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Susanville Geothermal Investigations

INTRODUCTION

This report documents the investigations by the Bureau of
Reclamation and others of’the geothermal resource potential of the
Susanville-Honey Lake Valley area, California, made during 1975 and
the early part of 1976. Included are discussions on the nature of
the resource and ﬁhe analyses of the data gathered. Susanville is
located in northeastern Califormia about 210 miles (330 kilometers)
northeast of San Francisco. (See plate l.)

Purpose and Scope of Study

The purpose of the study was to appraise the geothermal
resources in the Susanville-Honey Lake area within the constraints
of limited funds and avaiiable personnel. The main thrust of the
studies consisted of: gathering and analyzing existing data; con-
ducting and evaluating an electrical resistivity survey and an
aerial thermal infrared survey; and drilling and logging of tempera-
ture gradient holes. The heat flow or energy potential of the
resource was not determined.

Study Area

The area selected for study was the north part of Honey Lake
Valley from Susanville eastwardly to Amedee Hot Springs. Although
the entire Honey Lake Valley was deemed prospectively valuable for
geothermal resources by the U.S. Geological Survey, the area was
much too large for even an appraisal-level study. An area in and

immediately adjacent to Susanville has several warm-water wells,




Introduction

while boiling springs exist at Wendell and Amedee. In additiomn, the
northern portion of the valley lies closer to the Cenozoic Basalts.
Thus, the 30- by 10-mile (48- by l6-kilometer) study area was v
considered appropriate,
Background

At the request of the Secretary of the Interior, the Bureau of
Reclamation programed a study to appraise the geothermal resources
of the Susanville area in California. Secretarial approval of a
$76,000 appraisal study came on September 26, 1974. The study was
to determine the viability of the Susanville Geothermal Energy
Project, then being proposed by private and local interests for

Federal funding. The appraisal study was to investigate the uses

(R 8

and requirements of the resource as well as the magnitude of the
resource itself.

Funding for the Susanville Geothermal Energy Project was
informally approved in December 1975 by the National Science
Foundation. In funding the $300,000 project through the city of
Susanville, National Science Foundation stipulated that there be no
duplication of effort between the Bureau appraisal study and the
city's geothermal energy project. The Bureau was only to appraise
the nature of the geothermal resource; the city would develop an
economic model on the uses, requirements, and system analysis of the

resource.,
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Introduction

The National Science Foundation requested there be a free flow
of data and information between the Bureau and the city which was
agreed to. Because of the complementary nature of the two studies,
it was further agreed that the Bureau's appraisal report and the
city's final report to the National Science Foundation would be
published at about the same time. The geothermal program of the
National Science Foundation was later shifted to the Energy Research
and Development Administration (ERDA).

The city, through previous arrangements, contracted with
VIN-CSL, a joint venture of VIN Consolidated, Inc., and CSL
Associates, to conduct the project.

The Susanville Geothermal Energy Project (SGEP) is a study of
the use of geothermal energy by a community for local economic
development. The study, expected to be completed in July 1976, will
define the economic model, specific energy systems, and a program
plan for development of a demonstration geothermal utility system.

\
In accordance with ERDA contractual guidelines, the study is based
on the assumptions that there is a geothermal resource, that it will
be adequate for intended uses, and that available technology will be
used. Details bfrthe.bféjectiére presented in the Supplemental
Technical Data, a separate volume.

Acknowledgments

During the course of the appraisal study, local citizens and
governmental agencies were contacted to obtain basic information

about the area.
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Future Studies

Because of the interest shown in developing the area's

geothermal resource for the

explicit benefit of the community,

Congress authorized the Bureau of Reclamation to engage in "A com-

prehensive resource analysis adequate to determine the feasibility

of a geothermal energy utility system for the city of Susanville,

California" (Public Law 94-

156). This feasibility study was

envisioned by Congress to be a $1 million 2-year study, with a

series of test wells up to 5,000 feet (1,500 meters) deep. At the

time this report was prepared, funds had not been appropriated for

such a study.
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SETTING
Physical

Susanville lies at the foot of the northeastern slope of the
Sierra Nevada in the extfeme western end of Honey Lake Valley. The
city, which is the county seat of Lassen County, has about 7,000 of
the county's 17,200 residents and is the county's only incorporated
city. The Honey‘Lake Valley area, including the communities of
Susanville, Johnstonville, Janesville, Standish, Litchfield, and
Herlong, has 68.5 percent of the county's total population.

The érea is served by the Southerﬁ Pacific Railroad and State
Highways 36 and 139. U.S. Highway 395 approaches within 4 miles
(8.1 km) of the city. A small municipal airport serves the area,
but there is no schedule& airline service.

Honey Lake Basin varies in altitude from 4,000 feet (1,200
meters) at Honey Lake to 8,000 feet (2,400 meters) in the Sierras.
The valley's position in the rain shadow of the Sierras creates a
wide variation in temperature and climate. The temperature extremes
vary from 100°F (38°C) to about =-30°F (-34°C), with a mean annual
temperature at Susanﬁille about 50°F (10°C). Precipitation varies
from about 4 inches (10 cm) per year at the eastern edge of the
valley to about 30 inches (76‘cm) in the Sierras. Susanville has a
mean annual precipitation of about 15 inches (38 cm). The growing

season is less than 4 months.




Setting
Economic

The city's Susanville Geothermal Energy Project and Reclamation's
Susanville Geothermal Investigations are a direct attempt to alleviate
the economic plight of tﬁe area. Economic conditions have led the
city to request help in its endeavor to utilize the area's geothermal
resources,

The city of.Susanville and surrounding communities are in an
economic bind. Few jobs are available and the younger generation
migrates to larger cities. Unemployment reached 23 percent in May
1975. The economic plight results from the community's remoteness
and severe winters. Utility and energy costs are high. Electrical
power, transmitted by Pacific Gas and Electric Company over the

mountains from the west, is purchased for resale and distribution by

the California Pacific Utilities Company. Winter storms in the -

Sierras frequently interrupt service,
There is no natural gas service to the area. Heating is
accomplished by use of electricity, liquid petroleum gas, fuel oil,
or wood. With the exception of wood, all energy sources have to be
brought in over long distances. Thus, costs are high.
Transportation to and from markets is long and costly. Although
a railroad spur line serves Susanville, routes are circuitous. Ship-
ments to and from the Central Valley and San Francisco markets are .

either by way of Klamath Falls, Oregon, to the north, or Winnemucca,

%

Nevada, to the east. The railroad cars must then head back south

- -
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Setting
or west, respectively. Industry is constrained by the resulting
increased transportation costs and travel time.

Government employment accounts for 45 percent of the total
work force. The main industries of the area are forest products,
cattle production, livestock feed, and recreation,

Before the world's largest mill in Westwood, about 20 miles
(32 kilometers) wést of Susanville, was shut down in 1957, it was
the biggest local industry. Two lumber mills presently operating
near Susanville must compete with more modern lumber mills that
are closer to markets.

Cattle production is the second largest industry in the area.
However, the cold winters preclude the wintering of cattle in their
natural environment. Any feed consumed by cattle during the winter
months goes to keeping them alive and warm and not to added weight.
Cattle feed is expensive because of the high energy costs associated
with irrigation.

The community is at an economic disadvantage and needs a
competitive edge to induce its few job-intensive industries to
expand and to attract new ones. The residents are hoping to make
use of their local geothermal resources to obtain this competitive

edge.
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NATURE OF THE RESOURCE

Heat sources and flow, hot water and vapor-dominated systems,
and the characteristics favorable for geothermal reservoirs are
briefly described in explaining the nature of the geothermal
resources.

Heat Sources

Nature's most dramatic displays of natural steam are produced
by volcanoes. Water coming into contact with molten lava (tempera-
tures of 2000°F (1100°C) and higher) can only exist as steam. Rapid
expansion of steam and other gases below the surface causes some of
nature's most viLlent and explosive eruptions.

Almost all active volcanoes have fumaroles, or vents, that
discharge steam and other hot gases. But, despite the large
quantities of steam and energy that may be discharged, no means has
yet been found to harmess this energy.

More promising sources of controllable energy are found in areas
of volcanism as subsurface or geothermal reservoirs. These reser-
voirs contain larger and more dependable volumes of steam or hot
water.

Most of the known geothermal reservoirs contain hot water rather
than steam. Water under the high pressures found at depth remains
liquid at temperatures far above 212°F (100°C), the sea-level boiling
point of water. When this water is tapped by wells and rises to the

surface, the pressure falls. As the pressure decreases, the water




Nature of the Resource

boils, perhaps violently, and the resulting steam is separated from
the remaining liquid water. The well itself acts as a continﬁously
erupting geyser, because the expanding steam propels the liquid
water to the surface.

Mineral exploration over the world has shown that in deep mines
and o0il wells temperatures usually rise with increasing depth below
the surface. Natural radioactive decay of uranium, thorium, and
potassium in rocks of the earth's crust and upper mantle is believed
to be the fundamental cause of heat within the earth. The weight of
evidence suggests that, contrary to the theory that present heat is
residual heat from the earth's creation, a natural radioactivity,
present in small amounts in all rocks, which has gradually heated
the earth is still producing heat. Geophysical studies also
indicate the earth's molten core, much smaller than was once
supposed, is not in itself a source of the heat in the earth's crust.
The reasons for the existence and specific location of the earth's
volcanic belts are still subjects of vigorous scientific study and
controversy.

Heat Flow

Throughout the world, temperatures in deep wells or mines
increase, on the average, about 1°F for each 100 feet of depth
(18.2°C/km). This is the normal geothermal temperature gradient.

In some areas where the supply of heat is greater or the local rocks

10
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Nature of the Resource

are better-than-average insulators in inhibiting the escape of heat,
temperatures may increase at considerably higher rates.

Great differences in water temperature camn occur as water seeps
underground and circulates to vast depths. Such water, as it travels
downward, is heated and may return to the surface to be discharged
as a hot spring. - If the heat supply is unusually great, as it may
be in the vicinity of recent igneous activity, the water may become
so hot that near the surface it erupts as a geyser. Near a hot
spring system, temperature gradients may be several degrees for
each foot of depth, but these high rates do not extend downward for
great distances.

For the entire earth, the average flow of heat is very small,
about 1-1/2 millionth (1.5 x 10'6) calories per square centimeter
per second, or 1.5 heat flow units (HFU). However, in localized
hot spots, in the upper 10,000 feet (3,000 meters) of the earth's
crust, the heat flow can reach up to 1,000 times the normal or
average rate,

Geothermal Systems

A geothermal system includes a source of heat within the earth's
crust and the focks and water affected by that heat. When a geo-
thermal system involves circulating waters, it is also called a
hydrothermal system. The hot part of a hydrothermal system is
commonly emphasized, but convective downflow of cold water is also

essential. A hot spring area, which is the surface expression of

11




Nature of the Resource

a geothermal system, contains hot springs, fumaroles, and other

hydrothermal phenomena.

Hot water systems. Hot water systems are usually found in
permeable sedimentary or volcanic rocks end in competent rocks such
as granite that maintain open channels along faults or fractures.
Typical discharges of hot water raﬁge from-several hendred to
several thousand gall.ons per minute.

Where near-surface rocks are permeable and the surrounding
water table is relatively low, much or all of the circulating hot
water escapes below the ground surface, with little or no water
discharged from local springs. However, where spring outlets are
below the level of the surrounding water table, all hot water of
the system is likely to be discharged in local visible springs.

The temperatures of many hot water systems increase with depth
to a 'base" or constant temperature, differing in each system.

The inflowing water is heated to its base temperature by rock
conduction, perhaps augmented slightly by magmatic steam. It then
rises in the channel of the spring system, losing only a little
heat because of its relatively high rate of upflow through wall
rocks of low thermal conductivity. As the hot water rises, the
hydrostatic pressure decreases, eventually reaching a level where
the pressure is low enough for boiling to begin.

Vapor-dominated systems. The vapor-dominated or '"dry steam"

system is both less common and less understood than the hot water or

12
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Nature_of the Resource

"wet steam' system. A hot water system, because of the large heat
supply and relatively’low permeability of the system's reservoir,
may become vapor dominated when the net discharge exceeds the net
ground-water recharge. Steam then boils from the declining ground
water. Although some steam will escape to the atmosphere, most

will condense below the ground surface with its heat of vaporization
conducted upward. This reservoir is actually a two-phase heat-~
transfer system. Vapor boiled from the water, or deep brine, flows
upward while most liquid condensate flows down to the water table.
However, some liquid might be swept out with the steam in channels
of principal outflow. The liquid readily traverses small pores

and channels because of its high surface tension. Steam, however,
because of its lower surface tension, is largely excluded from
smaller pores but predominates in the larger channels and discharges.
Although less than 5 percent of all systems are vapor-dominated, the
Larderello fields in Italy and The Geysers in California are of this
type.

Characteristics Favorable for Geothermal Reservoirs

The most favorable geologic factors for a commercial geothermal
reservoir include:

1. A large source of heat, such as a large chamber of molten
magma. The chamber should be deep enough to insure adequate pressure

and a slow rate of cooling, and yet not too deep for natural

circulation of water and effective transfer of heat to the water.

13




Nature of the Resource

Magma chambers of this type are most likely to occur in regions of
recent silicic volcanism, such as the Rocky Mountain and Pacific
States.

2. Large and porous reservoirs with channels connected to the
heat source, in which water can circulate and be stored. Even in
areas of slight precipitation, over many years enough water may
percolate underground to sustain the reservoir.

3. Capping rocks or clayey sediments of low permeability that
inhibit the flow of water and heat to the surface. In very favorable
circumstances, this is not essential for a commercial field. How-
ever, a deep reservoir well insulated by cap rocks is likely to
have much more stored energy than a shallow and uninsulated
reservoir.

4. A source of water to recharge the system and to act as a

convective medium to transfer the heat upward.

14
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INVESTIGATIONS

The appraisal investigation made during 1975 and the early part
of 1976 consisted primarily of gathering existing physical, geo-
logical, geophysical, and chemical data, analyzing these data, and
generating new data. Numerous reports and papers, both on geothermal
exploration and on the study area, were studied. Local citizens and
governmental agencies were contacted to obtain basic information of
the area. Some of the more pertinent existing data consisted of:

1. Drillers' well logs

2., Gravity map

3. Water quality analyses

4. Public landownexrship map

5. Electric logs of drill holes

6. Aerial photos (1;20,000)

7. Private geothermal well data (proprietary information)

8. California Department of Water Resources Bulletin 98 -
Northeastern Counties Ground-water Investigations. Bulletin 98
contains the most comprehensivefgeohydrologic data available for
Honey Lake Valley.

New data generated or funded by the Bureau consists of:

1. Aerial thermal infrared scanning by U.S. Forest Service.

2. Computed geochemical temperature indicators from existing
water quality analysis.

3. Regional electrical resistivity survey.

4, Temperature gradients in selected existing wells.

15




Investigations

5. Temperature gradients from project-drilled holes.

6. Reconnaissance study by the U.S. Geological Survey.

The Supplemental Technical Data for this report includes
reproductions of geologic logs and resistivity plots. It also
includes an administrative report from the U.S. Geological Survey
on its analysis of existing data. This report, titled "Susanville-
Honey Lake GeothermaibReconnaissance, Southern Lassen County,
California," is the result of a contract with the Geological Survey
to define and appraise the geothermal resource on the basis of data

available during the late summer of 1975.

Regional Geology

The Susanville-Honey Lake area occupies a western embayment of
the Great Basin physiographic province. To the north lies the Modoc
Plateau, underlain by Tertiary and Quaternary volcanic rocks. To
the southwest is the northern Sierra Nevada, in which the exposed
rocks adjacent to the area of study are chiefly Mesozoic granitic
rocks and overlying Tertiary volcanic rocks. Thermal springs are
numerous in the region; they are associated with both volcanic rocks
and faults.

The Tertiafy Period was marked by widespread volcanism and the
pouring out of enormous lava floods and ash flows. Minor volcanism
continued into the Pleistocene. Volcanic rocks older than 10 million
years have long since cooled to the temperatures of other rocks, but

the younger volcanic rocks of latest Tertiary and Quaternary age

16
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Investigations

might be associated with shallow crustal sources of heat. Some
geothermal activity is associated with geologically recent volcanic
or fault activity as tectonic forces generate the heat.

The Susanville-Honey Lake area is flanked by volcanic rocks
(basalt) on the north and granitic rocks on the southwest. (See
plate 2, Areal Ggology.) The Skedaddle and Amedee Mountains, to
the northeast, are the remains of a large eroded volcano that has
been truncated by the Amedee fault. Shaffer Mountain, another
volcano farther west, has not been greatly modified by faulting.
North of Susanville the valley is flanked by a low basaltic plateau
modified by block faulting. The upland west of Susanville, also
underlain by volcanic rocks, 1s a transition zone between the Basin
and Range province to the east and the Cascade Range to the west.

Earlier water resources investigations have shown gross areal
relationships in the shallow ground-water flow system in the
Susanville-Honey Lake area and vicinity. The shallow ground water
flows into the Honey Lake Valley from the highlands to the north,
west, and south, and then eastward toward Pyramid Lake. The shallow
ground water in springs and wells in the basalt and in the uncon-
solidated deposits is typically cold.

The rocks exposed north of the Susanville-~Honey Lake area are
Plio-Pleistocene basalt. Study of stratigraphic sections in Honey
Lake Valley suggests that these rocks may represent the deepest

aquifer for extensive movement of ground water in the Honey Lake

17
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area. The basalt is estimated to be up to 4,000 feet (1,200 meters)
thick; it interfingers with the generally poorly permeable lake
deposits. Because of their expected low permeability, the lake
deposits, possibly 5,000 feet (1,500 meters) thick, may act as a
hydrologic barrier to the movement of ground water, causing upward
movement of ground water in the area of faults inferred to cut the
valley floor near Amedee and near Litchfield. Volcanic or granitic

rocks of unknown hydrologic characteristics lie beneath the lakebeds.

The pattern of ground-water movement in the Susanville-Honey
Lake area is not known in sufficient detail to permit an accurate
appraisal of the geothermal resource. Movement of near=-surface cold
ground water through aquifers could mask deeper thermal anomalies.
Temperatures and temperature gradients in shallow holes might
therefore fail to reveal the presence of thermal reservoirs beneath
the zone of shallow ground-water flow.

The regional heat flow in the Susanville-Honey Lake area is not
known. Measurements in the region to the south by the USGS suggest
that the heat flow in the Susanville-Honey Lake area is about 2 HFU.

Data may soon be available from a recently completed USGS heat flow

test hole north of Susanville. The source of the heat in the thermal

waters of the valley is also not known. Of potential interest to
this study are the Plio-Pleistocene and Pleistocene basalts at the

Wendel-Amedee area, the volcanic-granitic association at Susanville,

18
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and the series of north- and west-trending faults in the wvalley.

The thermal areas appear to be structurally controlled by the faults,
as is suggested by the occurrence of thermal waters at Susanville
and at Amedee and Wendel Hot Springs. It is possible that the heat
carried by the thermal waters is brought from considerable depth by
deeply circulating water, or that it is derived from shallow heat
sources such as volcanic vents that may be present beneath the basin
fill of sediment. However, there are no known significant-sized
bodies of silicic volcanic rocks younger than Plio-Pleistocene in
the region. Therefore, chances are poor that there are good-sized
silicic magma chambers still hot in the region.

Land Accessibility

Nearly all the land in the study area is under non-Federal
ownership, as shown on figure 1. Some of the lands northeast of
Wendel and Amedee, and at the higher elevations of Bald Mountain,
are public resource lands administered by the Bureau of Land
Management. Because most of the valley land is privately owned, the
electrical resistivity survey was run along existing road rights-of-
way after obtaining permission from the County Road Department. As
several of the resistivity lines extended onto public domain land,

a "Notice of Intent to Conduct Geothermal Resource Exploration
Operations" was filed with the Bureau of Land Management (BLM).
Although BLM normally requires at least 30 days to process a permit,
approval for Reclamation's work, because the survey was already in

progress, came in a few days.

19
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Some of the resistivity lines originally planned had to be
moved onto private land because of buried wire fences or other
interferences along thevroad right-of-way. In most cases, permis-
sion was received from the landowner. However, a few landowners
objected, so some highly desirable lines could not be run.

Nearly all shallow temperature gradient holes were drilled on
private land. Written permission to drill on these lands was
obtained for the Bureau by the city of Susanville. Here again,
some drill sites had to be changed slightly because the owners
requested drilling be restricted to certain areas of their land.

A few landowners volunteered or requested that holes be drilled on
their land,

Some sites planned between Litchfield and Wendel were found to
be on land leased by Gulf 0il Company or owned by VIN Consolidated,
Inc., in partnership with others. To eliminate any possible conflict
of interest, those sites were abandoned.

Environmental Concerns

No particular environmental problems were encountered. With
the exception of the drilling operations, actual entry was made upon
very little land and then no damage was done. Use permits required
from Lassen County for the drilling operations were obtained by the
city of Susanville. Before the use permits could be issued, negative
environmental declarations were also required. The city wrote these

declarations, For the three drill sites within the city limits, the

21
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city processed the required paperwork with no delay. Approval of
the County Board of Supervisors was required for the eight drill
sites outside the city limits. The county interpreted State regula-
tions to require a 30-day public review Qf the negative environ-
mental declarations for these sites. This review process delayed
the drilling program for 2 months, into adverse weather conditioms,

which slowed down drilling operations.

22
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REMOTE SENSING IMAGERY

To locate features which may be associated with geothermal

~ anomalies, the Remote Sensing and Engineering Physics Section of

the Bureau's Engineering and Research Center analyzed high-altitude
color infrared photography and thermal infrared scanner imagery of
the study area. Plate 3 shows those features found.

The remote sensing investigation involved mapping of linear
geologic features and thermal anomalies which may be related to
geothermal resources.

Mapping of Linear Features

Substantial evidence suggests near-surface geothermal reservoirs
are associated with complex faulting in the area. Therefore, to
detect and map any linear features which might be associated with the
faulting, a series of high~altitude 1:120,000 scale overlapping photo-
graphs of the entire area were studied. Equipment used in this study
included a stereoscope and a film density slicer equipped with an
edge-enhancement feature.

Linear features detected on each photo were traced onto an
overlay. A stereo comparisonAof photos and their overlays was made
to assist in transferring the linears to a 1:62,500 scale map.

Many of the linears are associated with faults and can be followed
through the mountain ranges surrounding Honey Lake Valley. However,
because of extensive cultural disturbance of the land surface, for

the most part these linears cannot be followed down into the valley.
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Remote Sensing Imagery

Those linears shown extending through the valley are highly .
subjective and may or may not follow the paths indicated.

Thermal Anomalies

Thermal infrared scanner imagery of the study area was obtained
during April 1975 through a contract with the U.S. Forest Service.
The scanner was a Texas Instruments modified military RS-7 with 200
lines per second, mounted in a Beechcraft King Air (B-90). The
scanner produces 5-inch-wide (l27-centimeter) continuous strip
negatives. Two detectors, utilizing the 3-5 micrometer band and the
8-14 micrometer band, were run simultaneously. Because of the high

mountain peaks surrounding the valley, 7 of the 1l predawn flight

lines run were flown at an elevation of 5,000 feet (1,500 meters) ”

above the valley floor. The other four lines were flown at 3,000
feet (900 meters) when the first morning light made it safe.

It was intended that isothermal contours of the study area
would be plotted on the film imagery using a vidicon scanning film
densitometer (density slicer). This information was then to have
been correlated with ground temperatures obtained at the same time
to provide more exact information on observed relative temperatures.
Unfortunately, the imagery contained severe streaking throughout -
because of nonuniform processing of the imagery by the aircraft's
onboard film processor. Also, frequently made gain changes in the

scanner system resulted in abrupt changes in film density. These °
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Remote Sensing Imagery

factors made it impossible to use the density slicer for detailed
processing of the imagery.

It was necessary, therefore, to make a visual interpretation
of the imagery and locate qualitatively any areas which appeared
to be warmer than the surrounding areas. When temperature anomalies
became suspect, corresponding color infrared photographs of the
anomalous area were also studied to determine the significance. The
thermal scanner imagery, because of certain inherent geometric
distortions, was not used for mapping of the anomalous areas.
Instead, the anomalous areas were located on the color infrared
photography and transferred to the map overlay with a zoom-transfer
scope. The significance of these anomalous areas (see plate 3) is
discussed below.

Area A. Along the extension of an apparent fault approximately
halfway between Susanville and Lake Leavitt, The area, heavily
devoted to agriculture, lies in the flood plain of the Susan River.
The appearance of the imagery suggests that a thermal anomaly other
than that due to high soil moisture may be present.

Area B. North of Lake Leavitt near the Conservation Center and
surrounding area. The area has some agriculture, the conservation
center, and housing development. The appearance in the imagery
suggests that it is very likely a true thermal anomaly, although an
alternative explanation would be a high water. table.

Area C. West of Lake Leavitt. The area has extensive agriculture
and a considerable amount of lowland drainage along a small creek
flowing into the Susan River. The apparent high temperature in the
thermal infrared imagery is probably due to very wet soils and high
water table; this area does not appear to be a good geothermal site.

Area D. Directly north of Lake Leavitt along the Susan River.

The area is part of the flood plain of the Susan River and probably
has a higher apparent temperature due to high soil moisture content.
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Remote Sensing Imagery

It is not considered to be a good prospect for geothermal
investigation.

Area E. TImmediately east of Lake Leavitt and extending eastward.
As it passes Bald Mountain, the area also broadens out toward Honey
Lake and extends eastward throughout Honey Lake Valley. Only a
portion of the area is shown on plate 3. A trend observed in the
thermal infrared imagery indicates that the temperature gradually
increases eastward through the valley. However, most of this area
is lowland drainage and flood plain and may not offer much
geothermal potential.

Area F. A possible hot spring in Lake Leavitt near the eastern
shore. Figure 2 is a black and white reproduction of a color
density slicer image from the thermal infrared imagery. It gives
indication of the temperature differences.

Note that the top or northernmost hotspot on the right side
corresponds with a film processing streak and is probably not a
true hotspot. The southern hotspot could be a hot spring under the
surface. The prevailing winds have apparently piled up the warmer
water on the eastern shore, and it has been so mapped. However,
during late summer of 1975 when the lake was nearly empty, the entire
east side of the lakebed was explored and no discernible temperature
differences or springs could be found.

Area G, Three small dry lakebeds northeast of Lake Leavitt.
The observed higher temperature is probably due to increased soil
emissivity or high soil moisture content. This does not appear to
be a good geothermal prospect.

Area H. Southeast of Bald Mountain. Some agriculture is
located in the area and a large area which could be the flood plain
of a small creek. This area appears to be quite swampy. The small
circular area mapped at the northeast end of area H is in the center
of an uncultivated l/4-section agricultural field. It appears as a
large circular swirl, interpreted to be a salt incrustation due to
excessive irrigation of a field with poor drainage. However, because
of certain indications in the thermal imagery, further investigation
of this area as a secondary geothermal site may be warranted.

Area J. The northwest corner of Homey Lake. It is extensively
devoted to agriculture and appears to be a large flood plain from
a small creek flowing inhto the lake at this point. Geothermal
potential is uncertain.
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Remote Sensing Imagery

Area K. West end of the waterfowl management area northwest
of Hartson Lake. It consists of several areas of swamp and standing
water. There may be several warm-water springs in the area.

Area L. Just north of Honey Lake in the center of the waterfowl
management area. There is some agriculture and extensive lowland
drainage areas that appear to be swamp. Higher apparent tempera-
ture is probably due to high soil moisture and geothermal potential
is doubtful.

Area M. The northeast part of Honey Lake Valley, north of
Wendel Hot Springs. The area seems to be slightly warmer than its
surroundings and there is a slight indication that it becomes
progressively warmer south into the Known Geothermal Resource
Area (KGRA).:

Area N. Northwest to southeast along the northeast corner of
Honey Lake, generally corresponding to the KGRA. In the thermal
imagery a number of hot springs can be detected and have been
indicated on the map. Also, there are a large number of small areas
mapped as fine structure along the eastern border of the area which
appear to be considerably warmer than their surroundings. These
same areas in the photography appear to be relatively bare of
vegetation and appear white, which may indicate the presence of
large quantities of salt. There is a definite hotspot just north
of the highway inside the northeast corner of section 14 of R. 15 E.,
T. 29 N. 1In the photographs a vigorous growth of vegetation can be
observed at this point but there is no apparent standing water.
Field examination indicated that this is probably a small manmade
sump for stock water.

Area 0. One main area over the Amedee Hot Springs and two
smaller areas which appear to be in a small gulch running northeast
from the main area. At one time there may have been a hot spring
at the upper end of this area.

Area P. North and south along the eastern shore of Honey Lake.
There appears to be nothing significant about the area in the
photography, but it definitely appears warmer in the thermal imagery.
The relative geothermal potential of this area is uncertain.

Area Q. Three small areas east of Honey Lake which are somewhat
warmer than the nearby surroundings. The northernmost area appears
to be a natural drainage ditch which is relatively bare of vegetation
and appears white in the color infrared photographs. There may be
substantial salt deposits in the soil at this location. The two
southern areas appear to be low spots in a field where surface runoff
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Remote Sensing Imagery

tends to pond and are probably wet spots in the field. The western
portion of these areas contains a small hot ring with a cool center.
Photographs reveal that this is probably a small circular pond with
a small tree or other vegetation growing in the center. The two
southern areas probably do not represent geothermal potential but
the northern area may warrant further investigation.

The entire waterfowl management area is virtually covered with
large areas of swamp and standing water. If there is any significant
geothermal potential in this area, it is not apparent with the
available imagery.

Because of the low gain settings on the thermal scanner, all of
the imagery over Susanville and vicinity is washed out and no sig-
nificant thermal patterns in the land surface could be distinguished.
However, because of this washed-out appearance, a small stream is
visible northwest of Susanville. This stream appeared to be sub-
stantially warmer than the surrounding area, but presence of a hot

spring could not be determined from the imagery. A field inspection

of the stream found no discernible temperature differences.

29







T e e T - - gy

TEMPERATURE INDICATORS FROM WATER QUALITY ANALYSES

Geothermal systems or heat sources that are relatively close to
the surface of the earth are related to the circulation of meteoric
water through faults, fissures, and various passageways in the
ground. Temperature and chemical characteristics of water from
wells and springs give an indication of location and relative heat
of geothermal systems.

Data on over 232 water quality analyses from wells and springs
were gathered in the Honey Lake Basin., Most of these analyses are
from wells that were sampled by the California Department of Water
Resources during the last 18 years. Most of these analyses include
the normal cation and anion distribution, and the water temperature
and electrical conductivity. See table 1 for sample water quality
analyses.,

Water Temperature

The average water temperature of wells less than 100 feet (30
meters) deep was 57°F (14°C). Using this temperature as a base or
nominal ambient temperature, a plot was made of all wells that were
greater than 5°F (3°C) above the ambient temperature or above 62°F
(17°C). The location and temperatures of these wells are shown on
plate 4. There is a definite correlation between these temperatures,
the resistivity anomalies, and the major faults systems. At many
places these temperatures have probably been appreciably lowered by
the admixture of shallow cold water with deeper thermal water, as

well as by upward conductive heat loss.,
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Trace constituents below detection:
Cs <0.1, Mn <0.01, FE <0.06, Cd <0.01, Co <0.05, Cu<0.02, Ni<0.04, Pb<0.1

¢

- - N

Table 1. Quality of water from selected wells and spriﬁgs in Susanville-Honey Lake area
(from California Division of 0il and Gas)
Date Producing Water
Sample sampled depth Altitude temp. Conductivity Discharge
number Location Name (mo/dy/yr) {m) (m) (°c) pH (micromhos/cm) (1 min)
1 NE/NE Sec. 6, T. 29 N., Roosevelt 7/18/73 90(?) 1295 35.8 8.01 254 Pumped
: R. 12 E., M.D. Swimming Pool
2 SE/NE See. 6, T. 29 N., Latter Day 7/18/73 169-181 1268 48.8  17.87 1,070 800
R. 12 E., M.D. Saints Church Pumped
3 SW/SE Sec. 23, T. 29 N., Wendel Hot 7/17/73 _spring 1231 95.6 8.38 3,340 1,200
R. 15 E., M.D. Springs :
y NE/SW See. 30, T. 29 N., Southern Pacific  7/17/73 93 1223 28.2 8.33 332 300
R. 16 E., M.D. Railroad . Pumped
5 NW/NE Sec. 8, T. 28 N., Amedee Hot /17/73 spring 1219 95.1  8.43 2,860 500
R. 16 E., M.D. Springs
Chemical Constituents (in mg/1)
Calculated
Sample Cations Anions Others dissolved
number Li Na K Rb Mg Ca Zn F Ccl HCO3 g_Q} S0, Si0, B solids
1 <0.01 20 3.8 <0,01 3.0 19 0.043 <0.1 2.0 120 1 11 55 <0,02 233
2 0.05 140 4.6 0.02 1.6 24 0.009 1.2 64 68 1 190 62 1.4 558
3 0.12 280 7.5 0.04 «0.1 18 0.015 b1 190 50 1 360 120 5.5 1,040
y 0.01 58 8.0 0.01 2.2 6.0 <0.005 0.2 17 112 1 32 L2 0.22 279
5 0.08 250 5.5 0.02 «<0.1 14 <0.005 4.4 160 hi 2 300 95 4.0 879

sosf1euy A3TTend 193BM WOIJ SI03ROTIPUI sinjeiadwaf




e e e e e T T ™ e g

Temperature Indicators from Water Quality Analyses

Electrical Conductivity

Electrical conductivity of water samples is an indication of the
amount of salts in solution, which in turn is a rough indication of
heat at depth. A plot of about 123 wells and conductivities is shown
on plate 5. The average electrical conductivity is 509 umhos/cm.
Conductivities above this average again correlate roughly with the
resistivity anomalies.

Inferred Temperatures

The minimum temperature of a geothermal reservoir can be
estimated by analyzing the various chemical constituents in a given
sample of water. Correlation of chemical analysis of thermal waters
with temperature at depth is based on the assumption that chemical
equilibria, being temperature dependent, might retain its equilibria
configuration as the water makes its way along faults and fissures
from the geothermal reservoir to the surface. Naturally, if any of
the chemical constituents are precipitated from solution, or cold
water mixes with the geothermal water, the indicated temperatures
could be entirely different.

A total of 232 chemical analyses were computed for temperatures,
given various relationships of quartz (both conductive and adiabatic),
amorphous silica, chalcedony, cristobalite, sodium potassium ratio
(Na/K), and sodium, potassium, and calcium. The computations were
made using existing data not specifically collected for geothermal

analysis. Also, it is likely that most of the water, especially
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Temperature Indicators from Water Quality Analyses

that from wells, may not have been part of a geothermal reservoir.

Thus, interpretation of results must be qualified with this in mind.

Of the 232 analyses, only 184 samples had data for computing both
quartz and Na/K temperatures. The resulting temperatures were
compared to see how closely they agreed with each other and with
the resistivity data. The quartz estimated temperatures are
believed to be more nearly representative of the reservoir tempera-
ture than the others. This is explained by the widespread occur-
rence of basalt, whose mineral concentration does not favor
equilibrium dissolution of Na, K, and Ca.

In order to determine if a relationship exists between silica
and Na/K ratio, the percent silica of the total dissolved solids was
plotted against Na/K ratios. Averages of the individual Na/K ratios
over equal intervals (i.e., 7.6 = 11.5, 11.6 - 15.5, etc.) were used
to reduce the total number of plotted points. Samples used were
limited to those from wells deeper than 100 feet and from springs
or wells warmer than 62°F (17°C). As figure 3 shows, a general
relationship exists, which supports other published curves where an
inverse relationship exists between silica and Na/K ratios at a
given temperature (i.e., high silica content and low Na/K ratios
indicate high temperatures).

A total of about 123 computed temperatures from the quartz
(conductive) analysis were plotted and are shown on plate 6. The

average temperature plotted was 208°F (98°C) with about 60 percent
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Temperature Indicators from Water Quality Analyses

of those plotted greater than 212°F (100°C). The highest temperature :
was at Amedee Hot Springs with 279°F (137°C), and the lowest to the

south of Susanville at 127°F (53°C). These plotted temperatures

indicate a reasonable correlation with the resistivity anomalies.

In addition, some of the high values seem to line up along the

Antelope Mountain Fault down to and west of Lake Leavitt. The

generally consistent temperatures throughout the basin would indicate

that the major part of the region is underlain by a low temperature

geothermal reservoir. However, it must be stressed that all inferred

temperatures are highly speculative.
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ELECTRICAL RESISTIVITY SURVEY

In most geothermal areas observations show that electrical
conductivity increases (rgsistivity decreases) with temperature in
the reservoir. This is mainly due to the increase of dissolved
minerals or salinity in the ground/water which acts as an electro-
lyte. By passing a current through electrodes in the ground and
measuring the resultihg voltages on separate electrodes, the
apparent resistivity of various areas can be determined. Caution
is required in interpretation of data because some areas, where
clay and shale predominate, naturally have lower apparent
resistivity. Therefore, the thermal effects of heat may be masked
by electrically conductive sediments.

A broad regional coverage was made of the north Honey Lake
Valley area from Susanville to Amedee Hot Springs, using in-house
capabilities. Because shallow hot-water reservoirs are known to
exist in this area, a portable battery-powered resistivity set was
considered adequate. A McPhar R20 1/2/3, capable of providing 450
volts and 220 miliiamperes of current was used. A smaller portable
Bison 2350’w§é’used to obtain representative resistivity wvalues
over outcrops of basalt, andesite, and granite. Rocks of these
types make up the basement throughout most of the basin.

Wenner array soundings were used with a maximum spacing of
2,000 feet (600 meters) ﬁetween potential electrodes or 6,000 feet

(1,800 meters) total length wherever feasible. In most cases, 19
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Electrical Resistivity Survey

spacings per sounding were made. A total of 81 soundings were
originally planned, mainly along county road right-of-way to avoid
entry on private land. In some cases the proposed sounding lines
had to be moved off the road right-of-way and onto private land. In
a few cases, access was not granted. Therefore, some highly desir-
able lines could not be run. Because buried wire fences, canals,
standing water, and other obstacles found in the field eliminated
other lines, 52 sounding lines were actually run. Plate 7 shows
the location of the 52 lines. The circle indicates the center of
the soundings and the short line shows the direction and length of
the maximum.distance between the current or outer electrodes. This
distance was generally 6,000 feet (1,800 meters).

Analysis

Most of the resistivity soundings were grouped for display in
cross-sectional form as shown on plate 7. The cross sections are
shown on figure 4. This procedure facilitates the correlation of
patterns. These represent the field data plots (apparent resistivity
vs. spacing) reduced in size. The actual plots of apparent resistiv-~
ity vs. spacing for each sounding are included in the Supplemental
Technical Data. On these plots apparent resistivity increases from
left to right, spacing from top to bottom,

The next step in the data analysis deviated from tbe usual
practice of contouring apparent resistivities at the same spacing.

Spacing corresponds to depth penetration only in a general way, and
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FIGURE 4
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Electrical Resistivity Survey

despite its convenience, it is not very practical in a regional

L]

survey of this kind. Several maps might have to be constructed to

outline anomalies. Recontouring could be readily accomplished, if

needed, from the field data plots in the Supplemental Technical

Data. The contouring done was on an "event of interest' correlatable

on the cross-sectional display of the soundings. The event that was

chosen for contouring is shown on figure 4 by the dashed line.
Apparent resistivities given in ohm-feet (1 ohm-foot = 0.305

ohm-meters) corresponding to the above event were contoured on

plate 8. Areas of apparent resistivity lows indicate possible

thermal anomalies. As a result of the contouring, five anomalies

G

were defined, i.e., Susanville, Litchfield, Wendel, Amedee, and
Bald Mountain. Except for Amedee, none of these anomalies have
exceptionally low resistivity. Near Wendel, 147°F (64°C) water
was produced from a 620-foot (186-meter) well.

The bulk or true resistivity can be estimated by usé of Archie's
Law, which states:

pp = P Bk

where: P = bulk resistivity

Py = water resistivity

=
]

porosity

o~
]

cementation exponent
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Electrical Resistivity Survey

Conductivities obtained at Wendel Hot Springs and extrapolated
to the given surface temperature result in a water resistivity
Py = 9.84 ohm-feet (3.00 ohm-meters). Unpublished geologic cross
sections for the area show a relatively uniform section of
unconsolidated sand with some clay or silt.

The cementation exponent "k" may then be taken as 1.3 for
unconsolidated sand or silt. For a porosity of 30 to 35 percent, a
bulk (true) resistivity of 47.1 - 38.5 ohm-feet (l4.4 - 11.7
ohm-meters), respecti&ely, is obtained. The sounding nearest to
this area that has been computer curve-matched is line 15. The
apparent resistivity low on this sounding is 22.1 ohm-feet (6.7
ohm-meters) at a spacing of 1,000 feet (300 meters). Computer
curve-matching to obtain the true resistivity of this particular
layer results in a resistivity of 15 ohm-feet (4.6 ohm-meters).
Clay content lowers the resistivity; in addition, there will be
some mixing of fresh (low conductivity) ground water with the more
highly conductive thermal_waters. Nevertheless, the resistivities
that are encountered are sufficiently low to indicate thermal
anomalies. As shallow thermal waters are known to exist at the
corresponding depth, the low resistivities can be utilized to
designate other anomalous areas in the Honey pake Valley with
similar conditions. The Litchfield and Bgld Mountain anomalies
can be classified as possibie thermal reservoir areas because

geologic conditions are similar to those of the Wendel anomaly.
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Electrical Resistivity Survey

The California Department of Water Resources geology map
(plate 2) agrees quite well with lineaments shown on NASA color IR
imagery and those found on the thermal IR imagery flown by the
Forest Service for the Bureau ovaeclamation (plate 3). Super-
imposing the major faults on the resistivity contour map, it
becomes evident that the resistivity anomalies are alined with
these major faults.

The Honey Lake Basin conforms to the classical model of a major

graben with thermal liquids upwelling along the faults and spreading
into the adjacent sediments. The resistivity data support the
general fault locations on a number of soundings (for examples, see
lines 32, 19, 4, and 6 on figure 4). A more precise location of the
faults, possibly from the resistivity data, was not attempted or

deemed necessary.

Computer Curve-Matching

In order to obtain estimates of depth and true resistivity,
soundings in selected areas were submitted by the Geotechnology
Section of the E&R Center to a curve-matching computer program. This
program iteratively adjusts true resistivities in conjunction with a
given distribution of layer thicknesses, computes a model curve, and
compares this curve to the field data (see figure 5). After obtaining
a best fit, further improvement is obtained by adjusting the bound-
aries of the given layers or the number of layers itself. The program
makes the assumption of homogeneous, isotropic horizontal layers

above a semi~infinite half space.

42

-
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Electrical Resistivity Survey

After initially submitting all soundings to this program, it -
was decided that due to a changeover in computer systems, and man-
power, time, and cost limitations, only a few representative resis-
tivity soundings should be treated in more detail. Only one (line
15, figure 5) is discussed in this report. Data on formation resis-
tivities or geoelectric boundaries from well logs were totally
lacking in this area; The results of this curve-matching are

elaborated on in the discussion of the individual anomalies.

44




——— T T T e ™ e e ™ ™

e e e "

TEMPERATURE GRADIENTS

A total of 16 temperature profiles were obtained from existing
wells and new test holes drilled by the Bureau. Temperature readings
were taken with the Region's Enviro-Lab Model DT-101 digital ther-
mometer. A few wells in the south part of Susanville were known to
yield warm water. Five of these wells were measured early in the
investigation. The other 11 temperature profiles are from test
wells sited and drilled on the basis of information gained from the
electrical resistivity survey. Plates 9 and 10 show the location of
ﬁells and holes used for temperature measurements.

The encouraging results of the electrical resistivity survey
led to the determination that the best use of remaining funds would
be to drill shallow temperature gradient holes. The Susanville,
Litchfield, and Bald Mountain anomalies were chosen. The Wendel
and Amedee anomalies were excluded because most of the lands in the
area have been leased by Gulf 0il Company or owned by VIN and
considerable'geophysical exploration had already been completed.

The remaining funds available would cover about 4 weeks of
drilling. Sixteen holes 150 feet (45 meters) deep were proposed
only for the pufpoée of obtaining temperature profiles. If the
holes were désigned and tested for other purposes, fewer holes
could be drilled. The city of Susanville contacted landowners for
permission to drill on their land. The city has been very cooperative
in all aspects of the Bureau study, and has given the Bureau

invaluable information and assistance.
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Temperature Gradients

All necessary permits were obtained by the city, including
negative environmental declarations from the county. Drilling
commenced in November 1975. Because of cold weather problems,
equipment breakdown, and hard drilling encountered near Susanville,
the original 4-week schedule was extended to 6 weeks and yet only
11 of the planned 16 holes were drilled. Five holes were located
on the Susanville anomaly, five on the Litchfield anomaly, and one
on the Bald Mountain anomaly.

The holes were drilled with the Bureau's Failing 1500 drill rig
using a 4%-inch (ll.5-cm) rock bit and bentonite drilling mud. A
geologic log of each hole, based on the cuttings, was made by Bureau
geologists. (These geologic logs are included in the Supplemental
Technical Data.) No abnormal mud temperatures were noted while
drilling. The holes were cased with sealed 1%-inch (3.2-cm) water-
filled PVC pipes, backfilled with cuttings, and protected with stee}
guardrail and 4x4-inch (10x10-cm) location posts. Approximately
4-6 weeks elapsed between drilling and temperature measurements.
This period was necessary to allow the water in the pipes to come to
an equilibrium temperature with the surrounding formatioms.

Approximately 2 months after the Bureau obtained temperature
profiles the Geological Survey ran additional temperature logs as well
as gamma logs on these holes. Although the results of the gamma logs
are not yet known, the temperature profiles agree markedly well with

the Bureau data.
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RESULTS OF THE INVESTIGATION

Results of the éppraisal studies for Wendel, Amedee, Susanville,
Litchfield, and Bald Mountain anomalies are summarized in this part.
Wendgl

The Wendel anomaly straddles the Litchfield Fault and probably
represents the largest anomaly. Apparent resistivity values are as
low as 13 ohm-feet (3.9 ohm-meters). Most of this area is included in
the Wendel-Amedee KGRA (known geothermal resource area). The most
prominent surface expressions are the Wendel Hot Springs. At the
surface, water temperatures reach 204°F (96°C) (boiling for this
elevation). Associated with this area are a number of wells with

anomalous water temperatures (see plate 4). They are:

Temperature Depth
Well No. °F °C feet meters
143 64 18 115 35
164 75 24 865 266
163 80 27 Artesian
167 88 3L Hot spring
175 62 17 90 27
176 83 28 190 57

Some anomalously high well-water conductivities and high silica
temperatures are also found in this area. A series of tufa mounds,
located about a milé north of Wendel, are trending northeast and
appear to correlate with another major fault, the Skedaddle Fault,
crossing this anomaly. These mounds have been observed to discharge

steam. An expression of these highly resistive series of mounds is
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Results of the Investigation

seen on line 38 (see plate 8 and figure 4). Here the tufa deposits
are at some depth below the surface. A thermal exploration well
drilled near Wendel by Magma Power Company produced 147°F (64°C)
water at 620-foot (1l86-meter) depth. Resistivity line 15, located
approximately 1.6 miles (2.6 kilometers) to the northwest of Wendel
Hot Springs, was .computer curve-matched. A four-layer model gives

an excellent fit to the field data (see figure 5). Layer thicknesses

and resistivities are:

Thickness Resistivity
Layer (feet) (meters) (ohm-feet) (ohm-meters)
1 15 5 20 6
2 235 77 79 24
3 1,300 390 15 5
4 - - 1,550 465

Based on these data, the resistivity basement would be in the
neighborhood of 1,500 feet (450 meters) deep. Anistropy would, of
course, introduce an error into this estimate. Using 1.1 throughout
for a coefficient of anisotropy for this type of lithology would
reduce total sedimentary thickness by about 150 feet (45 meters).
Resistivities of 1,500 ohm-feet (450 ohm-meters) were found in a
resistivity sounding over an outcrop of andesite at the edge of the
basin, The field data showed a least possible conductance of 87
mhos/foot (290 mhos/meter). Curve-matching gives a total conductance
of about 89 mhos/foot (297 mhos/meter).

Unpublished geologic cross sections show a well to the northeast

of the Litchfield Fault where, at about 225-foot (67-meter) depth, a
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questionable break was picked between the Lahontan Lake deposits and
possibly the pre-Lahontan Lake deposits. This raises the possibility
that the 1,300-foot (390-meter) layer of 15 ohm-feet (4.5 ohm-meters)
resistivity could be an indication of a pre-Lahontan clay-rich layer
causing the lower resistivities encountered, rather than an increase

in temperature. 1t is stressed again that resistivity information

is not a direct indicator of geothermal resources.

The depth estimate of 1,500 feet (450 meters) to the resistive
basement indicates that line 15 and, similarly, lines 13 through
18 are located on the upthrown side of the Litchfield Fault. Esti-
mates from gravity data put the central portion of the basin at a
depth of about 5,000 feet (1,500 meters). This is corroborated by
drilling information from two deep wells. The shallow surface
reservoirs could be an expression of leakage along the faults from a
larger and more attractive reservoir at greater depth.
Amedee

The Amedee anomaly is partly located in the Wendel-Amedee KGRA.
It has the lowest apparent resistivity (1.7 ohm~-feet oh line 24)
found anywheretin the basin. The most striking surface expression
is found at the Amédee’Hot-Springé, haVing temperétures of 195° to
204°F (91° to 96°C).'~Silidé temperature eétimaﬁes show 246° and
279°F (119° and 137°C), respeééivély.: This is coupled with conduc-
tivities of more tﬁan twice.thé.average for the area. At Amedee

two major faults, the Litchfield and the Amedee Faults, come together.
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Computer curve-matching puts the resistive basement at about 500 feet
(150 meters) on line 24. A well drilled by Magma Power Co. near
Amedee to 1,100-fopt (330-meter) depth (finding water temperatures

of 225°F (107°C)) shows a drop in basement closer to the fault. A
deep well was drilled on the downthrown side of the Amedee Fault to

a depth of 5,053 feet (1,516 meters), pointing to some sizable

throw along this fault. Curve-matching also indicates a relatively
shallow depth to the reservoir to the southeast of Amedee. The low
apparent resistivities encountered leave little doubt that they are
indicative of a thermal reservoir.

Susanville

Area ggology. The Susanville anomaly lies in a graben between
the major northwest-southeast trending Honey Lake Fault zone and the
Antelope Mountain Fault., The valley £ill consists of Pliocene to
Recent interbedded volcanics and sediments. The basement complex is
composed of Mesozoic granitic rocks.

Geothermal occurrences are cbntrolled by the focus of faults in
this area. The Honey Lake Fault zone passes through the anomaly.
The zone consists of a number of steep northeast-dipping parallel
normal faults forming a series of narrow stepped~down blocks. The
Honey Lake Fault zone, with a displacement of at least 8,000 feet
(2,400 meters), marks the eastern boundary of the Sierra Nevada.

The Antelope Mountain Fault northeast of Susanville has a

displacement of some 2,000 to 4,000 feet (600 to 1,200 meters).
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This fault extends under the valley floor and separates a western
subbasin from the rest of the Honey Lake Basin.

Several north-northeast trending cross faults probably intersect
the Honey Lake Fault zone near the anomalous area. For the most part,
faults are concealed by Recent alluvium and basin deposits on the
valley floor. Thermal waters moving up these fault conduits do not
quite reach the land surface, but are often encountered at very
shallow depths in wells and excavations.

The many faults in the Honey Lake Basin have created a subbasin
centered in the Johnstonville area (see plate 1ll, Bouguer Gravity).
This subbasin has a valley fill of over 2,000 feet (600 meters).

The thickness is undoubtedly much less near Susanville. Well logs
indicate granitic basement rocks at a depth of some 450 feet (135
meters) just north of Susanville. The depth to basement is unknown
in the thermal anomalous area. Granite outcrops are also found
locally in the mountains about 4 miles (6.4 kilometers) northeast of
Susanville. These outcrops are on the upthrown side of the Antelope
Mountain Fault some 1,000 to 1,500 feet (300 to 450 meters) above the
valley floor.

Major geologic features in the subbasin are the Pleistocene
basalt flows. A prominent surface feature is the basalt flow
extending southerly into the valley tovthe edge of Susanville., At
least two major flows seﬁarated by several hundred feet (100+ meters)

of Lake Lahontan and older lacustrine deposits are identified in
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well logs. These lava flows probably issued from the Antelope =
Mountain Fault area. The Pleistocene basalt flows are flat-lying

or gently dipping into the valley, interfingering with the valley
sediments, and pinching out toward the valley axis.

Resistivity. The resiétivity anomaly is centered on the south
part of Susanville. The lowest apparent resistivity encountered was
27 ohm-feet (8.1 ohm-meters) on line 56. Resistivity work in the
city itself was impossible. The results of the survey outside the
city, however, are useful as a guide in determining what values to
expect in this type of low temperature reservoir. Temperatures of
wells that are utilized commercially in the area range from about
90° to 150°F (32° to 66°C).

Existing wells. There are at least six wells near the

southern city limits of Susanville that have warm water. Other wells
reported warm were abandoned or plugged, or their locations are
unknown. Five of these wells were measured for temperature profiles
(see figure 6).
The Roosevelt municipal swimming pool, an indoor junior-size
olympic pool built in 1933, utilizes geothermal hot water from a
well pump located in the basement. The well water, approximately s
100°F (38°C) is mixed about 3 to 1 with cold municipal water to fill
and keep the pooL warm. In addition, hot water is circulated through
a large radiator fo heat the building in cool weather. The pool is

not used during the winter when temperatures may drop to -20°F (-29°C).
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Results of the Investigation

The pump was pulled from the well in February 1975 for the first
time to make repairs. No noticeable corrosion or scaling problems
have been experienced. When the well was open, temperature profile
measurements were made. Measurements were made to 500 feet (150
meters), the maximum depth of the Bureau's equipment. Total depth
of the well is unknown.

A well (D. No. lj just south of the city limits which was
previously abandoned has been rehabilitated, pump tested, and is being
used to furnish heat and water to greenhouses. This well was drilled
in 1926-1927 to a depth of 632 feet (190 meters). Temperature
profile measurements were made in February 1975. A temperature
reversal is evident at about 100 feet (30 meters), when a maximum
of about 153°F (67°C) was reached. The well has been pump tested
for several days, with a drawdown of about 12 feet (4 meters) and a
constant temperature of 140°F (60°C).

The third well, over 500 feet (150 meters) deep and on a small
hill, was the N. No. 1 well. This well had a temperature reversal
at about 300 feet (90 meters) when it reached nearly 158°F (70°C).
The water level, when measured on February 21, 1975, was at 51 feet
(15 meters). This well was reportedly pump tested for 2 hours with
a conétant discharge temperature of about 145°F (63°C).

The Lassen Lumber and Box Well No. 2 was the fourth warm well
over 500 feet (150 meters) deep available for temperature measurements.

This well, now abandoned, shows two abrupt gradient changes, at about
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100 and 130 feet. The gradient of this well, and most of the other
wells and temperature gradient holes measured by the Bureau of
Reclamation, was confirmed by the independent temperature
measurements by the U.S. Geological Survey.

The fifth accessible warm well monitored was the Wirth well
No. 1. This well, reportedly about 140 feet (42 meters) deep, is
used for cleaning eqﬁipment. The pump was '"jacked up" to make room
for the temperature probe. Maximum depth reached was 74 feet (22
meters) when the probe probably hung up on pump bowls. The tempera-
ture was about 125°F (52°C). It was not known how long the pump was
idle and the water may not have reached equilibrium temperature with
the surrounding formations. When measured on September 10, 1975,
the water level was at 10 feet (3 meters). The well yielded 121°F
(49°C) water for about 5-10 minutes before going dry.

A few other warm-water wells in the area are unaccessible for
temperature probes. The LDS Church has been using goethermal water
from a well 575 feet (172 meters) deep since 1962. Water of 128°F
(53°C) is pumped through radiators to heat the church, and wasted to
a county drainage ditch. The Lahontan Regional Water Quality Control
Board is asking the church to use other means to control or waste
the effluent. The existing (second) submersible pump has been in
the well for 3 years. Although a 10-hp motor is used to drive the
pump, the main valve is only opened slightly to obtain all the heat

necessary.
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Another well, located just north of the County Corporation Yard,
is reportedly about 600 feet (180 meters) deep with 103°F (39°C)
water. However, this well collapsed with loss of all pump equipment
soon after its completion in about 1973. The well was to be used for
heating a new large house, but it is presently p}ugged and abandoned.

A domestic well drilled during November 1975 just south of
Lassen Lumber and Box No. 2 encountered 80°F (27°C) water at about
65 feet (20 meters). This well was completed satisfactorily by
casing off the upper hotter water. A few other shallow wells in
the vicinity also reportedly hit warm water at shallow depths.

In addition to these wells, hot ground and water was encountered
within backhoe excavation depth on land just east of well D. No. 1.

Test holes. Five test holes were completed on the Susanville
anomaly. Interbedded lava flows with sediments in the immediate
Susanville vicinity caused very rough and slow drilling. Initially,
before corrective methods were devised, below-freezing temperatures
caused mud lines and pumps to freeze overnight. Later, time was still
lost at the end of each day dr;ining lines and dismantling pumps, then
reassembling them again each morning. Equipment problems also caused
considerable downtime.

TG-19 was completed at 138 feet (41 meters) because excessive
time would be required to replace a worn bit and drill the remaining

12 feet (4 meters) to the target depth. TG-2 could not be advanced
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past 50 feet (15 meters) due to very rough and slow drilling, caving,
and high mud loss. The hole was completed to about 46 feet (14 meters).

Similar conditions were encountered at TG-l. However, this hole
was reamed to 8% inches (21.6 cm) and 44 feet (13 meters) of 5-inch
(12,7-cm) surface casing (unavailable at TG-2) was installed before
the hole could be completed as designed. The remaining two holes in
the Susanville anomaly were drilled and completed without difficulty.

All test holes in the Susanville anomaly except TG-17 encountered
interbedded sediments and volcanics. In contrast, TG-~17, the southern-
most hole, penetrated mostly granitic sediments derived from the
nearby Sierra Nevada. Although the hole was grouped with the
Susanville anomaly, previous resistivity data indicate that it lies
outside the thermal area. TG-17 was drilled primarily to determine
the extent of the Susanville anomaly. A lacustrine deposit of blue-
black clay and silt 35 feet (1l meters) thick was encountered at
TG-18, but was absent in all other holes.

The immediate‘Susanville area appears to be complexly faulted.
This, along with an active geologic history, including several
periods of volcanism, makes more than a general correlation between
geologic logs of test holes and other wells very difficult.

The temperature gradients in the Susanville anomaly holes
(excluding TG-2 and TG-17) ranged from 6.7° to 11.5°F per 100 feet

(122° to 210°C/km). (See figure 7.) TG-2 was not deep enough to
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establish a meahingful thermal gradient but did show a rapid thermal
rise. TG-2 is located near the center of the Susanville resistivity
anomaly and the warmest portion of the known thermal area.

The gradient in TG-17 was 2.4°F per 100 feet (44°C/km).
Geologically, its location in grénitic-derived sediments puts the
holé south of the Susanville thermal area.

Litchfield |

The Litchfield anomaly lies along the buried Litchfield Fault.
There are no surface expressions of rising thermal waters; however,
well data indicate thermal waters may be encountered at depth.

The Litchfield Fault extends roughly east-west along the
northern edge of the Honey Lake Valley between the Antelope Mountain
and Amedee Faults. The Litchfield Fault was detected in 1960 from
a gravity survey which indicated a break in the bedrock surface.
There is no topographic expression of the fault, or possibly a fault
zone. The displacement of the fault is unknown but sizable, probably
in the 2,000- to S,OOO-foot (600- to 1,500~meter) range. No wells
logged have reached;basemgnt rocks in the anomalous area.

The valley fill consists mostly of Lake Lahontan and older
lacustrine deposits with possible interbédded Pliocene basalt. The
deepest nearby well log indicated sediments to its total depth of
nearly 600 feet.(180 mete:s). The anomalous area lies along the

edge of the major Honey Lake Subbasin, which has a maximum £ill of
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approximately 5,000 feet (1,500 meters). Because the Litchfield
anomaly lies near the extreme northern edge of the basin, the valley
fill is probably much less than 5,000 feet (1,500 meters) maximum.
This area has a value of 29 ohm-feet (8.8 ohm-meters) as its
lowest value for apparent resistivity. Anomalous temperatures for

three deep wells.along the periphery are:

Computed silica

Water (conductive quartz)
Well No. temperature Depth temperature
(degrees) (feet) (meters) (degrees)
E ¢ E c
119 66 19 600 180 226 108
124 67 19 702 211 208 98
125 65 18 314 94 237 114

The relatively low resistivities encountered, similarity of

lithology, and location associated with a major fault make this

area deserving of additional exploration.

The five test holes drilled on the Litchfield anomaly were
completed rapidly without any major equipment problems or difficult
drilling. The materials encountered were predominantly clays, silts,
and sand; however, TG-7 and TG-20 both encountered interbedded
volcanic material terminating at a depth of 108 feet (33 meters).

All of the holes in the Litchfield anomaly except TG-4 had
thermal gradients in the order of 2.3° to 3.8°F per 100 feet (42° to
69°C/km). TG-4 was a notable exception with a gradient of 17.6°F

per 100 feet (321°C/km). (See figure 8.)
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Results of the Investigation

Bald Mountain -

The Bald Mountain anomaly is the nearest anomalous area to the
deepest portion of Honey Lake Basin. There are no surface or
positive subsurface indications of thermal water in the Bald
Mountain anomaly.

No presently known major faults or structures control this
anomaly; however, there is a possibility that a buried east-west
fault extends across the valley from Wendel to Bald Mountaiﬁ. This
may be a westward extension of the buried fault referred to as the
Skedaddle Fault in Wendel Canyon.

Logs of existing wells indicate at least 600 feet (180 meters)
of predominantly sandy and clayey lacustrine sediments in the area.
The total thickness of valley fill probably is more in the order of

several thousand feet (1,000+ meters).

This anomaly encompasses a rather poorly defined area starting
on top of a large fault to the south of Bald Mountain and trending
northeast to a cluster of warm temperature wells., The lowest apparent
resistivity encountered was 39 ohm-feet (11.8 ohm-meters). Centered
on this resistivity low is a generally warmer zome at the surface
shown on the thermal infrared interpretation. Associated with this

area are the following wells:

®
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Computed silica

) Water (conductive quartz)
Well No. temperature Depth temperature
(degrees) (feet) (meters) (degrees)
. F ¢ F c
64 63 17 16 5 235 113
65 57 14 18 5 244 118
67 52 11 260 78 232 111
160 58 14 55 17 230 110
171 60 16 75 23 216 102
172 56 13 450 135 216 102

The Bald Mountain anomaly is a likely candidate for deeper
resistivity sounding, since at the maximum spacing obtained, the
curves are seen to be on a down trend. Hence, much lower resis-
tivities at depth are possible. Coupled with a large interpreted
thickness from the gravity map, this is a target area for deeper
exploration.

The test hole TG-10 was drilled to a depth of 240 feet (72
meters) (the extent of available drill pipe). The hole was drilled

fast (approximately 3 hours) and smoothly, predominantly in sandy
material with lesser amounts of clay.

The Bald Mountain anomaly test hole TG-10 had a gradient of

2.1°F per 100 feet (38°C/km). (See figure 9.)
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CONCLUSIONS

The appraisal investigation was made with limited funds to
determine whether the Susanville-Honey Lake area has a significant’
geothermal resource, and possibly, the size or extent of that
resource. The studies never intended to determine heat flow or
the energy potential of the resource. With this in mind, the
following generalizations can be made:

1, Heat in the form of hot water is available at or near the
ground surface in two general locations. This is evidenced by warm
water (100-150°F or 38-66°C) from existing wells in the Susanville
area, and boiling water from the Wendel and Amedee Hot Springs just
northeast of Honey Lake.

2. Data from the electrical resistivity survey shows five
distinct low resistivity anomalies. Two of these anomalies
(Wendel and Amedee) are partly in the Wendel-Amedee Known Geothermal
Resource Area. All five anomalies appear to be fault controlled.

3. The Wendel and Amedee anomalies definitely show the greatest
prospect for hot water at shallow depths. However, because of the
private interest shown in these areas through geothermal leases and
land purchase, no further analysis by the Bureau is contemplated.

4. Water temperatures, electrical conductivity, and computéd
reservoir temperatures from existing ground-water chemical analyses,

as well as the analysis of thermal infrared imagery and shallow

65




Conclusions

temperature gradients, generally correlate with the resistivity
anomalies,

5. The in-house equipment available for the electrical
resistivity survey was limited in depth penetration capabilities
to about 2,000 feet (600 meters); thus the resistivity anomalies
can show only shallow thermal reservoirs.

6. The distribution, size, aﬁd quality of these shallow
reservoirs, and the fact that much greater sedimentary thicknesses
can be found in the central parts of the basin, suggest the possi-
bility that the shallow resistivity anomalies could be expressions %
of leakage from a larger reservoir at depth.

7. The Susanville and Litchfield resistivity anomalies show M
definite correlation with temperature gradients. The extent of
these areas should be further defined with additional shallow
temperature gradient test holes and geophysical studies. Tempera-
ture gradients in the Susanville anomaly are greatly influenced by
mixing with cold water.

8. The Bald Mountain resistivity anomaly is very nebulous
because of insufficient data. More geophysical exploration, including
resistivity and temperature gradients, is needed, particularly with -
greater depth penetration.

9. Because of the area's semiarid location, the amount of

ground -water recharge to any thermal reservoir must be further

considered in development of the resource.
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10. Without additional geophysical, geological, and geochemical
studies, it is practically impossible to evaluate the geothermal

- resource more definitively.

L}

67




, PLATE 1

oA
§HAFFER«'&~£J¢

T30N

\\\\)\\.

”\\\\\\\\

:‘«AREA SHOWN
. . s i
X \ Susanville WS "‘\\\“\\ I e ;/fm\\\‘ K ! SACRANENTO
! SAN ~
~ sP _ ‘ y | FRANCISCO
Ly NG gt
5. Johnstonville 4,1, RIVER anhhe <
s HONgy s, z <
e - ///3 r [Q
2 I g M’””’m { Loke Leavitt | Standish \ WENDEL HOT SPRINGS 2 ° ::
ukg— \{:h ‘;/% S (g : - ‘.ll_- w ®LOS ANGELES
4? K ‘||/‘ ,.n‘ g, TR ,/4/ N \ - EZ
H S TR % i
jwsﬁé o R //\W///,\\\Ulmxll L <
Kos, “:”'nmf " ,, ‘ 0 e
o "/V//m'z,nmm., AN ’ X B SN B
iy F = D -
Tt S > ”’%W& i - (: 2\ ‘ § R : 11,,7\\ s
' _f/_] 1wu{nlurt s Y : St
. e
ToTTT T ‘ L"_} ij I ", "fm\\\ vty
. i fivingy, .
: L, i :E MAMGEMEIY e /"///-n\‘ it KO 2, N
| o, —
! B AREA AMEDEE HOT SPRINGS, /"v/,\\\“"”‘sz SIERRA |
Hartson Lake -
N L OROMANCE
HONEY LAKE B v |
\\ SIERRA
| | |
| | N
b | ~_!
S ORDNAKCE |
| Q % T27IN
DEPOT [ 0 a 8
% €y i ) i ]
e S | NAW MILES
b N |
UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

SUSANVILLE GEOTHERMAL INVESTIGATIONS
LOCATION MAP

MARCH 1976 1315—208-—-1




PLATE 2

GEOLOGIC UNITS

SEDIMENTARY ROCKS

CENOZOIC

OUATELRllRV

€A

Teg

Tgs

Tt

SAND DUNES

VOLCANIC ROCKS

— Toon -
RECENT BASALT
: R
SAND AND SILT DEPOSITS : EE] PLEISTOCENE AND RECENT
£ CINDER CONES
RECENT LAKE DEPOSITS § i PLEISTOCENE BASALT
k1
LANDSLIDES s PLEISTOCENE PYROCLASTIC ROCKS
|
MU TQvb | PLIO-PLEISTOCENE BASALT
B
MUCK AND PEAT DEPOSITS = { PLIO=PLEISTOCENE PYROCLASTIC ROCKS
]
BASIN DEPOSITS ! WARM SPRINGS TUFF
INTERMEDIATE ALLUVIAL DEPOSITS PLIOCENE BASALT
ALLUVIAL FANS 51 PLIOCENE ANDESITE
TERmACES PLIOCENE PYROCLASTIC ROCKS
NEAR-SHORE DEPOSITS g E MIOCENE VOLCANIC ROCKS, UNDIVIOED
~N
PLEISTOCENE AND LAHONTAN  § [E MICCENE BASALT
LAKE DEPOSITS z
o
GLACIAL OUTWASH EE WIOCENE ANDEMITE
1 - MIOCENE PYROCLASTIC ROCKS
MORAINES
-
Tatc | TURNER CREEK FORMATION
ALTURAS FORMATION H URNER Cee
E
IEBER FORMATION & [Come ] ceoarvire semes
SLIOCENE LAKE DEPOSITS RHYOLITE
ALLEY MOUNTAIN VOLCANIC SERI
FORTY -NINE CAMP FORMATION 810 VALLEY MOUN Senes
JERRAN VOLCANIC ROCKS, UNDIVIDED
DEEP CREEK CONGLOMERATE } [Tav] oo .
1
AURIFEROUS GRAVELS i SIEARAN BASALT
SIERRAN ANDESITE
GOLD RUN SANDSTONE
SIERRAN PYROCLASTIC ROCKS

FORT SAGE SANDSTONE
BASEMENT COMPLEX

Y G

e

»L

o o1

e
m-i AN )
oy )

g
X e

P S




PLATE 3-

Mo, o
Lty

/ EXPLANATION

| \
/ \ / ) Anomalous areas
\\ / Coo

L / /( e 7 Worm

8 et
i [“ f(/‘ : xlg\ﬂ

K

Tyt

\“'1’//,';,
b

S n
ey

iy e
&=

s
L xﬁyﬁ"\“”%“‘“ i\

A

~

§ (2
E BN % ',:j ”, \ \
$, B4 SV s 7 e
S Ve = ke, . /‘ .
o™ & Ry N b
ol o & /\\ St Wormer
¢ E AN = /
g T e ; N B .
anigsA O Q) Z K S » }
\\t‘"“ - e y Z'/;’fu; = /’_{ \\S s am—
= “nwms*‘“ ‘o z by JRESEN it Wormest
STt & TS - . = 3 = 5 : lormes
- "’ ‘*- S e \ D ' ;n' N :}‘-!?“!»uj
O Ve i ; A LA A
PN ot s i = M
TN, %, ¥ A it AN, T Y 434
H N A N .
£ 4,% : —— e Lineaoment
B DO XA w0 F
3, 0(’«,‘00. FJa; 2 \\‘W
“, 520560 %6520 © NG . BRI " )
L‘ﬁﬁ"w '4:.:.:.:._’0’.’." Y L oy N g =, = S EEN 7 8 N {+e«-«<[nferred)
% Pt X /}}}g!’g«m IS D \ . ’-’/,&- s, /\*‘ My, WS
M ¥ ' : = W S
%, L “ %X / 2 ] . S
% it hf:el d \ . | /3 R 3
Al i ‘\ C 7% % N i n s Figes :
F = / ,,\\/ Z
S =G, ME e %,
o m‘u-hzmm\ o e, g
% N, 7 % 7\ S\ y = N
e '. —Y ’f",‘:‘l"‘ PRI\ ' =03 0o
rese 2 N = =YY
S /I/ ( " ;tm’i':’:‘o,(,, ',:::’::5:::::920?0. \ k 2
. » a2 % S e
> Srandish VS R A <
%, QALY ¢ N = 3
~ S K . L2 £ QRS i s %, o, <.
& 5, Ty 3,,:, ik cattis / Ly et = ny, % Ve Barastneos \“\\;@ >
=7 e T 0 ® o S W Wiy, WILDLIFE N E A I Ty Lt
o R ‘5‘,{3 ;{g‘\ gy ,\&{1\’3"‘&? ,‘mt”//e’zf 1i/, ga N r}\ %l ~ ~ al 5 & 2, Ak v N g™ Lu
e I e T YL sy ey, ; NS ES £ 1 MANAGEMENT X A Y g CRCN
e \“}\;&li@m G i . % sy et Sy . N Y \\\\“/f/, ) i ﬁEa e Yny, N /;,,_,;,§$?m\ N Z
N S S %, ARV N RS = & )
& /A M E &
: Is) Sl Nl S N 2 g e LRI &
s, = SR A 3 X ‘ o
/:‘1 3 2 KA : R = NSRHLR % i1, ’
41 = G4 = P T N 3 2 T
&gl T2 ST B \I‘((/ o
BN 3 N /// Y, = Lo S Znm > Z
PG 2 N " s, 23 e %
S Sz \\\x‘:\i‘ Sl AT i s R @ . N . )
SN & Sk 3 w fE o " )
o & X z = & / gy g
aw&u;\\ § g S e f/:,/” fi"\\\ ,% A QRS N E
i 1 / e £
gty o ’
3

B o ;
) _ \ ';}‘/I},;,; ‘u\‘ﬂﬁ B \\\S‘“‘V \\‘ Me ? (,( X X .0?
”‘___‘1 iy, st L s \\\ FRPAN . 5 ",’ P o009
o S / . TR LA
' i % y S d
_ LASSEN \ ", : G 55
N 7 . o %
=% ’ 90%0%%%2% <
:?,,Ji/,ff’l’}”/// i”“;;,f/// ASedodetesetetondlet

- o

1 MILES

//ivr,;t‘\“”y I
~

Hartson Lake

\ | COuUNTY

i,

| ORDNANCE

—— ¢ 4( \\\ NS
\\ _1 iy W ‘ HONEY LAKE Q l&y Ry . DEPOT e UNITED STATES
\ ' : //j e N A, DEPARTMENT OF THE INTERIOR
i : 70 " BUREAU OF RECLAMATION

Hor,,
&
oW

SUSANVILLE GEOTHERMAL INVESTIGATIONS

LINEAMENTS AND
' THERMAL INFRARED ANOMALIES

e 1315—208—8

\  S—

i
Loy

gl

e
&
&

MAY 1976 o "”/,“V,.{,%

R T
A




PLATE 4

- e

EXPLANATION

\ EZ,;,// 063° Well or spring water temperature in OF
M NOTE: Average water temperature in wells
,,i less then 100 feet is 57°
e
: w
"*%ﬁ,. >
D T
i,
i \ wshﬁi//i
mfc hhe‘d
| Semgs N
Z w;’ \‘{‘3 |
i
. B Q
ake Leavitt &88 P
S - wrwuff-—- -~ >
‘ \ | MAMAGEMENT
e S z
| al LU =
A &xsjf' 1 y s \%”"%
NS H
%
i
i
“’”?,,1 %
3 w;‘;% 3 [’fggi
, ol ST 0 . 2 4
i "ff, MILES
é Wi, /«mi 3’1:;”“/“\,,0“/ ba/ i
LETEN
HOT SPRiNGS ! N

H

HONEY LAKE

UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

SUSANVILLE GEOTHERMAL INVESTIGATIONS
WELL WATER TEMPERATURES

MAY 1976
1315—208—19




- W W W w W W Wy -
— -

-

PLATE 5

/m\i 1798

g i, /,’4
7 o

5 atieg,
Gitin,, el R
o

e
i ‘.i{///
% O
B T %
\‘mw«m;;;; Xl
o //i;mm,,,/ G
o,

A, = ;m!;:,
.xm\’f///, 2,
2

Tl

EXPLANATION
* 170,380,669
l————— Electrical Conductivity in micromhos/em
N ‘:i w ( Depth in teet
; A g i L well No.
g K - . T, » \»‘
"’//g,:, T & ""f;,:.‘,‘,‘: i P& < “!/a\\\ " / &
N 1\\";/ \\«; E: ,/ = N “m\\ @ 2y : _; : .
ﬁpﬂ“ﬁt@?@pea,.i/a . ﬁ\\\\‘ ’?,%’ /2;2 S ;“;f 0\ “"“\\\\“ﬂl““\“ﬁ%‘ g“’ .y % )
Z 5 3 ¥ JUN Ty % ey, wf‘\\ \\;1//,”
d \9///‘ W Wy N = % = =y T \\
’/’f“ g N Sy \ B | :ﬂ ‘\\\\"11//; Z v =
Pl N R & /;\\
. W o ol
. \u,“us\ m, é:&{u{g;‘\\\\\ \f | ,%\:\\\\ n 3, \mj o
S o 5
N e 2 . 2
x\\i\ ?Wﬁ‘r:‘.;gf},‘m i, 3 Z .
" g“\\\ . \:}'\\m\: \\\""}1/0\:}; g - ::Cu,fg““ % " §
" w o R Ao 20T
o S T2 e H &) mm\
X ! g 9 W oV el E ol
it Nk ® 3, 2SN 5 e s, i 9
y S §an'”e ;{‘ /f////4 LS {;/ v g 5, < i_?,oﬂ!, ’ i,
" § % 20 F oy i 4/@ Wi (}\ %
kil N, N % 7 ~.ml/,é %
{E et 1%4100 505 8 . N @ \x::“;’ £ ;)}"‘("(t% ’4/%\\“‘% ‘p\\ﬂé
& - AW 24, 474,472 18,144,5 3 % £ R : Sty
o E ! [ “, ED =3 “N\ S ] * @ Ty
a2, Doy hSMS00, 679 - G % e 3% & e L S ‘ ) S F e .
2 §785.17b \ 0 3|7 479 wa 375,259 121,660,238 * oo o!16:60,59 1387140 S0t »;\‘ 3 \‘\\\\\\\ = V%‘/‘ S ”/a:“:'?‘\t ; - W 2, Gaiten,
S RO 9 Pt BV o oo v o s L’» “ s T =, I)‘?//’:* “z Y = ‘”\' Oy & K
= s S (8,0 TS D™ . g k@“" 5 ’Z J N
Sy i, 93,705 ; P TR W 7% St 3 Ogjom, <
oS gy .98'_'225 & . 125,314,340 RIVER ™ Ot ’L chfle!d X AU ""m " o ,,,4;\:&,/%{)(5 . -
I E 10 124,702,413 " 39 404007 % o83, (Ar1),283 RLEE Sy T"‘i,e?'rﬁ“w z «
W 2 - . % ’//i/g\‘ ; 5
Yy N 3 o ' N ST e o 0164,865,3240 2, ‘,1\ W I "M O
e 3 2"»2 Y S Ay S Connt b 2l() N2, 1751 ° £l 46.127 ' S D a 3 W x <
J S K7 W{E ¢ 5 M)/\é o ),160, 210 129,534,280 6 ” 167, Spring,368 \,..m,;n//n\“///m Ty o >
g % 24 % o 0Z.Z8Art) 1 (01,675,2 ‘ el o154,322%¢ o 7 2 o
o G 8 5 0 ol ! 4 3 Hé? SPRINGS oy gr W § e
o S ; 0\;«200 g%}&?S .I05,|20 15 . g)' ?‘ 153,400, 755 P /‘ ?N'D i_ s, e ’u‘“/ v 5F g o S .
S 3‘6 ‘\‘":rf\ el \(\ kG v’"’(\ \\l]// “2 97 500 LO‘(G LGCV!H Sfon !S | 2 50'340 . . \%\ oy ﬁ\““ W, . \:"\ =(",‘:ﬁ\\ ::; UJ
s g T E N 109,55, 160 Girey,, o150,120,340 52,p50, . “\. 195.75.65 WILD s w\; o 75, : Qi & U
Sany e \\,;‘\‘j,,w«-, sl ,,z ®1i0,110"150 b 'z 1317402300 W il : o ;}( 80%00 5 ﬂ N Wandel " = :
£ wde o w Tl < ey 3E Sy g ‘ \Q\\/é W /’}v{c " . \ A aadt \)\ ")hi AG{ME’“ & el N 0 g
& ks it i« <, s %, "2 0 S ) S Sy 0158,256,1040 - RSNy \\ g 176,190, \\\,,?\\ iy & 0
A S, TR N ¥ N Rt //”f NS'S Iép Fom. Z, SRS N2 [ 7 3 E 172 45 572 R v
e B \«5"? Wiy 5, 1S g ap, Bty . U oy S g % AN ;d % %, ¢159,-,56 . - 1499, .
3 ‘\w il /o/,/ &% N S 1,, 28 5% AR IR o Bl Wi NEAINS 0 .’?i"'ﬁé Z 157,923,600 Ry 3,647669 - .
T, 7% 2 W W, a3 300/@@ oA T LA G, WA, & S S .|52130 00 e T 380,659 1 5
Z & o 7 RS W ‘d& g///”,// il Qf:/ QD 334 '64’(@%& - ::: § $ o M't’n %w s §§ e+« £ w ES 2y
/q TS gy, 2% g VS 2 ¢160,55,250 Y ' sk e
A"O A RS N 'y Yty T -; : PN & . 91, 40¢ : | : 9 3
St S SN s A e R ‘ Lo 4,182,605
& & 4 ﬁ 3¢ . S, M &
S Jeeriligy  e1331Res ¢ RUHIN wu_auf{ : 63\239"5” 1634 L 0 . 2 4
7,,’ 1! \& "‘_;:A{‘ ’m\ 60 /‘I/i”l \‘\ f,,/l ’»,”;rly:
St 4480170 42,80,340 [TTV L o } 062525, 21 " Mo & Ui 3 MILES
R B e ~ 4 L
gy, S o W0kt PRERTIETT R G 064,186,758 0.@ L '——j “L A7, W\gpring, 1280 111, /f:“’\\“"”/im x\\“ o RONESTAN i
- - “k,, o, % 0,66 67,2 “ Iy, gy, e i
! LASSEN o s 2es CHpTE0e SRS oSN yuNAGEMENT ; s, J SERRA |
- -~ - - bl . _;f«‘": /4 /l!
_ B "/m//// g ii/f({/@ Mo Jonesﬁfe 50,-,274 ' 1 AREA i
£l “ ”lu/ ///f,’,'{, 66,65,292 .
A “ty, ar 10 99,09,
L_ /,///,,,UWWI,% ‘\,, 48.80215 saok 150 oAbl ake UNITED STATES
B T iy, EINNGe 054,9], . HONEY LAKE DEPARTMENT OF THE INTERIOR
| COUNTY N g, o, . %,//%WIQ\W . 50.72,|04,200 BUREAU OF RECLAMATION
e, 3 b, S S ©53,60%1
o, * Sy VESTIGATIONS
? Dy, s, v T2 \ese20i2 SUSANVILLE GEOTHERMAL IN
e S =
<4y, § Py Z
l Y T, ez Sup 57,~,140 ELECTRICAL CONDUCTIVITY
' 77 F ¥ o
| 5 %, n\x\%//:_: e, 58,‘.'
| OF WELL WATER
- ;;\ @ "‘.’. o 0' N2 .
' | Sy N 1315—208—4
[S——— «-«1 Fe :_.—f = !
& F l
G
' ﬁ(,’} ., “rndl 7
) L AT & . .
MAY 1976




PLATE 6

L s,

}\V iy,

R
.,

%,

%,

“opig,

>
Er

1«5}\,( il“*mmh t
' 3 2
o 2. f TP %
«x‘,& DAty e g 7{\\ g AN e % 3 Sl “\\x\rlu,,/ ;
,}: 2, 4 \s\\\\\ & ¥ e //’:‘” “\\‘\"’/ 7w \
; . W { et 29 5 7
S 5 ﬁ 1 7,/ ! ?1\ V 5:"%’ “?::?V?";: ¢ ;\‘\ {/ 2
Z TE A e G = ,@!?f/
““X,m,;, "u:x\ S N s éi, e b?,; i
F g “h !i \\“;m;{o""w, Qe B )!!."j,{/; § !{/{
rsgsEl ” F iy e E T %% = \SNE
7z S, s \\ % § 1 ey \:\ AN
iy i PPN - S N
' ms\ S %', ~ * ORI NS N
IR 7 Susanville N 3 ~
\“’*m,‘{u\\“ / £ 1455798 I'400:97 .I83,60'(Art), R2 ,;y - :‘(f!,// \g;\\‘\\ 1\3\\ § "’//2 ) Lt % §
2 24,474,107 5, %, M, , KU NS RN
g 00" " '\2% ’é"f\“ B T, S £ 7
g, g w 00,88 7 ' o 118,144,114 m‘* ‘\“‘“ e \\:; I (LE7PPNIN: \-:;‘: =, 7 &, ’
Tasifor) o2 WQRRATIO! ATiTS:89 121,860}107 o0 ~ : ) ZE R
520 ,,{[/{/ 03.2 Tyl e - 7 660100~ !16,60,11 § i > Y R
¢ I At 3 T e E‘,‘.\”\
W . b gt o8 5' 58 ' & -= s
: N~ R ®98,-,9 : T s Sy =,
EEIS - i ,380,98 : - »
|, e S NG st e\ RIVER g L chfield Sy, e
Pt S £ 103,83 1PV 200”111 124,702,98 139,40,112 —— 163, (Art), 105 = l"\vlln\\\‘
w&{’«v B B N ' vy o c R L4 ' ' = P, e
T £ 0108,240,69 ’ 102222, 103 o I T0I0T;TUD @ 6,90’ 115 HON'“ 138,103 ,865,1 I \\\\ <
= 108 2(1,(;5‘&::),57“ o038 art),53 ' 129,54,96 Ey - Zyai
e s «105,120,89 oNQ!,675,113 148,108 o o ' Q
St g ’ :Lm . 167,Spring,92
i ' § & o2 L9712 . ®150.86'1§8 - ™ D )
¢ 4 ;ogo'?n%a:lo':os /y’f%,;:;;, 0 130,120,105 Loke Leavitt Smncﬁ'sh 153 .' ’56 EBEN Hh P S
z < g % . 52,350,867 : \7\ WE DE SPRINGS >
£ O 0 131,740'107 §,75,10 wgeoz s
Eondp WS T g " Za e : Tj AR N “-L‘j r|75, ¢ w ? , f M
B *'j/;,; e “ ‘”é i E >, 1 GRS AR
. > W\% \‘\,x«\i@,\“xgﬂ % W‘f 63 > @Q :\\c}&f, .l¥8,256,I07 LéNAGEMH“ ‘\if; W%]Gdg% ‘53 " M\\ N Z
u,ig\ IBBI%@ /;:"22"12; AR .,‘dt’(;]g;h; e!59,-,~ 1 ARE& “ 119V, Fd
: Of Wt\wﬁ '§ ! d 3\ oy X 'L_N 73 64
5 E G Wy il & o, %,( - 174,380,965
44’ t R i ol - R & &mii,.%f// ez //"i}, ?hﬂ ) . é’qk
aahit § ’///,,\x N S TS ey VE EXPLANATION
S Ui, N 160,55, : = i) N )
Sl SR “ - 1,915103 ﬂ)‘« e ok b N ¥y *[Teyee l”
isf:" W® 133,7%,82 S C‘___’ 2‘ : \---m : :&%&_m e \\ S’a e rre in oo
A J ! 182,9 NP, H uartz temperature in
- \“‘;%;\ o ng}liE . [4 681239"01 ' a; h > Well depth in feet
. 44,80'91 ' 1% ; R 1 g
@ \%wg;gi /{‘z§ 95 e .42 ,80,98 [ g B ' | i P 525.103 Z Well number
L LASSEN ©43,50,78 o 64,186,113 ; S VAN b i Sl e
49,35,i01 53,47.67¢ 68,40,1020 ©67,260, : : 77X\ Spring), 13777/, -
g it ;//j// i {f 7 ko o — M //%9. TN ///i’/m,;‘x“"fj "
//U/a!i“ \(‘ . . 7"““65‘/' 50,-,98 1 ; o /’i"‘fl///x"'l,
e R BMN09 #66,65,92 - AMEDEE HOT SPR NGS
o 054,9§.81 HI P ake i/ " ORDNANCE
\ii‘Lf ' 4 L E\m\
i, § z 72,104,78 ( é
ELA 2{\“’{9 .53,60‘,91. 1104, HONEY LAKE ‘(f},\\ (Arth_\'l aipor ; UNITED. STATES
E 56,2092 S U DEPARTMENT OF THE INTERIOR
Z ,(m.)._ BUREAU OF RECLAMATION
£y 83
W sl > ] .
WL e SUSANVILLE GEOTHERMAL INVESTIGATIONS
‘\;\\N//: Z{_‘ 86 7
S F
INFERRED TEMPERATURES
Ey w0 %
. 3 W (Quartz)
Ix't,% 5 ;:tl
T _
MAY 1976 : ey ”’/f,a/,,, E 1315—208—-5
L.. . Lt i *9 < -




PLATE 7

-~

“
} |
i ! |
St S E i |
B N e § SO M.: T 30N
' I N
. R ? :
£ m S
e SRS L S B
' v, ; §Mfk ‘

PN TR
"mx@‘ S gl

® s 26, “\\ e /,/ ,,,,, g5
b, /rm.m"
""z,;\\\‘ e

ey - T =
= 3 & B
F = 3
%: X _j%? l i | S
L Z 2> 2 RS
%, = o S Qi%\

n
{
’ ﬁ){
Sy
SEE
|
% 4
=y
i
“
i

N AN {
ooy,
Saette Ihfﬂb}

”g?{%g}i”&{; \‘ ///A‘,xjg

ttth !d IR S B

EXPLANATION

—a— locotion aond direction
of resistivity soundings

w\"\

L 3 iy S
ﬁ.‘:‘ * m*ilv"'v

| s;r, 3

—————— Location of cross-sections
ot resistivity soundings

(\)

] /"\') 38
T WIDLIFED

0 %
ke Leavitt Stonaish

\ e h
e N w'%ﬂ §\\\E{l% " “ [;///fa«/-

"y,

f
i 1;//7

1::.,

’/L 'mmsw»m“s
"\.,
Trgnet ‘/,RT

i,

g
!
Xj | LASSEN ; ; "’/f’\ o, '%;"m & \\\15\21 : 7 i y
S P 1 | R B S PR W"T-[“i“'“m“—ﬁg” wwwwww EQM:_\..,AJW@ 1“‘““\ 1 L 1 i
E. § L»L I I /,‘,mg‘wf;‘;,y;,m\%/ . e : MILES
: %, 2
R SR , . i : N
i %‘2“};;; 5 Hartson Lake f ] § i '
’Mv(,\u,,f, i Gttt I
; E HONEY LAKE UNITED STATES
L. wm..._w.,,_?:o,;...gs:?; DEPARTMENT OF THE INTERIOR
; Gh ‘BUREAU OF RECLAMATION
. E ' SUSANVILLE GEOTHERMAL INVESTIGATIONS
! | ‘
- g LOCATION
| “tly i
e | | ; RESISTIVITY SOUNDINGS
|
MAY 1976 i L i i 1315—-208—6




—-— G TNy we—- e W W v

- e w e

PLATE 8

. : H H t
: ; X ; 36131 | ;
T T S N Ut At ST N e e
; A

RILE e |
; f i i

;
B

t
H
!
H

e
=
T,

; $
g |

e

X
S
7, 8

i
!/:o

SR PRI vyt S
i
&

.z\\ ’/// “\f/,j,

Wy

b

=

! “

| H

! |

! |

i

et T 30N

| i

! i

| i

N
\Y7 i

P f

{ Zats,

| Lo
/A

L o &

o '/,m.‘:*

Wt
S et /}
§

ek
23

aiby
N 'mmr

A ¥
WA

M»&“‘M/fﬁ- - ‘”

W, o -
| = /\\‘ g
S e e
&2 z
N E3
o e
i) S
22 i
Ve

]\ \ S

| LASSEN
I

N
"/M’n’m o
P,

s, K
mm,, 1»{"::["
’c, ;«ff/’,! I//

f

H

%n Laie
| HONEY LAKE

'y
?’mx‘&, ¥
B

MAY 1976

S
Nt m\\
AT L

14" - w
EONN e ¢

o

?ﬁ.u &

//‘mg\‘\x‘?f//;;“, .
i /i

/‘L ‘7,({1;“”’9;3“?%

0, i”/j L

,'?/

o,

'/m\“'\

N :/’i i
' /;\\\ i

[\\\ o

3 s‘mum\

ORNIA

/;y “#ﬂ\
7 ASLELIE o »:
9Q \\ 5 ORD,“‘"(E ﬁ\\‘“‘l”!“ }1”’//.”/ :t
\f\\ Sy V7 \!\\\ %
I “V\ LN LY
*'“\,\1 ‘ ; /hg\\m\
"‘-"--..._ §
l
2 3 i
o § t
\ |
g i
i

EXPL ANATION

0 501 Center location of Wenner array
resistivity soundlng,survey number,and
apparent resistivity {n ohm-feet.

NEVADA

(o] 2 4
|- 1 i J
MILES

UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

SUSANVILLE GEOTHERMAL INVESTIGATIONS
APPARENT RESISTIVITY CONTOURS

13156—-208—3




PLATE ¢

o)
v W N
4 (T7] 0
O —d S
> O _
< T 10
@ m._..w Y]
S 2, = v
<] RM 7] o
® w= »n O
e >
w22 Z w o
D7 £ Zp= =
- w <
o |+ O <L —
8 Pl E 2
B B w o A v =
(@] P
J o r U c
NNU = Ll
UEA o 0 q
ia 32 a
L1-9°1 o =g O 2
ell- ] > |
7 N m
/ ANA =
e
2 X
‘ w
-
a
uw
= w
-
© O
zzx
Ep -
N n
> W
w
-]
e — \N\
e | 2 oN xomw%
e {mmE:._ uassp ||
BUlWIWIMG }]9A3S00Y  21x 1621
ST A 32y NOT
©
~
o
A
V.
<
2




PLATE 10

<«
d
e [ B I
Sy iy % : §
- ».'2{; 4 'i “ Se‘ E | ; i
iy, \§\\\ ; N S ! ! ;
S ) «#n-\wf“; B - ey T30N
771:%‘-"?: 2 .%"% H ! ! ! i
o325 +3 & 4 X ]
3, sV G | ! : !
’ Mf " : 4§ i s\\{{\'//m!ﬂ(,(t/ ; i i
“ a & ! [ S
2 t
i
}
s o i
s {
et
7
. 7,
Lo VN e
2 n‘\\\ . v
= 2 Ly 3 ST
: Johnst ill Y20 T Dy gy Pt
E onnsionviiie : H
, O | =~ Litchfield
‘ Semm T~ < N
! q
| pd
{
I3
N B x O
i b
A £ Pireny, S
ey | S IO o ¢«
% : ity P, o @
28 2 e (K el 2
ol Al S i N Tt Y
oo REERN £ > y %, ' a0 — UJ
g Y, W \‘\ihﬁ{”b””d‘?’.g : 5 i & o 3% i‘/'/1 o el
e 1’,‘}«‘?\ L B \\:13‘1'%;*;‘;.*“5{,? ) ;&/’”\\‘ w {\\: '7’!////{“\&’ { z
{ . gj;’w;;’,’;:;", E ! §§ N ‘\'\.\
£ SH ; s : :
] 1 iy, gy RN ' '&
, i i 7 =l o it ,/,ﬁ,f/fﬁé E A = 6 é] ; " TG -!o 1{& 36 3“
) e - NI ) AN T N S - T
; H Mﬂ i ”t} s ? 1
»

by
N T

\
1

wiourel |
e

‘\\u.,,

§

s 1 i !
i i | | | |
I G "L MILES
. i ., | ey g,
R L e o, g

i PR S

| COUNTY,

7, .UZ'
Py Gy, | 2 omiu“c{
. i ! ; ‘25/ % Ef{/’ﬂ M
L ey, e HONEY LAKE = oepor UNITED STATES
§ /f“q 4"“”@;”3% "4 : i . " DEPARTMENT OF THE INTERIOR
f ; ! an ? ; BUREAU OF RECLAMATION
\ 31._._§ . R TN | 1 SUSANVILLE GEOTHERMAL INVESTIGATIONS
i i E 5\\‘31;‘!1.«,,“ A 1 N U W Y N A - . : .
o >, , LOCATION OF TEST HOLES
- g ; ‘ Susanville-Honey Lake Valley
! I ! ¢ '
MAY 1976 - z | % 1315—208—11




PLATE 1

4q
]
MILES
UNITED STATES

DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION
SUSANVILLE GEOTHERMAL INVESTIGATIONS

BOUGUER GRAVITY

Sovny e
SEzdetd

- - \
m \\\
. o
r~
—F A
¢
tJ \ -
N M
s M
H
- U3
vm

sone

o i

Va‘n-.. Lo

TIoN

Bougeer  Gravity (milligals)

1315—208—-9

NOTE: Map from J.l. Gimlett - Calif. Dept. Water Resources

MAY 1976

LY
¢




	INTRODUCTION
	Purpose and Scope of Study
	Study Area
	Background
	Acknowledgments
	Futurestudies

	SETTING
	Physical
	Economic

	NATURE OF THE RESOURCE
	Heat Sources
	Heat Flow
	Geothermal Systems
	Characteristics Favorable for Geothermal Reservoirs

	INVESTIGATIONS
	Regional Geology
	Land Accessibility
	Environmental Concerns

	REMOTE SENSING IMAGERY
	Mapping of Linear Features
	Thermal Anomalies

	EMPERCITURE INDICATORS FROM WATER QUALITY ANALYSES
	Water Temperature
	Electrical Conductivity
	Inferred Temperatures

	EUCTRICAL RESISTIVITY SURVEY
	Analysis
	Computer Curve-Matching

	TEMPERATURE GRADIENTS
	RESULTS OF THE INVESTIGATION
	Wendel
	Amedee
	Susanville
	Litchfield
	Bald Mountain

	CONCLUSIONS



