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7;Sﬁﬁhhrx: ‘During theﬁpast'fiinyea?E;great strides haveqbeen;made in the
. development of geothermal energy resources for electrical power production.
However, the same time has seeén an enormous growth in publications dealing

with geothermal energy, thereby raising the question of economic data
“handling and dissemination.-- approach to this problemis the establishment
of an international data exchange cooperative program with the idea to avoid

unnecessary and expensive duplication of research and development effort.
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e ?}therma1 databases includlngﬂbOth

Introductlon R

The 1nternat1ona] effort to deve1op and utilize geotherma] energy

has resulted in an enormous growth of 1nformation However, the needed
data is w1de1y scattered dtfflcult to access and 1arge1y unevaluated

Thus an 1mportant task 1s to coTIect, evaluate and d1ssem1nate geothermal

data 1n a t1mely manner, thereby avo1d1ng unnecessary and expens1ve dup11-

catlon of research effort.’7

: _The National Geothermal, n,drmat1on Resource (GRID) of the Lawrence ;

prov1de cr1t1ca11y eva]uated

of geotherma1 energy Included are both s1te specif1c and bas1c 1nformat10n

gan1zat1ons There are currently three

archzand product1on" the DOE Techn1ca1

GRID -

ertcal and b1b1109raphic data.

interfaces wqth DOE/TIC’forabzbllographic informat1on and w1th GEOTHERM for

certain s1te—dependent numer1ca1,data Data exchange at the internationa]




Tevel is mainly with the Geothermal Data Bank CNUCE, Pisa, Italy via
CopoE. . ~ L

N It 1s not possible to dlSCUSS an facets of 1nternationa1 data ex-
change for geothermal energy power pcoductjon. This report 1sﬂl1m1ted

to the following aspects of informatidn-exchange at the ‘international

o | Ieve] descr1pt1on of the database; data formats the NATO~ CCMS pilot

study, and a section on recommendatlons for 1nformat1on exchange based on.
a one-year pilot study under NATO-CCMS.

ADatabase Management

The Berkeley Data Base Management System (BDMS) is used for creatlng,
maintaining and accessing both b1b11ograph1c and numerical data Bibliographic
records are readily retrieved from computer files using BDMS by Spec1fy1ng
either one parameter such as the geothermal site, or a combination of param-
_ eters such as the geothermal site, 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). Utilization of the INIS format ensures compatibility with other
INIS styled computer centers, thereby promoting the active interchange of
data with other groups [Herr(1977)]. Data is available in the form of
bibliographic compilations, numerical tables, or graphical displays disposed
to paper, film or magnetic tape.

The GRID documentation system (GEODOC) conta1ns the descr1pt1ve
cataloging and indexing information for coding_records. Each record
contains the descriptive cata1oging.;abstracting, and indexing information

corresponding to a single document; the 1nformatibn within a givenﬂrecord,



15 subd1v1ded 1nto data elements, some of wh1ch are index1ng keys 'Table

I llsts the def1n1tions of'typ1ca1 data elements wh1ch may appear in a

GEODOC ‘record. Some data elements (e g., author 3 name) can occur repeated]y
Aw1th1none record, an,"m“s1neihe th1rd—column of Table I 1nd1cates that
'5sdch mu]tiple’occUrrences,are%a1iowed ~ The tag used to label the data

o elements w1th1n a record 1sf‘hown 1n the left hand column of Tab]e I.

The- data elements bear certa1n hxerarch1ca1 relat1onsh1ps to each other, '

the structure is. 1nd1cated 1n’zable I by 1ndent1ng the tag names of sub-
ordlnate data elements and pi 1ng' hem after their parents. Data e]ements

are lnput to- the system 1n; ‘order except that subordlnate data elements
W1 must fol]ow the occurrence of. heir'parent w1th wh1ch they are assoc1ated

Informat1on Packag1ng and D1ssem1natxon

Informat1on packag1ng is {ng the data ina form that w111 best

f1t the needs of the userlE efdatabase. ,Outputetherefore takes a variety

~'of—f0rms. Typ1ca1 1nformat1o achagfng;for’geothermal'data isishown in the

followzng table

on Packaging

- Typteal tser tormt el

; *~*Sc1ent1st Eng1neer f;!;;;‘*: :'_COrrelation Equation

Data Evaluator; ‘ Tabies;of;Numer1cal Values,,

Program Manager

Eng1neer,

Program Manager ik : Report w1th;Recommendations

o ,rAnnotatedleb1iography ,hReferences and Indexes ;

Evaluator o |




LBL
Tag

SC
TY
DES-CAT

BL
PT

PS

TA
L .
oT -

0s

ED
CODEN
AUTHORS
AU
AN
AR
- AC
193
CC
G
SPO
SPC
SCN

INIS
Tag

008

009
200
201

620
600
230

231
250

100
100
100
700
110

710

m

Table I.

a3s

Typical -
.GEODOC Data Elements

Data Element Definition

“document short code: unlque 1dent1f1er for

document . ,
type of document/bthIOQraphic 1evels/11terary y
indicator

" delineates information for one bibliographic

level .

b)b]lographlc level indicator

primary title (translated into Engllsh if
necessary)

primary subtitle (translated into English
if necessary)

title augmentation

language (for non-English document)

- original title (non-English) or journal/

series title -
original subtitle (non- Engllsh) or journal/
series subtitle
edition
Journal CODEN
delineates author - affiliation group
author's name
author note (ed., comp., eds., comps.,)
author's affiliation
affiliation code

_corporate entry

corporate code

academic degree
sponsor

sponsor code

sponsor contract number
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- An example of: packagwng is. shown by compar1ng F1gures T and 2 The
format shown in F1gure 1 1s 2 typ1ca1 output from BDMS‘whlch ref]ects the
5*,h1erarch1ca1 structure shown an part in Table 1. We have developed a

Vreport generator wh1ch reformats the b1blzograph1c reference in F1gure 1

ﬁ;:to a more fam1]1ar form shown 1n F1gure 2.

fr NATO-CCMS Geotherma1 Informat1or Exchange P1lot Study

The NATO/CCMS Informat1on P1lot Study was estab11shed to encourage
"'cooperatwve exchanges of. data among part1cipant countrles. In this summary
:of the pilot study. the fol1ow1ng top1cs are d1scussed (l) obJect1ves of

the program; (2) the computer1zed geotherma] data- bases 1nvo]ved 1n ‘the
—rexchange program; (3) resu]ts of the CCMS phase of the program, (4) current
'status of geothermal data exchange w1th traceab111ty to CCMS and (5) rec—

: ommendatlons for future work on 1nternat1ona1 cooperat1on in. 1nformat1on

;;exchange. ' 7 | \

The ma1n goa] of the program was' a one-year test of 11nked data centers
des1gned to fac111tate the exchange of new geothermal 1nformat1on at the :
1nternat1ona1 Tevel, Three 31nked pr1nc1pa1 wor]d centers were or1g1na11y
suggested as descr1bed 1n the Sumnary Record of the erst Geotherma1
,}"'2(1978),]. e

o Three equlvalent regl al information centers should be -
“_established to promote international exchange of information
,;and data concerning the utilization of geothermal resources,
jﬁSuggested 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 trans-
““mitted to the other centers-and each would have a complete -
f;,data f11e of a1l availab1e nformat1on. o Rk

Implementat1on Conference [Ph

o Individual reguestsifor;specific information could be
-~ made to any of the regional centers. Each center would pro-
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'ia:iéei>;*,:t_ © i .- ERDA 77C
EXPLORATION/DRILLING

TITLE-' OPERATIONS PLAN COSO GEOTHERMAL EXPLORATORY
HOLE ‘NQ. 1 (CG"HT”

AUTHOR- ENERGY QESEARCHfAND DEVELOPH:NT
ADMINISTRATION. - -

REFERENCE= OPERATIONS PLAN COS) GEOTHERMAL
EXPLORATORY HOLE NO. 1 (C3EH=1)e NVO-184, ERDA
NEVADA OPERATIONS OFFICE, CHINA LAKE, CALIF.s

1977y 50 Pes

DESCRIPTORS- CALIFORNIA% CGSO HOT SPRINGS KGRAS -
'MAPSS TABLESS ‘OIAGRAMS; HEAT FLOW$ PLANNINGS
DRILLINGS DQILLING EQUIPM NT' HAZARDS.

A KUNZE 74C
EXPLORATION/EVALUATION

TITLE- PROGRAM "PLAN FOR FY. 197«. 'IbhﬁojsecraERMAL'R”*
AND D PROJECT. S R

E i,,,,,

"AUTHOR- KUNZE, JoF .3 BRUGGERs RaMs [AEROJET NUCLEAR
CO.s IDAHO FALLS, IDAHO (JSA).-

REFERENCE- 'PROGRAM PLAN FOR FY 1974, IDAHD
GEOTHERMAL R AND D PROJECT. ANCR=-1139, AEROJET
NUCLEAR COeys IDAHO FALLSy IDAHOy 197471 Pes

DESCQiPTOPS" FAJLTSAWEE LOGIC SETTINGS TEHPERATURE

~ MEASUREMENTS3 -POWER: GENERATIONS BINARY CYCLES -

f‘”THEOKETICAL TREATHENTS‘ GZOTHERMAL WELLS:

TS DRILLINGS GRAVITY SURVEYS: RESISTIVITY SURVEYSv
MAGNETIC SJRVEYS UDIOMAGNETOTELLURIC SURVEYSS
IDAHOS. RAFT kIVE GRA' MAPSY DIAGRAMS.:::;; _

BT ) & PIPPO T7
EXPLORATIONIEVALUATION

 TITLE- HYBRID FOSSIL-GEOTHERHAL POWER PLANTS.
: ' ' Flgure R

oo
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AUTHOF= DI PIPP)y Re $KESTINy Je$KHALIFAy HeEe {BROWN
UNIV,, PROVIDENCEs R.I. (USA). DIV. OF
ENGINEERING 1. :

REFERENCE~= HYBRID FOSSiL-GEOTHERHAL PORER PLANTS.
CATHEC/2+ BROWN UNIVeys PRIVIDENCEs Reles 1977,
‘01 Po. - : )

DESCRIPTORS~ TEMPERATURE MEASUREMENTS3 MATHEMATICAL
MODELS THEIRETICAL TREATMENTSY SITE SELECTIONS
POWER GENERATIONS COMBINED CYCLES$ TEMPERATURE

DEPENDENCES THERKMAL EFFICIENCY3 TVABLESS
508
SDG AND E 76

EXPLORAT ION/EVALUATION

TITLE~ GEOVHERMAL LOOP EXPERIMINTAL FACILITY,
BI-MONTHLY REPORT.

AUTHOR~- SAN DIEGO GAS AND ELECTRIC CO.s CALIF. (USA).

KEFERENCE~- GEOTHERMAL LDOP EXPERIMENTAL FACILITY.
8I-MONTHLY REPORT. SDG AND E+ SAN DIEGO,
CALIF«.s 1976y P. 1-1 - 8-b.

DESCRIPTORS= POWER GENERATIONS TEST FACILITVIESS
BINARY CYCLES CALIFORNIAS NILANDS TABLESS

DIAGRAMS; PHOTOGRAPHSS DESIGN3 CLIMATESS COSTSS
GEOTHERMAL WELLS; PRESSURE$ TEMPERATURE

MEASUREMENTS,.
509

GEOTHERM. ENERGY MAG. 778
EXPLORATION/ZEVALUATION

TITLE- GEONOMICS STAKTS GEOTHERMAL PROJECT IN
HONDURAS. -

AUTHOR~- GEOTHERMAL ENERGY MAGAZINE.

REFERENCE= GEOTYERMe ENERGY MAGey Ve 5 (8)y Po
17-2111977) .,

DESCRIPTORS~- MAPS? HONDURASS TEMPERATURE
MEASUREMENTSS POWER GENERATIONS FORECASTING.

Figure 2 (continued)



—{rtiMenlo Park, Ca11forn1a)

- ovide 1nformat1on in appropr1ate tabu]ar, graphlc or. computer-
Ba readab]e formats. - : '

—;?F1na1 1mp1ementat1on of the information p110t study 1nvo1ved comput-vl'
rer1zed data centers 1n Ita]y and ‘the Un1ted States W1th act1ve part1c1pa-
tlon by New Zealand in development of formats and. 1n prov1d1ng data.

In summary, the Informat10n Exchange Pilot Study was a one-year
’—rstudy, us1ng two. 11nked reg1onpjidata centers, to deve]op common formats -
-and ut111ze computer methods for the prompt exchange and dlssem1nat1on |
-~ of new 1nformataon and data related to geotherma] energy The informat1on
ffexchange depended on computer a551stance to prov1de the most rap1d
~efficient and econom1ca1 meansrof hand11ng 1arge quant1t1esfofrdata.

';Implementat1on of the Informatlon Exchange Program

Implementation of. the program invo1ved the fo]lowing participating

f:data centers ) Centro Na21ona1e Un1vers1tar1o di Calccolo Eletronica =

zonal Geotherma] Informat1on Resource

',(cnucs) Pisa, Italy; (2) Th”
;and (3) GEOTHERM Reston, V1rg1n1a (now

',(GRID); Berke]ey, Callfornla,

The 1dea was to 1nclude both- b1bliograph1c and numerzcal data in the

| ::;exchange on-2 tr1a1 basis to r;the time, cost and usefuiness of the R

Objectives an ta co]]ection for the one-year pilot

’,fstudy dncluded the following: B i
1 Bib11ographic data or 1]ediry GRID us1ng CDC mach1nes and the
"'*;Berke1ey Data Base—_ nt System (BDMS) on th

‘ T'aspects of development%andﬁuse of geotherma1 energy, 1nc1uding

‘information from other;fleldsuw1th relevance to geothermal
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>energy: (1) SuesidenCe; (2) Hydrogen Sulfide; (3) Geothermal
Resources; and'(4) Noﬁ-gleetricaj Applications. 'IndeXed‘and,'
-~ annotated bibliographic liStings wefeemade~avai1ab1e either as
eemputer print-outs or magnetic tapes. |
2. Tape of site-dependent;numerical'data by:GEOTHERM‘usiﬁg'IBM
| machines and the GIPSY data management system to includevthe :
fo]lowing subject areas: Geothermal Fieid/Area; Chemfcel Analysis;
- Geothermal Well/Drillhole. N | |
3. Development of formats using internationally accepted etandards
by CNUCE, GEOTHERM and GRID. |
4. Transmittal of computer tapes and other data to Pisa from

Berkeley.

- Conclusion

The results of the CCMS pilot study and the follow-up work demonstrate
the effectiveness of the pilot study concept as applied to the exchange of
vgeothermal information on a'worldwide basis, and the advantages of comput-
erized information systems for this kind of operation.- The success of the
work requires the cooperation and coordination of many agencies and‘
laboratories in each participating nation. In the U.S., for example, the
ragencies involved in coordinating the project were the Department of Energy,
Department of State, Envirbnmentel Protection Agency, U.S. Geological Survey.
and Lawrence Berkeley Laboratory of the University of'Califqrnia. ,

Recommendations for Future Work on International Information Exchange

The~pfimany objective of the CCMS Pilot Study on data exchange was
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to oreate an international,geothermalrresource data base,raipoolfof'
rinformation‘from uhich~a115countrie5inay draw;' The difficulty does not
11e with design1ng the: data system ‘but- rather w1th the mechan1cs of
'securxng and cod1ng the 1nformat10n Most part1c1pants are eager to
Vcontrlbute to the f11e but ba1k at ‘the ted1ous and somet1mes formidable
task of coding forms for*the computer. This 1S~understandab1e because
'eueh“codfng could create a oreih;onrmanpower and funds. “Future work in
" data exchange must face the reeffty;that responsibility for coding lies

with ‘the data center. f‘, 75727451

Recommendat1ons for th1s and other future work 1nc1ude the follow1ng
'.1.7Part1c1pat1ng countr1es;shou1d collect copies of data (e.g.,

interna1~reports,smanuefiu:logged;deta)tfor transmittal to the

ﬂdesignated»computercenters.‘Thisis'especiallyimportant for

~ data that is'nOt;WideijcirCUYeted1and may be -either inaccessible

7»ror'difficu1t to othTnﬁ ,Thie"data is-importantfforfeveiuation'

-~ and calculation of energy parameters and - should be 1nc1uded in

the 1nformat1on exchange

ii;;%z;*The data centers respon51b1e for ma1nta1n1ng the computer ‘tapes

~should fill out theianpu 'iormat.forms Part1c1pat1ng countries

;j'ﬁirwou1d be. requ1red only“to 'ov1de the necessary copies of reports
7*7?;and other data.r The C

e puter centers should therefore make pro-
| "i7i}zv1sions to add needeﬁ staf”gtorcode the information.f"“"

’fipffS.TThe time required torexchange or transmit materia] between partici-

{'ripat1n9~countries needsih

" center staff with anragreedeon>frequency (e.g. yearly interval)

;befshortened, and»site vwsztsrby computer
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to collect reports is'required,,

Each partiéipating country -has a different type of datafneed—which

»Vsﬁould be provided by the data centers. The data cénters; to

provide for these specific requirements, may coordinate requests

~ for information with other:organizations. It js important that

participating countriesrbe—provided the data they neéd,in'ex-
change for their reports.

The computer centers should contain two types of information:

- (a) data evaluated by the center; (b) data evaluated by others.

‘While it is not possible to critically evaluate all daté within

reasonable time frames, users of the data should be aware of the
sources of the information.
Priorities in the acquisition of data should be established.
For example, given the choice between data in publications and
data in unpublished files, it might be important to concentrate
on the unpublished data first. Later, the more generally avail-
able data could be secured from Tibraries.
Transcribing the data on forms for computef input is the most
difficult taék. Three possibilities seem most reasonable.
‘a. The data would be copied and sent to the data center for
encoding.
b. People would be sent tb the countries to encode the infor-
mation available there. | 7
c. Funds would be provided to the-country so it may hire -

~someone to do the encoding.

w oo



8. A system:of'réébdndihgitbjthevpartiCipating countries should be
'IOrgaﬁized Such a task may inc]ude a news]etter and per1od1c
retrievals from the f11e
"”'9.'onv1de computer experthe to those deve]op1ng nat1ons which
| currently lack such cagab;llty. Large quant1t1es of data are
| hahdIed most effectirejyfbyra computer medium (e.g., magnet1c
'tape);}ﬁt is Lherefore:imberative‘that»computer experifse~be'

initiated by natichéiwﬁicﬁPCUrrently lack this capability.
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