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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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SUSANVILLE GEOTHERMAL ENERGY PROJECT

WORK PLAN

Summary

The city of Susanville, in response to an unemployment rate
exceeding 20 percent and other related community needs, has embarked
on a comprehensiye effort in community and economic development. To
improve the local job market, an effort is underway to enhanoe the
competitive position of the local commerce and industry. This effort
is directe& at the development of local geothermal resources in the
form‘of an energy utility system to furnish low-cost energy to its
job-intensiye industry.

The Susanville Geothermal Energy Project (SGEP) encompasses the
research and development forvthe energy system. A team composed of
key citizens, elected officials, city management, and industry has
developed the project since late 1973, The Energy Research and
Development Administration (ERDA)Ahas contracted for a research
program to deflne the economics of a community building an economic
base through the utilization of geothermal energy. The ERDA effort
will define the economic model, speciflc energy systems, and a
program plan for the development of a demonstration geothermal
utllity system. An essential part of this effort w1ll be the
development of the institutional tools (policy, planning, organiza-
tional, financing, legal and environmental) as required for a
community to implement such a development and utilization of its

natural resources.




Susanville Geothermal Energy Project

It is important to ERDA that the effort in Susanville be of ’
benefit to, and be replicable by, many other communities. To this
end, a Utilization Panel has been formed with members representing
other communities outside of Lassen County, California. The member
communities of this panél will have direct access to the SGEP as it
progresses and will contribute data on their individual communities
to assure that the results of the project will directiy benefit their
own éommunities.

In the early summer of 1976, a workshop is scheduled in

Susanville to present and discuss the results of the project as of
that time. Other interested communities, as well as Utilization |
Panel members, will be invited to participate at that time. The
SGEP Work Plan and schedule are summarized on chart 1;

‘The SGEP effort is being performed by the city‘under contfact
with ERDA. The contracted effort in the city is under the directioﬁ
of the Executive Officer, the Mayor of Susanville. Responsibility for
carrying out the program is under the City Clerk and Finance Officer,
James C. Jeskey, designated as Program Manager. Additional staff
assist Mr. Jeskey in overall project administration and barticipate
in the Iﬁstitqtionﬁl Plan. The Principal Investigator is Alfred B.
Longyear of VIN-CSL, a joint venture between VIN Consolidated Inc. and
CSL Associates, Inc. VTIN-CSL was formed and is under subcontract
with the City to perform the professional services required for the

project. Aerojet Energy Conversion Company is under subcontract
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Susanville Geothermal Energy Project

with VIN-CSL for studies in energy conversion. George Zebal,
Geology, and Dr. E. R. Barmettler, Agriculture, are under contract
with VIN for studies in their disciplines.

Assumptions and Criteria

In accordance with contractual guidelines, the ERDA-funded
development of an economic model éf a community utilizing geothermal
energy to build an economic base assumes that there is a geothermal
resource and that it is adequate in quality and quantity to be used
in a utility system for economic development. Further, the ERDA-
based effort assumes that needed technology will be "in hand" for
the development and use of the utility system. However, in order
to assure the development of a useful, proven model that will be
accepted by local government entities, site-specific data must be
used in the development and testing of the model.

Based upon data which they have gathered and interpreted, the
city's consultants have assumed that thermal energy of less than
300°F temperature will be available in the Susanville anomaly, that
thermal energy of over 200°F will be available from at least four
other anomalies in the SGEP area, and that energy in excess of 300°F
with adequate flow rates for electric generation will be available
from at least one anomaly in the valley.

A fundamental criterion used to guide the project effort is that
the local elected governing body must either directly or indirectly

control the energy system rate structure énd/or cause flow of a
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significant portion of the revenues from energy sales into the
general fund of the governing body. These revenues would then be
dedicated to economic an& commnity development.

Therefore, 1t has been assumed by the consultants that the city
government will elect to establish a municipal power department or
other similar enéity and enter into agreement with industry to at
least distribute power to local inhabitants, and enter into agree-
ments with public and/or private entities for the acquisition,
control, conversion, and‘transmission of thermal and electric energy
to industrial, commercial, institutional, and residential consumers
in the SGEP area. It is also assumed that surplus electric power,
if available, will be transmitted to consumers outside the area
through existing transmission networks.

Qverall Concept

In essence, the Susanville Geothermal Utility System, in
conceptual form, would be composed of a thermal energy module in
the Susanville anomaly. A probable thermal energy module and a
possible thermal-electric module in the midvalley area, ang one or
more thermal-electric modules in the Wendel-Amedee KGRA. All of
the modules would be intertied for the transmission of thermal and
electric energy to all module sites. Distribution networks would
then distribute thermal and electric éhergy tb agricultural and

industrial facilities throughout Susanville and the Honey Lake Valley,
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and the communities therein. Agro-industrial parks would be adjacent
to each thermal module. The modules would be intertied in order to
make maximum uselof the ﬁhermal energy cascading from the electric
facility and hence assure minimum electric power costs. The initial
industrial utilization would probably occur in the Susanville
IndustrialAPark.l This area is being planned for an initial 20 acres,
a growth potential of 115 acres, and an ultimate potential of several
hundred acres in a currently industrial zoned area. The park is
contiguous with a privaté industrial park currently under development.
Current industry in and immedia;ely around this area includes two
saw mills, a moulding plant, a greenhouse operation, heavy equipment
construction company, a paving company, and a finishing mill. An
industrial park laboratory would be developed either adjacent to or
within the industrial park. Primary use of this facility will be to
permit industry to test and evaluate the economics of the use of
geothermal energy for their products and processes, and to furnish
supporting technical assistance for the development of full-scale
facilities and processes in the industrial park. Additional field-
test facilities would be located throughout the valley and the
Lahontan Basin,

Research Plan

As chart 1 shows, the SGEP work plan consists of a research
plan, an institutional plan, a utilization plan, and a program plan.

The research plan includes the following tasks: Requirements,

L1
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resource, systems, and modeling. The following paragraphs outline
the scope of each task.

Requirements.

1. Collect and analyze data relative to current and
projected energy utilization as a function of the present industrial,

agricultural, and forest industry requirements in the Susanville area.

2., Develop list of candidate job-intensive industries as a
function of sensitivity tovvarying levels of geothermal potential for
use in a model to includé Susanville,

3. Investigate the feasibility of’generating electrical
power for local application and sale into‘a regional grid system.

4.‘ Collect and aﬁalyze land planning and economic data as
a function of both current and projected need.

5. Analyze the application of geothermal energy to the
utility infrastructure.

Resource. The resource assessment task will combine original
geological and geophysical work to be accomplished by the Bureau of
Reclamation ﬁith‘existing governmental énd privatg information to
evaluate the ﬁresence and physical characteristics of potential
geothermal resources within the Honéy Lake Valley and adjacent to the
city of Susﬁnville.‘ A cost-effective flow of exp}oration activities
will be developed for fﬁture utilization.

Systems. Analysis and definition of system design will be

conducted for the production, control, conversion, and distribution
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of thermal and electric geothermal energy. This effort is primarily
pérametric in nature, with emphasis on that design‘effort required
to prepare parametric costs for the economic modeling. The mix of
thermal vs. electric energy needs will be analyzed in support of the
subsystem and system parametric design. The requirements for system
integration into the community infrastructure (existing utilities)
will be defined. Life maintenance and operational considerations
will be evaluated for economic influence on the modeling.

Modeling. An overall economic model and appropriate submodels
will be developed to evaluate the overall economic advantages and
disadvantages of a community utilizing geothermal energy to build
an economic base., The system and subsystem modeling will be
conducted to define economic revenue. The range of input parameters
will be selected to accommodate the requirements and projected
resource capabilities of the communities whose representatives form
the Utilization Panel.

Institutional Plan

An administrative vehicle that is appropriate for a community
to cause and control the development and utilization of geothermal
energy to build an economic base will be characterized. Emphasis
is being focused on establishing the vehicle required to support
the ERDA-funded prototype demonstration effort in Susanville, The
characterization of the administrative vehicle will be constrained

by State code and financial opportunities for development and

L 8

L 1
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construction of the systems. Zocal legislétion for the protection
of the environment, the community way df life, and the geothermal
resource will be developéd. Under consideration of the environment,
potential environmental problems and recommended approaches to
solutions will be aefined. |

Utilization Plan

The Utilization Plan ﬁill‘be implemented to assure timely
transfer of the technical and institutional findings of the project
to other interested commﬁnities and to assure that the écopé of the
'.pafameters used in the'prgtoﬁype Susanville Model are broad enough
to be Sfluse to other similar communities. If system optimization
can be made to reflect applicability to a large number of commun -
~ ities, the engineering and devéiopment costs can be spread oﬁer a
broader market for the hardware.

A ﬁtiiization Panel has been formed with representatives outside
of Lassen County, California. This panel will exchange data on
community and reédufce characteristics with the prbject. A news-
letter has been prepared for distribution to interested local
governments after each quarterly meeting. Evaluation and planning
will be conducted to determine the value of establishing a geothermal
labdfatéry for use by industry to evaluate the economics of use of
geothermal ene£gy.~ |

A workshop will be held at the end of the 12-mohth study. All

task managers will present papers covering their scope of effort.
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The proceedings containing these papers shall be published in 1ieu_of
a final technical reporf. The Utilization Panel will be copveﬁedvto ,
describe and discuss their participation in the project. After.the
workshop, a Summary Report covering conclusions drawn from the work-

shop and final administrative information will be published.

Program Plan

Planning will be conducted so that, through the application of

appropriate resources, the tasks of the project and their inter-

related efforts will bevéccomplished according to the SGEP Work Plan.

Through coordination'with the Bureau of Reclamation appraisal study,

planning will be condqcted to assure timely exchange of data between

the two‘projects. Planning for the development/demonstration phase

will be conducted, based upon a candidate geothermal energy utility

system selected from the Research Plan, This planning will include -

a definition of the system, a work plan including program schedule,

and a funding plan. The funding plan shall include definition of

funding sources evaluated and selected., Both private and public

funds sources shall be evaluated.

10
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LS-1264-a (4/75)

- GEOLOGIC LOG OF DRILL HOLE

Susanville Geothermal

HOLE NO, T1G-1

DEPTH TO WATER

FEATURE. Susanville Anomaly - Lassen County

BEGUN.. 11-18-75

... PROJECT...Investigations .
.......... GROUND ELEVATION. 4200+*
TOTAL DEPTH. .130Q,0'.......... VERTICAL.  Yertica.

STATE...California.. ... ...
ANGLE FROM

Vertical

HOLE LOGGED BY...0Gary A. Hollinger DRILLER.. .Ted Darrow . ... ..

NOTES
On water table
levels, water re-

turn, character of
driliing

Susanville quadrangle.

* Ground elevation scaled from 1:62,500' US¢S

CLASSIFICATION AND
PHYSICAL CONDITION

Purpose of Hole:

To determine tem-
perature gradient.

Land Owner: Sierra
Pacific Industries

Location: SE% Swk
Section 32, T. 30 N.
R. 12 E.; approxi-
mately 125' south of

and Alexander ave-
nues in City of
Susanville.

Drill Rig:
Failing 1500

Drilling Methodsi**

bentonite mud.

advance hole past 3
due to caving & mud
loss.
0-44':

casing.

44-1501: 4%,

intersection of Orang

Rockbit drilled wik

0-37': 4%"; unable t§

8%" for install-
lation of 5" surfacF

P

g

[}

Hole Completion:

5" gsurface casing removed. l%" sealed,
water-filled PVC pipe installed to 150.0'.

n
C
lAIllAllllAAlllllll

40,

aaalaa

56 _]

LOG BASED ON ROCKBIT CUTTINGS:

0-291:
medium quartz sand.

Brown sand and clay with fine to
Some light gray clay

: Volcanic rock fragments and gravel.
¢ Clay.
: Volcanic rock fragments and gravel.
: Clay.
: Volcanic rock fragments and gravel.

80-88': Clay.

88-150": Predominantly volcanic rock frag-
ments with minor sand and gravel with
red and brown clay.

Cemented into hole at surface and protected

Drilling Conditions: with a steel guard rail and 4x4' location

H

N ST T T

ErS
s

0-29': Fast to mediu
fast and smooth.
29-41': Slow & rough
41-43': Smooth & fasts"
43-150": Mostly slow] RB
and rough with fast
and smooth zones

usually less than
2' thick.

post.

120

o

Estimated Drilling

Fluid Return:
0-297: 98% 140
29-40': 60%~0%;total

mud loss at 37'.
40-90': 100% to 0%;

total mud loss at

54'.,

90-150": 90%. 160

**No abnormal mud temperature rise while
drilling.

lata JA“llIIllllljllllllllllllllllJlllIllJllllll‘AllllllllllllLf‘llllllJAllA“

Caving Conditions:
Extreme caving
30-37'. Gould not adp
vance hole without
surface casing past [1g0
37'.
Casing Record: Hole pt

5" gcrew-joint surf
face casing to 44!
installed.

llllllllljlljlllllllAlLlllll

18C

=~
taaale gy N Leaael

lllllllll]

EXPLANATION

Hole drilled by U. S. Bureau of Reclamation,
Mid-Pacific Region, Sacramento, California

Sheet 1 of 1

TG=1 ...




LS-1264-A (4/75)

GEOLOGIC LOG OF DRILL HOLE

Susanville Geothermal

FEATURE... Susanville .Anamaly..”.Lassen County  PROJECT...Investigations ... STATE.. California ... ..
HOLE NO. TG-2 LOCATION .. See: Note w......... GROUND ELEVATION _ 4180+% ANGLE FROM
ST COORDINATES. . Mo

t Surveyed ... TOTAL DEPTH. 50.0' .. . VERTICAL Vertical
BEGUN.. 11-14-75  pPINISHED.!l-17-75
DEPTH TO WATER . Not Determined .. .. ... HOLE LOGGED BY.. . Cary A. Hollinger DRILLER. . [ed Darrow

 NOTES Typq
On water table
levels, water re-

turn, character of
drilling Hole

IPurpose of Hole: To

determine tempera-
ture gradient.

©
=]
[~%

% Core
‘Recovery

*Ground elevation scaled from 1:62,500' w CLASSIFICATION AND
USGS Susanville quadrangle. E
=]

PHYSICAL CONDITION

LOG BASED ON ROCKBIT CUTTINGS:

Land Owner: North clay.

State Growers, Wesle
D. Davis, Jr.

J 0-19': Brown, fine to medium sand and brown

T T

20—]19-50": Angular black volcanic fragments
mixed with considerable gravel from var-
ious rock sources.

N

T
o

Location: SWk% NEj%
Section 5, T. 29 N.,
R. 12 E.; about 300'
north and 50' west
of intersection of
El Dorado and Kern
streets,

45

=
[o=]
1

il

&

llll'l
2
R DY N D WO PN P B

Drill Rig:
Failing 1500

Drilling Methods:

4%" rockbit using
bentonite mud. No
abnormal mud temper-
ature rise while
drilling.

[
<
j<
<

Drilling Conditions:

0-19': Fast and fairp
ly smooth.

19-50': Slow and ver
rough.

s
o
(‘Z

Estimated Drilling
Fluid Return:
0-19': 95%

19-50': 60%.

Lost 2000 galloms jil2u
of heavy mud before
terminating drillingf

)
N
"

.Caving Condititions:

Extreme caving 40-
50'; could not ad- {l4c
vance hole past 50'
due to caving.

z

Casing Record:

None used

Hole Completion:
Tnstalled 1%"
sealed, water-filied|
PVC pipe to 46'. Ce-
mented pipe into holp
at surface and pro- i1g8c
tected with steel
guard rail and 4x4"
location post.

3

llllllllllllllllllllllLlllllLlJlllllljl

&

lellllllT

llllllllllllllllLlIIlAllllllllllllllljllllllllllllllllllllllllllllllllllll

EXPLANAT | ON

Hole drilled by U, S. Bureau of Reclamation,
Mid-Pacific Region, Sacramento, California.

Sheet 1 of 1
Mole No. TG=2 .. .. ... . ..

MDD N . A

"




L]

LS-1264-A (4/75)

FPEATURE . Susanvil
TG=-17

HOLE NO.
BEGUN. 12-4-75. .. .

GEOLOGIC LOG OF DRILL HOLE

Susanville Geotherma
PROJECT. ......... Investigations ... . STATE.. California

veeviee..... GROUND ELEVATION. . . ANGLE FROM
vw..... TOTAL DEPTH,  150.0' . ... . VERTICAL.. Vertical

le Anomaly .

NOTES
On water table
levels, water re-

“turn, character of
drilling .

DEPTH TO WATER ... .. Not Determined =~  HOLE LOGGED BY.. . Gary A. Hollinger  prILLER.. ROy Fry .. .. . . . .

Type;

and * Ground elevation scaled from 1:62,500'

USGS Susanville quadrangle. CLASSIFICATION AND

PHYSICAL CONDITION

DEPTH

o

o

-
]

Purpose of Hole: To

determine tempera-
ture gradient,

Land Owner:
M. A. Mallery

Location:

NEX NE% Section 16

T. 29 N., R. 12 E,

Drill Rig:
Failing 1500

Drilling Methods:
4%" rockbit drill-
ed with bentonite
mud. No abnormal mud
temperature rise
while drilling.

Drilling Conditions:

o
o

LOG BASED ON ROCKBIT CUTTINGS:

0-30': Brown sand.
at 12°,

Mica; blue-green clay

20

N
o

30-35': "Granite Wash". Medium grained,
overall color bluish dark gray. Much
510y, feldspars and dark minerals.

35-45': Black clay with minor sand.

45-70': '"Decomposed granite' and brown
clay and sand. Highly weathered granite
fragments.

|Allll|ll||llllllln||11“

4*-

&
2

l..nnltlxnln.;.||L¢Alll||ln;1114xn|l;JAl

70-150': Brown, fine to medium sand,
mostly subrounded. Very minor dark gra-
vel, 100-110*. Some clay and sandy clay
compacted layers.

o

0-50': Medium fast
and smooth,

50-150': Slow and
medium smooth.

Estimated Drilling
Fluid Return:

0-50: 100%; gray

50-150': 100%; brown

Caving Condit{ons:
None

Caging Conditions: J
None used in drilli

Hole Completion:
Installed 1%" sealed
water~filled PVC
pipe to 150'. Cement

g

®

3
|lll|lllllllllllllllllllllll

3

=
N
;

w
-]
1 4

1

1

5
|
¥

[

ed into hole at sur-
face and protected
with a steel guard
rajil and 4x4" loca-
tion post.

180

g
l|llJlllll|l“
3
iaaaleags lllllllllllj‘l‘lLLLllllllLLLLlJAIIljljlllllll‘.ll

lLIlIIII]JllllllllllIJlL

EXPLANAT I ON

Hole drilled by U. S, Bureau of Reclamation,

Mid-Pacific Region, Sacramento, California.

Sheet 1 of 1

Hole No.. T6-17




LS-1264-A (4/75)

- GEOLOGIC LOG OF DRILL HOLE

Susanville Geothermal
PEATURE. Susanville Anomaly--lassen County. . .. PROJECT...Investigations Ciiiieiiv...... STATE.Califarnia..........
HOLE NO. TG-18 LOCATION . See Note . GROUND ELEVATION 4220+ . ANGLE FROM
e COORDINATES. . Not Surveyed .. ... .. VERTICAL. Vertical. . .
BEGUN.. 12-2-753 . PINISHED.. 12-3-75. ...

DEPTH TO WATER ....No.t.ge.t:exmi.ngd............,...... HOLE .LOGGED BY.. Gary A. Hollinger . . DRILLER... . Roy Fry ... ...

NOTES Type
On water table gi
levels, water re- z4

turn, character of of
drilling Hol

Purpose of Hole:

To determine tem-
perature gradient.

*Ground elevation scaled from 1:62,500'
USGS Susanville quadrangle. CLASSIFICATION AND

PHYSICAL CONDITION

% Cor

Recovery
DEPTH

LOG BASED ON ROCKBIT CUTTINGS:

0-23': Brown sand and silt.

Land Owner: Lassen
County.

n
[+

23-35'; Multicolored, fine to coarse, sub-

Location: NE% NE% rounded sand; minor clay.

of Section 6, T. 29
N., R. 12 E.; in Las
sen Co. Maintenance
Yard near Hospital
Lane. ’

T

35-40': Blue-black clay and silt; and fine
black sand.

40-70': Blue-black silty clay, lacustrine;
slight organic odor. Recovered in '"bacon-|
sized" slabs.

~n
lllllllllTlAlllllll

[T TS P N

3

|

Drill Rig:
Failing 1500

=~
@ o

Drilling Methods:
4%" rockbit drill-

ed using bentonite
mud. No abnormal mud
température rise
while drilling.

2

T IR TR T STRTE BEE TS SU TR SYT TS FRTEE FRE TS PPN |

70-150': Mostly black volcanic rock frag-
ments. Brown clay and sand from occasior
al layers about 1-2' thick. Very hard
volcanic layer at 128'.

.J..lnn.L?....l....T

80

[9
k=

Drilling Conditions:
0~70': Medium fast
and smooth.
70-110': Slow and
rough.

110-150': Slow and
very rough (45 min-
utes drilling time
required from 128-

291).

160

Estimated Drilling
Fluid Return:

0-35': 100%;brown
35-150': 100%; gray Lyn

RB

12¢

Caving Conditions:
None.

140
Casing Record:

None used while
drilling.

Hole Completion: In-
stalled 1%" sealed, P60

water-filled PVC pipe
to 150'. Cemented infto
hole at surface and
protected with a stefel
guard rail and 4x4'
location post.

saaalreg IlA T SN TS FEUUE U T PR P | N

[N N 1I| S Illl 14

EXPLANAT [ ON

Hole drilled by U. S. Bureau of Reclamation,
Mid-Pacific Region, Sacramento, California.

Sheet 1 of 1
TG=
Hole No.. 16718 ...
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LS-1264-a (4/75)

REPTH TO WATER .

_.Not

Determined . . . .

GEOLOGIC LOG OF DRILL HOLE

Susanville Geothermal
FEATURE. Susanville Anomaly--Lassen Couoty. ... PROJECT.... Investigations.

veee...... STATE...California............

NOTES
On water table
levels, water re-

turn, character of
drilling

Type;
and
Size

of
Hole|

b
15
[+

[
e

2 *Ground elevation scaled from 1:62,500"
USGS Susanville quadrangle.

Recover

DEPTH

CLASSIFICATION AND
PHYSICAL CONDITION

Purpogse of Hole: To

determine temperatur
gradient.

|Land Owner: Mr. &
Mrs. Ted Corder.

Location: SW% NEX%
Section 32, T. 30 N.
R. 12 E.; southwest
of corner of Grand
Avenue and North St.
near Railey's park-
ing lot in the City
of Susanville.

IDrill Rig:
Failing 1500

Drilling Methods:

45" rockbit using
bentonite mud. No ab
normal mud tempera-
ture rise while
drilling.

Drilling Conditions:

T

L

]
(<]

3

w
AT TET SN TR PR P

o
@ o
Alll-l

$
|

88

0-427: Fast and
slightly rough.
42-65': Slow & rough
65-90': Medium fast
and rough.
90-111': Slow ard
very rough.
111-115': Fast and
fairly smooth.
115-138': Alternatin]
slow to fast and
rough to slightly
rough.

Lieo

L2o
B

IIIllllllllllllllllllljl‘lllll

11

a%n

o
=~}
1l

1

o

Egtimated Drilling

Fluid Return:
0-65': 90%
65-90": 75%
90-138': 85%

Caving Conditions:

None.

Casing Record:

None used while dril
ing.

Hole Completion: In-
stalled 1%" sealed,
water-filled PVC pip
to 138', Cemented

into hole at surface
and protected with

s

160

]

114

?a
1
ll|llllllllLLllllllllAlLlAAAII

[T

by

x
-]

& S b 3 kS
AllljlllllllllllllllllllllA,AlLAlllJllllAlll llll:lllllllllllllllIlllllllllAAIlllllAllA
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LOG BASED ON ROCKBIT CUTTINGS:

0-20': Sandy material; hard black gravel
at 20'.

20-30': Black sandy clay and gravel.

30-42':

Black and white sand; minor gravel.

42-65': Black volcanic rock fragments and
sand.

65-90': Brown clay and rounded gravel. DarK
blue clay at 85'.

90-111': Black, medium to coarse grain
size volcanic rock fragments.

111-115": Clayey material.

115-138': Black wolcanic, coarse grain sizq
rock fragments with minor clayey zones.

guard rail and 4x&™
location post.

EXPLANAT I ON

Hole drilled by U. S. Bureau of Reclamation,
Mid-Pacific Region, Sacramento, California.

Sheet 1 of 1

Hole No. . TG-15. .. . ... ..




LS-1264-A (4/75)

FEATURE Litchfield Anomaly . . . .

LOCATION See Note . . . .. ... .
------------------- COORDINATES. Not Surveyed ... .

BEGUN..12-8-75 pINISHED. 12-9-75 .

Not Determined

DEPTH..

DEPTH TO WATER . .Not Determined =~~~ HOLE LOGGED BY.. Robert L.

GEOLOGIC LOG OF DRILL HOLE

. PROJECT..Suganville Geothermal Investigatiogparg.. Califernia ..
..... GROUND ELEVATION.. *
e TOTAL

3 _ ANGLE FROM
! .. . VERTICAL. Vertical

Turner

.................. DRILLER...R- Foy ...

Type]
and
Size]
of
Holéef

#Ground elevation scaled from 1:62,500!
USGS Litchfield quadrangle.

NOTES
On water table
levels, water re-

turn, character of
drilling

% Core
Recovery

CLASSIFICATION AND
PHYSICAL CONDITION

Purpose of Hole: To

determine tempera-
ture gradient.

Land Owner:
Tom Johnson

1111111111

n
[

Location: NE% SE%
Section 2, T. 29 N.,| ¢4
R. 13 E.; approxi- R
mately 1/4-mile west
of section line and
50' south of Litch-
field Road.

B,
Illlll

'3
l.nl.lﬁ.:.l.,..l.11|l|11

[

Drill Rig:
Failing 1500

Drilling Methods:
4% rockbit drill-
ed using bentonite
mud. No abnormal
mud temperature rise
while drilling.

[« 4]
=]

Drilling Conditions:

0-100': Medium fast.

100-150': Slow and
smooth (bit balled
up with clay at
113'.)

Z‘Liu

=
5]

a1 leiray

NCU

Estimated Drilling
Fluid Return:
0-150': 100%; gray.

[L2c
Caving Conditions:

None.

Casing Recowd:

None used while
drilling.

Hole Completion:
Installed 1%"
sealed, water-fille
PVC pipe to 150',
Cemented into hole
at surface and pro-
tected with a steel
guard rail and 4x4"
location post.

TETE PR TS U
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LOG BASED ON ROCKBIT CUTTINGS:

0-100': Brown silty clay with minor fine tdg
medium, varicolored sand. Slight increasgq
in fine sand at 65'. Dark brown, semi-
consolidated silty claystone at 90'.

100-140': Clay. Gray, silty with minor sand
at 113!, Increase in fine to medium sand
at 125'.

140-148":
coarse,

148-150":

Sandy Clay. Dark red with fine to
subrounded sand grains.

Clay. Gray, with sand and silt.

EXPLANAT I ON

Hole drilled by U. S. Bureau of Reclamation,
Mid-Pacific Region, Sacramento, California.

Sheet 1 of 1

Hole No. ... .TC-% ...

.
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LS-1264-A (4/75)

GEOLOGIC LOG OF DRILL HOLE

Suganville Geothermal
PEATURE Lithfield Anomaly . . .. .. ... ... ... PROJECT........ . . lovestigations... ... STATE..California .. ... .
‘ G5 LOCATION See Note  GROUND ELEVATION  4060:*  ANGLE FROM .
HOLE NO. IGo2. . "~ COORDINATES Not surveyed "~ " gOTAL DEPTH. 150.0' . . VERTICAL Vertical .
BEGUN.. 12-9-75 . PINISHED. ... 12-10-75

DEPTH TO WATER .Not Determined ... ... .. HOLE LOGGED BY. Robert L. Turner DRILLER.. Rey Fry .. .. ..

NOTES Typey &
On water table g:d ©
levels, water re- Zepe

turn, character of of
drilling Holej

iPurpose of Hole: To

determine tempera-
ture gradient.

*Ground elevation scaled from 1:62,500!'

>

%] ==}

§| UsGS Litchfield quadrangle. B CLASSIFICATION AND
: A

LY

o

PHYSICAL CONDITION

LOG BASED ON ROCKBIT CUTTINGS:

0-10': Clay. Gray-brown, fat to silty,
minor sand.

Land Owner: Chappuid 17-33': Clay. Gray-green, fat to silty.

Ranch; Ray Chappuils,,

n
(=3

Location: NW% NWk
Section 7, T. 29 N.,
Re. 14 E.; approxi-
mately 450' south of
S.P.R.R. tracks and
250! east of section
line; 250' west of
county road. 4]

33-48': Volcanic sand and conglomerate.

3

N T N Y PR T

3

111||||A|1111‘||||l|‘11

48-90': Volcanic rock, sand and conglom-
erate, Volcanics weathered; sand is
medium to coarse, subrounded to subangu-
lar quartz and volcanics.

]
w
1

[prill Rig:
Failing 1500

1

3
1.
3

Drilling Methods:

T o T e = e~ v

4%" rockbit drill-
ed with bentonite
mud to 150'., No ab-
normal mud tempera-
ture rise while

-90" ¢ .
drilling. 84-90': Pebble conglomerate and sand

90-100': Interbedded sand, conglomerate and

Drilling Conditions: sandy clay. Some fat and silty clay.

0-150': Fast and

|:} B
smooth. rown

100-115': Sandy, silty clay. Light brown.

115-120*: Sand and conglomerate similar to

$
T e T e

3

=
2
|

19¢
Estimated Drilling

Fluid Return:

0-1507: 100%; gray. 90-100' interval.
120-150*: Clay. Medium gray, fat to silty

Caving Conditions: with fine sand. Contains thin sand and con-

None 120 glomerate interbeds.

Casing Record:
None used while

drilling.

Hole Completion: 140
T Installed 1%"

sealed, water-filled
PVC pipe to 150°'.
Cemented into hole a
surface and protecte
with a steel guard
rajil and 4x4" loca-
tion post.

e
TS PR R U TS U
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EXPLANAT I ON

Hole drilled by U. S. Bureau of Reclamation,
Mid-Pacific Region, Sacramento, California.’

Sheet 1 of 1

Mole No. . TG-5 .




LS-1264-A (4/75)

GEOLOGIC LOG OF DRILL HOLE

Susanville Geothermal

FEATURE...Litchfield Anomaly. ............. ... PROJECT. ..... lovestigations. ... ... STATE.... California . .. .
HOLE NO. TG-6 LOCATION. See Note' . . . ... . ... GROUND ELEVATION 4060t+* _  ANGLE FROM
S AT COORDINATES. . Not Surveyed ... ... ... TOTAL DEPTH  130.0' . . VERTICAL.. Vertical ...
BEGUN..12-10-75  PINISHED..12-11-75 ' g
DEPTH TO WATER _ Not Determined = HOLE_LOGGED BY. . Robert L. Turmer DRILLER.. .Roy Fry . .. .. ..
T ©
NOTES azg 5 By o* Ground elevation scaled from 1:62,500' =

On water table % o USGS Litchfield quadrangle. CLASSIFICATION AND

level Sizelpe 5 K

evels, water re- £ ° =

Suz?iicharacter of Hgl 9 a PHYSICAL CONDITION

r ng ) & i
Purpose of Hole: ] 7 L0G BASED ON ROCKBIT CUTTINGS.

To determine tem- 4 J .
perature gradient. b B 0-10': Clay. Soft, fat, medium brown-gray.|
Land Owner: Chappuis ] :10-45': Clay. Medium dark gray, slightly
EZEZET_E;; Chappuis | 267 oo silty. Contains fine to medium quartz and

’ i ~1 volcanic sand, 35-45'.
Location: SWX Nwk ] p
Section 6, T. 29 N., 7 ]
R. 14 E.; approxi- ] 1
mately 100' north of 4 p
Litchfield Rd and 40— 40 ]
75' west of private ] 145-70': Sand and pebble conglomerate., Fing
N-S gravel road. 9 j to coarse, subangular to rounded, mostly
beill 45" ] ] quartz with lithic and weathered volcanid
r Rig: RB 7] fragments.
Failing 1500 ] ] 8
60— 6]
Drilling Methods: ] i

4% rockbit drillef ] ]
to 150' using bento- 3 170-90': Sandy Clay. Medium gray, contains
nii: mud. No abno:mal h 4 fine to coarse sand as at 45-70' inter-
mud temperature risdg 71 1 val.
while drilling. g1 ° e
Drilling Conditions: ] 3
0-150': Medium fast I 190-145': Sand and pebble conglomerate.

and smooth. > 4 Fine to coarse, subrounded to subangular

- ] grains, quartz and dark lithic volcanic
106 ] Joo_] fragments. Minor brown clay. Increase
Estimated Drilling . ] in quartz and weathered volcanics 110-

Flu%d Ret?rn: ] ] 130'. Increase in soft, brown clay at

0-1507: 1OOL; gray. 4%": h 130-140', 1Increase in siliceous rock
RB 4 fragments, 140-145'.

Caving Conditions: |, 1 12¢ 1 .

None. ] =]

|Casing Record: ] ]

None used while ] B
drilling. ] b
iHole Completion: 140—: 140_:

Installed 1%" PVC h ] 145-150: Clay and sand. Medium to light
s:aled, Y;B?r-éilled 1 { brown soft clay. Sand similar to 90-145
pipe to . Cementf ] 1  interval.
ed into hole at sur- ] ]
face and protected ] -
with a steel guard 1 R ]&“f
rail and 4x4" loca- ] 1
tion post. ~ ]

h - 3
3 ]

-4 -

1807 8c

5 1

EXPLANAT I ON

Hole drilled by U. S. Bureau of Reclamation,
Mid-Pacific Region, Sacramento, California.

Sheet 1 of 1

Hole No... T6-6 . .

o~ —— —— o\~
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LS-1264-A (4/75)

FEATURE
HOLE NO. TG-7
BEGUN..12-15-75 .
DEPTH TO WATER .

..... Litchfield. Aoomaly..

GEOLOGIC LOG OF DRILL HOLE

Susanville Geothermal

LOCATION . See Note

“~ COORDINATES. urveyed

FINISHED. . 12-16-75

... Not Determined . HOLE LOGGED By larry E. Phillips DRILLER. ...

. GROUND ELEVATION..

. STATE... Californta

-H.ANGLE FROM
Vertical

TOTAL DEPTH. . 150.0' ~  yERTICAL. Vertical

Roy Fry .

NOTES
On water table
levels, water re-

turn character of
drilling

Type]
and
Size)

of
Hol

USGS Litchfield quadrangle.

*Ground elevation scaled from 1:62,500'

DEPTH

CLASSIFICATION AND
PHYSICAI, CONDITION

Purpose of Hole:

To determine tem-
perature gradient.

Land Owner:
Herbert A, Miller

Location: SEX% Swk
Section 5, T. 29 N.,
R. 14 E,; approxi-
mately 100' south of]
Litchfield Rd near
intersection of

road to Wards Lake.

Drill Rig:
Failing 1500

Drilling Methods:
4%'" rockbit drill-
ed using bentonite
mud. No abnormal
mud temperature
rises while drilling

Drilling Conditions:

“%u

20

llllllllllll]‘llIlllll]llll

)
[

3

*80

0-33': Medium fast
and smooth.
33-78': Slow and
rough.
78-85':
smooth.
85-108":
rough.
108~143': Slow and
smooth.
143-150":

smooth.

Slow and

Slow and

Fast and

Estimated Drilling
Fluid Return:

0-143':
143*: 50%

OO

L2¢

100%; brown f4o

143-150": 100%; browh

| - Loiaalaeg, T

T

A%N
RB

|..|1|||Ill|11|||111.

Caving Conditions:
None

Casing Record
ing.

Hole Completion: In-

to 150'. Cemented

into hole at surface
and protected with a
steel guard rail and
pxh" location post I

None used while dril}-

stalled 13" sealed, juo
water-filled PVC pipe¢
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LOG BASED ON ROCKBIT CUTTINGS:

0-33': Clay. Light brown to gray, inter-
bedded with fine to coarse quartz sand
and minor eilt,

33-78':
black.

_Volcanic fragments. Dark red to

78-85': Clay with minor fine sand. Light
brown.

85-108': Clay with volcanic fragments.
Clay increases towards 108'.

108-130': Sandy Clay.
brown to gray.

Fine sand, light

130-143': Sand. Fine to medium grained,
brown, with minor clay.

143-150"; Sand. Coarse, conglomerate.
Well sorted subrounded quartz and vari-
colored volcanics.

EXPLANAT | ON

Hole drilled by U. S. Bureau of Reclamation,

Mid-Pacific Region, Sacramento, California.

Sheet 1 of 1

Hole No. . T6-7 . .




LS-1264-A (4/75)

FEATURE... Litchfie
HOLE NO. TG-20 . ..
BEGUN..12-11-75 .

DEPTH TO WATER ...

GEOLOGIC LOG OF DRILL HOLE

Susanville Geothermal

1d. Anamaly. ..

LOCATION ... See. Note.. ...
- COORDINATES. .. Not.. Surveyed
FINISHED..

12-13-75

Not Determlned

PROJECT..

.Investigatians
. GROUND ELEVATION. .
. TOTAL DEPTH..  .100.0!' . .

Robert L.

. HOLE LOGGED BY. .. -~

STATE... Californla .. ... ...
. ANGLE FROM
VERTICAL.. Vertical

Turner Roy Fry )

DRILLER...

Type &
on watl:qg:Etsable and SE *Ground elevation scaled from 1:62,500' o CLASSIFICATION AND
levels, water re- | SiZese2 USGS Litchfield quadrangle. K
turn, character of| °f| @ 2 PHYSICAL CONDITION
a
drilling Hole &
Purpose of Hole: To ] ] LOG BASED ON ROCKBIT CUTTINGS:
determine tempera- ] ]
ture gradient. y — 0-25': Clay and sandy clay with minor
p ] ilt 1 fi iu 1
Land Owner: ] 1 :nd :u:,:;’ :t;:d. ne to medium volcanic
Herbert Miller 20— 26__]
Location: SW% SWk p ] 25-48': Clay. Dark gray to black, fat,
Section 31, T.30 N., l‘%"_‘ 1  minor sile,
R. 14 E.; approxi- RB | 4
mately 60' east of N ]
Belfast road and a1 46_]
180*' north of sec- B 4
tion line. ] 1
= ] 48-54": Sand and pebble conglomerate. Fine
Drill Rig: < - to coarse, angular to subrounded, dark
Failing 1500 ] 1 volcanic fragments. Quartz and minor
60 _] eo_1  tuff.
Drilling Methods: H 4 54-70': Clay. Gray-green, fat, minor
%" rockbit drilled 7 ] sand.
using bentonite mud. h h g
No abnormal mud tem- 4 ] 70-85': Clay. Red-brown, soft, minor
perature rise while 1 o0 ] sand. Slight increase in black volcanic
drilling. 80_] 80_1 fragments, 75-80'.
Drilling Conditions: h ]
0-85': Medium fast 1 4{ 85-108': Volcanic fragments with clay.
and smooth, 7 ] Clay similar to 70-85' interval. Vol-
85-110': Very slow ] ] canics both fresh, brittle, vesicular,
and rough. 5 1 and weathered. Minor red-brown clay, 90-
110-150* : Medium {3907 11 108,
slow and rough. 1 ]
Ly ] 4 108-130': Sand. Fine to medium, volcanic,
Estimated Drilling [, | 7] minor clay. Brown clay content increase
Fluid Return: b 1 es toward 130'.
0-85': 90%; brown. R ]
85-150': 100%; brown?] 320—
Caving Conditjions: ] ]
None . 7 — 130-150': Sand. Fine to coarse, subangu-
4 ] ler to subrounded, quartz, volcanics and
Casing Record ] ] weathered volcanics; minor clay.
None used during 140— Jac—
drilling. ] J
Hole Completion: p -
Installed 1%" B H
sealed, water-filled N ]
PVC pipe to 150', |160—] Jeo—
Cemented into hole B 4
at surface and pro- 3 h
tected with a steel ] 7
guard rail and &4x4" 4 p
location post. b ]
180—] oo
- E

Hole drilled

by

EXPLANAT | ON

U. S. Bureau of Reclamation,

Mid-Pacific Region, Sacramento, California

Sheet 1 of 1

10

Hole No. ... .TG=20 ... ... ... ...
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LS-1264-A (4/75)

BEGUN . 12-17-75

PEATURE. Bald Mountain Anomaly

PTH TO WATER ...

GEOLOGIC LOG OF DRILL HOLE

Susanville Geothermal

vvvvvieeriv..... PROJECT...........Investigations ... ... ... STATE.. California .. . ..
LOCATION . Seé Note . . . ... ... ... GROUND ELEVATION _40l2+*  ANGLE PROM
-~ COORDINATES. Not Surveyed ... ... ... . ... TOTAL DEPTH. 240.0' . VERTICAL. Vertical . .

Not Determined HOLE LOGGED By. Larry E. Phillips DRILLER. .. Re Fry ... ...

NOTES
On water table
levels, water re-

turn, character of
driliing

Type
and
Size

* Ground elevation scaled from 1:62,500'
USGS Litchfield quadrangle. CLASSIFICATION AND

PHYSICAL CONDITION

% Core

Recovery
DEPTH

Hole

Purpose of Hole:

To determine tem-
perature gradient.

Land Owner:
R. C. Roberts

Location: SWk Swk
Section 34, T.29N.,
R. 14 E.; approxi-
mately 75' east of
county road 302 and
225* north of unpav-
ed county road 305.

Drill Rig:
Failing 1500

Drilling Methods:
h;" rockbit drill-

ed to 240' using ben|

mal mud temperature
rise while drilling.

Drilling Conditions:
0-23': Slow and

smooth.
23-40': Medium fast,
40-240*: Smooth and
fast,

Estimated Drilling

Fluid Return:
0-240': 100%; brown

Casing Conditions:

None used while
drilling.
Hole Completion:
Tnetalled 1%"
sealed, water-filled
PVC pipe to 240',
Cemented into hole
at surface and pro-
tected with a steel
guard rail and 4x4"
location post.

T

tonite mud. No abnor|

Roo

Caving Conditions:Nops

g&n

ac

7] LOG BASED ON ROCKBIT CUTTINGS:

0-23': Clay. Light brown, with minor sand
increasing toward 23'.

23-30':; Sand. Medium to coarse, quartz
and other light-colored minerals, minor
dark grains, unconsolidated.

30-80': - Sand. Fine to medium, red near
30* changing to light brown and yellow
near 40*' with slight fncrease in clay.

[
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80-160': Medium to coarse sand. Subround-
ed, high percentage of quartz, light
brown. Minor changes in coarseness
throughout interval.

o
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S b 3
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160-200*: Sand.
brown, minor clay.

Fine to medium, light
Unconsolidated.

9
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-
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EXPLANAT | ON

Hole drilled by U. S. Bureau of Reclamation,

Mid-Pacific Region, Sacramento, California,

Sheet 1 of 2

Hole No. TG-10 . . .

-1




PEATURE. _Bald Mountain Anomaly

BEGUN.. 12-17-75

GEOLOGIC LOG OF DRILL HOLE

Susanville Geothermal

..... PROJECT......... Investigatinns........ ce.... STATE... California...........

LOCATION _See Notes, Sheet 1 GROUND ELEVATION  4012+*  ANGLE FROM
------ COORDINATES. . Not Surveyed . .. . ... ... ... TOTAL DEPTH. . 240.0' .. ... VERTICAL. Vertical ..

.. PINISHED. 12-17-75

(3

DEPTH TO WATER _[Not Determined . ... .. HOLE LOGGED BY. . Llarry E. Phillips  pRpyppgr.. ReFry .
. NOTES Typel s .| ' ' i
On water table g:d O Hl* Ground elevation scaled from 1:62,500' E CLASSIFICATION AND
levels, water re- Z€e2 2| USGS Litchfield quadrangle. Ay
turn., character of of o a PHYSICAL CONDITION
drilling Hole o
h ] LOG BASED ON ROCKBIT CUTTINGS:
3 1 200-210*: Sand. Fine, lightbto dark gray
h 1 with minor clay.
2207 2201 210-240': Sand. Fine to coarse, light to
. ] dark gray; clay increase and grain size
10 { decrease towards 240'.
_‘%u - , .
RB A -
240 J40—]
266 — 260—3
2680 — zeo—:
300 30—
320 ] Fo]
4 4
e E
] ]
- B
340 ] 340 ]
360 — 30—}
- -
E .
] ]
80 — 3p0 ] |
3 3

EXPLANAT I ON

Hole drilled by U. S. Bureau of Reclamation,
Mid-Pacific Region, Sacramento, California.

Sheet 2 of 2

12

Mole No.. ™60
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The following table is appended for the convenience of readers who
wish to convert units between English and metric systems.
Temperature

degrees Fahrenheit (°F) = [(9/5 x °C) + 32]

degrees Celsius (°C) = [(5/9)x (°F x 5/9)]

Length
3.28 feet = 1 metre
0.62 mile = 1 kilometre
1 foot = 0.3048 metre
1 mile = 1.609 kilometres
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SUSANVILLE-HONEY LAKE GEOTHERMAL RECONNAISSANCE,

SOUTHERN LASSEN COUNTY, CALIFORNIA

By

William F. Hardt, Franklin H. Olmsted,

and Frank W. Trainer

INTRODUCT ION

As part of an appraisal of the nature and economic potential of the
geothermal resource in the vicfnity of Susanville and Honey Lake, the U.S.
Bureau of Reclamation has been collecting geologic and hydrologic data,
making resistivity surveys, obtaining thermal-infrared imager*, consulting
with the U.S. Geological Survey, and drilling shallow temperature-gradient
holes.

This report, prepared by the Geological Survey in cooperation with the
Bureau of Reclamation, presents the results of a brief reconnaissance study
of the geothermal resource in the Susanville-Honey Lake area using the

available geologic and hydrologic data.




Area Studied

The study area centers on an east-west alluvial embayment .on the
east flank of the Sierra Nevada in southern Lassen County, Calif. (fig. 1).
The town of Susanville is at the northwest corner of this embayment, near
the contact of basalt and alluvium. The major hot springs flow from
al]evial deposits at Wendel and Amedee, near Honey Lake, about 25 miles
east of Susanville, and fhat part of the area has thus been of primary
interest for development of thermal water. There are several thermal water
wells at Susanville. Development as near Susanville as possible is attractive
for economic reasons. However, the area surrounding the hot springs at Wendel
and Amedee has been designated a KGRA (Known Geothermal Resource Area), and
two deep test holes have been drilled there by industry.

In developing the conceptual model for cold-and thermal-water
circulation and discharge in the Susanville-Honey Lake area, it was
necessary to encompass a larger study area than the alluvial embayment.

Accordingly, the area north of Susanville and Honey Lake was also investigated

briefly.




Objectives of the Study

The purpose of this short-term reconnaissance was to (1) define
and appraise the geothermal resource on the basis of the available data;
(2) assist in planning a program of shallow test drilling for temperature
information, scheduled for October 1975; and (3) develop concepts for use

in planning more detailed future investigations.
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Methods of Investigation

R The methods of study used were controlled by the stringent time
limit, which permitted neither additonal field work nor the collection
of new data.

The first step in the investigation was to collect and study all
pertinent geologic, geophysical, hydrologic, and chemical data. ?ublished
and unpublished reports bn the area were studied, as well as papers dealing
with theory, methods of exploration and driiling, collection of data, and
various methods of data anquéis. Particular attention was given to water
temperature, water chemistry, and the development of a conceptual model of
thermal énd non-thermal water mixing.

After cataloging all data an outline was developed to cover the
objectives of the study. In writing the report the primary consideration
was in fitting the information together and developing conceptual models
of the Susanville-Honey Lake hydrothermal system. Because of the paucity
of data, judgment based on hydrologic experience was utilized to complete

the conceptual models. A designed field program, based on this reconnais-

sance, will be able to evaluate the validity of these models.
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Sources and Adequacy of Data

A detailed study was made of previous publications (see Selected
References) and of geologic and hydrologic data. The most useful data
and compilations were (1) drillers' logs of wells,(2) a gravity map,
(3)_a resistivity map, (4) selected electric logs of drill holes, (5) a
geologic map showing fau]ts, (6) geologic sections and stratigraphic
columns, (7) water-quality analyses, (8) a water-level contour map,

(9) temperature-gradient profiles in three wells in Susanville, and
(10) water-temperature measurements in wells and springs.

These data had been collected and the compilations made by ﬁany
workers over~a considerable period. They are not of comparable accuracy,
and much of the information needed to develop and test geologic and
hydrologic hypothesis is not available. No conceptual model of the

hydrothermal system had been developed.




GEOTHERMAL ENVIRONMENT

The basic elements of a hydrothermal system are (1) a heat source,
(2) a recharge mechanism, (3) a circulation mechanism, and (4) a discharge
mechanism. Geothermal energy is natural heat derived from the earth's
interior. In areas unaffected by local cruétal heat sources or by coﬁvec-
tion, a typical geothermal gradient in the outer part of the crust is on
the order of 1°C (Ce[sius) 100 feet of depth.‘ At this gradient, the
temperature at a depth of 10,000 feet (3 kilometers) below the land
surface would be about 110° - 120° C. The heat of this depth cannot be
extracted economically with present technology unless the temperature is
considerably greater. However, geothermal gradients much greater than
1° C per 100 feet exist near areas of upward convection of hot water or
near local crustal sources of heat. The hot water wells at Susanville and
the hot springs at Wendel and Amedee are in such areas.

There are two phases of the problem of the origin of thermal water:
the source of the wafer and the source of the heat. The water may be of
meteoric, connate, or, usually to a minor degree, magmatic or juvenile origin.
In most systems studied to date, the thermal waters are predominantly meteoric
in origin. The source of heat may be (a) a body of intrusive magma or recently
solidified igneous rock at depth in the crust; (b) extrusive igneous (volcanic)
rocks young enough to retain their original heat; (c) the '""normal' heat flow of
the earth, which results in large part from the disigtegration of radioactive

elements; or (d) active faults on which movement generates heat.
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Thermal waters in the Susanville-Honey Lake region are assumed to
be predominantly meteoric in origin. Recharge to the aquifers is from
precipitation and runoff which move downward to considerable depths in the
rocks and unconsolidated deposits. Discharge is either from spring§ such
as Wendel or Amedee} or from broad areas of evaporation such as Honey Lake.
Thus, the water in the thermal reservoir moves slowly in response to

recharge and discharge.




REGIONAL SETTING

Regional Geohydrology -

The Susanville-Honey Lake area oﬁcupies a western embayment of the
Great Basin physiographic province. To the north lies the Modoc Plateau,
underlain by Tertiary and Quaternary volcanic rocks. To thevsouthwest 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 geology of this region is described in various reports; those
pertinent to this geothermal reconnaissance include California.bepartment
of Water Resources, Bulletin 98, 1963; California Division of Mines and

(Macdonald, 1966); :

Geology, Bulletin 190, 1966 geplogic map of California, Westwood sheet .
(Lyndon and others, 1960) and Alturas sheet (Gay and Aune, 1958); and an
unpublished report by Duffield and Fournier (1973). A briFf geologic
summary, largely extracted from the above reports, is included in this
report. Figure 2 shows the geology of the fegion immediately north of the
Susanville-Honey Lake area and the locations of representative stratigraphic
and geologic sections in Willow Creek Valley and Secret Valley (fig. 3, 5)

and Honey Lake Valley (fig. 4).
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The Tertiary 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, according to calculations Ey A. H. Lachenbruch (1968), have long
since cooled to the temperatures of other rocks, but the younger volcanic
'rocks of latest Tertiafy and Quaternary age might be associated with
shallow crustal sources of heat (Olmsted and others, 1975). According
to Woods (1974), some geothermal activity is associated with geologically
recent volcanic or fgult activity as tectonic forces generate the heat.
These relations will be of concern in development of a conceptual model
of the geothermal system.

The Susanville-Honey Lake area is flanked by volcanic rocks (basalt)
on the north and granitic rocks on the southwest (fig. 2, 6, 7). The
Skedaddle and Amedee Mountains, to the northeast, are the remains of a
large eroded volcaéo that has been truncated by the Amedee fault (between
Amedee and Wendel in fig. 2). Shaffer Mountain, another volcano farther
west, has not been greatly modified by faulting. North of Susanville the
valley is flanked by a low bﬁgaltic plateau modified by block faulting.
The upland west of Susanville, also underlain by volcanic rocks, is a
transition zone bewteen the Basin and Range province to the east and

the Cascade Range to the west.




Earlier wafer-resources investigations (California Dept.‘Water
Resources, 1963; Glancy and Rush, 1968; Rush and Glancy, 1967), have shown
gross areal relationships in the shallow ground-water flow system in the
Susanville-Honey Lake area and vicinity. As summarized in figure 8, 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
unconsol idated deposits is typically cold.

The rocks exposed north of the Susanville-Honey Lake area are Pliocene
and Pleistocene basalt. Study of the stratigraphic sectioA in‘Honey Lake
Valley (fig. 4) suggests that tﬁese rocks may represent the deepest aquifer
for extensive movement of ground water in the Honey Lake area. The basalt
is estimated to be 4,000 feet thick; it interfingers with the generally
poorfy perm;able lake deposits. The lake deposits, possibly 5,000 feet
thick (California Dept. Water Resources, 1963, p. 210), may acﬁ as a
hydrologic barrier to the movement of ground water, causing upward movement
of ground water in the area of faults inferred by earlier workers to cut
the valley floow near Amedee and near Litchfield (see fig. 2; 7). Volcanic
or granitic rocks of unknown hydrologic characteristicé lie beneath the

lake beds.
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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 cold ground water through irregular
flow paths in the basalt near recharge areas 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 (Sass and others, 1971)
suggest that the heat flow in the Susanville-Honey Lake area is about 2 HFU
(heat~flow units, microcalories per square centimetre per second). Nor is
the source of the heat in the thermal waters of the valley known. O0f
potential interest to this study are the Pliocene and Pleistocene basalts
at the Wendel-Amedee area, the volcanic-granitic association at Susanville,
and the series of ﬁorth_and west-trending faults in the valley. According
to previous investigators, 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 iIs 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.
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CONCEPTUAL MODELS OF THE GEOTHERMAL SYSTEM

From the evidence described in the section '"Regional Geohydrology,"
it is inferred that the Susanville-Honey Lake geothermal s?stems are
related to the circulation of meteoric water in the volcanic and
granitic rocks associated with faults. Chemical characteristics of
the thermal waters indicate that the systems are low temperature (probably
mostly 150°C or less). Sources of heat for the circulating waters are
postulated in two conceptual models.

One model consists of a hydrothermal system in an area of normal
regional heat flow with no local heat source in the upper crust (fig. 9, A).
The other model consists of a local heat source in the upper crust superim-
posed on the regional heat flow (fig. 9, B). The model lacking a local
heat source requires the deeper circulation for the water to attain a
given temperature.

Olmsted and others (1975, p. 51) give an example of the depths of
circulation required, for the water to attain given temperaturés, in the
absence of a local heat source in the upper part of the crust; If the
regional heat flow is 2 HFU, average thermal conductivity of the rock is
6.0 X IO_3 cal cm—] s“1 °C-] (representative of granite), and the mean
annual temperature at the land surface is 10°C, water would have to circulate
to a depth of 4.5 km (about 15,000 ft) to attain a temperature'of 160°C,

and to a depth of 5.7 km (about 19,000 ft) to attain a temperature of

200°C.
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In the model having a local source of heat the water need not
circulate to such great depths to attain a comparable temperature.
Moreover, small lateral extent of ground-water circulation and a nearby
source of recharge are somewhat more plausible with a local heat source
than where such a source is absent. However, deep-seated faults can
short-circuit the movement of ground water and permit deep circulation
of meteoric water within small lateral distance where local heat sources
are absent. The conceptual model adopted on the basis of meager data
for the Susanville-Honey Lake area assumes (1) lateral ground-water
movement of not more than 30 miles, and (2) local heat sources. The nature
of such heat sources can only be suggested speculatively without additional
information. Resistivity data (U.S. Bureau of Reclamation, oral commun.,
1975) suggest the possible presence of vent-filling volcanic rocks beneath
the alluvium of the hot-spring areas. A resistivity low at Susanville
indicates a possible thermal anomaly; hydrothermal discharge there appears
to be controlled by a fault along the western edge of the city.

Olmsted and others (1975) postulate two conceptual models of discharge
for geothermal systems in nearby Nevada (fig. 10). One system has a
nonleaky discharge conduit, and the other system has a leaky discharge
conduit. According to Olmsted and others (1975, p. 53-54, 57)...[In] the
nonleaky system...the vertical or nearly vertical conduit system is
isolated hydraulically from the adjacent deposits or rocks by impermeable
walls formed by minerals precipitated from the thermal fluid, or the
conduit system may consist of fractures in impermeable rocks which are
isolated from other fracture systems. All or nearly all the rising water
therefore discharges at the land surface as springflow---Heat is discharged

laterally from the conduit system by conduction through the conduit walls.
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Relatively large thermal gradients are maintained through the conductive

zone. The surrounding nonthermal ground water is heated, and the heat may

be transported laterally by convection in the direction of the local

hydraulic gradients. |If the upper part of the conduit system is surrounded .
by unsaturated rocks, heat flow away from the system is almost entirely by

conduction. The thermal area surrounding the conduit system, where

conductive heat flow through near-surface materials js above 'normal,' is

of the order of 0.5-5 km2 on the basis of model studies by M. L. Sorey

(oral commun., 1974)...

... [In the] leaky discharge conduit [system]...some of the rising
thermal water leaks laterally into aquifers. The amount of leakage may
vary from a small proportion of the upward flow from the thermal reservoir
to all the flow, so that no water discharges as liquid at the land surface.
Where the leakage is small, little heat is transported laterally from the
conduit system by convection, and the near-surface distributioh of
temperature is similar to that in the nonleaky-conduit system.  Where the
leakage is large,...the near-surface distribution of temperaturé is modified
greatly because of lateral convective heat transport by the movement of
thermal water through the aquifers intersected by the conduit system. As
a result, the extent of the thermal area defined by above-'normal' tempera-
tures and thermal gradients in the near-surface materials is much greater

than that in the nonleaky system.''
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Study of the Susanville-Honey Lake data in light of these two
conceptual models suggests that discharge of thermal water at Wendel
and Amedee Springs is similar to that postulated for a nonleaky system,
but that discharge of Susanville and in much of the remainder of the area

in which thermal water has been found in wells is of the leaky type.
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GEOTHERMAL RESOURCE IN SUSANVILLE-HONEY LAKE AREA

Description of the Thermal Areas

City of Susanville

Although there are no hot springs in Susanville, at least 5 wells in
the southwestern part of the city produce hot water. All the wells are
within a small area in secs. 5 and 6, T, 29 N., R. 12 E., and are adjacent
to a possible extension of the Honey Lake fault (fig. 2). No warm water
has been reported north of the Susan River.

Temperature surveys of ‘three of the wells are shown in figure 11. All
three temperature profiles show the effects of both upward and lateral
convection of thermal water. All three profiles also indicate an upper
zone, ranging in thickness from about 50 feet in profile 1 to nearly 300
feet in profile 3, in which the gradients are relatively large and are
probably conductive.

Other thermal wells in use include those of the Church of Latter Day
Saints, which uses 49°C water to heat buildings; of Miller's Custom Works,
which uses 40°C water for cleaning equipment; and of Sierra Pacific
Industries (26°C water). The cooler water in the last well, which is
closer to the city center than the other wells, indicates either a greater

admixture of cool water (from the Susan River) or more cooling of the

thermal water as it moves laterlally away from the fault source.
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Table 1 shows the water quality of the Roosevelt swimming pool and
the church well. This water quality is different from that of the thermal
waters at Wendel and Amedee, suggesting different sources, different

circulation patterns and mixing, or both.
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Sarple
Number Location
1 XE/NE Sec.6
T.29N., R, 12E,, ~.D.
2 SE/NE fec. 6
T. 2N., R. 12E., ¥.D.
3 W/CE Sec.23
T. 29N., R, 15E., M.D.
4 NE/fW fec.lD
T. 29N., R,16E., M.D.
s WW/NE €ec.8
T. 28N., R.16E., M.D.
Sample
Number Li Na
1 <0.M1 20
2 0.05 140
3 0.12 280
4 0.0} 5e
5 0.c8 250

Table

Honev Lake Area (data
Water Resouwrces).

l.-=Quility of water from selected wells and springs in Susanville-

from files of California Department of

Date Producing Water
Sampled Depth Altitude Temperature
Name tmo/dy/yr) (m) {m) (°c)
Roosevelt /18773 90 (2) 1295 35.8
cwimming Pool
Latter Day F/18/773 169-131 1263 45.8
ca:nts Church
wendel Hot /47773 spring 1231 95.6
cprings ’
Souzherrn Pacific /17773 93 1223 28.2
Railroad
Amedee ot /17/13 spring 1219 95.1
cprings
Chemical Constituents (in mg/l)
Cations Anions
X Rb Mg Ca Zn F Cl HCO4 CO;
3.8 < 0.01 3.4 pL:) 0.043 < 0.1 2.0 120 1
4.6 0.02 1.6 24 0.002 1.2 64 68 1
7.3 0.04 < J.1 18 0,015 4.1 190 50 1
8.C 0,01 2.2 6.0 < 0,005 0.2 17 112 1
5.5 0.02 < 0.1 id < 0.005 4.4 160. 44 2

Trace Constituents Below Detection:

<0.1, Kn <02.01, Fe

<0.06, Cd « 0.01, Co < 0.05, Cu < 0.02, Ni < 0,04, Pb <« 0.1

A "

—— e e TN e e e A

S0

11

190

360

32

300

Conductivity Discharge
{ymhos/cm) {1 min)
0.254 Pumped
i.07 800
Pumped
3.34 1200
0.332 300
Pumped
2.86 S00
Calculated
Others Dissolved
sio2 B Solids
53 < 0.02 233
62 1.4 558
120 5.5 1040
42 0.22 279
95 4.0 879




Wendel and Amedee Springs

Wendel, (formerly Shaffer) and Amedee Hot Springs are described

by Waring (1915, p. 124-127). Waring's discussion is as follows:
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WEVICL (mun'nu)nor EPRINGS (LAISSEN 186).

In Honey Lako valley thero aro two large groups of hot aprings—
ono, the moro interesting, near ot Springs railroad station and tho
othor near Amedeo. At tho former locality, near the northeastern
sido of lloney Lake, a belt of calcarcous tufa extends from the baso
of steep slopes that border thio valley near tho railrond station south-
westward for nearly half a mile. Tho continuity of the surfaceexposure
of tho matorial is then broken, but tho course of the deposit is marked

~for two-thirds of a milo farther by prominent crags and knolls of the
material that riso in meadow and salt-grass land that extends to the
lako. One of theso crags is shown in Plate VIII, A, Seepoge springs
rise at several points along the middle part of this tufa belt, but the
springs of chicf interest issuo beyond its most lakeward outcrop.
They are not known locally by a definite name, but s3 thoy were
referred to in 1882 by Russcll as Shaffer Hot Springs, this name is
here used.

The principal spring rises with vigorous ebullition in a pool about
10 yards in diameter and 1 or 2 feot decp. The water was formerly

thrown up to a height of 3 or 4 feet, but this action hag been partinlly
stopped by stones that have been cast into the peol. A temperature
several degrees above boiling has been elaimed for this spring, but
204°, near tho center of the pool, was the highest temperature re-
corded. This is the samo temperature at which water boiled in a
bucket over a firo near the spring and is practically the caleulated
boiling point for this elevation (3,975 feet). A bathhouse that
extended ovbr & part of the pool was in 1909 used as a vapor bath.
In 1882 Russell ! estimated tho flow of this spring to bo 100 cubic feet
a minute (748 gallons o minute), but in Scptember, 1909, the avernge
of threoe float mensurements indicated a discharge of only about 175
gallong a minute. It docs not seem probable that this great difference
is duo to error in measurement, and it is belioved to show that the
flow has actually decreased, possibly beeanse of tho partinl choking
of tho vent with stones.  Two other hot springs that discharge about
65 and 10 gallons a minute, respectively, and 6 or more hot pools
that have no surfaco outflow, aro formed in tho nearly level salt-grass
aren in a distance of about 125 yards southwest of the main spring.

In his monograph on Lako Lahontan ? Russell says of theso springs

‘and tho associnted tufa:

This spring occurs at the southern end of a long row of tufa trags, fully 50 feet hiph
and romewhat greater in breadth, a few of which still have small aprings issuing from
their basea.  The tufa at the base of the crage, and forming the nucleus of the deposit,
ie amorphous, but is coated with a heavy depoait of the dendritic variety, & & &
The former waa a direct precipitate from apring water, but the lutter was plainly
deposited from the former lake. The evidence is such as to lead to the conclusion
* that this spring was fully aa copious during the cxistence of Lake Lahontan as now,

and that its point of diecharge was crowded southward along a fissure aa its former
outleta bocame filled with calcareous tufa deposited from ite own waters.
Russell also gives an analysis of the water, which is here reproduced, ©

together with analyses that were mado of the spring and lake waters™
“in 1909. Thoe analyses show that tho spring water is & primary saline
solution containing a larg. proportion of silica. The comparatively
small amounts of calcium and carbonate present are of interest
with respect to the largo tufa crags, but calcium carbonato is easily
formed and precipitated, so that large amounts are not nccessarily
present for the production of prominent deposits.  The lake water is
characterized by primary alkalinity as well as primary ealinity.

t Ruseclt, I. C., Qsological history of Lake Laliontan: U, 8. Geol. Burvey Mog, 11, p. 31, ‘828,
 Lake Lahontan ls the name that has boon given to @ body of water thet soctpied Honey Labe

Valisy and sdjacent valleys during sarly Quaternary tima, 20

»
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: Proqrrllns of renctlon:
‘rinnry sahndly....o....... versenss : 9

{Oonstitucnts are tn parts per militon.)

—

Becondary sallulty. . ... ...... cesnonsne
Tertlary salinfty .. .
Primary nlilinity
Eecondary atkatinit
Tertinry alkalinity ..

Iy Rescting, D Rencting ! n Reacting

' 5 ¥ y
Constituents. ! weight. | valurs. | weight. | valies. | welght. | values.
Sodtum (Ns)...... ebeerereneneies ceveees
Potassiim (K)o ooveiionneessronnicocannne.
Calelnm (Ca)......... vrvesesersan

Magucsium }Mg)......- ------
Bulphiata (R0Oy).... .

Chiarlde (1) ...
Carbonate ( ‘08
Metaborato (BO,
8ilica (810y).......

Carbon dloxide (COy)..... . ........ heerins

1. Maln spring, Shafler Hot Bpringe.  Anslyst, . W. Clarkn (18%3). Authority, U, 8. Geol, Burvey

Buh. 0.
2. Mnin spring, 8kafler Fiot Springs, Annlyst a, F. Colby (15M). A:lthmlt&om:or of aprings.
3. Honey Lakn,  Analyst nad anthority, F. M. Baton (1%®). Bample colles 73 yards Irom porth.

efst stiorn, whero water wig 1% inches dovep,

Dana! has mado aclose oxamination of the calcarcous tufa deposited

.in the basin of L.ake Lahontan. Three varicties ars recognized,

which differ chicfly in physical characteristics. The varicty st
Shaffer Hot Springs, which assumes mushroom shapes, is much the
commonest and is known as dendritic tufda. An analysis of the ma-
torial is here reproduced, because, though not strictly a hot spring
doposit, the crags near Shaffer Hot Springs are evidently cloeely
related to the presence of the hot water. :

Analysis of dendrilic tyfa from basin of Lake Lakontan.

{Annlyst, D, O, Allen (1882 7). Authority, U, 8. Geol, Burvey Mou. 11, p. 20.}

Insoluble residuB..ccuceeeseorssasssscsnsssscscesesenseeneses 5.08
Tron and alumina(Fe,0y+ALOg) . o cvvvernenieniienieeinin. 129
"Calcium 0xido (Ca0). ... .coviiernriiieriiinenaneineeeea... 4014
Magnesium oxido (MEO). .. ...ooveiiianiarniieianeieneaaea. 109
Chlorine (C1) ... verieivereieenesnnuaasnnnsosaseoanasnasssss. TrACO.
Bulphate (SO1). teveeerrreriiiiotretreransrieassaerssssoasa THACO
Phoephate (Py0)) - ceeereeerer cieeieesorrosarssrsssenseeass. kTOCE,
Carbon dioxide (COp)e v iuveviiiiienrerinsensnsssenecreess. 40.31
WAter (H,0). e« evvervnrernneenersesessncensesesnsesnesnsnes 201

99. 80

' Daoe, B. 8., A erystaliapsphio stody of the thindlite of Lake Lahooisa: U, 8, Oeol. Survey Ball, 11,
1 C
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AMEDEE HOT BPRINGS (LASSEN 17).

Tho sccond group of hot springs in Ioney Lako Valley is about 5
miles southenst of Shafler Hot Springs, near Amedee depot.  Theland
here is alluvial and slopes very gently westward toward Ioncy Lake,

Scalding wator forms soveral groups of shallow pools, mainly at

six places in a belt about 600 yards long that trends nearly south-
ward, but one-third of a mile S.30° W. (magnetic) from the southern-
most of these main groups another hot spring forms a pool in salt-
grass land, and hot water probably rises at other places still farther
toward the lake. Temperatures of 172° to 204° (practically tho boil-
ing point at this clevation, 4,000 feet) were noted in tho several

“springs, and the total discharge of hot water as measured by the flow

of six run-off strenms is about 700 gallons a minute.

In 1909 the springs had not been improved to great extent, but
there was a small bathhouse beside the railroad, near one of the
largest groups of springs. At the southernmost of the main groups
there was also an old bathhouse, and water from one of the northern-
most springs was used in preparing sheep dip. At the Amedec Hotel
n shallow well 80 yards cast of the nearest springs supplied water at
a tomperaturo of 134° for kitchen use, .

There are no prominent deposits of tufa at Amedee, such as there
aro ncar Shafler ITot Springs, but near tho southernmost of the main
groups tufa appears over a small arca.  Tho hottest spring rises from
this material. The following analysis of the water from this spring
shows that it is a primary salino water almost identical in character
with that of the Shaffer spring but of slightly less concentration.

Analysis of water from Amedee Hot Springs, Lassen County, Cal.e
fAnslyst and suthority, F. M. Eaton (1900). Canst{tuents are in parts per million.)
R |

PO PErALUID. .o eiriannaseanes P e et v aeetaenteerserenannbontareetonttoriesereannan 96°C.(04° F.)
Propertics of renction:
Primary salinity o iiiiiiiiiiitiaiiinearectetatsrraaantaceaarieaanecacan o
Eecondary salimty,, g 0
Tertinry salinity. ... 0
Primary alkslinity..... 1
Secondory alkalinity 8
Tertiary alkalinily L .oouiueretianiiiiiiiociannavesisecsnosansnsnsrorsasreraonnas -]
By Reacting
Constituents. welght. | valucs.
Rodlum (Na).. 72 10.18
Potasstum (K) .. 4.9 .13
CalehUI (0], oo iviviasseosrseensenceeersesnerssasssscsssssnanansssssssvanosanssan 18 .00
:ﬂnnnmhlm M) e enieinttoneeeantrnactrtncieneiencsanaorasessoscssasarcosssronssnn Trace. Trace.
ron (Fo)........ .
Aluminum (AiQ).. 1.8 -00
8uiphats (80y) . 200 8. 60
Chloride (1)..... .. 1A 4.02
Carbonate (COy).. ...... caiea cosae 27 0
Bilica (B10y)..... N | 1] .12
’ ' BIO.T|..........
Oarbomn AIoxbde (CO)..encrereeneirocrrirritescrscirorniseisnsscsecnsensoassas cecsns Present. | Present,

¢ Spring 180 yards southwest of Amedes depot.
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Table 1 and Waring (1915) present water analyses for these springs
that cover a span of 60 years. The water quality has not changed greatly
during this time.

The flow of Amedee Hot Spring was 700 gal/min (gallons per minute) in
1909 (Waring, 1915) and is about the same today. The flow of Wendel Hot
Spring was reported by Stearns and others (1937) and Waring (1965) to be
about 250 gal/min. Waring (1915) reported that it measured 175 gal/min in
1909. The flow of 748 gal/min in 1882 (reported by Russell and cited in

the foregoing quotation from Waring), if correct, may reflect changes in

the points of discharge owing to sealing by calcareous tufa. |[f the discharge

conduits have become partly plugged, the total thermal discharge may now be
mixing with shallower cold water over a larger area than formerly.

The convective heat discharge by springflow is estimated to be
1.3 X 106 cal s_l for Wendel and 3.8 X 106 cal s—] for Amedee, on the basis
of calculations that assume an average dfscharge temperature of 100°C., a
mean annual air temperature of 10°C., and flow of 250 gal/min for Wendel

Hot Spring and 700 gal/min for Amedee Hot Spring.
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to 1,116 feet, had a maximum temperature of 107°C.

with fair water quality except for a "sulfur' taste.

24

In 1962 Magma Power and Associates drilled one well in sec. 23,
T. 29 N., R. 15 E., near Wendel Hot Spring, to a depth of 630 feet, and
measured a maximum temperature of 64°C. Three wells were drilled in

secs. 5 and 8, T. 28 N., R 16 E., near Amedee Hot Spring; the deepest hole,

Gulf 0il Co. drilled two geothermal wells in 1973: one in sec. 5,
T. 28 N., R. 16 E., to a depth of 5,034 feet, and one in sec. 25, T. 29 N.,
R. 15 E., to a depth of 5,056 feet. Data from these holes have not been
released. On August 18, 1975, the well in sec. 25 was flowing 5-10 gal/min

from a broken valve. The water temperature was estimated to be 27°-32°C.,
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Geophysical Data

Bouguer Gravity Map

A Bouguer gravity survey of the Susanville-Honey Lake area was made
for the California Department of Water Resources by J. |. Gimlett (1960)

(fig. 12) to determine the configuration of the pre-Tertiary rocks that

form the boundaries of the basin, and to estimate the thickness of fill.

Figure 12 suggests a northwest-trending basin having the deepest part
beneath Honey Lake and much shallower fill in the northwestern part, east
of Susanville. According to an estimate by the California Department of
Water Resources (1963), the maximum thickness of volcanic rock and
sedimentary rocks beneath Honey Lake is about 5,000 feet.

The gravity data are not sufficiently detailed to indicate buried
traces of faults or the location of less dense thermal fluids in the

basin-filling rocks and deposits.
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Resistivity Map

A surface resistivity survey of the Susanville-Honey Lake area was
completed by the Bureau of Reclamation in 1975; the results are shown in
figure 13. The low resistivities at Susanville and near Wendel and Amedee
Hot Springs correlate well with thermal anomalies at those localities; the
effect of local geothermal anomalies evidently is to introduce a local
decrease in resistivity; Of particular interest for future exploration are
the areas between Leavitt and Litchfield, along the north side of the basin,

and east of Buntingville, where the map shows areas of low resistivity.

The lines of resistivity survey are not shown on the map, so it is
difficult to assess the significance of the low resistivity anomalies in
relation to blank areas on the map. The resistivity survey looks encouraging
for locating thermal anomalies and should be expanded to cover the valley
if coverage is now incomplete.

The following discussion, from Meidav and Furgerson (1971), points
out some of the interrelations among temperature, salinity, and resistivity
in hydrothermal reservoirs and illustrate the use of these data in the
interpretation of geothermal conditions.

""Where an outstanding geothermal reservoir does exist, the electrical
resistivity across it usually varies by a factor of at least 3-10 (Studt,
1958; Hayakawa, 1966, Breusse, 196h4). It also turns out, that because of
convective circulation, the concentrating effect due to boiling off from
the geothermal reservoir, and the higher dissolving power of the heated
reservoir water, the salinity of the fluids within the body of the geothermal

reservoir is greater than outside the reservoir. Thus, the salinity and
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temperature effects are often working together to enhance the electrical
conductivity of the geothermal reservoir and thus sharpen the electrical
resistivity anomaly over a geothermal reservoir. The high contrast in
resistivity between the reservoir rock and the surrounding rock is
particularly notable in volcanic terrain. In such areas, the resistivity
within the geothermal reservoir usually falls to 10 ohm-meters or less,
regardless of how high the resistivity outside the reservoir area. In some
exceptional cases, such as in the present study, where the regional resis-
tivity values are quite low to begin with, because of the preponderance of
clay and shale within the géological section, the resistivity change across
a geothermal area turns out to be less outstanding.. Because clay and shale
possess a finite electrical conductivity of their own, they tend to attenuate

the amplitude of the conductivity change due to temperature''.
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Indicators of Temperature

Measurements in some wells and springs in the Susanville-Honey Lake
area indicate temperatures as high as the boiling point or slightly higher.
Tempeéatures at depth in the subsurface are not known, and no heat-flow
studies are known to have been made in the area. Water-quality data
representing the period ]957—74, tabulated by the California Department of
Water Resources, weré used to estimate subsurface temperatures. Study of
the chemical analyses suggests possible reservoir temperatures of 150°C
or more, but problems introduced by rock type and by methods of sampling

and analysis lend considerable uncertainty to these estimates.

Measured Water Temperatures in Wells and Springs

Figure 14 shows the distribution of temperatures of water discharged
from wells selected for measurement. The temperatures are rounded to
the nearest 1°C, represent water from different depths from well to well,
and therefore provide only a crude indication of the presence and extent
of deeper thermal anomalies. At many places, the temperatures probably
are lowered by admixture of shallow cold water with the deeper thermal
water as well as by upward conductive heat loss.
Temperatures appear to be a few degrees above normal in an elongated
east-west area between Susanville and Wendel-Amedee, along the north side
of the valley. The area includes a less extensive resistivity low and appears

to be favorable for geothermal exploration.
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The near-surface thermal anomaly at Susanville is of relatively
small extent and coincides with the resistivity low. The Wendel-Amedee
thermal anomaly is of greater extent and also conforms well with the
resistivity low, (compare figs. 13 and 14.)

The correlation of higher temperature with lower resistivity is
less apparent east of Buntingville than it is in the other areas just

described (figs. 13, 14). More work is needed to resolve this apparent

discrepancy.
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Inferred Reservoir Temperatures

Reservoir temperatures were estimated using three geochemical
methods: the silica geothermometer, the Na-K-Ca geothermometer, and a
mixing model.

The silica geothermometer (Fournier and Rowe, 1966), based on the
silica content of the water, is inferred to show the temperature at which
the water was last in equilibrium with quartz. |If the silica content of
the water is assumed to have béen derived entirely from quartz and if the
water is assumed to have flowed from the reservoir to the well or spring
without significant loss or gain in silica content, this equilibration
temperature provides an estimate of the minimum reservoir temperature.
Application of this method to the Susanville-Honey Lake area, using chemicaT
analyses for samples from water wells and springs in the files of the
California Department of Water Resources, suggests temperatures near 100°C,
with a rough geographic zénation. Inferred temperatures in thé southern
part of the area commonly fall in the range 80°-100°C. |In a central zone
that is elongated from west to east and extends from Susanville to Wendel
and Amedee (see fig. 2 for locations of localities named) most inferred
temperatures are in the range 100°-110°C. In a northerly zone extending
from near Litchfield to the vicinity of Leavitt the inferred temperatures

are mostly between 110° and 120°C.
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This péttern of temperatures gives qualitative confirmation to
other data, considered in earlier sections of this report, which suggest
a region of higher subsurface temperatures in the northern part of the
area, between Amedee and Susanville. For two reasons the silica data do
not warrant a more precise éstimate of the temperatures. (1) In
concentrations near or higher than those reported in many of these analyses,
silica tends to precipitate from solution unless the samples are treated
at the time of collection to prevent precipitation. There is no indication
in the data that these samples were treated; and because they were collected
many years ago, and by various workers, it is a fair assumption that they
were not. (2) Many of the thermal waters in this area are reasonably
explained as mixtures of hot and cold waters. Such dilution can be expected
to result in lower silica contents and inferred temperatures than those
representative of the original hot waters.' The silica temperatures derived
from the available analyses are therefore minimum estimates.

The Na-K-Ca geothermometer (Fournier and Truesdell, 1973) provides
an estimate of reservoir temperature based on the concentrations of sodium,
potassium, and calcium in the water. Computations using the water analyses
from the Susanvillé-Honey Lake area yield temperature estimates that rénge
from about 100°C to more than 200°C. However, the areal pattern of values
differs markedly from that for the silica temperatures. The lowest values,
commonly less than 150°C, are at the eastern and western ends of the area,
and the highest values in the centfal part; many of the higher values are in
the south-central part of the area, and many intermediate values are in the
north-central part where other evidence has suggested that reservoir

temperatures may be relatively high. Temperature values inferred by use of

31




this geothermometer diverge markedly from those from the silica geother-
mometer. This tendency is most conspicuous at numerous places where
several silica temperatures are similar to one another whereas the
corresponding cation temperatures are very different from one another. The
silica estimates are believed to be more nearf? representative of the
reservoir temperatures than the cation estimates. The validity of the
cation estimates may be affecfed by the widespread occurrence in this area
of basalt, whose mineral composition does not favor equilibrium dissolution
of all three cations on which this method depends.

A mixing model described by Fournier and Truesdell (1974) can be used,
under favorable conditions, to estimate the original temperature of the
hot water and the fraction of admixed cold water by using the temperatures
and silica contents of the thermal spring or well water and of typical .
nonthermal ground water in the region.

Table 2 shows mixing-model data and calculated values for 10 selected
wells and springs. (Approximate locations of these wells and springs are
shown on figure 15.) Calculations for Amedee Spring and for well 29N/16E-
30L1 were made for each of two different samples. The calculations for the
Wendel-Amedee thermal area yield estimated reservoir temperatures in the
range 153°-183°C, and suggest that the observed thermal water contains 4l
to 50 percent admixed cold water. In the Susanville area, temperature
estimates are 155° to 208°C, with a higher proportion of admixed cold
water. The calculations were based on the assumptions of 10°C as the
average temperature of the cold water on using 10° C. (average air
temperature at Susanville; and of an Si0; content of 36 mg/1

(from Bagwell Spring at Susanville) as representative of SiO; in the

non-thermal water.
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TABLE 2,-=Selected springs and wells used in mixing model of

cold and thermal watersl/
Date Estimated Cold
Well number or of Temperature S102 reservoir water
spring name water (°c.) (mg/1) temperature fraction
sample (°C.) (percent)

Amedee Spring 1909 96 94 153 42
(28N/16E=-8B1) 1971 97 96 156 41
28N/17E-20J1 1956 27 39 112 83
Roosevelt swimming 1974 39 59 165 81
pool (29N/12E=-5D1)
Latter Day Saints 1973 49 62 155 74
church well
(29N/12E=5)
29N/15E~16G1 1958 27 54 193 91
Wendel Spring 1971 97 117 183 50
(29N/15E=23K1)
29N/15E=24F1 1958 31 40 255 92
Southern Pacific RR 1958 24 41 120 87
(29N/16E-30L1) 1973 28 42 120 83
30N/12E=33N1 1958 17 45 208 96
30N/13E=31R1 . 1958 26 76 122 86

1. Background temperature of cold water before mixing 1s considered to
be mean annual temperature aﬁ Susanville of 10°C.; silica content of cold
water is 36 mg/l, derived from Bagwell Spring, 1% miles northwest of

Susanville. Data from files of California Department of Water Resources.
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The temperature estimates based on the mixing model, represent parts
of the area near Wendel, Amedee, and Susanville. The validity of the
estimates cannot be determined until test holes have been drilled into the
geothermal reservoir, but the estimates suggest that reservoir temperatures
may be appreciably higher than the minimum values suggested by the silica
geothermometer. Two sources of uncertainty about the significance of the
temperatures suggested by the mixing model lie in (1) the fact that the
thermal water that mixes with the near-surface cold water in this area may
itself be a blend of waters, of many different temperatures, which have come
from different depths along different flow paths; and (2) the degree to which
the silica content of water from the Bagwell Spring represents that of the
cold ground water in the area is not known.

From the foregoing discussion it is concluded that the silica geother-
mometer probably provides reliable minimum estimates of reservqir temperatures;
that the cation-geothermometer estimates are not reliable; and that the
mixing-model estimates suggest reservoir temperatures considerébly higher
than do the silica estimates. HNone of these estimates is based on adequate
data, and the careful collection and analysis of water samples should be an

integral part of any exploration and test-drilling program.
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CONCLUSI10ONS

The following conclusions have been drawn from this brief review
of geothermal data from the Susanville-Honey Lake area.

The area is underlain by unconsolidated deposits. Thermal waters
occur in these deposits but are believed to have come from underlyiﬁg
basalt and perhaps from deeper granitic rock.

The occurrence of thé thermal waters discharged by springs near Wendel
and Amedee, and probably that df the thermal well water at Susanville, is
fault controlied. |In this respect these hydrothermal systems resemble other
hydrothermal systems in the northwestern part of the Basin and Range province.

The general flow pattern for shallow ground water in the area suggests
that the recharge area for the hydrothermal systems is to the nofth or
northwest and that it is within 25 miles of Honey Lake Valley. The nature
of the flow paths, principally tﬁrough basalt, is not known, but these paths
probably are complex.

Conceptual models for the hyﬁrothermai circulation systems are (1) deep
‘cifculation'offwaters‘along faults and other conduits in areas of normal
temperature gradients; and (2) shallower circulation near shallow crustal
sources of heat. The latter model is believed more likely, but present
evidence is far from conclusive.

The nature of the postulated heat sources is not known. The occurrence
of late Tertiary and Pleistocene volcanism in the area suggests the possibility
that volcanic necks are sources of heat. Resistivity data suggest localization

of hydrothermal flow near the surface, which is consistent with the presence

of fault conduits.
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Thermal wells at Susanville are concéntrated within an area of a
few square miles, and none is known to be north of the Susan River. The
distribution of cold-water wells around the thermal area suggests that the
thermal anomaly is of limited area, but the quantitative significance of
mixing of the thermal and cold water is not known.

The surface flow of Wendel Springs at the main orifice appears to
have decreased from 748 Qal/min in 1882 to 250 gal/min in 1970. This
decrease may reflect partial plugging of the spring orifices, accompanied
by more diffuse discharge at the surface and increased subsurface discharge.
The discharge of Amedee Spring, about 700 gal/min, has not changed signifi-
cantly from 1909 to 1971. Estimated convective discharge of heat is
1.3 X 106 cal s_] for Wendel Hot Spring and 3.8 X 106 cal s-] for Amedee Hot
Spring, assuming a discharge temperature of 100°C and an air temperature of
10°C.

Resistivity and other data suggest an elongated area of thermal-water
discharge between the principal known hydrothermal features at Susanville
and near Wendel and Amedee. However, the movement of cold ground water
through shallow permeable alluvium appears partly to mask the temperature

effects of thermal water moving upward from depth.
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Estimated temperatures for the thermal water in the elongated area
between Susanville to the west and Wendel and Amedee to the east, based
on the silica content of the water, are in the range 100°-120°C. This
appears to be a reasonable minimum estimate for the reservoir temperature.
Estimates based on a mixing model suggest that the observed thermal waters
contain large proportions of admixed shallow ground water and that the
original temperature of the hot water may‘have been appreciably higher--
possibly as high as 150° to 200°C. The uncertainties involved in all these
estimates are such, however, that resampling and new chemical analyses are

needed. The estimates now available should be used only in planning further

investigations.
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PROPOSED PROGRAMS

The objectives of planning a geothermal exploration program should
include (1) locating the extent and configuration of the thermal areas;
(2) estimating the volume, temperature, and permeability of the reservoir;
(3) determining the nature of the heat and water sources and of the
circulation system; (4) analyzing the chemical composition of the produced
fluid; and (5) predicting the long-term heat or energy potential. Investiga-
tions planned to attain these objectives could logically inciude both local
and regional studies. Because test drilling by the Bureau of Reclamation
is planned for the autumn of 1975, local studies are emphasized in the

program discussed in the following pages.
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Drilling Program

The information now available indicates that the Susanville thermal
anomaly is small, underlying an area of a few square miles. Deep-seated
thermal water is believed to be rising along localized conduits--probably
faults--and mixing with shallow cold water. A phased drilling program is
desirable in order to determine the form and areal extent of the thermal
anomaly with shallow holes before drilling deep holes.

Temperature and gradient measurements at depths on the order of 3
feet are quick and inexpensive, and in some areas have been useful in
detecting anomalously warm spots. The ground temperature is strongly
influenced, however, by near-surface effects, including insolation, topography,
precipitation, and movement of ground water. |[f the area for shallow
temperature measurements is selected carefully and the measurements are made
within a short time span (no more than a few days), the extraneous effects
just mentioned can be minimized. The shallow temperatures then provide a
clue to the location of temperature anomalies caused by hydrothermal
discharge into shallow aquifers. |Improved siting of deeper (100-200 feet)
test holes is thus facilitated.

Several shallow test holes (100-200 feet deep) have been tentatively
planned for the Susanville area by the Bureau of Reclamation (L. T. Tomlin,
oral  commun., 1975). Approximate locations for these holes are shown on
figure 15. Additional shallow holes are also suggested (see fig. 15) to
define better the lateral extent of the anomaiy and to provide additional

water samples and temperature measurements.

39




If the results obtained from these shallow holes are favorable, one
or more deeper holes (to perhaps 1,000 feet or deeper) would be desirable
in an effort to define the geothermal reservoir characteristics needed to
evaluate the potential of the reservoir for development. Two deep holes
are tentatively suggested on figure 15: one near the apparent center of
the thermal anomély and one near the fault at the north side of the
anomaly. The actual sites of such holes should be selected on the basis of
data provided by the shallow holes.

Figure 15 also shows the locations of shallow holes tentatively planned
by the Bureau of Reclamation for the area near Wendel and Amedee, and of
shallow holes suggested here as a result of this study. Assuming favorable
results from this shallow drilling, deep test holes would also be desirable.
If data from two test holes drilled by Gulf 0il Company can be obtained,
however, it may not be necessary to drill in the Wendell-Amedee area. The
Gulf holes, in sec. 5, T. 28 N., R. 16 E. and in sec. 25, T. 29 N., R. 15 E.,
are reported to be more than 5,000 feet deep and to be located on opposite
sides of the Litchfield fault. |

Also shown on figure 15 are the tentative locations of test holes on
both sides of the inferred trace of the Litchfield fault between Susanville
and the Wendel-Amedee area, and south of the fault to the west of Honey Lake.
Holes drilled west of Honey Lake would preferably be located err the

resistivity anomaly in sec. 1, T. 29 N., R. 13 E.
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Assuming the availability of data from the Gulf wells, the preferred
priority for the shallow drilling, by areas, appears to be as follows:
1. Susanville area, because of the favorable location for development

of any resource found;

2. area along Litchfield fault, because the data available suggest

higher reservoir temperatures than those found elsewhere in Honey Lake Valley;

and

3. west of Honey Lake.

Planning of any deep drilling would preferably be deferred until after
the entire shallow-drilling program had been completed. |t is quite possible

that results of the shallow drilling would favor sites and priorities for

deep holes that were quite different from those that can be suggested now.
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Studies Related to the Drilling Program

Temperature profiles should be measured in all test holes. Where
practicable (and certainly in all deep holes), core samples should also
be collected to permit measurement of thermal conductivity (which, with
thermal gradient, makes possible the calculation of heat flow) and the
hydrologic properties of the materials. Geophysical logs should be made
in the boreholes, flow aﬁd head data should be obtained, and representative
water samples collected for chémica] analysis. The analyses are needed to
provide reliable data for the geothermometers and data for later evaluation
of potential problems in development of the geothermal resource. Careful
sampling and field treatment of the water samples (Presser and Barnes, 1974)
is needed to insure the usefulness of the data for geothermal interpretation.
Constituents determined in the analysis of geothermal waters preferably
include silica; the principal ioﬁs; selected minor constituents such as
aresnic and boron; and the stable isotopes of hydrogen and oxygen, used in
study of?source of the water.

Along with these studies related to the test holes it woﬁld be desirable
to expand the surface-resistivity surveys already made by the Bureau of
Reclamation to cover areas southeast of Susanville, along the Honey Lake
fault, and east of Standish. In addition, geologic mapping is needed to

identify structural relationships and especially to map faults; and to

search for young rhyolitic rocks.
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Regional Studies

If the first exploratory field studies in the Susanville-Honey Lake
area indicate promising potential for development of the geothermal resource,
regional investigations should be made an integral part of further studies
in the area, It is important to bring regional relationships to bear on
the local problem; and to use local relationships in regional exploration.
For example, the regional heat flow is a fuﬁdamental parameter needed in
the interpretation of local sources of heat; and studies beyond a given
topographic basin may yield important information about recharge to a
hydrothermal system and about the ground-water flow pattern. In the region
surrounding the Susanville-Honey Lake area it is important to learn more
about flow through the basalts. On the other hand, geologic, hydrologic,
geophysical, and thermal relationships in the Susanville-Honey Lake area
could prove invaluable if geothermal exploration were extended into adjacent

regions such as the Modoc Plateau to the north.
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Figure 4.--Composite stratigraphic section in Honey Lake Valley
(California Dept. Water Resources, 1963, p. 208). Figure 4
For location of area represented by section, see
figure 2.
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Figure 9.--Conceptual models for the source of heat in hydrothermal
systems (Olmsted and others, 1975, p. 50).

(top), Diagrammatic cross section of hydrothermal system
lacking a heat source in the shallow crust.

>

(bottom), Diagrammatic cross section of hydrothermal system
having a heat source in the shallow crust.
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Figure 10.--Conceptual models for discharge of two hydrotherﬁal
systems (0Imsted and others, 1975, p. 55).

A (top), Diagrammatic cross section of a hydrothermal
discharge system having a nonleaky discharge
conduit.

B (bottom), Diagrammatic cross section of a hydrothermal
discharge system having a leaky discharge i
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