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T h i s  document c o n t a i n s  t h e  f i n a l  addenda t o  t h e  approved P r o j e c t  

Paper e n t i t l e d  " C e n t r a l  America Energy Resources P r o j e c t :  P lan  f o r  

Concur rent  Phases I and 11" r e v i s e d  March 1985. The o r i g i n a l  P r o j e c t  

Paper c o n t a i n e d  d e t a i l e d  work p l a n s  and budgets  f o r  a  t o t a l  o f  $5.2 

m i l l i o n  o f  a c t i v i t i e s .  A  p r e v i o u s  addendum t o  t h e  P r o j e c t  Paper . 
L-- - 

e n t i t l e d  " M i n e r a l  Reconnaissance Program f o r  Costa R ica "  was submi t ted  
-- 

and approved f o r  imp1 ementat  i on. T h i  s  f i n a l  addendum c o v e r s  
7- 

___ -- - - _  
a c t i v i t i e s  w i t h  t o t a l  budye ts  o f  $2.5 m i l l i o n ,  b r i n g i n g  t h e  t o t a l  o f  

Phase I and I 1  a c t i v i t i e s  t o  $10.2 m i l l i o n ,  t h e  sum approved i n  t h e  

o r i g i n a l  PASA Agreement between t h e  Agency f o r  I n t e r n a t i o n a l  

Development and t h e  US Department o f  Energy. 

A l l  o f  t h e  P r o j e c t  components c o n t a i n e d  i n  t h i s  Addendum i n v o l v e  

c o n t i n u a t i o n  and e x t e n s i o n  o f  Components begun under Phase I w i t h  t h e  

e x c e p t i o n  o f  t h e  Geothermal Suppor t  t o  E l  Sa lvador  and Panama which i s  

a  new component. Fo r  c l a r i t y  we have employed t h e  same sequence o f  

t o p i c s .  A l so ,  f o r  t h e  sake o f  b r e v i t y ,  we have avo ided  r e p e a t i n g  

prob lem s ta temen ts  and o t h e r  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  o r i g i n a l  

P r o j e c t  Paper u n l e s s  t h e r e  has been a  change. Thus, t h e  s e c t i o n  

e n t i t l e d ,  S t a t u s  a t  t h e  End o f  t h e  P r o j e c t  i n  t h i s  document s h o u l d  be 

i n t e r p r e t e d  as a  l i s t  o f  t h e  a d d i t i o n a l  i t e m s  t o  be d e l i v e r e d  w i t h  t h e  

i n c r e a s e d  f u n d i n g .  For  each Component, t h e  S t a t u s  a t  t h e  End o f  t h e  

P r o j e c t  f rom t h e  o r i g i n a l  P r o j e c t  Paper and t h e  c u r r e n t  document a r e  

a d d i t i v e .  



L r I .  PROJECT COMPONENT 

A .  Enersv Situation Anal vsi s  

1. Problem Statement. The energy s i tua t ion  update which was 

prepared in Phase I of t h i s  project  component allowed us t o  e s tab l i sh  

working re la t ionships  with energy planners in the  region. Through 

these contacts ,  a  number of important energy planning needs were 

iden t i f i ed .  Guatemal a  and Panama require assistance in development of 

a  national energy plan, which i s  c r i t i c a l  t o  the  energy fu tu re  of 

these two countries.  E l  Salvador and Costa Rica both need ass is tance  

in energy demand estimation so t h a t  they can make optimal investments 

in supply t o  meet expected demand. Honduras has yet  t o  develop a  

strong,  centra l ized energy planning organization and will benef i t  from 

the energyleconomic database t ransferred under t h i s  project .  A 

national energy plan and ins t i tu t iona l  strengthening i s  a  c r i t i c a l  

need in Be1 ize .  

A second problem in the region i s  the lack of a  means t o  

communicate energy information t o  potential  investors in industry in 

the region. The abundant hydroelectr ic and geothermal resources of 

the  region, coupled with reasonable e l e c t r i c i t y  prices in some 

countr ies ,  could serve t o  a t t r a c t  some private investment in new 

indust r ies .  

Although some coordinated planning e f f o r t s  have fostered an 

awareness of common eneryy problems, communications could be improved 

among planners in the  region. An integrat ion of planning e f f o r t s  and 

a  sharing of experiences could benefi t  a l l  o f  the planning 

oryanizations in the  reyion. 

2 .  Project Component Description. 

a .  Ac t i v i t i e s .  T h i s  project  component w i l l  address needs i n  

the region by focusing on three a c t i v i t i e s :  (1) energy planning 



k %assistance in each country; ( 2 )  preparation and publication of an 

energy a t l a s  for  the  Central American countr ies ;  and ( 3 )  maintenance 

and support for  the  computerized database tha t  was t ransferred during 

Phase I  of t h i s  project .  

The long-term goals of t h i s  project  were specif ied in the  

Project Paper fo r  Phase I :  ( 1 )  development of sound national energy 

pol ic ies ;  ( 2 )  e f f i c i e n t  energy use; and ( 3 )  provision of an analytical  

framework t o  measure the benefi t  of indigenous resource development. 

b .  Task Statement. 

1) Energy Pl anniny Assistance. This task wi 11 provide 

technical ass is tance  and t ra in ing t ha t  has been requested by the  

countries in the region. Assistance a c t i v i t i e s  will be t a i l o r ed  t o  

the  needs of each country and will consis t  of v i s i t s  or  prolonged 

s tays  by Los Alamos or contract  economists t o  t r a i n  counterparts  in 

various methods necessary t o  energy planning. Costa Rica has 

requested ass is tance  in construction of a macroeconomic model t o  l ink 

with t h e i r  energy pl  anning model. Panama, Guatemala, and Be1 i  ze will 

receive assistance in formul at ion and imp1 ementation of thei  r  national 

energy plans. El Salvador has requested assistance in developing a 

plan of action fo r  fu ture  planning a c t i v i t i e s  and also would l i k e  

ass is tance  in energy demand estimation. Strengthening of the energy 

data computerization process will take place in Guatemala, Honduras, 

and, possibly, Belize. In addition t o  t ra in ing through work with 

counterparts ,  one or two seminars will be held a t  INCAE on national 

eneryy plans and energy demand est imation,  topics  which will benefi t  

a1 1 countries.  

2 )  Energy Atlas.  Preparation of an energy a t l a s  was begun 
under Phase I o f  t h i s  project when base maps of the Central American 
countries were d ig i t i zed .  These maps will be used t o  project  a  

var ie ty  of energy and in f ras t ruc tu re  data such as resources, 

e l e c t r i c i t y  generation and d i s t r ibu t ion  systems, r i ve r s ,  



I a t r a n s p o r t a t i o n  ne tworks ,  f o r e s t  c o v e r ,  e t c .  It w i l l  a l s o  c o n t a i n  t e x t  

e x p l a i n i n g  m a j o r  ene rgy  i s s u e s  as  w e l l  as t h e  t a b l e s  and graphs o f  

r e l e v a n t  energy i n f o r m a t i o n ,  and photographs o f  i m p o r t a n t  ene rgy  

r e s o u r c e s  o r  e x p l o i t a t i o n  i n  t h e  r e g i o n .  The purpose o f  t h e  document 

i s  t o  d i s s e m i n a t e  i n f o r m a t i o n  about  t h e  C e n t r a l  American energy  

s i t u a t i o n  t o  a  b road  audience,  i n c l u d i n g  p o s s i b l e  i n v e s t o r s ,  s t u d e n t s ,  

government o f f i c i a l  s  and p o l  i c y  makers. 

3 )  Maintenance o f  t h e  Sistema de I n f o r m a c i o n  Centroamericano 

p a r a  P l  a n i  f i  c a c i  on E n e r g e t i  ca (SICAPE) . T h i s  energy leconomic  database 

was c o n s t r u c t e d  and t r a n s f e r r e d  d u r i n g  Phase I o f  t h i s  p r o j e c t  

component. We w i l l  t a k e  t h e  r e s p o n s i b i l i t y  t o  e n t e r  new d a t a ,  such as 

n a t i o n a l  energy  ba lances,  as t h e y  become a v a i l a b l e  and w i l l  p r o v i d e  

s u p p o r t  t o  i n d i v i d u a l  c o u n t r i e s  t o  expand t h e  database,  where 

requested.  

c. C o o r d i n a t i o n  and Imp1 emen ta t i on  P lan.  Energy a s s i s t a n c e  

a c t i v i t i e s  by  t h e  World Bank and t h e  I n t e r - A m e r i c a n  Development Bank 

( IDB) were d e s c r i b e d  i n  t h e  Phase I document. We w i l l  complement 

a c t i v i t i e s  o f  t h e  IDB i n  E l  Sa lvador  b y  p r o v i d i n g  f o l l o w - o n  a s s i s t a n c e  

t o  a  p r o j e c t  t h a t  i s  b e i n g  d i s c o n t i n u e d .  Work i n  Guatemala w i l l  be 

des igned j o i n t l y  b y  Los Alamos and t h e  M i n i s t e r i o  de E n e r g i a  y Minas 

t o  complement t h e  UNDP energy  p l a n n i n g  p r o j e c t  i n  t h a t  c o u n t r y .  Costa 

R i c a  i s  r e c e i v i n g  f o l l o w - o n  a s s i s t a n c e  t o  an AID p r o j e c t  t h a t  has 

r e c e n t l y  ended. Panama s p e c i f i c a l l y  reques ted  s p e c i a l  a s s i s t a n c e  f rom 

Los Alamos t o  supplement a s s i s t a n c e  f r o m  t h e  Economic Commission o f  

L a t i n  America i n  t h e  p r e p a r a t i o n  o f  i t s  n a t i o n a l  ene ryy  p l a n .  B e l i z e  

i s  expected t o  r e c e i v e  a  l o a n  f rom t h e  World Bank t o  e v a l u a t e  and 

s e l e c t  new means o f  g e n e r a t i n g  e l e c t r i c i t y  i n  t h e  c o u n t r y .  Our 

a s s i s t a n c e ,  aimed a t  t h e  b roader  ene rgy  s i t u a t i o n ,  i s  i n t e n d e d  t o  

p r o v i d e  a  c o n t e x t  and i n s t i t u t i o n a l  s t r e n g t h e n i n g  f o r  t h e  a c t i v i t i e s  

t o  be c a r r i e d  o u t  under t h e  World Bank l o a n .  

The p r o j e c t  component w i l l  be d i r e c t e d  by Dr. L i n d a  T r o c k i  



l a n d  w i l l  be pe r fo rmed  b y  t h e  f o l l o w i n g  personne l  as  needed: D r .  

Steven Booth, Dr.  Anthony B u r r i s ,  Rober t  Drake, Dr. Fred Roach, Dr. 

Ronald S u t h e r l  and, F l  a v i o  Guru1 e, and P a t r i c i a  Aragon o f  Los A1 amos, 

and Dr. A1 v a r o  Umana, Gui 11 ermo Se lva ,  and M i l  t o n  Fonseca o f  INCAE. 

Ou ts ide  c o n s u l t a n t s  f rom u n i v e r s i t i e s ,  p r i v a t e  f i r m s ,  and government 

o r g a n i z a t i o n s  w i l l  be sought  when necessary .  

The main c o u n t e r p a r t  o r g a n i z a t i o n s  i n  each c o u n t r y  a r e  t h e  

f o l l  owing:  Di r e c c i o n  S e c t o r i a l  de E n e r g i a  i n  Costa R ica  (DSE) ; 

Comision E j e c u t i v a  H i d r o e l e c t r i c a  d e l  R i o  Lempa (CEL) i n  El  Sa lvador ;  

M i n i s t e r i o  de E n e r g i a  y Minas (MEM) i n  Guatemala; Consejo S u p e r i o r  de 

P l a n i  f i c a c i o n  Economics (CONSUPLANE) i n  Honduras; Comi s i o n  Nac iona l  de 

Energ ia  (CONADE) i n  Panama; t h e  B e l i z e  E l e c t r i c i t y  Board (BEB) and t h e  

S e c r e t a r y  o f  Energy i n  Be1 i ze. 

Subtask 1 )  i s  expected t o  be an ongo ing a c t i v i t y  t h r o u g h o u t  

t h e  1 i f e  o f  t h e  C e n t r a l  America Energy Resources P r o j e c t .  Expected 

p r o d u c t s  a t  t h e  end o f  t h e  P r o j e c t  a r e  1 i s t e d  below. Subtask 2 )  w i l l  

be  comple ted i n  d r a f t  fo rm by  December, 1986. Subtask 3)  i s  a n o t h e r  

ongo ing a c t i v i t y  . 

d. S t a t u s  a t  End o f  P r o j e c t .  

o Macroeconomic model s p e c i f i e d  f o r  Costa R ica .  

o Energy demand models s p e c i f i e d  f o r  El  Sa lvador  and Panama. 

o S t a t u s  o f  energy  p l a n n i n g  a t  CEL e v a l u a t e d  and r e p o r t  

completed.  

o P o l i c y  paper  on energy i n  Honduras completed.  

o Database and energy  p l a n n i n g  c a p a b i l i t i e s  s t r e n g t h e n e d  i n  

Guatemal a. 

o N a t i o n a l  energy  p l a n  ou t1  i n e d  f o r  B e l i z e  and c o u n t e r p a r t s  

t r a i n e d  i n  necessary  s teps .  

o Reg iona l  seminar h e l d  on n a t i o n a l  energy p l a n n i n g  o r  

energy  demand e s t i m a t i o n .  

o D r a f t  o f  energy  a t l a s  completed.  



h o  Database updated t o  c o n t a i n  most r e c e n t  energy  ba lance  

d a t a  ava i  1 a b l e  and d e l  i vered t o  c o u n t e r p a r t s .  

e. P r o j e c t  Component Budget 

Pro . iec ted Budaet f o r  Enerav P l  ann i  nq A s s i s t a n c e  

Economist  base s a l a r y  ($50K/FTE/Yr) 1.13 FTE 57 

F r i n g e  @ 25% o f  base s a l a r y  14 

Burden @ 77% o f  base p l  us f r i n g e  - 54 

INCAE C o n t r a c t  

Personne l  

Seminar 

T r a v e l  

A i r  f a r e  ( 8  R/T, A lbuquerque t o  C e n t r a l  8 

American C a p i t a l  C i t y )  

Per d iem (average $75/person-day x 224 16 

person-days)  

Loca l  and f i e l d  expense - 1 

C o n s u l t a n t s  (20 days @ $250/day) 

General M a t e r i  a1 s and S e r v i c e s  

Group and D i v i s i o n  O f f i c e  overhead 

Other  a d m i n i s t r a t i v e  expenses 

Energy A t1  as 

Economist  and s t a t i s t i c i a n  average base 

s a l a r y  ($50K/FTE/Yr) x .80) 

F r i n g e  @ 25% o f  base s a l a r y  

Burden @ 77% o f  base s a l a r y  p l u s  f r i n g e  



Trans1 a t i o n  and pub1 i c a t i o n  c o s t  

T r a v e l  

A i r  f a r e  ( 2  R/T t o  C e n t r a l  American C a p i t a l  2 

C i ty  @ $1 ,00O/ t r ip )  

Per d iem f o r  28 days @ $75/day 2 

Loca l  and f i e l d  expense 1 - 

General M a t e r i  a1 s and S e r v i c e s  

Group and D i v i s i o n  O f f i c e  overhead 20 

Other  a d m i n i s t r a t i v e  expenses - 16 

S u b t o t a l  

SICAPE Database Maintenance and Support  

Economist  base s a l a r y  ($50K/FTE/Yr) x .1 FTE 5 

F r i n g e  @ 25% o f  base s a l a r y  1 

Burden Cd 77% o f  base s a l a r y  p l  us f r i n g e  - 5 

Data a n a l y s t  base s a l a r y  ($25K/FTE/Yr) x .2 FTE 5 

F r i n g e  @ 25% o f  base s a l a r y  1 

Burden @ 77% - 5 11 

INCAE C o n t r a c t  8 

T r a v e l  

A i r  f a r e  ( 1  R/T t o  C e n t r a l  American 

C a p i t a l  C i t y )  

Per  d iem ( 1 4  days Ca $75/day) 

General M a t e r i a l  s  and S e r v i c e s  

Group and D i v i s i o n  O f f i c e  overhead 

Other  a d m i n i s t r a t i v e  expenses 

S u b t o t a l  

TOTAL 



, 1 f. A c t i v i t y  Schedule and M i l e s t o n e s .  The schedu le  f o r  t h e  

t a s k s  d e s c r i b e d  i s  shown on t h e  accompanying m i l e s t o n e  c h a r t .  

B. A n a l y s i s  and Assessment o f  N o n - T r a d i t i o n a l  Energy Resources 

1. Regiona l  Geothermal Energy Resources. 

a. Honduras Geothermal Reconnaissance. 

1 )  Problem Sta tement .  See CAERP: P l a n  f o r  Concur ren t  

Phases I and 11, r e v i s e d  March 1985. 

2 )  P r o j e c t  Component D e s c r i p t i o n .  

a )  A c t i v i t i e s .  See P r o j e c t  Paper r e v i s e d ,  March 1985. 

b )  Task Sta tement .  

(1) E v a l u a t i o n  o f  P r i o r  Work. See P r o j e c t  Paper r e v i s e d ,  

March 1985. 

( 2 )  A c q u i r e  E x i s t i n g  O i l  Wel l  Data .  See P r o j e c t  Paper 

r e v i s e d ,  March 1985. 

( 3 )  F i e l d  I n v e s t i g a t i o n s .  Reconnaissance-scale g e o l o g i c a l  

and geochemical  i n v e s t i g a t i o n s  were comple ted a t  t h e  s i x  o r i y i n a l l y  

i d e n t i f i e d  geothermal  areas:  Azacual  pa, San I g n a c i o ,  P l  a t a n a r e s ,  

Pavana, E l  O l i v a r ,  and Sambo Creek. The r e s u l t s  were summarized i n  a  

reconna issance r e p o r t .  E v a l u a t i o n  o f  t h e s e  r e s u l t s  l e d  t o  t h e  

s e l e c t i o n  o f  f o u r  s i t e s  (Azacualpa,  San I g n a c i o ,  P l a t a n a r e s ,  and 

Pavana) f o r  d e t a i l e d  g e o l o g i c a l  and geochemical  i n v e s t i g a t i o n s .  

Complete r e s u l t s  f r o m  t h e s e  i n v e s t i g a t i o n s  a r e  b e i n g  p u b l i s h e d  as 

separa te  g e o l o g i c  r e p o r t s  on each s i t e  and a  d e t a i l e d  geochemis t r y  

r e p o r t  on a l l  s i t e s .  A l l  r e p o r t s  a r e  b e i n g  p u b l i s h e d  i n  b o t h  Spanish 

and E n g l i s h .  





1 Eva1 u a t i o n  o f  t h e  r e s u l t s  o f  t h e  d e t a i l e d  i n v e s t i g a t i o n s  

i n d i c a t e s  t h a t  P l a t a n a r e s ,  San I g n a c i o ,  and Azacualpa have h i g h  

p o t e n t i a l  f o r  geothermal  development. To f u r t h e r  e v a l  u a t e  t h i s  

p o t e n t i a l ,  geophys ica l  surveys  ( d e t a i l e d  g r a v i t y  and s e l f - p o t e n t i a l )  

have been des igned  f o r  t h e  P l a t a n a r e s  and San I g n a c i o  s i t e s  and a  

500-m the rma l  g r a d i e n t  h o l e  has been p lanned  f o r  t h e  P l a t a n a r e s  s i t e .  

A d d i t i o n a l  d e t a i l e d  f l u i d  geochemical s t u d i e s  were a l s o  made a t  

P l a t a n a r e s ,  San I g n a c i o ,  and Azacualpa t o  examine recharge  and 

seasonal chemica l  and i s o t o p i c  v a r i a t i o n s  a t  t h e s e  s i t e s .  

Count ry -w ide geothermal  reconna issance  e f f o r t s  have been 

i n c r e a s e d  w i t h  a d d i t i o n a l  geochemical and geophys ica l  work. E x i s t i n g  

g r a v i t y  and aeromagnet ic  d a t a  a r e  b e i n g  comp i led  and rep rocessed  t o  

genera te  a  g r a v i t y  map o f  Honduras, an aeromagnet ic  map o f  Honduras, 

and a  d e p t h - t o - C u r i e - p o i n t  map o f  Honduras. The g r a v i t y  and 

aeromagnet ic  maps wi  11 a i d  i n  i n t e r p r e t i n g  t h e  r e g i o n a l  s t r u c t u r e  and 

t e c t o n i c s  o f  Honduras, i m p o r t a n t  f a c t o r s  i n  unders tand ing  

bas in-and- range- type geothermal  resources .  The d e p t h - t o - C u r i e - p o i n t  

map b a s i c a l  l y  shows t h e  d e p t h  t o  t h e  5 5 0 ' ~  i s o t h e r m  and t h u s  i s  u s e f u l  

f o r  reconna i  ssance-sca l  e  exp l  o r a t i o n .  

A p p r o x i m a t e l y  20 w a t e r  samples n o t  r e l a t e d  t o  t h e  s i x  i n i t i a l  

geothermal  s i t e s  have been c o l l e c t e d  i n  Honduras. These samples a r e  

now b e i n g  ana lyzed.  When comple ted t h e  r e s u l t s  w i l l  p r o v i d e  

background hydro1 o y i c  d a t a  f o r  t h e  c o u n t r y .  

( 4 )  Sample Ana lyses.  See P r o j e c t  Paper, r e v i s e d  March 1985. 

( 5 )  C o o r d i n a t i o n  w i t h  Proposed I t a l i a n  Study.  W i t h  j o i n t  

f u n d i n g  f rom t h e  U n i t e d  Na t ions  Development Program, t h e  Government o f  

I t a l y ,  and t h e  Government o f  Honduras, t h e  I t a l i a n s  have proposed a  

geothermal  s t u d y  f o r  t h e  c e n t r a l  r e g i o n  o f  Honduras. Work on t h e  

p r o j e c t  began i n  February ,  1986. 

Los Alamos i s  c u r r e n t l y  i n v e s t i g a t i n g  t h e  t e c h n i c a l  d e t a i l s  



i 1. 

o f  t h e  proposed I t a l i a n  e f f o r t .  The r e g i o n  o f  coverage i s  l i m i t e d  t o  

t h e  c e n t r a l  p a r t  o f  t h e  c o u n t r y  and does n o t  i n c l u d e  i d e n t i f i e d  

geothermal  m a n i f e s t a t i o n s  i n  t h e  n o r t h e r n ,  western ,  and s o u t h e r n  

r e g i o n s  o f  Honduras ( P l a t a n a r e s  i s  n o t  i n c l u d e d  i n  t h e  r e g i o n ) .  

Two I t a l i a n  geothermal  companies, " d a l  i n .  t e .  sa." and 

"Geotermica I t a l i a n a  s r l "  have been i d e n t i f i e d  as a c t i v e  p a r t i c i p a n t s  

i n  t h e  Honduras work. An i n i t i a l  m e e t i n g  was h e l d  between t h e  

I t a l i a n s ,  ENEE, t h e  USGS, and Los Alamos on February  7, 1986 t o  ensure  

t h a t  d u p l i c a t i o n  o f  e f f o r t  i s  avo ided.  P r e l i m i n a r y  d r a f t s  o f  a l l  Los 

Alamos r e p o r t s  have been g i v e n  t o  t h e  I t a l i a n s .  A f r e e  exchange o f  

g r a v i t y  d a t a  between Los Alamos and t h e  I t a l i a n s  was a l s o  agreed upon. 

The I t a l i a n s  and Los Alamos have j o i n t l y  schedu led a m e e t i n g  w i t h  ENEE 

f o r  l a t e  A p r i l ,  1986 t o  encourage d a t a  exchange. 

( 6 )  Genera t i on  o f  a "Geothermal Development and Management 

Guide." To a s s i s t  ENEE i n  t h e  f u t u r e  development and management o f  

any geothermal  resources  i d e n t i f i e d  i n  Honduras, Los A1 amos w i l l  w r i t e  

and pub1 i sh a "Geothermal Devel opment and Management Guide ." Th i  s 

handbook w i l l  o u t l i n e  a l l  s t e p s  i n  development f rom i n i t i a l  

reconna i  ssance t h r o u g h  e l e c t r i c i t y  g e n e r a t i o n .  

3)  C o o r d i n a t i o n  and Imp1 ementat  i o n  PI an. Personne l  changes o n l y .  

4 )  S t a t u s  a t  End o f  P r o j e c t .  By December 31, 1986 t h e  f o l l o w i n g  

d e l  i v e r a b l e s  w i l l  have been produced j o i n t l y  by  Los Alamos and ENEE 

and t r a n s m i t t e d  t o  AID: 



o Medium depth thermal gradient  will  d r i l l e d ,  da ta  obtained,  and 

ana lys i s  performed 

o Recommendations f o r  addi t ional  work t o  evalua te  the  f e a s i b i l i t y  

of t h e  development of geothermal resources in Honduras. 

o Aeromagnetic map of Honduras. 

o Gravity map of Honduras. 

o Geothermal Development and Management Guide. 

*Del iverables  a t t r i b u t a b l e  t o  extended funding. 

5 )  Project  Component Budget 

Equi pment Development 

Personnel 

Base s a l a r y  f o r  geologist  ($52K/FTE/Yr) 

Base s a l a r y  f o r  technician ($28K/FTE/Yr) 

Fringe @ 25% of sa l a ry  

Burden @ 77% of base sa l a ry  plus f r inge  

Travel 

Ai r f a r e  

Per diem 

Rental c a r  and local expense 

General Material s and Services 

Geophysical Contract 

(Aeromag and gravi ty  maps of Honduras) 

TOTAL 

6 )  Act iv i ty  Schedules and Milestones. The schedule fo r  the  t a sks  

described i s  shown on the  accompanying cha r t .  





b. Mi r a v a l l  es Geothermal Devel  o ~ m e n t  . 

1) Prob lem Sta tement .  See P r o j e c t  Paper, r e v i s e d  March 

a )  A c t i v i t i e s .  See P r o j e c t  Paper,  r e v i s e d  March 1985. 

b )  Task Sta tement .  

( 1 )  We1 1  Logg ing  R i g  and High-Temperature Cab1 e. See 

P r o j e c t  Paper, r e v i s e d  March 1985. 

( 2 )  Hi  gh-Temperat u r e  Down h o l  e  Logg ing  Too l  s. Los A1 amos 

w i l l  p r o v i d e  a  s e l e c t i o n  o f  h i g h - t e m p e r a t u r e  i n s t r u m e n t a t i o n  packages 

f o r  use i n  t h e  M i r a v a l l  es we1 1 s. These l o g g i n g  t o o l s ,  deve loped  by  

Los Alamos i n  c o o p e r a t i o n  w i t h  p r i v a t e  s e c t o r  o r g a n i z a t i o n s ,  r e p r e s e n t  

a  un ique  c a p a b i l i t y  t h a t  canno t  be s u p p l i e d  by  commercia l  l o g g i n g  

s e r v i c e  companies. Los Alamos e n g i n e e r s  w i l l  work w i t h  ICE 

r e p r e s e n t a t i v e s  t o  d e f i n e  a  M i r a v a l l e s  l o g g i n g  program. I C E  has 

r e q u e s t e d  t h a t  t h e  f o l l o w i n g  l o g s  be g i v e n  t h e  h i g h e s t  p r i o r i t y  f o r  

Mi r a v a l  1  es: 

o  Temperature 

o  P ressu re  

o  F l u i d  V e l o c i t y  Sp inne r  

o  M u l t i - A r m  C a l i p e r  

o  Downhole F l u i d  Sampler 

o  Casing C o l l a r  L o c a t o r  

To p e r f o r m  tempera tu re ,  p r e s s u r e ,  and f l u i d  v e l o c i t y  

measurements i n  a  f l o w i n g  geothermal  we1 1  normal l y  r e q u i  r e s  two  

l o g g i n g  t o o l s  and s e p a r a t e  l o g g i n g  o p e r a t i o n s .  Because o f  t h e  h i g h  

tempera tu res ,  p r e s s u r e s ,  and f l o w  r a t e s  observed i n  M i r a v a l l e s  w e l l s ,  



each t o o l  e n t r y  i n t o  a  w e l l  w i l l  be  a  complex o p e r a t i o n .  Los Alamos 

w i l l  combine t h e  f u n c t i o n s  o f  t h e s e  two t o o l s  i n t o  a  s i n g l e  

i n s t r u m e n t a t i o n  package t o  m i n i m i z e  t h e  number o f  w e l l  e n t r i e s  

r e q u i  red .  

The v e r y  h i g h  f l o w  v e l o c i t i e s  encountered i n  M i r a v a l l e s  w e l l  

PGM-10 s u b j e c t e d  t h e  downhole t o o l s  t o  seve re  v i b r a t i o n s  d u r i n g  t h e  

l i m i t e d  l o g g i n g  o p e r a t i o n s  c a r r i e d  o u t  d u r i n g  t h e  summer o f  1985. 

These v i b r a t i o n s  were o f  a  s u f f i c i e n t  i n t e n s i t y  t o  l o o s e n  l o g g i n g  t o o l  

assembly j o i n t s  r e s u l t i n g  i n  premature  f a i l u r e  o f  t h e  t o o l s .  Los 

A1 amos wi 11 r e b u i l d  t h e  l o g g i n g  t o o l  s  used i n  PGM-10 and w i l l  d e s i g n  

and f a b r i c a t e  a  1  o c k i  ng mechani sm f o r  each assembly j o i n t .  

( 3 )  We1 1  Logg ing a t  Mi r a v a l  1  es and T r a i n i n g  o f  ICE 

Personne l .  Los Alamos eng ineers  and t e c h n i c i a n s ,  work ing  i n  

c o o p e r a t i o n  w i t h  ICE personne l  , w i  11 p e r f o r m  downhol e  1  ogg ing  

measurements i n  M i  r a v a l  l e s  p r o d u c t i o n  we1 1  s. Los Alamos w i l l  p r o v i d e  

o n - s i t e  t r a i n i n g  t o  a p p r o p r i a t e  ICE pe rsonne l  on t h e  o p e r a t i o n  o f  t h e  

w e l l  l o g g i n g  r i g ,  a u t o m a t i c  d a t a  a c q u i s i t i o n  system, t h e  o p e r a t i o n  o f  

t h e  downhole l o g g i n g  t o o l s ,  and t h e  i n t e r p r e t a t i o n  o f  t h e  d a t a  f rom 

t h e  t o o l s .  A t  t h e  r e q u e s t  o f  ICE, a d d i t i o n a l  l o g g i n g  runs  w i l l  be 

per formed w i t h  t h e  downhole f l  u i d  sampler  t o o l  t o  o b t a i n  samples o f  

r e s e r v o i r  b r i n e  f o r  a n a l y s i s  by  b o t h  ICE and Los Alamos chemis ts .  

These i n v e s t i g a t i o n s  w i l l  be d i r e c t e d  a t  unders tand ing  t h e  

c h a r a c t e r i s t i c s  o f  t h e  r e s e r v o i r  b r i n e  and i t s  tendency t o  produce 

c a l c i t e  s c a l e  i n  t h e  w e l l  bores .  

The h i g h - t e m p e r a t u r e  we1 1  f l o w s  a t  M i  r a v a l l  es r e q u i  r e d  

c o o l i n g  o f  t h e  l o g g i n g  c a b l e  p r i o r  t o  r e s p o o l i n g  on t h e  l o g g i n g  r i g  

c a b l e  drum. A l t h o u g h  a  temporary  w a t e r  s p r a y i n g  system was used 

d u r i n g  i n i t i a l  f i e l d  o p e r a t i o n s ,  a  more e f f i c i e n t  c o o l i n g  system i s  

r e q u i r e d  t o  p r o t e c t  b o t h  t h e  l o g g i n g  c a b l e  and t h e  p r e s s u r e  l o c k  f r o m  

the rma l  damage. Los Alamos w i l l  m o d i f y  t h e  we l l head  p r e s s u r e  l o c k  t o  

i n c o r p o r a t e  an e f f i c i e n t  wa te r  c o o l i n g  system f o r  p r o t e c t i o n  o f  t h e  

c a b l e  and l o c k  assembly and t o  i n c r e a s e  l o g g i n g  r a t e s  d u r i n g  t o o l  

r e t r i e v a l  o p e r a t i o n s .  



I Los Alamos will provide a  s ta te-of- the-ar t  automatic data 

acquisi t ion system for  the temporary logging r ig  by using the  

components ordered fo r  the self-contained logging truck under the 

Support Equipment fo r  Central America Project Component ( see  section 

d .  following). 

3 )  Coordination and Imp1 ementation Pl an. See Project  Paper, 

revised March 1985. 

4 )  S ta tus  a t  End of Project .  By December 31, 1986 the 

s ign i f i can t  accompl ishments 1 i s ted  below will be completed in addition 

t o  those specif ied in the Project Paper, revised March 1985. 

o  A new logging t oo l ,  combining the features  of two previous 

t o o l s ,  will be developed and used a t  Miraval l e s  t o  minimize the number 

of high-pressure we1 1 en t r i e s  required. 

o  The mechanical design of the logging too l s  will be 

improved t o  provide greater  res is tance  t o  flow induced vibra t ions  t ha t  

can occur in high flow ra te  wells such as those a t  Miravalles. 

o  Downhole f lu id  samples will be obtained from the  

Miraval l e s  reservoir  for  i n i t i a l  brine chemistry invest igat ions .  

Brine samples will be provided t o  ICE for  chemical analys is .  

o  A s ta te-of- the-ar t  automatic data acquisi t ion system will 

be provided for  the  temporary logging r ig  by using the components 

ordered for  the logging truck under the support equipment project  

component. 

5) Project  Component Budget. 

a )  Well Logging Rig and High-Temperature Cable. No change 

from previous budget. 

b )  H i  gh -Tempera tu r e  Downhole Logging T o o l s .  

Base sa la ry  for  mechanical and e l ec t r i c a l  

technicians (28K/FTE/Yr) 0.2 FTE 



Base sa la ry  f o r  mechanical and e l e c t r i c a l  10.4 

engineers (52K/FTE/Yr) 0.2 FTE 

Fringe @ 25% of base sa la ry  4.0 

Burden @ 77% of base sa la ry  plus f r inge  15.4 35.4 

c )  We1 l Logging a t  Mi raval l e s  and Training 

of ICE Personnel 

Base sa la ry  f o r  mechanical and e l e c t r i c a l  

technic ians  (23KlFTElYr) 0.2 FTE 

Base sa la ry  f o r  mechanical , chemical and 

e l e c t r i c a l  engineers (52K/FTE/Yr) 

Fringe @ 25% of base sa lary  

Burden @ 77% of base sa la ry  plus f r inge  

General material s and services  

Data acquis i t ion  suppl i e s  

ICE and University of Costa Rica counter- 

par t  e f f o r t s  

Travel 

Air f a r e  ( 6  R/T ,  Los Alamos t o  San Jose 

@ $700/ t r ip)  

Per diem (43 person nights  8 $60/night) 

Rental c a r s  and local expense 

TOTAL 

6 )  Act iv i ty  Schedule and Milestones. The schedule for  the  

t a sks  described i s  shown on the  accompanying milestone c h a r t .  

d .  Support Equipment for  Central America. 

1) Problem Statement. See Project  Paper, revised March 

2 )  Project  Component Description. 
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a )  A c t i v i t i e s .  See P r o j e c t  Paper, r e v i s e d  March 1985. 

b )  Task Statement.  

(1) S e l f - C o n t a i n e d  Logg ing Truck .  No change f rom e x i s t i n g  

p r o j e c t  paper w i t h  t h e  f o l l o w i n g  e x c e p t i o n s :  

o  Upon c o m p l e t i o n  t h e  l o g g i n g  t r u c k  w i l l  be sh ipped  t o  El  

Sa lvador  f o r  use a t  Ahuachapan r a t h e r  t n a n  Costa R ica  f o r  use a t  

M i r a v a l l e s .  The tempora ry  w e l l  l o g g i n g  r i g  i s  c u r r e n t l y  s t a t i o n e d  a t  

M i r a v a l l e s  and i s  b e i n g  used f o r  l o g g i n g  o p e r a t i o n s  a t  t h a t  s i t e .  

o  Los Alamos has recommended t h a t  t h e  l o g g i n g  t r u c k  b e  owned 

by US AID ( r a t h e r  t h a n  Los Alamos) b u t  ass igned  t o  C e n t r a l  America. 

R e s p o n s i b i l i t y  f o r  t h e  t r u c k  w i l l  r e s i d e  w i t h  t h e  o r g a n i z a t i o n  t o  

wh ich  i t  i s  ass igned  f o r  l o g g i n g  a c c o r d i n g  t o  t h e  te rms and c o n d i t i o n s  

o f  t h e  management p l a n  f o r  geothermal  w e l l  l o g g i n g  o p e r a t i o n s  i n  

C e n t r a l  America t h a t  i s  b e i n g  p repared  by Los Alamos. 

( 2 )  High-Temperature Downhole Logg ing Too ls .  No change f rom 

e x i s t i n g  p r o j e c t  paper  w i t h  t h e  f o l l o w i n g  e x c e p t i o n s :  

o  The measurement f u n c t i o n s  o f  t h e  f l u i d  v e l o c i t y  

s p i n n e r / t e m p e r a t u r e  t o o l  and t h e  p ressu re / tempera tu re  t o o l  have been 

combined i n t o  a  s i n g l e  l o g g i n g  t o o l .  T h i s  w i l l  r e s u l t  i n  f o u r  

d i f f e r e n t  downhole i n s t r u m e n t  sondes f o r  w e l l  l o g g i n g  a1 though t h e  

o r i g i n a l l y  proposed f i v e  d i f f e r e n t  measurement f u n c t i o n s  a r e  s t i l l  

r e t a i n e d .  Use o f  t h i s  new t o o l  w i l l  s t r e a m l i n e  f i e l d  l o g g i n g  

o p e r a t i o n s  and improve t h e  c o n s i s t e n c y  o f  t h e  d a t a .  

o  Because o f  h o s t  c o u n t r y  r e q u e s t s  f o r  a  downhole f l u i d  

sampler  t o o l ,  t h e  proposed n a t u r a l  gamma d e t e c t o r  w i  11 be rep1 aced b y  

a  f l  u i d  sampler  t o o l  . 
( 3 )  DC R e s i s t i v i t y  System. No change f rom t h e  e x i s t i n g  

p r o j e c t  paper w i t h  t h e  f o l l o w i n g  e x c e p t i o n :  



o  To p r o v i d e  i n c r e a s e d  o p e r a t i o n a l  r e l i a b i l i t y  and o p e r a t o r  

s a f e t y  w h i l e  c o n d u c t i n g  f i e l d  measurements i n  t h e  h o s t i l e  c l i m a t i c  

extremes o f  C e n t r a l  America, t h e  d e s i g n  s p e c i f i c a t i o n s  f o r  t h e  system 

were upgraded. These upgrades i n c l u d e  an improved c o o l i n g  system f o r  

t h e  t r a n s m i t t e r ,  h i g h - s t a b i l i t y  s w i t c h e s  i n  t h e  e l e c t r i c a l  c i r c u i t s  

t h a t  o p e r a t e  under h i g h  c u r r e n t  l o a d s ,  g r e a t e r  o p e r a t o r  p r o t e c t i o n  

t h r o u g h  improved g round ing  and s h i e l d i n g  o f  t h e  h i g h - v o l t a g e  c i r c u i t s ,  

and moun t ing  t r a i l e r s  des igned  f o r  rough road  c o n d i t i o n s .  

( 4 )  Aud iomagne to te l l  u r i c  (AMT) System. See P r o j e c t  Paper 

r e v i s e d  March 1985. 

3)  C o o r d i n a t i o n  and Imp lemen ta t i on  P lan.  No change f rom 

e x i s t i n g  p r o j e c t  paper w i t h  t h e  f o l l o w i n g  e x c e p t i o n :  

o  I C A I T I  i s  no l o n g e r  proposed as  t h e  c o u n t e r p a r t  

o r g a n i z a t i o n  f o r  t h i s  e f f o r t .  O p e r a t i o n  o f  t h e  l o g g i n g  t r u c k  and 

t o o l s  w i l l  be i n  accordance w i t h  t h e  management p l a n  f o r  geothermal  

w e l l  l o g g i n g  o p e r a t i o n s  i n  C e n t r a l  America. C o u n t e r p a r t  o r g a n i z a t i o n s  

f o r  t h e  l o g g i n g  and geophys ica l  measurements w i l l  be t h e  same 

o r g a n i z a t i o n s  a l r e a d y  d e s i g n a t e d  f o r  geothermal  ene rgy  a c t i v i t i e s  i n  

each o f  t h e  c o u n t r i e s .  

4 )  S t a t u s  a t  End o f  P r o j e c t .  Upon t e r m i n a t i o n  o f  t h e  

p r o j e c t ,  t h e  s i g n i f i c a n t  accompl ishments l i s t e d  be low w i l l  be 

completed i n  a d d i t i o n  t o  ( o r  i n  p l a c e  o f )  t h o s e  s p e c i f i e d  i n  t h e  

e x i s t i n g  p r o j e c t  paper :  

o  A new l o g g i n g  t o o l ,  combin ing t h e  f e a t u r e s  o f  two p r e v i o u s  

t o o l s ,  w i l l  be  p r o v i d e d  t o  m i n i m i z e  t h e  number o f  h i g h - p r e s s u r e  w e l l  

e n t r i e s  r e q u i r e d  and improve t h e  c o n s i s t e n c y  o f  t h e  d a t a .  

o  The mechan ica l  d e s i g n  o f  t h e  l o g g i n g  t o o l s  w i l l  be 

improved t o  p r o v i d e  g r e a t e r  r e s i s t a n c e  t o  f l o w  induced  v i b r a t i o n s  t h a t  

can occu r  i n  h i g h  f l o w  r a t e  w e l l s  such as t h o s e  i n  C e n t r a l  America. 

o  A  downhole f l u i d  sampler  t o o l  w i l l  be p r o v i d e d  i n  p l a c e  o f  
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t h e  proposed n a t u r a l  gamma d e t e c t o r  t o  conform t o  t h e  r e q u e s t s  o f  t h e  

c o u n t e r p a r t  o r g a n i z a t i o n s .  

o  Des ign improvements w i l l  be  implemented i n  t h e  DC 

r e s i s t i v i t y  system t o  p r o v i d e  i n c r e a s e d  o p e r a t i o n a l  r e l i a b i l i t y  and 

o p e r a t o r  s a f e t y .  

5 )  P r o j e c t  Component Budget. 

a )  Sel f -Con ta ined  Logg ing Truck .  

D i e s e l  -powered l o g g i n g  t r u c k  

b )  H i  g  h-Temperat u r e  Downhol e  Logy i ng Tool s  : 

F l u i d  Velocity/Pressure/Temperature Probe 36 

( 2  ea.) 

N a t u r a l  Gamma D e t e c t o r  ( 1  w i t h  spare  (32 )  

e l e c t r o n i c s )  

Downhole F l u i d  Sampler ( 1  ea.) 

M u l t i - A r m  C a l i p e r  Tool  (1  ea.) 

P ressu re  and Temperature Probe 

c )  DC R e s i s t i v i t y  System. 

d) Audi  omay n e t o t e l  1  u r i c  (AMT) System. 

TOTAL 

Cost e s t i m a t e  i s  based on f a b r i c a t i o n  o f  a  s i m i l a r  system f o r  

Los Alarnos and i n c l u d e s  s h i p p i n g  c o s t  t o  C e n t r a l  America. 

6 )  A c t i v i t y  Schedule and M i l e s t o n e s .  The schedu le  f o r  t h e  

t a s k s  d e s c r i b e d  i s  shown on t h e  accompanying m i l e s t o n e  c h a r t .  

e. D i r e c t  Heat A p p l i c a t i o n s  i n  C e n t r a l  America.  



SLEBTASK 
SELF-CONTAINED LOGGING TRUCK 

Truck d e l i v e r e d  t o  Los Alamos. 

I n s t a l l a t i o n  of data  a c q u i s i t i o n  
system and logging c a b l e .  

T e s t i n g  and shipping t o  
Ahuachapan. 

DOWNHOLE LOGGING TOOLS 

Downhole logging t o o l s  
completed.  

T e s t i n g  and shipping t o  
Ahuachapan. 

DC RESISTIVITY SYSTEM 

(Completed and t e s t e d .  ) 

AUDIO MAGNETOTELLURIC SYSTEM 

Techn ica l  decis ion on p r o t o t y p e  
system performance. 

F a b r i c a t e  system for  C e n t r a l  
America. 

. 
A P R I L  - JUNE 

.- 

4 

J U L Y  - SEPTEMBER 

J7 

(completed)  
1110 

V 

(completed)  
__I_O 

7 

r 

OCTOBER - DECEMBER 

(comple ted)  



1) Problem Statement. See Project Paper revised March 1985. 

2 )  Project Component Descri ption. 

a )  Ac t iv i t i e s .  The f i r s t  objective of t h i s  e f f o r t  i s  t o  

iden t i fy ,  a ssess ,  and recommend agr icul tura l  ( pa r t i cu l a r l y  isolated 

rural agr icul tura l  ) , indust r ia l  , or commercial appl i ca t ions  for  

process heat o r  steam from known geothermal reservoirs  in Guatemala. 

The applicat ions will be selected t o  increase development and/or 

decrease dependence on imported fuel and will serve as examples t o  the 

other countries of Central America. Guatemala has been chosen because 

(1) i t s  known geothermal resources and i t s  r e la t ive ly  substantial  

indust r ia l  base a re  favorable t o  demonstrating process heat 

applicat ions.  Guatemala contains known geothermal reservoirs  tha t  

have been d r i l l e d  and geothermal process heat may become avai lable  

without incurring substantial  addit ional  d r i l l i n g  cos t s ;  and ( 2 )  

although promising geothermal resources are  known and t h e i r  

development has gone as f a r  as d r i l l i n g  wells,  the nation has not ye t  

exploited them. 

The second objective i s  t o  promote the  development of the 

most promising applicat ions.  This development will begin with a  

demonstration project .  

b )  Task Statement. 

(1) Survey of Existing Process Heat Requirements. A senior 

engineer a f f i l  ia ted  with Los A1 amos will collaborate with a  consulting 

firm or universi ty t o  conduct a  survey of process heat use in exis t ing 

indust r ies  in Guatemal a.  The loca t ion ,  amount of heat ,  temperature 

requirements, and power-to-heat r a t i o s  will be collected fo r  the major 

operations. Data on the location and charac te r i s t i c s  of the 
geothermal resources will also be compiled. The s t u d y  on energy 
conservation in industry current ly  funded by A I D  may provide useful 

r esu l t s  for  our survey. When the data from the survey have been 
assimilated,  we will ident i fy  ex i s t ing  indust r ies  t ha t  could benefit 
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f r om near - te rm c o n v e r s i o n  t o  a  geothermal  hea t  source.  S p e c i a l  

a t t e n t i o n  w i l l  be  g i v e n  t o  p o s s i b l e  a p p l i c a t i o n s  t o  b e n e f i t  t h e  

a g r o i n d u s t r y .  The schedu le  i s  a l s o  des igned  t o  p r o v i d e  d a t a  f o r  t h e  

energy  s i t u a t i o n  a n a l y s i s .  A r e p o r t  summariz ing t h e  r e s u l t s  o f  t h e  

su rvey  wi 1  1 be prepared.  

( 2 )  I d e n t i  f i c a t i o n  o f  t h e  Most P romis ing  Appl i c a t i o n s  o f  

Geothermal Heat Use. I n  a d d i t i o n  t o  o u r  c o n s i d e r a t i o n  o f  e x i s t i n g  

i n d u s t r i e s ,  we w i l l  i d e n t i f y  t h e  p o t e n t i a l  o f  d i r e c t  h e a t  use and/or  

c o g e n e r a t i o n  f rom geothermal  resources  i n  new i n d u s t r i e s  i n  C e n t r a l  

America. A f t e r  s e v e r a l  a p p l i c a t i o n s  o f  d i r e c t  h e a t  use and /o r  

c o g e n e r a t i o n  have been i d e n t i f i e d  f o r  e x i s t i n g  and new i n d u s t r i e s ,  we 

w i l l  h o l d  t h r e e  t e c h n i c a l  exchange mee t ings  i n  Guatemala f o r  

p a r t i c i p a n t s  f rom government, u n i v e r s i t y ,  and p r i v a t e  s e c t o r s  t o  

a s c e r t a i n  wh ich  a p p l i c a t i o n s  a r e  most  favo red ,  what o t h e r  a p p l i c a t i o n s  

shou ld  be cons ide red ,  and what i s  t h e  s u p p o r t  i n  Guatemala f o r  t h e  

proposed p r o j e c t s .  Based upon t h e  i n p u t  f rom t h e s e  m e e t i n g s  and a f t e r  

c o l  1  a b o r a t i o n  w i t h  o u r  Guatemalan c o u n t e r p a r t s ,  s e v e r a l  app l  i c a t i o n s  

t h a t  a r e  deemed most  p r o m i s i n g  w i l l  be recommended f o r  d e m o n s t r a t i o n  

i n  Guatemala. The r e s o u r c e  base, t e c h n o l o g i c a l  c a p a b i l i t y ,  and market  

f o r  new p r o d u c t s  w i l l  be c o n s i d e r e d  i n  o u r  recommendations. It i s  

expected t h a t  geothermal  p rocess  h e a t  appl  i c a t i  ons t o  a g r o i  n d u s t r y  

w i l l  have h i g h  p r i o r i t y .  

( 3 )  Feas i  b i l  i t y  S t u d i e s  o f  S e l e c t e d  A p p l i c a t i o n s .  Wi th  t h e  

concur rence  o f  b o t h  AID and o u r  Guatemalan c o u n t e r p a r t s ,  one o r  more 

a p p l i c a t i o n s  f o r  d e t a i l e d  p r e f e a s i b i l i t y  s t u d i e s  w i l l  be s e l e c t e d .  

F e a s i b i l i t y  s t u d i e s  w i l l  t h e n  be made o f  t h e  s e l e c t e d  p r o j e c t s ,  

i n c l u d i n g  a  d e s c r i p t i o n  o f  t h e  f u t u r e  commercial developments t h a t  

m i g h t  o c c u r  as a  r e s u l t  o f  t h e  demons t ra t i ons ,  a  d e t e r m i n a t i o n  o f  any 

impediments t o  t h e  achievement o f  a  s u c c e s s f u l  d e m o n s t r a t i o n  w i t h  

recommendations f o r  removal o f  t h e  impediments,  and concep tua l  des igns  

o f  t h e  d e m o n s t r a t i o n  systems. 

( 4 )  Design o f  t h e  Demons t ra t i on  System(s) b y  Guatemala. 

W i th  t h e  a s s i s t a n c e  o f  Los Alamos, MEM and INDE w i l l  d e s i g n  and make 
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work ing  d raw ings  o f  t h e  d e m o n s t r a t i o n  systems. T h i s  t a s k  w i l l  a l l o w  

MEM and INDE t o  become t h o r o u g h l y  f a m i l i a r  w i t h  t h e  sys tem 's  d e s i g n  

and o p e r a t i o n a l  c h a r a c t e r i s t i c s .  Bes ides t h e  d e s i g n  work, o t h e r  

p r e p a r a t i o n s  w i l l  be made b y  MEM and INDE t o  assu re  t h a t  t h e  

f e e d s t o c k s  and p r o d u c t s  w i l l  f l o w  smoo th l y  t h r o u g h  t h e  d e m o n s t r a t i o n  

system when i t  i s  o p e r a t i o n a l .  The d e s i g n  w i l l  i n c o r p o r a t e  l o c a l l y  

a v a i l a b l e  m a t e r i a l s .  The f a c i l i t y  w i l l  be  o p e r a t e d  by  crews p r o v i d e d  

b y  MEM and INDE. I f  some m a t e r i a l s  o r  components must  be p rocu red  i n  

t h e  US, Los Aiamos w i l l  p r o v i d e  them w i t h i n  t h e  l i m i t a t i o n s  o f  t h e  

funds  a v a i l a b l e  t o  t h e  p r o j e c t .  

The above work p l a n  assumes t h a t  Guatemala Government 

pe rsonne l  w i l l  p e r f o r m  t h e  d e s i g n  work. I f  n o t ,  t h e  p r o j e c t  schedule 

w i l l  have t o  be de layed  u n t i  1  funds become a v a i l a b l e  t o  c o v e r  t h e  

c o s t s  o f  a  d e s i g n  s u b c o n t r a c t o r .  

( 5 )  C o n s t r u c t i o n  o f  t h e  Demonst ra t ion  F a c i l i t y  b y  Guatemala. 

Los Alamos w i l l  p r o v i d e  t e c h n i c a l  a s s i s t a n c e  d u r i n g  t h e  c o n s t r u c t i o n  

p e r i o d  and a l s o  p r o c u r e  m a t e r i a l s  o r  components as was n o t e d  above i n  

I t e m  ( 4 ) .  

The c o n s t r u c t i o n  p l a n  assumes t h a t  Guatemala w i l l  do t h e  work 

w i t h  government l a b o r .  I f  n o t ,  t h e  p r o j e c t  schedu le  w i l l  have t o  be 

de layed  u n t i l  f unds  become a v a i l a b l e  t o  cove r  t h e  c o n s t r u c t i o n  c o s t s .  

( 6 )  O p e r a t i o n  o f  t h e  Demons t ra t i on  Systems by  Guatemala. 

Los Alamos, as i n  above t a s k s  4 and 5 w i l l  c o n t i n u e  t o  p r o v i d e  t h e  

t e c h n i c a l  a s s i s t a n c e  t o  h e l p  a c h i e v e  success fu l  d e m o n s t r a t i o n s .  MEM 

and INDE w i l l  conduc t  t h e  d e m o n s t r a t i o n  o f  t h e  use o f  geothermal  hea t .  

It i s  expected t h a t  t h e  i n i t i a l  d e m o n s t r a t i o n s  w i l l  occu r  

nea r  t h e  end o f  t h e  1986 c a l e n d a r  y e a r  b u t  enough e x p e r i e n c e  o r  

i n f o r m a t i o n  s h o u l d  be a c q u i r e d  t o  a1 l o w  p l a n s  t o  be made f o r  t h e  

d e m o n s t r a t i o n  o f  a d d i t i o n a l  h e a t  a p p l i c a t i o n s  i n  t h e  same f a c i l i t i e s  

o r  m o d i f i c a t i o n s  o f  t h e  f a c i l i t i e s .  



( 7 )  Report on the Feas ib i l i ty  Studies and the  

Demonstrations. A report  on the f e a s i b i l i t y  s tudies  and the  

demonstrations performed by the  end of 1986 will be prepared by Los 

A1 amos . 

c ) .  Coordination and Implementation Plan. This work will be 

coordinated w i t h  IDB, who i s  funding geothermal resource development 

in Guatemala. The demonstrations will be planned t o  use exis t ing 

production wells a t  Zunil in such a way as  t o  improve the  overall 

u t i l i za t ion  of the  geothermal energy t ha t  i s  avai lable  a t  Zunil. The 

project  will be designed so i t  does not in te r fe re  with development of 

the 15-MWe e l e c t r i c i t y  generating f a c i l i t i e s .  

Thi s project  wi 11  be managed by a senior engineer a t  Los 

Alamos with knowledge of process heat applicat ions from geothermal 

energy, e i t he r  John Altseimer or Frederick Edeskuty. I t  will be the 

main task fo r  John Altseimer and Frederick Edeskuty or equivalently 

trained personnel, as well as other Los Alamos engineers ass is ted  by 

members of the pr ivate  sector and un ivers i t i e s .  We plan t o  conduct 

our analys is  j o in t l y  with M E M ,  who will have the  strong support of 

INDE. ICAITI (Ludwig Ingram, Deputy Di rec tor)  will be subcontracted 

t o  perform the i n i t i a l  surveys of exis t ing and potential  heat 

apyl ica t ions .  Our primary contact a t  M E M  will be Ing. Carlos Avalos 

O. ,  Chief of the Department fo r  the  Development of New Energy Sources, 

who reports  d i r e c t l y  t o  Rolando Yon Siu, Director of the General 

Directorate of New Energy Sources. Engineers from the  Ministry of 

Energy and Mines will be trained t o  evaluate projects  and make 

technology comparisons. Members of the  private sector  will be 

acquainted with d i r ec t  heat applicat ions through technical exchange 

meetings and workshops. Engineers from such organizations as Stone 

and Webster, the University of Miami, the University of Oregon, the 
Oregon In s t i t u t e  of Technology, the University of Costa Rica, the 
University o f  Puerto Rico, the New Mexico Sta te  University, and/or the 

University of New Mexico who have relevant experience will be sought 

to collaborate on the  project  as required and as time and funds are 

avai 1 able. 



d )  . Sta tus  a t  End of 1986. 

o Three technical  exchange meetings held t o  disseminate 

information about d i r e c t  heat appl ica t ions  and t o  s o l i c i t  comments 

from the  pr iva te  sec tor .  

o I n i t i a l  systems designed, constructed,  and placed in to  

operat i  on by Guatemala with Los A1 amos ass i  stance. 

e ) .  Project  Component Budget. 

Base s a l a r y  fo r  engineer $50K/FTE/Yr (0.88 F T E )  43.8 

Fringe @ 27% of base sa la ry  11.8 

Burden @ 77% o f  base sa la ry  plus f r inge  42.9 98.5 

Subcontractors and col labora tors  

1 person @ $250 f o r  31 days and 

2 persons @ $250/day f o r  10 days 

Travel 

Air f a r e  (Los Alamos - Guatemala City)  

3 R/T a t  $1067 plus 10 @ $1000 

Per diem ( 3  f i v e  day t r i p s  and 10 s i x  day 

t r i p s )  

Local miscellaneous and t ranspor ta t ion  

Report and miscellaneous support services  

General Material s and Services 

TOTAL 

f )  . Act iv i ty  Schedule and M i  1 estones.  





f. Geothermal S u ~ ~ o r t  t o  E l  Sa lvador  and Panama. 

1 )  Problem Statement.  The power p l a n t  a t  Ahuachapan, El  

Sa lvador ,  i s  a  c l e a n  and e f f i c i e n t  power s t a t i o n  o p e r a t i n g  f rom a  

l o c a l  i zed, h igh-qua1 i t y  hyd ro the rma l  geothermal  resource .  C u r r e n t  

power p r o d u c t i o n  i s  42 MW a l t h o u g h  t h e  i n s t a l l e d  e l e c t r i c a l  c a p a c i t y  

o f  t h e  p l a n t  i s  95  MW. D u r i n g  t h e  e a r l y  19801s,  Ahuchapan genera ted 

a p p r o x i m a t e l y  42% o f  t h e  e l e c t r i c a l  power r e q u i r e d  i n  El  Sa lvador .  

Because o f  i n c r e a s i n g  demand and d e c l i n i n g  w e l l  p r o d u c t i v i t i e s ,  i t  now 

p r o v i d e s  o n l y  a p p r o x i m a t e l y  25% o f  t h e  n a t i o n ' s  e l e c t r i c a l  power. 

T h i s  p l a n t  p l a y s  a  key r o l e  i n  p r o v i d i n g  secure  e l e c t r i c a l  power f o r  

t h e  c o u n t r y  because many o f  t h e  h y d r o e l e c t r i c  p l a n t s  and t h e i r  

a s s o c i a t e d  power l i n e s  c r o s s  t e r r i t o r y  t h a t  i s  s u b j e c t  t o  a t t a c k .  

The E l  Sa lvador  Geothermal Suppor t  P r o j e c t  component responds 

t o  d i r e c t  r e q u e s t s  f r o m  t h e  l o c a l  AID M i s s i o n  o f f i c e  and t h e  Comision 

E j e c u t i v a  H i d r o e l e c t r i c a  d e l  R i o  Lempa (CEL) f o r  a s s i s t a n c e  a t  t h e  

Ahuachapan geothermal  f i e l d .  P r o d u c t i o n  a t  t h i s  f i e l d  i s  s t e a d i l y  

d e c l i n i n g  and a  w e l l  l o g g i n g  program i s  d e s i r e d  t o  i n v e s t i g a t e  t h e  

c h a r a c t e r i s t i c s  o f  t h e  r e s e r v o i  r and we1 1  s  respons i  b l  e  f o r  t h i s  

d e c l i n e .  A t  t h e  p r e s e n t  t i m e ,  a lmos t  no h i g h - t e m p e r a t u r e  w e l l  l o g g i n g  

c a p a b i l  i t i e s  e x i s t  i n  C e n t r a l  America. 

Downhole l o g g i n g  t o o l s  can be e f f e c t i v e l y  used t o  i d e n t i f y  

t h e  f o r m a t i o n  h o r i  zons t h a t  a r e  p r o d u c i n g  geothermal  b r i n e s ,  1  oca te  

damaged zones i n  p r o d u c t i o n  we1 1  s,  i d e n t i  fy chemica l  s c a l  e  f o r m a t i o n s  

i n  we1 1  bo res ,  o b t a i n  downhole f l  u i d  sampl es o r  d e t a i  1  ed b r i n e  

c h e m i s t r y  s t u d i e s ,  and t o  a c c u r a t e l y  measure t h e  r e s e r v o i r  p r e s s u r e  

under f l o w i n g  and s h u t - i n  w e l l  c o n d i t i o n s .  A t  Ahuachapan, r e s u l t s  

f rom a  w e l l  l o g g i n g  program c o u l d  be used t o  s u p p o r t  t h e  f o l l o w i n g  

p r o d u c t i o n  enhancement s t r a t e g i e s :  

a)  Because o f  damaged w e l l s  o r  damaged p r o d u c t i o n  h o r i z o n s  

i n  t h e  r e s e r v o i r  f o r m a t i o n s ,  t h e  f l o w  o f  geothermal  f l u i d s  t o  t h e  

s u r f a c e  i s  b e i n g  r e s t r i c t e d .  Logg ing d a t a  can be used t o  i d e n t i f y  



such we1 1 s  o r  p r o d u c t i o n  h o r i z o n s  and remed ia l  a c t i o n s  can be 

imp1 emented. 

b) Because o f  s u s t a i n e d  p r o d u c t i o n  f rom t h e  c e n t r a l  p o r t i o n  

o f  t h e  f i e l d ,  r e s e r v o i r  p ressu res  a r e  no l o n g e r  s u f f i c i e n t  t o  m a i n t a i n  

t h e  d e s i r e d  f l o w  r a t e s .  Logg ing d a t a  can be used t o  upgrade t h e  

models o f  t h e  Ahuachapan r e s e r v o i r  t o  a s s i s t  i n  t h e  development o f  a  

spent  b r i n e  r e i n j e c t i o n  p l a n  t h a t  c o u l d  s t a b i  1  i z e  t h e  p r e s s u r e  d e c l i n e  

i n  t h e  f i e l d .  

The Panama Geothermal Suppor t  P r o j e c t  component responds t o  

d i r e c t  r e q u e s t s  f r o m  t h e  I n s t i  t u t o  de Recursos H i d r a u l  i c o s  y 

El e c t r i  f i c a c i o n  (IRHE) f o r  a s s i  s tance  i n  t h e  reconna i  ssance and 

p r e f e a s i b i l i t y  e f f o r t s  i n  Panama. T h i s  i n c l u d e s  p a r t i c i p a t i o n  i n  t h e  

A d v i s o r y  Panel mee t ings  f o r  geothermal  development i n  Panama and 

l a b o r a t o r y  a n a l y s i s  and i n t e r p r e t a t i o n  o f  d a t a  f rom f l u i d  samples t h a t  

have been c o l l e c t e d  by  IRHE. Geothermal m a n i f e s t a t i o n s  i n  Panama a r e  

l e s s  obv ious  t h a n  i n  o t h e r  C e n t r a l  American c o u n t r i e s .  The v o l c a n i c  

sequence r e s p o n s i b l e  f o r  geothermal  resources  i n  Costa R i c a  ex tends  

i n t o  wes te rn  Panama, however, and e x p l  o i  t a b 1  e  resources  c o u l d  be 

p resen t .  I n  r e g i o n s  o f  t h e  c o u n t r y  where chemical  geothermometer 

t e m p e r a t u r e  e s t i m a t e s  a r e  s u f f i c i e n t l y  h igh ,  f u r t h e r  e x p l o r a t i o n  and 

development c o u l d  be pursued. 

2 )  Pro . iec t  Comuonent D e s c r i   tio on . 

a) A c t i v i t i e s .  W i t h i n  t h e  geothermal  s u p p o r t  t o  E l  Sa lvador  

p r o j e c t  component, a c t i v i t i e s  w i l l  be focused on t h e  immedia te  need a t  

Ahuachapan t o  a r r e s t  t h e  d e c l i n i n g  w e l l  p r o d u c t i o n  f l o w  r a t e s .  The 

approach w i l l  be t o  make d e t a i l e d  downhole measurements i n  s e l e c t e d  

p r o d u c t i o n  we1 1  s  u s i n g  Los A1 amos deve loped h i g h - t e m p e r a t u r e  1 ogg ing 

t o o l s .  These measurements w i l l  be made i n  p r o d u c t i o n  w e l l s  l o c a t e d  i n  

t h e  h i y h l y - e x p l o r e d  c e n t r a l  p a r t  o f  t h e  f i e l d  and a l s o  i n  w e l l s  

l o c a t e d  t o  t h e  south ,  t h e  d i r e c t i o n  i n  wh ich  t h e  r e s e r v o i r  i s  t hough t  

t o  ex tend.  



The o b j e c t i v e  o f  t h e s e  measurements w i l l  be  t o  d e t e r m i n e  

whether  p r o d u c t i o n  d e c l i n e s  can be a t t r i b u t e d  t o  i n d i v i d u a l  w e l l  

damage, t h e  r e d u c t i o n  i n  t h e  c e n t r a l  r e s e r v o i r  p ressu re ,  o r  a  

comb ina t ion  o f  t h e  above. I f  damaged w e l l s  ( o r  damaged p roduc ing  

f o r m a t i o n s  a d j a c e n t  t o  t h e  w e l l s )  a r e  l o c a t e d ,  remed ia l  a c t i o n s  can be 

recommended t o  CEL f o r  n e a r - t e r m  p r o d u c t i o n  improvements. I f  

r e s e r v o i r  p r e s s u r e  d e c l  i n e  i s  t h e  p r i n c i p a l  c o n s i d e r a t i o n ,  t h e  we1 1  

l o g g i n g  d a t a  w i l l  be a v a i l a b l e  t o  improve t h e  e x i s t i n g  r e s e r v o i r  model 

o f  t h e  Ahuachapan f i e l d .  I n  f o l l o w - o n  s t u d i e s ,  t h i s  w e l l  l o g g i n g  d a t a  

would p r o v i d e  c r i t i c a l  i n p u t  f o r  an i n t e g r a t e d  r e s e r v o i r  e n g i n e e r i n g  

i n v e s t i g a t i o n  t h a t  would c u l m i n a t e  i n  t h e  d e s i g n  and i m p l e m e n t a t i o n  o f  

an e f f e c t i v e  s p e n t  b r i n e  r e i n j e c t i o n  program. 

Los Alamos would p e r f o r m  t h e  necessary  l o g g i n g  measurements 

u s i n y  t h e  new s e l f - c o n t a i n e d  l o g g i n g  t r u c k  b e i n g  f a b r i c a t e d  under t h e  

"Suppor t  Equipment f o r  C e n t r a l  America" p r o j e c t  component. The 

necessary  l o g g i n g  t o o l s  f o r  t h e  Ahuachapan w e l l s  a r e  a l s o  b e i n g  

f a b r i c a t e d  under t h i s  p r o j e c t  component. 

W i t h i n  t h e  geothermal  s u p p o r t  t o  Panama p r o j e c t  component, 

a c t i v i t i e s  w i l l  be focused on t h e  chemica l  a n a l y s i s  o f  w a t e r  samples 

c o l l e c t e d  i n  Panama by IRHE and sh ipped  t o  Los Alamos. T h i s  w i l l  

i n c l u d e  t h e  c a l c u l a t i o n  o f  geothermometer tempera tu res ,  i n t e r p r e t a t i o n  

o f  t h e  c h e m i s t r y  d a t a ,  and recommendations f o r  f u r t h e r  work i n  t h e  

most p r o m i s i n g  areas.  Los ALamos w i l l  c o n t i n u e  t o  p r o v i d e  t e c h n i c a l  

s u p p o r t  t o  t h e  a d v i s o r y  pane l  f o r  geothermal  development i n  Panama and 

wi 11 p r e s e n t  t h e  r e s u l t s  o f  t h e  chemica l  ana lyses  t o  t h i s  panel  . 

b )  Task Statement.  

(1) S e l f - C o n t a i n e d  Logg ing T ruck .  The new s e l f - c o n t a i n e d  

l o y y i n g  t r u c k  b e i n g  f a b r i c a t e d  under t h e  "Suppor t  Equipment f o r  

C e n t r a l  America" p r o j e c t  component w i l l  be sh ipped t o  El  Sa lvador  f o r  

use a t  Ahuachapan. The u n i t  wi 11 be sh ipped comple te  w i t h  a  

h i  gh - tempera tu re  7-conductor  geothermal  l o g g i n g  c a b l e ,  s e l  f - c o n t a i n e d  
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a u t o m a t i c  d a t a  a c q u i s i t i o n  system i n c l u d i n g  m in i - compu te r ,  

h y d r a u l i c a l l y  powered draw works, d i e s e l  eng ine  powered a u x i l i a r y  

e l e c t r i c a l  g e n e r a t o r ,  r e q u i r e d  l o g g i n g  a c c e s s o r i e s  and spa re  p a r t s .  

Los Alamos des igned  h i g h - t e m p e r a t u r e  cab lehead assemb l ies  f o r  

i n t e r f a c i n g  w i t h  t h e  downhole t o o l s  w i l l  a l s o  be p r o v i d e d .  T h i s  

equipment w i l l  be made a v a i l a b l e  t o  CEL f o r  use a t  Ahuachapan under 

t h e  te rms  and c o n d i t i o n s  s p e c i f i e d  i n  t h e  management p l a n  f o r  

geothermal  w e l l  l o g g i n g  o p e r a t i o n s  i n  C e n t r a l  America. 

( 2 )  High-Temperature Downhole Logg ing Tool  s  . The new 

h i g h - t e m p e r a t u r e  downhole l o g g i n g  t o o l s  b e i n g  f a b r i c a t e d  under t h e  

"Suppor t  Equipment f o r  C e n t r a l  America" p r o j e c t  component w i  11 be 

sh ipped t o  El  Sa lvador  f o r  use a t  Ahuachapan. These l o g g i n g  t o o l s ,  

deve loped b y  Los Alamos i n  c o o p e r a t i o n  w i t h  p r i v a t e  s e c t o r  

o r g a n i z a t i o n s ,  r e p r e s e n t  a  un ique c a p a b i l i t y  t h a t  canno t  be s u p p l i e d  

by commercia l  l o g g i n g  s e r v i c e  companies. Los A1 amos e n g i n e e r s  wi  11 

work w i t h  CEL r e p r e s e n t a t i v e s  t o  d e f i n e  t h e  Ahuachapan l o g g i n g  

program. The f o l l o w i n g  downhole t o o l s  have been i d e n t i f i e d  b y  CEL as 

h a v i n g  t h e  h i g h e s t  p r i o r i t y  f o r  t h e  Ahuachapan l o g g i n g  program: 

o  Temperature probe w i t h  c a s i n g  c o l l a r  l o c a t o r  and gage r i n g  

t o  assu re  t h a t  w e l l b o r e  i s  s u f f i c i e n t l y  open f o r  s a f e  t o o l  

p e n e t r a t i o n .  

o  Sp inner /Temperature /Pressure  t o o l  t o  d e t e r m i n e  what 

f o r m a t i o n  h o r i z o n s  a r e  p roduc ing  geothermal  f l  u i d s .  Combinat ion  o f  

t hese  t h r e e  f u n c t i o n s  i n t o  a  s i n g l e  t o o l  a l l o w s  measurement o f  t h e  

e s s e n t i a l  f l o w i n g  parameters  o f  a  w e l l  d u r i n g  a  s i n g l e  l o g g i n g  

o p e r a t i o n .  

o  M u l t i - A r m  C a l i p e r  t o o l  f o r  a c c u r a t e  measurement o f  c a s i n g  

and p r o d u c t i o n  s l o t t e d  l i n e r  i n s i d e  d iamete rs .  T h i s  t o o l  e f f e c t i v e l y  

measures any s c a l e  a c c u n u l a t i o n s  i n  t h e  w e l l b o r e  and can d e t e c t  c a s i n g  

damage and r e g i o n s  w i t h  e x c e s s i v e  wear o r  roughness. 

o  F lu id -Samp le r  t o o l  f o r  c a p t u r i n g  r e s e r v o i r  b r i n e  samples 

a t  depth .  These samples, c o l l e c t e d  a t  r e s e r v o i r  p r e s s u r e ,  c o n t a i n  t h e  

noncondens ib le  gases and a r e  used f o r  d e t a i l e d  b r i n e  c h e m i s t r y  

i n v e s t i g a t i o n s .  



( 3 )  Well Logging a t  Ahuachapan and Training of C E L  

Personnel . Los A1 amos and C E L  personnel wil l  conduct f l  owing and 

s t a t i c  1 oggi ng opera t ions  in production we1 1 s  a t  Ahuachapan. 

Candidate wells  f o r  logging wil l  be se lec ted  from t h e  following group: 

Wells 22, 24, and 27 from t h e  cen t ra l  par t  of t h e  f i e l d ,  and wells 31 

and 32 t o  t h e  south of the  main exp lo i t a t ion  area.  Los Alamos wil l  

provide on- s i t e  t r a i n i n g  t o  appropr ia te  C E L  personnel on t h e  operation 

of the  loyging t ruck ,  the  operat ion of the  automatic da ta  acquis i t ion  

system, the  opera t ion  of the  downhole t o o l s ,  and t h e  i n t e r p r e t a t i o n  of 

the  data from t h e  t o o l s .  Los Alamos engineers and technic ians  wil l  be 

on- s i t e  during a l l  logging runs in the  Ahuachapan wells .  

( 4 )  Geochemistry Support f o r  Panama. Los Alamos wil l  

provide major and minor element analyses and water s t a b l e  isotope 

analyses of samples co l l ec ted  by IRHE. These analyses wil l  be used in 

ca lcu la t ing  mixing o r  thermal f l u i d s  with groundwaters a s  well as  in 

ca lcu la t ing  underground temperatures using chemical geothermometers. 

Based on t h e  r e s u l t s  of these  c a l c u l a t i o n s ,  Los A1 amos wi 1 1  i den t i fy  

promising areas  t h a t  should. be f u r t h e r  i  nvestigated by extensive 

sampling involving both Los A1 amos and I R H E  personnel. 

c )  Coordination and Implementation Plan. C E L  has been 

i d e n t i f i e d  as  t h e  counterpart  organizat ion f o r  the  Ahuachapan well 

logging e f f o r t .  During t h e  logging of the  wells  with t h e  logging 

t ruck ,  C E L  and Los Alamos engineers  and technicians wil l  cooperat ively 

accomplish the  necessary t a sks .  During a  recent v i s i t  t o  Ahuachapan 

t o  inspect  t h e  candidate well s i t e s ,  C E L  personnel agreed t o  provide 

the  fol  lowing technical  support:  

o  Fuel supply f o r  logging r ig  while on loca t ion .  

o  Personnel s k i l l e d  i n  geothermal well head r igging and 

operat ion of  a l l  valves above the  wellhead's  ex i s t ing  master valve. 
This incl  udes assembly, opera t ion ,  and re1 ocation a s  necessary t o  

allow use of Los Alamos furnished pressure lock a t  each wellhead. 

o  Cooling water and water supply tank with pump,  hose, and 

nozzle f o r  use by Los Alamos s t a f f  fo r  necessary water spray cooling 
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of wire l ine  and pressure lock during removal of equipment from we1 1 .  

o Accomodations in C E L  v i s i t o r  housing u n i t s  f o r  Los 

A1 amos personnel during period of continuous operat ions a t  t h e  

Ahuachapan loca t ion  plus t r anspor t a t ion  t o  and from accomodations and 

we1 1 heads. 

o Movement of a l l  Los Alamos logging equipment in El 

Salvador from and t o  port of en t ry  a s  well a s  between wellheads a t  

Ahuachapan and a s s i  s tance in cl e a r i  n g  E l  Sal vadoran Customs 

requirements i n t o  and out of t h e  country. 

o Access t o  t h e  C E L  power plant  shops a t  Ahuachapan f o r  

r epa i r  of t o o l s  o r  instruments i f  need a r i s e s ,  or  a t  o the r  C E L  repai r  

shops. 

o Crane f o r  use during logging opera t ions .  

o C E L  s t a f f  a s  necessary t o  t h r o t t l e  wellhead flow as  

needed t o  pro tec t  instruments during flowing log measurements ( t o  

minimize instrument damage). 

o Relocation of fence sec t ions  around wellheads, where 

necessary, t o  provide adequate clearance f o r  logging t ruck  and support 

equipment . 

Because of CEL's ten years  of experience with an operating 

geothermal power p lan t ,  most of t h e  equipment required t o  support the  

logging opera t ions  i s  ava i l ab le  a Ahuachapan. The management plan f o r  

geothermal we1 1 1 oggi ng operat ions in Central America has been 

reviewed by C E L  and found t o  be s a t i s f a c t o r y .  

The well logying a t  Ahuachapan and t r a i n i n g  of C E L  personnel 

wil l  be performed under the  d i r ec t ion  of Dr. R .  J .  Hanold. He will  

dedica te  almost a l l  of h i s  time t o  planning, t r a i n i n g ,  pa r t i c ipa t ing  

in f i e l d  a c t i v i t i e s ,  and meeting report ing requirements f o r  Central 
American i n i t i a t i v e s .  

Principal inves t iga to r  f o r  the  equipment, logging,  and 

t r a i n i n g  a c t i v i t i e s  will  be B. R .  Dennis, e l e c t r i c a l  engineer and 

group leader  of the  ea r th  sciences instrumentation group. Additional 
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s u p p o r t  w i l l  be p r o v i d e d  by  S. P. Koczan (mechan ica l  e n g i n e e r ) ,  C. 0. 

G r i g s b y  ( chemica l  e n g i n e e r ) ,  P. J. Chavez (mechan ica l  t e c h n i c i a n ) ,  J. 

D. Kol  a r  ( e l e c t r o n i c s  t e c h n i c i a n )  , R. A. Maestas ( e l e c t r o n i c s  

t e c h n i c i a n ) ,  P. R. G u t i e r r e z  ( l o g g i n g  equipment o p e r a t o r ) ,  and R. M. 

P o t t e r  (we1 1  l o g g i n g  s p e c i a l i s t )  . 

IRHE has been i d e n t i f i e d  as t h e  c o u n t e r p a r t  o r g a n i z a t i o n  f o r  

t h e  geochemis t r y  s u p p o r t  f o r  Panama. R e s u l t s  w i l l  a l s o  be p r o v i d e d  t o  

members o f  t h e  Panama Geothermal A d v i s o r y  Panel. The geothermal  

s u p p o r t  t o  Panama w i l l  be per formed under t h e  d i r e c t i o n  o f  Dr. R. J. 

Hanold who i s  a l s o  a  member o f  t h e  Panama A d v i s o r y  Pane l .  

P r i n c i p a l  I n v e s t i g a t o r  f o r  t h e  wa te r  sampl ing  and a n a l y s i s  

a c t i v i t i e s  w i l l  be  Dr. F. E. G o f f ,  l e a d  s c i e n t i s t  f o r  geochemis t r y  

i n v e s t i g a t i o n s .  A d d i t i o n a l  s u p p o r t  w i l l  be p r o v i d e d  b y  C. 0. Gr igsby  

(chemica l  e n g i n e e r )  , L. A. Schevenel 1  ( g e o l o g i s t )  , P. E. T r u j  il l o  

( c h e m i s t ) ,  and D. A. Coune (chemica l  t e c h n i c i a n ) .  

d )  S t a t u s  a t  End o f  P r o j e c t .  Upon t e r m i n a t i o n  o f  t h e  

p r o j e c t ,  t h e  s i g n i f i c a n t  accompl ishments l i s t e d  be low w i l l  be 

compl e t e d  : 

o  The s e l f - c o n t a i n e d  l o g g i n g  t r u c k ,  comple te  w i t h  necessary  

accesso r ies ,  w i l l  be t e s t e d  and sh ipped  t o  t h e  Ahuachapan geothermal  

f i e l d  i n  El Sa lvador .  

o  Working w i t h  CEL s c i e n t i s t s  and eng ineers ,  an Ahuachapan 

we1 1  l o g g i n g  program w i l l  be developed.  

o  A  s e l e c t i o n  o f  h i g h - t e m p e r a t u r e  geothermal  we1 1  1  ogg ing  

t o o l s ,  c o n s i s t e n t  w i t h  t h e  requ i remen ts  o f  t h e  Ahuachapan w e l l  l o g g i n g  

program, w i l l  be t e s t e d  and sh ipped t o  Ahuachapan. 

o  A we1 1  l o g g i n g  program w i l l  be conducted i n  t h e  Ahuachapan 

w e l l s .  I t  i s  a n t i c i p a t e d  t h a t  t h r e e  w e l l s  w i l l  be l o g g e d  and t h a t  s i x  

d i f f e r e n t  l o g s  w i l l  be o b t a i n e d  f o r  each w e l l .  

o  D u r i n g  t h e  c o o p e r a t i v e  l o g g i n g  e f f o r t ,  Los Alarnos 

e n y i n e e r s  and t e c h n i c i a n s  w i l l  work w i t h  CEL personne l  t o  e x p l a i n  t h e  
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operation of the logging t ruck,  data  acquisi t ion system, and the  

downhole t oo l s .  Los Alamos will pa r t i c ipa te  with C E L  personnel in the 

f i e l d  in te rpre ta t ion  of the data being obtained from the  Ahuachapan 

wells.  

o Data from the  Ahuachapan wells will be c r i t i c a l l y  

reviewed a t  Los Alamos and compared with exis t ing data from other 

geothermal we1 1 s .  A technical report  summarizing the logging r e su l t s  

and presenting recommendations for  fu tu re  f i e l d  a c t i v i t i e s  a t  

Ahuachapan will be prepared and presented t o  C E L .  Emphasis will be 

di rected a t  the  declining f i e l d  production and any remedial actions 

t ha t  can be taken by C E L  t o  s t a b i l i z e  t h i s  decline.  

o Chemical and water s t ab le  isotope analyses will be 

performed on water samples collected in Panama by IRHE. 

o Geothermometer and mixing calcula t ions  will be performed 

and the various thermal s i t e s  in Panama will be eval uated fo r  t h e i r  

geothermal potential . 
o The r e su l t s  of the chemical analyses will be analyzed in 

de ta i l  and will be reported t o  IRHE and the  advisory panel. Emphasis 

will be on the geothermal potential  of the promising s i t e ( s )  and on 

recommendations fo r  fur ther  work needed t o  continue geothermal 

devel opment in Panama. 

e .  Project Component Budget. 

( 3 )  We1 1 Logging a t  Ahuachapan and Training of CEL 

Personnel. 

$K - 
Base sa lary  for mechanical and e l ec t r i c a l  37.7 

technicians (29K/FTE/Yr) 1.3 FTE 

Base sal ary fo r  mechanical and e lec t r i ca l  36.4 
engineers (52K/FTE/Yr) 

Fringe @ 26% o f  base sa lary  19.3 

Burden @ 79.5% of base sa lary  plus 74.3 

f r inge 167.7 



General Material s  and Services 

Rep1 acement e l e c t r i c a l  and mechanical 

components f o r  logging t ruck  and 

1 ogg i  ng tool s  

Laboratory analyses of we1 1 sampl e s  

Travel 

Air f a r e  (18  R / T ,  Los Alamos t o  San Salvador 18.0 

@ $1000/tri  p )  

Per diem (240 person n ights  @ $60/night) 14.4 
-- 

Rental c a r s  and local expenses 2.6 35.0 

Total f o r  El Salvador 250.0 

( 4 )  Geochemistry Support fo r  Panama. 

Base s a l a r y  f o r  chemical technic ians  

(29KIFTEIYr) 0.3 F I E  

Base s a l r y  f o r  geochemists 

(52K/FTE/Yr) 0.2 FTE 

Fringe @ 26% of base sa l a ry  

Burden @ 79.5% of base sa l a ry  plus 

f r inge  

Laboratory analyses of we1 1 sampl es  3.0 

General Material s and Services 

TOTAL 

f )  Ac t iv i ty  Schedule and Milestones. The schedule fo r  the  

t a sks  described i s  shown on the  accompanying milestone c h a r t .  



PROJECT COMPONENT TITLE: GEOTHERMAL SUPPORT TO EL SALVADOR AND PANAMA 

MONTH 



2. Peat  Resource Assessment and End-Use Study.  

a. P r o b l  em Statement.  D u r i n g  p r e l  i m i  n a r y  reconna issance 

resource  assessment work, p e a t  d e p o s i t s  were l o c a t e d  i n  Panama and 

Costa Rica.  A n a l y s i s  o f  samples f r o m  s e v e r a l  o f  t h e  d e p o s i t s  

i n d i c a t e s  each c o u n t r y  has l a r g e  q u a n t i t i e s  o f  good q u a l i t y  pea t .  

Bo th  c o u n t r i e s  need t e c h n i c a l  a s s i s t a n c e  t o  e v a l u a t e  t h e i r  pea t  

resources  because t h e r e  i s  p r e s e n t l y  l i t t l e  p u b l i s h e d  i n f o r m a t i o n  

about  and e x p e r i e n c e  w i t h  pea t  i n  C e n t r a l  America. R e f i n a d o r a  

C o s t a r r i c e n s e  de P e t r o l e o  (RECOPE) i n  Costa R i c a  and I n s t i t u t o  de 

Recursos H i d r a u l i c o s  y E l e c t r i f i c a t i o n  (IRHE) i n  Panama have requested 

a s s i s t a n c e  t o  i n i t i a t e  and c a r r y  o u t  r e s o u r c e  assessments, m i n i n g  

s t u d i e s  and e x p e r i m e n t a l  programs t o  demonst ra te  end-use f e a s i b i l i t y .  

I n  Costa R i c a  two d e p o s i t s  a r e  i n  t h e  process o f  b e i n g  surveyed and 

c h a r a c t e r i z e d  f o r  t h e i r  p o t e n t i a l  f o r  economic development.  Work i s  

a l s o  b e i n g  i n i t i a t e d  i n  Panama t o  c h a r a c t e r i z e  and d e v e l o p  a  v e r y  

l a r g e  low-ash d e p o s i t  i n  n o r t h w e s t e r n  Panama w i t h  t h e  o b j e c t i v e  o f  

g e n e r a t i n g  e l e c t r i c i t y  u s i n g  pea t .  

Ava i  1  a b l e  d a t a  i n d i c a t e  Be1 i ze and Guatemala a1 so have 

s i z e a b l e  p e a t  resources .  I f  t h i s  i s  t r u e ,  t h e  need f o r  pe t ro leum 

p r o d u c t s  i n  t h o s e  c o u n t r i e s  c o u l d  be a l l e v i a t e d  b y  b u r n i n g  p e a t  t o  

genera te  e l e c t r i c i t y  o r  f o r  p rocess  hea t .  

b. P r o j e c t  Component D e s c r i p t i o n .  

1) A c t i v i t i e s .  The a c t i v i t i e s  t o  be per formed i n  Costa R i c a  

and Panama i n c l u d e :  1) t r a i n  a p p r o p r i a t e  i n - c o u n t r y  pe rsonne l ;  2 )  

a s s i s t a n c e  w i t h  p e a t  r e s o u r c e  e v a l u a t i o n ;  3 )  demons t ra te  end-use 

f e a s i b i l i t y .  Because t h e  t e c h n i c a l  base e x i s t s  i n  C e n t r a l  America t o  

enab le  t h e  c o u n t r i e s  t o  do t h e  r e q u i r e d  work, t h e  approach f o r  t h i s  

p r o j e c t  i s  t o  p r o v i d e  enough e x p e r t i s e  and t r a i n i n g  so t h a t  i n - c o u n t r y  

g e o l o g i s t s ,  e n g i n e e r s ,  economis ts  and t e c h n i c i a n s  can e v e n t u a l l y  

conduct  pea t  r e s o u r c e  assessments and do end-use development on t h e i r  

own. 



I n  t h e  e a r l y  phases o f  t h e  p r o j e c t ,  t h i s  l e a r n i n g  exper ience  

w i l l  be more i n t e n s i v e ,  i n v o l v i n g :  1) c o o p e r a t i v e  work i n  t h e  f i e l d  

and l a b o r a t o r y  between Los Alamos N a t i o n a l  L a b o r a t o r y  and h o s t  c o u n t r y  

personne l  ; 2) t r a i n i n g  courses;  and 3 )  exchanges o f  s c i e n t i s t s  and 

t e c h n i c i a n s  between Los Alamos N a t i o n a l  L a b o r a t o r y  and t h e  h o s t  

i n s t i t u t i o n s .  A f t e r  C e n t r a l  American personne l  have l e a r n e d  more 

about  t h e  resources  and c a p a b i l i t i e s  o f  t h e  h o s t  i n s t i t u t i o n  as w e l l  

as  t h e  l o g i s t i c s  r e q u i r e d  t o  conduc t  t h e s e  s t u d i e s ,  Los Alamos 

personne l  w i l l  a c t  as c o n s u l t a n t s  t o  t h e  h o s t  o r g a n i z a t i o n s  i n  such 

a reas  as  c h a r a c t e r i z i n g  t h e  resources ,  recommending new approaches o r  

a d d i t i o n a l  s t u d i e s ,  and e v a l  u a t i  ng a n a l y t i c a l  r e s u l t s .  We may a1 so 

h e l p  t o  a d v i s e  t h e  h o s t  i n s t i t u t i o n  as w e l l  as t h o s e  p a r t i c i p a t i n g  i n  

t h e  pea t  end-use program, r e g a r d i n g  s i t e  s e l e c t i o n  f o r  d e m o n s t r a t i o n  

p r o j e c t s ,  m i n i n g  , o r  end-use t e s t i n g  . 

2. Task Statement.  

a. T r a i n i n a  

T r a i n i n g  o f  RECOPE and IRHE personne l  f o r  f i e l d  work ( i  .e., 

use o f  c o r i n g  equipment,  d e s c r i p t i o n  o f  pea t  samples, d e s c r i p t i o n  o f  

s i t e  c h a r a c t e r i s t i c s ,  sample c o l l e c t i o n  procedures ,  e t c . )  was begun 

d u r i n g  t h e  i n i t i a l  c o l l e c t i n g  t r i p s  t h a t  Los Alamos pe rsonne l  made t o  

Costa R i c a  and Panama. A d d i t i o n a l  t r a i n i n g  wi  11 i n c l  ude c o m p l e t i o n  o f  

f i e l d  t e c h n i q u e s ,  b a s i c  i n f o r m a t i o n  re1 a t i v e  t o  t h e  composi t i o n  o f  

pea t ,  t h e  c l a s s i f i c a t i o n  o f  p e a t ,  t y p e s  o f  ana lyses t o  be done on p e a t  

and t h e i r  s i g n i f i c a n c e ,  methods o f  r e s o u r c e  c a l c u l a t i o n s ,  m i n i n g  

methods, env i ronmen ta l  impac ts ,  and v a r i o u s  end-uses. 

To accomp l i sh  t h i s  t r a i n i n g  i n  t h e  fundamenta ls  o f  p e a t  

r e s o u r c e  assessment, a t r a i n i n g  s h o r t - c o u r s e  w i l l  be h e l d  i n  San Jose,  

Costa Rica.  T h i s  s h o r t - c o u r s e  w i l l  be r u n  i n  J u l y  1986 b y  D r .  A r t h u r  

Cohen, Los A1 amos N a t i o n a l  L a b o r a t o r y  and Dr. W i  l l i am Spackman, 

Pennsy lvan ia  S t a t e  U n i v e r s i t y .  It w i l l  be des igned s p e c i f i c a l l y  t o  

meet t h e  needs o f  t h o s e  peop le  i n  C e n t r a l  America who a r e  a l r e a d y  



w o r k i n g  on t h e  development o f  pea t  resources  o r  who m i g h t  have an 

i n t e r e s t  i n  d o i n g  so i n  t h e  f u t u r e .  

Key g e o l o g i s t s  and t e c h n i c i a n s  w i l l . a l s o  r e c e i v e  t r a i n i n g  by  

v i s i t i n g  two o r  t h r e e  d i f f e r e n t  p e a t  r e s e a r c h  l a b o r a t o r i e s  i n  t h e  US. 

C e r t a i n  e n g i n e e r s  w i l l  r e c e i v e  a d d i t i o n a l  t r a i n i n g  b y  v i s i t i n g  

p r o j e c t  s i t e  i n  Jamaica where p e a t  d e p o s i t s  w i l l  be used t o  genera te  

e l e c t r i c a l  power. 

b )  Peat Resource Eva1 u a t i o n  

(1) Country-Wide E x p l o r a t i o n  Program - Costa R ica .  Based on 

p r e v i o u s  a d v i c e  f r o m  Los Alamos p e a t  e x p e r t s ,  RECOPE has a l r e a d y  begun 

a  c o u n t r y - w i d e  e x p l o r a t i o n  t o  f i n d  a d d i t i o n a l  pea t  d e p o s i t s  i n  Costa 

R ica .  T h i s  work w i  11 be c o n t i n u e d  b y  RECOPE w i t h  Los A1 amos personne l  

a c t i n g  o n l y  i n  an a d v i s o r y  c a p a c i t y  and /o r  as a  source o f  t e c h n i c a l  

e x p e r t i s e .  

The f i e l d  methods employed i n  d o i n g  t h i s  k i n d  o f  

reconna issance  i n v o l v e  g a i n i n g  access t o  an a r e a  i n  wh ich  pea t  may 

o c c u r  and t h e n  t a k i n g  a  sma l l  number o f  r e p r e s e n t a t i v e  samples f rom 

t h e  a r e a  w i t h  a  Macaulay p e a t  sampler .  W i th  p r o p e r  t r a i n i n g ,  a  good 

judgement can be made i n  t h e  f i e l d  as t o  whether t h e  samples may be 

p e a t  and whether  t h e y  shou ld  be ana lyzed.  L a b o r a t o r y  a n a l y s i s  i s  

r e q u i r e d  t o  d e t e r m i n e  i f  t h e  m a t e r i a l  i s  good q u a l i t y  p e a t .  I f  good 

q u a l i t y  p e a t  i s  found i n  an a rea  and geomorphic ( o r  v e g e t a t i o n a l )  

ev idence  suggests  t h a t  t h e  d e p o s i t  may be o f  reasonab le  s i z e ,  p l a n s  

w i l l  be  made f o r  more d e t a i l e d  sampl ing.  

( 2 )  D e t a i l e d  S t u d i e s  o f  S p e c i f i c  S i t e s  - Costa R ica .  When 

ev idence  f rom t h e  Costa R ica  c o u n t r y - w i d e  assessment suggests  t h a t  a  

reasonab ly  l a r g e  d e p o s i t  has been found,  p l a n s  w i l l  be made f o r  more 

s y s t e m a t i c  samp l ing  o f  t h e  d e p o s i t .  T h i s  u s u a l l y  i n v o l v e s  sampl ing  t o  

t h e  bo t tom o f  t h e  d e p o s i t  u s i n g  a g r i d  sampl ing  p l a n  o r  equa l l y -spaced  

t r a n s e c t s .  



The purpose o f  t h i s  samp l ing  w i l l  be t o  d e t e r m i n e  t h e  

v e r t i c a l  and l a t e r a l  e x t e n t  o f  t h e  d e p o s i t  and i t s  " q u a l i t y . "  Since 

" q u a l i t y "  i s  somewhat a  f u n c t i o n  o f  t h e  d e s i r e d  end-use, a  s p e c i f i c  

d e p o s i t  may be o f  h i g h  q u a l i t y  f o r  c e r t a i n  uses b u t  l o w  qua1 i t y  f o r  

o t h e r s .  F o r t u n a t e l y ,  v a r i o u s  l a b o r a t o r y  t e s t s  can be used t o  p r e d i c t  

t h e  b e h a v i o r  o f  p e a t  f o r  i n d u s t r i a l  o r  a g r i c u l t u r a l  uses ( see  

method01 ogy)  . 

Based upon p r e v i o u s  d i s c o v e r i e s  b y  Los Alamos and RECOPE 

personne l ,  RECOPE has a l r e a d y  begun d e t a i l e d  s t u d i e s  on two s i t e s  (one 

near  S i q u i r r e s  and one near  Los C h i l e s ) .  Sampl ing and a n a l y s e s  have 

been n e a r l y  comple ted f o r  t h e  S i q u i r r e s  s i t e  and have begun on t h e  Los 

C h i l e s  s i t e .  RECOPE has s u f f i c i e n t  p e o p l e  (and now has s u i t a b l e  

l a b o r a t o r y  f a c i l i t i e s )  t o  do a l l  o f  t h e  f i e l d  work and most  o f  t h e  

l a b o r a t o r y  t e s t s  necessary  f o r  t h i s  t a s k .  Los Alamos p e a t  s p e c i a l i s t s  

w i l l  p r o v i d e  a d d i t i o n a l  t e c h n i c a l  a s s i s t a n c e  o r  adv i ce ,  where needed, 

and w i l l  conduct  a  l i m i t e d  number o f  s e l e c t e d  a n a l y t i c a l  t e s t s  t o  he1 p 

i n  assessment o f  t h e  q u a l i t y  o f  t h e  resource .  Los Alamos personne l  

w i l l  a l s o  a s s i s t  RECOPE i n  p l a n n i n g  f u t u r e  s t u d i e s ,  i n  a n a l y z i n g  t e s t  

r e s u l t s ,  and i n  o b t a i n i n g  q u a l i f i e d  c o n s u l t a n t s  t o  a s s i s t  i n  t h e s e  

s t u d i e s .  

I n  o r d e r  t o  accomp l i sh  t h e  t a s k s  d e s c r i b e d  above, i t  i s  

expec ted  t h a t  3-4 t r i p s  f o r  about  t h r e e  days each b y  two Los Alamos 

peat  spec i  a1 i s t s  ( a n d / o r  consu l  t a n t s  t o  Los A1 amos) w i  11 be r e q u i  r e d  

b e f o r e  t h e  end o f  1986. 

( 3 )  Reg iona l  Reconnaissance o f  Nor thwestern  Panama. D u r i n g  

o u r  p r e v i o u s  t r i p  t o  Panama, o u r  m i s s i o n  was t o  d e t e r m i n e  i f  any pea t  

d e p o s i t s  were p r e s e n t  i n  t h i s  c o u n t r y  ( s i n c e  none had e v e r  been 

r e p o r t e d ) .  One d e p o s i t  o f  l a r g e  s i z e  (abou t  40 km2) and p o t e n t i a l l y  

y r e a t  economic p o t e n t i a l  was d i s c o v e r e d  near  t h e  town o f  Chanyu ino la  

i n  t h e  n o r t h w e s t e r n  p a r t  o f  t h e  c o u n t r y .  Subsequent l a b o r a t o r y  t e s t s  

conducted a t  Los Alamos e s t a b l i s h e d  t h a t  many samples f r o m  t h i s  

d e p o s i t  had v e r y  h i g h  o r g a n i c  m a t t e r  c o n t e n t  (98%) and some 



. 
had h e a t i n g  v a l u e s  as h i g h  as 10,800 BTU/lb. d r y .  T h i s  wou ld  be 

a p p r o x i m a t e l y  e q u i v a l e n t  t o  t h e  h e a t i n g  v a l u e  o f  a  subb i tuminous c o a l .  

Thus, t h i s  depos t  c o u l d  have g r e a t  p o t e n t i a l  f o r  many uses, and 

c e r t a i n l y  f o r  e l e c t r i c a l  power g e n e r a t i o n .  Fur thermore,  

geomorpho log ica l  and e c o l o g i c a l  ev idence  suggests  t h a t  2  o r  3 o t h e r  

d e p o s i t s  o f  t h i s  same t y p e  may a l s o  o c c u r  i n  t h i s  a r e a  and e x t e n d i n g  

e a s t  t o  C h i r i q u i  Grande. It i s  on t h e  b a s i s  o f  t h i s  i n f o r m a t i o n ,  

( p l u s  i n d i c a t i o n s  f rom t h e  Panamanians t h a t  t h e y  a r e  i n t e r e s t e d  i n  

d e v e l o p i n g  t h i s  r e y i o n )  t h a t  we propose h e r e i n  t o  c o n c e n t r a t e  o u r  

e f f o r t s  on reconna issance  e x p l o r a t i o n  o f  n o r t h w e s t e r n  Panama. T h i s  

- shou ld  i n v o l v e  3 t o  4 weeks o f  f i e l d  work, u s i n g  a  h e l i o c o p t e r ,  two 

f i e l d  v e h i c l e s ,  a  b o a t ,  and abou t  6 f i e l d  a s s i s t a n t s .  W i t h  p r o p e r  

t r a i n i n g ,  a  good judgement can be made i n  t h e  f i e l d  as t o  whether any 

samples c o l l e c t e d  m i g h t  be pea t  and whether t h e y  shou ld  be r e t a i n e d  

f o r  a d d i t i o n a l  1 a b o r a t o r y  a n a l y s i s .  L a b o r a t o r y  a n a l y s i s  i s  r e q u i  r e d  

t o  d e t e r m i n e  i f  t h e  m a t e r i a l  i s  good q u a l i t y  pea t .  T h i s  t a s k  shou ld  

r e s u l t  i n  between 100 and 200 samples t o  be ana lyzed  f o r  t h e  e n t i r e  

n o r t h w e s t e r n  Panama r e g i o n .  

( 4 )  D e t a i l e d  Study o f  Chanqu ino la  S i t e  - Nor thwest  Panama. 

Because we have a l r e a d y  d i s c o v e r e d  a  p o t e n t i a l l y  s i g n i f i c a n t  d e p o s i t  

near  t h e  town o f  Cahnquinola ( a s  p r e v i o u s l y  d e s c r i b e d )  and s i n c e  t h e r e  

i s  s t r o n g  i n - c o u n t r y  i n t e r e s t  i n  t h i s  area,  we a r e  p r o p o s i n g  t h a t  t h i s  

d e p o s i t  be t h e  f i r s t  t o  be i n v e s t i g a t e d  i n  d e t a i l .  Us ing  Macaulay 

samplers,  a  h e l i c o p t e r ,  two f i e l d  v e h i c l e s ,  and about  t h e  same s i z e  

crew as used i n  t a s k  2, s y s t e m a t i c  samp l ing  o f  t h e  e n t i r e  d e p o s i t  

( i n c l  ud ing  an a d j a c e n t  d e p o s i t  nea r  Ami ran te )  wi  11 be i n i t i a t e d .  T h i s  

w i l l  i n v o l v e  about  150 sample s i t e s  and as many as 550 samples 

c o l l  e c t e d  f o r  1  a b o r a t o r y  a n a l y s i s .  Ana lyses t o  be conducted wi 11 

i n c l u d e  " p r o x i m a t e "  a n a l y s i s  ( m o i s t u r e ,  ash, f i x e d  carbon,  v o l a t i l e  

m a t t e r ) ,  c a l o r i f i c  v a l u e  (BTU/l b.),  " u l t i m a t e  a n a l y s i s "  ( C ,  H, 0, and 

S), b u l k  d e n s i t y ,  pH, p e t r o g r a p h i c / b o t a n i c a l  c o m p o s i t i o n  ( i n c l u d i n g  

f i b e r  c o n t e n t  and p l a n t  t y p e s ) ,  m i n e r a l o g i c a l  a n a l y s i s  o f  t h e  ash, and 

ash f u s i o n  tempera tu re .  These ana lyses  w i l l  have use b o t h  i n  

c a l c u l a t i n g  t h e  t o t a l  q u a n t i t y  o f  t h e  resource  and i n  e s t a b l i s h i n g  t h e  



< * 

i n d u s t r i  a1 b e h a v i o r  o f  t h e  p e a t  (e.g . e l e c t r i c a l  power app l  i c a t i o n s ,  

a g r i c u l t u r a l  uses, e t c . ) .  

It i s  expec ted  t h a t  sample c o l l e c t i o n  a t  t h i s  s i t e  w i l l  be  

done e n t i  r e l y  b y  IRHE ( w i t h  Los A1 amos a s s i s t a n c e  and a d v i c e  where 

r e q u i r e d )  and t h a t  i t  w i l l  t a k e  a p p r o x i m a t e l y  one month t o  comple te  

t h e  sample c o l l e c t i o n  ( w i t h  he1 i c o p t e r  a s s i s t a n c e ) .  W i t h o u t  

h e l i c o p t e r  s u p p o r t ,  t h i s  samp l ing  t a s k  w i l l  p r o b a b l y  t a k e  s e v e r a l  

months. 

Fo r  t h i s  d e t a i l e d  s tudy ,  i t  i s  a l s o  expected t h a t  Los Alamos 

w i l l  be r e s p o n s i b l e  f o r  c o n d u c t i n g  o r  c o n t r a c t i n g  o u t  most  o f  t h e  

ana lyses.  Comple t ion  o f  t h e s e  ana lyses  w i l l  t a k e  a p p r o x i m a t e l y  t h r e e  

months. 

c )  End-Use S t u d i e s  and Exper imen ta l  Program. Hav ing 

i d e n t i f i e d  p o t e n t i a l  end-uses f o r  t h e  pea t  resources,  p l a n s  w i l l  be 

made and implemented t o  c a r r y  o u t  e x p e r i m e n t a l  programs t o  demonst ra te  

end-use f e a s i b i l i t y  and t o  o b t a i n  r e a l i s t i c  c o s t  d a t a .  Severa l  t a s k s  

a r e  e n v i s i o n e d .  These i n c l u d e  t e s t  bu rns  o f  pea t  i n  a  cement p l a n t  i n  

Costa R ica ,  t e s t  bu rns  o f  pea t  i n  an e x i s t i n g  work g a s i f i e r  i n  Costa 

R ica  ( i f  t e c h n i c a l l y  r e a s o n a b l e ) ,  s t o v e  combust ion and env i ronmen ta l  

t e s t s  u s i n g  p e a t  f rom Costa R ica  a t  I C A I T I ' s  f a c i l i t y  i n  Guatemala 

City, f e a s i b i l i t y  and c o s t  s t u d i e s  f o r  f l u i d i z e d  bed b o i l e r s  and 

g a s i f i e r s ,  a  v i a b i l i t y  s t u d y  f o r  a  p e a t - f u e l e d  power p l a n t  i n  Panama 

and pea t  m i n i n g  s t u d i e s  f o r  b o t h  Panama and Costa R ica .  

A t  t h e  c o n c l u s i o n  o f  t h e s e  s t u d i e s ,  r e p o r t s  w i l l  be w r i t t e n  

summariz ing t h e  f i n d i n g s .  D r a f t  r e p o r t s  shou ld  be a v a i l a b l e  a t  t h e  

end o f  FY86. 

3. C o o r d i n a t i o n  and Imp1 ernenta t ion  

Program management f o r  t h i s  component i s  t h e  r e s p o n s i b i l i t y  

o f  Mr. Joseph Frank.  Dr. James A l d r i c h  i s  t h e  P r o j e c t  Leader o f  t h e  



p e a t  resource  assessment and Dr. A r t h u r  Cohen, t h e  t e c h n i c a l  l ead .  

Dr. Kenneth W i l l i a m s o n  i s  t h e  P r o j e c t  Leader o f  t h e  end-use 

development and Dr. Gary Thayer, t h e  t e c h n i c a l  l ead .  A1 1  work wi  11 be 

p lanned and c o o r d i n a t e d  t h r o u g h  t h e  c o u n t e r p a r t  o r g a n i z a t i o n s  by 

Mr. A r t u r o  Ramariz o f  IRHE i n  Panama and M r .  Oldemar Ramirez o f  RECOPE 

i n  Costa Rica.  Dr. W i l l i a m  Spackman and Thomas M a l t e r e r ,  wel l -known 

c o n s u l t a n t s  on p e a t  and coa l  , a r e  b e i n g  employed by  Los A1 amos t o  a i d  

i n  i t s  t r a i n i n g  t a s k s ,  and a l s o  t o  g i v e  a d v i c e  on t e c h n i c a l  

management, p1 ann i  ng, and d a t a  a n a l y s i s  . 

I n  a d d i t i o n ,  a  we1 1  known a u t h o r i t y  on end-uses o f  peat ,  

Dr. M. Kops te in  o f  Peat Systems I n t e r n a t i o n a l  and M r .  A. A1 l e n  o f  

A. D. A l l e n  Company w i l l  p a r t i c i p a t e  i n  t h e  program. The schedule o f  

imp lementa t ion  i s  shown on t h e  accompanying m i l e s t o n e  c h a r t .  

Bo th  RECOPE and IRHE a r e  making s i g n i f i c a n t  economic c o n t r i b u t i o n s  

t o  t h i s  p r o j e c t  i n  t h e i r  r e s p e c t i v e  c o u n t r i e s .  Bo th  o r g a n i z a t i o n s  a r e  

c o n t r i b u t i n g  a l l  o f  t h e  personnel  r e q u i r e d  t o  do t h e  f i e l d  work, two 

o r  more f i e l d  v e h i c l e s  and gas, and many g e o l o g i s t s  and o t h e r  e x p e r t s  

t o  h e l p  i n  a n a l y z i n g  d a t a  and p e r f o r m i n g  some o f  t h e  l a b o r a t o r y  work. 

RECOPE has expended a  s i g n i f i c a n t  amount o f  i t s  own funds t o  b u i l d  and 

e q u i p  a  pea t  a n a l y s i s  l a b o r a t o r y  t o  conduct  t e s t s  f o r  t h i s  p r o j e c t .  

4. S t a t u s  o f  End o f  Phase 2 - FY86 

o  T r a i n i n g  o f  i n - c o u n t r y  personnel  shou ld  be t o  t h e  p o i n t  

where t h e y  can c o n t i n u e  s t u d i e s  o f  p e a t  on t h e i r  own. 

o  Regiona l  assessment o f  pea t  resources o f  n o r t h w e s t e r n  

Panama wi 11 be compl e ted .  

o  Count ry-wide assessment o f  pea t  resources  o f  Costa R ica  

w i  11 be one-ha1 f cornpl e ted.  

o  D e t a i l e d  a n a l y s i s  o f  t h e  q u a n t i t y  and q u a l i t y  o f  t h e  peat  

resource  a t  Changuinola i n  Panama w i l l  be completed. 

o  D e t a i l e d  a n a l y s i s  o f  t h e  q u a n t i t y  and q u a l i t y  o f  peat  

resources  a t  S i g u i  r r e s  and Los C h i l e s  s i t e s  i n  Costa R ica  wi 11 be 

cornpl e ted .  



o  T e s t  b u r n  o f  p e a t  a t  cement p l a n t  i n  Costa R i c a  w i l l  have 

been c a r r i e d  ou t .  

o  H a l f  o f  t h e  s t o v e  combust ing  and env i ronmen ta l  t e s t s  u s i n g  

Costa R ican p e a t  a t  I C A I T I ' S  f a c i l i t y  i n  Guatemala Cty w i l l  be 

completed.  

a P l a n n i n g  f o r  t e s t  b u r n  o f  pea t  i n  e x i s t i n g  work g a s i f i e r  

i n  Costa R ica  w i l l  be c o n t i n u i n g .  

o  F e a s i b i l i t y  and c o s t  s tudes  f o r  f l u i d i z e d  bed b o i l e r s  and 

g a s i f i e r s  w i  11 be i n  p rog ress .  

o  V i a b i l i t y  s t u d y  f o r  a  p e a t - f u e l e d  power p l a n t  n e a r  

Chang u i  nao l  a, Panama wi  11 be i n  p rog ress .  

o  Peat  m i n i n g  s t u d i e s  f o r  Costa R i c a  and Panama w i l l  be i n  

p rog ress .  

5. P r o j e c t  Component Budget. See f o l  1  owing pages. 

6. A c t i v i t y  Schedules and m i l e s t o n e s .  See f o l l o w i n g  pages. 



PEAT RESOURCE ASSESSMENT AND END-USE STUDY 

PROJECT COMPONENT BUDGET 

$K 
Pro, iected Budqet f o r  Resource Assessment 

G e o l o g i s t  base  s a l a r y  ($48.1K/FTE/Yr) 1 .6  FTE 77.0 

F r i n g e  @ 25.5% o f  b a s e  s a l  a r y  19.6  

Burden @ 79% of base  s a l a r y  p l u s  f r i n g e  76 .3  172.9 

Technica l  and s e c r e t a r i  a1 base  s a l  a r y  

($22.7K/FTE/Yr) 1 .0  FTE 22.7 

Fr inge  @ 25.5% o f  base  s a l a r y  5 . 8  

Burden @ 79% o f  base  s a l a r y  p l u s  f r i n g e  22.5 51 . O  

Trave l  

A i r  f a r e  (12 R/T Albuquerque t o  Cen t ra l  

American c a p i t a l  c i t y )  12 .0  

Per  diem (average  $75/person-day x 64 

person-days )  4 .8  

He1 i c o p t e r  f o r  f i e l d  work 20.0 36.8  

C o n s u l t a n t s  (24 days  @ $250/day) 6 .0  6 . 0  

Chemical a n a l y s i s  ( c o n t r a c t )  38 .0  3 8 . 0  

SUBTOTAL 304.7  

Pro- jected Budqet f o r  T r a i n i n q  

G e o l o g i s t  o r  e n g i n e e r  base  s a l a r y  
($SO.OK/FTE/Yr) 0 . 2  FTE 

Fr inge  @ 25.5% o f  base  s a l  a r y  

Burden @ 79% of  base  s a l a r y  p l u s  f r i n g e  



Projec ted  Budqet f o r  Tra in inq  (Cont 'd) 

Technical and s e c r e t a r i  a1 base s a l  a ry  

($22.7K/FTE/Yr) 0 .2  FTE 

Fringe @ 25.5% of base s a l a r y  

Burden @ 79% of  base s a l a r y  p lus  f r i n g e  

Travel 

Ai r  f a r e  (6 R/T A1 buquerque t o  Central 

American c a p i t a l  c i t y )  6 .0 

A i r f a r e  (2 R/T: Albuquerque t o  Colorado 

and A1 buquerque t o  Pennsylvania) 1.0 

A i r f a r e  ( 3  R/T Panama t o  Jamaica) 2.5 

Per diem (average $75/person-day x 30 

person-days) 2 .3 

Local and f i e l d  expenses 2.8 14.6 

Consul tan ts  (8  days @ $250/day) 2.0 2.0 

SUBTOTAL 48.5 

Pro jec ted  Budqet f o r  End Use Study 

Engineer base s a l  a ry  ($50 .OK/FTE/Yr) 1.0 FTE 50.0 

Fringe @ 25.5% of base s a l a r y  12 .8  

Burden @ 79% of base s a l a r y  p lus  f r i n g e  49.6 112.4 

Technical and s e c r e t a r i a l  base sa l  a ry  

($22.7K/FTE/Yr) 0.4 FTE 9.1 
Fringe @ 25.5% o f  base s a l a r y  2.3 
Burden @ 79% of base s a l a r y  p lus  f r i n g e  9.0 20.4 



Pro, iec ted Budset  f o r  End Use Studv (Cont 'd )  

T r a v e l  

A i r  f a r e  ( 8  R/T Albuquerque t o  C e n t r a l  

American c a p i t a l  c i t y )  8 . 0  

Per  diem ( a v e r a g e  $75/person-day x 40 

pe r son-days )  3 . 0  

Local and f i e l d  expenses  8 . 0  19.0  

C o n s u l t a n t s  (220 days  @ $250/day) 5 5 . 0  55 .0  

ICAITI s t o v e  c o n t r a c t  40.0 40.0 

SUBTOTAL 246.8  

PROJECT COMPONENT TOTAL 600.0 





COSTA R I C A N  PEAT RESOURCE ASSESSMENT 
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DETAILS OF CV I 986 EFFOR-I- 
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C .  Management 

Funds a re  required t o  support project  management a t  Los Alamos and f o r  

the  regional project  coordinator and the  regional geothermal coordinator. 

A portion of these funds wil l  be used f o r  the  development of the 

monitoring system f o r  the  Zuni1 Direct Heat Project  and f o r  the  

development of the  logical  frameworks f o r  each of the  components. 

D .  Continqencv 

Funds a re  required t o  cover unanticipated increases in the estimated 

cost  of items or  services  required f o r  the  projects .  Also, the  

independent evaluation of the Central American Energy Resources Project  

wi l l  be funded from t h i s  source. 



E .  Summary Budqet 

Component 

Energy S i tua t ion  Analysis 
Honduras Geothermal Reconnaissance 

Mi rava l l  e s  Geothermal Devel opment 

Support Equipment f o r  Central America 

Direc t  Heat Appl i c a t i  ons of Geothermal Energy 
Geothermal Support t o  Panama and E l  Salvador 
Peat End Use Assessment and Reconnaissance 
Management 
Contingency 


