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ABSTRACT 

GEOTHERM i s  a computerized geothermal resources 
f i l e  operated by the U.S. Geological Survey. The 
f i l e  was designed t o  be used i n  geothermal resource 
assessment and t o  provide a rap id,  e f f i c i e n t  and 
economical means o f  disseminating geothermal data. 

GEOTHERM consis ts  o f  three sub- f i les  dea l ing  
w i t h  geology and product ion o f  geothermal f ie lds ,  
a n a l y t i c a l  data, and d r i l l i n g  records. The f i l e  
was used t o  support the 1978 U.S.G.S. geothermal 
assessment and i s  c u r r e n t l y  used i n  the ongoing 
Department o f  Energy state-cooperative geothermal 
p ro jec t .  A l l  data i n  the f i l e  are a v a i l a b l e  t o  
anyone on request. 

INTRODUCTION 

GEOTHERM i s  a computerized f i l e  created and 
present ly  operated by the U.S. Geological Survey as 
p a r t  of i t s  Geothermal Research Program (Swanson, 
1977a, 1977b). 
I n t e r n a t i o n a l  Geothermal In format ion Exchange Pro- 
gram (IGIEP) a t  the F i r s t  Geothermal Implementation 
Conference i n  New Zealand i n  1974. I t s  o b j e c t i v e  i s  
t o  prov ide f o r  the  prompt exchangeanddissemination 
o f  new geothermal in fo rmat ion  and data (C lark  and 
others, 1976). GEOTHERM conta ins in format ion con- 
cern ing t h e  phys ica l  charac ter is t i cs ,  geology, geo- 
chemistry, and hydrology o f  na t iona l  and some i n -  
t e r n a t i o n a l  geothermal resources. The data inc lude 
published in format ion and data from o ther  computer 
f i l e s ,  personal communications, and compilat ions by 
various government and p r i v a t e  organizations. 

It was i n i t i a t e d  as p a r t  o f  the  

GEOTHERM i s  no t  a software package b u t  a f i l e  
which uses the  data storage and r e t r i e v a l  system 
GIPSY (General In format ion Processing System). 
GIPSY i s  a program developed a t  the U n i v e r s i t y  o f  
Oklahoma (Addison and others, 1969; U n i v e r s i t y  o f  
Oklahoma, 1975, 1977) which provides u t i l i t i e s  f o r  
the input ,  r e t r i e v a l ,  manipulat ion, presentat ion,  
and maintenance o f  in fo rmat ion  composed o f  numeric, 
cod i f ied ,  o r  na tura l  language data. GIPSY i s  oper- 
a t i o n a l  on the  U.S.G.S. IBM 370/155 computer i n  
Reston, V i r g i n i a .  

Since i t s  incept ion,  GEOTHERM has ex is ted  as 
With t h i s  i n  mind, the phi losophy a p u b l i c  f i l e .  

o f  the  f i l e  has been t o  prov ide standardized, w e l l -  
documented data. 
format i s  designed both f o r  f u r t h e r  manipulat ion 
and f o r  v isua l  presentation. Therefore, GEOTHERM 
data can be used f o r  subsequent computerprocessing 
o r  f o r  p r i n t e d  output .  

Each data i tem i n  the  present  

PURPOSE 

GEOTHERM was created f o r  use i n  thecharac ter -  
i z a t i o n  and assessment o f  geothermal resources and 
t o  prov ide a cent ra l  l o c a t i o n  f o r  a p o t e n t i a l l y  
l a r g e  volume and v a r i e t y  o f  data. Recent i n t e r e s t  
i n  geothermal energy has caused a vast p r o l i f e r a t i o n  
o f  geothermal resource data. Using the G I P S Y  r e -  
t r i e v a l  program, GEOTHERM can make hi,ghly s e l e c t i v e  
and r a p i d  data r e t r i e v a l s  i n  an assortment o f  out -  
pu t  modes t h a t  would be d i f f i c u l t  t o  accomplish 
us ing conventional techniques ( f i g s .  1 and 2 ) .  

The U.S.G.S. has been a c t i v e  i n  geothermal 
assessment and has r e c e n t l y  publishedanassessment 
o f  these resources i n  the Uni ted States (Muf f ler ,  
1979). 
study i n  the  areas o f  data acqu is i t ion ,  ed-i t ing, 
manipulat ion, and d isp lay.  GEOTHERM i s  a l s o  being 
used by the  Department o f  Energy fo r  a s ta te -  
cooperat ive p r o j e c t  t o  produce s ta te  m a p s i l l u s t r a -  
ti ng 1 ow-temperature geothermal resources (see 
"App l ica t ions" )  . 

GEOTHERM played an a c t i v e  r o l e  i n  t h i s  
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RESERVOIR PROPERTIES M I N I P U M  MAXIMUM MOST L I K E L Y  ME AN STD. D E V e  
SUBSURFACE TEMP ( C l  99 (DJ 179 (11 126 ( A )  135 A7 

UNCODEO TEMPEHATUWE I N D I C B T € S  S U B J E C T I V E  JUOCfMENf 
f )  C R I S T O B A L I T E  K )  SULFATE GEOTHERMOMETER A 1  QUARTZ CONDUCTIVE 

8 )  QUARTZ CONDUCTIVEe PH-CORRECTED G) AMORPHOUS S I L I C A  
C )  QUARTZ A D I A B A T I C  H) NA-K M) YELL TEMPERATURE 
01 CHALCEDONY I 1  NA-K-CA N I  M I X I N G  MODEL 
E l  CHALCEDONYI PH-CORRECTED J) NA-K-CAI MG-CORRECTfO 0 )  RENNER AND OTHERSe 1976 

L )  SURFACE TEMPERATURE 

M I  N IWUM MAXIMUM HOST L I K E L Y  MEAN STD, DEVI 
DEPTH TO TOP (KWI 0.5 2.0 1 .S 
THICKNESS (KH) 1 .O 2.5 1 .S l e 7  0.3 
SUBSURFACE AREA (KM**2)  1 3 2 2.0 0.4 

........................... STDe DEV. O m 9  
THERMAL E P I E R G I ( l O * * l B  JJ. la08 STO. DEV, 8 0.34 

BASED ON: STANDARD E S T I M A T E  

COMMENTS: LOW SURFACE TEMPERATRE AND H I G H  FLOW R A T E  SUGGESTS THAT SURFACE TEHPERAlURES HAY BE NEARER To 
M I N I M U M  ESTIMATE OR THAT THE WATER WAY BE MIXED.  

REfERENCESt  OUFFJELD AND FOURhrIERe 1 9 7 4 1  R E D ,  1975 

COMPILED BY8 BROOK# CI 

FORT BIDWELL AREA e C A L I F O R N I A  

F ig .  2 P a r t i a l  f i e l d  record o f  F o r t  Bidwel l  Area, C a l i f o r n i a  ( M a r i n e r  and 
and a l l  means and standard d e v i a t i o n s  were c a l c u l a t e d  from d a t a  i n  

o t h e r s ,  1978). Geothermal r e s e r v o i r  volume and energy, 
GEOTHERM. 

SCOPE 

GEOTHERM i s  c u r r e n t l y  composed o f  three sub- 
f i l e s  o r  sect ion:  Sect ion A, Geothermal F ie lds/  * 

Areas ( f i g .  2), Sect ion 6,  Sample data/Chemical 
analyses ( f i g .  l), and Section C, Geothermal Wells/ 
D r i l l  holes. Due t o  space l i m i t a t i o n s ,  samples o f  
t he  forms are no t  included here. Format informa- 
t i o n  c m  be sent upon request. 

Sect ion A: Geothermal Fields/Areas - This s u b - f i l e  
includes data on l o c a l i t y ,  surface manifesta- 
t ions,  i n d u s t r i a l  developments, subsurface tem- 
peratures and dimensions , basic  chemistry , 
thermal energy, general geophysics, geology, 
and o the r  r e l a t e d  informat ion o f  a geothermal 
f i e l d  o r  area. This s u b - f i l e  contains approx- 
imate ly  510 records. 
f i e l d  records cover geothermal f i e l d s  from the  
1975 U.S.G.S. Geothermal Assessment (White and 
Will iams, 1975; Renner, 1976), and 220 records 
are from the 1978 U.S.G.S. Geothermal Assess- 
ment (Muffler, 1979; Mariner and others,  
1978), some of whi'ch are updated versions o f  
t he  1975 data. 

O f  these, 290 o f  the 

Sect ion 9: Sample data/Chemical analyses - This 
s u b - f i l e  inc ludes chemical analys is  data from 
thermal spr ings and wel ls .  Space i s  provided 
fo r  three types o f  analyses - water, conden- 
sate, and gas. 
i d e n t i f i c a t i o n ,  l o c a l i t y ,  sample descr ip t ion,  
c o l l e c t i o n  condi t ions,  and phys ica l  and chemi- 

Data items inc lude source 

ca l  cha rac te r i s t i cs  of the Fluids.  This sub- 
f i l e  contains 4600 records on w e l l s  andspr ings 
i n  the  Uni ted States (Table l ) ,  New Zealand, 
and Mexico. 

Sect ion C: Geothermal W e l l s / D r i l l  holes - This sub- 
f i l e  contains physical  data from we l l s  d r i l l e d  
f o r  geothermal product ion o r  development. I n -  
format ion includes depth, casing, f low rates,  
and o the r  phys ica l  data. The 436 records cur-  
r e n t l y  i n  t h i s  s u b - f i l e  were prov ided by the 
U.S.G.S. Conservation D iv i s ion ,  and are an 
inventory  of geothermal we l l s  and d r i l l  holes 
i n  the  United States. 

The scope o f  the f i l e  i s  obv ious ly  concentra- 

However, GEOTHERM has the f l e x i  b i  1 i ty  t o  
t e d  on data r e l a t e d  t o  hydrothermal convect ion 
systems. 
inc lude o the r  sub - f i l esas  deemed necessary. 
i n fo rma t ion  i n  GEOTHERM i s  pub l i c  and no propr ie-  
t a r y  data can be stored. 

The 

SPEC I F  I CATIONS 

Each basic record on GEOTHERM cons is t s  o f  i n -  
format ion furn ished on a s ing le  r e p o r t i n g  form. 
Each record i s  assigned a unique record number and 
each b i t  o f  in format ion on the form i s  i d e n t i f i e d  
by a unique labe l .  A l l  records a r e  s tored on d i sk  
i n  one l o c a t i o n  and can be e a s i l y  searched, 
indexed, o r  sor ted by i t em labe l .  Some o f  the f i l e  
s p e c i f i c a t i o n s  are as fo l lows:  
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- numeric data are a l l  converted t o  me t r i c  
u n i t s  

- a l l  numeric f i e l d s  i n  the f i l e  are formatted 
a l i k e  so they can be r e t r i e v e d  and manipu- 
l a t e d  as an array - the  f i l e  a l lows va r iab le  amounts of s i g n i f i -  
cant  f i gu res  

- q u a l i f i c a t i o n  codes e x i s t  f o r  numeric data 
(Example: 
T = t race )  - l o c a l i t y  informat ion i s  requi red ( l a t i t u d e  
and longi tude preferred)  

- documentation i s  provided i n  the  form of a 
reference t o  the sources o f  in format ion and 
the name and a f f i l i a t i o n  of the person who 
compiled the record (some o f  t he  organiza- 
t i o n s  t h a t  have sent in format ion are l i s t e d  
i n  Table 1). 

L = less then, E = estimate, and 

Table 1. Contributors o f  U.S. Spring and Well Data 

State No. Recs. Drgani zation 

Alaska 
Arizona 
California 
Colorado 
Hawai1 
Idaho 
Montana 
Nevada 
New Mexico 
Oregon 
Texas 
Utah 
Washington 
Wyoml ng 

83 Geophysical Instltute. Unlv. o f  Alaska, Fairbanks; U.S.G.S. 
220 Bureau of Geology and Mineral Technology, Tucson; U.S.G.S. 

1429 Division o f  Mines and Geology, Sacramento; U.S.G.S. 
249 Colorado Geological Survey, Denver 
288 Hawaii Xnst. o f  Geophysics. Univ. o f  Hawaii, Honolulu 
94 Department o f  Water Resources, Boise; U.S.G.S. 
82 Bureau of Mines and Geology, Butte 

758 Bureau o f  Mines and Geology, Reno; U.S.G.S. 
367 New Mexico Energy Institute. Las Cruces; U.S.G.S. 
216 Oregon Dept. o f  Geology and Mineral Resources, Salem; U.S.G.S. 
29 U.S.G.S. 

1055 Utah Geologlcal and Mineral Survey, Salt  Lake City 
212 Battelle Pacific Northwest Laboratory, Richland 
79 University of Wyoming. Dept. of Geology, Laramie 

APPLICATIONS 

I n  January 1979 the U.S.G.S. publ ished the 
second assessment o f  the geothermal resources o f  
t he  Uni ted States (Mu f f l e r ,  1979). GEOTHERM's 
c o n t r i b u t i o n  t o  the 1978 assessment can be con- 
s idered a model f o r  t he  a p p l i c a t i o n  o f  a resource 
data f i l e .  The f i l e  was used f o r  two aspects o f  
t he  assessment, the intermediate- t o  high-tempera- 
t u r e  convective resources (Brook and others, 1979), 
and a f i r s t - t i m e  comprehensive assessment o f  the 
1 ow-temperature resources o f  the Uni ted States 
(Sammel , 1979). GEOTHERM's r o l e  i n  the assessment 
was i n  the fo l l ow ing  areas: 
(1 )  Data a c q u i s i t i o n  and f i l i n g  - Over 2000 rec- 
ords o f  warm spr ings and w e l l s  were entered i n t o  
the  f i l e  f o r  use i n  the  assessment o f  low-tempera- 
t u r e  areas, and 220 records from intermediate- t o  
high-temperature geothermal areas were added t o  the 
f i l e .  
(2)  Data e d i t i n g  and maintenance - Changes o r  ad- 
d i t i o n s  t o  records were e a s i l y  made w i t h  the G I P S Y  
update program. 
(3) Map p l o t s  - Over 60 maps w i t h  var ious scales 
and p ro jec t i ons  were produced using coordinates 
s tored i n  GEOTHERM. 
(4 )  Data ca l cu la t i ons  and manipulat ions - The data 
i n  GEOTHERM were used i n  many operat ions i nc lud ing  
geothermometri c ca lcu lat ions,  gradient  ca l cu la t i ons  , 
s ta t i . s t i cs ,  determinat ions o f  volume and contained 
heat, p o i n t  graphs, and regressions. I n  addi t ion,  
estimates o f  recoverable heat and work ava i l ab le  
were ca lcu lated ( f i g .  2)  f o r  the intermediate- and 
h i  gh- tempera t u r e  sys tems . 

(5 )  Data d i sp lay  - GEOTHERM was important f o r  
r a p i d  r e t r i e v a l ,  so r t i ng ,  and d isp lay o f  data. An 
open- f i l e  r e p o r t  o f  the intermediate- and high- 
temperature systems was publ ished using a p r i n t o u t  
from GEOTHERM (Mariner and others, 1978) ( f i g .  2) .  

Other agencies are a l so  invo lved i n  geother- 
mal resource assessment; the Department of Energy 
i s  c u r r e n t l y  invo lved i n  a program t o  produce 
s t a t e  maps dep ic t i ng  low-temperature geothermal 
resources (Grim and others,  1978). DOE has made co- 
operat ive agreements w i t h  the concerned s ta tes  t o  
produce these maps. The f i r s t  phase of t h i s  s ta te -  
coupled program i s  t o  compile in format ion on the r -  
mal we l l s  and spr ings from the var ious sources and 
t o  enter  t he  data i n t o  the GEOTHERM f i l e .  Much o f  
t he  in format ion c u r r e n t l y  on the sample f i l e  has 
been entered by these s t a t e  agencies (Table 1).  
The GEOTHERM s t a f f  w i l l  a l so  work c lose ly  w i t h  the  
Nat ional  Oceanographic and Atmospheric Administra- 
t i o n ,  which w i l l  produce some o f  the maps. 

GEOTHERM has provided informat ion t o  p r i v a t e  
indust ry ,  government agencies, and fore ign govern- 
ments, beyond the  work on the assessments mentioned 
above. There were on ly  6 requests f o r  in format ion 
i n  1976, 21 i n  1977, 39 i n  1978, and 29 f o r  the 
f i r s t  h a l f  o f  1979. This increase i n  requests f o r  
data r e f l e c t s  the growing importance o f  geothermal 
energy and the p a r t  t h a t  GEOTHERM can p l a y  i n  meet- 
i n g  the need f o r  t h i s  type o f  informat ion.  

AVAILABILITY 

Current ly ,  computer r e t r i e v a l s  from GEOTHERM 
are made using the batch mode so t h a t  the f i l e  i s  
n o t  ava i l ab le  on a timeshare basis. Plans are be- 
i n g  made t o  place GEOTHERM on General E l e c t r i c ' s  
Mark I11 Informat ion Services Network. A t  t h a t  
t ime the  f i l e  w i l l  be ava i l ab le  by computer termi-  
na l  t o  subscr ibers o f  t h a t  system. 

Re t r i eva l s  are ava i l ab le  i n  a v a r i e t y  o f  f o r -  
mats which inc lude tape, punched cards, l i s t i n g s ,  
and tables.  To ob ta in  in format ion from the f i l e ,  
i t  i s  necessary t o  send a l e t t e r  o f  request speci- 
f y i ng  the exact in format ion wanted. 
p o l i c y  i s  t o  charge the requester f o r  the computer 
t ime used running the r e t r i e v a l .  

The present 

The ma i l i ng  address f o r  requests i s :  
GEOTHERM, Mai l  Stop 84, U.S. Geological Survey, 
Menlo Park, CA 94025. 

P ro jec t  
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