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Introduction The U.S. Geological Survey 
has a legislated mandate t o  assess and 
inventory the Nation's geothermal 
resources. Accordingly , principal 
objectives of the Survey's Geothermal 
Research Program are: 
geologic, geochemical , geophysical , and 
hydrologic character is t ics  of a l l  types of 
geothermal systems; ( 2 )  t o  improve and 
develop techniques of exploration fo r  and 
assessment of geothermal resources; ( 3 )  t o  
characterize the seismicity, ground 
deformation, and hydrologic changes tha t  may 
be induced by the production of geothermal 
f lu ids  and the i r  subsequent injection back 
in to  the subsurface; and ( 4 )  t o  determine 
the amount of geothermal energy tha t  ex i s t s  
as a national resource and periodically t o  
update t h i s  assessment as new information 
becomes available. Research tha t  addresses 
objectives 1 ,  2 ,  and 3 is designed t o  
provide information tha t  permits an 
increasingly accurate assessment of the 
Nation's geothermal resources. 

Reservoir-Related Research Since i t s  formal 
establishment i n  I Y / I  , the Survey's 
Geothermal Research Program has supported 
f i e ld ,  laboratory, and theoretical  studies 
i n  geology, geophysics, geochemistry, and 
hydrology. Duffield and Guffanti (1981a,b) 
have recently sumnarized the history of the 
program from 1971 through 1980. The 
program's broad-based, mu1 t id isc ip l inary  
character r e f l ec t s  t h e  f a c t  t ha t  any 
comprehensive understanding of geothermal 
systems requires studies of rocks, f l u i d s ,  
and a host of canplex interactions between 
the two. I f  reservoir engineering, the  
subject of this workshop, i s  defined i n  a 
broad sense t o  include a l l  s tudies tha t  
e i ther  d i rec t ly  or indirectly help to  
characterize a geothermal reservoir ,  most of 
the research of the Survey's Geothermal 
Research Program addresses some aspect of 
today's topic. 

Some of the Geological Survey's geothermal 
research i s  qui te  d i rec t ly  related t o  
reservoir  engineering . Laboratory 
experiments, development of theory, and 
computer-assisted numerical modeling have 
attempted to  describe the character is t ic  

( 1 )  t o  determine the 

behavior of a vapor-dominated hydrothermal 
system; computer-assi sted numerical modeling 
has a lso  been applied to  hot-water and 
two-phase hydrothermal systems. Precise 
measurement of ground deformation a t  The 
Geysers, California,  has suggested a 
correl a t i  on between steam production and 
subsidence. Similarly, precise measurements 
of gravity a t  The  Geysers have suggested a 
correl a t i  on between steam production and 
changes i n  the strength of the gravity 
f i e ld .  Research i n  well-logging equipment 
has resulted i n  development of an acoustic 
televiewer tha t  can map the  s ize ,  
orientation,  and position of f rac tures  i n  
high-temperature geothermal boreholes. 
Laboratory measurements of the e lec t r ica l  
and magnetic properties of rocks under 
simul ated geothermal conditions he1 p 
constrain a1 1 modeling o f  geothermal 
reservoirs. 

Geologic studies of the  Survey's Geothermal 
Research Program have provided information 
on the nature of the heat source, the 
lithology of reservoir  rocks, and the 
inferred nature of permeability fo r  several 
geothermal systems. Several geoel ec t r i c  
techniques have been used t o  map the 
e lec t r ica l  conductivity of the c rus t  and 
upper mantle; re1 atively deep probing 
techniques have provided information on heat 
sources, and shallower probing techniques 
have helped to  outl ine the s i ze  and position 
of geothermal reservoirs themselves. 
Research us ing  ac t ive  and passive seismic 
techniques has identif ied crustal  zones of 
low seismic velocity tha t  may re f l ec t  the 
presence of magma, has outlined structures 
important to  del ineating geothermal 
reservoirs,  and has discovered apparent 
anomalies i n  the e l a s t i c  properties of rocks 
t h a t  may const i tu te  geothermal reservoirs. 
Monitoring of seismicity a t  The Geysers has 
shown a correlat ion between areas of steam 
production and small-magnitude earthquakes. 
Measurements of temperature gradient and 
thermal conductivity i n  crustal  rocks have 
delineated several broad regions of 
character is t ic  and di f fer ing heat flow and 
have provided considerable information on 
the thermal budget of specific hydrothermal 
convection systems. Hydrologic studies have 
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def ined  the  water budget o f  some geothermal 
areas and, coupled w i t h  chemical analyses o f  
waters, have prov ided a powerful  t o o l  f o r  
d e f i n i n g  the  o r i g i n  and t r a c i n g  the  general 
path o f  f l u i d s  i n  hydrothermal systems. 

Geochemical study o f  f l u i d s  probably has 
been t h e  most f r u i t f u l  s i n g l e  area o f  
research f o r  c h a r a c t e r i z i n g  hydrothermal 
systems; many widely  used geochemical 
techniques have been pioneered by t h e  
Geological Survey. The chemist ry  o f  sur face 
f l u i d  samples has been used t o  d i s c r i m i n a t e  
between vapor-dominated and hot-water 
systems, t o  est imate subsurface 
temperatures, t o  c o n s t r a i n  the  p o s s i b l e  
o r i g i n s  o f  f l u i d s  and t h e i r  recharge areas, 
and t o  est imate t h e  residence t ime o f  f l u i d s  
i n  many hydrothermal systems. I n  
r e c o g n i t i o n  o f  t h e i r  c o s t - e f f e c t i v e  
e x p l o r a t i o n  p o t e n t i a l  , a v a r i e t y  o f  chemical 
geothermometers a re  used i n  t h e  e a r l y  stages 
o f  geothermal eva lua t ion  worldwide. 
Techniques have a lso  been developed t o  
a d j u s t  geothermometer temperatures f o r  
d i l u t i o n  o f  thermal water w i t h  cool  shal low 
ground water d u r i n g  convect ive f l o w  t o  the  
surface. Analyses f o r  deuteriun, oxygen-18, 
and t r i t i u m  commonly a re  used t o  est imate 
the  o r i g i n  and residence t ime o f  
hydrothermal f l u i d s .  Cur ren t  research holds 
some promise f o r  developing a d d i t i o n a l  means 
o f  es t imat ing  residence time, through 
ana lys is  o f  va r ious  rad ionuc l ides  i n  
hydrothermal f l u i d s .  Moreover, geochemical 
mon i to r ing  o f  f l u i d s  from areas under 
product ion- - for  example, a t  La rdere l lo ,  
I t a l y ,  and Cerro P r i e t o ,  Mexico--has 
prov ided considerable i n s i g h t  i n t o  t h e  
f u n c t i o n i n g  o f  geothermal reservo i rs ;  
time-dependent changes i n  the  composit ion of 
produced f l u i d s ,  e s p e c i a l l y  when considered 
together  w i t h  such more t r a d i t i o n a l  
product ion data as temperature and pressure , 
p r o v i  de i n f orma t i on c r  i ti c a l  t o  successful 
long- term e x p l o i t a t i o n  s t r a t e g i e s  o f  such 
reservo i rs .  D u f f  i e l d  and Guf f  a n t i  (1981 a,b) 
have sumnarized t h e  f i n d i n g s  o f  o ther  
Geological Survey research t h a t  addresses 
var ious aspects o f  geothermal r e s e r v o i r s .  

Research Trends F i e l d- o r i e n t e d  s tud ies  o f  
geothermal r e s e r v o i r s  may convenient ly  be 
grouped i n t o  sur face ( i n c l u d i n g  shal low 
heat- f low d r i l l i n g )  and subsurface 
categor ies.  With r a r e  exception, t h e  

Geological Survey's geothermal research has 
been o f  t h e  sur face v a r i e t y .  Recent 
research d r i l l i n g ,  however, r e f l e c t s  program 
p o l i c y  t o  seek oppor tun i t i es  t o  make 
measurements i n  and study samples from 
boreholes. Geologica l  Survey research 
d r i l l i n g  funded by t h e  U.S. Department o f  
Energy demonstrated i n  J u l y  1981 a p o t e n t i a l  
geothermal resource fo r  n o n e l e c t r i c a l  use i n  
t h e  v i c i n i t y  o f  Mount Hood, Oregon; a 
pumping t e s t  produced 380 L h i n  from an 80°C 
a q u i f e r  a t  about 1,200-m depth. A t  Newberry 
caldera, Oregon, research d r i l l i n g  funded 
and c a r r i e d  ou t  by t h e  Geological Survey i n  
1981 discovered a 265% permeable zone i n  
t h e  bottom few meters o f  a 932-m-deep 
borehole; a 20-hour f l o w  t e s t  from t h i s  zone 
produced a sample o f  geothermal f l u i d  whose 
chemical ana lys is  should p rov ide  
considerable in fo rmat ion  on the composit ion 
and thermodynamic s t a t e  o f  t h e  r e s e r v o i r  
f l u i d .  The recovery o f  near l y  cont inuous 
core  from the  Newberry h o l e  prov ides 
abundant oppor tun i t i es  f o r  s tud ies o f  t h e  
r e s e r v o i r  and o v e r l y i n g  rocks. 

Such sampling o f  r e s e r v o i r  f l u i d s  and rocks 
i s  the  most d i r e c t  way t o  t e s t  in ferences 
made from sur face s tudies.  The Survey's 
Geothermal Research Program i s  
ph i1 osoph ica l l y  comni t ted t o  seeking 
oppor tun i t i es  f o r  research d r i l l i n g  t h a t  
make t h i s  type o f  d i r e c t  sampling poss ib le .  
The Survey p lays  an a c t i v e  r o l e  i n  promoting 
the  goals o f  t h e  Cont inenta l  S c i e n t i f i c  
D r i l l i n g  Comnittee o f  t h e  U.S. Nat ional  
Academy o f  Sciences, s p e c i f i c a l l y  t h e  
proposal o f  t h i s  o rgan iza t ion 's  Thermal 
Regimes Panel t o  d r i l l  i n t o  t h e  r o o t s  o f  a 
hydrothermal system a t  roughly  500% and 
6- t o  7-km depth. 
i n c r e a s i n g l y  h o t t e r  and deeper p a r t s  o f  
geothermal r e s e r v o i r s  may be the  t o o l  needed 
f o r  major advances i n  our understanding o f  
hydrothermal systems. 
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