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EXECUTIVE SUMMARY 

Reconnaissance and de ta i led  geothermal invest igat ions have i d e n t i f i e d  

Platanares, CopBn, as the  highest-potential geothermal s i t e  i n  Honduras. 

Beginning w i th  s i x  known geothermal areas, a team comprising geoscient ists from 

the Empresa Nacional de Energia E l6c t r i ca  (ENEE), the  Los Alamos National 

Laboratory (Los Alamos), and the, U.S. Geological Survey (USGS) used a var ie ty  

o f  reconnaissance assessment techniques t o  rank the  po ten t ia l  o f  the  s i x  s i t es .  

Par t i cu la r  emphasis was placed on the use o f  geothermometry t o  estimate 

subsurface reservo i r  temperatures. The two s i t e s  w i th  the  lowest reservo i r  

temperatures were e l  i m i  nated from fu r the r  study; more cos t ly  deta i I ed 

geological and geochemical invest igat ions were conducted a t  the four  remaining 

s i tes .  These invest igat ions el iminated one other s i t e ,  leaving Platanares, San 

Ignac i 0 ,  and Azacua I pa f o r  add i t i ona I work. 

Because o f  t ime and f inanc ia l  constraints, Los Alamos, the  USGS, and ENEE 
concentrated t h e i r  e f f o r t s  a t  Platanares and San Ignacio whi le  an Italian/ENEE 

team funded by the  United Nations Development Program (UNDP) performed 

add i t i ona I deta i I ed studies a t  San Ignac i o and Azacua I pa. 

ENEE team conducted deta i  led geophysical surveys a t  Platanares and San Ignacio 

and d r i l l e d  three geothermal gradient coreholes a t  Platanares. A prel iminary 

The Los A I  amos/USGS/ 

economic study o f  the  Platanares geothermal s i t e  was a lso 

Alamos and ENEE. The resu l t s  o f  reconnaissance and detai  

the Platanares s i t e  are summarized below. 

Location. The Platanares geothermal s i t e  i s  located 

Copdn i n  west-central Honduras. It i s  approximately 16 k 
de Copdn. 

conducted by Los 

ed invest igat ions o f  

n the  Department of 
west o f  Santa Rosa 

Geology. Te r t i a ry  age s i l i c i c  t u f f s  and andesite f lows o v e r l i e  the  

Cretaceous Va l l e  de Angeles red beds. 

Quebrada del Agua Cal iente f a u l t ,  many other f a u l t s  i n  the  area have apparently 

cont ro l led  the  movement o f  ascending hot water. 

I n  addi t ion t o  the  northwest-trending 
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t h e i r  chemical and isotopic  compositions 

red beds o f  the  Va l le  de Angeles Group a t  

surface hot  springs discharge approximate 

Surface Geothermal Manifestat ions. Most o f  the  hot  springs and a l l  o f  the  

boi I i ng spr i ngs occur a I ong a northwest-trend i ng fau  I t co i nc i dent w i th  the  

quebrada del Agua Caliente. The waters are a lka l ine-ch lor ide i n  nature, and 

ndicate t h a t  they equ i l ib ra ted  w i th  
temperatures o f  225O-24OoC. The 

y 3400 E/min. 

Geophysics. Detai led grav i ty  and e l e c t r i c a l  surveys conf i rm the  locat ion 

o f  the  major f a u l t s  a t  the  s i t e .  

low- res is t i v i t y  anomaly along the  Rio Lara west o f  t he  quebrada del Agua 

Cal iente. 

The e l e c t r i c a l  survey a lso  shows a promising 

Heat Source. The Te r t i a ry  age (14.5 Ma) o f  t he  volcanic rocks indicates 

t h a t  they are too o l d  t o  be the  heat source and t h a t  t he  heat source i s  non- 

volcanic. Therefore, the  high subsurface temperatures must r e s u l t  from deep 

c i r c u l a t i o n  o f  water i n  a region o f  th in ,  extended crust .  

D r i l l i n g  Results. High f low rates (up t o  515 E/min) o f  160°-1650C water 

A conductive geothermal gradient o f  139OC/km was measured i n  the  

were encountered a t  depths as shallow as 250 m i n  two o f  t he  three gradient  

coreholes. 

remaining hole. The d r i l l i n g  resu l t s  suggest t h a t  there are two reservo i rs  a t  

Platanares: a shallow 160°-1650C reservoir  and a deeper 225O-24OoC reservo i r .  

Extrapo I a t  i on o f  the  139OC gradient suggests t h a t  t he  deeper reservoi r I i es a t  

a depth o f  1200-1500 m. 

two small-diameter (7.8 cm) f lowing wel ls  produce 3 and 4.4 MW (thermal), 

respect ively.  

A t  maximum f low the  f lowing pressure was 70 psia. The 

Economics. A prel iminary study investigated the economics o f  developing 

10 MW from the  shal low reservo i r .  

costs by a fac to r  o f  more than 3 t o  1. 

calculated by summi ng the  cost  reduction of insta I I ing a geothermal p l a n t  

instead o f  a hydroelect r ic  p lan t  and the  value o f  e l e c t r i c i t y  generated over 

the  18-year study period. 

Benefi ts outweighed the  present value of 

The t o t a l  value o f  benef i t s  was 

v i  Honduras 



A panel consisting of staff from Los Alamos, the USCS, and ENEE, plus a 
geothermal consultant employed by Los Alamos, evaluated all of the data and 
developed a recommendations report for future work at Platanares. Their 
recommendations are summarized below. 

1. Both the shallow and deep reservoirs require 
test i ng . further assessment and 

2. Six production diameter we 
reservoir to allow testing 
sought for deep testing. 

3. Three additional coreholes 
of the system. 

Is should be dril ed into the shallow 
and production of 10 MWe while funding is 

should be dri I led to define the boundaries 

4. A 2000-m production diameter well should be drilled to locate and test 
the deep reservoir. 

5. A second 2000-m well should be drilled to confirm these results. 

6. Supporting geological, geochemical, and geophysical investigations 
should be conducted to refine the conceptua I model of the Platanares 
geotherma I system and improve the understand i ng of the subsurface 
conditions. 

Honduras v i i  
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RECOMMENDATIONS REPORT 
FOR M E  

PLATANARES GEOTHERMAL SITE, 
DEPARTMENT OF COPAN, HONDURAS 

The Los Alamos National Laboratory and U.S. Geological Survey 
Geothermal Assessment Team 

A. W. Laugh1 in, Pro ject  Leader 

ABSTRACT 

A geothermal assessment o f  s i x  previously i d e n t i f i e d  
s i tes i n  Honduras has been conducted by a team comprised o f  
s t a f f  from the  Los Alamos National Laboratory, t he  U.S. 
Geological Survey, and t h e  Empresa Nacional de Energia 
E l  6c t r  i ca . The appl i c a t i  on of both reconnaissance and 
de ta i led  scale techniques lead t o  the  se lect ion o f  
Platanares i n  the  Department o f  Coph as  the  highest 
po ten t ia l  s i t e .  Addi t ional  work resul ted i n  the  completion 
o f  a p r e f e a s i b i l i t y  study a t  Platanares. 

We present here a tabulat ion o f  the  work completed and 
shor t  summaries o f  t he  resu l t s  from these technical  studies. 
We a lso present a b r i e f  model of t he  geothermal system and 
recommendations fo r  addi t ional  f e a s i b i l i t y  work. 

I. INTRODUCTION 

I n  1985, the  Los Alamos National Laboratory (Los Alamos) began a 

cooperative e f f o r t  w i th  the  Empresa Nacional de Energia E lec t r i ca  (ENEE) and 

the  U.S. Geological Survey (USGS) t o  assess the  geothermal po ten t ia l  o f  

Honduras. The objectives of the program, as o r i g i n a l l y  designed, were t o  

determi ne the  r e  I a t  i ve potent ia I o f  s i x prev i ous I y i dent i f i ed geotherma I areas 

Honduras 1 



and t o  complete a country-wide assessment o f  Honduras. 

funding constraints,  however, emphasis was placed on the  assessment o f  t he  s i x  

known geothermal areas: 

and Sambo Creek. 

Because o f  t ime and 

Platanares, San Ignacio, Azacualpa, Pavana, El  01 i v a r ,  

Reconna issance-sca l e  assessment techniques were used a t  a I I s i x  areas 

and, based pr imar i l y  on geothermometric estimates o f  reservo i r  temperatures, E l  
O l i v a r  and Sambo Creek were eliminated from fu r the r  consideration a t  t h i s  time. 

Detai led geological and geochemical invest igat ions were performed a t  t he  four 

remaining areas and led t o  the  se lect ion o f  Platanares as  the  highest-ranked 

potent ia l  s i t e .  San Ignacio and Azacualpa appeared t o  have approximately equal 

but  s l i g h t l y  lower po ten t ia l .  Detai led grav i ty  and se l f -po ten t ia l  surveys were 

conducted a t  Platanares and San Ignacio, and three geothermal gradient 

coreholes were d r i  I led a t  Platanares. 

Platanares, addi t ional  detai  led s t ruc tu ra l  mapping was done. 

was conducted by the  USGS and ENEE, and an economics study was performed by Los 

Alamos and ENEE. 

Because o f  the  encouraging resu l t s  a t  

An AMT/h4T survey 

A tabu la t ion  of  the  prefeasi b i  I i t y  geothermal assessment work completed 

a t  Platanares i s  given i n  Section 11. Results o f  t he  numerous invest igat ions 

have been evaluated, and a model o f  the  Platanares geothermal system has been 

developed. 

fu ture work a t  Platanares. 

d r i l l i n g  options are a lso provided. 

geological, geochemical, and geophysical invest igat ions and o f  the  d r i l l i n g  are 

presented as Appendices A-G. 

We present t h i s  model i n  t h i s  repor t  w i t h  recommendations fo r  

Estimates o f  d r i l l i n g  costs f o r  t he  several 

Summaries o f  the  resu l t s  o f  t he  

11. TABULATION OF GEOTHERMAL WORK COMPLETED TO DATE I N  HONDURAS BY M E  ENEE/ 
LOS ALAMOS/USGS TEAM 

A. Country-Wide Geothermal Assessment 

1. 
2.  

3 .  
4 .  

Water geochemistry on spr i ng and stream samples. 

Compilation of a catalog of hot  springs and thermal place names. 

Generation o f  a new grav i ty  map o f  Honduras. 

Reprocessing o f  aeromagnetic data from Honduras. 

2 Honduras 



B. Si te-Speci f ic  Geothermal Invest igat ions 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8 .  

9 .  

10. 

11. 

12. 

13. 

111. THE 

The 

Reconnaissance-scale geologic invest igat ions a t  s i x  previously 

i d e n t i f i e d  geothermal areas: 

Azacualpa, San Ignacio, and Platanares. 

Reconnaissance-scale geochemical invest igat ions a t  t he  same s i x  

previously i d e n t i f i e d  geothermal areas. 

Detai led geologic invest igat ions a t  four  geothermal areas: 

Azacualpa, San Ignacio, and Platanares. 

Detai led hydrogeochemical invest igat ions a t  three geothermal areas: 

Azacualpa, San Ignacio, and Platanares. 

Deta i led g rav i t y  and self-potentia! surveys a t  two geothermal areas: 

San Ignacio and Platanares. 

Intermediate-depth geothermal gradient cor ing a t  Platanares 

geothermal area. Three coreholes completed. 

Temperature measurements i n  these three coreholes. 

Detai led geologic study o f  samples from the  three coreholes, 

including I ithology, f l u i d  inclusions, and hydrothermal mineralogy. 

Pressure, temperature, and f low rates determined f o r  the  three 

coreholes. 

Geotherma I reservoi r residence times and f I u i d vo I umes ca I cu I ated . 
Detai led s t ruc tu ra l  geologic mapping performed a t  Platanares. 

AMT/MT survey conducted a t  Platanares. 

Economics study o f  Platanares completed. 

Sambo Creek, El  O l i v a r ,  Pavana, 

Pavana, 

CONCEPTUAL MODEL OF M E  PLATANARES GEOTHERMAL SYSTEM 

Platanares geothermal system i s  s i m i l a r  t o  the  Basin and Range type 

geothermal systems o f  the western United States. 

magmatic; instead, t he  water i s  heated dur ing deep c i r c u l a t i o n  i n  a region o f  

th in ,  hot, extended c rus t .  

reservoirs:  

It i s  not  y e t  known i f  these reservo i rs  are stacked o r  comprise a continuum. 

3.2-km2 area surrounding the  northwest-trendi ng Quebrada del Agua Ca I iente. 

The d i s t r i b u t i o n  o f  these manifestat ions indicates t h a t  the  near-surface f low 

The heat source i s  non- 

The Platanares geothermal system comprises two 

a shallow 160°-1650C reservo i r  and a deeper 225O-24OoC reservo i r .  

Surface manifestat ions o f  the  Platanares geothermal system occur w i t h i n  a 

Honduras 3 



of  hot water i s  cont ro l led  by the  large northwest-trending f a u l t  zone 

coincident w i t h  the Quebrada del Agua Cal iente and severa I smal l e r  east t o  

northeast-trending fau l ts .  Addi t ional ly,  low-angle normal f a u l t s  a l low hot  

water t o  f low s i g n i f i c a n t  hor izontal  distances. 

and the  chemistry o f  water and gas samples from the  hot  springs indicates t h a t  
the water equ i l ib ra ted  w i th in  red beds o f  the  Va l le  de Angeles Group i s  a t  a 

temperature o f  225O-24OoC. 

i n  the second corehole, PLTG-2, suggests t h a t  t h i s  temperature occurs a t  a 

depth o f  about 1.5 km i n  the  deeper reservoir .  

temperature o f  160°-1650C encountered i n  the  coreholes a t  a depth o f  about 

250 m may o r ig ina te  from leakage and convection from t h i s  deeper, higher- 

temperature reservo i r .  

taps 0.06 km3 o f  160°-1650C water w i th in  the  shallow reservo i r .  

up t o  440 &/min were measured from the shallow, 160°-1650C reservo i r .  

Considering the  temperature, f low rates, permeabil i ty, and probable f l u i d  

volumes, development o f  t h i s  reservoir  using binary-cycle generators appears 

f eas i b I e. 

The system i s  water-dominated, 

Extrapolat ion o f  the  geothermal gradient measured 

Superheated water a t  a 

Flow tes ts  conducted on PLTG-1 ind icate t h a t  t h i s  we1 I 
Flow ra tes  o f  

Although the  depth, exact location, volume, and f low rates o f  the  high- 

temperature reservoir  have not been determined, i t s  apparent temperature o f  

225O-24OoC makes it a po ten t ia l  t a rge t  f o r  f u r the r  invest igat ion.  

I V  . 

1. 

2. 

3. 

RECOMMENDATIONS 

Because o f  the  continued encouraging resul ts,  f e a s i b i l i t y  stage assessment 

should be i n i t i a t e d  a t  the Platanares geothermal s i t e ,  Honduras, as soon 

as possible. 

To most e f f i c i e n t l y  meet ENEE's need f o r  increased generating capacity by 

1992-1993, fu r the r  assessment and tes t i ng  should be performed o f  both the  

shallow and deep geothermal reservoirs a t  Platanares. 

Immediate funding should be sought f o r  d r i l l i n g  two production diameter 

wel ls  a t  Platanares: 

confirmation we1 I . 
these wel ls.  A t en ta t i ve  s i t e  f o r  the  TFD well  i s  shown on Fig.  1. 
Requested funding should be s u f f i c i e n t  t o  al low d r i l l i n g  three addi t ional  

1) a t e s t  f o r  discovery (TFD) wel l  and 2) a 

Depths o f  approximately 2 km should be planned f o r  

4 Honduras 
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GEOLOGY OF THE 

PLATANARES GEOTHERMAL AREA, 
COPAN HONDURAS 

EXPLANATION 
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INTERBEDDED VOLCANICLASTIC 
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Figure 1. Geologic map of the Platanares geothermal site showing recommended 
drill sites. 

geothermal gradient coreholes for better definition of the boundaries of 
the geothermal system. Proposed locations for these gradient coreholes 
are also shown on Fig. 

4. While funding is sought 
production diameter we1 

for the deeper, 
s should be dri 

more expensive wells, five 
led into the shallow 16Oo-165"C 
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reservo i r  a t  the s i t e s  shown on Fig.  1. 

wel ls  can be used as  production and re in jec t i on  wel ls  f o r  developing the 

shallow reservo i r  w i th  portable, staged, binary-cycle generators. 

resu l t s  are negative, data recovered w i l l  s t i l l  be o f  value i n  r e f i n i n g  

the  locat ion o f  the TDF wel l .  

Support i ng geo I og i ca I , geochemi ca I , and geophys i ca I i nvest i gat  i ons shou I d  
continue i n  order t o  r e f i n e  the conceptual model and improve the  

understanding o f  subsurface condi t ions a t  the Platanares s i t e .  

t h i s  work should be done by ENEE s t a f f  w i th  technical  support from Los 

Alamos and the USGS where necessary. 

f u r the r  de l ineat ing the boundaries and depths o f  the two geothermal 

reservo i rs  (by geologic mapping and gradient d r i l l i n g ) ,  improving the  

character izat ion o f  the f rac tu re  permeabil i ty, and improving the  estimates 

o f  f low rates and reservoir  volumes. 

If resu l t s  are pos i t ive,  these 

I f  

5. 

Much of 

These invest igat ions should focus on 

V. ESTIMATES OF DRILLING COSTS 

TY Pe 
Estimated Cost 

Number (SKI  

500-111 production diameter wel ls  5 

500-111 gradient wel ls  3 

2000-m TFD wel l  1 

2000-m conf i rmat ion well  1 

3000 

660 

1500 

1400 
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APPENDIX A 

SUMMARY OF THE GEOLOGY OF THE PLATANARES GEOTHERMAL AREA, COPAN, HONDURAS 

Grant Heiken, Kenneth Wohletz, and Dean Eppler 
Los Alamos National Laboratory 

Wendell Duf f ie ld  and Sue P r i e s t  
U.S. Geological Survey 

Napole6n Ramos, W i  lmer Flores, and Carlos Escobar 
Empresa Nacional de Energia Elhctr ica  

Alexander R i tch ie  
College of  Charleston 
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INTRODUCTION 

The Platanares geothermal area i n  the Department o f  Coph i s  located i n  

west-central Honduras, about 30 km from the Guatemalan border (Fig. A-1). Many 

b o i l i n g  springs are present i n  the area, most o f  which occur along the Quebrada 

del Agua Ca I i ente. 

geothermal invest igat ions (Flores, 1980; Heiken e t  a l . ,  1986; Goff e t  a l . ,  

1987), the  most recent o f  which i s  our current program o f  geology, geophysics, 

hydrogeochemistry, and d r i l l i n g .  

o f  about 25 km2 o f  the Platanares area, radiometric-age determinations f o r  the  

volcanic rocks, and l i t h o l o g i c  and geochemical studies o f  cores from the wells. 

These therma I manifestations have prompted severa I 

Geologic studies have produced a geologic map 

STRATIGRAPHY 

The o ldest  rocks i n  the area are Paleozoic(?)-age schists, phy l l i tes ,  and 

quartzites, which form a highland north o f  the thermal area. Contacts between 

0 San Pedro Sula 

* GEOTHERMAL SPRING SITE * NATIONAL CAPITAL 
0 MAJOR CITIES 

GOLF0 de FONSECA 

Figure A-1. Location map of the Platanares geothermal s i t e .  
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metamorphic rocks and the younger Cretaceous and Te r t i a ry  rocks are fau l t s .  The 

metamorphic rocks form a high mountainous t e r r a i n  along the  northern and north- 

western margins of the  geothermal area, and t h i s  highland apparently has been a 

major source o f  metamorphic c las ts  found i n  Cretaceous and Te r t i a ry  sedimentary 

and pyroc last ic  un i t s .  Stream and ter race gravels w i th in  the  quebrada del Agua 

Ca I iente a lso are composed o f  mostly metamorphic c las ts .  

The next younger u n i t  i s  a red bed sequence, the  Va l le  de Angeles Group o f  

Cretaceous age. 

bedded s i l t s tone,  pebbly coarse sandstone, coarse immature sandstone, and 

conglomerate. Most o f  the rocks are red, but  l oca l l y  the  co lo r  i s  pa le green 

or  tan where hydrothermally a l tered.  The t o t a l  thickness o f  red beds i n  t h i s  
area i s  not  known but  i s  minimally 200 m; elsewhere i n  Honduras it can reach 

thicknesses o f  3300 m (M'CI-CS e t  a l . ,  1967). Coarser c l a s t i c  rocks from t h i s  

Group consis t  o f  a mixture o f  basa l t i c  and metamorphic c las ts .  

charac ter is t i cs  o f  the  thermal waters suggest t h a t  these red beds may be the  

main reservoi r rock (Goff e t  a I . , 1987) . 
Discontinuous stacks o f  andesi t ic  lava f lows o v e r l i e  the  red beds o f  t he  

Val le  de Angeles Group. Within the  Platanares area, they crop ou t  along the  

streambed o f  the  quebrada del Agua Caliente, immediately nor th  o f  wel l  PLTG-1 

and are penetrated by PLTG-1 and PLTG-3, where they are 550 m and 250 m th ick,  

respectively. These lavas were not  intersected by PLTG-2 bu t  may be below the  

bottom o f  t h a t  wel l .  They are believed t o  cor re la te  w i th  the  Matagalpa 

Formation, an Eocene-Oligocene u n i t  characterized by mostly andesi t ic  lavas  and 

unconformably over la in  by c l a s t i c  rocks o f  the  Subinal Formation and s i l i c i c  

t u f f s  of the  Padre Miguel Group (Wi l l iams and McBirney, 1969; Finch, 1981). 

Platanares, a l  I o f  these andesi t ic  lavas are hydrothermally a l tered.  

Miguel Group i s  an 400-m-thick sequence o f  red beds. These consis t  o f  dark red 

mudstones, sandy mudstones, and sandstones t h a t  may be co r re la t i ve  w i th  t h e  

Subinal Formation defined by Hirschmann (1963) i n  nearby Guatemala. Local ly, 

the sandstones w i th in  these red beds are characterized by c l a s t s  derived 

e n t i r e l y  from metaquartzite and schist ;  t h i s  i s  i n  contrast  w i th  sandstones o f  

the older Va l le  de Angeles Group, which contain a large volcanic c l a s t  

component. 

A t  Platanares, t h i s  Group consists o f  moderately t o  poor ly 

IC 

Chemical 

A t  

Separating the  Matagalpa Formation and the  s i l i c i c  t u f f s  o f  the  Padre 
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The youngest Te r t i a ry  rock u n i t  i s  ca l led  the  Padre Miguel Group and 

consists o f  mostly pyroc las t ic  rocks, including massive nonwelded and welded 

r h y o l i t i c  t u f f s ,  pumice f a l l  deposits, and interbedded vo lcan ic las t i c  sand- 

stones. The thickness i s  h igh ly  var iab le i n  the  Platanares area, reaching a 

maximum o f  700 m. 

flows, characterized by f i n e  ash matr ix  w i th  a few t o  several percent o f  l i t h i c  

and pumice c l a s t s  t h a t  ra re l y  exceed 5 cm i n  diameter. 

many meters th ick,  although contacts between f lows are usual ly obscure. 

t u f f s  include pumice f a l l s  and surge deposits. Local ly, t h i n  red beds are 

interbedded w i th  the  t u f f s .  Padre Miguel rocks elsewhere range i n  age from 5 

t o  17 m.y. (Williams and McBirney, 1969; Eppler e t  a l . ,  1987). Welded t u f f  

samples co l lec ted  from near the  base o f  t he  Group have been dated a t  14.7 f 

0.5 Ma and 14.2 f 0.5 Ma (K-Ar b i o t i t e  ages; analyzed by T. McKee, USGS). 

Vents f o r  t he  volcanic rocks have not  been ident i f ied .  The pyroc las t ic  f lows 

may be from the  Montaiia de Celaque, which i s  possibly a large resurgent 

caldera, located 30 km south o f  the  s i t e .  The t u f f s  and lavas are s i l i c i f i e d  

near many f a u l t s  and i n  corehole PLTG-1. 

boundary o f  the  main spr ing area, near the  confluence w i th  the  Rio Higui to .  

The most voluminous volcanic rocks are s i l i c i c  pyroc las t i c  

Ind iv idua l  f lows are  

Other 

Stream ter race gravels form an i r regu la r  wedge, up t o  60 m th ick,  along the  

STRUCTURE 

S t r a t i f i c a t i o n  i n  the  volcanic rocks d ips 15' t o  30' t o  the  south o r  

southwest; a t t i t udes  diverge from t h i s  regional d i p  near f a u l t s  and landsl ides. 

Bedding i n  the  red beds i s  general ly t o  the  south o r  southwest, w i t h  d ips  o f  

15' t o  v e r t i c a l .  

The Platanares area i s  h igh ly  disrupted by normal f a u l t s  over an area of 

about 5 km2. 
Cretaceous red beds on the  northeast and southwest, thus de f in ing  a northwest- 

t rending graben. 

f au I t t h a t  p I aces Pa I eozo i c (?) metamorph i c rocks and Cretaceous red beds 

against t he  younger volcanic sequence. 

volcanic rocks are continuous t o  the  Montaiia de Celaque, 30 km from Platanares. 

The Padre Miguel Group o f  volcanic rocks i s  downfaulted against  

The graben i s  terminated on the nor th  by a northeast-trending 

To the  southeast, outcrops o f  Te r t i a ry  

Honduras 11 



Most o f  the  thermal springs and a l l  o f  the b o i l i n g  springs are located 

along a northwest-trending f a u l t  zone t h a t  b isects  the graben; the  Quebrada del 

Agua Cal iente i s  eroded along t h i s  f a u l t  zone. 

deposit ing s i l i c a  s i n t e r  t h a t  l oca l l y  cements stream gravels t o  form res i s tan t  

beds and banks. 

along the  Quebrada, some as much as 20 m above the present stream. 

springs and several seeps are located about 1.5 km southwest o f  t he  main 

thermal area, along the  east-west-trending f a u l t s  t h a t  coincide w i th  the  

drainage o f  the  Rio Lara.  

f a u l t  terminat ion a t  the north end o f  the  graben or  south o f  t he  Rio Lara. 

Many o f  these springs are 

Inac t i ve  s i n t e r  terraces are present a t  several locations 

Two warm 

No thermal maf i festat ions are known nor th  o f  the  

The main t race  o f  the  f a u l t  zone along the  Quebrada del Agua Cal iente has 

strong physiographic expression, including escarpments i n  r iver- ter race gravels 

near the  confluence w i th  the Rio Higui to.  

t h i s  main t race  i s  complexly and h igh ly  fau l ted.  The f a u l t  t h a t  coincides wi th 
the  Rio Lara  i s  pa r t .o f  an east-west zone o f  strong l inea t ion  t h a t  i s  read i l y  

apparent on s a t e l l i t e  images and extends wel l  beyond the  p ro jec t  area both t o  

the east and west. Rio Higui to  makes a r ight-angled t u r n  a t  i t s  confluence 

w i th  the  Quebrada del Agua Caliente and fo l lows t h i s  zone t o  the  east. Well 

PLTG-2 i s  located about 200 m north o f  the  main t race  o f  t h i s  zone; abundant 

shears and c l a s t i c  dikes seen i n  core from t h i s  hole may r e f l e c t  i t s  prox imi ty  

t o  the  Rio Lara  f a u l t .  S imi lar ly ,  h igh ly  f ractured core from PLTG-1, located 

a long the  Quebrada del Agua Ca I i ente, r e f  I ects the  degree o f  fau I ti ng there.  

A zone, 0.5 km wide, t o  the  west o f  

CONCLUSIONS 

The geologic framework o f  the  Platanares area consists o f  a basement 

sequence o f  h igh ly  deformed Paleozoic(?) metamorphic rocks t h a t  are over la in  by 

Cretaceous red beds and Ter t ia ry  volcanic and sedimentary rocks. 

maximum age o f  the  volcanic sequence i s  not  ye t  known, the  degree o f  weather- 

ing, erosion, and f a u l t i n g  suggests t h a t  these rocks are too o l d  t o  r e f l e c t  the  

presence o f  an under I y i ng magma reservo i r i n the c rus t .  Therma I manifestat ions 

are local ized along f a u l t s  t h a t  c u t  the e n t i r e  bedrock section, and thus the  

general geothermal character i s  somewhat ak in  t o  a t yp i ca l  hydrotherma system 

of  the Basin and Range province o f  the United States. 

Although the  

12 Honduras 



The p r inc ipa l  reservo i r  f o r  the  Platanares geothermal system i s  believed t o  

be w i th in  red beds o f  the  Cretaceous Val l e  de Angeles Group, the  top o f  which 

i s  a t  least  400-600 m beneath the  surface cover o f  Ter t ia ry  volcanic rocks and 

younger r i ver - te r race  gravels. Reservoir permeabil ity i s  interpreted as  

f rac tu re  permeabi I i t y  as observed i n  coreholes PLTG-1 and PLTG-3, caused by 

f ractur  i ng a I ong major f au It zones. 

water suggests a source reservoir  temperature o f  225O-24OoC (Goff e t  a l . ,  

1987). The thermal water i s  l i k e l y  heated dur ing deep c i r c u l a t i o n  i n  an 

environment o f  h igh c rus ta l  heat f low. 

also hold promise o f  a shal low commercial-grade resource (160°-1650C) a t  

P I  atanares. 

Geothermometry app I i ed t o  the  therma I 

The three recent ly d r i l l e d  coreholes 
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Detai led hydrogeochemical investigations were conducted a t  the s i x  most 

promising geothermal s i t e s  i n  Honduras: 

Pavana, Sambo Creek, and E l  O l i v a r  (Goff e t  a l . ,  1987a). 

regional survey was made o f  the chemistry, stable isotopes, and t r i t i u m  content 

of cold (background) waters. 

quaternary (S1.8 My) s i l i c i c  volcanism, although the E l  O l i v a r  s i t e  l i e s  

adjacent t o  a smal l  quaternary basal t  f i e l d ,  and Pavana i s  p a r t  o f  a b e l t  o f  

hot spr ing a c t i v i t y  p a r a l l e l  t o  and 35 km east o f  the Central American volcanic 

arc. 

dominated condit ions. Thermal waters a t  a l l  s i t e s  are alkal ine-chlor ide i n  

character. Based on various types o f  chemical geothermometers, the  three best 

geothermal prospects i n  Honduras have maximum subsurface reservoir  temperatures 

o f  225OC (Platanares), 190°C (San Ignacio), and 185OC (Azacua Ipa) . 
discharge rates and the estimated reservoir temperatures (Table B-I), the 

Platanares, San Ignacio, Atacualpa, 

I n  addition, a 

None o f  the geothermal s i t e s  are associated w i th  

None o f  the s i t e s  contain acid-sul fate waters ind ica t ive  o f  vapor- 

Based on 

TABLE B- I .  POWER OUTPUT OF SURFACE DISCHARGES AT S I X  GEOTHERMAL SITES, 
HONDURAS (modified by Goff e t  a t . ,  1987a) 

Est  i mated Estimated E l e c t r i c a l  
Surf ace Reservoir Ambient Thermal Energy 

Discharge Temperature Temperature Energy Equ i va I enta 
Area (QJm i n) ("C) ("C) (MW) (MW) 

~ ~ ~~ ~~~ 

P I atana res 3370 225 27 44.9 6.7 

Atacua I pa 3300 185 28 36.8 6.0 
Pa va na 1000 150 30 8.4 
La Ceiba Region 

Sambo Creek 2000 155 30 17.6 
La Labor 1250 130 30 8.8 

San Ignacio 1200 190 28 13.8 2.1 

--- 

--- 
--- 
--- La Masica 500 130 30 3.5 

E l  Olivar' 200 120 30 1.3 --- 
a Conversion o f  thermal energy t o  e l e c t r i c a l  energy i s  assumed t o  be roughly 

15% e f f i c i e n t  bu t  pract ica I only i f  reservoir exceeds 180OC. 

Other s i t e s  i n  Choluteca region not calculated because o f  low-temperature 
reservoi r (SIOO°C) . 
Includes both E l  O l i v a r  and Laguna Agua Caliente s i t e s .  C 
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surface energy output o f  Platanares i s  45 MW(thermal), whereas the  surface 

output o f  San Ignacio i s  14 MW(therma1) and Azacualpa i s  37 MW(therma1) (Goff 

e t  a l . ,  1986; 1987a; unpublished l e t t e r  report;  Truesdell e t  a l . ,  1986). 

Because Platanares was c lea r l y  i d e n t i f i e d  as the best s i t e  i n  Honduras 

because o f  subsurface temperature (~225OC) and discharge r a t e  (~3370 &/mi n), 

subsequent invest igat ions were conducted i n  January and February 1987. Thermal 

waters are Na-K HC0,-SO,-CI i n  character w i t h  s i g n i f i c a n t  concentrations o f  As, 

B, F, L i  , ande", and low concentrations o f  Ca and Mg. Tota I dissolved sol  ids 

are only 1100 mg/kg (Table B-11). Clear mixing trends can be seen i n  p l o t s  of 

B versus C I ,  L i  versus C I ,  etc., between b o i l i n g  waters, mixed waters, and 

near-surface waters (Fig. B-1). 

they are r e l a t i v e l y  high i n  CO, w i th  s i g n i f i c a n t  concentrations o f  H,S, NH,, 
and CH, (Table B-111). 
geothermal reservo i r  comes from local p rec ip i t a t i on  because surface waters and 

reservoir  waters have s i m i l a r  deuterium contents (Fig. B-2). 

hand, an oxygen-18 isotope s h i f t  o f  approximately 0.5 t o  l . O o / o o  indicates rock 

water exchange a t  a temperature o f  2200OC. Very anomalous concentrations o f  B, 

SO,, and NH, and a "C-CO, signature o f  ~ l l O / O o  ind icate the  geothermal 

reservoir  i s  equi I i brated i n  Cretaceous red beds o f  the  Val  l e  de Angeles Group. 

Gas chemistry o f  the b o i l i n g  springs reveals 

Stable isotope data reveal t h a t  recharge t o  the  

On the  other 

A summary o f  the  various chemical geothermometers i s  shown i n  Table B-IV. 
The quartz geothermometers are considered t o  be too low owing t o  quartz 

p rec ip i t a t i on  from the  hot f l u i d s .  

occur throughout the  main hot spr ing area. 

cation, 6 0-SO,, and gas geothermometers, suggesting a reservo i r  temperature 

of 225OC, possibly as high as 240OC. 

Abundant t r  i ti um samp I es were co I I ected from end-member waters, m i  xed 

waters, and co ld  waters. These data were f i t  t o  a se t  o f  empir ical curves 

based on two types o f  geotherma I reservoir  scenarios (piston f low and we1 I 
mixed) t o  determine both the  maximum age o f  f l u i d s  i n  the reservo i r  and the  

estimated reservo i r vo I ume (Gof f e t  a I . , 1987; unpub I i shed I e t t e r  report) . 
Based on t h i s  mathematical treatment o f  the data, end-member waters 

representat i ve o f  the  geotherma I reservo i r (average o f  0.25 t r  it i um un i ts) have 

a mean residence t ime i n  the  reservoir  o f  approximately 900 years. 

o f  the  reservoir ,  V, can be estimated from the simple equation: 

Quartz veins and s i l i c a  s i n t e r  deposits 

Good agreements e x i s t  between 
18 

The volume 
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TABLE B-11. MAJOR CHEMISTRY~ AND ISOTOPE  DATA^ FOR THE PLATANARES GEOTHERMAL SYSTEM 

Samplec remp. F i e l d  
No. ('C) pH SiO, Na K L i  Ca Mg C1 F H C 4  C03 SO4 8 As NH4 60 6180 'H 6% 

End-Member Geotherma 

PL-26 98.7 8.7 
PL-3 100.1 8.75 

(PL-24 9Y.0 8.7 
IPL-5 96.0 8.3 
\PL-28 98.0 8.5 
PL-7 98.5 8.75 

(PL-36 98.3 8.7 
98.6 8.75 

!k::7 98.2 8.9 
PL-2 99.3 8.75 
PL-20 95.0 8.8 
PL-22 98.4 9.1 
PL-23 95.0 8.U 
PL-27 99.0 8.5 

wIter 
288 
296 
277 
278 
305 
313 
236 
251 
233 
242 
290 
283 
2Y 2 
233 
282 

310 
311 
305 
291 
289 
285 
311 
305 
299 
304 
291 
317 
333 
305 
303 

Mixed Geoth,ermal Water 
b. ;:-46 zl 7.;: 

PL-10 38.4 6.30 
PL-11 70.8 7.40 
PL-12 35.1 6.60 
PL-14 37.1 7.00 

54.0 7.50 
52.8 6.5 

PL-19 87.7 7.0 
PL-21 65.6 6.8 
PL-25 68.6 6.7 
PL-30 48.5 7.3 
PL-32 97.6 8.0 
PL-33 79.0 6.0 
PL-34 89.6 6.5 
PL-43 21.0 6.8 

183 
183 
35 

191 
39 
84 

107 
107 
106 
171 
208 
138 
198 
185 
217 

76 

231 
260 
45 

230 
52 
91 

113 
117 
153 
216 
255 
113 
258 
326 
275 
132 

38 4.04 2.5 0.06 36.7 12.4 78.1 206 225 16.7 1.26 10.4 -41.6 
37 3.90 2.4 (0.1 35.9 13.3 18.J 247 242 17.0 1.1 3.30 -43.1 
36 3.85 3.0 0.04 33.4 12.7 171 16d 238 15.5 0.89 13.0 -42.4 
34 3.60 1.3 (0.1 34.4 13.1 64.7 209 236 16.8 0.8 4.20 -43.2 
18 3.56 1.2 0.06 36.0 12.3 154 142 239 16.U 0.88 11.9 -41.6 
19 3.40 5.0 (0.1 34.9 13.1 91.5 187 235 18.1 0.Y 4.23 -42.2 
26 3.53 3.8 0.08 34.4 12.6 171 154 245 16.0 0.7Y 9.5 -42.1 
29 3.50 2.2 (0.1 33.7 13.3 80.5 203 251 16.9 0.8 4.50 -44.9 
37 3.72 1.0 0.04 34.0 12.9 68.3 202 246 16.4 0.68 7.95 -42.7 
40 3.80 1.1 (0.1 34.5 13.0 35.4 229 249 17.1 1.0 2.65 -- 
33 3.50 3.2 0.01 J5.4 12.9 215 132 215 16.4 1.00 11.7 -42.8 
41 4.10 1.4 (0.1 34.8 13.0 199 188 240 17.0 1.0 3.30 -44.4 
37 4.00 1.3 (0.1 35.9 13.2 28 251 248 17.2 1.1 4.30 -46.5 
35 3.70 8.Y 0.3 33.5 12.4 276 139 231 16.1 1.0 8.08 -41.0 
35 3.70 6.5 (0.1 34.4 13.3 32.9 238 240 19.4 0.9 3.61 -43.4 

26 2.94 
21 3.29 
10.3 0.28 
25 2.86 
20 0.45 
11.0 0.99 
23 1.60 
22 1.69 
21 1.84 
27 2.90 
29 2.70 
19 1.42 
18 2:10 
22 3.00 
19 3.10 
24 1.94 

20.9 
5.4 

42.2 
16.3 
42. 7 
43.3 
70.2 
73.0 
40.5 
35.7 
16.4 
67.8 
4.6 
7.8 
8.0 

32.3 

1.54 
0.08 
8.73 
1.19 

11.7 
10.2 
1.34 
1.4 

12.6 
4.9 
2.9 
5.0 

(0. 1 
0.2 

<0.1 
1.4 

25.9 9.6 473 
26.0 9.5 530 
6.2 0.84 137 

31.2 12.4 355 
7.2 0.85 187 

11.4 3.49 229 
10.2 5.0 456 
11.2 5.37 475 
16.7 6.26 425 
22.5 8.76 481 
30.6 11.9 503 
11.1 5.37 382 
32:6 12.8 284 
32.9 11.4 594 
32.5 12.5 488 
14.7 4.55 279 

Cold Water 
L-9 26.7 6.9 22 10 1.6 (0.01 72 15.5 2.6 0.21 45.7 

23.4 7.6 8.9 16 (0.02 64.1 11.8 1.4 0.2 189 IF:';! 21.0 7.0 2'27 e 10.5 1.9 (0.11 71.4 14.2 1.4 0.21 171 
PL-13 25.3 7.1 17 5.0 2.5 0.04 20.8 4.56 2.7 0.48 32.9 

bL-29 24.2 6.0 19 9.8 2.4 0.02 19.0 3.5 1.1 0.56 32.9 
fPL-16 28.0 7.0 31 17.0 3.3 0.06 49.9 10.2 3.3 0.27 183 
\PL-42 20.7 7.2 28 9.4 2.3 (0.01 38.8 7.6 0.9 0.22 92.7 
PL-31 21.5 6.0 48 6.2 3.9 (0.01 2.0 0.2 0.8 0.19 34.2 
PL-35 21.4 6.8 83 16.2 5.2 0.02 17.7 0.9 1.0 0.30 112 
PL-37 25.0 6.5 51 16.8 3.5 0.01 28.6 3.6 1.7 0.35 154 
PL-38 23.0 7.5 27 11.1 2.2 (0.01 41.3 7.1 1.8 0.28 123 

-6.14 -- -8.72 
-5.93 -- -- 
-6.17 0.09 -7.69 
-6.20 0.34 -9.06 
-6.03 0.12 -- 
-5.94 0.76 -8.42 
-6.12 -- -7.23 
-5.93 -- -- 
-6.00 0.41 -7.11 
-5.96 1.07 -8.34 
-6.03 -- -- 
-6.26 0.46 4 .07  
-6.21 -- -- 
-6.44 0.90 -- 
-6.02 -- -- 

0 193 12.2 0.71 17.3 -44.11 -6.33 0.96 
0 199 12.5 0.58 11.0 -44.6 -6.02 -- 
0 128 2.27 0.05 0.OY -42.1 -6.51 -- 
0 232 15.0 0.21 17.1 -43.6 -6.09 -- 
0 135 2.76 0.39 0.15 -41.2. -6.53 5.14 
0 160 5.35 (0.05 0.09 -- -- -- 
0 94 5.12 (0.05 9.7 -46.9 -6.94 2.37 
0 98 5.56 0.4 4.13 -47.4 -6.97 - 
0 178 7.d6 0.5 3.70 -49.0 -6.94 2.40 
0 188 10.4 0.5 5.31 -45.8 -6.76 -- 
0 224 14.6 0.6 9.76 -46.0 -6.62 0.59 
0 122 5.43 0.2 2.17 -47.4 -6.90 2.43 

64.8 214 16.9 0.6 d.11 -45.0 -6.44 0.53 
0 214 16.4 0.6 5.33 -46.2 -6.04 0.46 
0 212 16.4 0.5 8.55 -47.6 -6.60 -- 
o 13Y 6.75 0.7 <0.02 -40.5 -5.35 -- 

-6.78 

-9.57 
-9.14 

-- 
-6.81 

0 
0 
0 
0 
0 
0 

28.8 
0 
0 
0 

28.8 

110 0.03 (0.05 0.12 -42.8 -7.01 5.5 
78.6 0.03 (0.1 0.03 -45.4 -7.29 -- 

8.3 121 0.03 (0.1 0.06 -- -- 
50 (0.02 <0.05 0.12 -39.5 -5.92 -- 
40.4 0.03 (0.1 0.04 -43.0 -b.48 4.62 
48.4 0.11 (0.0s 0.13 -37.7 -5.95 1.24 
24.3 0.07 (0.1 (0.02 -42.4 -6.72 -- 

0.3 0.03 (0.1 0.03 -31.6 -4.37 2.55 
1.3 0.09 (0.1 0.06 -42.8 -6.13 2.02 
7.7 0.23 (0.1 0.03 -- _ _  -- 

24.3 0.06 (0.1 (0.02 -43.8 -6.29 -- 

-- 
- 7  .47 

-- 

"Chemical analyses repor ted i n  Mg/Kg. 

b6D and 6 

CSaolple numbers enclosed by brackets came from the same sampling locat ion;  sample numbers PL-1 t o  PL-16 from May 1985; sample numbers PL-17 to PL-45 from 

18 13 0 repor ted i n  '1.. r e l a t i v e  t o  Standard Mean Ocean Water (SMOW); 6 C repor ted i n  '1.. r e l a t i v e  to Peedee Belemnite (PUB); tritium ('H) 
repor ted i n  T r i t i u m  Un i ts  ( T . U . ) .  

January-February 1986. 
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Figure B-1. B versus CI, Platanares; t r i ang les  are co ld  waters, squares are 
mixed waters, and c i r c l e s  are end-member waters. 

where 

For Platanares (discharge r a t e  of 3370 e/min), the  estimated reservo i r  volume 

i s  1.6 km3 o f  reservo i r  f l u i d .  

volume o f  the geothermal reservo i r  would be 16 km . 

= steady-state discharge r a t e  and r = mean residence t ime o f  f l u i d .  

Assuming 10% poros i ty  o f  reservo i r  rock, t he  
3 

Explorat ion coreholes PLTG-1, -2, and -3 were d r i l l e d  from October 1986 t o  

June 1987. Bottom-hole temperatures are 16OOC a t  650 m, 104OC a t  401 m, and 

165°C a t  679 m, respect ively.  

amounts o f  geothermal f l u i d  from depth and show isothermal temperature p r o f i l e s  

f o r  much o f  t h e i r  depth (Fig. B-3). 

Coreholes PLTG-1 and -3 produce considerable 

PLTG-2 shows an apparent conductive 
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TABLE B-III. GAS CHEMISTRY OF HOT SPRINGS OF HONDURAS~ 

F i e l d  Measurgd 
A r  He No. S i t e  Date Temp. C COP H $  H2 CH4 N2 “3 0 2  - ------- 

SAN I G N A C I O  REGIUN 

SI-3 San I g n a c i o  05/15/85 98.9 91.3 1.768 0.1342 0.07293 4.987 1.681 0 0.1311 0 

S I - 7  San I g n a c i o  05/15/85 98.0 90.58 5.163 0.07295 0.06078 2.492 1.591 0 0.06698 0 
SI-9 San Ignac fo  01/08/86 98.6 87.98 6.06 0.3625 0.3565 3.268 1.81 0 0.09996 0.0014 
SI-15  San I g n a c i o  01/25/86 98.2 93.75 2.126 0.1724 0.2073 2.428 1.215 0 0.07252 0.001 

SI-2 San I g n a c i o  05/15/85 99.0 88.3 0.6075 0.2296 0.35025 5.55 4.84b 0.01669 0.19b85 0.000990 

SI-4 San I g n a c i o  01/25/86 99.6 77.58 6.082 0.5487 0.3387 9.815 5.156 0.06837 0.2496 0.004 

PLATANARES KEGION 
PL-la P la tanares  
PL- lb P la tanares  
PL-3 Platanares 
PL-17 P la tanares  
PL-22 Platanares 
PL-23 P la tanares  
PL-27 Platanares 
PL-ZB P la tanares  
PL-36 P la tanares  

ALACUALPA R E G I O N  
AZ-4 Azacualpa 
AZ-4 Azacualpa 
AZ-6 Azacualpa 
AZ-12 Azacualpa 
AL-23 Azacualpa 

OS/ 17/85 
05/17/85 
05/17/85 
02/03/86 
02/04/86 
02/04/86 
02/04/86 
02/04/86 
02 1041 86 

05/24/86 
05/28/86 
05/24/85 
01/28/86 
01/28/86 

99.5 81.62 2.587 
99.5 82.02 3.006 

100.1 d8.66 1.557 
98.2 72.11 2.856 
98.4 90.97 0.17 
95 75.8 11.03 
98.5 85.55 2.13 
98.3 87.99 1.625 
98.3 82.06 1.944 

100.3 76.66 5.453 
99.8 76.5 4.68 

101.4 79.d7 0.224 
99.5 83.14 1.445 
97.0 78.83 0.5273 

0.03088 
0.03437 
0.01654 
0.02395 
0.0337 7 
0.01028 
o.02915 
0.04174 
0.01223 

0.03875 
0.05859 
0.07282 
0.02514 
0.07526 

0.3175 0.9297 14.4ti U.006261 0.02371 0.000050 
0.2164 1.167 13.54 0.00362 0.0276 0 
0.3400 3.55 5.822 0 0.0901 0 
0.5463 7.14d 17 0.07775 0.1708 0 
1.203 6.289 0.01027 1.019 U.1508 0.0011 
0.1614 6.109 6.182 0.5662 0.1409 0 
0.7624 3.4 7.948 0 0.08154 0.0006 
0.1957 2.901 7.086 0.03004 0.06997 0 
0.1237 4.875 10.67 0.1109 0.1147 0 

0.3173 15.59 1.084 0.4151 0.3692 0.002437 
0.3515 15.9 1.882 0.01712 0.3754 0.0045 
0.867 18.04 0.021 0.7417 0.5188 0.00835 
0.5278 13.56 0.5874 0.1807 0.37 0.0046 
0.9284 18.46 0.01662 0.3836 0.5402 0.0092 

WEST OF AZACUALPA REGION 
AZI-24 I s l a n d  

NW Azacualpa 01/29/8ti 75.0 11.26 0.6868 0 1.54 83.0 0.0114 0.2955 1.41 0.0171 

EL CAJON REGION 
V I - i !  E l  Cajon 01/31/86 50.0 4.33 0 0 0.426 91.33 0.0075U8 1.015 1.242 U 

LA CEIBA REGION 
SC-3 Sarnbo Creek 05/21/85 99.5 12.58 4.d09 0.02366 0.8064 76.97 0.3992 1.423 2.439 0.03714 

EL OLIVAK KEGION 
€0-1 E l  O l i v a r  05/23/85 66.4 97.33 0.005822 0.0001 0.3124 1.695 0.01591 0.5903 0.0ZGJ4 0.0u0004 
EO-7 Laguna Agua 

Cal. 05/23/85 67.8 99.39 0.03069 0.000590 0.1120 0.3923 0.007014 0.04948 0.00958 U.001)2?7 

CHOLOTECA REGION 
PV-3 Pavana 05/29/87 101.8 71.81 3.542 0.0033 0.141 18.35 0.3991 4.981 0.5Oa8 0 

T o t a l  13c-c0L 

100.05 -11.75 
100.07 -11.01 
99.84 -18.47 

100.03 -12.8 
99.94 -13.3 
99.97 -9.51 

99.98 -10.84 
100.01 -10.70 
100.04 -10.05 

99.93 -12.17 
99.91 -8.4b 

100.00 -12.78 
99.90 -10.03 
99.94 -9.75) 
99.91 -12.8d 

99.93 -12.63 

100.36 -7.04 
99.84 -9.66 
99.82 -7.84 

99.77 -11.68 

58.22 -16.16 

98.35 -- 

99.49 -14.73 

99.98 -2 .b9  

39.99 -3.56 

99.74 -9.74 

‘Gas concent ra t ions  are  r e p o r t e d  i n  volume percent .  
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Figure 6-2. Stable isotope data, Platanares; symbols same as F ig.  B-1. 
l i n e  ou t l ines  the cloud o f  po ints  representing end-member 
geothermal f l u i d s .  

Sol i d  

gradient o f  139'C/km i n  the  bottom one-third o f  the  bore. 

conduct iv i ty  data acquired from the core, the heat f low i n  the  lower zone o f  

PLTG-2 i s  265.7 mW/m2 (6.4 HFU) implying t h a t  a convecting geothermal resource 

underl ies the  PLTG-2 s i t e .  

the estimated reservo i r  temperature o f  225OC imp1 ies t h a t  t he  depth t o  the  

source reservo i r  i s  1.2 t o  1.5 km. 

Flow t e s t s  were car r ied  out  i n  both the  PLTG-1 and PLTG-3 coreholes 

Using therma 

Downward continuation o f  t he  139'C/km gradient  t o  

< 

although t rans ien t  analysis o f  PLTG-3 i s  y e t  incomplete. 

from PLTG-1 and -3 resemble f l u i d s  i n  surface boi I ing ho t  springs (Truesdel I e t  

a l  . , 1987). 

165'C, geothermometers imply a source reservo i r  o f  225OC (s imi la r  t o  the  

springs). 

Chemistry o f  f l u i d s  

Although f l u i d s  are produced from f rac tu red  red beds a t  160' t o  

Short f low t e s t s  o f  e igh t  and s i x  days f o r  t he  two coreholes y ie lded 
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TABLE B-IV . CALCULATED GEOTHERMOMETERS FOR END-MEMBER GEOTHERMAL FLUIDS, 
PLATANARES, HONDURAS 

6180-so4 Gas 
Measured 

F i e l d  Temp. Na-K-Ca T d 
No. ("C) Qtza Na-K p = 113 Na-Li T i "  T2b TD-PC C02-CH4 

PL-1 

PL-2 
PL-3 
PL-5 
PL-7 
PL-8 
PL-17 
PL-20 
PL-22 
PL-23 
PL-24 
PL-26 
PL-27 
PL-28 
PL-36 

PL-l(2)e 

Ave . f 

99.5 
99.5 
99.3 

100.1 
96.0 
98.5 
98.6 
98.2 
95.0 
98.4 
95.0 
99.0 
98.7 
99.0 
98.0 
98.3 

-- 

206 

207 
203 
21 1 
192 
191 
193 
205 
207 
191 
204 
208 
205 
213 
196 

2 0 2 ~ 7  

-- 235 

228 
232 
179 
202 
236 
242 
240 
226 
229 
231 
232 
230 
185 
213 

223*19 

-- 225 300 

216 289 
22 1 296 
190 292 
197 28 1 
235 293 
239 294 
236 299 
228 289 
207 290 
228 293 
224 295 
211 29 1 
180 288 
210 282 

216*17 2 9 1 4  

-- -- 248 -- 
-- 
253 

254 
261 
272 
26 1 

-- 

-- -- 
268 -- 
-- 
267 
269 

2 6 1 ~ 8  

220 -- 
-- 
224 

224 
229 
236 
228 

-- 

-- 
-- 
233 -- 
-- 
232 
234 

2 2 9 4  

230 
238 

205 
-- 
-- 
-- 
-- 
223 

185 
228 

-- 

-- 
-- 
217 
234 
210 

219*17 

181 
195 

182 
-- 

-- 
-- 
-- 
157 

135 
203 

-- 

-- 
-- 
151 
20 1 
215 

180+27 

a No steam loss. 
b Continuous steam loss. 
C D'Amore and Panichi (1980). 

d Norman and Bernhardt (1981). 
e Col lected for gas only. 

f Er ro r  reported i s  standard deviat ion.  

TABLE B-V. FLOW TEST DATA FROM PLTG-1 AND PLTG-3 COREHOLES, PLATANARES, 
HONDURAS 

PLTG-1 PLTG-3 

Date 
Maxi mum F I ow Rate 
BHT 
Shut-In Pressure 
Flowing We1 lhead Temperature 
Flowing Pressure 8 Max. Flow 
Maximum Temperature a f t e r  Shut-In 
Power Output 9 Maximum Flow 
Total Depth 
F I ow Zone 
We1 I Diameter 

Feb. 1987 
350 Elm 
16OOC 
110 psia 
138OC 
30 psia 
145OC 
~ 3 . 0  MW(t) 
650 m 
625-640 m 
7.8 cm (3.0 in.) 

June 1987 
515 E/m 
164OC? 
130 psia 
150.5OC 
70 psia 
158OC 
~ 4 . 4  MW(t) 
679 m 
458 m; 622-635 m 
7.8 cm (3.0 in.) 
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Figure B-3. Temperature- 
versus-depth p r o f i l e s  f o r  
PLTG-1 and -2. 
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Figure 8-4. Flow t e s t  versus time f o r  PLTG-3 (six-day 

MAJOR WATER 
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TD = 160 OC 

t e s t ) .  
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steady-state f low ra tes  o f  about 320 and 430 

(Fig. 8-4). A s<mmary o f  data f o r  the  two we 

wells produce roughly 3.0 and 4.4 MW(therma1) 

impressive f o r  3-in. coreholes. Permeabi I i t y  

from PLTG-1 are about 300 md. Many f ractures 

in te rva l  625 t o  640 m (Goff e t  a I., 1987b). 

Reservoir Model 

R/min (uncorrected f o r  f lash)  

Is i s  l i s t e d  i n  Table B-V. The 

respectively, which i s  very 

determinations on f rac tu red  core 

are over 1 m i n  length i n  the  

Figure 8-5 shows our model o f  the Platanares geothermal system 

schematica I l y  superimposed on the  A-A' cross section of  Hei ken e t  a I . (1986) 

From the high contents o f  NH,, B, and SO, i n  the thermal f l u i d s  and the  high 

concentrations o f  NH, and depleted 613C-values o f  CO, i n  the  gases, we strong 
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NO VERTICAL 
EXAGGERATION 

T S Y M B O L S  
I MAPUNITS 

QUATERNARY 

YOUNGER TERRACE GRAVELS, LOCALLY 
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TERTIARY 
ANDESITIC LAVAS 

TUFFS 

CRETACEOUS 
VALLE DE ANGELES: RED-BED CLASTIC 
ROCKS 

PALEOZOIC (?) . .  

METAMORPHIC ROCKS: MOSTLY SCHISTS 

/ ' FAULT ,' 
CONTACT UNKNOWN - -- -7- - - - 

DIRECTION OF FLUID FLOW 

(-) THERMAL RESERVOIR 

01 HOTSPRING 

Y 

Figure B-5. Model o f  Platanares reservo i r  (from Goff e t  a l . ,  1987a). 
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bel ieve t h a t  the  geothermal reservo i r  equi I ibrated i n  f rac tu red  red beds o f  the  

Val le  de Angeles Group. This rock group 

i s  known t o  contain gypsum, petroleum, organic deposits, and marine c lay  shales 

i n  the  upper h a l f  o f  the sequence (Finch, 1981), which could supply SO,, NH,, 
CO,, H,S, and B during thermal metamorphism. 

trending f rac tu re  system across the  e n t i r e  width o f  a s t ruc tu ra l  graben 

(springs PL-8 t o  PL-5). 

e n t i r e  zone, it appears t o  us t h a t  the reservo i r  underl ies the  e n t i r e  graben . 

and not  j u s t  one f a u l t  block. The northwestern l i m i t  o f  the  reservo i r  i s  

bounded by the  major northeast-trending f a u l t  t h a t  juxtaposes Paleozoic sch.ist 

(north) against Te r t i a ry  volcanics (south). Other I i m i t s  o f  t he  reservo i r  are 

not  well defined a t  t h i s  time, although mixed f l u i d s  discharge as  f a r  south as  

the  Rio  Lara. 

conductive gradient o f  139*C/km and a heat f low o f  265 MW/m2. 

Platanares system probably comes from the higher e levat ions t o  the  nor th  and 

northwest. 

and t h a t  the  mean residence t ime o f  f l u i d  i n  the reservo i r  i s  about 900 years. 

A f te r  heating and equ i l ib ra t ion ,  geothermal f l u i d  exempli f ied by end-member 

waters PL-1, PL-5, and PL-8 r i s e s  convectively along the  many f a u l t s  c u t t i n g  

the reservo i r  rocks. Reservoir f l u i d  enter ing the f rac tu red  ign imbr i te  

sequence o f  the  Padre Miguel Group mixes w i th  a deep, cool groundwater t o  

produce mixed thermal waters. 

slowly through the  Padre Miguel Group because geologic evidence indicates t h a t  

these rocks extend t o  depths as great as 560 m and t h a t  t he  groundwater 

contains r e l a t i v e l y  high t r i t i u m  ( ind ica t ing  a probable age o f  no t  less than 

5 y r ) .  
s b b l e  isotopes ind ica te  t h a t  i t s  average recharge e levat ion i s  roughly 150 m 

higher than t h a t  o f  the  geothermal f l u i d  i n  the  reservoir,  perhaps a t  the  

volcanic highlands t o  the  northeast and south. 

This has been v e r i f i e d  from d r i l l i n g .  

Our work shows t h a t  the  major hot  springs discharge along a northwest- 

Because hot  end-member f l u i d s  a lso encompass t h i s  

Corehole PLTG-2 near the  southern l i m i t  o f  ho t  springs has a 

From const ra in ts  suppl ied by s tab le  isotope data, recharge t o  the  

T r i t i um data suggest t h a t  the  perco lat ion r a t e  i s  r e l a t i v e l y  slow 

We fee l  t h a t  t h i s  deep groundwater must f low 

We are uncertain as t o  the source of  t h i s  cool groundwater because 

A f te r  thermal waters reach the surface, loca l ized mixing occurs w i th  
\ sha I I ow groundwater i n a I I uv  i um a I ong the quebrada Agua Ca I i ente and i n  

colluvium along the canyon w a l l s .  The isotopes o f  t h i s  near-surface end member 
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resemble those of the  quebrada as do t h e i r  high t r i t i u m  contents, which are 

above present background levels  ( ind icat ing an age o f  only a few years). 

Based on the  ca t ion  geothermometry (Table B-IV), the  average temperature o f  

the geothermal reservo i r  appears t o  be a t  least  225OC. 

quartz s o l u b i l i t y  are low because o f  p rec ip i t a t i on  o f  quartz or chalcedony 

during upflow. 

good agreement w i t h  the  225OC values. 

geothermometry agree i f  we assume cont i nuous steam I oss. 

o f  PLTG-1 and PLTG-3, a shallow resource o f  160' t o  165OC occurs a t  depths of  

250 t o  680 m, bu t  downward cont inuat ion o f  the  temperature p r o f i l e  i n  PLTG-2 

implies the  deep 225OC resource occurs a t  a depth o f  1.2 t o  1.5 km. 

Temperatures based on 

Temperatures based on D'Amore-Panichi gas geothermometry are i n  

Accord i ng t o  d r  i I I i ng 

Temperatures based on SO,-H,O 
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INTRODUCTION 

Los Alamos National Laboratory, in cooperation with Empresa Nacional de 
Energia Elgctrica de Honduras and the U.S. Geological Survey, performed a 
geological-geochemical-geophysical reconnaissance of potential geothermal sites 
in Honduras as part of the Central American Energy Resources Project. 

The geophysical reconnaissance program consisted of two parts: 1) a 
regional, country-wide investigation designed to identify (if possible) 
d i st i nct geotherma I prov i nces w i th i n Honduras; 2) I oca I studies designed to 
help evaluate the geothermal potential of two known geothermal areas 
(Platanares and San Ignacio). The regional results wi I I not be discussed in 
this report. 

However, only the results from the Platanares work will be discussed in this 
report. Figure C-1 is part of the topographic base map used at Platanares. At 
each of the two areas the following work was done: 
1. 

The local studies at Platanares and San Ignacio used the same approach. 

A detailed gravity survey was integrated with available regional gravity 
and geologic data to help identify major geophysical structures. Figure 
C-2 shows the results of this work. 
Regional aeromagnetics were interpreted in an attempt to identify the major 
geophysical structures (fault zones and major rock units) in the regions 
surrounding Platanares and San Ignacio. 
provide any local information and no map is presented here. 

associated with the movement of geothermal fluid was performed at the two 
sites. 
i nterpreted se I f -potent i a I anoma I i es . 

2. 

The aeromagnetic data did not 

3. A detailed self-potential survey to search f o r  streaming potential 

Figure C-3 shows the data distribution and the location of 

GRAVITY WORK AT PLATANARES 

A detailed gravity survey with about 500 stations was carried out in the 
Platanares area to identify the major density structures of the area and to 
relate this geophysical structure to the geologic structure. 
gravity data were the most helpful i n  identifying structures possibly related 
to the geothermal reservoir and the migration of fluids. 

At Platanares the 
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F i g u r e  C-3. S e l f - p o t e n t i a l  s t a t i o n  locat ion  and anomaly map. 



Stat ions were surveyed w i t h  a comb i nat ion o f  e lec t ron ic  d i stance meter/ 

theodol i te  ( " to ta l  stat ion")  and theodol i te  surveying. Each de ta i led  survey 

s i t e  required t h a t  a long regional l i n e  be surveyed through it so t h a t  f i e l d  

locations w i th in  the  deta i  led s i t e  area could be t i e d  t o  known establ ished 

benchmark locat ions found elsewhere. These establ ished benchmarks are located 

a t  Cucuyagua f o r  t he  Platanares survey. 

absolute hor izontal  and ve r t i ca l  locations were obtained. The t i e  from 

Cucuyagua t o  Platanares had a 3-m e levat ion d i f ference w i th  a spot e levat ion 

located a t  San Andres and neg l i g ib le  d i f ference f o r  other spot elevat ions i n  

between. The d i f fe rence i s  div ided among the  survey s ta t ions  back t o  Cucuyagua 

so t h a t  the  t o t a l  e r ro r  i s  approximately 0.02 m v e r t i c a l l y .  For any ind iv idual  

s ta t i on  the  t o t a l  e r ro r  i s  about 0.1 m. 

The survey data were processed so t h a t  

Terra in  correct ions o f  the  grav i ty  data were car r ied  ou t  by d i g i t i z i n g  a l l  

the  contours on the  1:20,000 base map and a lso d i g i t i z i n g ,  a t  a larger scale, 

maps out  t o  20 km from the  survey area. A computer program was used t o  cor rec t  

f o r  t he  outer 0.05- t o  20-km radius from each s ta t i on  using the  d i g i t a l  t e r r a i n  

data. The innermost t e r r a i n  e f fec ts  were estimated i n  the  f i e l d  and corrected 

by hand. Complete Bouguer g rav i ty  maps were developed a t  d i f f e r e n t  densi t ies,  

from 1.8 through 2.8 g/cc. 

spurious te r ra in - re la ted  anomalies were produced by incorrect  densi t ies.  

density o f  2.50 g/cc f o r  the  Bouguer correct ion was determined as appropriate 

f o r  t he  e n t i r e  area. 

The resu l t s  were examined t o  determine i f  any 

A 

The Complete Bouguer Gravi ty Map (Fig. C-2) shows three large mass excesses 

A smaller mass excess i s  located on the  

w i th  a saddle connecting the two located i n  the  northwest quadrant w i th  the  

mass excess i n  the  southeast quadrant. 

saddle. There i s  one major mass d e f i c i t  i n  the southwest quadrant. 

I SELF-POTENTIAL WORK AT PLATANARES 

i The se l f -po ten t ia l  (SP) e l e c t r i c a l  technique was chosen f o r  use a t  
i 

Platanares t o  locate zones o f  h igh ve r t i ca l  f l u i d  movement t h a t  o f ten  occur i n  

geothermal environments. 

determine the  quant i ty  o f  f l u i d  flow, bu t  it i s  o f ten  he lp fu l  in determining 

The SP technique cannot be used quan t i t a t i ve l y  t o  
1 

, the locat ion and geometry of  f lowing groundwater. Because the  SP technique i s  
useful f o r  detect ing ve r t i ca l  f l u i d  f low and i s  eas i l y  performed i n  the  f i e l d ,  
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it i s  o f ten  used fo r  geothermal explorat ion. 

SP ef fects ,  so the  SP technique should always be followed by add i t iona l  

geophysical methods such as DC r e s i s t i v i t y ,  grav i ty ,  and magnetics, as well  as 

integrated w i t h  the  known geology t o  help determine the  appropriate source 

mechanism f o r  spec i f i c  anomalies. 

d i f f i c u l t :  high contact resistance, local va r ia t i on  i n  s o i l  properties, and 

temporal va r ia t i on  o f  hydrologic parameters. The noise leve ls  i n  these data 

are s u f f i c i e n t l y  high so t h a t  only responses consistent from l i ne - to - l i ne  and 

PO i nt-to-po i n t  were considered f o r  i n terpre ta t  i on. The data qua I i t y  f o r  t h  i s 
survey should be considered marginal. 

care has been taken t o  consider the r e l i a b i l i t y  o f  the  data.  

the data coverage and anomalous zones f o r  the Platanares area. 

cannot be read a t  t h i s  scale, bu t  the s ta t ions ’  locations i l l u s t r a t e  the  da ta  

coverage. 

A var ie ty  o f  mechanisms can cause 

Three sources o f  noise i n  the Platanares area make in te rp re ta t i on  

I n  considering the  fo l low ing  anomalies, 

Figure C-3 shows 

The data values 

po in t  HE. The e n t i r e  l i n e  HG-HF should be ignored ow 

contact resistances 0 1  Megohm). This feature probab 

s ign i f icance.  

A. This anomaly consis ts  o f  low voltage readings i n  the  v i c i n i t y  o f  reference 

onal l y  high 

ogic  

a 1  

un I 

ng t o  except 

y has no geo 

B. 
detected on several l i nes  using d i f f e r e n t  base s ta t ions  and contains s ta t i ons  

whose contact resistances are w i th in  acceptable values. 

r e s u l t  from geologic o r  hydrologic phenomenon. 

Low voltages e x i s t  i n  the  v i c i n i t y  o f  reference p o i n t  DS. This fea ture  i s  

This fea ture  does 

The hydrologic in te rpre ta t ion  o f  anomaly B i s  t h a t  it represents an area o f  

outward migrat ion o f  f l u i d  such as  water running downhil l o r  f low ing  from one 

aqui fer  i n t o  a lower one through a f rac tu re  zone. Another explanation i s  t h a t  

s u l f i d e  minera l izat ion or  graphite are present. 

suggests the  presence o f  s u l f i d e  materia I or  f I u i d  movement. It i s  too s t rong 

t o  represent a change i n  soi I chemistry. A smal I amount o f  s u l f i d e  o r  a large 

quant i ty  o f  water would be required t o  produce t h i s  anomaly. 

The amplitude o f  t he  fea ture  

Minera l i za t ion  is 
kely  source mechanism f o r  t h i s  feature. 

ke ly  owing t o  the  amplitude o f  the anomaly. 

A f l u i d  source i s  considered 
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C. 

po ints  HN t o  AA. 
too high t o  be considered re1 iable.  

fo l lowing conclusions could be reached: 

This feature consists o f  h igh voltage values extending from reference 

It comprises many points  whose contact resistances are much 

I f  one were t o  ignore these bad data, the  

The hydrologic in te rpre ta t ion  o f  t h i s  response i s  upward migrat ion of 

f l u i d  along a f rac tu re  zone. 

Minera l izat ion would no t  cause a pos i t i ve  anomaly. 

The magnitude o f  the  response i s  too high f o r  s o i l  var ia t ion.  

F l u i d  migrat ion i s  considered the  most l i k e l y  source mechanism f o r  t h i s  
response. 

Anomaly C p a r a l l e l s  the  f a u l t  zone containing a l l  the  hot  spr ing occurrence 

(Quebrada del Agua Ca I iente) . 
r i v e r  and might ind icate t h a t  the main upwell ing o f  f l u i d  i s  on the  west s ide  

o f  the  va I I ey . 
of  questionable data contained w i th in  the  zone. 

The feature i s  displaced t o  the  west o f  t he  

This i n terpre ta t  i on is, however , compromi sed by the  percentage 

D. 
The data are  noisy and contain po in ts  w i th  unacceptably high contact 

res stances. 

data t o  suggest t h a t  t he  anomaly has geologic and/or hydrologic s ign i f icance.  

Any o f  the  source mechanisms t h a t  produce SP responses could be responsible f o r  

the  anomaly. 

f l u i d .  

possible extension o f  Anomaly C. 

This feature i s  30 t o  50 mV more pos i t i ve  than i n  the  surrounding area. 

Taking t h i s  i n t o  consideration, there i s  s t i l l  enough consistent 

These data are consistent with upward migrat ion o f  geothermal 

This feature a lso p a r a l l e l s  the  Quebrada del Agua Cal iente and i s  a 

The overa l l  data q u a l i t y  f o r  t h i s  survey i s  poor. The primary reasons are 

the  except ional ly high contact resistance and v a r i a b i l i t y  i n  s o i l  propert ies.  

Care was taken t o  evaluate the  r e l i a b i l i t y  o f  pa r t i cu la r  anomalies, bu t  even so 

the  in te rpre ta t ions  should be used caut iously.  

addi t ional  work be done t o  evaluate or i n te rp re t  these data.  

i nterpre ta t  i ons shou I d be reconsidered as other geo I ogi c and geophysi ca I data  

become avai lable.  

It i s  not  recommended t h a t  any 

These 
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GEOPHYSICAL INTERPRETATION 

The purpose o f  t h i s  sect ion i s  t o  in tegrate a l l  the  geophys ca l  data 

avai lab le a t  t he  Platanares s i t e  i n t o  a s ing le  cohesive in terpretat ion.  

data sets  u t i l i z e d  f o r  t h i s  are g rav i ty  (400 points), SP (1500 points), two 

magnetic f I igh t  I ines, and a pre l  iminary one-dimensional Schlumberger survey by 

Giorgio Stangal ino (DAL, M i  Ian, I t a l y ) .  

data s e t  i s  more extensi vel it was much I ess def i n i t  i ve. 

and the  e l e c t r i c a l  models support the  overa l l  in terpretat ion.  

Goff e t  a l  . , 1987) shows the  locations o f  the  major f a u l t s  and hot  springs. 

Figure C-5 locates the  e l e c t r i c a l  soundings and the  d r i  I I-holes, both e x i s t i n g  

and proposed. 

The 

The g rav i t y  da ta  are the  most useful i n  the  Platanares area. Though the  SP 

Figure C-4 (from 

Hot spr i ng I ocat ions 

SUMMARY OF MAIN OBSERVATIONS 

1. The main northwest-trending fau l t / f rac tu re  zone (graben) has a strong 

grav i ty  signature. 

by a prominent gradient. 

northwest-trend i ng mass excess (i nt rus i ve?) . 
e n t i r e l y  w i th in  the  confines o f  the  fau l t / f rac tu re  zone as  mapped 

geological ly.  

A l l  the  major hot or warm springs are located on the  northeast s ide  o f  t he  

mass excess. The highest thermal output i n  the  area as  measured from the  

hot springs occurs adjacent t o  the  largest g rav i ty  anomaly. 

Agua Cal iente fo l lows along the  grav i ty  r idge the  e n t i r e  distance. 

The geometry o f  the  " in t rus iven suggests t h a t  it has been broken by 

fau l t i ng .  

t ransmis iv i ty  o f  the  i n t rus i ve  and i t s  margins. 

The only group o f  warm springs and chemical anomalies not  i n  the  Quebrada 

del Agua Cal iente occur on the  Rio Lara and o f f  the  southern edge o f  t he  

main grav i ty  n in t rus ive.n 

D r i l  ing a t  PLTG-1 encountered andesites, which could be the  cause o f  t he  

mass excess ( in t rus ive) .  

North o f  UTM coordinate 33, i t s  western edge i s  defined 

South o f  UTM 33 the  graben i s  characterized by a 

This mass excess resides 

2.  

The R i o  del 

3. 
This  episode o f  deformation may a lso have increased the  

4.  

5. 

I f  so, the  emplacement o f  the  i n t rus i ve  may have 
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Figure C-5. Drill-hole and Schlumberger sounding location map. 



6. 

7 .  

8. 

9 .  

increased the  f r a c t u r e  permeabil i ty i n  the surrounding rock and enhanced 

the  t o t a l  permeabil i ty o f  the system. 

Sel f -potent ia l  Anomaly D has i t s  strongest response immediately adjacent t o  

the  g r a v i t y  gradient  o f  the  suggested i n t rus i ve  body. This response may or 

may no t  have geohydrologic s ign i f icance.  

Three Sch I umberger mode Is i nd i cate 700-800 m o f  conduct i ve (<20 ohm-m) 

mater ia l  underlain by an undetermined thickness o f  >40 ohm-m mater ia l .  

These models are a l l  from soundings on top o f  the  g rav i t y  HsaddleH 

st ructure.  

The e l e c t r i c a l  sounding i n  the  immediate v i c i n i t y  o f  PLTG-1, i.e., i n  the  

immediate v i c i n i t y  o f  t he  major mass excess w i t h i n  the  f r a c t u r e / f a u l t  zone, 

ind icates the  ground t o  be more r e s i s t i v e  than i n  the  other p r o f i l e s .  

The three e l e c t r i c a l  soundings done along the  northwest-trending f r a c t u r e  

zone show a more extensive zone o f  conductive ground than do other 

soundings. 

10. E l e c t r i c a l  soundings show no co r re la t i on  w i th  l i t ho logy  as measured i n  any 

o f  t he  th ree  d r i l l  holes PLTG-1, -2, or -3. 
11. Magnetic data d i d  no t  help t o  i d e n t i f y  possible l i t ho log ies  responsible f o r  

the  g rav i t y  features. Only two l i nes  come close t o  the  area o f  in terest ,  

and nei ther  comes c lose enough t o  co r re la te  w i th  the  g rav i t y  data. 

C 0 NCLUS IO NS 

The primary contro l  on the  ho t  spr ing a c t i v i t y  seems t o  be the  northwest- 

t rending gradient  para1 le1 t o  the  Quebrada del Agua Cal iente. 

spr ing a c t i v i t y  i s  located on the  northern s ide  o f  t he  g rav i t y  saddle s t ruc tu re  

and fol lows along the  steep g rav i t y  gradients t o  the  northwest. 

more indurated or  dense rock comprising the  mass excess w i t h i n  the  f r a c t u r e  

zone. The highest thermal output measured i n  the  Platanares area i s  on the  

steepest po r t i on  o f  t he  northwest g rav i t y  gradient j u s t  nor th  o f  PLTG-3 where 

it in te rsec ts  the  major east-west-trending f a u l t .  

geology and i s  apparent on the g r a v i t y  map. The only  other manifestat ions of  

warm springs or  chemical anomalies occur on the  Rio Lara  immediately adjacent 

t o  the  southwest s ide  o f  the same g rav i t y  gradient. 

Most o f  t he  ho t  

The second most important cont ro l  on the  shallow reservo i r  seems t o  be the  

This f a u l t  i s  seen i n  the  
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This mass excess appears from i t s  morphology t o  be a zone o f  andesite 

dikes. 

One f a u l t  ex i s t s  between PLTG-1 and PLTG-3, w i th  PLTG-3 down-dropped from 

There appear t o  be several f a u l t s  o f f s e t t i n g  par ts  o f  t h i s  d ike  swarm. 

PLTG-1. 
The mass excess i s  possibly an andesite in t rus ion  o r  p lug p ie rc  ng the  

Va l le  de Angeles formation, thereby creat ing the conduits necessary f o r  the  

geothermal system. Once the  hot water reaches the  major super f i c ia  f ractures 

t h a t  cont ro l  the  locat ion o f  the  Rio del Agua Caliente, it w i l l  manifest 

wherever it i s  most convenient. 

The overa l l  permeabil i ty o f  the  mass excess may be less than the  

surrounding volcanic t u f f s .  Otherwise a mass def ic iency would resu l t .  The 

only Schlumberger sounding i n  the v i c i n i t y  o f  the  mass excess shows more 

r e s i s t i v e  rock, which does not  appear t o  r e l a t e  t o  l i tho logy .  

supports the  hypothesis presented. 

inf luence the  e l e c t r i c a l  resul ts .  

the metamorphic u n i t  outcropping t o  the northwest o f  the  sounding. 

This information 

Unfortunately many other fac to rs  may 

The higher r e s i s t i v i t i e s  may be a r e s u l t  o f  

I f  t h i s  hypothesis i s  correct, then the major upwel I i ng o f  geotherma I f I u i d  

i s  around the  sides or  up through the plug and then i n t o  the  near-surface 

aquifers. 

w i th in  the  f ractures immediately surrounding the  "plug." 

anomaly i s  UTM 328923. This implies t h a t  any reservo i r  i n  the  upper k i lometer 

w i l l  r e s u l t  from f rac tu re  permeabil ity, thereby implying denser, wel l  indurated 

but  broken rock un i ts .  

If t h i s  i s  the  case, then the  most l i k e l y  place f o r  a reservo i r  i s  

The center o f  the  
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During the  spr ing and summer o f  1986, planning and contract  negot iat ions 

began f o r  the  i n i t i a l  geothermal gradient d r i l l i n g  a t  Platanares. Funds were 

avai lab le a t  the t ime f o r  two ~500-m-deep coreholes. 

Guatemala was selected as the  d r i l l i n g  contractor.  

deeply as possible ( a t  least  500 m) v e r t i c a l l y  w i t h  the  hope o f  cor ing through 

the Padre Miguel Group i n t o  the Val  l e  de Angeles Group, the  suspected reservo i r  

rocks. 

Swissboring Overseas Ltd. 
The plan was t o  core as 

The object ives o f  the  e f f o r t  were the  fol lowing: 

(1) obta in  quant i ta t i ve  information on the temperature d i s t r i b u t i o n  as a 

func t ion  o f  depth; 

(2) recover f I u i ds associated wi th  the geotherma I reservo i r; 
(3) recover 75% o r  be t te r  core from the  subsurface rock uni ts;  and 

(4) d r i l l  i n t o  the  subsurface rock as deeply as possible t o  obta in  

information on po ten t ia l  reservoir  rocks, f rac tu re  density, 

permeabi l i t ies,  and a l te ra t i on  h i s to r i es  o f  the  rock u n i t s  beneath the  

s i t e .  

The core r i g ,  a Longyear 44 powered by a 4-71 GM diesel  engine w i th  a 20- f t  

mast, was mob i I i zed by S w i  ssbor i ng . 
o f  permits t o  cross borders, road improvements, s i t e  preparation, and 

construct ion o f  camping and mess f a c i l i t i e s ,  o f f i c e  space, a f i e l d  repa i r  shop, 

and equipment and core storage areas. 

from which 95% o f  the  thermal springs a t  Platanares issue. It was intended t o  

penetrate ho t  water a t  shallow depths. This f i r s t  continuously cored 

geothermal gradient hole i n  Honduras was spudded on October 19, 1986. A major 

erupt ion o f  hot  water occurred a t  a depth o f  252 m, wedging the  core bar re l  

w i th  the  Hq rods. 

loading chambers and continuous cool ing w i th  f resh water dur ing nondri I I ing 

periods. Hot water en t r i es  occurred a t  various depths dur ing the  d r i  I I ing, bu t  

t i g h t  cont ro l  on the  system prevented addi t ional  eruptions. 

the Val l e  de Angeles were encountered a t  563 m. Operit ions were shut down 

dur ing December a t  a depth o f  588 m. 

the major f l u i d  ent ry  o f  15OOC water a t  252 m t h a t  was dominating the  

temperature o f  t he  boreho I e and prevent i ng the  determi nat ion o f  a conduct i ve 

gradient. 

Mob i I i zat  i on e f f o r t s  requ i red acqu is i t ion  

PLTG-1 i s  located along a main northwest-trending f a u l t  and f rac tu re  system 

Operations resumed w i t h  a closed c i r c u i t  system, using 

The red beds o f  

I n  mid-January a cementing j ob  sealed o f f  

D r i l l i n g  resumed w i th  Nq rods t o  obtain an addi t ional  50 m o f  hole 
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i n t o  the  Va l le  de Angeles. 

which was immediately cont ro l led  by switching t o  the  closed c i r c u i t  system w i t h  
cool ing as described above. 

650.4 m on January 21, 1987. PLTG-1 i s  producing water from the  625-640-111 

zone, and temperatures a t  the  bottom of the  borehole are dominated by t h i s  
large water entry.  

PLTG-2 i s  located 1 km south-southeast from PLTG-1 i n  a r e l a t i v e l y  

unfaulted block away from the main hot spr ing area. The ob jec t ive  o f  PLTG-2 

was t o  assess subsurface l a te ra l  f low o f  geothermal f l u i d  away from the  main 

hot spr ing area and t o  obtain a conductive temperature gradient t h a t  was no t  

influenced by convective upflow i n  the  main spr ing area. 

On reaching 625 m another major erupt ion occurred, 

The borehole was completed t o  a t o t a l  depth of 

The core r i g  was relocated t o  the  PLTG-2 s i t e  on January 21, 1987, and the  

second borehole was spudded on January 22. 

397.7 m, penetrat ing a red bed u n i t  a t  311 m. 

barre l  threads s t r ipped and parted. 

the  overshot assembly sent down the  hole t o  re t r i eve  the  inner bar re l  was l o s t  

as well  as the  core bar re l .  

fa i led,  and the  hole was completed t o  401 m on February 16. 

the  Hq rods l e f t  i n  t he  borehole as a l i n e r .  The maximum temperature o f  PLTG-2 

i s  104.5OC a t  401 m. an upper zone 

where the gradient i s  ~239OC/km and a lower zone where the  gradient i s  

~139~C/km. 

N1.2-1.5 km based on downward cont inuat ion o f  the lower gradient i n  PLTG-2. 

Coring continued rap id ly  t o  

A t  a depth o f  428 m the  core 

The w i re l ine  broke near the  surface, and 

Attempts t o  "k ick around" the  l o s t  core bar re l  

PLTG-2 produces s m a l l  quant i t ies  o f  water (5-10 t./min) from the  annulus o f  

The log shows two zones o f  h igh gradients: 

Estimated depth t o  the  source reservoir  o f  the  Plantares system i s  

The information obtained from the  f i r s t  two coreholes provided the  impetus 

f o r  a j o i n t  venture between Los Alamos, ENEE, and USAID Honduras t o  d r i l l  a 

t h i r d  corehole. PLTG-3 was located t o  conf i r m  the  high temperature and 

permeabi I i t y  w i th in  the  central  region o f  the  geotherma discharge zone 

observed i n  the  f i r s t  borehole. 

PLTG-3 was spudded on May 9. A hot  water erupt ion occurred on reaching a 

depth o f  25 m, propel I ing the  inner tube t o  the  height o f  the  erupt ion column 

a t  t he  top  o f  t he  mast. 

continued. 

a f a u l t  zone was d r i l l e d  and andesite was encounterd. 

step down t o  NQ core a t  387 m i n  shaley zones. 

A f te r  the  erupt ion was contro led, t he  d r i l l i n g  

A red bed u n i t  was encountered a t  a depth o f  289 m and a t  362.4 m, 

The decis ion was made t o  

The Va l le  de Angeles was 
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encountered a t  622 m and another major hot water ent ry  a t  625 m. 
abrasive condi t ions i n  the  Va l le  de Angeles created problems w i th  b i t  l i f e .  

Total depth o f  679 m was reached on June 10. 

The h igh ly  

The three s l i m  explorat ion coreholes, d r i l l e d  t o  depths o f  650, 428, and 

679 m, respectively, are the  f i r s t  continuously cored geothermal gradient holes 

i n  Honduras. 

o f  both the  f i r s t  and t h i r d  boreholes and general l y  d i f f i c u l t  d r i  I I ing 

conditions, recovery o f  >98% core has been obtained. 

Despite eruptions o f  hot  water t h a t  occurred dur ing the  d r i l l i n g  
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University of Hawaii at Manoa 
Hawaii Natural Energy Institute 

Holmes Hall 246 2540 Dole Street Honolulu. Hawaii 96822 

3 September 1987 

Dr. A. Hilliam Laughlin 

Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 

P.O. BOX 1663 MS-D 446 

Dear B i  11 : 

Re: Recommendations for Continued Exploration and Development 
a t  t h e  Platanares Geothermal ProsDect. Honduras 

First I would l ike to comment on the quality of t h e  Platanares Geothermal 
Prospect, which I believe has a great potential for the discovery and 
development of both a shallow ( ~ 3 0 0  m. ,>150OC) and a deep (<2,000 m, 
>2OOOC) liquid-dominated geothermal reservoir. The areal extent of the 
prospect i s  such that  a shallow reservoir capable of producing 
5 to  10 megawatts of e lectr ic i ty  for 30 years is a real possibility. 
Sufficient data also exist to  strongly indicate the existance of a deep 
reservoir. However, i f  a deep reservoir i s  discovered and developed, the 
possibility that  production from the deep reservoir may impair or  prevent 
production from the shallow reservoir should be considered i n  any development 
plannjng. T h i s  eventuality should not be considered a developmental failure, 
as electrical  power would be available prior to the time the deep reservoir 
would be developed and could supply power for the development of the deep 
resource. Also,. i f  production from the deep reservoir were to  dry up the 
shallow reservoir, the modular generating units could be used to  develop and 
t e s t  other geothermal reservoirs i n  Honduras or neighbori ng countries . 

Regarding the continued exploration and development of the Platanares 
prospect, before any further work i s  done the existing three coreholes should 
be logged to  obtain equi 1 i brated temperatures and geothermal gradients . A1 so, 
the planned AMT and other geaphysical surveys should be completed to provide a 
better understanding of subsurface conditions a t  t h e  prospect, and perhaps i n  
conjunction w i t h  existing data to better define further d r i l l i n g  targets. 

Sufficient technical data are avai lab1 e to indicate that v i  ab1 e resources 
may b e  p r e s e n t  i n  b o t h  shallow and deep  reservoirs and serve as t h e  basis for  

Honduras 51 



, 

I 

Mr. A. William Laughlin 
September 3, 1987 
Page 2 

plans t o  continue tes t ing and development of the prospect. A t  least  three 
options for  the development of the prospect exist .  The option chosen w i l l  
depend upon the requirements of ENEE, t h e  type and size of reservoir needed, 
the amount of f u n d i n g  available, t iming,  and the level of r isk that  ENEE i s  
prepared to  accept. 

ODtion I Develop the Deep Reservoir 

1 .  Drill a maximum of three Temperature Observation Hells (TOW) to  depths o f  
a t  least  600 meters. 
much of the prospect area as possible w i t h  the objective of defining a 
d r i l l i n g  target for  a Test For Discovery (TFD) well t o  t e s t  the deep 
reservoir. 
e i ther  diamond core or  rotary d r i l l  r igs  and should not be designed as 
production wells. Information received from these wells should include 
geology, hydrology, subsurface temperatures , and dri 11 i ng conditions. Water 
samples should be collected i f  possible and analyzed. Composite core o r  rock 
chip samples should be collected and analyzed for  gold, s i lver ,  mercury, 
arsenic, base metals, e tc . , i f  the rock samples appear t o  be mineralized. If 
the TW i s  dr i l led  by a rotary r ig ,  chip samples should be mounted on chip 
boards fo r  visual analysis and comparison w i t h  other rock and chip samples. 
If possible, downhole res i s t iv i ty ,  self-potential, and gamma-ray geophysical 
logs should be taken. Temperature logs should be taken about a day a f t e r  the 
well i s  completed. If practical ,  another temperature log should be taken a 
week o r  two a f t e r  well completion. A final "equilibrated" temperature log can 
be taken approximately a month a f t e r  well completion. 

The TOWs should be located and spaced so as to  t e s t  as 

The wells should be dr i l led as economically as possible using 

1A. If a management decision i s  made t o  assume the r isk of not d r i l l i n g  TOWs, 
this step can be omitted. However, i f  the TFD well i s  unsuccessful, then one 
o r  more TWs should be dr i l led to  bet ter  define a production d r i l l i n g  target.  

2. Drill a TFD well. This well should be designed as a production well w i t h  
a total  depth of approximately 2,300 meters and should be planned to  
intersect  the deep reservoir a t  a depth of approximately 2,000 meters. The 
well should be stopped above a depth of 2,000 meters i f  the deep (>2OOoC) 
reservoir i s  intersected. Prior t o  flow testing, the well should be logged 
w i t h  an applicable su i t e  of logs, and if the completed well i s  t o  be cased, a 
cement bond log should be run immediately a f t e r  the cement has se t .  An 
equilibrated temperature log should be taken prior t o  flow test ing i f  
possible, and well temperatures should be Rani tored a f t e r  flowing u n t i l  
equi 1 i bri um i s achi eved. 

2A. If the TFD well i s  successful a Cornfirmation Production Well (Of) should 
be dr i l led .  Design and depth of the well will  be determined by the resul ts  of 
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the TFD well but should be similar to the initial well. The first well 
should be instrumented during the flow test of the CH to establish if 
communication between the two wells exists. 

2B, If the TFD well is unsuccessful, and TOHs have not been drilled, one or 
more TOWS should be drilled to better define a drilling target for the deep 
reservoir. 

Or>tion I1 Develop the Shallow Reservoir 

1. ttlith a truck-mounted rotary rig, drill production wells to develop the 
shallow (<300m, >150OC) reservoir. A nominal seven-hole program would allow 
for six wells capable of producing one megawatt each and a “dry” hole which 
may be later utilized as an injection well. This would provide sufficient 
we1 1 s to support a fi ve-megawatt bi nary-cycl e geothermal plant wi th one 
standby production we1 1. Additional injection we1 1s would be required. The 
ultimate number of wells will be determined by drilling and flow test 
results. Electrical generation capability can be increased by adding binary 
generation modules until the reservoir capacity is reached. He1 1 depth should 
be planned for 300 meters, but the drilling should be stopped and the wells 
completed if the reservoir is intersected at shallower depths. These wells 
should be logged and flow tested as outlined in Option I. 

ODtion 111 Simultaneous Development of Both Reservoirs 

1. Begin the development of the shallow reservoir as outlined in Option 11. 

2. Utilizing data developed from existing shallow production wells, site a 
JFD well to develop the deep reservoir as outlined in Option I. Suf f ic ient  
data should be available from the production wells so that TOHs will not be 
needed. 

I enjoyed the opportunity to review the data for this excellent prospect 
and would be pleased to assist in any way possible in the future. 

HJO: ek 

Industries 
Fellow in Geothermal Energy Research 
University of Hawaii at Manoa 
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SUMMARY 

This discussion addresses the  costs and benef i ts  o f  i n s t a l l i n g  a 10-MWe 

geothermal p lan t  a t  Platanares as ear ly  as  1991. 

resu l t s  from a dynamic opt imizat ion program. 

completed w i th in  one t o  two months, w i l l  r e s u l t  i n  an optimal expansion plan 

f o r  ENEE. 

It i s  based on prel iminary 

Future work, expected t o  be 

Prel iminary resu l t s  ind icate t h a t  the reduction i n  costs over a 20-year 

study per iod t h a t  are af forded by the  i n s t a l l a t i o n  o f  a 10-MW p lan t  as ear ly  as 

1991 amount t o  $21,50OK (thousands o f  1987 dol lars) .  I n  addit ion, the  revenues 

from e l e c t r i c i t y  sales from the  10-MW p lan t  could amount t o  approximately 

1646,000K i n  the  p l a n t  operates as expected a t  an 80% capacity fac to r  over the  

period 1991 through the  end o f  the  20-year study per iod i n  2008. 

the 10-MW p lan t  are approximately $17,90OK i n  i n i t i a l  cap i ta l  expenditures p lus 

operation and maintenance costs amounting t o  a sum o f  $2,30OK i n  present value 

terms over the  18 years o f  the  study period. Benef i ts  o f  1621,500K i n cost  

reduction p lus  S46,OWK i n  value o f  output outweigh t o t a l  present value of 

costs o f  $20,20OK by a fac to r  o f  more than 3 t o  1. 

analysis, development o f  a 10-MW p lan t  a t  Platanares by 1991 i s  warranted from 

an economic po in t  o f  view. 

The costs of 

Based on t h i s  prel iminary 

I. INTRODUCTION 

The economic feas ib i  i i t y  of e l e c t r i c i t y  generation from geothermal 

resources a t  Platanares i s  being analyzed w i th  a computer code t h a t  determines 

a least-cost expansion plan for  ENEE. The computer code, WASP, was recommended 

by the  Inter-American Development Bank (IDB), i s  i n  use i n  several developing 

countries, and handles the  probabi I i s t i c  operation o f  hydroelect r ic  p ro jec ts  

expl i c i t l y - -an  important charac ter is t i c  fo r  a hydrodominated system such as 

ENEE's. 
The fo l low ing  input  da ta  are required t o  simulate e l e c t r i c i t y  system 

operation : 

i t s  expected l i f e  and the  cost  o f  i t s  operation; hydrologic condi t ions and 

expected energy output o f  a l  I hydroelectr ic p lants  under the  possible 

expected i ncreases i n peak demand; present generat i ng equ i pment, 
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conditions, e.g., dry years, wet years, and normal years; and the cost and 
operat i ng data about the therma I, geotherma I ,  and hydroelectric a I ternat i ve 
projects that ENEE can select to satisfy future energy requirements. 

WASP simulates operation of the electric generating system, incorporating 
the probability of occurrence of dry years and the variations in rainfall and 
resulting available energy from hydroelectric plants within a year. Based on 
projections of peak demand and retirements of existing capacity, the timing, 
type, and number of plant additions are selected by the code to minimize the 
cost of electricity supply and to meet demand and reliability constraints. 

11. INPUT DATA 

Computer model ing has just begun, and results reported here are 
preliminary. Many data will be varied parametrically during sensitivity tests, 
especially data on increases in peak energy demand and costs of the 
alternatives. 

AI I data were obtained in cooperation with ENEE. The most important data 
are projected increases in peak energy demand and the characteristics of  the 
alternatives. 
study by ENEE, which projects energy requirements in GWh per year. 
assumed that peak demand would increase at the same rate as energy 
requirements. 
increase was used. In future analysis to be completed in the near term, a 
different set of projections obtained from ENEE that go through 2007 wi I I be 
used. These projections increase at a faster rate than 5.1% in later years. 

Projections of peak demand are based on a recently completed 
It was 

ENEE's projections go through 1992; beyond 1992, a 5.1% per year 

Data on the hydroelectric project alternatives were obtained from a 
Chas. T. Main International, Inc. SEI report entitled "Updating of Honduras 
Hydroelectric Potential." 
dol lars using a cost escalation factor for hydroelectric projects pub1 ished by 
the U.S. Bureau of Reclamation. 
increase in hydroelectric costs between 1983 and 1987. 
conducting feasibility studies on their most promising hydroelectric 
a I ternat i ves--Rem0 I i no and Naranj i to. 
a more accurate evaluation of the hydroelectric options wi I I be feasible. 

The 1983 costs in this report were updated to 1987 

The net result of the cost escalation was 9% 
ENEE is presently 

When these stud i es have been comp I eted, 
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The costs o f  geothermal development a t  Platanares (Table F-I) were assumed 

t o  be equivalent t o  the  cos t  o f  development o f  Miraval les I1 i n  Costa Rica--an 

assumption recommended by Ing. Gustavo Calder6n o f  t he  IDB. The costs are 

based on f i n a l  b ids  f o r  development o f  the Costa Rican geothermal f i e l d .  

Ing.  Calder6n f e l t  t h a t  they were adequate t o  use u n t i l  more de ta i led  data a re  

obtained through f e a s i b i l i t y  studies a t  Platanares. 

p lants  were scaled from t h e  cost  o f  development o f  t he  55-MW p lan t  using 

factors obtained from previous b ids t o  the  IDB and the  I n s t i t u t o  Costarricense 

de E lec t r i c idad f o r  construct ion o f  20-, 30-, and 60-MW p lan ts  a t  Miraval les.  

The 10-MW p l a n t  d i f f e r s  from the  other three geothermal options because it 

uses binary-cycle, wellhead generators t h a t  can operate w i th  f l u i d s  o f  a lower 

temperature. 

reservoir  where the  higher temperature f l u i d s  reside. D r i l l i n g  costs should be 

lower. 

company t h a t  manufactures wellhead generators, Ormat. The generator cos t  shown 

includes the  p r i c e  o f  a l l  equipment and the  con t ro l l e rs  f o r  the  wellhead 

generators ($800/kW) p lus  the  cost  o f  the  transformer, t he  substation, cool ing, 

engi neer i ng, e t c  . (an add i t i ona I $500-$900/kW) . To be conservat i ve, t he  upper 

l i m i t  o f  $1,70O/kW was used f o r  t he  "generator" costs. 

possible f o r  t he  d r i l l i n g  costs. 

t h a t  a 500-m-deep wel l  w i th  a capacity o f  2 MW would cost  $600K. To provide 

10 MW of generating capacity, f i v e  wel ls  p lus one standby wel l  are required. 

Well costs would thus be $3,600K. 

554"  p lan t  a t  Mi raval les resu l t s  i n  s i g n i f i c a n t l y  lower wel l  costs--$1,700K. 

Since the  Miraval les costs are from competit ive bids, it was assumed t h a t  

competit ive bidding f o r  t he  Platanares f i e l d  would r e s u l t  i n  costs 

s i g n i f i c a n t l y  less than 16600K per wel l .  

b ids a t  Miraval les decreased by 401, showing t h a t  t he  current  competit ive 

market f o r  d r i l l i n g  can r e s u l t  i n  lowered costs. 

evaluation, we have used the  costs scaled from the  55-MW plant .  

cost  o f  the  transmission l i n e  t o  the  nearest po in t  i n  the  grid, 
l i n e  costs have no t  been added t o  the  thermal a l te rna t ives  a t  t h i s  t ime because 

it was assumed t h a t  a thermal p lan t  w i  I I be constructed close t o  the  g r i d  and 

connection costs w i  I I be minimal. 

Costs o f  t he  20- and 30-MW 

Thus, t he  10-MW p lan t  does not requi re  development o f  t he  deep 

The cos t  o f  t he  10-MW generator a t  Platanares was obtained from a 

Two a l te rna t ives  were 

I n i t i a l  estimates from Swissboring indicated 

However, sca l ing the  wel l  costs from the  

Between 1985 and 1987, d r i l l i n g  cos t  

For our prel iminary 

A I I costs f o r  each hydroe I e c t r  i c and geotherma I a I t e rna t  i ve i nc I ude the  

Transmission 

Costs were div ided i n t o  fo re ign  and domestic 
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components. 

d i s t r i b u t i o n  of costs fo r  the  El  Caj6n project--74% fore ign  and 26% domestic. 

The same r a t i o  was applied t o  the  cost  o f  the  transmission l ines.  

component o f  the geothermal p lan t  costs is--80cX--and i s  based on the  proport ion 

used by the  IDB f o r  Miraval les.  

are a lso from the  IDB. 

The foreign/domestic s p l i t  was obtained from the  f i n a l  

The fo re ign  

The cost  s p l i t  f o r  the  thermal a l te rna t ives  

I n  accordance w i th  conventions o f  the  development banks, t he  domestic costs 

are discounted by a shadow-price fac to r  t o  account f o r  t he  f a c t  t h a t  the  rea l  

value o f  labor i n  the  Honduran economy i s  less than i t s  nominal value. The 

Honduran shadow-price fac to r  f o r  s k i l l e d  labor, engineering and administrat ion, 

and warehouses and shipping i s  0.7410; f o r  national materials, it i s  0 9040 on 

a scale where the  shadow p r i c e  o f  fore ign exchange equals 1.0. It was assumed 

t h a t  most o f  the  domestic costs w i l l  be i n  the form o f  labor and shipp ng, so 

the 0.7410 fac to r  was used. An i n i t i a l  approximation o f  the  level ized costs 

f o r  the hydroe 

These data are 

expensive. It 

cos t ly  t o  deve 

e c t r i c  and geothermal a l te rna t ives  are shown i n  Table F-11. 

used t o  rank the  hydroelectr ic options from leas t  t o  most 

i s  apparent t h a t  geothermal energy may be s i g n i f i c a n t l y  less 

op than the  hydroelectr ic a l ternat ives.  

For t h i s  prel iminary analysis, t he  same thermal a l te rna t ives  used by the  

IDB i n  Costa Rica were used i n  Honduras. These include a 50-MW fue l /o i  I -  
burning plant, a 50-MW gas turbine, a 56-MW coal p lant,  and a 110-MW coal 

p lant .  With the  exception o f  coal, which i s  not marketed t o  a s i g n i f i c a n t  

degree i n  Honduras, actual present Honduran fue l  costs were used i n  the  

analysis. Cost d a t a  fo r  the  thermal options are shown i n  Table F-111. These 

are not level ized costs and are not d i r e c t l y  comparable t o  the  costs i n  

Table F-11. 

111. PRELIMINARY RESULTS 

The goal o f  t he  economic prefeasibi  I i t y  study i s  t o  determine the  benef 

o f  geothermal development o f  the  Platanares f i e l d  by comparing it t o  a l l  of 

a l te rna t ives  and t o  determine an optimal expansion plan f o r  WEE. The 

t s  

the  

immediate ob jec t ive  o f  t h i s  appendix i s  t o  estimate the  benef i t s  o f  development 

o f  the  shallow reservoir ,  amounting t o  a capacity add i t ion  o f  10 MW by as ear ly  

as  1991. I n  order t o  evaluate the  benef i ts  o f  the  10-MW plant,  WASP resu l t s  
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t h a t  include the  p o s s i b i l i t y  o f  i n s t a l l i n g  

wi th  resu l t s  t h a t  do not  include a 10-MW p 

a 10-MW p lan t  

an t  as an opt  

i n  1991 
m. A I  

are compared 

other data 

remain the  same. 

current  plants, and fu tu re  a l ternat ives,  WASP se lects  the  se t  o f  p lan ts  from 

among the  a l te rna t ives  as needed t h a t  minimizes the  cost  o f  supplying 

e l e c t r i c i t y .  Table F-IV shows the  prel iminary resu l ts .  

under the  p l a n t  type symbols indicates the  number o f  p lan ts  o f  a given type 

t h a t  are selected i n  a pa r t i cu la r  year. 

column on the  f a r  r i g h t  s i g n i f i e s  t h a t  the  f i r s t  geothermal p lan t  was selected 

i n  1991 and the n+n s i g n i f i e s  t h a t  another p lan t  o f  the same type would 

possible be desirable t o  minimize costs. 

a v a i l a b i l i t y  o f  t he  various p lants  and the  type o f  thermal p lan ts  t h a t  are an 

option. 

most economic ones--the coal p lants  and the  50-MW gas turbine. The present 

value cost  o f  supplying e l e c t r i c i t y  from 1988 through 2008 i s  approximately 

16621,900K i f  the  10-MW p lan t  i s  included and i s  $643,40OK i f  the  10-MW p l a n t  i s  

not included. (These numbers are the  value o f  the  object ive funct ion i n  2008 
from Tables F-IVA and F-IVB, respectively.) The net  di f ference, $21,50OK, i s  

thus the  present value o f  the  reduction i n  costs afforded by i ns ta l  I ing  t h e  

10-MW plant .  

An i n i t i a l  estimate o f  present value cap i ta l  and operation and maintenance 

(OM) costs o f  the  10-MW p lan t  over the  18 years o f  the  study per iod i n  which 

it operates (1991 through 2008) y i e l d s  a cost  o f  $17,878K cap i ta l  p lus  162,340K 
o f  cap i ta l i zed  O&M expenses, t o t a l i n g  $20,218K. 
less than the  reduct ion i n  operating costs t h a t  ENEE could experience from 

ins ta l  I ing the  p l a n t  ($21,50OK). 
factor,  the  p l a n t  w i l l  generate 70,080 MWh/yr o f  e l e c t r i c i t y .  

e l e c t r i c i t y  p r i c e  o f  $O.OS/kWh, the  present value o f  t h i s  e l e c t r i c i t y  over 18 
years o f  operation i s  345,725K. 
value o f  t he  e l e c t r i c i t y  produced p lus the  savings i n  cost  o f  operation f a r  

outweigh the  cost  o f  t he  10-MW p lan t .  

The cost  savings computed f o r  t he  10-MW p l a n t  a re  based on simulat ions t h a t  
w i l l  need t o  be adjusted i n  the  fu tu re  t o  decrease the  loss-of-load p robab i l i t y  

(LOLP) t o  0.5 t o  1%. 
percentage, when the  ava i lab le  generation i s  expected t o  be unable t o  meet the  

Given the  input peak demand, operating charac ter is t i cs  o f  

The column o f  numbers 

For example, the  " 1 + n  under the  GEOT 

The user spec i f ies  the  date o f  

I n  t h i s  prel iminary analysis, the  thermal options were l im i ted  t o  the  

This present value cost  i s  

I n  addit ion, operating a t  an 80% capacity 

A t  an 

According t o  t h i s  prel iminary analysis, t he  

An LOLP i s  the  number o f  days per year, expressed as a 
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system load. As a resul t ,  unserved energy costs are incurred. Owing t o  the  

spec i f i ca t ion  o f  hydrology condi t ions i n  the prel iminary analysis, which 

assumes t h a t  the  hydrology o f  the a l te rna t ives  i s  s i m i l a r  t o  t h a t  o f  Lake 

Yojoa, s i g n i f i c a n t  unserved energy costs are being incurred, p a r t i c u l a r l y  i n  

the ear ly  1990s. Unless ENEE recommends changes i n  the  spec i f i ca t ion  o f  t he  

hydro I ogi c cond it i ons, reduc i ng the LOLP t o  more acceptab I e I eve Is, requ i red 

f o r  an optimal solut ion, i s  l i k e l y  t o  requi re  the  add i t ion  o f  more thermal 

peaking u n i t s  t o  serve dur ing dry periods. 

presented here cannot be considered f i n a l .  

cost  data i n  Table F-I1 shows t h a t  present estimates o f  geothermal and 

hydroelectr ic costs favor the  development o f  geothermal plants.  

the  10-MW geothermal p lan t  i n  the  f i r s t  year t h a t  it i s  avai lable, 1991, 

ind icat ing t h a t  operating costs can be minimized through construct ion o f  t h i s  
p lant .  

I n  other words, t h e  resu l t s  

However, a simple examination o f  

WASP se lects  
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TABLE F-I. GEOTHERMAL PLANT COSTS I N  THOUSANDS OF 1987 US DOLLARS UNLESS OTHERWISE NOTED 

10 MW 20 MW 

LOCAL FOREIGN TOTAL 
_ _ _ ~ ~  ~~~ 

Eng. & Admin. 
Land 3.78 0 3.78 
C i v i  I Works 
we1 I s  0 1701 1701 
Generator 3276.22 12680 16866.22 
Pi  pes 
Transmfssion 66.66 262 317.66 

Tota I 3344.66 14633 17877.66 
Dollar per kw 334.47 1463.30 1787.77 

Lines 

LOCAL 

1431.80 
7.37 

1229.91 
0 

2308.87 
977.24 
66.66 

FOREIGN 

2202.41 
0 

220.08 
3231.90 

14946 
1266 
262 

~~ 

TOTAL 

3634.21 
7.37 

1449.99 
3231.90 

17263.87 
2242.34 

317.66 

LOCAL 

2202.77 
11.34 

2342.69 
0 

2800.92 
1266.97 

66.66 

6020.84 22116.39 28137.23 
301.04 1106.82 1406.86 

30 MW 

FOREIGN 

3388.32 
0 

419.20 
7144.20 

1638.76 
18130 

262 

65 MW 

TOTAL LOCAL FOREIGN TOTAL 

6691.09 
11.34 

2761.89 
7144.20 

20930.92 
2904.72 

317.66 

8689.23 30972.47 39661.81 
289.64 1032.42 1322.06 

3671.28 
18.89 

2928.36 
0 

3786.03 
2221 .oo 

189.92 

12814.49 
232.99 

6647.20 
0 

624 
17010 
24600 

2876 
729.30 

61286.60 
923.66 

9318.48 
18.89 

3462.36 
17010 
28286.03 

6096.00 
919.22 

64099.99 
1166.46 

TABLE F-11. COST OF HYDROELECTRIC AND GEOTHERMAL PLANT ALTERNATIVES I N  1987 US DOLLARS PER kW UNLESS 
OTHERWISE NOTED 

AVERAGE 
LEVELIZED COST CAPACITY E k R G Y  CAPACITY CAPITAL COST TOTAL COST O&M 

PLANT (MW (GWh/YR) CRF' FACTOR FOREIGN DOMESTIC (S/kW (S/kW-YR) fS/kW-YR\ 

Naranj i t o  
Rai ty  1 
Sic0 1-2 
Sic0 1 
Cayetano 
Sic0 2 
Remo I i no 
Ra i ty-Cay 
Guyane I 
Huyurna 
Cerro Mal 
Sic0 1+2 
Cay+Rai t y  
GE-66 
GE-30 
CE-20 
GE-IO 

72 411 0.12 0.66 
403 1236 0.12 0.36 

86 491 0.12 0.66 
166 480 0.12 0.36 
118 669 0.12 0.66 
122 701 0.12 0.66 
126 660 0.12 0.60 
260 1188 0.12 0.64 

8.10 33 0.12 0.47 
8 34 0.12 0.49 

230 1306 0.12 0.66 
207 1193 0.12 0.66 
368 1867 0.12 0.68 

66 389 0.13 0.81 
30 210 0.13 0.80 
20 140 0.13 0.80 
10 70 0.13 0.80 

2168 416 
1176 306 
2669 666 
1768 460 
2630 669 
2669 666 
1604 392 
1633 426 
1116 290 
2087 643 
2120 662 
2669 666 
1921 600 
932 233 

1032 290 
1106 301 
1463 334 

2674 
1481 
3226 
2228 
3189 
3226 
1896 
2068 
1406 
2630 
2672 
3226 
2421 
1166 
1322 
1407 
1788 

3.72 
3.72 
3.72 
3.72 
3.72 
3.72 
3.72 
3.72 
3.72 
3.72 
3.72 
3.72 
3.72 

32.28 
32.28 
32.28 
32.28 

483 
622 
697 
778 
602 
600 
464 
466 
374 
664 
606 
699 
616 . 
224 
261 
266 
326 

'Capital Recovery Factor f o r  l i f e  o f  plant and interest ra te  equal t o  12%. 
L i f e  o f  hydroelectric plants i s  40 years; of geothermal plants, 25 years. 
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TABLE F-111. INPUT DATA ON THERMAL PLANTS 

HEAT RATES FAST 
NO. MIN. CAPA- (kcaVk"h) FUEL COSTS SPIN DAYS MAIN 
OF LOAD CITY BASE AVCE (~/llkcrl) FUEL RES FOR SCHL CLAS 

NO. NAME SETS (MW) (MW) LOAD INCR DMSTC FORCN TYPE (X) (X) MAIN (MW) - -  - - - - - - - - - _ _ _ _ -  

c-32 0 32 32 
C-50 0 13 60 
6-52 0 13 60 
COS6 0 24 66 
CllO 0 44 110 
STEA 0 76 76 
MSD 0 26 26 
CT 0 26 26 

3879 
3890 
3861 
3436 
3200 
2734 
2666 
3931 

3349 
2756 
2712 
2707 
2600 
2734 
2666 
3931 

603.0 
603.0 
603.0 

0 
0 

141.0 
141.0 
603.0 

2616.0 3 
2616.0 3 
2616.0 3 

667.0 4 
667.0 4 

1649.0 0 
1649.0 0 
2616.0 1 

0 
10 
10 
10 
10 
0 
0 
0 

20.0 
20.0 
20.0 
10.0 
16.0 
16.0 
18.0 
12.0 

30 60 
16 60 
16 60 
30 60 
46 110 
46 110 
66 26 
36 26 

0.13 0.94 
0.13 0.81 
1.39 2.99 
2.67 2.39 
1.78 3.16 
1.78 3.16 
6.30 8.80 
1.16 3.18 

CAPITAL COSTS 

LOCAL FOREIGN 
(WW) 
-- 

166.6 461.9 
222.4 486.0 
306.5 666.6 
103.3 1670.4 
91.8 1496.0 
74.0 1670.0 
62.0 1316.0 
26.0 661.0 



TABLE F-IV. PRELIMINARY RESULTS OF DYNAMIC OPTIMIZATION 

A. CASE THAT INCLUDES 10-MW GEOTHERMAL PLANT 

SOLUTION 81 VARIABLE ALTERNATIVES BY YEAR 
-- PRESENT WORTH COST OF THE YEAR 
YEAR CONST SALVAL OPCOST ENSCOST TOTAL (CUMM.) (X) C-32 (2-50 8-62 

(KS) -- OBJ FUN LOLP 

---- ~ - - _ _ _ - - -  
2008 0 0 7385 394 7780 621873 1.491 0 5 0 
2007 3672 2800 7157 103 8131 614093 0.517 0 5 0 
2006 20266 14223 7425 178 13646 605962 0.715 0 4 0 
2005 4606 2641 8072 1020 11058 592316 2.187 0 4 0 
2004 0 0 7621 1452 9073 581259 3.095 0 3 0  
2003 16202 7933 7355 961 16586 572186 1.929 0 3 0 
2002 6471 2323. 7724 1121 12993 565600 2.021 0 3 0 
2001 0 0 7181 1648 8830 542607 2.387 0 2 0 
2000 22763 7706 6955 1175 23187 533777 1.934 0 2 0 
1999 25495 7612 7552 2284 27719 510591 2.614 0 2 0 
1998 11402 2770 8452 2892 19975 482872 2.833 0 2 0 
1997 11404 1482 9921 7180 27023 462896 9.150 0 2 0  
1996 23115 4184 8305 9759 36996 435873 10.522 0 1 0 
1995 0 0 10495 24769 35264 398877 17.218 0 1 0 
1994 16022 695 10925 20647 46899 363614 15.172 0 1 0 

1992 0 0 8010 53326 61336 223994 24.982 0 0 0  
1991 11362 860 8114 43351 61967 162659 20.144 0 0 0 
1990 0 0 8720 40823 49543 100692 18.937 0 0 0 
1989 0 0 14117 14152 28268 51149 8.842 0 0 0 

1993 56088 7643 7474 36800 92720 316714 19.525 0 0 0 

1988 0 0 12529 10351 22881 22881 4.325 0 0 0 

"CONST: = Construction costs. 
"SALVAL" = Salvage value. 
"OPCOST" = Operating costs. 
"ENSCOST" = Unserved energy cost (valued a t  tO.SO/kWh). 
"OBJ FUN" = Cost of supplying energy--WASP selects a plan t o  minimize t h i s .  
"LOLP" = Loss of load p robab i l i t y  as a percentage o f  number o f  days per year. 

COS6 CllO STEA MSD CT HYDR GEOT 

4* 1 0 0 0  1 3+ 
4+ 1 0 0 0  1 3+ 
4 1 0 0 0  1 3+ 
4 0 0 0 0  1 3 +  
4 0 0 0 0 1  3+ 
4 0 0  0 0  1 3+ 
3 0 0 0 0 1  3+ 
3 0 0 0 0 1  3+ 
3 0 0 0 0 1  3+ 
2 0 0 0 0 1  3+ 
1- 0 0 0 0  1 3+ 
1 0 0 0 0 1  2+ 
1 0 0 0 0 1  2+ 
1 0 0  0 0 1+ 1- 
1 0 0 0 0  l+ 1 
1 0 0 0 0 1+ 1+ 
0 0 0  0 0  0 1+ 
0 0 0 0 0 0  1+ 
0 0 0 0 0 0  0 
0 0 0 0 0 0  0 
0 0 0  0 0  0 0 

--------- 
Plants allowed f o r  consideration: C-SO (gas turbine, 50 MW); COS6 and C0110 (56- and 110-MW coal  plants); HYDR 
(hydroelectric p lants  from Table F-11, l i s t e d  i n  order from least t o  most expensive on a leve l i red  S/kW basis); and 
CEOT (geothermal plants). 
been selected by WASP. 
p lants  may be desirable. 

The numbers under the  p lan t  types ind icate the  number o f  p lants o f  t he  above type t h a t  have 
+ s i g n i f i e s  tha t  more plants of t h i s  type are desirable f o r  a given year; - s i g n i f i e s  t h a t  less 
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6. CASE THAT DOES NOT INCLUDE 10-MW GEOTHERMAL PLANT 

SOLUTION 81 VARIABLE ALTERNATIVES BY YEAR 
-- PRESENT WORTH COST OF THE YEAR (KO) -- OBJ FUN LOU 
YEAR CONST SALVAL OPCOST 

2008 
2007 
2006 
2005 
2004 
2003 
2002 
2001 
2000 
1999 
1998 
1997 
1996 
1995 
1994 
1993 
1992 
1991 
1990 
1989 
1988 

16156 
3672 

0 
22698 

0 
5778 
18147 

0 
8117 
25495 
10051 
11404 
35458 

0 
44931 
56088 

0 
0 
0 
0 
0 

14356 
2800 

0 
14139 

0 
2441 
7866 

0 
2042 
7612 
2442 
1482 
6418 

0 
6941 
7643 

0 
0 
0 
0 
0 

6487 
7302 
6991 
6924 
8028 
7788 
7226 
7712 
7507 
6764 
7194 
8523 
6931 
8460 
8889 
7686 
8582 
8141 
8720 
14117 
12529 

ENSCOST TOTAL 

193 8471 
600 8774 
766 7757 
420 15903 
1527 9555 
1149 12274 
1096 18604 
1914 9626 
1449 15031 
2241 26888 
2837 17640 
3687 22131 
9363 45334 
24307 32767 
20104 66983 
42220 98351 
59622 68205 
50264 58406 
40823 49543 
14152 28268 
10351 22881 

~- (CUMM.) (Q C-32 ~ - -  
643391 0.858 0 
634920 1.835 0 
626145 2.006 0 
618388 1.237 0 
602485 2.587 0 
592930 2.126 0 
580656 2.006 0 
562053 2.562 0 
55247 2.162 0 
537396 2.595 0 
610508 2.810 0 
492868 3.090 0 
470737 10.319 0 
425403 17.093 0 
392636 15.051 0 
325653 21.064 0 
227302 26.459 0 
159097 22.064 0 
100692 18.937 0 
51149 8.842 0 
22881 4.325 0 

C-60 8-62 COS6 c110 STEA 

4 
4 
3 
3 
3 
3 
2 
2 
2 
1- 
1- 
1- 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4+ 
4+ 
4 
4 
4 
4 
4+ 
3 
3 
3+ 
2 
2+ 
2+ 
2+ 
2+ 
1 
0 
0 
0 
0 
0 

2 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

MSD CT 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

- -  HYDR 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1+ 
1+ 
1+ 
0 
0 
0 
0 
0 

- CEOT 

2+ 
2+ 
2+ 
2+ 
2+ 
2+ 
2+ 
2+ 
2+ 
2+ 
2+ 
1+ 
I+ 
0 
0 
0 
0 
0 
0 
0 
0 

"CONST: = Construction costs. 
"SALVAL" = Salvage value. 
"OPCOST" = Operating costs. 
"ENSCOST" = Unserved energy cost  (valued a t  $O.SO/kWh). 
"OBJ FUN" = Cost o f  supplying energy--WASP selects a plan t o  minimize th is .  
'LOLP" = Loss o f  load p robab i l i t y  as a percentage o f  number o f  days per year. --------- 
Plants allowed f o r  consideration: 
(hydroelectr ic p lants  from Table F-If, l i s t e d  i n  order from least  t o  most expensive on a level lzed O/kW basis); and 
CEOT (geothermal plants). 
been selected by WASP. 
p lants  may be desirable. 

(2-50 (gas turbine, 50 MW); COS6 and C0110 (56- and 110-MW coal plants); HYDR 

The numbers under the p lan t  types ind icate the number o f  p lants o f  t h e  above type t h a t  have 
+ s i g n i f i e s  t h a t  more plants o f  t h i s  type are desirable f o r  a given year; - s ign i f i es  t h a t  less 
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APPENDIX G 

SUMMARY OF RESULTS OF NATURAL-SOURCE ELECTRICAL STUDIES 
BY THE U.S. GEOLOGICAL SURVEY AT PLATANARES, HONDURAS, 

WITH RECOMMENDATIONS 

D. B. Hoover 

U.S. Geological Survey 
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Work performed by the  U.S. Geological Survey a t  the  Platanares geothermal 

s i te ,  Honduras, consisted o f  7 multifrequency t e l l u r i c  l ines  and 10 audio- 

magnetotel lur ic (AMT) soundings. 

o f  the dipoles o f  each t e l l u r i c  l i n e  t o  have a measure of  apparent r e s i s t i v i t y  

as reference f o r  each I ine. The t e l  I u r i c  I ines covered the area of  p r inc ipa l  

in te res t  a t  Platanares and are shown i n  the accompanying Fig.  G-1. 
t e l l u r i c  surveys were made t o  i den t i f y  low r e s i s t i v i t y  regions a t  Platanares 

t h a t  might be associated w i th  thermal waters below the surface and t o  i den t i f y  

major f a u l t s  t h a t  may be contro l  I ing the f low of  therma I water. 

on the t e l l u r i c  l i nes  was 125 m. 

Seven of  the AMT soundings were made on one 

The 

Dipole spacing 

R e s i s t i v i t i e s  observed i n  the  area are very low, general ly under 10 ohm-m 

below the  s u r f i c i a l  deposits, and agree w i t h  p r i o r  DC e l e c t r i c a l  studies. 

meant t h a t  t he  depth o f  explorat ion was not as deep as had been desired. 

maximum depth o f  explorat ion was not  over 300 m i n  most places, so l i t ho log ies  

beneath the Te r t i a ry  Padre Miguel Group would not have been seen on most o f  the  

l ines.  Te r t i a ry  andesite crops out  near l i n e  4 and the north end o f  l i n e  5, so 

they should have been sampled by the EM signals. 

expected t o  have high r e s i s t i v i t i e s ,  but  none were observed on e i the r  l i n e  

4 o r  5. 

f ractured and a I tered. 

This 
The 

Unaltered andesites would be 

This suggests t h a t  the andesites i n  the area o f  l i n e  4 have been 

Var iat ions i n  r e s i s t i v i t y  along the t e l l u r i c  l ines  were be t te r  than 

10 t o  1. 

Group, these var ia t ions are in fer red t o  r e f l e c t  the  e f fec ts  of  f a u l t i n g  and the  

presence o f  geothermal f l u i d s .  Figure G-2 shows a r e s i s t i v i t y  map derived from 

the AMT and t e l l u r i c  da ta  f o r  the survey area using the  7.5-Hz data.  

lowest frequency used i n  the  t e l l u r i c  survey was 7.5 Hz, so the map represents 

the  apparent r e s i s t i v i t y  changes a t  the greatest depth we were able t o  sample. 

Because the  depth explorat ion i s  a func i ton o f  both r e s i s t i v i t y  and frequency, 

t h i s  map does not  represent a constant depth horizon. 

r e s i s t i v i t i e s  are seen i n  Fig.  G-2. One area, under 1.8 ohm-m, corresponds t o  

an area along the  Quebrada del Agua Caliente where hot springs are general ly 

Assuming t h a t  the  EM data  were sampling p r i n c i p a l l y  the  Padre Miguel 

The 

Two areas of  very low 

unmixed w i th  surface water. The presence of the  unmixed hot  springs suggests 

t h a t  thermal waters in’ the area are r i s i n g  d i r e c t l y  along r e l a t i v e l y  permeable 

paths from a deeper reservo i r .  The e l e c t r i c a l  data are consistent with th i s ,  
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Figure G-1. Location o f  the telluric lines at Platanares. 
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i nd i c a t  i ng t h a t  i ncreased poros i ty  and/or higher sa I i n i t y  and/or h i gher 

temperature f l u i d s  are present i n  the area. 

Another area o f  anomalous low r e s i s t i v i t y ,  under 1.8 ohm-m, appears i n  the  

southwest p a r t  o f  the mapped area, Fig.  G-2. 

thermal features are known. 

have much geothermal po ten t ia l .  However, the  e l e c t r i c a l  da ta  suggest t h a t  a 

geothermal system i s  present or  was present a t  one time. 

I n  t h i s  area no s i g n i f i c a n t  

Before t h i s  study the area was not  considered t o  

The r e s i s t i v i t y  map o f  Fig.  G-2 i s  not adequate t o  i d e n t i f y  ind iv idual  

f a u l t s  t h a t  have an e l e c t r i c a l  expression. 

are discusssed i n  a complete repor t  on t h i s  work, show various narrow 

conductive zones t h a t  are in fe r red  t o  represent f a u l t s .  

mapped f a u l t s  t h a t  cross the  I ines can be i d e n t i f i e d  i n  the  t e l  l u r i c  data. 

number o f  in fe r red  f a u l t s  from geological mapping are not  evident i n  the  

t e l l u r i c  data, and some f a u l t s  in fer red from the t e l l u r i c  data were not  mapped. 

Faul ts  expressed i n  the  t e l l u r i c  data are believed t o  be those most ava i lab le  

t o  thermal f l u i d s .  The anomalous low r e s i s t i v i t y  region i n  the  southwest p a r t  

of the area appears t o  be re la ted  t o  the  in tersect ion o r  close approach of 
several large f a u l t s .  

However, the  t e l l u r i c  data, which 

Most, bu t  not  a l l ,  

A 

The r e s i s t i v i t y  map, F ig .  G-2, shows t h a t  some par ts  o f  t he  Platanares area 

have been incompletely sampled. 

t o  La Bufa hot  spring. 

data i n  t h i s  region. 

Agua Cal iente i s  not  closed o f f  on the east. L ine 1, Fig.  G-1, shows some low 

r e s i s t i v i t i e s  extend a t  least  375 m east of the  quebrada. Although the  land 

east o f  the quebrada would be d i f f i c u l t  f o r  entry o f  d r i  I I ing equipment, t he  

eastern boundary o f  the  low r e s i s t i v i t y  feature needs t o  be determined i f  t h e  

geothermal f i e l d  becomes commercial. 

nearer surface features o f  the  main thermal area. 

the  conductor seen i n  the  southwest p a r t  o f  the  area may extend fa r the r  

northwest. Shou I d other stud i es i nd i cate t h a t  some geotherma I potent i a I e x i s t s  

i n  t h i s  region, then addi t ional  e l e c t r i c a l  work should be considered t o  def ine 

the extent o f  t h i s  feature.  

Completion of the  f i n a l  repor t  on t h i s  work i s  expected by l a t e  January 

We recommend that,  fo l low ing  completion o f  the  report,  the  p r inc ipa l  

Da ta  are c lea r l y  lacking nor th  o f  wel l  PLTG-1 
Time and d i f f i c u l t y  o f  access prevented our obta in ing 

The major low r e s i s t i v i t y  area along the  Quebrada del 

L ine 3 defines a southern boundary t o  the  

The data a lso suggest t h a t  

1988. 

invest igators a t  Platanares evaluate and in tegrate the  resu l t s  w i t h  p r i o r  data.  
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There may be s u f f i c i e n t  data f o r  s i t i n g  the  next round o f  d r i l l  

the  e l e c t r i c a l  data i n  no way contrad ic t  the  basic model o f  the  

Platanares. I n  t h i s  case there would be no need f o r  addi t ional  

u n t i l  a f t e r  completion o f  addtional holes. 

We, however, recommend t h a t  t es t i ng  o f  the southwest e l e c t r  

ng. Clear ly  

system a t  

e l e c t r i c a l  da ta  

ca l  anomaly be 

considered i n  the  next round o f  d r i l l i n g .  

communication between production wel ls  here and on the  main thermal t rend i s  

less l i k e l y  than between wel ls  on the  main trend. 

increase the  capacity o f  t he  f i e l d .  

I f  the  area i s  favorable, then 

This could s i g n i f i c a n t l y  

, 
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