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A CASE HISTORY 
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In t  roducti on 

Panama and south of Nicaragua on the Central Amer- 
ican isthmus. I t  i s  the second smallest  in area 
and the smallest  i n  population of the Central Amer- 
ican republics.  Population i s  approximately 
2,000,000, in  an area of only 23,000 square miles,  
f o r  an average densi ty  of about 90 persons per 
square mile. Further,  approximately two-thirds of 
the population l i v e  in  an upland valley of some 
3,000 square miles,  t h e  Central Valley. 

The Republic of Costa Rica i s  located north of 

Topographically, the country i s  characterized by 
a narrow Pacif ic  Coastal Plain,  changing abruptly 
t o  steep-sided mountains of the Cen.tra1 Cordi l lera .  
There a re  several  important high valleys within 
t h i s  Cordi l lera ,  a s  well as many ac t ive  o r  poten- 
t i a l l y  act ive volcanoes. Of these,  Arena1 and 
Irazu a re  of ten i n  eruption; Rinc3n de l a  Vieja 
erupted l a s t  i n  1963. 
Cordillera i s  the broad f l a t  A t l an t i c  Coastal Plain.  

East o f  the  Central 

Agriculture dominates the economic l i f e  of Costa 
Rica: coffee,  bananas, beef c a t t l e ,  r i c e ,  sugar,  
corn. Costa Rica receives abundant r a i n f a l l ,  aver- 
aging over 2,000 mm (80 inches) .  
e l e c t r i c  power generation i s  almost e n t i r e l y  by 
hydropower, w i t h  small o i l -  and gas-fired plants  
f o r  reserve use. 
a t  about 8% per yea r ,  demand t h u s  doubling every 
10 years .  

As a r e s u l t ,  

E lec t r i c  power consumption grows 

Antecedents of the Exploration Project  
In 1963, a reconnaissance survey by the United 

Nations iden t i f i ed  several  a r eas  of i n t e r e s t  f o r  
geothermal explorat ion.  However, i t  was not u n t i l  
the  period of severe increases i n  fuel cos t s  begin- 
ning i n  1973 t h a t  a geothermal project  was deemed 
useful .  In 1975, the I n s t i t u t o  Costarricense de 
Electricidad ( I C E )  was authorized by the  government 
of Costa Rica t o  accept a loan from the Inter-Amer- 
ican Development Bank (IDB) f o r  a geothermal fea-  
s i b i l i t y  study of one of the areas  nomiated 12 
years e a r l i e r  by t h e  United Nations. ICE selected 
Rogers Engineering Co. , Inc. of San Francisco, and 
GeothermEx, Inc. of Berkeley, Cal i fornia ,  t o  serve 
as  i t s  advisors i n  t h i i  project  ( f igu re  1). 

T h i s  involved design of an exploration program, 
importation of equipment and mater ia ls ,  t r a in ing  of 
ICE s t a f f  in geothermal exploration pr inciples  and 

methods, supervision of explorat ion,  and interpre-  
t a t i o n  of r e s u l t s  obtained. 
i s  summarized i n  Figure 2.  
p le ted in  12 months ending December 1976. 
phase included intensive f i e l d  data  co l l ec t ion  and 
preliminary in t e rp re t a t ions  , and r e su l t ed  in  pre- 
paration of a p re - f eas ib i l i t y  r epor t  t o  the IDB, 
which t r iggered r e l ease  of addi t ional  funds for  
Phase 11. Phase I1  may be sa id  t o  have begun in  
1978, with se l ec t ion  of Foraky-Forami nes , a Franco- 
Belgian d r i l l i n g  contractor .  

The explorat ion program 
Phase I of work was com- 

This 

Ex p l  o r a t  i on 
The region se l ec t ed  f o r  exploration consis ts  of 

some 500 km2 of r o l l i n g  t o  s teep,  deeply incised 
volcanic uplands , located on the lower flanks of 
volcanoes Rincdn de l a  Vieja a n d  Miravalles (from 
which the project  takes i t s  name), and ranging i n  
e levat ion from about 300 m t o  over 1 km. Several 
major fumarole and hot spr ings complexes were found 
t o  be clustered i n  bunches along a 40-km-long l i n e  
trending northwest-southeast, pa ra l l e l  t o  the vol- 
canic  t rend,  and located a t  the break in slope on 
t h e i r  lower f lanks.  The 3 most important thermal 
areas  a r e  Las Horni l las ,  Las Pailas and Borinquen, 
a l l  fumarolic. 

The area was mapped geologically a t  1:50,000 
s c a l e ;  selected areas  were then mapped a t  1:25,000 
sca l e .  
over 100 springs and we l l s ,  both cool and thermal , 
f o r  complete chemical ana lys i s .  Some 10 samples 
were analyzed f o r  3H; and about 30 f o r  t r a c e  metals. 
Numerous rock specimens were analyzed chemically 
a l s o ;  and several  dozen samples were submitted f o r  
petrographic ana lys i s .  
dated by K-Ar method. 

Samples of waters and gases were taken from 

A dozen rocks were age- 

Geologic study ( f ig l i re  3) revealed a Quaternary 
and Late Tert iary sect ion of wide local var ia t ion 
and intense (though var iable)  hydrothermal a1 t e r a -  
t i on .  These f ac to r s  combined t o  limit correlat ion 
from area t o  area w i t h  much assurance. However, a 
general s t r a t ig raphy  was establ ished,  and has proven 
very adequate in in t e rp re t a t ion  of data  from deep 
d r i l l  holes.  

Principal f indings include (1) recognition of a 
p a r t i a l l y  buried caldera located between Miravalles 
and RincBn de l a  Vieja;  (2 )  age-dating of a wide- 
spread thick daci t e  t u f f  sequence (Bagaces Formation) 
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as l a t e  Pl iocene t o  Ple is tocene;  ( 3 )  t e n t a t i v e  
i d e n t i f i c a t i o n  o f  e r u p t i v e  vents  f o r  these t u f f s ;  
and ( 4 )  l o c a t i o n  o f  n'umerous areas o f  hydrothermal 
a1 t e r a t i o n  t h a t  apparent ly  were f u m a r o l i c  i n  ear-  
l i e r  episodes. 

A reconnaissance g r a v i t y  survey o f  approximately 
1 s t a t i o n  p e r  km2 was c a r r i e d  o u t  over  the  same 
area, and modeled w i t h  t h e  geology. Simultaneously,  
a s e r i e s  o f  Schlumberger r e s i s t i v i t y  soundings were 
run,  beginn ing a t  t he  major fumaro le areas and ex- 
tend ing  between and outward f rom them. A t o t a l  o f  
16 l i n e s  have been run  t o  date,  w i t h  expansions a t  
f i r s t  reaching AB/2 = 1,000 m and more r e c e n t l y  
2,000 m. S ta t i ons  were e s t a b l i s h e d  every 200 m 
a long these l i n e s .  

Data c o l l e c t i o n s  and i n t e r p r e t a t i o n  was very 
d i f f i c u l t  f o r  a v a r i e t y  o f  reasons. F i r s t ,  humid 
t r o p i c a l  cond i t i ons  and rugged t e r r a i n  r e s u l t e d  
i n  l i m i t e d  l i f e  f o r  p a r t s  and supp l i es .  Second, 
r a p i d  l a t e r a l  v a r i a t i o n s  i n  geology ( f a u l t s  and 
v o l c a n i c - c l a s t i c  f a c i e s  changes) were n o t  always 
recognized i n  t ime t o  p l a n  t h e i r  avoidance. 
r e g i o n a l  r e s i s t i v i t y  i s  ext remely low across much 
o f  t h e  reg ion,  r e s u l t i n g  i n  s i g n a l s  a t  m i l l i v o l t  
l e v e l s  f o r  many impor tant  areas. 

Thi rd ,  

Despi te  these d i f f i c u l  t i e s ,  ext remely use fu l  and 
r e v e a l i n g  da ta  were thus obta ined.  
recognized a t  t he  sur face r e s u l  ti ng f rom hydrother-  
m a l  a1 t e r a t i o n  o f  t h e  su r face  v o l c a n i c  rocks.  This 
low p r o j e c t s  downward very p r e c i p i t o u s l y ,  i n d i c a t i n g  
probable f a u l t  c o n t r o l  over t h e  u p w e l l i n g  f l u i d s .  
One sounding shows a mu1 t i - l a y e r  s t r u c t u r e ,  w i t h  
h i g h  r e s i s t i v i t y  i n  the  shal low v o l c a n i c  rocks 
above the  reg iona l  water t a b l e ;  and an i n tense  low 
extending t o  about 500 m beneath t h e  su r face  zone. 
Beneath t h i s  , r e s i s t i v i t y  appears t o  increase,  b u t  
n o t  t o  extremely h i g h  l e v e l s .  
shows t h a t  hydrothermal a1 t e r a t i o n  has dest royed the  
shal low su r face  h igh,  and has i n t e n s i f i e d  t h e  low a t  
300-500 m. 

A major  low i s  

A second sounding 

Hydro log i c  data were c o l l e c t e d  a long  w i t h  geo- 
chemical surveys, p r o v i d i n g  data on r a i n f a l l ,  run- 
o f f  and evaporat ion,  as w e l l  as on recharge and 
d ischarge paths o f  groundwater movement. 
s tudy o f  t h e  l i t h o l o g y  o f  sp r ing -d i scha rge  po in ts ,  
t h e  Bagaces Formation was i d e n t i f i e d  as a major  
reg iona l  aqu i fe r ,  l o c a l l y  d i scha rg ing  thermal 
waters . 

From a 

From these surveys i t  was p o s s i b l e  t o  cons t ruc t  
a powerfu l  model o f  thermal and cool  me teo r i c  c i r -  
c u l a t i o n .  This  i n  t u r n  was c o r r e l a t e d  w i t h  geolo- 
g i c  mapping and grav imetry  models, b o t h  o f  which 
showed a no r th -sou th - t rend ing  graben o r  compl ex 
f a u l t  s t r u c t u r e ,  i n t e r s e c t i n g  t h e  nor thwest  s t r u c -  
t u r a l  t r e n d  a t  M i rava l l es  volcano. The presence o f  
t h e  p a r t i a l l y  b u r i e d  ca lde ra  a t  t h i s  i n t e r s e c t i o n  
w i t h  t h e  graben o r  ha l f -g raben  appears t o  have 
l o c a l i z e d  t h e  Las H o r n i l l a s  thermal man i fes ta t i ons ,  
perhaps as a r e s u l t  o f  a minor  resu rgen t  magmatic 
i n t r u s i o n  i n  post -ca ldera t ime.  

However, i t  was temperature-gradient  d r i l l i n g  
t h a t  prov ided the  g r e a t e s t  subsur face d e t a i  1 and 
most impor tan t  i n f o r m a t i o n  f o r  s i t i n g  o f  deep ex- 

p l o r a t o r y  w e l l s .  Dur ing 1975-1978 some 38 g r a d i e n t  
ho les  were d r i l l e d ,  t o  depths o f  20 t o  n e a r l y  300 m. 
I n i t i a l l y  i t  was planned t o  d r i l l  a t  each o f  t h e  
impor tan t  geologic-geochemical-geophysical  anomalies; 
however, t h e  d i f f i c u l t y  of access t o  many areas, and 
t h e  impress ive n a t u r e  o f  t h e  Las H o r n i l l a s  thermal 
and chemical  anomaly, caused us t o  d r i l l  a l l  b u t  7 
g r a d i e n t  ho les i n  t h e  g r e a t e r  Las H o r n i l l a s  area. 

From t h i s  work, an i n tense  and widespread gra-  
d i e n t  anomaly was i d e n t i f i e d  a t  shal low depth,  ex- 
t end ing  nor th-nor theast -south-southwest ,  and hav ing  
c l o s u r e  o f  over 400"C/km across a t  l e a s t  10 km2. 
A l l  ho les  were cored con t inuous ly  t o  TD, because o f  
l o s t  c i r c u l a t i o n  and o t h e r  problems. Holes t o  over  
200 m always encountered severe d r i l l i n g  d i f f i c u l -  
t i e s ,  one b lowing ou t  f rom about 260 m. Several  
ho les  encountered temperatures o f  about 100°C. Two 
were s i g n i f i c a n t l y  h o t t e r :  PH-27 ( t h e  blow ou t ,  a t  
La Fo r tuna )  was over  150°C a t  ~ 2 5 0  m; PH-31 ( a t  Las 
H o r n i l l a s )  was 192°C a t  285 m. The holes were 3.5 
km apar t ,  and w i t h i n  the  h iqh -g rad ien t ,  l o w - r e s i s -  
t i v i t y  anomaly. 

Data f o r  t he  f i r s t  27 holes i n  t h e  g r e a t e r  Las 
H o r n i l l a s  r e g i o n  a r e  shown i n  f i g u r e  4 .  Thermal 
c o n d u c t i v i t y  measurements were made r o u t i n e l y  on 
cores,  and hea t  f l o w  was c a l c u l a t e d  f o r  m u l t i p l e  
i n t e r v a l s  i n  most ho les .  A map o f  hea t  f l o w  va lues 
f o r  t h e  Las H o r n i l l a s  area ( f i g u r e  5 )  shows con- 
t o u r s  t o  be almost i d e n t i c a l  t o  those o f  tempera- 
t u r e  g r a d i e n t .  
i n t e r s e c t i o n  w i t h  t h e  b o i l i n g  p o i n t  curve b y  500 
o r  600 m a t  depth;  f u r t h e r  p r o j e c t i o n s  y i e l d e d  
mol ten c o n d i t i o n s  1.5 km o r  2.0 km. It was, how- 
ever ,  cons idered more l i k e l y  t h a t  a h o t  water  aqu i -  
f e r ,  was present ,  a t  a temperature below t h e  b o i l -  
i n g  p o i n t  f o r  i t s  depth, a t  oerhaps 300 t o  500 m y  
which depths were i n d i c a t e d  by reve rsa l s  i n  e lec -  
t r i c a l  r e s i s t i v i t y  soundings. 

Grad ien t  values p r o j e c t e d  t o  an 

Geochemically, i t  was determined t h a t  l i k e l y  r e s e r -  
v o i r  f l u i d  would be s a l i n e  h o t  water  (8,000-12,000 
mg/ l  TDS) w i t h  temperature o f  220°C o r  h ighe r .  The 
geochemical-hydrologic model i n f e r r e d  t h a t  u p w e l l i n g  
o f  ve ry  h o t  water  was o c c u r r i n g  near Las H o r n i l l a s  
a long an unmapped f a u l t ,  perhaps from depths o f  1 .5 
o r  2.0 km, o r  even deeper, and was d ispersed ve ry  
r a p i d l y  n o r t h  and south through permeable beds o f  
t he  Bagaces Forma t i o n .  

On t h i s  bas is ,  s i t e s  were se lec ted  f o r  7 deep 
e x p l o r a t o r y  ho les  a t  Las H o r n i l l a s  and v i c i n i t y .  
Depths o f  600 m t o  1.3 km were chosen. 
was agreed upon, and t h e  c a l l  was made f o r  b i d s  
from d r i l l i n g  c o n t r a c t o r s .  

Whi le  s e l e c t i o n  o f  a d r i l l i n g  c o n t r a c t o r ,  con- 
t r a c t  n e g o t i a t i o n s  and r i g  m o b i l i z a t i o n  was accom- 
p l i shed ,  geochemical, geo log i c  and geophysical  
e x p l o r a t i o n  cont inued.  Fu r the r  r e s i s t i v i t y  l i n e s  
were run, and se lec ted  s t a t i o n s  were reoccupied t o  
sound t o  2 km depth.  A comparison o f  wet season- 
d r y  season geochemistry was made, w i t h  r e s u l t s  
i n d i c a t i n g  t h a t  d i l u t i o n  o f  su r face  sp r ings  d i d  
occur,  w i t h  a l a g  o f  perhaps 3 t o  5 months a f t e r  
onset  o f  r a i n y  season. This  r e s u l t e d  i n  a s l i g h t  
upward adjustment  o f  est imated r e s e r v o i r  tempera- 
t u r e .  

Well des ign  
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at tempts t o  unload. i t .  PGM #3 has recovered t o  240°C 
over a 2- month pe r iod  o f  i n t e r m i t t e n t  t e s t i n g .  

A d d i t i o n a l  K - A r  age-dat ing o f  rock  samples, de- 
t a i l e d  mapping o f  d r i l l  s i t e s ,  c o n s t r u c t i o n  o f  
geo log ic  c ross-sec t ions  through t h e  severa l  proposed 
d r i l l  s i t e s ,  and r e v i s i o n  o f  t h e  d e t a i l e d  l o c a l  
s t r a t i g r a p h y  a l s o  was accomplished. 
t i o n a l  g r a d i e n t  ho les  were d r i l l e d ,  t o  over '  150 m 
each. These he lped t o  extend and be t te r :  d e f i n e  t h e  
boundar ies o f  t h e  h igh-grad ien t  anomaly. Fur ther  
model ing o f  t h e  g r a v i t y  and r e s i s t i v i t y  data was 
done a lso .  

Three add i -  

I n  A p r i l  1979, deep exp lo ra to ry  d r i l l i n g  began 
i n  h o l e  PGM # l .  Targeted depth was 1 k m ,  w i t h  
p o s s i b i l i t y  o f  a f r a c t u r e d  r e s e r v o i r  f rom 600 m, 
based on temperature grad ien t ,  r e s i s t i v i t y  and 
geochemical data.  PGM #1 went t o  1,300 m i n  depth, 
and was completed e a r l y  i n  August 1979. The ex- 
t remely  l ong  d r i l l i n g  pe r iod  r e f l e c t s  se r ious  
t roub les  w i t h  the  d r i l l  r i g ,  and a d i f f i c u l t y  i n  
l ogg ing  and t e s t i n g  t h e  ho le .  Holes PGM #2 and 
#3 were d r i l l e d  immediately a f t e r ,  d u r i n g  the  
pe r iod  September 1979-March 1980. Thereupon, 
d r i l l i n g  was suspended, the  r i g  re leased,  and a 
pe r iod  o f  w e l l  t e s t i n g  and data a n a l y s i s  was begun. 

Resu l ts  o f  t h e  3 ho les  are  shown i n  f i g u r e s  6 
and 7. Each h o l e  penetrated a ve ry  young s e c t i o n  
o f  l a h a r  and a n d e s i t i c  lava, beneath which was en- 
countered a t h i c k  se t  o f  l i t h i c  and c r y s t a l  t u f f s ,  
w i t h  l o c a l l y  interbeddded s i l t y  sediment. The 
tu f faceous s e c t i o n  i s  be l i eved  t o  be Bagaces For-  
mation, which h e r  i s  h i g h l y  f r a c t u r e d  and m ine ra l -  
ized, and which serves as the  geothermal r e s e r v o i r .  
A t  va ry ing  depth i n t o  t h e  Bagaces, each ho le  ex- 
per ienced t o t a l  l o s s  o f  c i r c u l a t i o n ,  which never 
was rega ined t o  t o t a l  depth. 

PGM #1 reached 1,300 m TD. #2 was 1,163 m, and 
#3 was 1,208 m i n  depth. 
l i t h i c  t u f f  sequence, as f a r  as can be  determined 
from cores c u t  on bottom. C o r r e l a t i o n s  made i n  
f i g u r e  6 a re  t e n t a t i v e .  Temperatures were ex- 
pected t o  be h igh  i n  each ho le  on t h e  bas i s  o f  
g rad ien ts  i n  sha l low holes,  and on t h e  bas i s  o f  
t he  192°C observed i n  PH-31, ve ry  c l o s e  t o  the  s i t e  
o f  PGM # l .  

Each bottomed i n  t n e  same 

Temperatures d i d  indeed r i s e  ve ry  r a p i d l y  i n  a l l  
3 ho les .  However, i n  #1, t he re  was a sharp reve r -  
'sal  a t  about 320 m ,  j u s t  below t h e  maximum depth 
reached i n  g r a d i e n t  d r i l l i n g .  Th is  c l e a r l y  i l l u s -  
t r a t e s  t h e  d i f f i c u l t y  i n  u t i l i z i n g  g r a d i , w t  da ta  
exc lus i ve  o f  othe,r parameters. A l l  ho les  showed 
ver,y slow temperature bu i l d -up  i n  zones o f  massive 
l o s t  c i r c u l a t i o n .  For example, PGM #2 took  15,000 
m3 o f  f l u i d  i n  t h e  zone below 850 m. Th is  zone t o  
da te  i s  s t i l l  making slow recovery  i n  temperature.  

Temperatures had reached a maximum of 'about  
230°C i n  PGM #1 p r i o r  t o  induc ing  i t  t o  f low.  Th is  
was e s s e n t i a l l y  t h e  va lue  p r e d i c t e d  b y  geothermom- 
e t r y .  A f t e r  f l o w  began i n  September 1979, tempera- 
t u r e  downhole inc reased s low ly  t o  t h e  present  238°C. 
PGM #2, as i n d i c a t e d  above, 'has n o t  reached temper- 
a tu res  as h i g h  as #1 o r  #3. 
i s  212"C, i n  a zone a t  850 m and aga in  a t  TD 
(1,160 m). Not s u r p r i s i n g l y ,  t h i s  h o l e  has n o t  y e t  
been induced t o  f l o w  cont inuous ly ,  d e s p i t e  repeated 

The maximum repor ted  

PGM # 1  i s  an u n q u a l i f i e d  success, f l o w i n g  some 
600,000 l b / h r  o f  mass a t  about 150 ps ig .  Flow tem- 
pera ture  has r i s e n  s low ly ,  t o  over 350°F a t  the su r -  
face. 
p red ic ted  by geochemical-hydrological modeling. No 
s c a l i n g  haw been observed. Long-term pressure draw- 
down t e s t s  a r e  underway; no firm r e s u l t s  a r e  a v a i l -  
ab le .  However, es t imates  o f  6 MWe o f  e l e c t r i c  power 
p o t e n t i a l  have b.een made. 

TDS i s  about 9,000 mg/l,  very  c l o s e  t o  t h a t  

PGM #2 p robab ly  w i l l  n o t  be completed as a n ro-  
duc t i on  w e l l .  I t  i s  unc lea r  whether t h e  h o l e  was 
damaged d u r i n g  d r i l l i n g  and completion, o r  whether 
fo rmat ion  p e r m e a b i l i t y  i s  lower here than else- 
where. 
f l u i d  l o s t  i n  #2, t h e  l a t t e r  appears u n l i k e l y .  No 
-geophysical  l ogs  were run  i n  t h i s  program, o ther  
than temperature surveys, f o r  a v a r i e t y  o f  reasons 
having t o  do w i t h  cos t .  This,  o f  course, has ham- 
pered our e f f o r t s  t o  determine the  t r u e  c o n d i t i o n  
o f  PGM #2. 

Consider ing t h e  v a s t  q u a n t i t i e s  o f  d r i l l i n g  

Tes t i ng  i s  cont inu ing .  

PGM #3 has been t e s t e d  on ly  i n t e r m i t t e n t l y ;  
t he re fo re ,  i t s  f l o w  c h a r a c t e r i s t i c s  a r e  n o t  kpown 
f o r  c e r t a i n .  However, i t  appears t o  have as 
s t rong  a p o t e n t i a l  as PGM #l. Cer ta in l y ,  i t  has 
recovered temperature as r a p i d l y  as d i d  PGM #1, 

From t h i s  d r i l l i n g  program, p lus  t h e  cont inu ing  
e f f o r t  t o  model geo log ic ,  geochemical and geophysi- 
c a l  data, a schematic rep resen ta t i on  o f  t h e  geother- 
mal system has been drawn ( f i g u r e  8) .  
a q u i f e r  i s  p resent  a t  200-300 m y  w i t h  temperature 
o f  over 100°C ( i n  PH-31, temperature rqached 192°C 
i n  t h i s  zone). 
upward a long a major f a u l t  o f  f a u l t  se t .  

A very h o t  

I t  appears t o  be f e d  by leakage 

Background g rad ien t  o f  t he  reg ion  i s  approxi-  
mate ly  35-4OoC/km, as measured i n  numeroys holes. 
Th is  i s  s l i g h t l y  above what might be expected, b u t  
i s  n o t  unusual f o r  such you th fu l  vo l can ic  t e r r a i n  
as t h i s .  As one approaches the  thermal system, 
g rad ien t  increases t o  about 100"C/km. 
d i e n t  would y i e l d  a t t r a c t i v e  temperatures a t  depths 
o f  2 km, and i s  so i n d i c a t e d  over an area o f  some 
20-25 km2. 

Th is  gra- 

The area above t h e  p resen t l y  de f i ned  geothermal 
f i e l d  has an average g rad ien t  o f  over 400"C/km; t h i s  
however i s  e n t i r e l y  due t o  the  shal low h o t  aqu i fe r ,  
and i s  mis lead ing  i n  any at tempts t o  model deep 
temperatures. 
1 km from deep d r i l l i n g  a r e  about 200"C/km, and 
y i e l d  temperatures 
The shape o f  t h i s  200°C isotherm a t  depth ( f i g u r e  8) 
i s  unce r ta in .  It may plunge s teep ly ,  as suggested 
by r e s i s t i v i t y  data: o r  i t  may extend b r i z o n t a l l y  
f o r  severa l  km, s l o p i n g  g e n t l y  t o  reach 2 km i n  
depth a t  a d i s tance  o f  several  km from Las H o r n i l l a s .  

The b e s t  est imaFe i s  t h a t  some 10-12 km2 are 
under la in  by p o t e n t i a l  geothermal r e s e r v o i r  a t  1 km; 
and t h a t  o u t  f rom t h i s  zone, d r i l l i n g  may encounter 
s u i t a b l e  temperatures a t  1.5 t o  2.0 km over  an ex- 
tens i ve  area. 

Net g rad ien ts  ca l cu la ted  t o  about 

j u s t  over 200°C a t  I k m  depth. 
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Koeni g 
There a r e  plans t o  d r i l l  addi t ional  wells i n to  

the  1 km sect ion of the  f i e l d  a f t e r  the financing 
f o r  the next s tage  has been secured, and a f t e r  a 
d r i l l  r i g  is  imported f o r  permanent use i n  Costa 
Rica. This may be ea r ly  1981. There a r e  no pre- 
sent  plans t o  t e s t  the  2 km zone. However, r i g  
spec i f ica t ions  ca l l  f o r  2 . k m  depth capacity. A 
dozen s i t e s  have been selected f o r  1 km holes ,  and 
a r e  t o  be prepared f o r  d r i l l i n g  l a t e r  t h i s  year .  

Exploration is  continuing in adjacent areas .  
Several gradient  holes have been s i t e d  fo r  d r i l l i n g  
t o  200 m a t  d is tances  of u p  t o  10 km from the  pre- 
sen t  f i e l d .  Hydrologic and geochemical monitoring 
a re  continuing. 
ments has been i n s t a l l e d ,  and has begun t o  co l l ec t  
data on regional se i smic i ty .  Geolc.gic mapping wil l  
extend in to  adjacent areas  a l so ;  and e l e c t r i c a l  
r e s i s t i v i t y  l i nes  a re  t o  be r u n  in to  addi t ional  
areas of promise. 

A microseismic network of 5 ins t ru-  

After the  t e s t ing  program has been completed 
l a t e r  t h i s  year ,  a technical and economic f e a s i -  
b i l i t y  report  wi l l  be presented t o  the lending 
agency, IDB. If reservoi r  potent ia l  i s  seen t o  be 
adequate, the  f i r s t  of what may be several power 
plants  wil l  be designed fo r  construct ion.  I t  is  
hoped t o  have the  f i r s t  geothermal power on l i n e  
i n  1984, the  year  i n  which reserve in s t a l l ed  hydro- 
e l e c t r i c  capacity wi l l  be exhausted by growing 
demand. 

Reference 
Koenig, James 8. "Exploration of the  Guanacoste, 
Costa Rica, Geothermal System," Geothermal Resour- 
ces Council, Transactions,  Volume 1, May 1977. 

62 



BRIEF HISTORY 
MIRAVALLES GEOTHERMAL PROJECT 

KEY PARTICIPANTS: 

Instituto Costarricense de Electricidad, San Jose, Costa Rica (ICE) 

GeothermEx, Tnc., Berkeley, California 

Rogers Engineering Co., Inc., San Francisco, California 

Funded by Interamerican Development Bank (IDB) 

MAJOR EVENTS: 

Year Begun: 1975 
Loan Granted to ICE by IDB 
ICE & GeothermEx begin exploration work 

1976: Field work completed, Phase I 
Feasibility report prepared for IDB for Phase I1 (Drilling) 
Training mission i n  USA for ICE geotechnical staff 

1977: Drilling specifications prepared, bid 
Loan granted by IDB for Phase I1 
Gradient drilling, other exploration continues 

1978: Drilling contractor selected (Foraky-Foramines) 
Costa Rican government delays acceptance of Phase 11 loan 
Gradient drilling, other exploration, revised reports 

1979: Costa Rican government approves Loan 
Drilling begins 
PGM #1 and # 2  drilled, logged, tested 

1980: PGM # 3  drilled, logged 
ICE sets specifications for purchase of drill rig 
Feasibility report for ,lst 30 MWe power plant 

FIGURE 1 
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MIRAVALLES GEOTHERMAL PROJECT 
EXPLORATION PROGRAM 

1975: Geologic mapping, 1:50,000 500 sq. km. 
Geochemical sampling begins, springs and fumaroles 
Preliminary geoelectrical surveys - discontinued 

1976: Geologic mapping completed 500 sq. km. 
Geochemical sampling, analysis completed, some 100 springs, wells, 

Detailed geologic mapping + 1-m T surveys of fumarole areas, Las 

Schlumberger soundings, 1 km maximum depth, 10 lines of average 5 km 

Gravity survey, average 1 station per sq. km., 500 stations 
Hydrologic-climatologic survey, data compilation 
Temperature-gradient drilling, approximately 3 4  holes to dept of 20, 

(All of this material used in technical feasibility report on Phase 

fumaroles 

Hornillas, Las Pailas, Borinquen, etc. 

length, stations at 200 m. 

50, 100 and 250 m, in 3 major areas 

1) 

1977: Geochemical sampling of additional springs, wells; resampling for 
rainy-dry season differences 

Temperature-gradient drilling of 3 additional holes, 150-300 m, major 
target area 

Schlumberger soundings along 3 additional lines, to maximum depth of 
1.5-2.0 km, station at 200 m., total 8 km. 

Gravity survey remodeled using other programs 
Radiometric age-dating of selected cores, outcrop samples 
Continued geologic mapping, 1:20,000 scale, selected areas 

1978: Geochemical-hydrologic modeling of Miravalles geothermal system 
Temperature-gradient drilling of 1 additional hole, 150 m 

1979: 1 additional Schlumberger sounding run in area of uncertain structure 
1 additional temperature-gradient hole drilled, as fill-in 
Microseismic network installed, begins data collection 

1980-81: (planned): Temperature-gradient drilling, 3-6 holes, 150-250 m 
Continued Schlumberger soundings to 2 km, along selected lines 
Remodeling of geologic, geochemical and gravity data 
Additional microseismic monitoring 
Additional hydrologic monitoring, data compilation 

FIGURE 2 
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GENERALIZED GEOLOGIC COLUMNAR SECTION 

Altered or 
Metamorphosed Basement: may consist of Lower Tertiary and/or 
(unknown thickness) Mesozoic Marine Sedimentary Rocks, 

~~~ ~ 

MIRAVALLES GEOTHERMAL AREA 
(Thickness data) [age-dating] 

Ho 1 o,c ene Andesitic Lavas and Lahars Lacustrine Sediment 

Ple i s t ocene 
of Miravalles and Rincon de la Vieja 
(Several tens or hundreds of m) Guayabo Caldera 

i 
( >  150 m) [, 40,OO.O yrs.] 

Liberia Formation: rhyolitic tuff 
("' 100 - 200 m) 

I 
I 
i - 600,000 yrs.] 

Pliocene 
I 

Bagaces Formation: 
dacitic tuffs & lava 
sediments 
[3.8 million yrs.] 
( > 300 m; perhaps 

> 500 m) 

15 

Andesitic Lavas of 
Cerro Mogote 
( > 150 m) [2 .3  

Cerro Gorgona million yrs.] 
r 1 . 5  and 4.3 

\ [Plio-pleis tocene c/J 
Fossil] 

[7.5 million yrs.] 
I 

f 

Miocene f 
I 

Aguacate Formation: andesitic breccdias, mud flows, lavas 
(to 2,500 m in thickness) 

FIGURE 3 

65 



BASIC DATA FOR THE CALCULATION OF HEAT FLOW 
I N  THE ZONE MIRAVALLES GEOTHERMAL AREA 

We1 I 
NO 

Interval  of Thermal Therma I No. of Sample Heat Flow i n  
Depth Grad i ent  Conductivi ty Ana I yses the  Interval  

(meters 1 ("C/Km) (cat x an" x sec." x "C- l )  (Sample No.) ( c a ~  x an-2 x sec.-l) 

- 0.4 x PH-1 I 0-15 I 20 I * (2.0) I I 

PH-3 

PH-4 

PH-5 

PH-6 

PH-7 

- I 2 x PH-2 I 0-20 1 100 1 * (2.0) I 
0-20 1000 * (3.5) - 35 x 10-6 

15-50 20 3.13 10-3 48 0.63 x 

0-20 400 3.13 10-3 86 12.50 x 

10-30 280 - - - 
30-50 480 4.72 10-3 17-92 22.66 x 

30- 5 5 55 2.07 10-3 10-14 1.14 x 
1.18 x lod6 65-128 65 1.82 10-3 9-11-12-13 

PH-10 1 7.50-20 I 135 I 1.77 10-3 I 34 
~~ 

~ ~~ 

PH-8 I 0-20 I 275 1 1.90 10-3 I 19 1 5.23 x 

2.40 x 

I I 1 

PH-11 

PH- 12 

PH-9 1 5-20 1 100 1 1.77 10-3 7 7 1 . 7 7  x 

~ 

15-50 40 3.34 10-3 33-35 1.34 x 

5-35 105 4.18 10-3 1 8-4 6-4 7 4.39 x 10-6 

PH- 13 

PH- 14 

44.28 x 

23-27-28-29-30-31-58 5.24 x 

8.59 x 

60- 150 34 5 3.37 10-3 11.62 x 

5-35 1200 3.69 10-3 

5-60 170 3.08 10-3 

30-1 10 255 3.37 10-3 

PH- 15 

PH- 16 

PH- 17 

PH- 18 

PH- 19 

PH-20 

20-40 200 2.85 10-3 36 5.70 x 

18.53 x 40-50 850 2.18 26 

0-3 5 50 3.53 10-3 21 1.77 x 

0-50 ** 3.54 10-3 15-16-20-61-62 

- 

- 
0-30 315 3.32 10-3 22-24 10.46 x 

0-4 0 60 4.01 10-3 55 2.41 x 

40-70 200 3.26 10-3 53-54 6.52 x 

70- 100 61 0 3.32 x 10 51 -56 20.25 x 
- - I 0-10 I I I I *** 

PH-21 I 0-30 I 2500 1 3.51 10-3 I 52-57 I 87.75 x 

PH-25 

PH-26 

0-40 460 3.17 10-3 64-6 7-6 8 14.60 x 

0-80 *** - - - 

FIGURE 4 
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MAP OF HEAT FLOW VALUES 

Miraval les Geothermal Area 

1 

FIGURE 5 



LITHOLOGIC SECTION 

FOR 3 WELLS 
PGM-*2 

PGM- 'I M i  r ava l  l e s  Geothermal Area 
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TEMPERATURE PROF1 LES 

FOR 3 WELLS 

M i  r a v a l  l e s  Geothermal A r  

Temperature g r a d i e n t s  and l o s t - c i  r- 
c u l a t i o n  zones, PGM # 1 ,  #2, # 3  
M i  r a v a l  l e s  Geothermal F i e l d ,  Costa R ica  

1,200 

F i g u r e  7 



A SCHEMATIC OF THE 

GEOTHERMAL SYSTEM 

M i  r a v a l  l e s  Geothermal Area 

1.  Non-thermal background 35'- 40' C/km ( -  100' C @ 2km) 

2. Thermal h a l o  o f  Las H o r n i l l a s  "100°-1500 C/km (200' C @ 2km) 

3. Very s h a l l o w  h o t  a q u i f e r  - 300°->1 ,000' C/km (~100'-200'C @ 300m) 

4 .  Sha l low geothermal  f i e l d  m200° C/km ( 20Oo-24O0C @ 1 km) 

5 .  Deep geothermal  f i e l d  -125°-1600 C/km (-24O0-? C @ 2km) 

6 .  P o s s i b l e  r e d r i l l  o r  new w e l l  t o  t a p  deep geothermal  f i e l d  

Figure 8 
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