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PROJECT AUTHORIZATION
 

NAME OF COUNTRY: St. Lucia
 

NAME OF PROJECT: Geothermal Project
 

NUMBER OF PROJECT: 538-0137
 

1. Pursuant to Section 531 of the Foreign Assistance Act of 1961, as amended,
 

I hereby authorize the Geothermal Project for St. Lucia (the "Grantee")
 
involving planned obligations of not to exceed Three Million United States
 

"U.S." Dollars ($3,000,000) in grant funds ("Grant") over a one year period
 

from the date of authorization, subject to the availability of funds in
 

accordance with the A.I.D. OYB/allotment process, to help in financing foreign
 

exchange and local currency costs for the project. The planned life of the
 

project is two years and one month from the date of obligation.
 

2. The Project ("Project") consists of assisting the GranGee as part of a
 

multi-donor effort, in its program of exploring and developing geothermal
 
energy production.
 

3. The Project Agreement, which may be negotiated and 	executed by the officer
 

to whom such authority is delegated in accordance with A.I.D. regulations and
 
terms
delegations of authority, shall be subject to the following essential 


and covenants and major conditions, together with such other terms and
 

conditions as A.I.D. may deem appropriate:
 

A. Source and Origin of Commodities
 

Commodities financed by A.I.D. under the Project shall have their
 

source and origin in St. Lucia or in the United States, except as A.I.D. may
 

otherwise agree in writing. Except for ocean shipping, the suppliers of
 

commodities or services shall have St. Lucia or th2 United States as their
 
place of nationality, except as A.I.D. may otherwise agree in writing. Ocean
 

shipping financed by A.I.D. under the Project shall, except as A.I.D. may
 

othertrise agree in writing, be financed only on flag vessels of the United
 

States.
 

B. Conditions Precedent to Disbursement
 

(1) First Disbursement. Prior to the first disbursement under the
 

Grant, 	or to the issuance by A.I.D. of documentation pursuant to which
 
the Parties may
disbursement will be made, the Grantee will, except as 


otherwise agree in writing, furnish to A.I.D. in form and substance
 

satisfactory to A.I.D.:
 

(a) An opinion of' counsel acceptable to A.I.D. that this
 

Agreement has been duly authorized and/or ratified by, and executed on behalf
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of, the Grantee, and that it constitutes a valid and legally binding
 
obligation of the Grantee in accordance with all of its terms;
 

(b) A statement of the name of the person holding or acting in
 
the office of representative of the Grantee, and of any additional represen­
tatives, together with a specimen signature of each person specified in such ­

statement; 

(2) Disbursement foir Civil Works and Drilling Activities. Prior to
 
any disbursement under the Grant, or to issuance by A.I.D. of documentation
 
pursuant to which disbursement will be made for the civil works and drilling
 
activities, the Grantee will, except as the Parties may otherwise agree in
 
writing, furnish to A.I.D. in form and substance satisfactory to A.I.D.:
 

(a) A detailed, time phased implementation plan for the
 
drilling activities, civil works, well repair and training to be financed
 
under the Project;
 

(b) Evidence that the Grantee has obtained or has set in motion
 
procedures to obtain all lands for the Project, including all necessary
 
easements or other rights in property, to carry out the activity; and
 

(c) (1) an AID-approved environmental assessment (EA) prepared
 
according to A.I.D. Reg. 16 (22 CFR Part 216) and (2) an environmental
 
To :toring and safety plan designed to protect the human and physical
 

* -onment in and around the proposed drilling sites.
 

C. S'>ecial Covenants
 

(1) Project Evaluation. The Parties agree to establish an
 
eltuatin program as part of the Project. Except as the Parties otherwise
 
agrre in writing, the program will include, during the implementation of the
 
Project and at one or more points thereafter:
 

(a) evaluation of progress toward attainment of the objectives
 
of the Project;
 

(b) identification and evaluation of problem areas or
 
constraints which may inhibit such attainment;
 

(c) assessment of how such information may he used to help
 
overcome such problems; and
 

(d) evaluation, to the degree feasible, of the overall
 
development impact of the Project.
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(2) Environment. The Grantee agrev8 to 
take steps to adhere to
 
recommendations stemming from the environmental assessment and monitoring
 
procedures to be carried out as 
part of the Project.
 

James S. Holtaway 

Director 

Clearances: 

D/DIR:TBrown "jJ 
C/ENGR:MDeMetre -dr t 
CONT:RLWarin (d raft ) 
CPO:JNConnolld 
C/DR :POrt d ?i 
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GLOSSARY 

The average demand for electricity.
 

A deep cauldron-like cavity resulting from the 
explosion or collapse 
of the center of a
 
volcano.
 

The area of open ground on which the drill rig 
operations take place.
 

In thermodynamics, heat under pressure.
 

Pertaining to the internal heat of 
the earth.
 

The electricity transmission and distribution
 
system. 

Ihe highest demand for electricity.
 

The volume of the heat resource in the caldera.
 

A well in which geothermial waste products are 
disposed for 
 safety and for recharging,
 
constituting a closed system.
 

ABBREVIATIONS AND ACRONYMS
 

Agency for International Development 
Caribbean Developnent Corporation
 
East Caribbean Dollars (US$ = EC$.37)
 
Government of St. Lucia
 
Gigawatt Hours (I million kilowatt hours)
 
International Finance Corporation
 
Kilovolts
 
Kilowatts
 
Kilowatt Hours (1,000 watt hours)
 
Los Alainos National Laboratory
 
Low Pressure Gas
 
St. Lucia Electricity Services Ltd.
 
Megawatts (I million watts)
 
Project Assistance Completion Date
 
Project Implementation Order/Technical
 
Public Utilities Commission - St. Lucia
 
Regional Development Office/Caribbean
 
Request for Quotations
 
Request for Technical Proposals
 
United Nations Revolving Fund for
 

Natural Resources Exploration
 
United Nations Developnent Program 
United States Dollars
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I. SUMMARY AND RECOMMENDATIONS 

A. Recommendat ions 

1. Funding 

that an ESF grant of $3.0 millionRDO/C recommends 

($1.5 million of which will be from FY85 funds and $1.5 million 
from
 

Lucia

FY86 funds) be authorized for obligation for the St. 


with a Project Assistance Completion
Geothermal Development Project 


Date (PACD) of August 31, 1987.
 

2. Geographic Code
 

The project authorization will specify that, except 

as AID may otherwise agree in writing:
 

a. Goods and services financed by AID under this
 

have their source and origin in AID Geographic Code
project shall 
000 or St. Lucia.
 

by AID under thisb. ocean shipping financed 

shall only be on flag vessels of the United States or St.
project 

the Project's ocean freight
Lucia unless the conditions specified in 

the appropriate certification is 
waiver have been complied with and 
made.
 

3. Waivers 

waiver and waivers for the
An ocean freight 

use


of right hand drive utility vehicles for project

procurement 


Office of CoirmodityWdtained from AID/Washington's
will be 

Management.
 

B. Sumnary Project De.cri-ption 

The pjacL lve of the St . Lucia Geothermal project is to 

St. Lucia through thedevelopment ofaccelerate the economiC 
of energy for tile production

establishment of an indigenous source 
This project, which will be co-financed by AID and

of electricity. 
for Natural Resources Exploration

the United Nations Revolving Fund 
Lucia.
 

(UNRFNRE), supports AID's private sector-led strategy 
for St. 


source of energy willThe availability of an indigenous 
private investment in productive enterpriseshelp St. Lucia attract 

burden of importing diesel
and will diminish the foreqn exchange 

will be achieved by drilling production-sizedoil. The objectives 
in t h e QuaiIbou Caidera near

explorat ion geot herilI I wel s 
provided by the UNRHENIRE andservices will beSoufriere. Manageient 

The quality of the effluent anu the
financed in part by AID. 

activity on the environment will be
effects of the geothermal 

be taken as
 
monitored continuously, and mitigative measures will 


needed. Technical assistance will be provided to the GOSL to
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prepare a Request for Technical Proposal (RFTP) to solicit private 
sector investment proposals for the development of the proven 

qeothermal resource and the generation of electricity. Traiining 
will be provided for the St. Lucians who will administer the 

geothermal resource.
 

C. Surmnary Findings
 

This project is ready for implementation and is
 

considered to be socially, financially and economically sound, and 
technically and administratively feasible.
 

). AID/W Design Considerations
 

AID/W delegated the RDO/C Mi.hsion Director to approve the 
Pirojec- Identificition Document and to authorize the Project. No
seciic concerns or issues were raised regar,] [ig Project
 

dev l opinent. 

E. Contrinutors to the Development of the Project
 

RDO/C Project Comunitltee 

Michael DeMetre, Chief, Infrastructure Division
 
Joanne Connolly, Project Development Officer
 

Brinl: y Selliah, Erngineer, Infrastructure Divi3.ion
 

f'DO/C Poject Review Counittee 

Terrence Brown, Deputy Director 
Peter O:r, Chiet, Development Resources Division 
Theodore Cartcr, Regio al Legal Advisor 
Richarl lvarn, Controller 
Stanley Heishman, Regional Contracts Officer
 

Govermn:nt of St. Lucia 

John Compton, Prime Minister
 
Ausbert D'Auvergie, Dep-ity Director, Pinance and Planning 

(tPlannin'j)
 
Al,'sioJUS Barthelmy, 'nergy, Centr-iL Planniig Unil: 

Other Contribltors to Project Development 

Jem Carter, Secretary, Inru.-.structure Duiiion, RI/C 
-,obert: Fedel, Contractor, PI Project 

Roy Grohs, Pcogrlm Economist, RDO/C 
Robhwrl- Hendron, Los AIamos National Laboratory 

Cecelia Karch, Contractor, RDO/C
 
Patrick Sorensen, Environmental Speciali.st, TAMS
 
James Talbot, Regional Environaytal Management 

Specialist/Caribbean
 
Percy Wic<lud, AMAX
 

http:Speciali.st
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II. PROJECT RATIONALE AND DESCRIPTION 

A. Rationale
 

1. Background
 

St. Lucia is a small island nation with a population 
of 124,000 and a land area of 616 km2 in the central part of the 
Lesser Antilles of the Eastern Caribbean. The former British colony
became independent in 1979 and now has a democratically elected, 
parliamentary form of government. St. Lucia is a meirber of the 
Organization of Eastern Caribbean States, the Caribbean Common
 
Market (CARICOM), and the United Nations. 

St. Lucia's economy is based on agriculture 
(primarily bananas), tourism, and increasingly on light 
manufacturing. Further development of the island's economy depends 
in part on the improvement and expansion of its physic.l
infrastructure, and in particular on the development of a dependable 
source of electricity.
 

The national electric utility, St. Lucia Electricity

Services, Ltd. (LUCELEC) is entirely diesel-based and relies on
 
imported petroleum which costs the GOSL appreximately $6.61 million 
per annum in hard currency. The hydropower potential of the island 
totals only 600 K1 and is insignificant.
 

The only significant alternative to imported diesel 
is the geothermal resource in the Qualibci Caldera near Soufriere in
 
the west-central part of the island (Exhibit 1). At Sulphur 
Springs, which is at the head of the Soufriere Valley, natural steam
 
issues from the ground. Black pools of boiling water and the strong

smell of sulphur make Sulphur Springs and the surrounding volcanic 
area one of the world's most impressive surface manifestations of 
geothermal activity. Until recently this had been regarded as
 
mainly of interest to tourists.
 

The St. Lucia government iias long been aware of the 
potential of geothermal steam to supply the island's energy needs, 
and a number of investi-itions Live been undertaken. However, there
 
was no incentive to enbark on this high capital cost venture while 
imported fuel oil was relatively cheap. The situation changed in 
1973 when oil prices rose. in 1974, the British Overseas
 
Development Agency agreed to finance an exploration program in the 
Soufriere Valley which the GOSL hoped would lead to the commercial 
development of the geothermal resource.
 

The drilling ended in 1976, resulting in seven
 
shallow, large diameter wells, two of which produced in sum only IMW 
of steam. In 1977, consultant analysts Merz and Mclellan determined
 
that with further drilling stean would be available in commercial 
quantity. The Caribbean Development Corporation (CDC) subsequently 
prepared a report for St. Lucia Electricity Services, Ltd. (LUCELEC) 
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which recommended the use of the 
steam for the production of
 
electricity.
 

In 1982, further pre-feasibility work, financed by

the European Investment Bank (EIB), was carried out 
by Aquater of
Italy. Aquater used geothermometry to predict brines in excess of
3500C at depth, and carried out audiomagnetotelluric and

gravimetric surveys. analysts
Aquater identified five drilling

sites and suggested that production could be expected over 
the
 
entire 30 km2 of the caldera area.
 

In 1984-85, the Los Alamos National Laboratory

(LANL), financed by the U.S. Trade 
Development Program (TDP),

carried out a dipole-dipole DC resistivity traverse across the
 
caldera. The resistivity study, together with 
a review of the
previous work and the updated 
 geologic and geochemical

interpretations, 
indicated three attractive drilling sites in the

caldera. 
 LANL concluded that the caldera offers excellent prospects

for the discovery of producible high-enthalpy fluids at depths

between 1 and 2 km. It is now proposed to drill a deep well at each
 
of the three sites: Belfond, Sulphur Springs, and Etangs.
 

If the exploratory drilling and subsequent testing

succeeds in identifying an economically viable source of geothermal
pcY!e-Er, the G)SL will pursue commercial electrical power 
' neratio'.. Geothermal development will also make available large

vtities of process which be used for oilheat could coconut

.oductionr a the copra plant in Soufriere, thereby replacing
!.iJ,000 gallons of imported bunker 
fuel each year. Excess hot


geothermal 
fluids could be used for the production of dry ice, 
tLmber processinq, concrete block production, a brewery, alcohol
:.roduction from sugar cane, banana chip processing, and hot water;..rvice Lo hotels. -oothermal power could also be used for the 
-'salinizationof seawater.
 

The GOSL formally applied to AID for financing forth exploratory drilling phase in June 1984. Convinced of the
lihelihood of a major geothermal find and of the favorable impact ofit3 development on the economy of St. Lucia, AID and the UNRFNRE

agreed to co-finance further exploration up to the point of
 
production and commercialization.
 

At a Tripartite Conference in April, 1985, the

consultants brought 
by the GOSL (Aquater and Geothermal of New

Zealand), AID (LANL) and the UNRFNRE 
(Geothermex), as well as

geothermal specialists from the US Department of Energy, the US

Geological 
Survey Service, and the UNRFNRE, agreed that Belfond
 
would be the probable site of the first project-financed well.
 

Surface data of the Belfond area (Exhibit 2)

indicate a deep-brine reservoir with tenperatures in the range of

200-2500 C, and possibly as high as 3500C, located 
some 1000
 
meters below the surface. 
 Future plans to exploit the geothermal
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resource for the generation of electricity depend on the results of
 
this drilling. However, all available data indicate a geothermal
 
potential to produce at least 10 MW of electricity.
 

2. The Power Sector in St. Lucia
 

a. The Power Generation System
 

Presently, electricity is generated, 
transmitted and distributed by the St. Lucia Electricity Services, 
Ltd. (LUCELEC). The LUCELEC system consists of two separate 
networks and has 16,000 customers. The northern system, 
commissioned in 1971, extends from the Union Power Station 
(installed capacity 12,105 MW) in Cap Estate in the North to Dennery 
in the East and Canaries in the West. The southern system, 
comissioned in 1965, extends from the Vieux Fort Power Station 
(installed capacity 4.12 M) to Praslin in the East and Soufriere in 
the West.
 

The gap between the Northern and Southern grids 
is approximately 5 kin on both the western and eastern sides of the 
island. Operating two separate grids is costly, and may not be 
suitable for long term power generation because of limitations posed 
by location, size, available area for expansion, and fuel delivery.
 
It is likely that the Northern and Southern grids will be
 
interconnected in the near future (Exhibit 3).
 

b. Power Generation Capacity
 

The Northern Grid is served by four aging
 
generators with a nominal ratlng of 2.67 MW each. Recently, in
 
1980, an English Electric 16SVA generator with a nominal rating of 
1.425 M was installed, and a sixth unit, having a nominal rating of 
2.75 MW, is expected to he commissioned in late 1985. This brings 
the total nominial capacity to 1.4.85 M4. Since the original 
generators are closc to retirement, the total installed capacity 
will soon be drastically reduced.
 

The Southern Grid is served by four generators 
which were installed between 1965 and 1971, two with a nominal 
rating of 1.04 m each, and two with a nominal rating of 1.02 MW 
each. The original generators are coming to the end of their 
economic life and the system will, require new base load replacement
 
generators (Exhibit 4).
 

c. Electricity Tariffs and Fuel Surcharge
 

The Public Utilities Commission (PUC) was
 
established in 1973 to regulate and restructure tariffs. Tariffs
 
are uniform in the northern and southern systems. The tariff
 
structure for LUCELEC (Exhibit 5) distinguishes between four
 
consumer categories: domestic, coimnercial, industrial and street
 
lighting.
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The domestic tariff consists of a minimum monthly charge of EC$5.0,
 
a first block rate of EC$0.20/kWh for the first 180 kWh each month,
 
and EC$0.21/kWh for all additional units. Commercial users
 
(including the Government) pay a minimum monthly charqe of EC$25.00,
 
EC$0.50/kWh for the first 75 kWh and EC$0.237/kWn for all additional
 
units. The Government pays EC$0.365/kWh for electricity used for
 
street lighting and enjoys a 10% discount on all its bills.
 
Industrial consumers pay a fixed monthly charge of EC$100 with all
 
units costing EC$0.23z2/kWh. They also pay EC$5.00 per kW of
 
installed canacity of electrical equipnent (Exhibit 5).
 

EXHIBIT 5
 

LUCELEC ELECTRICITY TARIFFS a/
 

(Octcber 1983)
 

Category 	 Monthly Charge
 

(EC$/k )
 

Dor.est ic
 

Minimum Charge (0-25 Units) 5.00
 
3lock I 0-180 Units 0.20
 
Block II Above 180 Units 0.21
 

Oomercidl
 

Minimum,charge (0-50 Units) 25.00
 
Block I 0-75 Units 0.50
 
Block II Above 75 Units 0.237
 

Industrial
 

Minimum Charge 100.00 
All Units Energy Charge 0.232 
Demand Charge W 3.00/kW 

Street Lighting
 

All Units 	 0.365
 

a/ 	 Excludes fuel surcharge, which in 1983 averaged EC$25/kWh.
 

b/ 	 Based on the installed horsepower rating of connected motors
 
and appliances.
 

http:EC$25.00
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Although several large consumers are primary
 
metered, this is not reflected in their tariff, and the energy
 
charge to industrial users is 10-15% higher than that to domestic
 
consumers. These charges bear no relation to the long-run marginal
 
costs (LRMC) of supply to different consumer categories.
 

Recently, some of the large industrial
 

electricity users have become concerned about the level of the
 
industrial tariff, and are considering purchasing their own diesel
 
units for self-generation. The present level of this tariff appears
 
to be close to the point where autogeneration could become cheaper
 
for these large users.
 

Over the 1976-82 period, LUCI-LEC's fuel cost
 

increased by 17.9%. The major increases occurred after 1978 when
 
petroleum import costs more than doubled. In 1974, a fuel surcharge
 

was introduced to meet the rapid increases in fuel costs. This
 
surcharge, calculated on a per kWh basis, in 1983 averaged EC$0.25
 
per kwh.
 

d. Demand for Electric Power
 

The present demand for electrical power in St.
 

Lucia is approximately 9 MW of base load power and 13 MW of peak
 
load power. Between 1976 and 1982 sales to consumers grew by 4.5%.
 

The fastest growth occurred in the domestic sector which averaged an
 
increase of 7.6% per year. This growth rate reflects both an
 

increasing number of consumers and higher consumption per consumer.
 
Domestic consumption is 31.2% of total sales.
 

Growth incommercial sales averaged an increase 
of 4.3%, and in 1982 accounted for 53% of total sales. Eight hotels 
made up almost half of commercial sales, principally for 
air-conditioning. The Central Water Authority accounts for about 
40% of industrial sales (Exhibit 6).
 

The UNDP/World Bank has estimated future sales,
 

generation and demand for the period 1983-90. The forecast of
 
electricity demand is shown in Exhibit 7. Sales growth for the
 

northern and southern systems betwean 1982 and 1990 is predicted to
 
b, 4.4% and 5.7%, respectively, with total sales increasing at 

4.7%. Interconnection of the two systems is expected to occur in
 
1989 when total sales are projected to be 66,000 MWh.
 

'Ibtal generation .s projected by the World Bank 
Study to rise at thro rate of only 1.7, htween 1985 and 1987 and 

4.2% between 1987 and 1990 (ExhibiL 8). The lower growth in the 
losses arising from
medium-term reflects the reduction in technical 


the loss reduction program.
 

LUCELEC's projections of peak demand for both 
the northern and southern systems are based on 3% per annum 
increases (Exhibit 8). It is estimated that peak demand in the 
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north will increase at the rate of 3.7% per annum and in the south
 
by 5.4% per annLum. The effect of reduced technical losses in
 
slowing the growth rate of peak demand has been included in the
 
forecasts. However, the energy conservation program at the end-use
 
le,,el is assumed to have only a small impact on system peak demand
 
because the commercial and industrial sectors are not major

contributors to the evening peak. Any impact it would have on peak
 
demand would arise largely from the hotel sector.
 

EXHIBIT 6
 

MAJOR ENERGY CONSUMERS IN ST. LUCIA - 1982
 

Electricity Diesel LPG
 

('000 kWh) (Gallon) (Lbs)
 

Hotels
 

Halcyon Days 2,020 17,000 190,030 
U, Thc 2,927 6,900 125,000 
.,t.lAcian 1,540 - 165,000 
!"UJcyon Beach 827 - 186,000 
.Ar iblue 950 1,500 71,300
 
:gple:s malabar 640 7,200 43,000
 

Rmld Lion 260 2,300 21,OUO
 

Industry
 

4L.91, (Brewery) 1,030 91,500 -
Winer" (Packaging) 580 103,000 -
Copra Manufacturing Ltd. b! 350 80,000 -

Commercial
 

Cable and Wireless Ltd. 1,300 5,000 -
St. Lucia Cold Storage 350 - -
Canadian Imperial Bank 

of Corrmerce 160 500 -

Government
 

Central Water Authority 2,860 - -

Victoria Hospital 250 11,700 17,000
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EXHIBIT 7 

SALES FORECASIS, 1983-90 

Actual 
1982 1983 1985 1987 1990 Growth % 

Mission 

North 
South 

W)TA, 

35.5 
10.3 

45.8 

38.3 
11.5 

49.8 

41.6 
12.5 

54.1 

44.3 
13.5 

57.8 

50.0 
16.0 

66.0 

4.4 
5.7 

4.7 

EXHIBIT 8 

PEAK DEMAND FORECASTS, 1983-90 

(MW) 

Actual 
1983 1985 1987 1990 Growth % 

World Bank Estimates 

North 
South 

LUCELEC Estimates 

North 

South 

8.90 
2.83 

8.60 

2.75 

9.40 
3.10 

9.12 

2.92 

10.0 
3.40 

9.68 

3.04 

11.50 
3.87 

-

-

4.1 
5.0 

3.0 

3.0 

e. Forecasted Expansion of the Grid System
 

In 1980, CDB financed a generation expansion
study which focused on the 1981-86 period. Requirements for
high-speed diesel generators for the years .198.1-90 also were 
evaluated. The actual sequence and sizing of plant additions are 
presently under review. The British consulting firm of Kennedy and
 



- 10 -

Donkin, funded by the CDB, is presently preparing a system expansion

plan for 1985-1990 which will be based on demand and sales
 
forecasts. Priority is being given to the interconnection and
 
redistribution of energy, 
including that which is expected to be
 
generated by the development of the geothermal resource.
 

The objectives of the present CDB assistance
 
are:
 

- to review the existing generating plant 
retirement program; 

- to advise on the long term suitability of
 
both power stations in terms of location
 
and plant use;
 

- to formulate a plan for servicing the 
entire island with a secure power supply 
for the period up to 1990, with provisions 
for easy expansion in the long term;
 

- to advise on the suitability of 
interconnecting the northern and southern 
systems, including consideration of the
 
timing,, voltage and capacity of such
 
interconnect ion;
 

to formulate a plan for upgrading or 
expanding the existing 11 KV system or 
consideration of a higner voltage system; 

to provide a least cost investment plan
 
for any generat ion expansion and
 
transmission development.
 

A preliminary analysis of the power plant and
 
transmission system requirements has indicated that an
 
interconnector may be routed from Union via Soufriere to Vieux Fort,
 
thus linking the geothermal facility with the existing power

stations. Tie exact route of the transmission line can only he
 
known after a detailed survey isundertaken.
 

Preliminary indications are that the
 
interconnector should operate at either 33 KV, and that
or 69 power

would be transformed to 11KV at substations to link with the
 
existing Ii KV distribution systems in the north and south. No
 
information 
is presently available on the method of transmitting
 
power from the geothermal site to the nearest connecting point on
 
the grid. A stability study is necessary to address power flows,

voltage levels and frequency resulting from the use of more than one
 
generating source linked to many load centers via an 
interconnected
 
transmission system.
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f. The Future Role of Geothermal Power 

The substitution effect of geothermal powered
baseload c neration will offset the need to purchase most of the 
replacemenu diesel generators. 
 The privatization of a new 
generating utility will remove the capital burden from LUCELEC, 
allowinq it to assume the reduced rote of transmitting and 
distributing blocks of electrical power. In time, the major
baseload generation for St. Lucia will be taken over by the
 
geothermal entiLy, while LUCELEC provides peak 
demand with high
speed diesel generators. This configuration will maximize the
geothermal resource while at the same time increase efficiencies in 
LUCELEC's monit-oring an(] service role. 

3. Conformity of Project to the GOSL's Development 
Strategy
 

The GOSL strongly supports the development of 
geothermal power because it will result in a reduced fuel import
burden on its foreign exchange reserves and will attracc local and 
foreign invetlment ii productive enterprises, which create jobs, by
providing power to generate electricity. The GOSL has proceeded
with plans to exploit St. Lucia's geothermal potential with some 
urgency.
 

At present, demand for petroleum is increasing at
roughly 3% pe-r ann um and has reacl,id a level in 1985 whiere annual 
expenditures of foreign exchange approach US$18.0 million each year
for fuel oil, Bunker "C", and diesel fuel. When geothermal power is 
finally used to generate electricity, import savings for petroleum
will amount to US$77.4 million in foreign exchange savings over the 
projected life of the geothermal welifield. 

Unemployment is St. 1,ucia's principal domestic 
problem. Current labor statistics indicate that an estimated 25% of
the labor force is unemployed. While the agriculture sector 
continues to be the primary source of job.-, it cannot absorb the 
growing numbers of unemployed youth. !'he growth areas of the 
economy for the creation of jobs are ti,,?refore tourism and light
manufacturing, part icularly the Ialtr which now omploys solme 8% of
 
the labor force.
 

St. Lucia is the most industrialized of the smaller
 
Eastern 
 Caribbean countries. fts diversified inufactiiring sector
produces a variety )f couunodiitie; for hotl Ioca I and export
markets. The Gov _ rnmntL realizes L i iport:ance of infrastructure
for attracting foreign investors, and stresses in its promotional
literature St. Lucia's 464 miles of all-weather paved roads, two
courruercia1 airports, two deep-water ports, nation-wide water and 
electricity systems, dd four industrial parks, and its plans to 
develop free ports at Soufriere and Castries.
 

The GOSL has long considered i nfrast ructure 
essential to its economic development and has pursued donor 
assistance for infrastructure projects. 
AID provides assistance for
 



- 12 ­

the rehabilitation of roads. The British Development Division
 
presently sponsors water systems development and has proposed
 
projects in road rehabilitation, drainage, and electrical systems.
 
The Caribbean Development Bank sponsors the development of the water
 
supply system and of air cargo facilities at Hewanorra, and is
 
planning a road construction project. CfDA has planned airport
 
improvements and reservoir construction, and the European Economic
 
Community plans assistance in rehabilitating the southern road
 
network. The development of a reliable source of electricity
 
through the proposed geothermal project is expected to further
 
increase St. Lucia's appeal to private investors.
 

The GOSL is comunitted to support foreign investment
 
through a policy package which includes fiscal incentives,
 
permission to repatriate earnings and imported capital, crnh a treaty

with the U.S. preventing double taxation of incoje earned in St. 
Lucia. The government has strongly indicated its support for
 
foreign private sector investment in the exploration and development
 
of geothermal power.
 

4. Relationship of Project to AID and Mission Strategy
 

AID er ourages private sector investment in
 
productive enterprise because it creates new jobs, increases export
 
revenues, and lessens the financial burdens on government. The
 
proposeu project is among many AID interventions which encourage
 
p..ivate -,ector investment, enhance St. Lucia's aoility to compete in
 
";le int rnaticnal marketplace, and facilitate the country's 
Cc)ticipation in the Caribbean Basin Initiative.
 

AID supports the privatization of those services
 
which are more efficiently provided by the private sector. It is
 
expected Lhat the construction of a geothermal power plant and the
 
rcanagement of the electrical generation will be undertaken by
 
private geothermal developers. The proposed project is consistent
 
with AID's policy to mobilize private funds by paving the way for
 
the commercial development of St. Lucia's geothermal potential.
 

Reliable infrastructure is required to attract
 
private sector investment in productive enterprise, and AID has
 
given considerable support to the developnent of infrastructure in
 
St. Lucia. The Productive Infrastructure Rehabilitation Project
 
(538-0082) has provided $8.65 million for road repair in
 
agriculturally productive areas. With the provision and
 
maintenance of well planned infrastructure, the Mission expects that
 
St. Lucia's manufactur'ing sector will grow at an average of 8% per
 
year.
 

B. Project Cbjectives
 

The goal of the project is to accelerate the economic 
development of St. Lucia through the development of an indigenous,
 
reliable source of electricity for industrial and domestic use.
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The purpose of the project is to establish the economic 
and technical viability of the Qualibou Caldera as a long-term
geothermal resource capable of generating substantial quantities of 
electrical and other power which can be developed 3y the private
 
sect or.
 

C. Project Elements
 

1. UNRFNRE-Financed Activities
 

The United Nations Revolving Fund for Natural
 
Resources Exploration will finance the following activities:
 

a. Supervision and Coordination - a contract for 
the overall supervision ana coordination of all project activities. 

b. Geo-scientific and Engineering Review ­ a 
contract for the pre-drilling geo-scientific and engineering review 
of all available data and a hydrological study to assist in the 
precise siting of the initial well, and continual review of data for 
siting subsequent wells. 

c. TeLchnical Advisors - a contract with a 
consultant project management group which will be responsible for 
the implementation and execution of the following activities: a) 
geological, geophysical and geochemical inputs, b) drilling

engineering and superintendence, and c) reservoir engineering and
 
test ing.
 

d. 'Tchnical Services - technical service 
contracts for cementation, compressed air, mud engineering, mud 
logging, chein icd I ana lyes, formation and production logging,
wireline logging and testing, production testing, well completion, 
and other special works.
 

e. Supplies - contracts for various supplies will 
be provided including bits, reamers, hole openers, expendable tools, 
rental tools, Totco gauges, and vehicle, and materials including

chemicals required for well drilling (with the exception of casing
and liners which wilt he financed by AID). 

2. GOSL-Financed Activities
 

The Govcr[I'-. -t of St. Lucia will finance and 
undertake the following activities: 

a. Pad and Pond Preparation - the drill pad

preparation, and preparation of ponds for drilling mud and waste
 
disposal operations.
 

b. Water Supply - the supply of water for drilling 
to the site.
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e. 	 Repairs to Existing Wells - Several of the seven geothermal wells which were 
 drilled in 1975-77 have

deteriorated to the extent of being a safety hazard. An assessment
of the need for repairs will be made by the UNRFNRE-financed 
mianager. It is anticipated that the UNPN'NRE-financed cementation
service contractor, under a contract lina-item to be funded by AID,
will cap these wells or prepare them for use as reinjection wells 
for the spent geothermal fluids.
 

f. 	Technical Assistance for Private Sector
 
Investment 
 Plan - AID will finance an 

advertisement in international 
geothermal publications to solicit

letters 
of interest from the international geothermal community.

AID will finance 
a host country contract for a consultant to assist
 
the GOSL evaluate the expressions of interest, and 
to prepare a

Request for Technical and Financial Proposals (RFTFP). The RFTFP
will address, 
among other issues, the proposed institutional,

technical and financial relationships between the potential private
investor, 
the GOSL and LUCELEC, a plan for providing the required

technical assistance and training, 
 and draft legislation if
required. The RFTFP concept as envisioned for this project includes
the solicitation of a financial. offer from tIe investor as well as
the institutional and 
technical package. The consultant will also
 
assist the GOSL to evaluate the proposals.
 

Depending on the criteria for design and the
proposals from the private sector, 
the construction of the power
plant could take approximately two years. The World Bank's
Internationa] Finance Corporation (IFC) has been suggested as af-,,cilitator for th, [iincing of the private sector investment phase. 
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III. 	 COST ESTIMATE/FINANCIAL PLAN
 

Summary costs estimates are as follows:
 

AID UNRFNRE GOSL 

1. Personnel and Travel - 84,000 
2. Civil Works (Harbor, Roads and 

Bridges) 170,000 - -
3. Relocating Utility services, 

Pad Preparation, Ponds, Water 
Supply and Acquisition of Land - - 80,000 

4. Pre-project Expenditure - 65,000 -
5. Project Supervision & Management - 625,000 
6. Well Drilling & Casing 2,167,070 - -

7. Materials, Cementation, Mud 
Engineering, Well Completion 
Testing and other works - 1,418,500 

8. Environmental Assessment 
and Monitoring 75,000 -

9. Equipment Freight and 
Insurance (less residual) - 4,400 

1.0. Technical Support, Management 
Services (fee to UNRFNRE) 65,000 14,000 -

11. Trai.ning and Technical Assistance 90,000 - -
I. Repairs to Existing Wells 30,000 - -

.3. Contingency 402,930 169,200 -
TOTAL 3,000,000 2,380,100 80,000 
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IV. IMPLEMENTATION PLAN 

A. Project Mnagement, Supervision and Pinancial Management 

The UNRFNRE will be responsibile for the management and 
supervision of all project activities. AID will contribute $65,000 
to the UNRFNRE for this service, and AID grant funds for technical 
line items will be passed through the UNRFNRE for disbursexnt. 

1. Management and Supervision
 

The UNRFNRE will finance a technical management

consultant who will manage and coordinate all UNRFNRE, GOSL and AID 
project activities. AID-flnanced contracts will be awarded 
according to AID Handbook 11 Host Country contracting rules and 
procedures. UNRFNRE-financed contracts will be awarded according to 
UNRFNRE rules. The management consultant and AID will participate 
in the bid evaluation process for the purposes of advising and 
recommending to the GOSL on contractor selection. 

All contractors shall be under the general
supervision of the management consultant. All materials, supplies
and equip[ ent purchased, leased or rented for project activities
 
shall be under the control of the management consultant. The 
management consultant will report to a project committee composed of 
equal representation of AID, the GOSL and the UNRFNRE.
 

2. Financial Management
 

AID will disburse upon receipt of the standard 
payment voucher (1034) approved by the management consultant and the
GOSL, and certified by AID/RDO/C. The RDO/C Controller will certify
the voucher for payment and mail the contractor's check to the 
UNRFNRE on behalf of the GOSL [or pass through to the GOSL 
contractors financed .y the AID grant. All financial transactions 
will be recorded by the UNRFNRE through a no-interest bearing 
account established for this purpose. 

B. Implementation Schedule
 

All AID-financed project activities are scheduled to take
 
place over a period of two years from the date of signing the
 
Project Agreement. 'The Project Assistance Completion Date (PACD) is 
August 31, 1987. An implementation Schedule for certain primary

activities is given in Exhibit 9 and a more detailed bar chart is 
given in Exhibit 10.
 

The drilling bid documents, the setting of the bid
 
evaluation criteria and the schedule for the drilling operations

will be prepared through an AID financed contract using Project
 
Development and Support funds. At the same time, the GOSL will
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Monthly progress reports will be prepared by
management consultant the project

for presentation


Well to the Project Committee.
status reports will be 
submitted soon 
after testing
well is carried out. on each
These reports will provide the necessary data
on the quality and quantity of the resource. 
 At the end of the
Project, a final report giving technical and financial details will
be submitted to 
the Project Commuittee. 
 Project evaluations will
carried be
out after the first 
well is drilled 
and about six months
prior to the August 31, 1987 PACD.
 

During the drilling phase, the
internationally GOSL will advertise
for expressions of 
interest in commercializing
geothermal resource. the
An AID-financed 
contractor 
will prepare
Requests for Technical the
and Financial Proposals (RFTFP) and assist
the GOSL to evaluate the expressions of interest in order to produce
a short-list. 
RFTFPs will be- ert to short-listed firms.
 

During project implementation,

Lucians up to six eligible St.
will be trained 
in the administration
well-field and of the geothermal
in utility management. Completion of 
training will
coincide 
with the comnissioning

integration of geothermal 

of the power plant and the
 power into 
the LUCELEC
expected system. It is
that these trainees will be 
drawn from the
program and will well drilling
have had some 
hands-on experience prior 
to their

training.
 

In suimary, the implementation schedule is follows:as 

EXHIBIT 9
 
August, 1985 
 : Project Agreement GOSL/AID signed;
Prequalification of drilling contractors begun,


and draft bid documents prepared.
 
September, 1985 
 Environmental Assessment approved 
 by AID/W;


Environmental Monitoring Plan prepared.

Initial CPs to Disbursement met.
 

October, 1985 
 : Pre-bid conference. RDO/C and 
GOSL prepare

terms of 
 reference 
 for private investment
 
technical assistance.
 

November, 1985 
 : ell design, management 
 and supervisory

contract award3d by UNRFNRE. Location of Well 
No. I SQ( tod.:I, 


December, 1985 
 : All CPs met; Award Well Drilling Contract;
Technical Assistance/Training 
Program begins;
execution 
 of Environmental 
 Monitoring Plan
 
begins;
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January, 1986 Award well site tontract. 
Award cementation contract. 
Award mud engineering contract. 
Award compressed air contract. 
Award analytical contracts. 

February, 1986 All work necessary to start well drilling 
operations at Site No. 1 completed; well 
drilling at Site No. 1 started. 

location of. We ll No. 2 seected. 

April, 1986 Well drilling at Site No. 1 completed. 

May, 1986 Environmental Analysis at Site 
Well Production Tlests started. 

No. 1 completed; 

All work necessary to start well drilling 
operations at Site No. 2 completed; All 
Covenants met; Mid-term evaluation of project 
started. 

July, 1986 Location of Well No. 3 selected. 

Private investment and 
electricity production 
begins; 

commercialization of 
from geothermal wells 

uqust, 1986 : Well drilling at Site No. 2 completed; 
FInvironlmentl Analy.;i.; at ';it(, No. 2 compl(1ted; 
all work necessary to start well drilling 
operations at Site No. 3 completed; well 
drilling at Site No. 3 started. 

NoveTber, 1986 Well drilling at Site No. 3 completed; 
Environmental Analysis at Site No. 3 completed. 

All recommendations 
for all Sites met. 

of Environmental Analysis 

January, 1987 Well Production Report completed. 

Final Evaluation of Project started. 

April, 1987 All work necessary to 
production sites completed. 

make sites into 

August, 1987 Project ends. 
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C. Procurement Plan
 

The well drilling contractor will be selected under
 
Handbook 11 Host country contract rules and procedures.
 
Prequalification questionnaires will be issued to expressed parties
 
and a short list of qualified companies will be requested to bid. 
The geoqraphic code for the well drilling contract will be 000 and 
the host country. The drilling contractor will be responsible for 
all civil works necessary to enable the drilling rig and its 
accessories to be transported to the site. The civil works aspect 
of the drilling contract may be sub-contracted in order to permit 
the civil works to be undertaken during the mobilization period. It 
is likely that the drilling contractor will sub-contract the civil 
works to local contractors in St. Lucia.
 

The procurement requirements of the training component of 
the project will be met using AID Handbook 10, Pariticipant Training 
Rules and Procedures.
 

The Environental Assessment was carried out by an 
Indefinite Quant:ity Contractor using Project l)eveo[pIimit and Support 
funds. Procurement for enviromiental monitoring of the project 
will be carried out using AID Handbook 1.1 Host. Country Procurement 
Rules and Procedures.
 

Procurement of the technical assistance to write the 
RFTFP will be done as a work order to an Indefinite Quantity 
Contractor. 
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iIBTIIm11: 	 Structural map of the Qualibou caldera showing regional
northeast-southwest and northwest-southeast linear faults
 
and curvilinear caldera faults. 
 The last eruptive units
 
are' shown by the domes of Belfond and Terre Blanche.
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V. SUMMARIES OF ANALYSES
 

A. Technical Analysis
 

1. Geothermal Energy
 

Geologists theorise that the earth is formed of a 
relatively thin crust which is solid, underlain by a plastic magma
arid a solid core. The crust is formed of massive plates that move
 
around, split apart and collide with catastrophic results. The
 
boundaries of these plates are defined by the volcanic and
 
earthquake belts and contain a large proportion of the geothermal 
areas of the world.
 

The force that drives the movement of these plates

is a heat engine, the heat being derived from the earth's uncooled 
interior. Geothermal energy is the result of the earth's internal
 
heat engine and represents not only a virtually limitless power

• source for the earth, but also a vast natural energy resource for 
man. Within tHe continental belts of relatively recent volcanism 
and deformation of the crust are found the most obvious "hot spots" 
where high tmperature (jeotherma1l areas are found. The Qua Ii bou 
C-ldera in St. Lucia is one such spot. Further details on 
geothermal energy are given in the Basic Geothermal Model (see Annex 
Via) - Technical Analysis, Basic Geothermal Model). 

2. Eruption History of the Qualibou Caldera Region 

The Qualibou Caldera, which is about 12 km 2 , was 
first identified in 1964 during detailed geologic mapping near 
Soufriere. The Caldera is between 40,000 to 300,000 years old. The
 
geothermral aspects of St. Lucia have long been apparent because of 
the Sulphur Sprinos and nearby hot springs that have been used for 
ir;.n oral baths since early European settlement. More recent 
investigations outi. i ne miore aiibii t-J.OUS uSeS for the geotherul fluids 
particularly the production of electricity. 

i;.as 5.5 million years old are overlain by the 
composite volcanic cones of Mt. Gimie and Mt. Tabac, which form the 
highest ridaes on the island of St. Lucia. Deposits from these 
cones include coarse gravels, lava flows, and associated sediments
 
that form aprons reaching the sea. The cones, are between 1.7 ild 
0.9 million years old.
 

Superimposed upon the cones of Mt. Gimie and Mt.
 
Tabac are younger volcanic domes and cones located along coastal
 
north-south trends, including the ridges of Rabot, Plaisance, and
 
Malgretoute and the cone of Fond Doux. The most spectacular

volcanic domes of this period of activity are the plug-domes of 
Petit Piton and Gros Piton, dated at 0.25 million years. The Pitons 
are located along the western side of the Ca].dera (Exhibit 11). The 
cones and domes of this period of activity erupted before formation 
of the Qualibou Caldera.
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The major event in this,;volcanic field was the
-eruption of 'large: volume~s of 'ash (C~alibo6 uff) and fo6rmat f~nof
the Qualibou 'Catdera. ~c~drsform6,b': t e~c6lae of: the ground:-,~urFace dureing'an e'rupion. Eruption oEf 15.' bic kilbmlr f 

-od~ismainly *asZf1lbws a . fill1ed the' efi'reaash, surges, of
the~ 1caLdera,inldg sronding Tie' ninama bodythe valleys.~ 

associated, with tierponis estimated t'o be a mjor,surce~ of, ~ 

After the caldera -,collapsed, volcan'ic eruptionsK
continued~ and formed' the~domes '(erre Bl'anche,. for-example) and, ash 

3Aithinw he ca r wasthe erupti6n oE~ a large volcanic~ dom~e '(or~domes)1 an~d the associated caesofBlod (Ehii If .D ' of~ 
20,000 to 32,000 yer fo h'efn rpio aebe eotd
 

3. Stut l Frmwok 'and; the Ex~tent ofI the 

TW majr orthas&.-southwest trending, faults. 
'"; str'addle the ~.Qualibou Ca r (Ehi i 11). Ca1dera-related ~'v~ 

inqfa-1 eg nabout 40,000, Years agq6 as a rsponse to volcanic K
I el collapse intco a shallow, partially evacuated magma ca~e 

~~~d igeruption of the Qua1.iboO.u '.1 ~ ~ ~ ' 

~~ Major. 1caldera faults 'art best developed, in theN 
nortularn sections *,of1the. ca1dera. "These faults define:- a nearlyKT4. 
margin-'are- crescent shaped and' formn a,"scalloped c'adera margin.~ 

".A
~ ~t ~ conservative'- estimate, of "the IVolume. of t he ~ $ 
Scaldera-forming Qualibou, Tuaff is l5Thubi'c'_kilometers (approimately ' 

~/equivalent to erupt ion of 9: cubic kilomneters -of~ inagma) iiand '_heKKK~'W
diameter of the caldera' As. about,4 kilometers. .'Subseqguenit' volcanic1 >W 

~ <actmiiy f Beifond an-T~reBaceaone r-aohr ui 
"'kilometers 'of 'magma& that, ma.hv allowed, anther7 sekeral hundredl~~ 
meero ,coliaps6'i n -, he,caIde ra . A8-muh asi'1,000 to, 2,000raes~.'I~ 
o4 precadr rcaldpsadra rock may. ex Lst, belowth eeb 

ofit6days caldera floor- e.g.,-sulphur, springs' -Belle Plaine 'Fond 

< Faulting has controlled, for the pat tile~,most 

loainof thermal, springs. Regional faults~and caldera faults are~ ~"'' 
the: most import:tantin ,prqviding pathwy tof h srde o hra

4''wyA aers., "P rous roc .:unit -suc as~ Wayos tof the s.Tee. Blanchermvent 
~appear, ,o' b~enear surface steam1 o1ecors an teeoe'proyvdea

*,ermIeda e Ir rrvoirt for steam. < 6pu spig_ ocuIr aalong4cred.,,fault westof Terre Blanche, much hydi-othe inal4' alteration of 

~ 'I 
 the r'oc~k'is 4apparent on the western flanks of "TerreBlanche and oni 

' 

~ 
S Rabot Ridge, where a orthwest-southeast trnin fal rse he 

caldera
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The Los Amios National Laboratory 'estimates that
the caidera isover a magma oy, (or bodies). located~a adepth o8f 3 
to kiometers. IThe magma body:&s Ln' lie~n(_, wh isverlain.h

b'Y volcnic rock~~nearly 2.5 k i1omters,. thick. high .carbon'Kjw~',The

Sdioxide~content of . Supu Srnsgases may resul~t from magira-~
contactwih limestone' (calciumiicarbonate) .~ 2'' 7 

4.Q Model ofEthe ualibou daldera7 'W 

~ '~ Tfre~ following miodel' designed~by the Los Alamos,~;
National Lab-oiatorjiioutlines the nature 'f the heat source,' assuming ~ 
that> the icooling, miagma~'body< -"-sKresponsbl ~r thielfo" volcanismn 

,~:~J associtd wjith the Qualibou *Caldera. A complex, multiple- Magma ~' 
body underlies. t~he c&aldera;~ the, ,size/ 

, 

of the magma chamber is :~:~estimated t~o, be 100O 'cubic,, kiloees Co&nductive cooling of& the 
"mgacabrrqie ab ut,30'00 ears for" the magma, to, reach~ '"~" 

(465O 570F f~~m is inta temperature 'of, 9000'C <: 
(152F)Assumngfthat~ te. maximumv ageo the' Qualibou~'fifEf is 

47~j ~and. 8000C (14720F). Since KBelfond,~ eruptions are~even ,younger,

temfperatures near~9000C 4(16520F) ca tlleit nte am
 

Tepresence of domnanly cabondioxide~gas n,

gj$eol-hermal~ vapors at Sulphur.:Springs'and: the' 'presence of liinestone
 

in 

o[229C/kilometer (4280F/kilometLermjeasured .inwells~suggest'~
 

f ajmniets xssi tIIie y Iouietnte*~ng volcanic' deposits -indicate that1 the magmnac'~rEe 

tem'peratures, of L -"8booC (1472 0F)6600C -(' 112 0F) 'o at a depth
of: 3 tLo 4'kii~ometers., The pathway. to the-SUrfaCe f r1 steam,, gases, 

' 

~4,44';~"'~ aid~waterl.is.provided .by, the caldera: faults:. westl of Terre 'Blanche 
alid by. a fauiltcuitting~ the north 'eg of 'Rabot Ridge; Hot, waters
notL driven-to the surface bysteami 'I'or:~carbon dioxide -gas appear 4t6 

~~~ 77k e~jnt'e_ at a lower ewater, table' leve~l nri _-60 meters '(above sea i 
"4 

1. level) at Cresslands, 'miioidiineral-, baths, and 1algreto te LANL 44 

121
* estimats , thatAe'othe~rkdl'fluids "anhdd pa6rs should bb7 found at aI>"y-'depth7 oE, about 1to 2; kilometers uhnder the nir caldera' area and',"AV~2x~" in rocks allow greater1'abundance where permneable fluid moverent' &' " 

5., Geotherm~al Construction4in, theQualibou aldera ,.4'4f"?"49 

The s~urface" terra in 4at the Geysers Geothermal io&I dK~'"'4 
'4 in7hCa'lforniaris siiart thatin St. ,Lucia, ruge withKfe fa 

4 

+areas.~As4' a result, many' of the <wells are directionally driflled 1'~"­(i.e. "at a " slant) from a cojmnon drill site. 1n, th6 St. Lucia
 
program a, direct~ional-drilling, -techni'que mig~ht 
 also be used. The *~;4~4.

aggregate 4depth of th4e~propo'sed wells-Is e'xpect'ed tob be betwee4 n'4 ~ 4%
4,-500 and "6,500 mneters'. Exhibit 12' showsT ty'pical costs of" w(,Ll~ 

- ri lli'ng for three geothermalb is inic are s im Ia.'f1""to4 
-those 
 required for, St. LuciaI 'Adescription of tie wells' from these 'V"4
Lhre ara s o I p~~ e some avance informaLion as t~o what might
be'expec Led in'St. -Lucia. A-

" 
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EXHIBIT 12
 

TYPICAL GEOTHERMAL WELL COSTS [N THE U.S. 

[Thousands of us$ (1983)]
 

Depth
Geothermal Area 
 1000 n m1500 2000 i 
The Geysers, California 640 820 
 1200
Baca, New Mexico 
 740 900 
 1400

Rossevelt Hot Springs, Utah 
 570 910 
 1100
 

Sandia National laboratories Report Sand. 81-2202 (Feb. 1983)
 

A typical well 
may sta'rt with a section of 1.07-m
(42-in) diameter hole followed successively by 0.66-, 0.44-, 0.31-,
and 0.22-m (26-, 17-1/2-, 12-1/4-, and 8-3/4-in) diameters. There
would be four nested casings of 0.76-, 0.51-, 0.34-, and 0.27-m

(30-, 20-, 13-3/8-, and 10-3/4-in) dianters starting 
 at
wellhead but 
all extending to different depths. lhe.e 

the 
are called 

the conductor, surface, intermediate, and tieback casings,respectively. Depending upon the nature of the formation in thelower part of the borehole, either the hole is left uncased or a
slotted Liner (or xerforated casing) is installed to preclude

hole-collapse problems at 
a later date.
 

At comparatively low temperatures 
 around 150 0C
drilling mud will be used. 
 Once the vicinity of the production zone
is reached, air drilling will become the drilling technique. After
drilling operations 
are completed cementation work 
will be carried
 
out. The shallow we]ls drilled previously are in a state of

deterioration. 
All tiese wells will be capped and sealed.
 

If the exploratory/product jon 
 wells prove
successful, subsequent commercialization, including the construction
 
of a power plant, will be financed and undertaken through program
a 

of private investment.
 

B. Financial Analysis and the Role of Private
 

Invest nnt
 

1. 
 LUCELEC's Recent Financial Performance
 

The UNDP/World Bank 
study documented LUCELEC's 
very
poor financial perforimance between 1979 and 
1981. In that period,

net 
after tax income fell from a small EC$14,000 surplus in 1979 
a loss of EC$ 530,000 

to
 
in 1981. Reasons for this poor performance
included tariff increases that were too little and too late, 1980


hurricane damage, an 8 percent sales decline, and higher
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transmission and distribution losses. 
 in 1982 and 1983, performance

improved somewhat. After tax net 
income in 1982 was EC$ 343,000,

and indications are that it was higher in 1983.
 

The Coopers and Lybrand Tariff Study established a

basis upon which to determine future tariff requirements. However,
the study did not model the cost and financial implications of 
geothermal generation, and would have to be updated 
-odetermine the
tariff implications of the cost savings presented by 
the geothermal

alternative. 
 Estimates of reduced cost for geothermal power

generation imply that this technology would improve LUCELEC's
 
financial viability at tariffs be case
lower than would the for

diesel generated power. The Los Alamos study 
estimated a busbar
 
cost of geothermal electrical generation of 6.2 U.S. cents per Kwh,

compared to 9 to 10.2 U.S. cents per Kwh for diesel generation.
 

2. Summary Financial Plan.
 

Detailed 
project cost estimates are presented in
 
Exhibit 14. Exhibit 13 summarizes these project costs:
 

EXHIBIT 13
 

COSTS, BY EXPENSE CATEGORY AND SOURCE OF FUNDING
 

($U.S.) 

USAID UNRFNRE GOSL TOTAL
 

1. Consul.ants 
 84000 84000
 

2. Contracts
 

a. Civil vorks 
 170000 
 170000
 
b. Pad Preparation, Water 
 84000 84000
 
c. Project Supervision 625000 625000
 
d. Drilling 2167070 
 846000 3013070
 
e. Drilling Cont'gncy Fund 402930 169200 
 572130

f. Other 
 75000 572500 647500
 

3. Pre-project Expenditure 65000 65000
 

4. Miscellaneous 
 185000 184000 
 203400
 

GROSS TOTAL EXPENDITURE 3000000 80000
2380100 5460100
 

The total project is expected to cost approximately

$U.S. 5.5 million, of which 
the UNRFNRE will contribute $2.32
 
million, AID $3.0 million, and the GOSL $0.2 million. 
AID's
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contribution will be divided between civil works for 
rig delivery,
drilling costs, and technical support. UNRFNRE will 
contribute to
project supervision, wellsite services, well completion, production
testing, and other costs. CGOSL will provide pad preparation, watersupply, a relocation of utilities 
and obtain lands for drilling

operations.
 

Ultimately, the financial 
viability of geothermal
development is expected 
 to be put to the test of private
profitability. Approximately 25 private investors 
have thus far
indicated interest in tapping the resource.
 

3. Private Investment
 

Estimated private investment 
in the power sector
 over the next few years is expected to be the largest in thatsector's history theon island. 'jota[ investments of about US$30million, including physical and price contingencies, are needed toundertake the expansion program for the rest of this decade.
 

If it is decided in 1986 not to proceed with
geothermal development, power sector investment would decline
about US$24 million, excluding 

to 
physical and price contingencies.
This lower estimate includes the addition of Cul-de-Sac No. 2 unit(5 M medium speed diesel) in 1990 in the absence of geothermal No. 

i. 

Technical assistance to the to
GOSL prepare
evaluate requests for technical and financial proposals will be 
and 

aproject activity. AID will assist the GOSL in advertising in theinternational press, 
 in preparing 
the short list of eligible
responses, and in developing the components of the R[TP, includingthe evaluation criteria. Preparation of the RFTP will include anexamination of the institutional, technical and financial
relationships between the investor, the GOSL, and LUCELEC.
 

The most probable s;cenario for the privat:ization ofa geothermal utility would include activities such as the: I)
development and management of 
 the steam and hot water resource, 2)process of the steam to electricity, 3) delivery of hot water to
industry and 4) delivery and management of electricity through tile
existinq transmission and distribution system (the electrical grid,
which presently is managed by LUCELEC). The following sectionsoutline relevant considerations related to each of these activities.
 

a. The 4ellField Resource 

Develop ent and management of the steam and hotwater resource has been shaped into 
a separate entity, LUCELEC,
which protects the sovereignty of the government while fostering 
a
partnership with the private sector. LUCELEC's control of the steam 
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and water "valves" protect the downstream abuse by a potential

monopoly, but in the absence of a competitive utility, the Public
Utilities Commission 
(PUC) will need to have authority to set the
 
steam and hot water energy tariff as well as electricity tariffs.
 

During the initial stages of development, the
 
management 
of the well field requires highly technical expertise

available only from the international private sector. This could be

achieved through a corporate merger or a partnership between the

international capital investor 
and the government to form the
 
geothermal well field management company.
 

b. The Geothermal Power Generating Company
 

Format ion of the Geothermal Power Companypresently appears to be emerging as a wholly-owned private utility,
owned and controlled by international investors. 

The GOSL will approach the international
g.othermal community and request proposals for the development of
the qeothermal power utility. Acting as a pass-through for theconversion of energy, utility may
this become a simple private
!ector company producing the required baseload power in blocks ofeectrical energy at a set price. 
 Once again, in the absence of a

fu,.1.y competitive market, the PUC will regulate tariffs of all
 
encrgy producers. 

At present, several U.S. geothermal companies

: 	e explk:-inq the possibility of forming the private utility and are

epared fto capitalize the firm without o'atside financial
csistance. However, private
should capitalization not become


I'iLlable im;nediately, the IFC and OPIC may support guarantees and
insurance, and provide the necessary equity 
for the eventual
 
rivatization of the geothermal resource. 

c. 
 Process Heat and Process Heat Transmission
 
Company
 

Processing, developing and transmitting hot

industrial is far theiater for use still in future. However, as

ith the geothermal "steam", hot water needs to be recognized as an
 
.nergy resource and requires the same tariff controls applied to 
)ther energy sources.
 

d. LUCELEC: The Energy Delivery Mechanism
 

Finally, LUCELEC has an 
 authorized shareapital of EC$5 million, divide d into 260,0U0 non-voting and 740,000),rdinary :dare: of EC$5 each. The hiscompany issued 3,446,990
ully paid shares (Exhibit 15). LUCELEC's Board of Directors iS 
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comprised of five Directors, 
one of whom is appointed by the
Government, one by the Castries City Council (CCC) and 
the other

three, including the Chairman, by Caribbean Development Corporation 
(CI)C). 

Th: agreement between CDC and LUCELEC provides
for CDC to serve the company with technical and engineering services 
as required. This includes advice on 
 accounting procedures,
preparation of accounts, capital 
estimates and revenue needs.
addition, they ensure that an executive or engineer visits 

In 
LUCELECat least once a year to review company management and makerecorummendations. These services tend to reflect CDC's ownership

role. CDC also recruits senior management staff for LUCELEC andprovides buying agents to procure plant, machinery, and equipment

behalf on

of LUCELEC and to examine all shipping documents related to 
purchases.
 

EXHIBIT 15 

ALLOCATION OF LUCELEC SHARES 

Shareho ld ing
Shareholder 
 Voting Non-Voting Total
 

St. Luicia Government 402,560 ( 18.8%) 1,300,00U 1,702,560

Castries City Council 
 604,430 ( 28.1%) 
 - 604,430CDC 1,140,000 ( 53.1%) 
 - 1,140,000


Tlbtal 2,146,990 (100.0%) 1,300,000 
 3,446,990
 

In the near future CDC intends to divest itspreferred share holdings within LUCEEC. In preparation for this,CDC has secured management assistance and engineering assistance

frir, the %mxmnwatth Eund 
 for Technical Cuupuration (CFTC) to train 
LUCELEC personnel in anticipation of the eventual withdrawal.
 

The remroval of the power generating functionfor the base load from LUCELEC to the geothermal utility will allow
LUCELEC to focus its 
 remaining staff on administering the
distribution of power rather than on the orocess of generation.
 

En sum, the capital requirerients for LUCELECwill shift to electrical distribution and LUCELEC will become more 
efficient in its newly focused operations.
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geothermal generation of the additional base load. 
 The objective is
 
to 
determine which of these two is the least-cost technique,

including, where 
possible, allowance for exploration risk and
 
negative externalities and spillovers.
 

The least-cost solution only identifies the most
 
efficient way of obtaining a given benefit 
stream. It may be,

however, that the benefits themselves are not sufficient to produce

a reasonable rate of return to nation's
the resources. To the
 
extent that available data permitted, the next step was therefore to
 
test the least-cost solution by a cost/benefit analysis, in order to
 
determine whether the activity represents an appropriate use of

national resources. Consideration was also given to potential

external benefits and positive spillover effects.
 

As with any new enargy technology, the viability of
the overall success of a geothermal power plant depends very much on
the administrative and institutional peripheraIs of privaLe/public
utility management. Within the short-term, plans for the support of 
a private geothermal 
utility station will address legislative,

administrative and institutional arrangements. 
 This support,

through technical assistance to the COSL, will be illustrated in along-term development plan early in the project inplementation phase. 

Since the choice of a single discount rate alwayscontains a degree of arbitrary judgement, Net Benefits were
recalculated over a range of *ii.count rates. Figures C.4 and C.5 in

the Economic Analysis, Annex J, illustrate the net benefit streams
 
over the range of discount rates. It can be seen 
 from these that 
the Internal Rate of Return (the discount rate at which NPV is zero)

is around 12 percent for the diesel alternative, and, depending upon

the tariff structure, between 15 and 16 percent for the geothermal
option. With an opportunity cost of capital of 10 co 12 percent,
diesel generation produces negative, 
or only marginally positive,

not benefits, while geothermal yields pisitive net returns. The
qeothermal results would be further improved by the addition of
external benefits derived from tho use steam for otherof purposes.
Since these external benefits are at present very difficult to 
iJuantify, they were not explicitly included in the calculations. 

2. Import Substitut ion Effects 

As irviicated in the 1ANL analysis, savingsa of
EC$209 million (US$77.4 mnillion) dollar; over 30 years would be
realized by substituting for the diesel fired generat:ors. Annual
peak demand was projected at 20% from 1983 to 1990, ranging from11.73 MW in 1983 to 15.5 Mw in 19910. This amounts to an average
annual increase of 3%. When added to the reduced power losses
(estimated by IBRD) the annual growth rate will approach 4.7% per 
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Sulphur Springs is the least preferred drilling site
for several reasons identified. 
 However, should it be necessary,

itiqation measures are available to minimize impacts at this 

locat ion.
 

In summary, 
the proposed project activities can be
 
carried out in an environmentally sound manner, if remedial 
measures

outlined in this study are incorporated into development plans.
 

2. 	Recommendations
 

Remedial measures to mitigate environmental impactscesulting from the Proposed 
Action were previously discussed.

Additional recomnendat ions are provided below 
 to 	 address

environmental concerns regarding geothermal development on St. Lucia.
 

" 	 Initial exploratory drilling at Etangs is
 
recommended. This minimize
will 	 potential

environmental impacts 
 in the project area.
 
Drilling in Belfond is also possible, since
 
suitable mitigation measures are available to

minimize impacts. However, ofimrpacts drilling
in Sulphur Springs will. be more difficult to 
mitigate, 
 and might result in potential

environmental problems.
 

o 	 Erosion control should be maintained throughout 
all 	phases of 
 the 	project. In particular,

permanent controls, as 	 withsuch stabilization 
topsoil, mulch, 
 seeding and planting of
 
non-paved or graveled areas 
 should be
 
undertaken immediately following construction.
 

o 	 Noise and air impacts on tourism should be
 
mitigated by 
 drilling and developing wells 
durinq the off-season (April - December).
 

o 	 Surface and groundwater hydrology should be 
evaluated promptly to identify recharge areas,
runoff patterns and aquifers of concern. This 
is critical for the prop.-r ; iting of waste 
management faci litics. 

o Monitoring wells should be considered for each 
drilling site. 
 This will permit a direct
 
assessment of 
 groundwater contamination
 
resulting from geothermal development.
 

o 	 Consideration should be given to developing
multiple wells from a single platform, if the
g.eothermal resource is sW'fi:.-ijnt. This will 
minimize requirements for additional land. 
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wells nearN Sulphur sprfings. ~However,- lack of "care 5for the social 
* ~~ and eniroirental effects oKf~thei drilling fproject' appear~ tot have 	 . 

Searn~ed th 7enmifty of some~ local residents. As a reut hl
7~>~jresidents of the area supprt cont inued,~ exploration, and 'in fact


7whave shown considerable enthusias for tihe AID,,project, they have

f also raised issues and have~sgeste miiaiec n to diminis
 

~;1~ -the po~xtential n~egative~ social and environinenta impact. _ These

* 	 5points have been considered, 4and , measures5 designed to lessen
 

negative" impact have been ircluded"sin'h vion taAals.
 

Social Impa+ct++ n+nsa2. 	 , 
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­
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wil be carefully controlled'and the' natural, and'- cultural 
* 

;27; '­

S-#attractions, enhanced. to~Cnfrol-led toLurist deelopme~nt s;houl~d
Aincrease ponoin thregion. 

' 

employment 


Presently, however, tehe region is one of tilemore
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farmer cultivation. The Etangs area is considered to be prime

9gricultural land and land ownership patterns are more diverse, with
 
a few large estates as well as small farmers and subsistence plots.

The Sulphur Springs area is less desirable agriculturally and is
 
less populated.
 

The previous drilling program in the Sulphur Springs

area did not require significant removal of the resident population,

and is it expected that this project will not necessitate removing

large numbers of families either.
 

However, should the selection of drilling sites
 
necessitate the government acquiring land, the question of property

riqhts and values will arise. Existing legislation on eminent
 
domain and compensation should be sufficient; and an assessment of
 
the value of property in the region should be carried out and
 
meetings held with residents to ensure cooperation and satisfaction.
 

The GOSL is engaged in a land titling project with
 
USAID which seeks to clarify land registration and titling.

Co-ownership of land, termed "family land" in St. Lucia, is
 
prevalent among smallholders. The Land Registration and Titling

project is expected to begin qoon in the Soufriere area, thus
 
mitigating possible problems of 
delay should the question of land
 
appropriation and compensation arise.
 

3. Archeological Site
 

A number of dolmens, middens and evidence of 
terracing indicate the presence of a pre-Columbian archaeological
site in the Belfond area dating from about 800 A.D. Like 
Stonehedge in England and Machu Pichu in Peru, the site may have 
been used for the measure of time and for religious ceremonies
 
marking the solstice. Examination of pottery shards isin progress.
 

The management and drilling contractors should
 
collaborate with archoDloqisI:s to determine drilling sites that will
caus(2 the least disrtuption to the archeological site. Archeologists
have indicated that they are anxious to collaborate with technicians 
in determining the drilling sites and in suggesting mitigative
 
measures (see Environm.ntal Analysis). This collaborative effort
 
must be a priority as there is a high level of consciousness among

the population and within the government about preserving the

nation's cultural heritage.
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4. Spread Effects
 

a. Transfer of Technology
 

Geothermal exploration technology is highly

specialized. Neither 
 the drilling operations nor the
 
commercialization of geothermal energy 
for domestic and inlustrial
 
use will involve much transfer of technology to St. Lucians in the
 
short term. However, this should not be viewed 
negatively as St.
 
Lucia does not presently have the expertise to counterpart this
 
project, and successful implementation necessitates using foreign

specialists. In the long term, individual St. Lucians will be
 
trained to function at technical and managerial levels in the
 
commercialization phase. 
 In the short term St. Lucians will gain

so:inr 
 expertise workinq on-site in the drilling operations.
 

c. Communications
 

This project requires good public relations,

in.luding informing the general public and the residents 
of the
 
Soufciere area through the media and through the local 
councils.
 
St. Lucia has vibrant radio programming and the population is
 
accustomed to Government 
 Information Service broadcasting for
 
information regarding events of national 
significance, particularly

in development activities. Special programs could oe developed by

th,' G[S to provide both background information on geothermal
.t-ritial and also inforimati-n on activities at the drillinq sites. 

Local councils and disaster preparedness

c-mruittees are orqanized to deal with a multiplicity of potential
hazards including earthquakes and hurricanes, and would also serve 
as important disseminators of information. These councils and
 
comnmittees should be consulted in developing emergency plans in
 
drilling areas in order to lessen the possibility of the spread of
 
misinformation as 
well as to maximize the successful implementation

of any mitigative measures that may be required.
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VI. CONDITIONS PRECEDENT AND COVENANTS
 

A. Conditions Precedent to Disbursement
 

1. First Di.3bursement. Prior to the first disbursement
 
under the Grant, or to the issuance by A.I.D. of documentation 
pursuant to which disbursement will be made, the Grantee will, 
except as the Parties may otherwise agree in writing, furnish to 
A.I.D. in form and substance satisfactory to A.I.D.:
 

(a) An opinion of counsel acceptable to A.I.D. that this
 
Agreement has been duly authorized and/or ratified 
by, and executed on behalf of, the Grantee, and that
 
it constitutes a valid and legally binding
 
:)bligation of the Grantee in accordance with all of
 
its terms;
 

(b) A statemnent o the name of the person holding or 
acting in the office of representative of the
 
Grantee specified in Section 8.2., and of any
 
additional representatives, together with a specimen
 
sigcature of each person specified in such statement;
 

2. Disbursement for Civil Works and Drilling

Activities. Prior to any disbursement under the grant, or to
 
issuance by A.I.D. of documentation pursuant to which disbursehwent
 
will be made for civil works and drilling activities, the Grantee 
will, except as the parties may otherwise agree in writing, furnish
 
to A.I.D. in form and substance satisfactory to A.P.D.:
 

(a) A detailed, time phased implementation plan for the 
drilling activities, civil works and repair of pre-existing
 
geothermal wells;
 

(b) Evidence that the Grantee has obtained or has set in
 
motion procedures to obtain all lands for the Project, including all
 
necessary easements or other rights in property, to carry out the 
activity;
 

(c) (1) an AID-approved environmental assessment (EA)

prepare2d according to A.I.D. Reg. 16 (22 CPR Part 216) and (2) an 
environmental monitoring and safety plan designed to protect the 
human and physical environment in and around the proposed drilling 
sites; 

(d) Evidence that the Grdntee wil.l provide necessary pad

prepiration, storage ponds and water supply for the drill.ing ;ites; 

(e) Evidence of an executed contract or f rim arrangement 
to secure such a contract for the technical services required to 
prepare a plan and parameters for private investment in geothermal 
exploitation, including, but not limited to, documents that could
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Siprovi'de a descriptiob9 of the propose~d institutional,rechlnical and
fi~"ilr ainhp ,bten the-,priviate investor,2 the Government 

'p~9 heS.Lucia, ,EldctricC r=-h 
f oucmeo this technical asitne ffort 9wifll be -a'Request, 
parti'ipatiof inthe dvelopet 0 geoth rma1 resoures 

~ - ~­

$B. ~Covenants " 

~~-'~~ 

.99~ ~ . Project' Evaluation.: The Parties agree to establish 
an evaluation program9 as-part9 of the Project. , EXcept as the VParties
otherwise agree in wltin' th 1 program will include, during9 :the
implementation of the Project and at one or more points-thereafter: 

U 

SObjectives 

(a) -evaluation,,of 
of. the Project; 

progress towar,:I attainent of 'the 

(b) -identification- and-evaluation 
constraints whichl may ~inhibit such attainment;r 

of Vproblemr areas-o 

-hlp ho 
(c) assessment of how such 

overcome sbch problems; and9 
information may be used, to 

'~IV2K9.;. 9 
99. 

development 
d) 9 evaluation,$to: the 
impact or. thePr4 ject.,; 

degree feasible 9 of 9 the overalI''­

'. En~vir~onment. The 'Grantee agrees to take ',steps,
adthere. to recommendations, stexrnin f rom the eiivironm~nta.l,, assessmt 
In&monitor inrg procedures,,Lolbe cridout as patof the Projet 

to 
I: 

~ 

99 

3. 9,Private Investment 9Plan. The.Grantee agriBo.s to rtakeisbsefotto carry 9 out the plan prepared 4pursiiant 'to -Setion 9-4,2(e),' except .t,,,the 'extenC that any aspects of the plan arenot
'949 ncirsed. by the Grantee and notification of tho. GranteeI' specifi1c

obji cti( s,,are provided, to A.T.D. in w rI-inq wilhin 3.0 days of thoed~i~'s receipt of thu p.Ln. 

-' 

9 

9' 

99. -­ ' 

4.44- *Power Grid-Linkage. The Grantee agrees to develop­
- (a) a,, a.for1L transmission of .11 KV lines betwen the geothermal

p~-~ower, house, site , ' ind the southern grid and (b) a plan '9for 
'99'9.-499'~4interconnection of the two,grids on.St.~Lucia.,9 

~~~~ 

"9 £ 

wmay 

>K'frn 

9 5. LtJCELEC ,Purchase' of.9 Electricity.. :,J-xcept as, A.I.D.t'99 
otherwise agree .in- writng,, %the Grantee' ill enter, -into' an.'< -2ageeetih UELCfor., the purchase of the electr'c'ity prdu~ed 949~--,the geothei'M~ Icresource. 49 ' 9> ---

99 

-

-9.4.t 

9 

9. 9499~~'9 9 44I 9 44'9 ,9.9 99 . 9996 , . - 9 ,9 9 4 9 9 ' 
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VII. EVALUATION ARRANGEMENTS
 

A project evaluation program will be part of the project.
The technical evaluation Gf the viability of the first geothermal 
well will be prepared immediately followifig completion of the 
drillinq of that well. These data will be included in an interim 
project impact evaluation in which the progress toward attainment of 
the project objectives, the identification of problem areas, the
 
proposal of solutions to overcome such problems, and an evaluation 
of the overall developmental impact will be assessed.
 

A finaL evaluation will be prepared approximately six
 
months prior to the PACD.
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P.O. Box 302,
 
BRIDGETOWN, Barbados.
 

Dear Mr. Wheeler,
 

Geothermal Development Project
 

As you may be aware, the Los 
Alamos National Laboratory
(LANL) recently presented its 
final report on the Geothermal
Development Project to the Government of St. Lucia. The reportrecommends 
that 
Government proceed immediately to the exploratory
drilling phase of 
the project which is costed at 
approximately
 
U.S. $6.0 million.
 

Following discussions in Washington during the presentation
of the LANL report to interested agencies, we were informed thatthe United Nations Revolving Fund for Natural Resources 
Exploration
was unable to 
make financing available for the immediate implemen­tation of the exploratory drilling programme and while funds
this purpose might be available 
for
 

in the third quarter of 1985 a
firm committment could not 
be given in this regard.
 

In the light of this 
development and given Government's
 concern to commence by January 
1985 the exploratory drilling phase
of this project which has 
been so long in development, approaches
were made to representatives of 
USAID and the State Department for
financing to be provided through USAID for this purpose. I there­fore wish on behalf of the Government of St. Lucia to formally

rCequesL USAD to g L'vi cons idl2rat ion to the provision of financingfor the implementation of 
the exploratory drilling programme and
also to provide financial support which would allow LANL to
tinue in its role as 

con­
technical advisor to Government for the
drilling and development phases of the project.
 

~cr)JN While we have every reason to believe that an approach to_Lropean
_ .he Investment Bank (EIB) for financing for the explora-Oj tory drilling programme would be favourably received, the use of ....
iB-
 unds would have implications for the utilization of European
t oisilltants and contractors. Given the strong support given by
/USAIl for this 
project, Government would much prefer that
further development of the 
the
 

project take place in association with
 
United States firms.
 

In the 
light of the present situation we would be grateful for a
__-favurable response to our request for financial assistance to allow.. for the continued development of the geothermal project. 

Yours sincerely,
 

AUSBE A4A RGNEj.Finance Deputy Director,
& Planning (Planning). 
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5C(3) - STANDARD ITEM CHECKLIST 

Listed below are statutory items which normally will be covered routinely in
those provisions of an assistance agreement dealing with its implementation,
 
or covered in the Agreement by imposing limits on certain uses of funds.
 

These items 
are arranged under the general headings of (A) Procurement, (B)

Construction, and (C) Other Restrictions.
 

A. Procurement
 

1. FAA Sec. 602. 
 Are there YES
 
arrangements to permit U.S.
 
small business to participate
 
equitably in the furnishing
 
commodities and services
 
financed?
 

2. FAA Sec. 604(a). Will all YES
 
procurement be from the U.S.
 
except as otherwise
 
determined by the President
 
or uinder delegation from him?
 

3. FAA Sec. 604(d). If the N/A
 
cooperating country
 
discriminates against marine
 
insurance companies
 
authorized to do business in
 
the U.S., will commodities be
 
insured in the United States
 
against marine risk with such
 
a company?
 

4. FAA Sec. 604(e); ISDCA of 
 N/A
 
1980 Sec. 705(a). If
 
offshore procurement of
 
agricut ura cnmmodi.ty or
 
product is to be financed, is
 
there provision against such
 
procurement when the domestic
 
price of such commodity is
 
less than parity? (Exception
 
where commodity financed
 
ceuld not reasonably be
 
procured in U.S.)
 

http:cnmmodi.ty


5. 	 FAA Sec. 604(g). Will 

construction or engineering 

services be procured from 

firms of countries which are
 
direct aid recipients and
 
which are otherwise eligible
 
under Code 941, but which
 
have attained a competitive
 
capability in international
 
markets in one of these
 
areas? Do these countries
 
permit United States firms to
 
compete for construction or 
engineering services financed
 
from assistance programs of
 
these countries?
 

6. 	 FAA Sec. 603. Is the 

shipping excluded from
 
compliance with requirement
 
in section 901(b) of the
 
Merchant Marine Act of 1936,
 
as amended, that at least 50
 
per centum of the gross
 
tonnage of commodities
 
(computpd separately for dry 
bulk 	carriers, dry cargo 
liners, and tankers) financed
 
shall be transportd on
 
privately owned U.S. flag
 
commercial vessels to the
 
extent such vessels are
 
available at fair and
 
reasonable ,tes? 

7. 	 FAA Sec. 621. If technical 

assistance is financed, will
 
such assistance be furnished
 
by private enterprise on a
 
contract basis to the fullest
 
extent practicable? If the
 
facilities of other Federal
 
agencies will be utilized,
 
are they particularly
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Technical services will be procured
 
from Geographic Code 000 (United
 
States) or Host Country only.
 

NO
 

YES
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C. Other Restrictions 

1. FAA Sec. 122(b). If 
development loan, is intrest 
rate at least 2% per annum 
during grace period and at 
least 3% per annum thereafter? 

N/A 

2. FAA Sec. 301(d). If fund is 
established solely by U.S. 
contributions and 
administered by an 
international organization, 
does Comptroller General have 
audit rights? 

N/A 

3. FAA Sec. 620(h). Do 
arrangements exist to insure 
that United States foreign 
aid is not used in a manner 
which, contrary to the best 
interests of the United 
States, promotes or assists 
the foreign aid projeets or 
activities of the 
Communist-bloc countries? 

N/A 

4. Will arrangements preclude 
uses of financing: 

a. FAA Sec. 104(f); FY 1985 
Continuing Resolution 
Sec. 527. (1) To pay 
for performance of 
abortions as a method of 
family planning or to 
motivate or coerce 

N/A 

persons to practice 
abortions; (2) to pay 
for performance of 
involuntary 
sterilization as method 
of family planning, or 
to coerce or provide 
financial incentive to 



any person to undergo
 
sterilization; (3) to
 
pay for any biomedical
 
research which relates,
 
in whole or part, to
 
methods or the
 
performance of abortions
 
or involuntary
 
sterilizations as a 
means of' family
 
planning; (M) to lobby
 
for abortion?
 

b. 	 FAA Sec. 620(g). To 

compensate owners for
 
expropriated
 
nationalized property?
 

c. 	 FAA Sec. 660. To 

provide training or
 
advice or provide any
 
financial support for
 
Police, prisons or other
 
law enforcement forces,
 
except for narcotics
 
programs?
 

d. 	 FAA Sec. 662. For CIA 


activities?
 

e. 	 FAA Sec. 636(i). For 

purchase, sale,
 
long-term lease,
 
exchange or guaranty of 
the sale of' motor 
vehicles manufactured 
outside U.S., unless a
 
waiver is obtained?
 

f. 	 FY ]985 Coninuing 
Resolution, Sec. 503. 
To pay pensions, 
annuities, retirement
 
pay, or adjusted service 
compensation for 
military personnel? 

ANNEX C.1
 

PAGE 5
 

N/A
 

N/A
 

N/A
 

N/A
 

N/A 



g. 	 FY 1985 Continuing 

Resolution, Sec. 505.
 
To pay U.N. assessments,
 
arrearages or dues?
 

h. 	 FY 1985 Continuing 

Resolution, Sec. 506.
 
To carry out provisions
 
of FAA section 209(d)
 
(Transfer of FAA funds
 
to multilateral
 
organizations for
 
lending)?
 

i. 	 FY 1985 Continuing 

Resolution, Sec. 510.
 
To finance the export of 
nuclear equipment, fuel, 
or technology or to
 
train foreign nationals
 
in nuclear fields?
 

J. 	 FY 1985 Continuin 


Resolution, Sec. 511.
 
Will assistance be
 
provided for the purpose
 
of aiding the efforts of
 
the government of such
 
country to repress the 
legitimate rights of the 
population of such 
country contrary to the 
Universal Declaration of 
Hunian Rights?
 

k. 	 FY 1985 Continuing 


Resolution, Sec. 516. 
To be used for publicity
 
or propaganda purposes
 
within U.S. not
 
authorized by Congress?
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N/A
 

N/A
 

N/A
 

NO
 

N/A
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5C(1) 
- PROJECT CHECKLIST
 

Listed below are statutory criteria applicable to projects. 
 This 	section is
divided into two parts. 
 Part 	A. includes criteria applicable to all
projects. 
 Part B. applies to projects funded from specific sources only: B.1.
applies to all projects funded with Development Assistance loans, and B.3.
applies to projects funded from ESF.
 

CROSS REFERENCES: 
 IS COUNTRY CHECKLIST UP-TO-DATE? 
 YES
HAS STANDARD ITEM CHECKLIST BEEN REVIEWED FOR THIS PROJECT?
 

A. GENERAL CRITERIA FOR PROJECT
 

1. 	 FY 1985 Continuing Resolution
 
See. 525; 
 FAA Sec. 634A; Sec.
 
653(b)653(b).
 

(:) 	 l)(:;,ri, how tifl.hroriziril a) The waiting period ror theand appropriations committees 
 Congressional Notification expired on
of Senate and House have been 
 June 12, 1985.
 
or will be notified
 
concerning the project;
 

(b) is assistance within 
 b) $1.5 million in FY 85 ESF Grant
(Operational Year Budget) 
 funds have been allocated per State
country or international 
 179740. The remaining $1.5 million
organization allocation 
 will be allocated from FY 86 Grant
reported to Congress (or not 
 Fund.
 
more than $1 million over
 
that amount)?
 

2. 	 FAA Sec. 61](a)(1). Prior to (a) YESobligation in excess of 
 (b) Yes, 
to the extend possible for a
$100,000, will there be (a) 
 Geothermal Exploration Project.

engineering, financial or
 
other plans necessary to
 
carry out the assistance and
 
(b) a reasonably firm
 
estimate of the cost 
to the
 
U.S. 	of the assistance?
 

3. 	 FAA Sec. 6.11(a)(2).If 
 N/A

further legislative action is
 
rpquired within r'ecipient
 
country, what 
is basis for
 
reasonable expectation that
 
such action will be completed
 
in time to permit orderly
 
accomplishment of purpose c
 
the assi3tance?
 



4. 	 FAA Sec. 611(b); FY 1985 

Continuing Resolution Sec
 
501 If for water or
 
water-related land resource
 
construction, has project met
 
the standards and criteria as
 
set forth in the Principles 
and Standards for Planning 
Water and Related Land 
Resources, dated October 25, 
1973, or the Water Resources 
Planning Act (42 U.S.C. 1962,
 
et seq.)? (See AID Handbook
 
3 for new guidelines.)
 

5. 	 FAA Sec. 611(e). If project 

is capital assistance (e.g.,
 
construction), and all U.S.
 
assistance for it will exceed
 
$1 million, has Mission
 
Director certified and
 
Regional Assistant
 
Administrator taken into
 
consideration the country's
 
capability effectively to
 
maintai- and utilize the
 
project?
 

6. 	 FAA Sec. 209. Is project 

susceptible to execution as 

part of regional or 

multilateral project? 
 If so,
 
why is project not so
 
executed? Information dnd
 
conclusion whether assistan7e
 
will 	encourage regional
 
development programs.
 

7. 	 FAA Sec. 601(a). Information 

and conclusions whether 

project will encourage 

efforts of the country to: 

(a) increase the flow of 

international trade; (b) 

foster private initiative and 

competition; and (c) 

encourage development and use 

of cooperatives, and credit
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N/A 

YES
 

The Project is financed by AID and the
 
United Nations Revolving Fund for
 
Natural Resources Exploration.
 

a) The Project will result in a
 
reliable indigenous source of power to
 
generate electricity for Tourism and
 
light manul'acturing as well 
as
 
domestic use. 
 The Project is expected
 
to accelerate the development of
 
export oriented private enterprise
 
investment in St. Lucia.
 
(b), (e), (d), (e), (f) - N/A
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unions, and savings and loan
 
associations; 
 (d) discourage
 
monopolistic practices; 
 (e)

improve technical efficiency

of industry, agriculture and
 
commerce; and (M) strengthen
 
free labor unions.
 

8. FAA Sec. 601(b). Information 
 See No. 7 above.

and conclusions on how
 
project will encourage U.S.
 
private trade and investment
 
abroad and encourage private

U.S. participation in foreign

assistance programs

(including use of private
 
trade channels and the
 
services of U.S. private
 
enterprise).
 

q). FAASec. 612(b), 636(h); FY 
 The GOSL's construction to the Project
1985 Continuing Resolution 

Sec 507. Describe steps 	

will be paid in local currency. The
United States Government does not own
taken to assure that, to the 
 local curency.
maximum extent possible, the
 
country in contributing local
 
currencies to meet the cost
 
of contractual and other
 
services, and foreign

currencies owned by the U.S.
 
are utilized in lieu of
 
dollars.
 

10. FAA Sec. 612(d). Does the 
 N/A

U.S. 
own excess foreign
 
currency of the country and,
 
if so, what arrangements have
 
been made for its release?
 

11. FAA Sec. 601(e). Will the 
 All procurement will be from
project utilize competitive 
 Geographic Code 000 and Host Country
selection procedures for the 
 and awarded according to AID Handbook
awarding of contracts, except 
 II - Host Country Contracting
where applicable procurement 
 Procedures.
 
rules allow otherwise?
 



12. 	 FAA 1985 Continuing 

Resolution Sec. 522. 
 If
 
assistance is for the
 
production of any commodity
 
for export, is the commodity
 
likely to be in surplus on
 
world markets at the time the
 
resulting productive capacity
 
becomes operative, and is
 
such assistance likely to
 
cause substantial injury to
 
U.S. 	producers of the same,
 
similar or competing
 
commodity?
 

13. 	 FAA 118(c) and (d). Does the 

project comply with the 

environmental procedures set 

forth in AID Regulation 16. 

Does the project or program
 
taken into consideration the
 
oroblem of the destruction of
 
tropical forests?
 

ill. 	 FAA 121(d). If a Sahel 

project, has a determination
 
been made that the host
 
government has an adequate
 
system for accounting for and
 
controlling receipt and
 
expenditure of project funds
 
(dollars or local currency
 
generated therefrom)?
 

15. 	 FY 1985 Continuing Resolution 

Sec. 536. Is disbursement of 

the assistance conditioned 

solely on the basis of the 

policies of any multilateral
 
institution?
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N/A 

An Environmental Assessment has been
 
made and an Environmental Monitoring
 
Plan is an integral part of Project
 
Implementation.
 

N/A
 

Although Grant Funds will be passed
 
through the UNRFNRE, no disbursement
 
of AID Funds will be made without
 
RDO/C certification.
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B. FUNDING CRITERIA FOR PROJECT 

1. Development Assistance 
Project Criteria 

a. FAA Sec. 102(b), l11 
113, 2 81(a). Extent to 
whi ('h ;0,i vi Ly will (a) 
effectively involve the 
poor in development, by 
extending access to 
economy at local level, 

increasing 

Although short-term Job opportunities
for un-skilled and semi-skilled rural
worker:i will rosul.t from project. 
activities, the primary project
benef.t will be to the St. Lucia 
economy as a whole through the 
provision of reliable electricity. 

labor-intensive 
production and the use 
of appropriate 
technology, spreading 
investment out from 
cities to small towns 
and rural areas, and 
insuring wide 
participation of the 
poor in the benefits of 
develooment on a 
sustained basis, using
the appropriate U.S. 
Irnfl. i l, iou:; (W,) help
develop cooperatives, 
especially by technical 
assistance, to assist 
rural and urban poor to 
help themselves toward 
better life, and 
otherwise encourage 
democratic private and 
local governmental 
institutions; (c) 
support the self-help 
efforts of developing 
countries; (d) promote 
the participation of 
women in the national 
economies of developing 
countries and the 
improvement of women's 
status, (e) utilize and 
encourage rejional 
cooperation by 
developing countries? 



b. 	 FAA Sec. 103, 103A, 104, 

105,.106. Does the
 
project fit the criteria
 
for the type of funds
 
(functional account)
 
being used?
 

C. 	 FAA Sec. 107. Is 

emphasis on use of
 
appropriate technology
 
(relatively smaller,
 
cost-saving, labor-using
 
technologies that are
 
generally most
 
appropriate for the
 
small farm, small
 
businessc:, and small
 
incomes of the poor)?
 

d. 	 FAA Sec. 110(a). Will 

the recipient country
 
provide at last 25% of
 
the costs of the
 
program, project, or
 
activity with respect to
 
which the assistance is
 
to be furnished (or is
 
the latter cost-sharing
 
requirement being waived
 
for a "relatively least
 
developed country)?
 

e. 	 FAA See. 110(b). Will 

grant capital assistance
 
be disbursed for project
 
for more than 3 years?
 
If so, has justification
 
satisfactory to Congress
 
been made, and efforts
 
for other financing, or
 
is the recipient country
 
"relatively least
 
developed"? (M.O.
 
1232.1 defined a capital
 
project as "the
 
construction, expansion,
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YES
 

N/A
 

N/A
 

N/A
 



ANNEX C.2
 
PAGE 7
 

equipping or alteration
 
of a physical facility
 
or facilities financed
 
by AID dollar assistance
 
of not less than
 
$100,000, including
 
related advisory,
 
managerial and training
 
services, and not
 
undertaken as part of a
 
project of a
 
predominantly technical
 
assistance character."
 

FAA Sec 122(b). Does 
 YES
 
the activity give
 
reasonable promise of
 
contributing to the
 
development of economic
 
resources, or to the
 
increase of productive
 
capacities and
 
self-sustaining economic
 
growth?
 

FAA Sec. 281(b). 
 The Project responds to the long held
Describe extent to which 
 aspirations of St. Lucia to develop
program recognizes the 
 its Geothermal potential. 
 The Project
particular needs, 
 will train St. Lucians in Geothermal
desires, and capacities 
 Well Field Administration.
 
of the people of the
 
country; utilizes the
 
country's intellectual
 
resources to encourage 
institutional
 
development; and
 
supports civil education
 
and training in skills
 
required for effective
 
participation in
 
governmental processes
 
essential to
 
self-government.
 



ANNEX C.2 
PAGE 8 

2. Development Assistance 
Project Criteria (Loans Only) 

a. FAA Sec. 122(b). 
Information an 
conclusion on capacity 
of the country to repay 
the loan, at a 
reasonable rate of 

N/A 

interest. 

b. FAA Sec. 620(d). If 
assistance is for any 
productive enterprise 
which will compete with 
U.S. enterprises, is 
there an agreement by 
the recipient country to 
prevent export to the 
U.S. of more than 20% of 
the enterprise's annual 
production during the 
life of the loan? 

N/A 

.conomic Support Fund Project 
Criteria 

a. FAA Sec. 531(a). Will 
this assistance promote 
economic and political 
stability? To the 
extent possible, does it 
reflect the policy 
directions of FAA 
Section 102? 

The establishment of a reliable, 
indigenous source of energy will 
promote economic stability. 

b. FAA Sec. 531(c). Will 
assistance under this
chant.or b~e il (soJ('or' 

N/A 

military, or 
paramilitary activities? 

c. FAA Sec. 534. Will ESF 
funds be used to finance 
the construction of, or 
the operation or 

N/A 
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maintenance of, or the 
supplying of fuel for, a 
nuclear racility? If 
so, has the President 
certified that such use 
of funds is 
indispensable to 
nonproliferation 
objectives? 

d. FAA Sec. 609. If 
commodities are to be 

N/A 

granted so that sale 
proceeds will accrue to 
the recipient country, 
have Special Account 
(counterpart) 
arrangements been made? 



ANNEX D
 

CERTIFICATION PURSUANT TO SECTION 611(e) OF THE
 
FOREIGN ASSISTANCE ACT OF 1961, AS AMENDED
 

I, James Holtaway, as Director of the Regional Development

Office/Caribbean of the Agency for International Development, having taken
 
into account, among other things, the utilization and maintenance of projects

in the Caribbean region previously financed or assisted by the United States,

do hereby certify that in my judgement the Government of St. Lucia has both
 
the financial capacity and the human resources capability to use and maintain
 
the goods and serices procured under the proposed capital assistance grant

project entitleI St. Lucia Geothermal Project.
 

This judgement is based on the implementation record of externally

financed projects including AID-financed projects in St. Lucia, the
 
committment from the Government of St. Lucia, and the quality of planning wich
 
has gone into this new project. The technical pre-feasibility for geothermal

exploration in the Soufriere Caldera of St. Lucia, and the environmental
 
assessment and environmental safety and monitoring plan which has been
 
designed to assure the safety of human beings and the rest of the natural
 
-nvironment, have been prepared by well-qualified American specialists. 
The

3pecifications for the drilling equipment will be prepared by 
an American
 
specialist in geothermal drilling.
 

The co-financing agency, the United Nations Revolving Fund for
 
Nitur'al Resources Exploration, wit]. provide managemont, and supervisory

er'vi ce., as well as 
materials and equipment, for the pre-drilinf and;i


drl.].ing phases of the project. 
 The Government of St. 
Lucia has demonstrated
 
,.-apability to provide and maintain infrastructural support.
 

The Project Agreement includes provisions designed to assure that the

4eothermal 
resource will be developed through private investment in order that
 
the GOSL is not burdened with the management of the resource. The Government
 
o7 St. 
Lucia appreciates the economic, social and environmental importance of
 
the project and is fully committed to its proper implementation and effective
 
utilization.
 

(signed):
 

James Holtaway
 
Director
 

(date):
 



July 5, 1985 
Project Title & Number: 
St. Lucia Geothermal Developnent 

FY 85 $1.5 million and FY 86 $1.5 million = $3,000,000 ESF Grant
 

PACD August 1987
 

NARRATIVE 
 SUMMARY OBJECTIVELY VERIFIABLE INDICATORS MEANS OF VERIFICATION IMPORTANT ASSUMPTIONS 
Program or Sector Goal: The Measures of Goal Achievement:broader objective to which-this 	 1. Chamber of Commerce1. More Private 	 data Assumptionsproject contributes: investment in 2. 	 for achievinqgoal targets: 
Goal: 	 manufacturing & tourism 

Jobs advertised, C of C data Political stabilityTo accelerate 	 3. GOSL datathe economicdevelopment 	 2. More jobsof 	St. Lucia 3. 	 Less unemployment 4. 	 GNP 

Sub-Goal: To 	establish an indigenous, 1. 	 Power generation fromabundant, reliable source ofelectricity 

Project urpose:

To establish the economic and 

technical viability of the QualibouCaldera as a long-term geothermal
resource capable of generating 

substantial quantities of electrical 
and other power which can bedeveloped by the private sector. 

2Lit__ts: 
1. 	 Geothermal wells; drilled, tested,capped. 
2. 	 Environmental safety assured.
3. 	 Private geothermal corporation,
4. 	 Power supply agreement with LUCELEC 

Inputs: 
AID: $3 million grant to finance:
drilling contract, environmental 
program, training &TA, access roads.UNRFNRE: $2.3 million to 	finance: 
drilling supervision and subcontracts 
GOSL: Preparation of harbour, water 
supply, drilling pads. 

a local source I. Site inspections2. 	 Greater power capacity
3. 	 Lower power cost 

onditions that will indicate purposehasbeen achieved: Endof project 

status. 

I. 	 The Caldera has been drilled and
tested, and proven 
to be adequate 

for the economic production of 
electricity.


2. GOSL has accepted a plan for private 
investor to construct and operate a 
power plant.


3. 	 LUCELEC has agreed to purchase the 
electricity. 

Magnitude of Outputs:
1. 	 7hree wells, each with at least2.5 mw potential. 
2. 	 Environmental monitoring plan to cover LOP dnd beyond.
3. 	 Plans to construct a 10 mw power 

plant.getemlpwr
 
4. 	 LUCELEC agrees to buy 10 mwgeothermal 

electricity.
 

2. 	 Technical reports
3. 	 LUCELK rates 

1. 	 Geoscientist's report

economist's 
report 

2. 	 BEidence of GOSL approval ofprivate investment plan.
3. 	 LUCELEC contract to purchase 

1 ;eoscientist's reports aidevaluation of drilling
2. 	 Contract with a qualified

geothermal environmentalist. 
3. 	 Corporate charter, 
4. 	 LUCELEC contract or agreement 

Present infrastructure constrains
 

development 

St. Lucia's Geothermal is useable to 
generate electricity

Geothermal power is cheaper than diesel 

power 

Asurtions for achievi rpose:
1. 	 The drille choe thcretse
 

Caldera.
 
2. 	 GOSL policy supports private sector
investment 
in its natl'Lal resources. 

Assumptions forachievingoutputs:1. 	 caldera is 	 hot. 
2. 	 Wells produce safe useable effluent.3. 	 GOSL laws permit private sector to 	investin 	 natural resources & to sell power.
4. LUCELEC financially capable to buy 

power. 

e& Quantity): AID and UNRFNRE
ImplementationTaie(p 

AID: signed contracts Assunpltionsfor providing inputs:
I host country drilling contract, work performed (site visits)Other HC and AID 	 AID:direct contracts. 	 FY 86 $1.5 million
UNRFNRE: 	 GOSL: Work performed (site is alloted.

Supervision contracts Drilling bids are within budget.subcontracts - unprocurement 
and visits) UNRFNRE participates as planned.GOS delivers inputs inGOSL: Local contracts 	 timely fashion. tor 	force account. 
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J 1 SEP 1985TAGS:
SUBJECT: ENVIRONMENTAL ASSESSMENT 
- ST. LUCIA GEOThERMAL
 
I. LAC CHIEF ENVIRONMiNTAL OFFICER BAS REVIEWEDAPPROVES ENVIRONMENTAL ASSESSMENT (EA) 

AND BERl}y 
DONE BY CONTRACTOR
SORENSON FOR ST. LUCIA GEOTHERM'AL HXPLORATION DRILLING
PROJECT SUJFCT TO INCLUSION OF E.A. RFCOMMENDATIONS
 

INTO PROJECT.
 

2. 
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ANNEX H
 

ENVI RONNENTAL ASSESS.IENT 

G(EOFHER.I-. 1XF'..OATION DRI1 LLI NG PNOJl(:T 

QUALIBOU CALDERA, ST. LUCIA 

S-;UI ITTED TO 

U.NI' 1E) q7ATES AGENCY FOR I NTERNATI(ONAL DEVELOPMENT 

FIREPAPEI f13Y 

TIPPETTS - ABBETT - NCCARTHY - STRATTON 

A~L(r:s'I 19 5 

L. FATlIC'K SORENSEN, PI.D. 
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I. SUMMARY
 

identify significant
A provisional monitoring program to 


in existing ambient quality and potential 
public health
 

changes 


from the Geothermal Exploration Drilling

impacts resulting 


The program follows a
 
on St. Lucia is described.
Project 


phased approach for data collection, data evaluation and
 

and focuses on potentially hazardous
 
long-term monitoring 


each drilling area. 
releases 	 of toxic substances in and around 

Monitoring requirements for water/liquid effluents, soil/solid
 

are also described.
drilling 	wastes, and air 


training 	of St.
 
The monitoring program provides for the 


and field investigations.

Lucian pe,-sonnel in environmental 

be of use both during the 
This training and assistance will 


program and during subsequent

initial exploratory drilling 


drilling 	efforts.
 

on TAMS'
 
The proposed monitoring program is based 


However, 	 it willenvironments.knowledge of existing on-site 

be updated and fine-tuned when additional site specific infor­

mation is available.
 

Ii. INTRODUCTION
 

an integralis provided below as
A monitoring program 

Project on St.

Geothermal Exploration Drillingpart of 	 the 

Its purpose is to identify significant changes in 
Lucia. 


from the project and to
resulting
existing 	ambient quality 


of these 	 changes. Mitigation measures for 
evaluate 	 the effects 

in andtoxic substances
releases of
potentially hazardous 

should these changeswill developedaround Lhe project area be 

be significant.
 



III. 	 MONITORING PROGRAM
 

approach to
 
program provides a 	phased


The monitoring 

of gec­characteristics
and chemical
the physical
evaluate 


to assess

in the project area, and 


and gasses
thermal 	fluids 

physical 	environment.
the human and


toxic effects on
potential 

once specific
fine-tuned
updated 	and
The program will 	 be 

is developed,
sequence
are identified, drilling
drilling 	sites 


is pro­
groundwater hydrological information 


and surface and 


v ided.
 

proposed monitoring 	program 
is
 

One of the goals of 	the 


and field
in environmental
Lucian personnel
to train St. 

geothermal
should future


This will be of use 

investigations. 


in the Qualibou Caldera.
 
drilling and development occur 


to be included
of concern
media
Specific 	environmental 

effluents,
include 	 water/liquid
program
in the monitoring 


air. The monitoring program has been
 12/drilling wastes, and 

(2) data
(1) data 	collection;
d three 	distinct phases:
!,-parat 


each
 
(3) long-term monitoring. A discussion of 


and
,:aluaLioD; 


-A thes-, phases is provided below.
 

3.1 	 Data Collection
 

previously, environmental monitoring data
 
As discussed 


effluents, soil/solid

includes water/liquid
to be collected 


drilling wastes, and air.
 

3.3.1 	 Water/Liquid Effluents
 

Baseline Development
3.3.1.1 


during TAMS preliminary site work, water
 
As determined 


is either extremely 	localized
 area

quality data for the 	project 
 Data
or nonexistent.
area 


to the Sulphur Springs

and limited 


of Sulphur Springs, 	 including most 
from the 	 immediate vicinity 
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pools and several thermal outflows, cold
of the thermal 


available. Although this
springs, and the Migny River is 


background comparisons, it is insuf­information is useful for 


and will need to be
ficient for geothermal project monitoring 


supplemented.
 

No water quality data are available for Belfond or 

Etangs. Thus, if these locations are chosen for drilling, a 

complete water quality baseline data base will have to be 

developed. 

will be selected to
Permanent water quality stations 


monitor each identified drilling site, and will be used
 

the project. Stations will be sited
throughout the life of 


amount of

such that data obtained will yield the greatest 


ground water out­useable information regarding surface and 


water intakes will be

flows. In particular, specific potable 


such as the Delcer Pilterworks,
identified for monitoring, 


located downstream from Etangs.
 

quality sampling stations will be
Although most water 


also be

located downstream from a drilling site, stations will 

from a site for control or ambient purposes.placed upstream 

water quality monitoring
Eight to ten permanent sampling 


stations will be established for each drilling site. Water
 

and

samples will be collected and analyzed prior to drilling 


to establish baseline or background conditions
site operations 


for each site.
 

3.3.1.2 Monitoring Parameters
 

water quality monitoring
Table 1 provides recommended 


parameters and effluent guidelines for the project. The
 

proposed parameters selected will reflect water quality 
changes
 

and development in the
 
resulting from geothermal drilling 


are
The parameters selected
vicinity of the Qualibou Caldera. 


based on previous experience and potential water quality
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TABLE 1 

RECOMMENDED WATER QUALITY MONITORING PARAMETERS AND
 

EFFLUENT GUIDELINES FOR GEOTHERMAL EXPLORATION DRILLING
 

PROJECT, ST. LUCIA 

Parameter (a) 	 Effluent Guideline (b)
 

Temperature (OC) (c,d)
 
pH (units) 6.5-9.0 (d)
 

L5.0 (d)
Dissolved Oxygen 

Suspended Solids (e)
 
Turbidity (e)
 
Color (e)
 
Conductivity (umhos/cm) (e)
 

-20.0 (d)
Alkalinity 

0.05 	(f,h)
Arsenic 


Barium 1.0 (f)
 

Baron 0.75 (9)
 
0.01 	(f,h)
C~ad IiuT 


Chloride (e)
 
0.05 	(f,h)
Chrorni um 


. ,'drog ,n Sulfide 20.0 (d)
 
0.05 	 (f,h)Pead 

C ,v. y 	 0.002 (f,h) 

' it oce , NO3 10.0 (f)
 
Selenl!.um 0.01 (f,h)
 

0.05 	 (f,h)Si Iver 
(e)
Sulfate 

*& 	 Parameter units in rg/L, unless otherwise specified.
 

(b) 	 Not to exceed numerical guideline, unless otherwise speci­
fied.
 

(c) 	Diluted effluent not to exceed by 3oC the receiving 
waters. However, if receiving waters are 280C or less, 
diluted effluent not to exceed these waters by more than 

5oC. (World Bank Environmental Guidelines, 1984). 

(d) 	 For protection of freshwater aquatic life (USEPA 1976). 

(e) 	Diluted effluent not to signficantly exceed receiving 

waters. 

(f) 	 For protection of public heath from injection of potable
 

water (U.S. EPA, 1976).
 

(g) 	For protection of sensitive crops form long-term irriga­

tion (U.S. EPA, 1976). 

(h) 	Trace element detection limit to be attained under special
 

analytical laboratory service contract.
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changes resulting 
from on-site operations. However, depending
 
on site specific conditions, parameters may be 
added to or
 
deleted from the table.
 

3.3.1.3 
 Data Collection
 

Water from each sampling station will 
be collected and
 
analyzed bimonthly during drilling operations. However, 
should
 
an unusual or a significant drilling 
event or 
spill occur on
 
site, additional water samples may be collected and analyzed 
to
 
identify potential contaminant releases.
 

Once steam 
from drilling is generated 
on site, conden­
sate samples 
will be analyzed to determined the presence or
 
non-presence of contaminants and 
their potential public health
 
and environmental impact will 
be evaluated.
 

3.3.1.4 
 Monitoring Equipment and Laboratory Analyses
 

Table 2 provides proposed water 
quality monitoring
 
equipment and 
the water quality monitoring parameters 
each
 
instrument is designed to measure. It should be noted that the
 
portable Hach DREL/5 Chemical Laboratory can provide duplicate 
measurements 
 to the Hydrolab system for dissolved oxygen,

conductivity, 
 and pH. However, the Hydrolab system will
 
provide much more reliable measurements for 
these parameters.
 

In addition to the parameters listed, 
the Hach DREL/5

Chemical Laboratory can provide 
a number of additional parame­
ters that may potentially 
be used to better define water
 
quality in the project 
area.
 

Most water 
samples will be analyzed on St. Lucia 
using

these portable 
field monitoring instruments. 
 Not only will
 
this provide control of analyses and a rapid sample turn-around
 
time, but 
it will also permit on-site training of St. Lucian
 
personnel.
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It is 
also recommended that an analytical laboratory,

which routinely analyzes water 
samples for trace 
elements, be
 
selected to test approximately ten water and condensate samples
 
per drilling site 
for toxic elements. 
 This will help to verify

results 
of the field sampling and analysis program. 
 Recom­
mended toxic 
 elements 
 for water 
quality analysis include
 
arsenic, barium, cadmium, chromium, lead, mercury, selenium and
 
silver.
 

3.3.1.5 
 Quality Assurance Objectives
 

The monitoring program for 
the geothermal project will
 
meet specific quality 
assurance objectives. 
 The field work
 
will address the following:
 

* Precision - a measure of 
mutual agreement among

individual 
measurements 
of the same property. This will be
 
achieved 
in the 
field by taking duplicate measurements for 
one
 
sample in 
ten. Precision 
will be determined by 
the identity

between measurements for duplicate samples by the 
same instru­

ment.
 

* Representativeness 
- expresses the degree to which
 
data accurately and precisely represent 
the characteristics of
 
a universe. Representativeness of 
the sampling scheme will 
be
 
reflected 
in the variability among 
baseline samples taken. 
An
 
initial low 
level of variability indicates 
a representative
 
sampling scheme.
 

* Comparability 
-
expresses the confidence with which
 
one data 
set can be compared 
with another. 
 One can fully

expect that 
monitoring data 
collected 
with identical instru­
ments will 
be fully comparable. In 
addition, data 
should be
 
comparable, 
 within instrumental 
 limits of 
 error, between
 
instruments (such as 
Hach and Hydrolab) for identical stations.
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* Accuracy - the degree of agreement of a measurement
 

with an accepted reference or "true" value. This quality
 
assurance objective will be difficult to achieve for samples
 

analysed in the field with a Hach or Hydrolab instrument, since
 
field values are to be tied to absolute standards such as those
 
developed by the U.S. National Bureau of Standards, or to U.S.
 
Environmental Protection Agency Standards.
 

Although, field standards for monitoring work are not
 
readily available for all parameters, it has been recommended
 
that a limited number of samples be sent to an approved labora­
tory for confirmation. Samples analyzed by the approved
 
laboratory for trace contaminants will meet all quality assur­
ance requirements for accuracy, since the participating labora­
tory selected will participate in regular round-robin quality
 

assurance testing programs.
 

The field monitoring program described provided all 

"priat.e quality assurance objectives for the drilling 
since our primary intent is to identify major changes 

-.u water quality resulting from drilling and geothermal devel­
oent which might affect public health or the environment. 
-'h ,e changes will be easily detected and quantified, should 
th-. occur during drilling. 

3.1.2 Soil/Solid Drilling Waste
 

3.1.2.1 Baseline Development
 

There are apparently no data available regarding soil
 
chemical analyses in the project area. As such, all baseline 
data will have to be deve'loped.
 

It is recommended that for each selected drilling site,
 
representative composite soil samples be collected to provide
 
overall background soil trace contaminant concentrations. These
 

composite samples should be a mixture of soil sub-samples
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collected from different locations 
in the immediate vicinity of
 
a selected drilling site, 
and collected and 
homogenized from a
 
depth of 
0 to 	3 inches below the leaf 
litter. These 
soil
 
samples will provide background contaminant levels.
 

3.1.2.2 	 Monitoring Parameters
 

Extraction procedure (EP) toxicity tests 
are recommended
 
for soil/solid drilling 
waste samples. The EP toxicity proce­
dure provides 
a bench 	scale evaluation of the potential 
solubi­
lity of specific toxic elements 
in the 	environment. 
 This test
 
is particularly 
useful in evaluating potential 
public health
 
and environmental 
effects, since 
it provides an estimate of
 
biological availability of 
toxic elements in soil. Table 

provides EP toxicity parameters and recommended guidelines.
 

3.1.2.3 
 Data Collection
 

Solid waste samples from drilling, including cuttings

and drilling mud, 
will be collected 
to test for toxic ele­
ments, 
and to identify potential environmental 
compounds of
 
concern entering the st@-age sump. 
 These 	 samples will also be 
composited from individual samples.
 

3.1.2.4 Laboratory Analysis
 

All testing for EP toxicity in soil and 
solid drilling
 
wastes should be conducted in the United States, since analyti­
cal procedures 
and equipment, are specialized and will require

substantial 
commitment 
of resources 
for development 
on St.
 
Lucia.
 

Quality Assurance
 

The laboratory selected 
for EP toxicity testing of soil
 
and drilling wastes 
will meet all 
project quality 
assurance
 
requirements. 
 In particular, 
the laboratory will 
participate
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TABLE 3
 

RECOMMENDED EXTRACTION PROCEDURE (EP) TOXICITY
 

PARAMETERS AND RECOMMENDED GUIDELINES FOR
 
SOIL/SOLID DRILLING WASTES GENERATED BY THE GEOTHERMAL
 

EXPLORATION DRILLING PROJECT, ST. LUCIA.
 

Parameter Guideline (in mg_/L)
 

Arsenic 
 5.0
 

Barium 
 100.0
 

Cadmium ].0 
Chromium 5.0
 

Lead 
 5.0
 

Mercury 
 0.2 

Selenium 
 1.0
 
Silver 
 5.0
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in regular inter-laboratory 
 round-robin 
 quality assurance
 
testing programs.
 

3.1.3 Air
 

3.1.3.] 
 Baseline Development
 

Air quality in
data was collected 
 1981 by Los Alamos
National Laboratory (LANL) in 
Sulphur 	Springs. 
 On the 	basis of

this data 
and information 
on other geothermal systems, it
 
appears that 
hydrogen sulfide, 
H2S, 
will 	 be the principal

non-condensible 
gas effluent 
of concern. 
 Baseline 
H2S levels
 
will be determined for 
Sulphur 	Springs, Etangs and Belfond.
 
3.1.3.2 	 Mcnitoring Parameters
 

Hydroaen sulfide will be the 
 primary air contaminant
m,nitored. However, other 	 potential air contaminants including 
mercury 	will be evaluated.
 

3.L.3.3 Monitoring Equipment
 

Hydrogen sul fice concentrations will be recorded in the
fi,!id with a portable meter, such as a Mine 	 Safety Appliance
(VSA) 	 H2 S atModel, permanent sampling stations located differ­
e.it distances 
 from the site. One station will be located

upwind and three six
to 	 will be located downwind from the
 
drilling site.
 

The presence or non-presence potential air contaminants
 
will be determined with 
 compound specific detector tubes, such
 
as draeger tubes.
 

3.1.3.4 Quality Assurance
 

The H2S meter will be 
 calibrated in the field withpre-calibrated gas containing 10 ppm H2 S in 	 Nitrogen. This will 
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assure the quality of air monitoring data collected in the
 

field. 

Portable, compound-specific detector .Draeger tubes will
 
be pre-calibrated in the factory and will provide a quantita­

tive but less precise indication of toxic substances, such as 

mercury in the ambient air. 

3.2 Data Evaluation
 

Data evaluation will be an on-going activity throughout 
the project. As analytical data are received, data will be
 
compared to bascline levels to note p,;s ;ihie changes in aimili,-iit 

concentrations and their significance. These data will also be 
compared to previously collected data from permanent sampling 
stations to note potentially significant 
trends or changes over
 
time. Finally, data will be compared to pertinent available
 

£lvironinental standards and criteria.
 

If comparisons suggest a significant risk to public 
,Iea] th or to the environment, mi tigation measures will be 
implemented to ninimize impacts. 

. 2.1 Water/Liquid Effluents
 

Ambient water quality changes will be evaluated by
 

comparing baseline concentrations with those obtained down­
stream from a drilling site. Each of the water quality parame­
ters has been selected to provide useful information regarding
 
a potential source of pollution. For example, high turbidity 
and suspended solids levels downstream of the project site 

after site clearing would indicate erosion. 

Trace contaminant concentrations will also be carefully 
evaluated to see if they pose public health ora environmental 
problems. The source of contamination will be identified, if
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possibile, since there could 
be more than 
 of
one source con­
tamination. For example, arsenic could be an environmental 
contaminant resulting from geothermal discharge, or it could 
result from use of arsenic based pesticides in the project 
ar.- 'a. 

3.2.2 Soil/Solid Drilling Waste
 

Solid drilling waste, cuttings and drilling muds enter­
ing the sump will be evaluated to determine their toxicity and 
the potential 
for movement of toxic elements into groundwater.
 

Should this h a possibility, several courses of action 
are possible, depending on the nature of the threat. For 
example, if the waste shows marginal EP to)xic levels for a 
certain metal, and is low thepH very in sump, neutralization 
with lime could mitigate the potential problem. If indicated, 
wells might be installed to monitor potential groundwater
 

con taminat ion. 

3.2.3 Air
 

Ambient hydrogen sulfide concentrations will be evalu­
ated with regard to air quality criteria and toxic or nuissance
 
effocts. Should certain air flow pitterns lead to significant 
complaints or problems, mitigation methods will be identified
 
and implemented. 

3.3 Lon2-term Monitorinq
 

One of the primary objectives of this monitoring program
 
is to train St. Lucian personnel in environmental field methods 
that are applicable to geothermal systems. This training will 
be very helpful both during this exploratory drilling program 
and if additional well s are developed. To a,-complish this 
traininq it is recomnvended that St. Lucian personnel actively 
participate in all stages of the monitoring program, from 
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initial site planning and baseline data collection, through
 
data collection, evaluation and long-term monitoring.
 

-In order to carry out as much monitorinq work as possi­
ble in proximity to the project area, 
it was recommended that
 
field testing instruments be purchased for use during the
 
monitoring program and for training purposes. These instru­
ments would be turned over to St. Lucian pe rsonnel to carry out
 
the long-term monitoring program.
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An aobvious advantage of a geuthermal plant is that the

geothermal-power production units 
operate on a higher capacity factor (ratio
of power produced to the maximum power that could be produced) than do dieselfired units. Preliminary calculations have shown the cost of geothermal
electricity to [n in the neighlorhood of $0.17 EC/kWh, whereas electricity
generted ly diesel units is closer to $0.2'1 MC/kWh ( ',O.]( US/kWh) (see FigureC.). This figiure illustrates the coiparative power costs over the level life
cycle cost ars calculated ly the Los Alamos National Laboratory, and more
 
closelv reflects 
th,' average annual net expenditures of' each alternative. 

At prese ul, the i 'ire two iridependetrit electric power girids in St.

Luei:. As stated earlier, St. Lucia Electric 
 Services Ltd., LUCELEC, hasprojected an annual increase in electric-power demand of 4% in the southern

grid and 5% in the northern grid. The use of 
 this projection generates the
electric-power demand shown in Figure C.2, containing the expected average andpeak power demand curves until 2016. The uppermost smooth curve shows the
 
project ion of the 
 total installed capacity. The reader wi.11 note the minimun power demalild curve Iles bltow the ,ve rage power demand and the p;wnk power
 
demand is .I [alve the 
 aive ral,0 powi'r deleri d. 

"i 'Ii capari tv exceeds aiverage power and is calculIl: .d as average
power plus the rgenerator 

operation without of 


la rgest siigle o+n-line which cou Le cn,oved fr'om 
loss average power. This analysis assumes that the


useful econonmic life or a geethorm 
 ! Fliaid is 20 years. 'Phis poriul.l is rntthe geothermal reservoi r ifetime lWt rantthr is sufficient, to cover thu
 
lifetime of the longest-lived 
 equipint to lie installed. This "i1l resU W; 
a cost that refleeLs continuous operation past thut time. 

The Economic os; t ;tream 

The usefl economic li re of geothermal tur hines used Wvthin thk;3
 
analysis conforms 
 to the recent experience in the California geother.,.i ,-,j.:.] 
as well as U.S. Navy experience on large steam turbiine driven ships. 

The economic estimattes are bsed upon assumptions of production of
geoLhrml eriory w Lih a 1 [o'rowed tund s, epreseit;g the estimated value o f 
Lime a"id capi tOf arid lurMidrig mi xes. 

II, :'hould .a I , irot d I. I. t.he, t'l'cI; 'ioit..v co:'Is ,s i;i t aitd h(,r'.inl

includt on ly the ii or t, Lh
' o: of' int<egrat.ion oP the two di<s tilultion grid.s,
bit not the losses in the existing 
 grid. Tits, the costs given are bh.sint 
cos to. 

In the Los Alamos EcoriOnlc S tudy t;he geotherial electric-power systemwas assumed to produce a maximum "of50 MWH with the use of twelve 2.5 MWunits. This is not to say that th- twelve units would Lu placed to cover the
Mse load, hit were used as the minimum siz,e unit which could ilIlustrate a 

constant upgrading of finn power in small increments. Assuming the initiation
of dri 1 ing in curly 1986, n 120-day drilling period for each we]l, one of
eich two well s le inp, capa tla or produin,,g a net electrical output of 2.5 MW,
and a pemriod of I year for well testing and for the installrition of the
generation cquipment, the first geothermal electricity can be expected to te 
on line in early 1987. These assumptions al.o lead to the expectation of 10MW of geothermal electricity leing available by the end of 1988. After that, 
a period of' 5 years will elapse before another 2.5 MW geothermal unit will IN 



required. Subsequently, nra Ingy shorter intervals ~occur betWeen, 
-.uc essive addit 1 of geothe(2rna1 UnisL3, nthe Slope 0f lie d0in d ro ,1
curve gradually i.ncreases. 

Y'The osat analysis5fshown in Figure 0.1 asue htall fun~ds would 1-e4borwda 05 neetrate,and that inflation would reiain constantLthrouhouthe course ofthe aayss Theou tcome of the ANLNnlyi 
~ ~N~eamii;~~eu&of' 

A 	
5%of' the~ sales pe(rsnt01 US/kvX. would- be used for all eothera elect~6rict prdcedprsey£ 	rst f15 yearsof plant: operation. Anuinuac hr:eo %o ,-wsas inlued
investment~ 	 De nsurancihon'inldd~erc ~~6equIipmentoa;&s e was~not included i 

,thi- s analysis because~at this juncture, theentity Li l rgely governent
owne~d._ Howeve, at theexistage oif finanicial- analysis, ~a'course 2for tbheprivate sector aaielyss ereito of' eqimniustb i de 

%Diesel-Gene rated Elee tric it.?ij 	 ' Tt 

Forestimnating the cost of elect'ricity generatedl-1y disl n nsthe following~values ,wer'e used:,, o 	 939, 0 
_c __cst,
given ly 	 of, a 2; 5'MIe uni.00U 

S rc 
LU0ELEO 1""amounts t~o 4US460/Wk)'- costl ofAisloP E3.9pr~~

imeilglo;agnrto 
 efi~e'"'o 17.241 kWh/iier1.al gallo'n and the '"In' val~~ues as alove 7wer~e used] For Infnthion, i n f.r'It,,~ nd lns;,'"'llr ' 

ForAWY geeainr lcrcty 
 islegns he recommonded~.jiretirement of equipment: as so' 	
Ah 

on Table 0 3 was examined.~"The low sedo 
Sthe disl 'indi-cat'e ,that all aire used as loseload generators. "The 18' 20Vyearu"sefizl.gtlives of the equipment £ndlicate-replacemenit fr'o 18"1trop '1996,~i. e.' , the imm~ediate future., Commn 'practice, Ln the 'power infldus LrA'i 0 toU 2 ' "l re e euimnfter A 90,0007-100,000 hours of' running- time.,'U'~,~,,'4A' 

-' ~ 5',omparative ,Cos6Analysis. 	
,, ''"' 

"Comp~arative operati~on andcaia otnfrtedsladgthml
1	 :options 


are presented 4n:Table C.3.. The first 

zv were calculated forl the 20-yes jiidj18 

coluimns of the table show ileIV~7UA41
~)',enginieering requirement,for diesel generPation..The next two columns preeentt<''A, the capital; 	 agPand 0&M costs, the fourth column, h'& total costs, for'diese l~ ''-~'i
 

A~,generation. 
 The'.fifth column-contains tecpalcosts for goth"J'al
 
pwr.~Construction i.s assumed to'lh conc ntrat'ed inteary
-7988).~ 	 schedule1-t This'aasumed mayA be unrealiLstic.' 	

, 

Ofaue~iHow'ever, 	 le7aU7"'''"time v'alue. of 1110110 71 , occc or, 1,thi nn~ump Lion in U.I h1A11 001h i I­
-'a' "~ es timn te'p'wnrd thi's clah ei'n1i nto.'ioldanid fact 	 rxn~nIr~vILL~~ 

the two alternAatives. 1 The 1next two coluamns oJ6f Table c.'Ypresent maintenance
and total costs for geothermal p a diffei'encos inicost.'I-"<L­
between the two technologies are shw nte"o Anniual Savi~ngs"$ column."To''1smpify calcula'tions, 'th'iather mio avg~au o diesel generaitors'.was not include(] in the estimate fo 2005. ,,~~' "~~" ,,, ~ -

Thelas ofthclum talerepeats the same ,data,; butcluisterssaillc~ial cos~t dtifferencies at' thedate of commissonn. 
 'Ciiumulaive c~apiital-,'
costsare shown 1as a~negtvei saving for~gohra duig first years')
(-905, ofset-l tjhe positive geothera saviUngs Irorn 1989-2O0'C {n'2
i nrinsavne 'aue') 
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Table C.3 includes only direct costs. 
An additional external cost is
imposed on 
St. Lucia in the form of land taken out of production for the new
wells. 
 It was assumed that the capitalized value of crop production on 
this
land in ref'lected 
in the land price. Each well 
will remove t5acres from
product.ion, 'or
a total recuLion of 15 acres. 
 With a land price of $3000 per
nle o, th, cumulative Ios 
 to 
t;he economy is thus estimated at $45.000 to40O,000. This negiigi le amount was not included in the economic cost
 
calculations. 

Environmental damage also imposes an external cost on 
the economy.
lowever., a noted in the environmental assessment, thin cost is rather smalland wanrnot included in cost calculations for geothermal production. 

The costs of 
a dry well are more significant. Mission time and
resources did not 
permit a full and sophisticated analysis of the problem.
Instead, a sensitivity analysis, explained Lelow, was 
used 
as a proxy measure
of the added costs imposed Iy hitti.ng dry wells.
 

The cost streams for ,ach alternative as shown in Table C.3 were
discounted at 12 percent to 
determine their present values. 
 As shown there,
the 
results indicaPL that the discounted value of the diesel cost option 
a
$37 million, and 
that for the geothermal $31 
million, a total discounted net
 
cost savings of $6 million. 

The Equalizing Discount Rate (EDN) was calculated and the the pre-,avalues of 
the cost streams were tested for sensitivity to the ds,:ount r,.cused. 
 MDR is the discount rate which would make the present v;dq i of the N-,Investment Cost Stream (or Net Annual 
Savings) equal zero. At thisi ,.
cost were the decision criterion, one would be indifferont hotveen thye-.
optionns. An shown in Table C.1, EDR was esLimiated to he 3'4 percent
 

th( presonL va Iuea or each total coot stre r wene rosa cal atcl 
several 
times, using discount rates vaying from 2 percent 
to more than 50
percent. 
 The results are illustrated 
in the graph lateled Figure C.3. It canIn seen tnat for all discount rates abLove 3'4 percent one would ho indiffcrenhetween the two alternatives int for raiens elow 34'%, .eotheriial1. exhi Li1fr a
cost advantage. Calculations showed 
 Lhat even at rates o' '71percent th, rwn. no rev rnol (or "switethover") itn favor of diesnel. 

Since the opportunity cost of capital 
in St. Lucia is very likely
much lower than 34% (more on the order of 10 
to 12 ), the analysis suggeststhat on a least-cost basis geothermal 
is the preferred alternative as a
replacement 
source of energy, given the opportunity cost of caipital.
 

Perhaps the greatest risk in geothermal power generation is
drillinp a dry hole. that of
Developing a cost model 
that would fuly reflect all of
the complexities of this factor was too ambitious an undertaking foravailable. Instead, the time a rough sensitivity analysis was 
conducted. 
 The results
 are shown in Table C.4. The propedure was to determine the effect 
on the
di nouri ,,,dva lir of Lhr p1..thir!nal r. t treamlrn of a rhypothoitical incrcasne of2"0 pr'rrn, , a' "0 percent, or of' 7 percent, in initial cait.al costs, thelatter Kcing a proxy measure of the ef'fects of hitting dry holes. 

http:hitti.ng


-6-

Not surprisingly, Table C.4 shows that the effect is to sharply


reduce the Equalizing Discount Rate, but that even a 67 
percent capital cost,
increase (to 15.1 rillion) leaves the EDR (18.5%) above the probible
opportunity cost o! capital. 
 In short, the addition of a 67% cost factor to
allow for the possibility of hitting dry wells leaves geothermal generation asthe lower-cost choice, though obviously the magnitude of the advantage is 
sharply eroded.
 

Cost-l-onef'i t; Ana lysis. 

The results of the Least-Cost analysis were 
tested ly Penefit-Cost

Analysis. The minimum benefit from the generation of electricity is reflectedin the tariffs charged to customers. Revenues were used as the proxy measureof minimm benefits. Consideration of possible additional external lenefits

is noted below. Generation of the minimum benefit -stream thus re qui red
estimates of future demand 
(in NWHI) and of future tarfT's. Sales wereprojected to increuse at a compound rate of about 4.7 percent over this,
period. Estimates are shown in column one of Table C.5. 
 It is anticipatedthat the proposed reothermal wells,, or their diesel alternative, would supply
approximately 36 percent of sales in each of the next 20 years, so theseestimates const itute the second column in the tablo. Future TariI'f's were
inferred from forecast data saleson revenue and and MWII sale0 thrlugh 1994provLded in the Oct o[er, 1984 Coopern & b..i,b l,'amrrl Tari'I' L;ty. iTn'i,,. I,
2005 were extrapoLa tord from 1994. The Coopers & Lybrand study modelled
different riese. Two were used in the estima tes for this paper. C'S I,

estimated the lori-run marginai cost 
(MC) of power generation. Margnail Costtariffs were then calculated. Overall Mnar;ginaI Cost tarilCt's in ferred from C&I,
projections are referred to .,:mc Tarifrs in the third column of Table C.'.
C&L dete rmined Lant Marginal Cost Tarffs did not meet 
 financial consO;s',-ints
set by its slareholhers (CDC and GOSL) and by International Lenditg Agencis.C&L thus modelled another set of tariff rates which would satisfy "re:asonable
 
return" financial constraints. In particular, 
 this included (a) a rate of
return on average no. revalued fixed assets of' 
 6% and (b) 25% se] '-finaneing

of future capital investment. Overall average rates can to
again iiuerred
from C L projected tariff structures. These i nferred average t ri t''s ar'

labelled "Fl N Q ri r'" (Financial Constra i nt Tari ffs) in the fourth cotlin, ()I'Ta ble C. 5. Revenues under each of these assumed tariffs are shown in the next 
two 
columns, followed by diesel costs. Net Benefits for each tariff' structure
under the diesel option are shown. The last three columns contain geotherma]
cost estimates, and 
the Net Benefits of the geothermal option under each of
 
the two assumed tariff structures.
 

The Net Present Values of each 'Alternative, for each Taril f scheme,were determined using a 12 percent discount rate. At his rate, both the
Diesel and the Geothermal options show negative net enefits under the MC
tariff structure. This is not surprising, since C&L projctLed falling
Mar inal Costs. Bcause of the well-knc,.n relati.onship e,'tween Mo rg inrio andAverage costs, War'is tased on lolling MC would xV inr fisicient, to c,vom
Average Costs. 
 This would generate net financial losses and, 
in the pre sent 
case, it appears as negative net lenefits. However, under the I N tarift 
structure, both nel 
 lenefi t streams are positive. The geotheral option
produces the largest net benefit and would be indicated as the preferred
choice.
 



Since the choice of a single discount rate always contains a degree

of arbitrary judgement, Net Benefits were recalculated over a range ofdiscount rates. 
 Figures C.4 and C.5 illustrate the net 
benefit streams over
 
the range of discount rates. It can be 
seen from these that the Internal Rate
of Return (the discount rate at which NPV is zero) is around 12 percent for
the die,,seo alternative, and, depending upon the tariff structure, between 15and 1 ph oreot; for the geot;hermnl option. With an opportun ity cost of capitnl 
or I(M I.) Ik' poreenrn., di ( I generatiion p rodliCese iIogLative, or' only margI oinll1y

positivo, net benefits, while geothermal yields positive net returns. 
 The
 
geothermal results would be 
further improved by the addition of externalbenefits derived from the use of steam for other purposes. Since these 
external 
benefits are at present very difficult to quantify, they were not
 
explicitly included in the calculations.
 

Import Substitution Effects.
 

As indicated in the LANL analysis, a savings of EC$209 million

dollars over 30 years would be realized by substituting for the diesel fired 
genernLors. The not effects spread 
over the useful life of the geothermn'
power amount. to an averape of US.i4.69 million per year. Annual peak demand 
was projected at 20% from 1983 to 1990, ranging from 11.73 MW in 1983 to i5 I
MW in 1990. This amounts to an average annual increase of 3%. When a !dutc

the reduced poaer losses (estimated by 1BHD) the annual growth rate 'ill
approach 4.7% p.a. The aname Bank study indicated a petroleum import H-11 in 
1978 of Us$5.4 million and of $13.8 million in 1982. This incrense reflectz 
large (.i.f. price incenses as well as consumption patterns. 

At, this juncture, given thL t geothermal energy wi I I rc',l ce 3u , , . ­petroleum import hill, annual maintenance savings of geotheinnal power
diesel will approach $4.69 million per year. This figure, derived froi 

V',C 

separate sources is consistent with the average annual expenditure ov th )c.,'te 

year useful life (aboeve). 

In conclusion, the comparative return on investment of geothermal 
over diesel represents a savings of over $209 million over the life of the 
project.
 

\
 

http:US.i4.69
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ANNEX L (a) 

The Basic Geothermal Model
 

Geothermal reservoirs consist of permeable and porous rock
which ground water, percolating down 
in 

to depths of several miles, isheated directly or indirectly by the underlying magma.
resultant steam effluent The
 
expands arid rises to
or 

the surface.
Regions of extremely high heat flow usually display hot springs,geysers, and fufnaroles (steam vents) 
at the surface. 
 Geothermal
energy is also available in "hot rocks" and volcanos directly,
rather than in reservoirs of heated water.
 

The basic features of a geothermal steam field, orwet dry,are a source of natural heat 
of great output; an adequate water
supply; an "aquifer", or permeable reservoir; and a cap rock.
 

The source of heat is a magmatic intrusion into the earth'scrust, having &. Fomperature of 600 to 900 0 c, often at depths ofthe order of 7 to 15 km. This view is supported by various factsand reasons, notably that all the known "commercial" fields are inregions where volcanic 
 activity has occurred during recent
Miocene-Quaternary times, or is still occurring. Some fields areactually situated on, 
or close to volcanos whereas 
others are not
directly linked with a center of recent volcanLc activity.
 

in an active volcano, a magmatic intrusion reaches the surfacethrough a large fault system. In compact, hard rock faulting may
provide a channel for the upward flow of magma, while plastic rocKssuch as clay may flow by gravity into the fault space and seal itfrom above. The energy of a magmatic intrusion may be sufficient topenetrate the fault system in hard rocks but 
insufficient to prevail
against the overburden of the plastic rocks. In such cases themagma may intrude to Uhe boundary between the hard and plasticrocks. 'Ilfs cryptovo]canism may occur in areas devoid of recentvolcanic activity, and is more likely to found inbe geologicalareas of thick plastic formations. This is similar to the St
Lucian fields at Soufriere.
 

Magmatic intrusions without present eruption are commonacidic volcanoes inand can also occur in basic volcanoes.intrusions provide heat Suchthe source for the Japanese and CentralMexican fields located on or around volcanoes. 

Farly hypotheses about geothermal fluids suggested thatwere of "magmatic" or "juvenile" origin, is, 
they

that wtaer vapour andgases released from solution in the magma when the pressure isreduced. 
 While this may still be partially true it nowis believedthat at least 
 90% of the water in a geothermal reservoir is"meteoric", originating from rain water. It would appear tht mostof the water in the aquifer is of meteoric origin and that it is 



heated conductively through a largely impermeable base rock, even 

though some relatively small quantity of magmatic steam may 

penetrate this base rock through faults and fissures.
 

As hot fluid is withdrawn from bores or l:rom surface vnt., 

the hydrological balance of the system is restored, or partially 
clearlyrestored, by the inflow of new water. There are often 

visible "recharge areas", where the permeable reservoir terrain 

outcrops, permitting the ingress of rainwater.
 

Drilling into the earth, through the "cap rock" the steam is 

extracted, cleaned and introduced into a steam turbine. These steam 
for many years with only one difference.turbines have been in use 


The source of steam. On the old World War [I destroyers, steam was 

produced via oil fired boilers diverted into the steam turbine which 

was connected to an electrical generator. 

The produced electricity was used as the basic motive power 

(electric motor drive) or as the basic electrical supply for these 

large ships.
 

In the geothermal system, the steam is delivered free, and 

subsequently put to work to produce electricity.
 

Figure illustrates the common approach to a geothermal
 
to deliver electricity.field development and the required elements 

A four-phased program is needed to develop the administrative,
 
aspects of the Soufriere geothermal field.'inancial and technical 

ne major activity of the proposed project will provide and
 

coordinate a financing package for an appropriate exploration
 
phase could beprogram involving three 1,500 eter wells. This 

started even after the receipt of the evaluation report by Los 

Ajamos Laboratory which was financed by USAID. Mike, HUH? The 

%ork on this report was completed in May 1984 and the results
 

the earlier findings on the expected high reservoir
support 

program whichtemperature. The LANL report outlines a development 

may lead to installation of 2.5 MW of well-head generator capacity 

by 1987. The Mission does not consider that the Government should 
aninstall. non-condensing well-head units to produce power at 


earlier date. The well-head units may be appropriate for
 

demonstration purposes, as temporary installation. The cost of
 

drilling three exploratory wells (4,500 m), including mobilization
 
is estimated to be US$5.0and demobilization of drilling equipment 

million. A consult ing orqlanizt ion ine(,(:; to he s lect.ed t o 

supervise the work of the drilling contractor and implementation oL 

the technical surveys, i.e., production tests, reservoir studies,
 

preliminary design of the power plant and the feasibility study for 

that plant. The preparatory activities should be completed by
 

mid-1985.
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ANNEX M 

ST. LUCIA GEOTHERMAL PROJECT
 

MEMORANDUM OF UNDERSTANDING
 

I. Representatives of the Government of St. Lucia (GOSL), the United 
Scates Agency for International Development (AID), and the United Nations

Revolving 
Fund for Natural Resources Exploration (FUND) met in New York
 
on March 28 and 29, 1985 to plans for
discuss exploring St. Lucia's
 
geothermal energy production potential. 
 This Memorandum of Understanding

(MOU) 	 incorporates botti the agreements and the concerns were
that 

expressed during the two 
days of tripartite meetings in March.
 

2. Project design and management. Subject the resolution of
to 

technical, 'legal and 
other issues and acceptance and ratification of all
 
agreements by their governing bodies, GOSL, AID and 
the FUND have agreed
 
that:
 

- a. 	based upon initial studies of the potential for geothermal
 
power generation, AID and the FUND shall 
join the GOSL to
 
implement a project drill
to three (3) exploration wells for
 
the purpose of determining the economic feasibility 
of
 
geothermal power generation in St. Lucia.
 

- b. 	The project, is estimated to cost five and one half million
 
US dollars (DOLS 5,500,000). Subject to the availability of
 
funding, a grant of up to three million (DOLS 3,000,000) US 
dollars will be provided by AID. Up to two 
and one half

million (DOLS 2,500,000) US dollars will be provided theby 
FUND.
 

- c. 	AID and the FUND shall enter into a joint financing agreement
to determine their respective contributions; management of 
funds; project management and implementation
responsibilities; and all other matters necessary to proceed

expeditiously with the project.
 

- d. 	The FUND and the GOSL will enter into an agreement whereby
the GOSL will retain the FUND to manage the project on behalf
 
of the GOSL and will further agree to repay the FUND 
for
 
participating 
in this project, if the geothermal field is
 
determined to have commercial potential and 
that potential is 
actually realized. Replenishment shall be at the rate of 5 
percent per annum of the fair market 	 value of the electrical 
energy 	produced for a period of fifteen years, the 
tot,1 not
 
to exceed three the amount thetimes full of FUND's project 
expenditure at constant prices.
 

- e. 	AID and the GOSL, subject to AID's appropriation and 
obligation processes, will enter into an agreement whereby

the GOSL will use AID funds to carry out the project as 
administered by the FUND. 

I... 
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- f. 	Funds provided by AID and expended on behalf of the GOSL by
 
the FUND shall not be subject to repayment by the GOSL to the
 
FUND or AID.
 

- g. 	All major decisions concerning this project, including, but
 
not limited to, amendments to the work program for the
 
project, selection of the technical consultants to manage the
 
project and the selection of the drilling contractor will be
 
submitted to the Project Committee (COMMITTEE) composed of
 
one representative of the GOSL, AID and the FUND for its
 
concurrence.
 

- h. 	All major decisions regarding the project, including material
 
changes to the work program, that the FUND, its technical
 
consultants or the Drilling Contractor propose will be made
 
only after full consultation with the COMMITTEE.
 

- i. 	While the GOSL will retain the FUND to act as Project 
Manager, both the GOSL and AID will have the right to have
 
one or more representatives on-site at all times. Said
 
representative shall not have authority over project
 
management; however, advice shall be provided by
 
representatives to management.
 

J. 	The FUND shall be responsible for the selection of the
 
Lechnical consultants who shall manage the project on a daily
 
basis and AID shall be responsible for the selection of the
 
D illing Contractors who shall perform exploration related
 
services, procurement and drill the holes.
 

- k. 	A tripartite technical consultancy mission will visit St. 
Lucia to r(view all technical data from prior work in order 
to make recommendations to GOSL, AID and the FUND for a work 
program for the project.
 

- 1. 	An overall project recommendation which will define the 
project, including the work program and budget, will be 
prepared after the technical consultancy mission submits its 
recommendations. 

- m. 	The recommendations and the agreements mentioned above in 2
 
(c) 	(d) and (e) will not become effective until they are
 
acceptable to three parties and where appropriate, specific
 
agreements approved by the GOSL, 
AID and the FUND In
 
accordance with their respective procedures. Details to be
 
worked 	out at 8 July meeting.
 

- n. 	Funds will not be allocated to the project by either AID or
 
the FUND unless allocation of funds is concurrently approved
 
by both parties.
 

I,. 
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- o. 	The GOSL reaffirms its total commitment to seek the maximum 
possible participation of privatethe sector during the
initial drilling phase and 
in any subsequent commercial
 
exploitation of its geothermal resources.
 

- p. The parties agreed in principal that the value of the energy

produced for FUND replenishment purposes will not be 
less
 
than the average 
or weighted price at which electrical energy

is sold to the consumer.
 

3. 
 The GOSL, AID and the FUND further agree to the following timetable:

(it is understood that the authorization and obligation by AID of any
funds are subject to 
all AID obligation and allotment processes).
 

- a. 	Mid-April submission of MOU concerning the March 28-April 3,

1985 meeting by all 
three parties for joint approval.
 

April ­- b. 30 Tripartite technical consultancy mission will
visit St. Lucia to make recommendations for a project work 
plan. AID will be jointly responsible with FUND
the for

preparing a report summarizing their recommendations and will
 
submit that report to the other parties by May 15.
 

- c. 	June 14 - Representatives of GOSL, AID and the FUND will meet 
in New York to discuss the technical recommendations and
 
agree upon final project recommendations, including a work
 
program and budget.
 

- d. 
June 28 - The project recommendation as approved by the GOSL,

AID and the FUND will be submitted to the FUND's advisory
 
body (JOG).
 

- e. 	July 8 - Meeting in St. Lucia to agree on the final form of
 
all legal documents between GOSL, AID and 
the FUND.
 

- f. July 30 - Funding allocation approval for DOLS 2,500,000 by
the FUND and DOLS 3,000,000 by AID and the signing the
of 

USAID Project Agreement.
 

- g. 	August 30 - Signing of all project agreements and letters of 
agreement Dy GOSL, AID and the FUND.
 

- h. 	 Earliest ratification of all project agreements by GOSL to
 
allow implementation of project by November 1, 1985.
 

12 June 1985
 

New York
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SAINT LucIA PERMANENT MISSION 

TO THE UN'TED NATIONS 

41 CAST 42HO STREET ( p 
NUITE 31S 

NEW YORK, N. Y. IDE17 -- Ut r " 
(2121 697-9360.I 

June 14, 1985 '85 JUN 14 P3:17 

Mr. Shigeaki Tomita
 
Director
 
United Nations Revolving Fund
 

for Natural Resources
 
Exploration
 

304 East 45th Street
 
New York, NY 10017
 

Deai Si.r,
 

Subject: Project Recommendation
 
STL/GT/83/001 - Geothermal
 

Development Project in St. Lucia
 

Fuither to my letter dated June 13, 1985, I wish to confirm
 
tnz t the Government of St. Lucia accepts the Project Recommendation
 
i:'! ",/GT/83/001as amended following our discussions on June 13 and
 
egj:ues to its presentation to the Joint Operations Group (JOG) for
 
cpproval.
 

Your.Sincerely,
 

Deput Director of Finance &
 
Planning
 



UNITED NATIONS REVOLVING FUND FOR NATURAL RESOURCES EXPLORATION
 

GEOTHERMAL EXPLORATORY DRILLING IN THE QUALIBOU CALDERA
 
S O U F R IE R E,ST.. L U C I A ... .. A
.....
 

PROJECT RECOMMENDATION
 

STL/NR/83/001
 

Conditional 
on the availability of funding-'/, approval is sought from
 
the Joint Operations Group (JOG) for this project 
in St. Lucia in
 
accordance with the attached work plan and expenditure schedule.
 

to 

This project includes an input of up to US$3,0U0,000 from a US/AID Grant
 

the Government of St. 
Lucia 
to be administered by the Fund under a
 
Management Services Agreement between the Government of St. 
Lucia
and the Fund.
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15. 
 The British study (1974-1976) initially involved geologic mapping and

geochemical studies. 
 This was

km. of resistivity profiling to 

followed by geophysics consisting of 50 line
a maximum depth of 1 km.
holes to 
depths between 116 and 726 m. were 
Seven large diameter
 

immediate Sulphur Springs area. 

then drilled under contract 
in the
 

non-condensable (C02) content. 
Two of these produced steam with a high
It was concluded that a shallow steam
 

reservoir of very limited extent had been penetrated, overlying a deeper brine
zone. 
 A temperature of 2120C was measured at 600 m in the deepest hole.
 
Due to poor completion of the wells they were eventually cemented and plugged.

16. 
 Aquater in their prefeasibility study in 1982 used geothermometry
predict brines in excess of 3500C at depth. 
 to
 
audiomagnetotelluric They also carried out
(maximum penetration 700m) and gravimetric surveys.
suggested 5 drilling targets and anticipated eventual production over 

They
 
the
entire caldera area.
 

17. 
 Republic Geothermal, a private U.S. company, reviewed the British and
Aquater work in 
1983. 
 They also carried out
They estimate the necessary drilling depth to the 2200 

a mercury geochemical survey.
resource to 
 -
be approximately 1000 m. in the Sulphur Springs area.
regarded the dry steam resource as being quite limited. 

They
 

2500C brine
 

18. The 
recent LANL study culminated in
resistivity traverse a deep penetration dipole-dipole DC
across 
the caldera. 
 This, together with 
a review of
previous work and updated geologic and geochemical interpretations 
 indicated
three attractive target areas;
 

(a) The Craters of Belfond, where caldera-related faulting and
phreatomagmatic volcanism indicate fracture permeability, and low resistivity
 
recent
 

suggests that geothermal brines might 
occur at 
a depth of less 
than 1 km.

(b) The Valley of Sulphur Sprins, 
where the presence of hot springs and


fumaroles, the fluid chemical compositions, and the low formation resistivity
all indicate 
a geothermal brine reservoir near a depth of 2 kms, with the

additional possibility of a hot dry steam field above the brine reservoir.
 

(c) Ertangs, 
where very low shallow resistivities (41 ohm-)
reservoir of geothermal brine at a depth as 
 suggest a
shallow as
thermal upwelling along the caldera boundary fault. 
1 km,associated with
 

19. Based on 
a Tripartite Technical Meeting convened in St.
Government of St. 
 Lucia between the.
 
in April 

Lucia, US/AID, and the Fund and their respective consultants
1985 and further evaluation by the Fund's
appears likely, based on consultants, it now

Springs 


the available evidence, that the immediate Sulphur
area may represent the outflow zone
area. 
 A zone of some from a major upflow in
3 sq. km. to the the Belfond
south and south-east of the Sulphur
Springs has been therefore selected 
as the target for the 
first exploratory
well by the project.
 
20. 
 The estimated costs of constructing

plant in St. 

a geothermal electrical generating
Lucia vary considerably. 
 In Guadeloupe,
large-diameter exploratory holes (-4500 
a nearby island, four


MW plant cost US$13 million. 
m) cost US$5.9 million and the 4.23
at This plant is supplied with single flash steam
 

a shallow depth from only one of the holes. 
 There is a good possibility
that only two holes in the Qualibou Caldera would be necessary to 
produce 10
HW.
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2.Los 9 Aamos estimate that~2O' Aporatory wells will cost-1s2'-
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illion. Connection to the existing grid is 'estimatedat less-than;US$25000 
26. 'The~average cost of electricity to the-consumer in-,St. Lucia is currenfiyk_:11Hf' ot-der of 18 U.S. cents per kWh." This includes a sur~charge, 

based on the­

-<UUTIportpi'd 
cost! 'of diesel oil. This figu.re could serve a rs t ,he bas is for the' 

Mar' 'ik 
sric forth in Annex D fteM'e 

Project Agreement.~N4P1q th is figure the' relnsmn 
raeusing, 

the formu la'as: set out inInnpDof 'the Ag'reement tviills~bjin 
the order of 9. mils, per kWh. 

27.U~ 'In summary, th~e proposed ExplorationU 
Area is considered 

'to have excellent'U1 eothert'nl'potential,.'taking 

into account both technical 
and 'economic 

factors., 
"U"" Eploratory 

drillingshouldreuti 

the discovery of a high-temperature­'brine resezrvoirat, 
adept o'f 

4 -2 kui.U 
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U 

U'~ ~ ~ ~ ~ ~tlea 
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DRAFT EXPENDITURESTL/GT/83/001
SCHEDULE

PROJECT 

TOTAL
 

TOTAL 
 PART I 
 PART II
1.000 PERSONNEL AND TRAVEL 

US/D1.100 INTERNATIONAL PERSONNEL	 

U 
GOSL 

1.190 Consultants
1.199 Sub-total 
 4 	 84,000
 
84,000
 

1.900 COMPONENT TOTAL
 

2.000 CONTRACTS
 
2.100 INTERNATIONAL CONTRACTS
2.101 Civil Works (Harbour, Roads, Bridges)
for Rig Delivery 
 170,000 
 170,000
2.102 Site 	Access, Pad Preparation, 


Ponds 

2.103 Water Supply 	 40,000
2.104 Project Supervision & Management 

40,000 	 40,000
 

40,000
including:
 
Principal Consultant & Back-up.
Drilling Engineering Services.
 
Geological Services.
 
Drilling Superintendence.
 
Geophysical Services.
 
Geochemical Services.
 
Test/Reservoir Engineering.
 
Accounting & Purchases.
 
Secretarial & Office.
 
Drafting.
 
Local Accommodation, Board 
and
 
Office Facilities.
 

Sundries
 
Including: Telephone, Telex
 

Travel, Reproduction
 
2.104 Total 


625,000 
 625,000
 
2.105 Drilling including:


Mobilization/Moving 

Conductor Mouse, Rat Holes 

290,000 

290,000
 

12,000

Fuel & Oil
Contractor 	Charges 12,000
 

75,000 
 75,000

(Rig & Crew, Fuel)
Materials (Bits & Reamers, 

1,320,000
 

1,320,000
Hole Oreners) 

(Expendable Tools) 

201,000 201,000
 
60,000 
 60,000


(Other Rental Tools,
TODCO Guages) 

(Casing & Liners) 

120,000 120,000
 
470,070 


470,070
(Muds & Chemicals)
Cementation & Cement 	 255,000 
 255,000
 
210,000 
 210,000
2.105 Total 


3,013,070 
 846,000" 2,167,070
 

2,167,07
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.'TOTAL PROJECT 

~TOTAL PART, I PART'. IfI
us$ UNRFNRE UFI G0SL~ 

2-.106 .Drilling Contingency Fund~ 602)614' 169,_200 433 4i4'
2.107 WelUsite Mud IL6gi 0 Seivices 
 65,00000

2.10 -Electric Formation/Prod'uction Logging$ 1OO):OOO 16000
 
209:Well: Compl'etion, Sulies & Servis 
~ 292 50O. 292 02.1.Pr(;uction,,Tes:tiing & Rservoir-,0
 

Evaluation' 
 '100;000~'10000
 
2.f11 Cheica Aaysis 
 1-00 1;0
2.12kni'nmentlImpact Study & Monitrn 9000 1500000 

2.900 ___________ L I ;5,153,184 ~2 212 700&2,860'484 80,000 

4.000 EQUIPMENT, PREMIS E, FREIGHT & NSURAN4CE 
6.200iNON _EPDABLE EQUIPMENT

i2 10 '1NTERNAT I-K
ONA 
42i11Vehic16 
4.289 TOTAL NON-EXPENDABLE . ,10,000 

.900 COPNENT TOTAL, ~1 10;000 0000' 

1'000
5W MISCELLANEOUS' 

.51 hicle Maintenance'and Fuel d4005; 91,Repo~ting Costs~ ~ ~ ~ .~ l,0~ f,0
.'301?Teh.,jSupport,1H.Q. ,Admin 1,Proj.Mgt. Y$65,0001 

~lO 
65,000
. 

30 (iTc~clAssistance and Training' II <1 60 ,00O,60, 


:'5.OCMPONENTl TOTAL I' 4139,00 14500
 

1'9.1l0OGROS 
 TOTAL EXP'ENDITURE l11~A 45,386,184 2,320,700 2)9850484 80)
9.260 CR.EDIT,1PROC EEDS OF EQUIPMENT, ~ 14 41 . 0001 4,B 

9.300 CREDIT RSDA VLEO EQUiIENT 
 5,59 5954.

940PRF-PROJECr tEXPENDITUREI 6500 65 000
 

9.900 NT TOTAEXPENITU.-E5,44559 238106 2 985,484 80,000 

jq41, I 11 4 41114 

L,1.1414Y,114 
1 

k1 4 ' "~1 44 & . 1 1 4 ~ 4 1 ~ 14~­

4 111 1 4 4 1 1 1 4 Y41-1 .1 441 -;". 
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EXPLANATORY NOTES
 

1. Under overall supervision by the UNRFNRE a consultant project management
 
group with the requisite range of specializations and experience (geology,

geophysics, geochemistry, drilling superintendence and reservoir engineering)

will ensure that all possible technical and scientific data are collected
 
during the project, whilst at the same time maintaining an efficient and
 
economic drilling operation.
 

2 The consulting group awarded the management contract will produce a
 
synthesis of all the pre-feasibility data in the Qualibou Caldera, including

hydrology, to assist in selection of th, 
exact drilling location of the first
 
hole (SL-I) in the area south and south-east of the Sulphur Springs and the
 
manner in which this hole is drilled. This work should preferably be
 
completed three weeks before the drill pad for SL-1 
is scheduled to be
 
prepared.
 

3. Local contractors are capable of preparing roads, drilling pads and 
water
 
ponds, which work will be 
funded by the Government of St. Lucia. Provision of
 
water for the drilling will also be the responsibility and at the cost of the
 
Government.
 

4. Drilling will be contracted, and the rig will be shipped to 
St. Lucia for

the contract. US/AID will-a4*e 
fund qf the civil works (harbour, roads,
 
bridges) required for ensuring delivery of the rig to the drill site.
 

5. Tt is proposed to use a rig capable of handling depths of 2500 m. It is
 
anticipated that 
a 1500 m hole will require approximately 60 - 90 days to
 
drill.
 

6. The rainy season, from June to September, is not expected to affect the
 
progress of the drilling.
 

7. The environmental impact study and monitoring, required under US/AID

regulations, will be administered and financed by US/AID.
 

8. A contingency of 20 percent has been allowed under Line 2.106 for the
 
drilling activity costs under Line 2.105, apportioned beteen the Fund and
 
US/AID.
 

9. A technical assistance and training component, to bE finanred by US/AID,
 
has been provided for under Line 5.401.
 

op 
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Map Of ExPloration Area
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ANNEX B
 

Description of Exploration Area
 
and Excluded Areas
 

A. 	 Exploration Area
 

The area is 
a quadrangle, covering approximately 25 sq. 
kms. 	with the
following coordinates, proceeding clockwise 
from 	the NW corner:
 

A. 	 13' 51' 30"N 610 03' 30"W 
B. 	 130 51' 30"N 	 610 
00' 45"WC. 130 49' 	30"N 610 001 45"W 
D. 130 48' 	00"N 
 610 03' 30"W
 

B. 	 Excluded Areas
 

None
 



AMD( N 

UNITED NATIONS REVOLVING FUND FOR NATURAL RESOURCES EXPLORATION
 

GEOTHERMAL EXPLORATORY DRILLING IN THE 
 QUALIBOU CALDERA,
 
SOUFRIERE, ST. LCLA
 

PROJECT RECCMNENDATION
 

STL/GT/83/001
 

Conditional on the availability of funding!/, approval is sought fromthe Joint Operations Group (JOG) for this project in St. 
Lucia in
accordance with the attached work plan and expenditure schedule.
 

/ This project includes an input of tip to US$3,000,000 from a US/AID Grantto the Government of St. Lucia to be administered by the Fund Linder aManage-ent Services tgreement between the Government of St. 
Lucia

and the Fund. 
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15. 
 The British study (1974-1976) initially involved geologic mapping and
geochemical studies. 
 This was 
followed by geophysics consisting of 50 line
ki. of resistivity profiling to 
a maximum depth of Iholes km. Seven large diameter
to depths between 116 and 726 m. were then drilled under contract in
immediate Sulphur Springs area. 
the
 

Two of these produced steam with a high
non-condensable 
(C02 ) content. 
 It was concluded that 
n shallow steam
reservoir of very limited extent had been penetrated, overlying a deeper brine
zone. A temperature of 212 0 C was measured at 600 m in the deepest hole.Due to 
poor completion of the wells they were eventually cemented and plugged.
 
16. 
 Aquater in their prefeasibility study 
in 1982 used geothermometry to
predict brines in 
excess of 3500C at 
depth. 
They also carried out
audiomagnetotelluric (maximum penetration 700m) and gravimetric surveys. 
They
suggested 5 drilling targets and anticipated eventual production over the
 
entire caldera area.
 

17. Republic Geothermal, 
a private U.S. company, reviewed the British and
Aquater work in 1983. 
 They also carried out a mercury geochemical survey.They estimate the necessary drilling depth to
resource the 2200 - 2500C brineto be approximately I000 m. in the Sulphur Springs 
area. They
regarded the dry steam resource as 
being quite limited.
 

18. The recent 
LANL study culminated in 

resistivity 

a deep penetration dipole-dipole DC
traverse across the caldera. 
 This, together with a review of
previous work and updated geologic and geochemical interpretations, indicated
 
three attractive target areas;
 

(a) The Craters of Belfond, where caldera-related faulting and recentphreatomagmatic volcanism indicate fracture permeability, and low resistivity
suggests that geothermal brines might 
occur at a depth of less than 1 km.
 

(b) The Valley of Sulphur Springs, where the presence of hot springs and
fumaroles, the fluid chemical compositions, and the low formation resistivity
all indicate a geothermal brine reservoir near a depth of 2 kms, with the
additional possibility of 
a hot dry 
steam field above the brine reservoir.
 

(c) Etangs, where very low shallow resistivities (reservoir of geothermal brine 1 ohm-m) suggest aat a depth as shallow as 1 kin, associated withthermal upwelling along the caldera boundary fault.
 
19. 
 Based on a Tripartite Technical Meeting convened in St. 
Lucia between the
Government of St. 

in April 

Lucia, US/AID, and the Fund and their respective consultants
1985 and further evaluation by the Fund's 
 consultants, 
it now
appears likely, based on the available evidence, thatSprings area may the immediate Sulphurrepresent the outflow zone from a major upflow in the Belfondarea. A zone of some 3 sq. km. in the Belfond area has been thereforeselected as the target for the first exploratory well by the project. 
20. 
 The estimated costs of constructing a geothermal electrical generating
plant in St. Lucia vary considerably. In Guadeloupe, a nearby island, four
large-diameter exploratory holes ( 4500 m) cost US$5.9 million and the 4.23
MW plant cost US$13 million. 
This plant is supplied with single flash
at a shallow depth from only one of the holes. 

steam
 
that only two holes in There is a good possibility
the Qualibou Caldera would be necessary to produce 10

MW.
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DRAFT EXPENDITURE SCHEDULE
STL/GT/83/0-1
 

TOTAL
PROJECT 


TOTAL PART I 
 PART II
m/m UST UNRFNRE US/AID G0SL1 .000 PERSONNEL AND TRAVEL U G-__
1.100 INTERNATIONAl, PERSONNEL
 
1.190 Consultants 

4 
 84,000
1.199 Sub-total 
84,000
 

1.900 COMPONENT TOTAL 

84,000 84,000
 

2.000 CONTRACTS 
2.100 INTERNATIONAL CONTRACTS 
2.101 Civil Works (Harbour, Roads, Bridges) 

for Rig Delivery 

10,000
2.102 Site Access, Pad Preparation, Ponds 10,000,

40,000 


40,000
2.103 Water Supply 

40,000


2.104 Project Supervision & Management 
40,000
 

including:
 
Principal Consultant & Back-up.
 
Drilling Engineering Services.
 
Geological Services.
 
Drilling Superintendence.
 
Geophysical 
 Services.
 

Geochemical 
 Services.
 
Test/Reservoir 
 Engineering.
 
Accounting 
 & Purchases. 
Secretarial & Office. 
Drafting.
 
Local Accommodation, Board and
 
Office Facilities.
 

Sundries
 
Including: Telephone, Telex
 

Travel, Reproduction
 

2.104 Total 

625,000 625,000
 

2.105 Drilling including:
Mobilization/bloving 

290,000 
 290,000
Conductor Mouse, Rat Holes 12,000 
 12,000

Fuel & Oil 75,000 75,000

Contractor Charges
(Rig & Crew, Fuel) 
 1,320,000 
 1,320,000

Materials (Bits & Reamers, 

Hole Openers) 
 201,000 201,000

(Expendable Tools) 60,000 60,000

(Other Rental Tools,

TODCO Guages) 
 120,000 
 120,000

(Casing & Liners) 
 470,070 
 470,070
(Muds & Chemicals) 
 255,000 
 255,000
Cementation & Cement 
 210,000 210,000
 

2.105 Total 

3,013,070 
 846,000 2,167,070
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2 14 1 
10,000~.289 TOTAL~ ON-EXPENDABLE 
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COMPONENT TOTAL 
> -.. ,4 ooo oo'~ 
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EXPLANATORY NOTES
 

I. 
 Under overall supervision by 
the 
UNRFNRE a consultant project management
group with the requisite range of specializations and experience (geology,
geophysics, geochemistry, drilling superintendence and reservoir engine(ering)
will ensure that all 
possible technical and 
scientific data are collected
during the project, whilst 
at 
the same time maintaining an 
efficient and
economic drilling operation.
 

The consulting group awarded the management 
contra:t will produce a
synthesis of all 
the pre-feasibility data in
hydrology, to assist 	
the Qualibou Caldera, including
in selection of the exact 
drilling location of the first
hole (SL-l) in the Belfond target area ad the 
manner in which this hole is
drilled. 
 This work should preferably be completed three weeks before the
drill pad 
for SL-I is scheduled 
to be prepared.
 

3. 	 Local contractors are capable of preparing roads, drilling pads 
and water
ponds, which work will 
be funded b), the Government
water for the drilling 	will 
of St. Lucia. Provision of
also be the responsibility and at 
the cost of the
 

Government.
 

4. 
 Drilling will be contracted, and the rig will be shipped 
to St. Lucia for
the contract. US/AID will take 
fund of the civil works (harbour, roads,
bridgesw/required for ensuring delivery of the rig to 
the drill site.
 

5. It is proposed to 
use a rig capable of handling depths of 2500 m.
anticipated that 	 It is
a 1500 m hole will require approximately 60 
- 90 days to 
drill.
 

6. The rainy season, 	from June 
to September, is not expected 
to affect the
 
progress of the drilling.
 

7. 	 The environmental 
impact study, required undcr US/AID regulations, will
be administered and 
financed by US/AID as 
a pre-project activity.
 

8. As US/AID funds will 
specifically pay 
for the drilling contractor charges
under Line 
2.105, a contingency of 20 percent has been allowed under Line
2.106. 
 This figure, however, is based on the 
total figure 
for Line 2.105,

US/AID's contribution.	 

not
 



ANM~D A 

Map of Exploration Area 
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ANNEX B
 

Description of Exploration Area
 
and Excluded Areas
 

A. 	 Exploration Area
 

The area is 
a quadrangle, covering approximately 25 sq. 
kms. 	with the
following coordinates, proceeding clockwise from the NW corner:
 

A. 	 130 51' 
30"N 610 03' 30"W
 
B. 	 130 51' 30"N 610 00' 45"W
C. 	 130 49' 30"N 610 00' 45"W 
D. 
 130 48' 	00"N 
 610 03' 30"W 

B. 	 Excluded Areas
 

None
 



ANNTX C
 

. Objective 	 Work Plan
 

The objective of the Project is 
to determine the presence of a high
enthalpy geothermal reservoir in the Exploration Area (The Qualibou Caldera).
 

2. 	 Part I of the 
Project
 

Part 	I of the Project will consist of:
 

(a) 	Overall supervision and co-ordination of all 
project activities 
for
Parts I and II of the Project.
 

(b) 	Pre-drilling geo-scientific and engineering review of all available
data and 
a hydrological study, to assist in the precise siting of
the initial well. 
 Continual review of data for siting of subsequent

wells.
 

(c) 
Provision of technical consultancy group who will be responsible for
the impleumentation and execution of tile 
following activities:
(i) geological, geophysical and geochemical inputs;
(ii) 	drilling engineering and superintendence;

(iii) re.ervoir engineering and testing.
 

(d) 
Provision of the following sub-contracts:
 
Cementation
 
Mud engineerinp
 
Mud logging
 
Chemical analyses
 
Formation and production logging

Wireline logging and testing
 
Well completion
 

(e) 
Provision of various supplies, including bits, reamers, hole
openers, expendable tools, rental tools, Todco gauges, and vehicle.
 

3. 	 Part II of the Project
 

(a) 	Project management services for Parts I and II of the
carried out Project to be
by the Fund and 
to include technical backup, general
administration, legal and accounting services;
 

(b) 	Environmental assessment and monitoring;
 

(c) 	Preparation of road and other access 
requirements;
 

(d) Preparation of drilling pads and water supply (responsibility of
 
GOSL);
 

(e) 	Provision of all drilling services required 
 to effectively carry
out a three-hole programme with an 
approximate aggregate total
depthf of 4,500 m;
 

f) Provision of drilling supplies consisting of hole casings, liners
and other related equipment and supplies necessary 
to compl­drilling p r o
g ram m A nr-a .NO--


