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Abstract |

It is proposed that the on-going compilation and critical evaluation
of data be expanded to include a computerized system for mbnitoring and
reporting the development of geothermal resources from the discovery phase
to power on-line. Data would bg covered which is site-specific and there-
fore dnique to the geothermal area. Computer printouts are to contain a
1isting of each geothermal site which will be élassified according to the
status of development for producing electrical power. The'result of the
work will consist of a report containing a description of the data at each
site and recommendations for additional data needs in technological,
economic, or institutional areas. The computerized system will allow for

ease in updating and remote accessing by off-site users.
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1. Introduction

The past five years have seen a greatly expanded effort for geothermal
power production New research data is available on the ba51c properties of
aqueous electrolyte solutions and minerals to elevated temperatures and
pressures; materials have been developed for highly corr051ve resource flu1ds,
, processes to control scale formation are under active research and plans
are available to construct power plants. However, the data is w1dely
‘scattered and'largely unevaluated, thereby impeding the analysis for pre-
dictions of power production in the decades 1980, 1990 and beyond the‘year
2000. - o o

The National Geothermal Information Resource_(GRID) project of the
Lawrence Berkeley Laboratory was initiated in'1974 with the ohjective of
compiling both basic and site-specific data on the followinglmajor aspects
of geothermal energy utilization: ‘ |

EXPLORATION considers geological, geochemical and geophysical methods,
as well as drilling, resource assessment and land-use iactors involved in
locating and evaluating geothermal energy resources | |

PHYSICAL CHEMISTRY covers evaluation and correlation of the thermodynamic,
thermophysical and volumetric properties of aqueous electrolytes to elevated
temperatures and pressures. o

UTILIZATION encompasses the development and production of a geothermal
reservoir for. both electrical and non—electrical uses: hot water (brine)
transport; space, process and agricultural heating; power generation, cor-
rosion, erosion and scaling; plant construction.

ENVIRONMENTAL considers aspects to the air, land and water environments



of geothermal energy utilization: subsidence, hydrogen suifide, metals,
boron, ammonia, seismicity, n01se and ]and-use.t . o

INSTITUTIONAL covers federal, state and loca1 organ1zat1onal legg!r
and regulatory cons1derat1ons in the development of geptherma])energy: o
land-use, exploration and production, operating regulations, deve]opmenta]l
incentives, sale of geothermal power and fluid transport.

RESERVOIR CHARACTERIZATION includes dafa relevant to the development
and production of wells: porosity, stimulation, natural recharge, artificial
recharge, modeling, well tests and measurements.

The GRID bibliographic database (EXP) currently contains over 500
annotated references to data; the site-specific file (ENCON) has site-specific
information on over 20 geothermal prospects. For projections of power on-line,
the ENCON file provides data to include the following: reservoir temperature;
reservoir salinity; scaling potential; corrosion tests; fluid chemistry;
electric power potential; drillability; well flow rate; lease holder; and
land use factors. See Appendixes I and II for exambles of computer output
from the EXP and ENCON files. |

The Department of Enérgy (DOE) is the lead agency for coordinating the
Federal Geotherma] Energy Program (FGEP). The objective of this program is
to stimu1ate both private and local power authorities to deve}op geothermal
energy resources as reliabIe; operationally safe and environmentally accept-
able for electrical power production and/or direct utilization as a heat
source. The objectives of the FGEP require that DOE be cognizant of the
development requiremehts of each major identifiable geothermal prospect.

It is proposed that compilations of site-specific data by GRID be expanded



and Gtilized to monitor the progress of geothermal power from the discovery
phase to power on-line. The development of scemarios for power on-1ine
will be revised continually as new data is received and as current data is

evaluated and revised.



2. ObJect1ve and Scope of the Monitor Database

The obJect1ve of the database is:

1. To comp11e 1nformat1on and numerical data for eachimajor geo-

_thermal Siaspeci.' The data will include that which is measured or esti-
mated (e.g., calculated, inferred, extrapolated); estimated values will be
1dent1f1ed as such by an appropr1ate tag This is a current On-going
.act1v1ty ' - | o

2 To eva]uate the data with the idea to recommend values that can

B be used as reference data for each s1te

3. To estab11sh a computer-a1ded c]ass1f1cat10n file of major U.S.

:geothermal prospects wh1ch llsts each s1te according to the degree of de-

velopment toward commercial power product1on

4 To deve]op a 11st of act1v1ty 1ndicators for mon1tor1ng ‘the’ ‘progress

of power product1on w1th the 1dea that these will serve as a bas1s for
prospect c]ass1f1cat1on S

5 To examlne new state of—the art e]ectr1c power technologies devel-

oped within and outs1de the geotherma] energy f1e1d which may enable a sig-

n1f1cant reduct1on in the cost of geotherma] power product1on

6 To make recommendat1ons for new or addit1ona1 s1te-spec1f1c data

needs where necessary for each prospect -



-10-

3. Database Content

The amount of data available varies for each éite; some prospects
have been well-studied and data needs for power production have been
identified. Other sites are not we]]fdeve]oped and~mu¢h information is

lacking.

a. Classes of Geothermal Prospects :
The initiai éomputerized database would cdver the major geotherma]
areas listed in»TaB]e 1. Three reservoir systems are represented: hot
water, steam and geopressured. VOther prospects (e.g.,kBieber,'CA;VStrawberry,
‘WY) will be added as the database builds up. / |
) ;The current status of these geotherma] sites is listed by the following

six activity categories:

~ Class 1: Undiscovered resources identified from surface manifestations,
geophysical exploration and shallow drilling for heat flow or other data.

Class 2: Unexploitable by current technology or due to institutional

impediments, This class includes areas where there has been deep exploratory
drilling, but where there is currently no known activity.

Class 3: Exploitable resources in which there is significant surface

exploration but no current commercial development. These resources are
institutionally exploitable from legal and environmental standpoints.

Class 4: Commercial development resources are those being actively'

developed to produce electric'power. Deep drilling is underway and a
utility has been identified as a potential purchaser of the electric power.

Class 5: Construction resources are those in which feasibility has

been determined, plant design has been completed, environmental reports
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Tab1e_1. Initial list of geothermaj prospects for proposed database.

Acadia Parish, LA
Alvord, OR

- Baker Hot Springs, WA
Beowawe, NV
Beryl, UT
Brady Hot Springs, NV
Brawley, CA

' Brazoria, TX
Bruneau-Grandview, ID
Calcasieu Parish, LA

-~ Cameron Parish, LA -
Chandler, AZ
~ Corpus Christi, TX -
Coso Hot Springs, CA
- .. Cove Fort-Sulfurdale, UT
Dixie Valley, NV
- Dunes, CA
East Mesa, CA
"~ Geyser Bight, AK
Geysers, CA
~.o.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

- .Mt. Hood, OR. - - 4
Puna, HI

~. Raft River, ID . ‘

- Roosevelt Hot Springs, UT
~ Ruby Valley, NV . -
Safford, AZ

:: - Salton Sea, CA
Soda Lake, NV

. +Steamboat Springs, NV -
Surprise Valley, CA
“Thermo, UT
Vale Hot Spr1ngs, OR ‘
Valles Caldera, NM
Weiser-Crane Creek, Ib
West Yellowstone, MT
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have been made, financing arrangéd, construction permits obtained, and a

final commitment is expected to produce electric power.

Class 6: Power production is the category for geothe?mai proépects
producing electric power.

b. Activity Indicators

ActiVity indicators are tags used as keys for providingvﬁaéhihé 
generated indexes on the current status of data tovbowerion-lingAforyeach
geothermal prospect. See the 1ist of keys in Table 2 whi¢h afe a;fanged
in a sequence of geothermal development to power prodqétfbn.f The éctivity
indicators and those designated as milestones are assignéa toveaéh brospect
on the basis of available information, and thus are usefdl in §ubsequent
analysis, e.g., expected time required for power production for a specific
site. The activity indicators are used for prospect claSsification;

c. Enablement Factors

The technical development factors are those scientific or engineering
developments which permit a prospect to achieve power 6n-1iﬁe by a specified
time. These factors include both results of geothermé]renergy research, and
developments in a related field (e.g., petroleum) which is useful to geo-
thermal. Examples are new methodology for prevénting'ér controlling'scale
formation in hot water reservoirs and development of methods tp increase the
flow rate from production wells. Table 3 lists typical enablément féctors.
Some prospects will require institutional action, é.g.;~a thange in local

laws; examples are given in Table 3.
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Table 2. Initial Major Act1v1tx_1nd1cator Descriptors

Class (1 *Prospect Area. Identlfied
*Resource Study
*Prospecting Permit. ,
g *Exploration Notlce of Intent
*Leasing EIS R
: *Lease Land Acreage
; _ ' *Land Use Permit. -
*Geophysical Data .. -
*Shallow Drilling-
N **Land Use:Approval

Class (2) e *Conf1rmed Anoma]y
*Deep Drilling Perm1t
*Jtility Identified
,1;=H*Dr1111ng Plan Review. .
. *Deep Dr1111ng T
*Reservoir Test1ng
*Road Building
o *Well Tests. :
*Assessment of Prospect :
*Confirmed Bottomhole.Temperature
*Well Abandonment
**Site Exploration and Characterization

Class (3) *Pyblic Hearing

*power Plant Forecast, Mwe
*Corrosion/Scaling Tests
*Risk Factors
*Fluid Composition
*Further Road Construction
*Production Well Flow Rate
*Injection Wells System
*Operations Plan Approval
**Confirmed Reservoir

Class (4)  *H4,S Abatement
: - *Pipelines Construction
*Substation

*Transmission Lines Study
*Access Roads

*Plant Permit

. o *Site Permit

® ~ - *Net MiWe Output

*Busbar Cost

*Water Availability

*Loan Guarantee
*Environmental Impact Report

“*kM{lestone




Class (5)

Class §6)

**Milestone
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~ *Flash Cycle Identified
**Site Expansion -

*Utility Commitment
*Feasibility Studies

*Design Facilities

*Brine Handling

*Settling Pond

*Field Flow Rate

*Steam Turbine Generator
*Equipment and Material Ordered
*Notice of Intent (NOI)
*Application for Certification

**Power Plant Construction

*Transmission Lines Construction
*Hydrogen Sulfide Abatement
*Cooling Water ‘

*Utility Purchaser

*Public Utilities Commission
*Start-up

**Power on-line



-15-

Table 3} Typical enablement factors for prospect development to power
' on-line. . ; - ' -

Exploration Geophysics
Drilling Technology =
Well Completion -
- Fluid Treatment
Scaling Control
Materials Development .
‘Reservoir Stimulation
Down-Well Pumps .
Conversion Technology
H,S Emission Control -
Spent Fluid Disposal

Legislation .
Regulations
Legal Actions
. Public Opinion Survey.
Lease Data -
Drilling Permits .
‘Tax Incentives
- Environmental Reyiew -
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4, Output Formats and Databases

Two computer files are maintained: a bibliographic database (EXP)
containing indexed and annotated references to pub]icafion; and a file
(ENCON) containing reference information and data. The ENCON file stores
data on the following: (a) prospect class, (b) activity indicators, and
(c) enablement factors. As mentioned above, the ENCON and EXP databases
are already established. These computer-assisted outputs_are’deécribed
briefly in ths following section.

' Computer-generated output formats would be one of the following 5
forms: (1) an energy conversion file (ENCON) containing current numerical
values and information, (2) a bibliography to geothermal exp]oration and
evaluation literature (EXP), (3) prospect classification 1listing, (4) activity
indicator database, and (5) an enab]ementAfile.

ENCON File

The data contained in the ENCON file is useful as reference data for
normalization and analysis of forecasts for power on-line to the decades
1980, 1990 and beyond.

The data cover three main categories: technical, economic and institu-
tional. Technical refers to engineering and scientific data obtained from
instrumental measurements; permeability, temperature and fluid flow rate are
examples of technical data. Economic information is largely costs, for ex-
ample, the busbar cost of electricity. Where cost values are not available,
then data which can be used in cost analysis, e.g. scaling, drillability,
land improvements, are provided. The third major category is institutional,

to include information on environmental impact reports and exploration

L2



permits}"Thefdata element definitions for the ENCON file are given
in Table 5.
EXP Bibliography

The second portion of this work COntains an'annotated'bibliography to
1nformation on the exploration and evaluation of geothermal energy areas
for electric power potential This compilation covers mainly. the time span
from 1970 to: 1978, with references to material obtained from the published
literature The 1nformation covered deals with the followung seven maJor
aspects of geothermal energy data (l) geophysics, (2) geochemistry,

(3) geology, (4) hydrology, (5) land-use factors, (6) exploratory drilling,
and (7) 51te evaluation for power on- line o

A bibliographic reference contains a record number, a mnemonic, and
wfheadings for title, 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 I. -Besides the reference, indexes can be machine-
genérated, for example:

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

betical 1isting of the last name of the first named author of each publica-
tion, followed by the last two digits of the year of publication, and the
title and record number. The digits are followed by a letter when there is
more than one publication in a single year for an author or authors of the
’same last name. This index may also 1ist Author Affiliation Short Codes
‘when the publication does not identify a person as an author. (2) Author
is an alphabetical listing of all persons named as authors with their pub-

lications, and the corresponding record numbers.
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Table 5. Data e]ement‘definitigns”fpr the%ﬁnergy Cunversion:file (ENCON)

General Information: The name, location, developer and site descr1pt1ve
material of the geothermal area. R

Reservoir Parameters: . Selected fluid data, including reservoir- fluid-
temperature, fTﬁw rate and steam quallty.

Operat1ona1 Parameters Data on prOJected or actual power p]ant operatlons 
~ to:include plant size, 0 & M cost, 'and -well spacing.. o .

Hot Water Transmission: . Information. on piping and piping materials used in
the transm1ss1on of steam and/or hot water.

‘F1e1d Base11ne Data Surface measurements to 1nfer the reservoir propert1es
for power production and downhole logging. , .

Environmental Aspects: - Contains gas, reservoir fluid and subsidence data, .
and information on environmental reports for regulatory purposes.

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 to include accessibility, proximity to market,
needed land 1mprovements (e g., roads clear1ng), and ava11ab111ty of fresh
water. : o

Legal Aspects: Includes leasing, tax laws and emissions information.

Injection Well: Covering flow rate, stimulation and power requirements for
spent disposal by fluid injection.
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Author Affiliation 1ndex 1s an alphabet1ca1 l1st1ng of each author's

affiliation at the time of pub11cat1on to- 1nc1ude also the pub]1cat1on title
and record number in the References section.‘ | R

escr1ptors 1ndex 1s an a]phabet1ca1 11st1ng of descr1pt1ve terms for
each pub]]cat1on, together with both the title and record number in ‘the - -
References section.

The b1b11ograph1c file is managed by. the Berkeley Database Management
System (BDMS) to provide for data retrieval and 1ndex1ng using key WOrds._
A th1rd format will be developed for storage and retr1eva1 of ‘the
classification of geothermal prospects accord1ng to. act1v1t1es whlch are
stored using BDMS; a typical query and machine response are given in the

fo]]oWing samples:

Example 1

Query: Find Prospect Class =(2)
- Terminal Response: Found 7 Records
Query: List Prospects
Terminal Response (or printout):
List of Class (2) Prospects:
Alvord, OR - Record 2
Bieber, CA - Record 50
Bruneau-Grandview, ID - Record 9
Cove Fort-Sulphurdale, UT - Record 15
Lassen, CA - Record 25
Surprise Valley, CA - Record 40
Marysville, MT - Record 51

Examp]e 2

Query: Find Activity Indicator=Exploratory Deep Drilling
Not Prospect=California
Terminal Response: Found 11 Records
Query: List Prospects, Depth
Terminal Response (or printout):
Alvord, OR -====== One Hell
‘ Beowawe,‘NV ------- Rossi #21-19 (5680 Ft)
Ginn #1-13 (9563 Ft)
Other Wells will be listed
Brady Hot springs, NV------ Well List printout
Bruneau-Grandview, ID---=-- Well List printout
Puna, Hl---=ceccrmmcccenan= Well List printout
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Raft R1ver, ID----------;-QWeii

Weiser-Crane Creek, ID-----Well
Chandler, AZ----=---cccee-- Well

Cove Fort-Sulphurdate, UT--Well
Roosevelt Hot Springs, UT--Well
© Valles Caldera, NM-=-------Well

Example 3.

List printout
List printout
List printout
List printout
List printout

List printout

Query: Find Enablement Factor=Scale Control
Not Prospect=Salton Sea; Brawley

Terminal:Response:. Found 4 Records
Query: List
Terminal Response (or Printout):
Coso Hot Spr1ngs, CA
* Beowawe, NV
Brady Hot Springs, NV :
- ‘Roosevelt Hot Springs, UT



5 Data Ana]ysis S Te L

The database w111 be developed and data evaluat1on w111 be done by . -

staff of the National Geothermal ‘Information Resource in coordination with
the GRID Technital Advisory Committee and other recogn1zed geotherma1
*f“experts ;t“f%'; o '“4:' ‘”_ ?;<§- A |
| Analys1s by GRID for deve]opment of scenarios on power production is
not a part“df this w0rk;"The‘data‘Compiled as a resilt of the work described
herein will be made available to all interested groups and their projections
included, in the file system.. A.listing of typical federal, state and local

sources of 'informatfonis“given in Table 6.




Table 6. Typical Data sources

Organization
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Kind of Information Available - -

Bureau of ‘Land Management

U.S. Forestry Service

U.S. Geological Survey

. U.S. Fish_& Wildlife Service

Federal Power ‘Commission
Area Geothermal Supervisor
State PUC

State

County

“Lease Sale; Environmentals Certify
._P]ant and Site N o

, EIA/EIS Dr1]]1ng Permit .

Notice of Intent to Conduct Explorat1on,
Drill Permit; Cert1fy Plant and Slte,

- Geotherm

Leasing; Environment@]; EAR

Ve i.;,; .

"Certify Plant and Site; Process Plant

and Transmission Line EIA/EIS .

Environmental; Leasing; Drilling; Lease
Compliance

Plant and Transmission Line EIA/EIS
Environmental Reports; Drilling Permits;
Certify Plant and Site; Issue Permits;
Drilling EIA/EIS

EAR/EIS; Lease Sales; NOI
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‘6. Other Work 1n Geothermal Monitor1ng o |
There are a number of valuable genera]ly ava11able assessments of o
geotherma] power both under.way and completed. AThese_are'e1ther;regjona]
assessments and forecasts, or national assessments. Most are bound voTlumes
and quickly out of date. - | y 7 } o
. The scenar1os of power on- 11ne provide valuab]e 1nformat1on and will
be. 1nc1uded in the proposed computer1zed database

- Assessment of Geotherma1 Resources of the United States - 1975 (C1rc 726)

is.valuable, authoritative and provides comprehensive reference data, in-
cluding geology, chemistry and we]ls, which is wide]y used.for,site;eva]ua-
‘tions. The data for a large number of prospects is ava11ab1e via the GEOTHERM
;ifdatabase However, data, for examp]e, on sca11ng, corros1on and 1nst1tut1onal
factors are not readily obtained from the, report. An update is expected in
1979,

S1te-$pec1f1c Ana]ys1s of Geotherma] Deve]opment issued.in three volumes

by Mitre-Mitrek under contract to DOE/DGE is a comprehensive work cover1ng:
scenar1os of geotherma] power product1on in the United States With minor
:,mod1f1cat1ons, the proaect1ons for 37 major prospects are xncluded in the .
second annual report.of the Interagency Geothermal Coordinating Council. The
forecasts of power on-line utilize data that_is_inferred‘or”defau]tAvaiues‘
as well as measured values. |

Geothermal Energy Prospects for the Next 50 Years was prepared by the

Electric Power Research Institute. It includes calculated hydrothermal
electricity'potential in the U.S. and over 20 other nations to the years
1985, 2000 and 2020. Calculations are based in 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. Fish and Wildlife Service.

It contains'detailed'infofmatioh'énd'data on geothermal sites in the
western U.S.; ‘including location, development status through January 1976,
and projected drilling to 1977. Valuable data is included on environmental
aspects of geothermal exploration and power productioh.

’ Pro¢éedihgs; First Geopressured Geothermal Energy Conference contains

detailed and comprehensive information covering the origin, resource assess-
" ment, reservoir research and technology,futilization'dndvlegal and environ-

mental aspects of geopressured systems. Newer information is available in

proceed1ngs of second and third conferences.

“Analysis of Requ1rements for Accelerating the Deve]opment of Geothermal

>'Energy Resources in California published in 1977 summarizes resource potential
estimates for major California prospects. A scenario for power production

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

~ This work and two preced1ng publ1cat1ons provide extens1ve data on ‘geo-
thermal areas in‘California.

" Geothermal Energy, Research, Development and Demonstration Program,

Second Annual Report, April 1978, summarizes the current status of geothermal
" energy power potential and includes data on well drilling, resource charac-

teristics, and a development scenario. -
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7. Remote Access to the Computer System at LBL - -

‘ There aretthree communication networks,with direct connections. into
the LBL computer system: Telenet, Tymnet and.the Arpanet.. Remote computer.
communication with any of the three networks is recommended over FTS or :
the Bell Telephone System for the following reasons:

1). Improved transmission quality . -

.. 2) Economical. -

-~ 3) The networks perform internal checks on the validity of data
transferred prompt1ng re-entry 1f a 11ne is lost

Te]enet, Tymnet )

Telenet and Tymnet are commerc1a1 networks that operate sim1lar1y, the
user d1als a nearby phone number, types a password(s) and/or 1dent1f1er(s)
and then logs onto the LBL system JUSt as one would on a local d1rect-d1a1
connect1on Therefore, the remote user 1s d1rect1y communicat1ng with the
LBL system via his/her own terminal Access to the LBL system 1s unrestr1cted
and all one needs is a valid LBL account and the phone number of the nearest
Telenet or Tymnet access port available from the Customer Service for Tymnet
at 408/446-6180 and the Customer Service for Telenet at 202/637-7900.

Arpanet

The Arpanet network provides indirect timesharing access to remote
computers called remote hosts by means of a computer-to-computer 1ink. Thus,
one logs into one machine on the network to gain access to othervmachines.

Computers'on the Arpanet network are dived into three classes based
- upon their accessibility through the network. TIPS are small machines

with network access capabilities but without enough computing power of
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their own to be used for general timesharing. USERS are timesharing
systems which have been set up to access other machineé but may not be
accessed via other points on the network. SERVERS are systems which can
be used to access other machines on'the network and are accessible via the -
network. LBL is an operational server‘and is known as host node number 34.
'During an Arpenet communication, control programs are executed at
the local host, where the connection is initiated and at the remote host,
the site of execution of a server control program. Although there are no
direct charges for the use of the'network,‘ioteractive job charges accumulate
on the remote host (LBL) and on the local computer host. _ |
f An un1que feature of the Arpanet network is its spec1a1 operation mode
calied File Transfer Protocol (FTP). The FTP is a spec1a1 mechan1sm which
perm1ts the transfer of data files from a remote computer on the network to
a local computer for the local proce351ng of data 1ndependent of the remote

computer

o
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8. Project.Organization and Management

“The progress and monitoring data evaluation and ‘computer file system
will have as its locus the National Geothermal Information Resource (GRID),
a group within the Information and Data Analysis Department (IDAD) of the
Lawrence Berkeley Laboratory. The staff are all technical and scientific,
including geothermal energy background, and include a chemist, computer
sbecia]ist,fbiophysicist, chemical engineer, two petroleum engineers,
mechanical’ engineer; and descriptive cataloguer specialist. The resource
personnel:-include the GRID Technical Advisory Committee;-IDAD staff, and
senior geothermal specilists. o o B

Task Description

Task 1: Information Compilation on Prospects

Information will be collected for each of the 45 pfbspécts from published
and unpublished reports, from other databases, by visits and other contacts.
A diligent effort will be made to ensure completeness. Duplication of effort
will be avoided by including the work of others in the GRID database. The
result of Task 1-is an indexed and annotated bibliography to references in
the geothermal literature; these are coded and stored using the Berkeley
Databaﬁe Management System. This task is iniprogfess;“é samp]é printout in
a condensed format is shown in Appendix I. = ' |

Task 2: Site-Specific Data

Task 2 is the compilation of numerical values and information for each
L, T -
geothermal prospect using references to the information compiled by Task 1.
The data is stored in our energyvconversion (ENCON) file using the LBL CLIO

interactive text-editing system. The data is tagged to indicate calculated
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or inferred values. Changes in any of the data_can_be made quickly by
editing out old values and inserting new ones. For example,.an inferred
or default value will be changed to an actual field measurement, thereby
increasing the qua]ity of the data. See Appendix II for an example of a
printout from the GRID ENCON file,

Task 3: Computer System for Storing, Retrieving and Monitoring Data

Under Task 3, a file definition table will be developed for the initial
major prospects which will provide computer-generated information to include
the following: (1) a listing of each prospect by class; (2) a listing of
prospects under each activity indicator; (3) a listing of each prospect by
enablement factor. By this task, it is expected that remote access to the

database will be provided, e.g., via TELENET.

Task 4: Eva]uation'of-Power Plant Data
- Task 4 is the criticalnevaluation of data relevant to power plant
Qﬁeration and construction for each site. Both site-specific and site-
independent data will be evaluated, e.g., scaling control. Factors that
would permjt promotion of a prospect to a class higher than current will be
covered as enablement factors.

Task 5: Evaluation of Reservoir Data

Task 5 is the evaluation of data on reservoir properties for each.
site. Both site-specific and relevant kesearch data are included, for

example,. state-of-the-art in reservoir stimulation and well testing.



Task Schedules

Task Description

-29-

FY1979

A S 0 N D J F M AMJJ

1.0 B1bl1ography
'2.0 ENCON File
3.0 Computer System

3.1 Classes

3.2 Act1v1ty Indicators

3.3 ARPANET
4.0 Power Plant. ;
‘4.1 Site Specific
4.2 New Methods
© B, OTReEErVOirv’
-5.1 Site Spec1f1c .
3. 2 New Methods

Ma;or M11estones‘

/OA.]QDGE Work P1an approved

,A,

LA

1A. B1b11ography comp1ete for 15 sites
,ZA" Data extraction complete for 15 sites

" 3A. File definition table for prospect classification
BB._ File definition table for act1v1ty 1nd1cators

3C. ‘F11e remote access

4A.i:Data eva]uat1on summary for power plants

4B. State-of-the-art data eva]uation for power plants

| S5A. Data evaluation: summary for reservoirs

”CSB;'AState-of-the-art data eva]uation for reservo1rs
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TASKS - FY1975-FY1982

FY Principal Task - --Major Milestone
1975 1. Establish computerized , 1. Technical Adv1sory Comm1ttee
' database . organized
2. Develop NATO/CCMS P1lot Study 2. Scope established, pamphlet
interaction , 3. GEODOC, LBL-4432
3. Begin bibliographic work 4. Pilot Study, Subs1dence
‘ 5. NATO/CCMS/Pisa -
6. Socorro Tape
1976 1. Expand bibliographic 1. Pilot Study, Subsidence .
compilation LBL-3220 complete
2. Develop-Hydrogen Sulfide 2. NATO/CCMS (LBL-5295)
. database 3. Hydrogen Sulfide Aspects of
3. Formalize Italy-U.S. data Geothermal Energy, 7th Northeast
exchange Regional Meeting, American
. Chemical Society, Albany,
New York, August 1976 .
1977 1. Output printout to users 1. Informal bibliography
. 2. Expand Compilation 2. Begin Non-Electrical file
3. Data evaluation 3. Begin evaluation
4. Standards for Multilateral
& Worldwide Exchange of
Geothermal Data Mathematical
. Geology, Vol. 9, No. 3,
p.259-263, 1977
1978 1. Bibliographic, output to ., 1. EXP f11e on-11ne and prov1d1ng
users (EXP file) - ~  listings for users
2. Establish energy conversion. . = 2. NATO/CCMS report, LBL-6869
(ENCON) file for 15 prospects 3. ENCON and subsidence data
3. Gas chemistry file output to files established
users 4. Gas chemistry file.on-line
4. Subsidence b1b11ography (UCID-4033, UCID-4035)
update ‘ 5. Site-specific data eva]uat1on
5. Establish subsidence data - ~ vinitiated -
file 6. First Annua] Report, LBL- 7803
6. Evaluate s1te-spec1f1c data :
1979 1. Prospect bibliography expansion 1. Monitoring database on-line
2. ENCON file expansion to 45 - 2. Data evaluation
areas 3. LBL report on prospect
3. Prospect monitoring database monitoring
4, Site-specific data evaluation 4. Prospect area computerized map
5. Gas chemistry file expansion 5. Output to users
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--each geothermal ‘prospect
. Computer-assisted modeling
. of geothermal :power production .-

FY Principal Task Major Milestone
1980 1. Expand monitoring database 1. LBL report on prospect
e .o to-cover all :major -prospects -~ monitoring, revision 1
2. Develop computer-assisted 2. Expansion of EXP and ENCON
- . methods to evaluate site-' files -
specific data 3. New methods for packag1ng
3. Develop database management "+ output to-users -
system for numerical data
4. Remote -access to GRID : R
1981 1. Update monitoring file 1. LBL report on mon1tor1ng,
2. Remote access to.GRID g .+ revision 2°
3. Add Hot Dry Rock and Magma 2. Site-dependent data handbook
systems 3. Computer-generated geothermal
- 4, Output packaging- 1mprovements . ....area maps -
1982 =--1. Expand monitoring database .. 1. Monitoring report, revision 3
2. Provide reference data for . Computer-assisted mode11ng

developed
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ProJect Control Plan

| A month]y progress newsletter’ cover1ng sign1f1cant results expected
act1v1t1es and other 1nformation will be subm1tted at the end of each month.
In FY1979, three reports w111 be prepared

1. A report summarizing the current status of data for 15 -
prospects (January 1979)

2 A btblxography to exp]orat1on and assessment 11terature
(December 1978) - ,

3 A report cover1ng forecasts for power on-]1ne (September 1979)

Performance rev1ew 1s ‘formalized. through frequent proJect meet1ngs, by
‘weekly rev1ews w1th the Informat1on and Data Analys1s Department head, and
by yearly review by the Technical Adv150ry-Comm1ttee;- The generally limit-
-ing resource is availability of manpower, commonly allocated by fractions
of individual time and overall priorities.

Financial control is by detailed monthly expenditure reports.

Information Dissemination

Information dissemination is by LBL reports, computer printouts,
attendance at conference and by personal contact. Reports are reviewed

by recognized experts and consultants prior to issuance.
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ERMAK 77
EXPLCRATION/LAND-USE FACTORS

TITLE- A SCENARIO FD? GEOTHERMAL ELECTRIC POMWER
DEVELOPMENT IN IMPERIAL VALLZY,

AUTHOR=- ERMAK, DeLes [CALIFORNIA UNIV., LIVERMORE
(USA). LARRENCE LIVERMORE LAB.1.

REFERENCE= A SCENARIO FOR GEOTHERMAL ELECTRIC POWER
DEVELOPMENT IN. IMPERIAL VALLEY. CALIFORNIA
UNIVSS LsVERMORE. CALIF., 1977. sa b..; e

OESCRIPTORS= TEMPERATURE MEASUREMENYS: POWER
GENEFATI (N3 CHEMICAL COMPOSITION: AIR QUALITYS
HYDROGEN SULFIDESs FLUID FLOW3 ENVIRONMENTAL
EFFECTSS LANC USE? FORECASTINGS GEOTHERMAL
WELLSS ORILLINGS INJECTION WELLS:? CALIFORNIAS
BRAWLEY KGRA: IMPERIAL VALLEYS SALTON SEA3 EAST
MESA KGRAS HEBER KGRA3 THE GEYSERSS MAPSS
TABLESS DIAGRAMS,

LAYTON 7€
EXPLCRATICN/LAND-USE FACTORS

TITLE- A DESCRIPTION (F IMPERIAL VALLEY, CALIFOENIA
FOR THE ASSESSMENT OF IMPACTS OF GEOTHERMAL
ENERGY DEVELCPMENT.

AUTHOR= LAYTON, De3ERMAKy De {CALIFORNIA UNIV.,
LIVERMCRE (U3SA)e LAWRENCE LIVERMORE LABe)e

REFERENCE=- A CESCFIPTION OF IMPERIAL VALLEY,
CALIFORNIA FOR THE ASSESSMENT OF IMPACTS OF
GEOTHERMAL ENERGY DEVELDPMENT. UCRL-52121%,
CALIFe UNIVes LIVERMOREs CALIFey 1976y 225 Pee

DESCRIPTORS= SEDIIENTARY ROCKS: TECTONICS: GEOLOGIC
SETTINGS CLIMATIC EFFECTS: TEMPERATURE
MEASUREMENTS? ENVIRONMENTAL EFFECTS?
AGRICULTURE: FISHESS BIRDSS GROUND WATERS
SOCIO=-ECONCMIC FACTORS: ECONOMICSs WELLS:
EVAPORATIONS PRESSURE MEASUREMENTS? DRILLINGS
PESTICIDES? FERBICIDESS SOILSS CROPSS INSECTS?
FERTILIZERSS AIR QUALITY: WATER QUALITYS
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- CHEMICAL ANALYSISS STCREC ENIFGYS BQAHLEY KGRA %
CALIFORNIAS £AST MESA KGPA? MEBE®R KGRASY
IMPERIAL VALLEYS SALTON SEAS GLAMIS KGRAR DUNES
KGRAS POWEF GENERATIONS MAPSS TA3SLESS? DIAGRAMSS
GCVERNPMENT REGULATIONSo LEGAL ASPECTS?S .
FORECASTINGS SALINITYS FLOW RATESS HYDROGEN
SULFIDES.. -~ = ' o

JET PROPULSION LAB 7€
EXPLORITION/EVALUATION

TITLE- GEOTHERNAL ENEFGY RESOURCES IN C&LIFORNIA.
STATUS REPORT. APPENDIX.

AUTHOR= CALIFCRYIA INST. OF TECHes PASADENA (USA).
JET FRCPULSICN LABes

REFERENCE~ GEOTHEFMAL ENERGY FESOURCES IN
CALIFORNIA, STATUS REPORT. APPENDIX. JPL
DOCUMENT 5040~25, ENEPGY RESIURCES CONSERVATICN
AND DEVELOPMENT COMMISSIONs SACRAMENTO, CALIFey
1976y P. AL - E3. S

DESCRIPTORS= FAULTSS GEOLOGIC SETTING: ROCKSS -
VOLCINCESS TEMPEFATURE MEASUREMENTSS HOT
SPRINGS: AIR QUALITY: LAMD USE$ LEASESS LEGAL
ASPECTS: GEOYHERFAL WELLS: DRILLING: MAGNETIC
SURVEYSS GEOTHERMOMETRY$ CALIFORNIAS OREGONS

- .GLOSSARY$ TABLES? GEYSERS GEOTHERMAL FIELDS .
CALISTCGA KGRAF KNOXVILLE KGRAS LITTLE HORSE -
MOUNTAIN KGRAS LOVELADY RIDGE KGRAS WITTER
'SPRINGS KGRA! IKFERIAL VALLEYS BRANWLEY KGRAS
OUNES KGRA$ EAST MESA KGRA: FORD ORY LAKE KGRt
GLAMIS KGRAS HEBER KGRAS SALTON SEA KGRA3 BOLIE
KGRAS CO30 HCT SPRINGS KGRA$3 MONO=LONG VALLEY
'KGRAS RAMDSBURG KGRA! SALINE VALLEY KGRAY
BECKWOURTH PEAK KGRAS GLASS MOUNTAIN KGRA3 LAKE
CITY-SURPRISE VALLEY KGRAS LASSEN KGRA3
WENDEL-AMEJEE ‘KGRA{ SESPE HOT :SPRINGS KGRA,

RAMACHANORAN 77
EXPLORATION/LAND USE FACTOKS

TITLE- ECCNOMIC ANALYSES CF GEOTHERMAL ENERGY
DEVELOPMENT ‘IN CALIFORNIA,. VOLUME 1¢ -~
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AUTHOR = RAHACFANDFAN; GetALICHe JeAs 3 JRsICRODKS,
Ge I MILLERY uioyNILLERJ Ran-ﬂYEPSq 00R09RA09
Me [(STANFORD RESEARCH INQT-o HENLO PARKg CALIF.
(USl)]o

REFERENCE- ECONCHIC ANALYSES OF GEOTFERMAL ENERGY ‘
OEVELOPMENT JIN CALIFORNIA. - VOLUME 1.  SAaN=-115
P 1G8-1 (vOL. 1), STANFOFD RESEARCH INST.,
MENLO PAKKy CALIF.4y 19774 139 P.e

DESCRIPTOKS=- TAELESS MAPSI DIAGRAMS: CALIFORNIAS
POWER CEMNERATION; FORECASTINGS ECONOMICSS
COSTS: HYDROGEW SULFIDES: IMPERIAL VALLEYS
MONO=-LCNG VALLEY KGRA3 THE GEYSE®S? HEBER KGRAS
EAST MESA KGRA: BRAWLEY KGRA? NILANDS COSO HOT
SPRINGS KGRA3 TRANSMISSION LINES.

LA MORI 76

EXPLORATION/EVALUATION:~

TITLE=. HYDROTHERHAL GEOTHERMIL RESOURCES iND GROHTP
S IN UTILIZATICNy IN ENERGY: TECHNOLOGY IIX.
COMMERCIALIZATION.

AUTHOR= LA MORIs PoNe (ELECTRIC POWER RESE!RCH
INSTITUTE; PALO ALTO: CALIF. (USA))e :

vREFEPENCE-v PYDRGTHEﬁﬁlL GEOTHEQHQL RESOURCES AND
GROWTH IN UTILIZATION, IN ENERGY TECHNOLOGY:
IIIs CCMMERCIALIZATION. GOVERNMENT INSTITUTES,
INCJ,JNASHINGTON;-D.C-; 19764 P. 103~ 114.’ ’

DESCRIPTOPS- FORECAST‘NG"POHER‘GENERATION' TABLES'
. ‘OIAGRAMS HOT SPRINGS: CALIFORNIA$ IMPERIAL
VALLEYS 'UTAH? ICAHOS NER_NEXICO; THE "GEYSERS?

NILANDS 8RAWLEY 'KGRAS VALLES CALDERA GEOTHERMAL
FIELLS MONO=LONG VALLEY KGRA: CCSO HOY SPRINGS
"KGRA3 ROOSEVELT HOT SPRINGS KGRA?Z FE3ER KGRAS
EAST MESA -KGRA} -COVE .FORT=SULPHURDALE KGRAS - -
RAFT .RIVER KCRA$ ENERGY RESERVES?® TEMPERATURE
MEASUREMENTSS DIRECT ENERGY UTILIZATION.

SMITH 76
EXPLOR&TION/GRILLING

TITLE- SUMHARY OF 1975 GEOTHERHAL DRILLING NESTERN
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UNITED SYATES,

AUTHOA=  SHITH, JoLe$MATLICKs JeSe {REPUSBLIC
" GEOTHERMALs INCey, SANTA FE SPPINGS, CALIF.

“(USA) I

REFERENCE~ GEOTHERM., ENERGY MAGss 19764 Vu & (6)4
Po 28=31. RN

DESCPIPTORS~ MAPSS CAIIFORNIAS IMPERIAL VALLEY!
TABLESS THE GEYSERSS TEMFERATURE MEASUREMENTS:
GEOTHEFPMAL WELLSS OREGONS NEVADAS IJAHOS UTAHS
NEW MEXICO3? FAWAIIS EBFAMLEY KGRAS EAST MESA
KGRA3 FESER KGRA$ CASTLE ROCK SPRING3: RAFT
RIVER KGRA3 RCOSEVELT HOT SPRINGS KGRAS VALLES
CALOERA CEOTHERMAL FIELD. '

" JET PPOPULSION LQB 768
EXPLCRBTION/EVALUATICB

TIiTLE- GEUTHERMAL ENEFGY PEQOLQCES IN CAL'FOPNIA.
STATLS REPCRT.

AUT HOK = CALIFGRNIA INST. OF TECH.. PASADENA (USAy.
JET PRGPULSICN L13..

REFERENCE= - GEOTHERMAL ENERGY RESOURCES IN
’ CALIFORMIA, STATUS REPOFT. JPL DOCUMENT

504D =25y CALIFe INSTe OF TECHs °lSlDENAc

CALIFes 1376y Ps 1~-1 - 6~-13, :

DESCRIPTORS~- GECLOGIC SETTING: DRILLIMG: ECONOMICSS
LEASESS LEGAL ASFECTSS GEOTHIRMAL POTENTIALS
GEOTHERMAL RESCURCES? GECTHERMAL WELLS! POWER
GENERATICN: NON=ELECTRICALS BECKWOURTH PEAK
KGRAS 34LINE VALLEY KGRAS GLASS MOUNTAIN KGRAS?
WENDEL=AMECEE KCRA! GLAMIS KGFA3 BGDIE KGRASB
FORD DRY LAKE KCGRA$ RANDS3URG KGPA$ SESPE HOT
SPRINGS KGRA3 CALIFORNIAY MONO-LONG VALLEY

- KGRA$ €05 HCY SPRINGS KG?AS LAKE CITY-SUKPRISE

. YALLEY KGRAt IMFERIAL VALLEY$ HEBER KGRA: EAST
MESA KCRAS LASSEN KGRAS SALTON SEAS 3RAWLEY
"KGRAS LITTLE HORSE MOUNTAIN KGRA: LOVELADY
RIDGE KGRAt WITTER SPRINGS KGRA: THE GEYSERS:
KNOXVILLE KGRAS CUMES KGRAS MAPS?! TABLES:S
DIAGKAMSS ENVIRCNMENTAL IMPACT REPORTSS
FORECASTING?. HOT DRY ROCK: VAPOF=DCMINATED
SYSTEMS: HGT WATER SYSTEMS3 UTILIZATIONS
GLUSSARYS SPACE FEATING? GOVERNMENT REGULATIONS
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nexsnv 76
EXPLORATION/EVALUATION

TITLE= A COMPARIS(N OF HYDROTHERMAL RESERVOIRS OF
THE WESTERN UNITED STATES. TOPICAL REPORT 3-

AUTHOR- MEIUAV, H.T. (GEONGHICS’ INCoo BERKELEYsy -
CALIF. (USA)]. . e : oo

SQNY ‘L’ So

REFERENCE= A COMPARISON OF HYDROTﬁERMAL RESERVOIRS
OF THE WESTEFN UNITED ‘STATES. TOPICAL REPORT
3+ ERRI ER=364, ELECTRIC POWER RESEARCH INSTeos

OESCRIPTORS~- GEOLQGIC SETTING: LITHOLOGY: ROCKS:
SEDIMENTATIONS VCLCANISM: TEMPERATURE
MEASUREMENTS: FLUID FLOWS DRAWDCWNS WATER
TABLES DRILLINGS MATHEMATICAL MODEL:
THEORETICAL TREATMENTYSS COMPUTER CALCULATIONSS
FORECASTINGS SITE SELECTIONS COSTS3 DEPTHS?S

o+ WELL . SFACINGS PRESSURE MEASUREMENT; GEOTHERMAL

. . RESOURCESS VAPOF-DCMINATED SYSTEMS; HOT WATER
SYSTEMSS GEOTHERMAL WELLS?: FLOW RATESS
INJECTION WELLS$ CHEMICAIL ANALYSISS POWER. ,
POTENTIALS OISCUSSIONS EVALUATIONS FIELD DATAS
UNITED STATESS CALIFORNIA: IDAHOS NEW MEXICO3
NEVACAS WYCHINGS MEXICO: YELLOWSTONE KGRAS .
HEBER KGRAS3 EAST MESA KGRA3 RAFT RIVER KGRAS
MONO-LONG V\ALLEY KGRAS ERUNEAU KGRA3Z
BRADY=HAZEN KGRA$ ROOSEVELT HOT SPRINGS KGRAS
BRAWLEY KGRAS DUMES KGFAS LAKE CITY=-SURPRISE. -
VALLEY KGRAS BEOWAWE KGRA3 STEAMBOAT SPRINGS
KGR Ao

, ERMAK 77¢
EXPLORATION/EVALUATIGB

TITLE- PD?ENTIlL CROHIH OF ELECTRIC POHER °PODUCTIOL
FROM IMPERIAL VALLEY GEOTHERMAL SESOURCES» -

AUTHOK~- ERMAK, DaLo [CALIFORNIA UNIVog LIVEQHORE
(USA)e LANRENCE LIVERMORE LAS.1)a

REFERENCE= FO ENTIAL GRONTH OF ELECTFIC POWER
PRODUCTICN FFOM IMPERIAL VALLEY GEOTHERMAL
RESOURCES. UCRL=522524 LAWRENCE LIVERMOKE
LABes LIVERMOREs CALIFes 19774y 29 Pse
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DESCRIPTORS~ ODIAGRAMS: MAPSS TABLESS CALIFORNIAG o
IMPERIAL VALLEYS SALTON SEA KGRA: BRAWLEY KGRAg -
HEBER KGRAY EAST MESA KGFAS BCTTOM HOLE
TEMPERETURESS FLCW RATES? HYDROGEN SULFIDES?S
LAND USE: NON=CGMDENSIELE GASES: POWER ,
GENERKATIONS SALINITYS SITE SELECTIONS WELL
FEPLACEMENT RATE. : '

WILLIAMS 78
EXPLORATION/EVALUATICH

TITLE- SITE-S#E;IFLC ANALYSIS OF GEOTHERMAL
DEVELOFMENT1=3ATA FILES OF PEDQPECTIVE SITES VOL
Ill.

AUTHON= NWILLIAMS, Fo3COHENy A.PFUNDSTEINs Re1POMD,

REFERENCE=- S1iE~SFECIFIC ANALYSIS CF GEOTHERMAL
DEVELOPMENT=JATA FILES OF PRPOSFECTIVE SITES vOL
III.  HCF/T4(14-01/34 THE MITRE CORPes 1976,

CESCRIPTORS- HMAFS; TAELES: ARIZON2: CALIFORNIAZ
HAWAIIS IDAHc. LCUISIANAS MONTANAS NEVADAS NEW
MEXICO: OREGONS TEXASS UTAH: WYOMING! :
WASHINGTON: BRAWLEY KGRA: COS0O HOT SPRINGS
KGRAS EAST MESA KGPA$ GEYSERS CALISTOGA KGRAS
GLASS MOUNTAIN KGRA3 HESER KGRAS LASSEN KGRAS
MONC=-LCNG VALLEY KGR13 SALTON SEY KGRAS
SURPREISE VALLEY KGRA? ALVIRD KGRAS CASTLE CREEK
KGRAS MOUNT HOOD KGRAS RAFT RIVER KGRAS VALE
HOT SPRINGS KG%A: CARNE CREEK KGRA3 YELLOWSTONE
KGRAS EEOWAWE KCKA$ ERADY-HAZEN KGRAS COVE
FORT=-SULPHUR{ALE KGRA§ LEACH HOT SPRINGS KGRA3
ROOSEVELT AUT SFFINGS KGR STEAMBOAT SPRINGS
KGRAS THERMO HOT SPRINGS KGRAS BACA LOCATION
NO« 1 KGKA3 PUNA GEOTHERMAL FIELDS 3AKER HOT
SPRINGS GEJTHERMAL FIELDS CHANDLER GEOTHERMAL
‘FIELCS SAFFOFD CGECTHERMAL FIELD? ACADIA FARISH!
BRAZCRIA COUNTYS CALCASIEU PARISHS CAMERON
PARISH: CORPUS CHRISTI COUNTY: KENEDY COUNTY, -

CHEM'CAL AND ENGINEE&ING NENq 78
S EXPgORﬂTION/EVALUATIOL

TITLE- PONEF FLANT FCF GEO?HERHQL ENE®GY YO BE
BUILT .y :
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AUTHOR- WALL STREET JCURNAL.
REFERENCE~ CHEM. ENG. NENS. V. 56 (31). P. 23(1978).

DESCRIPTORS- vyALIFQRNIﬁ: ERA“LEY KGRA® COSTS' PONER
GENE FATICNS WASTE OISFOSAL.

o

R MATHIAS 7%
3 S EXPLORATION/EVALUATION

TITLE- THE MESA GEOTHERMAL FIELD=-1 PRELIMINARY
- EVALUATICN OF FIVE GEOTHERMAL WELLS.

" AUTHOR= MATHIAS, K.E, {BUREAU OF RECLAHATION.'
BOULCER CITY, NE\e. (USA)}.

REFERENCE~= - PROCEELINGS~- SECOND UNITED NATIONS
- SYMPOSIUM GN THE DEVELOPMENT AND USE OF
GEOTHERMAL RESOURCES. CALIF. UNIV., BERKELEY,
CALIF.’ 1975, Ve 3’ Pe 1741=1747,

DESCRIPTORS-  PERMEABILITY; TEMPERATURE MEASUREMENTS
CASING: FLUIL CHEMISTRYS WELLS?: WELL HEAD . -
PRESSURES INJECTION WELLS! FLOW RATES IMPERIAL
VALLEY3 EAST MESA KGRA! PHOTOGRASHS; TABLESS
GRAPHS: CARBON CIOXIGE. »

: NATLICK 75
EXPLORATIONIGEOCHEMISTFY

TVITLE- EXPLCﬁ!TION FCF GEOTHERH\L AREAS USING
MERCURY -~ A NEW GEOCHEMICAL TECHNIQUE.

AUTHOR= MATLICKy JeSes III [ARIZONA STATE UNIV.,
TEMPE (USA). DEPT. OF GECLOGY).

BUSECKy PeRs (ARIZONA STATE UNIVes TEMPE
(USA), DEPT. OF CHEMISTRY).

REFERENCE= PROCEECINGE~SECOND UNITED NATIONS
‘ SYMPSOIUM ON THE DEVELGCPMENT AND USE OF
- GEGTHERMAL KRESOURCES. VOLUME I+ CALIFORNIA
UNIVey BERKELEY, CALIFes 1975, P. 785-792,

DESCRIPTORS- CALIFORNIA3 MONO-LONG VALLEY KGRA3 EAST
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S

DATA ELEMENT

General Information

Record Number-
Site Name-
Location-Country-
State-
County-
Project Life-Years/Output
Site Developer-Federal-
State-
Industrial-

Site Description-

Terrain-

Areal Extent-

Nearest Community-

Access Roads-
Comments-

Reservoir Parameters

Fluid Temperature-

Well Cost-

Field Flow Rate-

Well Life-

Noncondensible Gas Content-
Steam Quality-

Wellhead Temperature-

Fluid Rate-

Enthalpy-

Operational Parameters

Plant Size-

Plant Cost-

Power Cost to Load Center-

Power Cycle (Flashed, Binary)-

0 & M Cost-

Well Spacing-

Parasitic Power-

Well Replacement Rate, Per
Year {(Infield Drilling)-

Heat Transfer Coefficient,
U Factor-

Heat Rejection {Wet Cooling;

Dry Cooling)-

Make-up Water Cost-

Wet Bulb Temperature-

-44-

. California Division of 01 & Gas

Energy Conversion File
Surprise Valley
August 1978

DATA ENTRY -

7

Lake City-Surprise Valley KGRA

United States

California

Modoc

2100 MWe/30yrs. (Jet Propulsion Lab 76B)
U.S. Geological Survey (Hot Line 75D)

(Hot Line 75D)
Magma Energy Inc., Gulf 0il, Getty 011, Dow
Chemical, Southern Union Production Co.,
American Thermal Resources (Hot Line 75E,

Williams 78)

‘Mountain valley, some grazing, small’ towns

(Williams 78)

292 km? (Meidav 76)
Lake City, 16 km (Williams 78)

Highway 299, 16 km from site (Williams 78)
Administrative delays hindering development
(Witliams 78), Reservoir Volume, 250 km2

(White 75)

110-225°C (Williams 78), >200°F for Phipps 1
(Hot Line 72), >150°C for Phipps 2
(Hot Line 74B), 104-180°C Quartz (Hot Line 75D),
175°C best estimate (White 75)

Hot Water Transmission (Direct Utilization)

Pipe- ‘
Pipe Material-
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! LB | NATIONAL GEOTHERMAL : Energy Conversion File
== . INFORMATION RESOURCE rgurpr;se Valley
- : age

DATA ELEMENT

Pipe Fitting Material-. .
Welded Pipe Connections-:
Valves-
Insulation-
Material-
Installation-
Thickness-
Casing-
Material-
Installation-
Site Work-
Pipe Installation-
Anchor Pad Material-
Support Installation-
Site Clearing and Grading-
Pumps-
Material-
Installation-
Comments-

Field Baseline Data

Thermal Water Temperature- -
Thermal Water Flow Rate-
Inferred Reservoir Temperature-
Electrical Resistivity Low-
Heat Flow-
Thermal Gradient-
Gravity Survey Value-
Seismic Noise Correlation-
Pumping Power Required-
‘Scale Control- .
Fouling Factor-
Corrosion Control-
Well Logging Data-

Well Test Data-

Drilling Mud Types-
~ . Acoustic Log- - . -
Temperature Log-
~-Caliper Log-
Electrical Resistivity Log-
Dipmeter-
Log Interpretation- -
Bottom Hole Pressure-
‘Well Drilling Data- - . .
_-Well Completion Type
. {Slotted; Open)--
Depth- to Production-
. Wellhead Pressure-
Materials Used-
1 . Piping- - . .
Valves-
Throttle Plates-
Producing Wells, Number-
Non-Producing Wells, Number-

DATA_ENTRY

Forest Products: Kraft paper, crude tall oil,
turpentine, lumber (Hornburg 78)

48-97°C (Jet Propulsion Lab. 76B)
50-500 L/min (Meidav 76)
174°C Si0, (Williams 78), 220°C (Reed 75)

=190 to -165 mg Bouguer {Anderson 72)
Associated noise in Alluvium (Eng 74)

Penetration rates slowed by high head waters in
upper 300 m of Goodwin 1-11, caused cementing
difficulties; after cementing 24.4 cm casing
at 390 m, penetration rates increased
markedly {Hot Line 74C)

See Table 1

*1000 m (Williams 78), -2150 m (Meidav 76)

9 (abandoned or idle) (Hot Line 75D)
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' IR NATIONAL GEOTHERMAL ‘ " Energy Conversion File
| Gem ' INFORMATION RESOURCE Surprise Valley
— Page 3

DATA ELEMENT ' DATA ENTRY

Comnments- Bedrock  beneath the valley is faulted and

tilted (Woods 74)

Environmental Aspects

Gas Data-

Sample Date-
H,S-
C0,-

. Other-

Fluid Data-

Sample Date-
Boron-
Total Dissolved Solids-
pH-
Silica-
Bicarbonate-
Carbonate-
“Sulfate-

Waste Water Disposal Method-
Pre-Disposal Treatment

Method-
Subs idence-
Environmental Impact Report- Completed (Williams 78)
_Environmental Impact Statement-
.- Comments- o Clean ambient air (Williams 78)

Reservoir Engineering

Recharge Source- Spring & streams from Warner Mountains

{Reed 75)
Rock Porosity-
Reservoir Rocks- Grabben, Rhyolites (Reed 75)
Thermal Conductivity-
Permeability-

- Land Use Factors

Well Spacing-
Land Improvements Needed
(Clearing, Grading,
Roads, Parking)-
Existing Land Use- Forest and agricultural use (Jet Propulsion
Lab. 76B)
Physical Conditions (Climate,
Accessibility)-
Land-Use Planning-
Fresh Water Supply (Fire
Protection, Cooling
Tower, Drinking)- - No consistent supply, surface lakes very alkali
(Jet Propulsion Lab. 76B), runoff from Warner
Mountains, streams, springs, artesian wells
R (Hot Line 75D)
Water Rights-
Proximity to Markets/
Transmission Lines- 40 km to 800 kv DC S.C.E. line (Williams 78)

Legal Aspects

: Pre-Leasing Procedures- Variance permit, Dept. of Public Works
(Jet Propulsion Lab. 76B)
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[ quepauy
| lB NATIONAL GEOTHERMAL . . ... Energy Conversion File

%= ' INFORMATION RESOURCE ' Surprise Valley
(— 7 : Page 4

DATA ELEMENT DATA ENTRY

Exploration Permits-
Leasing-
Lease Holders- See Table 2
Royalty Payment-
Restrictions-
Depletion Allowance-
Government Regulations-~
Loan Guarantee-
Primary Term Duration-
Renewal Leasehold Periods-
Work Requirements-
Data Monitoring-
Water Laws-
Pollution Control-
Reinjection Control-
“Air Laws= - HASEER
... Emissions.Control-
State Income Tax-
Federal Income Tax- T o B i -
Bond Interest- - _ Premiums .around $8,000 (Jet Propulsion Lab. 76B)

Injection Well Data

Fluid Flow Rate-

Well Stimulation- .
Reinjection Power Required- . -~
Comments- : ) T

Note: A precedfng * {ndicates inferred, calculated or planned.
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' ! [ | NATIONAL GEOTHERMAL ‘" 'Energy Coriversion File
! Fa= ' INFORMATION RESOURCE -~ P Usupprise Valley
e : Page 5

TABLE 1

WELL DRILLING DATA

WELL NAME - COMPANY - DEPTH = CCMPo DATE
GOJOWIN 1=11(A) = AMERICAN THERMAL
RESCURCES. - 2135 M - 12720774

SURPRISE VALLEY

1=ST(S) - GULF OIL CORP. - 2085 M - 09/12/73
SURPRISE VALLEY

2-ST(4) - GULF CIL CORP. - 1382 M - 10722773
CEDARVILLE 1(A) - MAGMA EMNERGY, INC. - 224 M - 0§7/25762
BARMAN 1(S) ~ MAGMA ENERGY, INC, - 655 M - 07720759
PAIMAN 2(S) - HMAGMA ENERGY, INC. - 600 M - §7/26/59
PAIMAN 3(S) = MAGMA ENERGY, INC. - 28 M - 08709762
PHIPFS 1(5) = 'MAGMA ENERGY, INC. - 386 M - DS/si7/62
PHIPPS 2(S) - MAGMA ENERGY, INC. - 1508 M - 12726/72

(NITHAM 764 HIT LIKE 75D)

REYARKSS
(F) = PRCDUCIBLE
(S) = SUSPENDED
(&) = ABANDONED
(C) = OBSERVATION
&

n INJECTION
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' LI ' NATIONAL GEOTHERMAL Energy Conversion File
| “mm - INFORMATION RESOURCE gurprgse Valley
[T . age

TABLE 2

LEASE ROLDERS

BIDOEFR - atREs " < ToTaL'310s -  EIO/ACRE
: s $
1Y

GETTY OIL CO. e 14586452 =  29,747.25 - 18,75

GETTY GIL CO. e 2,527.76 = 19,5301k = 7475

DOW CHEMICAL . 2,5i7.76 - 70965400 = 3.15

DON CHEMICAL - 2.083,36 = 6.565.00 = 3.15

GETTY CIL CO. . 1.768.52 = 22,943.88 - 12.75

SOUTHERN UisION _

PIODYCTION CO. - 29586446 - 55,6860 048 - 21453

- (HOTY LINE 75E)




Appendix III. Selected Contents of Report on Current Status
N of Site-Specific Datav
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BROSPECT

*ACADIA PARISH, LA
*ALVORD, OR
BAKEF HOT SPRINGS,
BEOWAWE, NV
*BERYL, UT
*BRADY HOT SPRINGS,
BRAWLEY, CA
*@RAZORIA, TX
BRUNEAU=-GRANDVIEW, ID
*CALCASIEL PARISH, LA
*CAMERON PARISH, LA
*CHANDLER, AZ |
*CORPUS CHRISTI, TX
COSO HOT SPRINGSs CA
*COVE FORT=-SULFURDALE, UT:
#DIXIE VALLEY, NV
*DUNES, CA
EAST MESA, CA
*GEYSER BIGHT,
GEYSERS, CA
*GLASS MT., CA
FEBERy CA
*HOT SPRINGS COVE,
*KENEOY COUNTY, TX
¥ ASSEN, CA
*LEACH, NV
*MATAGORDA COUNTY,
*MONO-LONG VALLEY,
MONROE=JOSEPH, UT
*MORGAN SPPINGS, LA
*MT. HOOD, OR
*PUNA, HI
*RAFT RIVER, ID
ROGSEVELT HOT SPRINGS, UT
¥RUBY VALLEY, NV
*SAFFORDy A2
SALTON SEA, CA
*SODA LAKEs NV
¥*STEAMBOAT SPRINGS,
SURPRISE VALLEYs CA
*THERMO, UT ,
*VALE HOT SPRINGS, OR
VALLES CALDERA, NM
*WE ISER=-CRANE CREEK, ID
*WEST YELLUWSTONE, MT

WA

NV

AK

AK

>
CA

NV

NOTEt A PRECEDING * INDICATES iN PREPARATION

Bl S
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Appendix III. Typical Cdﬁtents of Report on Current Statds“of Daté

.. °_Map of Area »
° Current Status, Including
- Deep Drilling
- Permitting

- 0rganiiations Involved

o

Impediments |
° Power Potential_

Direct Utilization Potential

T o

° Recommendations for Research/Deve]opmeﬁt 
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ENERGY CONVERSION FILE
CALIFORNIA

RESERVOIR TEMPERATURES
OCTOBER 1378

BERNARDINO

TABLE 1
GEOTHERMAL AREA - COUNTY - EST. RESERVOIR = TOTAL
R . : TEMP. DEG C ACRES
ARROWHEAD HOT SPRINGS = SAN - 220 -
- BERNARDINO
- BECKWOURTH PEAK KGRA = FPLUMAS - - 2650
BIEBER | | - LASSEN - | -
BIG BEND HOT SPRINGS = | - 143 - .
BODIE KGRA - MONO - - 640
BORDER . . - - 160 -
BRANWLEY KGRA - IMPERIAL - 200 - 26885
BRIDGEPORT - MOND - 50 - e
 CALISTOGA - NAPA - 160 -
CASA DIABLO HOT
SPRINGS. . - MONO - 178 -
COSO HOT SPRINGS KGRA = INYD - z20 - 51760
DUNES KGRA . - IMPERIAL - 135 . - 7680
EAST MESA KGRA - IMPERIAL - 180 - 38365
FALES MOT SPRINGS - MONO - 150 -
FORD DRY LAKE KGRA - RIVERSIDE - | - 7687
FOUTS (REDEYE) SPRINGS - - 150 -
' (THE) GEYSERS- = MENDOCINO, - 240 - 374910
CALISTOGA KGRA LAKE, SONOMA,
‘ NAPA
GLAMIS KGRA - IMPERIAL - 135 - 25535
GLASS MOUNTAIN KGRA - SISKIYOU - 210 - 33287
HEBER KGRA - IMPERIAL - 190 - 58568
HONEY LAKE - LASSEN - -
KELLY HOT SPRINGS - MODOC - 130 -
' KNOXVILLE KGRA = LAKE, NAPA, = 150 - 14762
(ONE SHOT MINING) YOLO
LAKE CITY-SURPRISE -
VALLEY KGRA - MODOC - 175 - 72446
LASSEN KGRA - LASSEN, - 210 - 78641
(MORGAN SPRINGS) SHASTA,
- TEHAMA,
| | PLUMAS
LAVA MOUNTAINS - SAN - -

137
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CONTINUATION OF TABLE 1t

GEOTHERMAL AREA - COUNTY = _EST._RESERVOIR =~ TOTAL
TEMP, DEG ¢ ACRES

LITTLE HORSE MOUNTAIN = LAKE - 150 - 1196
KGRA(CRABTREE HOT' I - |
SPRINGS)

LOVE LADY RIDGE KGRA = COLUSA - 140 - 6879
(COOK SPRINGS)

MAMMOTH & -  MONO - 165 -

MENLO -  KODOC - -

MONO=LONG VALLEY KGRA = MONO, MADERA < 220 - 460256

NEWBERRY . = - SAN - -

BERNARDINO
RANDSBURG KGRA - SAN - . = 125 - 12880
: BERNARDINO

RED®S MEADOW = MONG - - 165 -

SALINE VALLEY KGRA - INYO - - 3200

SALT SPRING (2) - - 150 -

SALTON SEA KGRA -~ IMPERIAL. - 340 - 95824

SESPE HOT SPRINGS KGRA = VENTURA - 155 - 7034

SKAGG*S HOT SPRING - - 155 -

SODA SPRING - - 150 -

SUSANVILLE - LASSEN - 60 . -

SULFUR BANK MINE - LAKE - 185 -

TECOPA - _INYD - | -

TUSCAN (LICK) SPRINGS = ' - 140 -

WENDEL-AMEDEE KGRA - LASSEN - 140 - 17292

WESTMORELAND - - IMPERIAL - -

NILBUR HOT SPRING - COLUSA - 135 -

WITTER SPRINGS KGRA - MENDOCINA, - 140 - 18152
(SARATOGA SPRINGS) . LAKE | E

108
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Table 1. Summary: Surprise Valley - Lake City [Class (2)]

Activity

Data

Comment

Bottomhole Temperature

Total Dissolved Solids
‘Scaling‘Tests
Reservoir Chemistry

Deep Drilling

Drillability

) Number of Acres
BLM "Acres Leased
Permitting Status

Power Plant Status

First 50 MWe

Major Impediments to
quer Production

Direct Utilization
Estimated Cost of
Electricity

Estimated Direct
Utilization Cost

110°C to 225°C,
175°C best estimate

Expected to be low

9 wells

Penetration rate
slowed by high head
waters; marked increase
after cementing

72,446 acres
10,500 acres

No current construction
plans

1986

Probable low reservoir
temperature; high
drilling costs

Forest products (paper,
turpentine, tall oil)

40 to 60 mills/kWh

Not confirmed

Not confirmed
Not confirmed
Not confirmed

A1l idle or abandoned;
last drilling in 1974

Data from one well

Private, state, federal

Last leasing in June 1975

Optimistic date

Binary cycle

Plant design and cost
estimate needed
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7.

California/Surprise Valley - Lake City
‘The Surprise Valley-Lake City geothermal field is in Modoc County

" in the extreme northeastern port1on of the state. it is about 30 miles

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

72,500 acres of federa1, state and private land. The last leasing by -
BLM was in June 1975, and involved about 10,500 acres leased to Getty

" 01 Co., Southern Union Production Co. and Dow Chemical Company.

Deep drilling began in 1962 by Magma Power; the "Phipps - 1" with a
temperature réborted to exceed 97°C at 1267 ft. (335 m). Subsequent
dr1111ng in 1972 and ]974 by Magma Energy, Gulf 0i1 and American Thermal

:Resources was’ done for a total of 9 wells. Reported temperature for

"Phipps - 2" was 150°C at 1376 m. Surface thermal water analysis for

the_silicavquartz geothermometer gives temperatures from 104°C to 180°C.
The U.S. Geological Survey has estimated the best value for the bottomhole
temoeraturé is°175°c 'A‘utdiityetozpunchase,the electric power has not
yet been identified. g -

In summary, the major 1mped1ments to electr1ca1 power product1on are

| "ycon51dered to be the remoteness from marketing areas. low bottomhole

. temperature. and dr111ing costs. There has not been s1gn1f1cant activity

for util1zat1on of geothermal energy since about 1975, and all wells are

»¢rcurrent1y on idle status ~Data is needed on. the reservoir chem1stry to

- 1nc]ude bottomhole temperature, f1uid flow rate, pH, disso]ved sol1ds,

HZS content, scaling tests and we11 dr111ability See Table l.for
additional summary data.

Recommendations

Utilization fqr power production might be examined to include the

following three perspectives: (1) Generation of electricity by binary cycle
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technolog}taiiiii;ngbthe ;égﬁifé 6f rgcent research in developing heat
exchangers and organic fluids (e.g., isobutané mfxtures) for driVing ‘
turbines (Ref. 1,°2). Compu;er,mode]]ing is used to ;imulate;binary cycle
power production, and could be applied to‘Surpri$e Va]]ej-Lake<City using
best estimated values for the reservoir chemistry.. (2) Electric'power
productfgi the 1 Mie level might be generated for local use. >The idea
of small power plants was discussed at a conference in The Azores (Ref. 3).
(3) Results of new research on transmitting electric power over large
distances might indicate lower costs for a plant at Surprise Valley.
Besides electric power, direct utilization for forest products.may
be an attractive alternative (Réf. 4). A feasibility study simi]ar_td fhat

for Susanville and Raft River could provide information on this alternative.

- References

1. Starling, K.E., West, H., Igbal, K.Z., Hsu, C.C., Malik, Z.I., Fish, L.W.,
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0K, F1na1 Report, June 15 1976-Dec. 31, 1977.
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3. "World's First Small Geothermal Power Unit Developed", Geothermal Energy
Mag., 5 (10), p. 29 (1977); “Small Plants", Geothermal Report, p. 2,
‘Aug. 15, 1975.

4. Hornburg, C.D., "Feasibility of Developing Geothermal Energy Industrial
Complexes", p. 189-202, in Proceedings: NATO-CCMS Conference on the
Economics of Direct Uses of Geothermal Energy, Washington D.C., June 21-23,
1977, (July 1978).




Alaska
Arizona
California
Colorado
Hawaii
Idaho
Nevada

New Mexico
Oregon
Utah

" Washington

TOTALS

TABLE 3.
FEDERAL LEASING

Energy Conversion File
Federal Leasing/California
October 1978 '

~ Total Cdﬁpetitive

Noncompetitive Total Noncompetitive - Competitive -
Leases Issued Leases Issued " Leases Issued Leases Issued
in FY1978 by 9-30-78 in FY1978 by 9-30-78
Number Number - Number Number
of of of of .
Leases |Acreage Leases Acreage Leases Acreage | Leases . | Acreage

-69‘-



-60- Energy Conversion File -
- California

Deep Drilling

- October 1978

TABLE 2.

Geothermal Area County Number of Wefls Drilled Exceeding 2000 Feet
10/1/75-9/30/76 10/1/76-9/30/77 10/1/77-9/30/78
East Mesa Imperial 5 4 o
Salton Sea " 2 -
Heber " 3 3
Brawley " 2 2
‘Wes tmoreland " 1 3
Coso Hot Springs | Inyo - 1
Geysers- 4
Calistoga Lake 8 . 9
Geysers- B -
Calistoga Sonoma 17 22
Mono-Long Valley | Mono -
Lassen Lassen - -
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