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ABSTRACT 

iii 

The computerized eothermal energy information system 

iewed. The rev blishment o f  the I t a l y  - United States 

i t t e e  on Challenges of Modern Society, data centers by the 



hot brines as a 



-2- 

The a v a i l a b i l i t y  o f  computers f o r  handling large amounts o f  data, as 

s for  modelling and mathematical calculat ions has made i 

examine increasingly complex problems 

on data acquisit ion, processing, storage media, d isplay and p r in tou t  capabi l i -  

t i e s  designed f o r  i n te rac t i ve  data r e t r i e v a l  w i t h  quick response time. They 

The computer systems used are based 

also include means t o  query the stored data with very speci f ic  requests, the a 

a b i l i t y  to construct a large va r ie t y  o f  reDort formats, and a wide select ion 

the output i n a  form sui tab le for the user. 

t i o n  f o r  geothermal energy applications can be c l a s s i f i e d  i n  many 

lowing i s  convenient: 

(3) bib1 iographic. Basic data include the propert ies o f  solutions, 

( I )  basic o r  site-independent, (2) s i t e -  

ses. These thermodynamic nd transport measurements are made on 

ghly characterized samples, and under c a r e f u l l y  cont ro l led laboratory condi- 

ons. Si te-speci f ic  data are measurements generally obtained i n  the f i e l d  as 

for example a t  a geothermal s i te .  The propert ies measured apply only t o  t h a t  

s i te .  Bibl iographic information i s  i n  the form o f  indexed and annotated references 

t o  important publ icat ions and reports. Table 1 l i s t s  these three classes o f  

computerized information generally used t o  evaluate the geothermal energy resource. 

I n  t h i s  sumnary o f  the p i l o t  study, the fo l lowing topics are discussed: 

(1) objectives o f  the program; (2) the computerized geothermal data bases in- 

volved i n  the exchange program; (3)  resu l t s  o f  the CCMS phase o f  the program; 

(4)  current status o f  geothermal data exchange w i t h  t r a c e a b i l i t y  t o  CCMS; and 

(5) recommendations f o r  fu ture work involv ing internat ional  cooperation f o r  the 

exchange o f  geothermal information. 

e 

The material contained i n  t h i s  summary i s  drawn mainly from correspondence 

and reports t h a t  are d i r e c t l y  re la ted t o  the program; some are not  widely c i r -  

culated. I n  those cases where reports are re la ted t o  the p i l o t  study, the 

NATO/CCMS t r a c e a b i l i t y  i s  indicated by an aoprowiate reference. 
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Objectives of the I n f o h a t i o n  Excbange P i lo t  Study 

The i n i t i a l  goal of t h e  proqram vas a one-year test  of l inked  data  

centers  designed t o  f a c i l i t a t e  the exchange of new geothermal information 

a t  the in te rna t iona l  level. Three l i n k e d  pr incipal  world centers were 

o r i g i n a l l y  suggested, a s  described i n  the Sumnary Records of  the First 

Geothermal Implementation Conference (Ref. 1 }: 

Three equivalent regional information centers should be 
es tab l i shed  t o  promote in te rna t iona l  exchange of information 
and da ta  concerning the u t i 1  i za t ion  of geothermal resources.  
Suggested loca t ions  for the cen te r s  a r e  I t a l y ,  N e w  Zealand, 
and t h e  United States. The centers  would be l inked i n  the 
sense tha t  a l l  information generated i n  one center would be 
t ransmit ted to  t h e  other cen te r s  and each would have a com- 
plete data f i l e  of a l l  ava i l ab le  information. 

v 

and 

Individual requests  f o r  s p e c i f i c  information could be made 
t o  any of the regional cen ters .  
information i n  appropriate  tabular ,  graphic or  comnuter-read- 
able formats. 

(See Ref. 6 a l so ) .  

Each center would Drovide 

The  f i n a l  form o f  the in fomat ion  p i l o t  study involved commterized 

data  centers i n  I t a l y  and the United S ta t e s ,  w i t h  a c t i v e  pa r t i c ipa t ion  by 

New Zealand i n  development of formats and i n  Drovidina da ta .  

In sumary ,  the Information Exchange P i l o t  Study was a one-year study, 

us ing  t l o  l i nked  computerized da ta  centers supnlemented by as s i s t ance  from a 

t h i r d .  

fo r  the prompt exchange and d 

t o  geothermal energy. The i n  

t o  Frovide the most rapid,  ef 

q u a n t i t i e s  of data .  

I ts  aim was t o  develop common formats and ut i l ize  computer methods 

ina t ion  of new infomajtion nd data  r e l a t ed  

t ion exchange depended on computer a s s i s t ance  

n t  and economic means of handling larae 

r . 

Implementation of the Information Exchange P i l o t  Study 

Implementation of the expanded program involves the following p a r t i c i -  

pating da ta  centers :  (1)  Centro Nazionale Universi tar io  di  Calcolo Elect- 

t ronico  (CNUCE), Fisa, I ta ly ;  (2) The National Geothermal Information Resource 
, 
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( G R I D ) ,  Berkeley, Cal (3)  GEOTHERM, Reston, Virqinia (now a t  

in References 8 an 

bibliographic and numerical data in the 
c f 

The idea was to i 

hanae on a trial 

. collecti.on for the one-year pilot study 

included the following 

\ 

* 

- 
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might be desired. To coordinate and f a c i l i t a t e  obtaining worldwide data on- 

s i te ,  v i s i t s  were made t o  Pisa and b'ell ington by Clark and Ph i l l i ps ,  and by 

Stefanel 1 i t o  Was h i  ngton and San Franci sco. 

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

The resu l t s  of the " P i l o t  Study" were reported a t  a special afternoon session. 

These included the fol lowing: 

bibl iographic information. The format had as i t s  basis the Internat ional  Flu- 

c lear  Information System ( I N I S )  descr ipt ive cataloging procedures, indexing 

(1) Development o f  a c o m n  format for  recording 

ru les and author i ty  l i s t s .  

numerical data f o r  f ie lds,  d r i l l ho les ,  and chemical analysis. The format was 

(2) Development o f  a format f o r  site-dependent 

based i n  pa r t  on the system used by the U.S. Geological Survey O f f i ce  of Re- 

source Analysis CRIB f i l e ;  i t  had been reviewed by the New Zealand Department 

of Sc ient i f ic  and Indus t r i a l  Research staff. (3)  A 

p i l o t  b ib l iographic f i l e  by GRID and a p i l o t  numerical f i l e  by GEOTHERM. 

I d e n t i f i c a t i o n  by the three data centers (GRID, GEOTHERM, CNUCE) o f  problem 

areas i n  the internat ional  exchanoe o f  geothermal energy data. 

(4 )  

A1 1 part iciDants agreed that  the data exchange ~roqrams should continue. 

James Bresee, described the CCMS p i l o t  study concept and asked f o r  suqqestions 

for an internat ional  organization t o  sponsor the information exchange. There 

were no suggestions from the f loor .  Following the report  session, four  members 

o f  the comnittee (Barbier, Stefanel l i ,  Cal  kins, and P h i l l i p s )  continued the 

business por t ion o f  the meeting. A d r a f t  document was preoared t o  help define 

the scope of follow-up a c t i v i t i e s  t o  continue the worldwide data co l l ec t i on  and 

exchange (Ref. 4). A b i l a t e r a l  exchange agreement was signed by I t a l i a n  and 

U.S. representatives i n  1976. 

GRID informal ly provided Pisa a f i l e  on subsidence i n  Ju l y  1975; i n  1976 

more extensive computer tapes were sent t o  ?isa under the b i l a t e r a l  exchange 

t 

n 

V 

1 
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(1) G R I D  geothermal 

graphic f i l e ;  (3)  a com- 

i t e  f i l e  of geothe to 1977 from TIC. This 

* 

he sending o f  a tape and printout from 

G R I D  and Banco Geoterm 

peratures in Ita1 I 

he USSR). Italy 

-State under the 

4 

e 

oncept as applied to the exchange of 
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Table 2. Typical information provided by GRID and received from others under 
NATO/CCMS, o r  successor internat ional  exchange programs 

Information Type 

Well data from Banca Dat i  

Bib1 iographic Standards 
Geo t e m  i c i 

Descript ion o f  GRID 

Descript ion o f  GRID 

Thesaurus, GEODOC 
Reservoir, f l u i d s  f i l e  

To GRID: Copies of 
pub1 i cat ions 

B ib l  iographic (TIC) 
Thesaurus, H S f i l e ,  

B i b l  iograpiy (TIC), 
GEDOC 

Reservoir f l u i d s  f i l e  
and establishment 
of contacts 

Descript ion o f  GRID 
Descript ion o f  GRID 

Brine treatment 

Guanacaste Project  
Requested p lan t  data 

-- 
Information on GRID 

Descript ion o f  Banca Dat i  

Subsidence 
Geotermici (CNUCE) 

Forms t o  input  data 

Form/Y ear 

Tape/l979 

Report11 978 
ReporVl978 
Reports/l978 

Report/l978 

Reports/l978 

Report/l978 
Computer taDes/ 

1977 

Xerox/1977 
Tapes/l977 
T tapes, Reports/ 

Printout/ l977 
1976 

Report/l977 
Report/l977 

Report/, Pr in t -  
out/ 1 978 

Report/l977 
1977 

1977 
1977 

Report/l977 

Hicrof iche and 
Report/l975 

Xerox/l974 

Reci p i  ent 

GRID (from CNUCE) ) - 
Geological Survey o f  Japan 
Geological Surve.y of Ind ia 
I n s t i t u t o  de Geologl’a y 

M i  nerfa , Peru 
Israe l ,  National Center 

o f  Sc ien t i f i c  and Tech- 
no1 ogical  Information 

Geothermal Energy Research 
& Development Co., Ltd., 
Japan 

DSIF!, New Zealand 
CNUCE, I t a l y  

GRID (from CNUCE) 
CHUCE 

CNUCE 

Costa Rica, Guatemala, Ha i t i ,  
Chile, Bol iv ia,  Mexico, Argen- 
t ina,  E l  Salvador, Canada, 
United Nations, Nicaragua, 
Ecuador, Columbia, Panama 

OLADE, Ecuador 
Empresa Nacional de E l  e c t r i  - 

cidad, Bo1 i v i a  
I n s t i t u t o  Costarricense de 

Electr ic idad, Costa Rica 
To GRID From Costa Rica 
Empress Nacional de E lec t r i -  

cidad, Chi le  
Prospec Ecuador 
Central American Common 

Market Economic Research 
Unit, Guatemala 

GRID (from CNUCE) 

CNUCE 

0 

c 

CNUCE 
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1 information the 

The 

u i  res the coope bora tor ies  i n  each 

r t i c i p a t i n g  nation xample, t he  age nvolved i n  co- 
U 

a t i n g  the pro jec t  of Energy, Department of Sta t e ,  

g i  cal  Survey, and Lawrence Berkel ey a 

Laboratory o f  the Un 

ubs tan t ia l  growth i n  the a v a i l a b i l i t y  

identify the many databases currently 

Table 3. Unfortunately, the vas t  major i ty  

o f  the da ta  a r e  neit 

[ 
t 
i 

r 1 

- 

. The computer center will code 



s 
I 

-10- 

Table 3. Selected geothermal information databases i n  the United States. 

Avai 1 a b i  1 i ty Computerized 

Bib1 iographic 30E Technical Information Center Yes 

Speci f ic  b i b l  iographies Lawrence Berkeley Laboratory Yes 
! U. S .Geol ogical Survey (Basic ) No 

Sandia (flagma) No 7- 

I 

t 

Environmental b i b l  iography Lawrence Livermore Laboratory NO 
Lawrence Berkeley Laboratory Yes 

Basic Numerical Data Lawrence Berkeley Laboratory Yes 
U. S .Geol og i cal Survey Yes 

Brine Treatment Lawrence Berkeley Laboratory Yes 
Lawrence Livermore Laboratory NO 

Lawrence Berkeley Laboratory No Subsidence 

Reservoir Engineering Terra Tek (bibl iography) rj 0 

Reservoi r Chemistry Lawrence Berkeley Laboratory Yes 
Ba t te l l e  Pac i f i c  Northwest No 

Geology 

Geochemistry 

D r i l l  hole 

Wairakei repor t  

U.S.Geologica1 Survey 

U.S.Geologica1 Survey 

Lawerice Livermore Laboratory 

Systems, Science and Software 

Yes 

Yes 

No 

NO 

Cerro Pr ie to report  Lawrence Berkeley Laboratory NO 

Hot Dry 2ock Los Alamos S c i e n t i f i c  Laboratory No 

Geopressured Universi ty o f  Texas Yes 

Nevada Nevada Bureau o f  :4 i  nes NO 

Central United States Universi ty o f  Utah No 
i 

Thesaurus Lawrence Berkeley Laboratory Yes m 

Technical Information Center Yes 

ldel 1 Log, Cerro Pr ie to Los Alamos S c i e n t i f i c  Laboratory No 
Lawrence .Ewkeley Laboratory No 

3 r i  11 i ng i4unger 0tlogra.m No 
Petrol em. Information ' s National 

Geothermal Service No 

Progress Monitoring Lawrence 8 erkeley Laboratory No 
U.S.GeoIo i c a l  Survey NO 
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Computerized 

Energy Planners, Ltd. 

a t  U t i  1 i z a t i o n  Center !io 

i 
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scale which depends on the ability of the subscriber t o  pay 

the cost. See for example Reference 10. 

A monthly newsletter t h a t  describes information available from 3.  

the linked data centers. The person interested i n  ob ta in ing  7- 

selected information need only query the system, e.g., by filling 

out a card, letter, o r  directly accessing the computer. E 

4. Information supplied t o  the data centers i n  either the Italian 

o r  English languages. The data centers would provide the user 

w i t h  printouts i n  either language. 

material which is i n  diverse languages, and much valuable data i s  

lost. i n  untranslated publications. 

I t  i s  d i f f i c u l t  t o  translate 

5. Numerical values which are i n  a consistent set of scientific u n i t s .  

Much time and expense i s  expended in converting the different units 

t o  one set of units so t h a t  the da ta  may be properly compared. 

Standard International units are recommended. 

Designation of a person who will be responsible for collecting 

and transmitting the information from each nation t o  the I t a ly  o r  

The 

6. 

United States computer center. 

7. A cost t o  the user tha t  i s  defensible. 

international geothermal information system be supported almost 

I t  is  imperative t h a t  the 

entirely by the users. 

be timely, accurate, current and in a thoroughly understandable 

Thereby, the information provided must 
- 

? 

I 

format. 

8.  Expand the geothermal energy coverage t o  include geosciences data 

such as nuclear waste isolation and deep drilling. 
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Dissemination o f  a t a  t o  users i s  v i a  pr in ted reports, 

t i o n  l ines.  Pr inted reports 

are produced by a corn 

t o  meet a var ie ty  o f  u 

a var ie ty  o f  formats ( including graphs), 

s. They ,are most appropriate f o r  those 

who wishes t o  make d i r e c t  use 

t o  users i n  standard comouter 

accessible formats, an i s h  t o  make use 

of in ternat ional  

r networks SUC ARPANET raises the p o s s i b i l i t y  of d i r e c t  

erson querying the system o r  by t h e i r  

t i o n  of data, p a r t i c u l a r l y  

r e c t  interrogat ion o f  computerized 

s i n  new forms, 

and James R. Swans 

. S. Department of c t  W-7405-ENG-48. 
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