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This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
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owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
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recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
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Government or any agency thereof. 
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Introduction 

The national effort t o  develop and utilize geothermal energy 

However, the needed data .' . important 

t is widely I .  scattered, diff icul t  t o  access, 

portant task of the geothermal energy 

aluate and disseminate geotherpal data i n  

thereby avoid ,unnecessary and expensive -~ duplication of effort. 

eothermal Information Resource (GRID) of ,$he Lawrence 

s ,chartered !by the U.$. Department <of Energy (DOE) to p 

c r i t i ca l ly  evaluated data, and other- information for the development . .  and uti1 ira- 

tion o f ,  geothermal energy (Ref 1 ),* Included both  site dependent and site 

independent info lated ~ " I  .to- resource evaluation, electrical and, direct 

spects, and the basic prpperties of aqueous 

1 -  

olved .in cooperative agreements fo 

t h  other organiza re. c,urrently three 

U.S. data centers- working to implement $he coll 

on geothermal energy research and production: the DOE Technical Information 

Center (TIC) , ,.Oak Pidge the GEOTHEM. data base f the U.S." Geological Survey 

i n  Menlo Park, nd the GRID project. .See for example Reference 2.- 

systems o f  TIC GEOTHERM and GRIDsare coordinated for data c 

dissemination, .w i th  GRID serving as a clearinghouse, having access t 

ion and exchange of information 

a1 1 geothermal databases including both numerical and b ib l  ipgraphlc data. : GRID 

interfaces w i t h  DOE/TIC for b ib l  iographic information and w i t h  GEOTHERM for 

certain site-dependent numerical data. The GRID program also maintains interfaces 

w i t h  relevant data efforts; for example, the National Standard Reference Data 

System for collection and evaluation of basic numerical data. 
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Computer programing is via the Berkeley Data Base Management'System 

(BDMS) for-creating, maintaining and accessing both bibliographic and 

numerical data. Bibliographic records are readily retrieved from the G R I D  

-computer files-using BDMS by specifying either one parameter such as the 

s 

- 
geothermal s i te ,  or a combination of parameters such as geothermal ' s i te ,  

the date and designated data measurement. Standards for interchange of . 

bibliographic data are patterned after that of the International Atomic Agency's 

International Nuclear Information System (INIS). Ut51 ization of the INIS format 

'ensures compatibility w i t h  other INIS 'styled computer centers, thereby promoting 

the active interchange of data w i t h  other groups (Ref: 3, 4).  Data i s  available 

i n .  the form of bibliographic compilations, numerical tables, or graphical dis- 

plays disposed t o  paper, film or  magnetic tape. 

of a current geothermal database, the program is responsible for  l i terature 

reviews and cr i t ical  evaluations of the status of data by the technical s taff .  

(1) basic geothermal 

I 

In addition to  the maintenance 

The program is organized into four principal areas: 

energy data; (2) site-dependent data for both electrical and direct uti1 ization; 

(3) environmental aspects, and (4) data handling development. The four sections 

of the report which follow are organized i n  this way. 

Attachment I is a news-release and order which was k i l e d  to over 

200 geothermal specialists i n  1977. Over 50 print-outs containing both 

bibliographic and numerical data were provided either grat is  or by request. 

Attachnknt I1 -and Attachment I11 contain news items about GRID which were 

-published i n  1977 and i n  early 1978. 

V 

. 

Ld 
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Attachment I 
National Geothermal Information Resource 
Lawrence Berkeley Laboratory, 90-31 17 
University of California 
Berkeley, CA 94720 USA 
Tel. (415) 843-2740 Ext.  5980 

LJ 
FTS 451-5980 

December 1977 

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 l i t e ra ture  and data designed t o  a s s i s t  i n  the research and development of geothermal 
energy fo r  both electr ical  and non-electrical uses. Included i n  this compilation is  site- 
dependent and si te-independent material related t o  geothermal exploration, reservoir 
ut i l izat ion,  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 l i t e ra ture  reviews and c r i t i ca l  evaluations of the s ta tus  of data by the technical s ta f f .  
In addition, computer-produced bibliographies and data tabulations are generated from the 
databases for  distribution a t  a fixed cost  of $19 fo r  DOE users and $25 for  non-DOE users 
per search. 

Information i n  the GRID f i l e s  includes the following: 

EXPLORATION considers resource data including geological , geochemical, and geophysical 
methods, as well as dr i l l ing ,  resource assessment, and land-use factors involved 
i n  locating and evaluating high temperature geothermal resources. 

ENVIRONMENTAL considers aspects to  the a i r ,  land, and water environments of geothermal 
energy u t i  1 i zation: subsidence , hydrogen sulfide.  

PHYSICAL CHEMISTRY deals w i t h  the basic thermodynamic and transport data a t  elevated 
temperatures and pressures of sodi um chl ori de and other sal  ts . 
UTILIZATION encompasses the development and production of a geothermal reservoir fo r  
both e lec t r ica l  and non-electrical uses: hot water (brine) transport; space, process, 
and agricultural  heating; corrosion, erosion, and scaling. 

NUMERICAL DATA contains si te-independent and si te-dependent tables. 

Please specify your l i t e ra ture  and data requests i n  detail  t o  avoid receiving extraneous 
. information. Examples of requests: 

1. Please send a listing of geophysical measurements for  the Mono-Long Valley area 
from 1974-1976. 
2. We would like a compilation o f  numerical data on the viscosity of  Nadl solutions 
from 5OoC t o  150°C. 
3. Please send a listing of references studying the toxicological effects  o f  H2S t o  
vegetation from 1975 to  1977. 
4. Which organizations are involved i n  corrosion and scaling control for  geothermal 
brines? 

(z) Information on updates - (-1 Check (-) - Purchase Order # 

Name 

Address 

Mail to: 

National Geothermal Informati on Resource 
LAWRENCE BERKELEY LABORATORY 
University of California 
Berkeley, California 94720 USA 
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Office or Standard Relemm Data U.S. DEPARTMENT OF COMMERCE National Bureau bl Standards JULIAUG 1977 

articles which have appeared in the 
Journal of Physical and Chemical 
Reference Data from 1973 to 1976. 
The five articles were written by 
0. B. Butrymowicz, J. R.  Manning, 
and M. E. Read of the Diffusion in 
Metals Data Center. The mono- 
graph will be pan of the INCRA 
series on the metallurgy of 
and will be distributed to approxi- 
mately 250 members of the Assoc- 

750 copies. 
iation with further op f 

6 

Diffusion in Metals Da 
copper alloys will be 
monograph 

The International Copper Re- 
search Association (INCRA) has 
undertaken to print and distribute a 
monograph on Diffusion in Cop 
Alloys, a text made up of five 

Center Operations 
n in Metals Data , 

Center, an information analysis 
center established in 1963, has 
orown from a one-person operation 
and several thousand documents in 
its early years to over 19,000 docu- 
ments and a statt of four. -The 
Center is located at the National 
Bureau of Standards in Gaithers- 
burg, Maryland, within the Trans- 
formations and Kinetics Section of 

' the Metallurgy Division, and is part 
rd 
ec 

Center are to: serve science and 

analyses and evaluations of the 
world's published literature wilhin I (Also see Reference Data Report, 
its scope; to develop da 

ocedures: and to answer 
* technical inquirie 

and the scientific 
the output, of t 

concentrated on a thorough com- 
pi1a:ron and evaluation of diffusion 
data ,in selected alloy systems 

. industry by publishing critical an emphasis placed on comm 
cialiy important metal systems. 

Vol 1, #3, 1977). 

LI 

-(conlinued on page 41 

NEWS BRIEFS 
stallography: Chapter 1 of 

the CODATA Directory of Data 
Sources for Science and Tech- 
nology was published in Jun 

The directory is ar: up- 
and expansion of the Inter- 

national Compendium of Numerical 
Data Projects published by 
Springe in 1969. Each suc- 
cessive will be published 
as an issue of the COD 
as it 'is completed. When 
chapters are complete, t 
combined, after appropriate up- 
dating, into a single volume. 

e format of each chapter in- 
es the following sections: 

A -International Data Projects 
6. National Data Projects 
C. Data Centers 

ajor Publication Series 
ther Data Sources 

F. Bibliographies 
or further information, contact 
DATA, 51 Boulevard de 

Montmorency, 75016 Paris, France. 

submit papers on such subjects as 
evaluation methdology 

(continued on page 31 



COMMENT: 

Western culture has evdved into 
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 that 
mankind can no longer afford.this 
luxury of laissez-faire in scientific/ 
technological enterprises and must 
attempt to plan where it is going. 
It is thus necessary to project the 
nature of the tuture technological 
world, to examine its likely needs 
and generate the timely support to 
satisfy those needs. 

Although the projeclions of 
various analysts will result in a fairly 
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 technobgy-base includes at 
least basic science, tool and device 
development, standards, and the ’ 

compilation and evaluation of data. 
Note that these areas are highly 
interactive with each other and the 
user community, as represented by 
the designers, engineers, and 
regulators. 

In addition to the purely tech- 
nicat users of the data base, one 
must now include those legal and 
politic81 users concerned with the 
protection ol rhe public weal as 
fepresented by the regulatory . 

’ agencies. Their dependence on a 
fully evaluated, reeliable daie’base is 
unprecedented in past history. 

In industrial activities of high 
technical 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 multi- 

. groupzalculations which would be 
impossible without computer- 

n 

Richard F. Taschek 
Associate Director for Reszarch 
Los Alamos Scientific Laboratory L., 

handled evaluated data. More and 
more, this trend dominates aircraft 
design, chemical plant design, and 
begins to pervade the applied bio- 
sciences and other areas. 

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 

The sudden appearance of the 
energy crisis has introduced further 
complexities into the utilization of 
data, hopefully evaluated, because 
of the almost invariably multi-dis- 
ciplinary requirements of the 
problems and programs. Thus, 
added to the convefrlional physical 
sciences data is the problem- 
oriented requirement for socio- 
economic. resource, demographic 
and other partially numeric, partially 
cfescriptive mformation. Dialogue 
between users and compiler/eval- 
uators must determine oplimized 
pathways for dissemination, 
storage, retrieval, and systems 
coding so that the informationldata 
from mrious 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- 
adequate 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 data 
ifsell Is so voluminous that direct 
acquisition and handling by com- 
puter techniques are required. 
Oflen this information never 
appears even in reprocessed form 
In the conventional journal repre- 
sentations. A lthough con vent ional 
and traditional methods of informa- 
tion handling and problem solving 
are today unavoidable. there should 
be no hesitation to break with the 
past when it IS indicated that this is 
the correct direction. It is only out 

- printed page may no longer be a 
primary component of the de- 
signer/engheer/fabricators’ world, 
other than for archival purposes. 
This carries implications of formal 
academic training of future qe rs  
of data which is other than;th’y con- 
venlronal approach. The b f e s -  
sional compiler /evaluators (and 
such do now exist) should take a 
lead role in formulating future 
directions envisaged here. D 

Nation81 Standard 
Referem Data tyrlom 

Roforwtu Data R ~ p o r l  
Vol. 1, No. 1, JUUAUG le77 

Relerence Data Report is an informal com- 
munlcation ot the National Standard Refer- 
ence Data System (NSRDS) for the ex- 
change of news and ideas about data 
centers, publications, meetings. and other 
activities related to data evaluation and as- 
semination. The NSRDS. which operates 
under the authority given in Public Law 
90-396, was estahlished 10 make crlically 
evaluated data in the physical sctences 
available to the scientific and technical corn. 
munity The NSRDS IS administered and 
coordinated by the NBS Onice d Standard , 
Reference Data Comments and sug- ’ * 
gestions on Reference Data Report should 
be addressed l o  

S P. hvozinsky. 
Office of Standard 
Reference Data. 
National Bureau of : 
Washington. D. C 
20234 

Standards. LJ 



t/ NEWS BRIEFS (contmuedj 

- mathematical modelling data 

- correlation, extrapolation, and 
estimation procedures 

- data systems analysis 
- machine techniques for stor- 

age, retrieval, and dissemina- 

s requirements 

b 

description of the contents of the 
paper. should be submitted as soon 
as possible. but not later than 
October 1, 1977. to Professor J. E. 
DuboiS: Centre d’lnformatique 
Documentation Avtomatique 
(CIDA), 1, rue G 
75005 Paris, Fra 
papers will be notif 
December 1. 1977 
ceptance of their bapers 
receive instructions on providing an 
abstract at that time. For further 

51 Boulevard de M Y 
75016 Paris, France 
Teleohone: f011 525-0496 : 

td 

On-line Mographicsl files avetlabk at 
Lawrence Berkeley Lab’s National Geothermal 

ormation Resource (GRID) 

The following bihliographical files 
are on-line for computer search 
and retrieval component test facility 

hydrology, logging, reinjection, 
environmental aspects, and 

Hydrogen Sulfidc, pathways, 
effects, controls, and instru- 
mentation for both the air a 
water environments 

The National Geothermal Informa- 
tion Resource screens the world 
literature on a continuing basis, re- 
trieves and indexes papers relevant 

Subsidence: effects, Controls, 
monitoring, reservoir engineer- 
ing, measurements, method- 
O m Y  

* Nonelectrical: hot water trans- 
ort, space heating, process 

to the thermodynamic and trans- 
port properties of aqueous electro- 
lyte solutions (e.@ NaCl, silica), 
extracts the numerical data and 
carries out critical evaluation lead- 

to the publication of tables and 
tus of data reviews. Emphasis 

is on extraction of numerical data 
needed for the development and 

ilization of geothermal energy 
sources. GRID develops critically 

luated numerical data for the 
sic properties of electrolyte 
lutions at elevated temperatures 

- -  
. The Commlttee on Data for 
.Science end Technology ’ I 

ICODATA) and Unesc 
‘ released a promotional boo 
“Obtaining Reliable Data.”. 
booklet was prepared f 
national distribution by th 
CODATA Task Group on 
bility and Dissemination o 
Current distribution is an Englis 
text, but French and Spanish trans- 

:- Sations 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- 
sive and more sophisticated in their 

The “Bibliography of High 
Pressure Researc 
obtained bimonthly 
tion basis. It lists the ,authors. title. 

a1 reference of papers 
in the field of high 
mearch, and deal 

many te i  the research areas in I 

use of reference 

r .  

’: neering. and biolsgy. The main 
emphasis is on work.above one 

a kilobar and includes both static and 
dynamic pressure studies. The 
bibliography covers current re- 
search on a worldwide basis. 

scription rates are $6.00 
d overseas surface mail, 

and $1 2.00 for overseas airmail. 
Remitfance must be in the form of 
United States bank drafts for the 
indicated amount, drawn on a 
United States bank. Subscriptions 

t 0: 

. 

newals should be addressed 

High Pressure Data Center 
5093 HBLL 
Brigham Yoling University 
Provo, Utah 84602 o 

3 



New .. Publications 

Street, N.W., 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. 

A Bibliography of Sources of 
Experimental Data Leading to 
Activity Or Osmotic Coefficlenls 
for Polyvalent Electrolytes In 
Aqueous Solution by R. N. 
Goldberg, 8. 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 Off ice. 
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 Its lngrganlc 
Compounds by Alle D. Mah and L. 
6. Pankratt, 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.! D 

Crystal Data Space-Oroup 
tsbles, Alan D. Mighell, Helen M. 
Ondik, and Bettijoyce B. Molino, 
Vol. 6.-No. 3, pp. 675-829, $8.00, 
Reprint #99. I 

Energy Levels of One-Electron 
Atoms, .Glen W. Erickson. Vol. 6, 
No. 3, pp. 831 -869, $4.50, Reprint 
#loo. 
Rate Constant8 of Cl& of 
Atmospheric Interest, R. 1. 
Watson, Vol: 6, No. 3, pp. 871 -91 7, 
$4.50, Reprint #101. 
NMR Spectral Data: A Compila- 
tion of Aromatic Proton Chemlcal 
Shifts In Mono- and DI-Substi- 
luted Benzenes. Barry L. Shapiro 
and L. E. Mohrmann, Vol. 6, No. 3, 
pp- 91 9-991 ,:$5.50, Reprint #102. 
Tables of Molecular Vibrational 
Frequencies. Consolidated 
Volume II, Takehiko Shimanoxhi, 

Phase Diagrams and Thermo- 
dynamic Properties of Ternary 
Copper-Silver Systems, Y. Austin 
Chang. Daniel Goldberg. and 
Joachim P. Newmann. Vol. 6. No. 3. 

VOI. 6; NO. 3, pp. 993-1 102, $6.50, I Ppr621-673. $5.00, Reprint #98. . 
Reprint #103. o 

Diffusion ( c o n t ~ ~ ~  t 

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 to specific tcchnological 
processes and problem 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. Atso 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 

Li 



NATIONAL GEOTHERMAL INFORMATION 
RESOURCE (GRID) i s  sponsored by the US Eiisrgy 
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, i s  site-dependent and skc 
indcpendent material related to geothermal exploration, 
reservoir utilization, physical chemistry, along with cnviron- 

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

e mental, legal, and economic aspects of geothermal energy. 

rr 

The GRID f i les include the following: 
EXPLORATION considers geological, geochemical and 
geophysical methods, as well as drilling, resourcc 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 chloride, 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 IIic air, land and 
water environments of geothermal energy utilization: 
subsidence, hydrogen sulfide, metals, boron, ammonia, 
silica, seismicity, noise and land-use. 
INSTITUTIONAL covers federal, state and local organi- 
zational, legal and regulatory considerations in the develop 
ment of geothermal energy: land-use, exploration and 
production, operating regulations, developmental incen- 
tives, sale of geothermdl power and fluid transport. 
RESERVOIR CHARACTERIZATION includes reviews 
and evaluation of data relevant to the developmcnt and 
production of wells: porosity, artificial stimulation, 
natural recharge, artificial recharge, modeling, well tests 
and measurements. 

c - 

L 

Information i s  obtained mainly from primary sources, i.e., 
published literature and reports. In dddition, 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 Society and currently there i s  a bilateral 
agreement with the geothermal data bank, Pisa University, 
Italy, 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 94720.41 5-843-2740 

AUTOMOTIVE INDUSTRY DATA BASE combines 
Ward’s AutolnfoBank with Interactive Data Corpordtion’s 
XSlM system for information and analysis, to provide a new 
computcr scrvice offering forecasting and planning tools to 
the automotive industry. Through simple English commands, 
uwrs can crcatc economic and financial models, perform 
time series and regression analyses, and sort and screen data 
into a variety of reports and graphs. According to Roger F. 
Kellcy, president of Ward’s Communications Inc., “these 
extensive capabilities enable 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.” 

AutolnfoBank includes information on US weekly and 
monthly auto and truck production, Canadian auto and truck 
production, domestic and imported car and truck deliveries, 
US car and truck inventories, factory installed equipment for 
cars and trucks, and engine sizes. 

Interactive Data notes that no computer expertise i s  re- 
quircd to operate XSIM, which provides explicit conversa; 
tiondl prompts for each step of an analysis. (In addition to 
AutolnfoBank, the XSlM language can be used to access 
Chase Econometrics, Merrill Lynch Economics, and other 
economic and financial data bases available on the Interactive 
Ddta network.) Annual subscription fee for Ward’s Autolnfo- 
Bank i s  $1 500, plus usagc charges. 
CONTACT: Jack Bernstein Associates Inc., 37 West 57 St, New 
York, NY 10019,212-7516670 

NSF/DSl NEW PROGRAM ANNOUNCEMENT 
FOR INFORMATION SCIENCE RESEARCH Thc 
present announcement supersedes thrce previous program 
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Section I. Basic Data Evaluation and Compilation 
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Introduction 

The development and uti1 itation of geothermal energy requires scientific 

and engineering calculations which include basic properties of aqueous sodium 

chloride and other (e.g., KC1, CaC12) electrolyte solutions (Ref. 1 ,  2 ) .  In 

this context, GRID has developed a bibliographic computer f i le t o  store, 

retrieve and index pub1 ications re1 evant to the thermodynamic and transport 

ectrolyte si1 utions Data from this i l e  are compiled 

for cr i t ical  evaluation, correlation and status of data reviews. The in i t ia l  

objective is mainly t o  provide evaluators a databank on the properties of 

NaCl solutions covering the ranges of geothermal interest: temperatures t o  

35OoC, pressures t o  50 MPa, and concentrations to saturation. 

-The year 1977 saw completion of our cr i t ical  evaluation and correlation 

of data on the-viscosity o f  sodium chloride solutions, published as LBL-5931 

(Ref. 3, 4). 

Prdfessor Kestin, Brown University, who provided a substantial amount of 

experimental data above 100°C and to  300 bars (30 MPa) pressures. The viscosity 

Viscosity'data and references were exchanged mainly w i t h  

s the results of a surveysand evaluation of this databank. 
-1 

p The l i terature  screened i n  compiling the viscosity data covered the period 

from 1929 t o  1977; data obtained prior t o  1929 are contained i n  the International 

tical"Tab1es for NaCl solutions a t  atmospheric pressure over the temperature 

ge 0% to- 100°C, and concentrations4from 0 ,la1 . to  5 molal, From 1929 t o  ~- 

ssures to - 

$ &  
'- I 

_- .- ~ 

data was made, and a l l  avai 

sembled us ing  the following main 's i terature references : (1 the 



C.CSC 

NRCL C O N C E N ~ R ~ T I D N ~ M D L R L J T Y  

XBL 783-7793 * 
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'c, 

t 

DOE Technic ation * / /  Cent ludes . I ,  the Energy Data Base, 

Water Resources Abstracts; (2)  the International Critical Tables; and 
\ 7 "  

(3) scient i f ic  journals and reports. f -  , + e I  

ata selected for cor imental and d i d  

either smoothe or xalcul ated ere converted where necessary 

to the 12C sca1.e of  atomic we1 

t o  absolute viscosity values. The needed water visc 

m = concentration, molality 

- 
r 

hd 

1 , I  

Equatfon' (1 1 is vat id  only of 30 MPa .and a t  temperatures t o  1 5 0 O C .  

Figure 1 'shows a ,plot o f  -viscosity versus toncentratio 

for selected temperatures. betheen O°C and 150OC: Figure -2 

Eq. (-1 1 , 'of 'viscosity %&-su 

to a standard deviation of 

concentration range (see Fig. 3). 

mental data and smoothed values of viscosity may be obtained by contacting GRID. 

entire temperature, pressure, and 

Information on obtaining tables of experi- 
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L- 
this work', i t  was concluded that the currently a 

experimental data on the viscosity of NaCl solutions is 

mainly pressures from atmospheric to  30 MPa (300 bars), concentrations ' to  
. 

saturation, -and temperatures t o  150'C. A rrelation equation was developed * 

eproduces the experimental data by 1.5% over the temperatu 

O°C t o  150OC. Additional laboratory measurements 'on t h  

~ t o  350T and 500 bars are needed. More details are 

1 Activities i n  1977 * .  

Besides the report on viscosity, both the aqueous electr  

and densl'ty and viscosity databanks were on l ine for storage and'retrieval 

i n  1977 (Ref. 2, 5). 

specialists. Availability of the aqueous electrolyte f i l e  was announced for 

example by GRID mailing a news-release and order form, included here as 

Attachment I ,  and published i n  the Jul/Aug 1977 issue of NSRDS "Reference 

Printouts were provided gratis to  over th i r ty  geothermal 

Data Report", Attachment 11. Information about GRID was also provided on 

their request to Science Associates/International , Inc. (Attachment 111). 

Density and Viscosity Databank 

Numerical data were compiled from the available l i terature  as shown i n  

the sample printout (1 page each) o f  the current GRED database on the ,density 

and viscosity of.NaC1 aqueous solutions a t  elevated temperatures and pressures. 

See Table 1 and Table 2. The data i n  the larger databank are tabulated i n .  

order of increasing concentration o f  NaC1, and cover laboratory generated . 
experimental data over,the time span 1929 to 1977; : 

. 

. <  



* 

c 

k, 

M S C D S I T Y  

\ 
.. , 

E F 
I , . -. . . . . 

. .  . 
. . I  

XBL 783-7794 
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Tabulated numerical data is expected t o  be added for the following 

properties of NaCl solutions: 
I .  Enthalpy 

Sol u b i 1 i t y  

Specific Heat 

Free Energy 

Entropy 

Electric Conductivity 

Act  i v i  ty  

Osmotic Coef f i ci  en t 

Thermal Conductivity 

Aqueous Electrolyte B i  b l  fographic Database t o  Elevated Temperatures and 

Pressures 

urrent worldwide rese ch and development program centered 

around t h e  utilization of g 

electrical app1 ications. 

require evaluated basic da 

for example, the thermodynamic and transport properties o f  a,queous 

solutions a t  el tures and pressure . ,  

ol l ec t  and store:: . 
- is maintained as an annotated and indexed computerized f i le  system which provides 

the basis for cr i t ical  evaluation of the data by both GRID staff  and other 

evaluators. The f i l e  contained over 1000 records i n  1977; see the two sample 
records i n  Figure 4. 
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Table 2. Smoothed values of the viscosity of NaCl solutions 1 -  calculated 
f-rcun Eq 11. 

Viscosity, cp 

\ 

05 1.0 2.3 T *C 

0 le853 1.914 2 o 0 5 R  
10.0 1.373 1.428 1. S56 
20.0 le049 10098  1.212 
30.0 827 .871 ,972 
4 0 - 0  e673 - 7 1 2  0 800 
50.0 e 564 .59R 675 
6 0 - 0  .484 e513  580 
70.0 062 3 .449 507 
80.0 . 377 399 .449 
90.0 0340  -359 ,401 
100.0 0310 0326 ,362 
110.0 0285 299 a329 ~ 

120-0 0264 - 2 7 6  302 
130.0 246 0256 ,279 
140.0 e231  240 261 
150.0 e218 0227 0246 

3.0 4-0 

,20234 2.448 

1 349 1 .512 
1 -092  1 .232 

905 1.024 
,765 ,866 
-657  . 743 

, ,572 6 4 4  
504 564 . 448 * 498 

,401 . 443 

33'1 363 
-305 0336 
a285 ' e 3 1 1 5  
e270 304  

1.712 1.899 

0363 ; . 3 9 9 ~  

5 .0 '  

2.701 
2.119 
1.699 
1.391 
1.158 

978 
- 8 3 5  
e 719 
m626 
0549 , 

e487 
.439 
a402 ' . 376 

361 . 357 



GRI3-FHYSICAL C H E b I S f S Y  O A T  
f l t r  

CONC!)i?RAfICN= ROLALITY 
ftHP;RlTUkE= SCCRfXS CELSIUS 
f2ESSUF;Et SARS 
GSNSIT Y= GRLHS/CCa 

a 0 0 1 0 0 0  
a 001000 
a 0 0 1 0 0 0  
aCOlC33 
a 0 0 1 0 0 0  
a 0 0 1 0 0 0  
a O C l i J f  
a 0 0 1 0 0 0  
a 0 0 1 0 0 0  

a 0 0 1 0 0 0  
* a 0 0 1 0 0  0 

a G f  l C 3 t  
a 0 0 2 0 0 0  

, a 0 0 2 0 0 0  
a G02%5 
a 002565 
e 0025ES 
a 9USC.30 
e 0 0 5 0 0 0  
e 005 028 
a i;O98=d 

0 1 0 0 0 0  
a 010 0 0 0  

a 0 1 0 0 0 0  

b 6 c 1 0 3 0  

W 
b 015  030 

40 .0  lOla32 
6 0 a 0  101a32 

l C 3 a L i  101.32 
12OaO 1 0 1 a 3 2  
1 4 0 a 0  101.32 
160ru  131.32 
1 8 0 a 0  101.32 
2 0 0 a 0  1 0 f a 3 2  
2 2 0 a t  131a32 
2 C O a 0  101.32 
2 6 0 a 0  1 0 1 . 3 2  
2 8 b a S  101a32 

0 l a  01 
25 a 0 l a  0 1  
25r0  l a 3 1  
2 5 a O  l a 0 1  

2 l a 0  1 
2 5 . 0  1.01 
5OrO l a 0 1  
+ 5 a L  1,131 

0 l a 0 1  

6C.C 131r32 
60 .0  101a32 

@ O b 0  101.32 

25.0 i b  0% 

25.0 ib a t  

OEhSa' AUTH a 

a 9 9 6 7 1 0 0  CORBACHEV 7 4  
a9876500 GOFBACHEV 74 
a9762800 COR0ACHEV 74 
a9628369 CORBPCHEV 7G 
a 9417800 GORSACHEV 74 . 
b 9 3 1 1 9 0 0  COEBACHEV ?4 
a9121600 GORBACHEV 7b 
a 8927.600 GWSACHEV 7 k  
r 8 t 0 9 3 0 0  GOkeACHEU ?4 
b6&?2400 GORBACHEV ?4 
a 8 2 0 2 L 0 0  GOkaACHEV 74 
a 1 9 0 2 E 0 0  EORSACHEV 74 
a 7 5 5 t 4  0 0 CORSACHEV T b  
a 9 9 9 4 3 0 0  JONES 3 1  
a 9 9 7 1 3 0 0  J O I Z S  3 1  
a 9 9 ? 1 ? 7 2  tRUfS  36  
a99tilt0 lrRUIS 36  
a 9 9 t i 1 7 9  WRUIS 36  

1 r 0 0 0 0 f 0 0  30NES 37 
a 9972500 JONES 3? 
,9882402 t1CLLC;O 728 
a 9906154 tICLf.fi0 t o  

l a  0 0 0 2 9 0 0  JONES 37 
e 9 9 7 4 6 0 0  JONES 3 7  
a997010 0 COF3ACHEV 7 4  
e9879500 GOR3ACHEV 74 
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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 pub1 ication; author; author 

affiliation at the time of publication; literature reference; and key word 

annotation (descriptors). See- Figure 4. , 

This database is the result of an initial screening o f  the worldwide 

1 iterature covering the basic properties of solutions relevant to geothermal 

science and engineering. Other records are added to the file on a continuing 

basis. Y 

f 



Figure 4 -17- 

u 
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Magma Bib1 iographic Database 

The feasibil i ty of ‘extracting energy directly from deeply buried 

gma) sources is attractive becau temperatures ”.. 

can approach 1000°C thereby representing a potential of great amounts of 

h i  gh-qual i ty  energy. Eva1 uation of magma resources requires the fol 1 owing 

categories of information: Geop cs/Electrical ; Material C 

Heat Transferlsource; ’ Geophysics/Sei smi c ; Tectonophys ics/Roc k Defermation; 

Magma Petrology; and Volcanology/Geophysics . 
Knowledge of many chemical and physical properties of m 

partly molten rock and of sol i d  rock a t  h j g h -  temperatures fs essential for 

evaluating the feasibil i ty of extracting energy directly from 
- *  I 

These include: ..- 

Chemical Composition 

Major Element 

Mi nor Element 

Fugitives ( H ,  C, 0, S, C1, F) 

, Magma 

- Overlying Rock 

Physical Properties 

Phase Relations o f  Rock Me1 ts 

Phase Relations o f  Rock I _  Melts i n  the presence o f  I Aqueous - +  

solutions of NaF, NaCl , etc. 
t 

Temperature Distribution (thermal model ing) 

Thermal Conductivity Heat Capacity, Seismic Property 

Rock 
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. .  i .  

. .. 
. . .  , 

. . .  

. .  Heat Transfe 

3 Vi scos i ty 

Melt 
t 

Density ~ . 

Bulk (in situ) 1 * i  

t 

' Melt > + % '  
.. .- . I * .  

. 'Electrical Properties _ c  I 

Properties . - -  

. *  
i l j  ty 

~ - In-1977, sive literature search covering magma and magma properties 

was completed, and an initial bfb 

illustrate the Author-index for the current fil'e. 

red. Figures 5 and 6 

.I .~ ,. ~ - -  I 

~ I, ~, 

* 

f ._ 

CI 

. . - " ,  - . .  

L J  
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ROTTING4 72 
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A HnDEL FOQ CALCULbTIONt 
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.. . 
. ,  

Continental, Marine and Deep Sea Dri l l -Hole Survey Information and Data. 

Management (Proposed Work) 

Recent questions centered on major energy and e n v i b n  - 
have iden t i f i ed  the need f o r  increased knowledge about-ou 

obtained by researchers only from subsurface measurements. The object ive 

- 

o f  t h i s  proposal i s  t o  establ ish a computerized clearinghouse o f  d r i l l - h o l e  

information f o r  these researchers as described i n  the fo l lowing two tasks. 

-Task 1 : . 

It i s  proposed tha t  a-computerized Dr i l l -Hole Data Center be established 

by GRID a t  the Lawrence Berkeley Laboratory t o  c o l l e c t  

data obtained f r o m  a survey o f  a1 OE-sponsored d r i l l  i n g  a c t i v i t i e s .  A copy 

of the survey questionnaire attached would be sent t o  the various d r i l l e r s ;  a 

1 i s t i n g  o f  the organizations engaged i n  d r i l l  ing, f o r  example, geothermal 

energy d r i l l i n g ,  would then be compiled. The data from the questionnaire w i l l  

be coded and stored on computer tapes f o r  . .  ease o f  information re t r i eva l  and 

data manipulation using the Berkeley Data Base .Management System. See the 

rganize and disseminate 
. -  

proposed format i n  Figure 7 (1 page only). 

Task 2: 

Under Task 2 a l i s t i n g  would be compiled o f  sc ien t is ts  and engineers wi th  

a need f o r  information contained i n  the d r i l l - h o l e  data base. The information 

would automatically be sent t o  the interested'  rese 

-Other Federal agencies (e.g., USGS, DOD) w i th  an i n t e r e s t - i n  d r i l l - h o l e  data 

would be included i n  t h i s  l i s t i n g .  

eventually w i l l  be made avai lable f o r  search by remote users, f o r  example, 

v ia  the ARPANET, once the data have been computer-stored. 

her -on a per iodic basis. - 
a .  

1 

It i s  expected tha t  

f_ - I .. - - I 1_ 

, .  

_ _  1 
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INFORM ATION RESOURCE 

Fligure 7 
LJ 

December 1977 
Page 5 

3 

% 

Completed 

Agency Name 

Drilling Dates: 

Start I /  
mo day yr 

Completion 1 / 
mo day Yr 

Total Planned Depth 

DrillIng Stages 

Surface Elevation 
Logging Depth Reference 

Stage 1 
Borehole Diameter cm 
Cas. ing Diameter cm 
Cas. ing Depth Km 
Drilling Depth Km 
Cased (Yes; No 
Cemented (Yes; No 

(Yes: No Perforated - 
Geological Forma tion 
Loggf n9 
Sfage 2 
(As in Stage 1) 

Stage 3 

. (As in Stage 1) 3 

Stage 4 

(As in Stage 1) 

Stage 5 

r 

(As In Stage 1) 

Location 

. Continental 
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Summary 

In summary, 1977 saw completion o f  the report on critical evaluation 

of viscosity of aqueous NaCl solutions, and the availability and dissemina- 

tion o f  both bibliographic and numerical material on the basic properties of 

aqueous electrolytes to elevated temperatures. 

.. 

. 
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Sect ion XI. Site-Dependent Data Compilat ion 

i 
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I .  

A 
The site-dependent compilation program was initiated i n  1974 w i t h  

the objective to collect, organize and disseminate luated data on the 
- 

following major areas of geothermal science and technology: (1 ) Explora- 

t i o n  considers geological , geochemical and geophysical metho 

d r i l l i n g ,  resource assessment and land-use factors involved i n  locating and 

evaluating h i g h  temperature geothermal resources. U 

the development and production of a geothermal reservoir for bo 

space, process, 
I 

osion and scaling; 

resource evaluation. (3) E ir, land and water 

measurements. 

- 
* 



-26- 

and descriptive data on important facets of geothermal exploration and 

u t i 1  izat ion including: 

Geothermal energy conversion 

rim1 we1 1 /dr i  1 1 hole - 

Noncondens i bl es 

Space and process heating 

Power generation 

Geothermal energy si te-dependent information i s  the compilat 

evaluation and status of data reviews. 

(e.g., o i l  and gas) which is relevant t o  geothermal energy for both  electrical 

and direct ut i l izat ion.  The data are mainly i n  the following three forms: 

(1 ) Computer annotated and indexed bibliographies. Listings from 

Included also i s  data  from other, f ields 

ese b ib l iog-  

raphies provide references to the numerical data compiled by GRID s ta f f ;  

1977 over 50 computer generated 1 istings were provided either gratis or  by 

request t o  other evaluators. (2) Computer stored tabulated numerical data 

extracted from the material i n  the bib1 iographic 1 istings. These computer 

tables provide the basis for stgtistical calculation and data manipulation. 

(3) Reviews wherein available si te-dependent data i s  

formation on the current status of data including recommendations for addi t iona l  

data needs. An example is the report on a Study of Brine Treatment, supported 

by the Electric Power Research Insti tute (Ref. 2) .  

i n  

Information from these computer f i les  is for the following typical users: 

(1) Persons in i t ia l ly  entering the f ie ld  and who require information about 

specific areas of geothermal energy development. (2)  Program managers and 
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others who pro 

gaps i n  data exis ) Scientists and engineers 

dictive model ing of plant performance, reservoir engineering and direct 

funding support, and nee 

r ing  data for pre- 

, .  uti1 ization. : . *  

The year 1977 saw completion of bibliographic computer f i l e s  on: 

(1 ) hydrogen sul fide (3) non-electrical , 
(4) subsidence. 

numerical databank was established, and draft  formats developed for both 

Besides bib1 Sographic information, -a noncondensibles 

subsidence and energy conversion. 

In this report, the term database refers t o  bibliographic listings and 

numerical data. 

Geothermal vapor and hot  water f lu ids  kontain-a fractio noncondensi bl e 

gases composed mai 

sulfide and other gases such as me 

The interest  i n  H2S aspec 

problem of corrosion of materials, the un 

vironmental effects 

hydrogen sulfide, substantiai references from other sources of H2S are included, 

for example: petroleum refining, smelting sulfide ores, the manufacture of 

Kraft pulp,  and offal rendering plants. Currently, the topics referenced i n  

the hydrogen sulfide f i l e  cover: sources of H2S, monitoring methods, emission 

control, environmental eff 

environments . The hydroge result  ,of%$ in i t ia l  screening 

of the worldwide 1 iterature and new citations. are expected t o  be appended 

periodically. 

ogen and ethane. 

i r and. water 

Figure J -  shows typical records contained in .this database (Ref. 3). 

. I  

. I  
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YOHALENKO 72 
H 13ROGEN SULFIDC/MOkITOAINC MET k0GS 

Figure 1 

T i l l & -  OBSEgVAfIDNS OH THE BISMUTh SULFIDE 
COLO3I t i k iR IC  PCiOCEOURL FOP SULFATC ANALYSIS I N  
SOIL. 

AUTHOl- K3WCILLNKOt COG. tLOWEt L o E o  t BkIfISH CClLUHBIR 
U N I V o r  VANCOUVLR ( C A N A 0 A ) o  DEPfo OF SOIL 
SCICNCE l o  

REFERihCco COrlllJNo S O I L  SCIo PLAN1 A N k i o r  V o  3 (1)t 
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Li 
Land ,Subsidence Bib1 iographic File 

,An .important facet . i n  the development and> utilization of :.geothermal, 

energy is the consideration-of any effects t o  theiair ,  water and land compart- 

ments of the environment (Ref, 4) Land subsidence and frequently associated 

horizontal ground I )  movement is l is ted among ,the environmental effects ,which may 

be related to withdrawal of geothermal hot wat 

t i o n  of subsurface soil compaction and has beenlobsewed .for many years i n  

some petrol eum f i  el ds and areas of ground-water,pumpi ng - A1 though the geologic 

settings of the .various areas may vary considergbly, the basic:cause of-subsi- 

t is the surface manifesta- 

dence is the same: reduction of . f l u i d  :pressure* causing a -marked increase i n  

effective s t ress ,  

The interest i n  subsidence stems from two major concerns: (1) potential 

damages t o  the production field pipelines and power plants, for example, the 

p ipe  distortion experienced a t  Wairakei, New fealand; and (2)  possible effects 

on communities. An example of (2 )  is the subsidence of Venice, Italy, due i n  

part t o  non-geothermal water pumping a t  Porto Marghera, 7 km distance from 

Venice. 

The land subsidence database is on l ine and available for restricted searches 

to include subsidence resulting from mining operations and petroleum production, 

as well as that associated w i t h  geothermal f lu ids  withdrawal. Categories of 

information cover effects, monitoring methods, causes, abatement and costs of 
I subsidence. See the examples i n  Figures 2, 3. 

Direct Uti1 itation Bibliographic Database 

The direct utilization of geothermal hot water is mainly for space heating 

and manufacturing purposes. The f i l e  currently includes the following informa- 

t ion:  (1 ) hot water transmission; (2)  production and d i s t r i b u t i o n ;  (3) hydro- 
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ponics; (4) a i r  conditioning; and, (5)  d i s t r i c t  heating concept. 

The year 1977 saw completion'of a'bibliographic f i l e  on direct utiliza- 

t ion  (e.g., space heating, hot water transmission) containing over 200 records. 

The f i le  is available for limited searches, and i s  expected t o  be annotated and 

edited i n  1978. See Figure 4 for a typical record i n  the GRID/BDMS format. 

Geothermal Energy Exploration and Evaluation 

The current bibliographic f i l e  contains over 500 records, and is on l ine 

and available for search and data retrieval. 

indexing terms taken from a thesaurus of controlled descriptors. An example 

of the use of this f i le  is given i n  Reference 5. 

Records are annotated us ing  

, , I  

. .  

. .  

. r .  
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- 
This  bibliographic f i le is the result of a comprehensive l i terature  

. .I 

Search, and contains information which can be used t o  establish the current 
3 - . .  - 

status of data covering the following main categories of explorat 
. 

9 .  

tion and energy conversion: . -  

Geological Surveys 

- 1  Reg i onal geol og i c eval ua t i on 
Geologic interpretation 
Surface geologic mapping 
Volcanic and intrusive igneous rocks 
Strat i  gra p hy 

Surface hydrothermal a1 teration 
Economic mineral. deposits I ' 

. . . I  

. 

' <: Structural geology 1 -  I 

I , ?  

Hydrologic Surveys 

Surface water 
d i s t r i b u t i o n  
physical properties 
rates of f low and water levels 
quality 

recharge and discharge characteristics 
physical properties 
characteristics of aquifers 
models of deep circulation 
qual i ty  

Meteorology o f  geothermal areas 

Subsurface water 

Geochemistry 

Geochemical thermometers 
Isotope studies 
Radiometric age-dati ng 
Sampling and field analytical methods 
Analyses of thermal f lu ids  
Analyses of thermal gases 
Interpretation of reservoir conditions 

Geophysical Methods 

Regional geophysical compilations 
Electrical methods 

res i sti vi  ty 
el ectromagnetics 
t e l l  urics 

. !  ~ 

? 
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Magnetic methods . 
Gravity 
Seismic methods 

passive 
active 

Thermal measurements 
surface temperatu 
temperature gradients 
heat-f 1 ow determinations 

I .  

ratigraphy and structure 
rosity and permeability 
uid composition a n t  characteristics 
rmation temperature and pressure 

Relationship of surface and subsurface data - 

Land-use Factors b "  

Land ownership and existing land use 
Physical condi tjons 

Land-use planning 
Water supply and water rights 
Environmental constraints 

emissions and noise 
seisrnici ty  and land-surface subsidence 
biota 
recreational use 
historical and archeological values 

accessi b i l  i ty  and terrain 
climate 

- Proximity t o  markets and electric transmission 1 ines 

Eva1 uation - 
Comparison of exploration and evaluation techniques 
Success ratios i n  exploration 
Estimation of geothermal reserves 

h i g h- en t ha1 py f 1 u i  ds 
lower-enthalpy f luids  
hot, dry rock 
fres h-wa te r  from desal i nati on 
recovera bl e mineral s 

W 
Modeling of geothermal systems 
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Problems i n  geothermal explorat ion and evaluation 
Land-use and environmental factors 
Costs o f  explorat ion and evaluation 
Case h is to r ies  

Figure 5 - i s  typ ica l  record contained i n  the Exploration database i n  the 

GRIDIBDMS format. 

Resource Energy Conversion F i l e  

Numerical and descr ipt ive data are extracted from our Exploration and 

Evaluation f i l e  t o  provide information f o r  the status o f  data on resource 

energy conversion. The f i l e  provides the user w i th  current information 

covering the fol lowing main categories: location; resource parameters; 

operational parameters; f l u i d  transmission; explorat ion and development; wel l  

logging; we1 1 production; environmental scal ing and corrosion aspects; 

reservoir  engineering; land use factors; legal  aspects; and in jec t i on  wel l  

data. See the d r a f t  format i n  Figure 6. 

..- 
? 
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Brine Treatment File 

The brine treatment bibliography was a joint  development of DOE and 

EPRI; i t  is available for computer searches o f  the following categories of 

information: geothermal f l u i d s ,  methods for treatment t o  control scaling 

and corrosion, and methods for removing pipe scaling. Figure 7 shows two 

typical records 

Study of Brine Treatment 

The objective o f  the project was a cr i t ical  survey o f  methods useful 

for treating geothermal brines t o  control scaling and corrosion, and for 

f l u i d  injection purposes. The approach used was a cri t ical  survey of current 

data covering brine treatment methodology whereby the geothermal 1 i terature 

was covered i n  a comprehensive manner, w i t h  selected l i terature  included from 

the oil  field, waste water, and boiler water industries to provide information 

where the geothermal data were either lacking or  insufficient. The project 

work involved screening the world l i terature  for data dealing w i t h  brine 

treatment methodology and s tor ing the references on computer tapes. The 

results were used t o  provide information for  a survey of methods of br ine  

treatment (Ref. 2, 6). 

Present methods for controlling scale dpeosi tion and materials corrosion 

i n  the geothermal industry are mainly cleanup and replacement of pipes and 

other components on an as-required basis. Scales (e.g. , s i l ica ,  sulfide) 

from hot brines are usually removed from boreholes by acidizing or reaming; 

those i n  p ip ing  are mechanically removed by wire-brushing or by using scrapers. 

Materials rendered unserviceable by corrosion are replaced w i t h  new parts. 

There is a current effor t  on treating geothermal f lu ids  t o  minimize 

s i l i ca ,  sulfide and calcite deposition from fresh brine, and t o  remove arsenic 
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and s i l ica  prior t o  spent brine disposal. These include the following: 

(1) addition of cold d i l u t i o n  water to fresh f l u i d  t o  reduce s i l ica  scale; 

(2)  a holding tank for spent brines t o  allow deposition of s i l i ca  i n  the 

retention tank, t h u s  reducing scale i n  the transport lines or  i n  an injection 

well; (3),*coagulation to  remove arsenic and s i l i ca  prior t o  disposal of the 

f l u i d  to the Waikato River. 

Research and development activit ies centered around geothermal scale and 

corrosion control by treatment of brines have been increasing w i t h i n  the past 

two years. A brine treatment program might include the following: 

1. 

2. 

3. 

4. 

Characterization of b r ine  chemistry and deposited scale composition t o  

help determine the causes and possible means of control. The scale and 

corrosion products reflect  the variable brine composition, and treatment 

methods can then be devised for the production f l u i d  and for the method 

of disposal. 

Basic laboratory investigations on the mechanisms and rates of scale 

formation due to corrosion or scale deposition. Basic data are transferable 

to a l l  geothermal s i t e s  and will be needed t o  select ,  for example, additives 

and materials which would control scaling and corrosion. 

Development of instruments to monitor the important geothermal brine scale 

and corrosion parameters (e.g. s i1  ica, pH, H2S). The instrument sensors 

should be sufficiently rugged to monitor geothermal fresh fluids i n  a 

re1 iable manner. 

Correlation of laboratory test results w i t h  actual tes ts  i n  f ie ld  conditions. 

In this way, predictions based on laboratory results can be verified and 

incorporated into brine treatment programs. 

* 

c 



-41 - 

5. Development of laboratory screening me ommercially available 

scale and corrosion inhib i tors  t o  evaluate their  effectiveness under 
" 

geothermal conditions. The inhibitors should be useful a t  the elevated ' 

t temperatures and pressures encountered -in geothermal sys t e  
r ; .  not react w i t h  brine constituents. 

Noncondensi bles Databank 

A numerical computer f i l e  contaln 

gases covering mainly H2S and init iated.  The 

f i 1 e covers the 

following data: geothermal we 

we1 l-head pressure and gas ou tpu t .  Future geotherma comprise the I i  

databank will include a l l  domestic geothermal s i t e s  and additional non-U.S. 

s i t e s  such as Lardarello and Cerro Prieto. Figure 8 shows a typical record 

taken from the larger Wairakei noncondensibles f i le.  See Ref. 3. 

F1 u i  ds Chemistry F i  1 e 

The geothermal reservoir f luids chemistry numerical databank was developed 

jointly w i t h  the LBL Geoscience Engineering program and is available for searches. 

The f i l e  includes the following data on hot water f l u i d s :  chemical composition 

(e.g. , C1 , HC03), physical characteristics (e.g. , pH), well name and location. 

See the typical record i l lustrated i n  Figure 9. 

Information Exchange w i t h  Other Data Centers 
. 

- A. Domestic 

GRID is coordinated w i t h  three other U.S. data centers working to 

fac i l i t a te  the collection and exchange o f  information on geothermal energy 

research and production: the DOE Technical Information Center (TIC) a t  Oak L J  
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Figure 9 
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K 7360 +-644 
L I  1 9 2  + - 1 7  
CA , 61SJ. l  4 -13230 
CL 1 3 5 9 3 0  + -3070  
HCO 3 . 4472 +-15741 TOTAL CARBONATE 
cu 77 4-29 
Fi 273 + - 6 8  
PB 5 9  +-15 
SR 415 +-98 

u 
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Ridge, the GEOTHERM pro ject  o f  the U.S. Geological Survey i n  Menlo Park, and 

Geopressure G e o t h e k l  System a t  the Universi ty o f  Texas, Austin. The data 

systems o f  TIC, GEOTHERM and GRID are coordinated f o r  data co l lec t ion  and 

dissemination, w i th  GRID serving as a clearinghouse, having access t o  f i l e s  

from a1 1 geothermal databases including both numerical and b i  b l  iographic data. 

GRID interfaces wi th  DOE/TIC f o r  b ib l iographic information and w i th  the U.S. 

Geological Survey f o r  cer ta in  site-dependent numerical data. An in ter face i s  

maintained w i th  the Geothermal e f f o r t  a t  LBL, other data sources such as the 

Environmental Protection Agency database, the National Standard Reference 

Data System and s imi la r  research e f f o r t s  and ins t i t u t i ons  f o r  the co l lec t ion  

of basic numerical data. The work o f  these other information systems are 

included i n  the GRID system thereby avoiding dupl icat ion o f  e f f o r t .  

B. Internat ional  

When-DOE was formed i t  retained respons ib i l i t y  f o r  the U.S.-Italy b i l a te ra l  

information exchange agreement, a r e s u l t  o f  the e a r l i e r  NATOlCCMS p i l o t  study 

which was i n i t i a t e d  a t  a CCMS meeting held i n  New Zealand i n  1974, whereby 

the attendees had agreed on a p i l o t  study f o r  the exchange and co l lec t ion  o f  

worl h i d e  information regarding. the development and evaluation o f  geothermal 

energy resources (Ref. 7, 8). 

Under the i n i t i a l  NATO/CCMS agreement GRID acted on behalf of DOE t o  

provide 

1. 

2. 

3. 

the I t a1  ian data center, CNUCE/Pisa, the fo l lowing typ ica l  material : 

Computer tape containing the TIC geothermal bib1 iographic f i l e  from 

the Energy Data Base. 

Computer tape and pr in tou t  containing the GRID f i l e  on geothermal H2S. 

Thesaurus, developed j o i n t l y  by GRID and the LBL Information Research L 
Group. 



U 
In 1977, exchange activities continued: a tape of the fluids chemistry 

file was provided to CNUCE under the Italy-U.S. Bilateral Data Exchange, In 
. .  

I , a ,  

outh American co 

and sent to both TIC/Oak Ridge 

containing geo therma 

Conc 1 us ion 

U.S., for example, those invol v roject were the Department 

Survey, and Lawrence B 

create a rnati othermal energy da f n from 

data system but . 

work in data “excha t face the reality t esponsi bi 1 i ty for 



-46- 

wi th  

1. 

2. 

3. 

4. 

5. 

6. 

the data center. 

Recomndations for t h i s  and other fu ture work include the following: 

Par t ic ipat ing - 8  countries should c o l l e c t  copies o f  data (e.g. , internal  

reports , manually logged data) f o r  t ransmit ta l  t o  the designated computer 

centers. This i s  especial ly important f o r  data tha t  i s  

c i rcu la ted and may be e i ther  inaccessible o r  d i f f i c u l t  t o  o 

data i s  important for evaluation and ca lcu lat ion o f  energy 

should be included i n  the information exchange. 

The data centers responsible f o r  maintaining the computer tapes should 

f i l l  out the input  format forms. 

required only t o  provide the necessary copies o f  reports and other data. 

The computer centers should therefore make provisions t o  add needed s t a f f  

Par t ic ipat ing countries would be 

t o  code the information. 

The t ime  taken t o  exchange o r  transmit material between par t i c ipa t ing  

countries needs t o  be shortened, and s i t e  v i s i t s  by computer center s t a f f  

w i th  an agreed-on frequency (e.g., year ly  i n te rva l )  t o  c o l l e c t  reports i s  

required. 

Each par t i c ipa t ing  country has a d i f f e ren t  type o f  data need which should 

be provided by the data centers. It i s  important t ha t  par t i c ipa t ing  

countries be provided the data they need. 

The computer centers should contain two types o f  information: (a) data 

evaluated by the center; (b) data evaluated by others. Whiie i t  i s  not 

possible t o  c r i t i c a l l y  evaluate a l l  data w i th in  reasonable time frames, 

users o f  the data should be aware o f  the sources o f  the information. 

P r i o r i t i e s  i n  the acquis i t ion o f  data should be established. 

i n  exchange f o r  t h e i r  reports. 

For example, 

Lid 

c 

. 

i 
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c, 
given the choice between data i n  publications and data i n  unpublished 

+ 

r . 7. Transcribing the data on forms 

=avaSlable there. 

8. Arsystem o f  (responding t o  

Such a task m 

9. Provide compu veloping nations’which current ly  

lack such capabi 

v i a  a computer m 

t h a t  computer expert ise be i n i t i a t e d  by nations which current ly  lack t h i s  

capability. 
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Section 111. Environmental Information 
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Introduction 

The environmental nformation activit ies of the GRID program include 

development of computer files on environmental aspects of geothermal energy 

which provide the basis for reports on the current status of data. Environmental 

aspects i n  1977 were mainly the following: 

(2)  noncondensi bles emissions; (3) subsidence; and (4) boron. 

(1) hydrogen sulfide emissions; 

Generally, for each environmental 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 sources of the data used i n  the reports. 

In 1977, the GRID environmental f i l e  was on l ine for searches covering 

the following new and updated subsets: 

Hydrogen Sulfide Database 

Geothermal vapor and hot water fluids contain a fraction of noncondensible 

gases composed mainly of carbon dioxide w i t h  lesser concentrations ,o f  hydrogen 

sulfide and other gases including methane, ammonia, nitrogen, hydrogen and ethane. 

The interest  i s  i n  H2S aspects of materials and environmental effects. Although 

this f i l e  high1 ights  the geothermal aspects of hydrogen sulfide, substantial 

references from other sources of H2S are included i n  the f i l e ;  for example: 

petroleum re f in ing ,  smelting of su l f i te  ores, the manufacture of Kraft p u l p  and 

offal rendering plants. Currently, the topics referenced i n  the hydrogen sul 

e following: sources, monitoring methods, emission control , en- 

vironmental effects, health effects, pathways i n  both the a i r  environment and 

the water environment. The hydrogen sulfide f i l e  is the result of an in i t ia l  

f ide 
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I 
screening o 

c 

6 The land subside i le  i 

i l e  are subs'iden 

petroleum production, as well as subsidenc 

geot hemal f 1 u i  ds w i  thdrawal 

Brine ent Database 

file'  is* ava i lab l  

dissolved gases. 

Noncondensible Gases Numerical File 

A numerical f i l e  containing data on noncondensible gases (e.g., H2S, C02) 

a t  geothermal areas is i n  preparation. The f i le  is  constructed t o  include 

descriptive information such as 'geothermal well location, sampling 

sampling date. Th 

. 
Land Subsidence Databank 

. .' 
* 1977 saw development o f  the status of data f i le  on geothermal and other 

land subsidence i n  coordination w i t h  the LBL Earth Sciences Division subsidence 

effort. A draft  of the initial entry covering Wairakei is shown i n  Attachment IV. 
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Copies of this draft  were sent (in early 1978) t o  the following for comments: 

DOE/DGE s taff ,  USGS/Sacramento; and New Zealand Department of Scientific 

and Industrial Research, Wellington. Any comments will be incorporated in to  

a final format, whic will be expanded t o  include a l l  available data on 

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

water overdraft. 

F lu ids  Chemistry File 

a 

* 

The fluids chemistry numerical f i l e  developed w i t h  the LBL Geoscience 

Engineering program is available for searches. The f i l e  contains data on 

the chemical components of geothermal hot waters of environmental interest 

(e.g., H2S, boron). 
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Section I V .  The GRID Documentation System 
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Introduction 

The GRID documentation system (GEODOC) is computer based and contains 
c 

the descriptive cataloging and indexing information for material processed 

0 by the National Geothermal Information Resource. The descriptive cataloging 

techniques are based on those o f  the International Nuclear Information System 

(INIS) of the International Atomic Energy Agency. See Table I. Each record 

contains the descri p t i  ve catal ogi ng , abstracting , and i ndexing i nformati on 

-corresponding t o  a single document; the information w i t h i n  a given record is 

subdivided into data elements, some of which are indexing keys. Table I and 

the coding form i n  the Appendix l i s t  the definitions of a l l  the data elements 

which may appear i n  a GEODOC record. Some data elements (e.g., author's name) 

can occur repeatedly w i t h i n  one record; an "m" i n  the t h i r d  column of Table I 

indicates that such multiple occurrences are allowed. The tag used t o  label 

the data elements w i t h i n  a record is shown i n  the l e f t  hand column of Table I .  

The system is managed by the Berkeley Data Base Management System. 

The data elements bear certain hierarchical relationships t o  each other; 

the structure is indicated i n  Table I by inden t ing  the tag names o f  subordinate 

data elements and placing them af ter  their parents. Data elements are i n p u t  

to the system i n  any order except that subordinate data elements must follow 

the occurrence of their  parent w i t h  which they are associated. 
4 

Data handling using computer techniques applied by GRID for geothermal energy 

have wider applications. In 1977 and early 1978, organizations expressing 

interest i n  GRID developed data handling techniques included the LBL Earth 

Sciences Division; the LBL Information Research Group; Geothermal Data Bank, 

Pisa, Italy; and the Geopressure Data Bank a t  the University of Texas. &i 



I , Tablo I. OEODOC Data Elemmtr . 

bBL 
rag  

5C 
r y  
)ES-CAT 

BL 
PT , 

PS 
TA . 
L 
OT 
os 
ED 
CODEN 
AUTHORS 

AU 

AA 
AN 

AC 

DG 
SPO 

SPC 
SCN 

RN 
SN 
INT 
PUB 
PUP 
PUD 
COL 
N 
COT 
COP 
COD 
AV 

INIS 
Tag 

0 

009 
200 
201 
620 
600 
230 
231 
250 

100 
100 
100 
700 
110 
710 
ill 

300 
310 
320 

- 402 
401 
403 
500 
610 
210 
211 
213 

Continued on next page. 

type o f  document/bibliographic levels/lite 
delineates information fo r  one bibliographi 
bibliographic level indicator . 
pr imary t i t le  (translated into English if necessary) 
pr imary subtitle (transla ted into English if necessary) 
tit le augmentation I 

language I f  or  non-English document) 
original t i t le (non-English) o r  journal/series t i t le 
original subti t  le. (non-English) o r  journal/series 

delineates author-of  fil iation group 
author's name 
author note (e 
author's o f  f i l iation 
aff i l iat ion code 
corporate e n t r y  
corporate code- L 

academic degree 
sponsor 
sponsor 
sponsor cont rac t  number 
r e p o r t  or patent  number 
secondary numbers 
In ternat ional  Stand ent Code 
publisher 
place of publication 
publication date 
collation (volume, issue, page) 
note 
conference t i t le 
conference place 
conference date 
availability and price 

mp., eds., comps.) 
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Table 1. OEOOOC Data Element8 (Continued) 

teL INIS 
'fag 

REL-REF 
RL 
RlR 
RSC 

ABSTRACT 
A0S . 1 

I 

ABS0 
INDEX 

ce 
TICC 

' DE 1 

OD 
ID 
PD 

CONTROL 
LA 

BR 
OCSO 
A I S 0  
DATA-FILE 

PUT 
I N  -- --- 

6OC 
80C 
m 

m* 

m 
- 

m 

m 
m 
m 
m 
m 
m 

t 
! ; , Data Element Definition 

n i delineates one ab ' s t r ac t  

n 1 1rJDEX.L general indexing. INDEX.2, 3,...N spl i ts  

- --  w 

delineates information f o r  one r e l a t ed  r e f e r e n c e  
rotator 
relationship and r e f e r e n c e  

1 related r h o r t  code 

1 a b s t r a c t  s o u r c e  

1 TIC ca tegory  -1 descr ip tor  f rom t h e s a u r u s  

1 a b 8 t r o c t  . 

ea tegory/qualifier 

data da rc r ip to r  from thasaurws 
idantif kr 
propored doscr ipt  o r  
h t o t n a l  LBL data d e m e n t s  
local availability 
b o r r o v / r e t w n  
descriptive catalogers initials, d a t e  and comment 
obt t rac tor - indexers  initials, d a t e  and comment 

d a t a  desc r ip to r  for potential  d a t a  

n 1 

' 

i 

' 

[ d a t a  descr ip tor  f o r  included d o t a  

' data file marno I 

-I ------I -____I__ 2 - --- I--.-_ -. __-_ -- --_ 

*cn-Thi d a t a  dement may have multipIe e n t r h s  
%-Thio data element contains  no valw and need no t  be e n t e r e d  on input. It 
s e r v e s  to delineate a group of d a t a  dements .  

23 
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Establishing standards for the types of information t o  be carrie'd i n  . '  

a record is h ighly  desirable 

pating the degree w i t h  which information'-should #be delimited. As an example, 

Probably the most 'difficult  aspect is*,antici- 
* 

8 some bibl iographic systems tend to include i n  .one undelimited field -all of 

I the journal reference information while i n  others ithe journal name, volume,- 

issue,.page and date are i n  separate fields. The higher ,the degree' of 

separation of discrete u n i t s ,  the greater the flexibilfty - in  manipulation 

(including format .checking) .possible. In order t o  -produc data that can be 

used by other groups, GRID follows the INi5 l i s t  of types of data. - The two 

major s tumbling 

investments % i n  existing systems, and the costs of processing a detailed 

structure whose value,,may*:not be apparent i n i t i a l l y J *  1.t is therefore -important 

that  new data centers use standard coding procedures such as those of 1NIS"in 

the early formative stages. 

adoption of .a standard l is t  af data elements are the 

One area is + i n  standardizing and updating contents o f  the data-. fields. 

These specify, for instance, the .order o f  'authors ' names; abbreviations for 

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

tion, such as journal CODEN corporate *author :identifiers, and country codes , 
which are a final heck on the consistency ofc the entries (See"Attachment V ) .  

he major -advantage o f  Standardization ..in this ,area is ease of mders  t d n d i  ng 
r 

and unambiguously searching the data. robably.the most -difficu standardi za- 

rr t ion  problem , i n  b ib l  iographi'c work centers 'on means of describing the subjects 

o f  a document; this includes both 6 ttie:style o f  the subject description and 

the -particular terms or categories 'used i 
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Conclusions 

~ Standardization of data for interchange means that a product .generated 

for one set of users can be used w i t h  minimal effor t  .by a wider community. 

Aspects subject ' t o  standardization include physical characteristics o f  :the 

medium of exchange; overall structure of the f i le;  structure of the individual 

records; types of information t o  be included w i t h i n  a record; and s tyle  of the 

information and authority files associated w i t h  .it. Standards for ,the exchange 

of bibliographic data (e.g., INIS) are well established and i n  active use 

throughout the world. GRID utilizes these standards ,for bib1 iographic work, 

t h u s  enhancing the value of its product and promoting the active interchange 

of data w i t h  other groups. Similar geoscience data standards would result i n  

. 

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. Th i s  would fac i l i t a te  the collection, exchange, and 

utilization -of geothermal information. 

2. Uniformity i n  magnetic tape formats. Time .and expense devoted t o  

running a tape from one data center so that  the tape information can 

be utilized by another data center would be minimized. t - 
3. Delegation of responsibility to  each participating data center for one 

r 

or more aspects of the exchange program; For example, it may be 

desirable to have one data center p u t  a l l  of one type of data in to  one 

acceptable format for dissemination to the other participants. 

4. Continual updating of authority lists so that they are compatible 

w i t h  current usage. For example, many nations have changed their  
/ 

Lr 
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methods for mail addresses (e.g., ZIP codes), and these changes 

should be reflected promptly by a change i n  the authority l is t .  

5. One s e t  o f  comnonly accepted units for reporting physical measure- 
~- .%* s 

ments. 

procedure which also impedes evaluatibn ' o f  the da 

6. Developm f tags cate the level 

Conversion of many units t o  a comnon u n i t  is a time-consuming 

i t y  of 

numerical data may be desi 

are worse than no data a t  a l l .  

ten, erroneous, > # I  or uneval uated * .  data 

7. A l is t ing o f  data descriptors i n  a thesaurus o f  - e t  .terms 6 , -  which will impart 

t o  the user an idea o f  the magnitude o f  the numerical data, the ex- - I 

the data, and the materials- (e.g., . - 
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Attachment N 

NATION A 1  
GECTHL FrHA L I NFORtiD.TI ON 
RESOURCE 

LAND SUBSfOENCE/RECORO 1 
WAIRAKEI GLOTHERPAL F I E L D  
NEW ZEALANO L 
NARCH 319 1978 

a 

DATA ELEHLNT 

A. GI'NLKAL INFORHATIOH 

OETA ENTRY T A G  

G I C l O  

Gf 020 

G I 6 3 0  

GI OGO 

GI 0% 

GI060 

GI070 

GI080 

GI 090 

GI100 

G I  110 

CHUlO 

CrlO2O 

Cfl03C 

(GI 3 

Fi fLO OR AR€A 

NLARi. ST COH t UNIT Y 

#AfRAKEI GEOTHERHAL F I E L D ;  

CiOTORtAt 

CfSfRXCT OR COUNT! 

SfAfk OR QRCVINCE 

N t H  ZLALANO: 

UAIRAUFX GEOTHEWAL FIELO IS UNDER- 
CAfN @ Y  A NE'ARlFLATs QUAfEEHARYv 
& C I D  VOLCANIC R O W  SEQUENCE. N A I N  
PRCOUCTION AQUIFER I S  ABOUT 1 5 0 0  Ff 
THICK PUNICE GRECCIC, (UAIORA FORHA- 

L S  FOCzt!ATION) FORHS THE COhFININC 
6E0 (eOLTON 73): 

TICN) KUOSTONE/SILfSfONE (HUUA FAL- 

COUNf FY 

GEOLOGIC SETTING 

)iYDROLOGIC SETTING 

SUBSIDING AREA 
iATITUOE/LONCITUD€ 

112 DEG h / t 1 2  CEC S: 

SU3SIDING AREA 
ELEVATZOF; 

GEOLOGIC Hfi PS 
OF AREA 

C3X P€ NTS 

SCE HATTCN 70s HJNT 70, HUNT 706, 'AND 
HUNT 773 

P 

.. 

e. S u B s i o c w E  CAUSES AND NFCHANISFS ccni t 

RESOURCL T Y  FE 
WITHORAWN 

GTOTHtlr'WL HOT WATER: 

YEA2 PROOUCTICN 19583 
E GP. Ec 

SUBS1 OL hCL XLCHAN ISH BOTH CONTXNUATXON AND LOCPffCN O F  THE 
SUBSICEICE IS UNEXPLkfNEO. MASS RE- 
CHARGE # A S  c50 PERCLNT FOR 1956-1963 
e ANC HAS 9E:EN ABOUT 90 PkRCENf SIN-  
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CE' 19€6r TEHPLRATURCS AH0 PRESSURES 
I h  THE F I E L C  HAVE S T A B I L I Z t D  SINCE 
1966. SLBSIOENCE Y A Y  NOT BE RELAf€O 
TO GEOTI!E6?IAL H3f NAfLR 'HITHDRAUAL ' 

9 BUT RATtER T O  NATURAL' CAUSES, SUCH 
AS, (1) FGOd SLOU OCAINING OF NEAR- 
SURFACt ( < O i l  KH) ROCKS IE; RESPONSE 

PER ( a 0 . 3  Kt l )  PS03UCf fON ZONE, 

u 

T O  NITHCROUAL OF UATER FRO)! TH€ OEE- 

( 2 )  FEOt THERMAL COtdfRACTION CAUSED 
BY I h T R U S I O h  OF COLD UATER INTO HOT 
ROCK I t t  THIS AREA (HUNT 77); 

CH Oh0 

I N D U S f ~ I P L - - ~ E O T H E R t l A L  POWER PRODUC- 
TIthI ' ,  

so010 LAN@ USE 

soozo YEAR SUBSfO€kCi: VERTICAL (1 $56)  9 AND &OR1 ZONTAL (1965) 
(HAITON 701 AXTYANN 7 4 )  'r 

4 .  

SO030 5 KH2 41956-1966) (HATTON 7 0 ) ;  
1 

SDC40 hV%P GL SUB f IDENC€ 0.5 N (1552-19@4), ( S f I L W S L L  75) t 
3.7' H (1SSb-1974) (AXTHANN ?tO; 

SIOENCE 2.4 H (1552-1964 ( S f I L U E L L  75) t 
3eD5 tl TC 19&7 1 
4.5 M 41964-1974) 

so 
. * .# 

SDG6C SUBSXDENCF. FATE 36 CH/YCi IN UAIbk4 FORHATION (1964 

f lAX. 40 C H l Y R  T O  1967 ON 7011 
1977) (PRI fCHETf  766): 

sooilc P C R I f O N f k L  GROUNO HAX. 0 . w  ( i g s 6 - 1 9 ~ ~  (STILHELL 7513 

6.53 B I L L I O N  KG HA 
(HATTON 70): 

5€0 BILLION K 
(HUEiT 7E)t 

0' k968 

4 

c i ~ i  a x i x o N  KC Mass ( 1 9 5 0 - i g t i ) ,  234 
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SOIEC NET c;lfSOURCC 

B I L L I O N  KG HASSi 1 9 6 7 - 1 9 7 4 1  (HUNT 7 7 )  t 

s o 1 1 0  4 VC.RA CTt Rt S O O i X Z  40 BXLLICN KC' MASS/ . ILWELL 7511'1 
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LOCATION 
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Lf 460 w FRCH THE NEAREST WELLS AND 1830 
t! FkOt' THE REGION OF CREATLST DRAW- 
CFF (BOLTON 73): 

AREA OF FAX. SUeSIOfNCE (SUeSIOENCf 
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OENCE &REA (PRffCHETt 76): 

AVERAGE FAT10 OF SUBSIDENCE VOLUME TO 
FLUIC WAW-OfF VOLUHE f O R  THE PERIOD 
1967-1971 WAS 0.0076 (GLOVER 7 4 ) :  

0. SUBSIDGNCE, DAMAGES AND COSTS (CC) 

TYPE OF OAHACE PIPCLIYES--CHINE I N  OfSTAhCE BETW 
P I P E  ANCHORS OF EXPANSION LOOP f N  
STEAM WAINS AND CONCRLTi ORAINS 
CRACKING tNAffOM 7 0 )  1 . .  

ESTIHAVEO DAMAGE 
COSTS 

OAf lAGE CONTROL RLPLPCEWEHT CF STEAH P IPE k I T H  SHORT 
ti& AS URE S LENGTHS OF P I P I N G  (HATTON 7 0 ) :  

ESffflATEO AEATLR6NT 
OK CONTROL COSTS 

COHPFNTS 

E. SU6SIDCNCC H~NITOFi INC AND COLTROL t M C )  
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HEW MONITCRING 

T 
.% I 

VERTICAL OISPLACE- 
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PHASE 

RP 15C FLUID COHFRCSSI- 
3. I3ILITY 
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