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CONCLUSIONS AND RECOMMENDATIONS 

\~e agree vlith Los Alamos National Laboratory (LANL) that the 

Qualibou caldera prospect has an excellent geothermal potential and that it 

is probable that geothermal energy will be economically competitive with 

available alternate energy resources. HO\'lC!ver, before consideration should 

be given to further exploration drilling, we recommend that the following 

tasks be completed: 

1. Prior ~rilling of 7 wells in th~ Qualibou caldera to a maximum 

depth of 2,381 feet has resultt~d in the production of only about 3 

Nl1-equivalent of steam. That drilling progr'am, and f'csulting I'/ell 

tes t dota, shoul d be rev'j 1~\,led in deta i 1 to Getermi ne lind document 

the I' e J son s for the P (lor res u 1 t s; and a 1 sot 0 ide n t i f yin f 0 rPl J t ion 

thJt could help ensure that a second drilling campaign will he more 

successful. For example transient pre~~ure data from the original 

\'I(~ 1 1 t p. '5 t S s h 0 u 1 d bee x a In'j ned, to de t e rill i n e i f poor p \ 0 due t i 'I i t Y i s 

tile r(~slllt of (a) lm'l pr.:l'lTleability or (b) well damage from the loss 

of drilling mud into potentially productive steam zones. 

2. Geologic mopping by LJ\:IL leoves unresolved the location and 

geomct ry 0 f the f dU 1 t I'Ihi cn is channe l-i ng therrna 1 fl ui d to the sur­

face a shot spr-j ngs in Sul phur Spri ngs Vall ey. These hot spr-i ngs 

are the most impressive thennal features in the Qualibou caldera, 

and, for possible drilling decisions, it is important to know the 

geometry of the permeable feature responsible for tlleir occurrence. 

Rt;("~us~ G of the 7 existing \-/ells are located clos~ to these 

s p r i n 9 s, d eta i 1 cdc r 0 s s - sec t i 011 S S h 0 u 1 d bed r a \'/n a c r 0 s s S u 1 P Illl r 

Spri~~ VG11ey, in~Jl'porating ~s lTluch information as possible from 

the \,ii~lls, including strutigrc.phy, subsurface temperature distribu­

tion, (:nd the location of st~lim entry zones. 
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3. Results of geochemical work give credible indications of high tem­

perature at depth beneath the Qualibou caldera, but the results are , 
not u5eful for locating a specific dril~ing target. No additional 

geochemical work is recommended. 

4. No conclusions can be d~awn from the single dipole-dipole resis­
tivity pseudosection presented by LANL, because near-surface 

lateral variations in resistivity greatly effect the apparent 

resistivity values detected from greater depths. Furthermore, it 

is our experience that geologically valid resistivity interpreta­

tions cannot be made in volcanic terrains from a single profile. 

Knowledge of the areal distribution of resistivity, at various 

depth intervals, is also required. Consequently, we recommend that 

an integrated interpretation be made of all the available resisti­

vity data, including the dipole-dipole surveys ex uted by the 
~ United Kingdom team, and the AMT surveys executed 6y Aquater. This 

interpretation should include co ': t ;: - r' ~·~ e 1 ir1 g of all the dipole­
d1Gc l (? d? t.,;l ' 0 .:; i ' n-te the t;: ':': :: r '" :. f' r.ce r- ~ urface lateral 

variations in resistivity on the deeper resistivity values. 

5. The LANL englneering report addresses a number of possibilities for 

geothermal development on St. Lucia. Each of the alternatives is 

treated rather lightly and with little depth. The next logical 

step is for the Government of St. Lucia to identify one or two 

geothermal applications that appear both economically viable and 
suitable to the needs of the St. Lucians. The most attractive 

iilJlJl ications should be studied in detail to verify the economic and 
technical aspects of the proposed geothermal development. These 

studies should include conceptual designs and detailed cost esti­

mates to p l ' OVP' conclusively that a project has sufficient merit to 

proceed to d final design and construction stage. Otherwise, it is 
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not worth continuing the project. A wellhead geothermal power 
plant is one alternative that is \Olor·thy of rJl~tailed study. 

6. The LANL macroeconomics model provides little confidence in pre­

dicting trends in the gross domestic product (GOP) of St. Lucia. 

With such limited success, we feel that this effort is no more 

reliable than a simple extrapolation of the GOP with qualitative 

adjustments for m3.jor external events. The genp.ral result of the 

non-linear optimizing model (that a gl!otilermal component in st. 
Lucia's energy Illix would ben~f'ii: the economy) can be accepted, but 

further wor~ on this seems unjustified at this time. 
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GcothermEx. Inc. has been reques ted by the U. S. Agency for 

International Development (AID) to provide a systematic review of ~ report 

written by the Los Alamos National Laboratory (LANL) on tecllnical and eco­
nomic aspects of developing geothermal power on the island of st. Lucia. 
The report, entitled "Evaluation of the St. Lucia Geothermal Resource", has 

been issued in 4 parts: 

cJ. Sur,lilJary Report, April 1984 

b. Geologic, Geophys'iccJl and Hydrogeolo~Jic Investigations, August 

1984. 

c. Engineering Investigation and Cost Estimate, August 1984; and 
d. Macroeconomic Models, August 1984. 

In addition to the LANl. report, AID also provided GeothermEx with a 

copy of the October 1982 r'cport, "Exploration of St. l.ucia's Geothermal 
Reser\/oir", prepared by the Ital-iail oovernl1l\~jlt-O\·/I-,<:;d firm Aquater. This 

report documents the res~lts of Alluater's geologi(~ ycophysical and geo­

c\kiiliCal exploration efforts on tI~f2 island during the early part of 1982. 

It is assumed that LANL ilad access to the Aquater reports at the time of 

its \'Iork. l30th the LANL und AqucJter reports have been reviewed by 

GeothermEx. 

According to the tenns of reference provided by AID, GeothermEx is 

requested to indicate areas of strength and weakness in both the tec~~ical 

and economic aspects of the LANL report, and to comment on the advisability 

of proceedi ng \,Iith rlork proposed by Li\NL. 

Our' CCimillents i1l'e ()r'~Ji:lrliz(~d in 3 sections: TIle fif'5t is conc0.rned 

\'lith resource exploration; the S~CO~J with surface plant engineering and 
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cost estimat2s; and the third with macroeconomic models. This follows the 

organization of the LANL report. 

The comment.s in our I'eport pertaining to exploration were prepared 

by Or. James R. McNitt, g~ologist and Vice President of GeothermEx for 

Exploration; Dr. Christopher W. Klein, senior geochemist; and Dr. William 

F. Isherwood, senior geophysicist, all of GeothermEx's staff. The report 

section dealing with plant engineering and costs, was prepared by the staff 

of Gibbs and Hill, Inc., a subsidiary of Dravo Corp., \"hich is a consulting 

enQineering firm with recent 2nd extensive experience in the design, 

costing and construction of geothermal generating facilities in the western 

United States. The section on macroeconomic analysis was prepared by Dr. 

Isherwood, who holds an M.B.A. degree in addition to his Ph.D. in geophy­

sics. 

G~otherm[x, Inc. was found~d in 1973 to provide expertise in the 

e>:ploration and dev~lopmen:' of g~~Gthermal energy. Its experience is world­

w~de, and includes discovery of the Miravalles geothermal field in Costa 

Rica, the nixie Valley, Ne','alla, ~eJtherrnal field (on behalf of Sunoco 

Energy Development Company) and step-out discoveries at The Geysers 

geotllenllal fi.:ld, Cal iforn·ia. Otller recent explorat'ion/development 

experience has been in Japan, the Philippines, Yugoslavia, Indonesia, and 

Yemen, for investment agencies, agencies of national government and private 

compailies. Prior to joining GeotherrnEx 'in 1980, Dr. t·1cNitt \'Ias senior 

advisor on geothermal energy to the United Nations, and directed the suc­

cessful Kenya project which resulted in discovery of the Olkaria geothermal 

fi e 1 d • 
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2. TECHNICAL REVIEW OF EXPLORATION RESULTS 

2.1 Geologic Studies 

SUITE 201 
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The three most important objectives of geologic mapping for 
geothermal exploration in volcanic areas are: 

a. locating the area of most recent volcanic activity, which should 
coincide with the area of highest subsurface temperature; 

b. locating and defining the geometry of faults which might provide 
structural permeability; and 

c. identi fying and determining the depth and thickness of formations 
which might provide stratigraphic permeability. 

'l fl F~ Los Alamos work has clearly met the first objective by iden­
~lrylng the emplacement of Bel fond domes as the most recent volcanic event. 
This conclusion ;s based on a ' u./ )f C'i":·1\ (} J~('. c rtn:ar. t relat hn:~h;ps. Th£'> 
volcanic products of the Belfond domes have been dated at 20,900 to 34,200 
years by scientists from the U.K.) which is geologically very young. The 
Aquater geologists also concluded that the Belfond domes represent the 

youngest activity within the Qualibou caldera, and therefore there is a 
consensus among the various groups that have worked in the area. Clearly, 
the Belfond dome area should be given a high priority in the selection of 
future drilling sites. 

Although objective "b", the location of structural permeability, is 
discussed at lengt in the Los Alamos report, the discussion is difficult 
to follow in detail because of t he small scales of the geologic map and 

cross-sections and because the map and sections are not only presented at 

-6-
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different scales, but in different scale units. The bar scale of the 

geologic map is in the metric system and although the fractional scale is 

stated to be 1:25,000, it is actually about 1:64,OOOt probably because of 

reduction of the original drawing to page size. The vel~tical scale of the 

sections, given in feet, is calculated to be 1:50,000. It app2ars that the 

horizontul scale of the sections is equal to the vertical scale, although 

this is not stated. 

Because of the wide variation in both subsurface temperatures and 

distribution of perilleability in holes 1 through 7, the UK workers concluded 

that productio1 in the Sulphur Springs area is structurally controlled by 

faulting. Tho Los Alamos workers agree with this interpretation, but 

because of th(~ :;fIIall scale of the maps and section~j, it is not clear vlhat 

fault is responsibl~ for the Sulphur Valley springs. The location of the 

S u 1 p h u r Val 1 L.'/ : p I' i n 9 'j i s ri 0 tel e c. r 1 y s h Dim 0 nth e g col (l 9 i C In il p, but if i t 

is css'..!~nGd U\at thl~y a!'e near \-Iells 3 through 7, then, according to the 

map, the springs J['C: on the surface trace of the regional NE-trending fault 

that pass.:s tlirrwail Soufricr Bay. If tllis is the Los Alamos interpreta-

tion, thcn \,:l1y are t.he Sul)s!.lf'facr~ tC'!f~pcr'ilt.ures in hole #l, v/hir:.h is 10c.a.: 'C: 

n'2>:t to this fi;Ult, so 10\'1? In s(;ction l1-S', the region21 fault in Sulphur 

Springs valley is not shown, and the closest inner cald~rd fault reaches 

the surfac2 about 1,400 feet SW of Sulp~ur Springs valley. In examining 

the l;lap and :;ections, thcr(~fore, the question (Irises; I"hat fault, if any, 

is controi 1 ing the location of the 1;lajor thermal springs ill the area? To 

r8so1ve thi5 q'Jestion, more detailed cross-sections shou1d be dravifl through 

the Sulphur Val ley i1rea 2.nd the sections should incorporate as much infor-

ma"-ian J5 pC:J:;ible fro;n the; ',,'elL;, including ~;tr;l1;isri.:phYt temperature 

distribution and the location of steam entries. From detailed sections 

sucn as th~~;t~, it ll1i.ly be pOJ~:iLJle to dc:finr. the 10ca l',ion and 9t~(JI1IGtry of 

th(~ fault n~sPJnsib1c for Ule lililin d'isplay of surface thcrm~:l dctivity in 

the c(lldera. 

-7-



G'eotllernlEx, Inc. 
(.115) 527·9875 

vUI.L. C.UI 

5?21 CENTRAL AVENUE 
F~ICHMOND. CALIFORi'HA 94804 

':.:\I!Lt "'DD~":'~~~ l~d:.:THlr1'JL x 
"'t'Ll:,', ,~(;.q~~2 Sl!~/,P.~ IJC 
~ ... , I.:·rd '~:!;?.:l~fl': 

Rot.h Los r~ 1 amos ilnd Aquater approcched the quest i on of per,neabi 1 ity 

primarily from the point of vie\" of finding fault (structural) per­

meability. It is our experience, hov,ever, from work in similar volcanic 

env'ironlllents, that stratigraphic: permeability, related to specific aquifer ... s 

within the volcanic sequence, can be as important as structural per­

nlcability for providing producible reservoirs. Although both groups have 

marie significant progress in defining the stratigrap;lic succession in the 

area of interest, neither has define~ the hydrogeologic characteristics of 

the volcanic urlits, with particular reference to identifying possible 

strati<]I"Jphic reservoirs. For eX(J!nple, study of the distribution of 

springs on the; island might indici.it(~ v,hethp-r the local b;'tsalt unit has 

suffici~nt pcnneability to form a reservoir. If so, exploration holes 

should be planned to penetrate sev2ral hundred feet of basalt. If not, the 

holes could Le U~rlTlinated at til!? base of the o'/erlying andesite. 

2.2 Geochc::1ical Studies 

are: 

The objectives of geochemical studies in geothermal exploration 

a. to assist in defining a hydrologic model of the geothermill system 

by interpreting the chemistry of surface and subsurface water 

samples; and 

b. to esLimatc reservoir tr:mperature by using hydrochemical and gas 

geoLhermometers. 

Based on the; r geocheJili c,11 studi (!S, both r~quater and LANL agree 

t hat i I (I t s p r i n 9~; \'1 i t tli n t: h·~ Q U (j ~ i () 0 U C aid ~ rae r r: s il i) 1 low III C tr:! uri c wa t e r 

h~,)t(!d 11Y st:>[111l con:10r.S.'l'.:.e arid by CO,ldllction, ,)nd not 1(:ri dir'f!ctly by a 

deep therelill fluid. Ihe t~IO or':JJniziltions, hOl'Iever, h(jv{~ proposed dif­

feri:nt models to explain til(' ob:-;(~rved hydrocllr.rlistry of th""'.-· srrinr;~:. 

-8-
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Futur'e explol'ation dr'illing strateg-ies \'/i11 depend on which l.,f the:se models 

is accepted. 

Aquater has concluded that a 200 to 220°C thermal system underlies 

most of the caldera. This system is described as a source of steam which 

heats overlying groundwater, but whether there is a one- or two-phase zone, 
and whether a brine layer is present, is not stated. If this model is 

correct, sufficiently high temperatures for geothermal production can be 

found by drilling anywhere on the caldera floor. 

LANL, on the othp.r hand, envisions J three layer geothcmal system: 

an upper condensation zone; an intermediate vapor or tr,'O-phase zone; and a 

lower (beiling) brine: zone. Upflow of the deep brine may occur in one or 

more locations central to the caldera, but mast probably this deep upflow 

is restricted to the vicinity of Sulphur Springs and/or t~~ Gelfand dome 

area. Deep flew of this brine to th2 northern caldera wall is possible, 

but not positively indicated by any available evidence. Boiling of this 

brine at about 250°C or higher produc~s thG st~anl which~ in turn, condenses 

into the overl yi ng st1i:! i 10l'j gr'oundwi)tc r • The ~lround;'!ater then flol'15 hori­

zontally dOi'1il hydrologic gr2ciientsta outlying tilC!rnwl spr-ing sites at 
caldera boundaries to the north, na!'th,-'(':.st ilrld possibly to the soutlllt/est. 

If this model is correct, exploration drilling, at least initially, should 

be limited to the area of Sulphur Springs and tile Belfond domes. 

Although the chemistry of tile dl(:f'iii3l ":J;)rings can be inter'preted to 

support either the Aquater or LANL models, we favor the LANL model because 

it 1~ more consistent with the charact~ristics of thermal systems we have 

examined is simili.ll' volcanic settings. Therefore, I'/e recommend that ini­

tial exploration drill-ing be restricted t.o the Sulphur Springs and/or 

Bel fond dOIJh~ uea. 

-9-



r 

I. 

I 

\ 
I' 

• SUITE 201 

G E I 5221 CEtm~A Il. AVENUE 
_0 eothernn X, me. RICHMOND, CALIFORNIA 94804 

----------------.----~----~ (415) 527·9876 
CABLE ADDRESS GEon IEnl.~EX 
Tf:LE" 709 1 5~ STEAM UD 
fi AX (1, 11)) 5;?7°0 HI4 

Both Aquater and LANL use gas geothermometers to estimat e deep 
reservoir temperature. Using the H2/CH4 thermometer, Aquater estimates a 
temperature of 350°C for a "deep" system, of unknovtn actuaOI depth or areal 
extent, and 220°C for a shallower system underlying the entire caldera. 
LANL, uSing the gas thermometer developed by O'Amore and Panichi, estimate 
the deep brine temperature at 280°C •. A large oxygen isotope "shift" and 
high B/Cl ratios qualitatively support these high temperature estimates for 
the deep system, and in 1 ight of the fact that the thermal water's al'e asso­
ciated with a young volcanic system, we find these temperature estimates 
c red i b 1 e. 

Samples of brine obtained from well No.4 have an unusual com­
position which indicates that the fluid probably formed by interaction of 
sea water with young volcanic rocks, but has been strongly affected by pro­
cesses of evapora t i on and moj xi ng. Trad it i anal chem; ca 1 geothermometers 
applied to the brine give temperature estimates of no more than 180°C, 
which is 40°C less than the highest temperature observed in the same well. 
Rea~ons for this are uncertain, as are the level and temperature of the 
production zone. However, the characteristics c f the brine and of the well 
sl' ~oye;, ~ i..' I<.1 L ti ll:!f'e HOY exi t .:I very 1 01'1 wCl t:; r/rock ratio in the brine zone 
whi ch \'1 as prOl uced, and the sampl es may not represent the deep thermal 
system. 

Additional geochemical work is not necessary to support deep 
drilling reconmendations, but should be carried out as part of long-term 
monitoring of the system. When new wells are drilled in the area, it will 
be particularly important to sample fluids for stable isotope deter­
minati0ns and gas analyses, as well as major element chemistry. Chemical 
and isotope data frolll nevi 'Ilells should b (~ integrated into the existing data 
base in a uniform format. Although it does not seem necessary at this time 

to st art organizing the existing data, this task should be undertaken as 

-10-
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part of the reporting iJrHl analysis of chenrical data fror.1 the first deep 

exploratlon hole. 

Three separate gecphysical interpretations were reviewed: gravity 

by Aquatcr, audiomagnetotelluric (AMT) by Aquater, and dipole-diple 

resistivity by LANL. All these interpretations are based on field surveys 

which appear competently executed, but f~il to integrate their conclusions 

with tlle results and interpretations of ear1 i".:r i'lOrkers. Our comments on 

the results of each of tht~ thr2C slJrveys ar'e given below. 

2.3.] Grilvitv. 
----.-~-

AqllJtel,I~:. disr.lIs~;ion of fieltj rrocedures and data reductiorl n;ethods 

is good and ~rc','~;I-' cOi",fidcnce in the [HapS they produce. AltrlOUgh other 

workers may eJ'00S'3 di i"ferent ['eduction dC:rlsities or regionJl field, thl; 

authors' choice.; ere rl~:;on2ble awJ yic-ic EClJgur~r and r'~sidl.!al I'~}'_'i~v maps 

\-Ih-jch forlll J sl:licJ b.l~;is f(ll' -jr<-'-;--_ 

The int!~rpt'p.t,"ti(Jn is limited by u. 1ack of field data on rock den­

sities. Well density 1025. drill cuttings, and surface sampling would pro­

vide safne bJsis 1":;1' V)TTr"!lc':ing ~rc1'1ity ... lith geology. For' example, results 

from the "Nettlr:ton pr'ofilin911 datd cou-Id h2ve b2en improverl had the dif­

ferences in rock ty;;~s, and tl1crl~fore (I2nsitics, under each profile been 

recognized. 

The gravity interpretation is essentially non-geologic. The place­

ment 01" a IIncilvy pll1t~1I (lees nut a~W,:'lr L.L) De CGnstrained by surface 

Jeo1oClY or clmmhDl<-: ~V!rJlotJjc inforr,lllt1-:irl. Thl~ one concession to g(~ology 

(IiWe assume tn:lt t.1l!~ hell'/Y plate desuibed is due to a lava flol'ls (sic) 

body .:lbo'/e the [:Jagm:l Chilnlb(~r.lI) does 1 it tl e to further the geotherJlld 1 
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nl(.l(ie1. Althougn 101','5 Jr2 generally stated to cevclop from "fissuration," 

il') attempt has been made to correlate U:; geologic cross section I'lith 

In i.l P pc d 9 (~o log i c II nit s • 

Aquater places no particular signi ficance on the dominant local 

gravity 10\" in the Be1fond ar(~i1. It \,wl/lel be easy to Il~odel possible sour­

ces of such a circular anomaly to provide testable hypotheses (e.g. modeled 

as a hot, plug-shaped dacite intrusion with its surface exposed and base 

\"ittlin 2 km of the surface). f\ simple calculation illso demonstrates that 

ste,m·-filled rathC!r tlnn ,vater-filled pores ~ ... ould crcate insufficient den­

sity contrast to ccJUse the local 10l·!. Sllch geolosic constra"ints i1ssist ;r, 

lI1:Jl:ing J Plodel v,hich fits all available data. 

1'/itllOut bct.!:er !Jr.J,~rstanding of rock ty~)(~S involved, VIC do not 

ag:'ce that gravity reflects permeJbility to thl~ d~~il'(;e suggested. Fracture 

p,=rlll'2abi 1 i ty, ~;O cO:i1!l1onl y domi nant i n ~~Qtl1~rmal res0.rvo; rs, frequently is 

greatest in competent, r21at;vely dense, rock. 

2.3.2 AI~T Res i sti vi tv. -_._---_._--------"-

Th2 report 011 !\Cjuater's AMT survey is difficult to follO\o{ due to 

poor English and/or typugraphical errors. Non! important, the survey's 

depth of penetration is so shallow (500-1,000m) as to have limited use­

fu"1 ness in defi ni n9 i1 rt~servoi r. Combi ned \-,i til ~~tte spdrs ity of data from 

, .. i thin the c2.ldc:rJ, this survey contributes 1 ittle to a model of the 

geothermal system. 

Aquater pnperly points out the difficlllti(~s of using onc­

dimensiollal inversions of idH soundings in cH'eilS of severe lateral 

variations. Neverthe1e~~s, their cross-sections iill'.re1y piece tOlJ2thel~ indi­

vidual one-dill1cnsiolllll inversions wit.h ljenCiOllS lISC! of vercicJl "/\IH 

dis con tin u it i e s" ~, 0 l' \-/'. r: n c ~ :1 t ion s • 

-12-



:~ 1:"1 527·9876 
Ct·P.LE /·.:.lUflrc.:O Gi?JTHU1MEX 
1 [LE.": 7U ..... •. :):~' SiLll'.' '-'D 
:,\~ ,'·J1~j~ ~·I~:I·dl">: 

Geotllenn Ex, Inc. 
SUITE 201 
5221 CENTRAL AVENUE 
RICHM()I~Do CALIFORNIA 94804 

/'1.1 though the cr05s-sect ions i ndi cate some g~neral surface 
geomorphic features, littl~ attempt is made to relate observed resistivi­

ties to petrologic properGies of the features. Use of well data and other 
pl:trologic analyses \'lOuld hav(~ assisted in relating resistivity structure 

to geologic structure. 

2.3.3 .Qle.~!..~:Dipole Resistivity. 

The LANL report describes field procedures adequately and the sur­

vey results are believabl~. Once again, the weakness lies in the interpre­

tation and integration with previous work. 

Presentation of the rt:sults in psc::udosection form, wbile standard 
practice, often Illisleilds the cast -;1 reader. This is especially true in 

areas of large lateral resistivity variation because resistivity features 

portrayed at depth in a p~e~dosection can be strongly influenced by near­

s~rf~ce rock properties. The interpretation should reflect these uncer­
tainties. 

l.ML's study is presented in isolation. Considerable previous \'lOrk 

bears on the interpretation of this survey, most important of which are the 

drilling results themselves. Even if electric logs are not available, 

estimates of resistivity could be made from the lithology descriptions. 

The relation af LANL's results to those of the previous IGS dipole­
di pol e survey shoul d be [Jresented. For instance, y/i 11 i amson and Wri ght1 

(1978) also report an apparent resistivity high bclol': Sulphur Springs, but 

-----_._-
1 Williamson, K.H., alld Wright, LP., 1978, St. LLicia Geothermal Project, 

GRC Transactions, v.2, p.731-733. 
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concluded from compuLer Illodeling studies thdt lithe appaicnt high resisti­

vity zOlie at depth vIas probably due to near-,surface latel'dl variations in 

resLtivity.1I \ole support this conclusion. 

LANL's speculations, correlating resistivity lows with a "large 

thermal reservoi r" and resi st i vity hi ghs at dr.pth v/ith a vapor-domi nated 

reservoi r may provi de useful hypotheses to test, but are not concl uS'j ve. 

The first tests should come fram data already available, correlations with 

accessible surface rocks and with previous drilling results. If, in fact, 

the mode1 still fits, suhse<1uent drilling at proposed holes #1 and #2 

bf';CO;i1;'~S Lhr Ile::t. logical test. A hole at the proposed site #1 also I'lould 

test the source of the gl'avity 10\1. At site #2. \'/e propose an alternative 

hypothesis, that the anomalous body at depth is a silicic plug probably 

Ilavin0 1m/ permeability. 

Some considerations which might be discussed in interpreting the 

psuedosection include: (a) what is the relation of ground water depth to 

the near-surface observed apparent resistivities?; (b) how do near-surface 

resistivHy boundaries relate to mapped lithologic contacts or other obser­

'/('1:)12 propr~rties?; (c) if the deep high resistivity target is a st~alll zone, 

why is H not surrounded by a hot saturated zone of very 101-/ resistivity. 

t\lthougll a "dry steam zone" is hypothesized to be characterized by high 

resistivity, to our knowledge, no clear examples of this have been 

demonstrated in qeothermal systems \'1ith proven steam zones. 

Because of the proven value of resisitivity data in other geother­

mal prospect areas, and because so much resistivity data have been gathered 

over the Qualibou caldera, I':e recommend that a more concerted effort be 

made to int0.rpret the I'.::sul:s (if thE:se slIr'lc!,J's. Tllis il'lterpretat'ion effort 

should inClude computer [Ilodt:lin~1 of both the Ul~ and LN,L dipole-dipole sur­

\'eys~ dn(~ incorporotion of Uwse data ''lith the MitT data. The final 

interpretat.ion should inclllde considerat'ion of the proposed hydrologic 

model, and particularly, the data resulting from past drilling. 
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3. TECHNICAL REVIEW OF ENGINEERING INVESTIGATIONS AND COST ESTIMATES 

This section summarizes the results of a brief technia~ review of a 
report entitiled "Evaluation of St. Lucia Geothermal Resource - Engineering 

Investigation and Cost Estimate" prepared by the Los Alamos National 
Laboratory (LANL). · Gibbs & Hill's review was completed under the direction 
of Dr. James McNitt of GeothermEx in support of their contract with the 
U.S. State Department Agency for International Development. This summar,y 
of Gibbs & Hillis findings and recommendations is divided into two major 
sections: Geothermal Electric Power Production and Industrial 
Applications. 

3.1 Geothermal Electric Power Producion 

The LANL report proposes 2.5 MW modular units as the base case for 
geothermal development. Larger units should be considered for the develop­

ment scenario due to economies of scale. A typical geothermal well from a 
hydrothermal resource qill supply sufficient steam for 5 MW of Dower pro­
(;'.' "on . A 5 ! ·\~i unit Sh01,'i ci . -. ('on sid e~- e.: .. 1:· a· ·. ·· ·: ,· t i..: size for develop­

ment due to the higher unit costs of a smaller power plant. Two 5 MW (net) 

units would satisfy the base load electrical consumption for St. Lucia 
until 1990. A detailed economic study is required to determine the optimum 

quantity of the peak load power that should be generated from geothermal 
facilities. The existing 16 MW of diesel generating capacity on the island 

should be maintained for peak power production and for reserve capacity for 
scheduled and forced outages of the geothermal units. 

The capital cost of a wellhead geothermal power plant is under­

estimated in t he LANL report. The LAHL report cites an installed cost of 
$1000/kW including hydrogen sulfide removal. Recent conceptual designs and 

detailed cost estimates by Gibbs & Hill have shown that the installed 
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cr:pital ccst of a nodular 5 II,W v:ellhead ur.nl;rator is in t.he ran9'~ of $1,400 

to $1,700 per kW (1984 $'s). Hovlevcr, the over'all costs of the geothermal 

\ ... ells pr'ovided in the LANL report i:lrr~ indeed quite conser'vJtive as stated. 

Thus, it appears that the overall costs of the geothennal power development 

stated in the LANL report are reJlistic when tile low power plant costs are 

combined with the high well costs. 

The LANL report incorrectly concludes that conventional induced 

draft cooling towers sho~ld be avoided due to th~ lack of make-up water and 

the hi(jh parasitic cooling tlJ'tlr:r' fein l02ds "in thr:: Sr:. I.ucia climate. In 

pr(~c.tic(~. g(~othermal steam c'.)n r1o.o l l:".:.:' C·;j~ i)~ US(~cJ (is tht~ sole source of 

Il1c~e-up cooling '~Iater, as is Uw car;r~ for all geothermal units at The 

Gr~ys(~,..s in Californic.. Also, ~he design conditions for ilf1 evaporative 

cooling tovI2r on st. Luci J dre not ,J~; s\:v('rQ or restricti V(~ a~. on'2 might 

believe. !,(cording to tl1(; .6~II~Ul.I .. J.i.':ndbo"9J~ ..... ?L.f~~~~~i'!al;;, th(~ 5'~ design 

'd'~t bulb t~:npercture for th~~ n(;ighl)('rin~J 'island of "lartinique is 80°F. The 

design \·f(~t bulb for st. Lucia (,311 b;~ e;:pccterl to be similar and is not so 

unusually 11igh as to result in UG~cc~ptdbly large cooling tower fan loads. 

Thi~ de~)igl1 temperaturE' is the ~,,~:lli~ ,~.S ir, th(! Ph'ilip,)"inl~s, I-/here all 18 

9~othC'nl:iJl power plunts incorporJtc: C:'1c.iJordl·.ivc cooling to\'lt~rs. Induced 

draft fans are dlso u~,ed successfullj' in Ha\'filii on the 3 r"~: plant near 

Hila. 

It ;s highly likely that Lhe use of conventional evaporative 

cooling tow2rs would result in a lower cost of power than the use of ocean 

cooling. The base case 2.5 MW power plant presented by LANL utilizes ocean 

cooling ',:~th ,::1 ::nd2n.'.::tcr pipelinc appro~imJtcly onc-::1ilc lang conn(?ctcd 

to ahov(! urounrl piping spanning an additional milp. in length. It;s dif­

ficult tu ilililiJirl(': ti1dt tro~ f!y.lr'emely Iligl1 co:,t 01" Ud5 cOOl inu I'later pipe­

line is jlJ~.tifi(]ble for a unit of this size. Perhaps "if iJ po\'::~r plant were 

located at t'I\~ shoreline illlU cold O((!uri 1'/iJter v,cre available at les~er 
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depth, ocean cooling would be justified. Also of interest is the fact that 
though the LANL base case design incorporated ocean cooling, the cold ocean 

water was not utilized to its full advantage. LANL assumed GO°F cooling 

water was available, yet, the plant was designed for a condensing tem­

perature of 115°F. 

The LANL report proposed hydrogen sulfide removal upstream of the 

turbine. There are no commercially available technologies for upstream 

hydrogen sul fide removal. A prototype technology should probably not be 
proposed for the first unit on st. Lucia. 

L;\!{L correctly concludes that geothermally supplied electric­

irltensivC! industries do not appear feasible for develo~m~nt on St. lucia. 
The anticipated cost of geothermal electric power is not sufficiently low 

to be competitive with the cost of e12ctricity available elsewhere. 

Th'2 cost of thermal energy fur direct use g(~othermal projects is 

higi'tly (if:p:::ndent on the proximity of the end user to Pll~ pr'oduction 

wellheads. Due 'co the high cc::;t v, j:'IP'irIi] r!flLi ~/.c(lssive heat losses, it is 

not economic~l to transport hut brine over long distances. Thus, it can 

safely be concluded that dir'ect use of geothermal projects will make sense 
for St. Lucia only if the g'2otherll,ul \'/ellheads are clos(~ to an accessible 

site for building a factory. 

LANL has identified tc:n indlJ:;tries for potential develcpment of 

direct use geothermal applications. Six of these industries appear worthy 

of further investigation to assess the economics or geoUlcrlilal heat 

utilization. These six industries are: (1) coconut oil production; (2) 

timber drying; (3) concrete block production; (4) beer production; (5) 
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bJnui1a chip production; (lnd (6) tourist a:ld other comml~rcial hot \1atel' 

ap~lications. The production of alcor,ol/gasahol from sugilr cane has 

qUllstionable economics due to ~.he vt"!ry 10','1 production rat.es. (It could 

support d sug~r mill that processed only 32,153 tons of sugar cane and an 

alcohol distillery that proJuced only 483,200 gallons of alcohol per year.) 

Dry ice production requires that new techrol09Y be developed for separating 

the carbon dioxide from other gaseous constituents. Fresh water prcduction 

is a costly process that cannot be co~petitive with natural water sources. 

The production of allllllinl1~ll from bauxite is In unlikely indu!:;tr-y for St. 

Lucia since both bi1 l!xito and sodiu:n h'ycJroxid(~ must be impol'ted. 

The LANL. ('c'por'.: proposes to ll::;(~ g('otil.::~rrnal fl uids llS primary heat 

supply to Soufrit.'!'I.! vlit.h a return reinjection "Ce;;lreri.~tur(2 of 113°C (119°F). 

Expericnc(~ il1:.!ici.:_t;~) that higiler ti:!.111)erat.Uf'02 (432°F) geothQrlfldl fluids can 

Cc.llse rll':!.ior ":'C~'li:l~' Fr:::blerls ',\'h::n th(~ t'':iaperature is dropped to this 

extreme. 
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4. TECHNICAL REVIEW OF MACROECONOMIC MODELS 

LANL discusses two separate macroeconomic models. Part I of the 
report discusses the first, the Macroeconometric Model, which forecasts the 
gross domestic product (GDP or GNP, sic) for the period 1983-1985. Besides 
the limited value of projection for this period of time, the presentation 
fails to provide a credible discussion of reliability and uncertainty in 
the estimates. In fact, the lack of reliability seems demonstrated by the 
self-test of trying to predict 1982 from the previous data set. Whereas 
t he GOP went up dbout $3 million, the model seems to have predicted a 
decrease of about $5.7 million. The authors' approach of taking this 
discrepancy as a co rr2ctlon factor of $8.7 million, which they then apply 
to future years, has not been justified. 

In many of the contributary regression (~quations, dummy variables 
(fudge factors) are introduced to accommodate one or two years which would 
otherwise decrease the correlation coefficient. Without any other justifi­
cation given for these f~ ~t0rsl one lust in te rpret th~m ~ s Jj ju~tments for 
·.~-: ::::nti [o "0' non -recurring events, vlhicn lIisturb a normal correlation. It 

thu seelns unreasonable to extrapolate these factors as continuing 
constants simply because that factor was used in a previous year, as has 
been done. At a minimum, such a procedure must be given some explanation 
and justification. 

The Inodel predictions also rely upon simple extrapolation of about 16 input 

(exogenous) variables. Since these extrapolations determine the outcome of 
the model equations, some variable by variable justification is necessary 

to lend credibility. Whereas some variables, like population growth, may 
be easily justified, others are not at all clear. For instance, the banana 
l~ turity cycle is given values 1,2,3,4,5,1,2,3,~,5, 1,2,3 throughout the 
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correlation pel'iad -- it is not at all clear I'lhy the next three years are 

4,5,4 (~.39). 

Obtuse references 1..0 bc'ln2na cycles and lithe hurricane-caused drop" 

without explanation do little to enlighten the reader. If these are major 

economic factors, they deserve some discLission. Ho\'/ likely are hurricanes, 

which could throw off all linear predictions? 

Although various statistical functions are displayed in the pages 

of cc~p~~~r printout, thoy 3e~m to be ignored, both in terms of explaining 

cri~eri~ ~sed and in rarrying over individual correlGtive uncertainties and 

sensitivities to the com::dned cOl1 r:lusions. ~JithoLft this the reader is 

given no sense of predictive reliability. 

The text r2fcrs to tIle predictive equations derived, and they can 

be derived by tk! I'l~ader fro;q the cnntrib'Jt.:wy regressions, but explicit 

listing would save the retld,~r' some effort. The final predicting equations 

and logical order of calculation should be given to better explain the pro-

cess. 

Readability of the report is severely Ilindered by the use of com­

fJuter variablE! names whic.h, if defoined at all, arc Jl~finetl in scattered 

tables. Definitions or DST78 or REGXPT could not be found. It would 

greJtly help to not rely on computers to pr..:scnt the correlation results, 

\','hic~ could easily be typed using real wurds instei.ld of computer code. 

Where variable names are IJsed, definitions should be. plac'2d in a rr.dster 

glossary. 

All in all, the logic of the proccdl1r'E~ is poorly explained and, 

con::;cque,,:ly, the c,Jrcfdl ,I:,:d,:r is leit 'liiUl little confidence in the 

conclusions -- as nl::Jddi1te as t:,ey ar(~. SO,;j''; r(:cognition and quan-

tHication of uflcertuinty could aid in the l"lOdells c:rcdibility. 
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Part if df!als I·lith a t;~nlinear Optilllizin<j Hodel. Although I'le find 

the v:ay tnis I11Jdel relates the interdependence of fa:tors Illar(> credible, 

the r.:<po~;ition suffers :r'o.11 t!1(~ same lack of cl':lI'it'y i1S Part 1. A 

discussion of uncertai~ties, sensitivies, logical steps, and the bases for 

assumptions is requirc!t.l to make this section more credible. A clear list 

of viH'iable nall'es and a careful editing (e.g. in eq. 9, shouldn't 11=11 be 

"+"?), wo u 1 d be he 1 p f u 1 • 
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