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Abstract 

I t  i s  proposed tha t  the on-going compilation and c r i t i c a l  evaluation 

o f  data be expanded t o  include a computerized system f o r  monitoring and 

repor t ing the development o f  geothermal resources from the discovery phase 

t o  power on-l ine. Data would be covered which i s  s i te -spec i f i c  and there- 

fo re  unique t o  the geothermal area. 

l i s t i n g  o f  each geothermal s i t e  which w i l l  be c l a s s i f i e d  according t o  the 

status o f  development f o r  producing e l e c t r i c a l  power. The r e s u l t  o f  the 

work w i l l  cons is t  of a repor t  containing a descr ipt ion o f  the data a t  each 

s i t e  and recomnendations f o r  addi t ional  data needs i n  technological, 

economic, or i n s t i t u t i o n a l  areas. The computerized system w i l l  al low f o r  

ease i n  updating and remote accessing by o f f - s i t e  users. 

Computer pr in touts  are t o  contain a 

r 
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1. In t roduct ion 

The past f i v e  

power production. 

years have seen a 

New research data 
’ * *  

g rea t ly  expanded e f f o r t  f o r  geothermal 

i s  avai lab le on the basic propert ies o f  

aqueous e lec t ro l y te  so lut ions and minerals t o  elevated temperatures and 

pressures; mater ia ls have been developed f o r  h igh l y  corrosive resource f lu ids ;  

processes t o  contro l  scale formation are under ac t i ve  research; and plans 

are avai lab le t o  construct  power plants. However, the data i s  widely 

scattered and la rge ly  unevaluated, thereby impeding the analysis f o r  pre- 

d ic t ions  o f  power production i n  the decades 1980, 1990 and beyond the  year 

2000. 

I 

The National Geothermal Information Resource (GRID) p ro jec t  o f  the 

Lawrence Berkeley Laboratory was i n i t i a t e d  i n  1974 w i t h  the ob jec t ive  o f  

compiling both basic and s i t e -spec i f i c  data on the fo l low ing  major aspects 

o f  geothermal energy u t i l i z a t i o n :  

EXPLORATION considers geological, geochemical and geophysical methods , 
as wel l  as d r i l l i n g ,  resource assessment and land-use factors  involved i n  

loca t ing  and evaluating geothermal energy resources. 

PHYSICAL CHEMISTRY covers evaluation and cor re la t ion  o f  the  thermodynamic, 

thermophysical and volumetric propert ies o f  aqueous e lec t ro ly tes  t o  elevated 

temperatures and pressures. 
~ 

UTILIZATION encompasses the development and production o f  a geothermal 

reservo i r  for. both e l e c t r i c a l  and non-electr ical  uses: ho t  water (br ine) 

transport; space, process and ag r i cu l tu ra l  heating; power generation; cor- 

t . *  

rosion, erosion and scaling; p lan t  construction. 

ENVIRONMENTAL considers aspects t o  the a i r ,  land and water environments 
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of geothermal energy utilization: subsidence, hydrogen sulfide, metals, 

boronr +amonia, seism noise and land-use, 

federal , s t a  d local organiza 

and regulatory considerations i n  the development of geother 

land-use, exploration and production, operating regulations, developmental 

incentives, sale  of geothermal power and f l u i d  transport. 

RESERVOIR CHARACTERIZATION includes data relevant t o  the development 

and production of wells: porosity, stimulation, natural recharge, a r t i f i c i a l  

recharge, modeling, well t es t s  and measurements. 

The G R I D  bibliographic database (EXP) currently contains over 500 

annotated references to  data; the site-specific f i l e  (ENCON) has site-specific 

information on over 20 geothermal prospects. 

the ENCON f i l e  provides data to  include the following: reservoir temperature; 

reservoir sal ini ty;  scaling potential ; corrosion tes ts ;  f l u i d  chemistry; 

e lectr ic  power potential; d r i l l ab i l i ty ;  well flow rate;  lease holder; and 

land use factors. See Appendixes I and I1 for examples o f  computer output 

from the EXP and ENCON f i  1 es . 

For projections of power on-line, 

The Department of Energy (DOE)  is the lead agency for coordinating the 

Federal Geothermal Energy Program (FGEP). The objective of this program is 

t o  stimulate both private and local power authorities t o  develop geothermal 

energy resources as re1 iable, operationally safe and environmentally accept- 

able for electrical  power production and/or direct  uti l ization as a heat 

source. The objectives of the FGEP require that DOE be cognizant of the 

development requirements of each major identifiable geothermal prospect. 

I t  i s  proposed that compilations of site-specific da ta  by GRID be expanded 

I 

i 



and utilized to monitor the progress of geothermal power from the discovery 

phase to power on-line. The development o f  scenarios for power on-line 

will ‘be revised continually as new data i s  received and as current data i s  

eval uated ‘and revised. 
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2. Objective and Scope of the Monitor Database 

for each major geo- 

thermal prospect. The data will include that which is  measured or es t i -  

mated (e.g., calculated, inferred, extrapolated); estimated values will be 

identified as such by an appropriate tag. T h i s  i s  a current on-going 

ac ti v i  t y  . 
the data with the idea to  recommend values that can 

reference data for each s i t e .  

3. To establish a computer-aided classification f i l e  o f  major U.S. 

geothermal prospects which l ists  each s i t e  according to  the degree of de- 

vel opment toward comnercial power production. 

4. To develop a l i s t  of act ivi ty  indicators for  monitoring the-progress 

r production w i t h  the idea that these will serve as a basis for 

prospect cl assi  Qici  ti on. 
' 

5. To examine new state-of-the-art e lectr ic  power technologies devel- 

i e l d  which may 

nificant reduction i n  the cost of e r  production 

6. To make recommendations for new or additional site-specific da ta  

needs where necessary for each prospect. 
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3. Database Content 

The amount of data available varies for each s i t e ;  some prospects 

have been well-studied and data needs for power production have been 

identified. Other s i t e s  are not  well-developed and much information is 

lacking. 

a. Classes of Geothermal Prospects 

The in i t ia l  computerized database would cover the major geothermal 

areas l i s ted  i n  Table 1. Three reservoir systems are represented: hot  

water, steam and geopressured. Other prospects (e.g. , Bieber, CA; Strawberry, . 
WY) will be added as the database bu i lds  up. 

The current status of these geothermal s i t e s  is l i s ted  by the following 

six act ivi ty  categories : 

Class 1 : Undiscovered resources identified from surface manifestations, 

geophysical exploration and shallow d r i l l i n g  for  heat flow or  other data. 

Class 2: Unexploitable by current technology or due to  institutional 

impediments. T h i s  class includes areas where there has been deep exploratory 

d r i l l i n g ,  b u t  where there is currently no known activity.  

Class 3: Exploitable resources i n  which there is significant surface 

exploration b u t  no current commercial development. These resources are  

insti tutionally exploitable from legal and environmental standpoints. 

Class 4: Commercial development resources are  those being actively 

developed to  produce electr ic  power. Deep d r i l l i n g  is underway and a 

u t i l i t y  has been identified as a potential purchaser of the electr ic  power. 

Class 5: Construction resources are those i n  which feas ib i l i ty  has 

been determined, plant design has been completed, environmental reports 

i 
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Table 1 Ini t ia l  l ist  of geothermal prospects for proposed database. 

Acadia Parish, LA 
Alvord, OR 
Baker Hot Springs,  WA 
Beowawe, N V  
Beryl, UT 
Brady Hot Springs , NV 
Brawley, CA 
Brazoria, TX 
Bruneau-Grandview, ID 
Calcasieu Parish, LA 
Cameron ParSsh, LA 
Chandler, AZ 
Corpus Christi, TX 
Cos0 Hot Springs, CA 
Cove Fort-Sul furdal e, UT 
Dixie Valley, NV 
Dunes, CA 
East Mesa, CA 

. .Geyser B i g h t ,  AK 
Geysers, CA 
Glass MT., CA 
Heber, CA 
Hot Springs Cove, AK 
Kenedy County, TX 
Lassen, CA 
Leach, NV 
Matagorda County, TX 
Mono-Long Valley, CA 
Monroe-Joseph , UT 
Morgan Springs, LA 
M t .  Hood, OR 
Puna, H I  
Raft River, ID 
Roosevelt Hot Springs, UT 

: Ruby Valley, NV I 

Vale Hot Springs, OR 
Valles Caldera, NM 
Weiser-Crane Creek, Ib 
West Y el 1 ows tone, MT 
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e .  ' 

made, f inancing arran n permits obtained, a 

f i n a l  commitment i s  expected t o  produce e l e c t r i c  power. 

Class 6: Power production i s  the category f o r  geothermal prospects 

producing e l e c t r i c  power. 

b. A c t i v i t y  Ind icators  

A c t i v i t y  ind icators  are tags used as keys f o r  providing machine 

generated indexes on the current  status o f  data t o  power on-I i n e  f o r  each 

geothermal prospect. See the l i s t  o f  keys i n  Table 2 which are arranged 

i n  a sequence o f  geothermal development t o  power production. The a c t i v i t y  

ind icators  and those designated as milestones are assigned t o  each prospect 

on the basis o f  avai lab le information, and thus are useful i n  subsequent 

analysis, e.g., expected time required f o r  power production for a spec i f i c  

s i t e .  The a c t i v i t y  ind icators  are used f o r  prospect c lass i f i ca t i on .  

c . Ena b l  emen t Factors 

l 

developments which permit  a prospect t o  achieve power on- l ine by a speci f ied 

time. These factors include both resu l t s  o f  geothermal energy research, and 

developments i n  a re la ted  f i e l d  (e.g., petroleum) which i s  useful t o  geo- 

thermal. 

The technical development factors  are those s c i e n t i f i c  or engineering 

Examples are new methodology f o r  preventing o r  cont ro l  l i n g  scale 

formation i n  hot  water reservoirs and development o f  methods t o  increase the 

f low r a t e  from production wells. Table 3 l i s t s  typ ica l  enablement factors.  

Some prospects w i l l  requi re  i n s t i t u t i o n a l  action, e.g., a change i n  l oca l  

laws; examples are given i n  Table 3. 
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Table 2. In i t ia l  Major Activity Indicator Descriptors 

Class (1) 

i 

Class (2)  

Class (3)  

Class ( 4 )  

**Mi 1 es tone 

"Prospect Area Identified 
*Resource Study 
*Prospecting Permi t 
*Exploration Notice of :Intent 
*Leasing EIS 
*Lease Land Acreage 
*Land Use Permit 
*Geophys ica 1 Data 
*Shal low Dri 11 i n g  - 

*Deep D r i l l i n g  P 
*Uti 1 i ty Identi f i ed 

i &  , .  *Drilling ,Plan Revie 
Deep Dri 11 i ng 
Reservoir Tes ti 

*Road Bui  1 d ing  

*Confirmed Bottomhole Temperature 
*We1 1 Abandonment 

j s  e l l  Tests 
s sessment of Prospect 

**Site Exploration and Characterization 

*Pub1 i c  Hearing 
*Power Plan t  Forecast, We 
*Corrosion/Scal ing  Tests 
*Risk Factors 
*Fluid Composition 
*Further Road Construction 
*Production Well Flow Rate 
"Injection Wells System 
*Operations Plan Approval 

*H2S Abatement 
"Pipelines Construction 
*Substation 
*Transmission Lines Study 
*Access Roads 
*Plant Permit 
*Site Permit 
*Net We Outpu t  
*Busbar Cost 
*Water Avai 1 abil i ty  
*Loan Guarantee 

**Confirmed Reservoir 



Class (5) 

Class (6) 

*Flash Cycle Iden t i f i ed  

* U t i  1 i ty Comni tment 
*Feas ib i l i t y  Studies 
"Design F a c i l i t i e s  
*Brine Handl.ing 
*Set t l ing Pond 
*F ie ld  Flow Rate 
*Steam Turbine Generator 
*Equipment and Mater ia l  Ordered 
*Notice o f  In ten t  (NOI) 
*Application f o r  C e r t i f i c a t i o n  

**Power Plant Construction 

*Transmission Lines Construction 
*Hydrogen Sul f i de Abatement 
*Cool i ng Water 
* U t i 1  i ty Purchaser 
*Public U t i l i t i e s  Commission 
*Start-up 

**Si te Expansion 

**Power on-1 i ne 

**Mi 1 es tone 
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Table 3. Typical enablement factors for prospect development t o  power 
on-1 i ne. 

Exploration Geophysics 

We1 1 Completion 
Flu id  Treatment 
Scaling Control 
Materials Development 
Res e r  vo i r S ti mu 1 a t  i on 
Down-We1 1 Pumps 
Conversion Technology 
H2S Emission Control 
Spent F l u i d  Disposal 

Regul a t  i ons 
Legal Actions 
Pub1 i c  Opinion Survey 
Lease Data 
Dri 11 i n g  Permi ts , 
Tax Incentives 
Envi  ronmental Review 

w Drilling Technology 

I Legislation # 
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4. Output Formats and Databases , 

Two computer f i l e s  are maintained: a bibl iographic database (EXP) 

containing indexed and annotated references t o  publ icat ion, and a f i l e  

(ENCON) containing reference information and data. The ENCON f i l e  stores 

data on the fol lowing: (a) prospect class, (b) a c t i v i t y  indicators, and 

(c)  enablement factors. As mentioned above, the ENCON and EXP databases 

are a1 ready establ i shed. These computer-assisted outputs are described 

b r i e f l y  i n  the fo l lowing section. 
i 

Computer-generated output formats would be one o f  the fo l lowing 5 

forms: 

values and information, (2) a bibl iography t o  geothermal explorat ion and 

evaluation l i t e r a t u r e  (EXP), (3)  prospect c l a s s i f i c a t i o n  l i s t i n g ,  (4) a c t i v i t y  

ind ica tor  database, and (5)  an enablement f i l e .  

( I )  an energy conversion f i l e  (ENCON) containing current  numerical 

ENCON File 

The data contained i n  the ENCON f i l e  i s  useful as reference data f o r  

normalization and analysis o f  forecasts f o r  power on-l ine t o  the decades 

1980, 1990 and beyond. 

The data cover three main categories: technical , economic and i n s t i t u -  

t iona l .  Technical re fe rs  t o  engineering and s c i e n t i f i c  data obtained from 

instrumental measurements; permeabil ity, temperature and f l u i d  f low r a t e  are 

examples o f  technical data. 

ample, the busbar cost  o f  e l e c t r i c i t y .  Where cost values are not avai lable, 

then data which can be used i n  cost  analysis, e.g. scaling, d r i l l a b i l i t y ,  

land improvements, are provided. The t h i r d  major category i s  i n s t i t u t i o n a l ,  

Economic information i s  la rge ly  costs, f o r  ex- 

t o  include information on environmental impact reports and explorat ion 
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t 

permits. The data e l e  t def ini t ions for the ENCON f i le  are given 

The second portion of this work contains an a 

oration and evaluation of geothermal energy areas 

for e lectr ic  power potential. T h i s  compilation covers mainly the time span 

from4970 to' 1978, w i t h  references to  material obtained from the published 

re. The informat overed deals w i t h  the following seven major 

aspects o f  geothermal energy data: 

(3) geology, ( 1 land-use factors, 6) exploratory d r i l l i n g ,  

and (7) s i t e  e 

(1) geophysics, (2) geochemistry, 

A bibliographic reference contains a record number; a mnemonic; and 

'headings for t i t le ,  author, reference and descriptors. The Author heading 

is either the name of the author(s) of the publication, or a corporate entry. 

See for example Appendix 

generated, fo r  exampl e : 

e reference, indexes can be machine- 

Author  index contains two parts: (1) Author  Short  Code i s  an alpha- 

betical l i s t i n g  of the l a s t  name of the f irst  named author of each publica- 

t ion,  followed by the l a s t  two d i g i t s  of the year of publication, and the 

t i t l e  and record number. The digi ts  are  followed by a l e t t e r  when there is 

more than one publication i n  a single year for an author or  authors o f  the 

same l a s t  name. This  index may also l i s t  Author Affiliation Short Codes 

when the publication does not identify a person as an author. 

is an alphabetical listing of a l l  persons named as authors w i t h  their  pub- 

1 ications, and the corresponding record numbers. 

" 

(2) Author 
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Table 5. Data element definitions for the Energy Conversion File (ENCON) 

General Information: The name, location, developer and s i t e  descriptive 
material of the geothermal area. 

Reservoir Parameters: Selected f lu id  data, inc luding  reservoir f l u id .  
I temperature, flow rate  and steam quality. 

I : Data on pr  cted o r  actual 
I 
I 

, 0 & M cost, and well spacing. j *  

Hot Water Transmission; . Information 0; piping and piping materials used i n  
the transmission of steam and/or hot water. 

Field Base1 ine Data: Surface measurements to infer the reservoir properties 
for power production and downhole logging. 

Environmental Aspects: 
and information on environmental reports for  regulatory purposes. 

Contains gas, reservoir f l u i d  and subsidence data, 

, 
Reservoir Engineering: Rock properties as determined on samples obtained 
from the reservoir to  include porosity, permeability and thermal conductivity. 

Land Use Factors: Data on land t o  include accessibility, proximity to market, 
needed land improvements (e.g., roads, clearing), and availabil i ty of fresh 
water. I 

Legal Aspects: 

Injection Well : Covering flow rate, stimulation and power requirements for 
spent disposal by f l u i d  injection. 

Includes leasing, tax laws and emissions information. 
I 

I 
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Author Aff i l ia t ion index is an alphabetical listing of each author’s 

a f f i l i a t i o n  a t  the time of publication t o  include also, the publication t i t l e  

and record number i n  the rences section. . . ”  

Descriptors index i a1 phabetical 

each publication, together w i t h  bo th  the t i t l e  and record number i n  the 

References section. . -  
The bibliographic f i l e  is managed by the ’Berkel tabase Management 

System (BDMS) to  provide for  data retrieval and indexing us ing  key words, 

A t h i r d  format will be developed for storage and retrieval of :the 

classification of geothermal prospects according t o  ac t iv i t ies  which are  

stored using BDMS; a typical query and machine response are given i n  the 

fol 1 owing sampl es : 

Example 1 
Query: Find Prospect Class =(2) 

Terminal Response: Found 7 Records 
Query: List Prospects 

Terminal Response (or p r in tou t ) :  
List of Class ( 2 )  Prospects: 

Alvord, OR - Record 2 
Bieber, CA - Record 50 
Bruneau-Grandview, ID - Record 9 
Cove Fort-Sulphurdale, UT - Record 
Lassen, CA - Record 25 
Surprise Valley, CA - Record 
Marysville, MT - Record 51 

15 

40 

Example 2 
Query: Find Activity Indicator=Exploratory Deep Drilling 

Not Prospect=Cal i fornia  
Terminal Response: Found 11 Records 

Query: List Prospects, Depth 
Terminal Response (or p r in tou t )  : 

Alvord, OR ------- One We1 1 
Beowawe, NV------- Rossi #21-19 (5680 Ft) 

Brady Hot springs , NV------ Well List printout 
Brunea u- Grandv i ew , I D- - - -- - Well List p r i n t o u t  
Puna, HI------------------- Well List p r i n t o u t  

Ginn #1-13 (9563 F t )  
Other Wells will be listed 
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Raft River, ID------------- Well L i s t  p r i n tou t  
Wei ser-Crane Creek, ID----- Well L i s t  p r i n tou t  
Chandler, AZ--------------- Well L i s t  p r i n tou t  
Cove Fort-Sulphurdate, UT--Well L i s t  p r i n tou t  
Roosevel t Hot Springs, UT--Well L i s t  p r i n tou t  
Val les Caldera, NM--------- Well L i s t  p r i n t o u t  

Example 3.  

Query: 

Terminal ' Response: 
Query: L i s t  

Terminal Response (o r  Pr in tout ) :  

Find Enabl ement Factor=Scal e Control 
Not ProspectfSal ton Sea; Brawley 

Found 4 Records 

Cos0 Hot Springs, CA 
Beowawe, NV 
Brady Hot Springs, NV 
-Roosevelt Hot Springs, UT 
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5. 
. 

1" - - 
G The da l o  nd data evaluat be done by 

., 7 .  

staff  o f  the National Geothermal 

the GRID Tech Advisory Corn and other recognized' 

rmation Resource i n  coordination w i t h  
n 

t J  

, . 
i . . .  , I 

Analysis by GRID for  dev of scenarios on power production is  

ompiled as a res'ult o f  €he work described 

herein will be made available to  a l l  interested groups and their  projections 

i n  t h  

sources of 'infor 
3 ~ 7 ,  
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Table 6. Typical Data sources 

Organ i za t i on Kind of Information AGailable . ' 

Bureau o f  Land Manageme 

U.S. Forestry. Service 

U.S. Geological Survey 

1; Certify 

EIA/EIS, Dri 11 i n g  Permit 

Notice of Intent to  Conduct Exploration; 
Drill Permit; Certify Plant and Site, 
Geotherm 

Leasing; Environmental ; EAR 
- 

U.S. F i s h  & Wildlife Service 

I t  

Federal Power 'Commission 

Area Geothermal Supervisor 

Certify Plant and Site;  Process Plant 
and Transmission Line EIA/EIS 

Environmental; Leasing; Drilling; Lease 
Compl i ance 

State PUC P lan t  and Transmission Line EIA/EIS 

State Environmental Reports; Drilling Permits; 
Certify Plant and Site;  Issue Permits; 
D r i l l i n g  EIAIEIS 

County EAR/EIS; Lease Sales; NO1 
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6 ,  Other Work i n  Geothermal Monitoring 

umber of valuable general ly  avai lab1 e assessments of 

0 t h  under way and completed. These are either regional 
, 

assessments and forecasts, or  national assessments. Most are bound volumes 

n and quickly out  of date. 2 1  

The scenarios of p on-line provide valuable i,nformation and will 

i n  the proposed computerized base: 

Assessment of Geothermal Resources of the United States - 1975 (Circ. 726) 

is I valuable, auth 

cluding geology, chemistry and wells, which is  widely used for s i t e  evalua- 

rovi des comprehensive reference data , , i n- 

he data for a large number of prospects i s  available via the GEOTHERM 

base. However, data, for example, on scaling, corrosion and institutional 

tors are  not readily obtained from the,report. An update is expected i n  

1979, 

Site-Specific Analysis of Geothermal Development issued . i n  three volumes 

by Mitre-Mitrek under contract t o  DOE/DGE is a comprehensive work covering 

scenarios of geothermal power production i n  the United States. With minor 
s .  

r 37 major prospec are included i n  the 

rmal Coordinating Counc The 

d or  default v 

as well as measured values. 
* 

Geothermal Energy Prospects for the Next 50 Years was prepared by the 
r Electric Power Research Insti tute.  I t  includes calculated hydrothermal 

e lectr ic i ty  potential i n  the U.S. and over 20 other nations to the years 

1985, 2000 and 2020. Calculations are based i n  part on site-independent 

data such as a uniform temperature gradient, and heat capacity. 
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Geothermal Handbook was prepared by the U.S. F i s h  and Wildlife Service. 

I t  contains detailed information and data on geothermal sites i n  the 

western U.S. , including location, development status through January 1976, 

and projected d r i l l i n g  t o  1977. Valuable data is included o 

aspects of geothermal exploration and power production. 

Proceedings, First Geopressured Geothermal Energy Conference contains 

detailed and comprehensive information covering the origin,  resource assess- 

ment, reservoir research and technology, u t i 1  i tat ion and legal and environ- 

mental aspects of geopressured systems. Newer information is available i n  

proceedings of second and t h i r d  conferences. 

Analysis of Requirements for Accelerating the Development of Geothermal 

Energy Resources i n  California pub1 ished i n  1977 summarizes resource potential 

estimates for major California prospects. A scenario for power production 

t o  the year 2020 is given, including the current status of each prospect. 

This  work and two preceding publications provide extensive data on geo- 

thermal areas i n  'California. 

Geothermal Energy, Research, Development and Demonstration Program, 

Second Annual Report, April 1978, s u m r i z e s  the current status of geothermal 

energy power potential and includes data on well d r i l l i n g ,  resource charac- 

te r i s t ics ,  and a development scenario. 
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7. Remote Access to the Computer System a t  LBL 

There are three communication networks w i t h  direct  connections into 

the t B L  computer system: Telenet, Tymnet and the Arpanet. Remote computer 

communication w i t h  any of the three networks is recommended over FTS or 

the Bell Telephone System for  the following reasons: 

1 ) Improved transmission qual i ty  

2) Economical 

s 3) The networks perform internal checks on the validity of data 
transferred prompting re-entry if a l ine is lost. 

Telenet and Tymnet are commercial networks that operate similarly; the 
1 

user dials a nearby phone number, types a password(s) and/or ident i f ier(s)  
‘1 , %  

L system just as one wou on a local direct-dial 

he remote user is directly communicating w i t h  the 

LBL system via his/her own terminal. Access t o  the LBL system is unrestricted 

and a l l  one needs is a valid LBL account and the phone number of the nearest 

Telenet o r  Tymnet access port available from the Customer Service for  Tymnet 

a t  408/446-6180 and the Customer Service for Tel enet a t  202/637-7900. 

Arpanet 

The Arpanet network provides indirect timesharing access t o  remote 

computers called remote hosts by means of a computer-to-computer l i n k .  Thus, 

one logs i n t o  one machine on the network to  gain access to other machines. 
* 

Computers on the Arpanet network are dived in to  three classes based 

upon their  accessibil i ty through the network. TIPS are small machines 

w i t h  network access capabilities b u t  w i t h o u t  enough computing power o f  
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t h e i r  own t o  be used f o r  general timesharing. USERS are timesharing 

systems which have been se t  up t o  access other machines bu t  may not  be 

accessed v ia  other points on the network. SERVERS are systems which can 

be used t o  access other machines on the network and are accessible v ia  the 

network. LBL i s  an operational server and i s  known as host node number 34. 

During an Arpanet comunication, control  programs are executed a t  

the loca l  host, where the connection i s  i n i t i a t e d  and a t  the remote host, 

the s i t e  o f  execution o f  a 'server  control  program. Although there are no 

d i r e c t  charges f o r  the use o f  the network, i n te rac t i ve  job  charges accumulate 

on the remote host (LBL) and on the loca l  computer host. 

An unique feature of the Arpanet network i s  i t s  special operation mode 

ca l led  F i l e  Transfer Protocol (FTP). The FTP i s  a special mechanism which 

permits the t ransfer  o f  data f i l e s  from a remote computer on the network t o  

a loca l  computer f o r  the loca l  processing o f  data independent o f  the remote 

computer. 
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8. Project Organization and Management 

"The progress and monitoring data evaluation and computer f i l e  system 

s will have as i t s  locus the National Geothermal Information Resource ( G R I D ) ,  

a group w i t h i n  the Information and Data Analysis Department (IDAD) of the 

Lawrence Berkeley Laboratory. The s ta f f  are a l l  technical and scient i f ic ,  

including geothermal energy background, and include a chemist, computer 

special ist, biophysicist, chemical engineer, two petroleum engineers, 

mechanical engineer, and descriptive cataloguer specialist .  The resource 

personnel include the GRID Technical Advisory Committee, IDAD s t a f f ,  and 

senior geothermal specil ists. 

Task Description 

Task 1 : 

Information will be collected for each of the 45 prospects from published 

\ 

Information Compilation on Prospects 

and unpublished reports, from other databases, by visits and other contacts. 

A diligent e f for t  will -be made to  ensure completeness. Duplication of effort 

will be avoided by including the'work of others i n  the GRID database. The 

result of Task 1 i s  an indexed and annotated bibliography t o  references i n  

the geothermal 1 i terature; these are coded and stored using the Berkeley 

Database Management System. T h i s  task is i n  progress; a sample pr intout  i n  

a condensed format is shown i n  Appendix I. 
* Task 2: Site-Specific Data 

Task 2 is the compilation of numerical values and information for  each 

geothermal prospect using references to the informatlon compiled by Task 1. 

The data is stored i n  our energy conversion (ENCON) f i l e  using the LBL CLIO 

interactive text-edi t i n g  system. The data is tagged to  indicate calculated 

' I  



-28- 

br  i n fe r red  values. Changes i n  any o f  the data can be made qu ick ly  by 

e d i t i n g  ou t  o l d  values and inse r t i ng  new ones. For example, an i n fe r red  

o r  de fau l t  value w i l l  be changed t o  an actual f i e l d  measurement, thereby 

increasing the q u a l i t y  o f  the data. See Appendix I1 f o r  an example o f  a 

p r i n tou t  from the GRID ENCON f i l e ,  
6 

Task 3: Computer System f o r  Storing, Retr ieving and Monitoring Data 

- Under Task 3, a f i l e  d e f i n i t i o n  tab le w i l l  be developed for the i n i t i a l  

major prospects which w i l l  provide computer-generated information t o  include 

the fol lowing: 

prospects under each a c t i v i t y  indicator;  (3) a l i s t i n g  o f  each prospect by 

enablement factor.  By t h i s  task, i t  i s  expected t h a t  remote access t o  the 

database w i l l  be provided, e.g., v i a  TELENET. 

(1) a l i s t i n g  o f  each prospect by class; (2) a l i s t i n g  o f  

Task 4: Evaluation of Power Plant Data 

Task 4 i s  the c r i t i c a l  evaluation o f  data relevant t o  power p lan t  

operation and construction f o r  each s i t e .  Both s i te-speci f ic  and s i t e -  

indepepdent data w i l l  be evaluated, e.g., sca l ing control .  

would permit promotion o f  a prospect t o  a class higher than current  w i l l  be 

covered as enabl ement factors.  

Factors tha t  

Task 5: Evaluation o f  Reservoir Data 

Task 5 i s  the evaluation o f  data on reservo i r  propert ies f o r  each 

s l t e .  Both s i te -spec i f i c  and relevant research data are included, for  

example,. state-of- the-art  i n  reservo i r  s t imulat ion and we1 1 test ing.  
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Task. Schedules 

Task Description A S O N D J F M A M J J  
I 

FY 1 979 

I 

1 .O B i  b l  iography 
2.0 ENCON F i l e  , 

3.0 Computer System 
3.1 Classes 
3.2 A c t i v i t y  Ind icators  
3.3 ARPANET 

4.0 Power Plant 
4.1 S i t e  Speci f ic  
4.2 New Methods 

5.1 S i t e  Speci f ic  
5.2 New Methods 

1, 

5.0 Reservoir 

Major Milestones 

OA. DGE Work Plan approved 
1A. 
2A: Data ex t rac t ion  complete f o r  15 s i t e s  

Bibliography complete f o r  15 s i t e s  

3A. 
3B. 

F i l e  d e f i n i t i o n  tab le  f o r  prospect c l a s s i f i c a t i o n  
F f l e  d e f i n i t i o n  tab le  f o r  a c t i v i t y  fndlcators 

o te  access 
l u a t i o n  summary f o r  power 

48. State-of-the-art data evaluation 
Val uat ion summary f o r  reservo i rs  
o f - the-ar t  data evaluation f o r  reservo i rs  
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TASKS - FY 1975- FY1982 

FY Pr inc ipa l  Task - .  

1975 1. Establ ish computerized 
database 

i nte rac t i  on 
2. Develop NATO/CCMS P i l o t  Study 

3. Begin b ib l iographlc  work 

1976 1. Expand b i  b l  iographic 

2. Devel op Hydrogen Sul f i d e  

3. Foimalize I t a l y -US.  data 

compi 1 a t i  on 

database 

exchange 

Major M i  1 es tone' 

1. Technical Advisory Committee 

2. Scope established, pamphlet 

4. P i l o t  Study, Subsidence 
5. NATO/CCMS/Pisa 
6. Socorro Tape 

1. P i l o t  Study, Subsidence . 
LBL-3220 complete 

'3. Hydrogen Su l f ide  Aspects o f  
Geothermal Energy, 7 th Northeast 
Regional Meeting, American 
Chemical Society,, Albany, 
N e w  York, August 1976 

organized 

3. GEODOC, LBL-4432 

2. NATO/CCMS (LBL-5295) 

1977 1. Output p r i n tou t  t o  users 1. Informal bib1 iography 
2. Expand Compilation 2. Begin Non-Electrical f i l e  
3. Data evaluation 3. Begin evaluation 

4. Standards f o r  Mu1 t i l a t e r a l  
& Worldwide Exchange o f  
Geothermal Data Mathematical 
Geology, Vol. 9,\No. 3, 
p.259-263, 1977 ' 

1978 1. Bib1 iographic. output t o  . ~ I , EXP f i l e  on- l ine and providing 
users (EXP f i l e )  - l ' i s t i ngs  f o r  users 

2. Establ ish energy conversion 2. NATO/CCMS report, LBL-6869 
(ENCON) f i l e  f o r  15 prospects 

3. Gas chemistry f i l e  output t o  
users 4.0 Gas chemistry f i l e  on- l ine 

update 5. S i  te-speci f  i c  data evaluat ion 

f i l e  3 . .  6. F i r s t  Annual Report,, LBL-7803 

4. Subsidence bibl iography (UCID-4033, UCID-4035) 

5. Establ ish subsidence data .. i n i t i a t e d  

6. Evaluate s i te -spec i f i c  data 

1979 1. Prospect bibl iography expansion 1. Monitoring database on-1 ine  
2. ENCON f i l e  expansion t o  45 

areas 3. LBL repor t  on prospect 
3. Prospect monitoring database monitoring 
4. S i te-speci f ic  data evaluation 4. Prospect area computerized map 
5. Gas chemistry f i l e  expansion 

2. Data evaluation 

5. Output t o  users 
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FY Pr inc ipa l  Task Major M i  1 es tone 

1980 1. Expand monitoring database 1. LBL' repor t  on prospect 
monitoring, rev is ion  1 

2. Expansion of EXP and ENCON 

3. New methods f o r  packaging 

t o  -cover a1 1 major prospects 

methods t o  evaluate s i t e -  f i l e s  
spec i f i c  data 

system f o r  numerical data 

2. Develop computer-assisted 

3. Develop database management , output t o  users 

4. Remote access t o  GRID 

1. Update monitoring f i l e  
2. Remote access t o  GRID rev is ion  2 
3. Add Hot Dry Rock and Magma 

4. Output packaging improvements 

1. LBL repor t  on monitoring, 

2. S i  te-dependent data handbook 
sys tems * 3. Computer-generated geothermal 

area maps 

1981 

1. Expand moni t o r i ng  database 
2. Provide reference data f o r  

~ each geothermal 'prospect 
3. Computer-assisted model ing  

. o f  geothermal power production 

1. Monitoring report,  rev is ion  3 . Computer-assisted modeling 
devel oped 

I .  

. . .  .. . . .  . -  
, .  
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t 

Project  Control Plan 
<~ j \  

' A monthly progress newsletter covering s i g n i f i c a n t  .resul ts, expected 

a c t i v i t i e s  and other information w i l l  be submitted t the end of each month. 

I n  FY1979, three reports w i l l  be prepared: 

1. A repor t  summarizing the current status o f  data f o r  15 

2. A bibl iography to  explorat ion and assessment l i t e r a t u r e  

3. A repor t  covering forecasts f o r  power on- l ine (September 1979) 

prospects (January 1979) 

. (December 1978) 
/ .  

I B 

. Performance review i s  formalized through frequent p ro jec t  meetings 

weekly reviews w i th  the,  Information and Data Analysis Department head, and 

by year ly  review by the Technical Advisory Comnittee. The general ly l i m i t -  

i ng  resource i s  a v a i l a b i l i t y  o f  manpower, commonly al located by f rac t ions  

o f  ind iv idual  time and overa l l  p r i o r i t i e s .  

Financial control  i s  by deta i led monthly expenditure reports. 

Informa ti on D i  ssemi nat ion 

Informat on dissemination i s  by LBL reports, computer pr intouts,  

attendance a t  conference and by personal contact. Reports are reviewed 

by recognized experts and consultants p r i o r  t o  issuance. 
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ERHAK 77 
E X P L C ~ l t I O N / t Z N D - U S E  F PC'IORS 

T I T L E -  A SCEN4RIO FOR CEOTHERNAL ELECTRIC POHER 
DEVELOFHENT JN IMPERIAL P A L L E Y  

PUfHOR* ERHOK, D.Lm E C 4 L I F O R N I t  UNfV.9  LXVERHORE 
(USA) LAWfiEhCE LIVERMORE LAB. 1 

REFERENCE- 4 S C L N 4 R I O  FOR GEOfHERflOt ELECTRIC POWER 

0 

OESCRf PTORS- fE#PER%?'URE HE aSURENEHfS: POHER 
GENEEATI CN; CHEMICAL COHPOSIrION: A I R  QUALfT'V'S 
HYDRQGEN SULFIDES: FLUID FLOIJ: ENVIRONflENT4L 
EFFECTS: LANC USE: FORECASTING: GEOTHERMAL 
WELLS: D R I L L Z N G ;  I N J E C T I O N  WELLS: CALIFORNIA: 
BP.4W.EY K G R l :  I H F E R X l L  VlLLEVZ SaLTON SElt E l S f  
MESA KCRA: HEeER KCQA; WE GEYSERS: HAPS: 
TABLES:  DIAGRAMS. 

LQYtON 70 
EXPlCRATfQN/LAND-USE FACTORS 

TITLE- A OESCf?IPTION CF IHPERIAL  VALLEY, CALIFORNIA 
FOR T H E  3SSESSPiEhT O F  INP4CTS OF CEOTHERMlL 
ENERGY DEVELCPMENTe 

AUTHOR- LAYTON, 01 ;ERI?AKe D e  f C A L f F O k N I A  UNIV. 
LIVERMCRE (USA) LAWRERCE LIVESF(0P.E L A 8 e  1 

REFERENCE- 4 CESCFIPTION OF fNPERIPL VlLLEY, 
CALIFORNIA FOG THE ASSESSNENf OF IMPACTS OF 
GEOTHERMAL ENERGI DEVELbWENl.  UCRL-52121, 
C 4 L I F .  UNIVII L I l E R t l O R E t  C P l I F o ,  1976, 225 P a 0  

DESCRIPTORS- SED1 1E'NTARY ROCKS: ?ECTONICS: GEOLOGIC 
SETTING; C l I f 4  4TIC EFFECTS: TEMPER 3TURt: 
HE ASUREHENt SS EN t1 RONHENTAL E F f  ECTS t 
AGRICULTURE FISHES; 810211SS GROUNO WATER: 
SOCIB-EC3NCf4IC F1CfORS: ECONOMICS t WELLS: 
EVAPORATIOA: PRESSURE NEASUREHENTSt D R I L L I N G $  

FERtILftERS: PIR Q U a L I t Y t  HIZTEF? QU4LITY: 
PESTfCfDESt bER3ICIDES; SOILS: CRr3PSt INSECTS: 
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CHEHfCAL ANALYSIS: SfCR€C ENERGY: 6RAWLEY KGqA: 
'CALfFOCNIAt  fAST HESA KCPAt HESEP KGQA2 
I M P E R I I 1  V1LLEY; SllLTON S E I :  G L P M I S  KGR4: OUNES 
KCRA t POWEF. GENEEATION: M4PSt T A 3 t E S t  DIAGEAHS: 
GCVERNPENT REGULdTIONSt LEGAL ASPECTS: 
FORECZSTfNt: SILJNZJY: FCOW RllTES: HYDROG€N 
SULFIDES. 

J E T  PROPULSION L A B  76 
EXPLOR V'fON/EVZLU a T f O Y  

TITLE- GEGfHEkHAC ENEFGY WSOURCES I N  CALIFORNIA, 
STATUS I r l E W H f o  APPENDIX. 

qEFERENCE0 GEI3THEFHtL €NERGY RESOURCES I N  
CALXFORNXA. ST4TUS REPORT. APPENDIX. JPL 
DOCUMEkT 50413025, ENEQGY '3ES3URCES COYSERVATIOW 
I N 3  DEVEfOPHENT Ca?It!ISSfONr S1CRIYENTOr CO4.fF.v 
19769 P. A i  €3 .  

DESCRIPTORS- FAULTS: GEOLOGIC S E f f f N G :  ROCYS: 
VOLClNCESt TENPEFPTURE MEASU3EMENTS: HOT' 
SPRILGS: A IR QUALITY: LAtJO USE3 LEASES2 LEGAL 

SURVEYS: GE31bEGMOMETEY; Cd lZ fORNIA t  OREGON? 
GLOSSARY; TAE?tES: GEYSERS GEOTHEPMAL FIELD: . 
C 1 L I S T C C a  K ( G ~ 4 . ( 9 t  K N O X V I L L E  K C 1 4 8  L1ftI.E HORSE 
YOUNTAIN KCRA: L C V E L A O Y  R I D G E  KCRA: WfffES 
SPRINGS KCRA: ZbfERlAL VALLEY: BRAHLEV KGRAt ~ 

4SFECTS: GEOIHERCr9L HELLS: Df?TLLTNG: Y 4 G N E t I C  

OUNES KGSI: E ~ S T  M E S Z  K m a :  FQRC ~ R Y  LPKE K G W  
CLAHIS K G ~ A :  H E O E ~  KGRA: SALTON S E A  KGQW 8ocrE 
K G R A t  COS0 HCI SPRIQGS KGRAt NOM-LONG VALLEY 
KGR9:  GQN058URt KGE1: SqtINE VaCLEY KGR3: 

CIfY-SURPRISE VALLEY KGR4: LASSEN KCRAl  
~ E N D E t - 9 M E D E E  ,rCCP$: SESPE HOT -SPYINGS KGR4r 

-+ EECKWOUFlfH ? f A K  KGRAt CLASS MQUFiTAIN K G R A t  LAKE 

.L' 

RAfiACHANDRAN 77 
E%PcORATLCN/LAND USE F A C T O R S  

Tr'TLE- ECGNUHLC AfJAtYSES CF CEOfHEhM41 ENESGY 
OEVELOPMEYT I N  CALIFORNLAr VOLUME 1. 



-38- 

G . : H i L L E I ; t  K ~ ~ ~ t H I l L E R ~  R.K.tHYEPS9 0 ~ R ~ ; R A O ~  
H a  [STANFORD RESEARCH INST.  9 f lENLO PARK9 CALIF.  
(US b 1 1 a 

AUTHOR- RAMICkANDSAN9 G a t A L I C H r  JaAa,JRa:CqOOKSq 

REFERENCE- ECOa4CHIC AHALYSES OF GEOTHERMaL ENERGY 
OEVELOPHE#T fPl C\ClFORNP4* WOLUYE l a  S9H-115 
P roa- i  (VOL. i i r  S T A ~ F O E O  RESEARCH INST., 
MENLO PAkK, CALIF., 19779 139 O a a  

OESCRXPTORS- T ~ E L E S ;  rws: O I ~ G R ~ H S :  CALIFORNIA; 
POWER tEhEfiAffON; F O R E C A S f I M G t  ECONOMICS: 
COSTS: HYDKOGEN SULFIDES: I M P E R I I L  J lLLEY;  
MONO-LGNG VALLEY KGRA: TkE GEYSEQS: HEBER KGRdt 
EAST HESA KCI3At BRAWLEY K G 2 A t  NILAND; COS0 HO? 
SPRINGS KCRQ: TRlNSMISSfON LINES. 

LA MOR1 7 6  
E XPLORATfON/E YA LUATIOE: 

TITL€L  , *HYDROTHEC;MlL GEOTHERFU RESOURCES \NO GiOWTP 
XN U f f L I Z 4 1 I C h ~  I N  ENERGY TECHNOLOGY f f f .  
COMMERCIALItATfONa 

QUfHOfi- LI k0i?fr  P.N. C f L E C T R I C  POMEQ RESERRCb . 
I N S T I T U T E S  PALO ALTO, CALIF. ( U S A I I a  . 

REFERENCE-' PYCHOTPERXlL GEOTHEPHlL RESOUIZCES 9NO . 
GROWTH T P ~  U l I t . f 2 A f I O N ,  I N  ENERGY TECHNOLOGY- 
111; CCMMERCIALIZATIONa GOVERNMENT I N S T I f U T f S q  
INCa, W9SHINCTONv I l e C a ,  1976, P a  103-114a . 

DESCRIPTORS- f 3 f E C A S T I N G t  POWE4.GENEBATfJN: TASLESt  
. 'OIAGRINS; HOT SPRINGS: C9LIFORNfa:  IWERI 4L 

VALLEY: UTAH: ICAHOt  NEM NEXICOS THE GEYSERS: 
NILAND: 8RAWlEY .KGRAt VALLES CALDEiU GEOTHERVAL 
FIELC: MONU-L€MC VOLLEY KGRQ: CCSQ HOT SPRINGS 
KGRA; 6003EUELf I-Of SPRfhGS KGRA: kE3ER .UCRA; 
EAST MESA KGi?Cli -COVE FWf-SULPYUGOALE X C R A t  

HEASUREM€NfSt OIKECT ENERGY UT ZLf Z A T f O N a  
R 4 F f  , R I V E R  I ( C K $ ;  ENERGY RESEQVES! TEMPERaTURE 

. '  
S M I T H  76 

E X P l O  f? 4T I ON 10 R f  1 LING 
1 .  

TITLE- SUHHARY OF 1975  GEOTHERMAL .DRILLING * W E S T ~ P N  
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UNITED SPATES. 

1UTHOk- SFfIThr J . L r S H l f L I C K 9  JISI tREpUBLIC 
CEOftlERMALt 1NC.t SANTA FE SPP.INCS9 CALIF 

‘ *  (US9)l. 

OESCRIPTORS- MAPS: CA I I F O W I A t  XYPERIAL VALLEY t 
TABLES: ‘P€ GEYSE3S: TEflFERIfURE HEWJREHENTS: 
GEOTHEPMAL WELLS; OREGON; NEVAOA: IDAHO: U f A P t  
NEW PEXIC3;  k A W A f f t  EEAULEY KGeA:  E 4 S t  MESA 
KGR4; lE3EI; K G i . 1 :  C1STLE ROC< S W I N G S :  R l F T  
E.IVEK K G Y A I  I;(;3SEVELT HOT SPRINGS KG3A:  VALLES 
CACOEKA C E 3 f ) l E R M A l  F f f L D r  

JEf PP9PULSIOP; L 1 6  76E 
E XPL CR PTIONIEVA LU AT TCW 

T I T L E -  GEWfHEdHAL ENEFGY RESOLQCES f N  C A L f F O R N I A e  
ST I f U S  REPCKI‘ 

AUTHO6,- CAL-IFGRNfA INST.  OF TECH., PASADENA (USA;) 
JET PROPULSICN cas.. 

l i w m E N c C -  tEorrlEiZHnL E W R G Y  RESOURCES H 
C A L I f O R N I A a  STATUS REPOFT. JPL OOCClHENt 

CALIF . ,  1 3 7 6 1  P a  1.1 6-13. 
50bO-259 C\LlFa INST. OF TECH. 9 olSI9EN4r 

DESCRIPTORS- GECLCGSC SETTING: O R 1 1  1I‘IG: ECONOHICS:  
LEASES: L E t A l  ASFECTS; GEOfHIFNAf PLI fENTfALt  
GEOTHERMAL RESOURCES: GfCl‘HE4MAL WELLS: POWE9 
GENEii1fICN: IGON=ELECT&fCiL: BECKWOUSTH PE P K  
KGH1:  S 4 i I N E  VALLEY KGRB: GLASS W U N T A I N  KGRAt 
HENOEL-AMECEE KESA: GLAHIS KGPA: BOOIE KGRA; 
FORD 3RY L l K E  K G i i l :  E 4 N O S W R G  YGF’ I :  SESPE ti01 
SPRZNGS K G G A I  CA 1IFORt; IL:  MOYO-LC1NG VALLEY 
KGRAI COS3 HCT SFRINGS UG?A: LAKE CITY-SUkPRfSE 
V I L L E Y  K C R I :  fHFERL9L VILLEY: W3Ee r(GR9: E a S f  
MESA YERA:  lAS5Eh KGRL\: S4LTON SEAS 35AkiLFY 
KGRA: L f T T L f  hCRSE MCIUN”I’1N KG8A: LOVELAOY 
R l O G E  K G R \ :  H I T T E R  SPRfNGS K G P . 1 :  THE GEYSERS: 
KNOI(V1LLE KGi?A; CUEES K C R A t  YAP?: TAQLES: 
DIACkAHS: ENVISCNHENTAL IMPA2T RFPOATSI 
F9REC4STZdG: HOT DRY FOCK: VlPOF-DCHXN1TED 
SYSTEM$: HiiT HATES SYSTEPSt U f I t f f A f f O N t  
GLGSS4FY: SPACE kEATXNGt GOVEPNHENT SECULATIONSI 
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E x PL OR AT ION /EVA L u A T  x o f i  

TITLE-  A COPPARIS-CH OF ,HYDROfHEQ+?AL RESE3VOfRS OF 
THE WESTERN UNITED St4tES.  r O P X C 4 L  REPORT 3, 

AUTHOR- t iEmav,  H.T. ~ G E O N O X O C S ,  INC.~ ~ E ~ K E L E Y  
CAiJF.1 (LISA) 1 

S l N Y 1 L r  S o  

REFERENCE- A COMPACifSGN Of HYOWfdERHAL RESERVOIqS 
O f  THE blESTEF* UEifTEO STATES. TOPXCAL REPOPT 
30 ERR1 ER-3649 ELECTRZC POWER RESEIRCH I N S t r r  
P4LO ALTO, C4CIF.9 19769 1 7 0  P o *  

OESCRIPTORS- GEOLOGIC SETTING: LIfHOLQGY: ROCKS: 
SEDIMENT AT loid; VCLCAEvfSY: TEMPERATUSE 
MEASUREMENTS: F L U I D  FLOW: ORAWOGWN; HATER 
T 4 B L E :  D R I L L I N G ;  f l 1THEMI f IC1L  HODEL:  
THEORE T I C A L  f RE ATMENf SI COHPUTEP C A L C U L A T  I ONSt 
FORECASTPtiGt SITE SELECTION t COSTS; DEPTHS : 
WELL S F4CING:  PRESSURE HEISUREHENT: G E O T H E R H  1L 

*RESOURCES: VAPOP-DCtlINAfEO SYSTEHSI HOT HATER 

I N J E C T I O N  WELLS: CHEMZCIL \N ILYOIS :  POWEP 
POTELHTIALt 3 I S C U S S I O N t  EVALUATION: FIELD OATA: 
U N I T E D  STATES; CPl IFORNfA:  IDAHO: NEW R E X I C O I  
NEWAClt WYCNING: MEXICO: YELLOHSTONE KGR1: 1 

HEBER KGPllt EAST HESA KGRAt QAFT RIVER KGRAt 
HONO-LONG \ALLEY KGRAt QRUNiEAU KGRA: 
BRIOY-H4ZEY K G R l t  , ROOSEUEL?' Y O 1  S W I N G S  KGRl :  
BRAWLEY KGRAt DU?ES KGCA; LAKE CXTY-SURPRISE 
VALLEV K C R A t  BEOWAHE KGRAt SfEAMeOAT SPR.INGS 

SYSTEMS; GEOTHEKNAL WELLS: FLOW RATES: 

KCR 9 

ERMAK ?7e 
E X P C O ~ A f I O N / E V A  LU ATICE'  

T I T L E -  POTENTIAL EriOWTH OF ELECTRIC POHE3 PROOUCTX0b 
F;ROM IMPERIAL VALLEY GEi)THERNAC cESOURCES 

AL'THOki- EfiMAKq i1.L. [CALLFOGNIA UgIVo,  L I V E R M O R E  
(USA) LAWRENCE L I  VERHORE LA9.1 

REFERENCE- FOTENTI4L GROWTH O F  ELECTEIC POHER 
P R O C U C T I C N  FFOM IMPERIAL VALLEY GEOTHERflAL 
K E b O U R C E S o  UCRL052252r  LAWRENCE LfVEqMOkE 
L 4 t 3 . 9  L I V E R M O R E *  C3LfF.r 19719 29 P a *  
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DESCRIPTORS- 3 f A G K A M S :  MAPS: TABLES; CALIF3RNIA:  

I M P E R I I L  VZLLEY: S l t T O N  SE9 K G R l :  BS1WLEY KGSZt - 
HEeER KGi?Clt EAST MESA KGPPl BOTTOM HOLE 
TEMPERtTUqESI FLCW RATES: HYDROGEN SULFfDES: 
LZND USE: &Ob-CGbOENSIBLE GISES: POWER 
GEhEKATIONI SALIWITY:  S t f E  SELECTION: WELL 
FEPLACEPENT RATE. 

W I L L I l H S  7e  
E X ? L O R A t f O N / E V A  LUAffCt -  

TXTLE- SI7E-SFECIFiC ANALYSIS 3F G E O T ~ E i 7 ~ A L  
OEVSLOFMEN?-G1T4 F I L F S  OF PSDSPECTIJE SXTEE VOL 
fIX. 

AUTHOfi,- WlLLLA'lS9 F. ;COHENt 4.:PFUNOSTELNv R e  :POE!39 

2EFERENCE- SliE-SFECIFIC ANALYSIS O f  GEOTHERMAL 
DEVELOPMENT-33T3 F I L E S  OF P P 3 S F E t t I V E  SITES V O l  
111. H C F / T 4 ( 1 4 - 0 1 / 3 ,  THE Y I t R E  C0RD.r 1 9 7 6 9  

GESCEIPTORS- PAPS; T A X E S :  A R I Z O N ~ :  C w F o R N I a :  

HExXCO: 92EGON: TEXAS: UTAH: U Y O Y I N G :  
HhAHAif; 13r\HC; L C U f S f  ANQ: MONTANP: NEVAOAI NEh 

WlSHZNGTUN: B k l h L E Y  KGF.a: C O S 0  H3T SPRINGS 
KGRA;  EAST HESA KGPAt GEYSERS CALISfOGh KGKA: 
GLASS K O U N T A I N  KCEA;  bE9Eq KGEAI LASS€% KGPA:  
MONO-LCNG VALLEY KGR9: S l L I O N  SE\ KGR1:  
SURFFISE VALLEY KGRA: ALV3qD KCRA: CA9ft.E CREEK 
KGRA:  MGbE(1 HOOC K G R A t  $AFT RfUEP KGRA: VALE 
HOT SFPINGS KGG.3: C4FNE CqEEK Y t . 9 1 ;  YFLLOWSTONE 
KGRA: E E O W A H E  K G i A t  EKAOY-HAZEN K G h A t  COVE 
FORT-SLL*HtJRfAi,.E KGRA; LEACH HOT SPRfYGS KGPA: 
RQOSEVEL? d u i  SFFZ t4GS KGPl: S f E I Y B O I T  S P k I k G S  
KGRA: T H E R M 0  hOT SoQfNGS KGAA: eACA L9CATXON 
NO. 1 K G G A :  P U N A  GEOTfiERMAL FIELO: 3AKER HOT 
3PRlhG S GEJ? WEkIYIlL F I E L O  : C H I M  OLE 2 C E O f  ME RMPL 
F f E i C t  SAFFOFt CiiOTHE6.MfiL F I E L D !  A C A o f A  P A R I t V :  
B R A Z C R I A  Ci IUNfY:  CALCCISXEU PARISH: CAYERON 
P1RLSH; CdiPt lS CHRISTI CGU : KENEDY COUNTY. - 

CHEMTCAL ANI? E N G I Y E E K X Y G  NEWS 7 t  
E X P i OR PT I O N  /E V A  L U  AT I OK 

F L I N T  FCfi GEOTTHEfiYlL ENFOGY TO BE 
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AUTHOR- M A L 1  STREET JCURNAL. 

REFERENCE- CHEH. ENGo NEUS, V o  56 (31), P o  23(1978)0 

DESCRIPTORS- ZALIFORNIA : ERAHLEY KGRA: CO 
GfNE F A T 1  CNI W l S f E  OISFOSILo % .  

8 H A f H I A S  75 
E XPL OQATIONiE VA LUATIOR 

TITLE-  TdE PES3 G E O f H E R ) ? 9 L  FZELD-1 PRELIYIN9RY 
EVALUATICN Of f f k E  GE0THE;ZMAL WELLS. 

AUTHOR- HAThIAS, K o E a  [BUREAU 3F RECLANATION, 
BOULOEF C I T Y ,  NE\. (USA) 1. 

REFERENCE- P R O C i E C I N G S -  SECONO UNrfEO N lT IONS 
, S Y W O S I U M  GN THE DEVELOPENT AND USE OF 

GEOTHERHAL RESOURCES. CALIF. UhfVe 9 BERKEtEY, 
C 4 L I F a ,  1975, V e  39 Po 1741~1747. 

DESCSIPTOKS- P E 3 N E A 8 I i f T Y ;  T€PPERATURE MEASUREMENT:' 
C l S I h t t  S L U I t  Ct!EHISTRY: WELLS t HELL HE40 . 
PRESSURE; INJECTION WELLS: FLOW RATE: I M P E R I A L  
VALLEY; EAST MESA K t R A t  PHOfOGRAWiSI TABLES: 
GRAPHS C l i i B O N  CTOXIfE. 

MATLICU 75 
E X P L O R A ~ I O h / C E B C ~ E N f S f R V  

T I T L E -  E X P L C R l l I O N  FGL GEOTHERHlL 4RE1S U S f N f  
MERCURY 0 A NEW GEOCHEYICAL fECHNIQUEo 

AUTHOR- HATLICK, J.S.9 IIX CARZZONA STATE U N I V . 9  
TEHPE (USA). OEPT. OF G E C L D G Y I o  

BUSECK, PoR. C I H I Z O N I  S f l f E  UNIVo, TEMPE 
(USA). DEPT. OF CHEMISTi3VI. 

REFERENCE- PROCEEffNCE- SECOKD UNITED N4TfONS 
SYPPSO1,UH ON TkE DEVELOPHEN1 AND USE OF 
GEGfHEfiHAL RES0UI;CESo VOLUHE 1. CALIFORNIA 
UNXVOI BERKELEY9 C4CIFoe  1 9 7 5 9  e. 785-7920  

DESCRIPTORS- CALIFOh'NIA t PONO-LONG VdtLEY KGRA; EAST 



Appendix 11. Typical  S i  te -Spec i f ic  Data (ENCON) 

P 



-44- 

NATIONAL GEOTHERMAL 
INFORMATION RESOURCE r 

DATA ELEMENT 

General Information 

Record Number- 
S i t e  Name- 
Location- Coun try- 

State- 
County- 

Project  L i  fe-Years/Output 
S i t e  Developer-Federal- 

State- 
I ndus t r i a l  - 

S i t e  Description- 

Terrain- 
Areal Extent- 
Nearest Comnuni ty- 
Access Roads- 

Comnts -  

Reservoir Parameters 

F lu id  Temperature- 

Well Cost- 
F ie ld  Flow Rate- 
Well L i f e -  
Noncondensible Gas Content- 
Steam Qua l i t y -  
We1 1 head Temperature- 
F lu id  Rate- 
Enthalpy- 

Operational Parameters 

Plant Size- 
Plant Cost- 
Power Cost t o  Load Center- 
Power Cycle (Flashed, Binary)- 

Well Spacing- 
Paras i t i c  Power- 
Well Replacement Rate, Per 

Year ( I n f i e l d  D r i l l i n g ) -  
Heat Transfer Coef f i c ien t  , 

U Factor- 
Heat Rejection (Wet Cooling; 

Make-up Water Cost- 
Wet Bulb Temperature- 

0 & M Cost- 

Dry Cool ing)-  

Energy Conversion F i l e  
Surprise Valley 
August 1978 

DATA ENTRY 

7 
Lake City-Surprise Valley KGRA 
United States 
Ca l i fo rn ia  
Modoc 
2100 MWe/30yrs. (Jet  Propulsion Lab 768) 
U.S. Geological Survey (Hot Line 75D) 
Ca l i fo rn ia  D iv is ion  o f  O i l  i3 Gas 
Magma Energy Inc., Gul f  O i l ,  Getty O i l ,  Dow 

Chemical, Southern Union Production Co., 
American Thermal Resources (Hot Line 75E, 
Williams 78) 

Mountain val ley, some grazing, small towns 
(Williams 78) 

292 km2 (Meidav 76) 
Lake City, 16 km (Williams 78) 
Highway 299, 16 km from s i t e  (Williams 78) 
Administrat ive delays hinder ing development 

(Williams 78), Reservoir Volume, 250 km2 
(White 75) 

(Hot Line 75D) 

Hot Water Transmission (Direct  U t i1  I t a t i o n )  

Pipe- 
Pipe Material- 

110-225OC (Williams 78), .2OO0F f o r  Phipps 1 
(Hot Line 72), >l5O0C f o r  Phipps 2 
(Hot Line 74B), 104-180°C Quartz (Hot Line 75D), 
175OC best estimate (White 75) 
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NATIONAL GEOTHERMAL 
INFORMATION RESOURCE 
I 

DATA ELEMENT 

. Pipe F i t t i n g  Material- 

Insulat ion- 

Welded Pipe Connections-- 
Valves- 

Material- 
I ns ta l l a t i on -  
Thickness- 

Material- 
I ns ta l l a t i on -  

Pipe Ins ta l l a t i on -  
Anchor Pad Material- 
Support I ns ta l l a t i on -  
S i t e  Clearing and Grading- 

Material- 
I ns ta l l a t i on -  

Caslng- 

S i t e  Work- 

Pumps- 

Gomnents- 

F ie ld  Baseline Data 

Thermal Water Temperature- 
Thermal Water Flow Rate- 
In fe r red  Reservoir Temperature- 
E lec t r i ca l  Res is t i v i t y  Low- 
Heat F1 ow- 
Thermal Gradient- 
Gravity Survey Value- 
Seismic Noise Correl at lon- 
Pumping Power Required- 
Scale Control- 
Fouling Factor- 
Corrosion Control- 
Well Logging Data- 

Well Test Data- 

D r i l l  i ng  Mud Types- 

Caliper Log- 
E lec t r i ca l  Res is t i v i t y  Log- 
D i  pme te r -  
Log I n terpre t a  ti on- 
Bottom Hole Pressure- 

Well D r i l l i n g  Data- 
W e l l  Completion Type 

(S1 otted; Open 1- 
Depth t o  Production- 

Acoustic Log- - 
* Temperature Log- 

3 

- . We1 1 head Pressure- 
t e r i a l  s Used- 

Plping- 
Valves- 
Thro t t le  Plates- 

Producing We1 Is, Number- 
Non-Producing We1 Is, Number- 

Energy Conversion F i l e  
Surprise Valley 
Page 2 

DATA ENTRY 

Forest Products: K ra f t  paper, crude t a l l  o i l ,  
turpentine, lumber (Hornburg 78) 

48-97OC (Jet Propulsion Lab. 768) 
50-500 L/min (Meidav 76) 
174OC Si02 (Williams 78), 220°C (Reed 75) 

-190 t o  -165 mg Bouguer (Anderson 72) 
Associated noise i n  Alluvium (Eng 74) 

Penetration rates slowed by high head waters i n  
upper 300 m o f  Goodwin 1-11. caused cementing 
d i f f l c u l t i e s ;  a f t e r  cementing 24.4 cm casing 
a t  390 m, penetrat ion rates increased 
markedly (Hot Line 74C) 

See Table 1 

*lo00 m (Willlams 78). -2150 m (Meidav 76) 

9 (abandoned o r  i d l e )  (Hot Lfne 75D) 



! NATIONAL GEOTHERMAL 
INFORMATION RESOURCE 

. .., 
, ,  I . 

DATA ELEMENT 

Comnts -  

Environmental Aspects 

Gas Data- 
Sample Date- 

cop- 
HpS- 

Other- 
F lu id  Data- 
Sample Date- 

Boron- 
Total Dissolved Solids- 
PH- 
S i l i ca -  
Bicarbonate- 
Carbonate- 
Sulfate- 

Waste Water Disposal Method- 
Pre- D i  s posal Treatment 

Subsidence- 
Environmental Impact Report- 
Environmental Impact Statement- 
Comnts -  

Reservoir Enqineering 

Recharge Source- 

Rock Porosity- 
Reservoir Rocks- 
Thermal Conductivity- 
Permeability- 

Land Use Factors 

Method- 

We1 1 Spacing- 
Land Improvements Needed 

(Clearing, Grading, 
Roads, Parking)- 

Ex is t ing  Land Use- 

Physical Conditions (Climate, 
Access ib i l i t y ) -  

Land- Use P1 ann i n g- 
Fresh Water Supply (F i re  

Protection, Cooling 
Tower, Dr inking )- 

Water Rights- 
Proximity t o  Markets/ 

Transmission Lines- 

Leqal Aspects 

Pre-Leasing Procedures- 

-46- 

Energy Conversion F i l e  
Surprise Valley 
Page 3 

DATA ENTRY 

Bedrock beneath the va l ley  i s  fau l ted  and 
t i l t e d  (Woods 74) 

Completed (Williams 78) 

Clean ambient a i r  (Williams 78) 

Spring h streams from Warner Mountains 

Grabben, Rhyoli tes (Reed 75) 

(Reed 75) 

Forest and ag r i cu l tu ra l  use (Je t  Propulsion 
Lab. 76B) 

No consistent supply, surface lakes very a l k a l i  
(Jet  Propulsion Lab. 76B), runo f f  f r o m  Warner 

Mountains, streams, springs, artesian wel ls 
(Hot Line 75D) 

40 km t o  800 kv DC S.C.E. l i n e  (Williams 78) 

Variance permit , Dept . o f  Pub1 i c  Works 
(Jet  Propulsion Lab. 768) 
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f ' NATIONAL GEOTHERMAL 
: L. INFORMATION RESOURCE 
A' 

DATA ELEMENT 

Energy Conversion F i l e  
Surprise Valley 
Page 4 

DATA ENTRY 

See Table 2 

Explorat ion Permits- 
Leasing- 

Lease Holders- 
Royalty Payment- 
Restr ict ions- 

Depletion A1 lowance- 
Government Regulations- 

Loan Guarantee- 
Primary Term Duration- 
Renewal Leasehold Periods- 
Work Requirements- 
Data Monitoring- 

Po l l u t i on  Control- 
Reinject ion Control- 

Emissions Control - 

Water Laws- 

A i r  Laws- 

State Income Tax- 
Federal Income Tax- 
Bond In te res t -  Premiums around $8,000 (Jet  Propulsion Lab. 768) 

I n jec t i on  Well Data 

F l u i d  Flow Rate- 
Well Stimulat ion- 
Rei n j ec t i on Power Requ i red- 
C o m n t s -  

Note: A preceding * indicates inferred, calculated o r  planned. 
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; Energy Conversion File 
' - Surprise Valley I 

Page 5 

TABLE 1 

YELL D R I L L I N G  DATA -- --------e -- 
WELL NAYE - COPPAhY e DEPTH e CCPPo DATE - --------- ---------c 

C03DWIN 1-11 ( A  1 - AHERICAh THERMAL 
RiSCUhCES 2 1 3 5  fl - 1 2 / 2 0 / 2 4  

SUIPRISE VALLEY 
1 - S T  ( S )  - GULF OIL Cl'RP. - 2085 PI - 09/12/73 

S M P R I S E  VALLEY 
2 - S T  ( A )  - GULF G I L  CORPo 1 3 8 2  M - 1 0 / 2 2 / 7 3  

CEDARVILLE l ( A J  - Y A G f l A  EhERGYr IHC. 0 224 M - 0 7 / 2 5 / 6 2  
FAXMAN l(S1 MAhflA EhEKGV, INC. 6 5 5  ti - 0 ? / 2 0 / 5 9  

PA?flAN 3(S) 0 Y A G f l A  EhERGYr INC. 0 25 fl - 0 8 / 0 9 / 6 2  
PHIPFS i t s )  tlAGHA EKERGYr INC. 386 M - 0 9 / 1 7 / 6 2  

PA3MAlJ Z ( S )  HASHA ENERGY, INC. 0 600 n - a7126159 

PHIPPS 2 ( S )  - MAGNA ENE4GYr IKC. 0 1 5 0 8  fl - 1 2 / 2 6 / 7 2  
(HITHAM 76r H 3 f  L I N E  753)  -- ----- ------- L 

R €9 ARK S t  
( P I  = PRCDUCIBLE 

. (SI = SUSPENOEO 
( A )  = ABANDOLED 
( 0 )  = OBSERVATIOk 
(1) = I N J E C T I O N  
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' NATIONAL GEOTHERMAL 
I INFORMATION RESOURCE 
L 

Eaergy Conversion File 
Surprise Valley 
Page 6 

>. C'. 
-----I--.---- - LEOSE hOLOERS I .  

B I D D E R  - OS - BIDIPCRE 

. * $  . . * . .\>^.IL %.. 
---I_---- 

L 8 
i 

.-___c--_I_-v-------- 

G E f l Y  OIL C O e  - 19586.52 0 299741.25 0 18.75 
GETTV C I L  C O e  0 29521.76 - 19r590.14 - 7.75 
OOll CHEYICPL - 29527.76 - 79365e10 3.15 
DOH W E H I C A L  0 29C63.36 0 69565.00 0 5.15 
GETTV CIL C O e  0 lr759.52 * 229943eUS - 12.75 
SOUTHERN U h l O N  

P3DOUCTION CO. 0 29516.46 - 55r686.48 21.53 
(HGT L I K E  75Eb 



. 

Appendix 111.. Selected Contents o f  Report on Current Status 
o f  Si te-Specific Data 



NATIONaL CEOTHElRMAL ENERGY C O N V f P S I C h  F Z L E  
i: NF OF,EA T I  C EJ RE SOURCE NOVEMBfF 1978 

T 
< >  1 '  . * .  .. 

BQSeUI 
1. 

*WCA03A PAESSH. LA 
* A L V O R O q  OR 

6AKEF. h O T  SPRINGS, WL 
aEOWAWE, NV 

*RERYLv U T  
*BRADY HOT SPRINGS9 NV 

R A N L E Y 9  CA 
+@RAZOREAv T X  

*CALCASIEC! PARISH9 LA 
*CAMERON PARISH,  LA 
*CHANDLER, A2 
+CORPUS C Y R I S T I ,  T X  

+C3 VF: FOR 1-SULWRDA CE, U T .  
*DIXIE VALLEY, NV 
*DUNESr C A  

*GEYSEE R X G H T ,  AI (  

*CLASS W T . 9  CA 

BQ UNE 4lJ- G q  A ND V I E  We ID 99 

COS0 HOT SPRINGS9 CA 71 

E A S T  MESA, C A  2 8  

GEYSERS, CA 7 8  

PEBER. CA 2 
* h O T  SPRINGS COVE9 AK 
*KENEDV COUNTY 9 TX 
*LASSEN, CA 
+LEACH9 NV 
*HATtiGOPIIA COUNTY, TX 
* M 3 N O - t O N G  VALLEY9 CA 

*M3RGAN SPPfNCS, LA 
*PIT. W0001 OR. 
'PUNA, HI 
+P,4FT R I V E R ,  ID 

MONROE-JOSEPHI UT 17 

ROOSEVELT HOT SPRZNCS. UT 92 
1 *RUBY VALLEY9 NV 

* S A F F O A D ~  A 2  
SALT ON^ S E A *  C A  5 0  

m *SODA LAKE, NV 
*STEdMBOA 1 SPRINGS, NV 

*THERM09 UT 
*\14LE HOT SPRINGS9 OR 

*WEISER-CRANE CR.€EK* I O  
*WEST VELLCWSTONEt MT 

SURPRISE VALLEY9 CA 42  

VALLES CALDERA, NW 3€ 

1:: 

5 

11 

1 

3 

P 

6 

NOTE8 A PRECEDING 6 fNOfCAfES I N  PREPAQLTIOI 

t 
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Appendix 111.  Typical Contents o f  Report on Current Status o f  Data 

0 . "  
0 

Map o f  Area * 

Current Status, Including 

- Deep Drilling 

- Permitting 

- Organizations Involved 

Impediments 

Power Potential 

Direct Uti1 ization Potential 

Recomrnenda t ions for Research/Devel opmen t 
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NATIONAL GEOTHERMAL 
INFORM ATION RESOURCE 

r- 

,_ A 

E 

b 

O R t f 4 O N  

GEOTHERMAL AREAS !N CALIFORNIA 

D OTMCR AREAS 
L K i l l y  Hot Sprlnar 

3. Ut. Shorta area 

A CRODUEINC COYER 
I. The Q o y ~ e r r  
@ SI6MIFICAYT OISCOUfRI€S 2. Qlorr Uountaln -Lava Brdr aroa 
L Ulland t Solton Sea ) 
2, Care Olablo ( Mammoth, Long Vollry)L Vic in i ty  of Blobor 
(b COTEkrTl4lLI SIGNlfICAMT 0. 1110 Bond Hot Cprlngr 
1 Surprlro Valley ( Loko ClIy  ) 6. Wrndrl - A m r t r r  area 

2. Ut. Larron aroa ( fo rm lna l  Goyrrr)Z Uarb lo Hot  Wrllr 
I Mono Lake are. ' t Erock ray  Hot Spr lng r  
4. Coro Hot Springe S. Wllbur Spr lngr  

5. lmprr lal  Vol ley ( 7 0te.e 1 
6. Co l i r t oga  
T. Cloor Lake 

orrrn 01.0 

IO. Skogg'e Spr lngr 
IJ. Sonoma V o l l r y  area' 

12. ~rovr r ' r  Hot Spr inpr  
13. FoIor Hot Sprtngr 

AREAS MEUTtONCO 14. E r l d g r p o r t  are0 
IN TUE RcpoRr IS. Keouqh Hot Spr lng r  

16. T o r r a j a r o  Hot Sprlngr 
I?. Vic in i ty  o f  Paso Robles 
IO. Vlclnlty a t  Kornvillr 
19. Soroe Hot  Spr lngr  

20 Rbndrburg or00 
2 1  Tecopo Hot Sprlngr  
22. Arrowhead Sprlngr 

2 1  D o r r r t  Hot Springe 

Murrlato Hot Sprlng8 

e 

--------- 
A I V E R S I D E  

----- 
SCALE I N  M I L E S  
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N 4 f f O N A L  GEOTHERHAL ENERGY COYUERS I O N  F ILE 
INFORUATION RESOURCf CALIFORhI4 

RSSERVOfl  TEMPERATURES 
OCTOBER 1 3 1 6  

TABLE 1 . . ,  

GEOTHERHAL A R E A  0 COUNTY - EST. RESE3UOlR = TOfAL 
TEHP. OEC C ACRES > 

ARROWtEAD HOT SPRINSS - 
BECKWOURTH PEAK K R 4  - 
BIEBER ' 0 

B I G  BEND HOT SPRfhGS - 
B O D I E  KGRA - 
BORDER 0 

BRAWLEY KGRA 0 

BR I DGEQORf 0 

CALXSTOGA .. 
CASA O I A B L O  HOT 

SPRINGS 0 

C O S 0  HOT SPRINGS KGRA 0 

DUNES KGRA - 
EaSV WESA KGRA 0 

FALES HOT SPRINGS .. 
FORD DRY LAKE KCRA 0 

FOUTS (REDEYE) SPRINGS 
(THE) GEYSERS- .. 

C A L f S T O G 4  KGRA 

GLAHIS KGRA 
GLASS MOUNTAXN KGRA 
HE9ER KGRA 
HONEY LAKE 
KELLY HOT SPRINGS 
UNOXVILLE UGRA 

(ONE ShOT MINING)  
L4 KE C ITY-SURPRISE 

VAtLEY KGRA 
LASSEN KGRA 

(MORGAN S P R I M S )  

L A V A  MOUNTAINS 0 

SAH 0 

OLUHAS - 
LASEEN .. 

aERNARDIEi0 

..) 

MONO 0 

1NYO 0 

ItlPERfAL I 

IflP€RI 4L e 

NONO 0 

RIVERSIDE 0 

HENDOCINO* 
0 

LAKE, SONOHAr 

I W E R I A L  I) 

s I S K  I YOU - 
IflPERIAL .. 
LASSEN 0 

WODOC .. 
LACE9 NAPAS 0 

hiAPA 

Y OtO 

HODOC .. 
LASSEN, 0 

SHASTA, 
f€HAMA9 
P U N A S  

BERN4RDINO 
S &N 0 

-- 
220 

14 a 

160 
200 
50 
160 

178 
220 
135 
180 
i 50 

150 
240 

135 
210 
190 

130 
150 

1 7 5  
210 

0 

- 2650 
'I 

0 

0 640 

* 26085 
- 
- .. 
0 - 51760 

?bBO - 38365 
0 - 1 6 8 7  

- 374910 .. 

- 25595 - 33287 - 58568 
0 

0 - 1 4 7 0 2  

- 72446 - 78641 

0 

137 
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NATIONAL GEOfH€RHAL ENERGY CO#UERSION FILE 
f N f  ORMATION RESOURCE 

CONTINUATION OF TABLE 1 
-----------e- -- - -- 

CEOTHERtlAt AREA 0 COUNTY e ESTa.RESERVOIR 0 T O T A t  
ACRES L 

- --- -- 
3 LITTLE HORSE HQUhTAIh 0 L4KE 0 150 - 1196 

KGRAtCRABTREE HOT 
SPRINGS) 

LOVE t 4 D Y  RIDGE KGR4 - COLUS4 0 140 - 6879 

0 165 0 - MONO - HOOOC 0 0 flENLO 
MONO* lQNG VALLEY KGRA - MOhD, HADERA * 220 

RANDSBURG KGRA 0 SAN a 1 2 5  - 12800 

RED'S HE4OOH - MONO 0 165 0 

SALINE VALLEY KGRA - &YO 0 - 3200 
SALT SPRIhG (2) 0 I 150 0 

SALTON SEA KGRA - IHFERIAC 0 340 . - 95824 
SESPE HOT SPRIkGS KGRO - VENTURI 0 1 5 5  - 7034 
SKAGG'S HOT SPRING 0 0 1 5 5  0 

SODA SPRING 0 0 150 0 - LPSSEEI 0 60 m SUSANVILLE 
= LAKE 0 18 5 SULFUR BANK M I N E  

fECOP4 - INYO - 
TUSChN ( L I C K )  SPRINGS - 0 140  0 

WENDEL-AHEDEE KGRA - LASSEN .. 140 - 17292 
WESTMORELAND I H P E R I A L  0 0 

HILBUR HOT SPRING 0 COLUSA .. 135 - 
WITTER SPRINGS KGRA 0 f l E N R O C f N 4 r  - 140 

- 460256 
0 0 

1 NEWBERRY - SAN 
BERNAROINO 

BERNAR0f)UO 

e .. 

18152 
(SARATOGA SPRINGS) LAKE - --------- .I- - 
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Table 1. Summary: Surprise Valley - Lake City [Class (2)] 

Activity Data Comment 
P 

Bottomhole Temperature l l O ° C  t o  225OC, Not confirmed 

Total Dissolved Sol id s  Expected to  be low Not confirmed 

175OC best estimate 
a 

I Scaling Tests Not confirmed 

Res ervo i r Chemistry Not confirmed 

Deep Dri 11 i ng 9 wells All idle or  abandoned; 
l a s t  d r i l l i n g  i n  1974 

Dri 1 l ab i l i t y  Penetration ra te  Data from one well 
slowed by h i g h  head 
waters; marked increase 
after cement i n g 

Number of Acres 72,446 acres Private, s t a t e ,  federal 

BLM 'Acres Leased 10,500 acres Last leasing i n  June 1975 

Permitting Status 

Power P1 ant Status 

First 50 MWe 1986 Optimistic date 

No current construction 
pl ans 

Major Impediments t o  
Power Production Probable low reservoir Binary cycle 

temperature; h i g h  
d r i l l i n g  costs 

Direct Uti1 ization Forest products (paper, Plant design and cost 
turpentine, t a l l  o i l )  estimate needed 

Estimated Cost of 
Electricity 40 t o  60 mills/kWh 

Estimated Direct 
Utilization Cost 
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Cal ifornia/Surprise Val ley - Lake City 

The Surprise Val -Lake City geothermal f ie ld  is i n  Modoc County 

the extreme northeastern portion of the s ta te ;  i t  i s  about 30 miles 

(50 km.) from both the Nevada and Oregon borders. The KGRA contains 

72,500 acres o f  federal, s t a t e  and private land. The l a s t  leasing by 

as i n  June 1975, and involved about 10,500 acres leased t o  Getty 

O i l  Co. , Southern Union duction Co. and Dow Chemical Company. 

Deep d r i l l i n g  began i n  1962 by Magma Power; the "Phipps - 1" w i t h  a 

temperature rted t o  exceed 97°C a t  1267 f t .  (335 m). Subsequent 

l l i n g  i n  197 and 1974 by Magma Energy, G u l f  Oil and American Thermal 

Resources was d e for a total  of 9 wells. Reported temperature for  

"Phipps - 2" was 15OOC a t  1376 m. ' 

Surface'thermal water analysis for 

the s i1  ica quartz geothermometer gives temperatures from 104OC t o  180OC. 

The U.S. Geological Survey has estimated the best value fo r  the bottomhole 

temperature is 1 7 5 O C .  A u t f l i t y  t o  purchase the e lec t r ic  power has not  

y e t  been identified. 

he major impediments t o  e lectr ical  power production are  

he remoteness from marketing eas ,. 1 ow bottomhol e 

ng costs. There has not been significant act ivi ty  

nergy since about 1975, and a l l  wells are 

i j currently on id le  s Data i s  needed on reservoir chemistry t o  

I include 
' C  

H2S content, scaling t e s t s  and well d r i l l ab i l i t y .  See Table l . f o r  

additional summary data 

Recommendatfons 

Utilization fqr power production might be examined to  include the 

following three perspectives: (1) Generation of e lec t r ic i ty  by binary cycle 
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technology . u t i l i z i n g  the results of recent research i n  developing heat 

exchangers and organic f l u i d s  (e.g., isobutane mixtures) for driving 

turbines (Ref. 1, 2). Computer modelling is used t o  simulate.binary cycle 

power production, and could be applied t o  Surprise Valley-Lake City using 

best estimated values for the reservoir chemistry. (2) Electric power 

product*'% the 1 We level might be generated for local use. The idea 

of small power plants was discussed a t  a conference i n  The Azores (Ref. 3). 

(3) Results of new research on transmitting electric power over large 

distances might indicate lower costs for  a p l a n t  a t  Surprise Valley. 

Besides electric power, direct uti1 ization for  forest products may 

be an at t ract ive alternative (Ref. 4) .  A feas ib i l i ty  s tudy  similar t o  tha t  

for Susanville and Raft River could provide information on this alternative. 
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Alaska 
Arizona 
California 
Colorado 
Hawai i 
Idaho 
Nevada 
New Mexico 
Oregon 
Utah 
Wash i ng ton 

TOTALS 

Energy Conversion Fi 1 e 
Federal Leasing/Cal ifornia 
October 1978 

TABLE 3. 
FEDERAL LEAS1 NG 

Leases Issued 



Geothermal Area 

East Mesa 
Salton Sea 
Heber 
Brawl ey 
Wes tmorel and 
Cos0 Hot Springs 
Geysers - 
Geysers- 

Nono-Long Val 1 ey 
Lassen 

Cal istoga 

Cal i s toga 

County 

Imper i a1 
I1 

II 

I 1  

II 

Inyo 

Lake 

Sonoma 
Mono 
Lassen 

-60- 

TABLE 2. 

Energy Conversion File a - 
California 
Deep Dri 11 i ng 
October 1978 

Number o f  Wells Drilled Exceeding 2000 Feet 
10/1/75-9/30/76 10/1/76-9/30/77 10/1/77-9/30/78 

i 

5 
2 
3 
2 
1 
- 
8 

17 
1 
- 

1 

9 

22 

I 
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