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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 521 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
"y.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 mcnth from the date of obligation.

2. The Project ("Project") consists of assisting the Grantee as part of a
multi-donor effort, in its program of exploring and developing geothermal
energy production.

3. The Project Agrecement, which may be negotiated and exccuted by the officer
to whom such authority is delegated in accordance with A.I.D. regulations and
delepations of authority, shall be subject to the following essential terms
and covenants and major conditions, together with such other terms and
conditions as A.I.D. may deem appropriate:

A. Source aind 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 the 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
othervtise agree in writing, be tinanced 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
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
Azreement has been duly authorized and/or ratified by, and executed on behalf



-2 -

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

(¢)” (1) an AID-approved environmental assessment (EA) prepared
acecrding to A.I.D. Reg. 16 (22 CFR Part 216) and (2) an environmental
monitoring and safety plan designed to protect the human and physical
2w -onment in and around the proposed drilling sites.

C. Svaecial Covenants

(1) Project Evaluation. The Parties agree to establish an
= duatisn program as part of the Project. Except as the Parties otherwise
agrze 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 agrecs to take steps to adhere to
recommendations stemming from the environmental assessment and monitoring
procedures to be carried out as part of the Project.

Ch -
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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,

The highest demand for electricity,
The volume of the heat resource in the caldera.
A well in which geothermal waste products are

disposed for safety and for recharging,
constituting a closed system.

ABBREVIATIONS AND ACRONYMS

Agency for International Development

Caribbean Development Corporation

East Caribbean Dollars (US$ = EC$.37)

Government of St. Lucia

Gigawatt Hours (1 million kilowatt hours)

International Finance Corporation

Kilovolts

Kilowatts

Kilowatt Hours (1,000 watt hours)

Los Alamos National Laboratory

Low Pressure Gas

St. Lucia Electricity Services Ltd.

Megawatts (1 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 Development Program

United States Dollars
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I. SUMMARY AND RECOMMENDATTIONS

A. Recommendat ions

1. runding

RDO/C recommends that an ESF grant of $3.0 million
($1.5 million of which will be from FY85 funds and $1.5 million from
FY86 funds) be authorized for obligation for the St. [Lucia

Geothermal Development Project with a Project Assistance Completion
pate (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
project shall have their source and origin in AID Geographic Code
000 or St. lucia.

b. ocean shipping financed by AID under this
project shall only be on flag vessels of the United States or St.
[ucia unless the conditions specified in the Project's ocean freight
waiver have been complied with and the appropriate certification is
made. .

3. Waivers

An  ocean freight waiver and waivers for the
procurement of right hand drive utility vehicles for "project use
will be obtained from AID/Washington's Office of Commnodity

Management .

B. sumnary Project Description

The obj=clive of the St. [ucia Geothermal project is to
accelerate the economic development of St. [ucia through the
establishment of an indigenous source of energy for the production
of electricity. This project, which will he co-financed by AID and
the United Mations Revolving Fund for Natural Resources Exploration
(UNRFNRE), supports AID'S private sector-led strategy for St. [ucia.

The availability of an indigenous source of energy will
help St. lucia attract private investment in productive enterprises
and will diminish the foreign exchange burden of tmporting diesel
oil. The dbjectives will be achieved by drilling production-sized
axploration geothermal wells  in the  Qualibou  Caldera  near
Soufriere. Management services will be provided by the UNRFNRE and
financed 1in part by AID. 'The quality of the effluent anu the
effects of the geothermal activity on the environment will be
monitored continuously, and miligative measures will be taken as
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 €Efor the dasvelnopment of the proven
geothermal resource and the generation of electricity. Training
will be provided for the St, Lucians who will administer the
geothermal resource,

C. summary Findings

Tnis project i3 ready for implementation and is
considered to be socially, financially and economically sound, and
technically and administratively feasible,

D,  AID/W D=2sign Considerations

AJD/W delegated the RDD/C Mission Director to approve the
Project Identification pocumznt and to authorize the Project. No
specific  concerns or issues were raised reqarding Project
devalomnent.,

E.  Con:rinutors to the Development of the Project

RDO/C Project Commitlee

Michael DeMetre, Chief, Infrastructure Division
Joanne Comnolly, Project Development OEficer
Brinlay Selliah, Rajineer, Infrastricture Division

I'0/C Project Review Comnittee

Terrence Brown, Deputiy Director

Pater Ozr, Chief, Development Resources Division
Theodore Cartcr, Regioial Legal Advisor

Richard Warin, Controller

Stanley Heishman, Regional Contracts Officer

Government of St. Lucia

John Compton, Prime Minister

Ausbert D'Auvergne, Depity Director, Finance and Planning
(Planniny) :

Aloysious 3arthelmy, ¥nargy, Central #ianning Unit

Other Contributors Lo Project Devalopmant

Jem Carter, Secretary, Infrastructiire bivision, RDU/C

Robert: Fedel, Contractor, PIR Project

Roy Grohs, Projram Fconomiskt, RDO/C

Robert Hendron, Los Alamos National Laboratory

Cecelia Karch, Contractor, RDO/C

Patrick Sorensen, Environmental Specialist, TAMS

James Talbot, Regional Environmental Management
Specialist:/Caribbean

Percy Wic<lund, AMAX
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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 km? 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. [ucia is a member of the
Organization of Eastern Caribbean States, the Caribbean Common
Market (CARICOM), and the United Nations.

St. Lucia's economy 1is 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 physiccl
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 KW and is insignificant,

The only significant alternative to imported diesel
is the geothermal resource in the Qualibch Caldera near Soufriere in
the west-central part of the island (Exnibit 1). At Sulphur
Springs, which is at the head of the Soufriere valley, natural steam
issues from the ground. Black pcols 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 has long been aware of the
potential of geothermal steam to supply the island's energy needs,
and a number of investiritions lLave been undertaken. However, there
was no incentive to embark on this high capital cost venture while
imported fuel oil was relatively cheap. The situation changed in
1973 when o0il 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 1in 1976, resulting in seven
shallow, large diameter wells, two of which produced in sum only 1MW
of steam. 1In 1977, consultant analysts Merz and Mclellan determined
that with further drilling steam 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 geothermometiy to predict brines in excess of
350°C  at depth, and carried out audiomagnetotelluric and
gravimetric surveys. Aquater analysts identified five drilling
sites and suggested that production could be expected over the
entire 30 km¢ 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 geothernmal
prer,  the  GOSL  will  pursue  commercial electrical power
«neration, Geothermal development will also make available large
" mtities of process heat which could be used for coconut oil
¢ coductior  at: the copra plant in Soufriere, thereby replacing
1J0,000 galions of imported bunker fuel each year. ExXcess hot
Jeothermal fluids could be used for the production of dry ice,
timber processing, concrete block production, a brewery, alcohol
“roduction from sugar cane, bhanana chip processing, and hot water
service co hotels. Geothermal power could also be used for the
~:3alinization of seawater.

The GOSL formally applied to AID for financing for
th: exploratory drilling phase in June 1984. Convinced of the
likclihood of a major geothermal find and of the favorable impact of
its 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 temperatures in the range of
200-250°C, and possibly as high as 350°C, 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 cof
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 Denrery
in the East and Canaries in the West. The southern system,
comnissioned in 1965, extends from the Vieux Fort Power Station
(installed capacity 4.12 MW) to Praslin in the Ekast and Soufriere in
the West.

The gap between the Northern and Southern grids
is approximately 5 kin on both the western and castern 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,
Tt is 1likely 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 rating of 2.67 MW each. Recently, in
1980, an English Electric 16SVA generator with a nominal rating of
1.425 MW was installed, and a sixth unit, having a nominal rating of
2.75 MW, is expected to be commissioned in late 1985, This brings
the total nominal capacity to 14.85 M. Since the original
generators are closc to retirement, the total installed capacity
will soon be drastically reduced.

The Southern Grid is served by four ygenerators
which were installad between 1965 and 1971, two with a nominal
rating of 1.04 ¥W each, and two with a nominal rating of 1.02 M4
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, commercial, industrial and street
lighting.
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The domestic tariff consists of a mininmum 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 charge of EC$25.00,
EC$0.50/kWh for the first 75 kWwh 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 consuimers pay a fixed monthly charge of EC$100 with all
units costing EC$0.232/kWh. They also pay EC$5.00 per kW of
installed capacity of electrical equipment (Fxhibit 5).

EXHIBIT 5

LUCELEC ELECTRICITY TARIFFS &/

(October 1983)
Category Monthly Charge
(EC$/kWh)
bowestic
Minimum Charge (0-25 Units) 5.00
Block I 0-180 Units 0.20
Block II Above 180 Units n.21
Conmercial
Minimuin 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 Fnergy Charge 0.232
Demand Charge B/ 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.
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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, LUCELEC'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 ineet 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 vear. This growth rate reflects both an
increasing number of consumers and higher consumption per consumer.
Domestic consumption is 31.2% of total sales.

Growth in commercial sales averaged an increase
of 4.3%, and in 1982 accounted for 53% of total sales. Eight hotels
made up almost half of comnercial 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 betwezn 1982 and 1990 is predictzd 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.

Total generation is projected by the World Bank
Study to rise at the rate of only 1.7% between 1985 and 1987 and
4.2% between 1987 and 1990 (kxhibit 8). ‘The lower growth in the
medium-term reflects the reduction in technical losses arising from
the loss reduction prograin.

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 annun. 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
level 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 kiWh) (Gallon) (Ibs)
Hotels
Halcyon Days 2,020 17,000 190,000
L& Toc 2,927 6,900 125,000
. lacian 1,540 - 165,000
"a]leyon Beach 827 - 186,000
Tariblue 950 1,500 71,300
Suples Malabar 640 7,200 43,000
Rad Lien 260 2,300 21,000
Industry
WLB!, (Brewery) 1,030 91,500 -
vinera (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 Commerce 160 500 -
Government
Central Water Authority 2,860

Victoria Hospital 250 11,700 17,000
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EXHIBIT 7

ELECTRICITY SALES FORECASTS, 1983-90

(GWH)

Actual
1982 1983 1985 1987 1990 Growth %

Mission
North 35.5 38.3 41.6 44,3 50.0 4.4
South 10.3 11.5 12.5 13.5 16,0 5.7
TOTAL 45.8 49.8 54.1 57.8 66.0 4.7

EXHIBIT 8

PEAK DEMAND FORECASTS, 1983-90

(MW)

Actual
1983 1985 1987 1990 Growth %

Wor ld Bank Estimates

North 8.90 9.40 10.0 11.50 4,1

South 2.83 3.10 3.40 3.87 5.0
LUCELEC Estimates

North 8.60 9.12 9.68 - 3.0

South 2,75 2.92 3.04 - 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 gencrators for the years 1981-90 also were
evaluated. The actual sequence and sizing of plant additions are
presently under review. The British consulting firm of Kennedy and
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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
interconnect ing the northern and southern
systems, including consideration of the
timing, voltage and capacity of such
interconnection:

- 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 generation expansion and
transmission development .

A preliminary analysis of the power plant and
transmission system requirements has indicatad that an
interconnector may be routed from Union via Soufriere to Vieux Fort,
thus 1linking the geothermal facility with the existing power
stations. The exact route of the transmission line can only be
known after a detailed survey is undertaken.

Preliminary indications are that the
interconnector should operate at either 33 or 69 KV, and that power
would be transformed to 11KV at substations to 1link with the
existing 11 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 «-neration will offset the need to purchase most of the
replacement  diesel generators, The privatization of a new
generating utility will remove the capital burden From LUCELEC,
allowing it to assume the reduced role of transmitting and
distributing blocks of electrical power. In time, the major
baseload generation for St. Lucia will be taken over by the
geothermal entiiry, 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

JUCELFC's monitoring and service role.

3. Conforinity of Project to the GOSL's Development
Strateqy

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 investment in 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% per annum and has reached a level in 1985 whoroe 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 U$$77.4 million in foreign exchange savings over the
projected life of the geothermal wellfield.

Unemployment  is  St,  ILucia'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 jobs, it cannot abzorb the
growing numbers of unemployed youth,  ‘The growth areas of the
economy for the creation of jobs are tiwrefore tourism and light
manufacturing, particularly the lalter which now ciploys some 8% of
the labor force,

St. Lucia is the most industrialized of the smaller
Bastern Caribbean countries. Its diversified manufacturing sector
produces a wvaricty of comodities for both local  and export
markets.  The Governmeent realizes tho inportance of infrastructure
for attracting foreign investors, and stresses in its promotional
literature St. Lucia's 464 miles of all-weather paved roads, two
comnercial airports, two deep-water ports, nation-wide waler and
electricity systems, .nd four industrial parks, and its plans to
develop free ports at Soufriere and Castries,

The  GOSL  has long considered infrastructure
essential to its ecconomic development and has pursued donor
assistance for infrastructure projects. AID provides assistance for
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the rehabilitation of roads. The British Development Division
presently sponsors water systems development and has proposad
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. CIDA 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 QOSL is comnitted to support foreign investment
through a policy package which includes fiscal incentives,
permission to repatriate earnings and imported capital, ana a treaty
with the U.S. preventing doule taxalion of income 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. Relationsanip of Project to AID and Missicn Strategy

AID er.ourages private sector investment in
productive enterprise because it creates new jabs, increases export
revenues, and lessens the financial burdens on government. The
proposed project is among many AID interventions which encourage
phrvate cector investment, enhance St. Lucia's apility to compete in
‘e internaticnal  marketplace, and facilitate the country's
garticipation in the Caribbean Basin Inttiative.

AID supports the privatization of those services
which are nore efficiently provided by the private sector. It is
expected that the construction of a geothermal power plant and the
rnanagement 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 1is required to attract
private sector investment in productive enterprise, and AID has
given considerable support to the development 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. ILucia's manufacturing sector will grow at an average of 8% per
year.

B. Project (bjectives

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 Lhe economic
and technical viability of the Qualibou Caldera as a long-term
geothermal resource capable of generating substantial quantities of
2lectrical and other power which can be developed oy the private
sector.

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 and 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. Technical 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
enqineering and superintendence, and c¢) reservoir engineering and
testing.

d. ‘Technical services - technical service
contracts for cenmentation, compressed air, mud engineering, mud
logging, chemical analyses, formation and production logging,
wireline logging and testiag, production testing, well completion,
and other special works.

e. supplies - contracts for various supplies will
be provided including bits, reaners, hole opencrs, expendable tools,
rental tools, Totco gauges, and vehicle, and materials including
chemicals required for well drilling (with the exception of casing
and liners which will be financed by ALD).

2. GOSL-Financad Activities

The Governm=nt of St., Tucia 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 geothermali 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
manager. It is anticipated that the UNRFNRE-financed cementation
service contractor, under a contract line-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 Ffinance 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 GOSI, 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 the 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
International Finance Corporation (IFC) has been suggested as a
facilitator for the {inancing 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, Training and Technical Assistance 90,000 - -
12, Repairs to Existing Wells 30,000 -
13, Cont ingency 402,930 169,200 -
TOTAL 3,000,000 2,380,100 80,000
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Iv. IMPLEMENTATION PLAN

A.  Project Management, Supervision and Financial Management

The UNRFNRE will be responsibile for the Inanagement 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 disbursemcit .

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-financed contracts will be awarded
according to AID Handbook 11 Host Country contract ing 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
recomnending to the GOSL on contractor selection,

All contractors shall be under the general
supervision of the management consultant. All materials, supplies
and equipment purchased, leased or rented for project activities
shall be under the control of the management consultant. The
management consultant will report to a project comnittee 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
G0SI., 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 for pass through to the @GOSL
contractors financed by 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. ‘lhe Project Assistance Complelion 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 the project
management consultant for presentation to the Project Committee,
Well status reports will be submitted soon after testing on each
well is carried out. 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 ang financial details will
be submitted to the Project Comnittee, Project evaluations will be
carried out after the first well 1s drilled and about SIX months
prior to the August 31, 1987 PACD,

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

During project implementation, Up to six eligible gt.
Lucians will be trained in the administration of the geothermal
well-field and in utility management . Completion of training will
coincide with the comnissioning of the power plant and the
integration of geothermal power into the LUCELEC system, It is
expected that these trainees will be drawn from the well drilling
program and will have had some hands-on experience prior to their
training.

In summary, the implementation schedule is as follows:

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 ATDAI;
Environmental Monitoring Plan prepared,
[nitial CPs to pisbursement net.,

October, 1985 : Pre-bid conference. RDPO/C ang CGOSL prepare
terms of reference for private investment
technical assistance,

November, 1985 Well  design, inanagement and  supervisory
contract awardoed by UNRFNRE. Location of Well
No. 1 seloctod,

December, 1985 All CPs et; Award Well Drilling Contract;

Technical Assistance/Training Program begins;
execution of Environmental Monitoring Plan
begins;



January, 1986

February, 1986

April, 1986

May, 1986

July, 1986 :

Auqust, 1986

rnoverber, 1986

January, 1987

April, 1987

August, 1987
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Award well site ¢ontract.

Award cementation contract.,
Award mud engineering contract.,
Award compressed air contract.
Award analytical contracts,

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

location of wWell No. 2 selecled,
Well drilling at Site No. 1 completed.

Environmental Analysis at Site No. 1 completed;
Well Production Tests started.

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

Location of Well No. 3 selected.

Private investment and commercialization of

electricity production from geothermal wells
begins;

Well drilling at Site No. 2 completed;
Environmental Analysis at Site No. 2 complotoed;
all work necessary to start well drilling
operations at Site No. 3 completed; well
drilling at Site No. 3 started.

Well drilling at Site No. 3 completed;
Environmental Analysis at Site No. 3 completed.

All recommendations of Environmental Analysis
for all Sites met,

Well Production Report completed.
Final Evaluation of Project started.

All work necessary to make sites into
production sites completed.

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 he issued to expressed parties
and a short list of qualified companies will be requested to bid.
The geographic 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 1U, Pariticipant Training
Rules and Procedures,

The Environmental Assessment was carried out by an
Indefinite Quantity Contractor using Project Development and Support
funds, Procurement for enviromnmental monitoring of the project
will be carried out using AID Handbook 11 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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EXHIBIT 11: Structural map of the Qualibou caldera showing regional
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and curvilinear caldera fauylts. 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
and 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 heing 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 enerqy 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 temperature geothermal areas are found. The Qualibou
Caldera in St. Lucia 1is one such spot. Further details on
gaothermal energy are given in the Basic Geothermal Model (see Annex
M{a) -~ Technical Analysis, Basic Geothermal Model).

2. Pruption History of the Qualibou Calcdera Region

The Qualibou Caldera, which is about 12 kmZ, was
first identified in 1964 during detailed geologic mapping near
Soufriere, The Caldera is between 40,000 to 300,000 years old. The
yeotherral aspects of St. Lucia have long been apparent because of
the Sulphur Sprinas and nearby hot springs that have been used for
mineral  baths  since early FEuropean settlement. More recent
investigations outline more ambitious uses for the geothermal Fluids
particularly the production of electricity.

Lavas 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 and
0.9 million years old.

Superimposed upon the cones of Mt. Gimie and Mt,
Tabac are younger volcanic domes and cones located along roastal
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 Caldera (Exhibit 11). ‘The
cones and domes of Lhis period of activity erupted before formation
of the Qualibou Caldera.

&5
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EXHIBIT 12

TYPICAL GEOTHERMAL WELL COSTS [N THE U.S.

[Thousands of US! (1983) ]

Depth
Geothermal Area 1000 m 1500 m 2000 m
The Geysers, California 640 820 1200
Baca, New Mexico 740 900 1400
Rossevelt Hot Springs, Utah 570 910 1100

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

A typical well may start 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) diameters starting at the
wellhead but all extending to different depths. 'These are called
the conductor, surface, intermediate, and tieback casings,
respectively. Depending upon the nature of the formation in the
lower part of the borehole, either the hole is left uncasad or a
slotted Lliner (ovr perforated casing) 1is installed to preclude
hole-collapse problems at a later date.

At comparatively low temperatures around 150°C
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 wells drilled previously are in a state of
deterioration. All these wells will be capped and sealed.

If the exploratory/product ion wells prove
successful, subsequent commercialization, including the construction
of a power plant, will be Financad and undertaken through a program
of private investment.

B. Financial Malysis and the Role of private
Investment

1. LUCELEC's Recent Financial Performance

The UNDP/World Bank study documented LUCELEC's very
poor financial performance between 1979 and 1981, In that period,
net after tax income fell from a small FC$14,000 surplus in 1979 to
a loss of EC$ 530,000 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. 1Tn 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 .o determine the
tariff implications of the cost savings presented hy the geothermal
* alternative. Estimates of reduced cost for geothermal power
generation imply that this technology would improve LUCELEC's
financial viability at lower tariffs than would be the case 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. Consultants 84000 84000

2, Coniracts

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 2380100 80000 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 betwean 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., GOSL will provide pad preparation, water
supply, 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 that
sector's history on the island. ‘'Total investments of about US$30
million, including physical and price contingencies, are needed to
undertake 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 to
about US$24 million, excluding 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,
1,

Technical assistance to the GOSL to prepare and
evaluate requests for technical and financial proposals will be g
project activity. AID will assist the GOSL in advertising in the
international press, in preparing the short 1list of eligible
responses, and in developing the components of the RIFTP, including
the evaluation criteria. Preparation of the RFTP will include an
examination of the institutional, technical and Ffinancial
relationships between the investor, the GOSL, and LUCELEC,

The most probable scenario for the privatization of
a geothermal utility would include activities such as the: 1)
development and management of the stean 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 the
existing transmission and distribution system (the electrical grid,
which presently is managed by [LUCELEC). The following sections
outline relevant considerations related to each of these activities.

a. The Well Field Resource

Developinent and management of the steam and hot
Water resource has been shaped into a Scparate entity, LUCELEC,
which protects the sovereignty of the government while festering 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 nead to have authority to set the
steam and hot water energy tariff as well as electricity tariffs.

buring 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 mergsr 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

Formation of the Geothermal Power Company
presently appears to be emerging as a wholly-owned private utility,
owned and controlled by international investors,

The GOSL will approach the international
gzothermal community and request proposals for the development of
the qeothermal power utility. Acting as a pass-through for the
conversion of energy, this utility may become a simple private
sector company producing the required baseload power in blocks of
electrical energy at a set price. Once again, in the absence of a
futly competitive market, the PUC will requlate tariffs of all
eneray producers, _—_

At present, several U.S. geothermal companies
are exolering the possibility of forming the private utility and are
seepared  to capitalize  the  firm  without outside financial
3csistance, However, should private capitalization not become
rratlable inmediately, 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, daveloping and transmitting hot
iater for industrial use is still far in the future. However, as
lith the geothermal "steam", hot water needs to be recognized as an
‘nergy resource and requires the same tariff controls appliad tn
ther energy sources.

d.  LUCELEC: The Energy Delivery Mechanism

Finally, LUCELEC has an authorized share
apital of EC$5 million, dividad into 260,000 non-voting and 740,000
rdinary shares of EC$5 cach., The company has 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) ang the other
three, including the Chairman, by Caribbean Development Corporation
(cne).

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. In
addition, they ensure that an executive or engineer visits LUCELEC
at least once a vyear to review coipany management  and make
recommendations.  These services tend to reflect CpC's ownership
role, CDC also recruits senior management staff for LUCELEC and
provides buying agents to procure plant, machinery, and equipment on
behalf of LUCELEC and o examine all shipping documents related to
ourchases.

EXHIBIT 15

ALLOCATION OF LUCELEC SHARES

Shareholding
Shareholder Voting Non-Voting Total
St. Lucia Government 402,560 ( 18.8%) 1,300,000 1,702,560
Castries City Council 604,430 ( 28.1%) - 604,430
CDC 1,140,000 ( 53.1%) - 1,140,000
Total 2,146,990 (100.0%) 1,300,000 3,446,990

In the near future CDC intends to divest its
preferred share holdings within LUCELEC. 1n preparation for this,
CbC has seccured management assistance and enginecering assistance
fram the Commonwealth Fund for Technijcal Covperation (CFIC) “o train
LUCELEC personnel in anticipation of the eventual withdrawal,

The removal of the power jgenerat ing function
for tha 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 nrocess of generation,

In sum, the capital requirements Ffor LUCELEC
will shift to electrical distribution and TUCELEC will become more
efficient in its newly focusad 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
neqative 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 ©0 produce
a reasonable rate of return to the nation's resources. To ‘:he
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 enzrgy technology, the viability of
the overall success of a geothermal power plant depends very much on
the administrative and institutional peripherals of private/public
utility management. Within the short-term,. plans for the support of
a private geothermal u:ility station will address legislative,
administrative and institutional arrangements. This support,
through technical assistance to the GOSL, will be illustrated in a
long-term development plan early in the project implementation phase,

Since the choice of a single discount rate always
contains a degree of arbitrary judgement, Net Benefits were
recalculated over a range of .jiscount 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 o 12 percent,
diesel generation producas negative, or only marginally positive,
nat benefits, while geothermal vyields positive net returns., The
geothermal results would be further improved by the addition of
external bhenefits derived from tha2 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.

2. Import Substitution Effects

As indicated in the LANL analysis, a 3avings of
RC$209 million (US$77.4 million) dollars over 30 years would be
realized by substituting for the diescl fired generators,  Annual
peak demand was projected at 20% from 1983 to 1990, ranging from
11.73 MW in 1983 to 15.5 M4 in 1990. 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,
mitiqation imeasures are available to minimize lmpacts at this

location,

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 impacts
resulting from the Proposed Action were previously discussed.
Additional recommendations are provided below to address
environmental concerns regarding geothermal development on St. ILucia.

o] Initial exploratory drilling a- Etangs is
recommended. This will minimize potential
environmental impacts in the project area,
Drilling 1in Belfond is also possible, since
suitable mitigation measures are available to
minimize impacts. However, impacts of drilling
in Sulphur Springs will be more difficult to
mitigate, and might result in potential
environmental problems.

0 Erosion control should be maintained throughout
all phases of the project. In particular,
permanent controls, such as stabilization with
topsoil, mulch, s2eding and planting of
non-pavad  or gravelad areas should be
undertaken immediately following construction.

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

o] Surface and grounduater hydrology should be
evaluated promptly to identify recharge areas,
runoff patterns and ajuifers of concern. This
is critical for the prop-r 53iting of waste
management facilities,

o] Monitoring wells should be considered for each
drilling site. This will permit a direct
assessmant of groundwater contamination
resulting from qgeothermal developient.

0 Consideration should be given to developing
multiple wells from a single platform, if the
g2othermal resource is suffi:zient, This will
minimize requirements for additional land.
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farmer cultivation, The Etangs area is considered to be prime
agricultural 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
rights 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 soon 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
oeen used for the measure of time and for religious ceremonies
marking the solstice. Examination of pottery shards is in progress,

The management and drilling contractors should
collaborate with archonloqists to determine drilling sites that will
cause the least disruption to the archeological site. Archeologists
have indicated that they are anxious ¢ collaborate with technicians
in determining the drilling sites and in suggesting mitigative
measur=s (see Environm.ntal Analysis). This collaborative effort
must be a priority as there is a high lavel of consciousness among
the population and within the governmant 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 Ffor domestic and industrial
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
spacialists. Tn the long term, individual St. Lucians will be
trained to function at technical and managerial levels in the
commercialization phase. 1In the short term St. Lucians will gain
soin~ expertise working on-site in the drilling opzrations.

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 ftor
information regarding events of national significance, particularly
in development activities. Special programs could oe developed by
the GIS to provide both background information on geothermal
- oteatial and also informatinn on activities at the drilling 3ites.

Local councils and disaster preparedness
canmittees are organized to deal with a multiplicity of potential
hazards including earthquakes and hurricanes, and would also serve
35 important disseminators of information. These councils and
committees should be consultad 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 Disbursement. 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 wvalid and legally binding
ohligation of the Grantee in accordance with all of
its terms;

{(b) A 3tatement of tha name of Lhe 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
signature of each person spacified in such statement;

2. Disbursement _ for  Civil Works and Drilling
Activities. Prior to any disbursement und2r the grant, or to
issuance by A.I.D. of documentation pursuant o which disbursenent
will be made for civil works and drilling activities, the Grantee
will, except as the partiss may otherwise agree in writing, furnish
to A.I.D. in form and substance satisfactory to A,I.D.:

(a) A detailed, time phasad 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 rignts in property, to carry out the
activity;

(c) (1) an AID-approved environmental assessment (EA)
prepared according to A.I.D. Reg. 16 (22 CFR Part 216) and (2) an
environmental monitoring and safety plan designed to protect the
human and physical environment in and around the proposad drilling
sites;

(d) Evidence that the Grantee will provide necessary pad
preparation, storage ponds and water supply for the drilling sites:

(e) Evidence of an executed contract or firm 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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VII. EVALUATION ARRANGEMENTS

A project evaluation program will be part of the project.
The technical evaluation of the viability of the first geothermal
well will be prepared immediately following completion of the
drilling 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 finai evaluation will be prepared approximately six
months prior to the PACD.
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P.O. Box 302,

ANNEX B
BRIDGETOWN, Barbados. X

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 report
recommends 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 that
the United Nations Revolving Fund for Natural Resources Exploration
was unable to make financing available for the immediate implemen-
tation of the exploratory drilling brogramme and while funds for
this purpose might be available 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 $O 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 there-
fore wish on behalf of the Government of St. Lucia to formally
Fequest USAID to give consideration to the provision of financing
for the implementation of the exploratory drilling programme and
also to provide financial support which would allow LANL to con-
tinue in its role as technical advisor to Governmeat for the
drilling and development phases of the project.

While we have every reason to believe that an approach to
the European Investment Bank (EIB) for financing for the explora-

ACTION

3
o

<o kfgfy drilling programme would be favourably received, the use of

tfunds would have implications for the utilization of European
-— .Y ¢onsltants and contractors. Given the strong support given by
SAlD for this project, Government would much prefer that the
further development of the project take place in association with
United States firms.

_ In the light of the present situation we would be grateful for a
Y~ _favourable response to our request for financial assistance to allow

A ! for the continued development of the geothermal project.

'.ﬁl__m Yours sincerely,
!

:' | ) , ? o
o VA /fu/“y; t)~"””‘la

AUSBERT/BY AYVERGNE |
. Deputy Direator,
Léﬁbf§1_ Finance & Planning (Planning).

N\
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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 under delegation from him?

3. FAA Sec. 604(d). If the N/A
cooperating country
discriminates asainst 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?

h, FAA Sec. 604(e); ISDCA of N/A
1980 Sec. 705(a). If
offshore procurement of
agricultural commodity or
produét 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
cculd not reasonably be
procured in U.S.)
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FAA Sec. 60u4(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
compele for construction or
engineering services financed
from assistance programs of
these countries?

FAA Sec. 603. 1Is 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
(computed 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?

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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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?

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?

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 projects or
activities of the
Communist-bloe countries?

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
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
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N/A

N/A

N/A

N/A



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; (4) to lobby
for abortion?

FAA Sec. 620(g). To
compensate owners for
expropriated
nationalized property?

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?

FAA Sec. 662. For CIA
activities?

FAA Sec. 636(i). For
purchase, sale,
long-term lease,
exchange or puiaranty of
the sale of motor
vehicles manufactured
outside U.S., unless a
waiver is obtained?

FY 1985 Continuing
Resolution, Sec. 503.

To pay pensions,
annuities, retirement
pay, or adjusted service
compensation for
military personnel?
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N/A

N/A

N/A

N/A

N/A



FY 1985 Continuing
Resolution, Sec. 505.

To pay U.N. assessments,
arrearages or dues?

FY 1985 Continuing
Resolution, Sec. 506.
To carry out provisions
of FAA section 209(d)
(Transfer of FAA funds
to multilateral
organizations for
lending)?

FY 1985 Continuing
Resolution, Sec. 510,

To finauce the export of
nuclear equipment, fuel,
or technology or to
train foreign nationals
in nuclear fields?

FY 1985 Continuing
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
Human Rights?

FY 1985 Continuing
Resolution, Sec. 516,

To be used for publicity
or propaganda purposes
within U.S. not
authorized by Congress?

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
Sec. 525; FAA Sec. 634A; Sec.

653(b)653(h).

(1) Deseribe how authorizing a) The waiti.n;; period for the

and approprialions 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 inlernational 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. 611(a)(1). Prior to (a) YES
obligation in excess of (b) Yes, to the extend possible for a
$100,000, will there be (a) Geothermal Exploration Project.

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

3. FAA Sec. 611(a)(2), 1If N/A
further legislative action is
required within recipient
country, what is basis for
reasonable expectation that
such action will be completed
in time to permit orderly
accomplishment of purpose ¢°
the assistance?




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.)

FAA Sec. 611(e). If project
is capital assistance (e.g.,
construction), and all U.S.
assistance for it will excecd
$1 million, has Mission
Director certified and
Regional Assistant
Administrator taken into
consideration the country's
capability effectively to
maintain and utilize the
project?

FAA Sec. 20Y. TIs project
susceptible to execution as
part of regional or
multilateral project? If 80,
why is project not so
executed? Information and
conclusion whether assistanae
will encourage regional
development programs.

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

ANNEX C.2
PAGE 2

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 manutacturing as well as
domestic use. The Project is expected
to accelerate the development of
export oriented private enterprise
investment in St. Lucia.

(b), (), (d), (e), () - N/A



10.

11,

unions, and savings and loan

associations; (d) discourage
monopolistic practices; (e)

improve technical efficiency

of industry, agriculture and

commerce; and (f) strengthen

free labor unions.

FAA Sec. 601(b). Information
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).

FAA Scec. 612(b), 636(h); FY
1985 Continuing Resolution
Sec 507. Describe steps
taken to assure that, to the
maximum extent possible, the
country is 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.

FAA Sec. 612(d). Does the
U.S. own excess foreign
currency of the country and,
if so, what arrangements have
been made for its release?

FAA Sec. 601(e). Will the
project utilize competitive
selection procedures for the
awarding of contracts, except
where applicable procurement
rules allow otherwise?

ANNEX C.2
PAGE 3

See No. 7 above.

The GOSL's construction to the Project
will be paid in local currency. The
United States Government does not own
local curency.

N/A

All procurement will be from
Geographic Code 000 and Host Country
and awarded according to AID Handbook
ITI - Host Country Contracting
Procedures.,



12.

13.

15.

FAA 1985 Continuing
Resolution Seec. 522. 1If
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?

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?

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)?

FY 1985 Continuing Resolution
Sec. 536. Is disbursement of
the assistance conditioned
solely on the basis of the
policies of any multilateral
institution?

ANNEX C.2
PAGE 4

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.



B.

FUNDING CRITERIA FOR PROJECT

1.

Development Assistance

Project Criteria

a.

FAA Sec. 102(b), 111,

113, 281(a). FExtent to
which ncelivity will (a)
effectively involve the
poor in development, by
extending access to
economy at lnecal level,
increasing
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
development on a
sustained basis, using
the appropriate U.S.
instibations: (1) 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
encourire rerionnl
cooperation by
developing countries?

ANNEX C.2
PAGE 5

Although short-term Job opportunities
for un-skilled and semi-skilled rural
worker:s will rosult Crom project.
activities, the primary project
benefit will be to the St. Lucia
economy as a whole through the
provision of reliable electricity.

N



FAA Sec. 103, 1034, 104,

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

FAA Sec. 107. 1Is
emphasis on use of
appropriate technology
(relatively smaller,
cost-saving, labor-using
technologies that are
generally most
appropriate for the
small farm, small
businesses, and small
incomes of the poor)?

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)?

FAA Sec. 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,

ANNEX C.2
PAGE 6

YES

N/A

N/A

N/A



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
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).
Describe extent to which
program recognizes the
particular needs,
desires, and capacities
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 7

YES

The Project responds to the long held
aspirations of St. Lucia to develop
its Geothermal potential. The Project
will train St. Lucians in Geothermal
Well Field Administration.

Y



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
interest,

FAA Sec. 620(d). 1If

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?

Economic Support Fund Pro ject

a.

Criteria

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 1027

FAA Sec. 531(c). Will

assistance under this
chanblor be used for
military, or
paramilitary activities?

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

ANNEX C.2
PAGE 8

N/A

N/A

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

N/A

N/A

S



maintenance of, or the
supplying of fuel for, a
nuclear facility? If
S0, has the President
certified that such use
of funds is
indispensable to
nonproliferation
objectives?

FAA Sec. 609. If N/A
commodities are to be

granted so that sale

proceeds will accrue to

the recipient country,

have Special Account

(counterpart)

arrangements been made?

ANNEX C.2
PAGE 9



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 Jjudgement the Government of St. Lucia has both
the financial capacity and the human resources capability to use and maintain
the poods and services procured under the proposed rcapital assistance srant
project entitled St. Lucia Geothermal Pro ject.

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 guality 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
desirned to assure the safety of human beings and the rest of the natural
cnvironment, have been prepared by well-qualified American specialists. The
specifications for the drilling equipment will be prepared by an American
specialist in geothermal drilling.

The co-financing amency, the United Nations Revolving Fund for
Natural Resources Fxploration, will provide manarement, and supervisory
szrvicees, as well as materials and equipment, for tLhe pre-drilline and
dr:1ling phases of the project. The Government of St. Lucia has demonstrated
~.7 capability to provide and maintain infrastructural support.

The Project Agreement includes provisions designed to assure that the
4rothermal resource will be developed through private investment in order that
the GOSL is not burdened with the management of the resource. The Government
o 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): _
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July 5, 1985

Project Title & Number:

St. Lucia Geothermal Development

FY 85 81.5 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
broader objective to which this
Project contributes:

Goal: To accelerate the economi c
development of St. Lucia

M2asures of Goal Achievement:

1. More private investment in
manufacturing & tourism

2. More jobs

3. Less unemployment

1. Chamber of Commerce data

2. Jobs advertised, C of C data
3. GOSL data

4. GNP

Assumptions for achievina goal targets:

Political stability
Present infrastructure constrains
development

Sub-®al: To establish an indigenous,
abundant, reliable source of
electricity

- Power generation from a local source
Greater power capacity
. Lower power cost

Wi =

l. Site inspections
2. Technical reports
3. LUCELEC rates

St. Lucia's Geothermal js useable to
generate electricity

Geothermal power is cheaper than diesel
power

Project m e:

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 by the private Sector.

Gonditions that will indicate purpose
has been achieved: Endof project

status.

1. 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.

l. Geoscientist's report
economist's report

2. Bvidence of GOSL approval of
private investment plan.

3. LUCELEC contract to purchase

Mssumptions for achievin Se:

1. The driller chose the correct site in the

CGaldera.
2. GOSL policy sSupports private sector
investment in its natr:al resources.

mtEts:

1. Geothermal wells; drilled, tested,
capped,

2. Bnvironmental safety assured.

3. Private geothermal corporation.

4. Power supply agreement with LUCELEC

Magnitude of Outputs:

1. Three wells, each with at least
2.5 mw potential.

2. mvironmental monitoring plan to
cover LOP and beyond.

3. Plans to construct a 10 mw power
plant.

4. LUCELEC agrees to buy 10 mw
electricity.

1 Jeoscientist's reports &nd
evaluation of drilling

2. Contract with a qualified
geothermal environmentalist .

3. Corporate charter.

4. LUCELEC contract or agreement

Assumptions for achieving outputs:
1. Gildera is hot.

2. Wells produce safe useable effluent .

3. QOSL laws permit private sector to invest

in natural resources g to sell power.
4. LUCELEC financially capable to buy
geothermal power.

Inputs:

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

Implementation Target {Type & Quantity):
AID: 1 host oountry drilling contract.
Other HC and AID direct contracts.
UNRFNRE: Supervision oontracts and
subcontracts -~ unprocurement

QOSL: Iocal contracts or force account.

AID and UNRFNRE signed contracts
work performed (site visits)
GOSL: Work performed (site
visits)

Ass tions for providin inputs:

AID: FY 86 $1.5 million is alloted.
Drilling bids are within budget.
UNRFNRE participates as Planned.

GOSL delivers inputs in timely fashion.

W XHNNY
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11. INTRODUCT JON

2.1 Background

The U.S. AID Regional Development Offjco. Car ibhbean
and the United Nations Revolving Fund for Natural Resources
Exploration (UNRFNRE) will co-finance o projioct Lo
perform exploratory drilling in the  Qualibou Caldera
of  St. Lucia in an effort Lo evaluate  the  qeot ber mal
energy resources for purposes of electrije power goenetatiaon.,
Figure 1 provides a map of &t. Lucia and the aetieral
Project aArea.

Frefeasihility studies have Lieon conduct o by
Adquater  in 1982 and by Los  Alamos  National Paboratony
CLANLDY i 1983 - 1984 addressing the guealogic,  ccanomic
andd engineering aspects of qgeothermal energy development .,
Their technical findinas and Lecommendations indicat e
that geothermal potent ja) EXISLS and Lhat severa) Promising
Sites for production o illina are available. The  porg pose
01 the drillinag Oper ot o is () Pleit gy Ut el
nature  and  extent  of  the aeathermal Fluitds by rTest g
wel  samples of  the {lujds. el analvses will Forus ide
estimates of well productivity, composition of et Lot me)
Pluids,  and  fluid conditions. When data are  avarlable
from  these wells, it will b pPossible  to o optimise e
electric power generating SVsLeilias well as the Lhepme:)
TSN RSN SUSTen, It approptialte, those wel s vt Lo
Usoed tor produaction.,

This report was Preparecd in response 1o g reuest
for ftechnical assistance by the  Adency thongh Tippett s
- Abibett - MoCarthin Stiratton's CIAM>Y  Lnvitonmental
Planning Indefinite Quantity Contract . The U pose
of this s stance WS to proepat o ah Fuvitomnent ol
ASSessmont CFA) in complianee  with 22 CFR O 2160 U=,
ALD Environmental Frocedures in 01 e o examine I her
roreseceable impacts on e human and natural environment
of activities undertaken DY the  proposed tunding. [N
s intended that this EaA will RI Tucorporat ed into
L.S. AID's Froject Paper.

2.2 Scoping

The identificatijion of the Dropased actions hiv
the  Adency's  Project  Team sugaested major  envitonment ol
concerns Lo bhe addressed by o this Fovo One Set ofF  isstos
olf  particular concern ta the Adencey involves "unreasonabl e
degradation™,  defined as oounvoor o oall ot the  tollowing
(D) sitaniticant changes in biological or cultural thiversjity
within the  af fected ared 2 thireat tor human health

through direct CNPOSUT O to polltutan: s; anel €A Forss

0! aJesthetc, recreational, atchavolonical, Sclentitrie,

or ecatomic valies which is Hhreasonah e in diteet
..2...
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® Mertz and McLellan (1976 . Geothermal Prospect
at__Soufriére: Resul Ls__of __Exploratory Holes )
=20 Results of Exploratory Hdoles 6 Appendices,

Ammberleyv, New Castle Upon Tvne.

® Devaux, F. J. (1984, Jn\gﬁyggglim_mgﬁunijy»
Bel fond Historic Site, Soufriere, LSt lacia,

St. Lucia Archaeological andl  Historical Jociety,
Castries, St. Lucia.

) Interviews with Khowledgeable ., Al Stvary,
St Lucian Government Officials, Naturalist Societry
Officials, Archaeologica) andl Historical Soecjety
Officials, local hatelijiorsg and other s in the
vicinity of the project s,te.
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IV, Eilé;iﬁﬁ_ﬁi!lﬂniﬂiﬁl

Provided below is g description of  the existing
environment in the project area, including land Use,
cultural resources, biologicyl resources, tourism, air
quality, noise, water resources,  and waste management |
Highlighted are also pertinent  chatacteristics of Lhe
Sulphur Sprinas, Belfond and  Etangs exploratory dr i) 1ing
locations,

4.1 Land Use

A provisional land use plan prepared by the Ministry
of  Finance anml Planning provides Present  and  projectod
land use patterns tror St Lucia. Figure = provices  lared
ase in the vicinity of the project ares.

Housinag density throughout this rtural region s
bow.  Houses gre tvpically widely scattered, although they
Lend 1o bBe concentrater along highwavs an valless. 2ulphar
Srings and LBelfond appear Lo have Jower housi ng densitijes
than Frangs,

Sulphur Sprinas  and  Bel fond are  characterized by
stevp, rociky, highly erodible Slopes.  pPanonas, coconut s,
1

]

s

ather truit and tubers are arown on relatively small rpoge
af o band,  aml o subsistence Farming  predominares. A S
FAVmMeCs cooperalive has beon recently urganized 1n Beliuod,

Frime acaricul turali lands, characterizo by cloep
s0ils, aood rainfall, aentle Slopes andl capable of
sastatning inrensive  aqricnligpe abepr iy iy Fove it

i the vicinity of Elanas.  Prime  agricultural lanel s
also tound in o small SLrip near Hermitage.,

.2 cultural Kesources

In the immediate Sulphur  Springs area there are
several possible archaeological remains. These include
a cave, a larae platform, and terraces on Terre Blanchoe
Dome, facing the thermal SPrings.

There are remnants ol a fore in Hermi tage, berwoon
Sulphur Springs and Boellond, near o shallow Fake o A g ron
hattle was fought bhetween French  and English  forces to)
control of St. Lucia herce al remains  and ari i faet s trom
the battle are stijll Found.  As  suel, this aroea is oy
historical concern,

In Beltoud, a Large  amerindian  site including
micdden, caves, terraces, grtetacrs, and Several Lo
boulders has been  tound recentis  on o high garonne Yo g
the Pitons. A ritual Function is snspect o) Poor o thee St
and its preservation is of major  archacalonical  concern.

-G~
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Historically, the Belfond craters formed lakes.
This suggests that location of drilling equi pment in
a crater could subject it to flood hazards. Flood hazard
porential could imcrease should vegetation covering
the hillsides be removecd during site access cdevel apment
and drillina pad preparation.

Etanas is adjacent Lo the main roacd in a retatively
jevel section. As a result, comparatively little erosion
is anticipated from access road and drilling pad
construction for this location.

Increased heavy truck traffic over existing and
upgraded roads will result in increased road degracdation.
Although this is an unavoidahle iwmpact, mitigation might
require increased roac maintainance in the project area.

sencral mitigation messures suitable for the project
gica Lo contiral erosion ated frood haszards include enaglneet ol
cut o oand  till o o slopes Tl Jong- tetm  stahility with titll
slopes bhenched, provided with under drains, and compact e,
The slopes should bhe covered with snitable ocuwl vegetat jve
matter or mulch to minimize rvaintall impacts, and  be
reveaotet o or reforestedd dur ing Ol shop vy alter
constrnection.

5.7.2 Water Quality

wvater quality information fort Lhe project arei
s scant o1 non-existent, and timited to Sulphur Springs
nd  adjacent  sprinas ant  surface flows. Hovever, water
pality  throuahout  Uhe Prodect o ated appeat s o e quond.
aseline water quality data for drilling sjites selected
i
(8

i
a

‘|
B
will be developed as part ot the monitoring plan i scussed
e low.

The Belfond craters appead Lo provide O oot ter
recharae arvea, although detaitled hyvdrological  evalual fons
remain to be developed by UNRFNRE.

The Etangs watershed is consicdered critical Lo
potable water supplies near the coast. of primary
consideration is the U5, AlID financed filterworks nem
Delcer. To maintain proper water quality and Lo protect
Lhese supplies trom potential discharges trom construction,
drilling, and doevelopient wastle management moethorls
have been identitied. Theose are discussed in the wasie
management section.

5.7.% Water Supplyv

Aval lable water supply tor constinction, ddritling
operations and development  varies considerably thonghow!
the project area. Bel fond  has  the  mosL Limited  watel
supply. Sulphur Spring also has Limited water resources,
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althouah the previous drilling cftfort wus able to aobhtain
sufficient drilling water by damming @  nearby creck.
Etangs has abundant water supplies.

Maaol jimpacts  are pussible with redgard  to  water
supply, should drilling and  development noeds  exceed
available supplies. This wonld Tikely be  the situation
in bBeltond, and  could develop in s=alphhar Sproangs. Franus
pas  the best watel supply and should be able Lo provide
sutticient quantities for drilling and yeothermal operation.

Mitigation measures for providing water in Pel fond
o1 Sulphur  Sprinas include trucking water requiitements
from availlable sources, includinu Etanas.

5.8 Waste Management

Constinction, drilling and cdevelopment atf  aqeothermal
pnepay will produace potentially hazardous  liguid  and
solid o wastes, These  wastes  may adversely  impact public
Lealth and the environment.

wastos biom ceathermal eneray production arce generatec
ty o vl dritvling, constrnoiion  aotivit jes,  cuondensate
{1 o Spent cheot et i ! Steam, by-products trom the H_=
abutoement  Ssystems, Sanitary wastes, and accidental spills.”

5.8.1 Drilling wWastes

Drilling  wastes consist ot drilling muel  used  in
Aoy e lapina aeathermal wells awl borinas  produced cduring
Jrid b hing. Chemicals may b anbled Lo the drilling  mud
to tmprove dri 11inag pertormance, anrd depending on chemical
concepntrations, drilling wastes Call he hazardous.

The total waste voluame, including drilling curtings.,
Gt b rng mned, o watelb, Coment oamt loustocid culation mwaterials
can be siguiticant, ranging  1n eNCess of 60,000 cubic
toet o 1400 cubic meters). These drilling wastes are
generally dischar ged into waste sumps o or ponds, andl
tested  for toxieity. If the waste (s deemed non-toxic,
the sump is sealed Lo provide @ permanent disposal site.
1r the waste Qs deongend toxie o1 hazardons,  the wastes
arse temoved Lo an appropriate tlisposal site ol chemivally
fised o neuttalyzed in place. Sampling  and testina
ror cdrilling waste im provided in the Monitoring Plan.

The  sump should heow snitably lined disposal pond
consisting  of compacted clay lanvers or  clav and plastic
liter s pxpertment s indicate that clan strncture i
altered extensively w ith highly acid o1 alkaline wastes.
This resnlis in larye increases inoclay permeabi ity
ainl  raises  the putential for  groundwater contamination
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from the wastes. Although acid or alkaline concentrations
probably will mnot be signhificant in  this cas vt i
recommended that lime be available to neutrali vastes
in the sump, if necessary.

5.8.2 Construction wastes

Construction wastes include cleared venetation,
miscel laneous cdebris, oil, discharge ancl resicdues,
ursalvageable wooden shipping crates and skids, cardboarcd
boxes,  lumber  scraps, concrete wastes,  papet and plastic
wrappings. These tyvpes of wastes are aeneral ly consicered
to be inert and nonhazardous.

Signiticant quantitics of consiruction wastes
might  be  generatecd, althonglh some of  the  wasbe may o e
reclaimed or scavenged. The rest of the wiste will aeneral ly
be disposed in an approved landtill. The Roufriere landfill
Is located off FRachette Point.  This disposal location
is  unacceptabie for the  construction wasteo, Since it
is in a highly scenic location overlooking the Pitons.

‘ Aonew  racility 18 being planibed  east af o Sontl g o
witich  will b oan aceeptable alternative., Shonld this
tacirlits not  be available, waste  may b compen ted  and
disposed on site in o suitably prepared location.

L2 Operalional Wastes

Operat ional wWast es 1 om 1T deot hormal seam
ge neration process will include initially steam condensale.
Chewicnl chatacteristics of  Stemam cotpnbensalee Aol v Wil v,
aind acrtual characteristics and waste managemenl altel natives
will have to bhe evaluated once initial well information
1s available.

Howewver | steat condensate sampl s collect ol v
LANL from Sulphur Springs suggest that steam condensate
may contain high levels of SO, and B. Other trace tLoxic
contaminants mayv not be present .

Thermal wastes will be geueraled as  part of the
normal drillbing  and  operation  of the tacility.,  These
wastes  can be managed  an the short-term by discharging
into a pond ftor couling purposes. However, in the long-
term, the optimal waste disposal scheme mav be Lo reinject
steam condensate o the ageothorma) Fesour ce through
reinjection wells.,

Thete is concern that  reinjection of  flutds might
increase seoismic activity in the project  area.  Althoual
this is the case with deep well disposal of ol biel Figpiols,
reinjection experiment s it prroducing aerot hermal arceas
i Tealy and California indicate no  increase in seismic

NT~
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or micro-secismic effects. As such, no signiticant impact
is anticipated in the project area.

Reinjection wells would probahly have to be developed
at o diabling site to minimize waste handling and attendant
risks. tse of previously drilled wells in Salphur Springs
would not be suitable for wastes from Etanas and Bel fond.
Iy addition, these wells appedar to be in poor stractural
condition and are very corroded.

After  well dovelopment, operational wastes  will
incluwle  excess  condensate, cooling tower Dbasin water,
sludge  from  the air  pollution control  equipment, and
oilyv discharge and residues. These wastes arce considered
to  he  hazatdous o1 extremely  hazardous, depending on
the  chemical consistency  and  chemica)l cunincentrat Lons.
Waste management methods  include  segregation of wastes,
colloection and PLopet di1spasal of 0i) Wustes, and
ranjection ol excess condensate caoling tower water .

5.8 4 Sanitary wWastes

Ranitary wasies consist of those produced in sanitary
tacilities used  byoon o site workers.  The concentrations
of araanic wastes are considered pon-hazardous, it disposed
ot proper Iy,

Wastes  qgoencrated (from the site cah be  piped  to
at oo site treastment facility or a lagoon, and the treated
eitluent  discharased into a reinjection well. Injection
ot sewage Tiquid gnto the Steam reservoir is an acceptable
Jor et e el ane pathooens will Filieely b biblead b
Lhe  1ntense heat and  pressure ot Lthe  steain reselvoirnr,
This pracuice renders the Iiquid sewage impact
insigniticant.

5.5.9 Accidental Spills

Accrdental spills can ocenr trom various activities
including failure of drilling equipment, tailure of
dril) sumps,  drill sump  and  condensate  poncd  overflow,
we'll Hlowoul s or blowdowns, steam pPipeline rupLures
and valve leaks.,

1 i ditticult 1o determine specific impact s
ot  any o accidental spill; however, based on accidental
spills 1n other  locations, qenetal conclusions can  he
chrawn: 1) Under alkaline conditions, the long- term
pollution  impact  would be more  signiticant  than  shor t-
term jmpacts;  since precipitation of metals would occur
Pesubtinng in et accumnlat jon in the environment,
2 Unider acid  or neatral coditions, the  short-rerm
impact would be  more  Siguiticant than Lhe Tong- term
impact,  since melals would tend to rtemain in solution
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and result in acute rather than chronic effects.

Mitigation measures recommended to minimize potential

effects of accidental spills  include the reguirement

of blowoutl prevention equipment to be used on all drilling.
This equipment shonld be designed to control  the well
if adverse pressure condijtions are ehcountered. Generally,
invdraulic rams, which can be  aperated by remote control,
shoulcd be instolled. Additional Llowout prevention equipinent
includes a valve on the rig floor to close the mud standpipe
and a float valve in the drrill pipe to prevent 1 evel sod
flow.

in addition, a low 2 - 3 fool berm o e antd Uhe
drilling site is recommemled Lo contain accidental spills,
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I. SUMMARY

A provisional monitoring program to identify significant
changes in existing ambient quality and potential public health
impacts resulting from the Geothermal Exploration Drilling
Project on St. Lucia is described. The program follows a
phased approach for data collection, data evaluation and
long-term monitoring and focuses on potentially hazardous
releases of toxic substances in and around each drilling area.
Monitoring reguirements for water/liquid effluents, soil/solid

drilling wastes, and air are also des~ribed.

The monitoring program provides for the training of St.
Lucian personnel in environmental and field investigations.
This training and assistance will be of use both during the
initial exploratory drilling program and during subsequent

drilling efforts.

The proposed monitoring program is based on TAMS'
knowledge of existing on-site environments. However, it will
be updated and fine-tuned when additional site specific infor-

mation is available.

I1. INTRODUCTION

A monitoring program is provided below as an integral
part of the Geothermal Exploration Drilling Project on St.
Lucia. Its purpose is to identify significant changes in
existing ambient gquality resulting from the project and to
evaluat~ the cffects of these changes. Mitigation measures for
potentially hazardous releases of toxic substances in and
around Uhe project area will be developed should these changes

be significant.



III. MONITORING PROGRAM

The monitoring program provides a phased approach to
evaluate the physical and chemical characteristics of gec-
thermal fluids and gasses in the project area, and to assess
notential toxic effects on the human and physical environment.
The program will be updated and fine-tuned once specific
drilling sites are identified, drilling sequence is developed,
and surface and groundwater hydrological information 1is pro-

vided.

One of the goals of the proposed monitoring program 1is
to train St. Lucian personnel in environmental and ficld
investigations. This will be of use should future geothermal

drilling and development occur in the Qualibou Caldera.

Specific environmental media of concern to be included
in +the monitoring program include water/liquid effluents,
4%1/drilling wastes, and air. The monitoring program has been
i, :parated three distinct phases: (1) data collection; (2) data
. saluation; and (3) long-term monitoring. A discussion of each

5f thes: phases 1is provided below.

3.1 Data Collection

As discussed previously, environmental monitoring data
to be collected includes water/liquid effluents, soil/solid

drvilling wastes, and air.
3.3.1 Water/Liquid Effluents
3.3.1.1 Baseline Development

As determined during TAMS preliminary site work, water
quality data for the project area is either extremely localized
and limited to the Sulphur Springs area or nonexistent. Data

from the immediate vicinity of Sulphur Springs, including most
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of the thermal pools and several thermal outtlows, cold
springs, and the Migny River 1is available. Although this
information is useful for background comparisons, it is insuf-
ficient for geothermal project monitoring and will need to be

supplemented.

No water quality data are available for Belfond or
Etangs. Thus, if these locations are chosen for drilling, a
complete water gquality baseline data base will have to be

developed.

Permanent water quality stations will be selected to
monitor each identified drilling site, and will be used
throughout the life of the project. Stations will be sited
such that data obtained will yield the greatest amount of
useable information regarding surface and ground water out-
flows, In particular, specific potable water intakes will be
identified for monitoring, such as the Delcer Filterworks,

located downstream from Etangs.

Although most water gquality sampling stations will be
located downstream from a drilling site, stations will also be
placed upstream from a site for control or ambient purposes.
Eight to ten permanent sampling water quality monitoring
stations will be established for each drilling site, Waterx
samples will be collected and analyzed prior to drilling and
site operations to establish baseline or background conditions

for each site.
3.3.1.2 Monitoring Parameters

Table 1 provides recommended water quality monitoring
parameters and effluent guidelines for the project. The
proposed parameters selected will reflect water guality changes
resulting from gecothermal drilling and development in the
vicinity of the Qualibou Caldera. The parameters selected are

based on previous experience and potential water quality

....3...

U



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)
Dissolved Oxygen 25,0 (d)
Suspended Solids (e)
Turbidity (e)
Color (e)
Conductivity (umhos/cm) (e)
Alkalinity 220.0 (48)
Arsenic 0.05 (£,h)
Barium 1.0 ()
Baron 0.75 (g)
Cadmium 0.01 (f,h)
Chloride (e)

hromium 0.05 (f,h)
dydrogen Sul fide 20,0 (4)
~ead 0.05 (£,h)
farenty 0.002 (f,h)
Mitroaen, NOj 10.0 (f)
Selea~um 0.01 (£,h)
Silver 0.05 (f,h)

. Svifate e _
NO 5

ca)

(b}

(c)

(d)
(e)

(f)

(9)

(h)

Parameter units in mg/L, unless otherwise specified.
Not to excced numerical guideline, unless otherwise speci-
fied.

Diluted effluent not to exceed by 30C the receiving
waters., However, if receiving waters are 280C or less,
diluted effluent not to exceed these waters by more than
50C. (World Bank Environmental Guidelines, 1984).

For protection of freshwater aquatic life (USEPA 1976).

Diluted effluent not to signficantly exceed receiving
waters.

For protection of public heath from injection of potable
water (U.S. EPA, 1976).

For protection of sensitive crops form long-term irriga-
tion (U.S. EPA, 1976).

Trace element detection limit to be attained under special
analytical laboratory service ccntract.

/
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changes resulting from on-site Operations, However, depending
on site specific conditions, pParameters 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/S
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
pPer 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 deyree 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 analyzeda 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 reqgular round-robin gquality

assurance testing programs,

The field monitoring program described provided all
v ovepriate quality” assurance objectives for the drilling
©, since our primary intent is to identify major changes
'n water quality resulting from drilling and geothermal devel-
opaent which might affect public health or the environment,
“he 2 changes will be easily detected and quantified, should

th»y occur during drilling.
3.1.2 So0il/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 developed.

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 1litter, These soil
samples will provide background contam.nant levels,

3.1.2.2 Monitoring Parameters

Extraction procedure (EP) toxicity tests are recommnended
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 3

provides EP toxicity parameters and recommended guidelines,
3.1.2.3 Data Collection

Solid waste samples from dfilling, including cuttings
and drilling mud, will be collected to test for toxic ele~-
ments, and to identify potential environmental compounds of
concern entering the storage sumd. 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 Unitegd States, since analyti-
cal procedures and equipment, are specialized and will require
substantial commitment of resources for development on St.

Lucia.
3.1.2.5 Quality Assurance

The laboratory selected for EP toxicity testing of soil
and drilling wastes will meet all project quality assurance

reguirements, In particular, the laboratory will participate

9-
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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
Cadmiuam 1.0
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
3.1.3.1 Baseline Development

Air quality data was collected in 1981 by Los Alamos
National Laboratory (LANL) in Sulphur Springs. On the basis of
this data and information on other geothermal systems, it
App2ars that hydrogen sulfide, H2S, wiil be the principal
non-condensible gas effluent of concern., Baseline Hjpg levels
will be determined for Sulphur Springs, Etangs and Belfond.

3.1.3.2 Monitoring Parametoers

Hydrogen sulfide will be the primery air contaminant
monitored.  However, other potential air contaminants including

mercury will be evaluated,
3.1.3.3 Monitoring Equipment

Hydrogen sulfide concentrations will be recorded in the
firld with a portable meter, such as a Mine Safety Appliance

(M3A) Hos Model, at permanent sampling stations located differ-
eat distances from the site. One station will be located
upwind and three to six 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 HjS meter will be calibrated in the field with
pre-calibrated gas containing 10 ppm H2S in Nitrogen. This will

-11-
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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 baseline levels to note possible changes in ambient
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. Finelly, data will be compared to pertinent available

aovironmental standards and criteria.

If comparisons suggest a significant risk to public
aealth or to the environment, mitigation measures will be

implemented to minimize impacts.
2.7.1 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 ekample, 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 a public health or environmental

problems. The source of contamination will be identified, if

N



possibile, since there could be more than one source of 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

area,

3.2.2 S0il/Solid Drilling Waste
50lid 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 be a possibility, several courses of action
are possible, depending on the nature of the threat. For
example, if the waste shows marginal EP tnxic levels for a
certain metal, and pH is very low in the sump, neutralization
with lime could mitigate the potential problem, If indicated,
wells might be installed to monitor potential groundwater

contamination.

3.2.3 Air

Ambient hydrogen sulfide concentrations will be evalu-
ated with regard to air quality criteria and toxic or nuissance
2ffects.  Should certain air flow patterns lead to significant
complaints or problems, mitigation methods will be identified

and implemented.

3.3 Long-term Monitoring

One of the primary objectives of this monitoring program
is to train St. Lucian personnel in environmental field methods
that are applicabie to geothermal systems. This training will
be very helpful both during this exploratory drilling program
and if additional w:1lls are developed. To accomplish this
training it is recommended 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 monitoring 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 purposcs. These instru-
ments would be turned over to St. Lucian personnel to carry out

the long-term monitoring program.
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An olvious advantage of a ceothermal 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 diesel
fired units. Preliminary calculations have shown the cost of geothermal
electricity to te in the neishlorhood of $0.17 EC/kWh, whereas electricity
renerated ly diesel units is closer Lo $0.27 RC/kWwh ($0.10 US/kWh) (see Figure
C.1). 'This figure illustrates the comparative power costs over the level 1ife
eyele cost as calculated by the Los Alamos National Laboratory, and more
closely reflects the averace annual net axpenditures of each alternative.

AL present there are two independent clectric power grids in St.
Lucin. As stated carlier, St. Lucia Electric Services Ltd., LUCELEC, has
projected an annual increase in electric~power demand of 4% in the southern
arid and 5% 1n the northern grid. The use of this projection generates the
electric-power demand shown in Fipure C.2, containing the expected average and
peak power demand curves until 2016. 'The uppermost smooth curve shows the
projection of the total installed capacity. The reader will note the minimum
power demand curve lies btelow the averagse power demand and the peak power
demand is above the averngre power demand.

Firm capacity exceeds average power and is calculat~d as sverage
power plus the larpest single generator on-line which could we removed T oom
operation without loss of average power. Thia analvsis assumes that the
useful economic life of n geothormal field iz 20 years. This pericd is rot
the geothermal reservoir lifotime Mt ralhor i suflicient to eover the
lifetime of the longest-lived equipront to le installed. This =511 resul’ iy
a cost that reflecls continuous operation past thuot time,

The Economic Cost Stream

The usefnl economic life of geothermal turbines used within this
analysis conforms to the recent experience in the California geothertal "iol.u.s
as well as U.8. Navy experience on large steam turbine driven ships.

The economic estimates are msed upen assumptions of production of
greothermal enersy with a1l borrowed funds, cepresenting the ceslimated value of
Vime and capital and fonding mixes.

ILoshould olso be noted Lhat Lthe clectric] Ly costly eatimatod herein
include only the minor contl of Lhe inteegration of the Lwo distri tution grida,
hut not the losses in Lhe existing prid. Thus, the costs riven are histar
couts.

In the Los Alamos Lconomic Study the geothermal electric-power sysiem
was assumed to produce a maximum of 30 MWH with the use of twelve 2.5 MW
units. This is not to say that the twelve units would te placed to cover the
lase load, Mt were used as the minimum size unit which could illustrate a
constant upegrading of fimm power in small increments. Assuming the initiation
of drilling in early 1986, a 120-day drilling period for ench woell, one of
each Lwo wells leine capatle of producing a net electrical cutput of 2.5 MW,
and a period of 1 year For well testing and for the installation of the
peneration equipment, the first peothermal clectricity can te expected to te
on line in early 1987. These assumptions also lead to the expectation of 10
MW of geothermal electricity leing availatle bty the end of 1988, After that,
a period of 9 years will elapse before another 2.9 MW geothermal unit will be

\'b\p
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Table C.% 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. Tt was assumed that the capitalized value of crop production on this
land is reflected in the land price. Fach well will remove 5 acres from
production, for a tolal recution of 15 acres. With a land price of $3000 per
acre, lthe cumulative loss to the cconomy is thus estimated at $45,000 to
$50,000. This negliei ble amount was not included in the economic cost
calculations.

Environmental damage also imposes an external cost on the economy .
However, au noted in the environmental assessmentl, this cost ig rather small
and was not 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 below, was used as a proxy measure
of the ndded costs imposed ty hitling dry wells.

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

The Equalizing Discount Rate (EDR) was calculated and the the pres-n:
values of the cost streams were tested for sensitivity to the diacount rate
used. FEDR is the discount rate which would make the present valus of tin Ne:
Investment Cost Stream (or Net Annual Savings) equal zerc. At this rato.
cost were the decision criterion, one would ke indifferent hetween the “wo

Al

options. As shown in Table 23, EDR was estimated to bhe 34 pereent,

The present values of each Lotal cost stream were recaleulated
several times, using discount rates varying from 2 percent to more than 50
percent. The resulls are illustrated in the graph laleled Figure C.3. Tt can
te seen that for all discount rates atove 34 percent one would bte indifferent
tetween the two alternatives Int for ‘ates lelow 347, geothermal exhilile a
cosl advantage. Calculations showed that even at rates of 75 percent there
was no reversal (or “switchover") in favor of dieset.

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

Perhaps the greatest risk in geothermal power generation is that of
drilline a dry hole. Developing a cost model that would fully reflect all of
the complexities of this factor was too ambtitious an undertaking for the time
available. Instead, a rough sensitivity analysis was conducted. The regults
are shown in Table C.4. The procedure was to determine the effect on the
discountod vialue of Lhe seothormal cont stream of o hypothetical increase of
20 percenl, ol 40 pereent., or of 67 percent, in initial capital costs, the
latter teing a proxy measure of the effects of hitting dry holes.

\bq’
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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 million) leaves the EDR (18.54) above the pro hible
opportunity cost o: capital. 1In short, the addition of a 67% cost factor to
allow for the possikility of hitting dry wells leaves geothermal generation as
the lower-cost choice, though obviously the magnitude of the advantagoe s
sharply eroded.

Cosit-Benel'it Analysis.

The results of the Least-Cost analysis were tested by Renefit-Cost
Analysis. The minimum benefit from the generation of electricity is reflected
in the tarift's charged to customers. Revenues were used as the proxy measure
of minimua benefits. Consideration of possible additional external leneflits
is noted btelow. Generation of the minimum benefit stream thus required
estimates of future demand (in MWH) and of future tarif{fs. Sales were
projected to increase at a compound rate of about 4.7 percent over Lhin
period. Bstimates are shown in column one of Tatle C.5. It is anticipated
that the proposed cecothermal wells, or their diesel alternative, would supply
approximately %6 percent of sales in each of the next 20 years, so0 these
estimates constitute the second column in the talle. Future Tariffs were
inferred from forecast data on sales revenue and and MWH sales through 1994
provided in the Octobter, 1984 Coopers & Ly brand Tari 't Study.  Betimatos Lo
2005 werve extrapolated from 1994. The Coopers & Lybrand study modelled
different rates.  Two were used in the estimates for this paper. &l
eztimated the lone-run marginal cost (M) of power generation.  Marrinal Cost
tariffs were then ecaleulated. Overall Margzinal Cost tariffs inferred from C&I
projections are referved Lo as MC Tariffs in tho third column of Table C.hH.
C&L determined ..aat Marginal Cost Taritts did not meet financial constroints
set bty its shareholders (CDC and GOSL) and ty International Lending Agencics.
C&L thus modelled another set of tariff rates which would satisfy “reasonable
return” financinl constraints., In particular, this included (a) a rate of
return on averapge nei revalued fixed assets of 0% and (b) 25% self-financing
of future capital investment. Overall average rates can again te  inferred
from CSL projected tariff structures. Theue inferred average tarif'f: are
labelled "FIN Tarifi™ (Finanecial Constraint Tariffs) in the fourth column of
Table C.5. Revenues under each of these assumed tariffs are shown in the next
two columns, followed bty diescl costs. Net Benefits for cach tarviff structure
under the diesel option are shown. The last three columns contain freothermal
cost estimates, and the Net Benefits of the geothermal option under cach of
the two assumed tariff structures.

The Net Present Values of each tlternative, for each Tariff scheme,
were determined using a 12 percent discount rate. At this rate, toth the
Diesel and the Geothermal options show nepative net lenefits under the MC
tariff structurc. This is not surprising, since C&L projected falling
Marginal Costs. Recause of the well-known relationship hetween Marpginal and
Average costs, tariffs tased on falling MC would be insalficient to cover
Average Costs. This would generate net financial losses nnd, in the present,
case, it appears as negative net lenefits. However, under the FIN tariff
structure, th net tenefit streams are positive. The geothermal option
produces the largest net benefit and would be indicated as the preferred
choice.

o



Since the choice 0of a single discount rate always contains a degree
of arbitrary judgement, Net Benefits were recalculated over a range of
discount rates. Figures C.4 and C.5 illustrate the net tenefit 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 10 pereent for the geothermal option. With an opportunity cost of capital
ol 10 Lo 2 poreenl, dicacl generalion produces negalive, or only marginally
positive, net btenefits, while geothemmal yields positive net returns. The
geothermal results would be further improved by the addition of external
benefits 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 bty substituting for the diesel fired
generators. The net effects spread over the useful life of the geotherw: 1l
power amounts to an averape of US$4.69 million per year. Annual peak demuund
was projected at 20% from 1983 to 1990, ranging from 11.73 MW in 198% to 17.%
MW in 1990. This amounts to an average annual increase of 34. When addo! tuo
the reduced poser losses (estimated by 1BRD) the annual growth rate will
approach 4.7% p.a. The same Bank study indicated a petroleum import hill in
1978 of US$%.4 miilion and of $13.8 million in 1982. This incrense reflects
large c.i.f. price incenses as well as consumption patterns.

A this juncture, pgiven thal geothermal energy will rcduce 208 o. 1 -
pelroleum import bill, annual maintenance savings of geothemmal power uc
diesel will approach $4.69 million per year. This ftigure, derived from
separate sources is consistent with the average annual expenditure over the 50
year useful life (above).

In conclusion, the comparative return on investment of geolhermal
over diesel represents a savings of over $209 million over the life of the
project.
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ANNEX L (a)

The Basic Geothermal Model

Geothermal reservoirs consist of permeable and porous rock in
which ground water, percolating down to depths of several miles, is
heated directly or indirectly by the underlving magma. The
resultant steam or effluent expands and rises to the surface.
Regions of extremely high heat flow usually display hot springs,
geysers, and fumaroles (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, wet or 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's
crust, having & temperature of 600 to 900°C, often at depths of
the order of 7 to 15 km. This view is supported by various facts
and reasons, notably that all the known “commercial" fields are in
tegions where volcanic activity has occurred during recent
Miocene-Quaternary times, or is still occurring. Some fields are
actually situated on, or close to volcanos whereas others are not
directly linked with a center of recent volcanic activity,

In an active volcano, a magmatic intrusion reaches the surface
through a large fault system. 1In compact, hard rock faulting may
provide a channel for the upward flow of magma, while plastic rocks
such as clay may flow by gravity into the fault space and seal it
from above. The energy of a magmatic intrusion may pe sufficient to
penetrate the fault system in hard rocks but insufficient to prevail
against the overburden of the plastic rocks. In such cases the
hagma may intrude ‘o the ooundary between the hard and plastic
rocks. This cryptovolcanism may occur in arcas devoid of recent
volcanic activity, and is nmore likely to be found in geological
areas of thick plastic formations. This is similar to the St.
[ucian fields at Soufriere.

Magmatic inlrusions without present eruption are common in
acidic volcanoes and can also occur in basic volcanoes. Such
intrusions provide the heat source for the Japanese and Central
Mexican fields located on or around volcanoes.

Farly hypotheses about geothermal fluids suggested that they
were of "magmatic" or "juvenile" origin, that is, wtaer vapour and
gases released from solution in the magmna when the pressure is
reduced. While this my still be partially true it is now believed
that at least 903 of the water in a geothermal reservoir is
"meteoric", originating from rain water. It would appear tht most
of 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 ftrom surtace vents,
the hydrological balance of the systen is restored, or partially
restored, by the inflow of new water. There are often clearly
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 steain
turbines have been in use for many years with only one difference.
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 connectad 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 _ 1illustrates the common approach to a geothermal
field development and the required elements to deliver electricity.

A four-phased program is needed to develop the administrative,

~inancial and technical aspects of the Soufriere geothermal field.

me major activity of the proposed project will provide and
coordinate a financing package for an appropriate exploration
program involving three 1,500 meter wells. This phase could be
otarted even after the receipt of the evaluation report by Los
Alamos [aboratory which was financed by USATD. Mike, HUH? The
work on this report was completad in May 1984 and the results
support the earlier findings on the expected high reservoir
temperature. The LANL report outlines a development program which
may lead to installation of 2.5 M4 of well-head generator capacity
by 1987. The Mission does not consider that the Government should

install non-condensing well-head units to produce power at an
earlier date. The well-head units my be appropriate fot
demonstration purposes, as temporary installation. Tha cost of
drilling three exploratory wells (4,500 m), including mobilization
and demobilization of drilling equipment is estimated to be US$5.0
million, A consulling organization needs to bhe sclected  to
supervise the work of the drilling contractor and implementation of
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.

,Lk
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ANNEX L (b)
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ANNEX M

ST. LUCIA GEOTHERMAL PROJECT

MEMORANDUM OF UNDERSTANDING

1. Representatives of the Government of St. Lucla (GOSL), the United
Scates Agency for International Development (AID), arnd the United Nations
Revolving Fund for Natural Resources kxploration (FUND) met in New York
on March 28 and 29, 1985 to discuss plans for exploring St. Luclia's
geothermal energy production potential. This Memorandum of Understanding
(MOU) incorporates both the agreements and the concerns that were
expressed during the two days of tripartite meetings in March.

2. Project design and management. Subject to the resolution of
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 to drill 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 AILD. Up to two and one half
million (DOLS £,500,000) U3 dollars will be provided by the
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 rcpay 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 totgl not
to exceed three times the full amount of the 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.
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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. .

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.

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.

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.,

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

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

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

The recommendations and the agreements mentioned above in 2
(¢) (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.

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

W\
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The GOSL reaffirms its total commitment to seek the maximum
possible pzrticipation of the private sector during the
initial drilling phase and in any subsequent commercial
exploitation of its geothermal resources.

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 1is 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 MQU concerning the March 28-April 3,
1985 meeting by all three parties for joint approval.

April 30 - Tripartite technical consultancy mission will
visit St. Lucia to make recommendations for a project work
plan. AID will be jointly responsible with the FUND for
preparing a report summarizing their recommendations and will
submlt that report to the other parties by May 15.

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.

June 28 - The project recommendation as approved by the GOSL,
AID and the FUND will be submitted to the FUND's advisory
body (JOG).

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

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

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

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

12 June 1985
New York

-
Lo



SAINT LuCIA PERMANENT MISSION

TO THE UMTED NATIONS
41 EABY 42nD BTREETY
BUITE '8
NEW YORK, N. Y. 10017
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(212) 697.9360 -V

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

Deayr Sir,

Subject: Project Recommendation

STL/GT/83/001 - Geothermal

Development Project in St. Lucia

Further to my letter dated June 13, 1985, I wish to confirm

that the Government of St. Lucia accepts the Project Recommendation

nnh/GR/83/001 as amended following our discussions on June 13 and
agiues to its presentation to the Joint Operations Group (JOG) for

approval.

Yours/|Sincerely,

Deputy Director of Finance &
Planning

\W



UNITED NATIONS REVOLVING FUND FOR NATURAL RESOURCES EXPLORATION
\

GEOTHERMAL EXPLORATORY DRILLING IN THE QUALIBoOU CALDERA!
SOUFRIERE, ST. LUCIA

PROJECT RECOMMENDATION

STL/NR/83/001
— 2 7/ 0V

Conditional on the availability of fundin 1/, 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,

This projec: includes an input of up to US$3,000,000 from a US/AID Grant
to the Government of St. Lucia to be administered by the Fund under ga
Management Services Agreement between the Government of s¢, Lucia

and the Fund.
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15. The British study (

geochemical studies. This was followed by geophysics consisting of S50 line
km. of resistivity profiling to 4 maximum depth of ] km. Seven large diameter
holes to depths between 116 and 72¢ m. were then drilled under contract in the
immediate Sulphur Springs area. Two of these produced Eteam with g high
non-condensable (C02) content. It was concluded that a shallow steam
reservoir of very limited extent had been Penetrated, overlying g deeper brine
zone. A temperature of 2]20¢ was measured at 600 m jp the deepest hole,

Due to poor completion of the wells they were éventually cemented and plugged

predict brines in excess of 3500C gt depth. They also carried out
audiomagnetotelluric (maximum Penetration 700m) and gravimetric surveys. They
suggested 5 drilling targets and anticipated éventual production over the

17. Republic Geothermal, a private U.S, company, reviewed the British and
Aquater work in 1983, They also carried out 4 mercury geochemical survey,
They estimate the necessary drilling depth to the 2200 - 2509C brinpe
resource to be approximately 1000 r. in the Sulphur Springs area, They
regarded the dry steam resource as being quite limited.

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

(a) The Craters of Belfond, where caldera-relateq faulting and recent
phreatomagmatic volcanism indicate fracture Permeability, and ]ow 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

(c) Etangs, where very low shallow resistivities (<1 ohm-m) suggest a
reservoir of geothermal brine at a depth as shallow as 1 km, associated with
thermal upwelling along the caldera toundary fault,

19. Based on 3 Tripartite Technical Meeting convened in St. Lucia between the.
Government of St. Lucia, US/AID, and the Fund and their respective consultants
in April 1985 and further evaluatiop by the Fund's consultants, it now

appears likely, based on the available evidence, that the immediate Sulphur
Springs area Mmay represent the outflow zone from a major upflow in the Belfong
drea. A zone of some 3 5q. km. to the south and south-east of the Sulphur
Springs has been therefore selected as the target for the first exploratory
well by the pProject.

20. The estimated costs of constructing a geothermal electrical generating
Plant in St. Lucia vary considerably, 1p Guadeloupe, a nearby island, four
large~diameter exploratory holes (~~45qq m) cost US$5.9 million and the 4,23
MW plant cost US$13 million. This plant is supplied with single flash steam
8t a ghallow depth from only one of the hules. There isg a good possibility
that only two holes in the Qualiboy Caldera would be necessary to produce 10
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DRAFT EXPENDITURE SCHEDULE
STL/GT/837001
TOTAL
PROJECT
TOTAL  PART I PART II
n/m US UNRFNRE  {S/aTp- GOSL
1.000 PERSONNEL AND TRAVEL I —
1.100 INTERNATIONAL PERSONNE],
1.190 Consultants 4 84,000
1.199 Sub~total 84,000
Ve
1.900 COMPONENT TOTAL 84,000 84,000
2,000 CONTRACTS
2,100 INTERNATIONAL CONTRACTS
2,101 Civil Works (Harbour, Roads, Bridges) P
for Rig Delivery . 170,000 170,000
2.102 Site Access, Pad Preparation, Ponds 40,000 ' 40,000
2,103 Water Supply 40,000 40,000
2.104 Project Supervision & Management
including:
Principal Consultant & Back-up.
Drilling Engineering Services,
Geological Services,
Drilling Superintendence,
Geophysical Services,
Geochemical Services.
Test/Reservoir Engineering,
Accounting & Purchaseg.
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 290,000 290,000
Conductor Mouse, Rat Holes 12,000 12,000 .
Fuel & 011 75,000 75,000
Contractor Charges
(Rig & Crew, Fuel) 1,320,000 1,320,000
Materials (Bits & Reamers,
Hole Oreners) 201,000 201,000
(Experdable Tools) 60,000 60,000
(Other Renta] Tools,
TODCO Guages) 120,000 120,000
(Casing & Liners) 470,070 470,070
(Muds & Chemicalg) 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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EXPLANATORY NOTES

1. Under overall supervision by the yNRfNRE'a consultant project management
group with the requ?site range 9f spec1a}1zat10ns and experien?e (ge?logy,
geophysics, geochemxstry,.drllllng §uper1ntendgnce.a9d reservoir engineering)
will ensure that all p?ssxble technical §nd SC}ent}f}c data er? ?011ected
during the project, wh11§t at the same time maintaining an efficient and
economic drilling operation.

2 The consulting group awarded the management contract will produce g
synthesis of all the pre-feasibility data in the 9ua¥ibou Caldera, including
hydrology, to assist in selection of the exact drilling location of the first
hole (SL-1) 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 .take 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 betveen the Fund and
US/AID.

9. A technical assistance and training component, to be financed by US/AID,
has been provided for under Line 5,401,
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ANNEX B

Description of Exploration Area
and Excluded Areas o

A. Exploration Area

The area is a quadrangle, covering approximately 25 §9. kms. with th
following coordinates, Proceeding clockwige from the Nw corner: ¢

A, 13°51' 30"N  61° o3¢ 30"w
B, 139 51' 30"N 610 0g' 45my
C. 13949' 30"N 610 pg' 45my
D, 139 48' 00'"N g0 03' 30"w

B. Excluded Areag

None



ANNEX N

UNITED NATIONS REVOLVING FUND FOR NATURAL RESOURCES EXPLORATION

GEOTHERMAL EXPLORATORY DRILLING IN THE  QUALIBOU CALDERA,
‘ SOUFRIERE, ST. LUCTA

PROJECT RECCMMENDATION

STL/GT/83/001

Conditional on the availability of fundingl/, 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.

This project includes an input of up to US$3,000,000 from a US/AID Grant
to the Government of St. Lucia to be administered by the Fund under a
Managezent Services fpreement between the Government of St. Lucia

and the Fund.
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Fig. 1. Map of St. Lucia showing ProJect Exploration Ares and existing power grids.
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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
km. of resistivity profiling to a maximum depth of 1 km. Seven large diameter
holes to depths between 116 and 726 m. were then drilled under contract in the
immediate Sulphur Springs area. 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°C was measured at 600 m in the deepest hole,

Due to poor completion of the wells they were eventually cemented and plugped.

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 the 220° - 250°C brine
resource to be approximately 1000 m. in the Sulphur Springs area. They
regarded the dry steam resource as being quite limited.

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

(a) The Craters of Belfond, where caldera-related faulting and recent
phreatomagmatic 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

(¢) Etangs, where very low shallow resistivities ( 1 ohm-m) suggest a
reservoir of peothermal brine at a depth as shallow as 1 km, associated with
thermal upwelling along the caldera boundary fault.

19. Based on a Tripartite Technical Meeting convened in St. Lucia between the
Government of St. Lucia, US/AID, and the Fund and their respective consultants
in April 1985 and further evaluation by the Fund's consultants, it now
appears likely, based on the available evidence, that the immediate Sulphur
Springs area may represent the outflow zone from a major upflow in the Belfond
area. A zone of some 3 sq. km. in the Belfond area has been therefore
selected 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., 1In 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 steam
at 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
MW,
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DRAFT EXPENDITURE SCHEDULE

STL/GT/837001
TOTAL
PROJECT
TOTAL PART 1
m/m us$ UNRFNRE
1.000 PERSONNEL AND TRAVEL T
1.100 INTERNATIONAL, PERSONNEL
1.190 Consultants 4 84,000
1,199 Sub-total 84,000
1.900 COMPNNENT 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 40,000
2.103 Water Supply 40,000

2.104

2.104

2.105

Project Supervision & Management
including:
Principal Consultant §& Back-up.
Drilling Engineering Services.
Geological Services.
Drilling Superintendence.
Geophysical Secrvices.
Geochemical Services.
Test /Reservoir Engineering,
Accounting & Purchases.
Secretarial & Office.
Drafting.
Local Accommodation, Board
Office Facilities.
Sundries
Including: Telephone, Telex
Travel, Reproduction

and

Total 625,000 625,000

Drilling including:

2.105 Total

bbbilization/Moving 290,000
Conductor Mouse, Rat Holes 12,000
Fuel & 011 75,000
Contractor Charges
(Rig & Crew, Fuel) 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
(Muds & Chemicals) 255,000 255,000
Cementation & Cement 210,000 210,000
3,013,070 846,000

PART 11
US/AID

10,000

290,000
12,000
75,000

1,320,000

470,070

2,167,070

GOSL

40,000
40,000
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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,
peophysics, geochemistry, drilling superintendence and reservoir engineering)
will ensure that all possible technical and scientific data dre 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 the exact drilling location of the first
hole (SL-1) in the Belfond target area a.d 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 Goverument of St. Lucia. Provision of
water for the drilling will also be the responsibility and at the cost of the
Government. . -

4. Prilling 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,
bridge%}?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. 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, required under 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, not
US/AID's contribution.



ARREX A

Map of Exploration Area

& Wount Tebaa /

CARISBEAN SEA

TOPOGRAPHC MM, QUALIBOV CALDBRA

MORATC OR PEATOMAGMATIC CRATERG

QEOTHMEAMAL WTLL

ARIAS RECOMMENDED AS ORLLISS TAMGETS

OACITE OF BLPOND

OACITY OF YERRE BLANOE

e
O
@ ANOENTES OF WOMRNE BOMSL. BOW D'POES FRANCGIOU
@ OACITE OF N MTONS

wanos



ANNEX B

Description of Exploration Area
and Excluded Areas o

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 g3t 30"w
B. 139517 30"N 610 gp' 45my
C. 13949" 30"N 610 g 45y
D. 13°48' 00"N 610 03' 30y

B. Excluded Areas

None

%



ANNEX C

Work Plan

Objectivo

Part

I of the Project

Part

(a)

(b)

(¢)

I of the Project will consist of:

Cverall supervision and co-ordination of all project activities for
Parts 1 and II of the Project.

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
vells,

Provision of technical consultancy group who will be responsible for
the implementation and exccution of the following activities:
(i) geological, geophysical and geochemical inputs;
(ii) drilling engineering and superintendence;
(iii) re.ervoir engineering and testing,

Provision of the following sub-contracts:

Formation and production logging

Wireline logging and testing

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

Project management services for Parts 1 and 11 of the Project to be
carried out by the Fund and to include technical backup, general
administration, legal and accounting services;

Eavironmental assessment and monitoring;

Preparation of road and other access requirements;

Preparation of drilling pads and water supply (responsibility of

Provision of all drilling services required to effectively carry
out a three-hole programme with an approximate aggregate total

(1)
Cementation
Mud engineering
Mud logging
Chemical analyses
Well completion
(e)
Part 11 of the Project
(a)
(b)
(c)
(d)
GOsL);
(e)
depth' of 4,500 m;
(£)

Provision of drilling supplies consisting of hole casings, liners
and other related equipment and supplies necessarv to complr -
drilling programme s=d nat sme. - :



