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ABSTRACT 

The U.S. Agency f o r  I n te rna t i ona l  Development 
i s  support ing a new p ro jec t  i n  energy and 
resources e x p l o i t a t i o n  f o r  Central America. One 
of the l a rges t  canponents o f  the p r o j e c t  
involves explorat ion and rese rvo i r  development 
invest igat ions d i rec ted  a t  enhancing the 
production o f  e l e c t r l c i t y  from the reg ion 's  
geothermal resources. An assessment o f  the 
geothermal resources o f  Honduras i s  i n  progress, 
and i n t e r e s t i n g  geothermal regions i n  the  
Guanacaste Province o f  Costa Rica are being 
explored. Uel l - logging a c t i v i t i e s  are i n  ' 
progress i n  the production we l l s  a t  the 
Miraval les geothermal f i e l d  i n  Costa Rica, and 
preparations are being made f o r  logging c r i t i c a l  
we l l s  a t  Ahuachapan i n  E l  Salvador. A 
self-contained logging truck, complete w i t h  
high-temperature logging cable and logglng t o o l s  
designed f o r  geothermal service, i s  be ing 
fab r i ca ted  and w i l l  be made ava i l ab le  f o r  
dedicated use throughout Central America. 
Geochemlcal and i so top ic  analyses o f  water 
samples co l l ec ted  I n  Panama are being evaluated 
t o  se lec t  a h i g h - p r i o r i t y  geothermal s i t e  i n  
t h a t  country, Appl icat ion o f  l o w -  and medium- 
enthalpy geothermal f l u i d s  f o r  i n d u s t r i a l  and 
a g r i c u l t u r a l  processes i s  be ing invest lgated i n  
Guatemala. 

INTRODUCTION 

I n  1985, the U.S. Agency f o r  I n te rna t i ona l  
Development (US A I D )  announced a new i n i t i a t i v e  
e n t i t l e d  "Central America Energy Resources 
P ro jec t  - A Path Toward Economic Security." The r 
Countries included are Costa Rica, E l  Salvador, 
Guatemala, Honduras, and Panama. The object ives 
o f  t h i s  mul t iyear  p r o j e c t  are to: 

Increase economic development and emplopent 
i n  Central America. 

Provide the  s c i e n t i f i c  base f o r  the p r i v a t e  
ve lop energy and mineral 

resources. 

Prov i de t r a i n i n g  to counterpart s c i en t i s  t s  
and engineers i n  current  technology areas. 

The p ro jec t  i s  designed t o  introduce new 
technologies I n t o  the reg ion t h a t  w i l l  al low 
each o f  t h e  p a r t i c i p a t i n g  countr ies t o  b e t t e r  
assess t h e i r  cu r ren t  and f u t u r e  energy needs, t o  
develop non t rad i t i ona l  sources o f  energy such as 
geothermal, and t o  more e f f i c i e n t l y  u t i l i z e  the 
region's r i c h  energy and na tu ra l  resource 
endowment. A c t i v i t i e s  w i t h i n  t h i s  p ro jec t  w i l l  
no t  undertake resource development, a task l e f t  
f o r  the p r i v a t e  sector. Much o f  the work on 
t h i s  p ro jec t  w i l l  be done b y  Los Alamos 
sc ien t i s t s ,  engineers, and economists. The U.S. 
Geological Survey (USGS) I s  c o n t r i b u t i n g  t o  the 
o v e r a l l  pro ject ,  p a r t i c u l a r l y  i n  the  geothermal 
and minerals invest igat ions.  The fo l l ow ing  
discussion addresses the  geothermal a c t i v i t i e s  
t h a t  are p a r t  o f  t h i s  pro ject .  

GEOTHERMAL ACTIVITIES I N  CENTRAL AMERICA 

Honduras Geothermal Reconnaissance 

P r i o r  e f f o r t s  t o  i d e n t i f y  and develop the 
geothermal po ten t i a l  o f  Honduras have been 
minimal compared w i t h  a c t i v i t i e s  i n  several 
o ther  Central American countr ies. The Honduran 
e l e c t r i c  u t i l i t y  enterpr ise,  Empresa Nacional de 
Energfa E l i c t r i c a  (ENEE), i s  approaching a 
decision p o i n t  on how t o  meet Honduras' growing 
e l e c t r i c i t y  demands. To make t h i s  decision on 
f u t u r e  e l e c t r i c i t y  planning, ENEE has requested 
an assessment o f  t he  technica l  f e a s i b i l i t y  o f  
geothermal power p lants  i n  Honduras and the most 
des i rab le locat ions f o r  development. I n  
response t o  t h i s  request, an extensive 
geothermal reconnaissance e f f o r t  i s  now i n  
progress. This reconnaissance i s  designed t o  
provide the  s c i e n t i f i c  data necessary t o  
quan t i f y  t h e  resource po ten t i a l  o f  
provide ENEE with the information 
determine i t s  f u t u r e  po l i cy .  

I .. . . . .. .._. -. .-... . .c. .. ._c . . - ._ _I_II _..I .-. . -. 

Pa r t i c i pan ts  i n  t h i s  p ro jec t  inc lude Los 
Alamos and the USGS, w i t h  funding provided by US 
AID, and the  I t a l i a n  companies Geotermica 
I t a l i a n a  s r l  and dal  in. te .  sa. working under a 
United Nations Developnent P ro jec t  (UNDP) 
grant. The u l t ima te  ob jec t i ve  of t h i s  
cooperative i nves t i ga t i on  i s  t o  determine the  
s c i e n t i f i c  and economic f e a s i b i l i t y  o f  
developing the geothermal energy resources o f  
Honduras f o r  e l e c t r i c a l  power generation. 
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Reconn ai ssan ce-scal e geological and geochem- 
ical investigations were completed a t  six pre- 
viously identified geothermal areas: Aracualpa, 
San Ignacio, Platanares, Pavana, E l  Olivar, and 
Sambo Creek (Fig. 1). Emphasis has been 
directed a t  geothermal reservoirs t h a t  exhibit  
the greatest potential for e lec t r ic  paver 
generation based on estimates of permeability, 
f luid temperature, and reservoir magnitude. 
Evaluation of the reconnaissance results led to  
the selection of four s i t e s  (Azacualpa, San 
Ignacio, Platanares, and Pavana) for detailed 
geol og i c a1 and geochemical i nves ti gat i ons . 
Complete resu l t s  from these investigations are 
being published as separate geologic reports on 
each s i t e  and a detailed geochemistry report  on 
a l l  s i t e s .  

Evaluation of the results of the detailed 
investigations indicates tha t  Platanares, San 
Ignacio, and Azacualpa have high potential for  
geothermal development. To further evaluate 
this potential, geophysical surveys (detailed 
gravity and self-potent ia l )  have been designed 
for the Platanares and San Ignacio sites and a 
500-111 thermal gradient hole has been planned for  
the Platanares site. Additional detailed f lu id  
geochemical studies were also made a t  
Platanares, San Ignacio, and Azacualpa to  
examine f lu id  recharge and seasonal chemical and 
isotopic variations a t  these s i t e s  (Goff et al., 
1986). 

.- Mirav a1 les  Geothermal Development 

With the Miravalles geothermal f i e ld  i n  
Costa Rica undergoing active development, the 
most urgent need of Ins t i tu to  Costarricense de 
Electricidad (ICE) is for equipment and 

technical expertise to perform well logging 
measurements in the production wells. The 
measurements t h a t  have been given highest 
pr ior i ty  include well temperature surveys, 
pressure surveys, flow measurements to  determine 
which formation horizons are producing the 
geothermal f luids ,  casing profile measurements 
to  check for casing damage and wellbore scale  
accumulations, and obtaining downhole samples of 
the pressurized reservoir f luids  for  geochemical 
analyses. 

A t  the present time almost no high- 
temperature well logging capabili ty exists i n  
Central America. The objective of thls e f for t  
is to provide ICE w i t h  the capabili ty for  
performing downhole diagnostic measurements i n  
the geothermal wells a t  Miravalles to col lect  
data for improving the reservoir model of the 

.J f ie ld  and to investigate the existence of any 
wellbore problems that could lead to  future 
production declines. 

Los Alamos personnel have overhauled a 
trailer-mounted well logging r i g  for  interim use 
i n  the Miravalles geothermal wells, and logging 
ac t fv i t ies  are  i n  progress. The trailer-mounted 
r i g  is equipped with a high-temperature armored 
7-conductor geothermal logging cable, a 
high-temperature cablehead assembly for  
interfacing w i t h  the downhole tools ,  a modern 
computer-based data acquisition system, and a 
selection o f  dmnhole logging tools. 

Los Alamos engineers and technicians, 
working i n  cooperation w i t h  ICE personnel, have 
performed logging measurements i n  Miravalles 
wells PGM-3 and PGM-IO. Measurements included 
temperature, pressure, wellbore diameter and 

. I  . . . .. .. . . . . 
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Figure 1. Geothermal sites i n  Honduras. 
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contour, and fluid velocity (spinner) i n  the 
wellbore, a l l  as functions of depth. Oownhole 
reservoir f luid samples were also obtained, and 
chemical and isotopic analyses of these samples 
are in progress. To minimize the number of 
entries required into the high-pressure 
Miravalles wells, the temperature, pressure, and 
spinner functions were cornbined into a single 
tool (Kolar, 1986). Typical resul ts  from th i s  
tool during a logging run i n  PGM-10 are shown i n  
Fig. 2. Temperatures up to  24OOC were measured, 
and the flowing bottm-hole pressure was greater 
than 50 bars. The trace from the spinner tool 
detects the onset of two-phase f l w  and c lear ly  
shows the transition from the production l iner  
to the cemented-in casing s t r ing.  

The presence of wellbore scaling i n  one 
production well, which was suspected by ICE 
engineers, was verified by the mu1 tiarm caliper 
tool (Corrales, 1985). Preparations are being 
made for logging additional production wells a t  J 
Mirav a1 1 es . 

STP SURVEY (DYNAMIC) 
MIRAVALLES WELL PGM-10 
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Volcan Tenorio have also indicated a s ignif icant  
resource there. New hydrogeochemical and 
geovolcanological data are required for  the 
Tenorio region to completely re f lec t  the 
potential of the Guanacaste Province. These 
data will support a decision on whether to 
follow .Miravalles w i t h  detailed work a t  Rincon 
de l a  Vieja or Tenorio and will provide a more 
regional under s tandi ng . 

The Costa Rican prefeasibi l i ty  study will 
concentrate on the hydrogeochemistry and 
geophysical, character of tuffaceous rocks on the  
west slopes of the Cordillera de Guanacaste. 
These tuffs  apparently form widespread 
geothermal reservoir rocks underlying both the 
Rincon de l a  Vieja and Miravalles areas. In 
addition, detailed geologic mapping and 
geovolcanological analysis are required to  
identify major structural controls of hot 
springs and fumaroles. A well-exposed caldera 
i s  of great importance to the Miravalles system, 
and an older, less apparent caldera might be 
buried under the flanks of Rincon de l a  Vieja. 
Hence, the prefeasibi l i ty  study should provide a 
detailed picture of the volcanic framework 
(which has allowed developnent of the geothermal 
system) and quantitative models of the depth, 
extent, temperatures, and productive 
c a m b i l l t i e s  of reservoir rocks contained w i t h i n  
the framework. 

Support Equipment for  Central America 

In order to  support the geothermal develop- 
ment ac t iv i t ies  i n  Central America, specialized ' technical equipment is required t h a t  is not 

b typically available w i t h i n  the region. Although 
such equipment does exist i n  the United States, 
i ts  avai labi l i ty  is limited because of program- 
matic commitments. To ensure the success of the 
proposed geothermal development ac t iv i t i e s ,  i t  ,, i s  essential that  certain equipment items be 
available on demand for use i n  Central America. , The following items have been identified as the 
highest pr ior i ty  needs of the region: 

Figure 2.  Well PGM-10 dynamic logging data. 
1 ) Self-contained, comnerciall y fabr lcated 

logging truck equipped w i t h  a h i g h -  
Costa Rica Geothermal Reconnaissance temperature 7-conductor geothermal logging 

cable, modern computer-based data acquisi- 
Costa Rican geothermal development will also tion system, and necessary equipment for  

be assisted by a geothermal reconnaissance In logging geothermal wells i n  remote areas. 
the Cordillera de Guanacaste. This reconnais- 
sance will build on work completed ea r l i e r  by 2 )  Logging tools capable of operating a t  275OC 
ICE and allow a decision to  be made on the next i n  a flowing geothermal well. kasurement 
s i t e  for a geothermal prefeasibi l i ty  study. The capabilities will include temperature, 
prefeasibi l i ty  work is nw i n  the planning stages pressure, spinner, multiarm caliper,  and a 
and will l ikely be applied to areas near e i ther  casing collar locator. A downhole f luid 
Volcan Rincon de l a  Vieja or Volcan Tenorio, sampling tool will also be provided. 
located just to the north and south of 
Miraval 1 es respectively. 3) High-current, high-vol tage dc r e s i s t i v h y  

transmitter and power supply for  conducting 

Guanacaste Province w a s  mostly completed i n  the 
la te  1970s by ICE and identified Rincon de l a  The objective of this project is to provide 
Vieja as a promistng geothermal s i t e  along w i t h  equipment for dedicated use i n  the geothermal 
Miravalles. Recently though, observations of f ie lds  of Central America. Los Alamos engineers 
geothermal manifestations on the slopes of and technicians will provide on-site training to  

L U L &  z sa 

2Q) YI) 800 alo l o m l 2 m  
# Do 

zoo YI) alo ma 1 m r m  
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The reconnaissance phase of work i n  the deep res is ti v i t y  prof i1 e exper lmnts . 
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appropriate counterpart personnel on operation 
and maintenance o f  t h i s  equipment. The i n t e r i m  
logging r i g  be ing used i n  Costa Rica w i l l  be 
re turned t o  Cos Alamos, and f u t u r e  logging 
operations i n  the reg ion w i l l  be performed w i t h  
the new self-contained truck. 

Geothermal Support t o  E l  Salvador and Panama 

A t  t he  beginning o f  the decade, the 
geothermal power p l a n t  a t  Ahuachapan was 
producing over 40% o f  the e l e c t r i c i t y  requ i red  
b y  E l  Salvador. Production from t h i s  plant, 
however, has been s t e a d i l y  dec l i n ing  dur ing 
recent  years (Vides, 1985). The most urgent 
need o f  C m i s i 6 n  E jecu t i va  H id roe lec t r l ca  del 
Rio Lempa (CEL) i s  f o r  equipment and technica l  
exper t ise to  perform logging measurements f n  
selected production we l l s  a t  Ahuachapin t o  
i nves t i ga te  the cha rac te r i s t i cs  o f  t he  rese rvo i r  
and the wel ls  responsible f o r  t he  production 
decline. Results from the logging are desired 
to: 

1) I d e n t i f y  damaged we l l s  o r  damaged production 
horizons i n  the rese rvo i r  formations t h a t  
r e s t r i c t  t he  f l o w  o f  geothermal f l u i d s ,  and 

2) Upgrade the models o f  the Ahuachap'n 
rese rvo i r  t o  a s s i s t  i n  the  development o f  a 
spent b r i ne  r e i n j e c t i o n  p lan t h a t  could 
s t a b i l i z e  the  pressure dec l ine i n  the f i e l d .  

As depicted i n  Fig. 3, production from the 
Ahuachapa'n f i e l d  i s  concentrated i n  a small 
area. Step-out d r i l l i n g  t o  the south i s  
y i e l d i n g  some success, bu t  t he  dynamics o f  t h e  
rese rvo i r  and recharge system are no t  completely 
understood. I n i t i a l  t a r g e t  we l l s  f o r  the 
logging program are Ah-22, 24, 27, 31, and 32, 
and the same logs w i l l  be obtained as were 
performed a t  Miraval les. 

The geothermal support t o  Panama responds t o  
requests from the I n s t i t u t o  de Recursos 
Hidrhul icos y E l e c t r i f i c a c i S n  (IRHE) f o r  
assistance i n  the reconnaissance and pre- 
f e a s i b i l i t y  e f f o r t s  i n  Panama. Geothermal 
manifestat ions i n  Panama are less obvious than 
i n  other Central American countr ies. The 
vo lcanic  sequence responsib le  f o r  geothermal 
resources i n  Costa Rica extends i n t o  western 
Panama, however, and e x p l o i t a b l e  resources could 
be present. I n  reg ions o f  the country  where 
chemical geothermometer temperature es t lmates 
are s u f f i c i e n t l y  high, f u r t h e r  explorat ion and 
development are be lng pursued. A c t l v l t i e s  are 
focused on the  chemical analysis o f  water 
samples co l l ec ted  f n  Panama b y  IRHE and shipped 
t o  Los Alamos. This includes the c a l c u l a t i o n  o f  
geothermome t e r  temperatures , I n t e r p r e t a t i o n  o f  
the chemistry data, and recommendations f o r  
f u r t h e r  work i n  the most promising areas. A t  
the present time, the most promising geothermal 
development s i t e  i n  Panama i s  the caldera o f  E l  
Va l l e  de Anton. 
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Figure 3. Ahuachapdn e x p l o i t a t i o n  area (Vides, 
1985). 

D i rec t  Use o f  Geothermal Heat i n  Guatemala 

The use o f  low- and medium-enthalpy 
geothermal heat f o r  i n d u s t r i a l  and a g r i c u l t u r a l  
processes i s  be ing i nves t i ga ted  in Guatemala. 
The inves t i ga t i on  i s  a j o i n t  e f f o r t  o f  Los 
Alamos, the  Guatemalan M i n i s t r y  o f  Energy and 
Mines (MEM), and the  Guatemalan I n s t i t u t o  
Nacional de E l e c t r i f i c a c i o n  (INDE). The ob jec t  
o f  t he  p ro jec t  i s  t o  demonstrate the use of 
lower grade heat  and t o  determine t h e  economic 
v i a b i l i t y  o f  spec i f ic  appl icat ions.  E x i s t i n g  
i ndus t r i es  t h a t  could u t i l i z e  t h e  d i r e c t  heat  
have been i d e n t i f i e d  based on l oca t i on  and 
process heat requirements. New i ndus t r i es  t h a t  
could use such heat a re  a lso being Investigated. 

A demonstration p l a n t  f o r  d r y i n g  ag r l cu l -  
t u r a l  products i s  be ing designed and i s  
scheduled t o  be completed b y  the  end o f  1986. 
A t  present t h e  products t o  be d r i e d  a re  being 
selected and product suppl iers  are be ing 
i d e n t i f i e d .  The p l a n t  w i l l  be constructed a t  
t h e  Zuni1 geothermal f i e l d  near Quetzaltenango 
and w i l l  u t i l i z e  heat from a sl lm-hole wel l .  I n  
addit ion, a f e a s i b l l i t y  study for a c o m r c i a l -  
sca le a g r i c u l t u r a l  processing' center, u t i l i z i n g  
geothermal heat, i s  be ing I n i t i a t e d .  This 



center w i l l  include drying, cooking, blanching, 
aid freezing operations. I n t e r e s t  has a lso been 
expressed i n  us ing geothermal process heat i n  
i ndus t r i es  near the Amatit lan geothermal f i e l d .  

NONGEOTHERMAL ACTIVITIES I N  CENTRAL AMERICA 

Peat Development 

Peat i s  an organic- r ich sediment produced i n  
swamps and marshes from p a r t i a l l y  decayed plant 
mater ia l .  If found i n  su i tab le  q u a l i t y  and 
thickness, peat can be converted t o  gaseous o r  
l i q u i d  fue ls .  Peat can also be burned d i r e c t l y  
and i s  a source o f  many valuable organic chemi- 
ca l s  such as waxes, resins, and medicinals. 
During p re l im ina ry  resource reconnaissance work, 
peat deposits were located i n  Panama and Costa 
Rica. Analysis o f  samples from several o f  t h e  
deposits and estimates o f  deposit volumes 
ind i ca te  t h a t  each country  has l a rge  q u a n t i t i e s  
o f  good q u a l i t y  peat. A t  the present time, 
experience with the  peats o f  Central America i s  
very  l imi ted.  Technical assistance being 
provided t o  Panama and Costa Rica includes: 

1 )  T ra in ing  o f  appropr ia te in-country personnel. 

2 )  Ass i s t i ng  with peat resource evaluations. 

3 )  Demonstrating the f e a s i b i l i t y  o f  peat 
end-use appl icat ions.  

Mineral Reconnaissance i n  Costa Rica 

A mineral reconnaissance program i s  be ing 
implemented tha t  provides a methodical approach 
t o  i d e n t i f y i n g  mineral resources and areas 
conta in ing p o t e n t i a l  mineral i t a  t ion.  The 
ob jec t i ve  o f  t h i s  p r o j e c t  i s  t o  i d e n t i f y  areas 
i n  Costa Rica t h a t  have good po ten t i a l  f o r  
mineral resources t h a t  could eventual ly  be 
mined. This  w i l l  be accomplished by  c rea t i ng  a 
mineral database t h a t  w i l l  cons i s t  o f  prev ious ly  
documented data, new s i t e - s p e c i f i c  information, 
and stream sediment geochemical information 
co l l ec ted  and compiled as p a r t  o f  t h i s  study. 

anold e t  a l .  

Regional Energy S i tua t i on  Analysis 

A t  t h e  request o f  US AID, an update o f  t h e  
reg ional  energy s i t u a t i o n  has been performed. 
The in format ion has been pu t  i n t o  energy/ 
economic databases t h a t  have been t rans fe r red  t o  
each o f  t he  Central American countr ies. 
Counterpart personnel from each country  have 
been t ra ined  i n  the use o f  these databases. Los 

I Alams w i l l  continue t o  support each country  i n  
updating the  databases and i n  s p e c i f i c  energy- 
planning areas. I n  addit ion, 'an energy a t l as  
f o r  t he  reg ion i s  be ing prepared. This a t l as  
w i l l  include in format ion o n .  energy usage, 
resources , production, and d i  s tr i b u t i  on. 
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