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ABSTRACT 

The Geothermal Progress Monitor is sponsored 
by the  Division of Geothermal Energy/Resource 
Applications, DOE, t o  assemble the  important 
f a c t s  about geothermal development a c t i v i t i e s  
i n  the  United S ta t e s  i n  order t o  assess the  pace 
of t he  development of t h i s  a l t e r n a t i v e  energy 
source. 

The i n i t i a l  emphasis f o r  t he  monitoring 
e f f o r t  has been placed on the  de tec t ion  and 
ana lys i s  of important and simple ind ica tors  of 
what the main par t ic ipants  i n  geothermal energy 
u t i l i . za t ion  - f i e l d  developers, energy users,  
and governments - a r e  doing to  f o s t e r  t he  discov- 
ery,  confirmation, and espec ia l ly  the  use of 
t h i s  resource. The major i nd ica to r s  cur ren t ly  
considered t o  be both important and measurable, 
are leasing a c t i v i t i e s ,  d r i l l i n g  e f f o r t ,  feas i -  
b i l i t y  s tud ies ,  construction plans and progress, 
cos t s  of i n s t a l l a t ions ,  l eve l s  of investment, 
environmental study and regulatory and leg is la -  
t i v e  s t a t u s  of events, and government monetary 
investments i n  pro jec ts  and a c t i v i t i e s .  Addi- 
t i ona l  ind ica tors  may be pursued i n  the  fu ture ,  
depending on spec i f i c  needs f o r  o r  opportu- 
n i t i e s  t o  capture relevant da ta  and f ac t s .  

INTRODUCTION 

The Department of Energy (DOE) program f o r  
geothermal hydrothermal energy development was 
se lec ted  i n  1978 a s  one of the  p r i o r i t y  areas f o r  
rapid energy technology commercialization. I n  
October of 1918, the Division of Geothermal 
Resource Management (DGRM) w a s  es tab l i shed  within 
DOE t o  promote geothermal energy technology 
and development throughout t he  nation. I n  
February 1980, DGRM was merged i n t o  the  Division 
of Geothermal Energy (DGE) t o  form DGE/Resource 
Applications (DGE/RA) which continues the  
mandate of DGRM; with respect t o  t h e  commerciali- 
zation of geothermal resources i n  the  United 
S ta tes .  

To measure progress i n  developing geothermal 
energy i n  the marketplace, a system f o r  
monitoring resource developmsnt has been designed, 
and is being implemented. The system, ca l led  
the  Geothennal Progress Monitor (GPM), tracks 
andl repor t s  s ign i f i can t  trends and events i n  the  
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IJ. S . geothermal industry and the DGE program. 
The e f f o r t  t o  e s t ab l i sh  the  GPM began i n  1975, 
when MITRE w a s  tasked by DGE t o  develop system 
concepts f o r  monitoring the development and u t i l i -  
zation of geothermal energy i n  the U.S. (Cohen, 
1977). Further ac t ion  was taken i n  February 
1979, when a panel of t he  DGRM Commercialization 
Workshop evaluated a number of concepts f o r  a 
progress monitoring system. The panel fu r the r  
developed the  r a t iona le  f o r  a progress monitoring 
system, and described a preferred approach f o r  
developing a system. I n i t i a l  objectives and con- 
t e n t s  f o r  a operative GPM were established a t  a 
meeting of geothermal database managers convened 
by DGRM i n  McLean, Virginia i n  August 1979. The 
r e s u l t s  of t h i s  meeting served a s  a bas is ,  f o r  
developing an i n i t i a l  GPM design and a proposed 
f i r s t  report  of the  GPM. 
a t  a meeting of DGRM f i e l d  elements i n  San 
Francisco i n  November 1979, and a consensus was 
reached to  produce the GPM report  on a t r ia l  bas i s  
f o r  three issues.  GPM Report No. 1 w a s  issued i n  
January 1980 (Lope7 and Neham, 1979). A descrip- 
t i on  of the  GPM w a s  published i n  June 1980 (Lopez, 
e t  al . ,  1980). 

These were revised 

PURPOSE AND ROLE 

This monitoring capab i l i t y  is required by DGE 
and other members of t he  Interagency Geothermal 
Coordinating Council (IGCC) f o r  three major 
purposes: t o  support e f f ec t ive  management of the  
federa l  program f o r  the commercialization of geo- 
thermal energy, t o  iden t i fy  and quantify trends i n  
the  development and u t i l i z a t i o n  of geothermal 
energy resources, and t o  provide information 
required f o r  executive, l eg i s l a t ive ,  s t a tu to ry ,  
and public needs. 
approach toward f u l f i l l i n g  t h i s  purpose, with the 
top rowzof boxes showing the  sources of informa- 
t ion ,  the next row showing the conversion of t h i s  
information i n t o  s t a t u s  ind ica tors  and trends,  and 
the  remainder showing users of the  information. 

Figure 1 i l l u s t r a t e s  the 

The bas ic  objec t ive  is t o  provide a guide- 
response cent ra l ized  geothermal information 
co l lec t ion ,  storage,  ana lys i s ,  and repor t ing  
sys tey  t h a t  (a) t racks  the  development of geother- 
mal energy i n  the  U.S. and the  world, t o  (b) 
a s s i s t  the  Director,  Division of Geothermal Energy, 
i n  reporting (c) geothermal energy a c t i v i t i e s .  
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I II 
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ACTIVITIES STATUS ' D TRENDS 

I I 
ACTIVITIES STATUS 

DIV. OF GEOTHERMAL ENERGY/ 
RESOURCE APPLICATIONS 

DEPARTMENT OF ENERGY, 
OTHER IGCC AGENCIES, 

Fig. 1 Schematic of information flow i n  the 
geothermal progress monitor 

TI White House 

s t a t u s  and trends t o  (d) other o f f i c i a l s  i n  t h e  
government, (e) f i e l d  members of the  DGE geothermal 
commercialization team, and ( f )  other i n t e re s t ed  
p a r t i e s  i n  the  geothermal industry. 
is on co l lec t ing  and analyzing a complex set of 
progress ind ica tors  from a wide var ie ty  of sources 
t o  produce an  understandable, timely, and usefu l ly  
accurate p i c tu re  of the s t a t u s  and r a t e  of 
geothermal energy development. The pr inc ipa l  
emphasis is on developments within the U.S. of 
the geothermal resource and the geothermal industry.  
The p r inc ipa l  policy-oriented aim is  t o  de t ec t  
the degree t o  which the  U.S. geothermal energy 
program is acce lera t ing  the  growth of geothermal 
energy use. The pr inc ipa l  commercialization 
oriented a i m  is  t o  inform a l l  in te res ted  p a r t i e s  
of the  wheres, whats, and whens of the geothermal 
industry.  

The emphasis 

STRUCTURE 

The GPM is configured as an operation of 
DGE Headquarters, managed by DGE while developed 
and implemented by MITRE. However, t he  Head- 
quar te rs  and MITRE operations of the GPM represent  
only a small pa r t  of the overa l l  system, the  point 
where information is assembled and processed. 
Most of t he  da ta  co l lec t ion  is done by DGE f i e l d  
teams. 
t i ona l  scheme of t he  GPM system, including t h e  
executive l e v e l s  served by the GPM and the  f i e l d  
elements where the  information or ig ina tes .  

Figure 2 i l l u s t r a t e s  the  overa l l  i n s t i t u -  

The 

Congress OMB 

Executives 
Supported by GPM ----------------- - - - - - --- 
GPM Operations 
and Field Support 

Abbreviations: 

BLM-Bureau of Land 

DGElRA-Division of Geothormal 
Energy-Resource Appilcatlons 
WE-Department of 

Energy 
IGCC-Interagency Qeothormal 

Coordinating Council 
OMS-Office of Managoment 

and Budget 
USFS-U.S. Forest - 

Service 
USGS. 4l.S. Geological 

Survey 

Management 

Geothermal Progress Monitor Operatlons 

DOE Field IGCC Agency 
Offices Field Efforts 

USGS 
BLM 

Laboratories USFS 

Regions IX 8 X 

DOE-Idaho Others 
DOE-Nevada 

Prlvate 

Resource and 
Commercialization Teams - 

Information 1-3 
Information 
andTasklng 

Fig. 2 Geothermal Progress Monitor System 

Kev 
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ac tua l  configurations of t he  f i e l d  elements is 
considerably more complex than depicted here, 
with a l o t  of information flowing among the 
par t ic ipants  i n  more o r  less informal ways. 

The primary formal source of information f o r  
the GPM is the  DGE f i e l d  organization. This organi- 
zation is  comprised of t he  geothermal s t a f f  of DOE 
Regional and Operations Offices and t h e i r  designated 
contractors and S t a t e  Teams. Each of these o f f i c e s  
serves as a funnel t o  DOE Headquarters f o r  informa- 
t i on  developed o r  co l lec ted  by t h e i r  contractors 
and S t a t e  Resource Teams and S t a t e  Commercialization 
Teams. 

Other par t ic ipants  i n  the  GPE include the  
member agencies of the  Interagency Geothermal 
Coordinating Council (IGCC). Of pa r t i cu la r  note is 
the  U.S. Geological Survey (USGS), which maintains 
automated f i l e s  on the  geothermal resources, t he  
leasing a c t i v i t i e s  on Federal land (data is, from 
the Bureau of Land Management (BLM) and the  U.S. 
Forest Service (USFS)), and on d r i l l i n g  a c t i v i t i e s  
on Federal land. The USGS i s sues  repor t s  from 
these f i l e s  periodically,  which are a s ign i f i can t  
input to the  GPM. 

A number of t he  important information collec- 
t ion  and evaluation e f f o r t s  of t he  GPM system, and 
databases t o  support those e f f o r t s ,  are conducted 
by contractors t o  DGE. These include the  Applied 
Physics Laboratory of Johns Hopkins University, the  
Idaho National Engineering Laboratory, the Lawrence 
Berkeley Laboratory, t he  New Mexico Energy I n s t i t u t e ,  
the  Oregon I n s t i t u t e  of Technology, and the Univer- 
s i t y  of Utah Research I n s t i t u t e .  

CURRENT .FILES 

The GPM reports p r inc ipa l ly  on three types 
of information: a c t i v i t i e s ,  s t a t u s ,  and trends. 
Activity repor t s  are news items of general  
i n t e r e s t  t o  the  GPM audience which have been 
reported to  DGE, but which may not have received 
the  wider c i rcu la t ion  t h a t  t he  information 
deserves. 
commercial geothermal information serv ices  by 
attempting to  report  comprehensively, bu t  r a the r  
provide its audience with announcements t o  
stsmulate fu r the r  inquiry where appropriate.  

The GPM w i l l  no t  compete with 

S ta tus  information is maintained i n  site- 
spec i f i c  s o f t  (paper) f i l e s  i n  order t o  handle 
the  l a rge  amounts of information t h a t  must be 
maintained on pa r t i cu la r  si tes o r  i n s t a l l a t ions .  
Soft  f i l e s  have been es tab l i shed  f o r  e l e c t r i c  
power sites, d i r e c t  heat sites, lease sales, 
d r i l l i n g  da ta  and R&D programs. 
the  information is: abstracted t o  form the  simple 
hard (computer) f i l e s .  The hard f i l e s  are main- 
tained on a computer text ed i t i ng  system f o r  rapid 
ed i t ing  and production of r epor t s  i n  tabular form. 

From these f i l e s  

The computer generated r epor t s  a r e  used t o  
c i r cu la t e  information t o  f i e l d  teams f o r  updating 
and validation, and are presented i n  the  form of 
lists tha t  appear quar te r ly  o r  semi-annually, 
updated as appropriate, but r e t a in ing  the  same 
format ( fo r  a given report)  through each revision. 

The hard f i l e s  a l so  serve to  provide quick summaries 
of information and rapid access t o  sources of the 
data. 

The trend repor t s  arise from periodic review 
of . s ta tus  ind ica tors .  
l i g h t  changes i n  t i m e  i n t e rva l s ,  quan t i t i e s ,  and 
costs,  and provide the bas i s  f o r  more de t a i l ed  
inves t iga t ion  and analysis.  Other trend analyses 
might be suggested by DGE o r  o ther  in te res ted  
pa r t i e s ,  and would be performed by MITRE as 
resources permit. 

These reviews w i l l  high- 

RESULTS 

A number of ta rge t -ana lyses  were spec i f ied  
a t  the outse t  of the GPM e f f o r t  i n  August 1979. 
Targeted subjec t  areas include: 
construction of e l e c t r i c a l  p lan ts  and d i r e c t  heat 
i n s t a l l a t i o n ,  d r i l l i n g  of deep and thermal 
gradient w e l l s ,  leasing of f ede ra l  and p r iva t e  land 
f o r  geothermal use, a c t i v i t i e s  of governments t o  
s t imula te  development and demonstration a t  speci- 
f i c  sites, environmental assessment a c t i v i t i e s ,  
l ega l  and regulatory changes, and cos t  and invest- 
ment s t a t i s t i c s .  

plans f o r  and 

It w a s  recognized a t  the  start tha t  achieve- 
ment of these analyses would depend on the a b i l i t y  
t o  capture da ta  economically and accurately.  
Moreover, i t  w a s  c l ea r  t ha t  ce r t a in  baseline 
statistics and trends need t o  be compiled very 
quickly, s ince  they were needed as inputs t o  DGE 
managers. 

The existence of the DGE S t a t e  Conrmercializa- 
t ion  Teams and S ta t e  Resource Assessment 
Teams as w e l l  as a number of s t ruc tured  commercial 
and governmental da ta  sources, made i t  poss ib le  t o  
start the  GPM e f f o r t  basFd on i n i t i a l  t imeliness 
and l a t e r  establishment of accuracy. Redundancy 
of sources allowed a rapid establishment of 
estimates fo r  electric p lan ts  ( i n s t a l l a t i o n  and 
plans),  d i r e c t  heat i n s t a l l a t ions ,  and deep 
geothermal w e l l s .  
sources, has allowed establishment of a f a i r  
degree of confidence i n  the i n i t i a l  estimates. 

Feedback from a va r i e ty  of 

Currently, su f f i c i en t  da ta  has been co l lec ted  ' 

t o  e s t ab l i sh  s t a t u s  and trends for :  (1) electric 
power plants,  (2) d i r e c t  heat i n s t a l l a t ions ,  (3) 
deep geothermal wells, and (4) leases on Federal  
lands. Other trends w i l l  be established as the 
da t a  co l l ec t ion  and ana lys i s  e f f o r t s  become 
more mature. 
areas a s  of Mav 1980 are: 

Some of the  major findings i n  these  

(1) Elec t r i c  Power P lan ts  - operating p lan t  
capac i t ies  are cur ren t ly  802 We, with 
an addi t iona l  2771 MWe planned by 1990: 

lu 5/60 1 6lbo - W O O  I 
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I I 
C ~ t l t l v c  lS.666 162.361 115.180 101.065 59.350 40,791 53b.591 
tion-Cwpritiva 0 160.833 956.2L1 133.399 2bS.164 195.b29 1.691.066 
mu 35.66b 323.194 1.091.521 23b.4b4 101,220 236,220 2.221.1S7 

I f  the  planned.plant schedule is 
maintained, the r e su l t i ng  t o t a l  capacity 
of 3573 MWe (0.71 Quad/year) by 1990 
w i l l  exceed DGE's 1990 u t i l i z a t i o n  goal 
of 0.6 Quad/yesr: 

Direct Heat - major operating in s t a l l a -  
t i ons  t o t a l  1.48 x 1012 BTU/year and 
planned i n s t a l l a t i o n s  by 1990 t o t a l  
7.71 x 1012 BW/year f o r  an estimated 
t o t a l  capacity of 9.19 x 10l2  BTU/year 
by 1990. 
increase  as more information on these 
applications,  which are "less v is ib le"  
than electric plants,  i s  obtained from 
the  f i e l d ,  and more i n s t a l l a t i o n s  a r e  
planned over the  next few years. 

This f igu re  is ce r t a in  t o  

Deep Wells - i n  the  1973-1979 period, the  
average annual increase i n  the d r i l l i n g  
rate i n  The Geysers and Imperial Valley 
a reas  i s  one w e l l  per year, and i n  other 
areas t h i s  average increase is 4 w e l l s  per 
year. However, in t h e  last  two years, the  
average annual d r i l l i n g  rate increase i n  
the  o the r  areas has exceeded 10 addi t iona l  
deep w e l l s  per year. 

Icvcrlol Vallay 
A11 othar. 291 
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Leasing - Federal lands leased i n  
the  1974-1979 period to t a l l ed  
2,255,559 acres of which 534,493 
acres (24 percent) were based on 
competitive b ids  (KGRA land) and 
1,691,066 acres  (76 percent) were 
based on non-competitive bids: 

The most complex undertaking i n  t h i s  e f f o r t  
is the  establishment and tracking of accurate 
information about the s t a t u s  of development 
a t  spec i f i c  geothermal sites. S i t e  s t a t u s  is 
most ea s i ly  determined when inputs  on a c t i v i t i e s  
a t  o r  concerning a si te come from many sources. 
I n  most cases where many sources repor t  f re -  
quently, t he  si te is  e i t h e r  w e l l  i n t o  develop- 
ment (e.g., construction w i l l  begin within one 
t o  two years), or the si te is the  focus o f - a  
government-funded pro jec t  (e.g., frequent repor t s  
flow d i r e c t l y  t o  DGE headquarters o r  the DGE 
f i e l d  teams). This w i l l  leave many sites where 
the  owner/developer must be queried d i r ec t ly  t o  
assess s i te  s t a tus .  
assessments w i l l  r equi re  increasingly c loser  
coordination between MITRE and the  DGE f i e l d  
t eams . 

Achieving accurate s i t e  s t a t u s  

a c t i v i t i e s  and s t a t u s  reported from the f i e l d ,  i t  
is obviously t o  t he  advantage of a l l  par t ic ipants  
i n  the  geothermal industry t o  ensure t h a t  t h i s  
information is timely and accurate. I f  you wish 
to  report  new information or cor rec t  apparent 
e r ro r s  or misin te rpre ta t ions ,  or i f  you would l i k e  
t o  suggest f u r t h e r  ana ly t i c  studies,contact the 
GPM s t a f f  i n  wr i t i ng  o r  by telephone at: 

Geothermal Progress Monitor 
c / o  Dan Entingh 
The MITRE Corporation - M.S. W-249 
1820 Dolley Madison Boulevard 
McLean, Vi rg in ia  22102 
(703) 827-7016 
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Inasmuch as the  information and analyses 
contained in t h e  GPM is wholly derived from 
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