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ABSTRACT G

The computerized‘internaﬁiEQa] geothermal energy information system

is reviewed. The‘review covéf§;é$tab1ishment of the Italy - United States

‘,flﬁnkédrdéta centers by the NAfb4thmittee on Challenges of Modern Society,

~through a bilateral agreemenilfgﬁd up to the present time. The result of

the information exchange pfdjectkjs given as the bibliographic and numerical

‘data available from the data centers. Retommendations for the exchange

of computerized geothermal information at the international level are

discussed. ' EREE
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5'accessab1e reliable data.;:
‘ dr1111ng, br1ne treatment process

product1on or dlrect use, and

»';:constructlon to measure: the,eff

: };ch1er1de which are. S0 1mportant n

S wcarefuI measurements

-A key to the developmenr and;‘t111zation of geothermal energy is readily

iase on data, areas are selected as’ lgkeﬂv sites for

are modified. p1ants are des:gned for power

clal ass1stance is made ava11ab1e A small.

~error on the negative side maf d1ssuade development of new. donestxc sources such

as qeothermal energy and the eb, cont%nue our reliance. on 1mported but- expens1ve

petroleum sources, while, an;;rror :Lhe posit1ve side-can lead to. f1nanc1a1

,{disaster The need for sound;expl:lation -and.plant data ds, obv1ous.,;e,

Re11able geothermal energ data;are needed for dec151on-mak1nq 1n -2 number

: of areas, (I) policy p]annlngfiwhich requires broad sca1e assessnent of p]ant

7veness of the Nationa] effort, and to 1dent1fy

'1nh1bit1ng regulations, (2) program'pianning, whlch requxres informat1on on s1g-

;n1f1cant gaps in: the research and evelopment needed to accelerate,plant construc-

o t1on"(3) general assessment of esources including the avai]ab111ty of resources

;such as hot  brines as 2 nationa resource for power production"(4) comol1ance

—;awith ex1st1ng env1ronmenta] quality standards such: as those for ambient a1r, and

(5) data on the: bas1c nropert1e” of brlnes -and aqueous so]utions such as sodlum

%de111ng heat flow from the product1on we]]s,

"through the plant, and then ;ection well system:

Most
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757Thé availability of computers for handling large amounts of data, as
_ 'we11?és’for modelling and mathematical calculations has made it'iossib1e tql
examine increasingly complex problems. The computer:systemS'used are based
on data acquisition, processing, stoéage media, display and printout capabili-'
‘ties designed for interactive data retrieval with quick,responSeﬂtime, bThey‘
rﬂalso”iﬁclﬁde means to query the stored dataiwith'very specific requests, tﬁe
ability to construct a large variety of report formats, and a wide selection
' foridisposfng the output ina form suitable for the user.
';;*linfbrmation‘for geothermal energy applications can be classified in many

ways; the following ‘s conveniént:"(?) basic or site-independent, (2) site-.‘

“'3§e¢i¥iéilhhd (3) bibliographic. Basic data include the properties of solutions,
 '?6bk§iaBdE§asesl These thermodynamic;énd transport measurements are made on
3?9fﬁbroggh1y5charactef1zed”samples, and under carefully controlled 1aﬁoratory condi-
tions. Site;specific data are measurements generally obtained in the field as
_fo?reXample at a geothermal site. The properties measured aoply only to.that
“site. Bibliographic information is in the form of indexed and annbtated references
to important publications and reports. Table 1 lists these three classes of
tdmbUterized information generally used to evaluate the geqtherma] eﬁergy~resou}ce.
. In this summary of the pilot study, the following topics :are discussed:
(1) objectives of the program; (2) the combuterized‘geotherma1 data bases in-
volved in thé_exchahge program; (3) results of the CCMS pﬁase of the program;
(4) current status of gedtherma] data exchaﬁge,with'trateabi1ity to CCMS; and
(5) recommendations for future work involving international cooperation for the
ex'chén:ge' of geothermal information."
|  The material contained in this summary is drawn mainly from correspondence
5'and”réports that are directly related to the program; ‘some are not widely cir-
cu]éted. In those casés where reports are re]afed to the pilot study, the

NATO/CCMS traceabi]ity is indicated by an aporonriate reference.



o

Table 1. Classes of computerlzed 1nformat10n listing the form of storage
and typ1ca1 output for geotherna] enerny data :

" Basic

Storage Form . . . Data Output

- Code cons1st1ng of a number,ofrfjr'?

- Data’ base management system

" Theoretical correlation équéiiﬁn‘- ‘ Graphs, tables of smoothed values-

_interpolated and extrapolated
(enthalpy, viScosity, solubility)

Empirical COrre]ation equation Graphs' tab1es of smoothed vaTues-
: SR T interpolated (enthalpy, v1scos1ty,
solubility)
Graphs, ‘tables; modelling (scaling,

equat1ons - corrosion, brine treatment, heat
C o flow through a oower n]ant)
7 S1te~Spec1fic o
Data base management ;ystem ff:%fyl" ~ Geology: rock types, depth to

L _ reservoir
~omeo o Geochemistry: geothermometry, pH
S . thermal spring flow rate, TDS
- _Geophysics: gravity, e]ectr1ca1
-~ temperature and seismic surveys
~_Reservoir properties: temperature,
~ permeability, porosity
-~ Wells: depth, flow rate, temperature
~ -Well logs: caliper, acoustic, tempera-
o7 ture, dipmeter-
. Plants: scaling, capacity, downtime

Text editing’systemsr-,'

L1sting of references :
_.Indexes: author"ﬁffiliation, Journal '
: subject '
Frequency of occurrence- author, subJect.
~affiliation, Journal CODEN year of
“publication - :
Specif1c retr1eva




| Objectives of the Infafmation Exchange Pilot Study

The initial goal of the program was a one-year test of linked data .
centers designed to facilitate the exchange of new geothermal information
at the international level. Three linked principal world centers were
originally suggested, as described in the Summary Records of the First
Geothermal Implementation Conference (Ref. 1):

Three equivalent reg1ona] information centers should be
established to promote international exchange of information
and data concerning the utilization of geothermal resources.
Suggested locations for the centers are Italy, New Zealand,
and the United States. The centers would be linked in the
sense that all information generated in one center would be
transmitted to the other centers and each would have a com-
plete data file of all available information.

and

Individual requests for specific information could be made
to any of the regional centers. Each center would provide
information in appropriate tabular, graphic or comnuter-read-
able formats.

(See Ref. 6 also).

The final form of the information pilot study involved computerized
data centers in Italy and the United States, with active particination by
New Zealand in development of formats and in providina data.

In surmary, the Information Exchange Pilot Study was a one-year study,
using tio linked computerized data centers supnlemented by assistance from a
third. Its aim was to develop common formats and ut111ze computer methods

for the promnt exchange and d1ssem1nat1on of new 1nformat1on and data related

to geothermal energy. The 1nformat\on exchanqe depended on computer assistance

to nrovide the most ravnid, efficient and economic means of handling large
quantities of data.

Implementation of the Information Exchange Pilot Study

“Implementation of the expanded program involves the,f0110wihg partici-
‘pating data centers: (1) Centro Nazionale Universitario di Calcolo Elect-

tronico (CNUCE), Pisa, Italy; (2) The National Geothermal Information Resource

(5}
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"ifth1s in: m1nd, meetings were

: ethe meet1ngs 1nc1uded repre

";_}the United States \ Generalwif

(GRID), Berke1ey, Californ1a, nd (3) GEOTHERM, Reston, Virginia (now at
Menlo Park,‘Callforn1a) A descrtpt1on of. these data centers is conta1ned
in References 8 and 9. .'.r}f3j;;j1'

- The 1dea was to 1nc1ude both b1b1ionraph1c and numerical data in the

!iexchanue on a tr1a1 basis to assess the time, cost, and usefulness of the

"work~(Ref 1). 0b3ect1ves and data co]lection for the one-year o110t study

included  the fol]owlng'“"'ir

1. dB1b11ograph1c data compiled by GRID on the fo1low1ng aspects of

idevelopment and use of "eothermal ‘energy, .including information

from other f1e1dsrwit etevance to ‘geothermal eneray' (1) Sub-

's1dence, (2) Hydrogen Su1f1de, (3) Geotherma] Resources, and (4)

£ Non E1ectr1ca1 App11cat10ns. Indexed and:annotated b1b11ogranhic

Iistings were made avallable e1ther as computer prtnt-outs -or

" magnetic tapes.‘ S | 0
"1,:72; fTaoe of site-depend it umer1ca1 data by GEOTHERM to include the

' fol1ow1nq subject .ifFeothermal Field/Area, Chemaca] Ana]ysis, -

i'f}fjfélté.r'Development of fonmats s1ng 1nternat1ona11y accepted standards by

;i?ar‘CNUCE, GEOTHERMfan "7.raee,,for example,,Ref 2.

Implementat1on of t,

' ”’worldwxde part1cipat1on. requlredrcommuntcation among the part1c1pants. Hith i B

1d-in 1974 and 1975 at %en]o Park, Berke]ey,

—?i;*Reston, P1sa, Ne111ngton and, an: Francxsco. Part1c1pants at one or more of,j'

atives from ItaIy, Mex1co, New Zea]and and

add1t1on to those d1rect¥y invoived with

8 the project, other staff personne] from DOE and USGS were also oresent Be-
o cause of- geographica] distances and consequent travel 1nvolved it was not

‘: poss1b1e for all committee members to meet at each locat1on as frequent1y as

1an out1ined by these tasks, wh1ch invo]ved_ ’
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might be desired. To coordinate and facilitate obtaining worldwide data on-

"Vsité;'visits were made to Pisa and Ue1lington by Clark and Phillips, and by

- Stefanelli to Washington and San Francisco.

The Second U.N. Conference was held in San Francisco, May 26, 1975.

- The results of the "Pilot Study" were reported at a special afternoon session.

These included the following: (1)'ngelopment-of a common formatrfor recording
Qib]iographic information. The format had as its basis the‘Ihtefnational Nu-
Ciear Information System (iNIS) descriptive cataloging procedures, iﬁdexing
rules and authority lists. (2) Development of a format for sife-dependent
numerical data for fields, drillholes, and chemical ana]ysiﬁ. The format was
based in part on the system used by the U.S. Geological Survey Office of Re-

soufce Analysis CRIB file; it had been reviewed by the New Zealand Department

 of Scientific and Industrial Research staff. (3) A

pilot bibliographic file by GRID and a pilot numerical fi]é by GEOTHERM. (4)
Identification by the three data centers (GRID, GEOTHERM, CNUCE) of problem
areas in the international exchanae of geqtherma]lenergy data.

A1l participants agreed that the data exchange programs should continue.
James Bresee, described the CCMS pilot study concept and asked for suggestions
for an international organization to sponsor the information exchange. There
were no suggestions from the floor. Following the report session,.four membérs

of the coomittee (Barbier, Stefanelli, Calkins, and Phillips) continued the

business portion of the meeting. A draft document was prenared to help defineﬁ
~the scope of follow-up activities to continue the worldwide data collection énd'

-excﬁange (Ref. 4). A bilateral exchange agreement was signed by Italian and

u.s. representatiyes in 1976.

GRID informally provided Pisa a file on éubsidence in July ]975{ in 1976

more extensive computer tapes were sent to Pisa under the hilateral exchange

L 2



iagreement' These- incIuded:the:dRIb’hydrogen squide‘fiIe;'a tape from TIC,
0ak R1dge conta1n1ng the1r geothermaI b1b11ographic f11e, the GRID geotherma]
thesaurus; the EDB magnet1c tape descript1on, and a descrlption of the GRID

: document fiIe'structure. In June 1977 the foIIow1ng add1tiona1 computer tapes
‘were transmltted to ItaIy under the b1IateraI agreement (1) GRID geothermal

: hot water reservoir data, (2) the current TIC bibliographic file; (3) a com-
R pos1te f1Ie of geothermaI energy abstracts from 1967 to 1977 from TIC. This

| 1nformat10n exchange also 1nc1uded the sending of a tape and printout from

the P1sa,geothermal;b1inographgcﬁf7]e to TIC and GRID. In‘1979 and 198Q, |

) GRID and Banco Geotermicar(P{sasieichanged additionaI'information to include

the Pisa pr1ntout and tape on weII temperatures 1n Ita]y

Under the b11atera] agreement ‘the United States was responsib]e for ,

data coIIection in the foIIowinbjgeographic areas: IceIand. North Amertca,

ustra11a, Asia (but not the USSR) Italy

Central Amer1ca, South Americt

was responsible for data coIIect1on 1n Europe, Africa and the USSR (Ref. 7).

Contacts were estab]1shedew1th CentraI and South American geothermal

specialists 1n 0ctober of 1976 binRID v1a the Department of “State under -the

ausptces of CCMS dur1ng a;:fgeothermal conference in Guatema]a (Ref '5). In

1977 th1s effort was continue work1ng w1th the reIevant U S Embassy

Sc1ence CounseIor through th tment of State to establish a mechanism

: }i for the exchange of geothe ; ta between the u.S. > CentraI America, and

':“'South Amer1ca GRID senti

pr ,tout;ofhdata on geothenmaIwreservo1r chemtstry

See TabIe

and IsraeI in 1978

Conclus1on

The results of the CCMS p110t study and the foIIow-up work demonstrate

the effectlveness of the pi]ot study concept as app11ed to the exchange of
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Table 2. Typlcal information provided by GRID and received from others under
NATO/CCMS or successor international exchange programs -

Information Type

- Reservoir, fluids file

To GRID: Copies of
publications

Bib]iographlc (TIC)

Thesaurus, H,S file,
B1b11ograpﬁy (T1C),
GEDOC

Reservoir fluids file
and establishment
of contacts

Description of GRID
Description of GRID
Brine treatment

Guanacaste Project
Requested plant data

Information on GRID

DesCription of Banca Dati
Geotermici (CNUCE)
Subsidence

Forms to input data

Computer tapes/
1977

Xerox/1977
Tapes/1977

Tapes, Reports/
1976
Printout/1977

Report/1977
Report/1977

Report/, Print-
out/1978
Report/1977
1977

1977

1977
Report/1977
Microfiche and

Report/1975
Xerox/1974

Form/Year Recipient
‘Well data from Banca Dati Tape/1979 GRID (from CNUCE) -
- Geotermici ' S _
BibYiographic Standards Report/1978 Geological Survey of Japan
' : Report/1978 Geological Survey of India
Reports/1978 Instituto de Geologfa y .
Minerfa, Peru A
Description of GRID Report/1978 Israel, National Center
' of Scientific_and Tech-
nological Information
Description of GRID Reports/1978 Geothermal Energy Research
: : & Development Co., Ltd.,
- Japan -
Thesaurus, GEODOC Report/1978 DSIR, New Zealand

- CNUCE, Italy

GRID (from CNUCE)
CNUCE

CNUCE

Costa Rica, Guatemala, Haiti,
Chile, Bolivia, Mexico, Argen-
tina, E1 Salvador, Canada,
United Nations, MNicaraqua,
Ecuador, Columbia, Panama

OLADE, Ecuador

Empresa Nacional de Electri-
cidad, Bolivia

Inst1tuto Costarricense de
Electricidad, Costa Rica

To GRID From Costa Rica

Empresa Nacional de Electri-
cidad, Chile

Prospec Ecuador ‘

Central American Common
Market Economic Research
Unit, Guatemala

GRID (from CNUCE)

[}

CNUCE
CNUCE
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: geothermal information on arworldwide'basts, and the'advanta§es‘of computerized

r'information systems for this k1nd of operat1on.' The sucaeéi"b% therwork\re-

\ qu1res ‘the cooperation and coord1nat1on of many agenc1es and laboratories in each
"5rpart1c1pating nat1on. In the U S s for example, the agenc1es 1nvo]ved in co-
"r;ordanat1ng the proaect were the Department of Energy, Department of State,

tr"Env1ronmenta1 Protection Agency,,;1 Geo1og1ca1 Survey, and Lawrence Berkeley

‘Laboratory of the Un1versity of Ca11forn1a

The past five years have seen a substantia] growth in the ava11ab111ty

of:data. Only a brief survey 1s needed to 1dentify the many databases currentIy

avai]abie in the Un1ted StateS' See Table 3 Unfortunately, the vast maJority '

of the data are ne1ther read11y ava11ab1e, nor in computer1zed form; they are

' :therefore of limited use. - -

V,from wh1ch a]] countrles may draw.{i

'the data system but'rather W1t

ted1ous and sometimes form1dab1e'

,rRecommendat1ons for Future erk on International Information. Exchange

b he CCMS P110t Study on data exchange was to

The pr1mary ob3ect1ve o’

. create an internationa1 geotherma1 1nformation resource, a p001 of information

The d1ff1cu1ty does not 11e with des1gn1ng

he mechanics of secur1ng and coding the 1nforma-‘

tion.r Most part1cipants arf'eager to contr1bute to the file but balk at the

7;sk of coding forms for the computer. This -

lls,understandable because,suc dang could create a. dra1n on manpower and funds..

: :”fi?;fi;b'CoIIection anditransm ta eofhinternal reportsfandamanUa1iy logged

7:7~data by the participatangfcountry to the center 1n e1ther Italy or.

This

f’the Un1ted States.,; is espec1a11y 1mportant for work that is
" otherwise not w1de1y c1rcu1ated The computer center W111 code
and input the data, anded1ssem1nate the data to the users..

2. Costs for access to the Italy-Un1ted States informat1on system

- which is borne by the”;sers., This could be done on a graduated
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- Table 3. Selected geothermal information databases in the United Statés.

.'Type of Data

 Bibliographic

_Specific bibliographies

Environmental bibliography

" Basic Numerical Data
Brine,Treafment

Subsidence
‘Reservoir Engineering

VReservoir Chemistry

Geology

Geochemistry
Drillhole

Wairakei report
Cerro Prieto report
Hot Dry Rock
Geopressured

Nevada

Central United States

Thesaurus

Well Log, Cerro Prieto

Irilling

Progreseronitoring

Availability

Computerized

: DOE Technical Information Center

Lawrence Berkeley Laboratory

- U.S.Geological Survey (Basic)

Sandia (Magma)

Lawrence Livermore Laboratory

Lawrence Berkeley Laboratory

Lawrence Berkeley Laboratory
U.S.Geological Survey

Lawrence Berke]éy Laboratory
Lawrence Livermore Laboratory

. Lawrence Berkeley Laboratory

Terra Tek (bibliography)

Lawrence Berkeley Laboratory
Battelle Pacific Northwest

U.S.Geological Survey
U.S.Geological Survey

Lawrence Livermore Laboratory
Systems, Science and Software
Lawrence Berkeley Laboratofy
Los.Alamos Scientific Laboratory
University of Texas

Nevada Bureau of Mines
University of Utah

Lawrence Berkeley Laboratory
Technical Information Center

Los Alamos Scientific Laboratory

Lawrence Berkeley Laboratory

Munger Oilogram

Petroleum Information's National
Geothermal Service

U.S.Geological Survey

Lawrence Berkeley Laboratory

Yes
Yes

No
No

No
Yes

Yes
Yes

Yes
No

No
No

Yes
No

Yes
Yes

No

| No

No
No
Yes
Ho
}No

Yes
Yes

No

-No

No
No
No

@



Table 3, continued

Type of Data

'Sogthw§s§4United States

,—washjngtbn, wyoming'

o -1-

- Availability
“Western Energy Planners, Ltd.

.l”éiT”GéoeHeat U;iiization:Centerlz

Computerized
No
o




-12-

scale which depends on the ability of the subscriber t6~pay,
the cost. See for example Reference 10.
A monthly newsletter that describes information available from

the Tinked data centers. The person interested in obtaining

N

selected information need only query the system, e.g., by ff11ing
out a card, letter, or direct]y_actessing the computer. - | T
Information supplied to the data centers in either the Italian

or English languages. The data centers would provide the user

~ with printouts in either language. It is difficult to translate

material which is in diverse languages, and much valuabTe data is
lost.in untranslated publications.

Numerical values which are in a consistent set of scientific units.
Much time and expense is expended in converting the different units
to one set of units so that the data may be properly compared. The
Standard International units are recommended.

Designation of a person who will be responsible for collecting

and transmitting the information from each nation to the Italy or
United States computer center.

A cost to the user that is defensible. It is imperative that the
international geothermal information system be supported almost
entifely by the users. Thereby, the information provided must

be timely, accurate, current and in a thoroughly understandable CooE
format. |

EXpand the geothermal energy'coverage to include geosciences data

such as nuclear waste isolation and deep drilling.



»

| ,needs,are addttxonaT benefats
’i~computer;:'Computer-aSSisted

i;one to the other offer add1t1ona1

T"foiflif a forecast1ng program owned:by'the user._af

rifAcknowiedgment
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Dissemination of the co11ected data to users is via pr1nted reports,
magnet1c tapes, or computer-connected commun1cat1on 11nes Pr1nted reports
are produced by a computer svstem 1n a var1ety of formats (1nc1ud1ng araphs),
to meet-a variety of user. requ1rements They are most appropriate for those
without computer fac111t1es and for the person who wishes to make d1rect use
'of the data without any. add1tiona1 man1pu1at1ons. |

Magnetic tapes al]ow data to be sent to users in standard comouter

'access1b1e formats, and are most approprwate to those who wish to make use

of the data in their own computer systems The development of international

N computer networks such as EURONET and ARPANET raises the poss1b111ty of 'direct

. access ‘to a data center, e1ther by the person query1ng the system or by their

computers.' This would a11ow ve” ;ap1d dissemination of data, particularly

' compared to trans-ocean1c surface ma11 D1rect 1nterrogat1onrof computer1zed

data bases, via: 1nteract1ve exchanges between a user at a term1na1 and a com-

' puter at a data center, can enabTerthe user to rap1d1y obtain current data

that closely fits: h1s needs Thj efinement of quer1es based on partial

- results, the ab111ty to manipu?ate,data to show relationsh1ps in new forms,

ertand the productwon of pr1nted reports and graphs ‘that sat1sfy ad hoc chang1ng

1rect 1nteraction between a user and the

ct1ons a110w1ng f11es to be transmltted from

enef1ts One example 1s the transm1ss1on

"?of a f11e of current data from a data center to a user s computer to be used..

Thanks are glven to Dr,iGeorgeﬂA Morton. Dr. Marce]o Lippmann,

and James R. Swanson for the1r comments This work was supported by

V the U. S Department of Energy under Contract W-7405- ENG-48
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