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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 comprehensive effort in community and economic development. To 

improve the local job market, an effort is underway to enhance the 

competitive position of the local c-erce and industry. This effort 

is directed at the development of local geothermal resources in the 

form of an energy utility system to furnish low-cost energy to its 

job-intensive industry. 

The Susanville Geothermal Energy Project (SGEP) encompasses the 

research and development for the 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) has contracted for a research 

program to define the economics of a community building an economic 

base through the utilization of geothermal energy. The ERDA effort 

will define the economic d e l ,  specific energy systems, and a 

program plan for the development of a demonstration geothermal 

utility system. 

development of the institutional tools (policy, planning, organiza- 

tional, financing, legal and environmental) as required for a 

An essential part of this effort will be the 

community to implement such a development and utilization of its 

natural resources. 
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Susanv i l l e  Geothermal Energy P ro jec t  

It i s  important  t o  ERDA t h a t  t he  e f f o r t  i n  Susanv i l l e  be o f  

b e n e f i t  t o ,  and be r e p l i c a b l e  by, many o t h e r  communities. To t h i s  

end, a U t i l i z a t i o n  Panel has been formed wi th  members represent ing  

o t h e r  communities o u t s i d e  of Lassen County, Ca l i fo rn ia .  The member 

communities of  t h i s  panel  w i l l  have d i r e c t  access  t o  the  SGEP as i t  

progresses  and w i l l  c o n t r i b u t e  d a t a  on t h e i r  i nd iv idua l  communities 

t o  a s su re  t h a t  t he  r e s u l t s  of t h e  p r o j e c t  w i l l  d i r e c t l y  b e n e f i t  t h e i r  

own communities. 

I n  t h e  e a r l y  summer of 1976, a workshop i s  scheduled i n  

Susanv i l l e  t o  present and d iscuss  t h e  results of t h e  p r o j e c t  as of 

t h a t  t i m e .  Other  i n t e r e s t e d  communities, as w e l l  as U t i l i z a t i o n  

Panel members, w i l l  be  i n v i t e d  t o  p a r t i c i p a t e  a t  t h a t  t i m e .  The 

SGEP Work Plan and schedule  are summarized on c h a r t  1. 

The SGEP e f f o r t  i s  being performed by the  c i t y  under c o n t r a c t  

wi th  ERDA. The cont rac ted  e f f o r t  i n  t he  c i t y  i s  under the  d i r e c t i o n  

of  t h e  Executive Of f i ce r ,  t he  Mayor of  Susanvi l le .  Respons ib i l i t y  f o r  

ca r ry ing  ou t  t he  program i s  under the  Ci ty  Clerk and Finance Of f i ce r ,  

James C. Jeskey, designated as Program Manager. Addit ional  s t a f f  

assist  M r .  Jeskey i n  o v e r a l l  p r o j e c t  admin i s t r a t ion  and p a r t i c i p a t e  

i n  the  I n s t i t u t i o n a l  Plan. The P r i n c i p a l  I n v e s t i g a t o r  i s  Alfred B. 

Longyear of  VTN-CSL, a j o i n t  venture  between VTN Consolidated Inc.  and 

CSL Associa tes ,  Inc.  VTN-CSL was formed and i s  under subcont rac t  

w i th  the  City to perform the  p ro fes s iona l  s e rv i ces  requi red  f o r  t he  

p ro jec t .  Aerojet  Energy Conversion Company is  under subcont rac t  

2 



, t 1 r' I 

> 

7 1 '  

0 RESEARCH PLAN 

REQUl REMENTS 

RESOURCE 

SYSTEMS 

MODELING 

0 INSTITUTIONAL PLAN 

0 UTILIZATION PLAN 

PANEL 

COMMUNITIES DATA 

LABORATORY PLAN 

WORKSHOP 

0 PROGRAMPLAN 

S.G.E.P. WORK PLAN 

'75 

JUL AUG SEP OCT NOV DEC I JAN FEB MAR I APR MAY JUN 

I 
I 

I 

I AMPR I AQR 

JUL AUG 

14-16 JULY 



Susanv i l l e  Geothermal Energy P r o j e c t  

w i th  VTN-CSL f o r  s t u d i e s  i n  energy conversion. George Zebal,  

Geology, and D r .  E. R. Barmet t le r ,  Agr i cu l tu re ,  are under c o n t r a c t  

wi th  VTN f o r  s t u d i e s  i n  t h e i r  d i s c i p l i n e s .  

Assumptions and Criteria 

I n  accordance wi th  c o n t r a c t u a l  g u i d e l i n e s ,  t h e  ERDA-funded 

development of an economic model of a community u t i l i z i n g  geothermal 

energy t o  b u i l d  an  economic base assumes that: t h e r e  i s  a geothermal 

resource  and t h a t  it i s  adequate  i n  q u a l i t y  and q u a n t i t y  t o  be used 

i n  a u t i l i t y  system f o r  economic development. Fu r the r ,  t h e  ERDA- 

based e f f o r t  assumes t h a t  needed technology w i l l  be " i n  hand" f o r  

t h e  development and use  of t h e  u t i l i t y  system. However, i n  o rde r  

t o  a s s u r e  t h e  development of a u s e f u l ,  proven model t h a t  w i l l  be 

accepted by l o c a l  government e n t i t i e s ,  s i t e - s p e c i f i c  d a t a  must be 

used i n  t h e  development and t e s t i n g  of t h e  model. 

Based upon d a t a  which they  have gathered and i n t e r p r e t e d ,  t h e  

c i t y ' s  consu l t an t s  have assumed that thennal  energy of less than 

300'F temperature  w i l l  be a v a i l a b l e  i n  t h e  Susanv i l l e  anomaly, t h a t  

thermal  energy of over  200'F w i l l  be a v a i l a b l e  from a t  least four  

o t h e r  anomalies i n  t h e  SGEP area, and t h a t  energy i n  excess  of 300°F 

wi th  adequate flow rates f o r  e lectr ic  gene ra t ion  w i l l  be a v a i l a b l e  

from a t  least one anomaly i n  t h e  v a l l e y .  

A fundamental c r i t e r i o n  used t o  guide t h e  p r o j e c t  e f f o r t  i s  t h a t  

t h e  l o c a l  e l e c t e d  governing body must e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  

c o n t r o l  t h e  energy system rate s t r u c t u r e  and/or  cause flow of a 

4 
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Susanville Geothermal Energy Project 

significant portion of the revenues from energy sales into the 

general fund of the governing body. 

dedicated to economic and comrmnity development. 

These revenues would then be 

Therefore, it has been assumed by the consultants that the city 

government will elect to establish a municipal power department or 

other similar entity 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. 

if available, will be transmitted to consumers outside the area 

through existing transmission networks. 

Overall Concept 

It is also assumed that surplus electric power, 

In essence, the Susanville Geothermal Utility System, in 

conceptual form, would be composed of a thermal energy module in 

the Susanville anomaly. 

possible thermal-electric module in the midvalley area, and one or 

A probable thermal energy module and a 

more thermal-electric modules in the Wendel-Amedee KGRA. 

the modules would be intertied for the transmission of thermal and 

electric energy to all module sites. 

then distribute thermal and electric energy to agricultural and 

industrial facilities throughout Susanville and the Honey Lake Valley, 

A l l  of 

Distribution networks would 

5 



Susanville Geothermal Energy Project 

and the communities therein. 

to each thermal module. The modules would be intertied in order to 

make maximum use of the thermal energy cascading from the electric 

facility and hence assure minimum electric power costs. 

industrial utilization would probably occur in the Susanville 

Industrial Park. 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. 

Agro-industrial parks would be adjacent 

The initial 

The park is 

contiguous with a private industrial park currently under development. 

Current industry in and immediately 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. 

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 

Primary use of this facility will be to 

.1 

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, 

6 



Susanville Geothermal Energy Project 

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 to varying levels of geothermal potential for 

use in a model to include Susanville. 

3. Investigate the feasibility of generating electrical 

power for local application and sale into a regional grid system. 

4 .  Collect and analyze 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 with existing governmental and private information to 

evaluate the presence and physical characteristics of potential 

geothermal resources within the Honey Lake Valley and adjacent to the 

city of Susanville. A cost-effective flow of exploration activities 

will be developed for future utilization. 

Systems. Analysis and definition of system design will be 

conducted for the production, control, conversion, and distribution 

7 



Susanville Geothermal Energy Project 

of thermal and electric geothermal energy. This effort is primarily 

parametric 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 cormnunity infrastructure (existing utilities) 

will be defined. 

will be evaluated for economic influence on the modeling. 

Life maintenance and operational considerations 

Modelinq. 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. 

will be selected to accommodate the requirements and projected 

resource capabilities of the communities whose representatives form 

the Utilization Panel. 

Institutional Plan 

The range of input parameters 

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. 

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 

Emphasis 

8 
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Susanville Geothermal Energy Project 

construction of the systems. Local legislation for the protection 

of the environment, the community way of life, and the geothermal 

resource will be developed. 

potential environmental problems and recommended approaches to 

Under consideration of the environment, 

solutions will be defined. 

utilization Plan 

The Utilization Plan will be implemented to assure timely 

transfer of the technical and institutional findings of the project 

to other interested communities and to assure that the scope of the 

.parameters used in the prototype Susanville Model are broad enough 

to be of use to other similar communities. If system optimization 

can be made to reflect applicability to a large number of commun- 

ities, the engineering and development costs can be spread over a 

broader market for the hardware. 

A Utilization Panel has been formed with representatives outside 

of Lassen County, California. This panel will exchange data on 

community and resource characteristics with the project. 

letter has been prepared for distribution to interested local 

governments after each quarterly meeting. 

A news- 

Evaluation and planning 

will be conducted to determine the value of establishing a geothermal 

laboratory for use by industry to evaluate the economics of use of 

geothermal energy. 

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

task managers will present papers covering their scope of effort. 

9 



Susanville Geothermal Energy Project 

The proceedings containing these papers shall be published in lieu of 

a final technical report. 

describe and discuss their participation in the project. 

workshop, a Summary Report covering conclusions drawn from the work- 

The Utilization Panel will be convened to 

After the 

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 be accomplished according to the SGEP Work Plan. 

Through coordination with the Bureau of Reclamation appraisal study, 

planning will be conducted 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. 
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LS-1264-A (4175) 
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GEOLOG.IC LOG OF DRILL HOLE 
Susanville Geothermal 

FEATURE. ..s u.sa.nvi.ll.e ...A .no.maly., :. . L.as?.n..Co.un.ty.. ... PROJECT. ... ~nve.s~.Fgat.i.on~ 

BEGUN.. 11-18-75 . PINISHED..!l?.25-75. .... 

..................... STATE. .. ca1.if.orni.a . . . . . . . . . . . .  

..... COORDINATES. .. ..!Of .?ul-.YeY.ed ....................... TOTAL DEPTH ... 1.5R..O.'. . . . . . .  VERTICAL.. vertical. .... 
LOCATION .. see. . N o t e  .......................... GROUND ELEVATION .!$?Oo?*. . .  ANGLE PRO?! 

DEPTH TO WATER Not De' 
TYP 

Hol 3 and 5 NOTES 
On water table 
levels, water re- ~i 
turn character of Of ' 
dri liine 

. 

Purpose of Hole: 

perature gradient. 

Land Location: Pacific Owner: ~ n d u s t r i e 1  SEk Sierra SWk 

Section 32, T. 30 N. 
R. 12 E.; approxi- 
mately 125' south of 
intersection of Oran e 
and Alexander ave- 
nues in City of 
Susanville. 

To determine tem- 

IDrill Rig: I 1 
Failing 1500 

Rockbit drilled wi 
Drilling Methods:** 

bentonite mud. 
1-37 ' :  4%"; unable t3 
advance hole past 37' - 
due to caving & mud 
loss. OW- 

-44': 8%" for instal- - 
lation of 5" surfac? l 
casing. - 
4-150' : 4%". 

milling Conditions: I, - 
1-29': Fast to mediun 7 
fast and smooth. 

29-41': Slow & rough 
41-43' : Smooth &fast$%" T 
43-150': Mostly slow RB - 

'*': and rough with fast 
and smooth zones 
usually less than 
2 '  thick. - 

Estimated Drilling 

0-29':  90% llej Fluid Return: 

29-40': 60%-0%;total- - 
40-90': 100% to 0%; . - 
mud loss at 37'. 

total mud loss at 
54'. 

90-150' : 90%. 160- 

Caving Conditions: 
Extreme caving - 

30-37'. Could not ad- - 
vance hole without 
surface casing past 1~: 
37'. 
Casing Record: Hole st 46': 

5" screw-joint sur- < 
face casing to 44' 
installed. 

mined . . . . . . . . . . . . . . . . . . . . . .  HOLE LOGGED BY ..... Ga?? 
* Ground elevation scaled from 1:62,5OO1US 

Susanville quadrangle. 

Hole Completion: 
5" surface casing removed. lk"  sealed, 

water-filled PVC pipe installed to 150.0'. 
Cemented into hole at surface and protected 
with a steel guard rail and 4x4" location 
post. 

*NO abnormal mud temperature rise while 
drill ing. 

EXPLANAT I ON 

..HoL1in6e.r.., . DRILLER .... T e d  .. ?a r r?w.  . . . . . . . .  

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

CLASSIFICATION AND 
PHYSICAL CONDITION 

0-29': Brown sand and clay with fine to 
medium quartz sand. Some light gray cla 

41-43' : Clay. 
43-47': Volcanic rock fragments and gravel 

49-80': Volcanic rock fragments and gravel 

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

Sheet 1 of 1 

Hole No. TG-l 
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GEOLOGIC LOG OF DRILL HOLE 
S u s a n v i l l e  Geothermal 

FEATURE. ... . ~ ~ ~ ~ ~ ~ i  Lie. . .Count41 .... PROJECT. ... lnve.s.t.iga.f.inns 
N o t e  G R O W  ELEVATION 4,!8p+? ANGLE FROM 

.'.. .................... STATE.. .C.a.L.i.forn.ia ............. 
.... .......................... . .  

No*. .TGr2. . . . .  . . .  Not . .  ~uy.ve.y.ed ...................... TOTAL DEPTH .... 50 :.e.! . . . . . .  VERTICAL.. V".tica1. . . .  
BEGUN.. 11-.14.:75 . .  FINISHED..~!:.~.!:!~ . . . .  

DEPTH TO WATER 

On w a t e r  t a b l e  
levels ,  w a t e r  re- 
t u r n  character o 
d r i l l i n g  

NOTES 

' u rpose  of Hole:  To 
l e t e rmine  tempera-  
u r e  g r a d i e n t .  

.and Owner: North 
i t a t e  Growers ,  Wesl 
I. Davi s ,  J r .  

. o c a t i o n :  S W k  N E k  
i e c t i o n  5 ,  T. 29 N. 
L. 1 2  E. ;  about  300 
i o r t h  and 50 '  wes t  
) f  i n t e r s e c t i o n  of 
:1 Dorado and Kern 
s t r e e t s .  

k i l l  Rig :  
' a i l i n g  1500 

k i l l i n g  Methods: 
4%'? r o c k b i t  u s i n g  

) e n t o n i t e  mud. No 
ibnormal mud temper 
i t u r e  r i s e  w h i l e  
Iri l l i n g .  

)r i l l i n g  C o n d i t i o n s  
1-19!: F a s t  and f a i  

. 9 - 5 0 ' :  Slow and ve 
l y  smooth. 

rough. 

I s t i m a t e d  D r i l l  in& 
F l u i d  R e t u r n :  

1-19!: 95% 
.9-50'  : 60%. 
L o s t  2000 g a l l o n s  

)f heavy mud b e f o r e  
I e rmina t  i n g  d r i l l  i r  

: av ing  C o n d i t i t i o n s  
Extreme c a v i n g  4c 

j 0 ' ;  c o u l d  n o t  ad- 
lance  h o l e  p a s t  50 '  
h e  t o  c a v i n g .  

: a s ing  Record :  
qone u s e d  

{ o l e  Comple t ion :  
I n s t a l l e d  1-t" 

s e a l e d ,  w a t e r - f i l i c  
PVC p i p e  t o  & 6 * .  cc 
nented  p i p e  i n t o  hc 
a t  s u r f a c e  and pro-  
t e c t e d  w i t h  s t e e l  
guard  r a i l  and 4x4' 
l o c a t i o n  p o s t .  

Not Determined ....................................... HOLE LOGGED BY ...... car ,?  A!,.H.?.!!.i?Fe?. .. DRILLER .... ?.ed.!a?row: . . . . . . . . . . . . .  
m e  t 
and $2 
s i z e f l  

*Ground e l e v a t i o n  s c a l e d  from 1:62,500' 
I 

o f  E 0 USGS S u s a n v i l l e  q u a d r a n g l e .  
CLASSIFICATION AND 
PHYSICAL CONDITION 

LOG BASED ON ROCKBIT CUTTINGS: 

0 - 1 9 ' :  Brown, f i n e  t o  medium sand and brow1 

1 9 - 5 0 ' :  Annular b l a c k  v o l c a n i c  f r a g m e n t s  
I 

mixed w i t h  c o n s i d e r a b l e  g r a v e l  from v a r -  
ious  r o c k  s o u r c e s .  

EXPLANAT I ON 
Hole d r i l l e d  by U. S. Bureau of R e c l a m a t i o n ,  

Mid-PacifLc. Region ,  Sacramento ,  C a l i f o r n i a .  

S h e e t  1 of 1 

nolo No. TG-2 
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GEOLOGIC LOG OF P R I L L  VOLE 
FEATvRE ... su*anvi1.1e .. An0mal.Y ................................ P R ~ E C T  ........... 1 n v e * t i B a t 1 ? n a  ...................... STATE .... C.?.l!for.nia ........... 

TG 17 LOCATION ..... $.e%. GROUND ELEVATION !!!>>+*. ANGLE PROM 

BEG ~ar...!2.- 4-.?5 . . .  FINISHED .. ? ?  .- 5-.!5 ....... 

Susanvi le Geotherma 

..... . .......................... 
... . . . . . . . .  .... "* .......'. . . . . . . . .  COORDIrSATES .. Not . .  S.urve~e.d .......................... TOTAL DEPTH !.!o,O' VERTICAL.. .v.CrC.!ca! 

NOTES Type 
On water table and 
levels, water re- sizee 
turn character of Of 
drilling Hole 

'urpose of Hole: To 
let ermine tempera- 
ure gradient. - 
.and Owner: 
M. A. Mallery 2( 1 

-I 

' 

NE'rNElL Section 1 
'. 29 N., R. 12 E. 

- 

- 

I 

compacted layers. 

trill Rig: 
ailing 1500 

Nrilling Methods: 
4#" rockbit drill 

d with bentonite 
lud. No abnormal mu 
emperature rise 
hile drilling. ( 

and smooth. 
0-150': Slow and 
medium smooth. 

stimated Drillin 

0-150': 100%; brow 

aving Conditione: 
one 

one used in drilli 
asing Conditions: 

m a l e  

ith a steel guerd 

ater-filled W C  
ipe to 150'. Cemen 
d into hole et sur 
ace and protected 

ail and 4x4" loca- 
ion post. 

CLASSIFICATION AND 
PHYSICAL CONDITION 

0-30': Brown sand. Mica; blue-green clay 
at 12'. 

30-35' : "Granite Wash". Medium grained, 
overail color bluish dark gray. 
SiO2, feldspars and dark minerals. 

35-45': Black clay with minor sand. 

45-70' : "Decomposed granite" and brown 

Much 

clay and sand. Highly weathered granitc 
fragments. 

UJ 

E XPL ANAT I ON '. 
Hole drilled by U. S. Bureau of Reclamation, 

Mid-Pacific Region, Sacramento, California. 

Sheet 1 of 1 

nolo No. TG-17 

3 



LS-1264-A (4175)  

GEOLOGIC LOG OF DRILL HOLE 
S u s a n v i l l e  Geothermal 

... . . . . . . . . . . . . . . . . . . .  ............. FEATURE. ..S~.sanvi.lle. .A,nsmaly.T.~~.~.ss.fln. .C,o~.nty. . .  ...... PROJECT. 1nue.st . igat . ions STATE. C a L i f a r n i a . .  
LoCATION ........ See. .Note ........................ GROUND ELEVATIDN .!!?.??.?.?. . . .  ANGLE FROM 

... . . . . . . . . . . . . . .  .... No'..TGr18... .  . . .  COORDIWTES ... N?.f .. S,uF.V,e~e.d . . . . . . . . . . . . . . . . . . . .  TOTAL DEPTH: !?!!: VERTIC AL... Vert . ica1 .  

BEG UN... 12-?-.?5 ... FINISHED ... 1?-3-.!5..... 

DEPTH TO WATER . . . .  Not. .De 

On w a t e r  t a b l e  
l e v e l s  w a t e r  re- 

' u rpose  of Hole :  
To d e t e r m i n e  tem- 

l e r a t u r e  g r a d i e n t .  

' a rd  n e a r  H o s p i t a l  

.and Owner: Lassen  
County. 

. o c a t i o n :  NE& NE& 
, f  S e c t i o n  6 ,  T. 29 
T., R. 1 2  E.; i n  Las  
ren Co. Maintenanc; 

.ane. 
~ 

kil l  Rig:  
' a i l i n g  1500 

) r i l l i n  Methods: 
4%" rtckbit drill- 

:d u s i n g  b e n t o n i t e  
wd. No abnormal mud 
. e m p e r a t u r e  r i s e  
r h i l e  d r i l l i n g .  

60 

j r i l l i n g  C o n d i t i o n s  
1-70!: Medium f a s t  

70-110':  Slow and 

110-150 ' :  Slow and 

i t e s  d r i l l i n g  t ime 

\ 129 l ) .  

and smooth. 

rough.  

v e r y  rough ( 4 5  min 

r e q u i r e d  from 128- 

S s t i m a t e d  D r i l l i n g  

1-35' : 100%;brown 
F l u i d  R e t u r n :  

35-150':  100%; g r a y  

:aving C o n d i t i o n s :  
Vone. 

0 

ieo 

Zasing  Record :  
l one  u s e d  w h i l e  
3r ill ing .  

s t a l l e d  1%" s e a l e d ,  
w a t e r - f i l l e d  PVC p i  

h o l e  a t  s u r f a c e  and 

g u a r d  r a i l  and 4x4'' 
l o c a t i o n  p o s t .  

.rmi.nad.. . . . . . . . . . . . . . . . .  HOLE LOGGED BY ... G 5 r y . A  

*Ground e l e v a t i o n  s c a l e d  from 1 :62 ,500 '  
USGS S u s a n v i l l e  q u a d r a n g l e .  

E XPL ANAT I ON 

.!!? l l . i * g e F  ........ DRILLER ...... ROY. ,Fry. ................ 
I 

CLASSIFICATION AND 
PHYSICAL CONDITION 

0 - 2 3 ' :  B~~~~ sand  and s i l t .  

23 -35 ' :  M u l t i c o l o r e d ,  f i n e  t o  c o a r s e ,  sub-  
rounded sand ;  minor c l a y .  

3 5 - 4 0 ' :  Blue-b lack  c l a y  and s i l t ;  and f i n e  
b l a c k  sand. 

40-70 ' :  Blue-b lack  s i l t y  c l a y ,  l a c u s t r i n e ;  
s l i g h t  o r g a n i c  odor .  Recovered  i n  "bacon 
s i z e d "  s l a b s .  

70 -150 ' :  Most ly  b l a c k  v o l c a n i c  r o c k  f r a g -  
ments .  Brown c l a y  and sand  from o c c a s i c  
a1  l a y e r s  about  1 - 2 '  t h i c k .  Very h a r d  

38 I 
Hole  d r i l l e d  by U. S .  Bureau o f  R e c l a m a t i o n ,  

H i d - P a c i f i c  Region ,  Sacramento ,  C a l i f o r n i a .  

S h e e t  1 of 1 
TG-18 Hole No. 

4 
................ ......... ~ - ~ . 



LS-1264-A (4/75) 

GEOLOGIC LOG OF DRILL HOLE 
Susanville Geothermal 

................... ............. l e  . . A  .noma.ly.~.~L.a.~a,en. .C.ou.nt.y... ..... PROJECT. .... InvesTigations. STATE. ..C.aL.if.PF.nia 
.... LOCATION .... See..Note ............................ GROUND ELEVATLON 4180+* . . .  ANGLE FROU 

NoJO.'~~TG'~l')'~ ..... COORDI1SATES. .. No.t..S.uF,:Y.er.e.d ......................... TOTAL DEPTH .... 138,Q' . . . . . . . .  VERTICALveft!.ca1 . . . . .  

BEGUN..11?.12-.75. ... FINISHED.. ..lL-.l3.-.Z5.. ... 

q E P T H  TO WATER 
NOTES 

On water table 
levels, water re- 
turn character oi 
drilling 

Purpose of Hole: To 
determine temperatu: 
gradient. 

Land Owner: Mr. & 
tlrs. Ted Corder. 

Location: S W ~  NE& 
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. 

Drill Rig: 
Failing 1500 

Drilling Methods: 
4%" rockbit using 

bentonite mud. No a 
normal mud tempera- 
ture rise while 
dr i 11 ing . 
Drilling Conditions 
c-42':  Fast and 
slightly rough. 

42-65': slow & KOUgl 
65-90': Medium fast 
and rough. 

90-111': Slow and 
very rough. 
111-115': Fast and 
fairly smooth. 
115-138' : Alternatii 
slow to fast arid 
rough to slightly 
rough. 

Estimated Drilling 

0-65': 90% 
65-90': 75% 

Fluid Return: 

90-138' : 85% 

Caving Conditions 
None. 

Casing Record: 
None used while dri 
ing. 

Hole Completion: In. 
stalled lk" sealed, 
water-filled PVC pi] 
to 138'. Cemented 
into hole at surfaci 
and protected with I 

guard rail and 4x4- 
location post. 

..Wi.C!?d .................. HOLE LOGGED BY ... G a r Y . . P  

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

1 

I 

E XPL ANAT I ON 
Hole drilled by U. S. Bureau of Reclamation, 
Mid-Pacific Region, Sacramento, California. 

Ho1.1 inSer  ........ DRILLER ..... T e d  . D ? r r o w . . ,  . . . . . . . .  
1 

CLASSIFICATION AND 
PHYSICAL CONDITION 

30-42': Black and white sand; minor gravel 

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

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

- 111-115': Clayey material. 
115-138': Black volcanic, coarse grain si2 
rock fragments with minor clayey zones. 

Sheet 1 of 1 

- 5 



GEOLOGIC LO6 OF DRILL HOLE 
FEATURE. ..!:!.~ch.f.!.el d ..%?mal Y .  ............................... PROJECT. .?~.?.?sv!.!.Le. .%?therm?!.. . I ~ v ~ ~ ~ / ~ ? L . % T A T E .  .. .Cal.ifo.rn be...  ......... 

... LoCATION . . . S  e. e .. Note ...................... ....... GROUND ELEVATIDN $0?.5$.?. . . .  ANGLE PROM 
COORDI~TES . .  N.o t . su~~ .e .yed  ...................... TOTAL DEPTH ...... 1.5!?,?.' .......... HOLE #O..:!G:.4 . . . .  VERTICAL .Ve:.t!cal . . .  

mined 

1 
DEPTH TO WATER 

On w a t e r  table  
l e v e l s ,  w a t e r  re- 
t u r n  c h a r a c t e r  o 
d r i  1 iing 

NOTES 

' u rpose  of Hole:  To 
l e t e r m i n e  tempera-  
. u r e  g r a d i e n t .  

.and Owner: 
Tom Johnson 

. o c a t i o n :  NE& SE'i 
i e c t i o n  2 ,  T. 29 N. <. 13 E . ;  a p p r o x i -  
l a t e l y  114-rnile wes 
if  s e c t i o n  l i n e  an? 
TO'  s o u t h  o f  L i t c h -  
I i e l d  Road. 

k i l l  R i g :  
' a i l i n g  1500 

I r i l l i n g  Methods: 

!d u s i n g  b e n t o n i t e  
iud. No abnormal  
iud t e m p e r a t u r e  r i s  
J h i l e  d r i l l i n g .  

,4%" r o c k b i t  d r i l l  

k i l l i n g  C o n d i t i o n s  
) - l o o ' :  Medium f a s t  
!OO-150': Slow and 

smooth ( b i t  b a l l e  
up w i t h  c l a y  a t  
1 1 3 I . l  

: s t i m a t e d  D r i l l i n g  

1-150 ' :  100%; g r a y .  
F l u i d  R e t u r n :  

:aving C o n d i t i o n s :  
'lone. 

:as ing Recolid: 
\lone used  w h i l e  
d r i l l i n g .  

l o l e  Comple t ion :  
I n s t a l l e d  1%" 

s e a l e d ,  w a t e r - f i l l €  
PVC p i p e  t o  1 5 0 ' .  
Zemented i n t o  h o l e  
a t  s u r f a c e  and p ro -  
t e c t e d  w i t h  a s t e e l  
gua rd  r a i l  and 4x4' 
l o c a t i o n  p o s t .  

?-Ground e l e v a t i o n  s c a l e d  from 1 :62 ,500 '  
USGS L i t c h f i e l d  q u a d r a n g l e .  

E XPL ANAT 1 ON 

CLASSIFICATION AND 
PHYSICAL CONDITION 

LOG BASED ON R O C K B I T  CUTTINGS: t 0-100': Brown s i l t y  c l a y  w i t h  minor  f i n e  t 
medium, v a r i c o l o r e d  sand.  S l i g h t  i n c r e a s  
i n  f i n e  sand a t  6 5 ' .  Dark brown, semi- 
c o n s o l i d a t e d  s i l t y  c l a y s t o n e  a t  9 0 ' .  

0 0 - 1 4 0 ' :  Clay. Gray ,  s i l t y  w i t h  minor  sane 
a t  113 ' .  I n c r e a s e  in f i n e  t o  medium sand 
a t  125'. 

140-148 ' :  Sandy Clay.  Dark r e d  w i t h  f i n e  t(  
c o a r s e ,  subrounded sand g r a i n s .  

148-150 ' :  Clay. Gray ,  w i t h  sand and s i l t .  

16 1 
Hole d r i l l e d  by U. S. Bureau of Rec lama t ion ,  

M i d - P a c i f i c  Region,  Sac ramen to ,  C a l i f o r n i a .  

S h e e t  1 of  1 

Hole No. TG-4 

6 



LS-1264-A (4175) 
I 

GEOLOGIC LOG OF DRILL HOLE 
Susanville Geothermal 

FEATURE. L !.!h f.i ?'.!d. .A?.V!l?~.Y.. ................................. PROJECT. .............. Inve.s t igat.i ~ n . s . .  . . . . . . . . . . .  STATE. .. C.31 i . f O  T.9.i a 

..... COORDI~SATES ... Not..3ur,Ve.~ed . . . . . . . . . . . . . . . . . . . . .  TOTAL DEPTH ..... !.50..0'.. . . . . .  V E R T I C A L . . V ~ ' : ~ . ~ . ~ ~ ~ .  .... HOLE NO ...TG- ?.. .  
BEG UN...12- 9-75  

........... 
LoCATION .. .. .............................. GROUND ELEVATION . . .  406O-f* . . .  ANGLE FROM 

. .  FINISHED ....... !.2:10:?5 

On water table 
levels, water re- 
turn character o 
driliin 

determine tempera- 
ture gradient. 

Ranch; Ray Chappi 

R. 14 E.; approxi- 
mately 450' south o 
S.P.R.R. tracks and 
250' east of aectio 
line; 250' west of 
county road. 

normal mud tempera- 
ture rise while 
dr i 11 ing . 

smooth. 

Estimated Drillin 
Fluid Return: 

12.: Conditions: 

Casin Record: 
None used while 

dri 11 ing. 

Hole Corn letion: I Instalyed 
sealed, water-fille 
PVC pipe to 150'. 
Cemented into hole 
surface and protect 
with a steel guard 

tion post. 
rail and 4x4'' loca- 

mined HOLE LOGGED BY Robex-' 

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

E XPL ANAT I ON 
Hole drilled by U. S. Bureau of ReClamation, 

Mid-Pacific Region, Sacramento, California. 

DRILLER Roy Fry L. Turner 

1 

minor sand. 

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

33-48': Volcanic sand and conglomerate. 

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

84-90': Pebble conglomerate and sand. 

90-100': Interbedded sand, conglomerate an, 

115-120' : Sand and conglomerate similar to 
90-100' interval. 

120-150': Clay. Medium gray, fat to s i l t  
with fine sand. Contains thin sand and con 

*I glomerate interbeds. 

- 

m- 

- 

*- 

- 

le 

- 

Sheet 1 of 1 

nolo No. TG-5 
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LS-1264-A (4175) 

GEO-LOGIC LQG OF DRILL HOLE 
Susanville Geothermal 

FEATURE ...b i ~ ~ h . f i n l d  .. hn~mal ~ . . . .  .......................... PROJECT ......... L.l?vs.e f. ige.t.ia n.6 ....................... STATE ..... c.alif.O.rn~.a ........... 

BE GUN..!?-!^-?!. .. FINISHED .... !?_!.!-!5 .... 

LOCATION ..... S.%.N!?t.? ........................ GROUND ELEVATION .4060.?* . .  ANGLE FROM 
.... . . . . .  . .  No....TG.-6..... . . .  COORDIW\TES .... Not. .Sur.ve.Y.ed . . . . . . . . . . . . . . . . . . .  TOTAL DEPTH .!x..P! VERTICAL. Vertical 

- 
1 
1 

- 

10- 

- 
- 

54- 

- 
- 

4.1 

DEPTH TO WATER 

On water table 
levels, water re- 
turn character of 
dr iliing 

To determine tem- 

NOTES 

'urpose of Hole: 

ier atur e gradient. 

.and Owner: Chappui 
tanch; Roy Chappuis 

10-45': Clay. Medium dark gray, slightly 
silty. Contains fine to medium quartz ani 
volcanic sand, 35-45'. 

45-70' : Sand and pebble conglomerate. Fin, 
to coarse, subangular to rounded, mostly 
quartz with lithic and weathered volcani, 
fragment 8 .  

70-90': Sandy Clay. Medium gray, contains 
fine to coarse sand as at 45-70' inter- 
Val. 

290-145': Sand and pebble conglomerate. 
Fine to coarse, subrounded to subangular 

.ocation: S U ~  N W ~  
iection 6, T. 29 N. 
:. 14 E.; approxi- 
lately 100' north 01 
.itchfield Rd and 
'5' west of private 
I-S gravel road. 

kill Rig: 
'ailing 1500 

trilling Methods: 
4%" rockbit drillc 

o 150' using bento- 
ite mud. No abnorm 
nud temperature ris 
chile drilling. 

trilling Conditions 
1-150': Medium fast 
and smooth. 

:aving Conditions: 
lone. 

:asing Record: 

Ir i 11 ing . 
[ole Completion: 

None used while 

Installed 1%'' PVC 
tealed, water-fillet 
iipe to 150'. Cement 
!d into hole at aur. 
'ace and protected 
rith a steel guard 
.ail and 4x4'' loca- 
:ion p o s t .  

HOLE LOGGED BY Robe brmined 

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

. . L .  .Tur!!e.r...... DRILLER .... Roy.  . F r y  .................. 

1 
CLASSIFICATION AND 

0-10': Clay. Soft, fat, medium brown-gray 

45-150': Clay and sand. Medium to light 
Sand similar to 90-145 brown soft clay. 

interval. 

EXPL ANAT I ON 
Hole drilled by U. S. Bureau of Reclamation, 

Mid-Pacific Region, Sacramento, California. 

Sheet 1 of 1 
Hole No. TG-6 

a 



LS-1264-A (4175) 

GEOLOGIC LOG OF DRILL HOLE 
Susanville Geothermal 

....... ..................... .. ......... FEATURE. .... Lit chf Fel d . .Aoamal x. ............................ PROJECT. .I.nves t !.Sa t.!?.ns.. STATE. Ca1.i f or!? !.?.. 
LoCATION .... .See. .Note. . . . . .  ................... GROUND ELEVATION .... 4067f* . .  ANGLE FROM 

. . .  No..,.TG-7. . . . . .  C W R D I ~ T E S  .... Not  .. Su.rveye (l ... . . . . . . . . . . . . . . . . .  TOTAL DEPTH ...... 150to' . . . . .  VERTICAL.. vertical. 
EEGUN..l?.-!5-!5. ... FINISHED ..... !*.-1617! 
DEPTH TO WATER ...... Not. 

NOTES 
On water table 
levels. water re- 
turn character of Of 
dr i 1 iing Hole , 
'urpose of Hole: 

lerature gradient. - 
and Owner: 

To determine tem- 

Herbert A. Miller 20: 

,ocation: S E k  SWk 
,ection 5, T. 29 N., 1 

lately 100' south of 1 
,itchfield Rd near 40: 
ntersection of 
oad to Wards Lake. ? 

.. 14 E.; approxi- 

irill Rig: 
'ailing 1500 

lrilling Methods: 
4f" rockbit drill 

d using bentonite 
iud. No abnormal 
iud temperature 
ises while drillin 

I-33': Medium fast 
and smooth. 
3-78': Slow and 

5-108': Slow and 
rough. 
08-143': Slow and 
smooth. 
43-150': Fast and 

I 1  smooth. 

-143': 1002; brown 

st imated Drilling 
Fluid Return: 

13': 507. 
13-150': 1007.; bro 

w i n g  Conditions: 
m e  

#sing Record 
m e  used while dril 

termined HOLE LOGGED BY Lprr! 

*Ground elevatfon scaled from 1:62,500' 
USGS Litchfield quadrangle. 

E XPL ANAT I ON 

CLASSIFICATION AND 
PHYSICAL CONDITION 

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

33-78': .Volcanic fragments. Dark red to 

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

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

108-130': Sandy Clay. Fine sand, light 
brown to gray. 

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

- 

1143-150': Sand. Coarse, conglomerate. - Well sorted subrounded quartz and vari- 
- colored volcanics. 
- 

- 

- 

- 

- 

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

Sheet 1 of 1 
nolo No. TG-7 
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GEOLOGIC LOG OF DRILL HOLE 
S u s a n v i l l e  Geothermal  

- 

- 
1 

FEATURE. .... . .L i t . ch f . i e Id .~c lmaly . .  ........................... PROJECT. ....... 1nves . t i ga tFona . .  ...................... STATE ... .h. LifQ.  WLe... .......... 
... LOCATION ...... Sae .. No ..e .......................... GROUND ELEVATION %?6.52*. . .  ANGLE FROM 

No....*G~~?~O~.~ .... COORDINATES. .. ..................... TOTAL DEPTH .... LsO..OI. . . . . .  VERTIC AL.... V.e~.t . ical .  ..... 

s 

LOG BASED ON ROCKBIT CUTTINGS: 

0-25': C lay  and sandy c l a y  w i t h  minor 
s i l t y  c l a y  and f i n e  t o  medium v o l c a n l c  

DEPTH TO WATER 

On w a t e r  t a b l e  
l e v e l s ,  w a t e r  r e -  
t u r n  c h a r a c t e r  of  
d  r i 1 ing 

NOTES 

'urpose of  Hole:  To 
l e t e rmine  tempera-  
Lure g r a d i e n t .  

: 

: 

.and Owner: 
H e r b e r t  M i l l e r  

I 25-48 ' :  Clay. Dark g ray  t o  b l a c k ,  f a t ,  
- minor s i l t .  

42- 

- - 48-54 ' :  Sand and p e b b l e  cong lomera te .  F ine  
- t o  c o a r s e ,  a n g u l a r  t o  sub rounded ,  d a r k  

v o l c a n i c  f ragments .  Quar t z  and minor  
60 - t u f f .  

I sand. 
7 54-70': Clay. Gray -g reen ,  fat, minor  

1 70-85':  Clay. Red-brown, s o f t ,  minor 
sand .  S l i g h t  i n c r e a s e  i n  b l a c k  v o l c a n i c  

8~ - - f r a g m e n t s ,  75-80'. 

- 85-108 ' :  Vo lcan ic  f r agmen t s  w i t h  c l a y .  
C lay  s i m i l a r  to  70-85' i n t e r v a l .  v o l -  

1 c a n i c s  b o t h  f r e s h ,  b r i t t l e ,  v e s i c u l a r ,  - and weathered .  Minor red-brown c l a y ,  90- 
-*? 108'. 

- 108-130 ' :  Sand. F ine  t o  medium, v o l c a n i c ,  
1 minor c l a y .  Brown c l a y  c o n t e n t  i n c r e a s f  
- e6  toward  130'. 

20- 

- 130-150 ' :  Sand. F i n e  to  c o a r s e ,  subangu- 
1 l a r  t o  aubrounded,  q u a r t z ,  v o l c a n i c s  and - wea the red  v o l c a n i c s ;  minor c l a y .  

4L- 

7 

. oca t ion :  S W ~  S W t  
s e c t i o n  31,  T.30 N., 
t. 14 E.; a p p r o x i -  
n a t e l y  60 '  e a s t  o f  
3 e l f a a t  r o a d  and 
180' n o r t h  o f  s ec -  
: ion l i n e .  

-' 
- 

60- 

- 

bib- 

- 

) r i l l  Rig: 
' a i l i n g  1500 

) r l l l l n g  Hethods: 
4f' '  r o c k b i t  d r i l l c  

ming b e n t o n i t e  mud. 
30 abnormal mud tem- 
) e r a t u r e  r i s e  w h i l e  
k i l l i n g .  

k i l l i n g  C o n d i t i o n s :  
1-85': Medium f a s t  

35-110': Very s l o w  

110-150':  Medium 

and smooth. 

and rough. 

slow and rough. 

Es t ima ted  D r  i 11 i n &  

3-85': 90%; brown. 
85-150':  100%; brow 

Saving  C o n d i t i o n s :  
None. 

F l u i d  Re tu rn :  

Cas ing  Record 
None used  d u r i n g  
d r i l l i n g .  

Hole Comple t ion :  
I n s t a l l e d  1%" 

s e a l e d ,  w a t e r - f i l l e t  
PvC p i p e  to  150 ' .  
Cemented i n t o  h o l e  
a t  a u r f a c e  and pro-  
t e c t e d  w i t h  a s t e e l  
gua rd  r a i l  and 4x4" 
l o c a t i o n  poa t .  

Not Di .......... ?mined . . . . . . . . . . . . . . . .  HOLE LOGGED BY .... R0be.rt.L:. Tur.ner ......... DRILLER .... R0.y .. F.ry .................... 
I 1  

*Ground e l e v a t i o n  s c a l e d  from 1:62 ,500 '  
USGS L i t c h f i e l d  quadrang le .  CLASSIFICATION AND 

PHYSICAL CONDITION 

and q u a r t z  sand. 1.4 

Hole d r i l l e d  by U. S. Bureau of  Rec lama t ion ,  
M i d - P a c i f i c  Region ,  Sacramento ,  C a l i f o r n i a  

S h e e t  1 of  1 

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

GEOLOGIC LOG OF DRILL HOLE 
Susanville Geothermal 

................................... Note GROUND ELEVATZON ....!!o. !.?+* . . .  ANGLE PROM 
FEATURE ... Bald .l?o.Unt.al.n ..* nomal. ........................... PROJECT .............. n v n a . t ~ 8 ~ f .  ~ar?4 ..................... STATE ... ~ s l . l f ~ . r n f i e  ........... 

COORDI&ATES ... NNot .. Su,r."e~!ed ........................ TOTAL  DEPTH....?.!'?^.^.!. . . . . . . .  VERTICAL.. !!!??.tical. ... .......... HOLE mJo..TC;-lO 
BEGUN..!.?.-!.?-!! ... FINISHED ..1 ?-1! .- I! ...... 
DEPTH TO WATER 

NOTES 
On water table 
levels, water re- 
turn character o 
drilling 
urpose of Hole: 
To determine tem- 
erature gradient. 

and Owner: 
R. C. Roberts 

ocation: swt S W ~  
ection 34, T.29N.. . 14 E.; approxi- 
ately 75' east of 
Dunty road 302 and 
25' north of unpav 
d county road 305. 

rill Rig: 
ailing 1500 

3 to 240' using be 
m i t e  mud. No abno 
a1 mud temperature 
h e  while drilling 

Killing Conditions 
-23': Slow and 
smooth. 
1-40': Medium faat 
1-240': Smooth and 
fast. 

wing Conditions:N( 
rsing Conditions: 
m e  used while 
dr i 11 ing . 
taled, water-fille, 
IC pipe to 240'. 
mented into hole 
: surface and pro- 
xted with a steel 
lard rail and 4x4" 
,cation post. 

HOLE LOGGED BY Larry termined 

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

1 

.. 

1 

1 1  

I 

E XPL ANAT I ON 

? . ,  Phi.11f . p s . . . .  .. DRILLER ....... R.? .F r .y .  . . . . . . . . . . . . . . .  
1 

CLASSIFICATION AND 
PHYSICAL CONDITION 

0-23': Clay. Light brown, with minor sanc 
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 end yellow 

ed, high percentage of quartz, light 
brown. Minor changes in coarseness 
throughout interval. 

Sand. Fine to medium, 
nor clay. Unconsolida 

light 
ed. 

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

Sheet 1 of 2 
nolo No. TG-10 I 

11 



GEOLOGIC LOG OF DRILL HOLE 
S u s a n v i l l e  Geothermal  

.. . . . . . . . .  FEATURE. . .Bald.  !"!!?unta!.!..*n?m8!,y ........................... PROJECT. ....... .Xaxe.s.t.igat.lane.. .................... STATE. 

BE GUN...!?.-.^^-.!! ... FINISHED.. !?.-l?.-7! .... 

.California. . .  
TG 10 LoCATION ... See .. N.Ote.8,  ... 5he.e t .  l . . .  ....... GROUND ELEVATION .... 401.2+.*.. . ANGLE PROM 

...... ... . . .  . . . . . .- . . . . . .  . . .  COORDINATES .... Not ~ur?re.yed . . . . . . . . . . . . . . . . . . . .  TOTAL DEPTH 240 0.' . . . . . .  VERTICAL.. .V.er.t.ical 

DEPTH TO WATER 

On w a t e r  t a b l e  
levels ,  w a t e r  re- 
t u r n  c h a r a c t e r  o 
d r i l l i n g  

NOTES 

HOLE LOGGED BY Larr Not Determined 

TYPel? 1 

E XPL ANAT I ON 
Hole d r i l l e d  by U. S. Bureau of R e c l a m a t i o n ,  

M i d - P a c i f i c  Region ,  S a c r a m e n t o ,  C a l i f o r n i a .  

CLASSIFICATION AND 
PHYSICAL CONDITION 

LOG BASED ON ROCKBIT CUTTINGS: 

200-210':  Sand. F i n e ,  l i g h t  t o  d a r k  g r a y  
w i t h  minor c l a y .  

210-240':  Send. F i n e  t o  c o a r s e ,  l i g h t  t o  
d a r k  g r a y ;  c l a y  i n c r e a s e  and g r a i n  s i z e  
d e c r e a e e  towards  240 ' .  

S h e e t  2 of 2 

nolo No. TG-10 
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SUSANVILLE-HONEY LAKE GEOTHERMAL RECONNAISSANCE, 

SOUTHERN LASSEN COUNTY, CALIFORNIA 

BY 

W i l l i a m  F. Hardt ,  F r a n k l i n  H. Olmsted, 

and Frank W .  T r a i n e r  

INTRODUCTION 

As p a r t  o f  an a p p r a i s a l  o f  t h e  n a t u r e  and economic p o t e n t i a l  o f  t h e  

geothermal resource i n  t h e  v i c i n i t y  o f  S u s a n v i l l e  and Honey Lake, t he  U . S .  

Bureau o f  Reclamation has been c o l l e c t i n g  g e o l o g i c  and h y d r o l o g i c  data,  

making r e s i s t i v i t y  surveys, o b t a i n i n g  t h e r m a l - i n f r a r e d  imagery, c o n s u l t i n g  

w i t h  t h e  U . S .  Geological  Survey, and d r i l l  i n g  shai  low tempera tu re -g rad ien t  

ho les .  

Th is  r e p o r t ,  prepared by t h e  Geo log ica l  Survey in  coopera t i on  w i t h  t h e  

Bureau o f  Reclamation, p resen ts  t h e  r e s u l t s  o f  a b r i e f  reconnaissance s tudy  

o f  t h e  geothermal resource i n  the  Susanvi l le-Honey Lake area  u s i n g  t h e  

a v a i l a b l e  g e o l o g i c  and h y d r o l o g i c  data.  



Area Studied 

The study area centers on an east-west alluvial embayment .on the 

eas't flank of the Sierra Nevada in southern Lassen County, Calif. (fig. 1). 

The town of Susanville i s  at the northwest corner of this embayrnent, near 

the contact of basalt and alluvium. The major hot springs flow from 

alluvial deposits at Wendel and Amedee, near Honey Lake, about 25 miles 

east of Susanville, and that 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 

brief 1 y . 



O b j e c t i v e s  o f  t h e  Study 

The purpose o f  t h i s  s h o r t - t e r m  reconnaissance was t o  (1)  d e f i n e  

and appra ise  the  geothermal resource on t h e  b a s i s  o f  t h e  a v a i l a b l e  d a t a ;  

(2)  a s s i s t  i n  p l a n n i n g  a program of  s h a l l o w  t e s t  d r i l l i n g  f o r  temperature 

i n f o r m a t i o n ,  scheduled for  October 1975; and (3)  develop concepts f o r  use 

i n  p l a n n i n g  more d e t a i l e d  f u t u r e  i n v e s t i g a t i o n s .  

Acknowledgments 

The w r i t e r s  g r a t e f u l l y  acknowledge h e l p f u l  d i s c u s s i o n s  w i t h  Hibbard E .  
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Reclamation, Sacramento, and Robert  Clawson o f  t h e  C a l i f o r n i a  Department o f  

Water Resources, Red B l u f f .  
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Methods of I n v e s t . i g a t i o n  

The methods o f  s tudy  used were c o n t r o l l e d  by the  s t r i n g e n t  t i m e  
\ 

l i m i t ,  which p e r m i t t e d  n e i t h e r  a d d i t o n a l  f i e l d  work nor  the  c o l l e c t i o n  

of new data.  

The f i r s t  s t e p  in t he  i n v e s t i g a t i o n  was t o  c o l l e c t  and s tudy  a l l  

p e r t i n e n t  geo log i c ,  geophys ica l ,  h y d r o l o g i c ,  and chemical data.  Pub l i shed  

and unpub l ished r e p o r t s  on t h e  area were s t u d i e d ,  as w e l l  as papers d e a l i n g  

w i t h  theory ,  methods of e x p l o r a t i o n  and d r i l l i n g ,  c o l l e c t i o n  o f  da ta ,  and 

va r ious  methods of data  a n a l y s i s .  P a r t i c u l a r  a t t e n t i o n  was g i ven  t o  water  

temperat,ure, w a t e r  chemis t ry ,  and the development o f  a conceptual  mode 

thermal and non-thermal water  m ix ing .  

A f t e r  c a t a l o g i n g  a l l  da ta  an o u t l i n e  was developed t o  cover  t h e  

o b j e c t i v e s  of the s tudy.  I n  w r i t i n g  t h e  r e p o r t  t h e  p r imary  c o n s i d e r a t  

o f  

on 

was i n  f i t t i n g  the- i n f o r m a t i o n  t o g e t h e r  and deve lop ing  conceptual  models 

o f  t he  Susanvi l le-Honey Lake hydrothermal system. Because of t he  p a u c i t y  

o f  data,  judgment based on h y d r o l o g i c  exper ience was u t i l i z e d  t o  complete 

the conceptual  models. A designed f i e l d  program, based on t h i s  reconna is -  

sance, w i l l  be a b l e  t o  e v a l u a t e  t h e  v a l i d i t y  o f  these models. 

4 



- Sources and Adequacy o f  Data 

A d e t a i l e d  s tudy  was made of prev ious  pub1 i c a t  ions (see Se lec ted  

References) and o f  geo log i c  and h y d r o l o g i c  data.  The most u s e f u l  da ta  

and c o m p i l a t i o n s  were (1) d r i l l e r s '  logs o f  w e l l s , ( 2 )  a g r a v i t y  map, 

( 3 )  a r e s i s t i v i t y  map, (4 )  s e l e c t e d  e l e c t r i c  logs o f  d r i l l  ho les ,  (5) a 

I 

1 

I 
I 
I 
b 

g e o l o g i c  map showing f a u l t s ,  ( 6 )  geo log ic  s e c t i o n s  and s t r a t i g r a p h i c  

columns, (7) water-qual  i t y  analyses, (8) a w a t e r - l e v e l  con tou r  map, 

(9) tempera ture-grad ien t  p r o f i l e s  i n  t h r e e  we1 1s i n  Susanvi 1 l e ,  and 

(10) water - tempera ture  rneasyrements i n  we1 1s and s p r i n g s .  

These da ta  had been c o l l e c t e d  and t h e  c o m p i l a t i o n s  made by many 

workers ove r  a cons ide rab le  p e r i o d .  They a r e  n o t  o f  comparable accuracy,  

j .  and much o f  t h e  i n f o r m a t i o n  needed t o  develop and t e s t  g e o l o g i c  and 
I I 
I -  h y d r o l o g i c  hypo thes i s  i s  n o t  a v a i l a b l e .  No conceptua l  model o f  t he  i 

hydro  t he rma 1 s y s tem had been deve 1 oped. 

l 

I 
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G E O T H E R M A L  E N V I R O N M E N T  

The b a s i c  elements o f  a hydrothermal  system a r e  ( 1 )  a heat  source, 

(2) a recharge mechanism, (3 )  a c i r c u l a t i o n  mechanism, and (4)  a d ischarge 

mechanism. Geothermal energy i s  n a t u r a l  heat  d e r i v e d  from the  e a r t h ' s  

i n t e r i o r .  I n  areas u n a f f e c t e d  by l o c a l  c r u s t a l  heat  sources o r  by convec- 

t i o n ,  a t y p i c a l  geothermal g r a d i e n t  i n  t h e  o u t e r  p a r t  o f  the  c r u s t  i s  on 

t h e  o r d e r  o f  1 "  C ( C e l s i u s )  100 f e e t  o f  depth.  A t  t h i s  g r a d i e n t ,  t h e  

temperature a t  a depth o f  10,000 f e e t  (3  k i l o m e t e r s )  below t h e  land 

s u r f a c e  would be about 110" - 120" C. The heat  o f  t h i s  depth  cannot be 

e x t r a c t e d  economica l l y  w i t h  p resent  technology un less  t h e  temperature i s  

c o n s i d e r a b l y  g r e a t e r .  However, geothermal g r a d i e n t s  much g r e a t e r  than 

1 "  C p e r  100 f e e t  e x i s t  near  areas o f  upward convec t ion  of h o t  water  o r  

near  l o c a l  c r u s t a l  sources o f  heat .  The h o t  water  w e l l s  a t  S u s a n v i l l e  and 

t h e  hot s p r i n g s  a t  Wendel and Amedee a r e  i n  such areas. 

There a r e  t w o  phases o f  t h e  problem o f  the  o r i g i n  o f  thermal water :  

t h e  source o f  t h e  water  and t h e  source o f  t h e  heat .  The water  may be o f  

meteor ic ,  connate,  or, u s u a l l y  t o  a minor  degree, magmatic o r  j u v e n i l e  o r i g i n .  

I n  most systems s t u d i e d  t o  date,  t h e  thermal waters  a r e  p redominant ly  meteor ic  

i n  o r i g i n .  The source o f  heat  may be (a) a body o f  i n t r u s i v e  magma or r e c e n t l y  

s o l i d i f i e d  igneous rock  a t  depth i n  t h e  c r u s t ;  (b)  e x t r u s i v e  igneous ( v o l c a n i c )  

rocks young enough t o  r e t a i n  t h e i r  o r i g i n a l  heat ;  (c)  t h e  "normal" heat  f l o w  o f  

t h e  e a r t h ,  which r e s u l t s  i n  l a r g e  p a r t  from t h e  d i s i n t e g r a t i o n  o f  r a d i o a c t i v e  

elements;  or (d) a c t i v e  fau  t s  on which movement generates h e a t .  

6 



Thermal waters  i n  t h e  Susanvi l le-Honey Lake reg ion  a r e  assumed t o  

be predominant ly  me teo r i c  i n  o r i g i n .  Recharge t o  the  a q u i f e r s  i s  f rom 

p r e c i p i t a t i o n  and r u n o f f  which move downward t o  c o n s i d e r a b l e  depths i n  the  

rocks and unconso l ida ted  depos i t s .  

as Wendel or  Amedee, o r  f rom broad areas o f  evapora t i on  such as Honey Lake. 

Thus, t h e  water  i n  the thermal r e s e r v o i r  moves s l o w l y  i n  response t o  

recharge and d ischarge.  

Discharge i s  e i t h e r  f rom s p r i n g ?  such 

7 



REGIONAL SETTING 

Regional  Geohydrology 

The Susanvi l le-Honey Lake area occupies a western  embayment o f  t h e  

Great Bas in  phys iograph ic  p r o v i n c e .  To t h e  n o r t h  l i e s  t h e  Modoc P la teau,  

u n d e r l a i n  by T e r t i a r y  and Quaternary v o l c a n i c  rocks.  To t h e  southwest i s  

t h e  n o r t h e r n  S i e r r a  Nevada, i n  which t h e  exposed rocks ad jacent  t o  the  

area o f  s tudy a r e  c h i e f l y  Mesozoic g r a n i t i c  rocks and o v e r l y i n g  T e r t i a r y  

v o l c a n i c  rocks .  Thermal s p r i n g s  a r e  numerous i n  t h e  reg ion ;  they a r e  

assoc ia ted  w i t h  bo th  v o l c a n i c  rocks and f a u l t s .  

The geology o f  t h i s  r e g i o n  i s  d e s c r i b e d  i n  v a r i o u s  r e p o r t s ;  those 

p e r t i n e n t  t o  t h i s  geothermal reconnaissance i n c l u d e  C a l i f o r n i a  Department 

o f  Water Resources, B u l l e t i n  98, 1963; C a l i f o r n i a  D i v i s i o n  o f  Mines and 
(Macdona 1 d , 1966) ; 

Geology, B u l l e t i n  190, 1966 g e o l o g i c  map o f  C a l i f o r n i a ,  Westwood sheet 

(Lyndon and o t h e r s ,  1960) and A l t u r a s  sheet (Gay and Aune, 1958); and an 

unpubl ished r e p o r t  by D u f f i e l d  and F o u r n i e r  (1973) .  A b r i e f  g e o l o g i c  

summary, l a r g e l y  e x t r a c t e d  from t h e  above r e p o r t s ,  i s  i nc luded i n  t h i s  
I 

r e p o r t .  F i g u r e  2 shows t h e  geology o f  t h e  r e g i o n  immediate ly  n o r t h  o f  t h e  

Susanvi l le-Honey Lake area and t h e  l o c a t i o n s  o f  r e p r e s e n t a t i v e  s t r a t i g r a p h i c  

and g e o l o g i c  s e c t i o n s  i n  W i l l o w  Creek V a l l e y  and Secre t  V a l l e y  ( f i g .  3, 5) 

and Honey Lake V a l l e y  ( f i g .  4 ) .  



The T e r t i a r y  Per iod  was marked by widespread vo lcan ism and the 

Minor vo lcan ism p o u r i n g  o u t  o f  enormous lava f l o o d s  and ash f l ows .  

cont inued i n t o  the  P le i s tocene .  Vo lcan ic  rocks o l d e r  than 10 m i l l i o n  

years,  acco rd ing  t o  c a l c u l a t i o n s  by A. H .  Lachenbruch (1968) , have long 

s i n c e  coo led  t o  the  temperatures o f  o t h e r  rocks,  bu t  t he  younger v o l c a n i c  

rocks o f  l a t e s t  T e r t i a r y  and Quaternary  age might be assoc ia ted  w i t h  

sha l l ow  c r u s t a l  sources o f  heat (Olmsted and o t h e r s ,  1975).  According 

t o  Woods (1974))  some geothermal a c t i v i t y  i s  assoc ia ted  w i t h  g e o l o g i c a l l y  

recent  v o l c a n i c  o r  f a u l t  a c t i v i t y  as t e c t o n i c  fo rces  generate t h e  hea t .  

These r e l a t i o n s  w i l l  be o f  concern i n  development o f  a conceptual  model 

o f  the geothermal system. 

The Susanv i l  le-Honey Lake area i s  f l a n k e d  by v o l c a n i c  rocks ( b a s a l t )  

on t h e  n o r t h  and g r a n i t i c  rocks on the  southwest ( f i g .  2 ,  6, 7 ) .  The 

Skedaddle and Arnedee Mountains, t o  the  n o r t h e a s t ,  a re  the remains o f  a 

l a r g e  eroded volcano t h a t  has been t r u n c a t e d  by the Arnedee f a u l t  (between 

Amedee and Wendel i n  f i g .  2 ) .  S h a f f e r  Mountain, another  vo lcano f a r t h e r  

west, has n o t  been g r e a t l y  modified by faulting. N o r t h  o f  Susanville t he  

v a l l e y  i s  f lanked by a low b a s a l t i c  p l a t e a u  m o d i f i e d  by b l o c k  f a u l t i n g .  

The upland west o f  S u s a n v i l l e ,  a l s o  u n d e r l a i n  by v o l c a n i c  rocks,  i s  a 

t r a n s i t i o n  zone bewteen the Basin and Range p r o v i n c e  t o  the eas t  and 

the Cascade Range t o  the  west. 
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E a r l  i e r  water- resources i n v e s t i g a t i o n s  (Cal i f o r n  i a  Dept. Water 

Resources, 1963; Glancy and Rush, 1968; Rush and Glancy, 1967), have shown 

gross a r e a l  r e l a t i o n s h i p s  i n  the  s h a l l o w  ground-water f l o w  system i n  t h e  

Susanvi l le-Honey Lake area and v i c i n i t y .  As summarized i n  f i g u r e  8, the 

s h a l l o w  ground water  f lows i n t o  t h e  Honey Lake V a l l e y  from t h e  h igh lands  

t o  t h e  n o r t h ,  west,  and south,  and then eastward toward Pyramid Lake. The 

s h a l l o w  ground water  i n  spr ings  and w e l l s  i n  t h e  b a s a l t  and i n  t h e  

unconso l ida ted  d e p o s i t s  i s  t y p i c a l l y  c o l d .  

The rocks exposed n o r t h  o f  t h e  Susanvi l le-Honey Lake area a r e  P l i o c e n e  

and P l e i s t o c e n e  b a s a l t .  Study o f  t h e  s t r a t i g r a p h i c  s e c t i o n  i n  Honey Lake 

Val l e y  ( f i g .  4) suggests t h a t  these rocks  may represent  t h e  deepest a q u i f e r  

for  e x t e n s i v e  movement of ground water  i n  t h e  Honey Lake area.  The b a s a l t  

i s  es t imated  t o  be 4,000 f e e t  t h i c k ;  i t  i n t e r f i n g e r s  w i t h  t h e  g e n e r a l l y  

p o o r l y  permeable l a k e  d e p o s i t s .  The l a k e  d e p o s i t s ,  p o s s i b l y  5,000 f e e t  

t h i c k  ( C a l i f o r n i a  Dept. Water Resources, 1963, p. 210) ,  may a c t  as a 

h y d r o l o g i c  b a r r i e r  t o  t h e  movement o f  ground water ,  caus ing  upward movement 

o f  ground water  i n  t h e  area o f  f a u l t s  i n f e r r e d  by e a r l i e r  workers t o  c u t  

t h e  v a l l e y  f l o o w  near  Amedee and near  L i t c h f i e l d  (see f i g .  2, 7 ) .  Vo lcan ic  

or g r a n i t i c  rocks o f  unknown h y d r o l o g i c  c h a r a c t e r i s t i c s  1 i e  beneath t h e  

lake  beds. 
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The p a t t e r n  o f  ground-water movement' in t h e  Susanvi l le-Honey Lake 

area i s  n o t  known i n  s u f f i c i e n t  d e t a i l  t o  p e r m i t  an accura te  a p p r a i s a l  

o f  the  geothermal resource. Movement o f  c o l d  ground water  through i r r e g u l a r  

f l o w  paths i n  t h e  b a s a l t  near recharge areas c o u l d  mask deeper thermal 

anomalies. Temperatures and temperature g r a d i e n t s  i n  s h a l l o w  ho les  might 

t h e r e f o r e  f a i l  t o  reveal  t h e  presence o f  thermal r e s e r v o i r s  beneath t h e  

zone o f  shal  low ground-water f l o w .  

The r e g i o n a l  heat f l o w  i n  t h e  Susanvi l le-Honey Lake area i s  n o t  

known. Measurements i n  t h e  r e g i o n  t o  t h e  south  (Sass and o t h e r s ,  1971) 

suggest t h a t  the  heat  f l o w  i n  t h e  Susanvi l le-Honey Lake area i s  about 2 HFU 

(heat - f low u n i t s ,  m i c r o c a l o r i e s  p e r  square c e n t i m e t r e  p e r  second).  Nor i s  

t h e  source o f  t h e  heat  i n  t h e  thermal waters  o f  t h e  v a l l e y  known. O f  

p o t e n t i a l  i n t e r e s t  t o  t h i s  s tudy a r e  t h e  P l i o c e n e  and P l e i s t o c e n e  b a s a l t s  

a t  t h e  Wendel-Amedee area, the  v o l c a n i c - g r a n i t i c  a s s o c i a t i o n  a t  S u s a n v i l l e ,  

and the  s e r i e s  o f  Nor th-and w e s t - t r e n d i n g  f a u l t s  i n  t h e  v a l l e y .  Accord ing  

to  p r e v i o u s  i n v e s t i g a t o r s ,  t h e  thermal areas appear to be s t r u c t u r a l l y  

c o n t r o l l e d  by t h e  fau l t i s ,  as i s  suggested by t h e  occurrence of thermal 

waters  a t  S u s a n v i l l e  and a t  Amedee and Wendel Hot Spr ings .  I t  i s  p o s s i b l e  

t h a t  t h e  heat c a r r i e d  by t h e  thermal waters  i s  brought  f rom c o n s i d e r a b l e  

depth by deeply  c i r c u l a t i n g  water ,  or t h a t  i t  i s  d e r i v e d  f rom s h a l l o w  heat  

sources such as v o l c a n i c  vents  t h a t  may be p r e s e n t  beneath t h e  b a s i n  f i l l  

o f  sediment. 
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CONCEPTUAL MODELS OF THE GEOTHERMAL SYSTEM 

From t h e  evidence descr ibed i n  t h e  s e c t i o n  "Regional Geohydrology," 

i t  i s  i n f e r r e d  t h a t  the  Susanvi l le-Honey Lake geothermal systems a r e  

r e l a t e d  t o  t h e  c i r c u l a t i o n  o f  m e t e o r i c  water  i n  t h e  v o l c a n i c  and 

g r a n i t i c  rocks assoc ia ted  w i t h  f a u l t s .  Chemical c h a r a c t e r i s t i c s  o f  

the thermal waters i n d i c a t e  t h a t  t h e  systems a r e  low temperature (p robab ly  

m o s t l y  150°C or l e s s ) .  

p o s t u l a t e d  i n  two conceptual  models. 

Sources o f  heat  f o r  t h e  c i r c u l a t i n g  waters  a r e  

One model c o n s i s t s  o f  a hydrothermal  system i n  an area o f  normal 

r e g i o n a l  heat  f l o w  w i t h  no l o c a l  heat  source i n  t h e  upper c r u s t  ( f i g .  9, A) .  

The o t h e r  model c o n s i s t s  o f  a l o c a l  heat source i n  t h e  upper c r u s t  superim- 

posed on t h e  r e g i o n a l  heat  f l o w  ( f i g .  9, B ) .  The model l a c k i n g  a l o c a l  

heat source r e q u i r e s  the  deeper c i r c u l a t i o n  f o r  t h e  water  t o  a t t a i n  a 

g i ven tempera t u  re .  

Olmsted and o t h e r s  (1975, p. 51) g i v e  an example o f  t h e  depths o f  

c i r c u l a t i o n  r e q u i r e d ,  for t h e  water  t o  a t t a i n  g i v e n  temperatures,  i n  t h e  

absence of a l o c a l  heat  source i n  t h e  upper p a r t  o f  t h e  c r u s t .  I f  t h e  

r e g i o n a l  heat  f l o w  i s  2 HFU, average thermal c o n d u c t i v i t y  o f  the  rock  i s  

6.0 X c a l  cm s ( r e p r e s e n t a t i v e  o f  g r a n i t e )  , and t h e  mean 

annual temperature a t  t h e  land s u r f a c e  i s  10°C, water  would have t o  c i r c u l a t e  

t o  a depth o f  4.5 km (about 15,000 f t )  t o  a t t a i n  a temperature o f  160"C, 

and t o  a depth o f  5.7 km (about I5,OOO f t )  t o  a t t a i n  a temperature o f  

200°C. 

- 1  - 1  o c - 1  
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I n  t h e  model hav ing  a l o c a l  source o f  heat  t h e  water  need n o t  

c i r c u l a t e  t o  such g r e a t  depths t o  a t t a i n  a comparable temperature.  

Moreover, smal l  l a t e r a l  e x t e n t  o f  ground-water c i r c u l a t i o n  and a nearby 

source o f  recharge a r e  somewhat more p l a u s i b l e  w i t h  a l o c a l  heat  source 

than where such a source i s  absent.  However, deep-seated f a u l t s  can 

s h o r t - c i r c u i t  t h e  movement o f  ground water  and p e r m i t  deep c i r c u l a t i o n  

o f  m e t e o r i c  water  w i t h i n  smal l  l a t e r a l  d i s t a n c e  where l o c a l  heat  sources 

a r e  absent.  The conceptual  model adopted on the  b a s i s  of meager d a t a  

for  t h e  Susanvi 1 le-Honey Lake area assumes ( 1 )  l a t e r a l  ground-water 

movement o f  n o t  more then 30 m i l e s ,  and (2) l o c a l  heat  sources.  The n a t u r e  

o f  such heat  sources can o n l y  be suggested s p e c u l a t i v e l y  w i t h o u t  a d d i t i o n a l  

i n f o r m a t i o n .  R e s i s t i v i t y  da ta  (U.S.  Bureau o f  Reclamat ion, o r a l  commun., 

1975) suggest t h e  p o s s i b l e  presence o f  v e n t - f i l l i n g  v o l c a n i c  rocks beneath 

t h e  a l l u v i u m  o f  the  h o t - s p r i n g  areas,  A r e s i s t i v i t y  low a t  S u s a n v i l l e  

i n d i c a t e s  a p o s s i b l e  thermal anomaly; hydrothermal  d ischarge t h e r e  appears 

t o  be c o n t r o l l e d  by a f a u l t  a long t h e  western edge o f  t h e  c i t y .  

Olmsted and o t h e r s  (1975) p o s t u l a t e  two conceptual  models o f  d ischarge 

f o r  geothermal systems iin nearby Nevada ( f i g .  10). One system has a 

nonleaky d ischarge c o n d u i t ,  and t h e  o t h e r  system has a leaky  d i s c h a r g e  

c o n d u i t .  Accord ing t o  Olmsted and o t h e r s  (1975, p .  53-54, 5 7 ) . .  . [ I n ]  t h e  

nonleaky system ... the  v e r t i c a l  or  n e a r l y  v e r t i c a l  c o n d u i t  system i s  

i s o l a t e d  h y d r a u l i c a l l y  f r o m  t h e  ad jacent  d e p o s i t s  o r  rocks by impermeable 

w a l l s  formed by m i n e r a l s  p r e c i p i t a t e d  f r o m  t h e  thermal  f l u i d ,  o r  t h e  

c o n d u i t  system may c o n s i s t  of f r a c t u r e s  i n  impermeable rocks which a r e  

i s o l a t e d  from o t h e r  f r a c t u r e  systems. A l l  or n e a r l y  a l l  t h e  r i s i n g  water  

t h e r e f o r e  d ischarges a t  t h e  land s u r f a c e  as spr ing f low- - -Heat  i s  d ischarged 

l a t e r a l l y  from t h e  c o n d u i t  system by conduct ion  th rough t h e  c o n d u i t  w a l l s .  

13 



R e l a t i v e l y  l a r g e  thermal g r a d i e n t s  a r e  main ta ined through the  conduct ive  

zone. The surrounding nonthermal ground water  i s  heated, and t h e  heat  may 

be t r a n s p o r t e d  l a t e r a l l y  by convec t ion  i n  t h e  d i r e c t i o n  o f  t h e  l o c a l  

h y d r a u l i c  g r a d i e n t s .  I f  the upper p a r t  o f  t h e  c o n d u i t  system i s  surrounded 

by unsatura ted  rocks,  heat f l o w  away f rom t h e  system i s  a lmost  e n t i r e l y  by 

conduct ion.  The thermal area sur round ing  t h e  c o n d u i t  system, where 

conduct ive  heat  f low through near -sur face  m a t e r i a l s  

of t h e  o r d e r  o f  0.5-5 km on t h e  b a s i s  o f  model s t u d  

(o ra  1 commun . , 1974) . . . 
2 

I 

" . . . [ I n  t h e ]  leaky  d ischarge c o n d u i t  [system]. .  

s above 'normal , '  i s  

es by M. L .  Sorey 

some o f  t h e  r i s i n g  

thermal water  leaks l a t e r a l l y  i n t o  a q u i f e r s .  The amount o f  leakage may 

v a r y  from a smal l  p r o p o r t i o n  o f  t h e  upward f l o w  f rom t h e  thermal r e s e r v o i r  

t o  a l l  t h e  f l o w ,  so t h a t  no water  d ischarges  as l i q u i d  a t  t h e  land s u r f a c e .  

Where t h e  leakage i s  smal l ,  l i t t l e  heat  i s  t r a n s p o r t e d  l a t e r a l l y  from the  

c o n d u i t  system by convec t ion ,  and t h e  n e a r - s u r f a c e  d i s t r i b u t i o n  o f  

temperature i s  s i m i l a r  t o  t h a t  i n  t h e  non leaky-condu i t  system. Where t h e  

leakage i s  l a r g e ,  . . .  t h e  near -sur face  d i s t r i b u t i o n  of temperature i s  m o d i f i e d  

g r e a t l y  because o f  l a t e r a l  c o n v e c t i v e  heat  t r a n s p o r t  by t h e  movement o f  

thermal water  through t h e  a q u i f e r s  i n t e r s e c t e d  by t h e  c o n d u i t  system. As 

a r e s u l t ,  t h e  e x t e n t  o f  t h e  thermal area d e f i n e d  by above- 'normal '  tempera- 

t u r e s  and thermal g r a d i e n t s  i n  the  n e a r - s u r f a c e  m a t e r i a l s  i s  much g r e a t e r  

than t h a t  i n  t h e  nonleaky system.'' 

. 
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Study o f  t h e  Susanvi l le-Honey Lake da ta  i n  l i g h t  o f  these two 

conceptual  models suggests t h a t  d ischarge o f  thermal water  a t  Wendel 

and Amedee Spr ings i s  s i m i l a r ' t o  t h a t  p o s t u l a t e d  f o r  a nonleaky system, 

b u t  t h a t  d ischarge o f  S u s a n v i l l e  and i n  much o f  the  remainder o f  t h e  area 

in which thermal water  has been found i n  w e l l s  i s  o f  the  leaky  type.  



GEOTHERMAL RESOURCE I N SUSANVI  LLE-HONEY LAKE AREA 

D e s c r i p t i o n  o f  the Thermal Areas 

C i t y  o f  S u s a n v i l l e  

A l though t h e r e  a re  no h o t  sp r ings  i n  S u s a n v i l l e ,  a t  l e a s t  5 w e l l s  i n  

t h e  southwestern p a r t  o f  the  c i t y  produce h o t  water .  

w i t h i n  a smal l  area i n  secs. 5 and 6, T. 29 N., R. 12 E . ,  and a r e  ad jacen t  

t o  a p o s s i b l e  ex tens ion  o f  t h e  Honey Lake f a u l t  ( f i g .  2 ) .  No warm water  

has been r e p o r t e d  n o r t h  o f  t h e  Susan R i v e r .  

A l l  t he  w e l l s  a r e  

Temperature surveys o f  ' t h r e e  o f  the we1 Is a r e  shown i n  f i g u r e  1 1 .  A I  1 

t h r e e  temperature p r o f i l e s  show t h e  e f f e c t s  o f  bo th  upward and l a t e r a l  

convec t i on  o f  thermal water .  A l l  t h r e e  p r o f i l e s  a l s o  i n d i c a t e  an upper 

zone, rang ing  i n  th i ckness  from about 50 f e e t  i n  p r o f i l e  1 t o  n e a r l y  300 

f e e t  i n  p r o f i l e  3, i n  which t h e  g r a d i e n t s  a r e  r e l a t i v e l y  l a r g e  and a r e  

p robab ly  conductive-. 

Other thermal w e l l s  i n  use i nc lude  those o f  the Church o f  L a t t e r  Day 

Sa in ts ,  which uses 49°C water  t o  heat  b u i l d i n g s ;  o f  M i l l e r ' s  Custom Works, 

which uses 40°C water  f o r  c l e a n i n g  equipment; and o f  S i e r r a  P a c i f i c  

I n d u s t r i e s  (26OC wa te r ) .  The c o o l e r  water i n  t h e  l a s t  w e l l ,  which i s  

c l o s e r  t o  the c i t y  c e n t e r  than the  o t h e r  w e l l s ,  i n d i c a t e s  e i t h e r  a g r e a t e r  

admix tu re  o f  cool  water  ( f rom the Susan R i v e r )  o r  more c o o l i n g  o f  t he  

thermal water  as i t  moves l a t e r l a l l y  away from the f a u l t  source. 
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Table 1 shows t h e  water  q u a l i t y  o f  the  Roosevel t  swimming pool  and 

s water  q u a l i t y  i s  d i f f e r e n t  f ro in t h a t  o f  t h e  therrna 

Amedee, suggest ing  d i f f e r e n t  sources, d i f f e r e n t  

and mix ing ,  o r  bo th .  

t h e  church w e l l .  Th 

waters  a t  Wendel and 

c i r c u l a t i o n  p a t t e r n s  

17 
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Tab le  l . - + l l i t y  o f  water from s e l e c t e d  vells and springs i n  Scsanv i l l e -  
HOW? Lake Area ( d a t a  from f i l e s  of C a l i f o r n i a  Department o f  
Water Resources). 

Locat ion 

=/ST -S2c.6 
T . 2 9 X . ,  R. 1 2 . .  Z.D. 

SE/>Z Fec. 6 
1. 299s.. R. 1ZE.. Y.D. 

Sec.23 
T. 29s.. R. 1SE.. M.D. 

%T/9 Cec. 30 
1. 29s.. R . 1 6 E . .  3 .D .  

w/Nf r-ec.8 
1. 2RS.. R.1fiE.. 3.0. 

%ne 

R w s e v e l t  
9 i m i n q  Pool 

Latter Day 
C a i ~ t s  Church 

h’e-del Hbt 
Cprinqs 

Sxi:\err. P a c i f i c  
R a  i 1 road 

Arrcdee %‘at 

rpr i sas 

- 
Date Prcducing Water 

Samplcd Depth A l t i t u d e  Temperature 
t no/ dy / y  I ) (rn) (m) (OC) 

7/18/73 9 0  ( 7 )  1295 35.8 

7/1R/73 169- i a i  1263 48.8 

7/17/73 s p r  i nq 

1/17/73 9 3  

s p r i n g  ?/17/73 

1231 95.6 

1223 28.2 

1219 95.1 

Chemical C o n s t i t u e n t s  ( i n  mq/lI 

S&x!le Cbt1O”S 
x.3 L - 2 %  RS - Ca m -  Li - F - Zn - 

1 <0.”1 20 3.E 0.31 3.4 19 0.043 < 0.1 

2 0.05 140 4.6 0.02 1.6 24 0.009 1.2 

3 0.12 28@ 7.5 0.04 e 5.1 18 0.0i5 4.1 

4 0.01 5e: 8.C 0.0; 2.2 6.0 e 0.005 0.2 

5 0.C8 2 50 5 . 5  0.02 < 0.1 14 0.005 4.4 

Trace C o n s t i t u e n t s  B e l o w  Detect ion:  

Ca <0.1, 1cn <0.01, Fe eO.06.  Cd 0.01. Co < 0.05, Cu < 0.02, N i  c 0.34. Pb < 0.1 

c1 

2.0 

- 

6 4  

190 

1 7  

160 

pH 
8-01 

7.R7 

8.38 

8.33 

8.43 

Discharge Conduct ivi ty  
( ” d I O S / o n )  (1 minl 

0.254 Pumped 

i.07 

3.34 

800 
Pumped 

1200 

0.332 300 
pumped 

2.86 500 

K O 3  

120  

68 

50 

11 2 

44 

C a l m l a t e d  
Others Dissolved Anions 

B SOlldS 2 

1 11 53 < 0.02 233 

1 190 6 2  1.4 558 

1 360 120 5.5 1040 

1 32 42 0.22 279 

2 300 9 5  4.0 879 

S i0  co3 so4 



Wendel and Amedee Springs 

Wendel, ( f o r m e r l y  S h a f f e r )  and Amedee Hot Spr ings a r e  descr ibed  

by Waring (1915, p .  124-127) .  War ing 's  d iscuss ion  i s  as  follows: 



Thip ppring owun at the rnritliern end of n InnR row ol t . r i h  rT:\p, frilly 50 lcct Iiil:b 
and pomcwlint grrntvr in l~rcatlth, n frw of a-hicli atill ha\o amall nprinsa ieauing from 
tlirir haws.  Tlic. i i i ln a t  the Imc of tlic c n p ,  and formilig tlic ~iuclcue of til? dcpwit, 
ir nmorplioiie, bti t  i 3  coatrd with n hcnvy drpopit of t h e  tlcridritir variety. 
The fnrmrr W ' ~ A  a dircct prrripibte from qrinfi  r r n t w ,  hut thc lattrr MBR plninly 
d r i i w i t d  froin tlir fnrrnct lake. Thc rvitlonca is Rurli Ilr to Icnd to the conclu.qion 
tlint t l i i e  Rpring WIH fiilly npl ropioue duriri~ thc cxietonvc of Lake  1,ahnntnn a8 now, 
and thnt ita point of diechnrgc wna crowtlrd nouthward along II firnure aa ita former 
OutlctR hwarnc fillrcl with relc.arcoua tufa drpotritrtl lrnni ita own x n t r m .  

, 

~<iisselI nIsn gives n n  nrin1ysi.q of tho wntcr, which i.9 iwrc rrpro(Iiircd, 
togct1ic.r ~ v i t h  ni in lyws  t l i n t  wcrc nintlo of tlio sl)riiiE nritl lnko wiitcr-s: 

' in  tno(J. Tlin nrinlysca diow tlriit tho spring wntcr is R primnry snlino 
Rolirf ion corilniiiiiig n lnrg,. proportioil of .rilic.n. Tho compnrntively 
t m n l l  niiiotints of cnlciuni nntl cnrlmnnte prcscnt arn of intcrcst 
with rcspcct to tho lnrgo tufn crngs, but calcium carbonnto io onsily 
formctl and prccipitntctl, eo t.hnt lnrgo ninourits aro not  ncccssnrily 
prcscnt for tho protluchn of promincnt dq)oeits. Tho Inks wnter ia 
chnrnctcrizcd by prininry nlknliriity ~8 well m primary enlinity. 

I na,dl ,  1. C., a.olqkd h l a t o v  of hsts Laliontan: U. 8. OWL Domey Moa. 11, p. 81, 'MI. 
t lrh I.nhmUn la the orme l h r l  hnc Imn tlma to a body et *.Ldc (EM ooor*pM llamr t.b. 

-. 
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AMEDEE HOT BPRINOB (LARSEN 17). 

Tlio scrond groiip of hot springs iri IIoncy i r n k o  Vnllcy is nl)out 5 
lliilrs so i i t l~rn~t  of ShnfTcr I l ~ ~ t S p ~ ~ i n ~ s , n c ~ ; r  Aii~c~tlco tlcpot. Thclnnd 
liprc iy nlliirin] nntl slopcs very griitly wcstn'rrixl townrtl JIonry Lnkc. 
Scnltling wntor forms fiorcrnl groiips of slinllow pools, nlninly nt  
pix plnccs in n bclt nbout 600 ynrtls long tlint 1.1mtls ncnrly 6out.h- 
wnrtl, but onothirtl of n niilc S. 30' W. (mngnrtic) from tho fiouthcnl- 
most of tlicsc mnin groups nnotlirr ho t  Aping forms n pool in s n l t  
gram Inntl, nntl hot wntcr probnhly risrs n t  otlicr plncrs still fnrthcr 
t.o\vnrtl tlir Inko. Tcnipcrnti~rr~ of 172' to 204' (prncticnlly tho boil- 
ing point. n t  tliis c*lcvntion, 4,000 frct)  ivcw n1)t.r-d in  tho scrcrnl 
q>i.ing:r;, nntl thc totnl clisclinrgc of hot lvntrr ns nirasiirccl by tho flow 
of six run-off strcnms is nboiit 700 gnllons n minutc. 

In InOn tho springs lind not Iwcn improved to grcnt cs tcnt ,  but 
tlicrc wns n fiinnll bntldiniisr Iicsitla tho  rnilrontl, ncnr ono of tho 
lnrgcst groiips of sprinfs. At tlw soutlieimnost, of tho main grnups 
t.licro wn.. nlso nn o l t l  I)ntliliouse, nntl wntcr from ono of tho nnrtlioin- 
most sprinEs wns iisctl in prepni.ing sliecp (lip. A t  tho Amcdcc Ilotsl 
n dinllow wcll 80 ynrcls onst of tlir nonrcst springs Riipplicd wntcr a t  
n tompcriituro of 1.33' for kitclicn ~ i s o .  

Tlicro nro no prominent tlcposils of turn a t  Aincdcc, fii1r.h ns thoro 
nro near Slinffcr l l o t  Springs, but nrnr t h o  muthcmmost of tho mnin 
groups tufn nppcnrs ovcr a sninll nrcn. T h o  liottcst spring rism from 
this mnt.crin1. Tho following nnnlysis of tho wnt,cr from this spring 
ehoms tlint i t  is n primary snl ino water slmost idcnticnl in charncter 
with that of tho Shnffcr spring but of slightly less concentration. 

Analyak of uukr frmn Amcdcc .Bot Springa, Laten County, Cal.8 
[Analpst and ru lhdt j ,  ?. M. Erton (1W). CauUtuusnta M, In per mNl0o.l 

-~ ~ 
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Table 1 and Waring (1915) p resent  water  analyses for  these s p r i n g s  

t h a t  cover a span o f  60 years.  

d u r i n g  t h i s  t ime.  

The water  q u a l i t y  has n o t  changed g r e a t l y  

The f l o w  o f  Amedee Hot S p r i n g  was 700 gal /min ( g a l l o n s  per  minute)  i n  

1909 (Waring, 1915) and i s  about t h e  same today. The f l o w  o f  Wendel Hot 

S p r i n g  was r e p o r t e d  by Stearns and o t h e r s  (1937) and Waring (1965) t o  be 

about 250 gal /min.  Waring (1915) repor ted  t h a t  i t  measured 175 ga l /min  i n  

1909. The f l o w  o f  748 gal /min i n  1882 ( r e p o r t e d  by Russe l l  and c i t e d  i n  

t h e  fo rego ing  q u o t a t i o n  f rom Waring), i f  c o r r e c t ,  may r e f l e c t  changes i n  

t h e  p o i n t s  o f  d ischarge owing t o  sea l  ing  by ca lcareous t u f a .  I f  t h e  d ischarge 

c o n d u i t s  have become p a r t l y  plugged, t h e  t o t a l  thermal d ischarge may now be  

m i x i n g  w i t h  s h a l l o w e r  c o l d  water  o v e r  a l a r g e r  a rea  than f o r m e r l y .  

The c o n v e c t i v e  heat  d ischarge by s p r i n g f l o w  i s  e s t i m a t e d  t o  be 

6 - 1  6 - 1  1 . 3  X 10 c a l  s for  Wendel and 3.8 X 10 c a l  s for  Amedee, on t h e  basis 

of c a l c u l a t i o n s  t h a t  assume an average d ischarge temperature o f  100°C., a 

mean annual a i r  temperature o f  10°C., and f l o w  o f  250 ga l /min  f o r  Wendel 

H o t  Spr ing  and 700 gal/rnin f o r  Arnedee Hot Spr ing.  
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I n  1962 Magnia Power and Associates d r i l l e d  one w e l l  i n  sec. 23, 

T. 29 N., R. 15 E . ,  near Wendel Hot Spr ing,  t o  a depth o f  630 f e e t ,  and 

measured a maximum temperature o f  64°C. 

secs.  5 and 8, T .  28 N., R 16 E . ,  near Aniedee Hot Spr ing ;  t h e  deepest h o l e ,  

t o  1,116 f e e t ,  had a maximum temperature o f  l O 7 " C .  

Three w e l l s  were d r i l l e d  i n  

Gulf O i l  Co. d r i l l e d  two geothermal w e l l s  i n  1973: one i n  sec. 5 ,  

T. 28 N. ,  R. 16 E., t o  a depth o f  5,034 f e e t ,  and one i n  sec.  25, T. 29 N., 

R .  I 5  E . ,  t o  a depth o f  5,056 f e e t .  Data from these h o l e s  have n o t  been 

re leased.  On August 18, 1975, t h e  w e l l  i n  sec. 25 was f l o w i n g  5-10 ga l /min  

f rom a broken v a l v e  The water  temperature was e s t i m a t e d  t o  be 27"-32"C., 

w i t h  f a i r  water  qua i t y  except  for  a " s u l f u r "  t a s t e .  
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GeoDhvsical Data 

Bouguer G r a v i t y  Map 

A Bouguer g r a v i t y  survey o f  t h e  Susanvi l le-Honey Lake area was made 

f o r  t h e  C a l i f o r n i a  Department o f  Water Resources by J. I .  G i m l e t t  (1960) 

( f i g .  12) t o  determine the  c o n f i g u r a t i o n  o f  t he  p r e - T e r t i a r y  rocks  t h a t  

form t h e  boundar ies o f  t h e  bas in ,  and t o  e s t i m a t e  t h e  th i ckness  o f  f i l l .  

Figure l2 sl'ggests a nor thwes t - t rend ing  bas in  hav ing  the  deepest p a r t  

beneath Honey Lake and much sha l l ower  f i l l  i n  the  nor thwestern  p a r t ,  eas t  

o f  S u s a n v i l l e .  

Water Resources (1963),  ,the maximum th i ckness  o f  v o l c a n i c  rock  and 

sedimentary rocks  beneath Honey Lake i s  about 5,000 f e e t .  

Accord ing t o  an e s t i m a t e  by t h e  C a l i f o r n i a  Department o f  

The g r a v i t y  da ta  art: n o t  s u f f i c i e n t l y  d e t a i l e d  t o  i n d i c a t e  b u r i e d  

t r a c e s  o f  f a u l t s  or the  l o c a t i o n  o f  l e s s  dense thermal f l u i d s  i n  t h e  

b a s i n - f i l l i n g  rocks and depos i t s .  



R e s i s t i v i t y  Map 

A s u r f a c e  r e s i s t i v i t y  survey o f  t h e  Susanvi l le-Honey Lake area was 

completed by t h e  Bureau o f  Reclamat ion i n  1975; t h e  r e s u l t s  a r e  shown i n  

f i g u r e  13. The low r e s i s t i v i t i e s  a t  S u s a n v i l l e  and near Wendel and Amedee 

Hot Spr ings c o r r e l a t e  w e l l  w i t h  thermal anomalies a t  those l o c a l i t i e s ;  the  

e f f e c t  o f  l o c a l  geothermal anomalies e v i d e n t l y  i s  t o  i n t r o d u c e  a l o c a l  

decrease i n  r e s i s t i v i t y .  O f  p a r t i c u l a r  i n t e r e s t  for  f u t u r e  e x p l o r a t i o n  a r e  

t h e  areas between L e a v i t t  and L i t c h f i e l d ,  a long t h e  n o r t h  s i d e  o f  t h e  bas in ,  

and eas t  o f  B u n t i n g v i l l e ,  where t h e  map shows areas o f  low r e s i s t i v i t y .  

shown on the  map, so i t  i s  

ow r e s i s t i v i t y  anomal ies i n  

s t i v i t y  survey looks encouraging 

expanded t o  cover  the  v a l l e y  

The l i n e s  o f  r e s i s t i v i t y  survey a r e  n o t  

d i f f i c u l t  t o  assess t h e  s i g n i f i c a n c e  o f  t h e  

r e l a t i o n  t o  b l a n k  areas on t h e  map. The res  

for  l o c a t i n g  thermal  anomal ies and shou ld  be 

i f  coverage i s  now incomplete.  

The f o l l o w i n g  d i s c u s s i o n ,  f rom Meidav and Furge 

o u t  some o f  t h e  i n t e r r e l a t i o n s  among temperature,  sa 

in  hydrothermal  r e s e r v o i r s  and i l l u s t r a t e  the  use o f  

i n t e r p r e t a t  ion  o f  geothermal c o n d i t i o n s .  

"Where an o u t s t a n d i n g  geothermal r e s e r v o i r  does 

son (1971) ,  p o i n t s  

i n i t y ,  and r e s i s t i v i t y  

these d a t a  i n  t h e  

e x i s t ,  t h e  e l e c t r i c a l  

r e s i s t i v i t y  across i t  u s u a l l y  v a r i e s  by a f a c t o r  o f  a t  l e a s t  3-10 (S tud t ,  

1958; Hayakawa, 1966, Breusse, 1964). I t  a l s o  t u r n s  o u t ,  t h a t  because o f  

c o n v e c t i v e  c i r c u l a t i o n ,  t h e  c o n c e n t r a t i n g  e f f e c t  due t o  b o i l i n g  o f f  f rom 

the  geothermal r e s e r v o i r ,  and t h e  h i g h e r  d i s s o l v i n g  power o f  t h e  heated 

r e s e r v o i r  water,  t h e  s a l i n i t y  of  t h e  f l u i d s  w i t h i n  t h e  body of t h e  geothermal 

r e s e r v o i r  i s  g r e a t e r  than o u t s i d e  the  r e s e r v o i r .  Thus, t h e  s a l i n i t y  and 
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temperature e f f e c t s  a r e  o f t e n  work ing  t o g e t h e r  t o  enhance the e l e c t r i c a l  

c o n d u c t i v i t y  o f  t h e  geothermal r e s e r v o i r  and thus sharpen t h e  e l e c t r i c a l  

r e s i s t i v i t y  anomaly over  a geothermal r e s e r v o i r .  The h i g h  c o n t r a s t  i n  

r e s i s t i v i t y  between t h e  I -eservo i r  rock  and the sur round ing  r o c k  i s  

p a r t i c u l a r l y  n o t a b l e  i n  v o l c a n i c  t e r r a i n .  I n  such areas,  t h e  r e s i s t i v i t y  

w i t h i n  t h e  geothermal r e s e r v o i r  u s u a l l y  f a l l s  t o  10 ohm-meters o r  l e s s ,  

regard less  o f  how h i g h  the  r e s i s t i v i t y  o u t s i d e  t h e  r e s e r v o i r  area.  I n  some 

e x c e p t i o n a l  cases, such a s  i n  t h e  present  s tudy ,  where the  r e g i o n a l  r e s i s -  

t i v i t y  va lues  a r e  q u i t e  'low t o  begin w i t h ,  because o f  t h e  preponderance o f  

c l a y  and sha le  w i t h i n  the  g e o l o g i c a l  s e c t i o n ,  t h e  r e s i s t i v i t y  change across 

a geothermal area t u r n s  ou t  t o  be l e s s  o u t s t a n d i n g .  Because c l a y  and s h a l e  

possess a f i n i t e  e l e c t r i c a l  c o n d u c t i v i t y  o f  t h e i r  own, they  t e n d  t o  a t t e n u a t e  

t h e  amp1 i t u d e  o f  t h e  c o n d u c t i v i t y  change due t o  temperature".  
* 
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I n d i c a t o r s  o f  Temoe.rature 

Measurements i n  some w e l l s  and s p r i n g s  i n  t h e  Susanvi l le-Honey Lake 

area  i n d i c a t e  temperatures as h i g h  as t h e  b o i l i n g  p o i n t  o r  s l i g h t l y  h i g h e r .  

Temperatures a t  depth i n  the  subsur face  a r e  n o t  known, and no h e a t - f l o w  

s t u d i e s  a r e  known t o  have been made i n  the  area .  W a t e r - q u a l i t y  da ta  

rep resen t ing  the  p e r i o d  1957-74, t a b u l a t e d  by the  C a l i f o r n i a  Department o f  

Water Resources, were used t o  e s t i m a t e  subsur face temperatures.  Study o f  

t h e  chemical analyses suggests p o s s i b l e  r e s e r v o i r  temperatures o f  150°C 

or more, bu t  problems in t roduced by rock  t ype  and by methods of sampling 

and a n a l y s i s  l end  cons ide rab le  u n c e r t a i n t y  t o  these e s t i m a t e s .  

Measured Water Temperatures i n  We1 Is and Spr ings  

F igu re  I 4  shows t h e  d i s t r i b u t i o n  o f  temperatures o f  water  d ischarged 

f rom we1 Is se lec ted '  f o r  measurement. The temperatures a r e  rounded t o  

t h e  neares t  1 " C ,  represent  water  from d i f f e r e n t  depths f rom w e l l  t o  w e l l ,  

and t h e r e f o r e  p r o v i d e  o n l y  a crude i n d i c a t i o n  o f  t h e  presence and e x t e n t  

o f  deeper thermal anomalies. A t  many p laces ,  t he  temperatures p robab ly  

a r e  lowered by admix tu re  o f  sha l l ow  c o l d  water  w i t h  t h e  deeper thermal  

water  as w e l l  as by upward conduc t i ve  heat  loss.  

Temperatures appear t o  be a few degrees above normal i n  an e longa ted  

east -west  area between S u s a n v i l l e  and Wendel-Amedee, a l o n g  t h e  n o r t h  s i d e  

o f  t h e  v a l l e y .  The area i nc ludes  a l ess  e x t e n s i v e  r e s i s t i v i t y  low and appears 

t o  be f a v o r a b l e  f o r  geothermal e x p l o r a t i o n .  
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The near -su r face  therma anomaly a t  S u s a n v i l l e  i s  o f  r e l a t i v e l y  

smal l  e x t e n t  and c o i n c i d e s  w t'h t h e  r e s i s t i v i t y  low. The Wendel-Amedee 

thermal  anomaly i s  o f  g r e a t e r  e x t e n t  and a l s o  conforms w e l l  w i t h  t h e  

r e s i s t i v i t y  low, (compare f i g s .  13 and 1 4 . )  

The c o r r e l a t i o n  of h i g h e r  temperature w i t h  lower  r e s i s t i v i t y  i s  

l ess  apparent  eas t  o f  B u n t i n g v i l l e  than i t  i s  i n  t h e  o t h e r  areas j u s t  

desc r ibed  ( f i g s .  13, 1 4 ) .  More work i s  needed t o  r e s o l v e  t h i s  apparent  

d iscrepancy.  



I n f e r r e d  Reservoi r Temperatures 

Reservo i r  temperatures were es t ima ted  u s i n g  t h r e e  geochemical 

methods: the  s i l i c a  geothermometer, t h e  Na-K-Ca geothermometer, and a 

m i x i n g  model. 

The s i l i c a  geothermometer (Fourn ie r  and Rowe, 1966) ,  based on t h e  

s i l i c a  conten t  o f  t h e  water ,  i s  i n f e r r e d  t o  show t h e  temperature a t  wh ich  

the  water  was l a s t  i n  e q u i l i b r i u m  w i t h  q u a r t z .  I f  t h e  s i l i c a  con ten t  o f  

t he  water  i s  assumed t o  have been d e r i v e d  e n t i r e l y  f rom q u a r t z  and i f  t h e  

water  i s  assumed t o  have f lowed from t h e  r e s e r v o i r  t o  t h e  w e l l  o r  s p r i n g  

w i t h o u t  s i g n i f i c a n t  l o s s  o r  g a i n  i n  s i l i c a  c o n t e n t ,  t h i s  e q u i l i b r a t i o n  

temperature prov ides  an e s t i m a t e  o f  t h e  minimum r e s e r v o i r  temperature.  

A p p l i c a t i o n  o f  t h i s  method t o  t h e  Susanvi l le-Honey Lake area,  u s i n g  chemical 

analyses f o r  samples f rom water  w e l l s  and s p r i n g s  i n  the  f i l e s  o f  t h e  

C a l i f o r n i a  Department o f  Water Resources, suggests temperatures near  IOO"C, 

w i t h  a rough geographic zona t ion .  I n f e r r e d  temperatures i n  t h e  southern  

p a r t  o f  t he  area commonly f a l l  i n  t h e  range 80° - i000c .  I n  a c e n t r a l  zone 

t h a t  i s  e longated  f rom west t o  e a s t  and extends f rom S u s a n v i l l e  t o  Wendel 

and Amedee (see f i g .  2 f o r  l o c a t i o n s  o f  l o c a l i t i e s  named) most i n f e r r e d  

temperatures a re  i n  t h e  range 100'-110°C. I n  a n o r t h e r l y  zone ex tend ing  

from near  L i t c h f i e l d  t o  the  v i c i n i t y  o f  L e a v i t t  t h e  i n f e r r e d  temperatures 

a r e  mos t l y  between 110" and 120°C. 



T h i s  p a t t e r n  o f  temperatures g i v e s  qual  i t a t i v e  c o n f i r n i a t i o n  t o  

o t h e r  data,  cons idered i n  e a r l i e r  s e c t i o n s  o f  t h i s  r e p o r t ,  which suggest 

a r e g i o n  o f  h i g h e r  subsur face temperatures i n  t h e  n o r t h e r n  p a r t  of the 

area, between Amedee and S u s a n v i l l e .  For two reasons t h e  s i l i c a  da ta  do 

n o t  war ran t  a more p r e c i s e  e s t i m a t e  o f  the  temperatures.  

c o n c e n t r a t i o n s  near o r  h i g h e r  than those r e p o r t e d  i n  many o f  these analyses, 

s i l i c a  tends t o  p r e c i p i t a t e  f rom s o l u t i o n  un less  t h e  samples a r e  t r e a t e d  

a t  t h e  t ime of  c o l l e c t i o n  t o  p revent  p r e c i p i t a t i o n .  There i s  no i n d i c a t i o n  

i n  t h e  da ta  t h a t  these samples were t r e a t e d ;  and because they were c o l l e c t e d  

niany years ago, and by v a r i o u s  workers,  i t  i s  a f a i r  assumption t h a t  they  

were n o t .  (2 )  Many of the  thermal waters  i n  t h i s  a rea  a r e  reasonably  

e x p l a i n e d  as m i x t u r e s  o f  hot and c o l d  waters .  Such d i l u t i o n  can be expected 

(1)  I n  

t o  r e s u l t  i n  lower s i l i c a  conten ts  and i n f e r r e d  temperatures than those 

r e p r e s e n t a t i v e  o f  t h e  o r i g i n a l  h o t  waters .  The s i l i c a  temperatures der  

from the  a v a i l a b l e  analyses a r e  t h e r e f o r e  minimum e s t i m a t e s .  

The Na-K-Ca geotherinometer ( F o u r n i e r  and T r u e s d e l l ,  1973) p r o v i d e s  

an e s t i m a t e  o f  r e s e r v o i r  temperature based on t h e  c o n c e n t r a t i o n s  o f  sod 

ve d 

um 9 

potassium, and c a l c i u m  in the water .  Computations u s i n g  the  water  analyses 

f rom t h e  Susanvi l le-Honey Lake area y i e l d  temperature e s t i m a t e s  t h a t  range 

from about 100°C to more than 200°C. However, the  a r e a l  p a t t e r n  o f  va lues  

d i f f e r s  markedly from t h a t  for  t h e  s i l i c a  temperatures.  The lowest  va lues,  

commonly l e s s  than l S O " C ,  a r e  a t  the  e a s t e r n  and western  ends o f  t h e  area, 

and t h e  h i g h e s t  values i n  the  c e n t r a l  p a r t ;  many o f  t h e  h i g h e r  va lues  a r e  i n  
4 

t h e  s o u t h - c e n t r a l  p a r t  O F  the  area, and many i n t e r m e d i a t e  va lues  a r e  i n  the  

n o r t h - c e n t r a l  p a r t  where o t h e r  ev idence has suggested t h a t  r e s e r v o i  r 

temperatures may be r e l a t i v e l y  h i g h .  Temperature va lues  i n f e r r e d  by use o f  
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t h i s  geothermometer d i v e r g e  markedly f rom t h o s e  f rom the s i l i c a  geother -  

mometer. Th is  tendency i s  most conspicuous a t  numerous p laces  where 

severa l  s i l i c a  temperatures a r e  s i m i l a r  t o  one another  whereas the  

corresponding c a t i o n  temperatures a r e  very  d i f f e r e n t  f rom one another .  The 

/ 
s i l i c a  es t imates  a r e  b e l i e v e d  t o  be more n e a r l y  representa t ive ,  o f  the  

r e s e r v o i  r temperatures than t h e  c a t  i o n  e s t i m a t e s .  The Val i d  i t y  o f  t h e  

c a t i o n  es t imates  may be a f f e c t e d  by t h e  widespread occurrence i n  t h i s  area 

o f  b a s a l t ,  whose minera l  composi t ion does n o t  f a v o r  e q u i l i b r i u m  d i s s o l u t i o n  

o f  a l l  t h r e e  c a t i o n s  on which t h i s  method depends. 

A m i x i n g  model descr ibed by F o u r n i e r  and T r u e s d e l l  (1974) can be used, 

under f a v o r a b l e  c o n d i t i o n s ,  t o  e s t i m a t e  t h e  o r i g i n a l  temperature o f  t h e  

h o t  water  and t h e  f r a c t i o n  o f  admixed c o l d  water  by u s i n g  the  temperatures 

and s i l i c a  conten ts  o f  the thermal s p r i n g  or w e l l  water  and o f  t y p i c a l  

nonthermal ground water  i n  t h e  reg ion .  

Table 2 shows mixing-model da ta  and c a l c u l a t e d  va lues f o r  10 s e l e c t e d  
c 

w e l l s  and s p r i n g s .  (Approximate l o c a t i o n s  o f  these w e l l s  and s p r i n g s  a r e  

shown on f i g u r e  15.) C a l c u l a t i o n s  f o r  Amedee S p r i n g  and f o r  w e l l  29N/16E- 

30LI were made f o r  each o f  two d i f f e r e n t  samples. The c a l c u l a t i o n s  f o r  

Wendel-Amedee thermal area y i e l d  e s t i m a t e d  r e s e r v o i r  temperatures i n  the  

range 153"-183"C, and suggest t h a t  t h e  observed thermal water  c o n t a i n s  4 

t o  50 percent  admixed c o l d  water .  I n  t h e  S u s a n v i l l e  a rea ,  temperature 

es t imates  a r e  155" t o  208"C, w i t h  a h i g h e r  p r o p o r t i o n  o f  admixed c o l d  

water .  The c a l c u l a t i o n s  were based on t h e  assumptions o f  10°C as t h e  

average temperature o f  t h e  c o l d  water  on u s i n g  10" C .  (average a i r  

temperature a t  Susanvi 1 le;  

( f rom Bagwell  S p r i n g  a t  S u s a n v i l l e )  as  r e p r e s e n t a t i v e  o f  S i02 i n  t h e  

non-thermal water .  

and o f  an Si02 conten t  o f  36 mg/ 
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TABLE 2.--Selected s p r i n g s  and w c l l s  used  i n  mixing model of 

1/ cold  and thermal waters- 

Date Est imated Cold 
Well number o r  of Temperature Si02 r e s e r v o i r  water  

s p r i n g  name water  ("C.) (mg/l)  t empera ture  f r a c t i o n  
sample ("C. )  ( pe rcen t )  

Amedee Spring 
(28N/16E-8Bl) 

Roosevel t  swimming 
pool (29N/ 12E-5D1) 

L a t t e r  Day S a i n t s  

(29N/ 12 E-5 ) 
church well 

29N/ 15E-16Gl 

Wendel Spr ing  
(29Nl15E-23Kl) 

2 9N/ 15E-24F1 

Southern P a c i f i c  RR 
(29N/ 16E-30Ll) 

30N/ 13E-3 1R1 

1909 
1971 

1956 

1974 

1973 

1958 

1971 

1958 

1958 
1973 

1958 

1958 

96 
97 

27 

39 

49 

27 

97 

31 

24 
28 

17 

26 

94 
96 

39 

59 

62 

54 

117 

40 

41 
42 

45 

76 

153 
156 

112 

165 

155 

193 

183 

255 

120 
120 

208 

122 

42 
41 

83 

81 

74 

91 

50 

92 

87 
83 

96 

86 

1. Background temlperature of  cold water be fo re  mixing i s  cons idered  t o  

be mean annual  temperature  a t  S u s a n v i l l e  of 10OC.; silica con ten t  of co ld  

water i s  36 mg/l, der ived  from Bagwell Spr ing ,  1% miles northwest  of 

Susanv i l l e .  Data from f i l e s  o f  C a l i f o r n i a  Department o f  Water Resources. 
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The temperature es t ima tes  based on t h e  m i x i n g  model, rep resen t  p a r t s  

o f  t h e  area near Wendel, Amedee, and S u s a n v i l l e .  The v a l i d i t y  of t h e  

es t ima tes  cannot be determined u n t i l  t e s t  ho les  have been d r i l l e d  i n t o  t h e  

geothermal r e s e r v o i r ,  bu t  t he  es t ima tes  suggest t h a t  r e s e r v o i r  temperatures 

may be apprec iab l y  h ighe r  than the  minimum values suggested by t h e  s i l i c a  

geothermorneter. Two sources o f  u n c e r t a i n t y  about  t h e  s i g n i f i c a n c e  of t h e  

temperatures suggested by the  m i x i n g  model l i e  i n  ( 1 )  t he  f a c t  t h a t  t he  

thermal  water  t h a t  mixes w i t h  t h e  near -su r face  c o l d  water  i n  t h i s  area may 

i t s e l f  be a b lend  o f  waters ,  o f  many d i f f e r e n t  temperatures,  wh ich  have come 

f rom d i f f e r e n t  depths a long  d i f f e r e n t  f l o w  paths ;  and ( 2 )  t h e  degree t o  which 

the  s i l i c a  con ten t  o f  water  f rom the  Bagwell  Sp r ing  represents  t h a t  of t he  

c o l d  ground wa te r  i n  the  area i s  no t  known. 

From t h e  fo rego ing  d i s c u s s i o n  i t  i s  concluded t h a t  t h e  s i l i c a  geother -  

mometer p robab ly  p rov ides  r e l i a b l e  minimum es t ima tes  o f  r e s e r v o i r  temperatures;  

t h a t  t h e  cation-geothermometer es t ima tes  a r e  n o t  r e l i a b l e ;  and t h a t  t h e  

mixing-model es t ima tes  suggest r e s e r v o i r  temperatures c o n s i d e r a b l y  h i g h e r  

than do t h e  s i l i c a  es t ima tes .  None o f  these es t ima tes  i s  based on adequate 

da ta ,  and the  c a r e f u l  c o l l e c t i o n  and a n a l y s i s  o f  water  samples shou ld  be an 

i n t e g r a l  p a r t  o f  any e x p l o r a t i o n  and t e s t - d r i l l i n g  program. 
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CONCLUSIONS 

The f o l l o w i n g  conc lus ions  have been drawn from t h i s  b r i e f  rev iew 

o f  geothermal da ta  f rom t h e  Susanvi l le-Honey Lake area .  

The area i s  u n d e r l a i n  by unconso l ida ted  d e p o s i t s .  Thermal waters  

occur  i n  these d e p o s i t s  b u t  a r e  b e l i e v e d  t o  have come from u n d e r l y i n g  

b a s a l t  and perhaps f rom deeper g r a n i t i c  rock.  

The occurrence o f  t h e  thermal waters  d ischarged by s p r i n g s  near  Wendel 

and Amedee, and probab ly  t h a t  o f  the  thermal w e l l  w a t e r  a t  S u s a n v i l l e ,  i s  

f a u l t  c o n t r o l l e d .  I n  t h i s  respect  these hydrothermal  systems resemble o t h e r  

hydrothermal  systems i n  t h e  nor thwestern  p a r t  o f  the  Basin and Range p r o v i n c e .  

The genera l  f l o w  p a t t e r n  f o r  s h a l l o w  ground water  i n  t h e  area suggests 

t h a t  t h e  recharge area fo r  t h e  hydrothermal  systems i s  t o  t h e  n o r t h  o r  

nor thwest  and t h a t  i t  i s  w i t h i n  25 m i l e s  o f  Honey Lake V a l l e y .  The n a t u r e  

of t h e  f l o w  paths,  p r i n c i p a l l y  through b a s a l t ,  i s  n o t  known, b u t  these paths 

probab ly  a r e  complex. 

Conceptual models f o r  t h e  hydrothermal  c i r c u l a t i o n  systems a r e  (1) deep 

c i r c u l a t i o n  o f  waters  a long f a u l t s  and o t h e r  c o n d u i t s  i n  areas o f  normal 

temperature g r a d i e n t s ;  and ( 2 )  sha l  lower c i r c u l a t i o n  near  sha l  low c r u s t a  

sources o f  heat .  The l a t t e r  model i s  b e l i e v e d  more l i k e l y ,  b u t  p resent  

evidence i s  f a r  f rom conc lus ive .  

The n a t u r e  o f  t h e  p o s t u l a t e d  heat  sources i s  n o t  known. The occurrence 

of l a t e  T e r t i a r y  and P l e i s t o c e n e  vo lcanism i n  t h e  area suggests the  p o s s i b i l i t y  

t h a t  v o l c a n i c  necks a r e  sources o f  heat .  R e s i s t i v i t y  d a t a  suggest l o c a l i z a t i o n  

o f  hydrothermal  f l o w  near  the  sur face ,  which i s  c o n s i s t e n t  w i t h  the  presence 

o f  f a u l t  condui  t s .  
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m i x i n g  o f  t h e  thermal and c o l d  water  i s  n o t  known 

The sur face  f l o w  o f  Wendel Spr ings a t  t h e  ma 

have decreased f rom 748 gal /min i n  1882 t o  250 ga 

Thermal w e l l s  a t  S u s a n v i l l e  a r e  concent ra ted  w i t h i n  an area o f  a 

few square m i l e s ,  and none i s  known t o  be n o r t h  o f  t h e  Susan R i v e r .  The 

d i s t r i b u t i o n  o f  co ld -water  w e l l s  around the  thermal area suggests t h a t  t h e  

thermal anomaly i s  o f  l i m i t e d  area, b u t  the  q u a n t i t a t i v e  s i g n i f i c a n c e  o f  

n o r i f i c e  appears t o  

/min i n  1970. T h i s  

decrease may r e f l e c t  p a r t i a l  p l u g g i n g  o f  t h e  s p r i n g  o r i f i c e s ,  accompanied 

by more d i f f u s e  d ischarge a t  t h e  s u r f a c e  and increased subsur face d ischarge.  

The d ischarge o f  Amedee Spr ing,  about 700 gal /min,  has n o t  changed s i g n i f i -  

c a n t l y  f rom 1909 t o  1971. Est imated c o n v e c t i v e  d ischarge o f  heat  i s  

6 - 1  6 - 1  1.3 X 10 c a l  s fo r  Wendel Hot S p r i n g  and 3.8 X 10 c a l  s f o r  Amedee Hot 

Spr ing ,  assuming a d ischarge temperature o f  100°C and an a i r  temperature o f  

10°C. 

R e s i s t i v i t y  and o t h e r  da ta  suggest an e longated  area o f  thermal-water  

d ischarge between t h e  p r i n c i p a l  known hydrothermal  f e a t u r e s  a t  S u s a n v i l l e  

However, t h e  movement o f  c o l d  ground water  

uvium appears p a r t l y  t o  mask t h e  temperature 

ng upward from depth.  

and near  Wendel and Amedee. 

th rough s h a l l o w  permeable a1 

e f f e c t s  o f  thermal water  mov 



Est imated temperatures for  t h e  thermal water  i n  t h e  e longa ted  area 

between S u s a n v i l l e  t o  t h e  west and Wendel and Aniedee t o  t h e  e a s t ,  based 

on t h e  s i l i c a  con ten t  o f  t h e  wa te r ,  a r e  i n  t h e  range 100"-120°C. T h i s  

appears t o  be a reasonable minimum e s t i m a t e  f o r  t h e  r e s e r v o i r  temperature.  

Es t imates  based on a m i x i n g  model suggest t h a t  t h e  observed thermal  waters  

c o n t a i n  l a r g e  p r o p o r t i o n s  o f  admixed sha l l ow  ground water  and t h a t  t h e  

o r i g i n a l  temperature o f  t h e  h o t  water  may have been a p p r e c i a b l y  h i g h e r - -  

p o s s i b l y  as h i g h  as 150" t o  200°C. The u n c e r t a i n t i e s  i n v o l v e d  i n  a l l  these 

es t ima tes  a r e  such, however, t h a t  resampl ing and new chemical analyses a r e  

needed. The es t ima tes  now a v a i l a b l e  should be used o n l y  i n  p l a n n i n g  f u r t h e r  

i n v e s t i g a t i o n s .  

37 



P RO POS E D P RO G RAMS 

The o b j e c t i v e s  o f  p lann ing  a geothermal e x p l o r a t i o n  program shou ld  

i n c l u d e  ( 1 )  l o c a t i n g  the  e x t e n t  and c o n f i g u r a t i o n  o f  t h e  thermal a reas ;  

(2) e s t i m a t i n g  t h e  volume, temperature,  and p e r m e a b i l i t y  o f  the  r e s e r v o i r ;  

(3 )  de te rm in ing  the  n a t u r e  o f  t h e  heat  and water  sources and o f  t h e  

c i r c u l a t i o n  system; ( 4 )  ana lyz ing  t h e  chemical compos i t ion  o f  the  produced 

f l u i d ;  and ( 5 )  p r e d i c t i n g  t h e  long- te rm heat  or energy p o t e n t i a l .  I n v e s t i g a -  

t i o n s  p lanned t o  a t t a i n  these o b j e c t i v e s  c o u l d  l o g i c a l l y  i n c l u d e  b o t h  l o c a l  

and r e g i o n a l  s t u d i e s .  Because t e s t  d r i l l i n g  by t h e  Bureau o f  Reclamation 

i s  p lanned for t h e  autumn o f  1975, l o c a l  s t u d i e s  a r e  emphasized i n  t h e  

program discussed i n  t h e  f o l l o w i n g  pages. 
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D r  i 1 1  i n g  Progr'am 

The i n f o r m a t i o n  now a v a i l a b l e  i n d i c a t e s  t h a t  t h e  S u s a n v i l l e  thermal 

anomaly i s  s m a l l ,  u n d e r l y i n g  an area o f  a few square m i l e s .  Deep-seated 

thermal water  i s  b e l i e v e d  t o  be r i s i n g  a long l o c a l i z e d  c o n d u i t s - - p r o b a b l y  

f a u l t s - - a n d  m i x i n g  w i t h  sha l low c o l d  water .  A phased d r i l l i n g  program i s  

d e s i r a b l e  i n  o r d e r  t o  determine the  form and a r e a l  e x t e n t  o f  the  thermal 

anomaly w i t h  sha l low ho les  b e f o r e  d r i l l i n g  deep ho les .  

Temperature and g r a d i e n t  measurements a t  depths on t h e  o r d e r  of 3 

f e e t  a r e  q u i c k  and inexpensi.ve, and i n  some areas have been u s e f u l  i n  

d e t e c t i n g  anomalously warm spots .  The ground temperature i s  s t r o n g l y  

i n f l u e n c e d ,  however, by near -sur face  e f f e c t s ,  i n c l u d i n g  i n s o l a t i o n ,  topography, 

p r e c i p i t a t i o n ,  and movement of ground water .  I f  t h e  area f o r  s h a l l o w  

temperature measurements i s  s e l e c t e d  c a r e f u l l y  and t h e  measurements a r e  made 

w i t h i n  a s h o r t  t i m e  span (no more than a few days) ,  the  ext raneous e f f e c t s  

j u s t  ment ioned can be minimized. The s h a l l o w  temperatures then p r o v i d e  a 

c l u e  t o  t h e  l o c a t i o n  o f  temperature anomalies caused by hydrothermal  

d ischarge i n t o  sha l low a q u i f e r s .  Improved s i t i n g  o f  deeper (100-200 f e e t )  

t e s t  h o l e s  i s  thus f a c i l i t a t e d .  

Several  shal  low t e s t  ho les  (100-200 f e e t  deep) have been t e n t a t i v e l y  

planned f o r  t h e  S u s a n v i l l e  area by t h e  Bureau o f  Reclamat ion ( L .  T. Toml in ,  

o r a l  commun., 1975). Approximate l o c a t i o n s  f o r  these h o l e s  a r e  shown on 

f i g u r e  15.  A d d i t i o n a l  sha l low h o l e s  a r e  a l s o  suggested (see f i g .  15) t o  

d e f i n e  b e t t e r  t h e  l a t e r a l  e x t e n t  o f  t h e  anomaly and t o  p r o v i d e  a d d i t i o n a l  

water  samples and temperature measurements. 
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I f  t h e  r e s u l t s  ob ta ined  f rom these sha l l ow  ho les  a r e  Favorable,  one 

o r  more deeper ho les  ( t o  perhaps 1,000 f e e t  o r  deeper) would be d e s i r a b l e  

i n  an e f f o r t  t o  d e f i n e  t h c  geothermal r e s e r v o i r  c h a r a c t e r i s t i c s  needed t o  

e v a l u a t e  the  p o t e n t i a l  o f  the  r e s e r v o i r  f o r  development. Two deep h o l e s  

a re  t e n t a t i v e l y  suggested on f i g u r e  15: one near  the  apparent  c e n t e r  o f  

the  thermal  anomaly and one near  t h e  f a u l t  a t  t h e  n o r t h  s i d e  o f  t h e  

anomaly. 

da ta  p rov ided  by t h e  sha l l ow  ho les .  

The a c t u a l  s i t e s  o f  such ho les  shou ld  be s e l e c t e d  on t h e  bas i s  o f  

F igu re  15 a l s o  shows t h e  l o c a t i o n s  o f  sha l l ow  ho les  t e n t a t i v e l y  p lanned 

by the  Bureau o f  Reclamation f o r  t h e  area near  Wendel and Amedee, and o f  

sha l l ow  ho les  suggested here  as a r e s u l t  o f  t h i s  s tudy .  Assuming f a v o r a b l e  

r e s u l t s  f rom t h i s  sha l l ow  d r i l l i n g ,  deep t e s t  h o l e s  would a l s o  be d e s i r a b l e .  

I f  da ta  f rom two t e s t  ho les  d r i l l e d  by Gul f  O i l  Company can be ob ta ined ,  

however, i t  may n o t  be necessary t o  d r i l l  i n  t he  Wendell-Amedee area .  The 

Gul f  ho les ,  i n  sec. 5, T. 28 N., R. 16 E .  and i n  sec. 25, T. 29  N., R .  15 E . ,  

a r e  r e p o r t e d  t o  be more than 5,000 f e e t  deep and t o  be l o c a t e d  on o p p o s i t e  

s ides  o f  t he  L i t c h f i e l d  f a u l t .  

Also shown on f i g u r e  15 a r e  t h e  t e n t a t i v e  l o c a t i o n s  o f  t e s t  ho les  on 

bo th  s ides  o f  the  i n f e r r e d  t r a c e  o f  t h e  L i t c h f i e l d  f a u l t  between S u s a n v i l l e  

and the  Wendel-Amedee area,  and sou th  o f  t he  f a u l t  to  t h e  west o f  Honey Lake. 

Holes d r i l l e d  west o f  Honey Lake would p r e f e r a b l y  be l o c a t e d  ove r  t h e  

r e s i s t i v i t y  anomaly i n  sec. 1 ,  T. 29 N., R .  13 E .  
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Assuming the  a v a i l a b i l i t y  o f  da ta  f rom t h e  G u l f  w e l l s ,  t h e  p r e f e r r e d  

p r i o r i t y  for  t h e  sha l l ow  d r i l l i n g ,  by areas, appears t o  be as f o l l o w s :  

1 .  S u s a n v i l l e  area,  because o f  t h e  f a v o r a b l e  l o c a t i o n  f o r  development 

o f  any resource  found; 

2. a rea  a long  L i t c h f i e l d  f a u l t ,  because the  da ta  a v a i l a b l e  suggest 

h ighe r  r e s e r v o i r  temperatures than those found e lsewhere i n  Honey Lake V a l l e y ;  

and 

3 .  west o f  Honey Lake. 

P lann ing  o f  any deep d r i l l i n g  would p r e f e r a b l y  be d e f e r r e d  u n t i l  a f t e r  

t h e  e n t i r e  s h a l l o w - d r i l l i n g  program had been completed. 

t h a t  r e s u l t s  o f  t h e  sha l l ow  d r i l l i n g  would favo r  s i t e s  and p r i o r i t i e s  f o r  

deep ho les  t h a t  were q u i t e  d i f f e r e n t  f rom those t h a t  can be suggested now 

I t  is  q u i t e  poss b l e  
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Stud ies  Related t o  t h e  D r i l l i n a  Procrram 

Temperature p r o f i l e s  should be measured i n  a l l  t e s t  

p r a c t i c a b l e  (and c e r t a i n l y  i n  a l l  deep h o l e s ) ,  c o r e  samp 

be c o l l e c t e d  t o  p e r m i t  measurement o f  thermal c o n d u c t i v i  

thermal g r a d i e n t ,  makes p o s s i b l e  t h e  c a l c u l a t i o n  o f  heat  

ho 1 es . Where .I 

es should a l s o  

y (which,  w i t h  

f l o w )  and t h e  

h y d r o l o g i c  p r o p e r t i e s  o f  t h e  m a t e r i a l s .  Geophysical  logs should be macle 

i n  the  boreholes,  f l o w  and head da ta  should be o b t a i n e d ,  and r e p r e s e n t a t i v e  

water  samples c o l l e c t e d  for  chemical a n a l y s i s .  The analyses a r e  needed t o  

p r o v i d e  r e l i a b l e  da ta  for  the geothermometers and d a t a  f o r  l a t e r  e v a l u a t i o n  

of p o t e n t i a l  problems i n  development o f  t h e  geothermal resource.  Care fu l  

sampl ing and f i e l d  t rea tment  o f  the  water  samples (Presser  and Barnes, 1974) 

i s  needed t o  i n s u r e  t h e  use fu lness  o f  t h e  d a t a  f o r  geothermal i n t e r p r e t a t i o n .  

C o n s t i t u e n t s  determined i n  t h e  a n a l y s i s  o f  geothermal waters  p r e f e r a b l y  

i n c l u d e  s i l i c a ;  the  p r i n c i p a l  ions;  s e l e c t e d  minor  c o n s t i t u e n t s  such a s  

a r e s n i c  and boron; and the  s t a b l e  i so topes  o f  hydrogen and oxygen, used i n  

s tudy  o f  source o f  t h e  water .  
s 

Along w i t h  these s t u d i e s  r e l a t e d  t o  t h e  t e s t  h o l e s  i t  would be d e s i r a b l e  

t o  expand t h e  s u r f a c e - r e s i s t i v i t y  surveys a l r e a d y  made by the  Bureau o f  

Reclamat ion t o  cover areas southeast  o f  S u s a n v i l l e ,  a l o n g  the  Honey Lake 

f a u l t ,  and e a s t  o f  Standish.  I n  a d d i t i o n ,  g e o l o g i c  mapping i s  needed t o  

i d e n t i f y  s t r u c t u r a l  r e l a t i o n s h i p s  and e s p e c i a l l y  t o  map f a u l t s ;  and t o  

search f o r  young r h y o l i t i c  rocks.  
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Reg i ona I Stud i k s  

I f  the f i r s t  e x p l o r a t o r y  f i e l d  s t u d i e s  i n  t h e  Susanvi l le-Honey Lake 

area i n d i c a t e  p romis ing  p o t e n t i a l  f o r  development o f  t h e  geothermal resource ,  

reg iona l  i n v e s t i g a t i o n s  should be made an i n t e g r a l  p a r t  o f  f u r t h e r  s t u d i e s  

i n  the area. I t  i s  impor tan t  t o  b r i n g  r e g i o n a l  r e l a t i o n s h i p s  t o  bear on 

the  l o c a l  problem; and t o  use l o c a l  r e l a t i o n s h i p s  i n  r e g i o n a l  e x p l o r a t i o n .  

For example, t he  reg iona l  heat f l o w  i s  a fundamental parameter needed i n  

the  i n t e r p r e t a t i o n  o f  l o c a l  sources o f  heat ;  and s t u d i e s  beyond a g i ven  

topograph ic  b a s i n  may y i e l d  , impor tant  i n f o r m a t i o n  about recharge t o  a 

hydrothermal system and about t h e  ground-water f l o w  p a t t e r n .  I n  the  r e g i o n  

sur round ing  the  Susanvi l le-Honey Lake area i t  i s  impor tan t  t o  l e a r n  more 

about f l o w  th rough the  b a s a l t s .  On the  o t h e r  hand, g e o l o g i c ,  h y d r o l o g i c ,  

geophys ica l ,  and thermal r e l a t i o n s h i p s  i n  the  Susanvi l le-Honey Lake area 

c o u l d  p rove i n v a l u a b l e  i f  geothermal e x p l o r a t i o n  were extended i n t o  ad jacen t  

reg ions  such as the Modoc P la teau  t o  t h e  n o r t h .  
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F.gure  1.--Map o f  nor thern  C a l i f o r n i a  
showing l o c a t i o n  o f  Susanv i l le -  
Honey Lake area  (a r row) ,  from 
C a l i f o r n i a  Dept. Water Resources, 
1968, P .  3 .  
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Figure 3.--Composite s t r a t i g r a p h i c  sec t i on  i n  W i l l o w  Creek Va l l ey  F i g u r e  3 
and Secret Val l e y  (Cai i f o r n i a  Dept. Water Resources, 
1963, p. 198). For l o c a t i o n  of  area represented by 
sec t i on ,  see f i g u r e  2. 

L 

PHYSICAL CWRACTCRISTICS W A T t  R - OLARINO CHARACl lRiJTIC~ 

Ilnaonnolldrted, t h l n  depoa- 
t e  or vlnd-hlnm amd.  Pound 

o n l y  alone ahore of EnR1e Lakm. 

911 Unconeolldatrd s l l t  and Very@ p*rmsablllty. , or .@,, 

olay. l l t  e Inportonon t o  pound 
water. 

- 1  Unconsolldnted sand, c lay ,  )(odorate Dsrm=rhlll ty to. ,- 
i l t t l e  Importonce tn'-4un,j 
water. 

and blocks of  beamlt. - 
et Unoonsolldited a l l t ,  o l a y ,  Lodperneebl l l ty .  Y l e l d m  ami) 

mnd,  and orgmnla muck. cnuppllae o f  Rromd woter to 
stock M d  domeatlo well , .  

e l -  In  Secre t  Vallny, unconaol- In Secre t  Valley, o lo  plm 
%;atid sind s i l t ,  and c lay :  up a b i l i t y  and yipld. ?I&?mount 

t o  50 f e e t  f n  th ickness .  
I n  Killow Creek Valley,  un- In  Zlllow Creek Valley, 

consolidated sand, s i l t ,  and f i ~ r m e a b l e  and ylrlds 
lenses  of grnvs1;up t o  250 foot  moderate moun t s  of water t o  
i n  thlckneas.  W O l l S .  

of wat9r L O  wells.  

E: In  Secre t  Vnlloy, unconsol- In 3ecr.t Valloy, or- 
idntnd Crave1 f l n i  sand, nnd p - r n v i h l l  i t  in4 yiel4s moficrei ,  
c lav :  U D  t o  5 6  f3e t  I n  th lck-  e d n l e r  t o  w01l.s. , .  . . 
ness. I n  I:lllotr C r c o k  Valley, of 

consolidated Kravel, sand. and end y i e l d s  m m a  LQ I a r m  
c lay ;  up t o  7 5 0  f w t  In  th ick-  amnunts of  wntcr t o  w?lls. 

I n  Willow Creek Valley, un- moderate t o  hich permeability 

-I Semleonsolldited olndere 
and t u f f .  Occur8 nuln ly  me 
olnder  oones. 

Of llttlm 1.oortanoo to. --olmd 
water. 

l o l d a  n i f f l c i e n t  water o n l y  
= I  Beda of oonaolldated for domsstlc and stock pur- 

a h l o .  sirrimtone. dl.tomlt8. pose%. G r s v e l  lenssa -der -  
m d  l m l n e 8  of greTe1. a t e l J  p3rrmable M d  could 

p r w l d e  r%IYrate qunntltlem 

Ilnlmportmnt t o  ground water. / ( / / / I /  
J // / / / I  

Onhportmt t o  ground watar. 

-1 Rard, nonuoathered 
g m i t l o  'rooki. Soft, 
mathmred,droolpoaed g u l l t o .  

: 

Some water 
Jo ln ts .  Where dscompoaed. 
rock 18 of  low pornsabl l l ty ,  
nnd oapable of t r a n i m l t t l r q  
very  8-11 amomta o r  ground 
water. 



. .~ - - - - - - - .. . . .. .. .. . . . . . . . . . . . . . . . . . . 

F igure 4.--Composite s t r a t i g r a p h i c  sec t i on  i n  Honey Lake Val l ey  
(Cal i f o r n i a  Dept. Water Resources, 1963, p .  208) .  
For l o c a t i o n  o f  area represented by sec t i on ,  see 
f ic lure 2. 

F i g u r e  4 

I S T R A T I G R I P H I  
OEOLOGIC 

ococol'c 'OC I FORMATION 

: I 

- 
C U Y S I C U  CHIRACTVIISTICS W A T E R - B C A R l U O  CHARACTLIISTIC) 

1 l @ l y  pemenble but  locnted 
MI Loore, wlnd-blovn amd. shore water t ab le ,  hence eon. 

t a ln -  l l t t l e  water. 

Unconsolidated a l l t  n d  V e r ~  low p e r m a b l l l t y  m d  of 
%:lay, oontalna mlkall. l l t t l e  lmportmoa t o  ground 

vmtor. 

c&! Wnaonsolldated nand. l i l t ,  
and o l y .  Often contalru 
alk.11. 

and grave l  u l W  lenae. of 
s: Unoonrolldated mnd, a l l t ,  

c&r Vnacmeolldated mlxturei  of 
rook, a d ,  Ma 01.7. 

SI Unaonsolldated p a r e l .  a u l d  
m d  a l l t ,  wl th  1- 01.7 
l m i a a .  

f i r  LJnoonwlldat*d. poorly 
cenmnted, beadad g a r a l ,  auld,  
M a  1llt. 

Low pormoablllty. M a j  yield - 

a h i a l r t o - i o o a s m m g i a n t  of water t o  wella. 1 t 

awl1 emaunts of water to  
domestlo wel l s .  

Moderate permnabl l l t  Y l e l d ~  

?derate permesbl l l t j .  H a j  y l ~ l  
-&IS8 of  WatDr 
t o  w e l l s  In  Hldden Valley. 

Moderate t o  hlKh permenb!lltj. 

wnter t o  wella. contiln 
or T l e l d a  l e r g e  qUMtlZlIC- 

oonflned w a t e r .  

lIl&hIy permeable. Frequently 
' I r r r o n a b m s r a t e r  table. 

Where sa tu ra t ed  yield# lmrgi 
qunn t l t l ea  o f  water t o  WDl\D 
and eumps. 

Permenbll l ty  rangaa rrom low to 
hlRh. Contalna important 
aqulfara  In Honey Lake VallD,. 
Often y l e lda  l a r g e  q U M t i t l D 1  
of water t o  w e l l a .  

rarb. Tars .  Tsw, Tar :  Flour 
f raotured b a s a l t ,  mdaaltr ,  
and slnor amount. of otbar 

underlain by lmpermenble roc 
and 1s unlmportant t o  ground 
r a t e r .  A rew i r e s 8  may em- 
t a l n  perohad ground water. 
Andeslte m d  pyroolaat lo  rw 
are e s i e n t l a l l y  lmpermeabli. 

Lou t o  moderate permsablllty. 
-1 Slsi-oon#olidatrd grrrrl' Ylalds water to luny  eprlngr 

Mot lmpor tmt  t o  iround ~ r t #  
In  Hon.7 L&ka V a l l a t .  

.urd, rd slay. 

w: Sed-oowolidmted, poorly Lor perlwabl l l ty .  Ma? y l * l d  
ornuntad 1 M d l t O n  M d  1hal.r 1-11 qU.nt1tlOe Of R r O M d  

water t o  walls. 

m: Conmolldatad, e a u n t a d  I m a m t l r l l y  Inparmeable. 
a m  da taw. 

Irpermerble h e r o  f raeh.  Dao 
poaad rook MJ y i e l d  amall 
quant l t lam of uatar t o  ro l l  

I h a l v m ,  poor17 jolntmd 
%rl t.. loo all^ waChar.6 

md daaolpoiad. M d  1-1. n 



A e. A' 

PhIIIocem OeeOIt 

RWND VALLEY WILLOW CREEK VALLEY 

F i g u r e  5.--General ized g e o l o g i c  s e c t i o n s  across W i l l o w  Creek V a l l e y  
and Secret  Val l e y  (Cal i f o r n i a  Dept. Water Resources, 1963, 
p. 202).  For l o c a t i o n s  see f i g u r e  2 
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Figure  6.--General ized g e o l o g i c  s e c t i o n s  across Honey Lake V a l l e y  
For ( C a l i f o r n i a  Dept. Water Resources, 1963, p .  211).  

l o c a t i o n  see f i g u r e  2. 
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F i g u r e  g.--Conceptual models f o r  t h e  source o f  heat  i n  hydrothermal  

A ( t o p ) ,  Diagrammatic c ross  s e c t i o n  o f  hydrothermal  system 

- B (bot tom),  Diagrammatic c ross  s e c t i o n  o f  hydrothermal  system 

systems (Olmsted and o t h e r s ,  1975, p .  50) .  

l a c k i n g  a heat source i n  t h e  s h a l l o w  c r u s t .  

hav ing  a heat source i n  the  s h a l l o w  c r u s t .  
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Figure  10.--Conceptual models for dischargc o f  two hydrothermal 
systems (Olmsted and o t h e r s ,  1975, p. 55).  

c A ( top ) ,  Diagramrat ic cross s e c t i o n  o f  a hydrothermal 
discharge system having a nonleaky d ischarge  
condu i t . 

LI B (bottom), Diagrammatic cross sect  ion o f  a hydrothcrrnal 
dischargc system having a leaky d i s c h a r g e  

I '  

condu i t . 
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