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LEGAL NOTICE 

This book was prepared as an account of work 
sponsored by an agency of the United States 
Government. Neither the United States Govern- 
ment nor any agency thereof, nor any of their 
employees, makes any warranty, express or im- 
plied, or assumes any legal liability or responsibility 
for the accuracy, completeness, or usefulness of 
any information, apparatus, product, or process 
disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein 
to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, 
or otherwise, does not necessarily constitute or 
imply its endorsement, recommendation, or favor- 
ing by the United States Government or any agency 
thereof. The views and opinions of authors ex- 
pressed herein do not necessarily state or reflect 
those of the United States Government or any 
agency thereof. 

Lawrence Berkeley Laboratory is an equal opportunity employer. 
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ABSTRACT 

Information required f o r  development, monitoring 
and evaluation of federa l  geothermal programs is 
extensive,  and is needed on a t imely b a s i s  t o  
optimize the a l loca t ion  of resource8. This paper 
describes the development and operation of the 
Geothermal Resource Areas Database (GRAD). GRAD 
was created as p a r t  of the  t h e  National Geother- 
mal Progress Monitor System i n  1979. The data- 
base I s  organized around the  concept pf a geo- 
thermal area and provides broad coverage of geo- 
thermal development a c t i v i t i e s  i n  the United 
States .  Sixteen records,  covering pre-lease, 
lease, and post-lease activities have been 
defined f o r  each area.  Data co l lec ted  in the  
var ious subjec t  areas are c r i t i c a l l y  evaluated, 
and then entered i n t o  ut on-line i n t e r a c t i v e  com- 
puter  system. The system is publicly ava i lab le  
f o r  r e t r i e v a l  and use. 

Geothermal Progress Honitorinq & loformation 
Suvport 

The r e s p o n s i b i l i t i e s  of federa l  agencies i n  
encouraging geothermal development cover a f u l l  
spectrum of a c t i v i t i e s  including resources 
assessment, l eas ing  of federa l  lands,  reducing 
development c o s t s  and risks, sponsoring demons- 
t r a t i o n s ,  e t imulat ing energ3 development, and 
r&ula t ing  energy production. The National Ceo- 
thermal Progress Honitor System (NGPMS) vas esta- 
b l i shed  by the Department of Energy' t o  support  
e f f i c i e n t  management of federa l  geothermal pro- 
grams and t o  meet report ing ~equi rcments  f o r  t h e  
Federal Geothermal Program. Information about 
geothermal development i s  provided t o  t h e  publ ic  
through the gubl icat ion of t h e  Jkothermal proa- 
rcss Monitor.- 

The NGPMS information network c o n s i s t s  ,of 
program managers a t  DOE headquarters and regional  
o f f i c e s ,  s t a t e  resource and commercialization 

' teams, industry organizations,  and major DOE con- 
t rac tors .  It is a l s o  a s s i s t e d  by other  f e d e r a l  
agencies involved i n  the assessment or regulat ion 
of geothermal energy. See Figure A. Geothermal 

i r e d  information systems have been developed as 
p a r t  of the Geothermal R o g r e s s  Monitor System. 
They include the Project  Management System a t  

-- 

a 

0 Progress Monitor Information Flow. mo computer- 
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MITRE, Washington, D.C. and the Geothermal 
Resource Areas Database (GRAD) a t  the Lawrence 
Berkeley Laboratory (LBL). Together, these data- 
bases provide an e a s i l y  access ib le  information 
system f o r  review of epec i f ic  program a c t i v i t i e s .  

The National Geothermal Information Resource 
P r o t e c t  

Primary obj ec t ives  of the  National Geothermal 
Information Resource Project* a t  LBL are t o  
reduce the  ~ o s t  of producing Information on a 
t f s e l y b a s i s  and t o  provide a mechanism f o r  sys- 
tematic evaluation of da ta  from divers  sources. 

Current pro jec t  a c t i v i t i e s  include t h e  develop- 
ment of computerized Geothermal Bcsource Areas 
Database (GRAD) which srrmmarizes the  status of 
exploration and dwelopment a t  over 300 resource 
areas in the United States ,  and a supporting da ta  
co l lec t ion  ef fort.** Information co l lec ted  i n  the 
database are used as input I n  econometric models 
of geothermal development and t o  meet repor t  
requirements of federa l  progrms. 

* Formerly t h e  Geothermal Resource In- 
formation Database (GRID) Project.  

** A t ask  which was completed recent ly  
i s  the  development of c o r r e l a t i o n  equations 
showing the  v iscos i ty ,  density,  and enthalpy 
of selected materials (sodium, potassium, 
calcim, and chlor ide)  i n  aqueous so tu t ions  
under var ious geothermal environments. 
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What kind of information& col lec ted  by GRAD? 

Program managers a t  various f ede ra l  and a t a t e  
o f f i c e s  m u s t  monitor the s ta tu  of s p e c i f i c  proj- 
ects and w a l u a t e  the e f fec t iveness  of p a r t i c u l a r  
programs i n  meeting agency goals. To do so, they 
must examine the  re la t ionship  of . individual i n i -  
t i a t i v e s  t o  development a c t i v i t i e s  a t  po ten t i a l  
geothermal areas. This is frequently cciuplicated 
by the f a c t  t h a t  geothermal development i s  
af fec ted  by a wide range of resource, tecbaologi- 
cal, economic, environmental, and i n s t i t u t i o n a l  
factors .  Sophisticated analyt ic  models have been 
developed t o  model t he  complex in t e rac t ions  of 
government-sponsored BD&D on the development cli- 
mate a t  each area. In addition, s tud ie s  have 
been ca r r i ed  out t o  estimate the  e f f e c t s  of geo- 
thermal dwelopment on various segments of the 
population and the na tu ra l  environment. 

In t h i s  context,  GXAD provides an overview of 
development a c t i v i t i e s  on a nationvide scale t o  
f a c i l i t a t e  monitoring and analysis  of 

o l eas ing  and d r i l l i n g  operations . 
o power plan t  development 
o cont r ibu t ion  t o  regional energy requirements 
o federal-  and state-sponsored p ro jec t s  
o geographical d i s t r ibu t ion  of major technical,  

--- 

economic, and i n s t i t u t i o n a l  uncer ta in t ies  

The =AD database is organized a r y d  the concept 
of a Geothermal Resource Area. A geothermal 
resource area i n  the  database is defined t o  be  an 
expanse of land askociated with a geothental  
r e se rvo i r  that i s  cur ren t ly  u t i l i z e d  o r  might b e  
developed i n  the near future.  Areas are se lec ted  
based on t h e i r  resource po ten t i a l  as estimated by 
the  U.S. Geological Survey, and i n  consul ta t ion  
with the Dlvision of Geothermal Eaergy (DOE). 
Whenever applicable,  t h e  following f ea tu res  are 
taken i n t o  account in t h e  de f in i t i on  of a Geo- 
thermal Resource Area: the  ex ten t  of t h e  reser- 
vo i r ,  KGRA boundary lines, cur ren t  and pas t  leas- 
ing a c t i v i t y ,  p lan t  construction a c t i v i t y ,  and 
usuage and designation by f ede ra l  o r  state agenc- 
ies. Figure B shows t h e  approximate loca t ions  of 
se lec ted  areas. 

How 1s t h i s  information ornanized? 

Se lec t ion  and organization of data  f o r  GRAD are 
based on a model of geothermal development on 
f ede ra l  land prepared by Hi t r e  Corporation, and 
on a similar analysis ,  by LBL, of resource 
dwelopment on state, p r iva t e ,  and Indian Lands. 
Within each phase, d i s c r e t e  a c t i v i t i e s  are iden- 
t i f i e d  f o r  da ta  co l lec t ion .  Along with informa- 
t i o n  reported through the NGPWS network, a number 
of industry publ ica t ions  are reviewed f o r  r epor t s  

-of cur ren t  developments. 

Sixteen records have been defined t o  provide a 
p r o f i l e  of development a c t i v i t i e s  a t  each area.  

Area Description 
Permit 
Lease 
Geothermal ell 
Exploratory Survey 
Resource Evaluation 
Land Acquisition 
Environmental Impact 

Feas ib i l i t y  Study 
Financial  Negotiations 
Power Plant 
Direct Applications 
Development Issues 
Laws and Regulations 
Names and Addresses 
References 

Individual f a c t s ,  sag. ,  lease number, well  depth, 
p l an t  name, are grouped together t o  form the data  
elements aggregated i n  each record. 

U S b K  G M  

The GXAD database i s  implemented through the 
SPIRES data  management system operating a t  Stan- 
ford University. This system was selected based 
on i t s  c a p a b i l i t i e s  f o r  . s t o r a g e ,  indexing, 
r e t r i e v a l ,  and presenta t ion  of data;  and i ts  
a c c e s s i b i l i t y ,  c g s t ,  and performance. Special- 
i zed  software packages have been developed t o  
ensure easy access t o  and r e t r i e v a l  of informa- 
t i o n  in the database. Descriptions of ind&vidual 
protocols are provided i q  The User Guide. Users 
may en te r  t h e  database d i r e c t l y  and may format 
unique s t a t u s  r epor t s  through an i n t e r a c t i v e  sys- 
tem of queries. The i n t e r a c t i v e  f e a t u r e  of t he  
database permits users  t o  generate r epor t s  
according t o  t h e i r  information needs. A number 
of da ta  output modes are i l l u s t r a t e d  i n  Figure C. 
General options t h a t  are ava i l ab le  include: 

- ALL. Every record i n  t h e  appropriate por- 
t i o n  of t he  databash w i l l  be  included i n  the 
output - a l l  address records,  a l l  w e l l  
records,  etc. 

- USER. This opt ion  allows the  user t o  con- 
t r o l  a l l  record se l ec t ion  and sequencing. 

- STATE. Many protocols sl low the  user t o  
se l ec t  dl records tha t  involve selected 
states, e.g. a11 wells i n  Cal i forn ia ,  a l l  
leases  i n  Nevada, a l l  companies with o f f i ces  
i n  N e w  Uexico. 

- COUNTY, CITY. Same protocols permit t h e  
se l ec t ion  of a l l  records t h a t  involve 
selected counties (or c i t i e s )  of 8 specif ied 
r t a t e .  
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On 8 trial bas i s ,  GRAD is open t o  a l l  members of REFERENCES 
t he  geothermal community. Access t o  CXAD is 
ava i l ab le  t o  anyone with an  account on the  Stan- 1. 
fo rd  computer, e i t h e r  d i r e c t l y  over the telephone 
o r  v i a  Telenet.* Mrect d i a l  access t o  the  Stan- 
ford computer requires  a terminal with a coupler 
f o r  a telephone receiver ;  access v i a  Telenet 
requires  c a l l i n g  the l o c a l  Telenet access point. 2. 
Processing may occur on-line, with the r e su l t i ng  
r epor t  displayed a t  the user's terminal,  o r  
pr inted a t  Stanford and mailed t o  the user ;  o r  
off- l ine,  ( a t  night) and mailed t o  the user. 

- Future Ac t lv i t i e s  
3. 

Data co l l ec t ion  and analysis  f o r  GRAD are being 
ca r r i ed  out on a rout ine basis.  &ea status 

and commercialization teams and representat ives  
of the  geothermal industry f o r  review. An 
outreach e f f o r t  t o  a s s i s t  users  i n  DOE f i e l d  
o f f i c e s  and s t a t e  resource and commercialization 

b r i e f ings  and workshops. These meetings are a l s o  
designed t o  e l ic i t  input f o r  fu r the r  development 
of both the CRAD database and the  National Geo- 
thermal Progress Monitor System. In pa r t i cu la r ,  

include area-specific information on the develop- 
ment of d i r e c t  heat  applications.  

r epor t s  are being c i r cu la t ed  among s t a t e  resource 4. 

teams is being implemented through a series of 5 r  

work is underway t o  ucpand the database t o  6- 

The primary t a sk  of t he  p ro jec t  during 1982 w i l l  
be  maintenance of the GRAD database through con- 
t inuing data co l l ec t ion ,  evaluation, and ana lys i s  
a c t i v i t i e s .  Development of two new databases has 
been proposed i n  support of program monitoring 
and development act ivi t ies  in the  Division of 
Geothermal Energy. 

A Federaa-State Geothermal F a c i l i t i e s  Database 
w i l l  monitor and evaluate the  opportuni t ies  f o r  
geothermal u t i l i z a t i o n  a t  public f a c i l i t i e s  that 
are co-located with iden t i f i ed  geothermal 
resources. This database w i l l  provide a frame- 
work f o r  interagency development t o  r e t r o f i t  or 
r e loca te  government-operated f a c i l i t i e s .  

The Internat ional  Cooperative Research Database 
w i l l  monitor t he  progress of technical d e v e l o p  
ments under b i l a t e r a l  and mul t i l g t e ra l  agree- 
ments. Research a c t i v i t i e s  w i l l  b e  indexed by 
t a sk  and geographic location. Avai labi l i ty  of t he  
database w i l l  f a c i l i t a t e  comparative evaluat ion 
of technical  research i n  reservoir  modelling, 
s t imulat ion of ho t  dry rock and hydrothermal 
resources,  u t i l i z a t i o n  of s a l i n e  br lnes ,  reser- 
v o i r  de f in i t i on ,  deep d r i l l i n g ,  and development 
of geothermal equipment and environmental abate- 
ment technologies. 
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* Telenet is a public telecommunications net- 
work that  makes i t  possible  f o r  computer 
u se r s  t o  use telephones t o  connect individual  
terminals  with computers anywhere in the U.S. 
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