.

See Figure 1 for location of area.
Includes ground water.
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deficiency of dissolved oxygen, due to the introduction of
phosphates and other chemical constituents by influent

streams and springs. These nutrients produce an excessive
growth of algae, called algal blooms, which depletes the
dissolved oxygen content of the water. The dissolved oxygen
content is below acceptable limits (6 milligrams per liter)
for fish life in Ball, Howard, and Shoalwater Bays, and
creates taste, odor, and coloration problems throughout the
lake. The deficiency of dissolved oxygen is further increased
by the decay of dead algal matter within the 1lake.

Algal blooms in the outflow from the lake are seriously
detrimental to the quality of water in Link and Klamath
Rivers.

Upper Klamath Lake is one of the eutrophic lakes (rich in
dissolved nutrients and deficient in oxygen) studied by the
Federal Water Pollution Control Administration to determine
the significance of its watershed as a source of algal
nutrients. It was reported (1967) that the principal nutri-
ents; phosphates, nitrogen, and iron as well as various trace
elements are supplied through natural geologic environments
in quantities fully sufficient to maintain algal blooms.
Man's contaminating contributions, although accelerating the
eutrophication process, are minor in comparison.

Excerpts from the 1854 diary of Lt. Henry L. Abbott, leader
of a railroad survey party, attest to the condition of the
lake water being due to natural causes: '"The water from the
lake had a dark color, and a disagreeable taste occasioned
apparently by decayed tule." And, "The taste of the water
was so disagreeable that several vain attempts were made to
discover a spring in the vicinity." (of what is now named
Cove Point near the south end of 'the lake).

Crater Lake, an inclosed basin

The water of Crater Lake, derived from precipitation, is low
in total dissolved solids (TDS) including chloride, fluoride,
nitrates, and sulfates. Their concentrations are suitable
for all uses, based on a 1964 water analysis.

Drainage between Link River Dam and Klamath Strait Drain

The major water quality problem in Link River, Lake Ewauna,
and Upper Klamath River is a severe dissolved oxygen defi-
ciency during summer months. This is caused by large algae
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populations passing from Upper Klamath Lake. Effective
atmospheric reaeration is prevented by the regulated low
water velocities, which in much of the reach approximate
standing water conditions. Water quality analyses are
shown in Table 24.

Irrigation return flows and flows from the Lost River
Diversion Channel contribute additional pollutants, along
with sanitary and industrial wastes from the city of Klamath
Falls. The man-made wastes, however, are secondary in detri-
mental effect to those introduced by natural agents. The
Federal Water Pollution Control Administration reports (1969)
that the biological oxygen demand (BOD) of both sanitary and
industrial wastes discharged into the reach is only 9 percent
of BOD required by the outflow of Upper Klamath Lake when its
release is 700 cubic feet per second (CFS).

Dissolved oxygen in the reach from Lake Ewauna to Keno fell

to near zero during August 1968, causing a large fish kill.
State of Oregon water quality standards in this area require

a dissolved oxygen concentration of not less than 5 milligrams
per liter for aquatic life unless lowered by natural condition.

Iron concentrations not only are high for domestic use but
along with nitrogen and phosphates enhance algal bloom in
this reach.

Excessive alkalinity in Link River is recorded with hydrogen
ion concentration (pH) readings as high as 9.6 at the Fremont
Bridge. A pH higher than 8.5 exceeds the concentration deemed
desirable for irrigation. State water quality standards for
this reach prescribe a pH range of 7.0 to 9.0 for fish and
other aquatic life.

Coliform counts are twenty times above acceptable limits for
public health and recreational purposes. In the spring
coliform counts of the outflow from Upper Klamath Lake
averaged 49 at the Link River-Fremont Bridge and increased
to 20,285 at the Klamath River-Highway 97 bridge, about 5%
miles downstream. Coliform counts in this area exceed 5,000
during most seasons, well above the safe limit of 1,000 per
milliliter.

The high coliform count reflects the concentration of dis-
charges from sewage treatment facilities and industries along
this reach of river. The condition is aggravated by the
extremely low velocities and warm temperatures experienced

in this reach.
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TABLE 24

WATER QUALITY - DRAINAGE INTO KLAMATH RIVER
BETWEEN I®INK RIVER DAM AND KLAMATH STRAIT
DRAIN AND ASSOCIATED GROUND WATER?*

CONSTITUENTS

QUALITY

~ O

10.
11.

12.
13.

+
*

Data Source:

N ™

INORGANIC CHEMICAL CHARACTERISTICS

Dissolved oxygen 1.
Iron 2.
Nitrogen 3.
pH* 4.
Phosphates 5.
Sodium adsorption ratio 6.
Specific conductance® 7.
Total dissolved solids, 8.

including boron, chloride,
sodium, sulfates. Thermal

wells yield all of the above
plus fluoride.*

Water types: varies from 9.
calcium-sodium bicarbonate

to sodium-calcium bicarbonate

Deficient for aquatic life.
Undesirably high for domestic,
municipal, and industrial uses.
High concentration which enhances
algae growth.

Alkalinity sometimes undesirably
high for irrigation and aquatic
life. _

High concentration which enhances
algae growth.

Generally adequate for irrigation
Generally adequate for irrigation
Some thermal ground water is
undesirable for sensitive crops.
Suitable for all uses, except
water from thermal wells which
may be unsuitable for domestic
use and irrigating sensitive crop

Both types are adequate for most-
uses. Calcium-sodium bicarbonate
type is better quality.

MICROBIOLOGICAL CHARACTERISTICS

Biological oxygen demand 10.
Coliform organisms 11.

Unsuitable for aquatic life.
Too high for public health and
water-contact recreation with-
out treatment.

PHYSICAL CHARACTERISTICS

Temperatures 52,

Turbidity 103

See Figure 1 for location of area.
Includes ground water.
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Water temperatures as high as 779 F. have been recorded in
this reach, well above the 729 F. maximum recommended for
fish life by state water quality standards. As water temper-
atures increase, the dissolved oxygen content decreases.

Turbidity readings as high as 80 JTU have been recorded below
the Link River-Main Street Bridge, far above the 10 JTU maxi-
mum level prescribed for fish and other aquatic life.

This high turbidity level reflects the quality of water from
Upper Klamath Lake along with contributing factors of irri-
gation return flows and effluents from domestic and industrial
uses.

Wells located along fault zones in the Klamath Falls and
Klamath Hills thermal ground water zones yield water up to

2350 F. and 200° F., respectively. Some thermal wells produce
fluoride in concentrations marginal or detrimental for domestic
use and boron in concentrations excessive for irrigating sen-
sitive crops.

Drainage Area of Lost River, Tule Lake and Lower Klamath Lake,
Klamath Strait Drain, and Klamath River below Klamath Strait
Drain to Keno

Lost River in Oregon

The Lost River, as a principal source of water for the more
than 200,000 acres cultivated in the U. S. Bureau of
Reclamation's Klamath Project, is essentially an irrigation
channel. As such, the mineral and nutrient constituents from
the geologic environment and the agriculture return flows
increase downstream to progressively degrade the water
quality.

Dissolved oxygen in the lower reaches of the river is deficient
during summer months for fish and other aquatic life, due to
the combined effects of low flows, massive algal blooms, and
high temperatures. These constituents are listed in Table 25.
Turbidity counts as high as 123 JTU (a count not greater than
10 is desirable for fish life) have been recorded 5 miles
southeast of Bonanza, well upstream from heavy irrigation use.
Iron concentrations are excessively high for domestic, munici-
pal, and industrial uses. The surface water TDS count is
suitable for all uses. However, ground water from thermal
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TABLE

25

WATER QUALITY
DRAINAGE IN LOST RIVER AREA IN OREGON AND ASSOCIATED
GROUND WATER, TULELAKE IRRIGATION DISTRICT AND
LOWER KLAMATH LAKE WILDLIFE REFUGE IN CALIFORNIA
AND KLAMATH STRAIT DRAIN AREA TO KENO*

CONSTITUENTS

QUALITY

INORGANIC CHEMICAL CHARACTERISTICS

Oregon Portion

(Lost River Area)

Dissolved oxygen

Iron

pH

Specific conductance*

Total dissolved solids,
including boron, chloride,
sodium, sulfates.*

Water types: varies from
calcium-sodium bicarbonate
to sodium-calcium sulfate
bicarbonate.

Below concentration desirable
for aquatic life in lower

Lost River.

Exceeds level desirable for
domestic, municipal, and
industrial uses.

Alkalinity often exceeds levels
desirable for aquatic life.
Higher than desirable in some
ground waters for sensitive crops.
Generally suitable for all uses.

Calcium-sodium bicarbonate type

is suitable for most uses.
Sodium-calcium sulfate bicarbonate
type may be of poor quality for
domestic, municipal, and irriga-
tion uses.

California Portion

fTulelake Irrigation District and
Lower Klamath Lake Wildlife Refuge)

7. Boron 7. Suitable for all uses.
8. Chloride 8. Suitable for all uses.
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TABLE 25 - Continued

CONSTITUENTS QUALITY
9. Dissolved oxygen 9. Below levels desirable for
aquatic life and prevention
of botulism in waterfowl.

10. Iron 10. Higher than desirable for domestic
municipal, and industrial uses.

11. pH 11. Generally higher than desirable
for aquatic life.

12. Specific conductance 12. Progressively increases, becoming
less desirable for irrigation
downstream.

13. Total dissolved solids 13. Frequently exceeds concentration
desirable for irrigation.

14. Water type: sodium-calcium 14. Poor quality for domestic,

sulfate bicarbonate municipal, and irrigation uses.
Oregon Portion
(Klamath Strait Drain Area, including Outflow from
Lower Klamath Lake Wildlife Refuge in California)

15. BoronX 15. Exceeds levels desirable for
irrigating sensitive crops.

16. Chloride 16. Suitable for all uses.

17. Dissolved oxygen 17. Lower than desirable for aquatic
life.

18. Iron 18. Higher than desirable for domestic
municipal, and industrial uses.

19. pH 19. Alkalinity exceeds levels desir-
able for aquatic life.

20. Specific conductance 20. Exceeds levels desirable for
irrigation.

21. Total dissolved solids 21. Above levels desirable for
irrigation.

Klamath River between Klamath Strait Drain and Keno

22. Dissolved oxygen 22. Occasionally below levels
desirable for aquatic life.

23. Iron 23. Higher than desirable for domestic
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TABLE 25 - Continued

CONSTITUENTS QUALITY
24. pH 24. Alkalinity occasionally exceeds
value desirable for irrigation
) and aquatic life. '
25. Total dissolved solids, 25. Suitable for all uses.
including boron, chloride,
sodium, sulfates
26. Water type: sodium-calcium 26. Generally adequate for most uses.
bicarbonate
MICROBIOLOGICAL CHARACTERISTICS
Oregon Portion
Klamath River between Klamath Strait Drain and Keno
27. Coliform organisms 27. Occasionally too high for public
health and water-contact recrea-
(No other tests made) tion without treatment.
PHYSICAL CHARACTERISTICS
Oregon Portion
(Lost River Area)
28. Temperature 28. Frequently exceeds levels desir-
able for aquatic life.
29. Turbidity 29. Often exceeds levels desirable
for aquatic life.
CALIFORNIA PORTION
(Tulelake Irrigation District
and Lower Klamath Lake Wildlife Refuge)
30.

Temperature 30. Generally higher than desirable
for aquatic life.
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TABLE 25 - Continued

CONSTITUENTS

QUALITY

31.
32.

33.
34.

Data Source:

OREGON PORTION

(Klamath Strait Drain, including Outflow from

Lower Klamath Lake Wildlife

Refuge in California)

Temperature 31.

Turbidity 32.

Klamath River between Klamath

Detrimental for fish life during
summer months.

Exceeds levels desirable for
aquatic life.

Strait Drain and Keno

Temperature 33.

Turbidity 34.

See Figure 1 for location of area.
Includes ground water.

Detrimental for fish life during
summer months.

Periodically exceeds levels
desirable for aquatic life.

Boron concentration is higher in Klamath Strait Drain area than

in any other part of Klamath Basin.
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zones and alkaline areas is generally too high in TDS to be
potable or used for irrigating sensitive crops.

Tule Lake and Lower Klamath Lake Areas

These areas are essentially natural evaporation basins in
which sodium salts have probably been accumulating throughout
recent geologic time. Irrigators make the soil suitable for
raising medium salt-tolerant crops, such as potatoes, onions,
peas, and alfalfa, by preleaching the top soil. This pro-
cedure causes a high salinity concentration to appear in any
water quality samples from the channels, drainage ditches,

or in either of the Tule Lake Sumps. It follows that these
salts are carried on to the wildlife refuges and to the down-
stream irrigated areas in Oregon.

The incremental effects of TDS are illustrated as the water
moves through the reclaimed irrigated area. Analyses show
that the TDS concentration during the irrigation season
increased from 290 at the lower Lost River diversion dam

to 2,509 at Pump 9 near the southwest margin of Tule Lake.
The TDS concentration then drops slightly, probably due to
ground water intrusion, as the water moves to the head of
the Klamath Strait Drain at the California state line.

Iron concentrations are too high for domestic, municipal,
and industrial uses. Both temperature and pH levels are
unsatisfactorily high. The level of total dissolved oxygen
in these waters is important because oxygen is needed to
prevent botulism in waterfowl. Botulism usually occurs
during warm weather when alkaline water fluctuates over the
mudflats of the wildlife refuges.

Klamath Strait Drain Area in Oregon

Much of this area receives water reportedly (1966) reused

at least 2% times on fertilized cropland during its long

course through the Klamath Project. The very poor quality

of the water is shown by the TDS and sulfate concentrations,
which respectively increase from 940 ppm and 951 ppm at the
head of the Klamath Strait Drain to 1,730 ppm and 1,521 ppm

at its outlet in the Klamath River. Boron concentrations

near the outlet are 0.78 ppm, the highest in the Klamath Basin.
Again, the salt content problem in part of the area is resolved
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by growing medium salt-tolerant crops and by preleaching the
soils.

Iron concentrations are too high for domestic, municipal, and
industrial uses. Water in the drain has high turbidity, pH,
and temperature, as well as deficiency in dissolved oxygen.

Klamath River between Klamath Strait Drain and Keno

Analyses of water samples taken at Keno show enough quality
improvement to indicate a probable significant dilution by
ground water intrusion in the reach.

The water is a sodium-calcium bicarbonate type, and TDS con-
centrations are suitable for most uses. Iron remains higher
than desirable for domestic, municipal, and industrial uses;
and the coliform concentration is above levels for public
health and recreational uses. Turbidity, dissolved oxygen,
temperature, and pH are occasionally undesirable for fish
life. The pH concentration occasionally is too high for
irrigation use.

Klamath River between Keno and California Border

The water quality of the Klamath River below Keno is markedly
improved by turbulent reaeration, caused by the steeper
channel gradient and by considerable ground water intrusion.
The quality has improved to such a degree that only water
temperatures remain intermittently high. However, this is
undesirable to fish and other aquatic life in this reach.

The constituents and qualities are listed in Table 26.

LEGAL RESTRICTIONS AND LIMITATIONS ON WATER USE

Klamath River Basin Compact

The Klamath River Basin Compact was ratified by the States

of Oregon and California in April of 1957 and consented to
by an Act of Congress of the United States in August of 1957.
The Compact became effective September 11, 1957. It is
unique in Oregon and provides a legal basis for the use of
surface waters of the Klamath River Basin between the two
states. :
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TABLE 26

WATER QUALITY - KLAMATH RIVER
. BETWEEN KENO AND CALIFORNIA BORDER*

CONSTITUENTS : . QUALITY

INORGANIC CHEMICAL CHARACTERISTICS

1. Dissolved oxygen 1. Essentially no problem.
2. Iron 2. Essentially no problem.
3. pH 3. Essentially no problem.
4. 4,

Total dissolved solids
including boron, chloride,
sodium, sulfates

5. Water type: calcium-sodium 5. Generally adequate for most
bicarbonate uses.

Essentially no problem.

MICROBIOLOGICAL CHARACTERISTICS

6. Coliform organisms 6. Generally no problem.

PHYSICAL CHARACTERISTICS

Temperature 7. Marginal for fish life.
Turbidity 8. Generally no problem.

[o o2 |

+ See Figure 1 for location of area.

Data Source: USDA, SCS River Basin Survey Staff.
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The purposes as stated in Article I of the Compact are:

llA’

IIB .

To facilitate and promote the orderly, integrated
and comprehensive development, use, conservation

and control thereof for various purposes, including,
among others: the use of water for domestic purpdses;
the development of lands by irrigation and other
means; the protection and enhancement of fish,
wildlife and recreational resources; the use of
water for industrial purposes and hydroelectric
power production; and the use and control of water
for navigation and flood prevention.

To further intergovernmental cooperation and comity
with respect to these resources and programs for
their use and development and to remove causes of
present and future controversies by providing (1)
for equitable distribution and use of water among
the two states and the Federal Government, (2) for
preferential rights to the use of water after the
effective date of this compact for the anticipated
ultimate requirements for domestic and irrigation
purposes in the Upper Klamath River Basin in
Oregon and California, and (3) for prescribed
relationships between beneficial uses of water as

a practicable means of accomplishing such distribu-
tion and use."

Article II contains definitions to aid in interpretation of
Compact language. The most significant are subsections B

and G.

Subsection B defines the boundaries of the area included
under the Compact as follows:

llB .

'"Upper Klamath River Basin' shall mean the drainage
area of the Klamath River and all its tributaries
upstream from the boundary between the States of
California and Oregon and the closed basins of
Butte Valley, Red Rock Valley, Lost River Valley,
Swan Lake Valley and Crater Lake, as delineated

on the official map of the Upper Klamath River
Basin approved on September 6, 1956, by the
Commissions negotiating this compact."

Subsection G defines the resource with which the Compact is
concerned, to wit:

||G .

'Water' or 'waters' shall mean waters appearing
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on the surface of the ground in streams, lakes or
otherwise, regardless of whether such waters at
any time were or will become ground water, but
shall not include water extracted from underground
sources until after such water is used and becomes
surface return flow or waste water."

Article III of the Compact recognizes vested water rights
validly established under respective state law as of its
effective date. The article then establishes a priority of
beneficial use to govern further appropriation of unappro-
priated waters within the basin. The ranking is quoted below:

""(a) Domestic use,
(b) Irrigation use,
(c) Recreation use, including use for fish and wildlife,
(d) Industrial use,
(e)- Generation of hydroelectric power,
(f) Such other uses as are recognized under the laws
of the state involved."

Subsection 2 of Article III stipulates there shall be no
diversion of water from the Upper Klamath River Basin except
for waters originating within the drainage area of Fourmile
Lake. All surface return flows and waste waters from diver-
sions within the basin must be returned to the Klamath River
above Keno, Oregon. This condition applies to all waters
diverted for use in either Oregon or California and was
included to minimize potential effects of further develop-
ment on power generation facilities downstream of Keno.

Subsection C of Article III states that rights acquired after
the effective date of the Compact for domestic and irrigation
purposes in the Upper Klamath River Basin in either state are
superior to any other right acquired after the effective date.
Rights for those purposes are superior regardless of their
priority in time and may be exercised with respect to inferior
rights without compensation. '"But such superior rights to

use water for use (b) in California shall be limited to the
quantity of water necessary to irrigate 100,000 acres of land,
and in Oregon shall be limited to the quantity of water neces-
sary to irrigate 200,000 acres of land."

Subsection C also provides for storage of water '"as long

as the storing of waters..... does not interfere with direct
diversion or storage of such waters for use (a) or (b) in
the Upper Klamath River Basin."
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Article IV requires that each state in planning for and
developing their respective areas will "provide for the most
efficient use of available power head" in order to reasonably
minimize power rates associated with "irrigation and drainage
pumping, including pumping from wells."

Article V provides that each state grants to the other the
right to construct and operate facilities for measurement,
diversion, storage, and conveyance of water in one state for
use in the other. The commission has approval authority over
the location of these facilities. The article also provides
for establishment and operation of permanent gaging stations
as required by the commission in regard to the involved inter-
state water transfers.

Article VI provides the means for one state to acquire
property in the other for water diversion purposes. It also
stipulates the amount of in lieu taxes to local governments.
These amount to '"a sum of money equivalent to the average
annual amount of taxes assessed against those rights during
the 10 years preceding the acquisition."”

Pollution control is considered in Article VII. It recognizes
the potential harmful effects on the health, welfare, and
economic development of the basin. Subsection B assigns the
Compact Commission duties and powers to cooperate with the
states and United States in promoting effective laws and
adopting regulations to abate and control pollution in the
basin. The commission also is instructed to intermittently
recommend to the affected governments reasonable minimum
water quality standards. It is also charged with dissemina-
ting information to the public concerning pollution abatement
and control.

Subsection C assigns to each state primary responsibility to
take action to abate and control interstate pollution and
defines the procedure by which an affected state may process

a complaint through the commission concerning pollution that
originates in the other state. The commission is directed to
investigate and recommend corrective action.. The commission
may hold hearings and issue orders if the recommended akttions
are not taken by the offender. This subsection also specifies
the courts having jurisdiction in the event further enforce-
ment or appeals become necessary.

Article VIII provides that no further diversions except those

allowed by the commission may be made from the waters of
Jenny Creek and that necessary re-regulation of water shall
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be accomplished after its use for power generation.

Article IX deals with administration of the Compact. It
creates a commission composed of representatives from the
State of California, the State of Oregon, and the United
States. Oregon's representative is the State Engineer who
serves as ex officio representative of the State Water
Resources Board of Oregon. Both state representatives have
one vote. The representative of the United States serves as
the commission chairman and has no vote.

The article requires the commission to employ an executive
director and to establish its office containing the commis-
sion's '"records, files and documents" within the Upper
Klamath Basin. The article provides the methods of arbitra-
tion in case of disagreement between state representatives.
It also sets forth the mechanics of budgeting and fiscal
management of commission funds.

The status of Indian rights is provided for in Article X.

The Article states that Compact provisions shall not adversely
affect present (1957) rights of any individual Indian, tribe,
band, or community of Indians to use the waters of the Klamath
River Basin for irrigation or deprive them of any rights,
privileges, or immunities afforded under Federal treaty, agree-
ment, or statute. The Compact does not amend or alter pro-
visions of the Act of August 13, 1954 (68 Stat. 718)1/.  Lands
within the Klamath Reservation are to be accounted for in the
200,000-acre limitation if developed after the effective date
of the Compact.

Article XI, the provision regarding Federal rights, states
that nothing in the Compact will impair or affect any rights,
powers or jurisdictions of Federal agencies to the waters of
the Klamath River Basin nor jmpair those agencies from imple-
mentation of the Compact. The article prohibits any adverse
effects on the existing areas of Crater Lake National Park
or Lava Beds National Monument and adverse effects on water
use, as of the effective date (1957), within designated
waterfowl management areas. The Compact recognizes obliga-
tions under the Migratory Bird Conservation Act (45 Stat.
1222). P
1/ Titled: "To provide for the termination of Federal super-
vision over the property of the Klamath Tribe of Indians

located in the State of Oregon and the individual members
thereof."
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General provisions are contained in Article XII. These
provide that all water users in the basin are subject to
Compact terms, that either state has recourse to a court of
competent jurisdiction to protect its rights, that remaining
Compact terms will be effective if one is found unconstitu-
tional by a state or the United States, and that the terms
of the Compact are based on the peculiar physical conditions
of the basin and are not precedent setting regarding other
interstate streams.

Under Article XIII, by ratifying the Compact, Congress agreed
that:

1. The United States recognizes and will be bound by
Subdivision A of Article III.

2. The United States will not impair any water rights
within the. Compact boundary by use of waters of the
upper basin outside the upper basin or those of any
user in the entire Klamath Basin other than domestic
or irrigation without just compensation. Uses for
(a) domestic and (b) irrigation may not cause an
annual depletion greater than 340,000 acre-feet in
any calendar year.

3. The United States is subject to limitation on diver-
sions of water from the Jenny Creek Basin.

4. The United States will comply with certain limita-
tions in Article III.

5. The United States must cause return flows from
irrigation development in California to enter the
Klamath Basin above Keno, except where the Secretary
of the Interior finds this would be detrimental to
development feasibility. In that case return flows
must be returned to the Klamath River above Copco
Lake.

Article XIV provides the means by which the Compact may be
terminated.

A complete copy of the Klamath River Basin Compact is included
in the Appendix. :

Legislative Withdrawals

ORS 538.190, the only legislative withdrawal of water within
the basin, is quoted below:

“"ORS 538.190 Lake of the Woods and tributaries,

Klamath County; diversion, interruption or appropria-
tion of waters prohibited; excepted uses.
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In order to maintain, increase and perpetuate game
fish and game fish propagation within Oregon, the
waters or use of the waters of Lake of the Woods
and its tributaries, situated in Klamath County,
not already appropriated, shall not be diverted,
interrupted or appropriated for any purpose what-
soever, except for domestic use on contiguous and
surrounding land."

WATER RIGHTS AND DEPLETIONS

Water rights data for the Klamath Basin are summarized from
State Engineer's records and contain water rights by stream
diversion point, quantity, priority date, and use. The data
are restricted to surface water rights and exclude those for
the Klamath Project. In total, surface water rights would
permit an annual maximum legal depletion of 3,451,548 acre-
feet per year from the surface waters of the ba51n

Table 27 presents the limitations and irrigation seasons that
have been set.

TABIE 27

ADJUDICATED LIMITATIONS

STREAM IFRIGATION SEASON IRRIGATION DUTY
Sprague Re Mare 1 to Octe 1 1/ /40 cf Ace to June 15 &
thereafter up
to 3 Ac 7
Wood Re Apre 1 to Octe 1 /50 cfs/Ac. to July 20 &
th.ereafter up bo
5Ac m
Anna (Amnie) Cre [ May 1 to Nove 1 1/80 cfsfAce up to 3 Ac-Fte/Ace
Swen Lake Mare 15 to Septe 30 | 1/40 cfs/Ac. to June 15 &
1 80 cfs/Ac, thereafter up
t0 3 AceFte/Ace
Lost Re Mare 1 to Septe 31 | 1/80 cfs/Ace up to 2-1/2 AceFbe/Ace

Note: All tributaries of adjudicated streams come under the main stem
limitations.

1/ Adjudicated outside old Indian Reservatiom Boundarye
Data Source: State Engineer

Depletions due to surface water rights for irrigation are
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based on limitations of flow, quantity, and season for those
streams which have been adjudicated.

Basin surface rights total 6,676 cfs, of which 2,878 cfs are
for consumptive uses (domestic, municipal, industrial, and
irrigation) and 3,788 cfs are for nonconsumptive uses (power,
mining, and fish life). In addition there are exports from
the basin in the amount of about 200 cfs.

Rights other than those for irrigation are continuous through-
out the year. The rights prior to the Klamath Compact are
ranked in order of priority; first in time, first in right.
Rights issued after the Klamath Compact are contingent upon
priority of use.

The State Water Resources Board prepared and has on file
separate Klamath Basin water rights compilation sheets that
list all rights by stream, diversion point, priority date,
and use.

Due to the complexity of the water rights situation within
the Project area, it has been presented separately under the
heading of Klamath Project. The tabulation of water rights
for the study areas does not include the Project area.

A summary of the total legal depletions in acre-feet for all
the study areas is shown in Table 28. A summary of the total
legal annual diversions on each stream in cfs is shown in
Table 29. A more detailed compilation of existing water
rights is included in Table B of the Appendix.

The following is a detailed description of the total water
rights for each specific use by study area.

Study Area 1 - Williamson River

The data for the Williamson River and Sprague River study
areas are of limited reliability, since both of these streams
flow through the now dissolved Klamath Indian Reservation.
Adjudication proceedings forthcoming on both streams will
change the present condition to a large extent.

The largest consumptive surface water rights from the
Williamson River are for irrigation in the amount of 424.560
cfs, for a potential depletion of 91,192 acre-feet. Other
consumptive rights include domestic, 0.120 cfs or 86 acre-
feet per year; municipal, 4.205 cfs or 3,045 acre-feet per
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TABIE 28
TEGAL ANNUAL SURFACE WATER RIGHTS DEPIETIONS SIMMARY
Acre-Feet
CONSUMPTIVE NONCONSUMPT IVE
STUDY AREA 1 ) Fish &
Dame Vone Inde Irre Acres Total Pure Wildlife | Mining | Recs Total i‘rlg;%s
" 1. Williemson River 86 | 3,045 | 45,972 91,192 30539770 140,295 0 0 0 140,295
2¢ Sprague River 1,513 0] 1,687 | 82,203 | 27,400.50 85,403 0 7aF o 86,127
3¢ Wood River -
(a) Wood River 4,007 | 1,332 211,840 | 53,6149 | 217,179 0 14,475F 0 1,470 | 231,658
(b) Upper Klepath Lake 152 511 01/ 33,848 | 11,282,60 34,051 1f 79240 0 ol o 7,240 41,291
4, lost River
(2) Swen Leke 14 0 o 14,808 4,93440 14,890 0 0 of| o 0 14,890
(b) Lost River 3/ 4,610 232 | 16,289 | 72,653 | 27,536.83 93,764 727,590 290F 0 727,880 | 821,664
5o Klamath River &9 51 e54 6,086 2,029,00 79820 (1,988,573 2/ | 2,695F | 10,136 | ¢ 1,999,40¢ | 2,007,224
BASIN TOTAL 11,284 | 4,711 | 64,802 | 512,625 | 157,192,562 | 593,422 |2,721,403 18,188 | 10,136 | o | 2,M9,727 |3,343,149
F Fish life,
1/ Exclndes ocuteofebesin diversions
-2j Includes outeofsbasin power diversione
3/ Excluding the Project rightse
Dats Source! Oregon State Engineer
TABIE 29
LEGAL AMNUAL SURFACE WATER RIGHTS SUMMARY
Cubic Feet per Second
CONSUMPT IVE NONCONSUMPTIVE
STUDY AREA S il
Dome Mome Inde Irre " Acres Total Pwre | Wildlife Mining | Rece| Total Rights
1o Williawson River 00120 | 44205 [63.500 424,560 30539770 492,385 0 0 0 492,385
2. Sprague River 26091 0 26330 5440385 274400450 548,806 0] 1.000F 1,000 549,806
3¢ Wood River
(a) Wood River 54535 14840 ] 7574939 53,611649 7654314 0 ao.oogF ol o 20,000 7650314
(b) Upper Klameth leks 0,210 | 0.070 1f 01/] 144,560 11,282460 1f| 1444840 10,000 ] ol o 104000 154,840
4, lost River
(2) Swen Lake 0,120 0 0 88,611 4,934.,40 884731 0 0 o o 0 884731
(b) Lost Re 2/ 6e364 0,320 | 22.500 350,216 2/ | 27,535483 2/| 379,400 | 1,005,000 0.400° 0| of1,005.400 1,384,800
Se Klemath River 1,145 04070 14180 300185 2,029,00 324580 | 2,744.000| 34750F 14,000 | 0| 2,7614750 27944330
BAST! TOTAL 154585 BeS05 |894510  [2,3806456  [157,192¢52  |2,4524056 | 347594000 | 25,150 14,000 | O |3,7684150 692404206

}j Excludes cuteofebasin diversicme

2/ Exrluding Project rightse
F Fish life.
Data Source?

Cregon State Engineers
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year; and industrial 63.500 cfs or 45,972 acre-feet per year.
There are no recorded surface water rights in the Williamson
River Study area for other beneficial uses.

Figure 25 illustrates the total legal annual depletion of
Study Area 1.

Study Area 2 - Sprague River

As for the Williamson River, the largest surface water rights
for the Sprague River are for irrigation in the amount of
544.385 cfs for a potential depletion of 82,203 acre-feet per
year. Other consumptive rights include domestic, 2.091 cfs
or 1,513 acre-feet per year; and industrial, 2.330 cfs or
1,687 acre-feet per year. A single nonconsumptive right 1is
recorded for 1.000 cfs for fish life. Figure 25 illustrates
the total legal annual depletion of Study Area 2.

Study Area 3a - Wood River

The largest surface water rights are for irrigation in the
amount of 757.939 cfs, for a potential depletion of 211,840
acre-feet per year. Other consumptive rights include
domestic, 5.535 cfs or 4,007 acre-feet per year; municipal,
1.840 cfs or 1,332 acre-feet per year; and a nonconsumptive
fish life right for 20.000 cfs.

Figure 26 illustrates the total legal annual depletions by
stream mile.

Study Area 3b - Upper Klamath Lake

The largest consumptive surface water rights are for irriga-
tion purposes in the amount of 557.750 cfs, for a potential
depletion of 133,013 acre-feet per year. Other consumptive
rights include domestic, 0.210 cfs or 152 acre-feet per year;
municipal, 0.825 cfs or 597 acre-feet per year; and a non-
consumptive power right for 10.000 cfs.

There is an out-of-basin diversion to the Rogue Basin from
Fourmile Lake in the amount of about 30 cfs. Recorded
amounts have ranged from 0 to about 11,000 acre-feet per
year for irrigation, 6.000 cfs for municipal, and 6.000 cfs
for industrial purposes. Final determination is pending.
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Study Area 4a - Swan Lake

The largest surface water rights are for irrigation purposes
in the amount of 88.611 cfs or 14,803 acre-feet per year.
Surface water rights for domestic uses in the study area
total 0.120 cfs or 87 acre-feet per year.

Study Area 4b - Lost River

The largest consumptive surface water rights, excluding the
Project Area, are for irrigation in the amount of 350.216
cfs, for a potential depletion of 72,653 acre-feet per year.
Other consumptive use rights include domestic, 6.364 cfs or
4,610 acre-feet per year; municipal, 0.320 cfs or 232 acre-
feet per year, and industrial, 22.500 cfs or 16,289 acre-
feet per year. Nonconsumptive uses include power, 1,005.000
cfs and fish life in the amount of 0.400 cfs.

Figure 26 illustrates the total legal annual depletions by
stream mile, excluding the Project area.

Study Area 5 - Klamath River

The largest consumptive surface water rights are for irriga-
tion in the amount of 30.185 cfs, for a potential depletion

of 6,086 acre-feet per year. Other consumptive rights include
domestic, 1.145 cfs or 829 acre-feet per year; municipal,
0.070 cfs is 51 acre-feet per year; and industrial, 1.180 cfs
or 854 acre-feet per year. Of the nonconsumptive rights,
power is the largest at 2,744 cfs. Others are for fish life
in the amount of 3.750 cfs and mining in the amount of 14.000

cfs.
There is an out-of-basin transfer through the Keene Creek
Canal for export of 160.000 cfs or 115,835 acre-feet per year.

Water Rights within the Klamath Project

Water supplies for the adjudicated segment of the Klamath
Project within the Lost River drainage are somewhat complicated,
from the legal as well as the operational standpoint.

Most of the irrigators within the Project receive their water
supplies as members of water districts that have contractual
agreements with the United States. A few, however, have legal

individual irrigation rights that are not a part of the Project
rights.
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In 1905 Oregon authorized the appropriation of water by the
United States for use within the Klamath Project. Pursuant
to this action, the United States filed its intention to
utilize all the waters of the Klamath Basin in Oregon under
the provisions of the Reclamation Act. In 1950 the Attorney
General of Oregon ruled that the United States, when appro-
priating water under the Reclamation Act, was controlled by
the beneficial use doctrine. He further ruled that any
surplus water was subject to appropriation in the Klamath
Basin. The Bureau of Recla-
mation is in the process
of filing water-use maps of
SIMGRY OF LANDS EENEFTTED the Klamath P;o;ect with

BYKUMMHPﬁan the State Engineer, and a

1 final water right has not

been issued by the State

TABIE 30

AREA ACFES of Oregon. However, since
an agreement has been
. Y, . 9,943 reached between the affected
A e : states and the federal
Klameth Falls Avea 26,709 government in the form of
Iangell Valley 18,246 the Klamath Compact, the
Lower Klemath Basin . 28,726 Project still has the right
. to use waters of the Upper
Valin Area 16,782 Klamath Basin within the
Merrill Area 22,679 limits of the Compact.
W EReg o Table 30 summarizes the
UpperyNamih ke, fregr' Nexih 8,818 lands benefited by Project
Upper Klamath Iake Arvea = South —2,103 works. According to data
Oregon Total 153,650 supplied by the Bureau of

Reclamation, there are

1/ Iends benmefited in California = 118,098 Acves lz;lpprgn_cimgaltltily }11531,{{00 :ﬁres
. enefite the ama

Data Scarcei Buresm of Reclamations Project in gregon. Of this

total acreage, only about

31,000 acres are within

areas that have been adjudicated. Within the Project boundary,

there are some 4,600 acres that have water rights decreed to

individuals.

Water Rights in California

A description of the water law of California, which varies
from Oregon water law, is beyond the scope of this report.

Table D of the Appendix is a brief summary of the water rights
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in the California portion of the basin, supplied by the
California State Water Resources Control Board, Division of
Water Rights.

Imports and Exports

There are two interbasin transfers of water from the Klamath
Basin. Both transport water to the Rogue Basin. The Cascade
Canal takes water from Fourmile Lake in Study Area 3a into
Fish Lake in the Rogue Basin. The canal, under a water right
allowing about 40 cfs to be diverted, usually operates only
during the irrigation season, April through September. Diver-
sions from the Klamath Basin have ranged from zero to 11,600
acre-feet per season and have averaged 4,500 acre-feet
annually over 42 years of operation. The diversion is made
from Fourmile Creek, a tributary of Upper Klamath Lake.

The other export system is relatively complex. Plate 1 illus-
trates the arrangement. Howard Prairie Lake receives water
from two facilities, South Fork Little Butte Collection Canal
and Dead Indian Collection Canal. These conveyances divert
water from the Little Butte Creek drainage in the Rogue Basin
into the lake. Water is transported from Howard Prairie Lake
via Howard Prairie Canal to its terminous at Keene Creek dam.
Flows in Keene Creek are fed by releases from Hyatt Reservoir
and combine with water from Howard Prairie Canal. Water
leaves the Klamath Basin via Cascade Divide Tunnel.

For the 5-year period, 1961 through 1965, delivery to the
Rogue Basin averaged 34,100 acre-feet per year under a water
right providing 160 cfs. Over the same period, imports to
Howard Prairie Lake averaged 15,700 acre-feet per year,
leaving an average of 18,400 acre-feet per year actually
exported from the Klamath Basin. Both storage facilities
are located in the upper portion of the drainage area of
Jenny Creek.
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PART 1III

WATER USE AND CONTROL

WATER USE AND ASSOCIATED PROBLEMS

General

Irrigation, recreation, fish and wildlife propagation, and
power production are the major uses of surface water in the
Oregon portion of the Upper Klamath River Basin. Specific
uses in the California portion are not discussed except under
irrigation where the Klamath Project is considered as a
whole.

Domestic, municipal, and industrial uses are vital to the
economy of the basin but are small in relation to basin yield.
The major use of water has been for irrigation, but emphasis
on recreation and fish and wildlife uses recently has been
increasing. Water used for power generation is of signifi-
cance in evaluating water use in the basin. A short evalua-
tion of geothermal uses is included because of its apparent
potential. There is little or no use of surface or ground
water for mining purposes.

The water use information supplied in this section generally

represents present conditions and includes an estimate of
the 1957 level of irrigation.

Domestic and Municipal

Domestic and municipal requirements, in the great majority,
are supplied from ground water sources, according to Klamath
County's "Water and Sewerage Comprehensive Plan Report,"
1970. Most ground water supplies yield an abundant supply

of relatively good quality water, but localized problem areas
are beginning to appear.

Eight wells, owned by the Oregon Water Corporation, supply
the city of Klamath Falls, Kingsley Field Air Force Base, and
surrounding areas. The Henley area, a residential suburb
southeast of Klamath Falls, is supplied mostly by private
wells. It is likely that a community water supply and dis-
tribution system will be required within the next five to

ten years.

The cities of Malin and Merrill have active programs, assuring

them of continued adequate municipal water supply. Although
the city of Bonanza is presently adequately supplied by private
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wells, the city has had the foresight to have an engineering
investigation to determine its future water needs.

Because of low population densities and the availability of

a satisfactory water supply, no foreseeable water problems
within the next decade exist for the following unincorporated
communities: Beatty, Beaver Marsh, Midland, Modoc Point,
Odessa Creek-Rocky Point area, Olene, and the Worden area
southwest of Fairhaven. The community of Dairy has no antici-
pated water problems within the next 10 to 20-year period.

Due to anticipated population growth, the need for community
or district type water supply systems will probably occur
within the next decade for the following unincorporated com-
munities: Agency Lake, Chemult, Fort Klamath, Keno, Sprague
River, and Wocus.

The city of Chiloquin and the unincorporated communities of
Bly and Stewart Lennox are in urgent need of rehabilitating
and expanding their water systems. However, all three have
extremely limited local financial capability and may be
unable to undertake adequate programs without outside
assistance.

Development of surface water in the basin for domestic or
municipal purposes is unlikely, due to water quality and
attendant costs of treatment.

Table 31 summarizes available information on domestic and
municipal water supplies for most of the major communities
within the basin. Approximate individual daily uses for
selected communities are tabulated below.

MUNICIPAL CONSUMPTIVE USE
(Gallons per capita per day)

COMMUNITIES USE

1. Chiloquin 184

2. Klamath Falls 199

3. Altamont 200

4. Malin 225

5. Merrill 206
Industry

Industrial water use in the Klamath Basin amounts to about
23,000 acre-feet per year and is concentrated in Klamath Falls
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TABIE 31

DOMESTIC AND MUNICIPAL WATER SUFPLY+

POPULATION TEMPER- ANNUAL CONe | RESTRIC. | PLAN TO
COMUNITY OWNERSHIP SERVED ATURE THEAT. SIMPTION IN | TIONS ON INCREASE
(APPROX. ) SOURCE QUALITY® | (APPROX.) MENT 1,000 GAIS. USE SUPPLY
Beattyf Individoal 85 Wells Saft Cold Veme Unknown None No
Bly# Bly Vater Co. 400 | 1Wen Soft Cold Clerox Un) s;ms‘ No
Bopanza Individna) 230 Wells Soft 52° Neme Unlmown None No
Cheml t# Individusl 180 Wells Soft 46° Chlorine Unlmown. Summar No
Chiloquin Monicipal &6 1 Well Soft 50° Name 55,500 m No
Dorris Monicipal 1,000 2 Wells | Almlj 20° Chlarine Unlmown Sh%:f Additicnal
Fto Klanathf Individnal 220 Wells Soft Cold Nane Unlcnown Nane "7&%1
Kenof Individnal 200 Wells | Msd, hard | Cold Nene Unimown None No
?ﬁmmg \?l:‘gCo. 15:775 8 Wells Soft er (gls-:ruis 2,300,256 Nome No
Macdoelf lﬁh;g?éo. 128* 1 Well Mede hard 52° None Unlmown None Yo
Malin Municipel 488 2 Wells Soft ag° Nene 40,000 Neme | Additional
Merrill Manicipal 722 2 Wells Soft 70° Nons 54,365 None “321
Spregoe Riverf mgm kl;:.m 100° | 1wenn Soft Cold None Unlmown None No
Tulelake Monicipal 1,600 2 Wells Soft 72° None 110,259 Nane Yo

+ Most commmitiss heving commercisl wells also have same private wellse
# Unincorporatede

x Estimated.

* Fort Klamath and Macdoel wells yield traces of irom and hydrogen sulfides

Data Source?

or its environs.

SWEB

remainder.

The majority of this demand is supplied
by wells, with minor surface water diversions supplying the

The largest user of water for industrial purposes is the

Weyerhaeuser Company.

Approximately 22,400 acre-feet is used

annually at the company's wood products plant, which is sup-

plied by three wells, a spring, and direct diversions from

the Klamath River.

Within the plant, water is used for wood

processing, cooling, domestic purposes, and steam generation
of electric power. This is the only steam generation plant
in the basin.

Besides the wood products industry, water is used for the
production of ice, dairy processing, sand and gravel
processing, meat packing, and laundry establishments.

The majority of water diverted for industrial purposes is not
consumed, and effluents from industries located within
Klamath Falls are treated by the city's sewerage treatment
facilities. The Weyerhaeuser plant provides filtration and
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aeration of their industrial wastes prior to discharge to
the Klamath River.

Irrigation

The great majority of water consumed in the basin is for .
irrigation. On the 380,000 acres irrigated, about 908,000
acre-feet are required annually. Consumption is estimated to
be about 496,000 acre-feet.

Irrigated lands in the basin are classed as surface irrigated
or subirrigated in this report. Surface irrigated lands are
those to which water is applied artificially and includes
areas in which the ground water table is manipulated to supply
water to crops. Subirrigated lands essentially are natural
wetlands, such as the basin's extensive marshlands. High
meadowlands grazed by livestock also are included in the sub-
irrigated category where appropriate. About 269,000 acres
are surface irrigated in the basin, with almost 111,000 being
classed as subirrigated. The surface irrigated lands require
764,000 acre-feet annually, with consumption estimated to
amount to almost 353,000 acre-feet per year. Subirrigated
lands consume nearly 144,000 acre-feet per year. The above
data are shown by study area in Table 32, Irrigated Area;
Table 33, Estimated Mean Seasonal Water Requirement; and
Table 34, Estimated Mean Seasonal Consumptive Use of Applied
Water.

TABIE 32

IFRIGATED AREAS
KLAMATH BASIR
Thousends of Acres

Se

TFRIGATED AREA
STUDY AREA SWRB DATA (1957) CALIF. BUL. 83 DATA SCS DATA (Presenmt)
Sube Total % of Sub Total % of Sub Total % of
Irre Irr. Irre Total Irre Irre Irr. Total Irre Irze Irre Total
Willjamson River 242 80,3 104.5 4 10.2 508 610 21 23.9 48,2 7201 19
Spragus River A4 45.8 6842 16 15.1 21.9 370 13 22.6 294 6240 14
Wood River 3844 223 60e7 14 32,7 8.0 40.7 4 38.0 11.3 493 13
Upper Klamath Lake 13.1 10.5 2346 5 9.3 1.7 11.0 4 12.2 el 213 6
Swan Lale 9.5 1.8 11.3 3 73 0 73 2 11.0 1.0 12.0 3
st River 150.8 1663 167.1 38 129.6 4,9 134.5 46 160.6 11.6 17242 45
Oregen anly)
ﬁgﬂsg m 0 0.7 0e7 - 0l - 0.l - 1.l Oel 1.2
TOTAL 25844 1777 43661 100 2013 873 291.6 100 26944 11067 380.1 100

Data Source! SWHB, USDA, SCS River Basin Survey Staffe
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TABIE 33
ESTIMATED MEAN SEASONAL
WATER REQUIREMENT
KLAMATH BASIN
Acre=Feet
WATER REQUIREMENT
STUDY AREA SURFACE SUB
IFRIGATION | IRRIGATION
FEQUTREMENT TOTAL
l. Williamson River 77300 564400 133,700
2e¢ Sprague River 94,400 44,900 139,300
3be Upper Klamath Lake 29,000 12,700 41,700
4a, Swen Iake 31,000 1,900 32,900
4be Lost River 422,000 15,800 437,800
B¢ Klamath River 5,700 200 5900
TOTAL 764,000 143,600 907,600
Deta Source: USDA, SCS River Basin Survey Staff.
TABIE 34
ESTIMATED MEAN SEASONATL CONSUMPTIVE
USE OF APPLIED WATER
KLAMATE BASIN
AcresFeet
CONSUIMPTIVE USE
STUDY AREA
SURFACE % OF SUB % OF TOTAL % QF
IRRIGATED | TOTAL | IRRIGATED | TOTAL | IFRIGATED | TOTAL
l. Williamson River 23,200 7 56,400 39 79,600 16
2+ Sprague River 28,300 8 44,900 31 739200 15
3as Wood River 41,800 12 11,700 8 53,500 1
3be Upper Klamath Iske [ 11,600 3 12,700 9 24,300 5
4a, Swan Lake 15,500 T4 1,900 1 17,400 3
4be Lost River 230,700 65 15,800 1 246,500 49
S5 Klamath River 1,700 1 200 1 1,900 1
TOTAL 352,800 100 143,600 100 496,400 100

Data Source: USDA, SCS River Basin Survey Staff.
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Bulletin No. 83, '"Klamath River Basin Investigation," July
1964, contains data based on land use surveys conducted in
1953. Due to limited access to lands within the Klamath
Indian Reservation during the study, the values published
should not be considered conclusive. Later work was accom-
plished in the Reservation during the period of Compact
ratification. Because of the impact on future development,
an estimate of lands irrigated in 1957 within the Compact
boundary in -Oregon was considered necessary. Staff limita-
tions, however, required that this effort be only a cursory
examination and compilation of previously collected data.
About 436,000 acres are estimated to have been irrigated in
1957. Of this amount, 258,000 are tabulated as surface irri-
gated, with almost 178,000 acres being subirrigated. The
results of this estimate are shown on Plate 3, and values
are presented in Table 32. Bulletin No. 83 data shows a
total of about 292,000 acres being irrigated in 1953.

Differences between values tabulated as "Present" and "1957"
are due primarily to differing data interpretation techniques
utilized by the performing agencies. Variation in subirrigated
areas is a function of water table elevation and can differ
substantially, depending on annual precipitation. The tabu-
lated 1957 values also were not adjusted to allow for exclu-
sions of land use for nonagricultural purposes such as roads,
railroads, farmsteads, etc. No significant decreases in
irrigated acreage over the long term are apparent.

Of the 380,000 acres presently irrigated, about 63 percent 1is
utilized for pasture. Alfalfa is produced on 19 percent,

with hay and grain accounting for 15 percent. Potatoes were
grown on only Z percent of the basin's irrigated land. Normal
crop rotations would modify these values somewhat, varying
with the particular year in which data were collected. Table
35, Estimated Present Water Service Areas, contains the above
data, presented by study area.

Estimated Mean Seasonal Unit Values of Consumptive Use are
presented in Table 36. The total seasonal consumptive use
value for crops noted varies throughout the basin, due to
differences in climatic and soil conditions. The most extreme
example of this is alfalfa, which varies from as low as 1.7
feet per acre in the Williamson drainage to as high as 2.7
feet per acre in the Lost River drainage. Effective precipi-
tation occurring during the growing season supplies some of
the needed water for plant growth. Thus, the required appli-
cations for irrigation are somewhat less than the total con-
sumptive use of the plant. Effective precipitation is that
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TABIE 35
ESTIMATED WATER
SERVICE AREAS 51989-70
KLAMATH BASTN )
Acres
WATER SERVICE AHEAS
STUDY AREA
Grain Total
Eunfure Harvested Grass Net
Alfelfa Inproved | Margimal .| Meadow | and Hay Seed | Potatoes Irrigated
le Williemson River 4,000 17,400 12,500 | 354700 2,000 - 500 724100 1%
2¢ Sprague River 2,100 17,600 3,600 | 25,800 2,900 - - 52,000 14%
3as Wood River 200 46,400 2,500 - 200 - - 49,300 13%
3be Upper Klamsth River 1,000 79700 . 9,200 1,400 2,000 100 21,300 6%
4a, Swen lake 4,200 2,000 - 1,000 4,600 - 200 12,000 3%
4be t River 63,700 40,800 10,500 3,800 47,100 1,500 8,800 172,200 45%
Oregon anly)
Se ?emth Ri - 1,100 - 100 - - - 1,200 -
Oregon ong;s ! Y
TOTAL 71,200 133,000 29,100 | 75,500 58,200 3,500 | 9,600 380,100
% of Net Irrigated 19 35 8 20 15 1 2 100
Data Source:! USDA, SCS River Basin Survey Staffs
TABLE 36
ESTDMATED MEAN SEASONAL UNIT VALUES
OF CONSIMPTIVE USE, KLAMATH BASIN
Feot per Acre
IMPROVED HAY AND
ALFATFA PASTURE CIOVER GRAIN FOTATOES GRASS SEED
STUDY AREA
g g i 8 i) ¥ i1 8 i
- - - + +3 3
2 3 £l 2|3 213 A
2. | 3 Bl E e 12 sl %5 : 1315|3138 %3
B|E|2 | B\ B |2 |F|E|E| B2 B |2 B |B|E |2
1. Williz=son Fiver 0.9 08 | 147 1.0 0.9 1.9 0.8 0.8 17 0.8 0.7 1.5 1.l 0.6 1.7 - - -
2o Strague River 1.2 0e8 | 240 1.3 0.9 22 1.1 0.8 1.9 1.0 067 1.7 - - - - - -
3o Urper FKlazath Lake lel 0e8 | 109 L.l 0.8 1.9 - - - 0.9 0.7 1.6 1.1 0+6 1.7 0e3 0.8 1.1
4, Lost Hiver 1.8 0e8 | 247 1.5 0.9 24 1.5 0.9 24 1.0 0s6 1.6 13 0e7 240 03 0.8 1.l
Se Klamath River - - - - - - - - - - - - - - - - - -

Zata Source! “SDh, SCS River Sasin Survey Ztaff.
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which reaches the plant and does not equal total precipitation
recorded for the growing season.

Irrigation efficiencies vary throughout the basin. In the
study areas upstream of Upper Klamath Lake, efficiencies are
about 30 percent. A significant portion of the acreage is
irrigated by wild flooding when water is available from
streamflows. In the Klamath Project or Lost River study area,
because of more sophisticated equipment and techniques, on-
farm irrigation efficiency is about 55 percent. Significant
quantities of land are being converted from gravity to
sprinkler irrigation methods. As a consequence, on-farm
efficiencies will continue to improve.

Table 37 presents the major water districts in the Oregon
portion of the basin.

- L The Klamath Project as a
o x whole, however, is ex-
T L tremely efficient from
the point of view of
TRRIGATION DISTRICTS TRRIGABIE ACREAGE water use. Table 30,
Tt iom Page 90, Summary of
Horse #m 10,250 Lands Benefited by Project
Keno 4,113 Works, shows about 154,000
Klamath 39,798 A
Langell Valley 22,000 acres in Oregon. The
Malin _ 39252 amount supplied to the
Modoc Point 59200 . A .
Pine Grove 523 entire Project, both in
Shasta View 4»%2 Oregon and California,
Uppera Klamath Iske Contracters 7,904 over the period 1951-
Van Brimer Ditch Coe 4,083 1967 averaged 368,000
Willow Valley 2,117
acre-feet per season.
TRATNAGE DISTRICTS ASSESSED ACREAGE The average consumption
= T over this period amounted
amath -
Iabechore Capdens "o to about 328,000'ac.:re
Meadows 22,851 feet, for an efficiency
m%narmr %ﬁ‘% of about 89 percent. The
consumption value includes
DISTRICT IMPROVEMENT COMPANIES | ITRRIGABIE ACREAGE evaporation and seepage
losses in the distribu-
A oo tion system and from Tule
Klagath Basin 10,282 and Lower Klamath Lakes.
Josland = These losses are con-
Poe Valley 2953 sidered to be significant
b ’ values.

DSESS : %Z‘;{:mmfm.m“' Us SefSarsantor Conflicts have existed in

the past in regard to
operation of Tule Lake.
This body of water serves as a waterfowl refuge and as a sump
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and regulating facility for irrigation. Adequate capacity

to discharge flows from Lower Klamath Lake and from lands
irrigated in that area does not exist. The need to remove
water from Lower Klamath Refuge and adjacent project areas
occurs at about the same part of the season. As a result,
opportunities to manage the refuges to their maximum potential
have been limited. However, improved drainage facilities are
planned.

Hydroelectric Power

There are three hydroelectric powerplants in the basin. A
license has been obtained from the Federal Power Commission
and State Engineer for a fourth plant. The Eastside and
Westside plants are along the Link River between Upper Klamath
Lake and Lake Ewauna. The John C. Boyle plant is on the
Klamath River about nine miles downstream from Keno. The
licenses allow construction of a plant at Keno Dam sometime

in the future.

Out-of-basin powerplants that use water directly from the
basin are Copco Numbers 1l and 2 on the Klamath River in
California and Greensprings on Emigrant Creek in the Rogue
Basin. This plant uses water from the interbasin diversion
from Howard Prairie Lake and Hyatt Reservoir.

Two in-basin plants have '"power claims" established prior to
May 1905. These amount to 150 cfs and 205 cfs for the East-
side and Westside plants, respectively.. Subsequent claims
for these and other plants are subject to two contracts
between the U. S. Bureau of Reclamation and Pacific Power and
Light Company.

A renegotiated contract dated January 31, 1956, with a term
of 50 years, between the United States (U. S. Bureau of
Reclamation) and Pacific Power and Light Company (previously
the California Oregon Power Company), the present owners of
the plants, specifies that the power company may regulate

the water level of Upper Klamath Lake between elevations
4143.3 and 4137 (Reclamation Service datum). Without express
permission from the Bureau of Reclamation, the limits may not
be exceeded. The contract further specifies that the Bureau
of Reclamation may set a higher minimum elevation than 4137
in order to protect irrigation and reclamation requirements
of project lands. The contract also provides for favorable
power rates for irrigation.
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The above material is summarized in Table 38, General Data,
Hydroelectric Plants on the Klamath River.

TABLE 38

GENERAL DATA
HYDROETECTRIC FLANTS ON THE
ETAMATH RIVER

FOWER CLATM GROSS INSTALLED
PLANT STREAM CFS STATIC HEAD CAPACTTY
FEET KW

Eastside Link River 1,150 49 3,200
Westside Link River 205 48 660
*Keno Klamath River 5,000 270 NA

John Ce Boyle " " 2,500 463 80,000
COFPCO Noe 1 " e 3,750 125 20,000
COPCO Noe 2 » " 34750 152 27,000

* Licensed tut not constructeds
Data Source: Ue Se Buresu of Reclamation, Federal Power Commission, State Engineere

Except for water rights prior to 1905, the power company may
not use water for power generation that is required by the
United States for waterfowl conservation in quantities uti-
lized, as of the effective date of the contract. Damages
resulting from operation of the Link River Dam or regulation

and control of water level in Upper Klamath Lake are a lia-
bility of the power company.

The power claim at Keno, also held by Pacific Power and Light
Company, is regulated by an additional Federal contract.

Recreation

Water-based recreation activities consist of lake fishing,
boating, water skiing, and swimming. All or some of these
may be accomplished on major streams in the basin, on the
high mountain lakes, Upper Klamath Lake, and Lake Ewauna.
Interest in recreational use on Upper Klamath Lake has

increased significantly in recent years, but data enumerating
actual use are not available.

Two problems impede utilization of the entire lake surface
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for recreation. The first is the natural configuration of
the lake, which averages only 10 feet in depth. A small area
between Eagle Ridge and Bare Island is about 40 to 50 feet
deep, but a significant portion has a depth of less than 10
feet. Consequently, fluctuations in lake level cause large
changes in water surface area.

Average end of month water surface areas during the period
1951 through 1967 vary from a maximum of 89,500 acres in May
to a minimum of 71,400 acres in September. The decrease in
surface area, slightly over 18,000 acres, occurred as the
level of the lake decreased less than three feet. For the
period 1929 through 1944, like data show a maximum average
area of 87,200 acres in May and a minimum average 62,900
acres in October. The difference in area, over 24,000 acres,
is the result of a decrease in lake level of a little over

2% feet. The two periods are considered representative of

a relatively wet period, 1951 through 1967, versus a relatively
dry period, 1929 through 1944. Fluctuations during the dry
period would probably be more severe under present levels of
development. Average end of month areas are illustrated in
Figure 27.

Lake levels are fluctuated within contract limits in response
to the needs of irrigation on Klamath Project lands, require-
ments for power generation, and minimum fish flows at down-
stream power generation plants. Maintenance of maximum water
surface elevation in the lake would require reduction of
releases for those purposes and also would result in an in-
crease in evaporation losses from the larger water surface
area.

The second problem is one of aesthetics caused by algal blooms
during the recreation season. Surface inflows to the lake

are rich in nutrients and organic matter. The majority of
nutrients present in the lake inflows are from natural sources,
although irrigation return flows contribute minimal amounts.
The majority of organic matter enters the lake from marshlands
via the Williamson River. These constituents have been present
for many years and coupled with deposits of dead tule on the
lake bed, provide an environment ideally suited to the pro-
liferation of these algal blooms.

Fish and Wildlife

The Oregon State Game Commission has provided recommended
minimum flows at various locations in the basin. These are
summarized in Table E in the Appendix. The recommendations
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require a much lesser variation in monthly distribution than
is normally present in streams above Upper Klamath Lake.

Streams in which zero flow has been recorded or observed are
the Sycan River, the Williamson River above Spring Creek, and
the upper reaches of the Sprague River. Other streams in the
basin have experienced instantaneous minimum flows lower than
those recommended. On an annual basis, the recommendations
would amount to values tabulated below:

Annual Flow

Based on Recommended Average
Stream Minimums Calculated Flows

Williamson near mouth 192,000 751,000

Sprague near Beatty 62,000 200,000

Sycan near Beatty 29,000 90,000
Wood River at Fort

Klamath 52,000 172,000

Klamath at Keno 216,000 1,206,000

The above comparison indicates that recommended minimum flows
are less than annual yields, but on a monthly basis the dis-
tributions are not similar. Consequently, development of
storage facilities would be necessary to meet minimum recom-
mended flows in all months.

The Klamath Basin contains large areas of marshland. These
areas, plus the lower elevation lakes, provide excellent
habitat for waterfowl and other wildlife. The estimated
seasonal water consumption in the basin amounts to approxi-
mately 130,000 acre-feet from about 36,000 acres of marsh.
The marshes provide critical habitat for waterfowl using the
Pacific Flyway. Federal wildlife refuges are prevalent in
the basin as shown on Plate 1, and their areas are tabulated
below.

FEDERAL WILDLIFE REFUGES

Area (Acres)

Lower Klamath 22,800
Clear Lake - 33,500
Tule Lake ) 37,000
Upper Klamath 12,700
Klamath Forest 15,200

Total _ 121,200
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Table 39, Estimated Present Water Surface Areas and Mean
Season Requirements, presents these data by study area.
TABIE 39

ESTIMATED PRESENT WATER SURFACE AREAS
AND MEAN SEASONAL FEQUIFEMENTS

SURFACE AREAS REQUIREMENT

STUDY AREAS PRINCTPAL PRINCTPAL

| RmR | mm | SEE
ACHES ACFT
1. Williamson River 12,600 16,000 45,400 57,4700
2o Sprague River 74600 680 27,400 2,300
3ae Wood River 13,000 9,500 46,800 34,200
3be Upper Klamath Iake 1,400 62,600 5,000 225,400
4a. Swan Lake - 1,300 - 5,000
4be Lost River 1,600 9,200 5,800 33,100
5S¢ Klamath River - 34620 - 13,000
TOTAL 364200 102,870 130,400 3704700

Data Source: USDA, ‘SCS River Basin Survey Staff,

Upper Klamath and Sycan Marshes also sustain.large populations
of a wvariety of species of bird and small animal life. These
are extremely important areas from a biological point of view,
in that they provide habitat and are the generating points

for food webs that affect wildlife throughout the entire
basin. Although these marshes consume a large amount of
water, consideration should be given to their value before

any large-scale reclamation projects are undertaken. The
principal lakes and reservoirs that sustain large water-
oriented recreational use and provide habitat for waterfowl
propagation are also relatively large water users.

Upper Klamath Lake loses approximately 225,000 acre-feet of
water in evaporation when its surface area is 63,000 acres.
Hence, the demand for large surface water areas for recrea-
tional and wildlife use results in a direct consumption of
water.
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Geothermal Energy

Geothermal energy was first used to generate electricity in
Italy in 1904. Natural steam powerplants also operate in

New Zealand, Japan, Russia, Mexico, and in The Geysers area

85 miles north of San Francisco. Iceland has long made
large-scale use of natural hot water for heating residential
and other buildings. Many other countries of the world are
presently engaged in exploring and developing their geothermal
resources.

Much of the following data on the two thermal zones is
abstracted from publications of the State Department of
Geology and Mineral Industries.

The city of Klamath Falls has for many years used hot water
wells to heat structures situated within the boundaries of

its thermal zone. As of 1970, approximately 350 thermal

wells have been drilled, mostly for space-heating requirements
of more than 450 residences, a number of apartments, seven
schools, several businesses and commercial firms, and the
Oregon Technical Institute. The city school system saves an
estimated $22,500 annually in heating costs by using thermal
wells.

The Klamath Falls thermal zone trends northwesterly and
encompasses what is presently the northeast portion of the
city. A fault along the east side of the zone likely pro-
vides the conduit for the rise of the hot ground water from
depth. Present knowledge shows that water hotter than 140
degrees F. extends from the Oregon Technical Institute campus
in the northwest part of the zone to the Mazama School in

the southeast, a distance of about 4.5 miles. Temperatures
of the thermal wells, 100 to 1,800 feet deep, range from

140° F. to 2359 F. A broad area of warm water extends beyond
the hot wells.

Several ranchers in the Klamath Hills thermal zone use the
hot water for irrigation purposes, after ponding the water
several days to allow cooling. At least one sand and gravel
processor uses the hot water to wash aggregate and finds it
superior as a cleaning agent.

The Klamath Hills thermal zone is about 10 miles south of the
Klamath Falls zone and has a similar geologic environment.
It trends northwesterly along the west escarpment of the fault
block forming the Hills, is narrow and about 4 miles long.
Large volumes of 200° F. water are encountered by wells of
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shallow depths. It is likely that the thermal zone extends
for some distance southward beneath the alluvium of Lower
Klamath Lake Basin.

WATER CONTROL

Flood Control

The occurrence of flooding within the Klamath Basin is wide-
spread, ranging from annual over-bank flooding along the
Sprague River and Fishhole Creek to rare occurrences of over-
bank flooding along the Klamath River between Klamath Falls
and Keno. Flooding in the basin occurs from two causes,
rapid spring snowmelt and severe winter storms. The most
severe floods that have occurred in the basin in recent times
are those due to the winter storms of December 1955 and
December 1964, the most severe in recent times. Major floods
within the basin are generally of short duration, with over-
bank flooding in intervals of 24 to 48 hours in length.

Damages reported due to the 1964 flood are tabulated below.

APPROXIMATE 1964 FLOOD DAMAGES

Timber and Rangeland Damage $ 722,000
Agricultural Damage 2,000,000
Industrial Damage 100,000
Commercial Facility Damage 100,000
Flood fighting, rescue operations,

and repair of flood control works 400,000

The land inundated due to over-bank flooding was reported to
be approximately 67,600 acres. Flooded areas were along the
Sprague River, Fishhole Creek, lower Williamson and Wood
Rivers, and along the Klamath River between Klamath Falls
and Keno. Several campgrounds and recreational sites were
damaged, especially along the Sprague River.

Minor flooding occurs annually in the upper Sprague River
Valley along Fishhole Creek and the South Fork Sprague River.
Damage primarily occurs from loss of agricultural production
with some localized municipal and industrial damage.

Erosion and Sedimentation

Damages resulting from erosion and sedimentation are signifi-
cant within the basin, although somewhat difficult to evaluate.
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Within the Oregon portion of the Upper Klamath River Basin,
over 73 percent of the land area is subject to severe erosion
hazard potential. Moderate erosion hazard potential is present
in soils comprising 11 percent of the basin area.

Some erosion and sedimentation occurs, due to geologic causes
and is the natural degradation of the earth's crust. The
largest areas subject to geologic erosion lie within the
National Forest boundaries, and resulting sedimentation
generally does not reach major drainage systems.

Serious erosion and sedimentation problems have been caused

by logging and road building practices which have not provided
for soil stabilization. Some of these practices have elimi-
nated vegetative cover from much of the volcanic ash and
pumice type soils, which when exposed or disturbed are highly
susceptible to erosion. Improper farming methods, overgrazing
of rangeland, and poor water management also have been respon-
sible for erosion. The resulting sedimentation deposits have
caused problems in irrigation structures, canals, waterways,
and reservoirs and accelerate the eutrophication process in
streams and lakes. Many salts and nutrients, especially
phosphorous, are added to surface water. These salts and
nutrients are contained in the soils and are dissolved during
heavy sediment loading.

Sedimentation also causes some damage to game fish habitat
and spawning areas.

Drainage

Approximately 10 percent of the land area in the basin has
major drainage problems, due mainly to high ground water
tables. In some areas irrigation has resulted in raising

the ground water table to within the root zone of normally
well-drained soils. Marshlands have been drained by diking
and reclaimed for agricultural use, with significant concen-
trations around Upper Klamath Lake and within the old lakebed
of the Lower Klamath Lake. Pastureland has been improved to
a limited extent in the Sprague and Sycan valleys.

Pollution
Pollution from domestic, municipal, and industrial waste

discharges are concentrated mainly in Lake Ewauna and Klamath
River downstream to Keno. Domestic and municipal wastes from
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Klamath Falls and surrounding suburban areas and discharges
from industrial plants have caused water quality degradation
in the reach. However, in relation to the quality of water
discharged from Upper Klamath Lake, the added pollutants

are of secondary importance.

Elimination of a major source of. pollution in the Klamath
River is being accomplished by various lumber companies by
relocation of their log storage operation from the river to

a dryland decking and sorting system. These companies, in
accomplishing this task, have also removed some sunken logs,
bark, and other residue. Presently, log storage in the reach
from Klamath Falls to Keno has been reduced by more than 50%
and will be further reduced within the next two years.

In the drainage to Upper Klamath Lake, the contribution of
dissolved salts and nutrients, due to irrigation return
flows, is minor compared to the natural contribution. Con-
stituents from both sources add to the eutrophication process
in Upper Klamath Lake.

In the lower Lost River drainage, return flows of the Main
and Tule Lake Divisions of the Klamath Project contribute
heavily to the nutrient and alkalinity problems in Tule and
Klamath Lakes and Klamath Strait Drain.

There is also a substantial thermal-pollution problem in
this area, partly contributed by the irrigation return flows
and by the many warm-water springs that make up the Lost
River flow along its lower drainage. Due to the increasing
use of the geothermal resource in Klamath Falls and the
Lower Lost River drainage area, thermal pollution may become
a more substantial water quality problem in the future.
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PART IV
AVAILABLE RESOURCE AND DEVELOPMENT POTENTIAL

Previous sections of the report have dealt with water supply
and water use and control. This section will present esti-
mates of the water supply available to meet needs of the
development potential in the basin. Under the Compact,
priority of right is assigned to domestic and irrigation
uses.

The major consumptive use of water in the basin both presently
and in the foreseeablé future is for irrigation. Compared
thereto, consumptive use water requirements for industrial,
domestic, and municipal development, although vital to the
basin's economy, will be insignificant. Consequently,
development potential in the basin can be defined in terms

of irrigation requirements compared to water supply. Although
regulation of the flood waters of the upper Lost River water-
shed is' needed, the primary source of surface water available
for further development in the basin are the inflows to Upper
Klamath Lake. This body of water can be considered as a
"central reservoir" for scoping development potential. In-
flows to Upper Klamath Lake are estimated during a simulated
wet and dry period based on previous occurrence. The esti-
mates are shown below and would be available for future
development and to meet downstream demands on flows in the
Klamath River:

a. Wet period (similar to 1951-67 period)
The available resource above present levels of
development and consumptive uses is approximately
1,150,000 acre-feet annually.

b. Dry period (similar to 1929-44 period)
The available resource above present levels of
development and consumptive uses is approximately
530,000 acre-feet annually.

The above values have been adjusted to take into account
present demands and uses within the basin, including present
levels of evapotranspiration from wildlife refuges and marshes
and net evaporation from the lake surface. They do not take
into account present downstream demands such as power genera-
tion along the Klamath River.

In assigning superior priority to irrigation use, the Compact
established a limitation on the additional acreage that could
be developed under this priority after its effective date.
This limitation is 300,000 acres, of which 200,000 acres is
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assigned to the Oregon portion of the basin and 100,000 acres
assigned to the California portion. Hence, including the
estimated 1957 level of development of 258,000 acres, a total
of about 458,000 acres could be irrigated in Oregon, with
superior water rights under the Compact.

The U. S. Department of Agriculture, in its '"'Klamath Basin
Survey'" report, estimates the total irrigable acreage within
the Oregon portion of the basin to be about 984,000 acres.
The distribution of this acreage is shown in Figure 28, with
evaluation by suitability in Table 40, Estimated Irrigation
Suitability.

TABIE 40
ESTIMATED TRRIGATION SUITABILITY
KIAMATH BASIN 1970
GROUP TESCRIPTION AMOUNT
ACRES
Excellent Soils with only slight limitation 42,500
Good Soils with only moderate limitae 148,200
tions
Fair Soils with two or more deficien~ 759,300
cies of moderate degree
Poor Soils with severe limitations 34,600
Total potentially irrigeble land 984,600
Very Poor or | Soils with very severe limita= 245324800
Nonirrigeble | tions comsidered as nomirrigeble
Present Land now developed for irriga= 380,000
Irriga tion
Iand
Total land area 345174500
Water area 115,600
Total Basin 3,633,1“)

Data Source: E.SDAI,J‘1 $CSIR%Zer0]3:sin'Surveng:aff;
ix le gon's nge
Repggirements J".‘or Water, Iéﬁ.

Irrigable land is available to achieve the total acreage
that may be irrigated with superior rights.

Development of the additional 300,000 acres of land for
irrigation in both Oregon and California would consume an
additional 400,000 acre-feet annually. This estimate is
based on present unit rates of consumption for irrigationm.
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AVAILABLE RESOURCE AND DEVELOPMENT POTENTIAL

Flows in the Klamath River would be reduced by that amount
if return of all waste waters to the Klamath River, near
Lake Ewauna, were accomplished and would reduce flows out
of the basin by that amount. :

During the wet period, about 750,000 acre-feet annually or
about 62 percent of present outflows would be available for
other uses, both in the basin and downstreanm. During the
dry period, only 130,000 acre-feet annually or 11 percent
would be surplus to irrigation needs. Consequently, storage
capacity sufficient to regulate annual runoff on a cyclic
basis would be necessary to achieve major additional develop-
ment of irrigation. No economic data are developed by this
study on the feasibility of such large storage facilities.
However, previous studies have shown that adequate on-stream
storage sites are limited, both by site geology and/or water
supply.

A large volume of ground water appears to be available. If
borne out by more detailed ground water investigations, this
resource should be considered in future development plans

for the basin. Although it would appear that the Compact
limits development only from surface water supply, depletion
of ground water to the extent that it would adversely affect
streamflow might be found to violate the terms of the Compact.
This point should be clarified, since it poses a possible
limitation on the extent of ground water development. Regard-
less of the legal determination, more detailed information on
recharge capability and the relationship of source of recharge
to specific ground water aquifers should be developed. Con-
ceivably, utilization of the ground water resource for develop-
ment of irrigation might allow some use of surface waters of
the basin for providing adequate fish flows for management of
upper basin wildlife refuges and for improved operation of
Upper Klamath Lake for recreation purposes, as well as for
aesthetic purposes throughout most basin streams.
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AUTHORITY

The authority for the preparation and presentation of this
report is set forth in ORS 536.300. The Legislative Assembly
recognizes and declares in ORS 536.220 (1) that: :

1" (a)

" (b)

"(C)

The maintenance of the present level of the eco-
nomic and general welfare of the people of this
state and the future growth and development of
this state for the increased economic and general
welfare of the people thereof are in large part
dependent upon a proper utilization and control
of the water resources of this state, and such
use and control is therefore a matter of greatest
concern and highest priority.

A proper utilization and control of the water
resources of this state can be achieved only
through a coordinated, integrated state water
resources policy, through plans and programs for
the development of such water resources and through
other activities designed to encourage, promote

and secure the maximum beneficial use and control
of such water resources, all carried out by a
single state agency.

The economic and general welfare of the people of
this state have been seriously impaired and are in
danger of further impairment by the exercise of
some single-purpose power or influence over the

~water resources of this state or portions thereof

by each of a large number of public authorities,
and by an equally large number of legislative
declarations by statute of single-purpose policies
with regard to such water resources, resulting in
friction and duplication of activity among such
public authorities, in confusion as to what is
primary and what is secondary beneficial use or
control of such water resources and in a conse-
quent failure to utilize and control such water
resources for multiple purposes for the maximum
beneficial use and control possible and necessary."

The authority for the report, the study on which it is based,
and the actions effected are specifically delegated to the
State Water Resources Board in ORS 536.300 (1) and (2) which

state:

ll(l)

The board shall proceed as rapidly as possible to

117



"(2)

AUTHORITY

study: existing water resources of this state;
means and methods of conserving and augmenting
such water resources; existing and contemplated
needs and uses of water for domestic, municipal,
irrigation, power development, industrial, mining,
recreation, wildlife, and fish life uses and for
pollution abatement, all of which are declared to
be beneficial uses, and all other related subjects,
including drainage, reclamation, flood plains and
reservoir sites."

Based upon said studies and after an opportunity
to be heard has been given to all other state
agencies which may be concerned, the board shall
progressively formulate an integrated, coordinated
program for the use and control of all the water
resources of this state and issue statements
thereof."

Within the 1limits of existing data and knowledge, the study
has taken into full consideration the following declarations
of policy under ORS 536.310:

1) (1)

II(Z)

||(3)

. ll(4)

Existing rights, established duties of water, and
relative priorities concerning the use of the
waters of this state and the laws governing the
same are to be protected and preserved subject to
the principle that all of the waters within this
state belong to the public for use by the people
for beneficial purposes without waste;

It is in the public interest that integration and
coordination of uses of water and augmentation of
existing supplies for all beneficial purposes be
achieved for the maximum economic development
thereof for the benefit of the state as a whole;

That adequate and safe supplies be preserved and
protected for human consumption, while conserving
maximum supplies for other beneficial uses;

Multiple-purpose impoundment structures are to be
preferred over single-purpose structures; upstream
impoundments are to be preferred over downstream
impoundments. The fishery resource of this state
is an important economic and recreational asset.
In the planning and construction of impoundment
structures and mill dams and other artificial
obstructions, due regard shall be given to means
and methods for its protection;
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"(5) Competitive exploitation of water resources of
this state for single-purpose uses is to be
discouraged when other feasible uses are in the
general public interest;

""(6) In considering the benefits to be derived from
drainage, consideration shall also be given to-
possible harmful effects upon ground water supplies
and protection of wildlife;

"(7) The maintenance of minimum perennial streamflows
sufficient to support aquatic life and to minimize
pollution shall be fostered and encouraged if
existing rights and priorities under existing laws
will permit;

"(8) Watershed development policies shall be favored,
whenever possible, for the preservation of balanced
multiple uses, and project construction and planning
with those ends in view shall be encouraged;

'""(9) Due regard shall be given in the planning and devel-
opment of water recreation facilities to safeguard
against pollution;

"(10) It is of paramount importance in all cooperative
programs that the principle of the sovereignty of
this state over all the waters within the state be
protected and preserved, and such cooperation by
‘the board shall be designed so as to reinforce and
strengthen state control;

""(11) Local development of watershed conservation, when
consistent with sound engineering and economic
principles, is to be promoted and encouraged; and

""(12) When proposed uses of water are in mutually exclu-
sive conflict or when available supplies of water
are insufficient for all who desire to use thenm,
preference shall be given to human consumption
purposes over all other uses and for livestock
consumption, over any other use, and thereafter
other beneficial purposes in such order as may be
in the public interest consistent with the prin-
ciples of this Act under the existing circumstances."
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CHRONOLOGY OF IMPORTANT EVENTS*®
KLAMATH PROJECT
1903 To 1968

1903

Reconnaissance trips and reports made by Reclamation Service
Engineers John T. Whistler and H. E. Green. (Oct.-Nov.)

1904 T. H. Humpherys -appointed Project Engineer

General investigation made by Reclamation Service Engineer
T. H. Humpherys.

Public lands withdrawn from entry (1,000,000 acres), consist-
ing of Clear Lake and Horsefly reservoir sites, power sites
on Klamath River, and other areas containing irrigable lands.
(July-Aug.) ‘

1905

Acts passed by Oregon and California Legislatures ceding to
the United States rights in Tule, Lower Klamath, and Upper
Klamath Lakes. (Jan. & Feb.)

Water Users' Association incorporated. (March)

Project approved by the Secretary of the Interior. (May)

Contract awarded to construct the "A'" Canal. (Dec.)

1906 . D. W. Murphy appointed Project Engineer

Keno Reef cut inVestigated to determine effect on Klamath
River grades. (March)

Construction of "B,'" "E," and "F" Canals begun by force
account. (July)

McCormick Tract purchased for Keno cut and tunnel. (Nov.)
1907 '
First irrigation from Project works. (May)

Main ("A'" and "B") Canal completed to Olene.

1908

Clear Lake Dam construction begun by force account. (Sept.)

®*DATA SOURCE: Bureau of Reclamation
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1908 (cont.)
Keno Canal completed.

First public notice for homesteading on Klamath Project.
(Nov.) -

1909 W. W. Patch appointed Project Engineer

'"C" Canal construction completed. (March)

Lower Klamath Lake separated from Klamath River by completion
of the Southern Pacific railroad dike.

Van Brimmer Ditch Company repayment contract executed. (Nov.)
1910

Clear Lake Dam completed. (Jan.)

1911

Lost River Diversion Dam and Channel construction begun.
(March)

1912

Klamath Straits closed.
Lost River Diversion Dam and Channel completed. (April § June)

1913 J. G. Camp appointed Project Manager

Hearings on adjudication of Lost River water. (Oct.-Nov.)

1914

Leasing of Government lands in Tule Lake bed authorized by
Chief Counsel. (March)

Extension of time on operation and maintenance charges author -
ized by Comptroller (provided applicant agrees to pay a penalty
of 1% per month). (May)

Horsefly Irrigation District enters into a cooperative contract
for investigations. (June)

Gates installed in Klamath Straits at Ady. (Sept.)
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1915

Secretary of the Interior approves restoration of withdrawn
lands not included in approved construction and development
plans. (Oct.)

Van Brimmer Canal first received water from Project works.
(July)

Exploratory shafts dug in attempting to find and enlarge the
supposedly existing outlet of Tule Lake into the Lava Beds.
(Aug.)

Topographic survey to locate Tule Lake shore line begun.

Topographic surveys of Upper Klamath Lake completed.

Exploratory work on Tule Lake outlet into lava rock discon-
tinued. (Dec.)

"G'" Canal construction completed.

1916

Landowners in Lower Klamath Lake area disagree on closure and
operation of Klamath Straits slough.

1917 J. D. Bond appointed Project Manager

Homestead entry of 11,800 acres in Main Division.

Contract executed with The California Oregon Power Company for
the lease of the Keno Canal and construction of a dam on Link
River. (Feb.)

Lost River Diversion Channel unable to carry flood flow of
Lost River for two weeks; Clear Lake reservoir filled to within
0.1 foot of the top of spillway. (Dec.)

Klamath Drainage District repayment contract executed. (Nov.)

. 1918

An office study contemplated construction of Horsefly (Gerber)
Storage Dam and a diversion dam on Miller Creek to serve about
17,400 acres in Langell Valley.

Labor shortage; wage rates increased from $2.70 to $3.50 per
day.
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1918 (cont.)

Klamath Irrigation District repayment contract executed. (July)

Pine Grove Irrigation District repayment contract executed.
(Dec.)

1919 Herbert J. Newell appointed‘Project Manager

Construction of temporary dam on Link River for the regulation
of Upper Klamath Lake completed by The California Oregon Power
Company .

Horsefly Irrigation District repayment contract executed for
water supply from Lost River for 4,400 acres. (July)

1920
Soil survey made on northerly side of Tule Lake. (Jan. & Feb.)

Langell Valley Irrigation District issued bonds for $900,000.
(July) .

Van Brimmer Ditch Company repayment contract completed for
drainage ditch construction. (July)

Construction of Link River Dam outlet to Upper Klamath Lake
begun by The California Oregon Power Company. (July)

Enterprise Irrigation District repayment contract executed
and amended to include rights-of-way, drainage service, etc.
(Oct.)

Klamath Irrigation District contract amended changing the
semiannual dates of payment, and for additional construction
work.

E. Debler report on reclamation of Tule Lake completed.

1921

Klamath Drainage District contract executed for the sale of
irrigation water to an area not to exceed 27,500 acres. (Aug.)

Link River Dam completed by The California Oregon Power Company.
(Oct.)

Lower Diversion Dam on Lost River completed. (Dec.)

149



CHRONOLOGY OF IMPORTANT EVENTS

1922

Allen L. Darr report on Tule Lake reclamation completed.

Horsefly Irrigation District contract amended to include 2,100
acres to be irrigated from Clear Lake, and 1,500 acres to be
irrigated from Lost River. (Mar. § Oct.)

Langell Valley Irrigation District repayment contract executed,
and amended to cover costs of topographic surveys. (Oct. §
June)

Klamath Irrigation District voted to assume cost of delivery
of water to Van Brimmer Ditch Company; contract also amended
to clarify the meaning and intent of certain portions thereof
and set penalties and revised certain construction costs.
(April)

Malin Irrigation District repayment contract executed. (Sept.)

Shasta View Irrigation District repayment contract executed.
(Oct.)

Sunnyside Irrigation District repayment contract executed.
(Oct.)

Homestead entry of 9,680 acres in Tule Lake Division, Part 1.
(Oct.)

C-G Cutoff Canal construction completed. (Nov.)

1923

Tule Lake Division lateral system completed for the first
10,000 acres. (April)

Water spilled from Lost River to Tule Lake. Maximum flow
400 c.f.s. (Mar. § Apr.)

Langell Valley West Canal construction begun. (May)
Malone Diversion Dam completed. (May)

Langell Valley Irrigation District repayment contract executed
for construction charges for Gerber Dam, etc. (June)

Horsefly Irrigation District contract amended to include addi-
tional 4,532 acres to be irrigated from Clear Lake. (Oct.)
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1923 (cont.)

Allen L. Darr report on reclamation of Lower Klamath Lake
completed.

Tule Lake Sump almost dry; total water area about 2,000 acres.

D. G. Henry and James Munn report on Tule Lake reclamation
completed.

1924

Langell Valley West Canal completed. (April)

Langell Valley North Canal construction begun by Government
forces. (June)

California Oregon Power Company's Link River power plant placed
in operation.

E. C. Koppen report on distribution of construction costs
approved by Secretary of the Interior. (Sept.)

E. C. Koppen report on reclamation of Tule Lake completed.

1925

Gerber Dam completed. (June)
Langell Valley Eastside Canals completed. (July)

Langell Valley Irrigation District supplemental contract com-
pleted for repayment of cost of construction of canals. (Oct.)

Miller Creek Diversion Dam completed.

1926

"J" Canal construction completed.

Southern Pacific railroad provides first passenger service
between Klamath Falls and Eugene, Oregon. (Aug.)

E. B. Debler, J. L. Lytel and A. W. Walker report on Tule Lake
reclamation completed.

1927

Langell Valley Irrigation District contract amended for
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1927 (cont.)

repayment of drainage works and to extend repayment period
for construction charges. (Jan.-July)

Homestead entry of 145 farm units in Tule Lake Division.
(March)

Shasta View Irrigation District contract amended to extend
repayment period for construction charges. (June)

Sunnyside Irrigation District contract amended to extend re-
payment period for construction charges. (June)

Klamath Irrigation District contract amended to suspend cer-
tain construction charges, exclude certain areas, and reduce
penalties. (June)

Malin Irrigation District contract amended to extend repay-
ment period for construction charges. (July)

1928

Great Northern railway branch line between Bend and Klamath
Falls opened. (May)

Klamath Irrigation District contracts amended and supplement-
ed to establish sums to be expended by the U. S., determine
costs of studies, and provide drainage works. (Nov.)

J. R. Iakisch report on drainage, Klamath Irrigation District,
completed.

1929 B. E. Hayden appointed Superintendent

Homestead entry of 28 farm units in Tule Lake Division, under
Public Order No. 23. (Feb.)

Horsefly Irrigation District contract amended to revise re-
payment schedule. (May) _

Van Brimmer Ditch Company contract amended to extend repay -
ment period for construction charges. (July)

Central Pacific railroad from Klamath Falls, Oregon, to
Alturas, California, first opened to traffic, (Sept.)

Tule Lake Division report on drainage and sump arrangement
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1929 (cont.)
prepared (contained in Chapter IV of 1929 Project History).
1930

Clear Lake water entirely depleted. (July)

Lost River Diversion Channel'enlarged from 250 c.f.s. to 1,200
c.f.s. (Nov.)

1931

Clear Lake Reservoir Channel construction begun. (March)

Horsefly Irrigation District contract amended to cover costs
of Clear Lake Channel construction. (April)

1932

Malin Irrigation District contract executed for construction
of culvert under Adams Canal.

Field classification of irrigable lands made in Klamath Irri-
gation District. (Oct.)

All Project construction stopped due to lack of funds. (Nov.)

Repayment moratoriums granted due to financial failures. (See
Chapter IV, page 51, of 1932 Project History.)

1933

Additional moratoriums on payments to the Government request-
ed. (See pages 7 and 8 and Chapter IV, page 48, in 1933
Project History.)

All Project work on construction stopped due to lack of funds.
(Nov.)

Langell Valley Irrigation District contract amended for ex-
tension of time for repayment of construction charges. (Dec.)

1934

Horsefly Irrigation District contract amended to decrease re-
payment obligation of Clear Lake storage by the amount of
4,864 acre-feet, and to grant adjusted deferment of construc-
tion charges. (Jan.)
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1934 (cont.)
Clear Lake Reservoir water depleted. (July)

Langell Valley Irrigation District contract amended to suspend
certain construction charges under the Act of Congress,
June 27, 1934. (July)

1935

Pine Grove Irrigation District contract amended to exclude
railroad lands. (Jan.)

Enterprise Irrigation District contract amended to adjust
construction charges due to economic conditions. (May)

Malin Irrigation District contract amended to cover construc-
tion of a second culvert under the Adams Canal. (May)

Melhase-Ryan Sump drainage pumping plant placed in operation.
(June)

Langell Valley Irrigation District contract amended to exclude
6,271 acres as nonproductive. (Nov.)

1936

Sale of lots in Tulelake Townsite. (April)

Malin Irrigation District contract amended to increase annual
water delivery from 2 to 2% acre-feet per acre. (May)

Sunnyside Irrigation District contract amended to increase
annual water delivery from 2 to 2% acre-feet per acre. (June)

Shasta View Irrigation District did not operate as a district
due to financial conditions.

1937

Town.of Tulelake, ‘California, voted to incorporate. (Feb.)

Construction work in Tule Lake Division discontinued due to
lack of funds. (June)

Enterprise Irrigation District contract amended, granting a

license to construct, operate and maintain a power plant at
"C'" Canal drop. (Sept.)
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1937 (cont.)

Malone Diversion Dam washed out, causing $10,000 damage.
(Dec.) '

Lost River flow exceeds capacity of Diversion Channel for
first time since 1930 enlargement. (Dec. 13)

1938

Homestead entry on 69 farm units in Tule Lake Division.
(April)

J. R. Iakisch "Report on Pumping from Tule Lake Sump," includ-
ing "Memorandum on Wild Life Refuge Development," completed.
(April)

Langell Valley Irrigation District contract amended to cover
repayment of construction work done by Civilian Conservation
Corps. (May)

Enterprise Irrigation District power plant at '"C" Canal drop
placed in operation. (June)

1939

Raising of Clear Lake Dam completed.

1940

Plevna Improvement District executes first repayment contract.
(April)

Klamath Drainage District contract amended to cover water con-
veyance rights-of-way, drainage, etc. (May)

Lost River exceeds capacity of Lost River Diversion Channel.
(Feb. 29, March 4, and April 1-4)

1941

Naval Air Base construction started. (June)
Tule Lake Tunnel completed. (Nov.)
1942

Fish and Wildlife Service original agreement executed to
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1942 (cont.)

integrate and regulate certain features and functions of the
Klamath Project in relation to operation of Tule Lake, Lower
Klamath Lake, and Upper Klamath Lake Wildlife Refuges. (Jan.)
Pumping Plant '"D" placed in operation. (May)

Japanese Relocation Center at Newell, California, construction
completed. (May)

Langell Valley Irrigation District contract amended to exclude
certain lands. (Oct.)

1943

Van Brimmer Ditch Company contract amended for inclusion of
lands. (Feb.)

Klamath Drainage District contract amended to supersede and
replace contracts in 1917, 1921, and 1929. (April)

Ady Pumping Plant placed in operation. (July)
1944

Deferred Project Charges, under Congressional Acts of 1932 to
1937, summarized as of December 31, 1944, (See 1944 Project
History, Part 3, page 7.)

Klamath Project transferred from Region 1 to Region 2. (July)

1945 E. L. Stephens appointed Superintendent

Water shut out of the "A" and "J" Canals until about June 7
due to heavy rains, for the first time in Project History.

"A," "B," and "C" dikes in Tule Lake Sump enlarged to sub-
stantially present size by lessees. (May)

Klamath Straits Drain and appurtenant works completed. (Dec.)

1946 R. R. Best appointed District Manager

Memorandum report completed to justify opening for entry of
additional lands in Tule Lake area.

Boundary Damsite core drilling started. (May)
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1946 (cont.)

Homestead entry on 86 farm units in Tule Lake Division, Public
Notice No. 43. (Dec.)

Langell Valley Irrigation District reclassification of about
12,500 acres of land approved by Commissioner. (Dec.)

Upper Klamath River Basin Investigation begun.

1947

Naval Air Station turned over to City of Klamath Falls.
(April)

Homestead entry on 44 farm units made under Public Notice No.
45 (in Part 2 of Tule Lake Division). (Oct.)

Klamath Drainage District contract of 1943 amended to cover
repayment of construction and operation and maintenance of
certain works operated by the Government. (Oct.)

Emmitt District Improvement Company first repayment contract
executed. (Oct.)

1948 E. L. Stephens appointed Project Manager

Homestead entry on 86 farm units (in Parts 1 and 2 of Tule
Lake Division) and Narrative History report for Public Notice
No. 47 prepared.

Shasta View Irrigation District repayment contract superseded
previous contracts. (Aug.)

Construction of "M'" Canal system completed.

1949

Crater Lake frozen over for the first time of record. (Feb.)

Lost River Diversion Channel enlarged second time, from 1,200
c.f.s. to 3,000 c.f.s. (March)

Lost River Channel improvements in Langell and Poe Valleys
completed.

1950

Tulelake Irrigation District formation approved by a vote of
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1950 (cont.)
115 to 15.

Legal decision, concerning the filing of the United States
for all waters of the Klamath River, rendered by Attorney
General George Neuner for the State of Oregon, reversing a
former decision relative to certain water rights of Klamath
Project.

1951

Lower Lost River Channel and Tule Lake dikes "A," "B," and
""North Main" improved.

The California Oregon Power Company applied for license to
build Big Bend No. 2 diversion dam and power plant on Klamath
River. (April)

Oregon passed law prohibiting diversion of water from State
without special legislation. (May)

Langell Valley Irrigation District contract amended to include
certain lands in South Langell Valley. (May)

The California Oregon Power Company water right at Keno ex-
tended for 50 years by the State Engineer.

Newell Townsite lots sold.

1952

Midland District Improvement Company first repayment contract
executed. (Feb.)

Report entitled "History of Tule Lake Division, including
Modoc Unit,'" prepared. (Feb.)

Tulelake Irrigation District formed. (March)

Thirty leases in Iuie Lake Division cancelled due to violation
of lease provisions. (Sept.)

Construction of "N" Canal system completed.

1953

Poe Valley Improvement District first repayment contract
executed. (July)
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1953 (cont.)

Langell Valley Irrigation District contract amended for repay-
ment of construction of pumping plants. (Nov.)

1954 J. Pitts Elmore appointed Project Manager

Ady District Improvement Company first repayment contract
executed. (Aug.)

Klamath Irrigation District contract amended to transfer the
operation and maintenance of Main Division to the District
effective January 1, 1955. (Nov.)

Upper Klamath Basin Investigation proposed report and appen-
dices completed and reproduced.

Butte Valley Feasibility Investigation resumed.

1955

Klamath Irrigation District takes over operation and mainte-
nance of Main Division. (Jan.)

Klamath Project Extensions Feasibility Report completed.

Clear Lake bottom sounded as part of Lost River Storage Unit
Feasibility Investigation.

Lost River flood flows exceed Diversion Channel capacity;
4,990 acre-feet spilled to Tule Lake Sumps. (Dec.)

1956

Fish and Wildlife Service agreement of 1942 amended and sup-
plemented. (Jan.)

Lost River flood flows exceed Diversion Channel capacity;
3,450 acre-feet spilled to Tule Lake Sumps. (Jan.)

Flashboards placed in Clear Lake spillway to prevent spill-
ing, this being the first time water surface reached spill-
way crest.

Inflow to Project reservoirs set an all-time record during
the 1955-56 stream year.

The Oregon and California Klamath River Commissions drafted
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1956 (cont.)

a water use priority agreement, for submittal to the respec-
tive legislatures in 1957.

Enterprise Irrigation District power plant at the head of the
"C" Canal damaged by fire. (Oct. 10)

Link River Dam contract with The California Oregon Power Com-
pany, covering the operation and maintenance of the dam and
operation of Upper Klamath Lake and Link River, executed for
50-year period, effective date April 16, 1956, superseding
1917 contract.

Tulelake Irrigation District repayment and operation and main-
tenance contract executed. (Sept.)

Project headquarters moved to new office building at Washburn
Way and Joe Wright Road in Klamath Falls; displaced by Air
Force.

1957 D. A. Gray appointed Project Manager

Tulelake Irrigation District began operation of Tule Lake
Division under terms of 1956 contract. (Jan. 1)

Horsefly Irrigation District contract amended to include water
service for 1,843 additional acres. (Sept.)

50th Anniversary celebration of water delivery to the Klamath
Project sponsored by the Klamath Basin Water Users Protective
Association. (May 24)

Klamath River Basin Compact, apportioning the waters of Kla-
math River, its tributaries, and other streams between the
States of Oregon and California, ratified by the respective
State Legislatures. (April 17)

Klamath River Basin Compact ratified by United States Congress.
(Aug. 29)
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1958

Enterprise Powerplant conversion to a canal drop. Bids open-
ed for Specifications No. 200C-373. Donald Francis Hastings
low bidder for $9,322.00 (January 23). Work started under.
Contract No. 14-06-200-6941 (February 3); completed (April 9).

Tule Lake Tile Drain Experiment on Lot No. 23 of Lease Area
B-1. Bids opened for Specifications No. 200C-376 for the
excavation of trenches and installation of closed drains
(March 21). Construction work started (April 22); completed
(May 12). Drainage experiment conducted jointly by Bureau
and University of California during irrigation season.

Homestead-lease Controversy Announcement. Press release from
Secretary of the Interior offering a general plan for resolv-
ing this controversy (April 1). Meetings held to discuss
this matter with local representatives of water users, wild-
life interests, and governmental agencies (April 1) and
(September 22-23).

Pumping Plants U and V Construction. Bids opened under Speci-
fications No. DC-5030. TLow bid $53,210; engineer's estimate
$47,404. All bids rejected (April 22).

Bids opened under Specifications No. 200C-393. Low bid of
$28,355 awarded to George R. Stacy, Oregon, Ltd. Engineer's
estimate $26,574 (August 26). Work begun under Contract No.
14-06-200-7360 (September 19).

Gerber Dam. Water spilled over the spillway for the first
time since the dam was constructed (April 12-24).

1959

March 7. Regional Director, Project Manager, and Vernon
Ekedahl, Manager, Tule Lake and Lower Klamath Wildlife Refuges,
met with landowners and others interested in the proposed
Lower Klamath land exchange.

July 17. Fuller Brasher, Watermaster of the Tulelake Irri-
gation District, was fatally burned in an electrical accident
at Pumping Plant D, which put the plant out of operation for
eight days.

October 9. Bureau of Prisons area at Newell was sold to H. A.
Fletcher, Lamont, California, after the lease was not renewed.

October 17-29. The Lost River Diversion Channel was closed

161



CHRONOLOGY OF IMPORTANT EVENTS

October 17-29. (cont.)

and drained for inspection and rehabilitation, and for repair
of the turnout at Station 48.

October 28. Regional and Project personnel inspected the out-
let gates at Clear Lake Dam.

November 1. An appraisal of the Suty excess lands in Langell
Valley was made by an appraisal board.

December 3. Gerber Reservoir had only 2,700 acre-feet of
storage, which is the lowest since March 1932. Water surface
was at elevation 4800.49.

December 8. Regional Director H. P. Dugan, Regional Super-
visor of Irrigation and Power M. H. Blote, and Project Manager
D. A. Gray attended a meeting at Tulelake, California, with
Congressman Johnson, representatives of the Tulelake Irriga-
tion District, Fish and Wildlife Service, and various other
agricultural and wildlife interests, for discussing the oper-
ation of Tule Lake Sump and several matters concerned in the
coordination and development of wildlife and agricultural
lands in the Klamath Basin.

1960

January 6-7. Project Manager D. A. Gray at meeting in
Washington, D. C., with representatives of the Bureaus of
Reclamation and Wildlife and the Tulelake Irrigation District
to discuss with the office of the Secretary of the Interior
the controversy over water levels to be maintained in the
Tule Lake Sump.

January 1-31. Draft of revised Rules and Regulations, opera-
tion of Pumping Plant D and the Tule Lake Sump, prepared and
reviewed by the Regional and Denver offices.

February 11. On the basis of telegraphic assurance by the
District that it would operate in accordance with modified
Rules and Regulations (Feb. 10, 1960) furnished to the Dis-
trict on that day, the Secretary's office advised the Dis-
trict that Plant D and related works would not be taken from
the District on February 14. This was the take-over date set
by the Secretary's notice of December 11, 1959.

March 16. Contract executed for one year with the Newell
County Water District, covering O§M of the water and sewage
disposal systems, Newell, California.
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April 4. Pumping Plant 9, built by George R. Stacy, trans-
ferred from Construction to O§M status and, also, transferred
to the Tulelake Irrigation District for O§M.

May 22. John S. Hamilton, Regional office, Sacramento, Cali-
fornia, appointed as Project Manager to fill vacancy created
by transfer of Donald A. Gray to the office of the Assistant
Commissioner and Chief Engineer, Denver, Colorado.

June 2. Contract for construction of Contract Unit 2, Sump 2,
awarded to John M. Keltch, Pasco, Washington.

July 1-31. During July a record water delivery of 66,750
acre-teet was made through the A Canal.

July 26-27. Butte Division Feasibility Report mailed or de-
livered to interested agencies and individuals for review and
comment.

August 30. Contracts for construction of Pumping Plants W,

X, and Y awarded to Patterson Construction Co., Klamath Falls,
Oregon, for Schedules 1 and 2, and to William S. Shedd,
Berkeley, California, for Schedule 3.

October 5. Construction contract, Earthwork and Structures
for Laterals and Drains, Sump 3, Contract Unit 1, awarded to
M. J. Coleman, Inc., Paradise, California.

October 17-19. Regional, Project and District personnel made
periodic examination of Transferred Works--Klamath, Tulelake,
and Langell Valley Irrigation Districts.

November 17. Meeting of water users' attorney, representatives
of the Regional Solicitor, and Regional and Project officials
to discuss the legal problems involved in the formation of a
district which would contract with the Government for repay-
ment of construction costs of the Klamath Project Extensions.

1961

February 13. Project Manager J. S. Hamilton transferred to
office of Secretary of the Interior, Washington, D. C., as
special Assistant to the Under Secretary.

March 7. Construction contract, Earthwork and Structures for
Laterals and Drains, Sump 2, Contract Unit 3, awarded to
George W. Lewis, Kennewick, Washington.

March 11. Landowners under proposed Klamath Basin Improvement
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March 11. (cont.)

District voted to request a Small Projects Loan from Congress
to finance construction of the Klamath Project Extensions.

May 9-23. Congressional representatives and interested agen-
cies informed that work on Butte Division Investigation and
Report was being discontinued until water users resolved

local problems of organization and indicated a strong interest
in development.

June 29. Hearing in Circuit Court at Klamath Falls, Oregon,
on temporary order to restrain State Engineer and Watermaster
from releasing stored water from private reservoirs to Gerber
Reservoir.

July 14. Meeting involving representatives of the Regional
Solicitor, Langell Valley Irrigation District, Bureau of
Reclamation, and water users to discuss Department's program
for gathering data for action to protect Project water rights.

August 21. Contract for construction of Pumping Plants 10
an§ IT awarded to Klamath Plumbing and Heating Company, Kla-
math Falls, Oregon.

August 25. Contract for construction of Contract Unit 2,
Sump 3, awarded to Kenneth E. Beck, Moses Lake, Washington.

September 15. Application for Small Projects Loan by Klamath
Basin Improvement District approved by Department and forward-
ed to Congress for approval.

October 15. C. D. Lawrence appointed Project Manager.

November 16. Meeting at Tulelake, California, conducted by
Congressman Bizz Johnson of California with representatives
of the Tulelake Irrigation District, Bureau of Sport Fisher-
ies and Wildlife, Modoc and Siskiyou Counties, Regional and
Project offices to discuss Senate Bill 1988 concerning admin-
istration of public lands in the Tule Lake area.

December 6. Construction contract, Laterals and Drains,
Sump 3, Contract Unit 3, awarded to John M. Keltch, Inc.,
Pasco, Washington.

1962

February 1. Meeting of Regional and Project representatives
of Bureau of Reclamation with Bureau of Land Management in
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February 1. (cont.)

Portland, Oregon, to determine position on each of many water-
right applications by Bureau of Land Management on reservoirs
and stockwater ponds in the Lost River watershed.

February 13-16. Contracts awarded February 13 to Patterson
Construction Company, Klamath Falls, Oregon, for relocating
the 101-C-1 Drain and repairing the N-1 Lateral, and to Wash-
ington Construction Company, Redding, California, on February
16 for leveling some existing laterals, both part of the

Tule Lake lateral and drain construction program.

March 29. Meeting in Portland, Oregon, of Bureaus of Recla-
mation and Sport Fisheries and Wildlife, to discuss fishery
benefits associated with reconnaissance report on proposed
Clear Lake Unit.

April 10. Meeting at Klamath Falls, Oregon, of Bureaus of
Reclamation and Sport Fisheries and Wildlife and Oregon and
California Departments of Fish and Game, to review wildlife
and fishery benefits of Clear Lake Unit and expedite prepara-
tion of Wildlife Bureau companion report.

April 25. Executed water service and Small Reclamation Proj-
ects loan repayment contract between the United States and

the Klamath Basin Improvement District to finance construction
of Klamath Project Extensions. Also signed was an amendment
to the operation and maintenance contract between the United
States and the Klamath Irrigation District.

October 7-14. October precipitation greater than any previous
amount recorded for that month in the Klamath Basin, princi-
pally due to the very heavy wind-and-rain storm occurring
throughout the Northwest on October 12. Mean daily flow
through the Lost River Diversion Channel on October 14 was
3,050 c.f.s., exceeding the design capacity of 3,000 c.f.s.

No spills through the Diversion Dam to Lower Lost River were
necessary, although the Diversion Channel was at peak capacity
for several days.

December 12. Acting Commissioner approved distribution of
Clear Lake Unit reconnaissance report, which summarizes possi-
ble plan for further water resource development on the Lost
River watershed.

1963

February 12. Meeting at Klamath Falls, Oregon, of Bureaus
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February 12. (cont.)

of Reclamation and Indian Affairs and Interior Solicitor, on
possibility of transfer of Klamath Indian irrigation projects
to Bureau of Reclamation.

May 6-7. Biennial examination of maintenance on major Proj-
ect facilities. Representatives of Region, Project, and Dis-
tricts participated. Examination at Clear Lake, inaccessible
in May, deferred and completed July 2.

May 11. Explosion, of unknown origin, blasted large hole in
Olene Flume.

June 10-14. Drainage review by Denver and Regional office
specialists.
August 9. Klamath Project Extensions dedicated by Commission-

er of Reclamation Floyd E. Dominy.

September 4-6. U. S. Court of Claims hearing in Klamath Falls
on lawsuit, Tulelake Irrigation District v. United States, on
allocation of OGM costs, Klamath Straits Drain.

October 5. Klamath Straits Drain cleaning completed. Work
was done by joint participation of Tulelake Irrigation Dis-
trict, Bureau of Sport Fisheries and Wildlife, Klamath Drain-
age District, and Bureau of Reclamation as defined in a spe-
cial contract.

October 28. Agricultural leases, 185 in number, were can-

celled and rewritten to include language prohibiting partic-
ipation in any acreage-diversion program established by the
Agricultural Stabilization and Conservation Service Program.

December 16. Meeting of representatives of the Bureau and
five principal districts involved toward negotiation of con-
tracts for transfer of Reserved Works to water users for
operation and maintenance.

1964

January 28. Contract awarded to George R. Stacy, Klamath

Falls, Oregon, for relocating
part of the Tule Lake lateral
July 15. Brief of exceptions
entitled "Tulelake Irrigation

Court of Claims Civil No. 445-

the 101-C-1 Drain in Sump 3,
and drain construction program.

of United States filed in case
District v. United States,

60," on allocation of O§M costs,
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July 15. (cont.)

Klamath Straits Drain.

September 2. Public Law 88-567 (Kuchel Bill) passed by
Congress and signed by the President. This law applies to.
conservation of wildlife resources and administration of
public-land areas of the Klamath Reclamation Project-in the
Upper Klamath Basin.

September 10. Contract for closed drain construction, Tule
Lake area--Sump 2, awarded to D. J. Hallgren, Carmichael,
California.

October 12-16. Biennial examination of minor Project facil-
ities, with representatives of Region, Project, and Districts
participating.

November 12. Meeting at Klamath Falls, Oregon, of Bureaus of
Reclamation and Sport Fisheries and Wildlife to discuss imple-
mentation of Public Law 88-567 (Kuchel Bill).

December 22-31. Heavy precipitation and runoff caused local-
ized flooding and record-breaking streamflow in the Basin,
resulting in considerable damage to District and Bureau prop-
erties. Flow at Harpold Bridge was about 6,900 c.f.s. Flow
in excess of capacity of the Lost River Diversion Channel

was passed to lower Lost River, and flow over Lower Diversion
Dam was 3,800 c.f.s. Christmas morning. All Project reservoirs
held back flood water to minimize flooding downstream.

1965

January 26-29. Inspection of damage and appraisal of emer-
gency repalrs to irrigation and related Project facilities,
with representatives of Districts, Project, and Region
participating.

February 11. Contract negotiated with Sierra Pacific Con-
struction Company, Sacramento, California, for emergency re-
pairs to Tule Lake Sump dikes.

March 12. U. S. Court of Claims issued decision in favor of
Tulelake Irrigation District in court action, Civil No. 445-
60, which involved allocation of O§M costs of the Klamath
Straits drainage system.

March 18. Contract awarded to Patterson Construction Company,
Klamath Falls, Oregon, for emergency flood rehabilitation of
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March 18. (cont.)
Lower Lost River Diversion Dam and Spillway and J Canal.

March 20. Keno Reef By-pass Channel cut through by Pacific

Power & Light Company to expedite removal of remaining flood
water and start, as the first step, a major job of increasing
discharge capacity of Klamath River upstream from the canyon.

April 19. Payment to Klamath Drainage District for propor-
tion of costs of constructing irrigation and drainage facili-
ties as defined by Public Law 88-567, September 1964.

April 21. Contract for flood-damage repair in Langell Valley
awarded to Patterson Construction Company, Klamath Falls,
Oregon.

May 17. Contract awarded to Francis D. Brown & Son, Fort
Klamath, Oregon, for flood-damage repair--cleaning flood-
damaged drain ditches in the Tule Lake Southwest Sump area.

June 16-17. Hearings conducted by Corps of Engineers in
Yreka, California, and Klamath Falls, Oregon, on flood con-
trol--Klamath River Basin.

July 7. Contract between the Bureau of Reclamation and
Slsﬁlyou County, California, executed for improving the "Hill
Road" along the west side of Tule Lake.

July 16-19. Biennial examination of maintenance on major
Project facilities and inspection of possible alternate sites
for Clear Lake Spillway. Representatives of Denver, Region,
Project, and Districts participated.

July 29. Amendatory contract with Langell Valley Irrigation
District executed, which provides for irrigation service from
Gerber and Clear Lake Reservoirs to 16,299.7 acres of land.

September 16. Examination of Tule Lake Tunnel, with repre-
sentatives of Region, Project, and Tulelake Irrigation Dis-
trict participating.

1966

February 15-17. Underwater examination, by diving team made
up of volunteers from the Regional office, of trashracks at
Gerber Dam, spillway section of Lost River Diversion Dam, and
float well at Pumping Plant F.
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April 19 and May 26. Hearings by Oregon State Engineer at
Klamath Falls, Oregon, on applications by Willow Valley Irri-
gation District and Johnson Stock Company to appropriate water
from streams tributary to Lost River, and protested by the
United States of America (through the Bureau of Reclamation),
Langell Valley Irrigation District, and Tulelake Irrigation
District. ' :

June 15. Cooperative agreement between Bureau of Reclamation
and University of California executed for study and control
of root-knot nematode, which attacks wide variety of crops.

September 1. First payments in lieu of taxes, under Public
Law 88-567 (September 2, 1964), from public-land revenue,
made to Klamath ($5,823), Modoc ($14,667), and Siskiyou
($53,034) Counties.

September 26-30. Biennial examination of minor Project facil-
1ties, with representatives of Region, Project, and Districts
participating.

November 30. Contract for closed drain construction, Tule
Lake area--Sump 3, awarded to Lawrence L. Jaeger, Yuba City,
California.

December 15. Upper Klamath River water quality hearing held
at Klamath Falls, Oregon, by Oregon Sanitary Authority to
permit interested parties to comment on proposed standards.

1967

January 17. First formal meeting with Pacific Power § Light
Company on draft of amendatory contract for operation of Keno
Development (new dam and channel improvement).

February 9. Public hearing held at Eureka, California, by
North Coastal Regional Water Quality Board on proposed water-
quality standards for the Klamath River.

April 10. Transfer of finance records and integration of
Klamath Project accounts in Regional office completed.

May 23. Hearing before Oregon State Sanitary Authority, fol-
lowing which Oregon adopted water-quality standards for the
Klamath River.

June 15. Drafts of contracts for transfer of O0§M of Reserved

Works presented to Klamath Drainage District, Klamath Irriga-
tion District, Langell Valley Irrigation District, and
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June 15. (cont.)
Tulelake Irrigation District.

June 29. Construction contract for rehabilitation of Pumping
Plant C awarded to Patterson Construction Company, Klamath
Falls, Oregon.

June 30. Contract with Pacific Power § Light Company for
operation of Keno Development approved by the Secretary of
the Interior.

Jul{ 1. Extension of cooperative agreement between Bureau of
eclamation and University of California at Davis for study
and control of nematode, Sump 2, Tule Lake area.

September 18-22. Biennial examination of major irrigation
structures, with representatives of Region, Project, and Dis-
tricts participating.

September 20. Rehabilitation and betterment contract between
United States and Langell Valley Irrigation District executed.

October 1. Second payments in lieu of taxes, under Public
Law 88-567 (Sept. 2, 1964), from public-land revenues, made
to Klamath ($6,061), Modoc ($15,738), and Siskiyou ($88,000)
Counties.

November 15 and November 29. Public hearings held in Klamath
Falls, Oregon, and Yreka, California, before representatives
of Federal Water Pollution Control Administration, Oregon
State Sanitary Authority, California Department of Water
Resources, and other agencies on planning for water-pollution
control in Klamath River Basin.

1968

April 12. Klamath River Compact Commission meeting at Klamath
Falls, Oregon, for detailed review of water-quality control
programs as they relate to water use in the Klamath Basin.

May 9. Public hearing at Tulelake, California, by North
Coastal Regional Water Quality Control Board on proposed
water-quality policy for Lost River in California.

June 17. Installation and impact testing of techite pipe in
east bank of Klamath Straits Drain under joint program of
United Technology Center, Sunnyvale, California, and Bureau
of Reclamation.
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July 29-August 2. Biennial examination of reserved works
(minor), with representatives of Region, Project, and Districts
participating.

July 31. Meeting at Sacramento, California, of Regional and
Project officials with representatives of Pacific Power §
Light Company, Federal Power Commission, California Department
of Fish and Game, and Bureau of Sport Fisheries and Wildlife
on Upper Klamath Lake-Klamath River operations water supply,
at which agreement was reached on reduced downriver fishery
flows during August and September due to drouth conditions

and short water supply.

August 27-29. Field inspection of Klamath drainage area above
Link River Dam by representatives of Regional and Denver
officies for reevaluation of inflow spillway design flood,
Link River Dam.

October 17. Third payments in lieu of taxes, under Public
Law 88-567 (Sept. 2, 1964), from public-land revenues, made
to Klamath ($10,696), Modoc ($16,987), and Siskiyou (§88,615)
Counties.
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KLAMATH RIVER BASIN COMPACT

BETWEEN THE STATES OF

OREGON AND CALIFORNIA

Ratified by
STATE OF OREGON, APRIL 17, 1957
(Chapter 142, Oregon State Laws, 1957)
and
STATE OF CALIFORNIA, APRIL 17, 1957

(Chapter 113, California Statutes, 1957)

Consented to by
THE UNITED STATES CONGRESS
ACT OF AUGUST 30, 1957 (71 STAT. 497)

Effective September 11, 1957
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After negotiations participated in by the following duly
appointed Compact Commissioners of the State of California
and Oregon, acting pursuant to authorizations of their respec-
tive legislatures and the Act of Congress of August 9, 1955
(69 Stat. 613):

FOR OREGON

NELSON REED, Chairman
Klamath Falls, Klamath County

JAMES KERNS, Jr., Vice Chairman
Klamath Falls, Klamath County

RALPH E. KOOZER, Commissioner
Ashland, Jackson County

HARRY PEARSON, Commissioner
Chiloquin, Klamath County

GEORGE E. STEVENSON, Commissioner
Olene, Klamath County

FOR CALIFORNIA

BERT A. PHILLIPS, Chairman
Douglas City, Trinity County

JAMES G. STEARNS, Vice Chairman
Tulelake, Modoc County

NELSON C. BOWLES, Secretary
Eureka, Humboldt County

HARVEY O. BANKS, Director of
Water Resources, Sacramento

ELLIS J. LOUIE, Commissioner
Gazelle, Siskiyou County

and by Frank A. Banks, representative of the United States

of America, the States of California and Oregon have agreed

on the compact articles hereinafter set out which were approv-
ed by the Klamath River Commissions of Oregon and California
on November 17, 1956, and ratified by the Legislatures of
Oregon (Chap. 142, Oregon State Laws 1957) and California
(Chap. 113, Calif. Statutes 1957) on April 17, 1957. This
compact was consented to by Act of Congress (71 Stat. 497)

on August 30, 1957, and became effective on September 11, 1957.
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KLAMATH RIVER BASIN COMPACT

ARTICLE 1
PURPOSES

The major purposes of this compact are, with respect to
the water resources of the Klamath River Basin:

A. To facilitate and promote the orderly, integrated and
comprehensive development, use, conservation and control
thereof for various purposes, including, among others: the
use of water for domestic purposes; the development of lands
by irrigation and other means; the protection and enhance-
ment of fish, wildlife and recreational resources; the use
of water for industrial purposes and hydroelectric power pro-
duction; and the use and control of water for navigation and
flood prevention.

B. To further intergovernmental cooperation and comity
with respect to these resources and programs for their use
and development and to remove causes of present and future
controversies by providing (1) for equitable distribution
and use of water among the two states and the Federal Govern-
ment, (2) for preferential rights to the use of water after
the effective date of this compact for the anticipated ulti-
mate requirements for domestic and irrigation purposes 1in
the Upper Klamath River Basin in Oregon and California, and
(3) for prescribed relationships between beneficial uses of
water as a practicable means of accomplishing such distribu-
tion and use.

ARTICLE I1I
DEFINITION OF TERMS

As used in this compact:

A. "Klamath River Basin'" shall mean the drainage area of
the Klamath River and all its tributaries within the States
of California and Oregon and all closed basins included in
the Upper Klamath River Basin.

B. "Upper Klamath River Basin'" shall mean the drainage
area of the Klamath River and all its tributaries upstream
from the boundary between the States of California and Oregon
and the closed basins of Butte Valley, Red Rock Valley, Lost
River Valley, Swan Lake Valley and Crater Lake, as delineated
on the official map of the Upper Klamath River Basin approved
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on September 6, 1956, by the commissions negotiating this
compact and filed with the Secretaries of State of the two
states and the General Services Administration of the United
States, which map is incorporated by reference and made a
part hereof.

C. "Commission" shall mean the Klamath River Compact Com-
mission as created by Article IX of this compact.

D. "Klamath Project'" of the Bureau of Reclamation of the
Department of the Interior of the United States shall mean
that area as delineated by appropriate legend on the official
map incorporated by reference under subdivision B of this
article.

E. "Person" shall mean any individual or any other entity,
public or private, including either state, but excluding the
United States.

F. "Keno" shall mean a point on the Klamath River at the
present needle dam, or any substitute control dam constructed
in Section 36, Township 39 South, Range 7 East, Willamette
Base and Meridian.

G. "Water'" or "waters' shall mean waters appearing on the
surface of the ground in streams, lakes or otherwise, regard-
less of whether such waters at any time were or will become
ground water, but shall not include water extracted from
underground sources until after such water is used and be-
comes surface return flow or waste water.

H. "Domestic use' shall mean the use of water for human
sustenance, sanitation and comfort; for municipal purposes;
for livestock watering; for irrigation of family gardens;
and for other like purposes.

I. "Industrial use" shall mean the use of water in manu-
facturing operations.

J. "Irrigation use" shall mean the use of water for pro-
duction of agricultural crops, including grain grown for
feeding wildfowl.

ARTICLE III
DISTRIBUTION AND USE OF WATER

A. There are hereby recognized vested rights to the use
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of waters originating in the Upper Klamath River Basin validly
established and subsisting as of the effective date of this

compact under the laws of the state in which the use or diver-
sion is made, including rights to the use of waters for domes-
tic and irrigation uses within the Klamath Project. There are
also hereby recognized rights to the use of all waters reason-
ably required for domestic and irrigation uses which may here-

after be made within the Klamath Project.

B. Subject to the rights described in subdivision A of this
article and excepting the uses of water set forth in subdivi-
sion E of Article XI, rights to the use of unappropriated
waters originating within the Upper Klamath River Basin for
any beneficial use in the Upper Klamath River Basin, by direct
diversion or by storage for later use, may be acquired by any
person after the effective date of this compact by appropria-
tion under the laws of the state where the use is to be made,
as modified by the following provisions of this subdivision B
and subdivision C of this article, and may not be acquired in
any other way:

1. In granting permits to appropriate waters under this sub-
division B, as among conflicting applications to appropriate
when there is insufficient water to satisfy all such applica-
tions, each state shall give preference to applications for a
higher use over applications for a lower use in accordance
with the following order of uses:

(a) Domestic use,

(b) Irrigation use,

(c) Recreational use, including use for fish and wildlife,

(d) Industrial use,

(e) Generation of hydroelectric power,

(f) Such other uses as are recognized under the laws of
the state involved.

These uses are referred to in this compact as uses (a), (b),
(¢}, (d), (e) and (f), respectively. Except as to the superi-
ority of rights to the use of water for use (a) or (b) over
the rights to the use of water for use (c), (d), (e) or (£),
as governed by subdivision C of this article, upon a permit
being granted and a right becoming vested and perfected by
use, priority in right to the use of water shall be governed
by priority in time within the entire Upper Klamath River
Basin regardless of state boundaries. The date of priority

of any right to the use of water appropriated for the purposes
above enumerated shall be the date of the filing of the appli-
cation therefor, but such priority shall be dependent on
commencement and completion of construction of the necessary
works and application of the water to beneficial use with due
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diligence and within the times specified under the laws of

the state where the use is to be made. Each state shall
promptly provide the commission and the appropriate official
of the other state with complete information as to such appli-
cations and as to all actions taken thereon.

2. Conditions on the use of water under this subdivision
B in Oregon shall be:

(a) That there shall be no diversion of waters from the
Upper Klamath River Basin, but this limitation shall not apply
to out-of-basin diversions of waters originating within the
drainage area of Fourmile Lake.

(b) That water diverted from Upper Klamath Lake and the
Klamath River and its tributaries upstream from Keno, Oregon,
for use in Oregon and not consumed therein and appearing as
surface return flow and waste water within the Upper Klamath
River Basin shall be returned to the Klamath River or its
tributaries above Keno, Oregon.

3. Conditions on the use of water under this subdivision
B in California shall be:

(a) That the water diverted from the Klamath River within
the Upper Klamath River Basin for use in California shall not
be taken outside the Upper Klamath River Basin.

(b) That substantially all of the return flows and waste
water finally resulting from such diversions and use appear-
ing as surface waters in the Upper Klamath River Basin shall
be made to drain so as to be eventually returned to the Kla-
math River upstream from Keno, Oregon.

C. 1. All rights, acquired by appropriation after the
effective date of this compact, to use waters originating with-
in the Upper Klamath River Basin for use (a) or (b) in the
Upper Klamath River Basin in either state shall be superior
to any rights, acquired after the effective date of this com-
pact, to use such waters (i) for any purpose outside the Kla-
math River Basin by diversion in California or (ii) for use
(c), .(d), (e) or (f) anywhere in the Klamath River Basin.

Such superior rights shall exist regardless of their priority
in time and may be exercised with respect to inferior rights
without the payment of compensation. But such superior rights
to use water for use (b) in California shall be limited to the
quantity of water necessary to irrigate 100,000 acres of land,
and in Oregon shall be limited to the quantity of water neces-
sary to irrigate 200,000 acres of land.
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2. The provisions of paragraph 1 of this subdivision C
shall not prohibit the acquisition and exercise after the
effective date of this compact of rights to store waters
originating within the Upper Klamath River Basin and to make
later use of such stored water for any purpose, as long as
the storing of waters for such later use, while being effec-
ted, does not interfere with the direct diversion or storage
of such waters for use (a) or (b) in the Upper Klamath River
Basin. .

ARTICLE IV
HYDROELECTRIC POWER

It shall be the objective of each state, in the formulation
and the execution and the granting of authority for the formu-
lation and execution of plans for the distribution and use of
the waters of the Klamath River Basin, to provide for the most
efficient use of available power head and its economic inte-
gration with the distribution of water for other beneficial
uses in order to secure the most economical distribution and
use of water and lowest power rates which may be reasonable
for irrigation and drainage pumping, including pumping from
wells.

ARTICLE V

INTERSTATE DIVERSION AND STORAGE RIGHTS;
' MEASURING DEVICES

A. Each state hereby grants for the benefit of the other
and its designees the right to construct and operate facili-
ties for the measurement, diversion, storage and conveyance
of water from the Upper Klamath River Basin in one state for
use in the other insofar as the exercise of such right may
be necessary to effectuate and comply with the terms of this
compact. The location of such facilities shall be subject
to approval by the commission.

B. Each state or its designee, exercising within the juris-
diction of the other a right granted under subdivision A of
this article, shall make provision for the establishment,
operation and maintenance of permanent gaging stations at
such points on streams or reservoir or conveyance facilities
as may be required by the commission for the purpose of
ascertaining and recording the volume of diversions by the
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streams or facilities involved. Said stations shall be equipped
with suitable devices for determining the flow of water at all
times. All information obtained from such stations shall be
compiled in accordance with the standards of the United States
Geological Survey, shall be filed with the commission, and

shall be available to the public.

ARTICLE VI

ACQUISITION OF PROPERTY FOR STORAGE AND
DIVERSION; IN LIEU TAXES

A. Subject to approval of the commission, either state shall
have the right (1) to acquire such property rights in the other
state as are necessary for the diversion, storage, conveyance,
measurement and use of water in conformity with this compact,
by donation or purchase, or (2) to elect to have the other
state acquire such property rights for it by purchase or
through the exercise of the power of eminent -domain. A state
making the latter election shall make a written request there-
for and the other state shall expeditiously acquire said prop-
erty rights either by purchase at a price satisfactory to the
requesting state, or, if such purchase cannot be made, then
through the exercise of its power of eminent domain, and shall
convey said property rights to the requesting state or its
designee. All costs of such acquisition shall be paid by the
requesting state. Neither state shall have any greater power
to acquire property rights for the other state through the
exercise of the power of eminent domain than it would have
under its laws to acquire’ the same property rights for itself.

B. Should any diversion, storage or conveyance facilities
be constructed or acquired in either state for the benefit
of the other state, as herein provided, the construction, re-
pair, replacement, maintenance and operation of such facilities
shall be subject to the laws of the state in which the facili-
ties are located, except that the proper officials of that
state shall permit the storage, release and conveyance of any
water to which the other state is entitled under this compact.

C. Either state having property rights other than water
rights in the other state acquired as provided in this article
shall pay to each political subdivision of the state in which
such property rights are located, each and every year during
which such rights are held, a sum of money equivalent to the
average annual amount of taxes assessed against those rights
during the 10 years preceding the acquisition of such rights
in reimbursement for the loss of taxes to such political
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subdivisions of the state. Payments so made to a political
subdivision shall be in lieu of any and all taxes by that
subdivision on the property rights for which the payments are
made.

ARTICLE VII
POLLUTION CONTROL

A. The states recognize that the growth of population -and
the economy of the Upper Klamath River Basin can result in
pollution of the waters of the Upper Klamath River Basin
constituting a menace to the health and welfare of, and occa-
sioning economic loss to, people living or having interests
in the Klamath River Basin. The states recognize further
that protection of the beneficial uses of the waters of the
Klamath River Basin requires cooperative action of the two
states in pollution abatement and control.

B. To aid in such pollution abatement and control, the
commission shall have the duty and power:

1. To cooperate with the states or agencies thereof or
other entities and with the United States for the purpose of
promoting effective laws and the adoption of effective re-
gulations for abatement and control of pollution of the waters
of the Klamath River Basin, and from time to time to recommend
to the governments reasonable minimum standards for the quality
of such waters.

2. To disseminate to the public by any and all appropriate
means information respecting pollution abatement and control
in the waters of the Klamath River Basin and on the harmful
and uneconomic results of such pollution.

C. Each state shall have the primary obligation to take
appropriate action under its own laws to abate and control
interstate pollution, which is defined as the deterioration
of the quality of the waters of the Upper Klamath River Basin
within the boundaries of such state which materially and
adversely affects beneficial uses of waters of the Klamath
River Basin in the other state. Upon complaint to the com-
mission by the state water pollution control agency of one
state that interstate pollution originating in the other
state is not being prevented or abated, the procedure shall
be as follows:

1. The commission shall make an investigation and hold a
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conference on the alleged interstate pollution with the water
pollution control agencies of the two states, after which the
commission shall recommend appropriate corrective action.

2. If appropriate corrective action is not taken within a
reasonable time, the commission shall call a hearing, giving
reasonable notice in writing thereof to the water pollution
control agencies of the two states and to the person or per-
sons which it is believed are causing the alleged  interstate
pollution. Such hearing shall be held in accordance with
rules and regulations of the commission, which shall conform
as nearly as practicable with the laws of the two states
governing administrative hearings. At the conclusion of such
hearing, the commission shall make a finding as to whether
interstate pollution exists, and if so, shall issue to any
person or persons which the commission finds are causing such
interstate pollution an order or orders for correction thereof.

3. It shall be the duty of the person against whom any such
order is issued to comply therewith. Any court of general
jurisdiction of the state where such discharge is occurring
or the United States District Court for the district where
the discharge is occurring shall have jurisdiction, on petition
of the commission for enforcement of such order, to compel
action by mandamus, injunction, specific performance, or any
other appropriate remedy, or on petition of the person against
whom the order is issued to review any order. At the conclu-
sion of such enforcement or review proceedings, the court may
enter such decree or judgment affirming, reversing, modifying,
or remanding such order as in its judgment is proper in the
circumstances on the basis of the rules customarily applicable
in proceedings for court enforcement or review of administra-
tive actions.

D. The water pollution control agencies of the two states
shall, from time to time, make available to the commission
all data relating to the quality of the waters of the Upper
Klamath River Basin which they possess as the result of studies,
surveys and investigations thereof which they may have made.

ARTICLE VIII
MISCELLANEOUS
A. Subject to vested rights as of the effective date of
this compact, there shall be no diversion of waters from the

basin of Jenny Creek to the extent that such waters are re-
quired, as determined by the commission, for use on land
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within the basin of Jenny Creek.

B. Each state shall exercise whatever administrative, judi-
cial, legislative or police powers it has that are required
to provide any necessary re-regulation or other control over
the flow of the Klamath River downstream from any hydroelec-
tric power plant for protection of fish, human life or prop-
erty from damage caused by fluctuations resulting from the
operation of such plant.

ARTICLE IX
ADMINISTRATION

A. 1. There is hereby created a commission to administer
this compact. The commission shall consist of three members.
The representative of the State of California shall be the
Department of Water Resources. The representative of the
State of Oregon shall be the State Engineer of Oregon who
shall serve as ex officio representative of the State Water
Resources Board of Oregon. The President is requested to
appoint a federal representative who shall be designated and
shall serve as provided by the laws of the United States.

2. The representative of each state shall be entitled to
one vote in the commission. The representative of the United
States shall serve as chairman of the commission without vote.
The compensation and expenses of each representative shall be
fixed and paid by the government which he represents. Any
action by the commission shall be effective only if it be
agreed to by both voting members.

3. The commission shall meet to establish its formal organ-
ization within 60 days after the effective date of this com-
pact, such meeting to be at the call of the governors of the
two states. The commission shall then adopt its initial set
of rules and regulations governing the management of its in-
ternal affairs providing for, among other things, the calling
and holding of meetings, the adoption of a seal, and the au-
thority and duties of the chairman and executive director.

The commission shall establish its office within the Upper
Klamath River Basin.

4. The commission shall appoint an executive director, who
shall also act as secretary, to serve at the pleasure of the
commission and at such compensation, under such terms and
conditions and performing such duties as it may fix. The
executive director shall be the custodian of the records of
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the commission with authority to affix the commission's offi-
cial seal, and to attest to and certify such records or copies
thereof. The commission, without regard to the provisions of
the civil service laws of either state, may appoint and dis-
charge such consulting, clerical and other personnel as may

be necessary for the performance of the commission's functions,
may define their duties, and may fix and pay their compensa-
tion. The commission may require the executive director and
any of its employees to post official bonds, and the cost
thereof shall be paid by the commission.

5. All records, files and documents of the commission shall
be open for public inspection at its office during established
office hours.

6. No member, officer or employee of the commission shall
be liable for injury or damage resulting from (a) action taken
by such member, officer or employee in good faith and without
malice under the apparent authority of this compact, even
though such action is later judicially determined to be un-
authorized, or (b) the negligent or wrongful act or omission
of any other person, employed by the commission and serving
under such officer, member or employee, unless such member,
officer or employee either failed to exercise due care in the
selection,. appointment or supervision of such other person,
or failed to take all available action to suspend or discharge
such other person after knowledge or notice that such other
person was inefficient or incompetent to perform the work for
which he was employed. No suit may be instituted against a
member, officer or employee of the commission for damages
alleged to have resulted from the negligent or wrongful act or
omission of such member, officer or employee or a subordinate
thereof occurring during the performance of his official
duties unless, within 90 days after occurrence of the inci-
dent, a verified claim for damages is presented in writing and
filed with such member, officer or employee and with the
commission. In the event of a suit for damages against any
member, officer or employee of the commission on account of any
act or omission in the performance of his or his subordinate's
official duties, the commission shall arrange for the defense
of such suit and may pay all expenses therefor on behalf of
such member, officer or employee. The commission may at its
expense insure its members, officers and employees against lia-
bility resulting from their acts or omissions in the perform-
ance of their official duties. Nothing in this paragraph shall
be construed as imposing any liability upon any member, officer
or employee of the commission that he would otherwise not have.

7. The commission may incur obligations and pay expenses
which are necessary for the performance of its functions.
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But it shall not pledge the credit of any government except

by and with the authority of the legislative body thereof
given pursuant to and in keeping with the constitution of such
government, nor shall the commission incur any obligations
prior to the availability of funds adequate to meet them.

8. The commission may:

(a) Borrow, accept or contract for the services of person-
nel from any government or agency thereof, from an intergov-
ernmental agency, or from any other entity.

(b) Accept for any of its purposes and functions under this
compact any and all donations, gifts, grants of money, equip-
ment, supplies, materials and services from any government or
agency thereof or intergovernmental agency or from any other
entity.

(c) Acquire, hold and dispose of real and personal property
as may be necessary in the performance of its functions.

(d) Make such studies, surveys and investigations as are
necessary in carrying out the provisions of this compact.

9. All meetings of the commission for the consideration of
and action on any matters coming before the commission, except
matters involving the management of internal affairs of the
commission and its staff, shall be open to the public. Matters
coming within the exception of this paragraph may be considered
and acted upon by the commission in executive sessions under
such rules and regulations as may be established therefor.

10. In the case of the failure of the two voting members of
the commission to agree on any matter relating to the adminis-
tration of this compact as provided in paragraph 2 of this sub-
division A, the representative from each state shall appoint
one person and the two appointed persons shall appoint a third
person. The three appointees shall sit as an arbitration forum.
The terms of appointment and the compensation of the members of
the arbitration forum shall be fixed by the commission. Matters
on which the two voting members of the commission have failed
to agree shall be decided by a majority vote of the members of
the arbitration forum. Each state obligates itself to abide
by the decision of the arbitration forum, subject, however, to
the right of each state to have the decision reviewed by a
court of competent jurisdiction.

11. The commission shall have the right of access, through

its authorized representatives, to all properties in the Kla-
math River Basin whenever necessary for the purpose of
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administration of this compact. The commission may obtain a
court order to enforce its right of ‘access.

B. 1. The commission shall submit to the governor or desig-
nated officer of each state a budget of its estimated expendi-
tures for such period and at such times as may be required by
the laws of that state for presentation to the legislature
thereof. Each state pledges itself to appropriate and pay over
to the commission one-half of the amount required to finance
the commission's estimated expenditures as set forth in each
of its budgets, and pledges further that concurrently with
approval of this compact by its legislature the sum of not
less than $12,000 will be appropriated by it to be paid over
to the commission at its first meeting for use in financing
the commission's functions until the commission can prepare
its first budget and receive its first appropriation there-
under from the states.

2. The commission shall keep accurate accounts of all re-
ceipts and disbursements, which shall be audited yearly by
a certified public accountant, and the report of the audit
shall be made a part of its annual report. The accounts of
the commission shall be open for public inspection during
established office hours.

3. The commission shall make and transmit to the legislature
and governor of each state and to the President of the United
States an annual report covering the finances and activities
of the commission and embodying such plans, recommendations
and findings as may have been adopted by the commission.

C. 1. The commission shall have the power to adopt, and to
amend or repeal, such rules and regulations to effectuate the
purposes of this compact as in its judgment may be appropriate.

2. Except as to matters involving exclusively the manage-
ment of the internal affairs of the commission and its staff
or involving emergency matters, prior to the adoption, amend-
ment or repeal of any rule or regulation the commission shall
hold a hearing at which any interested person shall have the
opportunity to present his views on the proposed action in
writing, with or without the opportunity to present the same
orally. The commission shall give adequate advance notice
in a reasonable manner of the time, place and subject of such
hearings.

3. Emergency rules and regulations may be adopted without

a prior hearing, but in such case they may be effective for
not longer than 90 days.
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4. The commission shall publish its rules and regulations
in convenient form.

ARTICLE X
STATUS OF INDIAN RIGHTS

A. Nothing in this compact shall be deemed:

1. To affect adversely the present rights of any individual
Indian, tribe, band or community of Indians to the use of the
waters of the Klamath River Basin for irrigation.

2. To deprive any individual Indian, tribe, band or commu-
nity of Indians of any rights, privileges, or immunities af-
forded under Federal treaty, agreement or statute.

3. To affect the obligations of the United States of Ameri-
ca to the Indians, tribes, bands or communities of Indians,
and their reservations.

4. To alter, amend or repeal any of the provisions of the
Act of August 13, 1954, (68 Stat. 718) as it may be amended.

B. Lands within the Klamath Indian Reservation which are
brought under irrigation after the effective date of this com-
pact, whether before or after Section 14 of said Act of
August 13, 1954, becomes fully operative, shall be taken into
account in determining whether the 200,000 acre limitation
provided in paragraph 1 of subdivision C of Article III has
been reached.

ARTICLE XI
FEDERAL RIGHTS

Nothing in this compact shall be deemed:

A. To impair or affect any rights, powers or jurisdiction
of the United States, its agencies or those acting by or under
its authority, in, over and to the waters of the Klamath River
Basin, nor to impair or affect the capacity of the United
States, its agencies or those acting by or under its authority
in any manner whatsoever, except as otherwise provided by the
federal legislation enacted for the implementation of this
compact as specified in Article XIII.
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B. To subject any property of the United States, its agencies

or instrumentalities, to taxation by either state or any sub-
division thereof, unless otherwise provided by act of Congress.

C. To subject any works or property of the United States,
its agencies, instrumentalities or those acting by or under its
authority, used in connection with the control or use of waters
which are the subject of this compact, to the laws of any state
to an extent other than the extent to which those laws would
apply without regard to this compact, except as otherwise pro-
vided by the federal legislation enacted for the implementation
of this compact as specified in Article XIII.

D. To affect adversely the existing areas of Crater Lake
National Park or Lava Beds National Monument, or to limit the
operation of laws relating to the preservation thereof.

E. To apply to the use of water for the maintenance, on the
scale at which such land and water areas are maintained as of
the effective date of this compact, of officially designated
waterfowl management areas, including water consumed by evapo-
ration and transpiration on water surface areas and water used
for irrigation or otherwise in the Upper Klamath River Basin;
nor to affect the rights and obligations of the United States
under any migratory bird treaty or the Migratory Bird Conser-
vation Act (45 Stat. 1222), as amended to the effective date
of this compact.

ARTICLE XII
GENERAL PROVISIONS

A. Each state and all persons using, claiming or in any
manner asserting any right to the use of the waters of the
Klamath River Basin under the authority of either state shall
be subject to the terms of this compact.,

B. Nothing in this compact shall be construed to limit or
prevent either state from instituting or maintaining any action
or proceeding, legal or equitable, in any court of competent
jurisdiction for the protection of any right under this com-
pact or the enforcement of any of its provisions.

C. Should a court of competent jurisdiction hold any part
of this compact to be contrary to the Constitution of either
state or the United States, all other provisions shall continue
in full force and effect, unless it is authoritatively and
finally determined judicially that the remaining provisions

188



KLAMATH RIVER BASIN COMPACT

cannot operate for the purposes, or substantially in the manner,
intended by the states independently of the portions declared
unconstitutional or invalid.

D. Except as to matters requiring the exercise of disCretion
by the commission, the provisions of this compact shall be self-
executing and shall by operation of law be conditions of the
various state permits, licenses or other-authorizations relating
to the waters of the Klamath River Basin issued after the effec-
tive date of this compact.

E. The physical and other conditions peculiar to the Klamath
River Basin constitute the basis for this compact, and neither
of the states hereby, nor the Congress of the United States by
its consent, considers that this compact establishes any gener-
al principle or precedent with respect to any other interstate
stream.

ARTICLE XIII
RATIFICATION

A. This compact shall become effective when ratified by the
legislature of each signatory state, and when consented to by
an act of Congress of the United States which will, in sub-
stance, meet the provisions hereinafter set forth in this
article.

B. The act of Congress referred to in subdivision A of this
article shdll provide that the United States or any agency
thereof, and any entity acting under any license or other
authority granted under the laws of the United States (referred
to in this article as '"the United States'"), in connection with
developments undertaken after the effective date of this com-
pact pursuant to laws of the United States, shall comply with
the following requirements:

1. The United States shall recognize and be bound by the
provisions of subdivision A of Article III.

2. The United States shall not, without payment of just
compensation, impair any rights to the use of water for use
(a) or (b) within the Upper Klamath River Basin by the exer-
cise of any powers or rights to use or control water (i) for
any purpose whatsoever outside the Klamath River Basin by
diversions in California or (ii) for any purpose whatsoever
within the Klamath River Basin other than use (a) or (b).
But the exercise of powers and rights by the United States
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shall be limited under this paragraph 2 only as against rights
to the use of water for use (a) or (b) within the Upper Klamath
River Basin which are acquired as provided in subdivision B

of Article III after the effective date of this compact, but
only to the extent that annual depletions in the flow of the
Klamath River at Keno resulting from the exercise of such
rights to use water for uses (a) and (b) do not exceed 340,000
acre-feet in any one calendar year.

3. The United States shall be subject to the limitation on
diversions of waters from the basin of Jenny Creek as provided
in subdivision A of Article VIII.

4. The United States shall be governed by all the limitations
and provisions of paragraph 2 and subparagraph (a) of paragraph
3 of subdivision B of Article III.

5. The United States, with respect to any irrigation or re-
clamation development undertaken by the United States in the
Upper Klamath River Basin in California, shall provide that
substantially all of the return flows and waste water finally
resulting from such diversions and use appearing as surface
waters in the Upper Klamath River Basin shall be made to drain
so as to be eventually returned to the Klamath River upstream
from Keno, unless the Secretary of the Interior shall deter-
mine that compliance with this requirement would render it less
feasible than under an alternate plan of development, in which
event such return flows and waste waters shall be returned to
the Klamath River at a point above Copco Lake.

C. Upon enactment of the act of Congress referred to in
subdivision A of this article and so long as such act shall
be in effect, the United States, when exercising rights to
use water pursuant to state law, shall be entitled to all of
the same privileges and benefits of this compact as any per-
son exercising similar rights.

D. Such act of Congress shall not be construed as relieving
the United States of any requirement of compliance with state
law which may be provided by other federal statutes.

ARTICLE XIV
TERMINATION

This compact may be terminated at any time by legislative
consent of both states, but despite such terminations, all
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rights then established hereunder or recognized hereby shall
continue to be recognized as valid by the states.
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TABLE A

HYDROLOGICAL STATION SUMMARY

KLAMATH DRAINAGE BASIN

OREGON
MAP TRATRALE WATER COMPLETE
THDEX HAE STATION LOCATION STREAM AHFA ELEVATION TIFE ACTIVE YEARS OF WATER SOURCE
WO, HO. Twp.  Bnge Sec.| MIIE | Squddi. Foet 1969 FECORD TEARS
STHEAM GAGES
1 Miller Creek st Gerber Hes.
oear Lorells 4835 36 12 12 2.0 =0 4800 Staf? 1904-09, 25-50 2 s
2 Miller Creek meer Lorells 4840 40 UE 4 2.3 270 4200 Bacorder 1909° 20 s USGS
3 Lost River sbowe Olens 4845 38 1 21 A 1310 4100 Staff 1915.17 0 USGS
4 Lost River at Olana 4850 385 1E 1 2.3 1590 4100 Staff 1908, 07.11 4 USeS
5 Lost River ot Wilson Bridge 4870 3 108 30 25.1 1820 4005 Recorder 1912.20 8 ses
] lost River nser Merrill 4875 405 1E 28 16.2 1670 4000 Statf 1904-07 2 Uses
4 Lost River at Merrill 4880 405 1E k3 13.2 1680 4000 Recorder 1915 [+] s
8 Willienson River near
Silver lake 4915 3B 1 1 61.3 =0 4550 Staff 1917.21 0 USGS
9 Millsr Creek near Crescent 4920 2685 7E 2 3.7 4700 Staft 1912.14 1 USGs
10 Sexd Creek neer Fart Klamath 4925 315 7E 29 35 4700 Becorder 1917.22 [ UGS
1u Scott Creek mear Fort Klasath 4530 315 7E 18 10 4700 Steff 1917-20 4] usGs
Willisascn River near Klamsth
Agency 4935 335 7E 1 27.1 1290 4500 Recorder X 1908°, 10, 55 15 UsGs
Willisason River above Spring 4940 S 7E 2 19.8 1330 4190 Recorder 1912° 13, 1517.
Creek, near Klammth Agency 25 1 UsGs
1 Willismson River at Chiloguin 4945 355 E 3 11.2 1400 4170 Staff 1911.17 5 UsGs
Seuth Fork Spregue River
nser Bly 4955 37 15E 6 9.7 110 4500 Staff 1925.26 [} UsGs
Korth Fork Sprague River
oear Bly 4965 365 L 2 10.2 45 4600 Staff 191718, 25-26 [*] Uscs
17 Fivenile Creek near Bly 4970 38 13E ] 40 4300 Staff 1917.20 2 Uses
18 Spregus River neer Beatty 4975 365 12 13 75.1 S13 4350 Staff X 1914° 25, 18 USGS
Recorder 1954
19 Sycen River meer Silver laim 4980 25 ME 21 464 100 5000 Bacorder 1918.22 0 uscs
20 Sycon River at Sycen Marsh
neer Silver laks 4581 = MUE 19 43.3 0 S000 Staff 190506 0 Uses
21 Leng Creek near Silver lais 4885 =5 13 [3 40 5100 Racorder gls' 24,1927¢ 2 UsGs
2 Sycan River nser Beotty 4990 3 1ZE 8 9.3 4400 Racorder glz- 16,1917- 9 UsGs
3 Whisley Creek nser Beatty 4995 365 ho- 19 51 4300 Staff 181719 UsGs
% Spregus River near Taimex 5000 355 108 11 50.8 1270 4300 Staff 1904-05 0 USGS
25 Sprogue River near Chiloquin 5010 kS 7E 35 5.3 1580 4202 Recorder X 1920.21,1921- 48 UsCs
26 Spragus River near Chiloquin 5020 35 7E 3 0.6 1600 4180 Racorder {gll;ésé.lzg 7 i e
’
2 Willismscn River below Spregus 525 35 7E 4 10.9 3000 4155 Recarder X 1917+ =2 UsGs
River nesr Chiloquin
28 Anps Creek oesr Fort Klamsth 55 = & 36 5.3 40 4300 Staff 1823.27 3 s
2 Sun Creek st Ra: Station
neor Fort Klame (8323) = W = Staff 1927 0 OSE
30 Sun Creek st Dizn's Rench (e330) 335 HE 4 Staff 1827 [ OSE
31 Wood River at Cardwell Ranch
oear Fort Klamth (832¢ ) =S A 3 16.4 4912 Staff 192726 0 [+=3
= Wood River mmar Fort Klsmath 5040 3= o z 12.5 9 4167 Staff 1911° 22,23.35 18 USGS
k<) Fort Creek nesr Fort Klamth (e328) S HE k4 Stafs 1927° 0 0SE
k] Wood River st Loosley Banch
near Fort Klamath (ex25) 335 e LY 7.5 Staff 1927° 0 0sE
35 Wood River at Wood Fanch near
Fort Klamsth (&329) s A 3 6.3 Staff 1927° 0 OSE
3% Wood River mesr Fort Klamth 5041 us 23 10 5.7 88 4150 Recorder 196467 2 USGS
k- Crooked Creek noar Fort Klamath 5042 s HE 13 5 4150 Steff 196467 2 UsGs
8 Severmile Creek at Renger
Station neer Fort Klamth (8331} 3 -] 1 173 Staf? 1927¢ 0 [>>]
39 Sevenmile Creek at !auhy
Banch near Fort K (e32) us 6 1 10.8 Staff 1927° 0 OSE
40 Crans Creek at Loosley Ranch
oear Fort Klamth (Ba25) Hus 3 1 Staff 1927¢ 0 OSE
41 Fournile Creek nser Odassa 5055 385 & 9 10.1 11 5730 Recordar 1912° 17 3 usGs
42 Fournile Creek meer Rocky Point 5056 355 [ 9 2.1 105 4150 Staff 196457 0 UsGs
43 Varney Creek nmer Rocky Point 5057 35 6E L ? 4150 Staff 1964.67 [} UsGs
Link River end "A" Camsl st
“ Klagsth Falls (813-b) | 388 9E 0 Recorder 192441 18 OSE
45 Linok River st Klacath Fslls 075 38 E = 3810 4084 Racorder X 1908 &6 UsGs
45 Lisk River sod Keoo Camal st (833-a) | 385 - = 3800 Becorder 193441 18 CsE
Klamnth Falls
47 Klaoath River st Kemo 5095 35 7E 35 2314 3920 3970 Recorder X 190414, 1930 64 uses
48 Spencer Creek near Kenoo 5100 35 7E 20 0.5 90 3@20 Staff 1929.32 3 UsGs
49 Dlnesth Ri: t Bri
oar Koma - Spescer Sridg 5105 35 7E 31 | 263 4050 775 Recorder 1914431 18 USCS
50 Klamsth River below Joha C.
Boyles Power Plant neer Kemo 5107 o5 & 1 19,1 4080 3275 Recorder X 1959. 10 OSE
51 Grizzly Creek near Lilyglen 5130 38 4E n 2.2 30 4407 FRecorder 1915‘-126.31' = usGs
= Little Beosver Creek at Pinaburst 5135 46 4AE 4 13.3 13 s Recorder 154448 5 wses
= Koens Creek near Ashlend 5145 3% I 21 10.6 12 4706 Recorder égﬂ‘ 2,1949. 18 seS
A Keemo Creek st Ksems Rench
oesr Ashland 5155 3B = 2 8.6 18 4588 Rescorder 1918.19 0 Uscs
55 Keons Creek nser Lincoln 5150 395 = = 746 19 420 Rocordar 1944 - 48 s UsGs
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TABLE A
HYDROLOGICAL STATION SUMMARY
KLAMATH DRAINAGE BASIN

OREGON
(continued)
MAP IRADUGE WATER COMPLETE
THDEX HAME STATION 10CATION STREAM LAEEL EIEVATIE TFL ACTIVE TEABS OF WATER SOURCE
HO. HO:s Twp. Enge  Sec. | MIIE Squadi, Feot 1969 RECCED TEARS
STREAN GAGES
5 Aaamcmkmrn-e:hml(sm) |:-rs ) zl l ml la.men- I lms-ts l [} oS3
CHEST STAGE GAGE
57 Mosquito Creek nser Shevlin 4918 285 1= = 2 4920 b 4 1965- [ USCS
58 Brownsworth Creek mar Bly 4948 363 168 28 2 5480 b ¢ 1965« [+] i 2
= Currisr Creek nser Folsley 4978 S 16 18 X 1965+ ] UsGs
80 Crystal Creek nsar Chiloquin 5013 B K 2 & 4190 . 4 1965+ 0 uses
61 Threexils Cresk nsar Crystal S0t4 s && 3 10 4570 . X 1965~ ] Uses
& Lost Creek nser Rocky Point 5055.5 | 355 -4 26 R b9 1865+ o uscs
Oamth River Tritutary oesr =
Kemo 5094 385 K] 35 1 4240 I 1963 0 uses
CAHAL GAGES
-3 South Fork Little Butte Camel
near Pinslmrst 3354 s 4 7 4540 Recorder I 1959-68 9 OSE
65 Dead Indian Cannl pesr Pimelmrst | 3404 385 x 15 4540 Bacorder X 1958-68 4 OSE
86 Olene Wostewsy at Olens 4855 335 1E LY 4100 Statf 1915.18 [+] Uscs
67 Lost Biver Diversion Capal meer 4880 5 1E 2 4080 Staff 1912.15, 16-18, (] UsGs
Olens 20-69
68 “G" Cans] peer Olens 4865 5 1E 29 4080 Fecorder 1912-18 0 UsGs
to %—ﬁ River at Pozp
%ﬁﬁ byl 4910 A 8E 3 4082 Records X 1943 19 UsGs
Bly Canal neer Bly 4950 37 1 8 4500 Stafr 1925-26 0 USGS
n River tion
SF‘WN s Camul-.d’n-r Bly 4950 365 UE 10 4500 Stags 1918, 2526 0 uses
Modoc Foint Camal meer Chiloguin | 5015 s E 3 4200 Staff gls' 21,1823 [ uscs
Molhase Ditch meer Fort Kiamsth | (&327) | x5S HE 15 Staff 1927 [} oSE
K3 Cascods Camnl st Fornile Lake 5046 355 S 9 5744 Staf? I 192331, 33-43
near Lakecroek 455, brea gk 5 oss
75 Coscads Camn) near Fish lake 5050 365 SE 30 5235 Recorder X 1924° 1925 0 OSE
7% “A' Cansl ot Klaoath Falls 5060 38 E 30 4126 Recorder X 1911. 0 UsGs
” Keno Camel st Klamth Falls 5065 s -4 = Staff 1923-50, 50-52 18 UsGs
78 Civersion from Klasath River to
Lost River near Olene 5085 35 1E 3t 4080 Staff 1931.69 osE
Diversion fraz Klamsth River to
Midlaod Comel nesr Midlard 5091 405 & 1 4100 Staff 194769 USGS
Diversion from Klamsth River
st Ady 5090 405 : 4 23 4082 Statf 1943-69 25 UsGs
a1 Keens Creei Cansl nsar Ashland 5150 =5 I 2 4705 Racorder 31&5-281 ,1929* 14 OSE
-3 Diversion nesr Ashland Diversion
from Klamsth River 5161 335 I = 2162 Mater 1960-65 5 USGS
FESERVOIR GAGES
< Gerber Res. nser Larelle 4834 35 13F 12 20 4800 Staff b 4 Feb. 1925 “ OST
Sept. 1968
3 Croter Lake or. Croter lake 4922 308 6 26.2 6183 Recorder X 1961. 9 UsGS
-3 Fournile lake nsar Recrestiom 5045 o1 = 9 10.1 10.5 5880 Staff X 1823+ 3 oSt
&6 T Klazath Falls nesr
th Fells S070 38 -3 19 3810 4038 Recarder X 1904.23,1923. 47 OsF
& Hownrd Preirie lake mser 5129 s 4E 3 27.6 4503 Mercury X 1958+ 10 uses
Pinshurst Staff osE
88 Howord Prairie lake nser 5129.2 38 4E 3 Mater T 1958 10 lﬁ
Pinsburst
88 Hyatt Reservoir near Ashlerd 5140 395 = 16 11 11.2 5016 Staff X 1922. 42 OSE
WATER TEMPERATURE GAGES
(84) Crater lake nesr Creter Lake 4922 305 >3 12 26.2 Recordar 1963-64 1 (‘E)
(12) | Willisascn River oser Klsmth
Agency 4935 7E 1 27.1 1290 Spot 195462 uscs
{18) Sprague River meor Bestty 4975 363 12E 13 75.2 513 Spot. 1953-62 UsGs
(25) | Spregue River noer Chiloquin 5010 us 7E 35 54 1580 Spot gﬂ.sa,lsso. uses
(27) | villiazson River below Sprsgue
River nser Chiloquin 5025 3= E 4 10.8 3000 Spot 194182 jir)
%0 Crocked Creek neer Klamath
Agency s Ae 1 aily 194345 1 Uses
(77) | ¥eno Canal ot Klasath Folls 5065 36 -3 = Spot 1947° &2 usGs
(45) | Link River st Klssnth Fells S075 38 = 2 3810 Spot 198782 Uscs
(47) Klsmath River at Keno 5095 ;|5 7E 35 | 2314 3920 Spot 194757, 1958 USGS
&2
(53} | Keems Creek near Ashland 5145 36 = 21 10.6 12 t 1948-58,1959. uscs
§5
WATER QUALITY
91 Lost River at Harpold Tea 35 11E 9 40.7 . ) ¢ 1968- my
-] Lost River et Merrill Road
Bridge 405 1E k3 13.2 I 1969- mR
Lost River at Diversim Daa
near Malooe 415 11E ? 7.7 X 1968. mn
] Lost River Diversion Chaaonel
below Wilson Bridge 415 11E 8 7.0 X 1968. =R
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HYDROLOGICAL STATION SUMMARY

TABLE A

KLAMATH DRAINAGE BASIN

OREGON
(continued)
WATER lcaELETE
MAP STATION I0CATION STEEAM BEaATIN | TR ICTIVE | YEARS OF WATER SOURCE
mnm HAME W. Twpe Boge Sece| MIIX Sqati. Feet 1959 HECORD YEARS
WATER QUALITY
95 | Willisnson River 1 miles abave
Chiloquin Ke2 s T 2 12.8 X 1956-61,1967- o
9% River ¢ nils sbove
Ef:u.n ¥ | 81 B\ T 3 0.5 b4 1958, m
7 Willismsen River ot Highmey 97 35 7z 21 el X 1955« o
Bridge
98 Vlllh-m mm ot Williamsom N
River S | & = OE ] 4.8 - 1958.61 my
99 Exit of Klamth Isle ot hn.nt
Street Bridge, Klsssth Fa X4 m = 30 | 254.2 X 1958 R
100 River Hi §7 Bridge
ailes Souw Klsssth Polls| K-5 3B o 18 | 8.3 | X 1959. R
m-u: Streight et Pomp!
() Plent 1 i 4910 0w & 3 1.7 x 1968. me
101 Klamsth River st Emmo (above
dem) 46 €& [ 234.9 X 1955- me
12 | Kaesth River at Keno Bridge [ & BB & M 244 195961 mR
13 Klszath River below Big Bend
Powerhouse | &4 45 a " 219.9 X 1959 R
CLIMATOIOGICAL STATIONS
104 | Bly Benger Station 0853 ‘s M 4350 P X &5- 3, ss-sz, 13 =T
:] '
105 | Brywnt Momtain 1087 405 13 5720 scP 1968- oS
106 | Chemult 1546 m™m & 2 4760 Pyl b 1937. = usws
107 | Ohiloquin 1571 us 3 4198 P,T x €5 UsSWB
* 1908° 10,1511.
108 Creter laks Haticxe]l Park
Heedquarters 1946 IS e [ 6475 P,T b4 1931. 39 use
109 Creter lake (Horth Ria) 1851 3E ek (us.) 6800 St X 1963-68 uswe
Crater Lake 7 NNE S 1965.66 USHB
110 Deiry 3 KE (Yoomn) 2018 3 E 19 4150 ByT 159!3144,1919 15 W
11 Fish laks 2928 3 4E 3 4340 P,T 1918.65 46 usHB
112 | Fort aseth 335 35 4160 P,T 1865° 15 usi8
500750, ess.
98
13 Fort Ilamath 7 SW 3022 U & 1 4180 P,T 1953.60 ? UsKB
14 Gerber.Dan fd 3|\ 1T 12 4850 P X g?'-“"' 58-50 39 -]
115 | Groen Springs Poser Plant 3509 “w = 3 435 P X 1961 ] USWB
116 | Howsrd Preirie Dem 4060 s 4 = 4567 P,T X 1961« 9 s
117 | Kemo “om 395 7E 36 4115 P X 1928. « sk
118 | Clswsth Palls 4506 K & = 4098 P, mm.as k) usee
6- toca,
19 Klemth Falls Airport 4511 ® 2 4085 P,T 1948, 1948.58 9 usWB
120 | Lilyglen s 0= 15 4537 P ;osoe-os 1910+ 1 U
121 | salin 9964 415 1z 16 4050 BT b4 182546, 1968+ z3 us8
122 | Merrill 2 MW 5505 W0 uE k" 4080 PyT 1905.17 m' 36 7]
1949¢
fre2%
123 | Poisley (Near) 3Ij T 5 4209 P,T 1692, 1906-12, 10 USAB
1913.19
124 Quart: Mountain Summit 6948 7 3 5530 s@ b3 1963~ lg%‘
125 | Rocky Point 3 § 7285 S -1 u 4150 P,T X 1967. 3 usvs
126 FRound Grove 7354 Er T 4888 PoT x 1920~ 50 USHB
127 Send Creek 7533 -] [ Y] P,T 92946, 1945, 17 usvB8
194745
128 | Seven lakes 7687 s 3 5980 s X 1965 CcSE
129 Silver Creek 7804 295 1E 28 4900 s@ b 1963- 0SE
130 | Silver Loke § SW 7815 28 UE 36 4956 P,T 1967° 68 usWe
13 Siskiyon Sumit W8 7850 s E 20 4125 PyT X 18991800, 1912- 31 usva
132 regus River 8007 B IE u 4360 P,T x 1953-54, 54-65 12 U8
Sprogue ) o]
133 | Strewberry Snow Course a1ss [T ST 4 5760 s@ X 1964 =
134 Suzcer Lake 1 S 8173 315 1 3 4192 P,T b4 1957 12 USWB
135 | Sumcer Riz Snow Course a1r? 3 16 18 7200 @ X 1963« OSE
UsW8
13 Teylor Butte BI5? I OUE 2 5040 @@ b4 1964~ osE
137 | 7ule lab» 415 UE 6 4055 P 1915.23 ? USWB
138 Yomsey Momtsin 9570 05 1E 28 7380 SGP I 1957 oSt
SHOW SCRVEY COURSES
139 annie Spring 2266 s & 19 6018 sS b3 1929, =
140 | Beatty 1FPaL B 1E 2 4300 s X 1927 sCS
141 8illie Creek tivide 22613 368 = 30 5300 s X 1929 5CS
142 51y Meuatain 21684 ¥ UE 15/ 5090 5,5 X 1957 5CS
143 21y 10! Ranch WPPAL | 35 ME 2 4800 ss b4 1927 SCS
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TABLE A

HYDROLOGICAL STATION SUMMARY

KLAMATH DRAINAGE BASIN

OREGON
(continued)
o2 - B | v T e | W TR o | o | 2w | | s
¥0. Sqdti, 1959 REOCRD TRARS
SHON SURVEY COURSES
(108) | Cheemit 211 Fo & 21 4760 ss 1837 sCs
(107) | Cadloguin PPAL W T M a7 ss x 1927 s
144 | Chosult ZPaL Fo3 s 21 4760 ss 1927-86 scs
M5 | Cold Springs Cesmp 0 = =2 12 8100 ss b 1959 sCS
U5 | Crasyman Nat 20612 s 1= ] 6100 ASp z 1958 xS
U7 | Crystal 4PPEL N & 26 s 1930- sCs
148 | Disaord Iaie 1FPeL | 25 & 2 5200 ] 1929.37, 1937.50 S
149 | Dissond lake Junction 97 21718 2 T 1 4500 ss x 1955. scs
150 | DiseemdCreter Summit 2119 2 & % 5800 ss X 1958, s
151 | Dog Hollow 21C6s “B e 1 4800 ASD I 1958 scs
122 | Pinley Carrels WG4 E T ] 1 6000 ASD I 1958. S
153 | Fort Klamath PRSI =5 W =2 4150 ss X 1527 scs
15¢ | Fourmile Iake 2612 365 & 9 6000 ss X 1930° 1950 s
(114) | Gerber Dsn 21G4P W 1T 12 4850 SS,P X 1949. s
155 | Harrisssn Lodge &PPaL s & 3 4200 sS b 1927 CS
156 | Howsrd Prairie 225 W O R 4500 s I 1950 scs
157 | Hyptt Proirie Beservoir 2615 = X 15 4900 ss b4 1929° X2,1935. s
158 | Eirk EPPRL = m 1 4533 S5 192766 scs
159 | Ials of the Woods 22615 n & 1 4960 sS b 1937. sCS
160 | Iaks of the Woods waL | = 15 4960 s 1527.51 s
(108) | Park Hesdquarters 2065 5 & 8 6AS0 sS I 1943 ]
161 | Pelicen Ousrd Station 2225 35 - 9 4150 ss b4 1958 scs
162 | Quarts Mountain 08 | B 18 2 S320 S5, SM,P I 1929° 38,1938 scs
(124) | Quarts Mountain Summit OFPAL 37 1 = §500 ss X 1930- s
163 | Hocky Point upPaL | 3 & 25 4150 s 192742 S
(133) | Strewverry 20GaAP 4B 1E 4 5760 5s,p 1938 s
(135) | Sumer Rin 20G2AP 335 16E 15 7200 P,ASD 1936. S
164 | Seven Lakes No. 1 6P | M5 & 3 6800 ss 1936-69 s
165 | Seven Lakms Na. 2 2611 S £ 2% 8200 s X 1936 scs
165 | Sun Momtsin 2162 == M = 30 s } 4 1937 S
167 | Sycen Flat 20613 1S M 25 €500 ASD I 1958. sCS
(135) | Teylor Butte 216p IS 1E 18&31 5100 ASD,P X 1637 54,1955+ scs
168 | Yansey 1ZPREL | 3S 1E 20 4600 s 1929455, 65-69 scs
169 | Yamsey Mountain 2161 B 1F 10 6500 S 1929° 3 SCS
Notas? ABBRIVIATIONS
snﬁ:wsm "'Pb I} = Deperioet of Baviramental Qulity
pn'n d- refer = Orey State Enginser
s-pc-xaw:?ﬁ vk % =1, smg‘f&s::;'
* Deootes incomplete ywars of recerd (528} (= Ue.s Wentha
ASD = Aarisl Saow Depth Coge
gap : ?&i""‘ mPndpihﬁu
N ﬂm
T :i‘:&z&"‘
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TABLE A
HYDROLOGICAL STATION SUMMARY
UPPER KLAMATH DRAINAGE BASIN

CALIFORNIA
MAP TBAIHAGE VIATER COMPLETE
DEEx HAME STATION 10CATION STHEAM | AHEA EIXVATION TIFE ACTIVE YEARS OF WATER SOURCE
MO, H0. e FRoge Sece| MIIE Sqadie Foot 1969 HECQRD YEARS
STHEAM GAGES
1 Lost River at Clear lalms
Californie 48M.2 | am & 550 460 Staff 190409, 18-50 “ UsGs
2 Willow Creek nr. Dorris a 2z 9 1953-54 usar
3 Cottommwood Creek or. Derris 4m = 18 1953.54 usar
4 Hot Creek nr, Dorris am 1E 3 195354 USER
5 Shoepy Creek nr. Dorris 4 1E 35 195354 USSR
6 Antelope Creek nr. Tenmnt 4e95 = ™ 25 18.6 5080 Recorder b4 1952. o USGs,
7 Antelope Creek rrs Mocdoel 4500 a3 w 12 30 5080 Weir & 192122 UsGS
Recorder
] Butte Creek nr. Macdosl 4505 45 w 30 178 4300 Recordsr 1921.22, 51.60 8 USGS
Prother Creek nr. Mt. Hebron s F-] 5 4 195154 UssR
10 Muskgreve Creek nre Mecicel 4 E 8 3 195354 USER
1 Earris Creek nov. Macdoel 4o F- [ 2 195354 UsaR
2 Tins Creek nr. Mecdoel 4 -] [ 4 1953.54 USBR
CLIMATOLOGICAL STATIONS
13 Beswick 75 0715 4N ] 33 6140 P T X 1952 17 VR
" 3roy 10 WEW 1050 A W o 5759 P, T X 1951+ 18 UsiB
s 1966-67 1 o]
(1) Clesr lake Dam 1805 4N e ] 4500 P T 1907.13, 23-55 38 DWR
15 Cromdar Flat 2188 A 11E 20 5175 Py T z 1958 1 Privete
s 1966-67 1 b ]
18 Dorris Inspect Sta. %80 4 w » 4240 P T x 1959- 10 Private
17 Grass lalm RS 3 3564 “y W 28 5080 Py T X 1954 15 USHB
18 lave Beds Noticnal Mem. 4638 4 4E 28 4770 P T X 1840 29 uswe
19 Medicine lake 5505 a3 E 10 6650 P T X 1546 3 i3]
sG 1966~67 1 DAR
20 Mount Hsbron H. S 5541 484 ™ = 4250 P, T X 1942 27 usKB
21 Mount Habroo SE 5940 45N 1E 1 4396 P 1952 Uswe
2 Steele Swacp AN oE 33 5000 P 192349 25 usws
{7) Teanent 8850 43 w 12 4750 P 1952 Usus
o] Tulelaks 9053 an -3 [ 4035 Py T X 19%- 3 UsWe
- Tulelake 4 4E 26 4008 P 193254 2 uswe
25 Tulelaike 5 WoW 9056 am 4E 7 4033 P, T 184351 8 uske
26 Tuleloke Insp. Sta. 9057 44N 7E 3 4408 P T X 1953 16 Private
F-dd Willow Creek Ranch 969192 4an 1E & 6200 P T X 1960 9 Uses
SHOW SURVEY COURSES
28 Cromlor Flot 2(H2n am 11E 30 5200 A5 X g.g_-u. 46.53 s
29 State Linn 201s 48 1E 21 5750 A X 1958+ sCS
Notes: ABEREVIATIONS

¢t Map index musbers refer to SWFB
Ry&nlcgiul Station Map.

* Lenotes incomplete yesrs of record

i) = Bilspurrmt of Weter Resources, Narthern

str.
S = Soil Conservation Service
USER = U, S, Buresu of Reclacation
USGS = U. S. Geological Survey
USi8 =1, S, Weathar Buresu

ASD = Aerisl Snow Ga

P = mcxpmu:l’m e

S = Storege Gege Precipitation
b = Air Tecperature
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TABLE B

SURFACE WATER RIGHTS SUMMARY
in Cubic Feet per Second

CONSIMPTTVE ECOHSIMPTIVE
SESTY ey
Dems Mone Inde Irze Acres Total Far. Tish Mining { Rece| Total Rights
1. Willismson Biver
055 500 ) M5 | 0 0 0 o | o :U9.945
Vil130200R Boew & Misc. g1 | & 5 b Rl R - N 0 0 oo 2:350
Sard Cro & Misce 0 0 320 2710 | 3280 | o 0 0 o] o 3.280
Cr. & Misc. 0 0 17,500 900,10 | 17500 | o 0 0 ] 17500
i Cr. 20 | 0 0 25.780 1,173040 | 250800 | © 0 0 oo 25.800
Big Cre & Misce 0 2,910,590 390 | 0 0 0 0| o 36,390
Sand bre § Misoe 0.150 0 50,840 | 35 50.990 | 0 0 0 o | o 50,990
Scott Cr. & Misae 0 470 "sm20 | 470 | 0 0 0 o | o 4,790
: 0 0 0 16,10 | 0.320 | © 0 0 oo 0.320
goe B (Pert, Mi. 0-5) 0 0 0.440 1750 | o040 | 0 0 0 0| o 0,440
Fast Upper Dlameth laks 0 ] 0 0 o |.o 0 0| o0 0
TO”AL 0,120 | 4,205 | 63.500 | 424,560 | 30,397.7%0 | 422,386 | 0 ° 0 oo 432,365
2. Spregus River
Sprogns Be (- 0,20 | 0 9 12.28| 8,083.90 | 1048 | o 0 0 o | o 132,008
Soath Fork Spregas Be .500 | 0 450 | 123,996 | 5o283.50 | 25.048 | 0 0 0 0| o 125,048
Fisthols Cre 510 | o0 0.900 | 47.602| 2,228.10 | 48.012 | © 1,000 0 0 | 1.000 | ‘s0.012
Deaing Cre 0 28513 | 1,270 28513 | 0 0 0 0|0 28,513
Forth Fork Spregue Re 500 | 0 0 §9.110( 4,121.00 | 99.610 | o0 0 0 0| 0 9.610
Meryl Cro 340 | 0 i6.128] e, 0 0 0 ] 16.468
Fiveils Cre 2016 | 0 0,020 69|  o2.i0 | 1872 | 0 0 0 0|0 16,72
Sycan. B 0 0.150 | 15.135(  &20.90 | 15.285 | o 0 0 0| o0 15.285
lmg G & 0 0.810 53| 1,410.20 0 0 0 oo 440
Cre 005 | 0 0,055 3, 0.060 | © 0 0 o | o 0,080
Cre 0 0 38.780| 2,318.60 | 3870 | © 0 0 o | o 38.750
Trout Cre 0.100 { 0 [ 1,740| “"139. 1860 | © 0 0 o | o 1,840
TOTAL 2,01 | 0 2.330 | 544385 | 27,400.60 | 58,006 | © 1.000 0 o | 1,000 [ s549.808
38+ ¥Wood Biver
Vool River 0.500 [ 0 0 .002 | 22,288.15 | 30332 | o 0 0 ol o by Rt
Amie Cre & Misc. 2.810 | 1280 | © 120,485 | 10,008.79 0 0 0 o o
Cre & Misc. 0400 | 0.580 | © 20.535| 1,026.% | 21.518 | 0 0 0 o | o 21,515
Fort Cre & Misce 0 0 40,124 | 2,190.55 N 0 0 0 0| o 40128
rociad Cre 000 | 0 0 20.760 | 1,076.75 | 20.860 | 0 | 20.000 0 o | 20,000 | 40.860
. 125 | 0 0 205,763 | 13,371.28 | 208.008 [* 0 0 0 o | %
Tournile Cre 0 0 0 27.750| 2,218.63 | 27.750 | © 0 0 oo 27750
e 18 18 SR SR B |3 |13 | B
Voot Uppsr Klamth Lake 0 0 0 0 =05 3 0 0 0 6o
TOML 5.535 | 1.840 o 757,939 | 53,611.49 | 765.314 | 0 | 20,000 0 o | 20,000 | 7es5.314
e Kscoth laks
Fouraile Cr. o210 | oY o/ o/ o/ | o2 o 0 0 o] o 0.210
Moss Crs 0 0 0 1.500|  93.66 | 1.500 | o0 0 0 o] o0 500
Aspen Take & Wisc. 0 0 0 29.200| 2,104.74 | 29.200 | 10.000| © 0 ] 39:200
Upper Llamath Lake 0 0,070 0 113.860| 9,084020 | 1130930 | 0 0 0 ol o 113,930
TOTAL 0,210 | 0.070 0 144,560 | 11,282,60 | 144.840 | 10.000( © [} 0 [10.000 | 154800
48, Semn Lals
Seen Lake & Misc. 0.120 | 0 o 88,611 | 4,934.40 | 88.731 | o 0 0 88.731
TOmL 0.120 | 0 0 88.511| 4,940 | 88,731 | 0 [ [ 88,731
4b. Lost Biver
Lost R. 5.9 | 0 0 148,368 | 12,263.60 | 153.562 | s.000] 0 0 0 | 5.000 | 1sB.5E2
Willow Cre & Misc. 0.00 | 0 0 100100 | 1,296.90 | 10.1%0 | © 0 0 0|0 10.150
Rock 0 0 00 72.340| 'S330 | 7m0 | 0 0 0 oo 70340
Cro & Mise. 0400 | 0 0 61,507 | 4,681.40 | 81907 | © 0 0 0| o 61,807
. i 037 | 0 0 Be791| ‘60l | 9.81 | 0 0 0 ol o 9.161
Mills Cra & Mises 0.010 | 0 0 6.930| 532.68 | 6.90 | 0 0 0 0| o 5.940
Wost Dasaih Iake 0 0 0 15,680 | 1,136.00 | 15.680 ! 0 0 o 0l o 15,680
East & lake 0,100 | 0.320 1,510 { 0,510 ' 34e75 | 2.030 1,000,000 0 0 0 1,000,000 | 1,002.030
Damats Re (Rezt, Sk, 0260 | 0 21,400 | 90,990 | 6,456.88 | 112.630 | 0400 0 0 | 0. 113
.
TOTAL 6354 | 0,320 | 22,500 | 350,215 | 27,536.88 | 379400 1,005.000| 0400 [ 0 1,005,400 | 1,384,800
5. Damth River |
Kiasath Re (=) 0,200 | 0 0 5,030 | 380,40 | 5.310 2,500,000] 0 0 0 2,5000000 | 2,505,310
+ & Misc, 0 0 0,300 | 0 0 0.300 | 0 2,000 0 0] 3. 3.300
ey Cr. 0,080 [ Q.07 0 14,890 | e45.90 | 150000 | © 0 0 o | o 15.000
. 0.070 | 0 0 6.685 | 450,60 | 5.785 | 60.000! 0 0 0 |e0.000 | &B.7E8
Berver Cr. 0.210 | 0 0 170 M | 1 | Ao, 0 0 0 |240000 | 25.820
Koere Cre 0365 [ 0 0,57 | 2.320| 185.00 | 3.255 | 1604 0,750 0 0 [180:750 |  154.005
Cottomood Cre & Misce 0,180 | o 0,310 | 0.580| 42,90 | 1.080 | O 0 3.000]| 0 | 3.000 4,040
Indinn Cre 0 0 0 0 0 0 0 0 11,000 0 | 11.000 11,000
TOTAL 1,145 | 0.07 1,180 | 30,185 | 2,029.00 | 32.580 2,744,000 | 3.750 14,000| 0 2,761,750 | 2,794.330
BASIN TOTAL 15.585 | 6.505

89.510 2,340456 £57,192.52 2,452.055 3,759.000 | 25,150 14,000{ 0 3,798,150 | 6,250.206

y Excludes out of bssin diversiocm.
g/ Oat of besin power diversimm.
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TABLE C
LEGAL SURFACE WATER RIGHTS DEPLETIONS .

Acre-Feet
CONSIMPTIVE NONCONSIMPT IVE
SUEBASTH Tish & Total
Dom. Mume Ind. Irre Acres Total Pere [Wildlife| Miniog|Rec, Total Rights
1. Willissson River
Williemson Be 72 | 2,935 | 45,972 | 63,97 | 21,2470 | 112,954 o 0 0 0 0 112,954
Haystack Draw & Misc, [ 0 0 208 235,00 708 0 0 0 0 0 708
Send Cro & Misc, 0 0 0 681 27,10 edll 0 0 0 0 0 681
n.zlg:. & Misc, 0 0 0| 2,100 700. 2,1000 0 0 0 0 0 2,100
Ja Cr. 1 0 0| 3519 1,173.10 | 35| o 0 0 0 0 »633
Big ngr Cre & Misc. 0 0 0| 8733 2,910.50 ,733| 0 0 0 Q [ 8,733
Sand Crs X Misce 0 100 0| 10,225 .60 | 10,38] 0 0 0 0 0 10,335
Scott Cr. & Misc. 0 0 0] 1,150 20 | 1,150 0 0 0 0 0 1,150
Cr. . 0 0 0 48 16,10 48] 0 0 0 0 0 48
fgr- R. (Purt Mi, 0.5) 0 0 0 ] 17.60 0 0 0 0 0 s3
st Uiper Kiame Lnte 0 0 0 0 0 o o 0 o 0 0 0
TOTAL 8 | 3,005 | 45,972 | 91,152 | 30,397.70 | 140,205] o 0 [} 0 [ 140,295
2, Spregus River X
mue R ('3,.. 14 0 0| 24,132 | 8,083.90 | 24,146 0 0 0 0 [ 24,146
R Tt g R, i 0 26 | 15,851 | S5,283.50 | 160811 O 0 0 0 0 16,611
Fishhols Cre 3689 0 652 | 6,686 | 2,228.10 | 7,708 o0 724 0 o 72 8,425
Cro 0 0 0| 3,813| 1,270.! 3,813 0 0 0 0 0 3,813
North Fark Spragae R. 3652 0 0| 12,363 | 4,121.00 0725| 0 0 0 0 0 725
Meryl Cr, 25 0 0| 2,46 821, 2,710 0 0 0 0 o 2,710
Fiveaile Cre 12 0 14| 2,826 942,10 N 0 0 0 0 0 2,682
Sycen Re 0 0 109 | 2,463 0. 2 0 0 0 0 0 1572
Cr. 0 0 886 | 4,231 | 1,410.20 | 4,817 o 0 0 0 0 £,817
Witoey Cre ] 0 0| el zamm| ssdl o 0 8 H H 3
re 6,950
¢ Cro 72 0 0| 417 | “'139l 18| 0 0 0 0 0 gt
TOTAL 1,513 [ 1,687 | 82,208 | 27,400,550 | ss.403| o 24 0 [ 86,127
3a. Wood River
Wood He 362 0 0 [111,331 | 22,226.15 | 111,693 o© o 0 0 0 111,695
Amnie Cr. & Misce 2,034 912 o | 30,011 | 10,003.79 | ‘32,957 o0 0 0 0 0 4957
Cr. . 220 420 0| 3,080 | 1,026.M | 3,70 o 0 0 0 0 3,790
Fort Cr. & Misc, 0 0 0| 10,78 | 2,159.55 | 10,798] © 0 0 0 0 10,798
rooknd Cr. 72 0 0| 50384 | 1,0%.75 | 5456 0 fe,4m 0 0f 14,479 2935
Severmile Cr. 887 0 0| 40,114 | 13,371.28 | 41,001 o 0 0 0 0 41,001
Fournile Crs 0 0 0| 64650 | 2,216.63 | 6,680 O 0 0 0 0 6,650
e Cr. 82 0 0| 1,268 421, 1,627 © 0 0 0 0 1,627
Cherry Cre 0 0 ol 3 1,069.10 | 3,207 0O 0 0 0 0 3,207
West Upper Klamath Lalm 0 0 0 o o 0 0 0 0. 0
TOTAL 4,007 | 1,322 0 [211,800 | 53,61249 | 217,178) 0 [14,479 ) 0} 14,479 231,658
. r Klsssth Iske
Fournile Cr. = ot/ &/ o ol o 0 0 0 1=
Moss Cre 0 0 0 281 93.65 281 0 0 0 0 0 261
Aspen Lake & Misc. 0 0 0] 6,314 2,100 | ,314] 7,240 0 0 o 7,240 13,554
E. & W. Upper Klacath Lake 0 31 0] 27,253 9,084.20 | 27,304 0 0 0 0 0 304
TOTAL 152 5 0| 33,048 | 11,282.60 [ 34,051] 7,240 ] ) of 7,20 41,291
48. Swan Isie
Swan Iske & Misce 4 14,803 [ 4,934.40 | 14,890 o 0 14,890
TOTAL a7 0| 14.803] 4,830 | 14,80 o [ 14,890
4b. Iost River
Lost B. 3,760 0 0 |360,659 | 12,283.60 | 34,419] 3,820 0 0 of 3,620 38,039
Willow Cre & Misc. 0 0| 3,242 [ 1,296.90 | 3,278 0 0 0 0 [ 3,278
0 0 o| 1,310 523,90 1,310 0 0 0 0 0 1,310
Miller Cro & Misce 290 0 0| 11,706 | ,681.40 | 11,994 0 0 0 0 0 11,594
Cro & Misc. 268 0 0] 1,53 s0l.:2 [ 1,771 0 0 0 0 0 1,771
Mills Cre & Misc, ? 0 of 1, 652.68 1,389 0 0 0 0 0 1,389
8 th Lake 0 0 3,408 | 1,135.00 | 3,408] 0 0 0 0 0 3,408
East Upper Klaosth lake =2 796 i .75 | 1,174] 723,970 0 0 0| 723,570 | 725,144
Klsenth R, (Part, Str 177 0 | 15493 | 19,371 | 6,456.88 | 35,041 0| 290 [ 0 290 35,331
+ 250.233}
TOTAL 4,610 22 | 16,289 ) 72,653 | 27,536.83 | e3,78¢] 727,590 290 0 o| 7e7,880 | 21,684
5. Klemath River
Klagsth R. (-) 203 0 0| 1,141 38040 | 1,34(1,809,925 0 0 01,809,925 | 1,811,269
Spencer Cre & Misc. 0 0 217 ] 0 217 0] 2,172 0 0 9172 '»
Jermey Cr. 29 si 0| 2,58 845,90 | 2,616 0 0 9 0 2,616
Grizaley Cr. 51 0 o 1,32 450,60 | 1,403] 43,438 0 0 0| 43,438 44,001
Beaver Lr. 12 0 0 1z] 124.20 525 xv,@ 0 0 ol 17,375 17,900
Ksene Cre 264 0 413 &5 185.00 | 1,2%2| 115, =3 0 0} 116,388 | 117,550
Cottamwood Cro & Misc. 130 [ 224 129 42.90 483 [ 0 |2172 0 2,172 1655
indian Cr. 0 0 0 0 0 0| 0 0 | 7,964 0 984 7,964
TOTAL =) 51 854 | 6,086 | 2,029.00 | 7,82011,985,573[2,695 |[10,138 01,999,404 | 2,007,224
BASIN TOTAL 11,286 | 4,711 | 64,802 |512,625 | 157,192.52 sss,mlz.m,m 18,188  [10,136 02,749,727 | 3,343,149

y Excludes cuteof-bosin diversions
2/ Outeof-Besin Power Diversicn

Data Scurce; State Enginser Record
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TABLE D

STATR OF CALIFORNIA
RESOURCES AGENCY

STATE WATER RESOURCES CONTROL BOARD

DIVISION OF WATER RIGHTS

S RAE T e MEMORANDUM CONCERNING APPLICATIONS TO APPROPRIATE WATER
CLosep Basins 1N UPPER KLaMATH RIVER Bastn pare June 4, 1969
POINT OF DIVERSION AMOUNT
e | AES AsPiicanT souRc secion l vk ] I an | crsonem acas.ruxr g’ | b
2234 (22821 BUTTE VALLEY IRRIGATION DISTRICT BUTTE SLOUGH swnwl17 4S5N1w » 30c 8000 ' L
11080 062245 ROBFRT € LYNN ANTELOPE CREEK sesc07 44nic M 3c s L
15881 M921 4 ROBERT € LYNN ANTELOPE CREEK sesc07 44nlc % 3¢ 18 I
19521 CTCTE0 1 S KLAMATH NATL FOREST +AnARACK SPRING NwnwOS 43n2e “ 29006 oe L
19923 TTCT60 v S KLAKATH NATL FOREST UNNAMED SPRING seswlS 43nlw u 1800c oz L
19524 OTCT60 v S KLAMATH NATL FOREST UNNAMED STREAM swhnw3] 4582¢ “ 0.09 sw L
19525 0TOT60 + S KLAMATH WATL FOREST BAIRD SPRINGS NESw1S 43ne M 1400c [-}4 L
19526 OTOT60 v 5 KLAMATH NATL FOREST UNNAMED STREAM swnw3S 45n2¢ L] 2 Sw L
19527 270760 U S KLAMATH NATL FOREST ANTELOPE WELL UNDERFLOW scswO4 4402c ™ 1200s s L
19807 101060 JaaMes D ELLSS ANTELOPE CREEK NENETS 44n1e n 1.5¢ 20 XS 4
20038 031661 U S BUREAU OF LAND MANAGEMENT UNNAMED STREAM seNe24 46N1e M 0.5 sw L
2C038 031661 U S BUREAU OF CAND MANAGEMENT UNNAMED STREAM senw25 4681E M 3.0 sw L
20670 032162 u S SHASTA-TRINITY NATL FORESTS BELNAP SPRING seseld 41inle M 1300a oz L
20671 032162 U S SHASTA-TRINITY NATL FORESTS HARRIS SPRING NENWIO 42n82€ M 1400c ou L
2C959 092862 U S KLAMATH NATL FOREST MUSKGRAVE CREEK NESW!B 46N2w “ 0.40c 340 R L
20959 092862 U S KLAMATH NATL FOREST SEIKEL CREEK NENET9 46N2w M 0.13c *340 R L
20959 092862 U S KLAMATH NATL FOREST 3 UNNAMED SPRINGS SENETY 46N2w u #0.03c *340 R L
20959 092862 U S KLAMATH NATL FOREST UNNAMED STREAM NwNw20 46N2w u #0.03c *340 R L
22982 021368 COUNTY OF SISKIYOU ME1SS LAKE swsw2l 4Tn2w M 41.25¢ 1
22983 021368 ROST M SaMMIsS SAMS NECK DRAINAGE CANAL Nwnwi6 472w “ 4c 1
22984 021368 ROSE M SAMMIS MEISS LAKE swswib 4Tnow M 4c '
22983 021368 DELLA M LuZZi SAMS NECK DRAINAGE CANAL NENEO4 4TN2w m 4c 1
22986 021368 pDeLLa M Luzzi MEISS LAKE Nwsw2l 4Tn2w M 4c '
22998 022B6B KEN-DEL RANCH A PARTNERSHIP 3 UNNAMED SPRINGS sesc26 43n1w M 0.085¢ oz [
23023 040868 PauL R & FRANCES P CAVENER MEISS LAKE N2l 4TN2w M ®4c
23023 040868 PauL R & FRANCES P CAVENER MEISS LAKE swhw2] 4Tn2w M ®4c |
23025 041068 BUTTE VALLEY 1RRIGATION DISTRICY BUTTE CREEK NwSETD 44n1w M 1go00 1]
23076 OTO168 £STATC OF CLARENCE € BULLOCK ANTELOPE CREEK swsw24 43n1w “ 0.25¢ M [4
22912 092767 BLTTY M & J STANLEY MCCLUSKEY SAMS NECK DRAINAGE CANAL NENWO9 4TN2w M 5.5¢ [
22912 092767 BETYY M & U STANLEY MCCLUSKEY UNNAMED SPRING NENEOY 4Tn2w M 0,25¢ '
22912 092767 BETTY M & J STANLEY MCCLUSKEY UNNAMED SPRING SeNEO9 4Tw2w M 0.25¢
23024 040868 PauL R & FRANCES P CAVENER SAMS NECK ORAINAGE CANAL sesw09 47n2w M ®4c
23024 040868 PauL R & FRANCES P CAVENER SAMS NECK ORAINAGE CANAL NESWO9 4Tn2w M S4c [
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TABLE D
(Continued)
STATE OF CALIFORNIA

RESOURCES AGENCY
STATE WATER RESOURCES CONTROL BOARD

Hoveer, sutemests of sty

= .._'.'_....":..:. - DIVISION OF WATER RIGHTS

sioe-s108. MEMORANDUM CONCERNING AFPPLICATIONS TO APPROPRIATE WATER

Tute Laxe Sume ate June 4, 1969
POINT OF CIVERSION AMOUNT
il 3 APPLICANT sounce l s I has crs 68 655 VST vst | sTaTus

4159 081424 JOHNSON STOCK COMPANY RUSSELL CANYON Nwse20 48n6e [ 15 s L
8925 032537 FRANK J JR & CORINNE SULLIVAN UNNAMED STREAM sese35 48wn6t [l S ts L
8925 032537 FRANK J JR & CORINNE SULLIVAN UNNAMED STREAM sesw26 48n6E ] 10 s t
10078 112840 LOVENESS LUMBER COMPANY BULL SPRING Nwsw20 48N6E u 0.2¢c s L
10078 112840 LOVENESS LUMBER COMPANY WOODEN CREEK swsw20 48n6e » 0.3c 18 8
12840 120148 FRANK J UR & CORINNE SULLIVAN UNNAMED STREAM sEsw2b 48n6e ] 40 1% L
12840 120148 FRANK J JR & CORINNE SULLIVAN UNNAMED STREAM NwNE3S 48n6E ] 20 i L
15267 033153 FRANK J JR & CORINNE SULLIVAN UNNAMED STREAM NwNE3S 48N6€ ] 50 | P
15268 033153 FRANK J JR & COR!INNE SULLIVAN UNNAMED STREAM NENE3S 48N6E ] S0 ] [
15269 033153 FRANK J JR & CORINNE SULLIVAN UNNAMED STREAM Nwsw26 48n6E M 25.75 1 Pl
15269 033153 FRANK J JR & CORINNE SULLIVAN UNNAMED STREAM sese35 48n6E M 64.25 ] [
21527 110863 STANLEY JOHNSON UNNAMED STREAM NENW16 46N6E N 2 sa 4
21527 110863 STANLEY JOMNSON UNNAMED STREAM swhwl5 46N6E ] 2 sQ P
21529 110863 STANLEY JOHNSON UNNAMED STREAM NwswOB 4TN6E ] 3 saq 4
21529 110863 STANLEY JOHNSON . UNNAMED STREAM NESEOB 4Tn6E “ 0.5 EL] P
21529 110863 STANLEY JOHNSON UNNAMED STREAM Nwsw09 4Tn6E ] S sq [
21529 110863 STANLEY JOHNSON UNNAMED STREAM swne0S 4Tn6e " 1 EL] P
21529 110863 STANLEY JOHNSON UNNAMED STREAM NwsE1T 4Tn6E M 0.5 sQ [
21529 110863 STANLEY JOHNSON UNNAMED STREAM swswlf 4Tn6e M 1.5 sq P
21529 110863 STANLEY JOHNSON UNNAMED STREAM sesel7 4Tnse “ 3 sq [
21529 110863 STANLEY JOHNSON UNNAMED STREAM NwNE1T 4Tn6eE M 1 sq [4
21529 110863 STANLEY JOHWNSON UNNAMED STREAM wwnwlT 4Tn6E M 1 sQ P
21529 110863 STANLEY JOHNSON UNNAMED STREAM NENE]9 4TN6E N 0.5 sQ [
21529 110863 STANLEY JOHNSON UNNAMED STREAM swawl5 4Tn6e M 1.5 sQ P
21529 110863 STANLEY JOWNSON UNNAMED STREAM NENW15S 4Tn6E ] 1 sQ (]
21529 110863 STANLEY JOHNSON UNNAMED STREAM Nwse0B 4Tn6E C] 1 sQ 4
21529 110863 STANLEY JOHNSON UNNAMED STREAM NENW!6 4TN6E M 1.5 sQ (4
21530 110863 JOHNSON STOCK COMPANY UNNAMED STREAM NENE20O 48N6E N 4 sQ P
21530 110863 JOHNSON STOCK COMPANY UNNAMED STREAM NENES2 48n6€ L] 2 sQ P
21530 110863 JOHNSON STOCK COMPANY UNNAMED STREAM senw32 48n6E M 3 sQ P
21530 110863 JOHNSON STOCK COMPANY UNNAMED STREAM NESEOS 4Tn6E ] 1 sa (]
21530 110863 JOHNSON STOCK COMPANY UNNAMED STREAM NESWO4 4TN6E M 3 sQ P
21530 110863 JOHNSON STOCK COMPANY UNNAMED STREAM swse21 48n6E M 0.5 saQ P
21530 110863 JOHNSON STOCK COMPANY UNNAMED STREAM Nwsw2] 48n6e M 3 sQ P
21530 110863 JOHNSON STOCK COMPANY UNNAMED STREAM NENW28 48n6E M 2.5 sQ (]
21531 110863 JOHNSON STOCK COMPANY UNNAMED STREAM sesel4 48n6e ] 6 se P
21532 110863 JOHNSON STOCK COMPANY UNNAMED STREAM NESEI3 4Tn6e ] 1.5 sQ [
21532 110863 JOMNSON STOCK COMPANY UNNAMED STREAM swne33 47wn6e [l 3 EL] P
21532 110863 JOHNSON STOCK COMPANY UNNAMED STREAM NWNWO4 46N6E ] 2.5 so [
21532 110863 JOHNSON STOCK COMPANY UNNAMED STREAM swne2B8 4Tn6e M 0.7 sq P
21532 110863 JOHNSON STOCK COMPANY UNNAMED STREAM SESWO3 46N6E ] 2 sQ P
21534 110863 JOHNSON STOCK COMPANY UNNAMED STREAM sese09 46m6E ™ 0.5 sq P
21
21535 110863 JOHNSOM STOCK COMPANY UNNAMED STREAN NESE2] 4TN6E ] 2 sQ P
21535 110863 JOWNSON STOCK COMPANY UNNAMED STREAM sesw05 4Tn6eE " 1 sQ ]
21820 061864 MICKAZL H & MARY L FAYNE UNNANMED STREAW ~ NwSEO3 46n6e ] 1 se P
22241 OT2665 JOHNSON STOCK COMPANY UNNAMED STREAM SENE 1O 4Tn6E ] 5 s P
22241 072665 JOHNSON STOCK COMPANY UNNAMED STREAM NESEO3 4Tn6E ] 1 s P2
22241 072665 JOHNSON STOCK COMPANY UNNAMED STREAM SeNEO4 4Tnbe " 0.5 s [4
22241 OT2665 JOHNSON STOCK COMPANY UNNAMED STREAM NwSE3J 48NEE ] 0.5 s P
22242 072665 JOWNSON STOCK COMPANY UNNAMED STREAM swsw24 48n6e M 1.5 s P
22242 072665 JOHNSON STOCK COMPANY UNNAMED STREAM sesw23 48w6E ] 1 s P
22243 072665 JOWNSON STOCK COMPANY UNNAMED STREAM NEnw2T 48N6E M 5 s P
22243 072665 JOHNSON STOCK COMPANY UNNAMED STREAM swnw27 48n6€ ™ S s [
22243 072665 JOHNSON STOCK COMPANY UNNAMED STREAM Nwsw27 4BN6E M 0.3 s P
22243 072665 JOMNSON STOCK COMPANY UNNAMED STREAM sesc16 48n6e L 0.5 s 4
22243 072665 JOHNSON $TOCK COMPANY UNNAMED STREAM NESW21 48n6E M [ s P
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TABLE D

{(Continued)

NOTR: Appreprists rights jmitinted prie
« Deccmber 19, 1914, aad siperim
gdts are Bt lesinded i thin Qe

STATE OF CALIFORNIA
RESOURCES AGENCY

STATE WATER RESOURCES CONTROL BOARD

Howerer, stsaments of water @wersiam
o i o O g 0 : DIVISION OF WATER RIGHTS
L.
S100-168. MEMORANDUM CONCERNING APPLICATIONS TO APPROPRIATE WATER
CLear Laxe ReSERVOIR 1N Mopce CounTty i June 4, 1969
POINT OF DIVERSION AMOUNT
APP DATR
Mo, fiLeo ArPLIcANT o b stcTion | Purs | sen crs on GPD i acag.rerr use | sTavus

594 022317 810ART BROTHERS 1 NCORPORATED JANCS FLAT DRAINAGE AREA scse2” 4Tni0E W 1408 ' L
1474 100619 ELSIE EVERLY & RALPH RENNER FLETCHER CREEK swiwl® 4Tnl2e v €00 ' t
1880 062320 CARLTON 0 & ETHEL A ROUSE WILLOW CREEK L1 03 45810 ¥ 400 A L
3432 052223 BIDART BROTHERS 1NCORPORATED JANES FLAT DBAINAGE ARCA sese2t 4Tn10e v 33= ' L
3531 071423 B81DART BROTHERS 1NCORPORATED ORY VALLEY CREEK swswO7 46n11c » 200 [ L
5312 121626 cARLTON 0 & ETHEL A ROUSE WILLOW CREEK Ll 03 45810t » 200 1 L
9551 04CT39 STANLEY JOHNSON UNNAMED SPRING SENWOE 4TnTe . 2200¢ s L
127C8 092348 v s MODOC NATL FOREST BOTTLE SPRING NENERT 49N10e M *400c s L
12708 092348 v S MODOC NATL FOREST BCTTLE CREEK FROM NENE2T 45N10e ™ *400c s L
12708 092348 U S MODOC NATL FOREST BOTTLE CREEK TO sws£22 47n10¢  w *400c s L
13193 063049 U s MODOC NATL FOREST QUAKING ASPEN SPRING nNwsell 46n9€ M 18006 ns L
16346 042755 STANLEY JOHNSON UNNAMED CREEK swnwO6 4TnTE ) 500 ' P
21528 110863 STANLEY JOMNSON UNNAMED STREAM NESEOT 4Tn6C M 2 SE [
21528 110863 STANLEY JOHNSON UNNAMED STREAM swNeQT 4TnTe “ 1 SE e
21528 110863 STANLEY JOWNSON UNNAMED STREAN NENET2 4Tn6E “ 1 se 3
21533 110863 JOHNSON STOCK COMPANY UNNAMED STREAM NENEO3 4TNTE M 2 st P

EXPLANATION OF ENTRIES

DATE FILED: First two digits are month; next two digits are day of

monts; last two digits are year.

*GINT GOF DIVERSION:

SECTION: Forty acre subdivision of the section in which the
point of diversion is located:

NWNW | NENW = NWNE  NONE

swuw! SENW ] SWNE SENE

{ ]
I
! .

NWEBW | NESW ° NWSE = NESE
| 1

swow | stsw | swse | srsc

TWP & RANGE: Numbers preced:nz N or S are township aum-
ber nurth or soata of bae hne. Numbers preceding E o W
are range aumbins cast 0F west of meridian,

B&M: s nboldz Basz and Monidian

M s 31z Diablo Base and AMenidon
S is San Bernzrdino Base and Meridian

AMOUNT: A symboi (%, =, %, ¢, ==, ”, vtc.) preceding an amount

entry pubeates chaz dicoe are alternaie poacts on diversion under this
ipphication and the ameuat ited meny be Lverted frora this or
other point or points of diversion went:Set by the samic svrabol
under thie appheation number. cfs and zpd are :bbreviations for
cabic feet per secord and gallons per day, respectively. Following
an amount eatry they are further sbbreviated ¢ for cubic feer per
secnsd and 3 for gullons per day.
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USE: A Agricultural
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Mining

Milling

Domestic

Fire protection

Flood control

Dust control

Fish culeure

Irnigation

Industrial

Irrigation, domestic
Salinity control

Municipal

Navigation

Stockwatering, fish culture
Power

Recreational, fire protection
Recreational
stockwatering
Recreational, fire protection, fish cultus
Steckwartening, firc protection
Recreational, fish culeure
Wildlife propagation
Recreational, stnckwatcring
Recreational, stockwatering, fish culture
Uses too numerous to list or not includid

in code

STATUS: No entry—Application
P

L

—Dermit
—License




Statement
Kumber

8 622

mmmnmnnn
E3dddded

wonn
-3 =31
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TABLE D

(Continued)

TABJLATION OF STATEMENTS OF WATER DIVERSION AND USE
For Streams Tributary to Clear Lake Reservoir, Lost River in California and Streams in the Butte Valley Area

Point of Diversiom

Applicant Source Section Township Range
TULE LAKE SUMP
Paul. Tschirky Bloody Pt. Creek T LN 6B MDB&M
MEISS LAKE
Ellis Louie Rose Spring 3 43N N MDBEM
Ellis Louie Unnamed Springs 3, 10 43R ™ MDBM
Ellis Louie Butte Creek 10 L3N N MDB&M
Ellis Louie Double Spring 10 L3N N MDB&M
Ellis Louie Spring 15 43N N MDBSM
Ellis Louie Butte Creek 22, 15 L3N ™ MDB&M
Ellis Louie Butte Creek 22, 15 L3N - MDBAM
Ellis Louie Alder Creek 26 L3N N MDBM
Ellis Louie Spring 26 L3N N MDBMM
Ellis Louie Alder Creek 26 L3N N MDB&M
Ellis Louie Unnamed Stream 27 43N N MDBM
Ellis Louie Pameroy Creek 27 L3N ™M MDB&M
Ellis Louie Unnamed Spring 34,27 L3N o MDBEM
Ellis Louie Unnamed Spring 34,27 L3N N MDBIM
Ellis Louie Butte Creek 10 43N -] MIBAM
Walter Ralphs, Jr. Prather Creek 5 LSy N MDBAM
Cline C. Soule Butte Creek 23, 24 uhN M MDB&M
Meiss Ranch Company Prather Creek 14 Len N MDBAM
Meiss Ranch Company Musgrave Creek 8 LN o MDBM
Meiss Ranch Campany Harris Creek 5, 6 Len -] MDB&M
Meiss Ranch Company Ike's Creek [ L6N -0 MDBM
KLAMATH RIVER

U. S, Bureau of Reclamation Lost River 8 U 8z MDB&EM
U. S. Bureau of Reclamation Lost River 1 41s 118 WBEM
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Amount
Acre-Peet

entire flow

3,200
entire flow
entire flov
entire flov
entire flov

234,010
167,870



TABLE E

OREGON STATE GAME COMMISSION RECOMMENDED MINIMUM FLOWS FOR FISH LIFE, KLAMATH BASIN 1/ 2/

LOCATION

Gage #11.5107

Pinsharet, Oregon

Goge 115075
Moath

Just sbove Dry Cre
Month

Moath

Gage P11-5041

Mooth

Below Spring Cre
Above Spring Cre
USGS Gage $11-4935

Bocky Ford

USGS Gege $11.5010
Gage #11-4975
Moath

B My 23.0

2 miles above Merritt Cre

04 mils below Paradise Cr,
Below Se Fke Symn River

Month

Above Cregy Cre

Month

3.0 miles below Yaden Cre

2.0 miles above Gearhert Cre

Month

Mouth

Moath

1,0 mils below IsheTish Cr.

240 miles below Whitworth Cre

Below Corral Cr,

Above Devil Lajkm Cre

Moath

Moath

Above Hocicy Flat Cre

Huy 232

By 22

340 niles above Basver Marsh

Moath

Mogth

Marrill, Oregm
Bosnas, Cregon

Bs Mo 64,0

Below Garber Hessrvoir

mr.

10

0
15

120 | Looe Pime

150
100

%

15
15

10

50
30

45
40

10

10

10

15

20
15

10

V.
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Ac. Acre MBF Million Board Feet
Ac-ft Acre-feet Mdw. Meadow
AUM Animal unit month  Mgd Million gallons per
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Ave. Average
. Mi. Mile
Can. Canyon
Mtn. Mountain
cfs Cubic feet per
second Mun. Municipal
Co. County _ ORS Oregon Revised
Statute
Cr. Creek
OSHC Oregon State Highway
D. Ditch Commission
Dom. Domestic Pt. Point
DR. Drainage R., Rng. Range
OF Degrees Fahrenheit Rec. Recreation
Fk. Fork Res. Reservoir
Ft. Foot, Feet RRA Roadside Rest Area
G. Gulch Sec. Section
gpd gallons per day =  Spr. Spring
gpm gallons per minute Sta. Station
Ind. Industrial SWRB State Water Resources
Board
Irr. Irrigation
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kw kilowatt ;
Temp. Temperature
L. Lake, Little
USDA United States Depart-
Ls., Lks. Lakes . ment of Agriculture
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ABSTRACT

The Klamath Basin is divided into four major drainage areas.
These areas are individually described and are the Williamson
River Sub-basin, the Sprague River Sub-basin, the Upper
Klamath Lake Sub-basin, and the Lost River Sub-basin. This
report on ground water within the Klamath Basin:

(1) identifies numerous recharge and discharge
areas,

(2) interprets the general directions of ground-
water movement,

(3) describes principal aquifers and their water
yielding characteristics,

(4) 1lists existing ground-water rights,

(5) presents water level measurements from obser-
vation wells, and

(6) estimates the average annual amount of ground-
water recharge and discharge for each sub-basin.

Number values used in approximating the total amount of pre-
cipitation, evaporation and transpiration losses, surface
water outflow, and ground-water underflow should be regarded
as gross approximations. The quantity of annual ground-
water recharge which approximates the amount of ground water
available within each sub-basin is presented as a rough esti-
mate for planning the future development of ground-water
resources in the Klamath Basin. As new information becomes
available, -better estimates may be made so that the final
solutions may be closer to the natural values.

INTRODUCTION

This investigation was conducted by the State Engineer's
Office in cooperation with the U. S. Geological Survey and
the Oregon State Water Resources Board. The report defines
the general ground-water conditions of the Klamath Basin in
south central Oregon. Basin recharge boundaries are shown
in Figure 1.

Ground water beneath the 5,700 square miles of the Klamath
Basin is one of southern Oregon's most valuable resources.
The management of this resource will require detailed know-
ledge of the basin's hydraulic characteristics. Ground-
water occurrence within the Klamath Basin is controlled by
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INTRODUCTION

a variety of complex climatic, topographic, and geologic
factors. A better understanding of these interrelated
factors and their effect on the ground-water system will
assist in the long-range planning and optimum use of ground- -
water resources.

The purpose of this report is to: (a) delineate ground-
water recharge and discharge areas, (b) interpret the general
directions of ground-water movement, (c) describe principal
aquifers and their water yielding characteristics, (d) report
existing ground-water rights, and (e) estimate the average
annual amount of ground water available. This is an interim
report; a more detailed U. S. Geological Survey-State
Engineer's cooperative report on the Geology and Ground-
Water Resources of the Klamath Basin is scheduled for com-
pletion in 1972.

SUMMARY AND CONCLUSIONS

The direction of ground-water movement within the Klamath
Basin is controlled by major topographic boundaries and
related ground-water divides. The general trend of ground-
water movement is to the south and southwest toward the lowest
point in the Klamath Basin at the Klamath River exit. The
direction of ground-water movement is always away from re-
charge areas that receive higher amounts of annual precipi-
tation and toward discharge areas at lower elevations. The
recharged water enters the ground-water body and becomes a
part of a shallow, local flow system; an intermediate

system; or a long, deep-seated, regional flow system. Ground
water may, at times, move uphill but it will always move

down gradient. The major recharge and discharge areas of

the basin have been identified on Plate 5. -

Wells constructed in recharge areas will experience declining
water levels as the wells are deepened. Annual water level
fluctuations are usually greater in wells located in recharge
areas. Discharge area wells will experience less drawdown
effects and will have lower ranges of annual water level
fluctuation. Ground water in the recharge areas is generally
colder and of better quality than ground water discharged
from regional flow systems, such as the Lower Klamath Lake
area.
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SUMMARY AND CONCLUSIONS

Four main aquifer units have been defined:

Map Waterbearing

Symbol Name Lithologic Units Characteristics

SA Sedimentary Sand, Clay, Shale, Poor
Aquifer Gravel Sediments

VCA Volcanic Lava Flows and Moderate to
Centers Cinders High
Aquifer

LBA Lower Basalt Basalt High
Aquifer

VAA Volcanic Ash Volcanic Ash and Poor
Aquifer Sediments

A tabulation of 226 ground-water right applications and per-
mits is presented in Table 25, page 265. The accumulative
amount of ground water allowed under these water rights for
the Klamath basin is 347,000 acre-feet per year.

The Klamath Basin covers an area of about 5,700 square miles.
Precipitation over this area supplies about 6,700,000 acre-
feet of water to the basin each year. Estimates of evapo-
ration and transpiration losses indicate that approximately
5,048,000 acre-feet is transpired by plants or lost by
evaporation each year. An additional 347,000 acre-feet is
- consumptively used as ground-water pumpage from wells. Sur-
face water' outflow from the basin measured on the Klamath
River at Keno, Oregon, is approximately 1,205,000 acre-feet
per year. Therefore, if 6,700,000 acre-feet represents the
total annual amount of water added to the Klamath Basin,
then the loss of 5,048,000 acre-feet due to evapotranspira-
tion, plus the consumptive use of 347,000 acre-feet by wells,
and the surface outflow of 1,205,000 acre-feet in the Klamath
River indicates a ground-water underflow of about 100,000
acre-feet exiting the Klamath Basin.

To reiterate, the above quantities of average ground-water
recharge are given as an estimate of the amount of ground-
water resource available in the sub-basins of the Klamath
Basin. These values are presented in the hope that as more
refined estimates of the variables become available the

budget can be updated and improved. Thus, the values reported
are first estimates and it is expected that they will change
with time.
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SUMMARY AND CONCLUSIONS

Recharge balances with discharge for the Klamath Ground-Water
Basin. This is evidenced by the fact that observation wells
in the basin do not indicate any significant change in
ground-water storage. Hydrographs in Figure 7, on pages 268
through 288, indicate

6,700,000 Total Precipitation uniform water level
5,048,000 Evapotranspiration fluctuations. A few
1,652,000 . artesian wells located
347,000 Ground-Water Pumpage in the Sprague River -
1,305,000 Sub-basin do show a
1,205,000 Surface Water Outflow decline in head of about
100,000 Ground-Water Outflow 1% to 2 feet per year.

This is a local water
level decline due to pumping and does not represent a
material change in ground-water storage.

A large portion of the Klamath Basin ground-water resources
are discharged in the lowland areas of the basin. Much of
this water is derived from regional flow systems which con-
tribute ground water of poor chemical quality. Much of
Lower Klamath Lake is occupied by nonproductive alkali
flats and marsh brines. Excessive amounts of sodium and
related chemical constituents are brought to land surface
by the rising ground-water discharge.

If ground water could be pumped from the upland recharge
areas where it is still relatively fresh water and the
highly mineralized brines in the alkaline soil areas could
be drained or pumped to waste, it might then be possible to
flush the upper few feet of the alkaline soils with fresh
water and reclaim these areas for productive agricultural
use. Increased ground-water withdrawals in the recharge
areas would intercept fresh ground water and would reduce
the amount of ground water entering the regional flow
system. A great deal more hydrologic and geologic informa-
tion will be required to evaluate and design such a large
scale program of land and water reclamation.

A very large amount of ground water must be intercepted to
effect the desired changes. It is estimated that at least
500,000 to 800,000 acre-feet per year of additional ground
water can be appropriated from the Klamath Ground-Water
Basin provided pumping centers are properly designed and
spaced. However, physical limitations may restrict actual
withdrawals to possibly one-half this amount. Local sub-
basins may be approaching adequate development at the
present time, and additional wells in these areas could
initiate declining water levels.

Future ground-water development will require proper siting

and development of well fields to fully utilize the Klamath
Basin's ground-water resources.
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PART 1 LAND AND PEOPLE

MAJOR LAND FORMS

Two physiographic provinces of the Western United States are
joined within the Klamath Basin of Oregon. These two
provinces, separated by topographic and climatic divisions,
are the Basin and Range and the Sierra-Cascade Provinces.

Basin and Range Province

The Basin and Range Province extends from southern Oregon
through several western states into Mexico. It is character-
ized by roughly parallel down-faulted valley areas separated
by fault block mountains and interior surface drainage. The
Basin and Range Province terminates against the north-south
trending Sierra-Cascade Mountain Province and forms the
western margin of the Klamath Basin.

Most of the valleys within or adjacent to the Lost River
Drainage, such as Langell, Poe, Yonna, and Swan Lake, lie
within the Basin and Range Province. Internal drainage is
the typical drainage pattern for these local basins. The
flat, debris-filled playa valleys of this province are sepa-
rated by discontinuous fault block mountains such as Swan
Lake Rim, Stukel, and Bryant Mountains. Streams carrying
surface runoff from this area terminate in lowland areas such
as Swan Lake and Tule Lake.

Sierra-Cascade Province

The Sierra-Cascade Mountain chain, which extends from southern
Canada to the Mojave Desert in California, is cut by three
large rivers, the Columbia, the Pitt, and the Klamath Rivers.
The Klamath River and its tributaries drain the Klamath Basin
portion of the Sierra-Cascade Province. Waters of the
Williamson and Sprague Rivers drain southward through Link
River on the southern end of Upper Klamath Lake into the
Klamath River. The Klamath River cuts its way through both
the Cascade Range and the Coast Range mountains in reaching
the Pacific Ocean south of Crescent City, California.

POPULATION AND LAND USE

Of the 50,021 inhabitants of Klamath County (1970 census),
31,521 people live in the cities of Klamath Falls and
Altamont. The remaining 18,500 residents live in rural areas
around the communities of Bly, Bonanza, Chiloquin, Fort
Klamath, Henley, Malin, and Merrill.
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LAND AND PEOPLE

Land use in the Klamath Basin is distributed between forest
land (about 70 percent), rangeland (about 17 percent), crop-
land (about 8 percent), and other land use (about 5 percent).

PART II GEOLOGIC HISTORY
OLDEST KNOWN EVENTS

The oldest rocks exposed in the Klamath Basin are found in

the east central part of the basin near Quartz Mountain north
of Drews Reservoir. These rocks are dacitic lava flows, which
poured onto land surface, cooled, and solidified 30 to 60
million years ago. The base of this unit is not exposed in
this area, therefore, its thickness is unknown.

The dacitic lava flows were subsequently covered by deposits
which reflect the explosive volcanic activity that occurred
between 20 to 30 million years ago. These deposits consist

of particle fragments derived from the older dacitic lava
flows, volcanic eruptions, and older terrain which now lie
buried. Following the deposition of sands, muds, and volcanic
ash, a series of thinly layered basalt and andesite lava flows
covered parts of the area. The combined thickness of these
rock units is believed to be highly variable and is presently
unknown. However, oil exploration wells near the eastern
shore of Goose Lake in Lake County suggest these deposits
could reach 13,000 feet in thickness.

BASALT LAVA FLOWS

Following an extended period of erosion, a series of volcanic
eruptions sent forth basaltic lava flows from several vents
located along the eastern margin of the Klamath Basin. The
lavas filled erosional depressions in earlier land forms.
These basaltic rocks form the most permeable aquifer unit in
the Klamath Basin. The aquifer unit varies from 20 to 600
feet in thickness and is encountered in many of the deep irri-
gation wells in the Sprague River, Yonna, Swan Lake, Langell,
Poe, and Lost River Valleys.

YONNA FORMATION DEPOSITION

The basaltic rocks described above were then covered by a
highly varied group of rocks. During the period between 3 and
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GEOLOGIC HISTORY

10 million years ago, lakes occupying lowland areas were filled
by streams issuing from the volcanic highlands. Volcanic
eruptions created great clouds of ash and cinders, which
covered the ground and settled to lake bottoms. Old stream
channels were cut and refilled by meandering streams. Lavas
were erupted at irregular intervals and occasionally poured
down canyons and valleys, forcing streams to cut new channels.

Lake water during that period of time was occupied by an
abundant supply of microscopic plants called diatoms, which
thrived on the silica-charged water issuing from the volcanic
terrain. As these small plants died, their siliceous shells
settled to lake bottoms and built up thick deposits of diato-
mite (chalk). Muds and fine sands, contributed by streams
flowing into the lakes, also accumulated as impermeable beds
on lake bottoms. Today the chalk, clay, and fine, unsorted
sand layers of this group of rocks yield little or no water
to wells.

Waves continually beating against shorelines of these ancient
lakes were winnowing fine-grained material from coarse-grained
material and redepositing the fines in deeper, quiet water
areas. The coarse, well-sorted, gravelly cinders and black
sands, which were deposited along ancient shorelines, yield
moderate to large quantities of ground water where they are
encountered beneath the water table by present day wells.

The group of rocks described above has been called the Yonna
formation by Newcomb and Hart. The formation was named for
Yonna Valley where extensive outcrops are exposed. The
thickness of this unit is quite variable and may reach a
maximum thickness of 1,000 feet.

LATEST GEOLOGIC EVENTS

Toward the final stages of deposition of the Yonna formation,
land surface had been nearly leveled by erosion. Renewed
volcanic activity sent a flood of lava from fissures in the
underlying rocks. Several flows of this type can be seen in
the slopes of Winter Ridge east of Sycan Marsh. The best
exposure of one of - these thin (20 to 30 feet) basaltic units
is located along the southern and eastern rims of Knot
Tableland in north central Sprague River Valley. ‘This forma-
tion is the '"Cap Reck” and is seldom found below the water
table.

Less than 3 million years ago, faulting activity began to

divide the Klamath Basin into smaller sub-basins such as the
Williamson, Sprague, and Lost River sub-basins. Uplift along
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GEOLOGIC HISTORY

fault planes has rejuvenated the erosional process; and
alluvial materials, sands, gravels, silts, peat, and chalk
are being eroded, reworked, and deposited at the present
time.

A famous event occurred about 6,600 years ago. Ancient Mount
Mazama (present day site of Crater Lake) exploded violently,
forcing clouds of pumice into the :air. The pumice rained to
land surface over most of the Klamath Basin, Central, and
Eastern Oregon. Closely following the explosion, Mount
Mazama Collapsed, forming the basin which now accommodates
Crater Lake.

A surface geology map and cross section of geologic units in
the Klamath Basin was compiled by Roger Paul, Geologist, with

the Soil Conservation Service, Salem, Oregon. This map is
presented in Figure 2.

PART III WATER IN THE KLAMATH BASIN

HYDROLOGIC CYCLE

Ground water is a part of the earth's continuous hydrologic
cycle. The earth's water supply circulates endlessly from
the ocean, to the sky, to the lands, and finally returns
again to the ocean. The ocean is the center of the hydro-
logic cycle; however, evaporation from other open bodies of
water is important. The sun distills water vapor from the
ocean brine and from lakes, swamps, and rivers. Winds carry
the water vapor over land; the vapor condenses and falls to
the earth's surface. After reaching land some water runs
off, some water evaporates, and some water seeps into the
ground. Eventually all water is returned to the ocean.

The Klamath Basin receives over 6% million acre-feet per year
from precipitation. Precipitation rates within the basin
range from less than 15 inches per year on the valley floors
to over 60 inches per year in the Cascade Range near Crater
Lake. The majority of the precipitation falls during the
period of October through March. Upon reaching land surface,
the precipitation may be divided into three categories:

(1) surface water runoff, (2) evaporation and transpiration
losses, and (3) seepage into the ground (ground-water
recharge). :
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PART IV GROUND WATER IN THE KLAMATH BASIN

INFILTRATION AND RECHARGE

A portion of the precipitation that seeps into the ground in
the Klamath Basin may be absorbed by water-deficient soil and
plants. The remaining water percolates vertically downward
to the water table (top of the saturated zone). Downward
percolating water in the Klamath Basin ‘(ground-water recharge)
may cause a slight rise in the water table elevation, resulting
in an increase in ground-water storage. If there is an
increase in the quantity of ground-water recharge, there will
also be an increase in the quantity of natural ground-water
discharge from the basin. If the total amount of downward
percolating recharge is insufficient to maintain a balance
with the total basin discharge, then the water table eleva-
tion will decline. Large quantities of ground water artifi-
cially discharged by wells may also cause water table
elevations to decline. To date, no serious water level
declines have occurred in the Klamath Basin. Observation
well net data are presented in Figure 7, page 268.

The areas in which ground-water recharge is taking place
within the Klamath Basin are the Cascade Mountains, Yamsay
Mountain, Winter Rim, and similar elevated areas possessing
permeable soil and receiving large amounts of rainfall. Well
log information is sparse in mountainous areas; therefore, it
is difficult to accurately locate recharge boundaries. In
the Klamath Basin it is assumed that ground-water boundaries
will lie beneath topographic divides.

Deep wells must be constructed in order to withdraw water
from ground-water recharge areas. Such wells experience
progressive declines in water levels as the wells are
deepened. They are subject to large pumping declines and
slow recovery rates. Water from wells drilled in recharge
areas is usually of excellent chemical quality, having low
temperatures 40° to 50° (OF) Fahrenheit and small quantities
of dissolved chemical constituents. The total dissolved
solids are usually less than 100 (ppm) parts per million.

WATER BEARING FORMATIONS

Ground water moves through spaces between rock particles or
fractures in solid rock. Rarely are these spaces larger than
a fraction of an inch. Reports of underground rivers encoun-
tered by wells are usually based on misinterpretations of
permeable aquifer materials. Lava tubes are present within
the Klamath Basin, but only rarely do wells encounter these
structures.
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Ground-Water Units of the Klamath Basin

For the purposes of this report, ‘the varied rock units
described in the Klamath Basin by previous investigators

have been grouped together into four main groups, each having
unique water-bearing properties. These four groups represent
the general hydraulic characteristics of each of the lithologic
units present within each group. .

Sedimentary Aquifer (SA)

The first aquifer unit is designated SA (Sedimentary Aquifer)
on plate 4. This water-bearing formation is composed of
alluvium, alluvial terrace, and shallow lake deposits; and
some interbedded basalt, rhyolite ash deposits, and pumice.
The sedimentary aquifer is found throughout the Klamath
Basin, and the thickest deposits are in the major valleys.

A survey of water wells completed in this aquifer unit indi-
cated that specific capacities range from .01 to 5 (gpm/ft.)
gallons per minute per foot of drawdown and averages about
.45 gpm/ft. A black sand or gravel layer, when it 1s
encountered in this unit, may yield from 2 to 10 gpm/ft.
Generally, these sedimentary beds yield only sufficient
quantities of water for domestic purposes.

Volcanic Centers Aquifer (VCA)

The second aquifer unit is designated VCA (Volcanic Centers
Aquifer) on Plate 4. This unit is composed of basalt and
volcanic ejecta, consisting of ash, cinders, and agglomerate..
These units represent eruptive centers of old volcanoes. The
Volcanic Centers Aquifer is most commonly located in mountain-
ous areas; however, a few local exposures are found on the
valley floors. Their water-yielding characteristics are
excellent, due to well-sorted coarse cinders, highly fractured
lava rock, and scoriaceous interbeds. Water wells constructed
in these rock types demonstrate a wide range in specific
capacity, varying from less than 1 to over 100 gpm/ft. Large
yielding wells can be constructed in this aquifer unit.

Lower Basalt Aquifer (LBA)

A third aquifer unit labeled LBA (Lower Basalt Aquifer) on
Plate 4 is the Lower Lava Unit described by Newcomb and
Hart (1958). It is composed primarily of basaltic lava
flows. This unit underlies the Yonna Formation and is the
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aquifer which yields large amounts of water to irrigation
wells in the Klamath Basin. Surface exposures of the Lower
Basalt Aquifer are found in the Quartz Mountain - Winter Rim
areas. Well logs report it at depths exceeding 1,000 feet
below land surface in most of the valleys of the Klamath
Basin. The aquifer's high permeability is the result of
weathered surfaces, open scoriaceous zones between flows, and
fractures in the basalt flows. The Lower Basalt Aquifer has
specific capacities, which range from 33 to 500 gpm/ft. and
averages about 145 gpm/ft. Large yielding wells can be con-
structed in this rock unit.

Volcanic Ash Aquifer (VAA)

A fourth ground-water unit shown on Plate 4 is labeled VAA
(Volcanic Ash Aquifer). This unit is composed of volcanic
ash, tuff, breccia, related sedimentary materials, and occa-
sional basalt flows. This formation is similar to the
Sedimentary Aquifer previously described. Little is known

of the hydrologic characteristics of this unit. It underlies
the LBA unit. Few wells have been constructed into these
tuffaceous sediments. Well logs indicate that this formation
lies at considerable depth and has been penetrated by few
wells in the Klamath Basin. The cost of drilling deep wells
(in excess of 1,000 feet in depth) to encounter this formation
would generally discourage attempts to develop ground water
from this unit. East of the Klamath Basin, in Lake County,
where this formation outcrops extensively, well yields are
moderate to low and comparable to the sedimentary aquifer
described above.

GROUND-WATER DISCHARGE

Ground water from the mountainous recharge areas flows down-
ward through diverse geologic materials toward lowland areas
where it reappears as ground-water discharge. A large amount
of ground water is forced to land surface as natural discharge
within the lowlands of the Klamath and Sycan Marshes and the
valleys of the Williamson, Sprague, Lost, and Klamath Rivers.
Numerous springs, -such as Big Spring and Bonanza Springs,

and marshlands of Upper and Lower Klamath Lakes also serve

as major ground-water discharge areas in the Klamath Basin.
Nature's balance between natural recharge and discharge is
altered by man's use of wells. This use constitutes an
artificial discharge of ground water to which nature must
adjust.
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GEOTHERMAL GROUND WATER

Geothermal ground water occurs at several localities within
the Klamath River Basin. Some local development of low and
moderate temperature ground water has been made in two main
areas of the basin. The larger, more developed area is
located in a northeastern residential district within the
city of Klamath Falls. This area extends about 4% miles
along the western margin of a faulted area near upper Klamath
Lake. A second thermal area occurs near the southwestern
flank of the Klamath Hills in a similar geologic environment.
Thermal springs and wells have also been located in other
portions of the regional discharge area within the Klamath
Basin. Hot springs at Olene flow into Lost River; and in
Langell Valley thermal springs occur 1% miles south of
Lorella. In northeastern Klamath Falls, approximately 350
wells have been drilled to extract thermal ground water for
use in heating requirements for residences, schools, swimming
pools, and business establishments. The Klamath Falls' city
school system estimates an annual savings of about $23,000

in heating costs per year. Thermal ground water, 1400 to
192° F., is also used to heat the new (0.T.I.) Oregon Technical
Institute campus. The O0.T.I. wells are the deepest thermal
wells of the area, ranging between 1,150 and 1,805 feet in
depth.

Hot water wells in the northeastern residential district of
Klamath Falls vary greatly in depth and temperature between
closely spaced, neighboring wells. The highest temperature of
record is 2389 F., developed in the Ponderosa Nursing Home

well located in SE% of the SE% of Section 28 of Township 38
South, and Range 9 East, W.M. The majority of domestic heating
wells vary in temperature from 90° to 214° F., with the average
well temperature being generally less than 190° F. The depths
at which hot water is encountered in these wells varies between
100 and 1,100 feet. The great variation in both depth and
temperature is probably due to: (1) the proximity of the well
location to ascending thermal ground water, (2) the relative
permeability of the water-bearing formations at the different
well sites, and (3) the variable mixing of cold water in
shallow aquifers with ascending thermal waters.

Thermal ground water near the Klamath Hills has not been fully
developed to date. Wells on the Liskey Ranch and the Otis
Osborn Ranch produce 200° and 186° F. water from wells 285
feet and 418 feet in depth, respectively. Additional wells
will be needed to fully define the potential and areal extent
of the Klamath Hills thermal area.
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Most of the geothermal areas in the United States believed
to be capable of development for geothermal power generation
are associated with Cenozoic volcanic rock units similar to
the volcanic rocks exposed in the Klamath Basin. The heat
source for these geothermal areas is believed to be deeply
buried, hot, volcanic rocks. In areas of known volcanic
activity, magma may be injected between near-surface layers
of rock where it may then begin to cool very slowly. These
hot rocks are usually located within the zone of deep, regional
ground-water flow systems. Therefore, ground water in the
regional discharge areas is usually thermal ground water,
having temperatures higher than the normal ground-water body.

Both the northeast Klamath Falls area and the Klamath Hills
area are in the regional ground-water discharge area of the
Klamath Basin. Block faulting has developed a fractured and
broken rock mantle overlying the deep-seated rock formations.
The fracture zones along major block movements serve as nearly
vertical vent areas through which higher temperature ground
water can move toward regional discharge areas within the basin.
Similar geothermal areas are known to occur in a number of
other faulted areas in Oregon, such as the Goose Lake Basin
and Warner Valley in Lake County. The normal regional flow
system, with its natural upward movement in discharge areas,
is augmented by thermal gradients and permeable zones asso-
ciated with zones of faulting within the Klamath and Goose
Lake Basins.

Geothermal investigations in areas such as Steamboat Springs,
south of Reno, Nevada, indicate that less than 5 percent of
the ground water discharged from thermal springs is from
direct volcanic origin. Chemical analysis indicates that

over 95 percent of the thermal water tested is meteoric; i.e.,
water derived directly from precipitation. Chemical analysis
of thermal water from the Klamath Basin indicates that it is
also derived from precipitation. For a discussion of the
methods by which ground water picks up heat, see the section
on Ground-Water Flow Systems.

To date, drilling in the Klamath Basin has not located the
depth or position of any buried or cooling magmatic rock

body. Deep drilling and geophysical exploration techniques
may prove more successful at some future date in identifying

a usable thermal energy source for electrical power generation
in the Klamath Basin. The main problem of prospecting for
geothermal power is locating an adequate heat source near
enough to land surface and obtaining a sufficient amount of
very high temperature water (in excess of 300° to 350° F.)

to generate electric power on a sustained basis. There are
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also a number of attendant problems; such as water quality of
waste water discharge, noise pollution problems, equipment
maintenance, and ground-water interference problems. A great
deal of time, effort, and money will be required to clarify
the true potential of geothermal power generation in the
Klamath River Basin.

GROUND-WATER FLOW SYSTEMS

Between closely spaced wells of the Klamath Basin, variations
in chemical quality, temperature, and water-level fluctuations
are all due to changes in depth, distance, and geologic mate-
rials through which the ground water moves. The ground-water
body is divided on the basis of size, flow distances, and
common water characteristics into three types. These are
described as local, intermediate, and regional ground-water
flow systems. See Figure 3.

-
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FIGURE 3. Salient features of local, intermediate, and regional ground-water
flow systems.
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Local Ground-Water Flow Systems

Ground water discharged from local ground-water flow systems,
such as those shown in Figure 3, are recharged in an immedi-
ately adjacent recharge area. The local flow systems may
cover only a few acres, and the water may circulate to depths
of less than 100 feet below the water table. Discharge areas
of local systems, such as Meadow Lake west of Swan Lake Valley,
the upper reaches of the Sycan River east of Sycan Marsh, and
Williamson River Springs north of Fuego Mountain, all have
characteristic low ground-water temperatures ranging from 35°
to 50° F. These low temperatures are indicative of shallow
circulation. Natural heat flow emanating from the interior
of the earth causes rock temperatures to rise an average of
about 1° F. for every 50 to 60 feet below the first 100 feet
below the land surface. For this reason ground water having
high temperatures generally indicates deep circulation.

Water from local systems generally contains low concentrations
of dissolved chemical constituents unless it moves through
very soluble rock types. However, there is a greater risk

of oxygen-supported bacterial contamination, due to the proxi-
mity of the shallow flow system to possible surface contami-
nants. Because of seasonal precipitation cycles in the
Klamath Basin and the shallow nature of local systems, wells
completed in these systems usually exhibit seasonal water-
level changes.

Regional Ground-Water Flow Systems

Regional ground-water flow systems lie at the opposite end of
the spectrum from local flow systems. The regional type is
discussed before the intermediate, because the intermediate
types possess characteristics of both regional and local
systems.

A regional flow system receives recharge from the highest
water table elevations in the basin and discharges in the
lowest part of the ground-water basin. See Figure 3. On the
Oregon side of the Klamath Basin, the regional system receives
recharge from the Cascade Range on the west, Yamsay Mountain
on the north, and Quartz Mountain on the east. This water
may move to depths greater than 10,000 feet below sea level
under some areas of the Klamath Basin. Ground water in the
regional system resurfaces in discharge areas in the vicinity
of Lower Klamath Lake. See Plate 5. Evidence of deep circu-
lation is offered by the high-temperature waters encountered
in wells in the discharge area. The water temperature
encountered in the John Liskey well located in Section 4,
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Township 40 South, Range 9 East, is 200° F. 1In the Otis
Osborn well located in Section 27, Township 40 South, Range 9
East, the temperature is 186° F. Long travel distances also

result in relatively high concentrations of chloride (50 ppm),

sodium (200 ppm), sulphate (400 ppm), and silicate (80 ppm)
for waters of the Lower Klamath Lake discharge area. Because
waters of local and intermediate flow-systems also discharge
within the regional discharge areas, the local water tempera-
tures and chemical characteristics can be expected to show
appreciable variation between closely spaced wells.

Intermediate Ground-Water Flow Systems

As the name "intermediate'" implies, waters of intermediate
flow systems lie between the other systems in their size,
position, chemical character, and degree of seasonal water-
level fluctuation.

Ground-water flow systems of intermediate size are exemplified
by waters discharging near the bottoms of the Sprague,
Williamson, and Lost River drainage basins. Waters of these
discharge areas are characterized by temperatures which range
from 45° to 85° F. The quantity of. total-dissolved solids
range from 100 to 800 ppm and average 100 to 200 ppm.

Included in this figure are values for sodium (10 to 200 ppm),
chloride (5 to 50 ppm), sulphate (10 to 350 ppm), and silicate
(30 to 80 ppm). Most of the water pumped from wells in the
Klamath Basin is found to lie somewhere between these
extremes. Because of the nature of intermediate-size dis-
charge areas, some variation in the chemical character of
water pumped from adjacent wells can be expected.

Water levels which are undisturbed by pumping effects in
nearby wells can be expected to show some slight seasonal
variation, due to seasonal nature of ground-water recharge
to the system.

PART V THE DIVISIONS OF THE KLAMATH GROUND-WATER BASIN

GENERAL

The Klamath Basin can be divided into four sub-basins. These
are the Williamson River, Sprague River, Upper Klamath Lake,
and Lost River Sub-basins. Boundaries are indicated on

Plate 4. A ground-water budget has been estimated for each
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sub-basin on the basis of annual precipitation, estimated
annual evaporation and transpiration, and annual surface
water runoff records.

Care should be exercised in relying upon the estimates of
average annual ground-water recharge to sub-basins of the
Klamath Basin. The estimates reported on the following pages
are based upon records of sparsely located precipitation
gages and streamflow gaging stations, with a great deal of
interpretation exercised in extrapolating between points of
measured data. These estimates provide a rough guide toward
determining whether or not a sufficient quantity of ground
water is present to warrant expenditures on additional
research. That research effort should be directed toward
answering the question of how best to develop the resource.

WILLIAMSON RIVER SUB-BASIN

The Williamson River Sub-basin covers 1,450 aquare miles in
the northwestern portion of the Klamath Basin. Recharge
boundaries of this sub-basin are formed by ground-water mounds
of sufficient magnitude to cause large quantities of ground
water to move away from the boundary areas. The sparsity of
well log information in the mountainous areas prohibits the
precise location of the ground-water boundaries. Therefore,
it is assumed that the regional ground-water boundaries lie
beneath the major topographic divides. Regional boundaries,
as shown in Figure 4 and Plates 4 and 5, extend from Miller
Mountain to Little Walker Mountain on the north, from Tea
Table Mountain to Yamsay Mountain on the east, and from Crater
Lake along the Klamath County-Douglas County line to Miller
Mountain on the west. Intermediate boundaries within the
Klamath Basin separate the Williamson Sub-basin from the other
sub-basins. These boundaries follow the divides from Crater
Lake to Chiloquin along Sand Ridge on the west, and from
Yamsay Mountain to Fuego Mountain, to Solomon Butte, and to
Chiloquin on the east and south.

Land surface elevations range from the highest point of 9,178
feet at Mt. Thielsen in the Cascade Range to the west, and
8,196 feet Yamsay Mountain on the east; to a low elevation of
4,180 feet near the confluence of the Williamson and Sprague
Rivers at the lower southern end of the sub-basin. Principal
features within the Williamson River Sub-basin are: the
bordering Cascade Range to the west, the Klamath Marsh near
the center of the sub-basin, and the Williamson River. The
Williamson River flows northward on the far eastern side of
the basin and then swings abruptly southward through Klamath
Marsh on its way to Upper Klamath Lake.
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Water in the Williamson River Sub-basin

Estimates of the total annual water supplied to the Williamson
River Sub-basin were made for the purpose of arriving at a
value for annual ground-water recharge. Precipitation is
considered the only source of water to this sub-basin, and
available precipitation data was used in the analysis. A”.
portion of the total average annual precipitation falling in
the ground-water recharge area infiltrates into the ground-
water system. The remaining portions are evaporated, tran-
spired by forest cover, or contribute to surface water runoff.
Precipitation falling in ground-water discharge areas cannot
enter the ground-water system, because in these areas ground
water is moving toward land surface.

Based upon a 40-year average of surface water records, evapo-
transpiration estimates of various types of forest cover,

and the above-mentioned precipitation data, we have estimated
that approximately 900,000 acre-feet per year is recharged

to the ground-water system in the Williamson River Sub-basin.

Ground Water in the Williamson River Sub-basin

The 900,000 acre-feet per year of annual recharge to the
ground-water system enters the ground in the recharge areas.
The water percolates downward through the geologic materials
and resurfaces in ground-water discharge areas.

Ground-Water Recharge Areas

Downward percolating ground water forms regional boundaries
under the Cascade Range and Yamsay Mountain. It also may
form mounds of smaller dimension under other elevated areas
containing permeable soils such as Fuego Mountain and Calimus
Butte. The regional ground-water mounds form effective
hydraulic barriers against waters which might otherwise enter
from adjoining basins. The intermediate ground-water mounds
form effective barriers only to waters of intermediate depth
and not to the very deep waters of the regional system.
Figure 4 shows four interpretive profiles which indicate the
relative depth and direction of ground-water movement in
portions of ‘the Williamson River Sub-basin. A map indicating
the directions of ground-water movement for the Williamson
River Sub-basin and other sub-basins of the Klamath Basin is
shown on Plate 5.
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Geology and Aquifer Units

The materials through which ground water flows on its way
from recharge areas to discharge areas are described and
reported on well drillers' logs filed in the State Engineer's
Office, Salem, Oregon. Well logs for wells located in the
Williamson River Sub-basin are sparse. The majority of these
wells are located in or near Chemult, Beaver Marsh, Klamath
Marsh, Collier Park, and Chiloquin.

Chemult

Shallow wells located in or near Chemult generally yield
approximately 20 (gpm) gallons per minute,with little draw-
down. Static levels for these shallow, water-bearing units
are usually 10 to 30 feet below land surface. These wells
develop water from sands, clays, and cemented and uncemented
gravels. Most of the wells in the Chemult area are deep
wells cased below the shallow water and completed in broken
lavas at depths of 230 to 270 feet. Water levels in these
deeper wells range from 210 to 230 feet below land surface.
These wells produce from 20 to 175 gpm, with little or no
drawdown. See Table 1.

TABIE 1

REPRESENTATIVE WELLS FOR CHEMULT

Sections 20 & 21, Township 27 South, Renge 8 East, WM.

GEOIOGIC MATERTALS WATER IEVEL | WELL PERFORMANCE
TEPTH TEMPER-
OF
?ELL TFPTH | DEPTH | CHARACTER OF AQUIFER FEET BELOW %IEED TRAWDOWN (°F§
FEET ) FROM T0 MATERIAL UNTT TAND GPM) (FEET)
(FEET) | (FEET) (sA, VCA, IBA) | SURFACE
262 0 150 Ih2101, sd,
150 198 Cezeg{ed Sd SA
198 262 | lawe, Ci VCA 225 175 10
65 0 65 | Soil, Pm, G1 SA 28 15 0

Abbreviations: Pumice (Pm), Clay (C1), Sand (Sd), Gravel (Gl), Cinders (Ci), Sedimentary Aquifer (SA),
Volcanic Centers Aquifer (VCA), Lower Basalt Aquifer (IBA)

The difference in elevation between water levels for the
shallow wells and water levels for the deeper wells indicate
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a decrease in water level elevation with increasing depth.
This evidence indicates that this area is acting as a recharge
area. Shallow water levels stand at elevations of about 4,750
feet. Deeper water levels stand at elevations of about 4,550
feet above sea level. See Table 2.

TABLE 2
FEPRESENTATIVE WELLS FOR BEAVER MARSH

Sections 5, 17, 18, 19, & 20, Township 28 South, Renge 8 East, WM.

GEDIOGIC MATERIAIS WATER LEVEL | WELL PERFORMANCE
TEPTH TEMPER-
OF Mu?
WELL DEPTH | DEPTH | CHARACTER OF AQUIFER FEET BEIOW %IEED naAwnow§ (°F
(FEET) | FROM TO MATFRIAL UNIT LAND GPM) (FEET
(FEET) | (FEET) (sa, VoA, IBA) SURFACE
181 0 135 PmélSd, c1, SA 126 30 0 50
136 181 | Iava VCA
392 0 303 PmE Sd, C1, SA 175 27 0
1
303 392 | Ci, lava vca
202 0 24 | Pm
24 148 | Cemented Gl SA 150 18 5
148 202 | G1, Bo

Avbreviations: Pumice (Pm), Send (Sd), Clay (Cl), Gravel (Gl), Cinders SCi), Boulders (Bo),
Sedimentary Aquifer (SA), Volcanic Centers Aquifer (VCA), Lower Basalt Aquifer (IBA)

Diamond Lake Junction

Deep wells located near Diamond Lake Junction penetrate

pumice, sand, and gravel to depths of approximately 300 feet.
Well log information for this area is not available for depths
greater than 300 feet. The majority of wells at Diamond Lake
Junction are generally 150 feet in depth and produce water from
sands, gravels, and pumice. The gravels usually produce from
10 to 30 gpm, with very little drawdown. Static water levels
range from 85 to 105 feet below land surface.

Lenz

In the vicinity of Klamath Marsh near Lenz, wells usually
encounter pumice, sand, clay, shale, and gravel to at least
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73 feet below land surface. Depth to the base of the volcanic
rocks which underlie the sedimentary materials is unknown.
Those wells completed in the basalt units yield several thou-
sand gpm, with 5 to 50 feet of drawdown. Water levels are

very shallow in this area, and many wells flow at rates of

a few gallons to 120 gpm. Artesian pressures of these flowing
wells vary from 1 to 5 pounds per square inch. These pressures
are sufficient to cause water to rise 2.31 to 11.5 feet above
land surface. See Table 3. :

TABLE 3
REPRESENTATIVE WELLS FOR KLAMATH MARSH AT LENZ

Township 30 South, Range 7 & 8 Easty WeMe
Township 31 South, Range 7 & 8 East, WM

GEOIOGIC MATERTATS WATER IEVEL | WELL PERFORMANCE
TEPTH TEMPER=~
OF ATURE
WELL TEPTH | IEPTH | CHARACTER OF AMQUIFER FEET BEIOW %ﬂﬂ? TRAWDOW | (°F)
(FEET) | FROM 70 MATERTAL UNIT TAND GPM (FEET)
(FEET) | (FEET) (sa, VCA, IBA) SURFACE
110 0 40 Pmy Sd SA
40 73 Sd, G1 SA
73 110 Iava A 12 2400 49 42
150 0 €8 Pm, Sdy Gl SA
68 150 | Ash, S, G1 SA 3 4000 6
462 0 14 Peat SA flow
14 462 PmélCl, Sd, SA 1.5 psi 120 - 42
Pk 3
121 0 131 Same as SA 5 psi flow 51
gbove 12,5
274 0 112 |Pm, C1, Sd SA 5 3500 55 43
112 | 274 |[iave, Basalt yCA
160 0 4 Peat SA flow
4 156 Pmé1C1, Sd, SA 2 psi 7 42
156 160 |lava vca 7500 ?

Abbreviations! Pumi Pn)y Sand (Sd), C1 1)y Sha Sh), Gra G Sedi . s
o VolZnJg.c C);nters !(1qui).i‘er ?{CS, )£war1§a£a1£’m§§}. 2113:25 edimentary Aquifer (sa),

Collier Park

Near Collier Park and Spring Creek, wells up to 638 feet deep
have encountered pumice, clay, sand, and gravel. No well logs
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TABIE 4
REPRESENTATIVE WELLS FOR COLLIER PARK AND SPRING CREEK

Toanship 33 South, Range 7 East, WdMe

GEDLOGIC MATERIALS WATER IEVEL | WELL PERFORMANCE
TIEPTH - TEMPER«
OF fzng
\zm.n DEPTH | IEPTH | CHARACTER OF MQUIFER FEET BELOW *{mng TRAWDOWN °F
FEET) | FROM 0 MATERTAT, UNIT LAND GRM (FEET)
(FEET) | (FEET) (sa, VCA, IRA) | SURFACE
77 0 77 | Pm, Cl, Sd, SA 15 45 0
Gl
638 0 638 | Pm, Cl, Sd, SA 6e5 psi flow 45
&1, Bsa 20
125 0 125 | C1, BSd SA F flow 48
D 40

Abbreviations: Pumice (Pm), Send (Sd lay (Cl), Shale (Sh), Gravel (G Black Sand (BSd
Sedimex(;tar} Aquifgr 25}5, %ica?ﬁc Cen'bez(:s quifer ](véAljz ’Lower Basalt(Aquz%er (1BA)

TABIE 5

HEPRESENTATIVE WELLS FOR SOUTH OF COLLIER PARK

Sections 9y 10, 15 & 16, Township 34 South, Range 7 Easty WaMe

GEOIOGIC MATERTALS WATER IEVEL | WELL PERFORMANCE
TEPTH TEMPER
OF
\?ELL DEPTH | DEPTH | CHARACTER OF AQUIFER FEET BEI(OW %mug mzawnow 2°F§
FEET) | FROM 70 MATERIAL UNIT TAND GRM FEET)
(FEET) | (FEET) (sa, VCA, IBA) | SURFACE
100 0 100 | Pm, Sd, C1, SA 8@ 67 20 12
&1 6@ 100
110 0 110 | Same as SA 15@ 78° 20 5
Above 8 @ 110
500 0 500 Same as SA 110 @ 168°
Above 100 @ 198
78 @ 335 13 169
68 @ 343
61 @ 426 169
270 0 270 | Seme as SA 40 @ 231° 20 65
Above 20@ 242
7@ 262

Abbrevistions: Pumice (Pm), Sand (Sd), Clay (Cl), Gravel (Gl)x Sedimegtery Aquifer (SA),
3,7 Volcanic Centers Aquifer (VCA), Lower Basalt Aquifer ?IBB
* Rising water level as well is deepened.
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from this area have reported encountering consolidated vol-
canic rocks. Tables 4 and 5 indicate that water levels in
many of the wells rise as the wells have been deepened.
Flowing wells are also common in this area. Rising water
levels with increasing depth indicate that the area is a
ground-water discharge area.

Pine Ridge

In the vicinity of Pine Ridge, near Chiloquin, water levels

may decline slightly as wells are drilled through the shal-

lower portions of the Sedimentary Aquifer. Table 6 shows
TABIE 6

REFRESENTATIVE WELLS FOR PINE RIDGE NEAR CHITOQUIN

Sections 22 & 27, Township 34 South, Range 7 East, WeMe

GEOIOGIC MATERTIALS WATER IEVEL | WELL PERFORMANCE
TEPTH TEMPER-
OF ﬂpm
?ELL DEPTH | DEPTH | CHARACTER OF AQUIFER FEET BEIOW %IEE% TRAWDOWN °F)
FEET) | FROM TO MATERTAT, UNIT IAND GPM (FEET)
(FEET) | (FEET) (sa, vCA, IBA) | SURFACE
403 0 403 Pm, C1, Sd, SA 40 @ 189 15 180
& 8@ 355
2@ 375
flow
403
365 0 48 Pma Cl, Sd, SA 946 110 40 52
1
48 365 BLa, Sd VoA
352 0 348 Pm, C1l, Sd, SA 4@ 45* 20 73
Gl
348 352 lava VCA 13,5 @ 285
flow
352

Abbreviations: Pumice (Pm), Sand (Sde S:la\? (C1)y Gravel (Gl), Black Iaya (Bla),
Sedimentary Aquifer (SA), Volcanic Centers Agquifer VCA), Lower Basalt Aquifer (IBA)
* Decline followed by rise in water level as well was deepenede Two systems encountered.

the water levels usually rise when the wells are drilled below
200 feet. This evidence suggests that a local recharge mound
lies beneath Pine Ridge. The influence of this mound, however,
does not extend to great depths. Water from the deeper ground-
water flow system is moving upward in this area, as indicated
by rising water levels in the deeper wells. Yields up to 110
gpm have been reported from the deeper Volcanic Centers Aquifer.
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Chiloquin
Near Chiloquin, pumice, clay, sand, and gravel are encountered
to depths of 250 feet. Below this depth, red and black

volcanic rocks are encountered by wells that yield 10 to 110
gpm, with 10 to 80 feet of drawdown. See Table 7.

TABIE 7
FEPRESENTATIVE WELLS FOR CHILOQUIN

Sections 33 & 34, Township 34 South, Renge 7 East, WeMe

GEOLOGIC MATERIAILS WATER TEVEL | WEIL PERFORMANCE
TEPTH TEMPER.
OF THF
YHL TEPTH | DEPTH | CHARACTER OF AQUIFER FEET BELOW ?x% mmmw? °F
FEET) | FROM 70 MATERIAL UNIT TAND GRM (FEET
(FEET) | (FEET) (sa, VCA, IBA) SURFACE
480 0 402 Pm6101, Sd, Sa 9.6 110 40 52
402 480 | Bla VCA
290 0 250 PméICI, Sd, SA 20 @ 250° 60 5 44
250 290 | Red & Bla VCA 17 @ 290
151 0 151 | Pm, C1, Sd, SA 2@ 93° 12 28
&1 6@ 131
280 0 264 PmélCI, Sd, SA 0 10 78
264 280 | Bla VoA

Avbreviations: Pumice (Pm), Cla (012 nd (Sa), Gravel (G1), Bla (BL2)
Sedsimentary Aquifer éﬁf Volcanic Centers Aq&iferCJzVCAS, Lower Basalt Aquifer (IBA)
* Rise in water level as well was deepened.

Ground-Water Discharge Areas

Ground-water discharge in the Williamson River Sub-basin moves
upward toward low-lying discharge areas such as Klamath Marsh,
Solomon Flat, and the Williamson River and its tributaries.
The direction of ground-water movement within the Williamson
River Sub-basin is toward Klamath Marsh and then south to
Upper Klamath Lake as shown in Figure 4.

It has been estimated that 900,000 acre-feet per year enters

the ground-water flow system in the Williamson River Sub-basin.
Of this amount, 500,000 acre-feet per year appears to resurface
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within the boundaries of the sub-basin. This water is:

(1) used by plants (transpired) in low-lying grass and marsh-
lands, (2) evaporated, (3) exiting the sub-basin as baseflow
in the Williamson River, or (4) extracted from wells. The
remaining 400,000 acre-feet per year moves beneath the
southern boundary on its way toward the Upper Klamath Lake
and Lost River Sub-basins.

Ground-water pumpage accounts for approximately 25,000 acre-
feet per year. This figure is derived by assuming that irri-
gation wells within the basin are used at the maximum
allowable rate of 3 acre-feet per acre per year. Therefore,
ground-water irrigation rights under permit account for about
23,500 acre-feet per year from the Williamson River Sub-basin.
Other permitted ground-water rights, assuming they are used
at the maximum allowable rate, would account for 1,500 acre-
feet per year. Water uses included in this category are
industrial, municipal, domestic, stock water, heating, air
conditioning, and road sprinkling. Therefore, allowable
ground-water rights, if used to the maximum, would account
for about 25,000 acre-feet per year. Ground-water rights

are listed in Table 25, under Williamson River.

Well Hydrographs

Figure 7, pages 268 and 269 shows quarterly, water-level
measurements in observation wells in the Williamson River
Sub-basin. Locations of observation wells are shown on
Plate 5.

SPRAGUE RIVER SUB-BASIN

The northeastern subdivision of the Klamath Basin is the 1,580
square mile Sprague River Sub-basin. Boundaries are formed

by water-table mounds of sufficient magnitude to cause sig-
nificant quantities of ground water to move away from boundary
areas. Regional boundaries for the Sprague River ground-
water system as shown in Figure 5 extend from Yamsay Mountain
to Ritter Ridge on the north along Winter Ridge to Gearhart
Mountain and then to Barnes Rim on the east. Intermediate
boundaries extend from Barnes Rim to Yainax Butte to Edgewood
Mountain on the south, from Edgewood Mountain to Chiloquin

to Solomon Butte on the west, and from Solomon Butte to Fuego
Mountain to Yamsay Mountain on the north. Presently available
data does not permit delineating local flow system boundaries.

Elevations in the Sprague River Sub-basin are 8,390 feet at
Gearhart Mountain, 8,196 feet at Yamsay Mountain, 7,226 feet
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at Yainax Butte; and range to a low of 4,183 feet at the con-
fluence of the Williamson and Sprague Rivers near Chiloquin.
Principal features within the Sprague River Sub-basin are

Yamsay Mountain, Gearhart Mountain, Yainax Butte, Sycan Marsh,
Sycan River and Sprague River.

Water in the Sprague River Sub-basin

Estimates of the total annual water supplied to the Sprague
River Sub-basin were made for the purpose of arriving at a
value for annual ground-water recharge. Precipitation is
considered the only source of water to this sub-basin, and
available precipitation data was used in this analysis. A
portion of the total average annual precipitation flowing to
the ground-water recharge area infiltrates into the ground-
water system. The remaining portions are evaporated, tran-
spired by forest cover, or contributed to surface water
runoff. Precipitation falling in ground-water discharge
areas cannot enter the ground-water system, because in these
areas ground water is moving toward land surface.

Based upon a 40-year average of surface water records, evapo-
transpiration estimates of various types of forest cover,

and the above-mentioned precipitation data, we have estimated
that approximately 650,000 acre-feet per year is recharged

to the ground-water system within the Sprague River Sub-basin.

Ground Water in the Sprague River Sub-basin

The 650,000 acre-feet per year assumed to reach the ground-
water system infiltrates in recharge areas, flows downward
through geologic materials acting as aquifer units, and
resurfaces in ground-water discharge areas.

Ground-Water Recharge Areas

Regional ground-water mounds produced by downward percolating
water can be found under Yamsay Mountain, Winter Rim, and
Quartz Mountain. Intermediate ground-water mounds can be
expected to form under other elevated areas, with permeable
soils and high rainfall such as Yainax Butte and Swan Lake
Point. Figure 5 shows four profiles which indicate an inter-
pretation of the relative depth and direction of ground-water
movement beneath portions of the Sprague River Sub-basin.
Plate 5 shows a map view of the directions of ground-water
movement for the Sprague River Sub-basin as well as other
sub-basins of the Klamath Basin.
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Geology and Aquifer Units

A large number of well logs for the Sprague River Sub-basin
are on file in the State Engineer's office. A high percentage
of these wells are large, high-yielding irrigation wells. A
list of wells and their characteristics will be presented

in the more-detailed U. S. Geological Survey-State Engineer
joint report to be published at a later date. A few selected
wells are presented in Tables 8 through 10 and indicate what

can be expected of wells in several of the areas of the Sprague
River Sub-basin.

Sprague River

Near the community of Sprague River, most ,wells are less than
450 feet deep and encounter sand, clay, gravel, shale, and
chalk. These wells usually yield less than 25 gpm, unless
black sand or other permeable units are encountered. The
basalt rock units are usually encountered at depths greater
than about 550 feet in the center of the valley and at shal-
lower depths on the flanks of the valley. This aquifer can
be expected to yield more than 100 gpm and in some cases up
to 1,350 gpm. See Table 8.

TABIE 8
REPRESENTATIVE WELLS FOR THE CITY OF SFRAGUE RIVER

Township 36 South, Range 10 East, WeMe

GEOIOGIC MATERIAIS WATER LEVEL | WEIL PERFORMANCE
TEPTH TEMPER-
OF
vzcm, DEPTH | TEPTH | CHARACTER OF AQUIFER FEET BEIOW TIRAWDOWN E°F5
FEET) | FROM T0 MATERTAL UNIT IAND GPM (FEET )
(FEET) | (FEET) (sa, vca, IBA) | SURFACE
200 o} 200 sa§h01, Gl, SA 9,75 25 70
527 0 446 | sa, C1, Ck SA 16 1350 81
448 87 Broken lava, VCA
385 0 385 | Alterreting VCA 181 100 80+
lava & Sh

Abbreviations: Sand (Sd), Clay (C1), Grevel SFI), Shale (Sh), Chalk ?mc) Sedimentary Aquifer (SA),
Volcanic Centers Aquifer (VCA), Lower Basalt Aquifer (IBA)
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Beatty and Bly

Much the same conditions exist around Beatty. Deeper wells
of 950 feet in depth have encountered large yields and
artesian pressures. Flows in excess of 1,000 gpm have been
reported. Some large-yielding wells have been reported on
the flanks of the valleys at shallower depths. In the vici-
nity of Bly, shallow wells encounter the lower basalt aquifer.
Well yields in excess of 2,000 gpm are not uncommon in the
Sprague River Sub-basin. See Tables 9 and 10.

TABIE 9
REPRESENTATIVE WELLS FOR BEATTY

Township 36 South, Range 12 East, WM.

GEOIOGIC MATERIALS WATER LEVEL | WELL PERFURMANCE
TEPTH TEMPER=-
OF
WELL TEPTH | TEPTH | CHARACTER OF AQUIFER FEET EEIOW nm% TIRAWDOWN 2%3
(FEET) | FRM 0 MATERTAL UNIT LAND (M (FEET)
(FEET) | (FEET) (sa, vCA, IBA) SURFACE
280 0 280 | sa, Sh, Ck SA 37 10 63 60
950 0 890 | Pm, Sd, Cl,
890 950 | G1 SA + 700 56
960 0 470 | Ck SA
470 490 | Iave CA flow
490 900 | Ck, Pm SA + 900
900 950 | Basalt 1BA
180 0 1156 | sa SA 7 110 033
115 180 | Iave CA
524 0 420 | Ck, S SA 8psi | flow
420 524 | Basalt IBA 1800

Avbrevistions: Semd (1), Shal 1k (Ck), Pumice (Pm), Clay (C1), G G
s s ( )’ e§ ts%a Volaag:{c Cenct:rg Ag&lfeiy(wgmg 13‘;.‘3313,55%{% Aquifer (IBA)
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TABIE 10

REFRESENTATIVE WELLS FOR BLY

Township 36 South, Range 14 East, Wele

GEOLOGIC MATERIAIS WATER IEVEL | WELL PERFORMANCE
TEPTH TEMPER=
OF
TEPTH | IEPTH | CHARACTER OF AMQUIFER FEET BEIOW %nn? %r§
Qnmm) FROM 0 MATERTAL UNIT LAND GRM (FEET )
(FEET) | (FEET) (sa, VCA, IBA) | SURFACE
110 0 12 | Sdy G1 SA 35 30 0 52
12 110 | Red & Black VCA
376 0 94 | sS4y G SA
94 180 | Iava TCA
180 2800 | &1 SA 80 2350 7 60
280 3% | lave IBA
485 0 20 | Sdy C1 SA
20 152 | lava, Bt CA
152 443 | sy, 81 SA 42,5 2300 108
443 485 | Bty Lava IBA
708 0 708 | Iava, Ci, VCA and 9.5 2360 97
Cl IBA
143 0 41 | s3, C1 VCA and 28 3500 0 =]
41 143 Iava, Cl’ mA
Bt
Abbreviations: Sand (Sd), Gravel (Glz gla{ (C1), Shale (Shzapgasalz CBS), Cinders (Ci)
Sedimentary Aquifer & s Volcanic Centers Aquifer (VCA), Lower Basalt Aquifer (IBA)

Ground-Water Discharge Areas

The major intermediate-size discharge areas for the Sprague
River Sub-basin are Sycan Marsh, Sycan River, and Sprague

River.

The direction of ground-water movement as shown in

Figure 5 and Plate 5 is generally toward Sycan Marsh, then
southward toward Sprague River, and westward through the
central portions of the sub-basin.

Of the estimated 650,000 acre-feet per year assumed to reach
the ground-water system, 500,000 acre-feet per year resurfaces

within the boundaries of this sub-basin.

This water is:

(1) used by plants (transpired) in low-lying grass and marsh-

lands,

(2) evaporated,
to Sprague River, or (4) extracted from wells.

(3) exiting the sub-basin as baseflow

The remaining

150,000 acre-feet per year leaves the sub-basin as regional
underflow beneath the southern or western intermediate
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boundaries. The question of direction of regional ground-
water movement can be answered with either a southerly
movement toward Lost River or a westerly movement toward
Upper Klamath Lake. With present day information, south or
west directions of movement are equally strong possibilities.
Thus, the final disposition of the 150,000 acre-feet of-esti-
mated ground-water underflow leaving the Sprague River Sub-
basin has not yet been determined.

The ground-water extractions are accounted for as pumping
withdrawals. Assuming that irrigation wells are used at the
maximum allowable rate of 3 acre-feet per acre per year,
ground-water rights under permit account for 59,700 acre-feet
per year. Other permitted water rights, assuming they are
used at the maximum allowable rate, would account for 300
acre-feet per year. Included in this category are industrial,
municipal, domestic, stock watering, and road sprinkling.
Therefore, local water rights, if used to the maximum, would
account for 60,000 acre-feet per year. Ground-water rights
are listed in Table 25, under Sprague River.

Well Hydrographs

Figure 7, pages 270 through 274 shows quarterly, water-level
measurements in 15 observation wells in the Sprague River
Sub-basin. Locations of observation wells are shown on
Plate 5. Some water level decline has been recorded in
observation wells near Sprague River. These minor declines
of 1% to 2 feet per year are due to pumping effects during
the irrigation season and are to be expected in a developing
well field.

UPPER KLAMATH LAKE SUB-BASIN

The Upper Klamath Lake Sub-basin covers 790 square miles in
the west central portion of the Klamath Basin. Recharge
boundaries of this sub-basin are formed by ground-water
mounds that cause ground water to move away from the boundary
areas. See Figure 4, following page 238 and Figure 6, fol-
lowing page 252. Regional boundaries extend along the crest
of the Cascade Range from Crater Lake to Brown Mountain,
which lies just south of Mt. McLoughlin.

Intermediate boundaries which separate the Upper Klamath Lake
Sub-basin from other sub-basins of the Klamath Basin extend

from Crater Lake to Brown Mountain along the Cascades on the
west, from Brown Mountain to Aspen Butte to Klamath Falls on
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the south, from Klamath Falls along Naylox Mountain and
Chiloquin Ridge to Chiloquin on the east, and from Chiloquin
along Sand Ridge to Crater Lake on the northeast.

Mt. McLoughlin, at an elevation of 9,495 feet above sea level,
is the highest point in the sub-basin. Klamath Lake, at

4,139 feet above sea level, is the lowest portion of the

Upper Klamath Lake Sub-basin. Principal features within the
Upper Klamath Lake Sub-basin are Crater Lake, 6,176 feet;
Agency Lake and Upper Klamath Lake, 4,139 feet; Aspen Lake,
4,319 feet; and Lake of the Woods, 4,960 feet. Notable peaks
are Pelican Butte, 8,036 feet; Aspen Butte, 8,208 feet; and
the Chiloquin Ridge-Naylox Mountain chain, near 6,000 feet.
Aside from Williamson River, which flows into the sub-basin
from the north, the principal stream in the Upper Klamath

Lake Sub-basin is Wood River. This stream issues from springs
at the base of Sun Mountain and flows southward to Agency Lake.

Water in the Upper Klamath Lake Sub-basin

Estimates of the total annual water supply to the Upper
Klamath Lake Sub-basin were made for the purpose of arriving
at a value for average annual ground-water recharge. Precipi-
tation records, surface water inflow records, and estimates

of the ground-water underflow from the Williamson River Sub-
basin were used in the analysis. A portion of the total,
annual, average precipitation falling in the ground-water
recharge area infiltrates into the ground-water system. The
remaining portions are evaporated, transpired by forest cover,
or contributed to surface water runoff. Precipitation falling
in ground-water discharge areas cannot enter the ground-water
system, because in these areas ground water is moving toward
land surface.

Based upon a 40-year average of surface water records, evapo-
transpiration estimates of various types of forest cover, and
the above-mentioned precipitation data, we have estimated
that approximately 800,000 acre-feet per year is recharged

to the ground-water system within the boundaries of the Upper
Klamath Lake Sub-basin.

Ground Water in the Upper Klamath Lake Sub-basin

The 800,000 acre-feet per year that seeps into the ground-
water system enters the ground in the recharge areas. The
water percolates downward through the geologic materials and
resurfaces in ground-water discharge areas.
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Ground-Water Recharge Areas

Downward percolating ground water beneath elevated areas,

such as the Cascade Range from Crater Lake to Aspen Butte,
forms mounds of a regional scale. Recharge mounds of smaller
dimension can be expected to form under other elevated areas
which receive high rainfall and possess permeable soils such
as Naylox Mountain, Chiloquin Ridge, and Sand Ridge. Regional
ground-water mounds form effective hydraulic barriers against
waters which might otherwise enter from adjoining basins.
Intermediate ground-water mounds form effective hydraulic
barriers only to waters of intermediate depth and not to the
very deep waters of the regional system. Figure 6, following
page 252, shows two interpretive profiles which indicate the
relative depth and direction of ground-water movement beneath
portions of the Upper Klamath Lake Sub-basin. A map indicating
the directions of ground-water movement for the Upper Klamath
Lake Sub-basin and other sub-basins of the Klamath Basin is
shown on Plate 5.

Geology and Aquifer Units

The representative materials through which ground water moves
on its way from recharge areas to discharge areas are described
and reported on well drillers' logs which are filed in the
State Engineer's Office, Salem, Oregon. Well logs on file

for wells located in the Upper Klamath Lake Sub-basin are
sparse. The majority of these logs are located in or near

the communities of Fort Klamath, Klamath Agency, Algoma,

Shady Pine, Wocus, and Rocky Point.

Fort Klamath

In the vicinity of Fort Klamath, in the Upper Klamath Lake
Sub-basin, typical wells vary from less than 50 feet to 350
feet in depth and encounter pumice, sand, clay, gravels, and
cinder to at least 335 feet. Static water levels vary from
35 feet below land surface to artesian pressures equivalent
to 14 feet above land surface (psi) pounds per square inch.
Shallow flowing wells are very common in this area. Ground-
water temperatures range from 400 to 53° F. See Table 11.
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TABLE 11
REPHESENTATIVE WELLS FOR FORT KLAMATH

Township 33 South, Range 73 Easty WeMe

GEOIOGIC MATERIALS WATER LEVEL{ WELL PERFORMANCE
TEPTH - TEMPER.
OF lszE
TEPTE | DEPTH | CHARACTER OF AQUIFER FEET BELOW %'ng TDRAWDOWN °F)
?Fm) FROM 70 MATERTAT, UNIT LAND GRM (FEET)
(FEET) | (FEET) (sA, VCA, IBA) | SURFACE
103 0 103 Pmé.Sd, c1, sa 35 30 35 52
1
136 0 136 | Pm, Sd, Cl, SA +6psi | flow
&1, &1 20
: g 6
335 0 335 Same as SA + flow 40
above 10

Abbreviations: Pumice (Pm), Sand (Sd), Clay (C1), Cinder (Ci), Gravel (G1), Sedimentary Aquifer (SA),
Volcenic Centers Aquifer (VCA), Lower Basalt Aquifer (IBA

TABIE 12
REFPRESENTATIVE WELLS FOR KLAMATH AGENCY

Township 34 South, Renge 7% East, WM.

GEOIOGIC MATERIALS WATER LEVEL | WELL PERFORMANCE
TEPTH TEMPER«
OF ATURE
yzum. DEPTH | DIEPTH | CHARACTER OF AQUIFER FEET BEIOW TRAWDOWN (°F)
FEET) | FROM 70 MATERIAL UNIT TAND GPM (FEET)
(FEET) | (FEET) (sa, VA, IBA) SURFACE
55 0 55 PméISd, Ch, SA 3 40 ? 50
256 0 256 | Peat, Sd, SA + 9460 psi | flow
s Sh 50
363 0 186 | Pm, Sd, C1 SA
186 363 | Interbedded SA 3 1200 92 50
lava & Sd

Abbrevietions: Pumice (Pm), Send (Sd), Chalk (Ck), Gravel (G1), Shele (Sh), Clay (c1),
Sedimentary Aquifer (SA), Volcenic Centers Aquifer (VCA), Lower Basalt Aquifer (1BA)

246



THE DIVISIONS OF THE KLAMATH GROUND-WATER BASIN

Klamath Agency

Water wells near Klamath Agency are similar to those in the
Fort Klamath area, with the deepest reported well being 363
feet. This well encounters lavas from 186 to 363 feet below
land surface. Water levels of the area are shallow. Some
artesian wells report pressures of 9.6 psi or water levels

22 feet above land surface. The highest reported production
is from the Lower Basalt Aquifer which yields 1,200 gpm, with
92 feet of drawdown. See Table 12.

Rocky Point

Dozens of shallow wells, 35 to 60 feet deep, are reported in
the Rocky Point area. These wells are completed in sands,
gravels, and clays of the Sedimentary Aquifer. Static water
levels are generally less than 10 feet below land surface,
and wells can be expected to produce quantities of about

30 gpm. Temperatures range from 47° to 51° F. See Table 13.

TABLE 13
REFRESENTATIVE WELLS FOR ROCKY POINT

Toanship 36 South, Range 6 East, WM.

GEOLOGIC MATERIALS WATER LEVEL | WELL PERFORMANCE
TEPTH TEMPER-
OF
WELL DEPTH | TEPTH | CHARACTER OF AMUIFER FEET BELOW %IEED TIRAWDOWN (°F;
(FEET) | FROM 0 MATERIAL UNIT LAND GPM) (FEET)
(FEET) | (FEET) (SA, VCA, IBA) | SURFACE
39 0 39 | si C1 SA 6 30 6 51
40 0 40 Soélcl, Sd, SA 2 25 10 47
115 0 115 | Sd4, Cl, G1 SA 6 30 2 47

Abbreviations: Sand (Sd), Clay (Cl1), Soil (Sog, Gravel (Glz Sediment?fgkAqnifer (sa),
Volcanic Centers Aquifer (VCA), Lower Basail Aquifer (IBA)

Algoma and Shady Pine

In the Algoma and Shady Pine areas, wells encounter sand,
clay, gravel, and chalk of the Sedimentary Aquifer to depths
between 100 and 350 feet below land surface. 'Below these
materials lava, cinders, and basalt of the Volcanic Centers

247



THE DIVISIONS OF THE KLAMATH GROUND-WATER BASIN

Aquifer
than 40
feet of

are encountered.

feet.

Water levels are generally less
Well capacities range from 12 gpm, with 30
drawdown from the Sedimentary Aquifer, to 3,175 gpm,

with 12 feet of drawdown from the Volcanic Centers Aquifer
and the Lower Basalt Aquifer. Temperatures range from 54°©
to 61° F. See Table 14.
TABIE 14
REPRESENTATIVE WELLS FOR ALGOMA AND SHADY PINE
Sections 6y 7, 18 & 31, Township 37 South, Renge 9 East, WMe
GEOLOGIC MATERIALS WATER LEVEL | WELL PERFORMANCE
TEPTH TEMPER-
OF : MMF
%HL DEPTH | DEPTH | CHARACTER OF AQUIFER FEET BEIOW inng IRAWDOWN | (°F
FEET) | FROM 0 MATERIAL UNIT LAND GRM (FEET)
(FEET) | (FEET) (sA, VWCA, IBA) | SURFACE
110 0 95 | sd4, C1, G1 SA 10 25 15 58
95 110 | Sdy lava
419 0 30 | sd, C1, G SA 40 3175 12 61
240 419 | Bla, Ci IBA
43 0 41 | Bo, Sd, C1 6@ 20 12 30 54
4 43 | Basslt 8@ 41
Abbreviations?

Near Wocus most water wells yield more than 20 gpm.

Sand (Sd), Clay (Cl), Gravel (Gl), Basalt Lava (Bla), Cinders (Ci), Boulder (Bo)
Sedimentary Aquifer (SA), Volcanic Centers Aquifer (

Wocus

VCA), Lower Basalt Aquifer

67:19)

These

wells encountered sand, clay, gravel, shale, and chalk of
the Sedimentary Aquifer to depths of 80 to 160 feet below
Water production comes from porous lava of the

land sur

Volcanic Centers Aquifer underlying these sediments.

face.

The

porous lavas may be only 20 feet thick, with shale and sand

underlying it to depths of at least 260 feet.

No wells

greater than 260 feet in depth have been reported in this

area.

See Table 15.
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TABLE 15
REPRESENTATIVE WELLS FOR WOCUS

Sections 1, 12, & 13, Township 38 South, Range 8 Ea.st, WM,
Section 7, Township 38 South, Range 9 East, WM,

GEOIOGIC MATERIAIS WATER LEVEL | WELL PERFORMANCE
mgg TEMPER«
?mm DEPTH | DEPTH | CHARACTER OF AQUIFER FEET BELOW TRAWDOWN %F;
FEET) | FROM 70 MATERIAT, UNIT TAND G (FEET)
(FEET) | (FEET) (sa, vca, IBA) SURFACE
232 0 232 01§d5h, Pm, SA 124 10 15 61
125 0 114 | Chslk SA 1314 42 2
114 125 | Iava VCA
165 0 143 Cgilk, c1, SA 48 15 40
143 165 | Iava vca
257 0 180 Cl§15d, 1, SA
180 200 | Basalt, Sh VcA 90 20 0 53
200 257 | Sh, Ss

Abbreviations: Clay (Cl), Shale (Sh ice (Pm)y Sand (Sd), Grevel (G1), Sandstone (Ss
Sed imen ,ry Aqui er)'(SA ’ Volgem).t,: C:ntegs :Iuifer ](V((.'AJ)Z’Imr Basal't(: Ac)p.’lifer (1Ba)

Ground-Water Discharge Areas

Ground water recharged in the highland areas of the Upper
Klamath Lake Sub-basin as well as portions of the ground-
water underflow from the Williamson River Sub-basin moves
downward toward low lying ground-water discharge areas such
as Aspen, Agency, and Upper Klamath Lakes. Annie Creek,
Sevenmile Creek, Fourmile Creek, Crooked Creek, and Wood
River also receive ground-water discharge. The direction of
ground-water movement within the Upper Klamath Lake Sub-
basin is shown in Figures 4 and 6 and Plate 5. Ground water
in this sub-basin generally moves toward Upper Klamath Lake
then south toward Lower Klamath Lake.

It is estimated that 800,000 acre-feet per year enters the
ground-water system within the boundaries of this sub-basin.
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In addition, approximately 400,000 acre-feet per year enters
as ground-water inflow from the Williamson River Sub-basin,
bringing the total to nearly 1,200,000 acre-feet per year.

0f this amount, 1,000,000 acre-feet per year appears to
resurface within the boundaries of the sub-basin. This water
is: (1) used by plants (transpired) in low lying grass and
marshlands, (2) evaporated, (3) exiting the sub-basin as
baseflow in Link River, or (4) extracted from wells. The
remaining 200,000 acre-feet per year moves beneath the
southern boundary on its way toward the Lost River Sub-basin.

The 27,000 acre-feet per year accounted for as pumpage from
the Upper Klamath Lake Sub-basin is estimated by assuming
that irrigation wells are used at the maximum allowable rate
of 3 acre-feet per acre per year. Ground-water irrigation
rights under permit would account for 4,000 acre-feet per
year. Other permitted ground-water rights, assuming they
are used at the maximum allowable rate, would account for
23,000 acre-feet per year. Included in this category are
industrial, municipal, domestic, stock water, heating, air-
conditioning, and road sprinkling. Therefore, allowable
ground-water rights, if used to the maximum, would account
for 27,000 acre-feet per year.

Well Hydrographs

Figure 7, page 269 shows quarterly, water-level measurements

in the observation well located in Section 34, T. 35S., R. 7E.,
of the Upper Klamath Lake Sub-basin. Locations of observation
wells are shown on Plate 5.

LOST RIVER SUB-BASIN

The Lost River Sub-basin covers 3,019 square miles in the
southern portion of the Klamath Basin. Of that total, 1,315
square miles lies in Oregon, and the remaining 1,704 square
miles lies in California. It is assumed that ground-water
boundaries of the sub-basin lie beneath topographic divides.
See Figure 6 and Plate 5. Regional boundaries extend along
topographic divides from Quartz Mountain southward into
California. The boundary extends along the drainage divide
between the Lost River-Klamath River Drainage and the Pitt
River Drainage to the south. The boundary extends eastward
to Mt. Shasta, then northward through Whaleback, Deer, and
Goosenest Mountains and re-enters Oregon in the vicinity of
Secret Spring Mountain and Hamaker Mountain. Intermediate
boundaries which separate the Lost River Sub-basin from the
other sub-basins of the Klamath Basin on the Oregon side of
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the Oregon-California state line extend from the Cascade
Divide to Aspen Butte, thence to Klamath Falls, thence north-
ward along Naylox Mountain, Bly Mountain, Yainax Butte, and
Juniper Mountain. Principal features within Oregon's Lost
River Sub-basin are Langell, Yonna, Poe, and Swan Lake
Valleys; plus Lower Klamath Lake and Tule Lake, which extend
into California. Hogback Mountain, Moyina Hill, Stukel . |
Mountain, and Bryant Mountain are notable topographic highs
in the central portion of the sub-basin. Principal streams
are Lost River, which drains into Tule Lake; and Klamath
River, which cuts its way through the Cascades on its way to
the Pacific Ocean.

Water in the Lost River Sub-basin

Estimates of the total annual water supply to the Lost River
Sub-basin were made in the same manner as the estimates for
the other sub-basins. On the basis of a water budget
analysis, we estimate that approximately 550,000 acre-feet
per year recharges the ground-water basin. In addition to
ground water being recharged within the boundaries of the
Lost River Sub-basin, 200,000 acre-feet per year enters the
sub-basin as ground-water inflow from the Upper Klamath Lake
Sub-basin; and an additional 150,000 acre-feet enters as
ground-water underflow from the Sprague River Sub-basin. The
total, average, quantity of ground water moving through the
Lost River Sub-basin is approximately 900,000 acre-feet per
year.

Ground Water in the Lost River Sub-basin

The 550,000 acre-feet per year that seeps into the ground-
water system enters the ground in the recharge areas. The
water percolates downward through the geologic materials and
resurfaces in ground-water discharge areas.

Ground-Water Recharge Areas

Recharge areas for ground water entering the Oregon side of

the Lost River Sub-basin are the Cascade Range and Aspen

Butte on the west; Naylox Mountain, Edgewood Mountain, Yainax
Butte, and Horsefly Mountain on the north; Quartz Mountain

on the east; and Goodlow, Bryant, Stukel, and Hogback Mountains
within the sub-basin.

Downward percolating water beneath ground-water recharge
areas can be expected to form mounds of a regional scale.
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These mounds act as boundaries and extend along the Cascade
Range from Brown Mountain to Buck Mountain on the west, and
from Juniper Mountain to Strawberry Butte, and south into
California on the east. Recharge mounds of smaller dimension
can be expected to form under other elevated areas which
receive high rainfall and possess permeable soils such as
Hogback Mountain, Bryant Mountain, Edgewood Mountain, and
Yainax Butte. Regional ground-water mounds form effective
hydraulic barriers against water which might otherwise enter
from adjoining basins. Intermediate ground-water mounds
form effective hydraulic barriers only to water of interme-
diate depth and not to the very deep waters of the regional
system. Figure 6 shows five interpretive profiles which
indicate the relative depth and direction of ground-water
movement beneath portions of the Lost River Sub-basin. A
map indicating the directions of ground-water movement for
the Lost River Sub-basin and other sub-basins of the Klamath
Basin is shown on Plate 5.

Geology and Aquifer Units

Materials through which ground water flows on its way from
recharge areas to discharge areas within the Lost River Sub-
basin are described on well drillers' logs filed in the State
Engineer's Office, Salem, Oregon. Wells located in the Lost
River Sub-basin are numerous and will be tabulated in the

U. S. Geological Survey-State Engineer cooperative report,
which will present more detailed tables of well logs in

the Langell, Yonna, Poe, and Swan Lake Valleys. For this
Teason, more emphasis in this report will be placed on well
logs from the vicinity of Malin, Merrill, Midland, Keno, and
Henley.

Keno

Table 16 lists several wells in the Keno area which were
selected to show the variation in ground water which might

be expected in the area. These wells usually encounter clay
and gravel for the first 10 to 150 feet, with lava, basalt,
and cinders underlying these sediments. They produce from

7 gpm, with 60 feet of drawdown, to 20 gpm, with no observable
drawdown. Ground-water temperatures range from 42° to 57° F.
The deeper water levels are experienced in wells located in
the hills above the valley floor.
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TABIE 16

REPRESENTATIVE WELLS FOR KENO

Township 39 South, Range 7 & 8 East, WM.
Township 40 Southy BRenge 7 & 8 Easty, WaMe

Clay (C1
Se mgenza,

Gravel (GlzéA%

ry Aquifer

Henlez

asalt (Bt), Cinlers (Ci), Boulder
, Volaa(nic)’Centers Aéu.iz' VTA Y,

er

GEOIOGIC MATERTALS WATER IEVEL| WELL PERFORMANCE
! o DEPTH | TEPTH | CHARACTER OF AQUIFER 3
FEET BELOW TRAWDOWN
FEET) | FROM 70 MATERTAL UNIT LAND zang (FEET) GF;
(FEET) | (FEET) (sa, oA, IBA) SURFACE
220 0 42 | c1, G SA
42 220 | lave, Bty Ci vcA 136 10
175 0 110 Soily Bo SA
110 175 | lava VCA 74 10
293 0 52 | C1, Bo SA
52 293 | Iava, Bty Ci TCA 270 20 0 42
383 0 105 | C1, Bo SA
105 383 | Lava, Bty Ci VCA 308 10 10 57
234 0 95 | Cl, Bo SA
95 234 Lagg, Sd, Sh, VCA 145 20 0
1
179 0 28 | sa, Bo SA
28 178 | Iava, Bt VCA 68 20 20
197 0 10 | S4y C1 SA 146 10 0
10 197 | lava, Bty Ci VCA
250 0 30 | sS4, C1 SA
30 250 | Iave, B, Ci VCA 97 7 60
205 0 95 | s3, Cl, Bo SA
95 205 | Sa, Ci, TCA 98 30 60 53
152 0 2 | a SA 47 25 18
22 152 | lava, Bty Ci VCA
Abbreviations:

s_(Bo),_Shale (Sh;),fesa?gﬂlsd),

Lower Basalt Aqu

In the area around Henley, wells encounter sand, clay, gravel,
and shale near the center of the valley to depths of 1,180

feet.

valley.

Several well logs report lava, basalt, and cinders
of the Volcanic Centers and Lower Basalt Aquifers below depths
ranging from 300 to 600 feet closer to the margins of the

The Sedimentary Aquifer in this area contains a

black sand and gravel member which yields up to 1,000 gpm.
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Some mineralized water has been encountered in the area,
and one well contained alkali water which is reportedly
unfit to drink. Temperatures range from 52° to 86° F. See
Table 17.

TABIE 17
REFRESENTATIVE WELLS FOR HENLEY

Township 39 South, Range 9 & 10 East, WM,
Toanship 40 South, Range 9 & 10 E=st, WuMe

GEOIOGICAL MATERIALS WATER IEVEL| WELL PERFCRMANCE
TEPTH TEMPER«
o Cik
WETL TEPTH | DEPTH | CHARACTER QOF AQUTFER FEET BEIOW Pm% mmmmw °F
(FEET) | FROM TO MATERTAL UNIT LAND GPM (FEET
(FEET) | (FEET) 4 (sa, VCA, IBA) SURFACE
135 0 135 | Sdy Cly Sh SA 15 50 30 54
113 0 113 sa§h01, Gl, SA 11 20 3
185 0 182 |Sd, C1, Sh SA 97 30 53 58
12 185 |Black & SA
165 0 165 |Sa, C1, G1 SA 8 30 56
342 0 342 |Ck, Sh, Sd SA 845 40 0 68
555 0 565 |Sd, Ck, Sh SA 5 vi 17 65
495 0 485 |[Sh, Sd SA 245 50 12
485 495 |Iave VcA
392 0 317 |[Sd, Shy Bo o sa 132 200 2
317 392 |Iave VCA
756 0 660 |Sd, Ckg Sh SA 17 700 73
660 75 |lava, Bt, Ci vcA
170 0 135 |Sd, Sh, C1 SA 35 1000 69
135 170 |Gl SA
100 0 100 |sd, C1 SA 0 25 10 52
801 0 801 |Same as . SA 0* 25 10 22
above
1210 0 1210 |sa, C1, Ck SA + 10 psi| flow
) 45 8

Abbreviations: Send (Sd), Clay (C1), Shale (Sh), Gravel (G1), Chalk (Ck?, Boulders (Bo)
* Unfit to drimik Sedimentary Aquifer (SA), Volcenic Centers Aquifer (vca » Lower Basalt Aquifer (IBA)
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Lowér Klamath Lake

In the Klamath Hills, which lie along the northern edge of
Lower Klamath Lake, wells yield up to 3,500 gpm, with 83

feet of drawdown from the Lower Basalt Aquifer. The more
permeable lavas, basalt, and cinders have been encountered at
depths as shallow as 174 feet and as deep as 702 feet below
land surface. The Sedimentary Aquifer typically yields less
than 30 gpm. !

Of special interest are the water temperatures for this area,
especially, because of recent efforts to harness geothermal
energy in the groduction of electrical power. Temperatures
as high as 200° F. have been encountered in the John Liskey
well. Average temperatures for wells in this area are above
709 F. See Table 18.

TABLE 18

REPRESENTATIVE WELLS FOR LOWER EKLAMATH LAKE

Township 41 South, Range 9 & 10 East, WM,

GEOLOGIC MATERIALS WATER IEVEL | WELL PERFORMANCE
TEPTH TEMPER=
OF
?EEL DEPTH | TEPTH | CHARACTER OF AMQUIFER FEET BEIOW %IEED TRAWDOWN 2°F;
FEET) | FRM 70 MATERIAL UNIT LAND GPM) (FEET)
(FEET) | (FEET) (sa, vCA, IBA) SURFACE
200 0 174 | C1,5h SA
174 200 | Lava, Sh VCA 104 15 16 108°*
418 0 295 | Cl, Sh, Bo
395 418 | Bty lava IBA v 450 2 186°*
128 0 128 Sdélpl, Clk, SA 45 30 2 =
155 0 155 | Shy, G2 sA 75 20 20 74
770 0 702 | c1, & SA
702 770 | lava, Sh 1BA 40,5 3500 83 99
888 0 651 Ckgd;ava, Sh, SA
651 888 | Iava, Cinders IBA 140* 2600 35 23

Abbrevistions: S C 1 Sh )y, Bonld: B Basalt (Bt), Chalk (Ck), G 1 (G
ik sfe%iugn )’ry fgﬁ(ger)’(&il%o ce)n’ic Ceni?e?s o)"fer SEVCA)(, L)c;mer Basa(lt )qu?ev: (I&H
* High temperature indicates deep circulation.
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The high temperatures characteristic of this region are indic-
ative of deep ground-water circulation, which is to be
expected in a regional ground-water discharge area. In this
area ground water moves upward toward the shallow water table
near land surface bringing with it heat and mineral constit-
uents which the water has acquired during its long, deep flow
path. Therefore, sodium brought to the surface in discharge
areas by ground-water movement causes alkali soils and brines
to develop in Lower Klamath Lake.

Merrill Area

Table 19 shows well data for a number of wells in the vicinity
of Merrill. The Sedimentary Aquifer may yield from as little
as 5 gpm, with 163 feet of drawdown, to as much as 40 gpm,
with 9 feet of drawdown. The sedimentary materials of this
aquifer can be expected to range in depth from 35 to 1,000
feet below land surface. The more permeable lavas, basalts,
and cinders of the Volcanic Centers Aquifer and the Lower
Basalt Aquifer underlie the Sedimentary Aquifer. Yields from
the underlying lavas range up to 2,450 gpm, with 19 feet of
drawdown; and ground-water temperatures generally range from
54° to 78° F. Shallow water levels, flowing wells, moderate
to high concentrations of total-dissolved solids, and moderate
to high water temperatures indicate the Merrill area is also

a ground-water discharge area.

Malin Area

Well yields typical of the Sedimentary Aquifer in the Malin
area range from 2% gpm, with 53 feet of drawdown, to 25

gpm, with no apparent drawdown. Higher yields from this unit
are reported from gravel and black sand layers. Typical well
yields from the Volcanic Centers Aquifer average 24 gpm, with
20 feet of drawdown. The top of the Volcanic Centers Aquifer
may outcrop at land surface or be found at depths in excess
of 500 feet below land surface. Well yields of 1,200 gpm,
with 1 foot of drawdown, have been developed from the Lower
Basalt Aquifer. Reported temperatures range from 54° to

73° F. See Table 20.

Swan Lake, Poe, Yonna, and Langell Valleys

Tables 21, 22, 23, and 24 list wells in the Swan Lake, Yonna,
Poe, and Langell Valleys, which have been selected as repre-
sentative of these areas. Detailed information on wells and
their locations in these areas will be presented in the U.S.
Geological Survey-State Engineer cooperative report.
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TABIE 19

REPRESENTATIVE WELLS FOR MERRILL

Township 40 South, Range 10 East, WM.
Township 41 South, Range 10 East, WM.

GEDIDGIC MATERIAILS WATER IEVEL | WELL PERFORMANCE
TEPTH * TEMPERe
OF ?mgr:
DEPTH | TEPTH | CHARACTER OF AQUIFER FEET BEIOW zrmg TRAWDOWN oF
?Fm) FROM T0 MATERTAT, UNIT LAND GPM (FEET )
(FEET) | (FEET) (sa, VcA, IBA) SURFACE
260 0 260 | sS4, Gl, Ck SA 6@ 21° flow 54
flow @ 220 3
2 psi @ bail
260 40 10
250 0 35 | Cl, S& SA 55 12 100 64
35 250 | Red & Bla VCA
263 0 119 | €1, Ck SA 90 515 7 78
119 263 | Lave VCA
165 0 165 | sd4, C1, Ck SA 7 30 13 56
152 0 136 saéhm, Gl, SA
136 182 | Lava, Sd VCA 112 750 3% 61
552 0 582 | €1, Sh SA 17 5 163 61
125 0 125 | c1, Sd, Gl SA 15 40 20 56
335 0 328 | Ck, Cl, Sd SA 43 100 10 68
228 335 | Lawe VCA
330 0 330 Cléka, Sd, SA 5 33 17 50
1088 0 897 ClékSh, sd, SA 47,5 325 5 7
897 1088 | Iava, Ci VCA, IBA
732 0 732 Cléka, Sd, SA 9 35 61 54
1128 0 1001 | Cl1, Sh, Sd, SA +4 psi | flow 76
1001 1128 LavC: IBA o
Tz08 27
50 0 50 | Ck, Sd, G1 SA 3 40 9 55
1012 0 900 | Sd, Ck SA 33 2450 19 74
900 1012 | Iave IBA
Abbreviations: Chalk (Ck), Clay (Cl), Black Iava (BLa), Shele (sn),

P A,

Voleanic Cen

Note: * Rising water level as vall was deepened.
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TABIE 20
REFRESENTATIVE WELLS FOR MALIN

Township 40 South, Renge 12 East, WeM.
Township 41 Scuth, Renge 12 East, Wa.

GEOIOGIC MATERTALS WATER LEVEL| WELL PERFORMANCE
TEPTH TEMPER-
OF
WELL | DEPTH | DEPTH | CHARACTER OF AQUIFER FEET BEIOW zmug TRAWDOWN (°F§
(FEET) | FROM TO MATERTAT UNIT LAND GRM (FEET)
(FEET) | (FEET) (sA, vCi, IBA) SURFACE
1198 0| 1 | s3c SA
154 | 463 | Iave, G, Sd VCa-
463 | 979 |, & SA .
979 | 1198 | Iave, B BA 210 700 7 58
248 0 57 | sa, C1, Ck SA
57 | 248 | Iave, Gi IBA 162° 1150 46 55
222 o | 202 | c, sa, cx SA
22 | 222 | Iava IBA 120 10 0
291 o 179 | sa c1 SA
179 | 391 | Iava, Bt, Ci VCA, IBA 249 1060 6 73
302 0 8 | sa YA
8 | 302 | Bt, Iave, Ci IBA 186 1200 1 68
650 o | 457 | sa, c1, Ck SA
457 | 650 | Lave, C1 YA 58 80 42
101 o | 101 |s3c SA 2 10 | 13 55
273 0 | 217 | 1eve, s, Ci YCA
217 | 273 |c, & SA 133 12 27 56
202 0 | 202 'saékm, c1, SA 35 20 35 54
156 0 88 | s c1, @1 SA
88 | 186 | Iave, Ci YCA ) 24 20 56
70 0 0 | s3,c1a SA 12 25 0
380 o | 100 |s3c SA
100 | 380 | Iave, Sa IBA 21 532 10
245 0 | 245 | sa,cCl, Sh SA 7.5 18 45 57
95 0 95 | sq, C1 SA 7 2.5 53 57

Abbreviations: Sand (sa&z Clay (C1), Gravel (G1), Chalk (Ck), Cinders (Ci), Basalt (Bt), Shale ésn)
Sedimen: Aquifer (SA), Volcenic Centers Aquifer (VCA), Lower Basalt Aquifer (IBA
* Water level raised V\hilerge inge

258



THE DIVISIONS OF THE KLAMATH GROUND-WATER BASIN

Swan Lake Valley

Typical wells in the Swan Lake Valley encounter sands, shales,
clays, chalk, and gravel to depths greater than 130 feet.
Yields from the Sedimentary Aquifer are generally less than

30 gpm. Underlying the Sedimentary Aquifer are extensive
deposits of lava, basalt, and cinders which yield up to ~
2,150 gpm, with 90 feet of drawdown. These units, which
include the Volcanic Centers Aquifer and the Lower Basalt
Aquifer, are the principal water producing formations for
irrigation wells. As noted in Table 21, the decline in

TABIE 21

REPRESENTATIVE WELLS FOR SWAN LAKE VAIIEY

Township 38 South, Range 10 East, WaMe

GEDIOGIC MATERTALS WATER IEVEL | WELL PERFORMANCE
TEPTH TEMPER«
OF
WEIL DEPTH | IEPTH | CHARACTER OF AMQUIFER FEET BELOW nmg TRAWDOWN 2°F§
(FEET) | FROM 0 MATERTAL UNTT TAND (P (FEET)
(FEET) | (FEET) (sa, vcA, 1BA) SURFACE
850 0 70 SdéJSh, c1, sA
70 850 | Lava,. Bt VCA, IBA 58 2150 80 50
243 0 70 Sd&ISh, c1, SA 62@ 679 30 H 0 58
70 243 | lava, Bt VCA, IBA 87 @ 195
138 @ 228
221 0 . 31 | YellowCl sa 7% 1600 19 65
31 221 | lava, Ci, Bt VCA, IBA
129 0 129 &%{ﬂ,ﬂq SA 11 30 50 64

Abbreviations: Sand (Sd), Shale (Sh), Clay (Cl), Gravel (Gl), Basalfvcgat), Cinders (fi), Chalk Ck))
. Sedimentary Aquifer (SA), Volcanic Centers Aquifer- )s Lower Basalt Aquifer
* Note decline in water level as well wes deepened indicating recharge area.

water level as wells are deepened in the southern portions of

Swan Lake Valley indicate that this is a ground-water recharge
area.

Yonna Valley

In the vicinity of Yonna Valley, wells encounter sand, shale,
clay, and gravel in the Sedimentary Aquifer to depths up to
857 feet below land surface. Wells in this unit generally
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yield about 20 gpm, whereas wells extending into the Volcanic
Centers Aquifer or the Lower Basalt Aquifer yield up to 3,200
gpm. A number of flowing wells have been constructed in this
arsa. Water temperatures range from 58° to 630 F. See

Table 22. :

TABIE 22
REPRESENTATIVE WELIS FCR YONNA VALIEY

Township 38 South, Range 113 East, WeMe
Township 39 South, Range 11} East, WM.

GEOLOGIC MATERTALS WATER IEVEL | WELL PERFORMANCE
TEPTH TEMPER-
OF mm?
WEIL | UEPTH | TEPTH | CHARACTER OF AQUIFER FEET BELOW ¥1EL§ TRAWDOWN | (°F
(FEET) | FROM T0 MATERIAL UNIT TAND GRM (FEET)
(FEET) | (FEET) (sa, VCA, IBA) SURFACE
583 0 556 | Sd, Cl, Ck SA
556 583 0 IBA 70 2200 23
280 0 271 | S4, Cl, Sh sA
271 280 Bt IBA 65 1500 0.5
996 0 857 | Sy Shy Cly sA
857 996 | ILava, Bt IBA 53 2000 26
248 0 210 | Sa, Cl, Ci SA flow
210 228 | Red & BIa IRA +2 7 63
1500 55
209 0 207 | Sa, Ck, Sh sA
207 209 | BIa IBA 21 20 58
295 0 365 | Sd, Cl, Sh SA
265 295 | Red & Bla IBA 20 1900 103 58

Abbreviations: Sand (Sd), Clay (Cl)s Chalk (Ck), Basalt (Bt), Shale (Sh), Gravel (Gl), Black Iave (BIa),
Sedimenta;'y AqZ:.fer zSA), Volcanic Centers Aqt,ﬁfer (vCh ), Lower Basalt Aquifer %?BA)

Poe Valley

Sands, shales, clays, cinders, and chalk of the Sedimentary
Aquifer have been encountered to depths up to 650 feet beneath
land surface in Poe Valley. Yields from this formation are
generally sufficient only for domestic purposes. Underlying
the Sedimentary Aquifer are the basalts and volcanic materials
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of the Lower Basalt and Volcanic Centers Aquifers. Some well
logs report flows of 600 gpm at land surface from these
aquifers. Temperatures range from 53° to 73° F. See Table 23.

TABIE 23

REPRESENTATIVE WELLS FOR POE VALLEY

Township 39 South, Range 113} & 11 East, WM.
Township 40 South, Bange 11 & 12 East, WM.

GEOLOGIC MATERTALS WATER IEVEL| WELL PERFORVMANCE
TEPTH TEMPER.-
OF
WELL TEPTH | IEPTH | CHARACTER OF AQUIFER FEET BEIOW %mni TIRAWDOWN 2°F§
(FEET) | JFRM 70 MATERIAL UNIT TAND GRM (FEET)
(¥EET) | (FEET) (sA, VCA, IRA) SURFACE
582 0 582 Sdé.Sh, cl, SA 12 4 70 64
1
682 0 643 | Sd, Sh SA
643 682 | Lava, Bt IBA 59 23 55
510 510 | Sd, Shy C1 SA 14 6 45 58
&, &’
689 0 87 | sa, Sh, C1, SA flow
a7 459 Laég, B VA o 73
459 643 | Sa, &n SA + 7300 53
643 689 | Bt IBA
410 0 302 saak§h, Cl, SA
302 410 | Isva, Bt VCA, IBA 1200 40 53

Abbreviationss s§§g (sa), Shale § )tSAaay (C1), Cinders (Ci), Basal Bs), Gravel (G1), Chalk (%ggi)

Volcanic Centers Aquifers 9 Lower Basalt Aquifer

Langell Valley

The few well logs available from the Langell Valley area sug-
gest that the Sedimentary Aquifer extends to depths of at
least 110 feet below land surface on the fringes of the
valley and are underlain by the Volcanic Centers and Lower
Basalt Aquifers. Well yields from these aquifers reach 1,400
gpm, with 60 feet of drawdown. A number of flowing wells
have been reported in Langell Valley, and thermal springs
indicate that ground water discharges in the central part of
the valley. See Table 24.
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TABIE 24

REPRESENTATIVE WELLS FOR LANGELL VALLEY

Township 39, 40, & 41 South, Range 12 & 13 East, WM.

GEOLOGIC MATERIATS WATER LEVEL | WELL PERFORMANCE .
DEPTH TEMPER=
OF ATURE
WELL DEPTH | IEPTH | CHARACTER OF AQUIFER FEET BEIOW DRAWDOWN | (°F)
(FEET) | FROM TO MATERTAT, UNTT LAND GPM (FEET)
(FEET) | (FEET) (sa, VCA, IBA) | SURFACE
257 0 12 | ck SA
-112 257 | lava iBA 8 1050 16
203 0 10 | S& Cl, & SA
110 203 | Bty C1 1BA, VCA 80 100 0 58
130 0 130 | Iave, Bt vcA 22 40 3
102 0 102 | s4, Cl1, Gl SA +3 f1ovlv 60
bail
27 27
75 0 75 | sS4, Gl sa 18 40 12
210 0 70 Unreported Unlnmown
70 210 | Bt 1BA 17 1400 60

Abbreviations: Chalk (Ck), Sand (Sd), Clay (C1), Gravel (Gl), Basalt (Bt), Sedimentary Aquifer SA)
Volcenic Centers Aquifer VCA},’Louer Basalt Aquifer 15.25 = hqiter (Sh),

Ground-Water Discharge Areas

Ground water recharged in the elevated areas of the Lost River
Sub-basin along with portions of the ground-water underflow
from the Upper Klamath Lake and Sprague River Sub-basins moves
toward low lying ground-water discharge areas such as Tule
Lake, Lower Klamath Lake, Lost River, and Klamath River. The
direction of ground-water movement within the Lost River Sub-
basin is shown in Figure 6 and Plate 5. Ground water generally
moves from the north and east toward Lost River, thence east
and south toward Lower Klamath Lake and the Klamath River.

It is estimated that 550,000 acre-feet per year enters the
ground-water system within the boundaries of this sub-basin.

In addition, 350,000 acre-feet per year enters as ground-water
inflow from the Upper Klamath Lake and Sprague River Sub-basins.
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Of the 900,000 acre-feet per year flowing through the Lost
River Sub-basin, 800,000 acre-feet per year appears to re-
surface within the boundaries of the sub-basin. This water
is: (1) used by plants (transpired) in lower Klamath Lake
and Tule Lake, (2) evaporated, (3) exiting the sub-basin as
baseflow to the Klamath River, or (4) extracted from wells.
The remaining 100,000 acre-feet per year leaves the Lost -
River Sub-basin as ground-water underflow beneath the south-
western boundary on its way to discharge points in the
Klamath River canyon.

Pumping withdrawals are based upon total acreages under a
duty of 3 acre-feet per acre per year. Ground-water irriga-
tion rights on the Lost River Sub-basin, if used at the maxi-
mum allowable rate, would account for 206,000 acre-feet per
year. Other permitted ground-water rights, assuming they

are used at the maximum allowable rate, would account for
29,000 acre-feet per year. Included in this category are
industrial, municipal, domestic, stock water, and road
sprinkling. Therefore, ground-water withdrawals account

for about 235,000 acre-feet per year.

Well Hydrographs

Figure 7, pages 275 through 288 shows quarterly, water-level
measurements in observation wells in the Lost River Sub-basin.
Locations of observation wells are shown on Plate §.

PART VI WATER WELL HYDROGRAPHS

WELL HYDROGRAPHS

A network of observation wells was established in 1961 for
monitoring water well changes within the Klamath Basin. A
total of 65 observation wells in Klamath County are now
measured four times per year.

Figure 7 lists the observation wells by township, range, and
section. Each measurement designated by a circle on the
hydrograph represents the depth to water below land surface
at a particular time. Depths are indicated (in feet below
land surface) on the left hand margin and dates of measure-

ment (in months and years) are indicated at the bottom of
the hydrograph.
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Annual fluctuations of the water table are shown on the hydro-
graph and are related to the seasonal recharge and discharge
of the ground-water body. Changes in ground-water storage

are indicated by a progressively changing rise or decline of
the water table. Usually the highest water level position

is noted during the early spring months of March and April.

The lowest water levels occur during the late summer or early
fall; October 15 is considered the end of the water year.

Designations of wells discussed in this report are based
upon official systems for rectangular subdivision of public
lands. The numbers indicate the location of the well by
township, range, section, and position within the section.

A graphic illustration of this method of well location is
shown below. The first numeral indicates the township south

RANGE
(5 7 8 9 10 I 12 13 14

32 &

33 ;
a 34 13
% 3° +
< S \FRos —

36 3 |32 PN T
5 LT
- 37 f-:_}‘_cid

":bca bla

38 Ly T

39 //

£ _32/8-334ch

of the Willamette Baseline. The second number separated from
the first by a slash (/) indicates the range east of the
Willamette Meridian. The third number indicates the section
in which the well is located, and the letters following the
section number locate the well within the section. The first
letter denotes the quarter-section (160 acres); the second,
the quarter-quarter section (40 acres); and the third, the
quarter-quarter-quarter section (10 acres). If two or more
wells were located in the same 10-acre tract, the tract could
be further divided into 2%-acre tracts of 5/8-acre tracts and
so on, until the wells could be distinguished. For example,
the well designated by 32/8-33dcb is located in the northwest
quarter of the southwest quarter of the southeast quarter,
Section 33, Township 32 South, Range 8 East, of the Willamette
Baseline and Meridian.
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TABLE 25

ABSTRACT OF GROUND-WATER FILINGS IN KLAMATH BASIN

DIVERSICH FILING QUANTITY
Sece Twpe Bge. AFEA DATE  |PERMIT WO, | APFL. NO. | CERT. NO. | Applied for Allowed USE FEMARKS
7 285 g8 {Willi River |7-2.57 Ge615 G=598 4505 15000 grd  0.06 cfs Road Sprinkling
S & |Willi River |7e2e57 G615 G=698 24505 - - Roed Sprinkling
27 28 1E (willi River |[7-2.57 G615 G=£98 24505 - - HRoad Sprinkling
2t 308 8 [Wilii River |7«5«57 G=3581 G=3404 - 0.80 ofs 027 cfs 133 Ac
25 305 8 |Willi River [12.28.80 G=1756 G=1901 33061 2,00 efs 100 cfs 189,105 Ac
2 308 € |Williamson River [8-3-66 G=3319 G=3527 - 8000 gmz 715 cfs 57172 Ac
6 31s BE |Wi ver G=3319 Ga3527 - -
1 315 TE | Wi River |S«4-562 G=2243 GeA M 34992 11,10 cfs 1052 cfs 941480 S Ac
7 315 EE [wi River |5-2l-62 Ge2152 G=2328 2.90 cfs
10 31s g [Willi River |7 G475 36514 10.00°cfs 4460 cis 368430 Ac
3 31S 8 |Willismson River [10-15-62 G=2470 10400 cfs 10,00 cfs 20 S Ac
9 335 1IE |Willismson River [12.23-66 G=3774 G=3760 - 28,50 cfs 28,50 cfs 39,70 73‘:5 A
m.
1 #S 6E r Klamth Lale [4«23.45 Uel60 Y169 19944 0aA5 cfs . 0.17 cfs 13460 Ac
30 A4S 7E th Lale|11.22.55 G185 30880 g cfs
28 34S B |Spregue River Ge=3796 C-AM45 - o2 cfs EEr
- &
7 388 7E |Williamson River (21568 G=3865 G-4233 - 230 gmn 0s2C cfs stic
28 355 7E |Willismsen River |[1e10-57 Ged67 G539 27529 2.22 cfs 222 cfs Mfg
o 7E |Williseson River | B8a22-50 U357 U386 4877 1.00 cfs 0s70 cfs 92480 Ac
12 38 E gue River 5e11270 - G=5190 - 8400 cfs - 286400 Ac
4 355 1ZE |Spregue River 9e7+56 G=350 G472 33169 - 1.98 cfs 158,10 S Ac Assigned
22 355 12E |Spregue River 6=21-68 G-4199 C-4456 - 799 cfs 790 efs 631,80 Ac
23 355 12F |Spresgue River 32566 G-3217 G-3431 - 1.75 fs 1,75 cfs 140,00 Ac
26 355 12E |Spregue River 11-30-67 G-3893 G-4146 - 40 cfs 112.00 Ac
22 355 12E |Spregue River 9-16+65 G-3235 - 23,70 cfs 11.86 cfs 948,50 Ac
27 3585 12F |Spregue River 9-16+65 G=3115 G-2235 - - - -
27 355 1ZE |Spregue River 8-29-61 G-1946 G=2108 24991 1600 0.98 cfs 171.10 Ac
24 35S 12E |Spregue River 1-23-61 G=1763 G-1918 33828 4.09 ctfs 1.72 cfs 137.50 Ac
13 365 10E |Spregue River 521955 U705 = 27232 1.82 cfs 0620 cfs 106.30 Ac
8 35S 1IE |Sprague River 4.23.47 U.216 U240 196830 12,00 cfs 3.40 cfs ;Im'iéo Ac Assigned
S S Ac
16 36S 11E |Spregue River 4.23.47 U-216 U240 19830 - - -
13 385 1E |Spragus River Bele62 Ge2231 - 1.00 cfs 1.00 efs 79.90 Ac
14 355 11E |Spregus River S.18.58 G=1156 G=1255 31062 1.28 cfs 1,09 cfs 8740 Ac
14 365 1IE gue River 62668 G-4207 G-4464 - 1780 1,98 cfs 158,70 Ac
14 385 Spregue River 9-17.69 G-4605 G-4599 - 1.4 cis 0el3 cfs 10.50 Ac
18 365 11E |Sprague River 12.12.69 G-4692 G-4976 - 1.05 cfs 1605 cfs 84,00 Ac
15 365 11E |Sprague River 4-10-53 U-534 U585 20319 1,27 cfs 126 cfs 100,70 Ac Assigned
15 365 11E |Spregus River JeA-54 G=2588 G272 - 1600 2.00 cfs 160400 Ac
16 365 11E |Spregue River 8e6e52 U463 U515 27806 5.00 cfs 5.00cts 93,00 Ac
326,60 S Ac
17 365 11E |Spregue River 4.3-52 U=439 U485 24679 2.00 cfs 1497 efs 157420 Ac Assigned
18 36S 11E |Sprague River 9-20-48 U=254 Ua244 20314 5.00 cfs 1.50 cfs 90, .231:5 e
209 Ac
20 3658 11E |Sprague River 2160 G-1538 G=1873 36067 650 efs 4.23 cfs 5-30 Acs
27840 S Ac
23 365 11E |Sprague River 2425-58 G773 G-876 34893 - 1.95 cfs 155,70 Ac
2 35 1 Spregus River 4.18.58 G~4089 CeAZHM - 3487 efs 1.61 cfs 145.00 Ac
35 365 11E (Spregue River 8.7-68 G-4307 G-4538 - 3200 Ge26 cfs Race
35 365 1IE |Sprague River 7=11-49 U=289 U=315 20320 5.00 éfs8 4,06 cfs 186430 Ac
128440 S Ac
(EElmmr u% 2 o | | Be wms | 28
ver Ge. o s o s o320 Ac Ass
s 1= Sorague River 3l | Gl G178 170 = = 5 igned
& Spra, ver ! Ga3472 - 2250 1.88 cfs 150.00 5 Ac
§ 365 1 |Shregue River  |5.1A-87 | Godea2 G-393% = 3.06 &fa 308 ofe 24630 Ao
8 365 12E |Spregue River 35057 G494 G=571 31167 - 1.99 ct's 15940 Ac
9 365 12 |Sprague River 8.1356 G=-368 G444 29622 200 cfs 1.85 cfs 148420 Ac
14 365 12E |Spregue River Ge24-59 G=13%6 G=1510 30370 1440 0.55 cfs 43460 Ac Assigned
18 365 1 |Spregue River 2.15-61 G=1779 G=1935 33417 661498 gmm 093 cfs T4A0 Ac
16 368 12E | Spregue River 422966 G=3275 G=3471 - - 6.90 cfs 151,80 Ac
23 365 1ZE | Spregue River 6«26.68 G-4208 Ge4465 - 0.78 cfs 78 cfs 62.30 Ac
22 365 12X |Sprogue River 12-19-66 G3547 G-3758 - 4500 gpm 4400 cfs 320600 Ac
23 365 12E | Spregue River 402062 G=2051 G=2174 33615 1600 gpm 143 cfs 114,00 Ac
3% 365 12X |Sprague River 1.29.68 G=3969 G-A205 - 3550 gpe 3496 cfs 28135:3”9 gcAc
3 I7C 12E | Spregue River 1.29-68 G=3969 G-4205 - - - -
22 3685 1XE |Spregue River 2=17=65 G=2820 G=3033 - 10,97 efs 10,97 cfs 878.00 Ac
5 365 14E |Spregue River 3e18-69 G=-4537 G-4817 - 16.57 efs  B.28 cfs : 56530“5: e
7 365 14E | Spregue River 11.28+61 G=1999 G=2168 - 338 cfs 3.39 cfs 9;;26 .221:5 "
25 365 14E | Spregus River Sa9e61 G=1795 G-1911 33926 2500 g 4446 cfs 454,10 5 Ac
27 365 ME |Sprague River 10-4.55 Gu53 G145 27098 3000 gpm = Bedd cfs 22551;0 sacs s
o
29 35S 14E | Sprague River 9-4.70 G-4835 G=5309 - - 620 cfs gﬁ-g gck
.
30 365 14E | Spregue River 31266 Ge3192 Ce3402 - 5453 cfs 2,77 cfs 221420 Ac
¥ 365 14E gue River 5-21-70 - G-5195 - 200 oﬁ;n - -
35 3BS 14E | Spregue Hiver 8450 G=1673 G=1817 33171 10,00 cfs 8477 cfs 701.90 Ac
3& 368 14E | Spregue Hiver 92661 G=1964 G=2122 - 10,00 efs  0.10 cfs Road Sprinkling
35 385 gua River B6=23+56 G=3337 G-3548 - - 1.50 cfs 124.20 S Ac
29 375 EE | Upper Klamath laks|6-6=61 G=1875 G=2040 36369 4000 gpm 325 cfs 259,90 Ac
3 375 9E | Swan Leke 1-30-52 U465 UaA57 29529 6460 cfs 2.02 cfs 199,20 Ac
8 373 1E |Swen lake 12.24=51 U-485 U453 29530 29400 cfs  15.50 cfs 1%?-%8 ét:‘c
.
9 378 1E |Swan lake 12.24-51 | U85 GeAS3 - - - -
18 375 10E | Swen Lake Be3-66 G=3317 G3525 - 1.52 ofs 1.52 cfs 121,90 Ac
18 375 1E | Swan Iske 52852 U585 U=501 30572 4.50 cfs 0.96 cfs 76480 Ac
30 3T U Swan Lale Ba248 U«250 U.279 226847 3400 cfs 1,85 cfs 156,00 Ac
15 375 1Y Yonoa Valley 3=861 G=1790 G-1948 - 3+20 cfs 2497 cfs 237,70 Ac
3 378 1].?: Yo Velley o 1la14a52 U563 U456 29620 4.37 cfs 2.92 cfs 23340 Ac
1 375 ME | Spregus River 9a3-68 G-4309 G-4579 - 0.36 cfs 0.18 efs 14460 Ac
2 375 14E | Spregus River S5«2968 G-Al64 C-4418 - 450 E;n 042 cfs 3320 Ac
§ 375 15E | Spregus River Se8s68 G-4119 G-4367 - 23,28 cfs  11.69 cfs 410,70 Ag "
6 375 15 | Spragus River 9.18.69 G-4718 G=5000 - 1.08 cfs 1,08 efs 86430 Ac
12 38 & r Klamath Lalm|9«23.55 G=76 G=138 29531 0,90 cfs 0e26 cfs 20480 Ac
33 388 8 | Upper Klamath leke|10-31-67 G=3878 G412 - g 7440 cfs 935:6;?6335 e
? 385 9E r Klamath Lake(4-14-58 G=A32 G-533 30573 033 cfs 0s03 cfs 2467 Ac
17 388 9E | Upper Klamsth lake|5e17-63 G=2387 G=2511 - 500 g 246 cfs Hsating, Domestic,
20 388 9E r Kamath Lake| 5.17-63 G=2378 G=2511 - - - and Irrigation
28 388 gE r Klamath lalms|12.24«41 Uel3? U=145 15540 0s22 cfs 0el4 cis Dumstioi Heating
0,70 5 Ac
28 385 9E | Upper Klamth lake| 7.30-36 U=108 U115 12507 030 cfs 030 cfs Heating
28 388 9E | Upper Klameth Iake|3e11.54 U617 U=675 24682 0625 cfs 025 cfs Swim Pool
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TABLE 25

ABSTRACT OF GROUND-WATER FILINGS IN KLAMATH BASIN

DIVERSION FILING QUANTITY
Sec. Twps Rgee AREA DATE  |FERMIT NO. | AFFL. NO. CERT. NO.| Applied for Aliowed USE FEMARKS
2 38 % Klameth Iake | 215e60 | Ge1541 G-1579 32193 17,80 cfs 12420 efs Monicipel
2 3\ E Keamth Iske | 101734 U.84 U.89 11582 - 0.20 cfs Industrial Assigned
2 3/ G r Klerath lake | 2.13.58 | G-756 G-861 32192 7.80 cfs 4,00 cfs Municipal
3 3\ I r Klamath Iaks | 9.12-62 | G-2265 C-2443 - 250 gpm .56 cfs Domestic
3F 3\ Klamath Iake | 92756 C-349 C-A70 32191 400 grm 0.25 cfs Mandcipal
3 2|/ S r Klamath Iake | 5.19.55 | U-740 U831 26371 0A9 cfs 0,03 cfs 2,00 Ac
3% 38 G r Klazsth lals | 3-8.67 G-3613 G-3833 - 3,00 cfs 2,38 cfs Monicipal
1 35 & Klamth Iake | 3-8.67 G=3613 G-3833 S = S S
5 38 1E Lakn 2-10-58 | G-764 G-856 34519 15,99 ofs 3,23 efs 624,30 Ac
§ 38 1(E |Swen Iake 12.9.65 | G-3088 G-3315 = 7650 gom  17.00 cfs 695,00 Ac
. 18681,30 S Ac
16 238 LE |Swen Loke 12.8.65 - 4 N =
g 38 I(E |Swan laks 10-12.51| U-411 U-440 24678 Se20 cfs 4423 cfs 41550, Ac Assigned
9 38 1E 5 | Ge3214 Ca3428 = 4,23 cfs . 0.50 cfs 200 Ac
16 385 1E |Swen lake 9.20.57 | G700 G-762 31518 4770 gpm 5,04 cfs 555,70 Ac
16 38 1 Swan lake 3.6-69 G-4804 - 1 0.91 cfs o
23 37S 1(E |Swen lake 719449 | Ua343 Ua319 - 35150 61.00 cfs  6.31 cfs 505,10 Ac
2 315 M Sven lake 7019+49 | Us243 U319 35151 3 5,21 cfs 416,50 Ac
6 38 1ME |Swen Iake 721949 U=319 - 26,56 cfs 212490 Ac
7 38 Swen Iake 71949 | Ua343 U219 ry - - -
30 3| 1 Sean Iake 71949 | U243 U-319 - - - -
13 385 NE |Swan lake 7019449 | Ua343 U-319 35152 - - -
23 385 1E |Swen Iake 7.19-49 | U.243 U318 365152 - - -
25 385 1E |Swen Iake 10-13-49| Ua307 Ua333 26511 - 1,90 efs 152,00 Ac
25 385 1E |Swen Leke 10.19-65| G=2060 G-3262 35370 450 gpm 0.29 cfs 23,10 Ac
26 38 I Swan lske Be21.49 | U.298 Ua323 22854 - 1,97 cfs 157,70 Ac
1 385 113F | Yonns Valley 2.23.66 | G=3092 G-3396 3 6039 cfs 6,39 cfs 511400 Ac
2 385 114 | Yomne Valley 2-19-52 | U565 U.464 27015 3.25 cfs 245 efs 196,30 Ac
3 385  1)F | Yomma Valley 5.13.49 | U279 Ue306 26510 5.50 cfs  3.50 cfs 283,30 Ac
11 28 1145 | Yoms Valley 1.23-48 | Ua230 U259 19993 6.00 efs  2.50 cfs 200.00 Ac Assigped
12 385 11iF | Yomma Valley 2.27-48 | U235 Ua265 22843 3.00 efs 2,00 efs 159,00 Ac
12 385 1IE | Yome Valley 11.16.51| U401 U-445 22875 3.3 cfs 3.2 cfs 250,00 Ac
12 385 1MF | Yomrs Velley 4.16-48 | U244 U272 19855 3.00 cfs 1,50 cfs 120,00 Ac
13 385 1ME | Yeuma Valley 11.3.49 | U295 U.258 20315 3.600 cfs  3.60 cfs 2345:458 gck
13 385 11E | Yorma Valley 4.20-48 | U245 U273 19749 3,50 cfs 1.7 cfs 140,70 Ac
15 385 11iF | Yomns Valley 3.18-48 | U237 Ua268 20316 4,00 cfs 280 cfs 280400 Ac
15 385 124F | Yomna Valley 11.26.51] U700 U448 34168 3,00 efs  2.35 cfs 4&13530 86°s &
20 385 11E | Yomre Velley 3.11-69 | G-4852 G-4812 - 9,11 cfs 4,56 cfs ulg.zg gck
30 38 11F | Yoma Valley 31169 | G-4552 G4812 - z = 2
23 385  114E | Yonoa Velley 2.27.48 | U234 Ca264 19748 5.00 cfs 1417 efs 93,50 Ac
24 385 1ME | Yorms Valley 2.18.52 | U-564 U463 27012 1.87 cfs 1,13 cfs 90,40 Ac
24 385 114F | Yorme Valley 12.15.49) U.314 Ua341 20707 2,80 cfs 2,79 cfs 222,70 Ae
25 385 114E | Yonms Valley 7-12-49 | U.290 U=316 22851 1,50 cfs 1450 cfs 133,00 Ac
25 385 114 |Yoma Valley 11.25.52| G=179 Gel4 27209 1,50 cfs 0,80 efs 72400 Ac
26 365 114 |Yompe Valley 8.20-48 | U.263 U.269 19750 3.50 cfs  3.50 cfs 287,40 Ac
28 385 114F | Yomms Valley 4.18-48 | U275 U300 26807 3.50 cfs 2,10 cfs 214.00 S A
29 385 113E |Swen Leke 7-19-49 | U.a02 Ua318 29619 4.00 efs 287 efs 229,70 Ac
29 385 114 |Yoona Valley 11-6-68 | G-4401 G-4573 - 2.87 cfs 0,76 efs 60460 Ac
30 385 11 | Yorms Valley 4.1449 | U272 U-299 27302 4,00 ofs 2,13 cfs 171,00 Ac
30 385 1M |Swen Lake 11-6-68 | G-4400 C-4672 - 4,95 cfs  0.82 cfs 65.50 Ac
31 385  113F | Swen Lake 9.15-66 | G346 G-3570 - 1500 gpm = 2.65 cfs 212,10 Ac
§ 395 114 | Yomna Valley 41348 | U-243 Ue271 28200 12,00 cfs 7,00 efs £67.60 Ac
32 38 1UHE | Yo Velley 4-13-48 | U.243 U-271 28200 - - -
33 385 113 | Yorms Valley 9.16-48 | U.30 U-328 27006 3,00 cfs 246 cfs 196460 Ac
34 385 11 | Yooms Valley 6-2-49 U281 U209 23135 3,00 efs  0.80 efs 63460 Ac
34 385 1YE | Yorme Vslley: o751 U.399 U-424 34894 5,07 cfs  3.18 cfs z{g.g gch
35 385 114F | Yomma Valley Be12-65 | Ga2996 G=3193 A 1.38 cfs 1,38 cfs 110480 Ac
36 3685 114F | Yonrs Valley 4.26.67 | G=3670 G-3906 - 10,00 cfs 9,36 cfs 1‘536.531“‘5’ re
5 385 11 |Yorma Vallsy 3.22-48 | U238 U269 22844 4,00 cfs 3,00 efs 40
§ 385 11E |Yonm Vallev 4.10.58 | G-809 G-927 29623 Le50 ¢I»  Uech cis 18,80 Ac
§ 385 IIE |Yoma Valley 2.8+51 Ua377 U 22870 1,00 efs 0,86 cfs 68470 Ac
5 385 11 | Yonne Valley 2.7-69 G-4503 G-4781 - 04 cfs Q.44 cfs 35,30 Ac
8 385 11E |Yomme Valley 2.7-69 G-4503 G-4781 N - .
7 385 1iE |Yonne Valley 12.18.68) Ge4448 C-4728 - - 0421 cfs 16440 Ac
5 385 11E |Yomre Valley 7.14A7 | U219 U.245 31455 9,00 efs 2,92 cfs 233,70 Ac
6 38 11E |Yonna Velley 2.19.52 U-566 U-465 29621 2600 cfs 1.87 cfs 149,20 Ac Assigned
§ 385 11E | Yomna Valley B8-30-66 G=3427 G-3648 - 048 cfs 048 cfs 38440 Ac
7 385 1IE | Yomm Valley 8.30-48 | U-280 U-266 22848 3.00 cfs  1.78 cfs 142,10 Ac
7 385 1IE | Yonme Velley 10.29-48| U.265 Ua292 20706 3.00 cfs 145 cfs 115.50 Ac
5 385 11E | Yonms Valley 3-20-67 | C-3653 G-3856 A 343 cfs 7,50 cfs 21155?05‘5: "
8 38 1IE |Yonma Valley 3.20.67 | Ge3853 G-3856 B & = =4
18 38 1IE | Yoma Valley 726448 | U249 U278 23380 3,50 cfs 1,13 cfs 68490 Ac Assigned
19 38 11E | Yome Valley 4.26-67 | Ge3671 G=3907 x B.00 cfs 595 cfs %30 Ag N
19 385 11E | Yonme Valley 9-14.66 | G-3M43 G-3667 - 2.82 cfs 2462 cfs 209,80 Ac
31 385 11E | Youma Valley 12.6.51 | U540 U451 25812 444 cfs  0.80 ofs 64,30 Ac
1 395 EE |Lower Klameth Lake | 5-21-48 | U-247 Ua275 27226 1,00 cfs  1.00 cfs 80,00 Ac
6 395 & |Lower Klsmeth Lake | 5.17-65 | Ga2907 C3112 N 16,78 cfs 16,78 cfs z.;,gégo .43°s K
7 395 E |Lowsr Klameth Lake | 5.17-65 | G=2907 Ge3112 - - N s
12 395 EE |Lower Klemoth Iske | 2.20.67 | G-3597 C-3812 3 048 cfs Q.8 cfs 38410 Ac
18 395 SE | Lower Klamth Lske | B8-1.56 G-342 G437 27805 1270 g 0.97 cfs Dom, & Mfg.
28 39S EE | Lower Klsmsth Lale | 203.53 U508 U-560 27011 2.67 cfs  1.36 cfs 108,70 Ac
36 39S & | Lower Klemmth Lake | 9.3-47 U224 U-249 16615 150,00 cfs .90 cfs 35,98 Ac
1 395 9E |Lower Klsoath Lake | 4-5.5¢ U-630 U=687 27807 0,20 cfs  0.05 cfs 440
7 3% 9E |Lower Klamsth Lake | 2.7-68 G-3011 G-3017 = 350 gpa 0,50 cfs Dozestic
18 395 SE |Lower Klameth lake | 9-22-64 | G=2758 G=2967 37578 0.66 cfs  0.67 cfs Mfg.
6§ 39S 1(E |Lost River 923049 | U303 UaZ29 2856 0.90 cfs  Oedd cfs
6 39S 1(E |Lost River 821563 | Ga2491 Ge2684 = 0.97 cfs  0.§0 cfs 10,00 Ac & Dome
7 395 10E |Lost River B.22.61 | G-1939 G-2028 30574 250 grm 0.65 cfs 3915180 Ag
: Ac
8 335 1E |lost River 4.11.52 | U469 U487 27309 50 gro 0,08 cfs 6010 Ac
9 385 1(E |Lost giver Ge3e59 G-4646 G-4892 - 330 gpa 0,57 cfs 46.10 Ac
18 385 1E |Lost Hiver 7-15-63 | Ge2468 C-2662 34768 - 04l efs
18 395 1E |Lost River 11.8.60 | G-1712 G-1632 33378 300 gpa 0.07 cfs 5,80 Ac
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ABSTRACT OF GROUND-WATER FILINGS IN KLAMATH BASIN

TABLE

25

DIVERSION FILING QUANTITY
Sece Twp. Rge. AFEA TATE FERMIT NO. AFFL. NO. CERT. HO. Aprlied for Allowed UsE FEVARKS
28 395 1(E |lost River 10-10-47| U240 Ua250 22845 Oell cfs 0407 cfs S.60 Ac
29 39S I Iost River 4225.81 G+1833 G=199¢ 31063 100 gpo 0.05 cfs 4,00 Ac
2 3/ 1% Yonns Valley 7=16-47 | Ua220 U-248 27121 7.00 cfs 1.36 cfs 108,90 Ac
§ 395 1 Pine Flat 11-25-49] U-310 U-238 28335 360 cfs 1.36 cfs 108.50 Ac
6 39S 11:E | Pine Flat 8+30-49 | U299 U-34 23382 4.10 cfs 3.20 cfs 259,60 Ac
6 395 1Y Pine Flat 1-23.57 G-468 Ge550 2698 0e61 cfs 048 cfs 38440 Ac
10 38S 11 Yorna Valley 11148 U266 Ua293 27122 9+00 cfs 4,00 cfs 583,70 S Ac
10 395 114E | Yonra Valley 8214.58 | G102 G=1195 34894 5.00 cfs 5.00 cfs 505440 S Ac
13 395 1% Yoore Valley 4269 G=4555 G-4832 - 2600 gm 5.80 cfs 466430 Ac
22 395 114F | Poe Vally 9228-50 | U362 Ua394 27007 2,00 cfs 046 cfs 36460
2 38§ Langell Valley 2.24.87 | G360 G-3819 - 1.75 cfs 1,75 cfs 1%% gck
3 395 11E | langell Valley - G=5276 - 300 gro - 15,00 Ac
7 388 1IE | Yoms Valley 2427268 G-4054 - 3000 gpa 583 cfs lggaﬂgoksz .
-
10 395 11E | Yomma Valley 32470 G-4873 G=5140 - 1.10 cfs - 7450 Ac
22 395 11E | Yoos Valley 3-24.70 | G-4873 G=5140 - - - -
10 335 11E | Yorme Valle 4e17.52 U440 U-488 27425 QelS cfs 0013 efs 10:30 Ac
14 395 1IE | Lengell Valley 3e7aE3 G=2371 G=2561 34897 Qe61 cfs 0e31 cfs 24.60 Ac
20 39S 11E | Yorme Valley 4.23.51 | U384 U420 27228 2,00 cfs 1.82 cfs 145,20 Ac
21 395 1lE | Yomne Valley 2226451 U368 Uedll 27656 1.77 efs 1.77 cfs 141420 Ac
16 39S 1I1E | Yorma Valley, 226251 U-368 Uadll - - - -
7 388 1ZE ngell Val 12.27-55{ G=108 Ge194 33419 1050 0e6l cfs 48,40 Ac
16 395 1ZE ngell Va G-18%4 G=1996 - 4460 cfs 4457 cfs 365460 Ac
17 395 1E angell Valley 4.25+61 G=1834 G=1996 - - - -
21 395 1E |lengell Valley 6=12-69 | GC-4549 G=4907 - 1200 2450 cfs 200,00 Ac
28 395 1ZE | Lengell Vslley 3=19+69 G453 G-4819 - 9.12 efs 4456 cfs %ﬁ gcm
31 395 13E | Iangell Valley 1-7-48 U=228 Ua256 27224 250 cfs 0.16 cfs 12.80 Ac
11 405 7E | Lower Klapath lale | 7-29.63 G-2476 G=2671 33275 005 cfs 0.06 cfs
23 405 7E | Lower Klamath Isle |6a26-57 | G514 G=693 30370 25 sgpn 0401 cfs Dome & Fire
1 408 EE | Lower Klamath Isle | 6a27-55 U744 U848 . 26901 0.56 cfs Oedt cfs 232 7(A)cs -
o
24 405 S9E | Lower Klamath Lale |5«9.57 G=557 G-641 31787 3.25 cfs 1.00 efs 122.00 Ac
24 405 9E | Lower Klapath lake |3=17-85 G=2844 G=3048 37578 0.52 efs 0.52 cfs 122,00 Ac
32 405 1(E | Lost River 6=19+67 G=3465 G=3971 - 750 gpm 1.67 cfs 152,00 Ac
1 405 11E |Poe Valley 9-16-58 | G-1080 G=1252 27002 600 gpm 0460 cfs 88,00 Ac
1 405 11E |Poe Valley 12765 G=3311 - 1200 gm  2.66 cfs 1:8.(7”9 gcAc
o
11 405 11X |Poe Valley 7=26-62 10 G=2397 3489 500 gpa 0620 cfs 30 Ac
12 405 11E | Poe Velley 11.20-64] Ge2789 G-2992 - 1.98" ¢fs 1,98 cfs 158460 Ac
12 40S 1]E |Poe Valley 10-25-61] G-1975 38 34767 3015 cfs 3415 cfs +00 Ac
13 40S 11£ |FPoe Valley 3452 G=1296 G=1404 58 2075 cfs 042 cfs 80 Ac
13 405 11E (Poe Valley SeBa52 U457 Ue502 27018 3.12 efs 3.88 cfs 310,80 Ac
14 40S 11E (Poe Valley SeBa52 U-457 a502 - - - -
29 405 1)E | Lost River 1-19.68 G=3857 G-4192 - 1200 gpa 2467 cfs 266000 Ac
32 405 1IE | lost River 3] G-3418 - g 0019 efs 15,00 Ac
32 405 1lIE | Lost River 9-19.58 Ge1157 G=1257 27330 gm 0.76 cfs 61400 Ac
7 405 12E | Poe Velley 10-15.65| G-3057 - 5e21 cfs 5421 cfs 376460 Ac
00 S
18 40S 12F | Poe Yalley 02049 J=301 =326 26808 300 efs 250 cfs 19930 Ac Assigned
18 405 12X |Poe Valley 10-30-52 | U650 U534 26809 1615 cfs 126 cfs 101.10 Ac
28 405 12E | Lost River 5=10-68 G=4125 - 1400 2.00 cfs 160,00
28 405 1ZE | lost River 5e28-56 G=379 27103 1448 cfs 1A0 cfs 20
33 40S 12E |lost River Gele56 G=365 G387 27317 1.00 cfs 1.00 cfs 79,10 Ac
33 405 12E |Lost River G=3104 G=3397 36946 113 efs 0,98 efs 8420 Ac
34 405 12E |Lost River 12.11.57 730 G819 30279 300 cfs 2,20 cfs 232.20 5 Ac
# 408 12E | lost River 9.26.50 | U-361 o 27304 3,00 cfs 2420 cfs «20
5 418 B8E | Lower Klamath Lake [4-8-69 G-4343 G-4835 - 850 gpm 4.1l cfs 356420 -Ac
£ 413 €E | Lower Klamath Iekm |4«8-69 G=-4342 G-4834 - 2.66 cfs 212,60 Ac
12 418 9E | lost River Sela69 G-4578 G-A861 - 6877 cfs B+77 cfs 541,60 Ac
2 415 10E |lost River 12-16-57| G731 G-821 27530 0.51 cfs
4 415 1(E |lost River 1.12.53 G=63 GelE 26814 2488 cfs 1.00 efs 138440 Ac
4 415 1(E |Lost River 7=357 G=3735 G=3978 - 000 1e20 cfs 95480 Ac
7 415 UE |Lost River 61964 G=2684 G=2902 - 3467 cis 3467 cfs 293.55 Ac
9 415 10E |Lost River G-1564 G=170¢ 29725 0469 cfs 0.69 cfs 55020 Ac
9 415 10E {lost River 722650 Ua354 U379 27303 1.00 efs 0.63 cfs 20
9 41S 1CE |lost River 3e7-67 G=3611 Ga3831 - 1.62 cfs 1le62 efs 129.50 Ae
9 41S 10E |Lost River 1-3-58 G=759 G=837 29724 1.60 cfs 1.60 cfs 127,70 Ac
10 415 1(E |lost River 72268+50 | U353 U378 27531 2050 cfs 2427 cfs 181.50 Ac
10 415 1(E |Lost River 220469 G=4521 G-A796 - 063 cfs 0,32 efs 25430 Ac
1 415 12E |Lost River 3a27.52 | U488 U483 27308 2450 cfs 1445 cfs 116.00 Ac
1 415 12E |lost River 1la26-56 G-138 G221 27312 372 cfs 2425 cfs 179640 Ac
2 415 1ZE |lost River 1e26-56 G138 G=221 27312 - - -
15 415 12F |Lost River 10031 - GR-4060 GR-2895 - - 350 gpm Mune
1£ 415 12F | Lost River -58 G=1107 G-1167 - 375 gpm 0.84 cfs .
7 415 1ZE | Lost River 12.26-52| Ul =551 27010 4.00 cfs 1.98 efs 41.80 Ac
116440 S Ac
17 415 13 | Lost River 5e25-66 G=3102 G-3506 - 50 gom 0ell cfs Domey Air Conde,
Iandsca
2 415 16F |Willow 8-15-68 G~4280 G-4556 - - 1.27 cfs 101.90 Ac g
4.18 cfs 33440 S Ac
Abbrevistions: Acres (AC), Cubic feet per se {¢fs), Domestic (Lome), Gall r nimte (gpm), Memfacturing (Mfge ),
Municipsl (&m.ﬁ Recrestion ﬂet:jf Supplenmental Acres (S Ac b g s L
Footnote: For current stotus of éroutd-Wshr ghts, contact CFFICE CF STATE ENGDNEER, SALEM, JREGON 97310,
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