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Introduction. . .
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The national effort:to develop and utilize geothermal energy has resulted

in an enormous growth.of ;geothermal data... However, the needed data important

to geothermalﬁnesearch1and:deve1opment js‘mjdely,scattered,ddiffjcult to access,

and;]argelyfgneya]uated:, Thus,. an important task of the geothermal energy .

deVelopment;effortfis.to?coJlect,ieVa]uate,andidisseminatejgeotherma] data in

.+a timely manner and thereby avoid unnecessary and expensive duplication of effort.

- The-National Geothermal Information Resource (GRID) of.the- LaWrence

,3Berkeley Laboratory is. chartered by the U.S.. Department of. Energy- (DOE) to, prov1de

eritically evaluated data; and other information for the development and-utiliza-

tion of geothermal energy (Ref, 1). Included are both site dependent and site

- independent 1nformation‘related to. resource evaluation, electrical and direct

utilization, environmenta] aspects. and the basic: propert1es -of aqueous
electro]ytes.,y; re R AR SRR S S EH S -8 RV SO Ee B FER

[RER e

. The GRID project is.involved in cooperative agreements for, the interchange

.-0f information and data with other organizations, : There are.currently three .

,A,UES.:dataﬁcenters;workjngﬁtoyimp]ement ihﬁ;col)ection-andiexchange.of information

on geothermal energy research and production:. the DOE Technical Information
Center (TIC), Oak Ridge, ‘the GEOTHERM. database of the. U S.. Geolog1ca1 Survey

in Menlo Park, and the GRID proJect See for examp]e Reference 2. The,data;»
systems,of,TICs,GEOTHERM*and‘GRIDEare.coordinated;for data.co]lectionfand\@;.'
dissemination, with GRID serving as.a clearinghouse, having access to files from
all geothermal databases including both numerical and bibliographic data. - GRID -
interfacesbwith_DOE/TiC'for‘bibliographicp1nformat10n and with:GEQTHERM for
certain site-dependent numerical data. The GRID program also maintains interfaces
with relevant data efforts; for ekample, the National Standard Reference Data

System for collection and evaluation of basic numerical data.



Computer programming is via the Berkeley Data Base Management ‘System
(BDMS) for creating, maiﬁtaining'énd accessing-both bibliographic and
numerical data. Bibliographic records ‘are readily retrieved from the GRID
-~ computer fileéfhéing BDMS by specifying either one parameter such as the
geothermal site, or a combination of parameters such as the geothermal’site,
the date and‘designatéd.data'measﬁrement:"Staﬁdafds for interchange of
“bibliographic data are patterned after that of the International Atomic Agency's

International Nuclear Information System (INIS). Utilization of the INIS format

" “ensures compatibility with other INIS styled computer centers, thereby promoting

the active interchange of data with other groups (Ref. 3; 4). Data is available
in the form of bibliographic compilations, numerical tables, or graphical dis-
plays disposed to paper, film or magnetic tape. In addition to the maintenance
of a current geothermal database, the program is responsible for literature
reviews and critical evaluations of the status of data by the technical staff.
The program is organiied-into four principal areas: (1) basic geothermal
energy data; (2) site-dependent data for both electrical and direct utilization;
(3) environmental aspects, and (4) data handling development. The four sections
of the report which follow are organized in this way.
" Attachment I is a news-release and order which was mailed ‘to over
200 geothermal 'specialists in 1977. Over 50 print-outs containing both
bibliographic and numerical data were provided either gratis or by request.
“Attachment II:and Attachment III contain news items about GRID which were

“‘published in 1977 and in early 1978.
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Attachment I

, National Geothermal Information Resource
Lawrence Berkeley Laboratory, 90-3117 December 1977
University of California
Berkeley, CA 94720 USA

Tel. (415) 843-2740 Ext. 5980

FTS 451-5980 :
COMPUTER SEARCHES AVAILABLE FROM THE GRID DATABASE

The National Geothermal Information Resource (GRID) of the Lawrence Berkeley Laboratory is
sponsored by the U.S. Department of Energy (DOE) to develop a comprehensive compilation of
worldwide literature and data designed to assist in the research and development of geothermal
energy for both electrical and non-electrical uses. Included in this compilation is site-
dependent and site-independent material related to geothermal exploration, reservoir
utilization, physical chemistry, as well as environmental, legal, and economic aspects of
geothermal energy. GRID maintains a computerized database which provides the basis for in-
depth literature reviews and critical evaluations of the status of data by the technical staff.
In addition, computer-produced bibliographies and data tabulations are generated from the
databaseshfor distribution at a fixed cost of $19 for DOE users and $25 for non-DOE users

per search,

Information in the GRID files includes the following:
EXPLORATION considers resource data including geological, geochemical, and geophysical
methods, as well as drilling, resource assessment, and land-use factors involved
in locating and evaluating high temperature geothermal resources.

-ENVIRONMENTAL considers asbetts to the air, land, and water environments of geothermal
energy utilization: subsidence, hydrogen sulfide.

PHYSICAL CHEMISTRY deals with the basic thermodynamic and transport data at elevated
temperatures and pressures of sodium chloride and other salts.

UTILIZATION encompasses the development and production of & geothermal reservoir for
both electrical and non-electrical uses: hot water {(brine) transport; space, process,
and agricultural heating; corrosion, erosion, and scaling.

NUMERICAL DATA contains site-independent and site-dependent tables.

Please specify your literature and data requests in detail to avoid feceiving extraneous
information. Examples of requests:

1. Please send a listing of geophysical measurements for the Mono-Long Valley area
from 1974-1976. _ .

2. MWe would like a compilation of numerical data on the viscosity of NaCl solutions
from 50°C to 150°C. R

3. Please send a 1isting of references studying the toxicological effects of H,S to
vegetation from 1975 to 1977. :

4.i wh;ch organizations are tnvolved in corrosion and scaling control for geothermal
brines? . . ) .

- - ---- ------ . Y - r -------------------------- L YT TITITI T T Yy EX T LY T
IB NATIONAL GEOTHERMAL
s= | INFORMATION RESOURCE = ORDER FORM

Please send the following:

Mail to:

_ : National Geothermal Information Resource
(Z_) Information on updates LAWRENCE BERKELEY LABORATORY

‘ o o University of California

(7)) Purchase Order # Berkeley, California 94720 USA

() check
Name

Address
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.
"NSRDS
A

eferei:ce

an Informal ¢ smmunication
. a of the Natioe ¥ Standard
R-lonncc © s Systam

repor

formerly NSRDS News N " '

-~ burg, Maryland, within.the Trans-

. the Metallurgy Division, and is part .

ome. ‘ol sunaam Reference Data . U.S. DEPAFtTMENT OF COMMERCE

| Dtlfuslon in Metals Data Center serres on

copper alloys will be publlshed as INCRA
monograph

The international Copper Re-:.
search Association (INCRA) has -
undertaken to print and. distribute a
monograph on.Diffusion-in Copper
Alloys, a text made up.of five... : .
articles which have appeared in the
Journal of Physical and Chemical
Reference Data from 1973 to 1976.

- The five articles were written by
D. B. Butrymowicz, J. R. Manning,
and M. E. Read of the Diffusion in
Metals Data Center. The mono-
graph will be part of the INCRA
series on the metaliurgy of copper
and will be distributed o approxi-
mately 250 members ol the Assoc-
iation with further open sales of - !
750 copies. g

Diftusion Data Center Operatlons

The Diffusion in Metals Data
Center, an information analysis -
centér established in 1963, has
grown from a one-person operatton
and severa! thousand documents in.

<its early years 10 over-19,000 docu-:
ments and a statf of four. The -~ =
Center is located at the National @~~~ e -
Bureau of Standards in Gaithers- “tion procedures and to answer -
technical inquiries from tndustry
and the 'scientific’ communrty ’
‘The output of the data center is
“:‘“concentrated on a thorough com-

_ prlauon and evaluation of ditfusion
* data in selected alloy systems with
“an ‘emphasis placed 'on commer-
cialiy important metal systems. -

. (Also see Reference Data Report,

-Vol. 1, #3,1977).
' -(continued on page 4)

Users ol lhe Dulluswn in Metals Data
Center cen make use of an euthor fie’ ot
& matenalsntex hie. 1o locate hard copy
docurnents n.an_open shelf, muilitrack, .
color- cooed dr)Cumenl lrlmg syslu

formations and Kinetics Section of |

_of the National Standard Reference '
‘Data System. The objectives of the
Center are to: serve science and
industry by publrshmg ‘critical .
analyses and evaluations of the .
world's publtshed literature within -
its scope; 10 develop data evalua-

A Natlonal Buroiu 21 S_tandards _‘

JUL/AUG 1977

NEWS BRIEFS

.,Crystallography Chapter tof
‘the CODATA Directory of Data

Sources for Science and Tech-
nology was publrshed in June ‘
1977. The directory is an up-
dating and expansion of the Inter-
national Compendium of Numencal
Data Projects publrshed by

Springer- Verlag in 1969. Each suc-
- cessive chapter will be published
. as an issue of the CODATA Bulletin

as.itis completed When all

;_,,chapters are complete, they wrll be

combined, alter appropriate up- .
datmg into a single volume.. -
The lormat of each. chapter |n-

cludes the following sections:

rp

“International Data Projects '
’B National Data Projects =

" "C. Data Centers’
~ D: Major Publication Series

E.-Other Data Sources '
F. Bibliographies = "

. vFor further rnlormatlon. contact

| CODATA. 51 Boulevard de

Montmorency, 76016 Paris, France.
The Sixth International
CODATA Conference will be held

. 22:25 May 1978 in Taormina, taly
at the invitation of the Consrgho

Nationaie delle Ricerche. Users of
data, as well as those involved in
data comprlalron data evaluatron
and data handlmg are mwted to

_submrt papers on such subjects. as ;

4data evaluation methodology
= compilation procedures
- - critical evaluation’ '
(continued on page 3;



'COMMENT:

Western culture has evolved inlo
today’s technological world by
well-recognized historical pathways,

by bumbling, and by sheer acci-
dent. In the last few decades there
has appeared a recognition thal
mankind can no longer afford this
luxury of laissez-faire in scientific/
technolog:cal enterprises and must .
a!templ to plan where # is going.
It is thus necessary to pro;ect the
nature of the future technological
world, to examine its likely needs
and generate the timely supporl to
satisfy those needs. .

Although the projections of
various analysts will result in a lairly
wide variety of model worlds, most
will agree that there must exist what
is commonly called a technology-
base upon which each world edifice
rests. A description of a general-
ized technology-base includes at
least basic science, (ool and device
development, standards, and the
compilation and evaluation of dala.
Note that these areas are highly
interactive with each other and the

user community, as represented by

the designers, engineers, and
regulators.

In addition 10 the putely tech-
nical users of the data base, one
must now include those legal and

'~ political users concerned with the
protection of the public weal as

_ represented by the regulatory .

“agencies. Their dependence on &
{ully evaluated, reliable data base is
unprecedented in past history.

~ 'Inindustrial activities of high
lechnical sophistication, the wave
of the future is becoming visible
with respect to the utilization of
data. One need only consider the
nuclear reactor designer's mulli-
group-calculations which would be
impossible without computer-

Richard F. Taschek
Associate Director for Research
Los Alamos Scientific Laboratory -

handled evaluated data. More and
more, this trend dominaltes aircraft.
design, chemical plant design, and

begins to pervade the applied b/o-

sciences and other areas.

The sudden appearance of the
energy crisis has introduced lurther
complexities into the 'utilization of
oOala, hopelully evaluatud, because
of the almost invariably multi-dis-
ciplinary requirements of the

- problems and programs. Thus,

added to the convenlional physical
sciences dala is the problem-
oriented requirement for socio-

" economic, resource, demographic

and other partially numeric, partially
descriptive information. Dialogue
between users and compiler/eval-
vators must determine optimized
pathways for dissemination,
slorage, retrieval, and systems
coding so that the information/data
from various sources and dis-
ciplines can be fed into the cal-
culational procedures at the appro-

_priate nexus. Current understand-

ing of these interactions is in-
adequale to provide a well-per-
ceived path to what we may require
for program execution one and two
decades from now.

In many cases the scientific dala
itsell Is so voluminous that direct
acquisition and handling by com-
puter lechniques are required.
Oflen this information never
appears even in reprocessed form
in the conventional journal repre-
senlations. Although conventional
and traditional methods of informa-
tion handling and problem solving
are loday unavoidable, there should
be no hesitation 1o break with the

.past when it is indicated that this is

the correct direction. It is only out

of such willingness to make drastic
changes that the stimulus for in-
novation itself derives.

It is likely that, particularly in the

" field of evaluated data handling, the

printed page may no longer be a
primary component of the de-
signer/engineer/fabricators’ world,

- other than for archival purposes.

This carries implications of formal
academic training of future ers
of data which is other than/ m/e con-
ventional approach. The feles-

- sional compiler/evaluators (and

such do now exist). should take a
lead role in formulating future
directions envisaged here. D

NSR DS ::::‘::‘.,Lf‘a'.‘:';‘;.,....

Reference Data Report
Vol. 1, No. &, Jl_.lL/AUG 1977

Reference Data Report is an informal com-
munication of the Nationa! Stand&rd Refer-
ence Data System (NSRDS) for the ex-
change of news and ideas about dala

- centers, publications, meelings, and other

aclivities related to data evaluation and dis-
semination. The NSRDS, which operates
under the authority given in Public Law
90-396, was established 10 make critically
evaluated data in the physical sciences
available to the scientific and technical com-
munity. The NSRDS is administered and
coordinated by the NBS Oflice of Standard |
Reference Data. Comments and sug- ’
gestions on Reference Data Report should

" be addressed to:

S. P. Fivozinsky,

Office of Standard ™ 'x 4 %,
Reterence Data, F 4 \! %
National Bureau of T S
Standards, % s
Washington, D. C. ", &
20234 Soagay ot
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---bility .and Dissemination of Data..

NEWS BR'EF S (continued)

requirements”

correlation, extrapolation, and
esllmalron procedures

- data systems analysrs

"« - machine techniques for stor-
‘ f‘ age, retrieval, and dissemina-
tion of- numerrcal data. -

The title, together with a brief -
description of the contents ol_the
paper. should be submitted as soon
as possible, but not later than
October 1, 1977, to Professor.J. E.
‘Duboi$, Centre d' lnlormaquue et de
Documentation Automatique . .
(CIDA), 1, rue Guy de la Brosse,
75005 Paris, France. . : Authors of
papers will be notitied before
December 1. 1977, about the ac-

- ceptance of their papers and will
" receive instructions on providing an

abstract at that time. For lurther

mformallon conlacl _ '

CODATA Secrelanal

' 51 Boulevard de Monlmorency

75016 Paris, France =~ .
‘Telephone {01) 525 04<l6

- Telex: (630553 F

“The COmmmee on Dala lor

-‘~‘Sclence and Technology °
(CODATA) and Unesco have |usl
‘released a promotional booklet,

“Obtaining Reliable Data.”; The’

- booklet was prepared for inter- -
“‘national distribution by the » -

CODATA Task Group on:Accessi-

Current distribution is an Englrsh

~ text, but French and Spanish trans-
- {ations have been prepared as well.

.. The booklet is intended to en-
courage scientists, engineers. .-
educators, and decision-makers

«-(especially. those in developing.

countries) to become more aggres-

acquisition and use of reference

".'.E“:;‘,\I :I.. B

mathematical modellmg dala -

. % Brine Chenllslry "numerrcal

On-line bibliographical files avallable at

Lawrence Berkeley Lab’s

National Geothermal

Information Resource (GRID)

The following bibliographical files

“are on-line for computer search

and retrieval

"+ Hydrogen Sulfidc palhways.
effects, controls, and instru-
mentation for both the air and

"~ water environments - b

. Subsndence effects, controls,
monitoring, reservoir engineer-
ing, measurements, method-

“ ology

* Nonelectrical: hot water trans-
.. ‘pont, space heating. process -
‘heat, melermg msulalron -

‘materials

* Physical Chemrslry thermo-
dynamic and transport proper:
ties of NaCl and other aqueous
solutlons g o :

- data‘on selected “hot.water

- eservoirs in: lhe U S .
* East Mesa KGRA' geology.
v geoohemrslry geophys»cs A

R R ST P

hydrology, logging. reinjection,
environmental aspects, and
component test facility

The National Geothermal Informa-
tion Resource screens the world

*. < lterature on a continuing basis, re-
~ ftrieves and indexes papers relevant

to the thermodynamic and frans--
port properties of aqueous electro-
lyte solutions (e.g. NaCl, silica),

" extracts the numerical data and

carries out critical evaluation lead-
ing to the publication of tables and
status of data reviews. Emphasis

_is on extraction of numerica! data
“needed for the development and

ulrlrzallon ol geothermal energy’

“‘resources. GRID develops critically
~ evaluated numencal data for the

basic properties of eleclrolyle

‘solulrons at elevaled temperatures

“and presswes “and cooperales with
: ~*_olher data centers on the properlles
~'of mrnerals and gases o

dala Relevance of relrable dala to

lpraclrcal problems is, slressed The
-~ booklet urges users to become -
' ‘aware of national data efforts in
; ',many countrles and to seek data

guudance from the CODATA )
Secrelarral in Paris, France.

-~ :The "Bibliography of High . ..

Pressure Research” canbe .. |
obtained bimonthly on a subscrip-
tion basis... It tists the authors, lrlle.

=+ and journal reference of papers

publisi.ad in-the field of high. ...
pressu:e research, .and deals wrlh

‘many wi-the research areas in .
- M e’ ; _ _cheml ry, physrcs geology engr-
.- sive and more sophisticated in.their ... . . [ y

P AT

““neeririg, and biology. The main

emphasis ‘is on work above one

. kilobar and includes both static and
~ dynamic pressure studies. The
*_-bibliography covers current re-
-"search on a worldwide basis..
" Annual subscription rates are $8. 00
for U.-S. and ‘overseas surface mail,
~and $12.00 for overseas airmail.

Remittance must be in the form of
United States bank drafts for the

.. indicated amount, drawnon a .
-United Slales bank. Subscnplrons

or renewals should be addressed

o

ngh Pressure Dala Center
5093 HBLL ;

Brigham Young University

Provo, Utah 84602 o
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New Publications

A Blbliography of SOUrces of
Experimental Data Leading to
Activity or Osmotic Coefliclents
for Polyvalent Electrolytes In_
Aqueous Solution by R. N.
Goldberg, B. R. Staples, R. L
Nuttall, and R. Arbuckle, NBS-SP
485, 53 pp., 1977. For sale by the
Superintendent of Documents, U.S.
Government Printing Office.
Washington, D.C. 20402, for $2.00
(add 25% for other than U.S. mail-
ing). Order by SD Catalog No.
C13.10:485.

Thermodynamic Properties of
Nickel and lts Inorganic

. Compounds by Alla D. Mah and L.

B. Pankratz, U.S. Bureau of Mines
Bulletin 668, 1976. For sale by the
Superintendent of Documents, U.S.
Government Printing Office, . -
Washington, D.C. 20402, for $2.70
(add 25% for other than U.S. mail-
ing). Order by SD Catalog No.:
128.3:668.

OOPS The above publication was
*incorrectly listed in Refer-
ence Data Report, Vol. 1,
No. 2. Sorry, Alla!lo

ez6 ~ sdTTTTU4 *7T Aoupys cag
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Articles Appearing In

Journal of Physical
and Chemical
Reference Data

Bound reprints of each paper are
available at the indicated price
from Business Operations, Books

and Journals Division, American
Chemical Society, 1155 Sixteenth

Street, NW., Washington, D.C. |
20036. Single issue copies of the:
Journal are available for $25.00. -

_Checks payable to the American

Chemical Society must accompany
the order.

Phase Diagrams and Thermo-
dynamic Properties of Temary
Copper-Siiver Systems, Y. Austin
Chang, Daniel Goldberg. and

Joachim P. Newmann, Vol. 6. No. 3,

pp. 621-673 $5.00, Reprint #98

_.DOES 's3n #18M4g JO; Agisusd
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" Crystal Data Space-Group

Tables, Alan D. Mighell, Helen M.
Ondik, and Bettijoyce B. Molino,
Vol. 6,-No. 3, pp 675 829, SB 00.
Reprint #99. '

Energy Levels of One-Electron
Atoms, Glen'W. Erickson, Vol. 6,
No. 3, pp. 831-868, $4.50, Reprint

~ #100.

Rate Conslants of Clox of
Atmospheric Interest, R. T.
Watson, Vol. 6, No. 3, pp. 871-917,
$4.50, Reprint #101.

NMR Spectral Data: A Compila-
tion of Aromatic Proton Chemical
Shifts in Mono- and Di-Substi-
tuted Benzenes, Barry L. Shapiro
and L. E. Mohrmann, Vo!. 6, No. 3,
pp. 919-991,.$5.50, Repnm #102.

Tables of Molecular Vibrational
“Frequencles. : Consolidated -

Volume Il, Takehiko Shimanouchi,
Vol. 6, No. 3, pp. 993-1102, $6.50,

' Reprmt #103. D B

Diffusion conines

The data center operates an -
information service covering a wide
spectrum of diffusion data, and-
handles some 200 requests per
annum. The bulk of the inquiries
are from American corporations,

and relate 1o specific technological

processes and problems involving
diffusion rate data and mass trans-

port phenomena.’ The information
and consulting services are pro-
vided on a fee basis and as time
permits.” Also a wide variety of

interactions are carried on between
‘the data center and universities,
‘trade associations, and other data-
‘gathering operations both in this

country and abroad. O
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"NATIONAL GEOTHERMAL INFORMATION
RESOURCE (GRID) is sponsored by the US Encrgy
Research and Development Administration to develop a
comprehensive compilation of worldwide literature and data
designed to assist in the research and development of geo-

thermal energy for electrical and nonelectrical uses. Included

in this compilation, located at the University of California’s

Lawrence Berkeley Laboratory, is site-dependent and site

independent material related to geothermal exploration,

reservoir utilization, physical chemistry, along with environ-
" mental, legal, and economic aspects of geothermal energy.

GRID maintains a computerized data base which provides
for in-depth literature reviews and evaluations, by the techni-

cal staff, of the status of the data. Computer-produced
bibliographies and data tabulations are generated for dis-
tribution at a fixed cost of $19 for ERDA users and $25 for
non-ERDA users, per search.
The GRID files include the following:
EXPLORATION considers geological, geochemical and
geophysical methods, as well as drilling, resource assess-
ment and land-use factors involved in locating and evalu-
ating high temperature geothermal resources.

PHYSICAL CHEMISTRY deals with the basic thermo-
dynamic, thermophysical, and kinetic data at elevated
temperatures and pressures of sodium chioride, silicates,
rock-solution interactions and isobutane. :

UTILIZATION encompasses the development and pro-
duction of a geothermal reservoir for both electrical and
nonelectrical uses: hot water (brine) transport; space,
process, and agricultural heating; power generation; cor-
rosion, erosion and scaling; resource evaluation.

ENVIRONMENTAL considers aspects to the air, land and

" water environments of geothermal energy utilization: |
subsidence, hydrogen sulfide, metals, boron, ammonia,
silica, seismicity, noise and Iand~use

INSTITUTIONAL covers federal, state and Iocal organi-

2ational, legal and regulatory consldcratlons in the develop-

ment of} geothermal energy: land-use, exploration and
production, operating regulations, developmental incen-
tives, sale of geothermal power and fluid transport.

RESERVOIR CHARACTERIZATION includes reviews
and evaluation of data relevant to the development and
production of wells: porosity, artificial stimulation,
natural recharge, artificial recharge, modelmg, well tests
and measurements.

Information is obtained mainly from primary sources, i.e.,
published literature and reports. In addition, GRID has ex-
change programs with other data centers in the US - ERDA
Technical Information Center, and the US Geological Survey
geothermal data bank. GRID international exchange agree-
ments were initiated under the NATO Committee on Chal-
lenges of Modern Socicty and currently there is a bilateral
agreement with the geothermal data bank, Pisa University,
ltaly, under which computer tapes are exchanged periodically.

CONTACT: Sidney L. Phillips, Principal investigator, National Geo-
thermal Information Resource, Lawrence Berkeley Laboratory,
University of California, Berkeley, CA 94720.415-843-2740

AUTOMOTIVE INDUSTRY DATA BASE combines
Ward’s AutoinfoBank with Interactive Data Corporation’s
XSIM system for information and analysis, to provide a new
computer scrvice offering forecasting and planning tools to
the automotive industry. Through simple English commands,
usurs can create economic and financial models, perform
time serics and regression analyses, and sort and screen data
into a variety of reports and graphs. According to Roger F.
Kelley, president of Ward’s Communications Inc., “these
extensive capabilities cnable automotive manufacturers and
suppliers to apply up-to-the-minute data for more accurate
product line forecasts, market research, production planning,
and product line mix analysis.”

AutolinfoBank includes information on US weekly and
monthly auto and truck production, Canadian auto and truck
production, domestic and |mported car and truck deliveries,
US car and truck mvemones, factory installed equipment for
cars and trucks, and engine sizes.

Interactive Data notes that no computer expertise is re-
quired to operate XSIM, which provides explicit conversa:

“tional prompts for each step of an analysis. (In addition to

AutolnfoBank, the XS!M language can be used to access
Chase Econometrics, Merrill Lynch Economics, and other
economic and financial data bases available on the Interactive
Data network.) Annual subscription fee for Ward's Autolinfo-
Bank is $1500, plus usage charges.

CONTACT: Jack Bernstein Associates lnc.. 37 West 57 St, New
York, NY 10019, 212-751-6670
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Section I.

Basic Data Evaluation and Compilation
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- Introduction
The development and utilization of geothermal energy requires scientific

and engineering'calculations which include basic properties of aqueous sodium
chloride and other (e;g.. KC1, CaClz) electrolyte solutions (Ref. 1, 2). In
this context, GRID'hasvdeveloped a-bibliographic computer file to store,
| retrieveeanduindex~publications;relevant~to’the~thermodynamic and transport
properties;offaoubous:electrolyte §6idtion§’i Data frOm{this‘file are compiled
for critical evaluation, correlation and status of data reviews. The 1nitial
‘ objective s mainly to provide evaluators a databank on the properties of .
Nacl solutions covering_the ranges of geothermal interest.. temperatures to
356°C,'pressures,to”50 MPa, andiconcentrations to saturation. :

.~ The year 1977 saw completion of our"critical evaluation and correlation
of data on the viscosity of sodium chloride solutions, published as LBL-5931
(Ref 3, 4). Viscosity ‘data and references were exchanged mainly with
Professor Kestin, Brown Univer51ty, who- provided a substantial amount of
experimental data" above l00°c and to 300 bars (30 MPa) pressures The - v1sc051ty
report gives the results of a survey and evaluation of this databank i
| § The literature screened in compiling the viscosity data covered the period
from l929 to 1977; data obtained prior to 1929 are contained in ‘the International
: Critical Tables for NaCl solutions at. atmospheric pressure over the temperature
-range 0°c to ‘100°C,- and- concentrations from 0 molal to 5 molal From 1929 to .
1977, v1scosity data were available for temperatures to 150°C, pressures to _.;:
30 MPa, and concentrations to saturation .Mi, o B - .

| A comprehensive search of the published literature for NaCl viscosity
data was made, and,all available copies of the~original publications were

assembled using;the’following main“sources“foriliterature'references;‘ (1) the
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DOE Technical Information Center, which includes the Energy Data Base and
Water Resources Abstracts;r(2),thetInternationa1LCritica].Tables;;and..
(3) scientific Journals and. reports e precin v

- The data selected for correlation were: experimental and did- not include
either .smoothed .or. calculated. va]ues All data were conyerted where necessary
to the. lzc scale of atomic weights, to the g/cm basis for density. to -

centipOise for. viscosity, from molar to molal concentrations, and from relative

‘to absolute viscosity values. The needed water viscos1ty data were,takenﬂfrom

the results .of the Eighth Internationa1 COnference on the properties of steam.
The follow1ng corre]ation equation was. developed from the experimental

data: .. . - \ SRETE

“noEcy c2 exp (u1T) +. c3 ‘exp’ (uém) =3 c4 ‘exp’ [a3 (0. 017 +'m)]

+ c5 exp’ [a4 (0 0IT=m)] gt
where « = : Goevzel TR pady
e -‘viscosifys]CP* L
. T = ‘temperature; -°C et bl o
m = concentration, moiality ' Dot W e e

sPoEsiia E PRI o T 2 1 H S S
wilgs ol g At eaoad x e i B PR

Equation (1) is valid only to pressures of 30 MPa:and at temperatures to- 150°C

“Figure T 'shows a plot of visc051ty Versus : concentration'according to Eq. (1)

for selected’ temperatures between 0°C and 150°C Figure 2 is a plot, based on -

 Eq. (1), of viscosity versus temperature Data may “be interpo]ated with Eq: (1)

to a standard deviation of 1. 5% over ‘the ‘entire temperature, pressure, and

’concentrat1on_range,(see Fig. 3). Information on obtaining tables of experi-

mentai data andismoothed values of viscosity may be obtained by'contacting GRID.



Based on this work, it was concluded that the currently available =
experimental ‘data on thé viscosity of NaCl solutions is'sparsé and covers *°
mainly pressures from atmospheric to 30 MPa (300 bars), concentrations ‘to -
saturation, ‘and températures to ‘150°C. ~A’correlation equation was developed
which reproduces the eXbérimentaI“datafby 1.5% over the temperaturé"raﬁgé"’
0°C to 150°C. - Additional laboratory measurements ‘on the viscosity of NaCl -
solutions to 350°C and 500 bars"are needed. More details are ‘given in Ref. 3.~

Additiorial ‘Activities in 1977 =

‘Besides the report on viscosity, both the aqueous élééfro1ytéidatab33e Sk
and density and viscosity databanks were on line for storage and vetrieval
in 1977 (Ref. 2, 5). Printouts were provided gratis to over thirty geothermal
specialists. ‘Availability of,the;aqueous electrolyte file was announced for
example by GRID mailing a news-release and orderﬂform; 1nc1udedﬂhere.as
Attachment I, and published in the Jul/Aug 1977 issue of NSRDS "Reference.
Data Report", Attachment II. Information about GRID was also provided on
their request to Science Associates/International, Inc. (Attachment III).

Density and Viscosity Databank

Numerical data were compiled from the available literature as shown in
the sample printout (1 page each) of the current GRID database on the :density .
,gand;viscosity of :NaCl. aqueous solutions at elevated temperatures and pressures.
See Table 1 and Table 2. The data in the larger databank are tabulated in. .-
o}der_of.increasing;concentration~of NaCl, and cover laboratory generated .

experimental data -over the time span.1929 to 1977.
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Tabulated numerical data‘is expected to be added for the'following
properties of NaCllsolutions:
UEnthalpy.
Solubility '
Specific Heat
Free Energy'}
| Entropy_ | |
Electric Conductivity =~
o Activ1ty _ | »
Osmotic Coefficient
Thermal Conductiv1ty

'-Agueous Electrolyte Bibliographic Database to Elevated Temperatures and
__Pressures ) | :

There is a. current worldwide research and development program centered
around the utilization of geothermal energy for both electrical and. non-
'electrical applications Scientists and engineers involved in this program
require evaluated basic data for the design and modeling of geothermal systems,
for example, the . thermodynamic and transport properties of aqueous electrolyte
solutions at elevated temperatures and pressures In this context GRID screens
the worldwide literature on. a continuing basis to collect and store bibliographic
material covering aqueous electrolyte solutions. The result of this compilation
.is-maintained as an annotated and indexed computerized file system which provides

the basis for critical evaluation of the data by both GRID staff and other

' evaluators The file contained over l000 records in 1977; see the two sample
records in Figure 4.



m NaCl
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-144

Table 2. Smoothed values of the viscosity of NaCl solutions

.5

1.853
1.373
1.049
" o827

«673

«564

<484
%23
«377

+340

310
«285

" 02664 -

246
»231

218

from Eq 11.

1.0

l.914
1.428
1.098
«8T1
«T12

+598

«513
T «%49
«399

.359

«326
«299

«276 °

.256
<240
227

Viscosity, cp

2.058
1.556
1.212

.972
800

«675 -

«580
507
=449

«362
«329
«302
279

«261 -

246

«401

2.234

L7712
1.349

‘1. 092

« 905
« 165
«657

«572

«504

. «448

«401
«363

T 0331

«305

«285.

«270

4.0

24448
1.899

1.512 -

1.232
l.024
- «866
e 743

o644

564

.498 -

o443
. +399,
363

«336
" »316

« 304

_calculated

2.701
2.118
1. 699
1.391
1.158
.978
.835
.719
626
549
487

«439

<402
«376
- o361

. 357



Ly

'\l

ERREES N

“JUNE 1977

GRIC~-FHYSICAL CHERMIS

UNITS

CONCE NTRATICN= MOLALITY
- TEMPURATUKE= OZCRFES CELSIUS

FRESSURE=

:Uuzxieéﬁglfvr Ta el

- F o .
Do EYTE In

3ARS

DZNSITY= GRAMS/CC.,

CONC. TEMP
« 001000 “0.
+ 001000 60
« 001000 80,
«C01C2) 103,
+ 001000 120.
« 001000 140,
e 0C12J0 160,
« 001000 180«
« 001000 200,
«CC1030 220,
« 001000 240,
« 001000 260,
+UG1CIS 280,
« 002000
« 002000 25,
« G02E5ES 2%
« 0028E5 25,
« 0025¢€S 25,
05030
« 005000 25.
« 005028 50,
0909845 b
« 010000
+ 010000 25,
« 015030 ¢l
« 010000 60«

0
0
0
Y
o
0

0

¢
0
0
e
t
0
d
0
e
3
o
0
L
0
0
<

ORESS.

101.32
101,32
101432
101432
101,32
101,32
131.32

101.32

101,32
131432
101,32
101,32
101,32
1,01
1.01
1401
1.01

1,01

1401
1.01
“1.0¢
1.31

o LeE g
PRy

TRY DATA EASE:

ORIV & R ST

1.01

{1.01
131.32
101,32

PR L I S R

N I I ST
B S 5N I S 5

DENS.

+99€T100
«9876E00
+9762800
«9628300
«9LT7800
9311900
09127400
«8927600

« 87023060 -

8472400

«8202100
«7902€00

o 7557400
« 9965300
«99713C0
«9971772
9971778
«S974779
«0000700
«3972500
«9882402
+390¢€15y
«0002%00
«S974€00
«997010¢C
« 9879500

[
[R5 S SRR EEN BT AN

W RN

AUTH.

GORBACHEV
GOFBACHEV
GORBACHEV
GORBACHEV
GORSACHEV
CORBACHEV
CORBACHEYV

 GIR3ACHEV

GORBACHEV

 GORBACHEV

GORBACHEYV

EORBACHEV

GORSBACHEV

JONES 37

JONES 37
kRUIS
KRUIS
¥RUIS

- JONES 37

JONES 37

T
T4

Té

74
T4
76

T

74
Tée

74

Th

FILLERO 728

- FILLERO 70
~JONES 37
. JONES 37

GOF3ACHEV
GOR3ACHEV

7o
T4



The bibliography is organized by records; a typical record contains
the following information: a'record number, a short code mnemonic; a
category/subcategory mnemonic; title of the publication; author; author
affiliatibn at the time of publication; literature refereqce;<and;key word -
annotation (descriptors) See Figure 4 . o | | o B

This database is the result of an 1n1tia1 screening of the wor]dw1de
literature covering the basic properties of solutions relevant to geothermal
science and engineering. Other recorde are added to the file on a continuing

basis. o
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Magma B1b11ograph1c Database

The feasib111ty of extractIng energy directly from deeply buried
c1rcu1ating mo]ten rock (magma) sources 1s attract1ve because temperatures
can approach 1000°c thereby representing a potentia] of great amounts of
high-quality energy. Evaluation of ‘magma resources requires the following
categories of 1nformat1on Geophys1cs/E1ectr1ca1 Material Compatibi]ity,
Heat Transfer/Source' Geophysics/Selsm1c, Tectonophys1cs/Rock Deformation,
Magma Petrology; and Volcano]ogy/Geophysms . y e

Knowledge of many chemical “and phys1ca1 properties of molten rock,‘
partly molten rock and of so]1d rock at h1gh temperatures fs essent1a1 for
evaluating thelfeasjb1]1ty—of extracting energy directly fromumagma bodies.
These include: o Sl | e

Chemical Composition

Major Element

Minor Element

Fugitives (H, C, 0, S, Cl, F)
Magma
0verly1ng Rock

Phys1cal Properties

Phase Relations of Rock Melts ‘

Phase Relationsiof'Rock*MeIts“in;the presence'of;Aqgeoufi“r'"
solutions of NaF, NaCl etc. | ‘ R

Temperature D1stribution (therma] modeling)

Thermal Conductiyity~Heat,Capacity, Seismic Property"*

Rock
et



 Latent Heat
~ Heat Transfer Coefficient. . ... .
> o Viscosity RO
Melt }' .
Mu]ti phase 3593:€
.Dens1ty ' | :
" Bulk {(inisitu) | ; i"‘,' G
- Melt A |
Minerals iff‘i:‘w
vThermal Expansivities
R i”‘”“'Electrical Properties
"’;Permeabi1ity ‘
Wagnetic Properties
o Strength . .. oo
}# iin 1977; en%eitEhSive literature search covering‘magma.and.magma properties
was completed, and an initial bibliographic file waSaprepared Figures 5 and 6
i]lustrate ‘the Author Index for the current fiTe ’ '

'\
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BIRCH 43
FLASTICITY OF IGNENUS ROCKS AT HIGH
TEMPERATURES AND PRESSURES:S
RECORD NUMBER 170
BLOOM 57 | o |
THE COMPRESSIRILITIES OF THE SILTCATES — THE
LT120-=S10N2 SYSTEM: S
PECORD NUMBER 171
BOCKR TS B
THFE COMPRFSSIBILITIFS OF CFFTAIN MDLTEN
ALKAL' SILICATES AND BNRATFS:
~ RECNRD NuMgEa 39
BACKRIS 55
VISCOUS FIiOoWw IN SILICA AND: BINQPY LIouID
SILICATES ;
RECORD NUMBER 40
BOCKRIS 56

THE STRUCTURF OF THE LYOUIN SILICATES -~
PARTIAL MOLAR VNLUMES AND EXPANSIVITIES:.
RECORD NUMBER 41

BOLDIZAR 70
TERRFSTRIAL HEAT AND VOLCANTSM - PURE AND
APPL. S
 RECORD NUMBER. 42

BONDARENKD 68 o
GENERALTZATION OF DATA ON THF CONDUCTANCE OF
IGNFOUS ROCKS AT HIGH TEMPERATUPFS IN CNNNECTION
WITH THE STRUCTURF OF THE CRUST AND UPPER MANTLES
RECORD NUMBER 43

BOTTINGA T2 - k |
‘ ' THE VISCOSITY OF MAGMATIC SILTCATE LIQUIDS =
A MNDEL FOR CALCULATION:

- - RECNRD NUMBFR - &

BRACE 70
SAME FEFFFCTS OF HIGH TEMPERATURF NN THE
FRICTIONAL SLIDING OF GRANITES
RFCORD NUMRER 45
BRADLEY 62
FLECTRICAL CONDUCTIVITY NF FAYALITE AND
SPINFEL 3
RECNRN NUMBFR 46
BRADLEY 64

THE ELFCTRICAL CONDUCTIVITY NF NLIVINF AT
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RECORD NUMBER 4«7

RRANDVOLD 74
EXPERIMENTAL RESISTIVITY ELFCTRNDE
EMPLACEMENT FOP THE HAWAII GEOTHERMAL PROJECTS
THE UTILIZATINN OF VNLCANIC ENERGY:S '
RECORD NUMBRER 48
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Continental, Marine and Deep Sea Drill-Hole Survey Information and Data

Management . (Proposed Work)

Recent questions centered on major energy and enviééhﬁéhfa1 problems
have identified the need for 1ncreased know]edge about our earth which 1s
obtained by researchers only from subsurface measurements The objective
'vof,th1s proposa] is tO-estab11sh a computerized clear1nghouse»of»dril]-hole
- information for these researchers as described in ‘the following two tasks
-Task 1 1

It is proposed that a. computer1zed Dr11l Hole Data Center be establ1shed
by GRID at the Lawrence Berkeley Laboratory to col]ect, organ1ze and d1ssem1nate
rdata obtained from a survey of al]mDDE-sponsored dr1111ng activities. A copy
of the survey ouestionnaire attached would be sent to the vartous drillers; a
listing of the organizations engaged in drilling, for example, geothermal
energy drilling, would then be compiled. The data from‘thevduestionnaire will
be coded and stored_on‘computer_tapes for ease of information retrieval and
data manipulation using the Berkeley Data Base Management System} See the
proposed format in Figure 7 (1 page only).' , |

Under Task 2 a 1isting would be'compfled of scientists and engineers with
a need for tnformation‘contained in the dri1l'hole data base. The'information
would automat1ca11y be sent to the interested researcher on-a periodic basis.
-Other Federal’ agenc1es (e g., USGS, . DOD) with an interest-in. dril) hole data
would be included:in this listing. It is expected that the f11e content

eventually will be made available for search by remote users, for example,

via the ARPANET, once the data have been computer-stored
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Summary

In summary, 1977 saw completion of the report on critical evaluation
of viscosity of aqueous NaCl solutions, ahd the availability and dissemina-
tion of both bibliographic and numerical material on the basic properties of

aqueous electrolytes to elevated temperatures.
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Introduction =~

The site-dependent compilation program was initiated in 1974'wtth'h -
the objective to collect, organize and dissem1nate eva]uated data on the
following major areas of geothermal science and technology (1) Explora-
tion considers geological, geochemical and geophysical methdds, as we11tas
drilling, resource assessment and land-use factors 1nvolved in locat1ng and
evaluating high temperature geothermal resources (2) Uti]ization encompasses
the development and production of a geothermal reservoir for both e]ectrica]
and non-electrica] uses’ hot water f1u1d (brine) transport, space, process,
‘and agr1cu1tura1 heating, power generation, corrosion, eros1on and sca11ng,
resource evaluation (3) Env1ronmenta1 aspects to the a1r, land and water
env1ronments of geothermal energy uti1ization.' subsidence, hydrogen su1fide,’
‘“metais,"boronfgammonda,"sflica,»seism%cityi~noise and Tand-use. (4) Institu-
t1ona1 covers Federa], state and local organizationa], 1ega1 and’ regu]atory |
_considerations in the deve]opment of geothermal power and flu1d transport
(5) Reservo1r Englneering 1nc1udes rev1ews and eva1uation of ‘data relevant
to the development ahd product1on of we]ls Bérbéiiy;”Eritfiéia1"ééchaégé,"‘
modeling,’ ‘well tests and measurements. =~ T
i'The National’Geothérmal Information’Resourcefacgutres géatﬁéfmai“data
é‘from the literature, from TIc, and through exchange with other’ data centers g
‘such as GEOTHERM' (Reston, VA), and CNUCE (P1sa, Italy) GRID systemizes and
stores data.us1ng descriptive\cataloglng procedures “based on the standardized '
techndques;ofiINiSL(Vienna,'Austria), ‘The ‘data is féi?ieVédiv%afiﬁe’Bé#ke1ey
Dataﬁhase haﬁabéméhfisyétém‘ut%iizing descriptorsﬁselected;tromfa'thesaurusie.

of controlled vocabulary terms (Ref. 1). Sité-dependent files contain numerical



-26-

and descriptive data on important facets of geothermal exp]orationﬁand .
utilization including: | |

Geothermal‘energy conyersioh ,

@eothermal wel]/dri]]hoie

‘Land.subsidence |

Noncondensib]es

Space and process heating

Power generation

Geothermal energy’ site-dependent 1nformation is the comp11ation, cr1t1ca1
evaluat1on and,status of data reviews. Included also is data from_other_fie]ds
(e.o., oi]vand gas) which is relevant to geothermal energy for bothrelectrical
anosdirect'utilization. The data are mainly in the following three forms: _
(1) Computer.annotated and ihdexed bib]iographies. Listings from these bibliog-
raphies provide references to the numericalidata compiled by GRIDrstaff; in
1977 over 50 computer generated listings were provided_either gratis or by
request to other evaluators. (2) Computer stored_tabu]ated numericalidata
extracted from the material in the bibliographic listings, These computer
tables provide the basis.for statistical calculation and data manipulation.
(3) Reviews wherein avai]able'site-depehdent,data is surveyed to provide in-

formation on the current status of data including recommendations for additional

data needs. An example is,the report on a Study of Brine Treatment, supported
by the Electric Power Research Institute (Ref. 2). _. o

Informatlon from these computer files is for the foﬂowmg typ1ca1 users
(1) Persons initially entering the field and who require information about

‘specific areas of geothermal energy development. (2) Program managers and



-27-

others who proViéé:fundingtsupport, and'need”to know?wherelsignificant
gaps in data exist.. (3) Scientists and engineers requiring data for pre-
dictive modeling of plant performance, reservoir engineering and direct
utilization. : .. :

The year 1977 saw completion of bibliographic computer files on:
(1) hydrogen: sulfide, (2) exploration and evaluation, (3) non-electrical
- (4) subsidence. Besides bibliographic information, a noncondenSibles
numerical databank was established, and draft formats developed for both
subsidence and energy conversion, .

In this report, the term database referS‘to bibliographic Tistings and
databank refers to computer-based files containing numerical data.

Geothermal Energy Aspects of Hyd;;gen Sulfide A Bibliography

Geothermal vapor and- hot water flu1ds contain a fraction of nonconden51ble
gases composed mainly,of;carbon”dioxide with lessericoncentrations of hydrogen
sulfide andiother'éases“SUCh‘as'methane,fammonia,‘nitrogen,/hydrOgen and ethane.
The interest in HZS aspects of geothermal energy. 1s mainly related to the
problem of corrosion of materials, the unpleasant odor at Tow levels and en-

- vironmental effects,tyﬁﬂthough#this filedhighltghts;the geothermal aspects-of

. hydrogen sulfide, substantial references from other sources of H,S are included,
for example: petroleum refining, smelting;of sulfide ores, the manufacture of

| Kraft pulp, and offal renderingiplants. Currently, the topics referencedlin

the hydrogenvsulfide file cover: sources of HZS, monitoring methods, emission-
control, environmental effects, health effects, pathways in the air and. water
~environments. The hydrogen sulfide file is the result of an initial screening
of the worldwide literature and new citations are expected to be appended

periodically. Figure . l shows typical records contained in- thlS database (Ref. 3)
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Figure 2-

RECORD 6
SC = BROWNE 743
TY = J/ASS

DFS-CAT l.

CRUE A T ' g
PT = SUBSIDENCE RATE AT ﬁROADLANDS FROM RADIOCARBQN DATESS
AUTHORS 3 IR
AU = BROWNEs PeRels?d ‘
AA = GEOLDGICAL:SURVEY, LOWER; HUTT  (NEW ZE&LAND'S

DES-CAT .23 T

BL = S3 : ’

OT = N. Zo Jo GEOL. GFOPHYS.:
CODEN = NEZOAY3

PUD = 19743

COL = V. 17 (21 Pe 494-495%

INDEXS: S denetvs L7

Cd = ENVIRONMENTAL/SUBS[DENCE.
DE.2 = BPJADlAVDS GFOTHERMAL FIELD- JOT ‘
GROUND MOTIONS R,

DE.3 =

DE.%4 = GROUND SUBSIDFNCES

NE.S = CARRON ISNTOPESS ' B
PN.1 = CARRON RADINISITOPES: PR
PD.2 = RADINACTIVE DATINGS - B

CONTROL $ o b s
DCSO = COPY ON FILE: :



«30-
‘Figure 3 B
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Land Subsidence Bibliographic File . - -

s A B
1 ey
P I A 0~

-An -important: facet ;in the development andyutilizationwof:geothermalg;
energy is the#considenatibn_of any effects to;the;air,‘water and land compart-
ments of the environment (Ref, 4). Land;subsidence%and;frequent]y,associated "
horizontal ground movement is'1isted}among;thé;environmgntal,effects;which,may.
be related to withdraﬁa] of geothermal-hot_yatgpi“ﬁlt;j§,the;surfacg.manifesta-
tion of subsurface soil compaction and has. beentobserved for many years in
some petroleum fields and areas of groundfwater~pumping;: Although‘thefgeologic
dence is the same: reduction of:f]uldipressure;causing a-marked increase in
effectiye stress. |

The interest in subsidence stemswfrom two major concerns: (1) potential
damages to the production field pipelines and power plants, for example, the
pipe distortion experienced at wafrakei; New'ZeaTandg and (2) possible éffects
on‘cbmmunities. “An example of (2) is the subsidence of'Veniae, Italy, due in
part to non-geothermal water pumping at Porto Marghera, 7 km distance from
Venice. ’ | o

Thevland Subsideaaé database fs on line and avaiiable‘fqr resfricted searches
to include subsidence resulfing'frdm mih%hg1operatiohs and petroleum production,
as well as that associated with geothermal fluids withdrawal. Categories of
information covéf;effects, monitoring methods, causes, abatement and cdSts of
"subsidence See the examp]és in Figufes 2, 3. | |

Direct Utilization Bibliographic Database

The direct utilization of geotherma] hot water is mainly for space -heating
and manufacturing purposes. The file currently includes the fo]]owing informa-

tion: (1) hot water transmission; (2) production and distribution;’(B) hydro-
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ponics; (4) air conditioning; and, (5) district heating concept. -

Thé'yeaf11977 saw completion of a bibliographic file on direct utiliza-
tion (e.g., space heating, hot water transmission) containing over 200 records.
The file is available for limited searches, and is expected to be annotated ‘and
edited in'1978. See Figure 4-for a typical record in the GRID/BDMS format.

Geothermal Energy Exploration and Evaluation -

The current bibliographic 'file contains over 500 records, and is on line
and ‘available for search and data retrieval. ‘Recérds are annotated using
indexing terms taken: from a thesaurus of controlled descriptors. An example

of the use of this file is given in Reference 5.
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This bibliographic file is the result of a comprehensive literature - .

search, and contains 1nformat1on which can be used to establish the current vafyu

L8

status of data covering the following main categories of exploration,ﬂ‘

- evaluation and energy conversion:.

Geological Surveys

Regional geologic evaluation-
Geologic interpretation
Surface geologic mapping
" Volcanic and-intrusive igneous rocks . : .- o LLooosi e
Stratigraphy ' T
Structural geology R
‘Surface hydrothermal alteration o ) T
" Economic mineral deposits -~ " CabEL L T

Hydrologic Surveys

Surface water
distribution
physical properties
rates of flow and water levels
quality

Subsurface water
recharge and discharge characteristics
physical properties
characteristics of aquifers
models of deep circulation
quality

Meteorology of geothermal areas

Geochemistry

Geochemical thermometers

Isotope studies

Radiometric age-dating

Sampling and field analytical methods
Analyses of thermal fluids

Analyses of thermal gases
Interpretation of reservoir conditions

Geophysical Methods

Regional geophysical compilations
Electrical methods

resistivity

electromagnetics

tellurics
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Magnetic methods . .-

Gravity

Seismic methods
passive
active

.. Thermal measurements .

surface temperatures
temperature gradients
heat-flow determinations

AR I

Dr1111ng equ1pment and techniques
...Sampling.and logging - e
temperature surveys
-, - sampling-of .downhole. flu1ds
electrical and other logs
1ithologic..1ogging and-sampling
Est1mation of downhole parameters
. ...stratigraphy and structure. -
porosity and permeability
. fluid ,composition and.characteristics
“formation temperature and pressure
- Relationship of.surface and.subsurface data- & . -

Land-use Factors

Land ownership and existing land use
Physical conditions .
accessibility and terra1n
climate
Land-use p1ann1ng
Water supply and water rights
Environmental constraints
emissions and noise
seismicity and land-surface subsidence
- biota
recreational use K
historical and archeological values
Proximity to markets and electric transmission lines

Evaluation

Comparison of exploration and evaluation techniques
Success ratios in exploration ’
Estimation of geothermal reserves
high-enthalpy fluids
Tower-enthalpy fluids
hot, dry rock
fresh-water from desalination
recoverable minerals
Modeling of geothermal systems
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Problems in geothermal exploration and evaluat1on

Land-use and environmental factors

Costs of exploration and evaluation

Case histories
Figure 5-is typical record contained in the Exploration database in the
GRID/BDMS format. |

Resource Energy Conversion File

Numerical and descriptive data are extracted from our Exp]orat1on and
Evaluation file to provide information for the status of data on resource
energy conversion. The file provides the user'w1th current 1nfbrmat1on
covering the following main categories: location, resource parameters,
operational parameters; fluid transmission; exp]oration and. development, well
logging; well production; environmenta], scaljpg and corrosion aspects;
reservoir engineering; land use factors; ledai aspects; and injection well

data. See the draft format in Figure 6.
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Brine Treatment File

The brine treatment bibliography was a joint'deveiopment of DOE and
EPRI; it is aVai]able for computer searches of the fo110wing categories of
information: geothermal fluids, methods for treetment to control scaling
and corrosion,:and‘methods for removing pipe scaling. Figure 7 shows two
typical records. B |

Study of Brine Treatment

The'objeotive of'the projeot was a critical survey of methods useful
for treating geothermal brineS'to control scaling and corrosion,‘and for
fluid injection purposes. The approach used was~a}critica1 survey of current
data covering brine treatment methodology whereby the geothermal literature
was covered in a comprehensive manner, with selected 1iterature‘inc1uded from
‘the 011 field, waste water, and boiler water industries to provide information
where the geothermal data were either lecking or insufficient. The project
work involved screening the world literature for data dealing with brine
treatment methodology end storing the references on computer tepes. The
. results nere used to provide 1nformation for a survey of methods of brine
treatment (Ref. 2, 6). I

Present methods for controIling sca1e dpeos1t1on and. mater1als corrosion
in the geotherma1 industry are mainly cleanup. and replacement of pipes and
x other components on an as- required bas1s Scales (e.qg., silica, sulfide) |
from hot br1nes are usually removed from boreholes by ac1d1zing or ream1ng,
those in piping are mechanically removed by w1re-brushing or by using scrapers.
Materials rendered unserviceab]e by corrosion are replaced with new parts.

There is a current effort on treating geothermal fluids to minimize

silica, sulfide and calcite deposition»from fresh brine, and to remove arsenic
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and silica pr{or to spent brine disﬁoSéll Thése include fhe‘following:

(1) addition of cold dilution water to freéh fluid to reduce silica scale;

(2) a holding tank for spent brines to allow deposition of silica in the

retention tank, thus reducing scale in the transport lines or in an injection

well; (3). coagulation to remove arsenic and silica prior to disposal of the

fluid tovthe‘Waikato‘River. o . o . o

Research and development aétivities centered}around‘géothermaI écéle and
corrosion control by treatment of brines have been increasing within the past
two years. A brine treatment program might include the fo]]OWing:

1. Characté?jzafiqn‘bf br}neiChémistny and deposited écalé,combosit16h fo
help determine the causes and possible means of control. The scale and
corrosion products reflect the variable}brihe éompOSition, and treatment
methods can;thenvbe'devised for:thé{prOductiqn‘fluid and for the method
of disposal.'..i ‘ | o

2. Basic laboratory investigations on the mechanisms and rates of scale
formation due to corrosion or scale deposition. Basic data are transferable
to all geothermal sites and will be needed to select, for example, additives
and materials which would control scaling and corrosion.

3. DeVejbpﬁept5of jnstrumeqts,to,monitor the important geothermal brine scale
and corrosion parameters (e;g.,rsilica, PH, HZS)’ The in§trumeqt_s§nsors
should be sufficiently rugged to monitor geothermal fresh fluids in a
reliable manner. R ‘

4. Corrg]@tidniéf;1a§or§ﬁ9ﬁy7te5t results with actual tests in field conditions.
In this way, predictions based on laboratory results can be verified and

incorporated into brine treatment programs.
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5. Development of laboratory screening methods for commerciaily'avaiiahie“;?“-
scale and corrosion inhibitors to evaluate their effect1veness under |
geothermal conditions. The inhibitors shou]d be useful at the elevated ?

temperatures and pressures encountered ‘in’ geotherma] systems and should ;

not react with brine constituents.

Noncondensibles‘Databank D o
A numerical computer file cOntainihginumérical‘data‘on noncondensibte;f o

gases covering mainly HZS and 002 at geotherma] areas was 1n1t1ated Thevgf

file covers the Wairakei geothermal f1eld, and is constructed to 1nclude thef:;;;

fo]]ow1ng data: geothermal well 10cat1on, samp11ng method, samp]e ]ocation,ft

well-head pressure and gas output. Future geotherma] areas to compr1se the ;i

databank will include all domestic geothermal sites and add1tiona1 non-U. S

sites such as Lardarello and Cerro Prieto. “Figure 8 shows a typical record

“taken from the larger Wairakei noncondensibles file. See Ref. 3.

Fluids Chemistry File

The geothermal reservoir fluids chemistry numerical databank was developed
jointly with the LBL Geoscience Engineering program and is available for searches.
The file includes the fo]]owing data on‘hot water fluids: chemical composition
(e.g., C1, HC03), physical characteristics (e.g.,'pH). well name and location.
See the typical record i]]ustrated in Figure 9. |

Information Exchange with Other Data Centers
~A. Domestic . | |

GRID is coordinated with three other U.S. data centers working to
facilitate the:colieCtion'and exchange of information on geothermal energy

research and production: the DOE Technical Information Center (TIC) at Oak
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‘Figure 8 .

RECORD &4t
BASIC=-INFOS3
COUNTRY = NEW ZEALANCY
KGRA =z WAIRAKEI GEOTHERHQL FIELD‘
WELL = &4/13 ; , :
HELLHEAD PRESSURE = 2003
UNITS (WELLHEAD PRESSURE) = PSIGY
SEPARATING PRESSURE = 2003
UNITS (SEPARATING PR-SSUQE! = PSIGY
ENTHALPY = 450¢
UNITS (ENTHALPY) = BTU/LBS
STEAM DUTPJY = 30.000¢%
UNITS (STEAM OUTPUT) = KLB/HF§
GAS IN STEAM = 0.370008%
UNITS (GAS IN STEAM) = NZIGHT PERCENTS
SAFMPLING=INFOS
ME ASUREMENT DATE = OECEIMBER 19593
'SITE = GAS IN STEAM AT SEPARATING PRESSURE8
NONCONDENSIBLE GASES? .
UN ITS (NONCOBDENSIELE GASES) e HILLIHOLES/iOO HOLES%
H2S = 5,9000% '
C02 = 1564303
BIBLIOGRAPHIC DATAY = .
SHCRT CODE = GLOVER 70v

Gh
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RLCORD 2%8
CODE NAME:=MAGHMAMAX L&
SAMPLE TYPEzWATER

NELL MAGMAMAX 1
'SALTON SEA KGRA -

| LOCATION=- T11S, Ri3E, SEC. 33, 1120FT Es 200FT Ny FROM S CUARTER

' CORNER« -
IHP;RIAL COUNTY: CA-. USA

HELL INFORMATION |
-~ OWNER== IHPERIAL MAGMA (MAGMA POKWER COe) @ :-
LESSCc--SAN DIEGO GAS ANC ELECTRIC CO.
DATE DRILLED==- 6 JAN 72 - 21 JAN 72+ - = : '
U.S. BURLAU OF MINCS AND SAN GIEGO GAS AND ELECTRIC co. ARE
- WORKING ON DEVELOPMENT OF MAGHMAMAX fo .

WELL:DATA - . . o
CEPTH ==-== 875 METERS
TEMPERATURE .- 2&. :C AT KWiLLHEAD.
265 C AT MAXIMUM
- FLOW INFORMATION=-=: HIGH AS &CG-5G0 GFM REPORTEO.. S50 GPM AT 350
PSI AND 240 C. 542u0C LB/HR AT 16J PSI, 13 PERCENT STEAM.
; fPﬂooucrﬁqu,INTgRVAgf-,uLLL,CAsap,To 686My (PLRFCRATED 54&4=686M,

_SAMPLING INFORMATION .. .
DATE== 13 - 16 JUNZ, 1976
SAMPLE NUMBER, . LA30RATQ8)-éhQ.Sg.BUREAUwOF:HINES MOBILE: CHEMISTRY
" LAB. o I
SAMPLE LOCATION=- WELLHEAD
SAMPLING METHOD-- SAHPLE ORAWN FROF PORT AT SIDE OF PIPE, COOLED,
COLLECTLO INTO 1L NALGENE BOTTLES. _ATOMIC ABSORPTION
"SAMPLES 'COLLECTED INTO CONC. HNE3. ' CAREONATE SAMPLES
COLLECTED INTO 3 PERCENT HNO3
CONDITION OF WELL DURING SAMPLING-- LARGE FLGH nAr;--uca-soo GPH.
PHYSICAL DATA = 7 oh moie o ' '
PHE 5,16 PH RANGL= ¢=411 .. regp‘ougxnc gEAQIN§=_AMBIENT
OTHER ADATA-- N - M . B R T et SRl L - H
ENTHALPY = 250 CALIG._JJ\”-: ‘

' BRINE DATA

METHOD OF ANALYSIS=- ATOMIC ABSORPTICN, STANDARD ADGITION HETHOD,
AVCRAGE OF 3 RUNS. CL BY TITRATICN. |

CUNITS=-=-PPM-
i CONSTIT= * ' -CONCEN=" fsﬂik:j‘:ll?
) U;NT - ’ - TRATION COHHENT
NA 4620' +-e‘00
K 7360 +=6llb
LI 192 ¢=-17
S CA e 1618050 . ~e=13200
cL 135930 +=3570
CHCO3: o Lat2: 4=1570y TOTAL CARBONATE
cu 77 ¢=-29
Fi 273 +-68
P8 59 - ¢=15

SR 415 +-98



Ridge, the GEOTHERM prOJect of the U.S. Geological Survey in Menlo Park, and
Geopressure Geothermal System at the Un1vers1ty of Texas, Aust1n The data
systems of TIC, GEOTHERM and GRID are coordinated for data co]lect1on‘and
dissemination, with GRID serving as a clearinghouse, . haviog acoeSSLtorfiles
from a]] geothermal databases including both numer1ca1 and bib]1ograph1c data.
GRID interfaces with DOE/TIC for b1b11ograph1c 1nformat1on and with the U.S.
Geological Survey for certain site-dependent numerical data. An interface is
maintained with the Geothermal effort at LBL, other data SOurceSASuch as the
,Environmental Protection. Agenqy database, the Nat1onal Standard Reference
'»Data System-and similar research efforts and institutions for the collection
of basic numerical data. The work of these other information systems are
included in the GRID‘system.thereby avoiding duplication of effort.

B. International

JWhenLDOE was formed it retained responsibility for the UfS.-Italy bilateral
information exchange agreement, a result of the earlier NATO[CCMS pilot study
which was initiated at a CCMS meeting held in New Zealand in 1974, whereby
the attendees had agreed on a pilot study for the exchange and collection of
worldwide information regarding. the development and evaluatioh Ofvgeothermal
energy resources (Ref. 7, 8). _ o B

Under the initial NATO/CCMS agreement GRID acted on behalf of DOE to
provide the Italian data center, CNUCE/Pisa, the fol]ow1ng typ1ca1 mater1a1

1. Computer tape containing the TIC geothermal b1b11ographic f11e from

the Energy Data Base.

2. Computer tape and printout containing the GRID f11e on geothermal HZS'

3. Thesaurus, developed jointly by GRID and the LBL Informatlon Research

Group.
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In 1977, exchange activities continued: a tape of the fluids chemistry
file was provided to CNUCE under the Italy-U.S. Bilateral Data Exchange. ’iﬁ !
addition, Central and South American contacts were established via CCMS
printouts of the. flu1ds chemistry data were sent to over ten Latin American
contacts | Material was received from COSta Rica, and sent to both TIC/Oak Ridge
and GEOTHERM/Menlo Park In turn, GRID received a computer tape from Italy
containing geothermal references B R R
Conclusion .

The results of the 1n1tial CCMS pilot study and the follow-on bilateral
agreement demonstrated the effectiveness of the pilot study concept as applied
to the exchange of geothermal 1nformation on a worldw1de ba51s, and the
advantages of computerized information systems for this k1nd of operation
The success of the work required the cooperation and coordination of many
agencies and data centers on the part of each participating nation i In‘the
- u. S., fOr example, those involved in coordinating the proaect were the Department
‘of Energy, Department of State, Env1ronmental Protection Agency, U S Geological

Survey, and Lawrence Berkeley Laboratory of the Univer51ty of California

Recommendations for Future Work on International Information Exchangi o

o The primary obJective of the CCMS Pilot Study on data exchange was to

- create an international geothermal energy data base, a pool of information from
'which all countries may draw The difficulty does not Tie with de51gn1ng the
data system but rather w1th the mechanics of securing and coding the 1nformation
Most participants are eager to contribute to the file but balk at the tedious

and sometimes formidable task of coding forms for the computer This 1s under-
standable because such coding could create a drain on manpower and funds Future

work in data exchange must face the reality that respon51b1lity for coding lies



w1th the data center

Recommendations for this and other future work 1nc1ude the fb]low1ng
_11 Participating countries shou]d co]]ect copies of data (e. 9.5 1nternai
oifreports, manually logged data) for transmittai to the de51gnated computer .
| centers This 1s espec1aliy important for data that is not w1de]y -
circulated and may be either inaccessible or difficult to obtain. This _
~data is important for evaluation and calculation'of energy parameters and
'should'be included in the information exchange. o N h "

‘2. The data centers responsible for maintaining the computer tapes shouid

| fi]l out the input format forms. Participating countries would be
required on]y to provide the necessary copies of reports and other data.

| The computer centers should therefore make provisions to add needed staff
to code the information. ‘ 7

3. The time_taken to exchange or transmit material between participating
countries needs to be shortened, and site visits by computer center staff
with an agreed-on frequency (e.g., yearly interval) to collect reports is
required.

4. Each participating country has a different type of data need which should
be;provided by the data centers. It is 1mportant that part1c1pat1ng
countries be provided the data they need- 1in exchange for their reports

| 5. The computer centers should contain two types of information: (a) data
evaluated by the center; (b) data eya]uated bonthers. Whiie it is not .
possib]e to critically evaiuate all data within reasonab]ertime frames ,
users of the data should be aware of the sources of the 1nformation J

. 6. Priorities in the acquisition of data shou]d be established For exampie, \ '
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given the choice between data in publications and data in unpublished.
fi]es, it might be important to concentrate on the unpublished data first.

-Later. the more generaliy availabie data couid be secured from libraries

ot

. Transcribing the data on forms for computer input 1s the most difficuit

trutask Three possibilities seem most reasonable * ffhfe;ruffjfd

a. The data wou]d be copied and sent to the data center for encoding

fb;kPeople wou]d be sent to the countries to encode the information N
+o «available there. ?J fvxs:,oz-f ﬁe, - ia* .arj w'i-ifﬁﬁﬂ c;,; S
c. Funds wouid be provided to the country S0 1t may hire staff to do

B SR
B EE A
‘

the encoding

.”A system of: responding‘to the participating countries shouid be organized.
- “Such a task may inciude a news]etter and periodic retrievals from the file.

.’Provide computer expertise to those deveioping nations which currentiy

lack.such: capability Large quantities of data are handled most effective]y
via a computer medium (e g s magnetic tape), it is therefore 1mperative
that computer expertise be initiated by nations which currently lack this

capability.
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Section III. Environmental Information
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Introduction

The environmental information activities of the GRID program include -
development of computer files on environmental aspects of geothermal energy
which provide the basis for reports on the‘cuhrent status of date. Environmental
aspects in 1977 were mainly the fb)]owing: (1) hydrogen sulfide emissions;

(2) noncondensibles emissions; (3) subsidence; and (4) boron.
Generally, for each environmentai parameter, both the computerized data-

base and status of data report provide information on: (1) sources, (2) control

, methods;'(3)'measurement and monitoring techniques, (4) effects on man, animals

and vegetation, (5) regulatory considerations and environmental standards, and
(6) references to the souroes of the data used in the reports.

In 197?, the GRID environmental file was on line for searches covering
the following new and updated'SUbsets:

Hydrogen Su1f1de Database

Geotherma] vapor and hot water fluids contain a fraction of noncondens1b1e
gases composed mainly of carbon dioxide with lesser concentrations of hydrogen

sulfide and other gases 1nc1uding methane, ammonia, nitrogen, hydrogen and ethane.

~ The interest is in HZS aspects of materials and environmental effects. A]though

this file highlights‘the geothermal aspects of hydrogen sulfide, substantial

references from other sources of HZS are included 1in the file; for example:
petroleum refining.»smé]ting of sulfite ores, the manufacture of Kraft pulp and

offal rendering plants. 'Currently,_theltopics referenced'in_the hydrogen sulfide

file cover the following: ~sources, monitoning»methods emission control, en-

.:vironmental effects, hea1th effects, pathways in both the air env1ronment and

the water env1ronment. The hydrogen sulfide fi]e is the result of an initial



screening of the wor1dw1de literature and new citations wi11 be appended

per10d1ca11y

Land“Subsidence'Fiie;{ et

The land subsidence File s on Tine and available for Yestricted searches.
Topics in the File are subsidence resulting from ground water overdraft and
petroleum production, as well as subsidence which is possib]y assoc1ated w1th
geothermal fluids withdrawal. - R AR

Brine Treitment Database

The brine treatment file is available for computer searches to include
the faiibwing‘aféas?7féoaguiatianiﬁétﬁoasz'%iii?&tion; ‘and aeration to remove

dissolved gases.

Noncondensible Gases Numerical File

}' A numerical file containing data on noncondensib]e gases (e.g., HZS COZ)
at geothermal areas is in preparation. The f11e is constructed to include
‘descriptive information such as geothermal well location, sampiing method and
sampling date “The file also includes technica] information such as we11 head
pressure and gas output A sample subset on the Wairakei geothermal field 1s
on line for searches to interested users Future geothermal areas to comprise
the file w111 1ncTude a11 domestic geotherma] sites and additional non—U S

| sites such as Lardere]lo fie]d in Ita]y and the Cerro Prieto fie1d in Mex1co

Land Subsidence Databank

= ot S Pea sl ~r~;_"‘
- \' LA ‘ NS

1977 saw deve]opment of the status of data fi]e on geotherma1 and other
land subsidence in coordination with the LBL Earth Sciences Division sub51dence

effort. A draft of the initia] entry covering Wairakei is shown in Attachment IV.
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Copies of this draf;twere sentr(in,early 19?8),toAth¢ following forAcomments:
DOE/DGE staff, USGS/Sacramento; and New Zealand Department of Scientific_A,
and Industrial'Research, Wellington. | Any comments will be incorporated 1nto ‘

2 f1na1 format, which, w111 be expanded to include all ava11ab1e data on

geothermal fields, and .relevant non-geothermal data, e.g., oil and gas, ground

water overdraft. .

Fluids Chemistry File

The fluids chemistry numerical file developed with the LBL Geoscience
Engineering program is available fpr searches. The file contains data on
the chemical components of geothermal hot waters pf environmental interest

(e.qg., HoS, boron).
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Section IV. The GRID Documentation System
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Introduction

The GRID documentation syStem (GEODOC) is computer based and contains
the descriptive cataloging and indexing information for material processed
by the National Geothermal‘lnformation Resource. The descriptive cataloging
,.techniques are based on those of,the International Nuclear Information System
(INIS) of the International Atomic Energy Agency. See Table I. Each record
contains the descriptive cataloging, abstracting, and indexing information
-Acorresponding to a single document; the information within a given record is
‘subdivided into data elements, some of which are indexing keys. Table I and
the coding form in the Appendix 1ist the definitions of all the data elements
which may appear in a GEODOC record. Some data elements (e.g., author's name)
can occur repeatedly within one record; an "m" in the third column of Table I
»indicates that such nultiple occurrences are allowed. The tag used to label
tne‘data elements within a record is shown in the left hand colum of Table I.
The system is managed by the Berkeley Data Base Management System.

The data elements bear certain hierarchical relationships to each other;
kthe structure is indicated in Table I by 1ndenting the tag names of subordinate
data elements and placing them after their parents. - Data elements are input

to the system in any order except that subordinate data elements must follow
| the occurrence of their parent with which they are assoc1ated

Data handling using computer techniques applied by GRID for geothermal enefgy
‘have wider applications. In 1977 and early 1978, organizations expressing
interest’in GRID developed data handling tecnniques included the LBL Earth
Sciences Division;-the LBL Information Research Group; Geothermal Data Bank,

Pisa, Italy; and the Geopressure Data Bank at the University of Texas.
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> .Yable I. GEODOC Data Elements -

JLBL INIS St o ¢
1Tag Tag | m*] n° Dato Element Defmmon
sSC 008 document short code umque identifier for document
TY |+ |. type of document/bibliographic levels/literary indicator
DES-CAT m | n | delineates information for one bnbluogrqphnc level
BL 009} . -] biblicgraphic level indicator - i St
PT. 200 primary title (transiated into English if necessory)
PS 201 primary subtitle (translated into English if necessary)
TA . -620 -} title qugmentation .. R
L 600 -language {for non=English document) o
oT 230 original-title {non=English) or journal/series title
os 231| ...] ... | original subtitle. (non-Enghsh) or: 3ournq|/sernes subtutle
ED 250} . o] edition oo s ; e ;
CODEN journal CODEN - :
AUTHORS m n -|. delineates. outhor-ofﬁhotuon group
AU 100 m . author’'s name - .. .
AN 100 author note (ed.. comp., eds.. comps.)
AA 100|{m author's affiliation.
oo . AC .. 700] _affiliation'code '
LCE ... ] . 110|m corporate entry .
cC 710 corporate code ; i
DG 55N A -academic degree
SPO S {me sponsor - .. i
SPC . sponsor code
SCN m sponsor contract number
RN 300 report or patent number
SN 310|m secondary numbers
INT 320 International Standord Book Number or Palent Code
PUB. . |.-.402 publisher ... . s fasenin mlint o :
PUP 401 place of publication. ' v iy R
PUD 403 publication date
coL 500 collation (volume. issue, page)
N 610 note
coT 210 conference title
COP 211 conference place
CcOD 213 conference date
AV availability and price

Continued on next page.

. ae
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Table I. GEODOC Data Elements (Continued)

IN

. . [
LBL |INIS| s
Tag Tag m*| n; Data Element Definition
IREL-REF | m | n| delineates lnformction for onc relatcd reference.
- RL - : ‘relator IR , v
- RLR - ' -relationship and rofcroncc , - o -
- RSC - i B - related short code ‘ B

ABSTRACT : m | n! delineates one abstract

ABS - i 1| ebstract
- ABSO. . . m | i obstract source : :

INDEX : m | n; INDEX.1i general indexing. INDEX 2. 3...N sp!its
ca i tm 1 | category/qualifier
TICC . . 1 '] ¢ TIC category -

o DE 800, m | | descriptor from thesaurus o |
DD 8600 m data descriptor from thesaurus - :
1D m | identifier -

PD 810, m | - | ‘proposed descriptor i

CONTROL : n | internal LBL data elements !
LA S om loca! availability *

BR : borrow/return g
DCSO {en ! descriptive catalogers lnmcls. date and comment
AlLSO t m . abstractor—-indexers initials, date and comment
DATA-FILE ) ' data file name : i

POT tm { 1 date descriptor for potential data . '

m i
i

datc ducriptor for included data

*m~-This data element may have multiple entries
*n-This data element contains no value and need not be entered on input. It
serves to delineate a group of data elements.

23
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Establishing standards for the types of information to be carried in "
a record :is highly desirable:..:.Probably the most difficult aspect israntici-
pating the-degreekwithgﬂhich*ﬁnfofmation“shou1d*be‘délimited. As an example,

some bibliographic systems tend to .include 5nfnne:undelimited;fieldfallaof¢i

e“the journa1ireference~information while in others ithe: journal.name, volume, -
. issue,: page and date-are in separate fields. . The higher the degree of: - ..

f;useparatiOnvof discrete units, the greater the flexibility.:in manipulation

(including,format;checking)»possib1e.\vIn.ofder t0?producéfdata that can be
used bywotheragrbUps,.GRID'follbws<the:INISllist of -types of data. :.The two-

majdriStumb]ing:b]ocks toAadoptiohfof;a.standard list of ‘data elements are the

“investments «in existing systems, and the costs. of processing:a detailed:.

~5structure‘whosefvalue@mayknotfbeaappareﬁtﬁinitially:;:It;is~theref0rerimportant

that new data’céntérs use standard coding procedures such as those 'of -INIS:in

‘the early ﬁ'fOY‘mat'ive'?Stages; B I TR LU S S T RTINS R ST S

- One-area:is .in standardizing and ‘updating contents of the data.fields. '

These specify, for instance, the order of ‘authors' names; -abbreviations for

journal ‘names; ‘forms .of -institutional names; ‘and .codes for recurring informa-

tion;wsuch.agsjournaI;CODEN;aporporate'authorsidentifiers, andgéountry codes,

which are a finalwﬁheck:on:the;consistencytmfsthe;entriesé(SeéiAttachment V).

nghe<majqc‘advantage:of standardizationginsthis%areafis easefof:understanding

and unambiguously :searching the'data.fwProbablyathé:most:difficult*standardiza-

~:ition problemlin'bib1iographfc'WOrk;CentersfOn?nEanssofudescribingﬂthe subjects

of a document; this includes bothrthe:style of the subject:description and
the;particularxtermsfbrxcategories>used;‘-a:;ﬁ.tu cnbiohyn Dusliynn

: ek
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Conclusions -

. Standardization of data for interchange means that a: product generated
for-qne set of users can be used with minimal effort by a wider community. -
Aspects subject 'to standardization include physical characteristics of the -~ -
medium of exchange; overall structure of the file; structure‘of the individual
records; types of infdrmation to be included within a record; and style of the
information and authority files associated with -it. Standards- for ithe exchange
of bibliographic data (e.g., INIS) are well established and in active use ‘.
throughout ﬁhe world. GRID utilizes these standards for bib1iographiC'work;
thus enhancing the value of its product and promoting the active interchange
of data with other groups.: Similar geoscience data standards would result in
an even wider level of compatibility for the interchange of data. Future work
on data standards might include:

1. Standardized data elements developed by a consensus between users and
data centers. This would facilitate the collection, exchange, and
utilization of geothermal information.

2. Uniformity in magnetic tape formats. Time and expense devoted to
running a tape from one data center so that the tape information can
be utilized by another data center would be minimized. : -

3. Delegation of responsibility .to each participating data center for one
or more aspects of the exchange program. For example, it may be . |
desirable to have one data center put all of one type of data into one e

- acceptable format for dissemination to the other participants..
4, Continual updéting of authority’listé so that they are compatible .

-

with current usage. For example, many nations have changed their -\~=j
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methods - for mail :addresses (e.g., ZIP codes), and these changes
should be reflected promptly by a change in the authority list.

5. One set of commonly accepted un1ts for reporting phys1ca1 measure-
ments. Conversion of many units to a common unit is a t1me-consum1ng
procedure which also impedes evaluation 'of the data.

6. Develop@ent:ofitagsﬁorgflagevto 1ndicate the levelﬁoquuajitxhofﬁ
numericai data may be desiraple,u_then, erroneous ,or unevaluated data
are worse than no data at all. - T

7. A listing of data descriptors in a thesaurus of .terms.which will impart
to the user an idea of the magnitude of the numerical data;.the,ex-

Q;,gperimental procedure used to obtain the data, and the materials (e.g.,

»Achemicals) used in the experiment

References

&

J.d. Herr, S.L. Phi]]ips, S.R. Schwartz, T.G. Trippe, "Standards for Multi-
lateral & Worldwide Exchange of Geothermal Data", Mathematical’ GeoIogy, vol. 9,
no. 3, p. 259 (1977) R TR AT engn aran. ;

S. R Schwartz, "GEODOC - The GRID Document File, Record Structure and Data
Element Description”, LBL-4432 R-1, 1978 (in preparation). S

? g ‘Perra and J.J. Herr.'“Geotherma] Thesaurus", Draft form, LBL-4841 Apr11
976. EMO DT L g Tmiaen st ,

,,,\;. f wo BESD R



=60~

Attachment IV _
NATIONAL LAND SUBSIDENCE/RECORD 1t
GECTHE RMAL INFORMATION WAIRAKSI GEOTHERPMAL FIELD \_/
RESOURCE NEW ZEALAND
MARCH 31, 1978

TAG DATA ELEMLNT " DATA ENTFY
&, GENERAL INFORMATION (GI)

6Ic1o FIELD OR AREA ” | WAIRAKEI GEOTHERNMAL FIELD.

TR
NS

GI020  NLAR:.ST COMMUNITY = = ROTORLA"
GIi3¢C  CISTRICT OR COUNTY

GIOLO  STAT: OR PRCVINCE

GI05¢ cdunrsv : NEW ZEALANDS

Gloeo - GEOLOGIC SETTING © WAIRAKFI GEOTHERMAL FIELD IS UNDER-
LAZN BY A NEAR=FLAT, QUATERNARY,
ACID VOLCANIC ROCK SEQUENCE. MAIN
PRCOUCTION AQUIFER IS ABOUT 1500 FT
THICK PUMICE ERICCIA (WAIOKRA FORMA~-
TICN)e FUOSTONE/SILTSTONE (HUKA FAL-
LS FORMATION) FORMS THE COMFINING
6ED (EBOLTON 73)%

GIo7o HYDROLOGIC SETTING

GI080  SUBSIDING AREA 112 DEG /212 CEG S;

LATITUDE/LONGITUDE
GIDS0  SUSSIDING AREA

~ TELEVATION -

GI100  GZOLOGIC MAPS SLE HATTCN 70+ HINT 70, HuNf 708, AND

OF ARER HUNT 773 | | L
GI110  COMMENTS | o | . A <

B. SUBSIDENCE CAUSES AND MECHANISHS (CM) | o .
CMB10  RESOURCL TYFE GFOTHEKNMAL HOT WATER;

WITHORAWN
CMO20  YEAR PRODUCTICN 19583 -

BZGAN o
CMO3{  SUBSIDENCL MLCHANISH BOTH CONTINUATION AND LOCATICN OF THE

SUBSICENCE IS UNEXPLAINEO. MASS RE-
CHARGE KAS <50 PERCENT FOR 1958-1963
s ANC HAS BEEN ABSOUT 90 PERCENT SIN-



CHOLO

'CﬁﬂﬁiN?5}7i:ff3

. CE 1S€6. TEMPLRATURES AND' PRESSURES
IN THE FIELC HAVE STABILIZLD SINCE
1966, SUBSIDENCE MAY NOT BE RELATED

YO GEOTHERMAL HOT WATER WITHDRAWAL
+ BUT RATHIER TO NATURAL CAUSES, SUCH
ASs (1) FFOM SLOW DRAINING OF NEAR-
SURFACE (<01 KM) ROCKS IN RESPONSE
YO WITHCRAWAL OF WATER FROM THE DEE-

. PER (>0.3 KM) PROJUCTION ZONE,

- 42) FROt THERMAL CONTRACTION CAUSEC
~BY TIATRUSION OF COLD WATER INTO HOT

* ROCK IM THIS AREA (HUNT 77)3

"' C. SUBSIDENCE DATA (SG)

SD010

SD020

SD030° -

SDC&4¢

sooso -

SO 6L

sou7e

sposo

S0090 -

sD1ge

sO11¢0

SDIZD_“

SD130 -

f

LAND USE

vrAR SUBSIDENCE

(FIRSY OBSERVLD - - -
<uasxae~c* ARMA;T o
AVIRAGEL SUBSIDENCE

PAXIUM SUBSTOENCE
SUBSIDENCF.

H#CRIZONTAL GROUND

MOVEMENTY

HCRIZONTAL GROUND
MOVEMENT RATE.

TOTAL Puscuacg s aima o
"WITHDRAMWN

NET RISOURCE
WITHORANN

BVERAGE R:SOURCE
WI THORAWN

'GROUNDWATER LEVEL

DLCLINF

J

RATE

DR

 AQUIFER:PRESSURE

CDECLINE ©

INOUSTRIAL--CEOTHERNAL POWER PRODUC-
OTIONS .

VERTICAL(1¢5€)s AND HORIZONTAL(lQGS)

" (HATTON 70, AXTHANN 7413 -
fﬂgss KMZ2 (1956-1966) (HATTON 7013
045 M (1552-1954) (STILWELL 7503

3.7 M (1S56-1974) (AXTHANN 7413
2.4 M (1852-1964) (STILWELL 75)%

13405 M TC 19€7 -(BOLTON 734HATTON 7003
" 4eS M (1964~1974) (STILWELL 75)3

36 CM/YR IN WAIORA Foanarton (1964~ "
1977) (PRITCHETT 76813
MAXe 4O CH/YR TO 1967 (HATTON 7003 .

MAXe Oe8F (1956-197&) (STILKELL 75)3

" 653 BILLION KG MASS TO' 1968

“(HATTON 700
S€0 BILLION KG MASS (1950-19i0)
(HUNT 7003 ~,“ o LE

161 BILLION KG HASS (1950-1961)1 234
BILLION KG MASS (1961-1967), AND 3E
BILLION KG MASS(1967-1974) (HUNT 77)3

48 BILLICN KG MASS/YR (STILWELL 7513

2047 BARS (1950-1967) (HATTON 70)3



SD140

SD150

SD160 .

oCo10

Dco2o
DCo30
DCos0

ocesc

MCo10

MCo2e

MCG3C

MCO4D

MC0S50

AQUIFER PRESSURE. = 1.77 BARS/YR IN WAIORA FORMATION
OECLINE RATE . (19€4=1ST77) (PRITCHETT 768)3
SUBSIDENCE CEMTER 460 M FRCM THE NEAREST WELLS AND 1830

LOCATION : M FROF THE REGION OF GREATEST DRANW-
S : . CFF (BOLYCON 73)3

60HkiNTS :  AREA OF MAX. SUESIDENCE (SUBSIDENCE

205 M) LIES OUTSIDE THE MAIN PRO-

CUCTICN FIELD AND IS ABOUT 1 KM NE

OF THE CEANTER OF THL BOREFIELD
 (HATTON 70 AND HUNY 77):

REGION OF LARGEST PRLSSURE DROP LIES
GLRECTLY BELOW THE MAXIMUM SUBSIw. ::
CENCE AREA (PRITCHETT 76)%

AVERACGE RATIO OF SUBSIDENCE VOLUME TO
FLUIC DFAK=-OFF VOLUME FOR THE PERIOD
1967-1971 WAS 0.0076 (GLOVER 741}

D. SUBSIDENCE DAMAGES AND COSTS (CC)

TYPE OF DAMAGE ' PIPCLINES==CHANGE IN DISTANCE BETHWEEN
PIPE ANCHCRS OF EXPANSION LCOP IN
STEAM MAINS AND CONCRETZz ORAINS
CRACKING (HATTON 70)3

" ESTIMATED DAMAGE

COSTS
DAMAGE CONTROL - REPLACEMENT CF STEAM PIPE KITH SHORT
MLASURES | "LENGTHS OF PIPING (HATTON 70)3%

ESTIMATED AEATIMENT
OR CONTROL COSTS

COMFENTS
E« SUBSIDELNCE MONITORING AND COMTROL (MC)

LAND SURFACE PRECISE LE\MIL N‘THORK--EVERY 3=&
MONITORING - ' YEARS FROM 1956 TO 19684 IN 1972 AND
IN 1975 (HATTON 70y STILWELL 75)%

HCRIZONTAL DISPLACE~.
MENT MONITCRING

VZRTICAL OISPLACE-

MLNT  MONITORING

OIRECT MONITORING
INSTRUNENTATION

GRAVITY MUASUREMENTS GFAVITY CIFFeRENCES OF 0.5 MGAL (1961
=19€7)s AND 0.1 MGAL (1967 1968) ’
(HUNT 708)3
GRAVITY CHANCGLS MEASURED IN THE AREA.
COF MAX. SUBSIDENCE FOR THE FERIOD
1971-1974 ARE SHMALLs SUGGESTING NO
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MCOED

MCCT7L

RPO10

RPO20

RPO30

RPuLE

"RPOS0

RPO&0

RPO70

RPOBO
RF1S0
'k; tub nE
Re1tt
RP120

‘RP130 .

RP1»0

RP15¢

"~ SUSSIOCNCL ABATENENT .

OR CONTROL METHODS
COMMZNTS

" CARGE MASS CHANGE (HUNT 7713
NOT CCATROLLEDS L e

[

THE GRAVITY METHOD IS A CHEAP AND
RAPID MEANS OF MONITORING THE NET
MASS LGCSS FROM A" GEOTHERMAL FIELD
UNDEF EXPLOITATION. IT CAN ALSO GIVE
AN INCICATION OF THi AREA FRCM WHICH

. THE WATER HAS BEEN DRAWN (HUNTY 708B)3

F. RESECRVOIR PROPERTIES (RP).

(WAIORA AQUIFZR, HUKA FALLS AGUITARD AND'

ASSOCIATLD FLUID PRCPERTIES (MERCER 75))

AQUIFER PoRMEASILITY

AQUIFER PORCSITY

AQUIFER CGMPRESSI-
3ILITY

AQUIFER HEAT
CAFLCITY

AQUIFER THIRMAL
CONDUCTIVITY

AQUIFER THERMAL
DIFFUSIVITY

AQUIFER DENSITY

“"CONFINING BED
- PZRMEABILITY .. - . -

"CONFINING BED = . .

POROSITY

CONFINING BED
SPECIFIC STORAGE

“wedT capkoriv of

SOLID PHASE

" THCRMAL CONOUSTIVITY:
_QF.<SOLID-PHASZ - .~ - -

. THERMAL DIFFUSIVITY

OF SOLID PHAQ:

Dkns:7§ oF bOLID ST

. PHASE. -

 FLUID COMPRESSI-

BILITY

KAXX)=K (YY) =1, 00513 H2§ -
PHIZ0.205 .
ALPHA (VERTICAL) =2.90E-10 M2/N3

K® (VERTICAL)=1.00E-14 W23

S(S1=1.00E-03 PER METER? .

C(VS)z0422 (KCAL/KG) «DEG C3%

K(S)=5.20E=04 (KSAL/M) S.DEG C3
RHO(S)=2187 KG/MSE - -

SETA(RATER)=bLe7BE=10 MZ/N$



RP160
RP170

RP18C

‘RP200

SPG10

spoao

SPL3G

SP0«+0

SPOS0

BRG10
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_ FLUID HEAT CAFACITY  _ C(V) (KATER)=1.00 (KCAL/KG).DEG C:
FLUID THERMAL . = K(D)(KATER)=1.553E=04 (KCAL/S).H.
CONDUCTIVITY ~~~ = DEG C} L

FLUIC DENSITY . L o, :
COEFFICIENT OF . LAMEDACAWATER)=5.0DE-0& PER DEG C3

THERMAL VOLUME
CEXPANSION ~
COMMENTS " UNLESS OTHERWISE INDICATED, OATA

‘GIVEN IM THIS SEZCTION. HAS EBEEN TAKEN
- FROM HERCER 753 .

G. SUBSIDENCE PREGICTION (SP)

FREDICTED MAXIMUM
SUBSIDINCE

PREDICTED EXTENT
OF SUBSIDEMNCL

'PREDICTED SUBSIDENCE

RATE

PREDICTYIVS MOTEL
USED

COMMFNTS
#e EIBLICGRAPFIC REFERENCES (BR)

SOURCES )
AXTMANN 7&
AUTHOR(S)= AXTMANN, ReCe$

TITLE- AN ENVIRONKENTAL STUDY OF THE WAIRAKEI POWER PLANTS
REFERENCE= FLL REPORT NO. 445, DSIR, PHYSICS AND ENGINEERING
LABes NEW ZEALANCs; 38 Pe (1974)3

: _ , e o 3OLTON 73
AUTHOR (S) = BOLTONy ReSes IR } ‘

TITLE= MANAGEMENT OF A GEOTHERMAL FIELDS
REFERENCE= GEOTHERMAL CNERGYs VHE UNESCO PRESS. PARIS: FRANCE,

Pe 175-184 (1373)%

GLOVER 74
GLOVERy ReBey LETTLR TO THE GECTHERFAL ‘CO-ORDLINATORs GSIRy NEW
ZuALANDy & JANUARY 1976y AS REFCRTED IN AXMAKN T&3

_ 7 HATTGN 70
AUTHOR(S" HATTON. Joehe$ i
TITLE = GROUND SUBSIDLMCE OF A GEO]HERHAL FIELD DURING
EXPLOITATICNS T
REFERENCE~- GECTHERMICS, SFECIAL ISSUE 2 (Z’: P.«129~-1296
(1970) 3

HUNf 70

-
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- AUTHOR(S) = HUNT, r.n..
TITLE= GRAVITY CHANGES AT WAIRAKEI GEOTHERIMAL FIELDo NEW
ZEALAND S
REFERENCE=~ GEOL. SOC. AM. BULLes Ve 81y Pe 529536 (1570)¢

HUNT 708
‘UT"‘IOR(S"’ HUNT! TeMe$ 14
TITLE= NET MASS LOSS FPOM THE WAIRAKEI GEOTHERMAL FIELDs NEW
ZEALANDS
REFERENCE- GEDTHEEHICS; SPECIAL ISSUE 2 (2), P, 487-4S0(1970)3

HUNT 77
AUTHOR(S)= HUNTy TeMa3
TITLE= RECHARCE OF WATER IN WAIRAKEI GEOTHERMAL FIELD
DETERMINED FROM REPEAT GRAVITY MEASUREMENTSS
REFERENCE= NeZeJe GEOLs GEOFHYSes Vo 20 (2)y Pe 303-317(1977)3

HMERCER 75
AUTHOR(S)-'HERC:Ra JeHe$
TITLE= A GALERXKIN-FINITE ELEHLN? ANALYSIS OF THE HYDROTHERMAL
SYSTEM AT WAIRAKEIs NEW ZEALANDS
REFERENCE~ J¢ GEOPHYSe RESes Vo 80 (17)y Pe 2608-2621 (1975)3%

PPITCHETT 76
AUTHOR (S)= PRITCHETT s JasWey GARGy SeKey BROWNELLy OeHes JReos
RICEy LeFao RICECy MeHey RINEYy TeDes HENDRICKSONs ReRe$
TITLE =~ GECHYDROLOGICAL ENVIRONMENTAL EFFE”TS OF GEZOTHERMAL
PON-RK PRODUCTION =~ PHASE IIA:
REFERENCE= SSS=Kk=-77-2998, SYSTEMS, SCIENCE AND SOFTWARE,
LA JOLLAs CALIF.y 17t P. (1976)3

: _ ‘ PRITCHETT 768
AUTHOR(S)= PRITCHETTs JeWey GARGy SeKey BROWNELLs DeHej
TITLL= NUMERICAL SIMULATION OF PRCDUCTION AND SUBSIOENCE AT
WAIRAKEI+ NEW ZEALANCS
REFERENCE= SYSTEMSy SCIENCE AND SCFTWARE. LA JOLLAy CALIF.,
13 P (1976)% - :

| | | |  STILMELL 75
AUTHOR(S)= STILHELLy WeBey HALLs hoeKas TAHHAI, Jo3
TITLZ= GROUND MOVEMENT IN NEW ZFALAND GEOTHZIRMAL FIELCSS
REFERENCE= PRCCe €ND UN SYMP, CN THE CEVELOPMENT AND USE OF
GEOTHERMAL R:SOURCESs SAN FRANCISCOs CALIFes Po 1427-1434
(197513 o

FOR ADDITIONAL INFORMATION courAcr--
AeK oMATHUR
_ LAWRINGE BLRKELEY LASORATORY, 9073117
UNIVERSITY OF CALIFORNIA
'BERKELEYy CA 94720 (USA)
TELe (415) 843-27404 XS714 -
FTS 451-5714
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Attachment V
]
olz 1IREER gla < ol &
2 O-zuE =] 2le
] £ » < [ ol u
HEHHEREEEEEREHEEREEEEEEE
2| S| &l £l 5| E| 5] 5| ={ 5] [<]| 2|80 oEzEEEE.:
elciplrlGcliuaislrelr{T|/[AlM]|S]|C}|/ |K|L|{N|JU|W|Z|Y|E
Type of Record - Biblio. Literary Indicator
Leve! :

| IR } NATIONAL GEOTHERMAL
| =@ | INFORMATION RESOURCE

—

SHORT FORM

GRID WORKSHEET

O 0O

SHORT CODE (SC) .

DES. CAT. SOURCE (DCSO)

DOCUMENT TYPE (TY)

PERMITTED BIBLIOGRAPHIC LEVEL: AorM

BIBLIOGRAPHIC LEVEL (BL)

PRIMARY TITLE (PT)

PRIMARY SUBTITLE (PS)

TITLE AUGMENTATION (TA) -

LANGUAGE (L)

ORIGINAL TITLE (OT)

ORIGINAL SUBTITLE (OS)

EDITION (ED)

AUTHOR (AU)

AUTHOR NOTE (AN)
AUTHOR AFFILIATION (AA)
AFFILIATION CODE (AC)

' CORPORATE ENTRY (CE)

CORPORATE CODE (CC)

. ACADEMIC DEGREE (DG)

Rev, Jaruary 1976
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GRID WORKSHEET

O o[

| -~ sPONSOR ORGANIZATION (sPO) -
|.. SPONSOR.CODE (SPC) ... ... o . B
,SPQNSQ.R,QPNTRAET NUMBER (SCN) N
~ REPORT/PATENT NUMBER (RN)
PUBLISHER (PUB)
_ PUBLICATIONPLACE (PUP) -
* PUBLICATION DATE (PUD)
COLLATION (COL) f
NOTE (N}
" CONFERENCE TITLE (COT) |
© CONFERENCE PLACE (COP)
| CONFERENCEDATE(COD)
" AVAILABILITY (AV) B ] ]
" RELATOR (RL) )
“~ RELATIONSHIP AND'REF (RLR) =T
'RELATED SHORT CODE(RSC) -

. PERMITTEDBIBLIOGRAPHICLEVEL: S.. . .. ... . ... . .. :

|7 " BIBLIOGRAPHIC LEVEL(BL} ~ ™~ ) - - ” .
} TJOURNAL/SERIES TITLEtOT) ™~ = " |7 )

CODEN (CODEN)

L

PUBLICATION DATE (PUD)
COLLATION (COL)

NOTE (N)
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GRID WORKSHEET

O or [

ABSTRACT (ABS) I \ 4

5
ABSTRACT SOURCE (ABSO)'
CATEGORY/QUALIFIER (CQ)’
TIC CATEGORY (TICC)
DESCRIPTOR (DE) (DD) -

r\
- B h 3

- | PROPOSED DESCRIPTORS {PD) o

IDENTIFIER (ID)
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