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October 9, 1981

Mr. Kenneth M. Bromberg
Contract Monitor

. United States Department of Energy

San Francisco Operations Office
1333 Broadway
Oakland, California 94612

Dear Mr. Bromberg:

Coopers. & Lybrand and our subcontractor, GeothermEx, Inc., are
pleased to submit this final report on the results of the Geothermal
Reservoir Insurance Study. In accordance with the contract speci-
fications, we have conducted a comprehensive and independent study
of the need for and fea51b111ty of establishing a geothermal

reservoir insurance program.

This report contains an executive summary followed by an introduc-
tion to the study, the perceptlon of risk by major market sectors,
status of private sector insurance programs, analysis of reservoir
risks, alternative government roles and our recommendation.

Coopers & Lybrand has appreciated this opportunity to provide

‘assistance to the Department of Energy in the establishment of

policies affecting the future energy security of the United States.
If we can be of further service, please contact either E. Michael
Shays or Donald M. Routh of our San Francisco office.

Very truly yours,

PAC/DMR/kg
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I. EXECUTIVE SUMMARY




EXECUTIVE SUMMARY

on June 11, 1981, an Executive Summary was delivered to the
Department of Energy. The summary represented the preliminary
findings of the Geothermal Reservoir Insurance Study and was subject
to revision as a result of the final review process and the prepara-
tion of this final report. The Executive Summary, as revised, is
presented herein. The sumﬁary is supported by the remainder of
this report which should be considered as the definitive document
representing the assumptions, findings and recommendations of
Coopers & Lybrand.

The principal goal of this study has been to provide analysis of
"and recommendations on the need for and feasibility of a geothermal
reservoir insurance program. One hypothesis is that a geothermal
reservoir insurance program would be an incentive for increasing
geothermal development and improving geothermal technology. The
purpose of this study has been to analyze this potential incentive
on its own merits =-- not to attempt to determine the singular best
incentive that might be provided to the geothermal industry.

The study involved five major tasks: (1) determine perception
of risk by major market sectors, (2) determine status of private
sector insurance programs, (3) analyze reservoir risks, (4) analyze
alternative government roles, and (5) provide recommendations.

 PERCEPTION OF RISK BY MAJOR MARKET SECTORS

Interviews with representatives of the developer, user and lender
sectors of the geothermal industry were conducted. The objectives
of the interviews were to:

e Identify major categories of geothermal risks to be utilized
" as the basis for subsequent analysis.

o Obtain the industry's perception of the need for a federal
geothermal insurance program and its potential impact on
geothermal development.




\h/The perceived priority risks varied by size of firm, type of
resource being developed, size of development and the respondent's
role in the project. The priority risks commonly identified were:

® Reservoir decline;

e Well failure or damage;

) Enﬁironmental, legai and institutional. delays;
o Physical damage to plant;

o Financial impediments; and

® Inability of developers and utilities to secure satisfactory
long-term sales agreements. '

Developers, users and lenders had differihg opinions on the need for
a federal geothermal insurance program and on its impact on geo-
thermal development. Firms.believing that increased availability of
insurance coverage would have little positive impact on their plans
to develop geothermal energy cited these reasons:

e Insurance might unnecessarily increase project costs.

e If insurance were available, lenders might require unwanted

insurance.

e Subsidized insurance might facilitate unprofitable. develop-

ment.

e The Geothermal Loan Guaranty Program is similar to a form of
insurance that provides coverage against default regardless
of cause and is potentially less costly for the developer.

Firms believihg'that a federal geothermal insurance program would
have a positive impact on their plans to develop geothermal energy

cited these reasons:




W' e Insurance might reduce risks to utilities and thus accelerate

development.

® A well-defined insurance program might substantially increase

lender participation.

Larger firms had different perceptions than smaller firms regarding
the role of ‘insurance in encouraging geothermal development.
.Certain largér developers and utilities plan to proceed with
development regardless of insurance. The smaller firms, because of
their relative intolerance for risks, generally believe that in-
creased availability of insurance would greatly facilitate de-

velbpmént of geothermal energy.

Although the individuals interviewed had differing opinions on the
appropriateness and need for an insurance program, they generally
agreed that the availability of insurance would speed geothermal
development. Insurance would address the uncertainty surrounding
this resource and as a result would overcome some of the reluctance

to become involved in geothermal projects.

Regarding the role of government, there is_ a consensus that the
role of providing insurance would be best left to the private
sector. The government role should be limited to encouraging and
complementing private initiative., A government role that displaces
the private market, with a resulting dependency on government,

should be avoided.

STATUS OF PRIVATE SECTOR INSURANCE PROGRAMS

Interviews with représentatives of the various segments of the
private insurance community were conducted to determine the status
of current insurance programs. Insurance brokers, primary insurers
and reinsurance companies provided ‘their perceptions of the in-
surability and appropriateness of coverages for the specific geo-

thermal risks previously identified by the major market sectors.
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A majority of the firms interviewed are knowledgeable of the risks
associatéd with geothermal development. However, only one primary
insurer has actively sought to provide reservoir performance cover-
age. Many of the firms interviewed indicated a willingness to
provide insurance coverage for certain of the risks associated with
geothermal projects. In particular, some insurers indicated a
specific interest in writing coverage for reservoir performance.

The key reasons identified for the current lack of broad participa-
tion in insuring geothermal developments were:

e Lack of historical performance data;

® OQuestionable reliability of available data;
. Potential fbr uhusually large loss;

e Unacceptibility of desired policy term; and

e Lack of communication between geothermal and insurance
industries. '

In considering the insurability of the priority risks identified by.
the major market sectors, certain specific risks were perceived as
uninsurablé ‘(e.g. 'marketability). The remaining risks, although
opinions differed widely as to insurability, comprise~thé set of
geothermal risks considered for further analysis. '

The insurance companies identified conventional and unconventional
coverages that could apply to loss from geothérmal risks. The
conventional coverages include boiler and machinery, builder's
risk and business interruption insurance while the unconventional
forms of protection, include coverage of reservoir inadequacy or
depletion. -

Currently there is only limited participation in providing insurance
protection for geothermal risks.  However, it is not unusual for
developing technologies that have limited or unavailable data, to




&EJbe served by only a few insurers. If some insurers gain positive

o/

experience in the geothermal industry other insurers have indicated
‘they would be more willing to become involved, thereby increasing

competition.

ANALYSIS OF RESERVOIR RISKS

The risks of geothermal developmént were analyzed to estimate the
approximate level of insurance premiums necessary to cover potential
losses. Prior to performing actuarial analyses resulting in premium
estimates, specific risks were identified and their probability of
occurrence and estimated cost consequences were determined.

Based on the results of the interviews, information provided by
DOE- data sources and geothermal reservoir engineering experts of
GeothermEx,A Inc., a comprehensive set of risks were identified.
These risks comprise five major risk categories specific to geother-

mal developments:

~® Well Risks - events leading to the unexpected replacement,
addition, or abandonment of wells.

® Reservoir Performance Risks - events leading to significant
reduction in reservoir productivity.

® Power Plant Risks - events leading to reduction in power

plant performance.

e Surface Facility Risks =~ events leading to unexpected re-
placement of advanced design equipment and/or significant
portions of the piping system. ’

® Acts of God - events such as landslides and volcanic

eruptions.

Probabilities of occurrence and cost consequences  were estimated
based on available data and subjective probability assessments of
geothermal reservoir experts. Subjective, rather than objective,




\EJ probability assessments were necessarily utilized because adequate
objective evidence based on repeated historical trials was not
available. On the basis of the probabilistic analysis, an expected
loss and loss distribution for each risk was estimated in terms
of:

e Direct Cost to Developer - direct costs to replace or add
wells, surface piping, etc.

e Indirect Cost to Developer - loss of revenue from reduced
steam sales. ‘

® Direct Cost to User =~ repair costs from physical damage to

plant or turbines, as well as the unamortized value of a
plant resulting from total or partial abandonment.

e Indirect Cost to User - excess cost of replacement power
resulting from shut down or reduced capacity.

The expected losses and distributions were estimated for each of
three different stages of development (field development, initial
operation and full operation) and for each of seven geologic
project types (e.g. vapor dominated). The expected losses and
distributions are the principal data inputs used to estimate
approximate levels of insurance premiums.

- Premiums were estimated using appropriate actuarial methods as a
function of the expected losses and loss distribution for each
coverage catégory, along with a provision for administrative ex-
penses, The tisk loadings used in the premium calculations were
determined statistically, rathér than by a combination of under-
writihg,judgment and competitive factors which would be the case
in an actual market environment. Annual'premiums were estimated
assuming coVerage in force for the entire project life under the
assumption that the policy would be renewed annually.

At the time of a heat sales agreement there is likely to be limited
data available on which to base judgments on risk, which will make




&siit‘difficult to precisely assess premiums. As operational experi-

ence is gained and actual loss history observed, premiums could be

"calculated more accurately and should be readjusted.

ALTERNATIVE GOVERNMENT ROLES

After examining the range of possible programs, five alternatives
were selected for detailed evaluation. These five alternatives
represent viable options of federal support ranging from noninvolve-
ment to a high level of support. The alternatives are:

(1) Private market insurance program exclusive of any government
involvement.. ‘

(2) Private market insurance program with government providing
excess catastrophe reinsurance.

(3) Private market insurance program with government making
available specific excess reinsurance.

(4) Private market insurance program with primary government
insurance to cover those risks not insured by the private
sector,

(5) Government primary insurance program contracted to a third
party for underwrltlng and administration.

Detailed analySes were performed on each alternative including
(a) impact on private insurance sector, (b) financial impact on

~geothermal industry, (c) estimated cost to government, and (d)
interaction with other government programs.

The levelmof federalnsupport will have important consequences on
the private insurance sector. A positive impact on the private
insurance seotor would - be achieved_’if the government's role and
level of involvement would support rather than» compete with the
private insurance sector. However, if the government's role and
level of involvement extend beyond a support function, it would have




a negative impact on the development of a viable private market

gﬁ;insurance program. Therefore, Alternatives 1, 2 and 3 would have

A

a- positive impact on the private insurance sector's development of
geothermal insurance programs and Alternatives 4 and 5 would have
a negative impact.

The financial impacts of insurance costs were examined for each
project type. The estimated premiums were significantly greater
during the early stages of development and operation because of
the initial uncertainties of reservoir characteristics. Although
insurance premiums are higher in the early stages, the financial

impact can be minimized through various methods such as federal

cost support. However, even with the high initial premiums and no
cost support, analysis indicates that the insurance burden would
not be prohibitive to project economics. The  financial impact to
the insured will not significantly differ among the alternatives.
However, Alternatives 2, 3 and 5 could provide somewhat lower cost
because of the potential for federal cost support to the insured.
Alternative 4 would result in somewhat higher cost because of the
additional risks covered..

The cost to government of providing geothermal reservoir insurance
depends on the potential government 1liability and administrative
costs. If premiums are adequately assessed to cover liability and

‘administrative costs the net cost to government would be zero.

However, to adequately assess the possible cost consequences to
government, the maximum potential government outlay, the expected
gdvernment outlay and the uncertainty that premiums would not cover
actual losses must be considered. Alternative 1 has the lowest cost
to government. The government's potential and expected liability
will increase with increasing levels of federal support; however,
the,possibility that'premiums would not cover actual loss is
greatest under Alternative 2.

There are a variety of government programs that provide incentives

for geothermal development. These include price supports, tax
incentives and loan guaranties. The Geothermal Loan Gﬁaranty
Program (GLGP) is the government program that is likely to have the
most direct impact on the alternatives because it mitigates certain




risks and serves as an incentive to develop geothermal energy. The
j continuation of the GLGP would likely decrease the demand for
insurance for a limited number of potential insureds under each
alternative. '

In evaluating the alternatives the primary consideration was whether
or not there is a need for a government role. In assessing alter-
native govetnment roles consideration was given to the following
primary criteria:

e Maximize availability of geothermal insurance from the
private sector.

® Minimize cost to the geothermal industry.

e Minimize cost to government.

RECOMMENDATION

The recommended geothermal reservoir insurance alternative was
determined on the basis of its responsiveness to the perceived
need for geothermal reservoir insurance and its effectiveness in
stimulating development of geothermal resources.

The study began with the fundamental assumption that it is advan-
tageous to develop geothermal resources in the United States. There
- clearly are risks inherent in geothermal resource development. The
study has detailed and analyzed these risks and found them to be
significant. Reducing the financial uncertainty that stems from
these risks can provide a strong incentive for the development,of
geothermal resources.

Although current means exist to reduce certain aspects of the
financial uncertainty of loss to geothermal developers and users
(e.g. Geothermal Loan Guaranty Program, tax incentives, etc.), there
is room for compleﬁentihg these programs. This study has shown
that insurance would provide a means of protecting against the
financial uncertainties of geothermal development. The study has
also shown that insurance would most likely be a cost effective
means of dealing with geothermal project financial uncertainties.




Interviews with members of the geothermal constituency showed that

although there is some difference of opinion on the appropriateness

. of a federally supported reservoir insurance program, there is a

widespread belief that such a program, if properly structured, would
speed the development of geothermal resources. Those interviewed
also believed that geothermal insurance would be most efficiently
provided by the private insurance industry.

The willingness of the private insurance sector to commit a portion
of their financial capacity to insuring geothermal development on a
basis that is not prohibitive to project economics has been limited.
This lack of broad participation has been due to unfamiliarity with
the nature of the risks of geothermal projects and the limited
number of projects which have been presented to the private
insurance sector for consideration.

This study has served as a first step in identifying and classify-
ing the risks aSSociated with geothermal projects and has prompted
discussion of the insurability of those risks by developers, users,
lenders, and potential insurers. Information and intelligence
have been gathered on probabilities of loss occurrence and estimates
have been made of potential overall costs of loss. This information
of itself will encourage further discussion and analysis within the
private insurance sector. In addition, the number of projects of
each type is projected to increase substantially over the next
several years which will focus the attention of the private
insurance sector on geothermai projects-as a market for coverage.

Under these circumstances, it was determined that there is a viable
role for the government to help accelerate the emergence of geo-
thermal insurance supplied through the private sector. Given
that:

® it is desirable to provide incentives for the development
of geothermal energy as an alternative energy source,

e there are significant risks associated with geothermal

development,
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e 1insurance provides incentives for geothermél development by
reducing the financial uncertainty of geothermal risks to
the insured,

e the geothermal constituency believes that a properly
structured insurance program would speed the development
of geothermal resources, and

e the private insurance sector currently lacks broad partici-
. pation in insuring geothermal development, this implies

there is a need for a temporary government role in a geothermal
reservoir insurance program until such time as private insurers
are actively providing adequate coverage on a broad basis. 1In
additidn, because (a) the significant risks associated with geo-
thermal development can be insured, and (b) there is a historical
precedénce for the government -playing a role in insuring highly
technféal or emerging industries, it is feasible for the government
to have a role in a geothermal reservoir insurance prdgram.

Based on the above summarization of, and the detailed findings

- reported in, Sections III, 1V, V and VI of this report, it has been

concluded that there is both the need for and the feasibility of a
federally supported, and properly structured, geothermal reservoir
insurance program.

Because of the previously established need for and feasibility of a
federally supported geothermal reservoir insurance program and based
on (a) the analysis of the perceptions of the major geothermal
market sectors in Séction 111, (b) the analysis of the perceptions
of the private insurance sector and existing'geothermal reservoir
insurance programs in Section IV, {(c) a thorough analysis.of geo-
thermal risks in Section V, and (d) a detailed analysis of alter-
native government roles in Section VI, the recommended program is:

11




A private market insurance program for insurable
risks underwritten by private insurers should be
encouraged. The federal government should support
this effort by making available limited excess
reinsurance at a specified level decreasing over
time. Additionally, through cost support, the
price to insurers should be substantially less
than what the private reinsurance market might
provide.

The recommendation includes these provisions:

The federal government will encourage broader participation
by private insurers through facilitating communication
between the geothermal industry and the private insurance

- sector.

The specific details of the reinsurance program will be-
developed by the federal government in cooperation with
the private insurance sector. This includes determination of
the appropriate attachment point for‘federal involvement.

'The federal government reinsurance program will be structured

to phase out in a specific period of time wherein adequate

performance data can be obtained such that the insurance

industry 1s able to make a determlnatlon of its commitment

to underwrlte the full program.

The. federal government's support of the program will be
gradually reduced during the participation period.

The administration of the government reinsurance program
will be contracted to a third party having reinsurance
expertise, thereby eliminating the need for the federal

government to staff and administer the program.

alternative is preferable because it:

Addresses the primary constraints inhibiting the private
insurance sectors' broad participation in geothermal pro-
jects, including the concern about the potential for un-

usually large loss.

12
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e Places the primary burden of providing protection with
private insurers who have the most expertise in managing
risk. '

@ Permits each private insurer to select its level of partici-
pation, if any, in the geothermal reinsurance program.

e Encourages open competition and innovation between insurers.

e Provides cost.suppoft by removing risk loading and adminis-
trative costs from the federal reinsurance premium calcula-
tion, thereby reducing costs to the insurer and potentially

"to the insured and providing an incentive for early parti-
cipation.

e Minimizes the federal government role and provides for an
orderly phase-out as adequate performance data on geothermal

risks are obtained.

® Encourages tailoring of protection to meet the specific needs
of the insured.

e Has a positive impact on the private sector's development of
geothermal insurance programs.

e Motivates the geothermal industry to utilize the best tech-
nology and management skills to reduce ultimate costs.

_The cost to government for any reinsurance program will be dependant

on numerous factors that are'difficult to determine prior to the
exact specification of a detailed program. For example, the cost
to government depeﬁds on such factors as (l) the number of insured
geothermal projects, (2) the government's scope of coverage, (3) the
amount of reinsurance ceded to the government by insurers, (4) the
actual loss experience of the developers and users, and (5) the
duration of the program. Absent detailed program specifications,
the cost parameters of4'the recommended program are based on the

-analysis.of reservoir risks and the following primary assumptions:

® The government is providing the maximum level of reinsurance

permitted by the program.

13




e The number of geothermal electric generetion projects in
existence in 1990 is estimated to approximate 100, which
would generate approximately 5,000 megawatts of electrical
capacity. This estimate includes the 16 projects (812
megawatt's) that are currently operating and an annual
addition of between 5 and 13 plants coming on line from
1982-1990.*

® The program is established January 1, 1982 and entirely
phased out December 31, 1991 with the phase-out period
 beginning January 1, 1990.

e The attachment point for government reinsurance is equal to
the expected loss plus five percent of the probable maximum
loss during the first year of the program based on the
loss distribution for all risks per project. The attachment
point increases by five percent of the probable maximum loss
in each successive year through 1989.%**

e Premiums charged by the government are equallto expected
government losses with no provision for loading adminis-
trative expenses and risk charges. '

The estimated cost to government in 1981 dollars is based on the

assumptions stated above. In reviewing the cost to government,

*Based on estimates provided in Geothermal Progress Monitor:

Progress Report, September 1980, DOE/RA-0051/4, P.1-7. The
assumed number of geothermal electric generation projects
approximates the mid-point between the operating and planned
plants and the Interagency Geothermal Coordinating Council goal
for cumulative geothermal electric power on line in 1990.

**An alternative method of expressing the attachment point may
be necessary if reinsurance 1is obtained on a treaty basis
(terms negotiated for all policies to be reinsured in advance
of those policies being issued) rather than obtained for each
individual policy when written. hile the attachment point
can be determined for each individual policy on the basis of
variance, the use of a reinsurance treaty requires that the
amount of coverage (and, therefore, the attachment point) be
known prlor to issuing a single policy.  Therefore, the attach-
ment point is expressed as a ratio to the expected losses for
all policies to be reinsured through the treaty. Because
the expected loss is generally assumed to be a percentage
of premium, the attachment point for this type of treaty
reinsurance would also be expressed as a percentage of the
total premium reinsured under the treaty.

14




it is important to recognize that the amount paid out for claims
'Q-J(losses),wou;d be offset by funds received from premiums. The
- expected amount of losses paid by the government would aggregate
apprgximately §400 million with annual expected losses ranging from
$20 million to $55 million*. As stated, premiums charged by the
government are then assumed to equal the expected government losses.
The government's tqpal probable maximum loss, which by definition
is significantly less likely to be attained than the expected loss,
would aggregate approximately $1 billion during the period of the
program. Because reinsurance pfemium income of $400 million would
offset the total maximum loss, the net probable maximum loss ex-
posure to the government would be $600 million. Administrative
costs are estimated at ten percent of premium income during the
period of the program.

The aggregate ekpected amount of losses of approximately $400
million (éxclusive of premium income) paid by the government during
the duration of the program represents approximately $100 million to
cover direct loss (repair and/or replacement) and approximately $300
million to cover indirect loss (lost potential revenue). The $100
million expected government loss to cover direct loss is less than
one percent of the estimated initial capital investment for all
geothérmal electric generation projects assumed to be in existence
in 1990, and less than two percent of the initial capital investment
for those projects assumed to participate in the geothermal reser-
voir insurance program.** Because the program would cover direct
loss for té;al capiéal invéstment and not just the initial capital
investment, the $100 million expected government loss for direct
loss actually représehtS'much less than two percent of the total
capital investment for projects in the program.

*The expedted losses inctease‘annually by an average of $5
million from approximately $20 million in 1982 to $55 million in
1989 and then decrease to zero by 1992 as the program is phased
out.

**The total initial capital investment for all projects in exist-

ence in 1990 is estimated to be approximately $12.8 billion.

This 1is based on the number of geothermal electric generation

ﬂiJ projects assumed to exist in 1990 and an assumed average initial

'~ capital investment of $60-65 million for well field and surface

facility development and $66 million for plant and transmission
lines. ! .

15




The structure of the primary insurance program developed by the
v‘gﬁ)private.sector could take the form of individual insurance company
programs or an association or pool of insurers who develop a joint

program. 1If a joint program is developed, the overall cost to the
government, as estimated above, may be significantly different. The
size of the geothermal insurance market, the available insurance
capacity and the degree of specialized underwriting expertise
required will affect the program structure selected.

Detailed guidelines must be developed for the recommended program.
-The remaining discussion highlights certain of the recommended
guideline parameters.

Adequate authority should exist for the recommended program. This
authority should be exercised in such a manner as to encourage the
efforts of the private insurance sector. For the insurance .indus-
try, eligibility for the program would be based on providing
insurance to candidates with at least a $1 million (1981 base)
investment in a geothermal project.*

The nature of losses qualifying for coverage under this program

should include both direct and indirect losses, for example, the
. loss of capital and loss of revenue resulting from an unexpected

event. The availability of the coverage through private insurers
g in conjunction with this program should allow policyholders to
, protect the entire amount of their interest in a project subject
to self-insured retention provisions. Evaluation of specific
projects for the acceptability of the risk will depend heavily on
the data obtained by primary insurers'kconsistent with generally
| accepted industry underwriting practices. The'premium received by
5 the federal government for this reinsurance will be proportional
to its participation and will be adjusted to reflect the amount of
cost support. The recommendation anticipates that claims against
this reinsurance program. would be Presented for reimbursement on
the basis of claims paid by the primary insurers.

*This minimum investment level should, however, remain somewhat
flexible so as to not exclude sizeable direct-use commerical
projects having a demonstrated need for insurance.

16
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INTRODUCTION

"Geothermal - earth heat - energy is one of our most plentiful
resources. It results from the radioactive decay of rocks, which
raises the earth's temperature an average of 25 degrees Celsius with
each kilometer of depth. Experts estimate that 32 miilion quads of
energy are simmering within ten kilometers of the surface of the
United States.* Most can never be utilized, but interest in exploit-
able areas is quickening. Some 2,300,000 acres of federal land
have been leased for exploration and development, and in 1979
drilling increased 25 percent over 1978. Development and refinement
of technology are necessary to make geothermal energy economically
competitive with conventional sources of energy. However, experts
estimate that by the year 2020 geothermal could be addlng 18.5 quads
annually to the national energy pool,"**

One hypothesis is that a geothermal reservoir insurance program
would be an incentive for increasing geothermal development and
improving geothermal technology. The purpose of this study has been
to analyze this potential incentive on its own merits =-- not to
attempt to determine the singular best incentive that might be
provided to the geothermal industty.

*In 1975, the United States Geological Survey, ERDA-86, esti-

mated the total heat content of the accessible geothermal
resource base (depth less than ten kilometers) at 600,000 quads,
excluding the highly diffuse "Normal gradient" resources. On
the basis of conservative assumptions of extraction and con-
version efficiencies the total recoverable energy from this
base, with near term technology but without regard to cost, was
estimated at 3,400 quads. This is the energy equivalent of 578
billion barrels of oil which is over 40 times the total U.S.
energy consumed in 1980 and over 300 times the total imported
crude oil in 1980. :

**National Geographic Special Report, "Geothermal - Tapping the
Earth's Furnace," February 1981, p. 64
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\&/BACKGROUND

On Junef30} 1980, Public Law 96-294, referred to as the Energy
Security Act, was enacted by the Congress of the United States.
Subtitle B of Title VI (Geothermal Energy) of the Act requires that
a reservoir insurance program study be conducted. Specifically,
Section 621 of the Act directs the conduct of a detailed study of
the need for and feasibility of establishing a reservoir insurance
and reinsurance program incorporating the terms, conditions and

- provisions set forth in Section 622. The applicable sections of
the Energy Security Act are contained in the Appendix.

On February 13, 1981, Coopers & Lybrand contracted with the United
- States Department of Energy to conduct a geothermal reservoir
insurance study. An executive summary containing the preliminary
‘ findihgs.and recommendations resulting from the study was submitted
to the Department of Energy on June 11, 1981. The final report,
as contained herein, is the definitive document representing the
assumptions, findings and recommendations of Coopers & Lybrand.

OBJECTIVES

The primary objective of this study has been to provide an analysis
of the need for and feasibility of a geothermal reservoir insurance
program. In conjunction with the analysis of the need for and
feasibility of such a program, the appropriate level of federal
support, if ény, was to be determined. The findings and recommen-
dations resulting from the study are herein présented by Coopers &
Lybrand to the United States,Department of Energy. It is the
inteht of the Secretary of the Department of Energy to submit the
results of this study to Congress for review in accordance with the
requirements of Section 621 of the Energy Security Act.
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v SCOPE

The scope of the geothermal reservoir insurance study was comprised
of five major areas: (1) analysis of reservoir risks, (2) percep-
tion of risk by major market sectors, (3) status of private sector
insurance programs, (4) alternative government roles, and (5)
recommendations. The detailed scope of work as prepared by the
Department of Energy is presentéd below.

SCOPE OF WORK

Analysis of Reservoir Risks

A. Discuss insuring against inadequate initial temperature and
flow rates during the short term as well as the following
long-term risks:

e Temperature decline

® Pressure or production rate decline

e Scaling or corrosion of production wells
e Injection problems

@ Operational problems in geothermal facilities on the
surface or with downhole pumps

e Any other resource related problems that result in cost
escalation adversely affecting project economics

B. Select a cross-sample of geothermal projects (both electric
and direct-use) based on their expected development potential.
~Estimatebthekoverall»probability of project failure from the
above risks that result in insurance claims.

C. Estimate the costsAassociated with such failure and the
premiums required to support this level of failure.
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‘sJD° How well can the above mentioned risks be evaluated for a
specific project at the time a heat sales agreement is to be
signed?

E. At what times during subsequent field development and exploi-
tation can these risks be evaluated with sufficiently greater
confidence to justify adjustment of the insurance premiums?

Perception of Risks by Major Market Sectors

The study should consider, to the maximum extent possible, the
attitudes and viewpoints of the following major market sectors
regarding the need, cost and impact of a reservoir insurance/
reinsurance program on the geothermal industry.

A. Geothermal developers (direct-use)

B. Geothermal developers (field development leading to power
plants)

.c, Utilities

D. Major‘non-electric users of geothermal heat
E. Interim lenders (commercial banks)

F. Long~term lenders

G. Insurance industry

H. Reinsurance industry

Status of Private Sector Insurance Programs

Specify the companies, terms, costs, coverage and other relevant
parameters associated with. existing private sector insurance/
reinsurance coverage. Identify any projeét types not likely to be
covered. '
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‘ﬁJAlternative Government Roles

Evaluate various levels of federal support ranging from non-
involvement to a‘high level of support. Discuss alternative
government roles such askpfOViding insurance coverage, reinsurance
coverage or some mix of the two. To the degree practical, consider
other relevant government insurance programs. For each of the
above, consider the probable cost, impact on private sector
inSurance/reinsurance programs, interaction with other government
programs (e.g., Geothermal Loan Guaranty Program), and mechanisms
for the phase out of federal involvement.

Recommendations

Provide recommendations for structuring a federal insurance/rein-
surance program incorporating the terms, conditions, and provisions
set forth in Section 622 of P.L. 96-294. Discuss the necessary
legislative authority, program management (maximizing private sector
involvement), scope of coverage (e.g., actual project losses vs.
expected project revenues), methods of paying claims (e.g., continu-
‘ous operating subsidies vs. lump sum payment), project qualification
and  premium structure,'eValuation parameters and nature of losses
qualifying for coverage. ‘

* * * * *

To further clarify the intended scope of the study, répresentatives
of Coopers & LYbrand met with Mr. Michael Harvey, Minority Counsel
for the Senate Energy Committee. As a result of the meeting and
discussions with representatives of the Department of Energy, the

scope of the‘study was defined to include not only risks relative to
the quantity and quality of the reservoir but also other hazards
unique or nearly unique to geothermal devélopment. '

The scope of geothermal projects selected for risk analysis was
limited to project sites within the United States. Although there
are significant geothermal developments located in other parts of
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'Q.Jthe world, it was determined that risk, probability and cost data

from foreign sites would not be sufficiently applicable to the
study because (1) the current state of technological development
in the United States is sufficiently different, and (2) any federal
program resulting from the study would apply only to domestic
geothermal sites. 4 '

APPROACH

The objectives and scope of the geothermal reservoir insurance
study required a multi-disciplined approach to the engagement.
An engagement team was organized consisting of over 40 Coopers &
Lybrand professionals representing the following disciplines:

e Actuarial Consulting

e Economic Services Consulting

e Finance and Management Consulting
® Government Services Consulting

e Insurance Consulting

Within these disciplines,. individual members of the management team
provided the'study with experience and expertise in such areas as
public policy analysis, decision theory, probability analysis,
geothermal project financing, premium determihation and insurance
program development. In addition, GeothermEx, Inc., a geothermal
reservoir éngineerfng firm, was engaged as a sub-contractor to

‘Coopers- & Lybrand. GeothermEx provided the engagement team with

professionals experienced as geothermal reservoir engineers, geo-
logists, geophysicists and geochemists.

The five major areas comprising the scope of work were resequenced
and utilized as the basis for detailing the approach to accomplish-
ing the objectives of the'study. The approach employed consisted of
the following tasks.
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1.

2.

\/TASK 1: Perception of Risk by Major Market Sectors

A cross-sample of geothermal projectvtypes was selecged
based on their expected development potential and range of
geography, geology, resource characteristic, usage and en-
vironmental risks.

Separate and distinct stages of development, applicable
across project types, were identified such that interviewees®
responses could be more accurately categorized and compared.

The following major market sectors, from which interviewees
would be selected, were identified:

e Geothermal developers - power generation
e Geothermal developers - direct-use

e Utilities

® Non-electric users

e Interim lenders

e Long-term lenders

Representatives of each of the major market sectors were
selected and interviewed to determine their:

e Experience with geothermal projects.
e Perception of risks in geothermal development.
e Estimates of risk probability and cost consequences.

e Views on the need for and impact of a government sponsored
geothermal insurance program.
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TASK 2: Status of Private Sector Insurance Programs

l. The following principal insurance sectors, from which inter-
viewees would be selected, were identified:
e Insurance brokers
e Primary insurers

e Reinsurance companies

2. Representatives of each of the principal insurance sectors
were selected and interviewed to determine their:

e Energy industry experience.
® Specific geothermal experience.

e Terms, costs and coverages associated with any existing
geothermal insurance policies.

® Perception of risks in geothermal development.

® Perception of insurability of the risks identified by
the major market sectors.

@ Perception of appropriate types of coverages.

e Views on preferred geothermal insurance program structures.

TASK 3: Analysis of Reservoir Risks

1., A comprehensive list of insurable risks was developed as a

result of:

e Interview results from the major market sectors involved
- with geothermal development and production.

o Interview results from,thé'principal insurance sectors.
© Direction provided by a representative of the Senate

(- Energy Committee.
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7.

e Information proVided by Department of Energy data
sources.

e Information provided by geothermal reservoir engineering
experts.

e A thorough analysis by members of the engagement team.

The list of insurable tisks was stratified by geologic project
type and stage of development.

Probabilities of occurrence and cost consequences were
estimated for each insurable risk.

‘An expected loss and loss distribution for each risk was

estimated in terms of direct and indirect costs to both the

'developerAand user for each stage of each project type.

Insurance coverage categories were defined.

‘Insurance premiums were estimated as a function of the

expected loss and loss distribution for each coverage

" category.

Risk data availability and reliability at the time of heat
sales agreement signing was evaluated.

Premium readjustment points, based on changes in the avail-
ability and reliability of data, were evaluated.

TASK 4: Alternative Government Roles

1.

Other relevant government insurance programs were evaluated
from an historical perspective.

Alternative government roles representing various levels
of‘federal support were evaluated.
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The following detailed analyses were performed on a selected

number of alternatives representing viable options of federal

support:

e Impact on private insurance sector.
e Financial impact on geothermal industry.
e Estimated cost to government.

e Interaction with other government programs.

TASK S: Recommendations

1.

The need for and feasibility of a government role in
development of a geothermal reservoir insurance program
evaluated.

Based on the evaluation of need and feasibility and
results of Tasks 1 through 4, a recommended program
developed.

the
was

the
was

The resulting estimated cost to government of the recommended

program and its interaction with other government programs was

evaluatéd.

Guideline parameters for the recommended program were devel-

oped, including:

® Legislative authority

e Program management

e Project qualifications

@ Nature of losses qualifying for coverage
e Scope of coverage

e Evaluation parameters

e Premium structure

@ Methods of paying claims
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PERCEPTION OF RISK BY MAJOR MARKET SECTORS

. An ahalysis of the need for and feasibility of a geothermal re-

servoir insurance program requires, among other inputs, a thorough
understanding of both the real and perceived risks inherent in
gedtherﬁal projects. In order to gain this understanding, in-depth
interviews were conducted with the major market sectors associated
with the development, financing and use of geothermal energy. The
results of these interviews, combined with the research of avail-

‘able geothermal risk data and the knowledge and experience of

geothermal reservoir engineers, geophysicists and geologists,
provide the base data for subsequent analyses.

Prior to the selection of interview candidates, a cross-sample of
geothermal project types was determined and the major market sectors

- associated with geothermal projects were identified. Potential

interview candidates were then selected such that a broad range of
knowledge, experience anq perspective would be provided. This
section describes the selection criteria, selection process and
interview process. It then focdses on the results of the interviews
exclusive of the detailed perception of risksvand_perspective on the
need for an insurance program., The detailed perception of risks
resulting from the interviews are reported in Section V - Analysis
of Reservoir Risks. The perspective on the need for an insurance

- program resulting from the interviews is reported in Section VI -

Alternative Government Roles.

GEOTHERMAL PROJECT TYPES AND STAGES OF DEVELOPMENT

In order to assure input from a full representation of the geo-
thermal constituency a cross sample'of geothermal project types was
selected. Special interests resulting from specific site situations
were therefore considered in the overall ahaleis. Additional~-
ly, specific stages of development which apply across project'type
were identified and defined to aid in the consistency and compari-

bility of input data.
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_\ﬁ)Cross—Sample of Geothermal Project Types

Recognizim; that project data vary by the geologic structure of

the various geothermal projects, a cross-sample of geothermal

reservoirs was selected.

range of geography, ‘geology, resource characteristics, usage and

environmental risks of geothermal energy development in the United
States.,

the associated terms are:

Project types

A.

Vapor Dominated
Liquid Dominated, Fracture Permeability, Areally Extensive

Liquid Dominated, Fracture Permeability, Areally Restrictive,
Leaky Fault

Liquid Dominated, Fracture Permeability, Areélly Restrictive,
Leaky Fault with an Associated Reservoir

Liquid Dominated, Fracture Permeability, Areally Restrictive,

Volcanic Fissures

Liquid Dominated, Intergranular Permeability, Local Anomaly,
Benign Chemistry

Liquid Dominated, Intergranular Permeability, Local Anomaly,
Problem Chemistry

Liquid Dominated, Intergranular Permeability, Regional
Aquifer

Definition of terms

vapor Dominated: Saturated steam (typically at 465°F and 500

psi) exists in the reservoir. The fluid produced is dry steam.
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\EJLiquid Dominated: Either water only or water with a steam

saturation exist in the reservoir. Temperatures and pressures
can vary widely. Electricity generation under present tech-
nology is commercial only for resources above 300°F.

Fracture Permeability: Either fractured massive (impermeable)
rock or fractured porous (permeable) formation. In the latter

- case fractures usually dominate over pores as fluid conduits.

Areally Extensive: The reservoir has considerable area extent

and well-spacing and siting has considerable flexibility.

Leaky Fault: There is no reservoir as such. Production takes

place from a fault which brings up fluid from great depths.

Leaky Fault With an Associated Reservoir: A reservoir directly

fed by a fault.

Volcanic Fissures: Reservoir formed by fissures in volcanic

rocks.

Intergranular Permeability: Flow takes place through pores, not
fractures. Such reservoirs are easier to engineer.

Local Anomaly: The explditable reservoir has finite limits.

Benign ChemiStry: No serious operational or environmental

problems due to fluid chemistry is expected.

Problem Chemistry: = Serious operational or environmental problems
need to be solved to exploit the resource.

Regional Aquiferé Weils' produce from a vast aquifer, usually a
low temperature resource. ‘
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~i;Examples of project types

A sample site of either electric or direct-use generation for each
of the selected project types has been identified to assist in the
understanding of how the,prbject types can be differentiated. A
typical site, its location, geologic setting, resource character-
istics, status of development and other relevant information is
presented for each project type.

Project Type A: Vapor Dominated

Typical Site: The Geysers, California

Location: . Lake, Sonoma, and Mendocino Counties;
T. 10—12 No' R. 7"9 Wu’ Mt. Diablo B.
and M.

Geologic Setting: Geysers-Clear Lake area. Reservoir in
' meta-sedimentary rocks (Franciscan
Formation graywacke) at depths 2,000 to

10,000 feet. Reservoir permeability due

to pervasive fracturing of brittle

rocks. Heat source mid-crustal magma

body.
Resource Character- =  Dry steam produced from wells; water
‘istics: ' quality of condensate good (<500 TDS).

2

‘Target temperatures >450°F. Wellhead
pressures about.500 psi. Small quantity
of noncondensible gases, including a
small fraction of HZS"

Status of Development: Numerous wells drilled and producing
power plants on line. Field developed
in inérements; production history ranges
from 0-20 years. Current installed
capacity: 920 MW, divided into 15 units

‘s# _ each ranging from 12 to 135 MW.
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-Project Type Az

Other Relevant
Information:

Project Type B:

Typical Site:
Location:

Geologic Setting:

Resource Character-
istics:

Status of Development: -

Vapor Dominated (continued)

Land surface especially prone to land-
slides. This and other factors re-
stricts available sites for power plants
and transmission facilities.

Liquid Dominated, Fracture Permeability,

Areally Extensive

Baca Area (Valles Caldera), New Mexico

Baca Location No. 1, Sandoval County

- Rio Grande Rift geological province.

Reservoir in fine-grained volcanic rocks
(Pleistocene Bandelier Tuff). Reservoir
permeability due ﬁo fracturing. Heat
source not known; possibly youthful
magma body.

Several hot water wells drilled, average
well capable of flashing 35% steam at
200,000 lb/hr total mass. Reservoirs
contain free steam saturation. Water
qguality moderate (about 7,000 ppm TDS).

~ Target temperatures >400°F; downhole

temperatures to 532°F observed. Small
quantity of non-condensible gases,

- including small fraction of H,S.

Numerous producible wells drilled; a
DOE-funded demonstration power plant (55
MW gross) is possible.
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Project Type B:

Other Relevant
Information:

Project Type C:

Typical Site:
Location:

Geological Setting:

Resource Character-~
istics:

Status of Development:

Ligquid Dominated, Fracture Permeability,
Areally Extensive (continued)

Scaling in wells may be a problem.
Other vapor-dominated reservoirs may be
present in area but have not yet been
delineated. Limited availability of
plant sites and transmission lines.
Environmentally sensitive area.

Liquid Dominated, Fracture Permeability,

Areally Restrictive, Leaky Fault

Susanville, California
Lassen County; T. 30 N., R. 12E.

Transition between Cascade Range and
Basin and Range Province. Reservoir in
fine-grained lake sediments and vol-

. canics. Reservoir permeability mainly

due to fracturing. Heat source: Deep -
circulation of meteoric water.

Hot water (100-185°F); subhydrostatic
pressures; must be pumped. Water
guality good (170-800 ppm TDS).

Water presently used for direct heat
applications'in'greenhouses, swimming
pooi and space heating in public build-
ing. A DOE-sponsored project currently
under way to provide hot-water for
district residential heating system.
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Project Type C:

Other Relevant

Information:

'Project Type D:

Typical Site:

Location:

Geologic Setting::

‘Resource Character-
‘istics:

Ligquid Dominated, Fracture Permeability,

Areally Restrictive, Leaky Fault (continued)

Possibility of communication between
agricultural équifers and geothermal
aquifer.

Liquid Dominated, Fracture Permeability,

‘Areally Restrictive, Leaky Fault with an

Associated Reservoir

A typical northern Nevada electrical
generation project. [Because all data

- on actual prospects remains proprietary,

this entry represents a generalized case
based on data from several reservoirs.]

Various areas within Washoe, Churchill,
Pershing, and Eureka Counties.

Basin and Range Province. Reservoir of
typical prospect is in fractured granite
and/or volcanic rocks at depth of
5,000~10,000 feet. Reservoir permea-
bility due to pervasive shattering of
brittle rocks. Heat source: Very deep
circulation of meteoric water in region
of higher-thén-average heat flow.

Hot water produced from weils, typically
at 400°F. Well subhydrostatic but flow

due to flashing. Percentage of flashed

steam variable. Water quality good to

moderate (500-7,000 ppm TDS). Small

quéntigy of non-condensible gases.
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Project Type D:

Status of Development:

Other Relevant
Information:

Project Type E:

Typical Site:
Location:

Geologic Setting:

Resource Character-
istics:

Status of Development:

Ligquid Dominated, Fracture Permeability,

Areally Restrictive, Leaky Fault with an

Associated Reservoir (continued)

T™wo to five producible wells drilled in

typical prospect; additional drilling

Also,
pursued concerning heat sales contract.

going on. negotiations being

Possible DOE loan guaranty applications.

Make~-up water scarce. High CO2 -

scaling potential.

Liquid Dominated, Fracture Permeability,

Areally Restrictive, Volcanic Fissures

Puna Rift, Hawaii‘

Puna District, Hawaii Island

- Faulted and rifted zone on south flank

of Kilauea volcano. Reservoir in
fractured basalts at depths of 4,000~
6,000 feet.

matic heating.

Heat source: local mag-

Wells produce very hot water (>420°F);
65-70% flash to steam. Post-flash brine
of moderately good quality (<2,500 ppm).
Small quantity non-condensible gases,
including small fracture of HZS'

Several deep wells drilled; one known

to be producible.
demonstration electrical plant under

Three megawatt

construction.
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Project Type E:

- Other Relevant:
- Information:

Project Type F:

- Typical Site:

Location:

Geologic Setting:

Resource Character-
istics: ' '

Status of Development:

'Liquid Dominated, Fracture Permeability,

Areally Restrictive, Volcanic Fissures
(continued)

Hazards include volcanic eruption

damaging facilities, natural seismicity

'and horizontal displacement of land

surface associated with movement of rift
zone.

Liquid Dominated, Intergranular Permeabi-

lity, Local Anomaly, Benign Chemistry

East Mesa, California

Imperial County, California;
T. 15°16 So’ R. 16—17 E.

Salton Trough geologic province.
Reservoir in sedimentary and metasedi-

‘mentary rocks (Colorado River Delta) at

depths 5,000 to 8,000 feet. Reservoir
permeability intergranular and possibly
fractured. Heat source: Possible

- magmatic source.

Hot water (320-380°F), produced from
wells, water quality 2,000-2,800 (ppm
TDS). Target temperatures for develop-
ment >330°F; observed as high as 400°F.

18 wells drilled. A 10 MW gross elec-

trical power plant followed by a 48 MW
net plant under design. Development
partially financed by a DOE geothermal
loan guaranty. |
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Project Type F:

Other Relevant
Information:

Project Type G:

Typical Site:

Location:

Geologic Setting:

Resource Character-
istics:

Status of Development:

- Other Relevant

Informations

Liquid Dominated, Intergranular Permeabi-

lity, Local Anomaly, Benign Chemistry

(continued)

High natural seismicity in region.
Questions of land subsidence important.

Liquid Dominated, Intergranular Permea-

bility, Local Anomaly, Problem Chemistry

Salton Sea, California

Imperial County, California

Imperial Valley-Salton Trough. Sedimen-
tary rocks of the Colorado River delta;

~depth 3,000-8,000 feet. Reservoir

permeability: Intergranular porosity.
Heat source: Probable magmatic.

. Hot water (572 to 617°F), several

produceable wells in place. Water
quality very poor (> 180,000 ppm TDS).
Target temperature for development
§reater than 600°F; observed as high
as 644°F.

More than 20 wells drilled to depths of

2,300 to 8,000 £eet.

Possibility of ground subsidence due to
withdrawal of fluid is of particular

_concern. Because of severe fluid

chemistry, scaling and corrosion in

surface facility are potential problems.
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O Project Type H:

Typical Site:

Location:

Geologic Setting:

Liquid Dominated, Intergranular Permeabi-

lity, Regional Aquifer

Madison Group Thermal Aquifer

Portions of central South Dakota and
adjacent North Dakota.

Sedimentary rocks of the Great Plains
Province. Porous and permeable lime-~
stones of the Madison Group; depth
rahges from less than 2,000 feet to over
8,000 feet; intergranular porosity
enhanced by solution channeling. Heat

- source: Deep circulation of meteoric

Resource Character-
istics:

Status of Development:

Other Relevant
Information:

..water,

Hot water at 100-160°F. Water quality

‘'good; often potable when cooled; tem-

perature gradients of 2.5°F/100 feet in
wells to 2,000 feet, and 2°F/100 feet to
>3,500 feet. Highly permeable zones
>3,000 feet may produce water at 120°-
160°F, '

Dozens of farm and municipal wells
penetrate thermal aquifer at depths to
3,000 feet in two states. Drilling of
thermal wells (accidentally or by
intent) continues across the region.

Aquifer system deepens to north and
northwest into Williston Basin of North
Dakota. Depth of development wells
would exceed 3,000 feet in these areas,
with corresponding increase in cost.
Highly permeable zohes at >5,000 feet
might produce water at >160°F.
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\/Identification of Stages of Development

Three distinct stages of development, applicable to all project
types, were identified to aid in gathering consistent and comparable
data. Analysis of risks during exploration are not within the scope

- of this study and are'not‘intended to be implied as such. However,

the concept of "reservoir discovery" is recognized as not being

precisely defined and is subject to interpretation depending

on context. From the viewpoint of the explorer or operator a
discovery may exist which, in the opinion of a potential user or
purchaser of energy, is still in the éxploration stage and not a
proven or insurable resource or reserve. For the purposes of this
study, the term discovery may be taken to imply that there is
sufficient definition of the resource to make it marketable, in the
opinion of both the developer-operator and the potential or actual

user.

The three stages of development applicable to the full life of each

.‘geothermal project and referred to throughout this report are:

e Stage 1 - Full field development; reservoir discovery to the
first day of production (i.e. 3-5 years).

e Stage 2 - Initial operations; first day of production through
solution of the transient problems (i.e. one year).

~® Stage 3 - Full operation; solutidnbof transient problems
through remainder of project life (i.e. 25-30 year life of
project).

'DETERMINATION OF MAJOR MARKET SECTORS

The geothermal industry is, with notable exceptions, in its pioneer-
ing period of development. In these early times the various roles
of the private ahd public sectors are being defined and redefined.
A review of the geothermal constituency provides the following
categorization of the geothermal market sector:
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‘aj e Developers of geothermal resources
e Users of geothermal resources
o Lenders for geothermal development and production

Within each market sector there are finer distinctions of the roles
each firm plays. The following describes the developer, user and
lender sectors and the background for the selection of specific
firms askéd to provide their perceptions of the risks in geothermal
projédts._

Developers of geothermal energy typically initiate the production
process. They initiate exploratory drilling and, if successful,
complete the development process through delivery of energy to an
end user. The developer market sector may be segregated into two
areas:

e Electric Developers: delivery of geothermal energy in

sufficient quantity and quality for generation of elec-
tricity.

Direct-use Developers: delivery of geothermal energy in
sufficient quantity and quality for use in direct heat

applications.

Electric and direct-use heat development require significantly
different levels of investment, quality of resource and user needs.
For this reason, the developer's perception of risk may vary sig-
nificantly. In certain cases, a single developer may be involved in
both‘electric and direct-use heat generation. In these situations,
the perceptions of risks have beén‘carefully delineated by the two
types of development thereby maintaining a distinction as to ulti-
mate use of the resource.
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\#MSers of geothermal energy purchase the raw energy source and
convert it to a usable form of energy. In most cases, users of
‘geothermal energy are utilities. The users' contribution to
geothermal energy development is normally related to significant
investment‘in the power plant and distribution systems, concurrent
with the developer's full field development. Users are faced with a
number of risks related to long-term production and maintenance of
the resource. Utilities also differ significantly in their percep-
tion of risks based on their size and ownership structure, e.g.,
municipal vs. private.

As in all deVelopment, lenders are often the facilitating institu-

. tion. There is a natural distinction between lenders and their
perceptions of risks by short-term lenders (usually banks) and
long-term lenders (typicélly investment firms).

SELECTION OF INTERVIEWEES

Based on the determination of the cross-sample of geothermal project
types and identification of the major market sectors associated with
geothermal development and production, a comprehensive set of
experience factdr parameters was developed to aid in the interviewee
selection process. The following primary parameters were utilized
in developing the final list of interview candidates:

e Direct experience or knowledge of at least one of the eight
project types with all project types represented.

@ Direct experience with either direct-use or electric geo-
thermal projects as either a developer or user.

e Direct experience with or knowledge of geothermal project
financing as either an interim or long-term lender.

° Representatiﬁes of both publicly held and privately owned
companies. ' ‘

© Resource locations in representative domestic sites.
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\ijﬂithin'vthese parameters both business and technical experts were
considered for participation in the study. The process resulted in
the identification of 24 firms contacted for interviews.

Coopers & Lybrand senior personnel conducted in-depth, on-site,
interviews with 43 executives representing 23 of the 24 firms
contacted. The interest in the future of geothermal energy and in
particular on this study'is evidenced by the extraordinary response
to the request for interviews with these firms. Most of the
interviews consisted of 2-4 hour meetings with follow-up input
and correspondence. The results of the interviews provided the

' engagement team with the base data for the entire study and was
a critical input into the final recommendation.

The individuals interviewed and the firms they represent are
listed in Exhibit III-1. Following the list is Exhibit III-2 which
profiles the firms interviewed and their experience or working
knowledge of the various geothermal project types.
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l.

A.

D.

Developers

EXHIBIT III-1
Page 1 of S

MAJOR MARKET SECTOR INTERVIEWEES

Geothermal Resource International, Inc.
Menlo Park, California

Person interviewed:

Mr.

Bob Greider, President

Union 0Oil Company of California
Los Angeles, California

Persons

Dr.
Mr.
Mr.
Mr.,

interviewed:
Carel Otte, President, Union Geothermal Division
Vane E. Suter, Vice President-Operations

Neil J. Stefanides, Vice President—Explbration

Richard C. Lindwall, Manager of Planning and
Valuation :

Magma Power Company
Los Angeles, California

Person interviewed:

Mr.

Joseph W. Aidlin, Vice President, Secretary,
and General Counsel

Chevron Resources Company
San Francisco, California

Person interviewed:

Dr.
Mr.

Michael A. Lane, Senior Geologist
Basil D. Garrett, Operations Supervisor

Geothermal Energy Corporation
New York, New York

Person interviewed:

. Mr.

Paul Rodzianko, President

Republic Geothermal, Inc.
Santa Fe Springs, California
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G.
Oakland,
Mr.

He.
Mr.

2. Users

A.
Persons
Mr.
Mr..
Mr.
Mr.

B.

' Persons

Dr.
Mr.
Mr.

EXHIBIT III-1
Page 2 of 5

MAJOR MARKET SECTOR INTERVIEWEES

‘interviewed:

Robert Rex, President
Lenny M. Targon, Vice President-Finance

Donald A. Campbell, Vice Pre51dent—Englneer1ng
and Technology

Geoproducts Corporation

California

Person interviewed:

Kénneth_L. Boren, President

Phillips Geothermal Co.
Salt Lake City, Utah

Person interviewed:

Donald Harban,'Director of Development

Utah Power and Light Company
Salt Lake City, Utah

interviewed:

J. Lynn Rasband, Manager of Advance Development

M. Blaine Hofeling,  Manager-Risk and Insurance
Services Department .

Gary Chahdler, Financial Analyst

John E. Droubay, Assistant Treasurer and
Assistant Financial Officer

San Diego Gas and Electric Co.
San Diego, California

Persons

Mr.
Mr.
Mr.
Mr.

interviewed:
Craig Hubble, Manager-Risk Management
James M. Nugent, General Manager

Robert G. Lacey, Manager-Heber Project
George Anastasi, Supervisor of Geothermal Program
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E.

EXHIBIT III-1
Page 3 of 5

MAJOR MARKET SECTOR INTERVIEWEES

Sacramento Municipal Utility District

Sacramento, California
Person interviewed:

Mr. Lee R. Keilman, Supervising Mechanical Engineer

Hawaiian Electric Company, Inc.
Honolulu, Hawaii

Persons interviewed:

Mr. Andrew T. F. Ing, Financial Vice President

Mr. Roy T. Uemura, Technical Advisor-System Planning
Department

Mr. Harwood D. Williamson, Vice President~Planning

Mr. Richard E. Bell, Vice President-Engineering

Mr. Robert T. Pannabecker, Director Insurance and
Claims

Southern California Edison Company
Rosemead, California

Persons interviewed:

Mr. Thomas R. Sparks, Engineer for Geothermal Programs
Mr. Thomas Noonan, Special Finance

Mr, Lawrence W. Yu, Administrator, Special Finance
Treasurer's Department

Sierra Pacific Power Co.
Reno, Nevada

Person interviewed:
Mr. Richard Atkinson, Business Analyst

Eugene Water and Electric Board
Eugene,  Oregon

‘Persons interviewed:

Mr. Herbert H. Hunt, Director Power Resources

Mr. John E. Brown, Treasurer, Director Accounting and
Finance
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H.

EXHIBIT III-1
Page 4 of 5

MAJOR MARKET SECTOR INTERVIEWEES

Eureka Energy Co., a subsidiary of
Pacific Gas and Electric Co.

San Francisco, California

Person interviewed:

Mr. Philip C. Watson, Geothermal Resource Geologist

3. Lenders

A.

D.

E.

‘Bank of América
- Los Angeles, California

Person interviewed:

Mr. Jeffrey B. Weinress; Vice President-Industries
Office, Energy Group

The First Boston Corporation

New York, New York

Person interviewed:
Mr. Michael S. Gorman, Financial Analyst-Project Finance

The Idaho First National Bank
Boise, lIdaho '

Persons interviewed:

Mr. Charles B. Heavy,'Vice President
Mr. Mark Fredback, Loan Officer

Bank of Montreal
San Francisco, California

Person interviewed:

Mr. John H. Woods, Vice President

‘Merrill Lynch White Weld Capital Markets Grdup

New York, New York

‘Person -interviewed:

Mr. Andre A. Schwarz, Vice President
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MAJOR MARKET SECTOR INTERVIEWEES

EXHIBIT III-1

Chase Manhattan Bank
New York, New York

Person interviewed:
Mr. Peter Roux, Vice President

Kidder, Peabody & Company
New York, New York ‘

Person interviewed: -

Mr. William P. Short III, Associate
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EXHIBIT III-2

< . PROFILE OF FIRMS INTERVIEWED

Number of Firms with Experience or Working Knowledge
of Projects by Type of Geothermal Resource

Type of Resource
Liguid - Fracture Liquid - Intergranular

. Leaky Local, Local,
: Areally  Leaky Fault Volcanlc Benign Problem Reg'l  General
Type of Firm - Vapor Extensive Fault w/. Res. Fissures Chem. Chem. 2Aquifer Knowledge

Market Sector (a) (B) (C) (D) (E) (F) (G) . (H) Only

Developers' , ‘

. Electric 4 6 6 8 4 7 6 1 -

.. Direct-use* 2 2 1l 4 0 4 0 1 -

Users ‘_ :

. Utilities 4 2 2 6 2 3 6 1 -

. Others* 0 0 1 0 1 0 1 0 -

| Ienders ’

. Interim 1 1 2 1 1 1 0 -

. longTem O 0 0 0 ¢ 1 o 0 3
ToTAL 12 1L 120 g 1 L4 3 3

*A few developers ard utilities: reported experience in both electric and direct use
of geothennal resources,

49




. \_/INTERVIEW PROCESS

The primary purpose of the interviews was to provide an in-depth
'understahding of the risks in geothermal development and production.
The results of the interviews, supplemented with the engagement team
expertise and research, provided the necessary base data for sub-
sequeht analyses. The hypothesis for the study which in part
guided the development of the survey instrument can be stated as:

If private industry and/or government increased the avail-
ability of insurance coverage (at a reasonable cost) for
geothermal development and production, there would be a
greater willingness (perhaps critical) for potential
developers and users to become involved.

This hypothesis was tested in the interviews. The interviews and
survey instrument were also developed to:

° Identify' priority risks in dgeothermal development as per-
ceived by major market sectors.

e Identify the probability of these priority risks occuring
based on industry experience, '

e Identify and understand the chain of subevents leading to
priority risks and the likelihood of these subevents occur-

ing.

o Identify the likely financial impact associated with the
priority risks.

e Provide the study with an understanding of the perceptions
of risks, the probability of their occurance, the losses to
expect and the protection needs of the major market sectors.
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\ﬁ;As.anticipated, in many instances the base'data sought was neither
readily available nor subject to precise quantification. It is also
necessary to understand that industry responses may be influenced in
large measure by each firm's goals and objectives with respect to
future geothermal development. The analysis and conclusions reflect

these considerations.

During the design phase of the interview process, the survey instru-
ment was internally‘tested before interviewing the experts. There
were three significant findings of the test interview:

e The questionnaire document was extremely comprehensive; it
was anticipated that the interviewees would be required to
~make a significant contribution of their time. '

- ® The quéStionnaire document was very detailed, especially as
to the chain of risk events resulting in loss to the firm
and the cost of that loss; considerable training of the
interviewers was conducted in order to insure comparability

of results.

®  The nature of the questionnaire document was such that
certain questions would apply more appropriately to one
market sector than others; it was therefore anticipated that
responses to certain questions could not be compared among

market sectors.

Based on fhese findings, it was ahticipated that the detail and
QUality of response would vary significantly by market sector and
firm. The responses in the interviews, then, required careful
interpretation and reinforcément from other sources ~- the engage-
- ment team's own understanding of geothermal development and analysis

of secondary research sources.
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Questionnaire Format

The QUestionnaire was designed to elicit information from a broad
perspective and to be supplemented with detailed data. There are

- four sections to the questionnaire:

o Interviewee Information: Facts relating to the name, title

and position of respondents.

e Experience in Geothermal: Questions relating to the res-
pondents' familiarity and experience with specific geothermal

projects.

e Data Request:; Questions relating to perceptions of priority
risks based on the respondents' project experience; including
discussions of priority risks of individual projects, - sub-
events, probability of occurrence, and types of losses ex-
pected in relation to total project costs.

e Government Programs and Future of Geothermal: Questions
probing the need for government involvement, current govern-
ment incentives provided and their effect on development and

needs for insurance protection.

The questionnaire asked for detailed and reiterative information
based on respondent experlence. In question II-1, the project types
with which respondents had knowledge or experience were identified.
For each reservoir identified in question II-1, separate responses
to question II-2 probed the type of development (size of project,
location of reservoir, cost, goals ahd,objectives in development)

for individual reservoirs.

In Section III =~ Data Request, the project types were further dili-
neated by stages of development in which the respondent had direct
involvement or a good working knowledge. For each reservoir type'
and stage of development in questlon I11-2, spec1f1c information was
obtained as to perceptlons of rlsks, risk subevents, probability of
occurance and losses attendant.
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\s)The inte:views were conducted during a three week period in March
and April 1981, Coopers and Lybrand senior personnel were given
tWO'day-long‘training sessions prior to the interviews to help
insure comparability of responses. = The interviews were conducted

| at the respondents' offices which ranged'écross the United States

from New York City to Honolulu, Hawaii. The firms were especially
responsive in the. interviews and contributed significantly to the

study. A copy of the questibnnaire is presented-in Exhibit III-3.
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DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INTERVIEW QUESTIONNAIRE

INTERVIEWEE INFORMATION

1. Name of Respondent

2. Title of Respondent

3. Company

EXHIBIT III-3

Page 1 of 14

4, Class of Company:

(may be more than one)

a. Developer: Electric use 7/ and/or Direct-use / /
(1) Business Manager /7 or (2) Technical Expert / /

b. User: Utility // or Direct-use / /

(1) Business Manager // or (2) Technical Expert / /
c. Lender: Short Term / / and/or Long Term / /

5, Address

6. Phone

Others Attending:

.Name Title
Name ‘Title
Name Title
Name Title
7. Interviewers:
Name - Office
 Name office
Name Office

8. Date of Interview
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EXHIBIT III-3
Page 2 of 14

DEPARTMENT OF ENERGY
- GEOTHERMAL RESERVOIR INSURANCE STUDY
INTERVIEW QUESTIONNAIRE, Continued

II. DESCRIPTION OF EXPERIENCE IN GEOTHERMAL ENERGY

1. We would like to understand your familiarity with
geothermal projects. With what type of geothermal
project, do you have knowledge or experience?

Project Type Knowledge Experience
, Non- Non—~
Electric Electric Electric Electric
Use Use Use Use

I. Vapor Dominated A /7 /7 /7 /7

II. Liquid Dominated

A. Fracture Permeability

I
I

1. Areally Extensive B. // /7 [/ [/
2. Areally Restrictive
a. Leaky Fault - C. /7 /7 /7 [/
b. Leaky Fault with
Associated i - . —
Reservoir D. // L/ LS /.
c. Volcanic Fissures E. // /7 [/ [/

I
l
I

B. Intergranular Permeability
1. Local Anamally
a. Benkyxcmmﬁsuqr F. //
b. Problem Chemistry G. //

|

N
~

i |

ININ
ININ
N

2. Regional Aquifer H. /7 /7 /7 /7
IIL. Others , /7 O O O

Comments on knowledge and experience:
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EXHIBIT III-3
Page 3 of 14

'DEPARTMENT OF ENERGY

GEOTHERMAL RESERVOIR INSURANCE STUDY
INTERVIEW QUESTIONNAIRE, Continued

II. DESCRIPTION OF EXPERIENCE IN GEOTHERMAL ENERGY, continued

2. If you have had knowledge or experience, what was your
experience?

Qe

Project Discussed:

(1)
(2)
(3)

(4)

(5)

(6)

(7)

Project type: / / (A through I)

Location
Size of Field Development:
No. of wells /7

Your investment §
Total investment §

Size of Power Plant Development:

MW generated / /

Your investment $
Total investment §

What was your role in this project?

Was this with your current company?
If not, what company?

Narrative Discussion of your goals and objectives
in this project (i.e. ROI, turnaround time to
sell-out, premiums for bankers; rate base and
capacity change for utilities):

————

Narrative discussion of your problems and risks:
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III.

EXHIBIT III-3
Page 4 of 14

- DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INTERVIEW QUESTIONNAIRE, Continued

DATA REQUEST

1.

We want to discuss your perceptions of the priority risks
in geothermal development and production. We have defined
priority risks as those risks which would become a major
impediment to the project. Because risks can vary from

- project to project, we would like to begin focusing this

discussion on particular types of projects and their

-stages of development.

We have identified three distinct stages of development:

e Stage 1 - Full Field Development, reservoir discovery
to the first day of production (i.e. 5 years).

e Stage 2 - Initial Operations; first day of production
through solution of the transient problems (i.e.
one year).

e Stage 3 - Full Operation; solution of transient prob-
lems to payback (i.e. 25-30 year life of project).

Let's exploré further the types of projects and stages
of development with which you have had direct involvement
or a good working knowledge.

| Stage of Development

Project Type ' 1l 2 3

I. Vapor Dominated a. [/~ /7 /7
II. Liguid Dominated
~A. Fracture Permeability

l

1. Areally Extensive B. / / /7 //

2. Areally Restrictive )
a. Leaky Fault c. /7 /7 /7

b. Leaky Fault with ' '

. Associated v '
Reservoir D. /7 L7 /7
c. Volcanic Fissures E. // /] /7

B. Intergranular Permeability
1. Local Anomaly |

a. Benign Chemistry F. / / /7 yavs
b. Problem Chemistry G. / / /7 /7

|
|
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EXHIBIT III~-3
Page 5 of 14

DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INTERVIEW QUESTIONNAIRE, Continued

Stage of Development

Project Type 1 2 3

B. Intergranular Permeability
2. Regional Aquifer H. /7 [T /7
III. Others I. /7 /7 /7

Discussion of Prio:ity Risks:

a. Type [/ 7 Stage / / - Use /7

b. What events do you consider to be priority risks?
(1)
(2)
(3)
(4) »

¢. What are the major sub events (Risks), if any, leading
to each of the priority risks described in (b.) above.

Priority Risk (l):
lst Sub Event
2nd Sub Event
3rd Sub Event
4th Sub Event

-~ Priority Risk (2):
lst Sub Event
2nd Sub Event
3rd Sub Event:
4th Sub Event

Priority Risk (3):
lst Sub Event
2nd Sub Event
3rd Sub Event
4th Sub: Event

Priority Risk (4):
1st Sub Event
2nd Sub Event
3rd Sub Event
4th Sub Event
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EXHIBIT III-3
Page 6 of 14

DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INTERVIEW QUESTIONNAIRE, Continued

d. What are the chances that the priority risks or
events will occur during this particular stage of
development?

Risk (listed in b) Probability Per Time/Well, etc.

(1) ‘ Per
(2) Per
(3) _ ' ~ Per
(4) ___ Per

e. What is the probability of occurrence for each sub
event and is that a conditional probability?

Probability Per Conditional
Time Period/Well, etc. on?

Priority Risk (1)

lst Sub Event Per
2nd Sub Event Per
3rd Sub Event Per
4th Sub Event Per
Priority Risk (2)
lst Sub Event Per
2nd Sub Event Per
3rd Sub Event Per
4th Sub Event Per
Priority Risk (3)
1st Sub Event Per
2nd Sub Event Per
3rd Sub Event Per
4th Sub Event Per
Priority Risk (4)
Ist Sub Event Per
2nd Sub Event Per
3rd Sub Event Per

4th Sub

Event

Per




EXHIBIT III-3
Page 7 of 14

- DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
- INTERVIEW QUESTIONNAIRE, Continued

You gave me your estimated probability, what is your
-.confidence interval for each of these probabilities?

 Risk/ Confidence Interval

sub Event Y 5% fios Fiss ¥ o20s F2s58 I308 >I30%
(1) T (T [T [T [T [T [T
L asw [T [T [T O [T O [T
2nd) [T [T [T [T [T [T [T
Gra) [T [T [T [T [T [T [T
wen) [T [T [T [T [T [T [T
(2) [7 [T [T [T [T [ [T
asey [T [T [T [T [T [T [T
mé) /T [T [T [T [T [T [T
() [T [T [T [T T T[T
wen) [T [T [T [T [T [T [T
3) [T I [T T T [T
ase) [T [T [T [T [T [T [T
ma)y [T [T [T [T [T [T [T
G /(7 /(T (T [T [T [T [T
weny /7 [T [T [T [T [T L
(4) [T [T [T [T [T [T [T
ast) [T [T [T [T [T [T [T
(2nd) (7 [T [T [ [T [T [T
Gy [T [T [T [T [T [T [T
(4th) /7 /7 [T [T /7 /7 /7
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I11. DATA REQUEST

DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INTERVIEW QUESTIONNAIRE,

, continued

Continued

EXHIBIT III-3

Page 8 of 14

g. What are the kinds of losses that you would expect with each of these risk
occurances?

(1) Cost consequences of total
or partial abandorment

. § gross: Mid (50%)

Low (25%)
High (75%).
Max (100%)

.« Year of § (19817}
. % of total capital cost

(2)

.

(3)

Increase in OsM

$ per year

gross: Mid (50%) §

Priority Risks

3

4

$

19

i9

19

19

15

19

Iow (25%)

High (75%)

Max (100%)

Year of § (1981?)

19

19

19

19

19

19

% of total OaM/year

*

One time cost (i.e. penalty,
clean-up, default), specify

(4)

CGross: Mid (50%)

Low (25%)
High (75%)
Max (1Q0%)
Year of §. (19812)

% of total capital proj.

Loss of revenue

$ or kvh; mid (50%)

19

19

19

19

19

19

Low (25%)

High (75%)

Max (100%)

Year of $ or kwh (1981?)

19

19

18

19

19

19

% of total rev/kwh/year

(5) = Cost to replgde capital $

v .

.

$ gross: Mid (50%)

$

Low (25%)

High (75%)
Max (100%)

Year of $ (1981?)

19

19

19

19

19

19

% of total capital cost
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EXHIBIT III-3
age 9 o

DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INTERVIEW QUESTIONNAIRE, Continued

III, DATA REQUEST, continued.

4.

facilities, plant)

When responding to the previous questions regarding per-~
cent of total capital costs, what are you considering to
be included in the capital base? (i.e. wells, surface

What is your (or what would you expect to be the) total
capital cost base for this stage of development in this
type of project. ‘

$ - gross, year $ .
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EXHIBIT III-3
Page 10 of 14

DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INTERVIEW QUESTIONNAIRE, Continued

IV. GOVERNMENT PROGRAMS AND FUTURE OF GEOTHERMAL

1.

3.

What impact would an insurance protection program have
on your involvement in the future of geothermal develop~
ment, assumlng it were available?

How critical is the cost of that protection in view of
your answer to the last question?

Is this answer dependent on what other government in-
centives are available? (i.e. with or without Geothermal
Loan Guaranty Program). '

Would government involvement in &a geothermal reservoir
insurance program have a positive impact on your involve-
ment in such a program Why?

a. For developers and users: What impact would a
reservoir insurance program have on your contractual
obligations? :
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EXHIBIT III-3
Page 11 of 14

DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INTERVIEW QUESTIONNAIRE, Continued

IV. GOVERNMENT PROGRAMS AND FUTURE OF GEOTHERMAL, continued

b. For lenders: What impact would the availability of
various types of protection have on your willingness
to lend? ‘

6. What proteétion have you been able to secure?

a. Conventional Insurance: What coverages, what terms?

b. Contractual Negétiations: project capital structuring
(i.e. Heat Sales Agreement, specify)

C. 'Other‘government programs (see glossary of selected
" terms at end of questionnaire)?

™
N

Depletion AllowanCe..l'o‘.v..l..‘..o‘olo-.lﬁroo.l..oo'

™
N

Intangible Drilling Costs Write-offs.....cccecess
15% Energy Tax Credity‘..‘....l..l.....0.'.....I....
DOE Geothermal Loan Guaranty Program.. se.eceoceses

ININL

DOE User Coupled Drilling Program.....seceesescses
PURPA: 80 MW Power Plant Regulétory Exclusion....
~Utilities Purchase at Avoided Costeeecesscsossscnse
Forced Wheeling On Behalf of Utilities...cocevens
Grants, R&D ASSiStanCe.....eeseeesscssssssesccens

ININNIN

N
IN

I\
~

Others, specify

64




EXHIBIT III-3
Page 12 of 14

DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INTERVIEW QUESTIONNAIRE, Continued

IV. GOVERNMENT PROGRAMS AND FUTURE OF GEOTHERMAL, continued

d. What types of protection will you need in the future
in order to continue or increase your involvement
in geothermal energy development/production (i.e.
insurance protection, government programs..specify)

e.

What do you see as the future of geothermal energy?:
Roles of various players? '
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EXHIBIT III-3
Page 13 of 14

DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INTERVIEW QUESTIONNAIRE, Continued
GLOSSARY OF SELECTED TERMS
GOVERNMENT PROGRAMS

e DOE User Coupled Drilling Program

Objective is to stimulate geothermal development by reducing
reservoir confirmation risk to the developer. DOE will cost
share surface exploration drilling and flow testing of
exploration wells to confirm low-to-moderate-temperature hot
water resources. The amount of DOE cost share will be based
-on the degree of success, but will be between 90% for an
unsuccessful project and 20% for a successful project.

e PURPA: 80 MW Power Plant Regulatory Exclusion

The exemptions under Section 210(e)(2) of PURPA (Public
Utility Regulatory Policy Act of 1978) relating to the Public
Utility Holding Company Act of 1935, the Federal Power Act,
and state regulation were limited to projects of 30MW or
less, while most geothermal projects fall in the 50MW range.
This meant that under existing law the exemption benefits of
Section 210(e)(2) were seldom available for geothermal
projects.

In June, 1980, Congress passed the Energy Security Act.
Section 643 of Title VI of the Act authorizes the Federal
Energy Regulato:y'Commission to exempt "geothermal small
power production facilities of not more than 80MW capacity"
under - PURPA. | |

bGeothermal projects of 80MW or less capacity, then, are not
subject to severe regulation from state or federal agencies.
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EXHIBIT I1I1-3
Page 14 of 14

(- _ DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INTERVIEW QUESTIONNAIRE, Continued
. GLOSSARY OF SELECTED TERMS
GOVERNMENT PROGRAMS

e Utilities Purchase Electricity at Avoided Cost

PURPA encourages small power production from renewable energy
sources by requiring utilities to buy power from small
producers at their avoided cost of power, e.g. the cost of
their highest power source. PURPA was amended by the Energy
Security Act to define a small power producer as a geothermal
power producer of up to 80 MW.

e Forced Wheeling

.

Requires the utilities to wheel, or carry on their trans-
mission lines, electricity generated from geothermal energy.
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RESULTS OF INTERVIEWS

| ,k,&nis section presents the results of the major market sector inter-

views, The results focus on responses to specific questions in
the questionnaire. Most interviews were wide-ranging and covered

~additional topics that related to the geothermal industry in

general. The results of the ‘interviews are divided into three
general categories:

e Experience in Geothermal Energy -- Part II of the ques-
tionnaire.

e Summary of Priority Risks* -- Part III of the questionnaire.

e Analysis of Government Programs and Future of Geothermal --
Part IV of the gquestionnaire.

Experience in Geothermal Energy =- Developers

Developers provided their answers from experience with fifteen
diffetent geothermal  resources. = Projects ranged in size from a
projected 1,000 Megawatt (MW) capacity and 200 wells to five MW
capacity with two wells. Most developers preferred not to disclose
their investment or the total investment in each project. The roles
of the developers related primarily to the exploration and develop-

ment of the fields for electric and direct heat uses. - A few de-

velopers were also operators, project managers, owners of leases
or designers of the proposed power plants. '

Exhibit III-4 presents a summary of the developers'_eXperience in
geothermal development at specific sites. Exhibit III-5 presents a
summary of the deVelopers' goals and objectives as well as the
problems and risks associated with each site. It is apparent that
the developers' first objectivé ~is to secure a greater return on
investment based on their perception of greater risk accompanying
field development. Developers also agree on the need for alter-
native energy sources and believe that development of geothermal

"k\af *The detailed priority risks by project type and stage of

development as perceived by the interviewees appear in
Section V - Analysis of Reservoir Risks.
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EXHIBIT III-4

SUMMARY OF EXPERIENCE IN GEOTHERMAL ENERGY —-~ DEVELOPERS

Location

.Salton Sea, CA
e Niland

. Niland & Westmorland
. Niland & N. Brawley

Lassen, CA

East Mesa, CA
. Company A

. Company B

Geysers,; CA
« Company A

+ Company B
Bebér, CA
Long Valley, CA
Brady Hot Springs, NV
~ « Company A
« Company B

Beowawe, NV
Utah (unspecified)

fRoosevelﬁ Hot Springs, UT
Desert Peék, NV
‘Humboldt, NV

Baca, NM

vale, OR

R

Size*
'Field Plant
Wells {MW)

- 20
4 -
12 -
2 55
- 10
10 10
- 1,000
- 200 746
10 50-100
2 -
2 -
4 10
2 -
10 20
4 -
2 -
- 20 50
5 -
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Roles

Drilled and tested wells,
power plant design
Explore and develop field
Owner of lease

General Partner, Operator

Drill and test, built binary

cycle plant
Explore and develop field

Explore and develop first
commercial well

Field Operator

Developer, Operator, Owner
Explore and develop for
direct use

Explore and develop field
Project manager

Explore and develop field
for hot water

Explore and develop, Project
Manager

Explore and develop, Operator
Explore'and deVelop

Explore and develop
Developer,‘Field Operator

Project Manager

*Includes data on both existing and planned projects.




EXHIBIT III-5

SUMMARY OF GOALS AND OBJECTIVES
AND PROBLEMS AND RISKS
FOR DEVELOPERS AT SPECIFIC SITES

 Stated Goals and Objectives

l.

2,

Greater return on investment,

based on greater risk

Develop alternative energy and

. diversify company assets

Increase knowledge of geothermal

(research and development)

Increase knowledge of direct
heat application

Enhance public credibility

Stated Problems and Risks

1.

Pecline in resource

- productivity and
‘associated problems

Scaling and corrosion

Permit delays and other -
environmental concerns

Marketing of,tesource

'Higher then expected capital

and operating costs

Skilled labor
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Location of Development

All

aAll

Beowawe, Salton Sea

Brady Hot Spring, Vale

Heber, Salton Sea

East Mesa, Beowawe,
Humboldt, Utah,
Roosevelt, Heber
Brady Hot Springs, Salton Sea

Geysers, Long Valley,

-Lassen, Baca

- Utah, Brady Hot Springs

East.Mesa, Salton Sea,
Geysers

Lassen, Beowawe




; &ajenergy would serve to enhance their public credibility while
| increasing their knowledge of this energy source.

Most problems and risks are related to the uncertainty of resource
productivity before completion of full field development. Another
problem with development is the environmental concerns and accom-
panying permit delays. Certain developers stated concern over the
competitive price of geothermal energy in the near future, given
higher drilling ccsts. They dquestion their ability to profitably
‘market the steam given the current rates for alterative energy
sources. |

Experience in Geothermal Energy - Users

The users of geothermal energy (primarily utilitiesi provided their
. answers from experience with eight different geothermal resources.
Projects ranged in Siie from 55 MW and $100 million investment to 3
MW and $9 million investment. Exhibit III-6 presents a summary of
the users' experience in geothermal development at specific sites.
The roles of various utilities are more divergent than those of
developers. In addition to buYing steam from developers and operat-
ing power plants, utilities have acted as advisors to developers and

- joint venture partners with developers.

Exhibit III-7 presents a summary of the utilitieg' goals and ob-
Jectives as well as the problems and risks associated with each
project. The primary goals of utilities are to advance geothermal
energy as an alternative energy source while diversifying their
- resource base. Privately held utilities have the goal of structur-
ing construction of their power plants to maximize return on
investment. Utilities were generally enthusiastic about the poten-
. tial for geothermal development to provide lower cost energy in the
future.  They expect'other energy sources to become increasingly
expensive in comparison to geothermal. ‘

Because most power plants are under construction prior to completion
of full field development, an important risk for utilities in
Quf»geothermal development is reliance on unproven reservoirs.
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EXHIBIT III-6

SUMMARY OF EXPERIENCE IN GEOTHERMAL ENERGY —- USERS

Location
Salton Sea,
Niland, CA

Heber, CA
. Company A

. Company B
N. Brawley, CA
Geysers, CA
Northern Nevada

. Company A

‘. Company B

. Company C

. Company D
Puna, HI
S., uUT

Roosevelt H.

Cascades, OR

*Tncludes data on both

Size*
Field Plant
Wells (MW)

6 20
- 50
- 50
- 10
9 55
20 30
- 10
- 55
20 50
- 3
14 20

Roles

owner of wells, buy steam

Exploration, research, ahd
development, buy steam
Operate power plant,.

‘buy steam

Operate power plant,
buy steam

Built power plant,
buy steam

Interim Coordinator,

build plant, buy steam
Joint Venture Partner,
build plant, buy steam
Joint Venture Partner,
build plant, buy steam
Joint Venture Partner,
build plant, buy steam

rechnical Advisor, operate
plant, buy steam

Builder of conversion
facility, buy steam

Research and development

existing and planned projects.
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EXHIBIT III-7

SUMMARY OF GOALS AND OBJECTIVES
AND PROBLEMS AND RISKS
FOR USERS AT SPECIFIC SITES

Stated Goals and Objectives

l.

2.

5.

Advance geothermal as
alternative energy source

Broaden and diversify
resource base

Research and development,
gain experience

Invest in energy source with
low cost potential

~Structure construction and

sales agreement to maximize tax
advantage and rate of increase

Stated Problems and Risks

1.

2.

Permit delays and other
environmental concerns

Reliance on unproven reservoir,
technology 7 -

No significant problems
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Location of Development

All

All

Puna, Heber, Northern
Nevada, N. Brawley

All

Privately held
utilities

Puna, Heber, Cascades

Northern Nevada,
Roosevelt -

Geysers, N. Brawley




&iJExperience in Geothermal Energy - Lenders

Lenders have focused increasing attention on geothermal development,
The iong-term lenders interviewed have yet to finance a geothermal
project, but'expéct to become_directly involved soon. Exhibit III-8
presents a summary of the lenders' stated goals and objectives as
well as problems and risks associated with specific sites. Lenders
believe that their support of geothermal projects would enhance

‘their public image while assisting an alternative energy source,

They also see geothermal as a means of diversifying their loan
portfolios while servicing preferred customers.

Lenders expressed a need for a better operating history in each
reservoir. Smaller lenders Were reluctant to commit too many
resources to geothermal projects where there is no in-house exper-
tise in risks or precedence with default.

Summary of Priority Risks -ADevelopers

The perceived priofity risks of geothermal developers varied by size
of firm, type of resource being developed, and size of development.
The priority risks which all developers agreed on were:

@ Reservoir Decline: Unexpected depletion of reservoir or
less than expected realization of capacity.

e Failure of Mitigating Systems: Failure of mitigating
measures such as corrosion protection to maintain production.

e Environmental, Legal and Institutional Delays: Unexpected
delays in development due to environmental concerns, legal
questions regarding ownership and use of the resource and

permit delays.

All of the developers interviewed expressed concern over the high
cost'qf development. Developers were confident that the risksvin
development could be overcome. However, delays in development and
the cost of mitigating measures severely impacted project economics.
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EXHIBIT III-8

SUMMARY OF GOALS AND OBJECTIVES
AND PROBLEMS AND RISKS
FOR LENDERS AT SPECIFIC SITES

Stated Goals and Objectives

1.

2.

Support alternétive ehergy,

enhance public image

Invest time and research and

‘development, service to preferred

customer, future business

Return on loan portfolio
(diversification)

Stated Problems and Risks

1.

Lack of information, history
of reservoir capacity

Increased cost of mitigating
measures '

Lack of experience, no precedence
with default

Regulatory and environmental concern

Ability to market direct heat product
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Location of Development

Geysers, Boise, Baca

Geysers, Salton Sea,
Baca, Vale, Boise,

Geysers

All

Geysers, Salton Sea
Vale, Boise

Salton Sea, Geysers,

Boise

Vale




i

\/Smaller developers expressed concerns about the availability of
financing, especially during the exploratory stages of development.
Smaller developers also voiced concern over an unexpected drop in
the price of’éompetitive energy. These concerns relate to the
continued market for energy and the smaller developer's ability to
locate buyers.

Summary of Priority Risks - Users

‘The perceived priority risks of users often differed between
~publically and privately held utilities. The priority risks which
all utilities agreed on were:

e Reservoir Decline: Unexpected depletion of reservoir or
less than expected :ealization of capacity and subsequent
inability of developer to deliver steam to the power plant.

e Physical Damage to Plant: Damage resulting from earthquake,
flood, or volcano. The utilities' considerable investments
in plant and equipment are especially vulnerable to natural

disasters.

e - Financial Impediments: Delays in production due to inability
of developer to finance additional mitigating measures.

° EnVironmental, Legal and Institutional Delays: Local
residents are often opposed to power plants and municipali-
ties may not be able to handle increased discharges from

~ power plants.

In addition to these priority risks, municipal utilities are
cautious about‘their'ability to;raise funds for geothermal
development. With utility rates regulated and considered high,
certain utilities expressed difficulties in passing along "venture"
- development costs in yet unproven geothermal resources. Conversely,
utilities stated a commitment towards diversifying their energy
sources and expect increased public acceptahce of placing seed
"‘ﬁjeapital in geothermal energy.
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uPrivate utilities are becoming involved in geothermal development

as jpint venture partners with resource developers. A joint

venture partnership is seen as a method of reducihg the risks

i of overreliance on a developer's ability to provide steam in the
face of unexpected mitigating costs. ‘

Summary of Priority Risks - Lenders

i Lenders have expressed a growing interest in geothermal development
: in recent years. In the past, geothermal development has been
] financed through significant equity participation of developers and
| utilities. in(recent years, lender participation has been coupled
with the Departmentgof Energy's Geothermél Loan Guaranty Program
(GLGP).. Changes in the developers' equity participation or the GLGP
will directly affect the lenders' perceptions of risks in geothermal
development. In addition to the priofity risks of reservoir capaci-
ty and decline and regulatory delays, lenders also perceive the
following priority risks in geothermal development:

o Ability of Developers and Utilities to Secure Satisfactory

Long-Term Sales Agreements: Lenders voiced concern over

the industry's ability to'successfully market geothermal
energy under fluctuating market conditions.

e Sustained Reservoir and Power Plant Performance:  Over-
~development of the field in early stages of production
often leads to costly mitigating measures and reduction
in power generation. ‘ '

Banks stated a few obstacles to lending for geothermal development.
For local banks, there is often no,in—house geothermal staff which
is expert in the engiheering desigh and geological factors involved
in development; Local banks believe that the risks attendant to
. geothermal are sufficiently different from their more conventional
projects, such as oil and natural gas drilling, that they warrant
the scrutiny of in-house experts. Certain larger banks mentioned
a reluctance to lend for geothermal development except as an accom-

Vukﬁ)modation to preferred customers.
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\.)Ahalysis of Government Programs and the Future of Geothermal

This section focuses on the major market sectors' need for protec-
tion. The results of this portion of the interview reflect the
broad cross-sample of firms interviewed and their specific needs.

Impact of insurance on future involvement

Developers had differing'opinions on the need for insurance coverage
and on its impact on geothermal development, Several developers
believe that insurance coverage would have little impact on their
plans to develop geothermél energy. They cite these reasons:

e Insurance might unnecessarily drive-up costs; if it were

available, banks might require insurance.
e Insurance might facilitate unprofitable development.,

e Established developers already assume risks themselves and
plan to proceed with development; because equity venture
partners do not expect insurance, there is little need.

However, most developers, including those with no need for addi-
tional protection, agree that insurance would speed the development
process. Utilities believe they would find a greater degree
of comfort with insurance, Ihsdrance would help a utility to be
comfortable with an operator, thus removing some obstacles in
negotiating a heat sales agreement.

Utilities also disagree on the impact of insurance coverage. Those
that believe insurance would have a major positive impact cited the
‘need to have a secured reservoir in order to decide to build their
power plant. 'OtherS'stated that insurance would reduce the un-
certainty of loss and thus allow for better contingency planning.
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gv}Those utilities that believe insurance would have little positive
impact cited the fact that developers have assumed most risks to
date. A developer's guarantee, combined with flexible engineering
design, was adequate assurance for a few utilities.

Most banks stated that a well-defined insurance program would
substantially increase their participation in geothermal develop-
ment. A few stated that insurance was essential for electric use

projects.,

Many of these responses paralled the line drawn between large
developers and utilities and smaller companies. Some larger firms
plan to proceed with development regardless of insurance. The
“smaller firms generally believe that insurance, in some form, would
greatly facilitate development of geothermal enérgy.

Several developers, utilities and lenders prefaced their fesponses
by stating that the Department of Energy's Geothermal Loan Guaranty
Program is, in their opinion, insurance, Many believe that con-
tinuation of the GLGP is essential.

Insurance secured and protection needed for future involvement

Developers and utilities have secured only standard property,
“casualty and liability coverage for their projects, e.g., fire,
catastrophe and extended coverage on equipment.

Somé developers and utilities stated that they need coverage for
recapture of tax benefits and business interruption costs. Certain
utilities stated that some form of coverage for the reservoir and
their investment in the power plant would be helpful,

Banks are concerned that loss éoverage.should-be well-definéd: (1)

clear as to guarantee, (2) known price,‘and (3) long-term to cover

payment of debt. One bank said that a federally-supported insurance

program should not be structured similiar to FHA loans where the

guaranty is in the form of government bonds rather than cash to pay
‘aJ the outstanding loan.

79




‘iJImportance of cost

- Developers 'believe that insurance costs would be of significant
“importance to their development, Any cost over two percent of the
project, they stated, would become critical to project economics.

Utilities also believe that insurance costs would be extremely
important. Most'_utilities are concerned that insurance coverage
could push the cost of produeing energy (and thus their rates) above
alternative energy sources.

Dependence on and use of other government programs

Exhibit III-9 preeents a summary of the planned and actual use of
goverhment ptograms by the firms interviewed. As the exhibit shows,
the four government programs or incentives which are of greatest use
to firms are:. ‘

Depletion Allowance

Intangible Drilling Costs Write-Offs
15% Energy Tax Credit -

DOE Geothermal Loan Guaranty Program

Perceived future of geothermal energy

Deveiopers, utilities and lenders are cautiously optimistic about
geothermal energy's future. Most growth will remain localized
in the Western United States -- especially California, Nevada and
Hawaii. In Hawaii, for example, there is the potential for complete
energy independence through the development of the geothermal
‘resource., |

‘While theﬁmajor market sectors do not expectkgeothermal'energy
to become especially significant in the overall mix of energy
sources, it is seen as becoming an increasingly attractive source
of energy. For the near future, the major market sectors believe
that while geothermal energy will remain an economically feasible
industty,'itrwill be at the upper-end cost range of energy sources.
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PLANNED AND ACTUAL USE OF GOVERNMENT

EXHIBIT III-9

\ﬁj. N INCENTIVES FOR DEVELOPMENT OF GEOTHERMAL ENERGY
Number of Number of
Firms Firms
; Likely to Using or
: Government Incentives Qualify Plan to Use
| ‘Depletion Allowance _ 10 10
| Intangible Drilling Costs Write-Offs 10 10
15% Energy Tax Credit ' 10 10
DOE Geothermal Loan Guaranty Program 12 9
DOE User Coupled Drilling Program _ 10 3
PURPA: 80 MW Power Plant
; _ Regulatory Exclusion . : 10 9
| Utilities Purchase at Avoided Cost 13 7
f Forced Wheeling On Behalf of Utilities 13 6
! 7

Grants, R&D Assistance 13
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IV. STATUS OF PRIVATE SECTOR INSURANCE PROGRAMS
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STATUS OF PRIVATE SECTOR INSURANCE PROGRAMS

DETERMINATION OF PRINCIPAL INSURANCE SECTORS

Prior to selecting companies as candidates for interviews it was
necessary to obtain a clear understanding of the functions performed
by the various participants in the private insurance market. These
partlclpants include brokerage firms, primary property-casualty
ihsurers,, reinsurance companies and insurance/reinsurance pools.
The following provides a general definition of each of the market

~sectors:

e Broker: A soliciter of insurance who represents the insured
in negotiations with- insurance companies to obtain insurance
coverage for the insured's particular needs; is often the
initiator in working with insurance organizations to arrange
for proteétion of unusual or extremely large risks.

e Insurance Company: An organization chartered and regulated

under state laws to indemnify another (the insured) for loss
caused by designated hazards or perils; the company assumes
by contract (the vpolicy) financial responsibility for the
- specified risks of its policyholders.

o Reinsurance Company: An insurance company which accepts
~all or a spec1f1ed portion of the risk of loss of another
insurer; this is a mechanism for: spreading the risk of loss

" between . two or more insurance companies; the two principal
types of reinsurance are treaty relnsurance based on a
previously agreed to contract between the companies and
facultative reinsurance where individual risks are accepted
at the option of the two companies.
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\=; e Insurance Pool: A group of insurance companies that have
joined together for the purpose of sharing cértain risks
on an agreed upon basis; usually structured to underwrite
similar risks for a group of insurers with similar . charac-
teristics. ' ' '

Each of the above sectors of the private insurance market was
considered to have knowledge and experience in dealing with
insurance risks for emerging industries. It was, therefore,
determined that representatives of each of the above sectors
should be included in the insurance interview process.

SELECTION OF INTERVIEWEES

- Method of Selection

Efforts to obtain a representative cross-sample of the insurance
industry began with the analysis of several industry summaries such
as the Fire, Casualty & Surety Lines Aggregate Financial Report,
Best's Insurance Management Reports and other insurance publica-
tions. This analysis identified a preliminary list of insurers,
reinsurers aﬂd other underwriting organizations from which the
final list of interviewees would be selected. The preliminary 1list
included insurers whose commercial lines of business represented a
significant portion of their ﬁotal book of. business underwritten,

the principal reinsurance companies and organizations and other
underwriting groups with experience in energy industries. A list
of more than fifty potential interviewees was prepared through this
process.

The final list of intérviewees was prepared following mofe exten-
sive analysis of the commercial lines of business written by the
companies inclqdihg some direct experience with energy related
hazards. Telephone contacts were made with companies and organi-
zations on the list when questions-existed regarding the organiza?
tion's experience relative to this study. Among the individuals
and organizations contacted but not formally interviewed were
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&i;Mr. Al J. Borris, C.P.C.U., Manager of Client Services for EBASCO
Risk Management Consultants, Inc. and Mr. Michael Ovens of the
London brbkerage firm of Harris & Dixon. EBASCO, which manages
a mutual insurance company established in Bermuda in response to
the casualty insurance needs of the United States public utility
industry, declined to be interviewed because they had no property
insurance expertise and there was no apparent interest in covering
property risks. The firm of Harris & Dixon has worked through
Lloyds Underwriters in London to provide property insurance on

. some foreign geothermal power plants not including coverage on the
reservoir performance.

After completion of the analysis, a list of twenty-one final inter-
view candidates was prepared. These included two primary insurance -
carriers with known geothermal experience, nine other primary
insurers, eight of the largest reinsurers operating in the United
States, one reinsurance pool with property insurance experience and
two of the major brokerage firms. This final list of interview
candidates was reviewed and approved by insurance personnel of
Coopers & Lybrand.  Seventeen of the twenty-one interview candidates
were formally interviewed by the project team.

Composite Profile of Interviewees

Though it is difficult to precisely detail all of the characteris-
tics represented:by the interviewees, some of the common character-
istics of the organizations interviewed are described below. Many
of these characteristics are reflective ‘of the size and diverse
interest and expertise of the organizations. '

Among the characteristics of the organizations interviewed for this
study are:

® The organizations generally ranked within the top twenty-five
property and casualty insurers in the United States, the
top fifteen reinsurers or the top five insurance brokerage

firms.

86




© Commercial lines of insurance constitute a significant
portion of the companies' total book of insurance written.

e Each of the organizations had knowledge and experience
with insuring against the hazards of several energy fields,
including petroleum, gas and coal.

o Most of the organizations had knowledge or experience in
providing insurance protection for unusually large risks or
risks where historical data was difficult to secure; this
protection‘was provided individually or through pooling
arrangements such as the nuclear energy liability pools.

e Many of the insurance organizations interviewed have direct
experience in the emerging energy technologies, such as,
solar, synfuels, coal gasification, wind and waste recovery.

‘& Seven of the seventeen companies indicated specific knowledge
or experience with geothermal energy risks.

e Many of the respondents'have or are currently providing
‘'insurance coverages under standard forms, such as property
damage tolpower plants, workers compensation, boiler and
machinery and builder's risks for energy industries in-
‘cluding geothermal.

Exhibit IV-1 lists the twenty-one interview candidates who were
contacted requesting their participation in the interview process.
A total of 61 executives representing seventeen firms agreed to
participate and were formally interviewed byksenior insurance
consultants of Coopers & Lybrand. By category, those companies
contacted by Coopers & Lybrand are listed with the company repre-
sentatives who participated in the interviews. ‘
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EXHIBIT IV-1l
Page 1 of 4

INSURANCE SECTOR INTERVIEWEES

1. Geothermal Energy Insurance

A.

INA Underwriters Insurance Company
New York, New York

Person interviewed:
Mr. Akos Swierkiewiez, Vice President - Property

American Home Assurance Company and AIG Enérgy
New York, New York

Persons interviewed:

Mr. Michael I. D. Morrison, President
Mr. Charles Force, Executive Vice President, AIG Energy
Mr. Kirk Mellen, Senior Casualty Officer

2. Commercial Insurers

A.

Continental Insurance Companies
New York, New York

Persons interviewed:

Mr. Charles L. Rueff, Senior Vice President

Mr. Robert M. Menninger, Vice President,
Continental Risk Services

Mr. George S. Zacharkow, Marine Office of America -

Ms. Beverley B. Wadsworth, Vice President International
& Reinsurance '

Mr. David R. Sheppard, Swett & Crawford

Mr. Robert F. Nabors, Executive Vice President,
Underwriters Adjustment Company

Mr. Tom Coleman, Assistant Vice President,
Continental Boiler & Machinery

Mr. Robert F. Lowry, President, All American Marine Slip
Mr. W. F. Warm,'President,3Cargo'Surveyer Inc.

Mr. Harold Culler, Vice President, Continental
‘ Technical Services

Mr. Stan S. Roblin, Director of Underwriting,
Continental Special Risks Underwriters

Mr. Richard Pflager, Commercial Property Underwriting
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E.

EXHIBIT IV-1l
Page 2 of 4

INSURANCE SECTOR INTERVIEWEES

Highlands Insurance Company

Houston,

Persons

Mr,
Mr.
Mr.
Mr.
. Mr.
Mr.
Mr.
Mr.

Texas
interviewed:

James A, Terry, President

Harold F. Duble, Executive Vice President
D. W. McGillicuddy, Senior Vice President
B. J. Phillips, Senior Vice President
Norris Krieg, Vice President

J. E. Smith, Vice President

Jim West, Assistant Vice President
Charlie Martin, Vice President

Kemper Insurance Companies
Long Grove, Illinois

Persons

Mr.
Mr.

Mr.

Persons

Mr.
Mr.
Mr.
Mr.
Mr.

interviewed:

Warren T. Boyce, Vice President

Robert A. Garwood, Assistant Manager Commercial
Casualty Underwriting

Forest S. Paddock, Assistant Manager Boiler and
Machinery Underwriting

‘Maryland Casualty Company (American General Group)
Baltimore, Maryland

interviewed:

L. L. Lucas, Senior Vice President Underwriting
James Krafft, Vice President Casualty

George Cass, Vice President Property

John Russell, Vice President Loss Control

Gene Cavey, Assistant Vice President Casualty

Travelers Corporation
Hartford, Connecticut

Persons interviewed:

Mr.
Mr.

George Ramsdel, Senior Vice President

Thomas Jackson, Secretary, Product Manager
Commercial Underwriting
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. Persons:

Mr.
Mr.
Mr.

EXHIBIT IV-1l

Page 3 of 4

INSURANCE SECTOR INTERVIEWEES

intefviewed, continued:

Roger Faulk, Supervising Market Analyst,
Boiler and Machinery

Frank Young, Associate Director Engineering
Henry Elliott, Associate Director Engineering

United States Fire Insurance Company (Crum & Forster Group)
Morristown, New Jersey ,

Persons

Mr.
Mr.
Mr,
Mr.
Mr.

interviewed:

GeorgevL. Yeager, Senior Vice President
Roger A. Quigley, Vice President

Donald J. Prudhomme, Vice President

Harry T. Matt, Vice President

Edward J. Ritter, Assistant Vice President

Companies

3. Reinsurance

A.

C.

General

Reinsurance Corporation

Greenwich, Connecticut

Persons

Mr.

Mr,

interviewed:'
Bruce Hayden, Assistant Vice President
Facultative - Casualty

Thomas McCarthy, Vice President
Facultative - Property ’

American ReInsurance Company
New York, New York

Persons

Mr.

Mr.
Mr.

interviewed:

Herbert W. Shaw, Jr., Senior Vice President
James Pearce, Vice President v
William McGill, Assistant Vice President

Munich American Reinsurance Company
New York, New York '

Person interviewed:

Mr.

Michael A. Pero, Vice President
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D.

G.

EXHIBIT IV-l
Page 4 of 4

INSURANCE SECTOR INTERVIEWEES

North American Reinsurance Corporation
‘New York, New York
Persons interviewed:
Mr. C. W. Price, Secretary
Mr. James E. Baxendale, Vice President
Mr. Robert N. Wanglund, Vice President
Mr. Robert Mirabile, Assistant Vice President
' Mr. Hans Gfeller, Assistant Manager, Engineering
Risks Department

Prudential Reinsurance Company
Newark, New Jersey
Person interviewed:

Mr. John Spoonauer, Director
Industrial Risk Insurers
Hartford, Connecticut

Person interviewed:
Mr. Blinn McClelland, Vice President

SCOR Reinsurance
Dallas, Texas
Persons interviewed:

Mr. Marcus Corbally, MICE, Vice President Technical
Risks : :

Mr. Larry F. Bachel, PE, Assistant Manager
Technical Risks ' :

' Mr. Karl Hauenstein, Casualty Department

4. Brokerage Firms

A.

Corroon & Black of Pennsylvania
Philadelphia, Pennsylvania

Person interviewed: |
Mr. Norman K. Barrett, Senior Vice President

Marsh & McLennan
San Francisco, California

Persons interviewed:
Mr. John R. Taylor, Senior Vice President
Mr. Michael Enfield, Vice President
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INTERVIEW PROCESS

To obtain consiétent information from the interviews, a detailed
questionnaire was prepared. The queStions included knowledge and
experience in energy industries, specific experience with geothermal
energy and assessment of the risks associated with geothermal
reservoir insurance as identified earlier in the project. The
questionnaire was designed to provide each of the interviewers a
~uniform approach to the collection of both the objective and subjec-
tive data required. For those questions seeking subjective infor-

mation the questionnaire was designed to obtain the interviewees'
"perspective. :

Questionnaire Format

The questionnaire was divided into five principal sections with the
first section used to profile the interview respbndent. The second
section of the report profiled the respondent cémpany's knowledge
and experience in providing insurance‘prdtection for energy indu-
stries.v Among the eight energy types included'were petroleum, gas
‘and geothermal. This section was intended to gather information on
the extent of coverage provided by each coméany»to other energy
industries for risks that were similar to those experienced in the
geothermal field, such as drilling risks and underground storage
reservoirs.b Also identified 'in this section were the types'of
coverage written and any limitations on the company's capacity.
For those fespondeﬁts who had specifié experience with geothermal
enerdy, this section contained a series of qﬁéstions_tO»ascertain
the interViewees'fgeothermal_experience; The questions included a
description of coverage quoted/issued, pre-issue underwriting
ihformation, _specific problems encountered and types of coverage
requested that the company declined to provide.  This séries of
" questions on specific geothermal experience was completed for
each prospect or insured that the company had dealt with. Those
companies with no geothermal experience were asked if they had ever
declined to quote on a geothermal risk and, if so, the reasons for
the declination.
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\EJThe third section of the questionnaire covered the respondent
company's perception of the geothermal risks and the company's
assessment of the insurability of those risks. The list of risks
was prepared for thiskquestionnaire following analysis of the
priorty risks identified in prior interviews with geothermal

- developers, geothermal energy users and lenders and analysis of
additional risk information. The section identified eight principal
riék categories with more than forty individual risk types. The
questions on the insurability of specific risks focused on each
particular respondents reaction. A negative reaction to insurabil-
ity did not $ignify that thé risk is necessarily uninsurable but
rather than that respondent ﬁould not want to insure that risk at
this time. This section aiso sought information on the appro-
priateness of 1limiting inéurance protection only to specific
project types and/or stageé_in the development and production
process. ‘

The fourth section of the ihtepview questionnaire was designed to
determine the types of covérage the interviewee would consider
appropriate for those risks_identified as insurable in the previous
section. The Questions in.this section would also provide a general
sense of the company's willihgness and capacity to provide protec-
tion against these risks. Specific information requested included
coverage -limits, policy conaitions, policy term, deductibles and
renewél guarantees. It was %ecognized that obtaining this specific
information might'prove'dif$icu1t because of the potential  vari-
ability of limits,’conditioné, underwriting requirements, etc., by
the different project types,gthe lack of risk information on which
the interviewee could éonduc@ an evaluation and the constraints of
the interview process whichflimited the time available for under-
stahding and evaluating riskg. It was also anticipated that certain
information requested in thi? section would be considered proprie-
tary by the respondants and ﬁherefore unavailable.

"The last section of the quesﬁionnaire asked for general responses to
narrative questidns on the pbtential role of the federal government
Qﬁjin providing insurance for geothermal risks. The questions sought
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- \Ejthe‘interviewees' opinion of the impact on their company's willing-
ness to ensure geothermal risks if government insurance/reinsurance
existed and sought the respondant's perception of the pros and cons
of government involvement in a geothermal insurance/reinsurance
program. - The appropriate roles of the private insurance sector
and the government in a geothermal insurance program were covered
in this section of the questionnaire. Additionally, the question-
naire sought to determine the interviewees perception of the impact

" of a pooling arrangement by the private sector.

The qhestiohnaire, utilized by the insurance consultants of
Coopers & Lybrand in the interview process, is presented in
Exhibit IV-2.
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DEPARTMENT OF ENERGY

GEOTHERMAL RESERVOIR INSURANCE STUDY

INSURANCE/REINSURANCE

INTERVIEW QUESTIONNAIRE

Interview Profile

A.

Name

Name of Respondent

EXHIBIT IV-2

Page 1 of 10

Title of Respondent

Company

Address

Telephone

Others Atttending:

Name

Name

Name

Name

Interviewers:

Name

Date of Interview

Title

Title

Title

Title

Office

Office
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II.

EXHIBIT 1IV-2
Page 2 of 10

DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
- INSURANCE/REINSURANCE
INTERVIEW QUESTIONNAIRE, Continued

Description of Experience with Geothermal or Other Energy Types

l. We would 1like to understand your familiarity with the
geothermal energy industry and with the production and
use of other types of energy. Please indicate the types
of energy in which you have knowledge or experience.

'Energy Type Knowledge Experience Level

A. Coal | ‘1:7 /7

B. Geothermal /7 /7

C. Natural Gas /7 /7

D. Nuclear /7 [ 7

E. Petroleum /7 /7

F. Solar /7 /.

G. Synfuels [:7 [ 7

H. Other /7 [ 7

2. Comments on Knowledge and Experience:
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| EXHIBIT IV-2
j Page 3 of 10

DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
| INSURANCE/REINSURANCE

INTERVIEW QUESTIONNAIRE, Continued

3. If you had specific experience with geothermal, what was
your experience?

A. Request for guote or policy issued?

: B. Name of prospect or insured and'description of project/

facility.

C. Description of coverage quoted/issued, including type,

limits, conditions, term, and premium basis.

D. What types of pre-iSsue information did you require?

. E. What specific probiems did you encounter in quoting

on these coverages or issuing these policies?
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4.

1.

EXHIBIT IV-2
Page 4 of 10

DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INSURANCE/REINSURANCE
INTERVIEW QUESTIONNAIRE, Continued

F. Where there types of coverage desired by the prospect/
insured that you would not provide? Please identify
the coverage and specific reasons.

If you'haVe'not had any specific experience with geother-
mal, have you ever declined to quote on coverage for
geothermal risks?

Why did you decline?

2.

3.

4.

5.
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EXHIBIT IV-2
Page 5 of 10

DEPARTMENT OF ENERGY

GEOTHERMAL RESERVOIR INSURANCE STUDY
| INSURANCE/REINSURANCE
INTERVIEW QUESTIONNAIRE, Continued

III. Risk Assessment

1. In an earlier part of this study we interviewed a sample

A.

of geothermal energy developers, users and lenders and
obtained their perceptions of the priority risks in

'geothermal energy. With the assistance of our engineer-

ing subcontractor, we were able to prepare a list of these
risks. We would like your reaction to this list, including
specific insurability.

Priority Risks ' Insurable Comments
| Y N
WELL RISKS

1) Events leading to a re-
duction in useful well
life--for both production
and injection wells.

a) Scaling

b) Corrosion

¢c) Well-face plugging
d) Mechanical damage

2) Drilling and completion
problems o
a) Mechanical problem
b) Other

3) Success ratio less than:
expected '

SURFACE FACILITY RISKS

1) Failure of advanced
design equipment

‘a) Pumps
b) Other
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DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INSURANCE/REINSURANCE
INTERVIEW QUESTIONNAIRE, Continued

Priority Risks Insurable

2) Failure of Standard
design equipment (major
unplanned consequences)

3) Scaling and corrosion
--management related
(Improper handling and
treatment) :

4) Scaling and corrosion
-~ Greater than expected

PLANT RISKS
1) Power plant performance

2) Transmission

a) Availability of lines
b) Accidents .
¢) Other

RESERVOIR PERFORMANCE RISKS

1) Interference of other wells
(adjacent development)

2) Improper well siting (within
particular development)

- Pressure decline
- Flashing in reservoir

3) Production/Injection strategy
- Including premature cooling
due to injection well siting

4) Adverse change in

a) Chemistry (including non-
condensable gas effect)

b) Temperature

c) Pressure

d) Enthalpy

e) Permeability
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E.

G.

EXHIBIT IV-2
Page 7 of 10

DEPARTMENT OF ENERGY
_GEOTHERMAL RESERVOIR INSURANCE STUDY
v INSURANCE/REINSURANCE
INTERVIEW QUESTIONNAIRE, Continued

Priority Risks - Insurable Comments

5) Reservoir characteristics
adversely different than
. originally expected

‘a) Temperature

' b) Reservoir size
c) Chemistry

d) Enthalpy

e) Permeability

ACTS OF GOD
1) Landslides

2) Volcanic.hazards

DELAYS
1) Water rights dlsputes
.{Stage 1)

2) Social acceptance

MARKETABILITY

1) Regulatory rate treatment
'2) Limited market size

3) Difficulty in negotlatlng
a sales contract

4) Alternative energy costs

 5) Long-term market for end-

product

ENVIRONMENTAL
1) Access to water--long
run drought

2) Subsidence caused by net
fluid w1thdrawal - liability
issue

Should insurance protectlon be limited to certain types of
projects and/or certain stages of development?
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EXHIBIT IV-2
Page 8 of 10

DEPARTMENT OF ENERGY
(N GEOTHERMAL RESERVOIR INSURANCE STUDY
INSURANCE/REINSURANCE
INTERVIEW QUESTIONNAIRE, Continued

IV. Protection Against Loss

For each of the risks that you identified as insurable, we
would like to obtain more specific information on your
willingness and capacityvto provide protection against these
risks. '

l. Identification of risk

Code Risks

2. What coverages do you currently offer or would you consider
offering to protect against loss from this risk?

3. What do you consider appropriate for this risk:

A, Coverage Limits

B. Policy Conditions

C. Policy Term

D. Deductible

'E. Guaranteed Renewal

F. Other

Comments:
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EXHIBIT IV-2
Page 9 of 10

DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INSURANCE/REINSURANCE
INTERVIEW QUESTIONNAIRE, Continued

4. What types of pre-issue requirements would you consider

necessary?

A. Projected costs for field development and
facilities construction and estimated time
span for each.

B. Copies of pertinent contracts among
involved parties

C. Technical information:

e Geothermal reservoir

e Individual wells

® Proposed facilities

e Testing results

e Environmental impact

e Other technical (specify)

D. Other

5. What level of reinsurance would you consider appropriate?

6. Other Comments:
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EXHIBIT IV-=2
Page 10 of 10

DEPARTMENT OF ENERGY
GEOTHERMAL RESERVOIR INSURANCE STUDY
INSURANCE/REINSURANCE
INTERVIEW QUESTIONNAIRE, Continued

V. General Considerations

1. How would the existence of a government-backed reinsurance
program impact your willingness to provide coverage for
protection against loss from geothermal risks?

2. What would you consider to be the advantages and disadvant-
ages of a government-backed insurance/reinsurance program
for geothermal risks?

3. What would you consider to be the appropriate roles for
private insurers, reinsurers and government in a geothermal
insurance/reinsurance program?

4. Would the existence of a private geothermal insurance pool
“impact your conSideration,of providing protection against
loss from geothermal risks?
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\EJConduct of Interviews

~ Interviews with the insurance organizations identified earlier were

conducted by senior insurance consulting personnel from Coopers &
LYbrand's,New York, Boston, Dallas and Chicago offices. The inter-
views were cbnducted in the interviewees offices during a three
week period in April and May, 198l. When contact was made with the
interview candidates the interviewers outlined the background of
the study and offered an advance copy of the questionnaire such that
the interviewee could become'familiar with the material. A glossary
of the geothermal risks and a description of project types was also
included with the advance material.

RESULTS OF INTERVIEWS

Energy Industry Experience

Those interviewed generally had extensive knowledge of and experi-
ence in dealing with the risks associated with various energy

. production industries, including the petroleum, natural gas, coal

and nuclear industries. This knowledge and experience extends
to some smaller insurance companies through participation in

- pools such as Industrial Risk Insurers and the nuclear energy

liability pools. - Exhibit IV-3 illustrates the background of the
interviewees in the various energy industries. Knowledge of an
energy industry by an insurer means the completion of research and

‘analysis into the hazards faced,by a particular energy industry.
‘Experience with an energy industry means either the issuance of an
insurance policy covering some portion of the energy industry's

hazards or the desire to_issue a policy through transmittal of a
quote on a particular coverage or coverages.
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EXHIBIT IV-3
PROFILE OF KNOWLEDGE AND EXPERIENCE
IN ENERGY INDUSTRIES

Energy Industry . Knowledge Experience
Petroleum o | 100% 100%
Natural Gas i00% 100%
Coal o 93% 93%
Synfuels . 80% : 73%
Nuclear ' * 73% 73%
Solar , 67% 57%
Geothermal | | 53% 46%
Other* , . 60% 60%

It is important to note that most of the insurance protection

provided to the energy industries, including geothermal, by the

companies interviewed have been provided under standard forms of

cbverage such as property damaQe~to plants, boiler and machinery,

builder's risk and completed operatiqns. Some companies have

conducted extensive research and, in a few cases, have written
unconventional coverages on'energy risks. At least three primary
insurers and two reinsurers have conducted significant research
in orderrﬁo provide protection for underground storage reservoirs
for‘oilkand'natural gasQ The principal difference in underwriting
these storage reservoirs and a geothermal resource reservoir is the
ability to determine the value, quantity and quality of the resource
in the resérvoir.v Other companies interviewed had pioneered
insurance protection for many of the emerging energy fields.
Companies have provided insurance protection to both énergy devel-

- opers and energy users.

*
Other energy industries include wind, coal gasification,

hydro and waste recovery.

106




_\i;Specific Geothermal Experience

Through the interview process, four primary insurers and five

reinsurers who have direct experience in providing protection to the
geothermal energy industry were identified. Of the three primary
~insurers, one company's experience occured approximately 10 years
ago and the company declined any specific comments on that experi-
ence. Another primary insurer has been actively involved in a
geothermal énergy resource insurance program and, although they have
quoted on eight different geothermal projects, no policy has yet
been issued. One other company is currently writing standard form
coverages for a geothermal project but is not providing any protec-
tion for the reservoir. The femaining company provided only physi-
cal damage on drilling rigs.

‘Those reinsurers with geothermai energy industry experience include
four who have participated with one of the above primary insurers
either on quotes for‘specific projects or support for the primary
“insurer's pfdgram; One of these reinsurers is also providing
reinsurance protection on a floater policy with standard coverages
for pipes, drilling and underground lines. One other reinsurer
has issued a reinsurance contract to a west coast insurer for a
principal geothermal developer. This is an all risk policy covering
physical damage and contingent business interruption but specifi-
cally»excluding claims from loss of steam or pressure.

There was some reluctance among companies with specific geothermal
experience to offer more than general information on that experi-
ence. There were three principal reasons for this reluctance:

e Some of the information requested on the company's experience
such as project name, coverage limits, exclusions and premium
- basis was considered proprietary. '

@ Certain specific data requested varied substantially by
project type and coverage limits, exclusions and policy term
wére to be individually negotiated with the prospective

 \;} insured based on general underwriting guidelines.
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® The reinsurers would negotiate the specifics of the re-
”\E; ‘ insurance coverage provided to the primary insurer on the
basis of a specific proposal made by the primary insurer and
therefore a standard reinsurance arrangement for geothermal

projects did not exist,

The information that was provided, though'usually general in nature,
was sufficient to produce a valid overview of the companies' willing-

ness to meet what they perceived to be the insurance needs of the
geothermal energy industry, Two primary insurers and four rein-
surers agreed in principal that protection of the geothermal

 resource reservoir can be achieved in addition to the more standard
forms of coverage:. One of the primary insurers is currently deve-
loping its geothermal reservoir insurance program and underwriting
guidelines. The remaining primary insurer has a general program
developed and has obtained the support of the four reinsurers.
The following points summarize this company's program:

‘@ The program is designed to insure the long-term availability
of the geothermal resource at levels of quantity and quality
eétablished prior to policy issuance.

o Insurahce protection is offered on an all-risk* basis for
loss arising out of project termination and/or reduction of
project capability because of resource inadequacy. (*ekcept
those specifically excluded in the policy).

e Coverage is offeréd for a noncancellable policy period
encompassing the construction phase (21~42 months) plus an
operational period of up to seven years. '

e The prdgram provides indemnification to indirect users (e.g.
~electric generation plants) in the form of payment of the
sunk doéts of the project in the event of project termination
‘prior'to,project completion (construction phase) or the
unamortized sunk costs if the prbjeét is terminated in the
operation phase; for reduced capability the program provides
indemnification of agreed amounts to assure continuation of
o the debt service and payment of fixed amounts,
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® The program can also include coverage for loss of earnings

Q‘J because of project termination or reduced capacity.

° The'program can provide indemnification to direct users of
the geothermal resource in the form of the actual cost of an
alternatively fueled steam boiler sufficient to produce the
temperature level and quantity of heat requried for the
project; the actual cost of the alternative fuel required;
the annual cost of redrilling or reworking the geothermal
well,

e The program is specifically tailored to each project and
directly reflects the insurable interest of the insured.

o The company has quoted on coverage for eight different
projects, with total exposure ranging from more than $700,000
to approximately $66 million.

This company and its reinsurers have been willing to assume full

capacity for theée exposures and it is the only company actively
marketing this coverage. Through its pre-issue underwriting re-

‘quirements, the company attempts to confirm the existance of the

geothermal resource to an 80% - 100% reliability level based on the
current state of geothermal technology.

Though insurance protection of the geothermal reservoir is evolving,
several problems have vhampered' the efforts of the insurance in-
dustry. These problems were cited by the companies attempting to
market the coVerage and by companies whd have not been involved in
protecting the geothermal energy industry. Among the problems
encountered and reasons for non-involvement are:

® Lack of historical data on the geothetmal resource.
e Reliability of available data.

e Catastrophe possibility limited the companies' willingness
to accept that exposure.
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e Insurance company involvement occured too late in the project

‘\73 financing structure making it difficult to superimpose

insurance.
o Desired term of coverage was unacceptable.

@ Difficulty in aetermining the specific insurance needs of
an individual project.

e Inability to determiné appropriate retention levels.

Whether these problems'are real or perceived, they do in fact
pPresent a substantial barrier to the full participation of the
insurance industry in providing protection for the geothermal
reservoir. One of the points that emerged from the interview
process was the apparent limited communicatibn between the geother-
mal energy industry and thevinsurance industry on the depth of these
problems-énd limited efforts to jointly resolve these problems.

One of the key fihdihgs of the interviews was that, of the primary
insurance companies that have been approached, only one declined
‘to provide any coverage. for the protection desired by the prospec-
‘ tive-ipsured. The requested coverage included protection against
loss of market and the effects of government regulations. However,
this company also was willing to negotiate a buy back of these
exclus;ons with the prospectlve insured.

Perception of Risk

‘This subsection of thé‘reportAreviews the portion of the interview
- questionnaire that deals with  the respondent's assessment of the
principal geothermal resource risks identified earlier in the study.
Although seventeen»~insuran¢e organizations were formally inter-
viewed, the qhestiOns in this section were notuapplicable to the
two b:okerage‘firms, thereby,‘reduding the maximum cumulative
responses'to fifteen. The folldwing paragraphs‘and exhibits analyze
the companies' perception of the insurability of those risks, the
appropriate coverages and evaluation of the possible differences

\J/in protection by project type and stage of development. It is
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‘\J/important to recognize that while some companies reached similar

conclusions on insurability, they did so for varying reasons re-

flecting their own underwriting guidelines and policy. Even those

who agree that a particular risk is insurable often disagree on the
precise coverage needed to protect against loss. Also, the fact

“that a respondent identified a particular event as uninsurable does

not necessarily imply that it is an uninsurable risk but rather that
the particular insurer would not want to provide coverage for it at
this time.  Whatever else may be learned from this portion of the
questionnaire, the lack of uniformity in the responses is indicative
of the varied and competitive nature of the insurance industry.

‘Prior to analyzing the interview reSults, it is important to under-

stand the generally accepted characteristics of an insurable risk:
® There must be a large group of homogeneous exposure units.

o The loss produced must be definite.

~® The occurrence of the loss in individual cases must be
accidental or fortuitous.

® The chance of loss must be calculable,

Other characteristics often included in the‘definition of insurable
risk are that the potential loss must be of suff1c1ent size to cause
a hardshlp, thé cost of insuring must be economlcally fea51ble and

‘the risk must be unlikely to produce loss to a great many insured
- units at the same time.

on the following pages, the analyses of risk insurability from
the interviewees perception are divided into general risk categories
including a definition of both the categories and the specific

"risks. The numbers next to each of the risks on the exhibits

represent the number of companies who v1ew the particular risk as
insurable or uninsurable.
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The first risk catagory to be considered are the risks that arise in
m\-/the'drilling; operations and maintenance of geothermal wells. The
useful well life is the,scheduled or expected number of years during
which a well is economically operable. Though well life varies from
field to field, the expected life usually ranges from 5 - 20 years.
This catagory includes both production and injection wells. The
specific definitions of risks as provided to the interviewees are:

Scaling - Chemical precipitate from the geothermal fluid. Most
common kinds in geothermal system: calcium carbonate (CAC03) and
silica (5i0,). ' ’

Corrosion - Rusting or dissolving of downhole casing, surface
fluid-handling lines, and other metal components of the geo-
thermal system.

Well-face plugging - Chemical precipitate forms where water
moves through slotted casing into or from the well, or in

permeable zones immediately adjacent to hole. Most common in
. injection wells..

Mechanical damange or mechanical problems - Loss of equipment
‘or tools in hole, casing collapse, cement failure, casing leaks,
etc. ’Specifically excludes scaling and corrosion.

Drilling and completion problems - Completion of a well by
installation of a casing or a liner which partially or totally
seals off the production zone(s). A liner (casing which is hung
‘from its top and not cemented in'place) may be pre-slotted to
allow entry of formation fluids. ‘A'liner supports the hole and
prevents sloughing or cave-ins;,'Incorréct,lopation of the slots
or an insufficient number of slots may prevent or limit produc-
tion. Slots méy also become sealed by sand or clay from the
formation or scaling. Correction may be attempted by shooting
new holes through the liner or through the‘cemented'éasing using
special tools lowered downhole. | ‘
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Success ratio less than expected - The numbef of successful
\,3 (production) wells drilled divided by the total number of
'wells'drilled; In all reservoir'developments a certain fraction
of the wells_dril1ed will be unsuccessful. Prediction of the
location of.permeable zones in the reservoir may be difficult
and "dry" holes may be drilled even within areas of known

production. Increased drilling experience is likely to
establish a fairly well-known success ratio, but initial
estimates based on the drilling of.only a few wells may be
highly erroneous. More 1likely to be high in heavily drilled
parts of a field than on the margins where the lateral extent
of the reservoir is uncertain. '

From Exhibit IV-4, it is apparent that only certain of the well
risks were considered insurable by a majority of the respondents.
These were the reduction in useful well life and drilling and
completion problems caused by mechanical damage/problems. Less
than a third of the ihterviewees also believed that the risk of well
succeSS~ratio-less than expected would also be insurable. Though
each of the other individual risks were viewed as uninsurable by
most respondents, at lease one company indentified each of these
risks as insurable. '

EXHIBIT IV-4
INSURABILITY OF WELL RISKS

Risk ' Insurable Uninsurable

l. Events leading to a reduction
* in useful well life

a. Scaling 1l 14
~ b. Corrosion v 1 14
‘¢c. Well-face plugging 2 13
d. Mechanical damage 9 6
2. Drilling and Completion Problems
-~ "a. Mechanical problems 8 7
b. Other. : 1 5
\,}3' Success ratio less than expected 4 11
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Generally the interviewees considered these risks to be of the
’“&sjmaintenace, wear and tear and housekeeping variety, controllable
by project:managementvand therefore uninsurable. Even those who
identified these risks as insurable did so with the caveat that only
‘the loss caused by a sudden and accidental occurrance would qualify
as an insurable loss. Coverage that the companies believed would
generally apply to those risks viewed as insurable would include
'boiler and machinery (for damage/failhre to the vessel), standard
business interruption protection and physical damage to the equip-
ment. The cost of the removal of scaling and corrosion and other
evolutionary type risks were seen as an integral part of the risk of
doing business for the project. Only one company believed any of
the risks would be covered by protection against the reduction of
the resource capability and that was limited to the risk of the well
success ratio being less than expected.

The next risk catégory evaluated by the interviewees is the surface
facility fisks, including accidents to or failure of downhole pumps,
steam or water gathering lines, auxiliary values and piping and
geothermal water disposal lines. Specific definitions of risks in
this category are:

Advance design equipment - Items for which design principles
and operating histories are not well established. For geo-
thermal systems, downhole pumps for high temperature (300-450°F)

applications are the main such items.

Standard design equipment - Example: Large diameter steam or

hot water gathering lines.

Scaling and corrosion - improper handling - Improper equipment

design,-designed'pressure decline in system, designed tempera-
ture decline in system, incorporation of atmospheric oxygen in
£luid and/br mixihg~6f.brines causes unnecessary degree of
scaling or corrosion.

Scaling and corrosion - greater than expected - Even though
optimum equipment design and fluid handling procedures are

\‘J followed, the rate of scaling and/or corrosion is excessive.
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Exhibit IV-5 displays that accidental damage to and in some cases

\‘Jfailure of.equipment of both advanced and standard design is con-
sidered insurable by a sizeable number of interviewees. The damage
‘to or failure of pumps was viewed as insurable by more than two-
thirds of the respondents if caused by accident. Without exception
these companies would exclude design failure and limit mechanical
breakdown. Some companies indicated they would not provide coverage
during the initial period of use of the equipment because they
believed this should be covered by the manufacturer's warranty.
Only one‘insu:er indicated that they might offer standard business
interruption coverage for loss while the facility is down from one
of these risks, otherwise those responding would apparently limit
coverage to physical damange protection for the equipment. Those
companies who viewed these risks as uninsurable did so because
they viewed the risks as the responsibility of the equipment manu-
facturer's warranty program, as failure of the manufacturer's design
and thereby a liability issue with the manufacturer or simply a risk
of conducting business.

EXHIBIT IV-5
INSURABILITY OF SURFACE FACILITY RISKS

Risk Insurable Uninsurable

l. PFailure of advance design equipment

a. Pumps 11 4

b. Other E 7

2.  Pailure of Sténdard Design 7
3.‘ Scaling & Corrosion -~ ' ‘ :
management related . 2 ' , 13

4. Scaling & Corrosion -greater than ;
expected , ’ 2 13

The next category of risk is the plant risks. This category
includes accidents to or failure of equipment in the electrical
power generating facility or heat ~consuming process (for direct
‘'use projects).  The two specific risks within this category are
the power plant performance and the availability of transmission
facilities. Specific definitions of risk in this category are:
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Power plant performance - Failure of equipment, such as turbines

in an electrical generating facility due to damage from parti-
culate matter or dissolved solids.

Transmission availability - The availability of transmission

facilities from the island of Hawaii to the other islands in the
Hawaiian chain.

For the risks associated with power plant performance a majority of
the respbndents viewed the risk as insurable, though for a variety
of reasons and only for certain coverages. Most of the insurers
would only cover the physical damage to the plant caused by an
accident and would consider loss of performance caused by other
factors. Only one insurer viewed standard business interruption
insuranceaés~appropriate for this type of loss. All but two re-
spondents viewed the accidential loss of transmission facilities as
an insurable risk while only four of the respondents believed that
the availability of transmission lines was insurable. Companies
were divided on the appropriate coverages for the transmission
risks. Some believed that they would provide physical damage
coverage on the lines while others believed that standard business
interruption coverage could be provided. Only one company believed
that both coverages would be appropriate. Those companies respond-
ing negatively to the insurability of these risks generally believed
that performance risks were a hazard of doing business.

'EXHIBIT IV-6
INSURABILITY OF PLANT RISKS

Risk N ’ Insurable Uninsurable
l. Power Plant Performance 8 _ 7

2. Transmission

a. Availability of lines 4 o 10
b. Accident 13
c. . Others 2
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'+ The next category of risks aretthose dealing with reservoir per-
formance. The category includes those problems which affect the
entire subsurface structure which yields the geothermal fluid and
excludes those probiems in individual wells that can be solved by
drilling a new well at that site.b The key definitions of individual
risks in this category are:

Interference of other wells (adjacent development) - Pressure
and/or temperature drops within one project because the same
subsurface reservoir also is being tapped for a nearby, inde-
pendent project.

Improper well siting (particular development) - Pressure and/or
temperature drops because the wells within a single project are
spaced too closely, causing the reservoir to be depleted more

' rapidly than necessary.

" Premature cooling due to production/injection well siting -

Injection wells are improperly placed too close to production
- wells, causing cold water to invade the production zones leading

to lower net productivity.

Adverse change - Reservoir characteristics over long-term
exploitation are different from those projected to occur in this
long~term phase. The projected characteristics were based on
experience gained early in the project.

Reservoir charaCtétistics adversely different than expected -
Reduced reservoir performance in the early stages of develoop-
‘ment (Stages 1 & 2) because the'reservoir charadteristics
- (chemistry, temperature, pressure;~ enthalpy and permeability)
are worse than briginally expected based on limited experience
with the development. ' | |
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¢ This is the risk category where the interviewees were most divided
in their opinions. For the first three items the majority of
companies viewed the risks as uninsurable. The reasons given for

these responses include:

Interference from other wells

- a business risk

- a liability issue for the other party

~ impossible to determine probébility of loss

Improper well citing
-~ a business risk
a matter of professional liability on the part of the

geologist/engineer

Production/injection strategy

" = & business risk

Those companies who identified these three risks as insurable
belived that they were all causes of resource inadequacy which they
‘were willing to protect against. As Exhibit IV-7 shows, the respon-
dents were divided on the insurability of risks included under the
items of adverse change in reservoir characteristics or the reser-
voir characteristics found to be adversely different than expected.
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EXHIBIT IV-7 _
INSURABILITY OF RESERVOIR PERFORMANCE RISKS

Risk Insurable Uninsurable
l. Interference from other wells 1 14
2. Improper well citing 2 13
3. Production/Injéction strategy 2 12

4. Adverse change

a, Chemistry - 7 7
b. Temperature 7 7
Cc. Pressure 7 8
d. Enthalpy 7 8
e. Permeability 7 8
5. Characteristics adversely different

than expected ’

a. Chemistry 5 9
b. Temperature ) 5 10
c. Pressure 5 10
d. Enthalpy 5 10
e. Permeability 5 10

Unlike the earlier risks in this category, the respondents who
~determined that the last two risk items were insurable believed that
before a final determination on insurability could be made a clear
~understanding of the amount of change expected would be required and
agre'ed on prior to 'policy :issu‘ance. Some insurers believed that
this could be covered by protection ‘against diminished reservoir
capacity while others believedfthat'only,losses from damage to or
failure of equipment, caused by these factors, should be provided.

While many of the same companies viewed the particularskof the last
item,‘reservoir characteristics adversely different than expected,
as insurable, they were hesitant to be fully committed to provide
such coverage. Companies anticipated very large exposure in the
area of professional liability for the geologist and engineers.
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.The next risk category, acts of god, was viewed by most respondents
as insurable. As indicated in Exhibit VI-8, a total of twelve
companies believed that loss caused by landslides and volcanic

- erruptions would be insurable though perhaps under a separate policy
for physical damage. Some interviewees indicated that a final
determination would be made on each situation based on detailed
underwritihg analysis.

EXHIBIT IV~-8
INSURABILITY OF ACTS OF GOD

Risk , | - Insurable Uninsurable
1. Landslides 13 1
2., Volcanic erruption : 13 1

3. Earthquakes* ' 4 1

The sixth risk category’is the risk of delays. There were two
specific items in this category: water rights disputes and social
acceptance. The definitions of these risks as used in the inter-

views are:

‘Waﬁer rights disputes - Good quality,'cold water is necessary

for the cooling tower in electrical power generation, in addi-
tion to the geothermal hot water or steam. 1In arid parts of the
western United States} an’appropriation for groundwater would be
necessary from the respecti&e state'government;' In some areas,
there could be conflicts with preexisting appropriations.

Social acceptance - - In this context, a qualitative assessment

of the likelihood that anyfparticular project will meet with
exceptional opposition on aeSthetic, environmental, historical
or other grounds not direcily correlatable with the physical
ChéracteriStics of the resource.

*This risk was added to the list by some interviewees, and is
discussed in more detail in Section V.

(=
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EXHIBIT IV-9

Q‘ij v : _ INSURABILITY OF DELAYS
Risk | v Insurable Uninsurable
l. Water rights disputes 1 14

2. Social acceptance : ‘ 0 15

As indicated/on the above exhibit, only one of the companies parti-
cipating in the interviews viewed these risks as insurable. Those
companies commenting on the question of insurability strongly

. believed that these were risks of doing business and therefore
unacceptable to an insurance company.

The next risk category, marketability, was similarly viewed by all
respondents as uninsurable. Exhibit IV-10 identifies the specific
risks in the marketability category. One company is currently
‘offering protection to direct users of geothermal energy for the
retrofit to an alternative‘energy source if the reservoir is in-
adequate but will not insufe‘against the cost of geothermal energy
becoming greater than expected relative to alternative energy costs.
‘Mést intervieweesvsaW»these as risks of doing business.

EXHIBIT IV-10
INSURABILITY OF MARKETABILITY

Risk ‘ : ' Insurable Uninsurable
1. Regulatory rate treatment 0 15
2. Limited market size | , ‘ 0 » ' 15
3. Difficulty in negotiating , '
: ~ sales contract 0 15
4. Alternative energy costs ' ; 0 : 15

5. Long-term market for end-product 0o 15

The last risk category considered by interviewees was environmental
risks. The two specific items within this are access to water and
subsidence caused by net fluid withdrawal. For the purposes of the
interview process these items were defined as:

o
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Access to water - drought - In those areas where ground water

”K,f is awarded by appropriation, the earliest appropriation has

seniority. Therefore, if groundwater supplies become depleted
as a result of drought, anVagficultural use might temporarily
have precedence over even a capital-intensive use such as
geothermal powér;geheratidn in a local area.

Subsidence caused by net fluid withdrawal - Depending on local

geology, removal of the large volume of hot water needed
for geothermal power productlon could result in small but
widespread changes in the topography of the land surface. For
example, in the Imperial Valley of California, the land surface
is nearly flat but there is a widespread network of irrigation
systems, & small change in slope could result in local reversal
of water flow. |

Less than a third of the interviewees viewed the first item, access
to water, as an insurable risk. Thése who responded in the insur-
ablefcolumn'beiieved that this might activate contingent business
interruption coverage or would directly contribute to loss caused
by reservoir inadequacy. Though more than half of the companies
interviewed believed that the risk of subsidence caused by net fluid
withdrawal was insurable, there were different coverages viewed as
appropriate. Most companies believed this would be covered under
a liability insurance policy if the insured is held responsible
for damages caused to others.b Four of the companies indicated a
‘willinghess to provide property damage coverage for the insured's
property.. Exhibit IV-1ll below illustrates the interviewees percep-
tion of the insurability of these risks.

: - EXHIBIT IV-1l
" INSURABILITY OF ENVIRONMENTAL PROBLEMS

Risk . | ' - Insurable Uninsurable
1. Access to water - long-run drought 4 11
2. Subsidence caused by net fluid

withdrawal v 9 6
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Most of the insurers and reinsurers interviewed indicated that
'\,jthere probably would not be_any significant variance in the coverage
~across the stages of development. One reinsurer believed that the
coverage would vary from Stage 1 (full field development and con-
‘struction phase) to Stage 2 (beginning with on-~line through resolu-
tion of the transientbproblems) to Stage 3 (operational period).
However;'this does not mean that the insurers would expect to
approach coverage in each stage exactly the same way. Many of the
insurers and reinsurers believed that the first two stages would be
most critical for insurers. This would be the periods when insurers
would limit potential exposure throughvthe'use of high deductibles
or. perhaps limit coverage only to certain risks. This may also
be the period when insurers most closely monitor the performance of
the project through data supplied by the insured and from frequent
on-site inspections byztheir‘own engineers or by geothermal experts
retained by the company. Entering the third stage, the project
would have accumulated sufficient data for most insurers to more
accurately assess the risks, thereby increasing their comfort. and
willingness to assume a greater share of the risk of loss. The key
to the risks in Stage 3 is the accummulation of reliable data on the
performance of the project and the characteristics of the risks
which forecast the probability of loss.

There were no indications by any of the interviewees that the
insurability or acceptability of the risks would change based on the
‘pro;ect type. Some companies did believe the approach to coverage,
pre-issue requirements and some: of the policy prov1s1ons might vary
by type of project, especially for those projects relying on the
extensive use of new technology. Most companies believed that while
some general guidelines would be used to define their'perticular
approach to geothermal energy risks, most policies would be manu-
- script in nature and specifically tailored'to the insured project.

Perception of Appropriate'Types of Coverages

Based on their perception of the risks identified as insurable
the companies identified some of the standard forms of coverages
‘.Joffered by the industry as appropriate. These include:
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\/ ©® Business Interruption Insurance: Protection for the owner

from losses which would be sustained during a period when
the business is not operating due to the occurance of a
covered hazard. This insurance may provide reimbursement for
salaries, taxés; rents and other necessary expenses plus net
profits which would have been earned during the period of
interruption and subject to the policy limits.

e Boiler and Machinery Insurance: Protection for the insured

from losses caused by stated damage to property and legal
liability for damages caused by accidents of boilers, pres-
sure vessels or related machinery. ‘

e Commercial Multi-Peril Insurance: Protection against loss,

generally in a single combination package, caused by both
property and casualty hazards and generally includes protec-
tion for physical damage to the insured property.

In addition to the above, two of the (primary insurance) respondents
believed that a form of protection against loss caused by the
inadequacy or reduced capacity of the geothermal reservoir was
appropriate for some. of the insurable risks. Four reinsurers also
agreed with this conceptual coverage and were supporting the primary
insurers efforts. At this point, however only one of the two
primary insurers has binitiated a program to offer this coverage
to the geothermal industry. '

Analysis of Preferred Program Structure

The last section of the questionnaire determined the respondents'*
attitude toward the federal government‘s involvement in a'geothermal
insurance program and the private insurance sector's ability to
providé the requiréd capacity'fbr geothermal reservoir risks.

' Nearly all of the interviewees believed that the federal government

should not play a role in an insurance program because private
insurers/reinsurers had, in their opinion, demonstrated the capacity
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\Eiand willingness to provide this protectlon. Most of the inter-
viewees also discounted the need for an insurance pool for the
same reason. A few primary insurers indicated that a government-
‘backed reinsurance or catastrophe reinsurance program or a private
insurance pool would positively influence their willingness to write
geothermal reservoir insurance. Those insurers currently providing
geothermal reservoir insurance would continue to do so with or
without a government program.
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ANALYSIS OF RESERVOIR RISKS

The commercial scale developer and user of geothermal energy,
either for generation of electricity or for direct-use, face a
‘number of significant risks that can inhibit development. 1In the
early stages of field development the size and character of the
reservoir are highly uncertain, yet the costs to the developer and
user in terms of initial wells, surface facilities and power plants
are significant. Even after commercial operations have begun,
reservoir performance over the lifetime of the project is still an
uncertainty.

One principal aim of this study has been to identify and analyze
the major risks associated with geothermal projects, for the purpose
of estimating the approximate level of insurance premiums necessary ‘
to cover these risks. The term "risk“, as used throughout this
section, denotes both the probability of a hazardous event occurring
and the cost consequences of such occurrence.

This section presents a detailed analysis of major geothermal
reservoir risks. First, a comprehensive set of broadly defined
risks are identified based largely on the responses to the inter-
views previously discussed in Section III. Second, the specific
risks that were perceived as (a) insurable and (b) posing unique
problems to geothermal developments, are described and analyzed in
detail for the purpose of estimating insurance premiums. Third,
the methodology followed to estimate the probabilities and cost
consequences of specific events that define each risk is discussed.
The methodology is based on the subjective probability assessments
of gebthermal reservoir experts. These data are translated into
expected losses over time, along with loss distributions that
reflect the range of possible losses. The expected loss and dis-
tribution of loss for eaéh major risk are combined to estimate
insurance premiums for major coverage categories. The resulting
premiums are examined in terms of their sensitivity to different
risk loadings and how they could,bé recalculated over time as
\hJadditional operating experience is obtained.
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RISK IDENTIFICATION

Approach

Three main sources of data were relied on to develop an initial
set of broadly defined perils or hazards that pose major risks to
geothermal development. These three sources were:

(1) Interviews with principal geothermal developers, users,
and lenders (discussed in Section III);

\(2) DOE data sources (principally DOE geothermal reservoir
data); and

(3) Geothermal reservoir engineering experts of GeothermEx,
~Inc.

Risks were identified by any or all of the above sources as
posing major impediments to the development of different types
of geothermal projects. Seven major geologic types of projects
were considered. These types of projects were defined in Section
III and are referenced throughout this Section as Type A through
Type G.* )

Further, risks were identified by the stage of development in
which they were particularly significant. As discussed in Section
II1I, three stages of development were selected to reflect periods
in which the‘probability of a hazardous event occurring and the
-cost consequences of that occurrence might be significantly
different. These stages are:

e Stage 1 - Full Field Development; wells are drilled and
tested, pipeline system and power plant are. built. Lasts

~ *Some minor changes, however, were made to the original inter~

pretations of each project type as defined in Section III.
First, because of insufficient geologic data to differentiate
responses for a Type C (Leaky Fault) from those for a Type D
(Leaky Fault with Associated Reservoir), Type C was redefined
as "Leaky Fault Non-Electric Use" and Type D as "Leaky Fault
Electric Use." Also, because of insufficient geologic data to
differentiate responses for a Type C from those of a Type H
(Regional Aquifer Non-Electric Use), Type H was considered to

Q,J fall within Type C.
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until the first day of production (approximately 3-5 years
from initial agreement to develop).

e Stage 2 - Initial Operations; first day of production through
solution of transient problems (approximately one year
“duration).

 0 Stage 3 - Full Operations; solution of transient problems
through remainder of project life (approximately 30 year life
of project). '

Compréhensive List of Risks

Exhibit V-1 and the glossary of risks that follows, presents the
results of the analysis of (a) interviews with geothermal develo-
pers, users, and lenders, (b) DOE data sources, and (c) geothermal
reservoir engineering data. The exhibit represents a comprehensive
set of broadly defined significant risks to geothermal projects and
depicts how these risks vary by specific geologic project type and
stage of development.

Each of the risks, identified by any or all of the above sources,
was categorized into one of the following ten major risk cate-

gories:
e Well Riéks
e Reservoir Performance Risks
‘e . Plant Risks '
. Surface Facility Risks
e Acts of God :
‘e Legal Liability Risks
e Delays
e Environmental Risks
e External Cost Escalation
@ Marketability

In Exhibit v-1, a dot is placed in the appropriate cell to indicate
‘the specific project type and stage of development for which the
. - risk was identified as posing a major impediment to development.

A
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EXHIBIi:fg:_
Page 11 < 4

COMPREHENSIVE SET OF GEOTHERMAL RISKS

RISK CATEGORY

PROJECT TYPE P A

STAGE

N

(S 1]

CET

I.

1)

2)

3)

I1.
1

2)

3)

4)

5)

Well Risks

Drilling and ‘
completion problems

Events leading to
reduction in useful
well life

Success ratio less
than expected

Reservoir Performance Risks

Interference of other -
wells (adjacent
development)

Reduced reservoir
performance due to
improper well siting
(within particular
development)

Premature cooling
due to poor production/
injection strategy

Reservoir charactefistics
worse than originally
expected

Adverse change from
expectations in reservoir
model

» 1 2 3




COMPREHENSIVE SET OF GEOTHERMAL RISKS

. EXHIBIT V-1

Page .

£ 4

RISK CATEGORY

PROJECT TYPE o

STAGE

»-

III.
1)
2)

Iv.

1)

€E€T

2)

3)

4)

1)
2)
3)
4)

Plant Risks
Power Plant performance
Transmission availability

Surface Facility Risks

Failure of advanced design
equipment )

Failure of standard design
equipment

Scaling and corrosion

-- management related due
to improper handling and
treatment

Scaling and corrosion

-~ greater than originally
expected i i
Acts of God

Earthquakes

Floods

Landslides

Volcanic Hazards




EXHIBIT, V-

C 1
, Page 3( !
COMPREHENSIVE SET OF GEOTHERMAL RISKS
: : PROJECT TYPE )} A B C E G
RISK CATEGORY STAGE > 2 3 2 3 2 3 1 3 2 3 3- 1 2 3
VI. Legal Liability Risks
1) Legal liability due to !
interfering with adjacent o ® L ® 0 0
well development :
VII. Delays
5 1) Construction delays o -]
-~ 2)  Water rights disputes o P
3) Regulatory delays N BN - o
4) Social acce;ﬁtance o 0
VIII. Environmental Risks
1) Access to water -- long © PY
run drought
2) Pollution -~ air and e o ® O ® © ® C ) el l®
ground water
3) Subsidence caused by net e ©
fluid withdrawal




EXHIB

’ IT v-1
( Page £ 4
COMPREHENSIVE SET OF GEOTHERMAL RISKS
PROJECT. TYPE P A B F G
RISK CATEGORY STAGE - 12 3 2 2 3 1 2 3
IX. External Cost Escalation
1) Labor costs o
2) Financing costs ] ®
3) Other external cost
escalation-
'—d
w X. Marketability
“n
1) Limited market size for ) o
sale of heat
2) Difficulty in negotiating
a sales contract
3) Costs of alternative energy
sources
4) Long-term market for

end-product




I. Well Risks - Problems of successfully drilling and operating

A,

Exhibit v-2

Page 1 of 7/

GLOSSARY OF GEOTHERMAL RISKS

geothermal wells over the project-life.

Drilling and completion problems

1.

Blow-out - Sudden, violent expulsion of formation
fluid (mud, hot water, steam, gas) from a drilling
well displacing the drilling fluid and followed by
an uncontrolled flow from the well.

Lost Circulation - The loss of substantial quanti-
ties of drilling fluid (mud or water) to a fractured
or highly porous rock formation encountered down-
hole. Evidenced by the complete or partial loss of
drilling returns.

Fishing - Seeklng to recover or extract from the
well bore tools, cables, pipe, casing or rods which
have become detached while in the well or which have
been accidently dropped into the well.

Sloughing formations - Rock units .being drilled that
exhibit a tendency to slough or cave into the hole

- due to excessive fracturing.

Swelling formations - Rock units being drilled which
exhibit a tendency to swell due to absorption of
drilling fluid, resulting in a decrease in hole
diameter following penetration by the drill bit.
May result in an inability to withdraw drill string
from the hole.

Hard formations - Rock units particularly hard and
resistive to penetration by the drill bit.

Well deviation - Deviation of the direction of a
drill hole from the vertical or from another desired

‘orientation. May result in failure to encounter

expected production zones at depth.

Formatlon damage - The seallng off, partially or
completely, of potentially productive zones down-
hole by entry of drilling mud

Poor completion - Completion of a ‘well by installa-
tion of a casing or a liner which partially or
totally seals off the production zone(s).
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II.

B.

Exhibit V-2

Page 2 of 7

GLOSSARY OF GEOTHERMAL RISKS

Events leading to reduction in useful well-life

l. Scaling - Chemical precipitate from the geothermal
fluid. Most common kinds in geothermal systems:
calcium carbonate (Caco3) and silica (SiOz).

2, Corrosion - Rusting or 'dissolving of downhole
casing, surface fluid-handling lines and other metal
components of the geothermal system.

-3, Well-face plugging - Chemical precipitate forms

where water moves through slotted casing into or
from the well or in permeable zones immediately
adjacent to hole. Most common in injection wells.

4. Mechanical damage or mechanical problems - Loss of
equipment or tools in hole, casing collapse, cement
failure, casing leaks, etc. Specifically excludes
scaling and corrosion.

‘Success ratio less than expected - In all reservoir

developments a certain fraction of the wells drilled will
be unsuccessful, Prediction of the location of permeable

~zones in the reservoir may be difficult and "dry" holes

may be drilled. Inadequate knowledge of geological and/or
hydrological conditions may lead to worse than expected
success ratios causing more than expected numbers of wells

to be drilled.

ReServoir Performance Risks - Problems which affect the

A.

" entire subsurface unit which yields the geothermal fluid.

Interference of other wells (adjacent development) -
Pressure and/or temperature drops within a reservoir
because the same subsurface reservoir also is being
tapped from a nearby, independent project.

Improper well siting - Pressure and/or temperature drops
because the wells within a single project are spaced too

~closely, causing the reservoir to be depleted more

}rapldly than necessary.,
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Exhibit V-2
Page 3 of 7/

D.
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Premature cooling due to production/injection strategy -
Injection wells are placed too close to production wells,
causing cold water to invade the production 2zone leading
to lower net productivity.

Reservoir characteristics worse than originally expected -
Reduced reservoir productivity in the early stages of
development (Stages 1 and 2) because reservoir character-
istics (discussed below) are worse than originally expect-
ed based on limited experience with the development.

l. Temperature - The temperature of hot water and/or
steam extracted from the reservoir.

2, Pressure - The fluid pressure in a reservoir that
drives the fluid from the reservoir to the well.

3. Chemistry - The quantity (concentration) and kinds
(composition) of naturally-occurring chemical
species that are included in the geothermal water.

4. Enthal - Synonomous with heat energy content
and different from temperature. For example, a
pound of steam at a given temperature will contain
much more heat energy (enthalpy) than a pound of
water at the same temperature.

5. Permeability - The property or capacity of a porous
or fractured rock for transmitting a fluid. Perme-
ability may vary within different parts of a reser-
voir and be subject to changes with time. Insuffi-
cient permeability results in inadequate production
rates. '

6. Reéervoir Size - That portilcn of the identified
geothermal resource from which a valuable energy
commodity can be economically and legally extracted.

Adverse change from expectations in reservoir model -A de-

tailed reservoir model is based on geological, hydrolo-
gical and chemical data gained throughout the early life
of a project (Stages 1 and 2). - Long-term forecasts of
the behavior of the reservoir throughout Stage 3 are based
on this model. Reservoir characteristics (same as those
defined above) are worse than expected over long-term
exploitation (Stage 3) based on projections of the
reservoir model developed through Stages 1 and 2.

138




Exhibit v-2
Page 4 of 7/

, GLOSSARY OF GEOTHERMAL RISKS

"/ -

III. Plant Risks - Geothermal related hazards that impact on the
performance of the power plant and availability of transmis-

sion lines.

A. Power plant performance - Failure of equipment, such as
turbines in an electrical generating facility, due to
damage from particulate matter or dissolved solids.

B. Transmission availability - The availability of trans-
mission facilities from the island of Hawaii to the other
islands in the Hawaiian chain.

IV. Surface Facility Risks ~ Problems related to the operations

and life of surface facility equipment, such as surface
- fluid-handling and gathering lines.

A. Failure of advanced design equipment - Items for which
design principles and operating histories are not well
established, such as downhole pumps for hlgh temperature
(300-450°F) applications.

B. Failure of standard design equipment - Example: Large
diameter steam or hot water gathering lines.

C.  Scaling and corrosion (management related due to impro-
per handling) - Improper equipment design, designed
pressure decline in system, designed temperature decline
in system, incorporation of atmospherlc oxygen in fluid
and/or mixing of brines causing unnecessary degree of
scallng or corrosion.

D. Scallngfand corros1on~(greater than expected) -~ Even
though optimum equipment design and fluid handling pro-
cedures are followed, the rate of scaling and/or corrosion
is greater than originally expected cau51ng damage to
surface facilities.

V. Acts of God

A.  Earthquakes - A sudden motion or trembling in the earth
- caused by the abrupt release of slowly accumulated strain
(by faulting or volcanic activity). Extent of damage to
geothermal facilities depends on the severity of a given
quake. Damage is to a general area.
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B. Floods - A rising and overflowing body of water onto
normally dry land. Prevalent in desert areas due to heavy
rainfall. May be triggered by earthquakes. Damage is to
a general area.

C. Landslides - A general term covering a wide variety of
’ mass-movement of landforms and processes involving the
moderately rapid to rapid (on the order of one foot per
year or greater) downslope transport, by means of gravita-
tional body stresses, of soil and rock material en masse.
Landsliding is usually preceded, accompanied by, and
followed by perceptable creep deformation along the
- surface of sliding and/or within the slide mass. Damage
is highly site-specific. Much of the Geysers geothermal
installation (Type A project) is on landslide terrain.

D. Volcanic hazards ~ The ejection of volcanic materials
(lava, pyroclastics, and volcanic gases) onto the earth's
surface. Usually a violent phenomenon, but an eruption
along a fissure may be relatively calm. A highly site-
specific risk, present only in regions of known recent.
volcanic activity. For example, may be significant at
geothermal installations in Hawaii, yet virtually need not
be considered at sites in Nevada.

VI. Legal Liability Risks

A. Legal liability due to interfering with adjacent well
development - Damage to the injured party as a result of
inadvertently tapping the reservoir of a nearby, indepen-
dent project.

VII. Delays

A. Construction delays - Any of a number of events which
- would lead to significant delays in development (1nclud1ng
labor strikes).

B. Water rights dlsputes -’Good qual_ity, cold water is
necessary for the cooling tower in electrical power:
generation. In certain situations, an appropriation
for ground-water might be necessary from the state
government.  In some areas, there could be conflicts with
preexisting appropriations.

C. Regulatory delays - Any of a number of regulatory/licens-
ing requirements which could take much longer than ex-
pected to fulfill.
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D.  Social acceptance - In this context, a qualitative assess-
- ment of the likelihood that any particular project will
meet with potential opposition on aesthetic, environmen-
tal, historical or other grounds not directly correlatable
with the physical characteristics of the resource.

VIII. Environmental Risks

A. Access to water due to long run drought - In those areas
where ground water is awarded by appropriation, the
earliest appropriation has seniority. Therefore, if
groundwater supplies become depleted as a result of
drought, an agricultural use might temporarily have
precedence over even a capital-intensive use such as
geothermal power generation.

B. Pollution - Pollution from accidental fluid or gas release
into the air, ground water or surface water.

C. Subsidence caused by net fluid withdrawal - Depending on
local geology, removal of the large volume of hot water
needed for geothermal power production could result in
small but widespread changes in the topography of the
land surface, For example in the Imperial Valley of
California, the land surface is nearly flat but there is
a widespread network of irrigation systems. A small
change in slope could result in local reversal of water
flow.

IX. External Cost Escalation

A. Labor cost'- Escalating costs for all forms of labor,
especially, the cost of maintaining the services of
geothermal experts. :

" B. Financing costs - Rapidly rising interest rates and the
‘availability of financing at reasonable rates.

C. Other escalating costs - A general category including
greater than expected escalation in drilling costs and
~costs for particular materials, such as steel. -
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Marketability

A. Limited market size for sale of heat - Developer's risk of
not finding utilities or direct-heat users for the pur-
chase of the geothermal product.

B. Difficulty in negotiating a sales contract -Developer's
v risk of not finalizing an agreeable contract after signi-

ficant expenses have been incurred.

C. . Costs of alternative energy sources - Risk that the future
costs of alternative energy sources would make geothermal
‘energy an unattractive energy option.

D. Long-term market for end-product - Developer's risk that
the user's product of a direct-use geothermal project
would not be economically attractive over the long-term or
that the geothermal electric utility would not remain
financially stable over the life of the geothermal
development.
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[ \?KONSOLIDATION OF RISKS -
Approach.

Exhibitw V-1 defined a comprehensive set of significant risks to

" geothermal developments. This set of risks is therefore important
for all segments of the geothérmal industry to consider for general
business planning. However, not all of these risks would be useful
to consider for inclusion into a geothermal insurance program.

In this sUbSection, each of the.risks in the ten major risk cate-
gories are examihéd for the purpose of consolidating the list to
those risks that are perceived as (a) insurable and (b) posing
unique problems to geothermal development. First, several risks

- were excluded that were not considered to'pose unique problems for
geothermal development, in the sense that these risks are also
common in other types of ‘indvustries and insurance to cover such
risks either is, or would not be, generally available. Having
identified geothermal specific risks, numerous private-sector
insurers (as discussed in Section IV) were interviewed to ascertain

their perceptions of which of these risks would be considered
insurable. The resulting consolidated set of risks serves as the
basis of the detailed risk analysis to estimate possible insurance
costs described later in this section.

Rationale For Exclusion

Uniqueness

All risks in the category of "External Cost Escalation" were ex-
cluded because they are not unique problems faced by the geothermal
industry. Increased financing and labor costs are risks  common
to all majot industries. Furthermore, insurance is generally not
‘available to cover such risks as they are considered to be standard
‘risks of doing business. '
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Within the "pDelays" category, construction delays and regulatory
delays were excluded on the basis of not being'unique risks to
geothefmal development; Water rights disputes and social accept-
ance, however, were not excluded because these risks pose unique

problems for specific geothermal sites.

Air and ground water pollution were excluded from the "Environmental
Risks" category because these are common environmental risks in many
industries, and insurance in different forms to cover such risks is
available, However, limited water‘avéilability because of drought

and subsidence caused by net fluid withdrawal were not excluded

because of the unique nature of these risks for specific geothermal
projects.

Similarly; earthquakes ahd flood hazards were excluded from the
"Acts of Gogd" category because these are general hazards to all
facilities and industries in a region and as such, insurance in
diffefent forms to cover these risks is available. However, vol-

‘canic hazards in a specific area of Hawaii and landslides in the

Geysers region of Northern California were not excluded from con-
sideration because the geothermal developments in these areas are
the only major facilities in the high-risk zone. In this sense
these hazards were considered unique to the geothermal developments
in those specific areas.

The'"Legal'Liability'Risks" category, specifically the risk of legal
liability due to interfering_withvaniadjacent'well development, was
also excluded from further consideration. The rationale was that
this risk would likely be covered4under'existing forms of liability

“insurance,

Insurability

After making the previously mentioned exclusions, the remaining
set of risks were those identified in Section 1V. These risks were

 presented to representatives of the private-insurance sector for

their consideration as to the insurability of each risk.
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On the basis of the insurance interviews, all risks within the
 “§=;category "Marketability" were considered uninsurable. These fisks
‘were considered to be normal business risks for the geothermal
industry. Similarly, thé remaining risks within the "Delays"

category were considered uninsurable.

Within the category "Surface Facility Risks”", failure of standard
design equipment along with management related scaling and corrosion
problems were also excluded. Management related scaling and corro-
sion caused by improper handling and treatment was considered
- uninsurable because of moral hazard.* Scalihg andicorrosion greater
than originally expected was not excluded from further analysis.
There were mixed responses regarding the insurability of standard
design equipment. However, because the likelihoods of such losses
would be small compared to those of advanced design equipment, only
loss of the later type of equipment was considered for further
analysis. | '

"power Plant Performance Risks" were generally considered insurable.
_However, the risks/of” ‘not being able to transmit power frqm the
,island of Hawaii to the other Hawaiian islands were excluded from
further analysis. This risk was generally considered uninsurable
and would likely be resolved before Stage 1 of a major project would
begin.

Within the "Reservoir Performance Risks" category,Areducéd_reservoir'
_performance due to improper well siting and poor production/injec-
tion strategy were excluded on the basis of being perceived as
uninsurable. The primaryfreason-éited was the moral hazard problem
«introduced‘by insuring agéinst such risks. Interference by othet
wells of'an adjacent;development,was’considered for further analysis
for Type A projects because of the specific problems already evi-
“denced in the Geysers region and the fact that not all insurers
considered this risk as uninsurable. |

* Moral hazard is defined as increasing the incentive, because of
insurance, to not take appropriate measures to reduce the chances
AL of adverse consequences.
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;_: All risks within' the "Well Risks" category were considered for
| further analysis. Scaling, corrosion and well-face plugging pro-
blems greater than expected were generally considered as uninsurable
in the interviews because they were primarily perceived as conti-
nuous maintenance problems controllable by management. However,
these risks were not excluded from the detailed risk analysis
because, in further analysis these risks were much more specifically
defined to include only the. need to replace more than an expected
number of wells due to excessive and unforeseen scaling, corrosion
or well-face plugging that could not have been controlled through
normal maintenance measures.

There wete mixed responses to the insurability of risks within the
"Environmental Risks" category. Such risks as‘limited'water avail-
ability because of drought and subsidence caused by net fluid
withdrawal may in fact be insurable risks. However, these risks
were excluded from further analysis because of the lack of infor-
mation on which to base probabilities as to the likelihoods and
potential costs of such events.

The resulting set of risks comprise five major risk categories.
Four of the categories correspond to the four major components of
any geothermal projeét -- wells, reservoir, plant and surface
facilities. The five categories are:

Well Risks

Reservoir Performance Risks
Plant Risks

Surface Facility Risks

Acts of God

e e 0 0 o

These categories and the specific risks considered within each
category are depicted by type of project and stage of development in
Exhibit V-3, These risks comprise a consolidated set of risks to
geothermal projects that, based on the interviews discussed pre-
viously, are'perceived as (a)insurable and (b) . posing significént
and unique problems to geothermal development. This consolidated
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CONSOLIDATED SET OF GEOTHERMAL RISKS

EXHIBIT V-3

Page ( £ 2

RISK CATEGORY

PROJECT TYPE P>
» 1 2 3

STAGE

A

LyT

I.

1)

2)

3)

II.

1)

2)

3)

IIX.

1)

Well Risks

Drilling and completion
problems ' )

Events leading to reductioﬁ
in useful well life

Success ratio less than
expected

Reservoir Performance Risks

Interference of other wells
(adjacent development)

Reservoir characteristics
worse than originally
expected CoL
Adverse change from
expectations in reservoir
model

Plant Risks

' Power plant performance
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) PROJECT TYPE P A
RISK CATEGORY STAGE 1 2
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1v. surface Facility Risks

1) Failure of advanced design L ® o e o
equipment ‘
2) Scaling and corrosion -- .
greater than originally : ] o o
expected .

Acts of God
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1) Volcanic hazards v o

2) Landslides ' ®




' ( 1set of risks served as the basis of the detailed'risk analysis
performed to estimate pbssible insurance premiums, which is de-
scribed in detail in the following subsection.

ANALYSIS OF INSURABLE RISKS

In this subsection the detailed risk analysis performed to estimate
possible insurance costs is described. The consolidated set of
risks served as the base set of risks that were analyzed. As stated
earlier, the term "risk" denotes both the probability of a hazardous
event occurring and the cost consequences of such occurrence.

First, the general methodology employed for estimating risks is
described. Second, for each risk (a) the specific events consi-
dered, (b) the cost consequences of such events, and (c) the method
of estimating the probabilities associated with each event are
described. Third, a detailed analysis of each risk for one project
type is provided. The detaileq results for all project typés, along
with detailed descriptions of all major input data, are presented in
the Appendix. The results of the énalysis are an expected loss and
loss distribution by type'and stage of development for each risk,
whiéh serve as the primary inputs for estimating insurance pre-
miums. A summary table of expected losses and loss distributions
{(as measured by their variance) is presented at the conclusion of
this subsection. ' '

General Methodology

A variety of risks, conceptually at least, can be shifted from the
developer or user to an insurer for a price. This iskthe essence
of insurance, whereby a person can substitute a certain cost (the
insurance premium) for the risk of being exposed to uncertain events
having a range of cost consequences. Before insurance premiums can
be set by an insurance company, data on the probability and cost
consequences of specific events are required. These data are
usually obtained through historical observations. However, when
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- \/ there is limited operational history with which to assess risks, as
! is the case for large scale commerical geothermal projects in the
United States, alternative methods must be employed.

The probabilities and cost consequences of events that define risks
to geothermal development depend largely on the specific type of
project and stage of development. To estimaté the probabilities and
‘cost consequences of such events, reliance was placed on available
historical ‘data and on the subjective probability assessments of
geothermal reservoir experts,

A subjective probability reflects an expert's judgment based on his
current state of information. It is a number between zero and one
that represents an individual's belief in the outcome of an uncer-
tain event. It is a much different concept than an objective
probability, which can be observed from repeated historical trials.
The use of objective probabilities for assessing risks is naturally

- preferable. However, when objective evidence is not available the
next best alternative is to turn to an expert for his judgment,
measured in terms of subjective probabilities.

Subjective probabilities, if properly assessed, should reflect an

expert's current state of information regarding the likelihood of an

event and its cost consequences. Where little information exists,

very wide probability distributions should be assessed to incorpo-
. rate this~un¢ertaiﬁty. ‘Narrower distributions should be obtained
- for variables about which there is greater current knowledge.

Subjective probability statements can be very valuable for decision
making and risk assessment.  For examplé, given the current uncer-
tainty regarding future geothermal‘well costs, it is much more
valuable to assume, based on the best information available, that
these costs will range from $1 million to $3 million with specific
probabilities, than it is to assume with certainty that wells will
cost $1.5 million.
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This then brings forth the practical problém of measurement,
\EJIntuitive judgments must be based on one's current state of infor-
mation translated into probability statements. Properly assessing
subjective probabilities is more of an art than a science. There
are many potential sources of bias that the analyst must be aware
of and take into account when posing questions to the expert.*
However, there are basically two general methods of assessing
probabilities.** One method is to directly ask the expert for a
. number, Another method is to indirectly derive the probabilities
by asking the expert to make choices between two uncertain events.
The second method is more preferable to minimize potential sources
of bias. To aid in this process and help mitigate bias, there are
a number of reference devices that assist the respondent to think
about probabilities,*** |

‘The most important aspect in properly assessing subjective probabi-
lities, regardless of the method employed, is to define a very
specific event that does not require additional information for the
expert to be able to make certain judgments, For example, consider
the question, what is the probability of a specific project experi-
encing scaling and corrosion problems? A geothermal expert may very
well answer (a) "I could not even begin to guess", or (b) "It is
impossible to say." Both these responses reflect the fact that the
question is far too géneral to staté a meanihgful probability. To
be able to state a meaningful probability the expert must at least
be able to specifically define the event. A valid and meaningful
response from the expert is much more likely if the more specific
question were asked:

*See D. Kahneman and A. Tversky, "Judgment Under Uncertainty:

Hueristics and Biases," Science, Vol. 185, Sept. 1974; and
R. Fallon, "Subjective Assessment of Uncertainty," The Rand
Corporation, Santa Monica, California, p-5581, Jan. 1976.

**See C. A. Holloway, "Decision Making Under Uncertainty: Models
and Choices," Prentice-Hall, Inc., 1979, p. 290-310.

***See C, S. Spetzler and C. Stael Von Holstein, "Probability

Encoding in Decision Analysis," Readings in Decision Analysis,
Stanford Research Institute, 1974, p. 291-320.
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What is the probability next year of project X suffering
scaling and corrosion problems in production wells to the
extent that they can not be mitigated by normal maintenance
and, as such, require‘the réplacement of more producer wells
than were originally expected or scheduled to be replaced?

Becéuse of the importance of event definition, specific events
for each of the broadly defined risks identified in Exhibit V-3
were developed. For example, the risk of drilling and completion
problems under the "Well Risks" category was defined in terms of
events that‘would_lead to the need to replace one or more wells.
Each event definition is described in detail later in this section
where the specific probabilities and cost consequences that were
estimated for each major risk category are discussed. In general,
risks were defined as: ' |

e Well Risks - events leading to the unexpected replace-

ment, addition or abandonment of wells.

® Reservoir Performance Risks - events leading to signi-

ficant reduction in reservoir productivity.

e Power Plant Risks - events leading to reduction in

power plant capacity.

e Surface Facility Risks - events leading to unexpected

‘replacement of advanced design equipment ahd/or signifi-
cant portions of the piping system.

e Acts of God - events leading to significant damage to

wells, power plant and/or surface facilities.

Subjective probability estimates were assessed from geothermal
reservoir experts regarding (a) the occurrence of numerous events
that comprise the major risk categories outlined above, and (b)
‘the cost consequences given an event has occurred. Probability
estimates of cost were necessary because of the current uncertainty
regarding many of the major cost categories, such as well costs ahd
steam revenue,
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To estimate probabilities, both the direct and indirect probability

assessment methods were utilized depending on the nature of the

variable being estimated. To estimate the probabilities of specific
events occurring, the indirect method of having the expert make
choices between two lotteries with the aid of a probability
reference wheel was used.* '

Events were generally defined in terms of exceeding a certain value
(X > x). For example, scaling and corrosion problems were defined
to be extensive enough to require one or more wells to be replaced.
Therefore, for the most part’the probability reference wheel was
used to estimate points on a continuous cummulative distribution
P(X > x), as opposed to discrete probabilities P(X=x).

To estimate the continuous probability distributions for different

cost variables, such as well costs, the direct interval method
was used.** This technique is to ask the expert for the different
values of X Sueh that there is a .01, .25, .50, .75, and .99 pro-
bability respectively of the true value being less than or equal

.to X.

On the basis of this probabilistic anal&sis of events and cost
consequences, an expected loss and loss distribution for each risk
considered for insurance was estimated. vThe.expected loss and
loss distribution are the principal data lnputs utlllzed to estimate
insurance premiums and are discussed in more detail in the context
of the analysis of spe01f1c risks. Expected losses and loss dis-
tributions for each risk were estimated for each of the three

,dlfferent stages of development and for each of the seven geologic
'prOJect types to which they are applicable.

*For a detailed discussion of the use of a probability reference
wheel for indirect probablllty assessment, see C. A. Holloway,

Op. cit., p. 290-310."
**Ibid.,
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Losses were estimated in terms of four major cost categories that

\o/later served as the basis for insurance coverage. These cost
categories, which are described in more detail later in the context
of the analysis of specific risks, are: ‘

e Direct Cost to Developer - direct costs to replace or add

wells, surface piping, etc.

® Indirect Cost to Developer -~ loss of revenue from re-

duced steam sales.

o Direct Cost to User - repair costs from physical damage

to plant or turbine, as well as the unamortized value of
plant resulting from total or partial abondonment.

e Indirect Cost to User - excess cost of replacement power

resulting from shut down or reduced capacity.

As an example of the préviously described methodology, consider the
following event for a particular type of project during a specific
stage of development:

Reservoir pressure decline 'greater than expected, to the
extent that one or more unplanned producer wells need to
be drilled in order to supply original design flow of the
project. '

Assume that the cumulative probability distribution £for the

probability of the number of wells needed to be drilled because

of unexpected pressure decline, is estimated as depicted in
 Exhibit v-4. | |

In the'expett's judgment there is'a 60 percent chance of never
havihg to add wells because of pressure decline, a 90 percent chance
of having to add one dt‘less wélls, and a 100 percent chance (cer-
~taihty) that the number of wells would. be less than or equal to two.
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EXHIBIT V~4

PROBABILITY OF PRESSURE DECLINE IN
RESERVOIR CAUSING NEED FOR ADDITIONAL WELLS
P (X<x)
S P(X=0 wells) = .60
- P(X<l well) = .90
P(X<2 wells) =1.00
T T T O O I I |
| I N T SN BN N B B B -
0123465
| X = # of additional
| wells required
- because of pressure
B decline
|
|

155




~A\JJon the basis of this cumulative distribution P(X < x), the discrete
probability P(X = x) of any one number of wells needed to be drilled
can be derived. The probabilities are:

P(X

= 0 wells) = .60
P(X = 1 wells) = .30
P(X = 2 wells) = .10
P(X > 3 wells) = .00

Furthermore, assume that the only cost consequence for this example
is_the‘cosi of additional wells. These costs are estimated to range
from $1.0 million to §3.0 million per well, with the associated
cumulative probability distribution curve depicted in Exhibit Vv-5.

" This curve was derived using the direct interval technique discussed
earlier. It was estimated that there is approximately only a one
percent chance of well.éosts being less than $1.0 million, a 25

- percent chance of less than $1.7 million, a 50 percent chance of

' less than $1.85 million, a 75 percent chance of less than $2.2
million and virtual certainty (greater than a’99’percent chance) of
well costs being less than $3,0 million per 'well ($198l1).

This is a continuous distribution in the sense that every dollar
amount between $1.0 million and $3.0 million is‘possible. There-
fore, for computational reasonsfit‘is necessary to apprdximate this
distribution into a discrete distribution of a finite number of
pdints; For this example the continuous'diStribution was approxi4
mated by a discrete distribution of three points. To do this, the
continuous distribution was divided into three segments, each having
approkimatéLy a 33-percent chance of the true well costs falling
" within that segment. The expected value of each segment was esti-
mated as the point of the curbe"where the area above the curve
equals the area below the curve within that particular segment.
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EXHIBIT V-5

PROBABILITY OF COST PER PRODUCER WELL

P (X<x)

Discrete Apprdximation v

P(X=1.5) = .33
P(X=1.85) = .34
P(X=2.4) = .33

157

2.0 25 3.0

‘Cost per producer well
(millions - $ 1981)




‘. The expeéted value of each segment is a discrete approximation for

all values falling within the segment. Therefore, this approxima-
tion implies: ' ’

e A 33-percent chance of well costs equaling $1.5 million;

o A 34-percent chance of well costs equaling $1.85 million;
' and

e A 33-percent chance of well costs equaling $2.4 million.

Based on the above assumptions, the expected cost of additional
‘producer wells because of reservoir pressure decline and the 1loss
distribution of this risk is derived utilizing the probability
tree diagram depicted in Exhibit V-6.

The tree depicts the range of possible losses ffom $0.00 to $4.80
million with the associated probability for each loss. The expected
loss of $.96 million is the probability of each loss multiplied by
each loss amount and summed over all losses. This value represents
the best estlmate, in a statistical sense, of the cost of additional
wells because of pressure decline in the reservoir. This value
‘and the spread of the loss distribution as measured by its variance
are the two prlnclpal components needed to estimate an insurance
premium necessary to cover the risk.
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EXHIBIT V-6

‘.w\-J EXAMPLE RISK ANALYSIS FOR PRESSURE DECLINE
: IN RESERVOIR CAUSING NEED FOR ADDITIONAL WELLS

Loss Distribution

Additional Scenario
- Well Cost Probability
(millions=-$1981)
$0.00 - 600
. High Cost per Well 2.40 099
.6 .33
_ Med. Tost per Well 1.85 .102
.34
Low Cost per Well 1 50' ‘ 099
.33 ~
High Cost per Well 4.80 .033
, .33
Med. Cost per Well 3.70 .034
_ ) . . 034 )
. Low Cost per Well 3.00 .033
‘ - «33

Expected Cost of Additional Wells: $0.96 (millions - § 1981)

A: Zero Additional Wells Néeded.
B: One Additional Well Needed.
C: Two Additional Wells Needed.
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Well Risks

These risks address the problems of successfully drilling and
operating geothermal wells over the project life. The specific risk
subcategories considered are:

e Drilling and completion problems.
e Events leading to a reduction in useful well life.

e Success ratio less than expected.

Significant risks were defined to include only those problems
leading to the need to replace wells of the decision to abandon
wells late in the project life. Also, it was defined that this risk
category would not include damage to the reservoirs as a whole. For
example, it was defined that even for events leading to well-face
plugging (or othef‘problems having to do with the well-reservoir
interface) a useful replacement well could be successfully completed
moderately close to the original well.

Drilling énd completion problems

'Event Definition: This risk category includes drilling and comple-
tion problems in Stage 1, which are extensive enough to cause loss
of one or more producer and/or injector wells."Drilling and comple-
tion problems are considered to inciude (see Exhibit V-2 for
definitions): ’

Blow-outs
‘Lost circulation
Fishing 7
~ S8loughing/swelling formations
Hard formations
Well deviation
Formation damage

Poor completion
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These prbblems are considered significant risks only in Stage 1 of

” any project because most of the drilling would be accomplished
during this time and presumably later drilling would benefit from
the experience gained during Stage 1.

Cost Consequences: :The cost impacts of these problems affect only

the developer. They primarily consist of the capital cost for
replacement wells. No steam revenue is lost because no revenue is
generated during Stage 1 of development.

Probability Estimation: The events in this category were considered
as independent events with a certain probability of occurring at
random to any well during Stage- 1. The independent probability
‘of any one well of a project needing to be replaced because of
drilling and/or completion problems was subjectively assessed. The
probability of any specific number of wells needing to be replaced
during Stage 1 was determined assuming a binomial distribution with
n number of trials and p being the probability of failure per trial;
where in this case n equals the number of wells per project. during
Stage 1 and p equals the subjective probability of any one well

needing to be replaced during Stage 1.

Analysis of Project Type D: Exhibit V-7 presents the risk analysis
for drilling and completion problems for project Type D during
Stage l. Detailed results of the risk analysis, for each geologic
project type where this risk was considered significant, are pre-
sented in the Appendix along with detailed descriptions of the major
input data. o |

The probabilities. for any spééific number of wells requiring re-
placement during Stage 1 are provided in Exhibit v-7, for both
-producer and injector wells., These probabilities are based on the

binomial distribution with n equal to the number of wells in the
entire field, and p equal to the probability of any one well needing

[y
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. replacement. A probability tree diagram is provided for each
&')event,which depicts the probability of any number of wells needing
replacement during Stagé'l, along with the cost consequencés of each

, scenario.' The expected value of the well replacement costs for each
event, because of drilling and completion problems, is presented at
the bottom of each tree.
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EXHIBIT V-7
Page 1 of 4

~IJWELL RISKS
DRILLING AND COMPLETION PROBLEMS
TYPE D - STAGE 1 ,
EVENT 1

Description: Drillingvand/or completion problems in Stage 1
' cause loss of one or more producer wells
'requiring an equivalent number of holes to

be drilled.

Cost Consequences:
Developer: Capital cost of replacement producer wells.

User: None.

Input Data:

Cost Per Well: '$1.8 (millions - $1981)*

Probability: ' n=11; p = .10 (binomial parameters)
p(X=0) = ,31 X = number of producer wells
p(X=1) = .39 requiring replacement
p(X=2) = .21 : .
p(x=3) = .07
p(X=4) = .02

-¥For computational reasons, the expected value of cost per well
was used throughout the analysis as an approximation of the
continuous cost distribution. The estimated cost distributions

~and their expected values for each project type are presented
in the Appendix.
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WELL RISKS

DRILLING AND COMPLETION PROBLEMS

TYPE D ~ STAGE 1
EVENT 1

EXHIBIT V-7
Page 2 ot 4

Loss Distribution

Well
Replacement Cost
(millions-$1981)
p(X=0) = .31 $0.0
p{X=2) = .21 3.6
p(X=3) = .07 5.4
p(X=4) = .02 7.2

Expécted Well Replacement Cost:

$2.0

(millions -~ $1981)*

*This value represents the best estimate, in a statistical sense,
of the cost of replacing wells due to drilling and completion
‘problems in Stage 1. ' As discussed in the previous example,
(Exhibit V~-6), the expected value of a loss distribution is cal-
culated as the probability of each loss multiplied by each loss

~amount and summed over all losses.

Expected values for each of

the loss distributions estimated throughout thls analy51s were

calculated in thls fashlon.
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EXHIBIT V-7
Page 3 of 4

{

'»~i)WELL RISKS
i DRILLING AND COMPLETION PROBLEMS
E TYPE D - STAGE 1

EVENT 2

Desctiption:' Drilling and/or completion problems in Stage 1
’ cause loss of one or more injector wells
reqguiring an equi?alént number of holes to

be drilled.

Cost Consequences:

Developer: Capital cost of replacement injector wells.

User:. None.

Input Data:

Cost Per Well: $1.7 (millions - $1981)

Probability: n==6; p= .10 (binomial parameters)
! p(X#O) = ,53 X = number of injector wells
p(X=1l) = .36 requiring replacement
p(X=2) = .09
p(X=3) = .02
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EXHIBIT V-7
Page 4 of 4

'~.¢WELL RISKS

DRILLING AND COMPLETION PROBLEMS
TYPE D - STAGE 1

EVENT 2

Loss Distribution

Well
Replacement Cost
(millions-$1981)

‘D1XéO) = .53 $0.0
p(x#1) = .36 1.7
p(X=2) = .09 3.4
p(X=3) = .02 5.1

Expected Well Replacement Cost: $1.0 (millions - $1981)
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S

Events leading to reduction in useful well life

Event Definition: These events ‘apply to wells which were success-

fully completed and capable of producing geothermal fluid at com-
mercial gquantities. However, later accidents or developing

- conditions cause formerly productive wells to become uneconomic.
Possible events include (see Exhibit V-2 for definitions):

chling

Corrosion

Well-face plugging
Mechanical damage or problems

‘The relative importance of different events varies between reser-
voirs depending on local geological conditions and the stage of the
particular development. Events are considered for Stages 1, 2,
and 3. |

Cost Consequences: Cost consequences from the events affect both

" the developér and_user. To the developer, costs include the capital
cost of replacing wells along with the temporary loss of revenue, if
any, while a well is down and being replaced. Furthérmore, it is
assumed that it is not economical to replace a well during the
last five years of the operating life of a project, because for
most projects the discounted value of,futhre revenue dgenerated by
the well does not offset its cost during this period. Therefore, it
is further assumed that the developer will choose to loose the
" future revenues from wells thatxare shut-down during years 26-30 of
Stage 3. : | - ‘

The‘user,'which for this risk subcategory is assumed to be an
electric utility, may suffer (a) the excess cost of replacement
power during the time a well or wells are being replaced, and (b)
a proportionate amount of the unamortized value of its piant in the
event a producing well is abandoned during the last five years of
Stage 3.
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\_)If (1) a significant portion of a utility's fuel source is geothemal

energy and (2) there is insufficient excess generating capacity to
make-up for any shortfall in geOthermal-energy during the time a

‘well or wells are being replaced, then the utility would have to

buy temporary replacement power from other utilities at possibly
higher costs. The differential between what it costs the utility
to generate electricity from gedthermai'and what it costs to buy the
replacement power on a short-term temporary'basis is a cost to the
utility due to a well or wells needing replacement.

The precise cost differential of replacement power to a utility
is highly dependent on numerous factors specific to that utility,
such as its location, size, mix of fuel sources, contractual
relationships with other utilities, etc. Thus, it is impossible
to precisely estimate this cost for the six electric generation

. project types considered in this study (Types A, B, D, E, F, and

G). Although data in this area are extremely limited, indications

-are that the cost of replacement power for most utilities will be

on par with the cost of generating electricity from geothermal for
the conceivable future.* This implies that the cost differential
of replaéement power, in the short-term and long-term, to a utility

is approximately zero, which is what has been assumed for all

electric generation type projects with the exception of Type A.
Type A represents projects in the Northern California Geysers region
where geothermal energy‘can be more efficiently produced because of
the high quality dry steam nature of the resource. In this area,
the steam price is projected to be about one half of what it is
projected to be in other regions.** Therefore, for Type A, a
positive cost differential for replacement power is assumed.

*Based oh~(a) data prOQided by the Department of Energy's

Energy Information Office regarding projections of the cost
of generating electricity at the busbar for different fuel
-sources, and (b) interviews with representatives of utilities
discussed previously in Section III.

**Estimated steam prices for Types A, B, D, E, F, and G are

'kaJ' presented in the Appendix.
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\-JBecause the cost of replacement power for Type A would be approx-
imately twice the Type A steam price, the differential cost of
replacement power is assumed equivalent to the current steam price

per Type A.

If a producer well is abandoned during the last five years of the
project life a certain percentage of the normal operating capacity
»of'the plant is lost. Therefore, if a straight-line depreciation of
the plant is assumed, there is a proportionate share of the un-
amortized value of the plant, due to the loss of the well, that is a
cost to the user.

Probability Estimation: Subjective probability distributions were

assessed regarding. the number of producer or injector wells requir-
ing replacement during Stages 1l and 2. Stage 3 was divided into two
periods (1) yeafs 1-25 and (2) years 26-30, to differentiate those
periods in which producer'Wells would be replaced and in which they
would be abandoned. Subjective-prbbability distributions were then
assesséd for the number of producer wells requiring replacement in
Stage 3 yeafs 1-25, and the number of producer wells abandoned in
Stage 3 years 26-30. The probability of injector wells requiring
replacement was assessed considering all of Stage 3 (years 1-30)
with the assumptions: '

(1) During years 1-25 of Stage 3 any injector well that is
~ shut-down is replaced. ' »

(2) During years 26-20 of'Staée‘B the number of requiréd
injector wells may decrease as producer wells are aban-
doned, This»may result in not requiring replacement for
every injéctor wéll that is shut-down.

Analysis of Project Type D: Exhibit V-8 presents the risk analysis

for events leading to reduction in useful well life for project Type
D during Stages 1, 2, and 3. Detailed results of the risk analysis,
for each geologic project type where this risk was considered
significant, are presented in the Appéndix along with detailed
descriptions of the major input data.
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~{JAs will be the common format throughout the rest of this subsection,

first the discrete probabilities P(X = x) for the number of wells
requiring replacement, which were derived from the cumulative
distribution P(X £ x), are presented. This cumulative distribution
is what was subjectively assessed. The dots on the graph of the
cumulative distribution represent those specific probabilities which
were subjectively -assessed. These specific probabilities are
presented along with the graph of the cumulative distribution. 1In
this partiéular example, for Event 1 of Stage 1, these probabilities

.ares
P(X. < 0) = .25
P(X < 1) = .50
P(X < 3) = .75
P(X < 10) = 1.00

The Exhibit concludes with a probability tree diagram for each event
considered, that relates each possible scenario with its cost conse-
quences. The expected cost for each cost category is presented at
the bottom of the diagram.
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VWELL RISKS

EXHIBIT V-8
Page 1 of 18

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

TYPE D - STAGE 1
EVENT 1

Description:

Cost Consequences:
Developer:

User:

Input Data:

Cost Per Well:

Probability:

- P(X=3)

Mechanical damage, scaling or corrosion cause

loss of one or more producer wells (before
field is in production). Well is replaced.

Capital cost of replacement producer wells.

None.,

$1.8 (millions - $1981)

p(X=0)
p(X=1)
p(X=2)

p(X=4)
p(X=5)
p(X=6)
p(X=7)
p(X=8)
p(X=9)
p(X=10)

nowon oo RN

e o o @
= NN
ounurn

X = number of producer wells
requiring replacement

. o o
OO0
g

.03

o
OO
N W

.01
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EXHIBIT V-8
Page 2 of 18

' JWELL RISKS ‘
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D — STAGE 1

EVENT 1
P (X<x)

A

- ' P(X<0) = .25
P(X<1l) = .50
P(X<3) = .75

. P(X<10)=1.00

' | B O OO A O S N A

I DO N R T B R SN >
5 10
X = # of producer
wells requiring
Areplacement
o/
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EXHIBIT V-8
Page 3 of 18

. WELL RISKS

‘uJEVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 1
EVENT 1 ‘

i
i

Loss Distribution

Well
Replacement Cost
(millions=-$1981)

p(x=0) = .25 $ 0.0
p(X=1) = .25 1.8
p(x=2§ = .15 3.6
p(X=3) = .10 5.4
p(x=4) = ,07 7.2
p(X=5) = .05 : 9.0
p(X=6) = .04 10.8
p(X=7) = .03 12.6
p({X=8) -'.03 14.4
p(X=9) = .02 16.2
p(X=10) = .01 18.0

Expected Well Replacemént Cost: $4.23 (millions - $1981)
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EXHIBIT V-8
Page 4 of 18

-JWELL RISKS

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 2
EVENT 1

Description: Mechanical damage, scaling or corrosion
cause loss of one or more producer wells. Well
is replaced. '

Cost Consequences:
Developer: (a) Capital cost of replacement producer wells.

(b) Revenue loss while each producer well
(beyond reserve capacity) is replaced.

User: None.

Input Data:

Delay Time: 5 months.

Well Replacement Cost: $1.8 (millions - $1981)

Number of Wells: 10 producers/l reserve

Revenue Loss Per Producer Well Per Month: $0.069 (millions. -

$1981)

Probability:
p(X=0) = ,25 X = number of producer wells
p(X=1) = .25 : requiring replacement
‘p(X=2) = .15 :
p(X=3) = .10
p(X=4) = .07
p(X=5) = .05
p{X=6) = .04
p(X=7) = .03
p(X=8) = .03
p(X=9) = .02
p(X=10)= .01
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EXHIBIT V-8
Page 5 of 18

WELL RISKS
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 2
EVENT 1
P (X<x)
A
1.0 <
5 . P(X<0) = .25
- - P(X<1l) = .50
_ P(X<3) = .75
P(X<10)=1.00
N O O I | L1t
| B O Y R R R >
5 10
X = # of producer wells
requiring replacement
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EXHIBIT V-8
Page 6 of 18

WELL RISKS

\-JEVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 2
EVENT 1

Loss Distribution

Well
Replacement Revenue
Cost - Loss

(miliions-$1981) (millions-51981)

p(X=0) = .25 $ 0.0 $0.00
p(x=1) = .25 1.8 0.00
p(X=2) = .15 3.6 0.35
p(x=3) = .10 5.4 0.69
9LX=4) = .07 7.2 1.05
p(X=5) = .05 9.0 1.38
p(X=6) = .04 10.9 1.75
p(X=7) = .03 12.6 | 2.07
o(X=8) = .03 14.4 2.45
p(X=9) = ,02 16.2 : 2.76
'n(x=1b) =

01 ~18.0 3.15

Expected Well Replacement Cost: $4.23 (millions - $1981)
Expected Revenue Loss: $0.56 (millions - $1981)

o

176




EXHIBIT V-8
Page 7 of 18

- JWELL  RISKS

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 2

EVENT 2

Description: Mechanical damage, scaling, corrosion or
well-face plugging cause loss of one or more
injector wells. For each injector well
(beyond reserve capacity) that is shut down
two producer wells must be taken off-line.
Injector well is replaced.

Cost Consequences:
Developer: (a) Capital cost of repiacement injector wells.

(b) Revenue loss while each injector well beyond
reserve capacity is replaced.

User: None.

‘Input Data:

Delay Time: 5 months.
Well Replacement Cost: $1.7 (millions - $1981)
Revenue Loss Per Injector Well Per Month: $0.138 (millions -

$1981)
Probability:
p(X=0) = .25 X = number of injector wells
p(X=1) = .50 requiring replacement
p(X=2) = .10 Co '
p(X=3) = .07
p{X=4) = .05
= .03

p(X=5)
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EXHIBIT V-8
Page 8 of 18

178

bWELL RISKS
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 2
EVENT 2
P (X<x)
P(X<0) = .25
P(X<1l) = .75
! ' P (X<5) =1.00
D DO T T NN S N N A
L L
- - 10
X = # of injector wells
requiring replacement
W/




" \w/WELL RISKS

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

TYPE D - STAGE 2
EVENT 2

EXHIBIT V-8

Page 9 of 18

Loss Distribution

Well

Replacement

Cost

Revenue
Loss

(millions-5$1981) (millions-$1981)

_p(X=0) = .25 $0.0
p(x=1) = .50 1.7
p(X=2) = .10 3.4
p({X=3) = .07 5.1
p(X=4) = .05 6.8
p(X=5) = .03 8.5

Expected Well Replacement Cost:

Expected Revenue Loss:

$2.18 (millions - $1981)
$0.35 (millions - $1981)
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EXHIBIT V-8
Page 10 of 18

WELL RISKS '
\-JEVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

TYPE D - STAGE 3 (YEARS 1-25)

EVENT 1

Description: Mechanical damage, scaling, corrosion or
well-face plugging cause loss of one or more
producer wells beyond original expectations.
Well is replaced.

Cost‘Consequences:‘
Developer: (a) Capital cost of replacement producer wells.

(b) Revenue loss while well is replaced.
Assumes that reserve wells are occupied
while dealing with expected replacement.

User: None.

Input Data:

Delay Time: 5 months.
-Well Replacement Cost: $1.8 (millions - $1981)

Revenue Loss Per Producer Well Per Month: $0.0602
(millions - $1981)

Probability:
- p(X=0) = .25 X = number of producer wells
S p(X=1l) = .25 requiring replacement
p(X=2) = .15 ,
p(X=3) = .10
p(X=7) = .25*

*For computational reasons, the tail of the distribution
pP(4<X<16)=.25 was truncated and approximated by X=7 wells.
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EXHIBIT V-8
Page 11 of 18

‘m1 WELL RISKS
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 3 (YEARS 1-25)
- EVENT 1

P (X<x)

- ' P(X<1) = .50
P(X<3) = .75

P(X<16)=1.00

R N I I I
T T T A B D >
5 10

X = # of producer wells
requiring replacement

*tail of distributién truncated, apprdximatedrby 7 wells
with probability of .25 ’
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EXHIBIT V-8
Page 12 of 18

~ WELL RISKS

-~ \_JEVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 3 (YEARS 1-25)
EVENT 1

Loss Distribution

Well
Replacement Revenue
Cost Loss

(millions-$1981) (millions-$1981)

p{X=0) = .25 $ 0.0 $0.00
1.8 0.30

3.6 0.60

5.4 0.90

12.5 2;10

Expected Well Replacement Cost: $4.68 (millions - $1981)
Expected Revenue Loss: $0.78 (millions - $1981)
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EXHIBIT V-8
Page 13 of 18

N/ WELL RISKS .

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

TYPE D - STAGE 3 (YEARS 26 -30)
EVENT 1

Description: ‘ Mechanical damage, scaling, corrosion or
‘ well-face plugging cause loss of one or more
producer wells in excess of original expecta-
tions during years 26-30. Lost well(s) is

abandoned.

Cost Consequences:

Developer: Loss of revenue per producer well over the
remainder of project life.

User: Unamortized value of plant from loss of wells.

'Input'Data:

Developer's Revenue Loss Per Well: .
Range: $0 - $2.1 (millions - $1981)
Expected Value: $1.05 (millions - $1981)

Expected Unamoritzed Value of Plant :
Due to Loss of One Well: $0.16 (millions - $1981)

Probability:
p(X=0) = .25 . X = number of producer wells
p(X=1l) = .25 abandoned in excess of
p(X=2) = .15 ' expectations
p(X=3) = .10 B
p(X=4) = .07
‘p(X=5) = .05
p(X=6) = ,04
p(X=7) = .03
p(X=8) = .03
p(X=9) = .02

p(X=10)= .01
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w“JWELL RISKS
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D -. STAGE 3 (YEARS 26 30)

EXHIBIT V-8
Page 14 of 18

EVENT 1
P (X<x)
A
1.0 o=
5 P(X<0) = .25
P(X<1) = .50
"P(X<3) = .75
| P(X<10)=1.00
q-
I D D D T O I N BN
D O T N T N N N I >
5 10
=. # of producer wells
abandoned in excess of
expectations
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. \EJWELL RISKS

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

TYPE D - STAGE 3 (YEARS 26-30)
EVENT 1 '

EXHIBIT V-8
Page 15 of 18

Loss Distribution

Revenue
Loss

(milTions-$1981)

D(X=0) = .25

$ 0.00

p(X=1l) = .25 1.05
p(X=2) = .iS 2.10
p(x=3) = .10 3.15
p(x=4) = .07 4.20
p(X=5) = .05 5.25
b(x=6) = .04 6.30
p(X=7) = .03 7.35
p(X=8) = .63 8.40
p(X=9) = .02 9.45
p(x=io$ = .01 10.50

Expécted Revenue Loss: $2.47 (millions -~ $1981)

Unamortized Value of Plant:

e
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Unamortized
Value
of Plant
(miIlions-$1981)

$0.00
0.16
0.32

0.48

0.80
0.96
1.12
1.28
1.44

1.60

$0.47 (millions - $1981)




EXHIBIT V-8
Page 16 of 18

“*\_JWELL RISKS

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 3 (YEARS 1-30)
EVENT 1

Description: Mechanical damage, scaling, corroSion or
k well-face plugging cause loss of one or more
'ihjector wells requiring replacement. For
every such " injector well that is replaced
twd'producer wells must be taken off-line

~ temporarily.

Cost Consequences:
' Developer: (a) Capital cost of replacement injector wells.

(b) Revenue loss while each injector well is
replaced and two producer wells are off-
line.

User: , None.

- Input Data:

Delay Time: 5 months.
Well Replacement Cost: $1.7 (millions - $1981)
Revenue Loss Per Injector Well Per Month: $0.120 (millions -

$1981)

Probability:
p(X=0) = .25 X = number of injector wells
p(X=1) = .50 "~ requiring replacement.
p(X=2) = J10 ’ '
p(X=3) = .05
p(X=4) = .04
P(X-‘-’S) = -02
p(X=6) = .02
p(X=7) = .02
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—{_FELL RISKS

EXHIBIT V-8
Page 17 of 18

\*EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

TYPE D - STAGE 3 (
EVENT 1

YEARS . 1-30)

P(X<0) = .25
P(X<1) = .75
P(X<8) =1.00
| I N O E N T >
1 [ | L
5 10

X = # of injector wells
requiring replacement
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EXHIBIT V-8
Page 18 of 18

" N/ WELL RISKS

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 3 (YEARS 1-30)

EVENT 2 »

Loss Distribution

Well
Replacement Revenue
Cost Loss

(millions-$1981) (millions-$1981)

p(X=0) = .25 $ 0.0 $0.0
p(X=1) = .50 1.7 0.6
p(X=2) = .16 3.4 1.2
p(X=3) = .05 5.1 1.8
p{X=4) = .04 6.8 2.4
p(x=5i = .05 3.5' 3.0
p{X=6) = .05 10.2 ' 3.6
; b(X=7) = .02 11.9 4.2

Expected Well Replacement Cost: $2.33 (millions - $1981)
Expected Revenue Loss: $0.82 (millionS'- $1981)
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~~\=JSuccess ratio less than expected

Event Definition;' This risk subcategory is significant in areas of

‘especially complicated geology. Here, inadequate knowledge of

geological and/or hydrological conditions may lead to worse than
expected success ratio during Stage 1 requiring additional producer
wells to be drilled. It is assumed that adequate experience will be
gained as a result of this drilling and that there will not be a

significant risk during subsequent stages.

' Cost Consequences: The only Significant cost consequence considered

for this risk is the capital cost to the developer of drilling more
wells than originally expected.

Probability Estimation: A subjective probability distribution was

assessed forrthe number of additional producer wells needed to be
drilled because of the success ratio being less than expected for

- Type D during Stage 1. Type D was the only project type where this
risk was considered significant (see Exhibit V-3).

Analeis of Project Type D: Exhibit v-9 presents the risk analysis

for success ratio less than expected for project Type D during Stage
l. This risk was not considered significant for any of the other
project types. Detailed deécriptions of all major input data are
provided in the Appendix..
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WELL RISKS

SUCCESS RATIO LESS THAN EXPECTED

TYPE D - STAGE 1
EVENT 1

EXHIBIT V-9
Page 1 of 3

Description: Inadequate knowledge of geological and/or
hydrological model 1leads to worse than

expected success ratio during Stage 1

drilling;

be drilled,

Cost Consequencesi

additional producer wells must

Developer: Capital cost of replacement producer wells.

User: None.,

Input Data:

Cost Per Well: $1.8 (millions - $1981)

Probability:

p(X=0)
p(X=1)
p(X=2)
p(X=3)
p(X=4)
p(X=5)
p(X=6)
p(X=7)
p(X=8)

NN NNy

p(X=10)

.25

"+ 25

.15
.10
.07
+05
.04
.03
.03
.02
.01

X = number of additional
~producer wells required




EXHIBIT V-9

Page 2 of 3
\.)WELL RISKS ~
SUCCESS SUCCESS RATIO LESS THAN EXPECTED
TYPE D - STAGE 1
EVENT 1
P (X<x)
A
1.0 et
5 P(X<0) = .25
P(Xg}) = .75
P(X<10)=1.00
v e o1 :
[ B D R B N B N —>
] 10
= # of additional
wells required
o/
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EXHIBIT V-9
Page 3 of 3

© \g/ELL_RISKS
SUCCESS RATIO LESS THAN EXPECTED
TYPE D - STAGE 1
EVENT 1

Loss Distribution

Additional
Well Cost
(millions-$1981)

p{X=0)

= 25§ 0.0

p(X=1) = .25 1.8
p(X=2) = .15 3.6
p{x=3) = .10 5.4
_p(x=4) = .07 7.2
p(X%S) = .05 9.0
p(X=6) = .04 io.a
p($=7) = .03 12.6
D(x=8) = .03 14.4
p(X=9) = .02 16.2
.pkx¥10) = .01 18.0

Expected Additional Well Cost:  $4.23 (milliohs - $1981)

~
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Reservoir Performance Risks

These risks include problems which affect the entire surface unit
that yields the geothermal fluid. The specific risk subcategories
considered are:

® Interference caused by wells in an adjacent development.

e Initial teservoir characteristics worse than expected.-

o Adverse changes from expectations in reservoir model.
Excluded from‘consideration in this section are those problems in
individual wells that can be solved by drilling a new well close to

the original location'(these risks were considered under Well
Risks).

_Interference of other wells (adjacent develdpment)

Event Definition: These events occur when temperature, pressure or

productivity of wells within a particulat project declines because
the same subsurface reservoir is also being tapped from a nearby,
indepéndentiproject; Risks were considered significant only in a
Type A reservoir (see Exhibit V-3).

Cost Consequences: Costs will depend on the stage of development in

which the interference takes place. During Stages 1 and 2 it is
assumed that sufficient flexibility remains in the production/injec-:
tion strategy for the project such that lowér productivity can be
largely mitigated by adding more wells. However, in Stage 3 most of
the wells for the project are assumed to be in place and the full
reservoir volume availablekto the‘projéct is béing exploited,
therefore, additional wells will not solve the problem. Instead,
the lower flow rates will persist throughout'the.remainder of
projéct life, which implies (1) a loss of revenue for the developer,

(2) the excess cost of replacement power for the user, and (3) the

proportionate amount of unamortized value of a plant due to reduc-
tion in the normal operating capacity.
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Probabiiity Estimation: For Stages 1 and 2 a cumulative distribu-

tion P(X < x) was assessed for the number of additional producer
wells required to mitigate any interference. Discrete probabilities
P(X = x) were then derived from each of these distributions regard-
ing the probability of any specific number of wells being required.
For Stage 3 a cumulative distribution was assessed for the percent-
age of nbrmal operating capacity lost as a result of the lower flow
rates.

Analysis of Project Type A: Exhibit V-10 presents the risk analysis

for interference of other wells (adjacent developement) for project
Type A, Stages 1, 2, and 3. Detailed descriptions of all major input
data are provided in the Appendix.
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EXHIBIT V-10
Page 1 of 9

RESERVOIR PERFORMANCE RISKS

‘EJINTERFERENCE OF OTHER WELLS (ADJACENT DEVELOPMENT)

" TYPE A — STAGE L
EVENT. 1

~ Description:

Cost Conseguences:

‘Developer:

‘User:

Input Data'

Wells in an adjacent development commence full

production, causing declines in. pressure and/

or product1v1ty of wells w1th1n project.
Reservoir engineering calculatlons indicate

that addltlonal wells must be drilled 1n_E

order to supply full design steam flow to
plant, and sufficient excess project area
and/or reservoir volume is present within

'therproject to make this feasible.

Capital cost of additional producer wells.

(Additional injector wells not considered

because adequate injection‘capaCity is assumed
always present for this type of project).

None.

Cost of Addltlonal Producer Well: $1.8 (millions - $1981)

Probability:‘Er~v

.50 X = number of additional

- P(X=0) = , .
o p(X=1) =-.,20 producer wells required
Cop(X=2) = W11 . B B :
o p(X=3) = .09
C p(X=4) = .07
p(X=5) = .03
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RESERVOIR PERFORMANCE RISKS

\siNTERFERENCE OF OTHER WELLS (ADJACENT DEVELOPMENT)

" TYPE A - STAGE 1
EVENT 1

EXHIBIT V-10

Page 2 of 9
P (X<x)
P(X<0) = .50
A P(X<5) =1.00
S { I N S I T
([ R R S N R R R >
10

196

X = # of additional

wells required




EXHIBIT V-10
Page 3 of 9

. RESERVOIR PERFORMANCE RISKS
; “fNTERFERENCE OF OTHER WELLS (ADJACENT DEVELOPMENT)
~  TYPE A - TYPE A - STAGE 1
. EVENT 1 '

Loss Distribution
Additional

- Well Cost
(miIIlions - $1981)

p{X=0)

= .50 $0.0
Dix=1) = 20 1.8
p(x=2) = .11 »»3_6
o(x§3) = .09 5.4
p(x=4) = .07 7.2 '
p(x=5)‘= 03 -~ Jg.oA

‘Expected Coét_of,Additional»Wells: $2.02 (miliions - .$1981)
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= EXHIBIT V-10
v Page 4 ot 9

RESERVOIR PERFORMANCE RISKS

INTERFERENCE OF OTHER WELLS (ADJACENT DEVELOPMENT)
TYPE A - STAGE 2

EVENT 1

Description: - . Welis in an adjacent development commence full

' prOduction, causing declines in pressure and/
or productivity of:wells Within project.
Resefvoir engineering calchlations indicate
that additional wells must be drilled in
order to supply full design‘steam flow to
plant, and sufficient excess project area
and/or reservoir'volume is present within
the project to meke this feasible.

Cost Consequences:
| Developer: (a) Capital;cost of additional producer wells.

, (b) Diminished revenue untll new wells (in
. , ~ excess of reserve capac1ty) come on-line.

User: Cost dxfferentlal' of. replacement power until
new wells come on-line.

- Input Data:

, Delay;Time invAdding a Well: 5 months
Cost of Additional Producer Well: $1.80 (millions - $1981)

Revenue Loss Per Producer Well Per Month: $0.084 {millions -
.$1981)

Excess Cost of Replacement Power Per Producer Well Per Month-
. $0.084 (millions - $1981)

Number of Wells: 18 producers/z'reserves

 P(X=5)

: Probability:

B p(X=0) = .50 X = number of additional
Lol p(X=1) = .20 producer wells required
| p(Xx=2) =.,11 R '

; p(X=3) = .09

i p(X=4) = .07 .

: u ) =.03
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EXHIBIT V-10

Page 5 of 9
RESERVOIR PERFORMANCE RISKS
NTERFERENCE OF OTHER WELLS (ADJACENT DEVELOPMENT)
- TYPE A - STAGE 2
EVENT 1
P(X<x)
A.
B P(X<0) = .50
= P(X<3) = .90
- ~ P(X35) =1.00
R IR S U Y O IS BN B |
N D EN A B R R R >
5 10
= # of additional producer
wells required
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EXHIBIT V-10
Page 6 of 9

\-%ESERVOIR PERFORMANCE RISKS :

INTERFERENCE OF OTHER WELLS (ADJACENT DBVELOPMENT)
TYPE A - STAGE 2

- EVENT 1

Loss Distribution

|

| - ' SR ; : Excess Cost of

’ ’ Additional - Revenue Replacement
~Well Cost Loss Power
(millions-$1981) (millions-$1981) (millions-$1981)

RO=0) = .50 0.0 50,00 $0.00
px=1) = .20 1. 0.00 1 0.00
p(X=2) = AL 36 © 0.00 0.00
p(x=3)‘='.09‘ 5.4 0.42 0.42
_'p:(x=4') = ‘..07_‘ 7.2 | 0.84 0.84
_p(x=5) = .03 ':; 9.0 | 1.26 1.26

Expected Cost of Additional Wells: $2.020 (millions ~ $1981)
" Expected Revenue Loss: §0.134 (mllllons ~ $1981)
Expected Cost of Replacement Power: $0.134 (mlllions - $1981)

200




EXHIBIT V-10
Page 7 ot 9

\~’?ESERVOIR PERFORMANCE RISKS

INTERFERENCE OF OTHER WELLS (ADJACENT DEVELOPMENT)

TYPE A - STAGE 3
EVENT 1

Déscription:

Cost-Consequencesé

Developer:

User:

Ihput Data:

N

Field Ré?enue'

Plantvédst;

Probabilitj:

Wells within project show declines in pressure
and/or productivity; reservoir engineering
calculations show that interference by wells
in adjacent. development has caused the
declines. Because the project's reservoir
already is fully developed‘during this stage,
producing from additional wells within the

-project would only cause intensified reservoir

decline. The diminished productivity will

‘persist throughout the remainder of the project

life.

Revenue loss from reduced design flow of
project over the remainder of the project

 life. .

(a) Cost differential of replacement power over
the remainder of project life.

'(b) Unamortized value of plant.

'r»Stage 3: $572 0 (mlllions é $1981)
$67.8 (mlllions - $1981)

p(x=0) = .70 X ='perCentage'df normal -

p({X=5) = .20 operating capacity lost
p(X=10)= .07 v
p(X=15)= .03
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EXHIBIT V-10
Page 8 of 9

"£.JRESERVOIR PERFORMANCE RISKS
INTERFERENCE OF OTHER WELLS (ADJACENT DEVELOPMENT)
TYPE A - STAGE 3

EVENT 1
P (X<x)
A
'5‘ »
. ; P(X<0) = .70
RN TR AN Y R IS I T T I
NN N s B B TN I R I —>
5 10 1620 2530364045 50
- X = Percentage of normal'
operating capacity lost
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EXHIBIT V-10

Page 9 of ¢
RESERVOIR PERFORMANCE RISKS
\‘)INTERFERENCE OF OTHER WELLS (ADJACENT DEVELOPMENT)
TYPE A - STAGE 3 .
EVENT 1
Loss Distribution*
= Excess
: Unamortized Cost of
Revenue Value Replacement Scenario
of Plant Power Probability

Gnlli' 1981) (millions-$1981) (mlllicns-$l981)

_$ 0.0

$0.0 - $ 'o.oi .7000
s/ .33 (S yr pt) 4.9 0.56 4.7 .0660
/~34 (15 yr pt) 14.3 1.70 14.3 .0680
.33 (25 yr pt) 23,9 2.84 23,9 .0660
.33 (5 yr pt) 9.4 1.12 9.4 .0231
=34 (15 yr pt) 28,6 3.40 28.6 .0238
© .(25 y: pt) _47.8 5.70 47.8 0231
14.1 1.68 14.1 .0099
42.9 5.08 42,9 .0102
717, 8.52 T .0099

‘Expected Revenue'Loss-

Expected Unamortized Value of Plant:.

"$6. 15 (mlllions - $1981)
$0.73 (millions - $198l)

f'Expected Cost of Long-Term Replacement Power. $6.15 . (mlllzons - $1981)

*Cost consequences willedepend‘upon'when‘reduction‘in'capacity :

initially takes place.
- Stage 3 (years 1-30).

discretized and approxlmated by three points:

~Assume equally likely to take place during
Continuous loss distribution can then be
(1) 33 percent

chance of loss occurring at the 5-year point, (2) 34 percent chance
of loss occurlng at the 15-year point, and (3) 33 percent chance

)

of loss occuring at the 25-year p01nt.b
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\-;Reservoir characteristics worse than originally expected

Event Definition: These events are concentrated in the early stages

of development. Here, a cohtract has been entered into between the
developer/producer and user in which the steam price is based on
data regatding geothermal £fluid characteristics learned during
exploration and early development drilling and testing. A large
number of wells are drilled during Stage 1 and the first large-scale
prdduction data ordinarily are.obtained during Stage 2. Therefore,
it is possible that experiencé:during'Stages 1l and 2 will show
that one or more of the fdlloWing reservoir characteristics are
worse than those interpreted from early data (for definitions see
Exhibit V-2): |

Temperature
Chemistry
Pressure
Ehthalpy
Permeability
‘Reservoir size

The relative importance of various physical characteristics varies
between reservoirs. Events are considered for Stages 1 and 2.

Cost Consequences: Costs'will affect both the devéloper and user as
a result of adverse changes in.initial,réservoir,characteristics.
‘With the exception of smaller reservoir'size, it is assumed that
~these changes can be mitlgated by add1tiona1 producer wells because
sufflclent pro:ect area and/or reservoir volume should be available
durmg Stages 1 and 2 for additional drllllng,? The cost effects
would be (a) the cost of additional wells to the developer along
.with‘some~temporary loss of revenue to the developer during Stage 2,
and - (b) poSsible éxcess cost of replacement. pdwer to the user:
{siginificant for Type A projects only) during Stage 2 untll suffl-vl‘
_cient numbers of wells can be added.
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. [If the reservoir size is found to be smaller than expected then

' “Jaddltlonal wells will not mitigate the problem. In this case the
.developer will experlence loss of antlclpated revenue for the

'eremalnder of the project. The user will experience the excess cost
of replacement_power (significant for Type A projects only) and a
proportionate amount of the unamortized value of the plant due to
loss of normal operating capacity. Therefore, these particu1ar cost

‘~consequences are con51dered under the category of adverse changes
from expectatlons in reservoir model, where long—term implications
,of reduced reserv01r performance ‘having cost consequences in Stage 3
~are considered.

Probability Estimation: For both Stages 1 and 2 a cumulative
probability. distribution P(X < X) was assessed for the number of
‘additional producer’wells required to mitigate any reduced produc-
tivity because of changes in’reservoir characteristics. Discrete
probabilities P(X = x) were then derived from each of these distri-
rbutlons regarding the probablllty of any spec1f1c number of wells
belng requxred. ‘

- Analysis of Ptoject Type D: Exhibit V-1l presents the risk analysis
- for reserv01r characteristics worse than orzglnally expected for
pro;ect Type D, Stages 1 and 2. Detailed results of the risk
analysis, for each geologic project type where this risk was con-
sidered'eignifioantg are presented.‘in' the Appendix along with
detailed descriptionseofvthe ﬁajor'ihput,data.‘.'
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EXHIBIT V-11
Page 1 of 6

RESERVOIR PERFORMANCE RISKS

k,RESERVOIR CHARACTERISTICS. WORSE THAN ORIGINALLY EXPECTED

TYPE D - STAGE 1
EVENT 1

Description:

Cost Consequences:

| o Developer:

- User:

| Input Data:

- wells.

Temperaturé, chemistry, enthalpy, pressure
or permeability are found to be lower than
expected, such that additional producer wells

must be drilled in order to supply design flow

of project. Sufficient project area and/or
reservoir volume is available during this
stage.

Capital cost of additional producer and
injector wells. One additional injector
well is needed for each two additional producer

None,'

Cost of Additional Producer Well: $1.8 (millions - $1981)
Cost of Additional Injector Well: $1.7 (millions - $1981)

Probability:

P(X=6)

p(X=0) " X '= number of additional

‘ ='o4‘0;
Tp(X=l) = .25 producer wells required
- p(X=2) = .15 | ,
- p(X=3) = .08
p(X=4) = .05
p(X=5) = .04
= .03
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EXHIBIT V-11

Page 2 of 6
}ESERVOIR PERFORMANCE RISKS
SERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED
'TYPE D - STAGE 1
EVENT 1
A
= .40
| ‘ . = .80
o P(X<6) =1.00
R IO DO O O EO DO O
B B EN R B R N R >
5 10
X = # of additional
producer wells required
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EXHIBIT V-11
Page 3 of 6

QafRESERVOIR PERFORMANCE. RISKS :

RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED
- TYPE D - STAGE l
. EVENT 1

Loss Distribution

- Cost of
‘Additional
Producer and

Injector Wells
- (m1llions-51981)

240 $ 0.0

-p{X=0) =

p(X=1) = .25 1.
B(X=2) = .15 5.3
p(X=3) = .08 7.1
_p(xég) = .05 106
p (x=5) =04 154
P(X=6) = .03 ;5.9

Expected Cost of Additional Wells: $3.32 (millions - $1981)
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- EXHIBIT Vv-11
Page 4 of 6

RESERVOIR PERFORMANCE RISKS -

\=¥RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

TYPE D - STAGE 2

EVENT 1

Descriétion:

Cost Consequences:

 Developer:

““User:

. Input Data: |

‘Temperature, chemistry, enthalpy, pressure
~or permeability are found to be lower than

expected, such that additional prodﬁcer wells
must be»drilled-in ordereto.supply design flow

 of project. Sufficient'project area and/or
‘reservoir volume is avallable during this

stage.

(a) Capital cost of additional producer and

injector wells. One additional injector
- well needed for each two additional
producer wells.

.

f(b) Dlmlnlshed revenue until new wells (in

excess of reserve capacity) come on-line.

None.

Deley'Time in Adding a Well: 5 months ‘
. Cost of Additional Producer Well: $1.8 (millions - $1981)

$1981)

Probabilityi;,

. pl(x 0)

Cost of Additional Injector Well: $1.7 (millions - $1981)
- Revenue Loss Per Producer Well Per Month: $0.069 (millions -

Number of Producer Wells' 10 producers - 1l reserve

= .30 X =-number of additional
p(X=1l) = .35 - producer wells required
p(X=2) = .15 S R | |
p(X=3) = .08
p(X=4) = .05
p(X=5) = .04

= .03

p(X=6)
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EXHIBIT V-1l

Page 5 of 6
. RESERVOIR PERFORMANCE RISKS =
\_A{ESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED
" TYPE D - STAGE 2 -
EVENT 1
P(ng)
A‘_
1'0‘ v
S o= P(x<0) = .30
P(X<2) = .80
P (X<6) =1.00
NN N TR TONN U [ A O N |
N N R A EH R e Rt | >
5 10
X = §# of additional
producer wells required
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. RESERVOIR PERFORMANCE RISKS I
\./RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

EXHIBIT V-11

Page 6 of 6

TYPE D - STAGE 2°
EVENT 1 :

Loss Distribution

Cost of
Additional
Producer and

Injector

Wells

Revenue
Loss

~ (miTTfons-§1981) (millTons-51981)

pkx=o)3= .30 $ 6.ok'
b(x=l) = .35 1.8
p(X=2) = .15 5.3
p(x=3) = .08 7.1
p(X=4) = .05 10.6
: P(XgS’ = .04 .>12?4“
p(X=6) = .03 15.9

Expected Loss of Revenue: $0.27 (millions - $1981) -

211

$0.000
0.000

' 0.345
6;690
1.035
1.380

1.725

Expected Cost of Additional Wells: $3.5 (millions - $1981)




4 adverse changes from expectations in reservoir model

Event Definition: The detailed reservoir model.is based on geologi-

cal, hydrological and chemical data gained and analyzed throughout
the early life of the project, but mostlykin Stages 1 and 2,
Detailed forecasts of-thegbehavior,of the reservior for all stages
‘through Stage 3 are based on this model. The reservoir character-
‘istics which may be‘different~thankprediCted;are’(for definitions
see Exhibit v-2): ' : '

Temperature
. Chemistry -
 Pressure

Enthalpy
‘Permeability

Reservoir size

Cost Consequences: Events considered in this risk subcategory have
~ long-~term cost consequences to the developer and user. During
Stage 3 adverse changes‘in5reservior»charactérlStics will lead to a
reduction from design steam flow and lower overall»productivity.
Because additional project area and/or reservoir volume would not
likely be available during this stage for addltlonal drilling,
lowered product1v1ty is assumed to persist throughout the remainder
of ‘the proJect life. 1If durlng Stages. 1l or 2 ‘the reservior size is
' found to be less than originally expected, leading to lower than
l'expected product1v1ty, “the reservoir will be operated at lower than
orlglnal ‘design flow throughout the progect life with cost con- .
sequences resultlng prlmarlly 1n Stage 3.,

Speclfzc cost consequences to the developer and user occur only in
Stage 3 and are (a) loss of revenue to developer due to lowered'
'productiv1ty (b) excess cost of replacement power to the ‘user
(significant'only for Type A'projects),'and (e) the proPOrtionate

| "amount - of the unamortized value of the: plant due to reductlon in
normal operating capac1ty.
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\"Probablllty Estimation: For Stage 1 a cumulative probability dis-
‘tribution was assessed for the percentage reductlon in normal
operation capacity as akresult of reservoir size being found smaller
than expected. For Stage 2, the same probability distribution. was

assessed under two different conditions: (1) no reduction in re-
servoir size was discovered in Stage. 1; and (2) reservoir size had
been found smaller than originally'expected during Stage 1l. For
Stage 3, a cumulative probability distribution was assessed for the
- percentage reduction in normal operating capacity as-a result of any
or all of the reduced - reservoir characteristics descrlbed above,
under three different conditions regardlngvreserVOLr size: (1) no
}reductionS'in~reservoir_size*were'discovered in either Stage 1 or 2;
(2) reductions in reservoir size were discovered in Stage 1 but not
in Stage 2; and (3) reductions in reservoir size were discovered in
,Stage'z but not in Stage 1. '

Analysis of Project Type D: Exhibit v-12 presentS'the risk analysis
for adverse changes from expectations in reserv01r model for project
Type D. Detailed results of the risk analy51s, for each geologlc

project typevwhere this risk was considered s1gnificant,‘are pre-
sented in the Appendix along with detailed descriptions of the
primary input data. S ' ‘
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EXHIBIT V-12
Page 1 of 3

‘ EESERVOIR PERFORMANCE RISKS
ADVERSE CHANGES FROM EXPECTATIONS IN RESERVOIR MODEL

TYPE D - STAGES 1-3:

EVENT 1

Description:

Stages 142:

Stages3:

Cost Consegquences:

Developer:

User:

Input Data:

Reservoir size is smaller than expected,

leading to 1lower than expected productivity.

.~ ‘Reservoir must be'operated at lower than
“design flow throughout project life.

Change in reservoir characteristics. from

expectatlons leads to a reduction from design
steam flow and overall lower productivity.

Because additional project area and/or reser-

voir volume is not available during this
stage, lowered productivity will persist
throughout the remainder of the project

!llfe.,

Loss of revenue from. lowered productivity

- during stages 2 and 3.

Unamortlzed value'of plant.

o Fleld Revenue - Stage 2: $8.4 (millions - $1981)

Eleld Revenue - Stage 3: $264.0 (millions - $1981)

‘Plant Cost: $28.6 (millions - $1981)
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ERESERVOIR PERFORMANCE RISKS

| ADVERSE CHANGES FROM EXPECTATIONS
. IN"RESERVOIR MODEL.

'TYPE D - SUHRGEES 1-3

"EVF'\TT 1 : R B 1.0

P (X<x)

EXHIBIT V-12
Page 2 of 3

(Tfuncated~at 10%)

Probability: | P(X<0) = .5
Stage 1: g P(X<10)= .8
P(X<35)=1.0
[ 10 15 20 25 30 35 40 45 50
X = % of normal operating
capacity lost
P(X<x|0% reduction in Stage 1)  o o P(X<x|10% reduction in Stage 1)

1.0

(Truhcated at 10%)

(Truncated at 10%)

P{X<0) = .6

P(X<O) = .4 | P(X<10)= .8
- 5

P(X<10)= .8 P(X<30)=1.0

P(X<40)=1.0

1 1. 11 AJAJ 1 1.1 —
, I N D D O R D O D O
6 10 15 20 25 30 35 40 45 &0 | & 10 15 20 25 30 35 40 45 50
: X = % of normal operating X = § of normal cperating
capacity lost : e capacity lost
P(x<x|o0% ‘reduction in Stages 1 and 2)

A
| K

> (Truncated at 10%) - . P(x=0!|10% reduction in Stage 1
P(X<0) = .6 v o v and/or Stage 2) = .90

P(x=5!110% reduction in Stage 1

P(X<10) = .8
( _7,’ . and/or Stage 2) = .10

Stage 3: b

 P(X<30) =1.0

6 10 16 20 25 30 35 40 45 60

X = § of normal operating 215
capacity lost :




EXHIBIT V=12
Page 3 of 3

_ \_/ RESERVOIR PERFORMANCE RISKS
ADVERSE CHANGES FROM EXPECTATIONS IN RESERVOIR MODEL
TYPE D - STAGES 1-3

EVENT 1
Loss Distribution
Unamortized
S : ' - Revenue Value Scenario
Stage 1* Stage 2** Stage 3*** ‘ _loss of Plant Probability
' 0n11110ns—$1981) (mllllons-51981)
0% s o '
0% - — S 0.0 | $0.00 .12
4
1ot —13.2 1.43 .08

0% 26.8 2.86 .27

.9 .
5% 32,7 3.50 .03
3 .1

- D% 27.2 2.86 .27

0% S .9

.6 .
\.._5% T 33.1 3.50 .03
0%
0% / — 51.3 5.72 .18
..4 ’ . .

NS ——56.6 6.29 .02

Expected Revenue Loss: $28.0 (millions - $1981)
Expected Unamortized Value: $3.02 (millions - $1981)

~ *Probability distribution for Stage 1 was discretized and approxi-
mated by two points: (1) 50 percent chance of zero reduction in
capacity, and (2) 50 percent chance of 10 percent'reduction in
capac1ty.‘ ’ : ' .

**Probabllxty dlstrlbutlons for Stage 2 were discretlzed and
approximated by two points. Losses during Stage 2 assumed to
- occur at the mld—poxnt and continue throughout pro;ect life.

***Probabilzty dlstrlbutlons for Stage 3 were d1scretlzed and
~approximated by two points. Losses during Stage 3 assumed to
occur at the mid-point (year 15) and continued throughout project
life.

,;gij
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‘ﬁ.jPlant Risks

Risks considered in this category are those geothermal related

“hazards which impact on the perfqrmanCe of the power plant.

kPowervplant performance 

Event Definition: Geothermal steam is more likely than steam in

coal-fired or other closed system generators to carry fine particu-
late matter or dlssolved solids (such as silica) that may signifi-

- cantly damage the turblneﬂblades. The events considered in this

risk category are thevspecificﬁinstances where turbines need to be
rebladed. . Complete replacement of the turbine was considered too
remote a circumstance to analyze in detail.

Cost Consequences: Three main cost consequences are considered: (a)

‘the cqst“to the user of reblading the turbine, (b) the user's excess
. cost of replacement power while the turbine is shut-down, and (c)

the’developet?sfloss of steam revenue during the downtime.

Probability Estimation: Discrete probabilitiés were assessed for

‘the number of times a turbine would require reblading during Stage 3

for each type of project where this risk was considered significant.

Analeis of ProjéCt'TYpe D:' Exhibit V-13 presents the risk analysis

fbr.power plant performance for~proje¢t Type D. DetaiIed results of
the risk analysis,_for’each geologic project'type'where this risk

~ was considered significant, are presented in the Appendix along with
‘detalled descrlptlons of the prlmary input data. '
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EXHIBIT V-13

Page 1 orf 2
\/ PLANT RISKS
: POWER PLANT PERFORMANCE
© TYPE D - STAGE 3
EVENT 1
Description: Reblading -- Mechanical damage to turbine

requires reblading and consequent shutdown.

Cost Consequences:
- Developer: ‘Loss’ofisteam revenue while plant is down.

User: ‘Cost of reblading to user.

~ Input Data:.

Cost of Reblading: $0.75 (millions - $1981)
Downtime: 1 month '
~ Revenue Loss Per Month: §$0.74 (millions - $1981)

Probability:
| p(0 reblades) = .80
p(l reblade) = .15
p(2 reblades) = .05
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EXHIBIT V-13
Page 2 of 2

. PLANT RISKS
 \C/POWER PLANT PERFORMANCE
TYPE D - STAGE 3 |
 EVENT 1

Loss Distribution

Cost of Revenue
Rebladin _Loss
(millions~$1981) (millions-$1981)
p(0 reblades) = .80 $0.00 $0.00
p(l reblade) = ,15 0.75 . 0.74

1.50 . 1.48

Expectéd Loss of Reblading: $0.19 (millions - $1981)
Expected Revenue Loss:  $0.18 (millions - $1981)
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j&rfurface'Facility Risks

Risks related to the operations and usable-lives of the surface

facilities of geothermel.projects are considered in this category.
These facilities consist of retrievable downhole equipment (such
as pumps), surface fluid-handling and gathering lines, and steam
separators.  The specific risk sub-categories considered are:

e Failure of advanced designfequipment.
° Scalihg and corrosion in fluid.hahdling and gathering lines
 greater than expected.

Failure of advanced design equipment

Event Definition: Two sets of problems are considered for this
risk sub-category:

e Failure 6£ downholes pumps.

e Failure of steam separators.

Downhole pumps for geothermal well applications are advanced design
equipment because the'combination of high temperature environment
and chemical properties of the water are more severe than usually
experienced by such pumps and completely reliable equipment has not
yet been developed. | |

“Failure of downhole pumps is considered for Stages 1 and 2 of

reservoir Type F - beCause'(a) pumping would‘be‘necessary throughout
the project 11fe for this project type and (b) experlence should be

gained durlng this time such that the hazard would be greately
'dimlnlshed by Stage 3. Stage 3 rlsks are considered for Type D
: reserv01rs only because pumping would only become necessary later

in the prOJect llfe for this type of reservoir. - Steam separators
. are also considered advanced deslgn.equlpment for Type G where
- geothermal fluid of extreme composition exists.

.
|
|
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Cost Consequences: The cost of advanced design equipment failure

affects primatily the developer (unless the failure is in a Type A
project where the user will also face a significant excess cost for

- replacement power). The developer incurs the cost of replacing the
~equipment and the revenue loss, if any, during the time the downhole

pump or. steam separator is being replaced.

Prbbability Estimation:'Cumulative\ probability distributions were

_assessed and converted into discrete probabilities for (a) the
. number of downhole pumps requiring replacement greater than ex-

pected, andv(b) the»ndmber of steam separators requiring replacement
greater than expected (Type G only).

Analysis bf~Project Type F: Exhibit V-14 presents the risk analysis

for failure of advance design equipment for‘perect Type F. Detail-
ed results of the risk analysis, for each geologic project type
where this risk was considered significant, are presented in the

-Appendix along with detailed descriptions of the primary input
‘data. \ | '
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EXHIBIT V-14

Page 1 of 6
‘SURFACE FACILITY RISKS
FAILURE OF ADVANCED DESIGN EQUIPMENT
" TYPE F - STAGE 1 ‘
EVENT 1
Description: ' Greater than éxpected failure of downhole pumps
requiring replacement.
‘Cost Consequences:
Developer: " Cost of replacemént pumps.
. User: None.
Input Data: |
Cost of Pump: $0.17 (millions - $1981)
Probability:_
p(X=0) = 0.25 ' X = number of downhole pumps
p(X=1) = 0.25 requiring replacement
p(X=2) = 0.15 greater than expected
p(X=3) = 0.10
p(X=4) = 0.08
p(X=5) = 0.07
p(X=6) = 0.05
p(X=7) = 0.03
p(X=8) = 0.02
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EXHIBIT V-14

Page 2 of 6
B SURFACE FACILITY RISKS :
‘5FAILURE OF ADVANCED DESIGN EQUIPMENT
TYPE F - STAGE 1
EVENT 1
P (X<x)
‘..
100 e nad
P(X<1) = .50
- P(X<5) = .90
- P(X<8) =1.00
' | N I D T N R
O T T A N T O B >
] 10
X = # of downhole pumps
requiring replacement
' greater than expected
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\SURFACE FACILITY RISKS

FAILURE OF ADVANCED DESIGN EQUIPMENT

TYPE F - STAGE 1
- EVENT 1

EXHIBIT V-14
Page 3 of 6

Loés Distribution

Replacement Cost
(millions-$1981)

EL_EQ)_= .25 $0.00
eik=1)‘# .25 0.17
p(X=2) = .15 0.34
p(X=3) = .10 0.51
p(X=4) = .08 0.68
p(X=5) = .07 0.85.
p(X=6) = .05 1.02
_p(X=7) = .03 1.19
P(X=8) = .02 .36

- Expected Loss:

- Expected Replacement Cost: $0.37 (millions - $1981)
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SURFACE FACILITY RISKS

EXHIBIT V-14
Page 4 of 6

Q‘“‘avFAILURE OF ADVANCED DESIGN EQUIPMENT

' - TYPE F - STAGE 2
! EVENT 1

Descriptioné‘

Cost Consequehces:

Developer:

User:

Input Datat

[ Cost of Pump:

Greater than expected failure of downhole pumps

requiring replacement.

(a)
(b)

Replacement cost of pumps.

Revenue loss during downtime for well (in

" excess of reserve capacity) associated

with faulty pump.

None.

$0.17 |
Lo " Revenue Loss Per Pump Per Month: $0.053 (millions - $1981)
: Downtime: 1.5 months

(millions - $1981)

Number of Reserve Wells: 4

Probability:'

p(X=0) = 0.50. X = number of downhole pumps
p(X=1) = 0.12 .. - requiring replacement
p(X=2) = 0.10 . ‘greater than expected
p(Xx=3) = 0,08 ' PO

~ p(X=4) = 0.05
p(X=5) = 0.05
p(X=6) = 0.05
p(X=8) = 0.02
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EXHIBIT V-14
Page 5 of 6

- XSURPACE FACILITY RISKS
.\EVFAILURE OF ADVANCED DESIGN EQUIPMENT
TYPE F - STAGE 2

EVENT 1 .
| P (X<X)
1.0
5 P(X<0) = .50
. P(X<3) = .80
T P(X<5) = .90
— - P(X<8) =1.00
IS OO OO O N NN OO N T
N A S N B Ft R B B >
5 10
X = # of downhole pumps
requiring replacement
greater than expected
N
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EXHIBIT V-14
Page 6 of 6

SURFACE FACILITY RISKS
h"’E‘AILURE OF ADVANCED DE SIGN EQUIPMENT

TYPE F - STAGE 2
EVENT 1 :

Loss Distribution

Replacement Revenue
Cost Loss
(milllons-$l981) (millions-$1981)

.50 _$0.00 $0.00

p(X=0) =

p(X=1)'= .12 0.17 0.00
p(X=2) = .10 0.34 0.00
p(X=3) = .08 0.51 0.00
p(X=4) = .05 0.68 0.00
p(X=5) = ,05 0.85 0.08
p(X=6) = .05 1.02 0.16
Q(X=7) = .03 i' 1.19 0.24
§(2=9) = .02 1.36 0.32

Expected Loss. '

u Expected Replacement Cost: $0.29 (millions - $1981)
. Expected Revenue Loss: §0.03 (mllllons - $1981)

227




AQScaling and corrosion greater than expected

Event Definition: Two possible series of events can lead to signi-
- ficant hazards of scaling and corrosion in surface gathering and
handling lines. In one scenario, fluid chemistry actually experi-
enced is worse than expected to the extent that normal maintenance
procedures are inadequate to prevent serious damage to the pipe-
‘lines,vthereby resulting in the need to replace siginificant
portions of the system. In the other scenario, scaling and corro-
- sion are caused by improper handling and treatment procedures. Only
- the llkellhoods and cost consequences of the first scenario were
considered. As discussed earlier, improper handling and treatment

procedures were excluded from further analysis because they were
perceived as uninsurable because of the moral hazard situation that
- insurance might present.

‘Because pipelines would have to be'operated for some period of time
before a significant level of damage could occur, only events in
Stage 3 were considered significant risks.

Cost Consequences: Costs are considered only for the owner of the
pipeline system (ordinarily the developer) and consist of the
capital costs of replacing portions of the pipeline system. This
is because problems with the pipellne system, unlike problems with
- wells, are likely to develop relatively slowly._ If it is decided
“that the expendlture of replacing a s;gniflcant portion of the
plpellne must be made, then provisions would most likely have
been prev;ously made-for adequatefredundancy in the system to
maintain full flow to the power plant. Thus, interruptions to
. revenue will most likely be avoided. v o

‘Probability Estimation: First, discrete p'ro'babilities for the
number of occurrences of scallng and corrosion problems leading to
“the replacement of portlons of the pipeline system were assessed.
Second, a cumulative probability distribution was assessed for the
"percentage of the plpellne system requiring replacement given that

Qthhe event occurs.
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Analysis of Project Typé B: Exhibit V-15 presents the risk analysis
for scaling and corrosion for project Type B. Detailed results of
the risk analysis, for each geologic project type where this risk
was considered significant, are presented in the Appendix along with
‘detailed descriptions of the primary input data. |
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EXHIBIT V-15

Page 1 of 3
, | SURFACE FACILITY RISKS
SCALING. AND CORROSION
, TYPE B - STAGE 3
EVENT 1
Description: Scaling and corrosion greater than expected

1éading»to the replacement of portions of
the pipeline system,

Cost Consequences:

Developer: Capital cost of replacing portioné of the
’ pipeline system. Revenue loss is considered

zero because adequate redundahcy'is likely

to exist to maintain full flow to the power

plant.

User: ' None.,

Input Data:
Cost of'Piping System: $9.0 (millions - $1981)

Probability:
P(event 1 never occurs) = .50
P(event 1 occurs once) = .40
P(event 1 occurs twice) = .10

€
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EXHIBIT V-15

Page 2 of 3
- \_/SURFACE FACILITY RISKS
¥ SCALING AND CORROSION
TYPE B - STAGE 3
EVENT 1 ' |
'P(xixlévent 1)
A
1.0 -t o
5 e ' P(X<0) = .00
P(X<10%) = .50
e P (X<20%) = .75
+F ‘ P(X<50%) =1.00

[ T I O O O I O I
| N T Y [N R PO N NN R —>

10 20 30 40 50 60 70 80 €0 100

X = % of pipeline system
requiring replacement
given that event 1 has
occurred

Discrete Approximation:

P(X = 2.5%) = .33
P(X = 10%) = .34
P(X = 28%) = .33
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EXHIBIT V-15
Page 3 of 3

g URFACE FACILITY RISKS
P CALING AND CORROSION -

TYPE B - STAGE 3
EVENT 1

Loss Distribution'
Replacement Cost

- of Portions of Scenario
"~ the Piping system Probability
{millions-$1981)
$0.000 .500
0.225 : .132
2,5% 0.450 011
.33 '
10% 1.125 011
28% 2.745 .011
_ .33
0.900 .136
2. 59 ‘ 1.125 .011
, .33
e 10% 1.800 .011
f‘\\ .34 .
\.._28% 3.420 .011
.33
2.520 .132
.xkr i
2.5% 2.745 ‘ .011
: . 33 .
10% 3.420 .011
‘ , .34 o
28% —5.040 .011

.33

A: Event 1 never occurs.

- B:  Event 1 occurs first tlme. _
C: Event 1 never occurs again after havxng occurred once.
D: Event 1 occurs second time.

Expeéted Cost of Replacing Portions of the Piping System:
$0.73 (millions - $1981)
: ’y ‘ ‘
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\.;égts of God

‘Included for consideration in this risk category are (a) volcanic
hazards in a specific area of Hawaii (Type E), and (b) landslides in
the Geysers region of Northern California (Type A). These risks are
‘analyzed because the geothermal developments in these areas are the
only major facilities in the high=-risk zone. As discussed earlier,

- other natural disasters were excluded from consideration because
they represent hazards to all facilities and industries in a region
and as such insurance in different forms to cover those risks is
generally available. |

Volcanic hazards

Event Definition: The specific volcanic hazards considered are lava

flows from volcanic eruptions that cause significant damage to
wells, power plant, and/or surface facilities. Damage to wells is
defined as either (a)‘slight damage or burial of well-head resulting
basioally in clean-up costs, or (b) heavy damage resulting in
clean-up and signifiCant repair. Very severe damage to wells
causing replacement and/or blowouts (see Exhibit V-2 for definition)
was not considered as having significant probability in this case.

_ Damage to the power plant is defined as beingysevere enough to cause
temporary shut-down while repairs take place. Damage to surface
facilities is defined as severe»enough to cause temporary shut-down
‘of the development and replacement of a percentage of the piping.
system.. ‘

Cost Consequences:~The‘developer is assumed to incur most of the

cost of damages to wells and'surface’facilities.v These costs
1nclude (a) clean—up and repair costs for wells, as well as revenue
'loss while each well is temporarily shut~down for repairs, and (b)
ereplacement costs for portions of the piping system, along with
revenue loss while replacement is taking place and the development
is temporarily shut-down. The user s costs result from damage to
the power plant measured as a percentage of the total replacement

N
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.cost of the plant. Further, the developer is assumed to temporarily

[

lose steam revenue as a result of power plant shut-down.

,,Probability Estimation: First, discrete probabilities were estimated

' for the number of occurrences of each of the events described above
for wells, power plant and surface facilities. Second, cumulative
probability distributions were assessed for the extent of damage
given that}an event has occurred, in terms of numbers of wells

- damaged, the percentage of the power plant's replacement cost
required for repair, and the percentage of the piping system re-
quiring replacement. '

; }Analysis of Project Type E: Exhibit V-16 presents thé risk analysis
for volcanic hazards for project Type E. Detailed descriptions of
-all primary input data are provided in the Appendix.

234




ACTS OF GOD
VOLCANIC HAZARDS

\_IYPE E - STAGE 3

EVENT 1

Description:

Cost Consequences:

~ Developer:

User:

Input Data:

EXHIBIT V=16
Page 1 of 9

Lava flow from a volcanic eruption damages one
or more wells (either producers or injectors)
leading to, for each well damaged, either:

Kaf4slight damage or burial of well-head

resulting in basically clean-up costs;
or

b(b) heavy damage resulting in clean-up and

significant repair to well.

(Note: Very severe damage to wells causing
replacement and/or blowouts not considered as
having significant probability in this case).

{(a) Clean-up expehse.
(b) 'Repair cost of wells.

(c) Revenue loss while each well is down for
repairs.

None.

;"Clean—uijXPenses in the Event of Slight Damage: $0.1
- (millions - $1981); 1 month delay

Répair Costs in the Event of Heavy Damagé: $1.0
(millions - $1981); 3 months delay

Revenue Loss Per Well Per Month: $0,06'(millions - 51981)

-Probability:

Event 1:

- Damage:

‘P(event 1 never occurs) = .90

- P(event 1 occurs. once) = .10

- P(event 1l occurs more than one) = ,00
P(Slight damage-giVen-event 1 6ccurs) = .50
P(heavy damage given event 1 occurs) = .50
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\EJACTS OF GOD
VOLCANIC HAZARDS

TYPE 3 - STAGE 3

EVENT 1
“P(X=0) = .00
P(X=1) = .50
P(X=2) = .25
P(X=3) = .15
P(X=4) = .07
P(X=5) = .03

-/

EXHIBIT V-16

Page 2 of 9

P(X§xlevent 1)
, R

P(X<0) = .00

P(X<1l) = .50

P(X<2) = .75

P(X<5) =1.00

L 11

>

10

X = # of wells damaged
given event 1 has occurred
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EXHIBIT V-16
Page 3 of 9

b #ACTS OF GOD
VOLCANIC HAZARDS
TYPE E - STAGE 3
EVENT 1

Loss Distribution

Repair Revenue Scenario
' Cost Loss , Probability
(millions-$1981) (millions-$1981)

$0.00 $0,00 .900
R(X=1) =_,50 0.55 : 0.12 .050
p(X=2) = .25 __ .1.10 0.24 .025
_p(X=3) = .15 1.65 0.36 .015
L1 _ ' '
p(X=4) = .07 2.20 0.48 .007
_p(X=5) = .03 2.75 0.60 .003

A: Event 1 never occurs.:
B: Event 1 occurs once.

e

_Expected Well Repair Cost: $0.10 (millions - $1981)
‘Expected Revenue Loss: $0.02 (millions - $1981)
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ACTS OF GOD
~ \JOLCANIC HAZARDS
: TYPE E - STAGE 3

~ EVENT 2

Description:

Cost Consequences:

Developer:

- User:

Input Data:

Probability:

EXHIBIT V-16
Page 4 of 9

Lava flow from a volcanic eruption causes
significant damage to the power plant (as

- measured by a percentage of replacement cost

required to repair plant), severe enough to
cause shut-down while repairs take place.

Loss of revenue while plant is shut-down.

Cost of repairing power plant measured as a
percentage of total replacement cost. 100%
of replacement cost corresponds to total
destruction of the plant. Total destruction
conSidered extremely unlikely (<.0001) and
therefore only repair costs were considered.

Cost of Power Plant: $33.63 (millions - §$1981)

Revenue Loss Per Month While Plant is Shut-Down: $0.61
(millions -~ $1981)

Event 2: P(event 2 never occurs): .90
' _P(event 2 occurs once): .10
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",ﬁCTS OF GOD
VOLCANIC HAZARDS
TYPE 3 - STAGE 3
EVENT 2 ‘

P (X<x|event 2)

A,

1.0

‘5

EXHIBIT V-~-16

10 20 30 40 50 60 70 80 80 100

 Discrete Approximation:

P(X = 6%'rép1a¢ement cost).
P(X = 20% replacement cost)
= 44% replacement cost)

CP(X

—
=
-
—
-

. +33/Downtime

.34/Downtime
.33/Downtime

239

=
.y
=

Page 5 of 9

P(X<0%) = .00
P(X<10%) = .25
P(X<20%) = .50
P(X<50%) = .90
P(X<70%) =1.00

L 1 N |

| I ] — ] —>

X = % of replacement cost
required for repair given
that event 2 has occurred

1l month
6 months
12 months




EXHIBIT V-1l6

Page 6 of 9

~_ ACTS OF GOD
\_/ VOLCANIC HAZARDS

TYPE E - STAGE 3
EVENT 2

Loss Distribution
Repair Revenue Scenario

' Cost - loss Probability
(miTIions-51981) (miIlions-51981)
$ 0.0 $0.00 .900
age 2.0 0.61 .033
.33
20% Damage 6.7 3.66 .034
44% Damage 5.3_..14.8 7.32 .037

Event ZtEwerixxmrs.
Event 2 occurs once.

o >

Expected Loss:

User's Expected Repair Costs: $0.78 (millions - $1981)
~ Developer's Expected Revenue Loss: $0.37 (millions - $1981)

240




EXHIBIT V-16

Page 7 of 9
UACTS OF GOD
VOLCANIC HAZARDS
TYPE E - STAGE 3
EVENT 3
_DeScription: Lava flow from a volcanic efuption causes

significant damage to surface facilities,
severe. enough to cause temporary shut-down of
project and replacement of a percentage of the
piping systém.

Cost Consequences:

Developer: (a) Cost of replacing a portion of piping
: system (measured as a percentage of the
replacement cost of the system).

~(b) Revenue loss while replacemént is taking
place and the project is shut-down.

User:s None.

- Input Data:

Cost of Surface Piping System: $4.0 (mlllxons - $1981)

Revenue Loss Per Month while Pro;ect Is Down._ $0.61
(millions - $1981)

 Probability:
-~ Event 3: P(event 3 never occurs): .90
' P(event 3 occurs once): .10
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EXHIBIT V-16

Page 8 of 9
ACTS OF GOD
VOLCANIC HAZARDS
TYPE E - STAGE 3
EVENT 3
P (X<x|event 3)
A
1.0 -
i P(X<0) = .00
i P (X<10) = .50
| P(X<10) = .75
- P (X<50) =1.00
| S S R I O O A |
S I R B I B B B N > -

Discrete Approximation:

P(X
P(X
P (X

wun

2.5%'ré§1acement)
10%¢ replacement)
28% replacement)

10 20 30 40 50 60 70 80 80 100

#nn

X = % of piping system
requiring replacement
given that event 3 has

occurred
.33/Downtime = 1 month
.34/Downtime = 4 months
.33/Downtime = 6 months
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EXHIBIT V-16

Page 9 of 9
ACTS OF GOD .
VOLCANIC BAZARDS
TYPE: E - STAGE 3
EVENT 3 -
Loss Distribution
Replacement ~ Revenue Scenario
Cost. Loss Probability
(millions-51981) (miIlions-$1981)
$0.00 $0.00 .900
2.5% Damage _0.10 0.61 .033
.33 -
10% Damage — __ 0.40 2.44 .034
« 34
28% Damage 3ﬁj.i.lz 3.66 .033

Event 3 never occurs.
Event 3 occurs once.

Expected Loss:

Developer's Expected Replacement Cost:
. Developer's Expected Revenue Loss:
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‘.;Landslides

Event Definition: TheySpecific events considered are landslides

that cause Significant damage to wells, power plant, and/or surface
facilities. Demage to wells is defined as either (a) slight damage
or burial of well~head resulting basically in clean-up costs, or (b)
kheavy damage resulting in clean-up and replacement of well, or (c)
very severe damage causing blow-out, which results in remedial work
(usually a remedial well), clean-up and a replacement well., Damage
to the power plant is defined as being severe enough to cause
temporary shut-down while repairs take place. bamage to surface
facilities is defined as severe enough to cause temporary shut-down
of the development and replacement of a percentage of the piping
system,. v

Cost Consequences: The developer's cost of well damage include

(a) clean-up and repair costs for wells, (b) cost of replacement
wells if necessary, (¢) cost for remedial wells and/or other mea-
sures needed to control blow-out, and (d) revenue loss while each
well is tempotariiy shut-dewn for repairs or replacement. The
user's excess cost of replacement power while a well is being
repaired or replaced is considered for this risk because this cost
is sxgnificant for Type A pro;ects where the risk of landslide is
present.

As:afreshlt of power plant damage the'users are assumed to incuf
(a) the costs of repair measured as a percentage of the'replacement
cost, and (b) the excess cost of‘replacement‘90wer'during'the time
the plant~is.shut-down. Also, the developer ie assumed to lose
,steamirevenue during the time_the'power plant is shut-dewn.

For sutface facilities damages;*thevdevelcper s costs include (&)
replacing portions of the plping system, and (b) revenue loss while

: replacement is taking place and the project is shut-down. Also, the
user is assumed to incurvthe excess cost of replacement power while
the project is temporarily shut-down.

-
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. Probability Estimation: As with volcanic hazards, first, discrete
™ probabilities were estimated for the number of occurrences of each

of the events described above for wells, power plant and surface
facilities. Second, cumulative probability distributions were
assessed for the eXteht of damage given that an event has occurred,
in terms of numbers of wells damaged, the Percentage of the power
plant's replacement cost required for repair, and the percentage of
the piping system requiring replacement.

Analysis of Project Type: Because of the almost exact similarity
between the analysis carried out for landslides and that of volcqnic
hazards, in terms of the nature of the events, probabilities and
costs that were considered, a detailed presentation of the land-
slides risk analysis is not needed in order to depict the steps

carried out. However, as with all the other major risk subcate-
gories, the detailed results of this specific analysis are provided
in the Appendix, along with detailed descriptions of the primary
input data. | -

r
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\sﬁummary of Expected Losses and Variances

Exhibit V=17 presents a summary.of'the estimated expected losses and
loss distributions (as measured by their variances) for all risks
analyzed in this section, aggregated by geologic project type, cost
category and stage of development. These expected losses and
variances serve as the prlncipal inputs for estimating insurance
pxem;ums, to be dlscussed in the next subsection. As discussed
'earller, all expected losses are categorized in terms of four major
" cost categorles.

® Direct Cost to Developer - direct costs to replace or add

wells, surface piping, etc.

e - Indirect Cost to Developer - loss of revenue from re-

duced steam sales.

e Direct Cost to User - repair costs from physical damage
to plant or turbine, as well as the unamortized value of
plant:resulting'from total or partial abondonment.

S 'Indirect’Cost to User - excess cost of replacement power

resulting from shut down or reduced capacity.
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T : ) I | : o ~ EXHIBIT v-17
AGGREGATE EXPECTED LOSSES AND VARIANCES*
' (Mitltons = $ 1981)

PROJECT TYPE A : B c* D o E F ¢

COVERAGE. CATEGORY STAGE 1 2 3 1 2 3 LI 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Developer Direct Loss
- Expecfed Loss » ‘ 7-4 - B46 3.4 9.7 8.7 6.23 ) o|7 13 - 14.8 9.9 T3 7.0 3.4 0.2 8-7 ‘30' 13.4 305 6.5 6.7

- Varlance v . ' 18.6 114-5 -6e8  32.8 36.5 23.8 .03 - .02 = 61.3 40.4 29.9 21.7 15.3 © 0.2 36.6v 45.5 39.5 7.1 11.6 18.4

Developer Indirect Loss:

- Expected Loss 0.3 527 - 0.8 621 = = = = 1.2 324 = 03 25.8 - 2.0 114.5 - 0.4 40.3

- Varlance 0.2 69703 - 0.7 828.0 - - - - 1.3 236-0 ’ 0.2 ‘5803 - 1.7 2594.0 - 2.3 438.4

-
~

User Direct Loss

~ Expected Loss ‘ - - 90 - - 6.7 - - - - - 3.6 - = A3 - - 9.3 - - 5.7

- Variance | e - 1025 - = 100 = = = = = 32 = - 122 - =~ 185 - - 99
User Indirect Loss

- Expected Loss e 0.3 527 - = = e e e e e e e e e e e e e e .

- Varlance : - 0.26973 - - - - - - - - - - - - - - - - - -

* Cells without expected losses refiect areas where ho slgniflicant loss was Indicated.
** Only )imited data for estimating Developer's Direct Loss were avallable for this type.




“JESTIMATED INSURANCE PREMIUMS

An insurance,premium can be separated into three components: (1) a

portion to pay losses, (2) a portion to pay the administrative

expenses, and (3) a portion for profit and contingencies. This

last component, profit and contingencies, can also be considered
a "risk charge" because it is a payment to the insurer for assuming
- the risk of the insurance policy.

For the most common lines of insurance, the ratemaking methodologies
are'Well established. They rely on the analysis of recent experi-
ence to determine the necessary provision for losses and expenses to
be included in the premium. The provision for profit and contingen-
cies, or risk charge, is usually expressed as a percentage, or
loading, to be added to the provision for losses and expenses. The
size of this charge should, ideally, reflect the risk inherent in
the insurance. The risk in question is the possibility that losses
will be more than expected and, therefore, the insurance premiums
collected will be insufficient to pay.the losses. This would
require the insurer to,ﬁay the losses with its own capital and
surplus funds.

Methodology

The determination of an appropriate insurance premium to ensure the
risks of geothermal energy development and production requires the
determination of the three insurance premlum components described
. above,. kHowever, there is not suff1c1ent prior insurance history and
experience in the geothermal area. Therefore, the expected losses
“and variance of those losses, as estimated earlier in this section,
were used to estimate appropriate insurance premiums.

The expected value of losses was used as the best estimate of the
provisibn for losses needed in the insurance premium.»’The provision
for administrative expenses was assumed to be 25% of expected
losses. This amount for expenses was considered reasonable for
‘ﬁJpremiums of the size under consideration given the current market-
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gf@lace. The final ccmponent of the insurance premium, the risk
charge, was calculated as a percentage of the variance of loss
dollars. As mentioned above, the risk charge should reflect the
inherent risk of the particular insurance. Because the variance of
the loss dollars is a measure of the inherent variability of the
“expected losses, a risk charge that is a percentage of the variance
satisfies this requirement.  Annual premiums were estimated, for
each stage of each project type, assuming coverage in force for the
entire'project life under the assumption that the policy would be
renewed annually. |

To calculate an annual premium, for a given stage and project type,
the sum of the expected-losses, the administrative expense provision
and the risk charge were divided by the number of Years in the stage
‘of the project for the policy in question, or:

Annual Premium = EL + (.25 x EL) + (R x Var)
years in stage

Where EL is the expected loss dollars, Var is the variance of the
‘loss dollars and R is a percentage of the variance. For purposes of
‘these calculations the length of each stage of development was
assumed to be 5 years for Stage 1, one year for Stage 2 and 30 years
| for,Stage'B.

The R values were chosen’separately for each type of policy and
'Stage,of‘development but are the same for all geologic prbject
types. For each type of policy, for each stage of development, the
expected ‘value and variance of the loss dollars were computed for
all,geologlc projects types: comblned._ Using these results, the R
values were chosen such. that the overall risk charge (R x Var) is
158 of the total prcvisicn fo:’losses and administrative expenses.
The R values, so computed, were used in the premium equation utili-
zing the expected losses and variance for each geologlc progect type
for each type of insurance pollcy. '

,‘."

249




&szhe 15% risk charge is higher than is found in most insurance rates.
waever,,it is believed that a risk charge of this‘magnitude is
necessary in this situation for two reasons: 1) to compensate the
insurer for assuming an unusual and new type of risk, and 2) to

_provide a safety margin in the insurance premium to protect against
unexpected adverse,loss experience.

All of.the'annual premiums so calculated are in 1981 dollars, as
were the expected losses reported earlier in this section. Neither
inflation nor investment income to"the insurer is considered. 1If,
instead of annual premiums, the entire insurance cost (or a signifi-
cant portion thereof) were paid at the beglnnlng of development,
then the insurer would receive substantial benefit from investment
‘income. However, annual premlums in this situation may not generate
as much investment income because the insurer expects to use each
year's premidm income to pay that year's losses and expenses and
cannotvinvest;long-term. The fact that premiums would be paid
annually allows insurers to adjust premiums for inflation.

The'loss~estimates and resulting premiums were calculated for
typical,ptojects of'specifié geologic types. 1In developing‘premium

| quotations'for actual géothermal installations, differences in size
should be recognized through the use of an appropriate exposure
base. Such a base should‘have the,following characteristids:

e The base should vary as does the size of the potential
loss.

e The base should be practical and, preferably, already in
use,(usually byfthe'insured for another purpose).

The most de51rable base is the one possess1ng a comblnatlon of these
two properties to the largest degree.*

*porweiler, P., "Premium and Exposure Bases," Proceedings of the
- Casualty Actuarial Society, 1971, p. 61.
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‘uDefinition of Coverage Categories

The proposed insurance policies are identified by two characteri-
stics: (1) the type of losses} and (2) the stage of developmént for
which they provide coverage. The various potential losses discussed
in the analysis of insurable risks were separated into four types:

Direct Cost to Developer
Indirect Cost to Developer
Direct Cost to User
Indirect Cost to User

Direct losses to the developer include all costs to the developer
for repair, replacement or addition to the wells or piping system
caused by any of the risks discussed earlier in this section.
Indirect losses to the' developer include potential 1lost revenue
caused bykany of the risks discussed. Direct losses to the user
are thosé that involve repair or replacement of the physical plant.
This category also includes the,appropriate proportionate share of
the unamortized value of the user's physical plant if the installa~
tion is abandoned earlier than otiginally planned or operated at
lower than expected production levels. Indirect losses to the user
include the excess cost to the user of purchasing power to replace
that which would be lost if the installation had to be shut down or
operated at reduced capacity for some period of time (significant
. for a Type A project only).

In all, there could possibly be twelve different types of insufance
policies covering four loss categories and three stages of develop-
ment. However, in Stage 1, the only significant loss is the direct
‘loss to the developer, while in Stage 2 there were no significant
risks identified for direct loss to the user. Therfore, there are
eight types of pdlicies'for which annual premiums are estimated.

Premium Estimates

Estimated;premiums were calculated for each type of geothermal
\‘;installation for each of the eight policy types. For example,
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\_/consider the following to determine the premium for developer
direct losses for a Type A project in Stage 3. For this stage of
this project type the expected losses are $3.4 million and the
variance is $6.8 million (see Exhibit V-17). The R value for
developer direct losses in Stage 3 is 6.23%. The annual premium
during Stage 3 is therefore: |

3,42 + (.25 x 3.42) + (.0623 x 6.75) = $0.157 million
30 years

Exhibit V-18 shows the estimated annual prémiums for each geologic
project type and for each policy type. It is important to note
that the estimated premiums are assumed to cover the entire loss
amount for all risks analyzed in the previous section. In actual
practice, both the insured and the insurer would have the option
of insuring all or only some of the risks. Also, there are no
deductible provisions assumed for purposes of this calculation.
The existence of deductible'provisions in the actual policies
'should, however, lower the premiums.

In actual practice it is likely that either the insurer or insured
would decline full coverage for the entire developer indirect loss
because of the high premium and high dollar loss potential. The
possible loss would usually be limited by deductibles, waiting
'periods before the-coverage was effective and/or'time~restrictions
on the loss. None of these provisions,were included in these
calculations because they would normally be negotiated on a project-
by-project basis. The above provisions would reduce the amount of
premium charged the insured. | |

As shown in Exhibit Vv-18, the estimated premiums'vary most sig-
nificanﬁly bY-the;stagé'of,development that the policies would
cover. During Stages 1 and 2 avérage annual premiums for devel-
oper's direct loss, for example}.approximates $3.9 million per
year, whereas these premiums:approximate only $300 thousand during
Stage 3. . This |is due to two. factors: (1) risks are high dﬁring"
the initial stages, and (2) the duration of Stages 1 and 2 are on
k;phe order of six years as compared to 30 years for stage 3. There
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PROJECT TYPE A

ANNUAL PREMIUM ESTIMATES*

15% RISK CHARGE
(Mifilons - § 1981)

EXHIBIT((—].B

B CH» D E F G
COVERAGE CATEGRY ~ _ STA 1 2 -3 1 2z 3 1 2 3 12z 3 12 3 1 2 3 1 2 3
Devetoper Direct Loss - 24 6.5 ‘o.zv‘ 2.8 12.8 0.3 0.04 0.2 = 4.4 145 0.4 2.0 5.1 0.01 ;6 18,8 0.7 1.0 8.7 0.3
Developer Indirect Loss =~ = 0.4 25 = td 3.0 - - - - 17 15 - 0. ‘1.‘1 - 2.8 59 - 3.4 1.9
User Direct Loss‘ | o - - 0.5 - - 0.3 - - - - - 0.2 - - 0.2 - - 0.4 - - 0.3
User Indll;ecf Loss ’ , b' - 0.4 2.5 - -7 - - - - - - - - - - - - - - -

Y4

* Colis without premium estimates reflect areas where no slgnlflcahf loss was indlcateds

** Only 1imited data for estimating Developdr Direct Loss were avallable for this type.




\i;are many ways to spread the initial costs out over time and also to
lower these insurance costs through a variety of special prov151ons
or through federal cost support. The financial impacts of these

lpotential costs and methods of’spreading the costs over time are
discussed and analyzed in Section VI, where a variety of alternative
government roles are examined.

Sensitivity Analysis

The estimated premiums presented in this section are dependent on
two things: (1) the estimated expected losses and variances and (2)
the assumptions as to expenses and risk loading.

As stated previously, one of the .reasons for the relatively high
risk loading used here was to protect against adverse loss experi-
ence. The assumptions as to expenses and risk loading are estimates
of the factors that would be used in the insurance marketplace.
However, it is posSible‘that larger expense and risk loading may be
'necessary in order to make geothermal reserv01r insurance attractive
to the insurance industry.

Exhibit v-19 displays estimated annual premiums with a 10% rather
than 15%, risk loading factor. The difference in annual premiums as
compared to those preSented'in Exhibit V-18 averages less than
8%. '

‘Exhibit Vv-20 displays~ estimated annual premlums w1th a 20% risk
loading.» The difference in annual premiums as compared to those

,with‘a”15% risk loading averages less than 5%. A 20% risk loading
may be necessary to induce the insurance industry to insure these
risks.

The sensitivity analysis indicates that the estimated premiums are
Vssubject to variation according,'to the choice of risk charges., 'More
importantly, this variation is of a'predictable'size. While the
risk charge is important in determining the premiums, the accuracy
of the expected losses and variances in terms of approximating
\_actual losses over time is more critical.
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ANNUAL PREMIUM ESTIMATES*

108 RISK CHARGE
(Milllons = $ 1981)

- PROJECT TYPE A B

EXHIBIT V-19

C

CHx D 3 £ G
COVERAGE CATEGORY ~ __STAG ¥~ 2 3. 1 2 3 1 2 3 1 2 3 1 2z 3 1 2z 3 1 2z 3
(‘).eveloperiDl_recf Loss 2.0 6.2 0.2 2.7 12.1 0.3 0;04 0. - 4.1 13.8 0.4 1.9 4.8 0.0 2.4 18.0 0.6 0.9 85 0.3
Developér Indirect Loss» - 0.5 12.]4 - l,o 2.8 - - - - 1.6 1.4 - 0.4 1.0 - 2.7 - 5.5 - 3’52 1.8
User D!recf Loss - - 0.5 - - 0.3 - - - - - 0.2 - - 6.2 - - 0.4 - -

User Indirect Loss

sse

* Cells without premlum estimates reflect areas where no significant loss was Indicated.

** Only {imited data for estimating Devgloper Direct Loss were avallable for this type.
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EXHIBI{TV—ZO

ANNUAL PREMIUM ESTIMATES*
20% RISK CHARGE
(Miltions - $-1981)

PROJECT TYPE A 8 c D E F G

1
o
o
[-
-
W
.

I
o
.
o
N
°
-~
n
.
L

COVERAGE CATEGORY STAGE 1 2 3 1 2 3 1 2 '3 1 2 3 1 2 3 1 2 3 l 2 3
Developer Direct Loss ’ 2.1 6.7 0.2 2.9 13.4 0.3 0.04 0.2 0.01 2.7 19.6 0.7 1.0 8.9 0.3

Developer indirect Loss S = 005 26 = lel 3.0 = = = = 1.8 15 = 04 1 = 29 6.2 = 3.5 1.9
User Direct Loss : e = 06 = = 03 = = - = - 02 = - 02 = -~ 04 - - 03
User Indirect Loss - 0.5 2.6 - - - - - - - - - - - - - - - - - -

* Cefls without premium estimates reflect areas where no significant loss was Indicated.
** Only limlted data for estimating Developer Direct Loss were avallable for this type.
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EVALUATION OF RISK IDENTIFICATION AT HEAT SALES AGREEMENT

The development of geothermal energy resources pfesents the devel-
oper‘with sighificant financial risks from the outset. It is
therefore necessary, if insurance is to be purchased, to have a
method of evaluatiﬁg the risk of loss at the time of execution of
the heat sales agreement. ‘

The propdsed insurance premiums were calculated separately for each
geologic project type and for each stage of development. This
two-way risk classification plan is the basic rating criterion for
the insurance. However, the premiums were calculated based on
certain assumptions regarding each project type. To the extent that
a given type presents an exposure that differs from these assump-

“tions, the premium may have to be adjusted. Therefore, insurance
R premiums would probably be calculated according to the project type,

number of wells planned, amount of piping and the amount and type of
surface facilities and equipment. In addition dollar values should

'be ascertained for these items and for projected revenues of the

projedt.

The exposure measured above should be compared to the exposure
contemplated in the premium estimates to determine if more or less
premium is required. Additional underwriting data should be ob-
tained and evaluated prior to the issuaqce of a policy. Such data
would include the latest statistics from similar projects and the

- results of engineering and geolbgical'tests performed at the projéct

site. Further,'cbnsideration should be given to the developer's
cdontingency plans, general experience and competence and financial
strength, :

A final piece of hnderwriting data invclves.deductibles; The

‘estimated premiums shown in the‘report'are-for,"firSt'dollar“

coverage (i.e., the . insurer pays the entire loss). Premiums can,

and usually are, reduced by the use of a deductible (i.e., some
first portion of the loss is assumed by the insured). Such a
deductible can be in the form of a flat dollar amount or can be

\ﬁJexpressed in terms of time for indirect losses. A dollar amount
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udeductlble could be applied to any of the coverages contemplated
in this study. The time-type deductible is best suited to the
insurance protection for lost revenue where the size of the loss
depends on the period of time involved. ‘

The syStem just described is an example of a manual type rate
structure where premiums are set for certain pre-determined classes
and are adjusted for differences in exposdre. The predetermined
classes in this case are the project typedand stage of development.
Using the same basic rate structure it would also be possible
to construct a schedule rating plan. In a schedule rating plan,
predetermined percentage credits and surcharges are added to the
manual premium according to the presence or absence of certain
~characteristics that can affect the loss potential of a project.
Such a plan could affect the final premium by as much as 25%.

The final consideration to be noted at this time is the keeping of
adequate statistics regarding the insurance plan. On a regular
basis, perhaps annually, the insured . should supply the _insurance
company with' updated information on the data initially required
by the company. By using this data, the rates can be regularly
. examined to determine if a change is necessary. |

IDENTIFICATION OF PREMIUM READJUSTMENT POINTS

This subsection of the report discusses what data can be used to
 determine if a'raie adjdstment is indioated‘andathe suggested timing
of such adjustments. The discussion?is directed towards premium
adjustments for insurers in the program, not the determination of'
premlum for new 1nsureds. _ |

!

There are two reasons to consmder a Lremium adjustment in a geo-
thermal 1nsurance plan: (1) changes 1n the basic ratemaking data,
and (2) changes in the ratlng data pertaining to a particular
insured. The dlfference between these two items is that ratemaklng

" data pertain to all 1nsureds, while rating data pertains to an

individual insured Ad]ustments based on changes in ratemaking
‘stata are discussed first.
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\/ One type of overall rate adjustment is an adjustment for increased
loss costs due to inflation (these would be rate increases). Rates
can. be adjusted'on a periodic basis by a price index for the items
for which the insurance plan may pay. This index can be monitored
‘and rate adjustments can be made based on inflationary trends in the
index. For example, a price index of the cost of steam would be
appropriate for adjusting the “cost of insurance for developer's
revenue losses caused’by‘an insured event. In the interest'of

- stability (to facilitateffinancial planning by developers and users)
it may be approprlate to limit inflation-based rate increases to
some maximum percentage per year.

: overall rate adjustment may also be caused by chahges in the prob-
ability/severity estimates that were used to compute the estimated
premiums, In the case where the insured has some guaranty of
coverage and'price, a rate change based on new probability/severity
estimates would probably be used only if rates decreased signifi-
cantly. Such a decrease would be pessed along to the insured to

| - prevent the insured from cancelling his present coverage in favor of
cheaper, new coverage elsewhere.

Premium adjustments based on changes in fating data also fall into
two categories. - The first of these is premium adjustments related
‘to proper exposure analysis. As discussed previously, one of the
criteria for determining the,ptope: premium is to know the exposure
(number and value of wells, extent of piping'system, type and value
of sorface'facilities, etc). It is equally 1mportant that the

~ .insurer keep up to date on current exposure levels throughout the.
'term of the pollcy, such . that app:opr1ate premium adjustments can
be made.

The second category of adjustments based on rating’data,involves
the particular expetience of an individual insured. New engineering
data could lead to a change'in schedule rating‘credits or debits.
‘Schedule rating debits or credits can also be affected by the.
cumulative loss experience of the insured. = In addition to these
\g;iteWS'WhiCh affect an insured's premium, it may be desirable to use
a retrospective rating plan or a dividend plan, either of which can
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be used to return excess premium dollars to an .insured whose loss
\E)experienee has been better than expected. In'particular, a one-way
" retrospective rating plan that allows return of excess premium, but
not assessment of additional premium, or some other plan that holds
the promise of return premiums in exchange for favorable loss
experience may be an incentive to the_geothermal insurance program.
Such a plan might lessen buyer resistance to an initial premium that
is high enough to make insurers want to sell this insurance and
increase the desirability of sound risk management~techniques.

Engineering data on the insured project (including operating statis-

tics) should be available to the underwriter in order to properly
assess exposure and hazard. Premium and loss data should be well
maintained, with all losses having date of payment statistics.

The data described in the’preceding paragraph,tefefs-to the geo-
thermal industry itself. However, engineering and insurance data
from other fields should also be examined.

Time for Reevaluation

The frequency of'premiumipeevaluation depends on how the insurance
program is initially established. If one entity underwrites the
entire program (non-competitive), changes will probably come more
slowly, but they might be more sound. In a competitive environment,
repricing 'wouid probably occur at each‘ policy -anniversary date.
Furthermore, the manual of rates {such as is presented in the
section on estimated premium) would be updated as often as the
probability/cost information is updated as a result of actual
,eXperience} inflation or new technology. ‘ ' ‘

An annual,reevaluatioheof premium levels seems appropriate. How-
ever, each reevaluation may not actually‘result_in new premiums.
COnSideringithe.three‘reasons cited above for revision, inflation
_seems to be the one;mdst likely to influence premiums in the early
years of the Program.e New technology is unpredictable in its
appearance and usually occurs in response to problems. The actual
experience will eventually be the basis of ratemaking. However, it

&vﬁs possible that the body of actual experience will not be large
enough to affect premium for many years.
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ALTERNATIVE GOVERNMENT ROLES

This section investigates federal involvement in a geothermal
reservoir insurance program and identifies program alternatives
relative to the different levels of federal support. The possible

‘government roles are addressed in terms of the following topics: .

e The role of government and the private sector.

e Historical perspective of relevant government insurance
programs. ' '

‘e Perspective of the:geothermal constituency.
L 3 ldentification of program alternatives.
° »Analysis of the program alternatives.

The analysis of program alternatives serves as the basis for the
recommendation discussed in Section VII of this report.

"~ THE ROLE OF GOVERNMENT AND THE PRIVATE SECTOR -

From an economic perspective, the private sector market provides the

most efficient means of allocating goods and services., There is,

however, a valid role for the government to serve national goals
which may not be properly addressed in the market place, such as
national security or energy'independence. Geothermal development
has been .limited éy several'factofs,including the high level of
technical risk and uncertainty that characterizes large scale
geothermal projects.,  If it is believed to be desirable from a
national perspectlve to prov1de incentives to accelerate geothermal
development as an alternative energy source, then there is a valid

. role for the government to play in attempting to reduce ‘the risk
“that confronts potentlal developers. A reservoir insurance program

is one possible vehicle for reducing this level of risk.

In choosing among the alternatives to support and promote geothermal
energy, the study has developed a set of guldellnes to ensure that
federal involvement has its intended impact with minimum disruption

u .
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uto the role and responsibility of local participants in project

development and implementation. It should be the intent of any
program to encompass a range of insurable risks and to accelerate a
large number of projects. A federal progrém for geothermal insur-
ance should be premised on obtaining the maximum amount of energy
production as soon as possible for economically, technicaily and
environmentally sound geothermal projects{ It is assumed to be in

‘the national interest to obtain as much energy as possible from this

resource in .a cost éffeétiVe manner with minimal environmental
disruption. Further, federal emphasis should be on supporting the

private sector in developing'an,insurance‘program without the need

for long range federal involvement. The current availability of

- demonstrated technologies, rising energy costs and the need to

develop alternative energy sources should combine to encourage
private initiative to use the energy value in geothermal sources.
While government programs might be needed to support geothermal

development, the type of assistahce provided should encourage

private business and industry to consider opportunities to sponsor
and develOp geothérmal projeCts-  Rather than encouraging and
creating a dependence on the federal progfams, the government role
should stimulate private initiative and investment in developing

. this energy resource.

It is important to point out that the choice of the appropriate
government role is crucial. Not every conceivable government

_program will solve the problems of‘geothermalvdevélopment. Experi-

ence has shown that an incorrect policy choice can bring about
inefficiency and can actually inhibit market initiative. This study

'attempts to assess the nature of the need for government involve-

ment, if anyl'and-to structure a program that is best tailored to

‘address that need.

HISTORICAL PERSPECTIVE OF RELEVANT GOVERNMENT INSURANCE PROGRAMS

One objective of this report is the determination of’the'feasibility
of federal government support for a geothermal reservoir insurance

_gf@rogram.- It is therefore appropriate to review other federal

insurance programs from an historical perspective,

265




\i;Historically there have been several occasions where government
insurance programs have been initiated to meet real or perceived
imperfections in the marketplace. These programs, at both the state
and federal levels, have involved government as a partner with the
private insurance sector, a competitor with the private insurance
sector and as a provider. of insurance benefits exclusive of the
private.sectof. A cross-sample of these government insurance

programs is:

e Partners with private insurance sector

~ federal crop insurance

- nuclear energy liability
- riot reinsurance '

- export credit insurance
= emergency disaster relief

o Competitors with private insurance sectotr
- federal crime insurance
'~ OASDHI (Social Security, etc.)
- ‘non~occupational disability insurance plans
- worker's compensation funds |
= automobile insurance fund (Maryland)

e Exclusive of private insurance sector
- war risk aviation and marine

- unemployment insurance
federal loan guaranty
federal flood insurance*f‘

The federal insurance programs,selected for review were chosen
because‘of-their'varied :elationships,with the private insurance
sector and the range of experiences each of these insurance programs
have produced. The specific programs selected for this review
include the crop insurance, flood insurance, riot reinsurance,
nuclear energy .liability co~insurance and-crimeUinsurance programs.

\EJ* federal flood insurance prpgram began as a partnership with the
private insurance sector.
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gi)Exhlblt VI-1 summarizes each of these five federal 1nsurance pro-
grams in several areas including the year authorized, type of
insurance program, involved agency/department and financial results.
A narrative review of each of the five programs appears following
the Exhibit. |

Federal Crop Insurance Corporation

Originally thought of as an experiment, this program‘was first
~enacted as Title I of the Agricultural Adjustment Act of 1938 to
- provide all-:iskaeconomic protection of a farmer's requited invest-

ment to produce covered(crops. This legislation was enacted follow-

ing disastrous economic results caused by severe droughts. The
insured amount was established at the time of planting and repre-
sented the potential cash value of the crop. Followihg heavy losses -
durlng the program's early years, operations were discontinued in-

1944. = The program was reinstated during 1945 with coverage for

specified national and regional erops. Additional periods of loss

caused further restrictions to be imposed in 1947.

The federal government tried for many years to get pfivate insurance
companies to provide all-risk protection for crop hazards by provid-
ing a reinsurance market. While private insurance carriers have
provided hail and fire coverage on crops since 1899, attempts’to
provide all-risk coverage by the private sector have been unsuc-
cessful and the government received an unethusiastic reception to
its reinsurance incentive, o

Modifications to the crop insurance program made as ‘a part of the
Federal Crop Insurance'Act of 1980_places the relationship with the
privatevsector,into a partnership arrangement{ Crop insurance is
now offered to. farﬁers' through independent insurance agents and
prov1des an opportunity to exclude hail and fire coverage at a
‘reduced rate if the farmer has purchased this coverage through
'the prlvate ‘market. The 1980 Act also mandates a pilot reinsurance
program by 1982. ’
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GOVERNMENT. INSURANCE PROGRAMS

SUMMARY ANALYSIS

EXHIBIT VI-1

NUCLEAR

CROP CRIME RIOT FLOOD

Year Authorized 1938 1968 1968 1957 1968
Phased in: -Yes yés | no no no
Primary Insurance/ : . : _ .
Reinsurance/ Primary Primary Reinsurance | Co-insurance Primary
other - | ) A ot
Agéntéy yes yes no no yes
Governmevn't,Orcjganrizationa FCIC FIA FIA NRC FIA
Compete'ﬁitﬁ Private.,  nb yes no no no
Partner with Private yes no yes yes no
Opérations Coﬁtinuing \ yes yesc yesc yes fes
Expenses, including L b

losses in excess of +65.9 +8.7 -5.9 +254.0 +81.1

revenues (millions-
$1977)

a) FCIC
FIA
NRC

b) Amount revenues exceed expenses.

Federal Crop Insurance Corporation
Federal Insurance Administration
Nuclear Regulatory Commission (inspection, regulation, no administration)

c) Legislation has been introduced that would significantly alter these programs.




\_/Federal Crime Insurance Program

. ' A :
‘This program was authorized by Congress in 1968 in the same act with

thekauthorization for riot reinsurance. In contrast with the riot
reinsurance program, Congress authorized the federal government to
provide primary insurance protection to customers rather than
reinsuring losses, Crime insurance was initially offered in ten
states during 1971.  Policies were distributed through normal
channelslof agents and brokers, The original intent of the program
was to éompete with'private insurers where'government believed that
the private insurers were not providing an adequate level of avail-
able coverage or coverage at affordable rates.

The federal,government had expectations for substantial volumes of
business but had relatively few sales. A number of incentives were
utilized by the government to promote sales of crime insurance
policies including easing requirements for protective devices, using
advertising,campaigns and providing finder's fees to agents in
addition: to commissions. Though the program is continuing, overall
results have been less than successful.

Agents have been reluctant to actively market this coverage because
they believe it is difficult to sell other coverages to these high
risks., Sales also suffered because of the strict safety and loss
“prevention measures needed to qualify for federal coverage. If a
potential 1nsured can meet the federal gu1de11nes, they can very
often meet the requirements. of private insurers. This program will
‘explre September 30, 1981 unless extended by Congress.

Federal Riot Reinsurance Program

In 1968 legislatibn, Congress authorized the establishment of state

property insurance plans (FAIR Plans) which would qualify for

federally sponsored ‘riot reinsurance. This riot reinsurance was

considered necessary because of prlvate'insurefs' unwillingness to

insure property considered high risk because of condition or loca-
‘a}ion.in urban areas.
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</ Riot reinsurance was used by the federal government to encourage the
restoration of private insurance, particularly in urban areas. Re=-
cent suggestions by private insurance representatives point to the
continued need-for FAIR plans as an essential supplement to private
insurance programs but support the phase out of the riot reinsurance
program. This program will also expire in September 1981 unless
extended by Congress.,

Nuclear Energy Liability Insurance

With the planning and building of thermal reactors following World
War II, two nuclear energy liability insurance pools were developed
kto'provide the necessary insurance protection, Because the capacity
of the private sector to accommodate the growing needs of the
nuclear industry was limited, the Price-Anderson Act was passed in
1957. The Act established $560 million as the maximum amount for
which a private corporation could be held liable for a single
incident. ' '

It is expected that the private insurance sector will eventually be

" able to provide full capacity for nuclear energy liability losses
and the government program would be phased out. Historically few
incidents have occurred and the principal cost to government has
been for inspection and safety activities.

‘Federal Flood Insurance Program

This program began as a joint venture between private insurers and
the federal- government (Federal Insurance Administration division of
- HUD) to prov1de flood insurance protection for insureds in de51g-
nated flood plain areas. Initial response to the program was slow
because of limited‘development in,flood,piain areas and administra-
tivenreqﬁiremente for qﬁalification; Changes were made to encourage
participation including a major change which made £lood insurance‘
mandatory bn‘preperty receiving various forms of federal financial
assistance. In 1978 the federal government assumed complete under-
wr1t1ng and administratlve respon51b111ty for the flood insurance

program 1nclud1ng total risk of loss.
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\i;The flood insu:ance program has not been particularly successful in
some financial and administrative areas. The program has had
recurring problems with improper underwriting and claims adminis-
tration, questionable validity of risk information received, veri-
fication of agent's rates and use of rates which are not actuarially
sound. Despite these problems the flood insurance program currently
protects more than two million policyholders.

PERSPECTIVE OF THE GEOTHERMAL CONSTITUENCY

_A‘successful geothermal reservoir insurance program must be sensi-
tive to the needs and desires of the groups it is designed to serve.
In developing such a program, it is important to determine what
type of program the target groups would like to see and what speci-
fic factors they would oppose. This determination process helps
ensure that a program will be accepted and, consequently, enhances
its chances for success.

The project staff conducted forty interviews selected from a sample
oftbusiness entities that potentially would be affected by a geo-
thermal reservoir insurance program.' Nearly all have had signifi-
cant experience with geothermal prdjects. Those sampled were
divided into four groups: |

e Insurers
¢  Developers
e Lenders

~ e Users

The interviews were conducted with sehior personnel»cf the various
COmpanies; Each interview followed a standard format that included
questions on the types of projectsfthe‘company has been involved
with, the nature of the involvement and problems that had been
- encountered (Sections III and 1IV). An'important°part of the inter-
'viéws'dealt with government programs: and how they’might'affect
geothermal energy. Questions were asked to determine the respon-
dents"reactions to the general‘heed for an insurance program, how
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it should be structured. and the role of the government and other
players. The responses were summarized for each of the four groups.

- Because of the sample size, it is not possible to state that the

responses represent all points of view of each of the four groups.
However, the responses are useful for determining some of the major
concerns of those most likely to be affected by a geothermal insur-
ance program. Following are summaries of the responses for each of
the four_groups}

Insurers

The basic theme that emerges from these comments is that the private
insurance market is fully capable of and thus should be responsible
for providing geothermal reservoir insurance. Of the seventeen
insurers sampled, nearly half responded that the goverment should
not be involved. Those remaining believed that the government
should play only a minor role. | |

The insurers argue that there 1is sufficient capacity within the
current insurance market and imply that those risks that they do not
or would not cover should be’regarded as uninsurable. If a role for
government iS'appropriate, it should be limited to prov1d1ng insur-
ance over and above the capacity of the private market or to cover-
ing very large losses. A few insurers believe that the government

might protect against uninsurable risks while'others believe that

doing this would only encourage poorly planned or marginally suc-
cessful developments, and as such they are opposed to the idea.

A‘number'of-lnsurers expressed cynlclsm about ‘the ability of the
government to admlnlster an effective insurance program. One
insurer stated that government 1nsurance programs already provided
do not. offer favorable testimony of the government's ablllty to

~effectively handle this‘type of program. Others equate government

o

sponsorship with.inefficiency and excessive administrative burdens.
They believe this can only result in insurance being more costly
than necessary.
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‘ﬁ)Many 1nsurers indicated that the existence of a government program
would contribute little to the insurers' willingness to insure
geothermal projects. There appears to be a clear preference among
insurers for assessing each project on its own merits without
"government interference." However, given some willingness to
insure geothermal projects, a government program might, in some
cases, facilitate tailoring coverage to the individual needs of each

'developer. '

Among those sampled, the idea of a private geothermal insurance pool
is more acceptable~than a government program.‘ However, a number of
respondents qualified their support with statements that their own
interests would have to be consistent with the guidelines for the
pool. . Some would only participate in a pool if it would forestall a
government program. | | ' |

The following points summarize the comments of the insurers:

, @ Insurers would prefer, and believe they have the ability, to
.handle geoﬁhermal'insurance themselves.,

‘e They believe that there is sufficient capacity for such a
- program within the industry. '

e Any government role should be limited to providing coverage
which exceeds existing or wanted capacity.

Developers

It is not surprlsing that the fundamental theme that emerged from
the comments of the developers was a basic optimlsm about geothermal
energy and a belief ‘that further development should be encouraged.
The developers disagreed, however, over whether an insurance program
would prov1de a proper incentlve for geothermal development.

Reactions to geothermal reservoir insurance differed based in large
measure on the size of the company and the percentage of its total
resources 1nvolved in geothermal progects. The larger, more diver- -
sified companies attached less importance to insurance than their

\s)smaller, more specialized counterparts.,
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‘ﬁJOf the nine develobers sampled, more than half indicated that an
insurance program would encourage further development and allow
projects to proceed more quickly. Reasons cited include:

e Insurance would reduce financial uncertainties thereby
making geothermal projects more attractive to developers.

© Insurance would facilitate utility participatioﬂ and provide
‘a stimulus for them to enter negotiations earlier.

e Insurance would provide assurances for lenders.

Companies that do not advocate insurance cited problems of project
responsibility and costs. With regard to responsibility, some
developers fear that an insurance program would encourage poor or
_marginal.projects; Regarding cost, there is some fear that if an
insurance progrmn existed, banks would require it in all cases.
This might actually'increasevcosts for low risk developments.
Supporters of insurance,ﬁhewever, are sensitive to these concerns

~and emphasized that any insurance program (a) must be structured
such that it dees'not encoufage irresponsible development, and (b)
must not be so costly that it would discourage projects with a high
potential for profitability.'

The developers sampled were v1rtually unanimous in their position
that the government should not be involved in a geothermal reservoir
insurance program unless the result would be reduced costs. All
vthihgs being equal, the developers interviewed prefer‘to’deal with
private sources, | '

Many developers stressed theiimpdrtance'of s‘stable"g0vernment
policy. Geothermal developers see a role for the government, but
these-sampled limit it to providing start-up incentives in the form
of seed money -and tax breaks., They stressed that the government
- should not act independently of‘private enterprise and cautioned the
government against providing assistance to projects likely to
require permanent support. The Geothermal Loan Guaranty Program

- QiJM
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\.’ (GLGP) was regarded by a number of developers as an appropriate role
for government. Several suggested that the government might focus
its efforts on improving the program.

The comments of the developers can be summarized as follows:

e There is a need for incentives in favor of geothermal de-
velopment and an insurance program might serve as one.

e Any insurance program must be structured to encourage only
truly viable projects and its costs must be in line with its
perceived benefits.

e Government role should be limited to assisting with start-
up of new projects. '

Lenders

The tone of the lenders' responses about geothermal reservoir
insurance can be summarized by stating that the greater the protec-
tion available, the greater the willingness to lend. Insurance
would increase lender confidence and consequently could have a major
impact on lending.

Based on the comments of the seven lenders sampled, it is clear that

the consensus among lending‘institutions is that some sort of
protection from loss is necessary before lending for geothermal
developments will be considered. The lenders stressed that they
desire "cleanvguaranteés"; i,e., no waiting, no conditions, no
loopholes. It is important that any inSurance'program be structured
using a format they are familiar with and trust. A structure
similar to those used by the Small Business Administration and the
MARAD guaranteed loan program fot shipbuilding were cited as pos-
sible models. A structure such as that used by the Federal Housing
Administration (where guarantees are in the form of government bonds
rather than cash) was mentioned as something to be avoided.

\w’/
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\/ More than half of the lenders sampled indicated that they believe
the Geothermal Loan Guaranty Program is a good program, and some
suggested that the government might focus its efforts on improving
that program. One banker, elaborating on the point, expressed a
belief that reservoir insurance is only appropriate in the final
operating phase of a geothermal ptoject where any major problem
would most likely be a reservoir problem. In the preceding explora-
tion and development phases, problems with technology, engineering
and construction might also be factors. A loan guarantee would
offer better protection under these circumstances. According to
this banker, even this limited third phase reservoir insurance
program would still have to meet three conditions to be able to
substitute for a loan guarantee program:

@ Guaranteed availability,
e Known price, and
e Long term (until debt is repaid).

The lenders were sensitive to overall costs and benefits of any
insurance progranm, Insurance costs should not serve as a major
disincentive to development., However, an insurance program should
not encourage developments of questionable viability.

Generally, the lenders sampled have a positive reaction to potential
government involvement in geothermal insurance. Some point out that
there has been little in the way of demonstrable results from
private insurers. They believe that it would not be as difficult to
get insurance from Ehe government and that the government would be
moteVWiIlihg to insure over a'longer term.

Evén with an extensive network ofvguarantees and insurance programs,
it;is difficult to conclude that lenders would readily fund geo-
thermal projects. As one bankér pointed out, lenders tend to seek
the "biggest possiblé deals." They perceive much more profit in oil
and gaé ahd, therefore, might not be as willing to invest time and
resources in geothermal projects which are relatively smaller and
more complicated.

-/
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\?;Thé comments of the lenders can be summarized in the following
points:

e Insurance would increase confidence and potentially would
' have a major impact on lending.

é Lenders desire clean guarantees structured along a familiar
~ and acceptable format.

e The GLGP might provide better protedtion than insurance,
especially in the first stages of project development.

e Costs should be in line with benefits.
° Insurance should not encourage marginal projects.

e Government can play a valuable role given lack of results
- from the private sector.

e Guarantees alone do not ensure increased lender participation
in projects.

Users

Thé focus of the comments of users regarding geothefmal insurance
was on how it would affect costs in terms of (a) the utility's price
oricost for power, and (b) the overall economics of geothermal
prbjects.' The users sampled all stressed that geothermal energy
'wiil become and remain a viable energy source only if it can compete

effectively in price with other energy sources.

" The users did not have a clear preferences for whether there:should
be a geothermal insurance program. Some stressed that it would have
a definite positive impact because it reduces financial uncertainty.
Others, however, implied‘thét‘the responsibility for insurance

tshbuld rest'with<project‘develdpérs and operators, who are not
neéessarily the users. Still others indicated that their opinion
fwoﬁld depend on the nature of the insurance. For example, an

,all-risk policy might prove helpful for a utility whereas reservoir
caéacity insurance might be of little interest.

-
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\7JA11 of the useré attached great importance to the cost of any
prbgram, primarily because of the implications it would have for
fthéir'operating costs. As one utility pointed out, insurance cost
is very critical because of its impact on costs per kilowatt hour
~versus alternative sources. Insurance could cause costs to go
'either'way. Oon the one hand, it is another project expenditure, but
on the other hand, it might result in'lower.financing costs for
geothermal developments,

Approximately'one-half'of;the utilities sampled indicated that the
existence of an insurance program might facilitaté their contract
negotiations. It would be easier to accept transfers of risk
because the utility‘would have the option of passing it on to an
insurer. Further, it might add incentives for lenders to come
forward. o

Regarding the role of the government, nearly all the users stated
that they would prefer to see the private .sector handle any insur-
ance program., One utility expressed the opinioh that government
iﬁ&olvement'iﬁ other similar programs "has been disastrous." The
majority, however, would be willing to work with the government in
the absence of tangible results from the private market. They
believe that there are many uncertainties in dealing with the
private sector and pointed out that utilities are used to dealing
with the government. Nevertheless, the users would evaluate and
consider the merit of a gbvernment sponsored program.v They éxpect
“shbStance and stability" and will oppose perceived government
’ atfempts to affect or influence_management; . |

To summarize the comments of the users regarding a geothermal
“insurance programs: ' '
e Cost effectiveness of an energy source is an overriding
concern. ' ' '

,i Insurance is important but utilities are interested in its
impact on operating costs.
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e Users would prefer to see an insurance program administered

| by the private sector; however, they would be willing to

work with the govérnment within certain limits in the
absence of results from the private market.

Suﬁmary

Althoﬁgh the individuals interviewed had differing opinions on the
appropriateness and need for an insurance program, they generally
ag?eedfthat the availability of insurance would speed geothermal'
deVelopment. . Insurance  would address the uncertainty surrounding
this resource and as a result would overcome some of the reluctance
to become involved in geothermal projects. There is, however, a
common concern that was voiced by a large number of those inter-
viewed that unprofitable development should be avoided. It is in
no one's interest to enéourage projects of marginal feasibility
given the magnitude of investment required and long run economic

consequences., -

Regarding the role of government, there was a consensus that the
role of providing insurance would be best left to the private
sector. The government role should be linited to éncouraging and
,COmplementing private-initiative. A government\role that displaces
" the private market, with a resulting dependency on government,
should be avoided.
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\i;IDENTIFICATION OF PROGRAM ALTERNATIVES

Evéluation of the role of government invproviding federal support of
geothermal reservoir insurance is best done through analysis of
specific alternatives. This lends focus to what would otherwise be
a rather broad subject area and makes it possible to compare various
potential government roles with one another.'

Selection ProceSs_

'Two points were considered when developing the list of alternatives
for consideration. First, it is desirable to consider as wide and
dlverse a scope of programs as possible. Second, it is necessary
that the number of alternatives being considered be small enough to
be sufficiently manageable. One means of achieving both conditions
.isito~develop alternatives as distinct policy choices as opposed to
'speeific "and  detailed plans. Such an approach would define the
basic parameters of a potential program without specifying details
such as coverage levels and'premium calculation methodologies.
Alternatlves designed in terms of pollcy are more useful from an
analytlcal standpolnt because their comparison considers fundamental
‘,dlfferences without becoming 1nvolved with spec1f1cs.

In developing the 1list of alternatives for providing geothermal
reservoir insurance, a large number of potential insurance programs
were first considered. The purpose of this process was to gain an
' understandihg’of the range of’poSSibilities available. These were
\ then distilled to f1ve alternatlves representing various levels of
federal support and a range of types of insurance coverage.

DefinitiOn of Alterhativesv

The five alternatlves selected for detalled analy51s represent a
wide range of p0551b111t1es for government 1nvolvement. " The alter-
natlves present‘varlous:levels of federal support ranglng from no
support at all to a very high level.'-Further, they offer a choice
as to the nature of government involvement either as a primary
\,inshrer or as a reinsurer. Finally, the alternatives consider
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\EH p0551b11it1es ‘of providing coverage for "insurable" versus "un-
1nsurable" risks.

The alternatives should not be regarded as inflexible programs.
Rather they are intended to represent distinct policy choices within
whlch a detailed insurance program may be designed and implemented.
In. Chapter VII, a specific program recommendation is described in
detall.

Of"the five .alternatives, four call for some'degree of federal
1nvolvement in geothermal ‘reservoir insurance. For the purpose of
comparative analysis, these four alternatives are assumed to have
the following common characteristics:

o A definition of "insurable®™ risks consistent with the list of
insurable risks identified in Chapter V.

o Premium charges sufficient to cover expected losses.

e Some provision for orderly phase-out of government in-
' volvement.

@ Delegation of responsibility for administrative functions of
~ the program to a third party under contract to the federal
government. ' ‘

Anﬁimportant pointvregarding these characteristics is that they are
the ‘same for all the alternatives. This allows the comparison of
the alternatives to focus on  the fundamental pollcy differences
w1thout becomlng involved with program spec1f1catlons.~ The char-
-acterlst1cs themselves were chosen to malntaln con51stency w1th the
findlngs and conclu51ons of the report. :

Insurable‘risks were defined'in Chapter V as the set of risks of
concern “to geothermal developers that the prlvate 1nsurers inter-
‘v1ewed indicated that they mlght insure. - Because four of the
alternatlves call for the private market to prov1de coverage for
'1nsurable r1sks, it is necessary that they be defined in a way that
is acceptable to the private insurers.
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\EJPremlum charges are assumed in all cases to be at least suff1c1ent‘
to - cover expected insurance claims payments. Most alternatives
further assume that premlums ‘would be adequate, i.e., sufficient to
cover expected insurance clalms, administrative‘costs, and a con-
tlngency for actual insurance claims payments exceeding their
expected level.

The°alternatives all assume that a proviSion forborderly phase-out
is included to avoid the development ‘of a dependence on government.
The research and analysls for this study indicate that dependent
relatlonshlps should be avoided. Consequently, any government
program should be temporary and deSLgned to stimulate rather than
replace private enterprlse.

It is desirable to‘delegate responsibility for administrative
functions to a third party. This is consistent with the belief in
'government involvement on a temporary basis; but morerimportant,
admlnlstratlon by a third party would avoid the appearance and
problems of a federal bureaucracy. Interviews w1th 1nd1v1duals in
the geothermal constituency indicated a lack of confidence in the
ab;llty of the federal government to eff1c1ently manage an insurance
program's administrative functions. Administration by;a third party
'WOuld alleviate that concern;and7eliminate the need for the'govern-
ment to staff the program with the specialized insurance knowledge
;’requ1red. ' '

: The next several paragraphs are devoted to- generally deflnlng each
of the flve geothermal reservoir 1nsurance alternatlves.» For each.
alternatxve the dEflnlthn includes level of government support,

- type of . coverage offered and relatlonshlp with" the private insurance

: sector.~ ' ' ’
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Alternative 1 - A prlvate market insurance program* for

"1nsurable" geothermal reservoir risks 1n, a
competitive insurance environment.

The - important characteristic of this alternative is a conscious
absence'of government involvement in providing insurance for geo-
thermal projects. The policy choice of the federal government would
be to provide no support to an insurance program because there would
be no. perceived need or use for such support. Necessary coverage‘
for “1nsurable" risks of geothermal energy would be provided entire-
ly by the private insurance market and without federal assistance.

Alternative 2 - A private market insurance program for
"insurable" rlsks underwrltten by insurers/
reinsurers in an open competltlve environment
supplemented by the federal government prov1d-
ing excess catastrophe reinsurance.

‘Like Alternative 1, thls alternative antlclpates that the bulk of
.coverage for "insurable" risks of the geothermal reservoir would be

covered by the private sector through primary - coverage.‘ However,

this alternative calls for a low level of federal support in that_

"the federal government would provide only excess catastrophe rein-

surance. By "excess", it is meant that insurance would be provided-
for losses exceeding a defined high threshold. The term "catastro-

v phe“ means that losses would have to be caused by a single deflned
~event to be eligible for claims payments. Payment on claims would
‘be the amount by which the loss exceeded the ‘threshold level up to a

stated maximum level, Coverage of losses below the threshold level

*The use of the term "private market insurance program" refers:
to any one or combination of three possible methods of wr1t1ng
insurance. These are: ‘

1. Currently established property-casualty 1nsurance and reln-'
‘ surance companles.v _

},2., Self-lnsurance by corporatlons in the geothermal energy
' industry. :

& 3. A captive insurance company for a segment or group within

the geothermal energy industry.
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\,fwould,bercovered by the‘pfivate sector. ° Further, because this is a
reinsurance program, the government provided coverage would be
available only to prlvate lnsurers and reinsurers, not individual
pollcyholders.

;Alternative 3 - A private market insurance program for

| "insurable” risks underwritten by insurers/
reinsurers with the federal government making
available limited excess reinsurance at a cost
to insurersethat is less than what the private
market will"provide.

Like Alternative 2, this alternative calls for the government to
provide a form of excess reinsu:ahce. Private ihsurers would be
brespodsible’for providing primary coverage and the government would
make available reinsurance tO'private insurers and reinsurers for
losses exceedlng ‘a defined threshold. This alternative is broader
than Alternatlve 2 in that it does not have the catastrophe provi-
'51on, Moreover, this alternatlve calls for the premium of govern-
medt provided'relnsurance;to be set at a level below that which the
private market would charge.

‘Alternative 4 - A priv}ate market insurance program for
' Pinsurable“ risks underwritten by private
insurers/reinsurers with the federal govern-
ment providing primary insurance protection

for risks not.ihsured by the private sector.

This’alternative depehds on the private market to pfovidesinsurance
lcoverage ‘for risks that they  are. w1111ng to insure (“insurable"
rlsks).v The role of government would be to provide 1nsurance'
,coverage for certain other rlsks ‘not de51gnated by the prlvate
market as: 1nsurable“

284




This alternative calls for thelgovernment to provide primary insur-
ance meaning that the coverage would be sold directly by the govern-
ment to the individual pOlitholder. Consequently, there would be
. two separate insurance markets, a private market and a government
market. = The geothermal constituency could purchase insurance in
both markets. '

Alternative 5 - A primary insurance program covering "insur-

able" risks of the geothermal reservoir
sponsored by the federal government.

‘The essence of this alternative is that it calls for primary geo-

thermal reservoir insurance against'"insurable" risks to be provided .
through a government program. There would be no defined role for
the’ prlvate insurance market in prov1d1ng this coverage and con-
sequently, this represents - the maximum possible level of federal
support for geothermal insuranoe. Although'this alternative does
not expressly call for federal prlce support, it does allow for that
possxblllty. '

ANALYSIS OF PROGRAM ALTERNATIVES

The five geothermal reservoir insurance program alternatives were
-analyzed and compared in terms of six basic criteria:

Rationale for federal support.

Impact on the private insurance sector.
-Finanoial 1mpact on the geothermal industry.‘
Estimated cost to government.

'kPheseéout con51deratlons.

eInteractlon w1th other government programs.
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'\’ The following discussion compares the alternatives :according to
each of these considerations. Following that is a summary section
that discusses the advantages and disadvantages of each of the
alternatives,

Rationale for Federal Support

Traditional economic theory contends that competitive market forces
bring about a distribution of economic activity that results in an

- optimum allocation of resources. Because it is this doctrine that
guides the"free-enterprise sYstem in the United States, a question
is raised about whyrthere'is a need for any type of government
’sponsored'insurance program. This section provides a discussion of
the possible rationale for‘government involvement in providing
geothermal'reservoir'inSurance'assuming a certain scenario for each

'_alternative; The rationale is discussed in the context of the five
alternatlve geothermal reservoir insurance programs and the specific
needs to which they are oes;gned to respond.

Alternative 1 would respond to clrcumstances of no perceived need
. for government 1nvolvement in provid1ng geothermal reservoir insur-
_ance. This scenario presupposes that necessary insurance ‘protection
is therefore available from the private sector and there is no
rationale«for Qovernment'involvement. Conseguently, no government
sponsored insurance program is proposed.

vAlternative 2 would're8§ond to particular.circumstances requiring,
a relatzvely low level of government 1nvolvement. Specifically,
under this scenarlo, the c1rcumstances are . that catastrophe re-
insurance coverage 1s unavailable 1n the prlvate market due to
‘reluctance on the part of przvate relnsurers to prov1de this cover- -
age. The lack of catastrophe reinsurance would imply significant
‘rlsk for a pr1vate insurer with a s1zable volume of geothermal
bu51ness. While the ex1stence of catastrophe relnsurance may not be
a suff1c1ent condltlon for the development of ‘a prlvate-sector
insurance market, relnsurance of some sort is a necessary condition.
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\i;TheVlaCk‘of at least a catastrophe reinsurance market could thus be
considered a basis for government intervention. This alternative
cails on the government to address the market needs by making
‘available catastrophe reinsurance. The availability of this re-
'1nsurance would provide encouragement for prlvate insurers to
underwrlte geothermal risks.

'Alternatlve 3 calls for a- moderate level of federal support. This
‘ alternat1ve responds to a scenario in whlch the private sector is
snot provzdzng a sufficient level of primary coverage for the "insur-
,able' risks of the geothermal reservoir. Further, the price of
1nsurance/ reinsurance is hlgh because the uncertainty surrounding
geothermal reservoir risks has led to a large risk loading factor*
belng 1ncorporated into the premium. This alternative envisions.a
government program. that would offer reinsurance to primary insurers
at a cost below what the prlvate market will prov1de. The reduction
in cost would be accompllshed by remov1ng the risk loading factor
‘and administrative costs from the reinsurance premium calculation.
- This wouldipring‘the cost of insurance/reinsurance'down to a more
»acceptable level and provide a needed incentive for early partici-
pation, until such time as adequate performance data on geothermal
risks can be obtained.

Alternative 4 also represents a need for a moderate level of federal
_support but in response to different c1rcumstances than Alternatlve
V3., In this scenario, the prlvate market is willlng to prov1de
{,adeqnatefcoVerage_forv“1nsurable“ risks. However, geothermal
project development is being 1nhib1tedpbyrcertain risks that fall
outside the defined "insurable" risks. Under this alternative the
,goVernmentdhas a'rationale for proViding;coverage-for'some‘of these

* The rlsk loading factor is a percentage added into the premium
calculation to cover the contingency that actual insurance claims -
payments will exceed their expected level., The size of the risk
-loading factor is related to the level of uncertalnty surroundlng_
-~ the probablllty of loss.
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‘igrlsks., This would require a determination on the part of the
government of exactly what other risks are 1nh1bit1ng geothermal
development and a decision to provide coverage for some of these
riaks. It is important to note that the government would not
necessarily insure every‘risk.' Rather, this alternative is sensi-
tive to a belief that certain risks (e.g., something that would
'increase ‘the possibility of moral hazard) should not be insured
under any circumstance.'

Alternative SIresponds,tobcircumStances requiring a very high level.
of federal support. In this scenario, the'private market has demon-
strated a complete inability, at the present time, to provide any
level of geothermal reservoir insurance. Without any insurance,
geothermal development is severely handicapped. If coverage could
be §provided for the defined "inSurable“ risks of the geothermal
reservoir, developers would be more likely to invest in developing
this resource. Given these circumstances, the government has a
rationale for'providing7the'necessary'insurance. This alternative
env151ons a government 1nsurance program to cover the defined
1nsurable" risks of the geothermal reservoir. This program would
not.depend,on prlvate sector participation given the assumed inabi-
1itly of private insurers to-t provide any"measure o’f this type of
1nsurance. “The federal government would thus have full respon51b1-
'llty for prov1d1ng geothermal reservoir insurance.

"Vimpact ontPrivate.InsuranCe‘Sector _

The role taken by the federal government in a geothermal reserv01r
'program ‘is likely to have 1mportant consequences for those private
*1nsurers attemptlng to’ market reserv01r 1nsurance to ‘the geothermal
‘1ndustry. Based on the partlcular role assumed by government, these
consequences can range from a- p051t1ve impact to restricting the-
private 1nsurance sector's ability to compete in - the ‘geothermal
menergykmarketplace. For each of the alternatlves defined, the
'fimpactfon'theirole of the private insurance sector has been ana-
lyzed. -~ Self-insurance and captive insurance mechanisms have been
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conSidered in analyzing the.impact on the private insurance sector.
Among the areas analyzed*forveach alternative are availability of
necessary protection, the affordability of that protection and
competitionvin the marketplace. | ‘

nAlbernative 1 stipulates that the federal government would not
involve itself in any geothermal inSurance programbbecause of the
o lack of perceived need or utlllty of such investment. This alter-
'natlve would be approprlate when marketplace factors are such that
previous uncertainties regardlng the performance character1st1cs of
"the geothermal resource are being understood and resolved by the
A prlvate sector and necessary insurance protectlon will be available
 for the resource risks. Within this alternative, private insurance
vcompan1es offering protectlon agalnst geothermal reservoir rlsks are
able to specifically evaluate the probability of loss arlslng from
"these hazards and the potential amount of loss and then structure
both appropriate ‘premiums and coverages for these individual risks.
Projects that are economically viable will find that insurance
VProtection‘is'readily-available-at a price that is affordable. On
the . other hand, those 'projects that are marginal will encounter
greater difficulty JJ! obtalning insurance protectlon, except at a
hlgher price. The latter projects may'flnd this prlce of protection
to be prohlbltive.‘ However, ‘those direct and indirect use projects
1n the former group can expect better coverage at a reduced rate,
’brought about by a better understanding of the geothermal energy
'1ndustry and a competltlve insurance market.r From.the private
1nsurance sector s v1ewp01nt this alternatlve would be preferable.

A supportlve role for the federal government is- con51dered in
Alternatlve 2.  The scenario for thls alternative indicates that
some private,lnsurers,have demonstrated confidence that the uncer-
tainties regarding_the performance characteristics of the geothermale'
resource can be overcome with the_accumulation‘and analysis of
_chisrorical data. This supportive role, in the form of a partnership.
.betveen -the federalv.government- andk4priVare .insurers/reinsurers,

)
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\v)would enable the private sector to make avallable necessary insur-
ance protectlon ‘without fear of a catastrophlc event severely‘
reducing capacity. One method of structuring this catastrophlc
protection would allow voluntary'purchase«by private insurers/rein-

surers. wh1ch would encourage private sector partlcipatlon to the

fullest extent poss1b1e within the insurance industry's capacity.
Although the historical experience of partnershlp insurance programs‘
with the federal government has not been altogether favorable, thls
perlod of data collectlon and analysis should generally have a

' p051tive impact on those private insurers marketlng geothermal
reservolr insurance. .

,Alternatives 3 and 4 identified two possible active roles for the
 federal government to assist the private sector. Alternative 3 is
7excess]reinSurance’provided_to'private insurers at a cost less than
‘the cost of excess reinsurance provided by the private reinsurance
sector. The comments for Alternative 2 are also generally applic-
ablelhere.' Thevmajor'difference between the alternatives”is the
level of federal support'proposed. In Alternative 3 the federal
government's involVementfwill be triggered at_avlower dollar level
and for'lOsses including those'from other than catastrophic events.
The -insurance 1ndustry can. avoid the possible 1mped1ment of un-
usually large losses while still playing the primary role in pro-
_tecting agalnst,the risks of geothermal energy._ This role could
encourage more primary insurers to participatelactively in the area
of geothermal reservoxr insurance and could somewhat‘,reduce' the
premium to the ‘insured for that protectlon. It may, however, have
some negatlve impact on prlvate reinsurers who may deszre to prov1de-'
these hzgh levels of coverage on the1r own. v :

'Alternative 4'pmesentS“a scenario in which the federal insurance
program insures those risks classified as unlnsurable.‘ This alter-
natlve role would ‘allow prlvate 1nsurers/re1nsurers to galn the
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\,Jexperlence needed to develop the necessary 1nsurance programs- while
~ the government prov1ded coverage for those risks that the private
insurance market was not willing to cover. Though there are some
_potential negative aspects of this role, the overall impact on the
private insurance'sector would.bevpositive.v

.Alternatlve 5 assumes that a high level ‘of federal support for
provxdlng geothermal reservoir protectlon is requlred because the
private sector probably will not overcome the uncertainties regard-
ing?the,performance charaeteristics of the geothermal resource in
the short term. . This alternatlve places the federal government
in direct competltlon with the various private sector insurance
' mecnanisms and would essentially ellmlnate private 1nsurers from the
geothermal reservoir insurance market because they could not indivi-
dually_compete with the federal government."The'impact on the
private insurance sector of this alternative is decidedly negative.

Financial Impact on the Geothermal Industry

This'seCtion examines the financial'impact on the geothermal in-
dustry .as a result of the 1nsurance premiums estimated in Section V.

| The purpose of the analy51s 1s to examlne the economic feasibility
of the estimated premxums w1th regards to- spe01f1c geologlc project
types. '

as dlscusséd in'Section'V; the. estimated premiums vary most signifi-
cantly by the stage ‘of development that the pollcxes would cover.
Annual premlums are much hlgher in Stages 1 and 2 because (a) the
frlsks are greater durlng the 1n1t1a1 stages of development and
‘operatlon and (b) the duratlon of each ‘stage is much shorter than‘
‘Stage 3. Also,_lt is lmportant to empha51ze ‘that the estimated
premlums depicted in Exhibit V-18 are assumed to cover the expected,
loss amount for all the risks analyzed.‘ In actual practlce both the
'inshrer/and the insured would have the option of insuring all or
: only some of the risks, or perhaps other risks in addition to those
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considered in Section V. ,Further, self insured retention levels

(or deductibles) were not considered for purposes of estimating
premiums. If included, they could substantially lower premiums,

‘ particularly the large premiums necessary to cover developer's

'1nd1rect loss (i. €., loss of potentlal steam revenue). This ap-

proach of assuming a maximum level of risks and no self-insured
retentions was used for purposes of: conservatlsm in premlum esti-
mation (1 e.; higher- premiums than would be expected in actual

practlce).

Although there are many ways ‘to reduce the estimated prem1ums
through a varlety of deductible’ provisions or through ‘federal cost
support, the gross premium levels estimated in Section V were
utilized to examine the fea81bility of these added costs for each of

six geologlc pr03ect types con51dered in detail.* One method of

spreadlng 1nsurance costs over tlme is examined whereby annual
premlums are calculated,to cover;rlsks for Stages 1 and 2 comblned.

-

’.Before dlscussing the analysls of lnsurance costs for each project

type, it is 1mportant to note that the financ1a1 impacts on the

‘geothermal industry' will not differ s1gn1£1cantly by the alter—'

native programs considered throughout thls section. The premiums

 estimated in Section V.1nclude risk and administrative expense

loadings which were judged reasonable for the private sector
insurance marketplace. ‘Therefore, these premiums can be regarded

-as those that would result from Alternative 1. Alternatlves 2

akthrough 5 all 1nvolve some level of government part1c1patlon. 1The r

ultlmate cost to the. 1nsured would not be 51gn1f1cant1y affected'by'
any of these programs unless the government spec1f1cally prov1ded

fcost support through risk and admlnlstratlve loadings lower than

those charged by the prlvate sector.

*A detailed analys1s of the financ1al impacts on a Type C

project "Leaky Fault Non-Electric Use" was not perfomed
because only limited data for estlmatlng Developer's Dlrect
Loss was available.
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tﬁJFederal_cost support is possible under each of the alternatives

| andviS'aSSumedVtopexist‘in Alternative 3. However, because Alter-
native 3 implies a reinsurance role for the government, whether or

‘ not‘the‘lower_than market costs to the primary'insurer will be

' paSSed on to the insurediwill_depend on the’degree of competition in
the primary insurance market. ~Alternative 4 would perhaps result in
somewhat higher insurance costs to the insured because of the
possiblllty of addltlonal rlsks be1ng covered.

In order to examlne the financial impacts of the premiums depicted

in Exhlbit v-1a, exten51ve use was made of the Geothermal Loan

Guaranty Ccash Flow Model (GCFM)* ~ This model was used to examine

the effects of insurance costs on the developers cash flows for

each of the geothermal projects for which insurance premiums were
‘.estimated.**:

In general'the'cash flow analysis indicated that, even with the
high initial premlums and no deductlble or self insured retention
prov151ons, the f1nanc1a1 burden 1mposed by the insurance costs
‘would not appear to be’ proh1bit1ve to project economics. Further,
twhen annual insurance premlums were calculated so .as to cover Stages
1l and 2 combined, initial costs were spread more evenly over time
‘w1th predlctably better results on pro;ect economlcs.

A’The insurance premiums and their financial impacts’will vary by the
size of each partlcular pro;ect. “'Before discussing the cash flow
,_,analysls for each type of development, it is 1nstruct1ve to note the
»total capxtal cost of each development and how annual insurance
‘prem1ums varled by the size of each development._ Exhlblt VIi-2

v-fv‘For a detailed descriptlon of the model see "Geothermal Loan .
.. Guaranty Cash Flow Model - Descrlptlon and User's Manual", :
. The MITRE Corporatlon, ‘McLean, Virginia, MTR~B0W160, Nov.

*% .Impacts of lnsurance premlums on’ electrlc ut111t1es were
- : . __.not considered because the costs are relatively small and
v\ég - are judged not llkely to 1mpose a 51gn1ficant burden on
o utllltles.
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comparesvthe estimated annual premiums for Stage 3 that cover
(a) developer's direct loss and (b) developer's direct and in-

vdirect‘loss, to the total capital cost for each of the six

electrlc—generatlon geothermal progects analyzed. The exhibit

_ shows that insurance premiums generally 1ncreasely with the size

of development, as should be expected because more wells, surface

_fac1lit1es “and revenue potential are -at rlsk. For each project
: type considered, the annual premlum to cover developer's dlrect
loss during Stage 3 is estlmated at less than one percent of total

B pro:ect costs, To,cover‘both developerrs direct and indirect

los:ses', the annual premium would average approximately 6 percent
of the total project cost.

lThe remainder of this subsection will briefly describe the'approaeh

followed in examlnlng the effects on project cash flows as a result
of_increased insurance costs,v In addition, there will be a brief

'hdescription,of the model inputs used for'the,analy81s. This is
followed by a sample analysis for one specific project type. A
- summary of the reSults'of’the analysis for all project types is then

provided.

Approach -

'The basic approach employed in examining the financial impacts was

to compare a basecase cashflow analy51s for each project type to

_‘alternatlve scenarlos where increased annual costs were imposed to.
‘Freflect elther 1nsurance premiums or estimated ‘annual expected

'losses as~determ1ned in Section V. Comparlsons were made on the

‘ baSis'dffthree'criteria. (l) the Internal ‘Rate of Return (IRR) of

o

each projeCt, (2) the Present Dlscounted Value (PDV)* of each_
projeet; ahdj(B),the levelized breakeven prlce_for}each project.

* This value is also known as Net Present Value (NPV).

294




Exhibit VI-2

ANNUAL INSURANCE PREMIUMS AS A PERCENTAGE

()

OF TOTAL COST

2 (3)
o Stage 3 Annual. =
Stage 3 Annual Premium Direct = Column

- Average 5 -

- copital Cost of  Premium Direct  and Indirect  (2) as %m;g
- Project Development* Coverage ** Coverage ** a a
Type ~  (millions-$1981) (millions-$1981) (millions-51981) % of (1) %of (1)
A oss2.4 5157 s 264 .30 5.0
B 58.1 .309 328 .50 6.0
D a7 .366 L8l .90 4.0
E -~ 30.1 007 Los .02 4.0
F 93.7 .638 648 .70 7.0
¢ w9 .36 218 L00O 7.0
| ) 5.5

* pstimates derived from input data providéd by DOE data sources
. “used in the GCFM to conduct financial analyses.

- ** From Exhibit V-18.
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The7baseease cashflows, which will be described in more detail
\i)shortly, ‘reflect all 51gn1f1cant revenues and costs exclu51ve of

possible losses resultlng from the risks defined -and analyzed in. -

Section V. Therefore, both estimated annual insurance premiums
~(frbm:Exhibith-18).and estimated annual expected losses (derived
_ *from_Ekhibit‘Vfl7) were separately considered as additional operat-
r’,ing;expenses and compared-to.the-basecase'forveach'project type.
This analytic frameWOrk allows the comparisenvbetWeen'the'IRR, PDV
and breakeven pr1ce for each prOJect with insurance costs compared
'to:(a) the basecase results,.and (b) the results of the ‘basecase
with'add;tzonal expenses ‘added that approximate the expected losses
from risk'eVents, The latter comparison is, perhaps, a more
“important benchmark with which to_evaiuate the financial effects of
'1nsurance, because the'differential’between insurance premiums and
'expected losses can be - v1ewed as the prlce be1ng paid to transfer
rlsks. ' '

The 1nternal rate of return of any project is defined as the dis-
7 count rate for the cashflow stream of the pro;ect which results in a
net present value of the cashflow equal to zero. This is a useful
measure of evaluatlng the profitability of alternative progects,
*because in general the hlgher the IRR the more profltable the -
- project. ‘ '

--The’present diScounted value is another useful measure with which to
,evaluate the profitability of a pro;ect. It is defined as the
»pro:ect cashflow stream: approprlately dlscounted to. the present
'tlme., It can be interpreted as the present value ‘to an investor

of the future revenues and costs of a pro:ect. - In- a theoretlcal"'

hsense it represents the current prlce at whlch a reasonable investor |
would be w1111ng to buy or sell the pro;ect. E ' '

The levellzed breakeven price ls deflned as the steam sales price‘
“in mills per. kllowatt-hour ($1981) that is required to achieve a
speclfled equlty,rate of return. ~ This is a useful measure with

f;;For a detalled descrlptlon of how the levellzed breakeven
, price is calculated within the GCFM see "Geothermal Loan:
\hj"”' Guaranty Cash Flow Model~--Descr1ptlon and User s manual, op.
‘ N ’Clt-l pgo A—lZ.
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\iJWhich to examine the effects of insurance costs, because it reflects
thefextent to which the steam‘sales price would have to be increased

‘dln order to malntaln a specified equity rate of return given the
addltlonal 1nsurance costs to the pro;ect.

Basecase

e;The basecase cashflows for each project type reflect ‘all major
v;revenues and costs over the lifetime of the development, exclusive

- of possible losses duepto thevrlsks_defined and analyzed in Section
V. Forkexample,,expected'wellélives and success ratios were inputs
to the GCFM to establish a basecase for each project type, but these
3values’reflect'current'planning'estimates and not the added costs of
unexpected reductions in useful well life or success ratio, which
were risks analyzed in detail in Section V. The follow1ng is a list
offsome of theemajor.ihputsrthat are taken into account in genera-
ting,cashfloWS_for each year of -a project.* |

e Field Data CaE .
.. 'Field Output (MW)
.. Brine Flow Required
SO ‘Well Flow Rates '
.. Total Cost of Wells
e Cost per Downhole Pump _
: ;;nfBook Lives of Wells and Downhole Pumps
;. Tax L1ves of Wells and Downhole Pumps."
i Intanglble Drllling Cost Rates
o Drllllng Success Ratio
.o Cost per Makeup Well S : :
e %Number of Makeup Wells (for normal fleld decllne),

Values for. tbese and ‘other variables supplled by DOE data
* sources and GeothermEx Inc. Values by project for the major
varlables appear in the Appendix.
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.. . Field Plant Capital Cost (surface facilities)
.. Book Lives for Field.Capital’Accountsk
.. Tax Lives for Field Capital Accounts

.. Operations and Maintenance Costs

.. Field Exploration Costs

' og,Flnanclal Data
| .. Base Year .
;}r.Power On-Llne Year (beglnnlng of Stage 2)
:»';;»_PrOJect Llfe
.. ‘Loan Life
el Working Capital
.. Electricity Price
e Geothermal Fluid Price
e Capaclty Factor of Power Plant
.o Equity Fractlons
.. Equity Rate of Return’
. «. Debt Interest Rate -
: ..."General Inflatlon Rate
.;_ Escalation Rate,for a Variety of Capltal Accounts
.. Escalation Rate for Electricity Price
e Escalation'Rate for Fluid Price
.o EscaiationrRate for O&M Costs

itele Discount Rate (used in levelized breakeven price and PDV
L calculations)

"’fc_-;V“Variouszax Rates

'The relevant outputs of the GCFM, for the purposes of this analys1s
are (a) ‘net cashflows for each year of operatlon (Stages 2 and 3),
";(b) the PDV of each progect w1th the base year being 1981, (c¢) the
IRR of each prOJect based. on the present value ‘of cashflows in l981f
' dollars,»land; (d) a. levelized breakeven ‘price for the geothermal v

steam or fluid in 1981 dollars. o L
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Sample Analysis-

'In this subsection the analysis for project Type D is discussed in
detail as an illustrative example of the analysis performed for all
‘project types. In' the 'f0110wing subsection the results for all
prdjectrtypes,are summarized.

Eight alternative cases‘or‘scenarios'were compared to the basecase
cashflows. These differed (a) in terms of whether'annual insurance
premiums were added as ‘additional operating ‘expenses or expected
losses were added, and (b) in terms of different combinations of
loss categorxes.' Annual premiums as calculated for Stages l, 2, and
A (shown in Exhiblt Vv-18) were considered for each year of a
‘36-year project life (Stagekl, years 1-5; Stage 2, year 6; Stage 3,
years 7-36). In addition, premiums were calculated on an annual
vbaSis to cover: risks'in-Stages 1 and 2 comblned, in: order to try to
‘spread the high 1nsurance ~costs in the sixth year (Stage 2) over-
'tlme.‘ For. example, in progect Type D, annual insurance premiums for
lldedeloper s dlrect loss were estimated to be $4.4 million throughout
'Stage 1, $l14. 5 million. for Stage 2, and S. 4 million throughout Stage
3.; Estlmated annual premiums for a policy that would cover risks
through Stagesvl_and.z,.however, would be $6.0 million thereby
reduCing,thefburden oﬁ avvery large premium in the sixth year.

' The elght scenarios compared to the basecase cashflows for Type D
,vare. ‘

. A. ,Annual‘lnsurance*premiums addednto expenses -
. A-1 Direct and 1nd1rect loss for Stages 1, 2,
and 3 separately B

* A=2 Direct and indirect loss for Stage 3, w1th
- Stages 1 and 2 combined _

A-3 Direct loss for Stages 1, 2, and 3
I separately ‘

'A-4 Direct loss for Stage 3, w1th Stages l
and 2 comblned : .
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\: B. Annuallzed expected losses added to expenses

“B-1 Dlrect and 1nd1rect loss for Stages 1l, 2,
and 3 separately :

' B-2 Direct and 1nd1rect loss for Stage 3, with
 Stages 1 .and 2 combined..

B-3 Direct loss for Stages'l,'Z,‘and 3
' 1separately :

. B-4 Direct loss for Stage 3, with Stages l
E and 2 combined «

he results of the analys1s us1ng the GCFM for the elght scenarios
for Type D along with the basecase for Type D are presented in
Exhlblt vI-3. Sample computer model outputs are provided in
Exhibit VI-4 that compare (a)  the basecase IRR with (b) the IRR
for'the scenario wherevannual_insurance‘premiumszfor developer's
direct loss are added to_expenses (consideringvStages 1l and 2
gcombined)., ' B

’ ’Predlctably the IRR and PDV in each of the elght scenarxos was . lower
bithan the IRR and PDV for the basecase.r Slmllarly the levelized
breakeven price was greater than the basecase. Furthermore, proyect
jeconomlcs are not as severely affected when ‘annual insurance pre-
,' miums are calculated to cover Stages 1 and 2 combined. Project
: economlcs are most severely affected when both direct and indirect
' losses are covered for Stages l, 2, and 3 separately.

“NOE particular SLgnlflcance is the fact that the IRR ‘and PDV. in allf

cases for this alternatlve were positlve.. Th1s indicates that even
",in the case of the most extreme insurance costs the project ‘has a

”p051t1ve return over the pro;ect life ‘and a pos;tlve current value.

’.pThis analysis 1nd1cates that the estlmated 1nsurance costs are not

:,prohlbltlve to the project. 2

Although in -some- cases ‘the reductlon in IRR or PDV’ from the basecase.

happears 51gn1f1cant, ‘the reductzons in IRR and PDV from buy1ng ,'“

'-1nsurance as opposed to paylng out the expected losses of the rlsks
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- Exhibit VI-3

_FINANCIALrIMPACT ANALYSIS FOR TYPE D

Levelized
T L - PDV Breakeven Price
Scenario* IRR (%) (millions-$1981)  (mills/kw-hr)

Basecase ~ 1L.3** 72,7 60.8

. Insurance Premiums:

a1 1.3 11.6 82.9
a2 2,9 22,2 79.8
a-3 | 6l 53.5 69.5
,A-4' 8.0*** 59-3 66-3
Expected'Lossesz V

8 30.9 i 7607
8 36.7 : ) . 74-5
7 . . 6192 ' 6607
8 o 62.9 64.5

B-1 3
B-2 o
B-3". . T
‘B4 R 8

f_‘AiternatiVe'SCéngrios'defineauin text.
- ** See Exhibit VI-4, Page l of 2.

%%+ See Exhibit VI-4, Page 2 of 2.
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T T T T | s T . EXHIBIT VI-4
C B T I LR St . Page I 2

TYPE D BASECASE INTERNAL RATE OF RETURN

YEAR  AFTER TAX: ~CASH A VAR LOSS  beBr ukUSS CASH SINK, FUNU  OIHER CAP aa Net'tasn

AINLOME/LUSS * SUUKCES. = '+ FUKWAKD .«  RETIWEMENT = FLOW .« OEPOSIT = INVESIMENIS = FLOW
1986 '191b b ptsu.r U 1918,6 340,08 9l6l,.1 i 0 L 1989,8 A117,2
1987 - 29177 BRCTU T I SRR T & Y 340,86 11422,.2 ‘ w0 T 212%,1 9693,1
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\aJls only marginal.- These differentials are of primary importance in
con51der1ng the dec151on to buy insurance because they represent how
much it is necessary to pay to avoid risk. '

Forlexample; the PDV of project'Type D,_;f ‘insurance isfpurchaSedAto
aVoid'the risk of direct loss (considering Stages 1 and 2 combined),
is $59. 3 million ($1981). If insurance'is’not;purchased the expect-
ed dlrect loss is such that the expected PDV of the progect is $62.9
mzlllon ($1981)., Thls results in insurance lowerlng the expected
PDV of the pro;ect by $3.6 million (51981) or approxlmately 5% of
the basecase PDV. Therefore, in theory, the insurance will be
purchased if the developer,places at least a $3.6 million ($1981)
'present’value'on avoiding the risk of actual direct loss (which
could be in excess of the expected loss) over. the life of the
‘progect. ' ’ ' '

Results

| Exhlblt. VI-5 presents the results of the flnanclal analy51s for
- the remalnxng pro;ect types (Types A, B, E, F, and G) Only in the
.one case of the most extreme insurance costs for Type F do the IRR
or PDV for any. pro:ect become negative as a result of payzng7,
~1nsurance premlums. Furthermore, as w1th Type D, the dlfferent1al
between the IRR and PDV from paylng 1nsurance to av01d risk as
compared to payzng the expected losses of the risks appears mar-

glnal. On the ba51s of this analysls, even with the high cost ofcdy

finltlal premlums and no deductible prov1s1ons, the flnanclal‘
burden 1mposed by the estimated 1nsurance costs does not appear to
rrﬁbe prohlbltlve to project economlcs. ‘ ‘
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Exhibit VI-5
Page 1 of 5

FINANCIAL IMPACT ANALYSIS FOR TYPE A

. A . ; Levelized'
S R R : . PDV . Breakeven Price
Scenario* - IRR (%) ~ {millions-$1981) _(mills/kw-hr)

~ Basecase 3 - s252.2 15.9
InsﬁrancejPremiums=  '7 7 | “' 7
A-1 - 28,2 . 198.4 2047
A-2 | 27,9 202.7 20.7
 a-3 - 29.5 241.7 16.7
-4 33 o 225,17  16.4
- Expected Losses: e S o |
Bl 2107 21402 19.3

B-3 . o 31.4 . 244,55 16.5
B-4 34,5 47.2 16.3

* Alternativé75cena:ios defined;ih text.»’ ‘
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Exhibit VI-5

Page 2 of 5
FINANCIAL IMPACT ANALYSIS FOR TYPE B
‘  Levelized
I J S : PDV . Breakeven Price
~Scenario* - IRR (%) (millions-$198l) (mills/kw-hr)
 Basecase 119 $125. 4 a0l
Insurance Premiums: = N o |
a1 2.3 32.7 . 53.7
A=-3 8.6 109.9 : 43.3
Expectéd Losses: e | |
- B-1 5.0 62.8 49.7
B-2 5.7 7.0 o 48.9
B-4 . 10.1

115.0 39.7

* Alte:nétivé.SCenarios defined in text. 
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Exhibit VI-5
Page 3 of 5

vFINANCIALfIMPACT ANALYSIS FOR TYPE E

- Lévelized
L s : P : PDV Breakeven Price
Scenario* v 'IRR (%)  (millions-$1981) (mills/kw-=hr)
. Basecase 1l $6l.4 40.6
_ Insurance P:emiums: ' ‘
A=l o 4.7 31.1 49.8
A-2 5.4 33.9 ' 49.0
A-3 9.1 57.8 42.2
Expected Losses: e
B-l 6.3 39.8 47.2
N :B_3 : v 9-5 58.3 4107
9.8

:B-4

58.7

- *_'Alternativefscenarids defined in text.
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Exhibit VI-5
Page 4 of 5

'FINANCIAL IMPACT ANALYSIS FOR TYPE F

v Levelized .
Tl '  PDV  Breakeven Price
7=Scenario* _ IRR (%) _ x(millions-$198l) ._(mills/kw-hr)

 Basecase o o 14 2 kf'x'”»$l93 7 | ; o RS '75.4:
JInsurance Premxums--‘ 0 e | o

| 411 3 97.8
3.7 . i : K 96.1

162.3 . 19.7
167.9 78.0

A-1
CA-2
L A=3
B4

‘ 1
VOO

e o & @
AR CN R

o

 Expected Losses:

66.7 . 90.2

©70.6 89,0

169.2 7801
175.8 . T7.2

B-1
- B=2
" 'B=3
- B-4.

-
TN O A
.- * . .® L ] :
S OWM 0N

L f‘ Alternative'scena:ids defined in text.
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Exhibit VI-5

 FINANCIAL IMPACT ANALYSIS FOR TYPE G

Scenario*

Basecase -

. Insurance Premiums:

a o
Al

" A=3
., L A-4 "

;,ExpéCtéd Losses:
. B-1
" B=2.
B-3

B-4

15.5

. pov
C IRR (%)  (milli

Page 5 of 5
Levelized

" Breakeven Price

ons-$1981)  (mills/kw-hr)

$98.7

32.1

40.1

84.2
86.6

52,0
56.0

- 87.0

" 89.8

. * Alternative scenarios defined in text.
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44.4
43 0'5
37.4
36.5
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| Q.Estimat‘ed Cost to Government

pThe cost to government of a federally sponsored insurance program'
is based on the potent1a1 11ab111ty and admlnlstratlve costs.r The
geothermal reservoir insurance alternatlves call for varylng'
levels of government,prov1ded insurance or relnsurance and,
consequently, they,wlll have different cost_lmpllcatlons for'
- government. ’ ' ‘ ' ' ' ’

: The cost to government w111 depend on.: numerous factors that are
‘dlfficult to determine prior to the exact specification of a
'detailed program. f For the purposes of- ‘comparing the cost impli-
lcatlons of each of the program alternatives, this section prov1des'
analys1s and dlscussion ‘in’ terms. of the relative ‘estimated cost
1mp11cat10ns of each alternatzve. - In Section VII of the report,

2 where a spec1f1c program recommendatlon is dlscussed, the cost
,°1mp11cations of that program are quantltatxvely estlmated.‘ '

The cost. of any' government' program clearly is an 1mportant con-
‘51deratlon. Publlc programs depend on the congre851onal appro-'
vprlatlons process and, as a result, a large part of the debate
_ over any new program will focus on its cost. Cost considerations
‘,are also 1mportant for. comparlson w1th prOJected benefits to
,determlne overall program economics. ‘

, _To fully assess the posslble cost consequences to government of
fpthe geothermal reservoxr 1nsurance alternatlves, several cost
’dlmen51ons must be cons1dered., These are: : '

LR

;Expected loss S
:Expected revenue ' , ,
;Probable max1mum government loss cost
-Varlablllty of actual losses ‘relative’ to revenues

,Admlnlstratlve costs. ;‘

The expected loss and the expected revenue provzde an estlmate of
v the most llkely amount of federal liability assoclated with an
.”\s)alternatlve,' The expected loss is the expected level of insur-
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\aiance payments to policyholders. It serves as the benchmark for tne
planning of funding and premium requirements.' The expected'revenue
is the total premium 1ncome estimated to be generated by the pro-
'gram.x Unless a program is anticipated to be heav1ly sub51dized, the

'expected revenue should at least cover the expected losses and‘
administrative costs.

fTwo other 1mportant 11ab111ty cons1derations are (a) the variability .
of actual losses relative to revenues, and (b) the" probable maximum
i,'government loss cost. The possibility of actual losses exceeding
revenues gives some -idea of the variability of ‘the actual losses
:_“versus estimated 1osses.' ‘The probable maximum government loss cost
tlS an estimate of the largest amount the. government would have to
pay out to cover claims under very extreme (and | unlikely) circum—_
'-stances. ' o ‘ ' '

j~F1nally, 1n addition to 1iability,-each alternative should be

';cons1dered 1n terms of administrative costs. Administrative costs
provide 1nsight 1nto the overall efficiency and - sxmplicity' of a
program s operation.r ’ .

The geothermal reserv01r insurance program alternatives are dis-
'!kcussed below in terms of each of these cost dimensions. - The
discussmn is limited to Alternatives 2 through 5 because Alter-
_ native 1 proposes no government involvement in- geothermal re-
‘.;servoir 1nsurance and consequently would result in no cost to the
4:government._ S |

ExpectedeOSsv

The expected loss is the best estimate of the value of 1nsurance'
claims that will need to be paid by the prov1der of insurance. It
fis ‘a function of (a) the probability of loss; and (b) the projected
'average cost, or severity, of a loss limited by the- conditions of
’the insurance policy.~ B

: Alternatives 2, 3 and 5 can be ranked relative to one another in
\Ejterms of the government's expected loss because these programs
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Qinvolve a common defined set of "msurable" risks for geothermal

'prOJects. The program env151oned in Alternative 4 would provide

coverage for certain risks that fall outside this definition of
1nsurable“ risks and, therefore,,it will be discussed separately.

Under Alternatives 2,-3'andA5, ‘the government would provide some
-proportion of the total 1nsurance/re1nsurance coverage for the
' ‘same set of risks. These alternatives thus constitute a comparable
risk 31tuation and the ‘level of the government's expected loss will
-_depend on the proportion of insurance/reinsurance coverage provided
by the government. Alternative 5 has the highest government ex-
:pected loss because it envis1ons the government prov1d1ng all cover-
' age for the "insurable" risks of the geothermal reserv01r. Alter-
‘native 3 has a lower government expected loss because the government
would provzde only reinsurance, thus resulting in a sharing of the
'total insurance burden with the private sector. The expected
government loss under Alternative 2 is lower still because the
government share of reinsurance ‘provided is Smaller than that'
provided ‘under Alternative 3. - .

It was'noted that Alternative 4‘is designed to,coverVCertain risks
that fall outside the definition of "insurable” risks for geother-
mal projects. As"a' result; this alternative ‘cannot be compared-
 relative to thevother'alternatiVes'in terms of the government
v‘expected loss. The expected -loss could be either very high or very
low depending on the nature of the risks covered under this program
: relative to the risks 1nsured under the other three alternative
o programs. o ' '

'Expected'revenue.

. The expected revenue,‘as prev1ously mentioned,vis the total premium'

income expected “to  be generated by ‘an  insurance: program. It is

| v‘derived by summing the premiums expected to-be charged to 1ndividual
E*T\,ipolicy holders.* As discussed above, when the expected revenue

-covers the expected loss, plus administrative expenses and a risk
\ﬁ}oading, the premium 1s considered. to be adequate.
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gi)Alternatives 2, 4 and 5 call for an adequate premium to be assessed.

Thus, the revenues of any of these alternative programs are expected

to .cover program costs and ‘are not expected to require government

sub51dization. ~Alternative 3, however, assumes that premiums (ex~

'vpected revenues) are set exclusive of administrative expenses and

risk loadings. 'Therefore.-the revenues of Alternative 3 may not
.vnecessarily_cover total program costs. ’

_'Probable“maximUm government loss cost

"The probable maximum loss is an estimate of the maximum foreseeable
'yamount of insurable’ loss, regardless of whether ‘the full amount is
“1nsured. ‘This would be the expenditure reguired under extreme and
.unlikely circumstanceSgand the probability of'having_totcover losses
ioffthisamagnitude,is5remote.,,However,:it should be noted that no
~matter;how the probable maximum loss is'calculated, it is not an
- absolute maximum. S ’ ‘ ' ' '

The probable maximum government loss cost is a function of the
‘probability' distributions relating to the frequency and size of
losses and the amounts of insurance: coverage prov1ded against loss.
As the alternatives have been defined, the ranking of them in terms
of ‘the government's share of the probable maximum loss, is the same
'asfthe'ranking in terms of expected loss. Alternatives 2, 3, and 5
can be ranked relative to one another because they provide different
amounts of 1nsurance coverage against the same set of risks.
'Alternative 5 would have the highest probable maximum goverment cost'
- because it ‘envisions the government providing all coverage for the

W"insurable" risks of the geothermal reservoir.v Alternative 2 callsy

"for the government to prov1de the smallest proportlon ‘of the total
'level of 1nsurance and consequently, it has the lowest probable |
'amaximum government. cost._ ‘Alternative 3 calls for the government to
prov1de a. level of coverage between. the 'levels of coverage prov1ded
by Alternatives 2 and 5 and, therefore, its probable maximum cost to -
government falls between Alternatives 2 and 5. Alternative 4 cannot'
be: ranked relative to the others because it prov1des coverage. for a
different set of risks..‘The probable maximum government cost of
k--"’th:.s program would be very high by the very definition of the
".nature of the risks covered.
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‘sJVariability'of actual losses relative to revenues

For any insurance program, there is the possibility that actual

.losses w1ll exceed the amount assumed in the premium calculation.
» The rlsk loadlng in the insurance premlum reduces but does not

ellmlnate the p0851bility that actual losses will exceed revenues.

o There.are two principal causes of actual losses'exceeding the
o proVisionffor losses~contained in revenue:

o The actual value of loss for the rlsks insured is dgreater
'than the provision for losses based on the estimated expected
value of losses for the risks insured. This may be due to
adverse selection or to inadequacy in the original rate
determination, such as an uhforeseen increase in the frequency
or‘average~amount‘of losses. |

,5; While the actual value of losses for the risks insured is
not greater than the prOvision for expected losses, the
randomness of loss occurance causes higher than expected
-numbers of clazms or size of claims or both. '

‘ These two concepts relate respectlvely to (a) the mean or expected~

value, and (b) the variance of the statlstlcal dlstrlbutlon of

‘vlosses under a glven 1nsurance program.

;‘Over a suffic1ent per1od of time. the actual 1osses under a program

WLll tend to approxlmate the  true. expected loss: for the dlstrlbu—

. tionm. However, the actual occurance of losses. during a short period
. of t1me may vary con51derably. This varlatlon is described by
‘comparlng the varlance of the dlstrlbutzon to its mean. For ex-.

ample, an excess catastrophe cover will ‘almost always incur no loss;

‘in the rare year when loss. occurs,_lt w1ll be enormous compared to

premlums for that year.

It is p0551ble to compare several loss dlstrlbutlons 1f the 1nsur-

'ance prov1ded under the alternatlves is de51gned to provzde coverageA
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\,/ for the same_set of_risks. Alternatives 2;,3vand 5 meet thiS‘

condition and can, therefore, be ranked relative to one another.
Agaln, because Alternative 4 would cover a different set of risks
1ts loss distribution cannot be compared to the others. The loss

-distrlbution will depend on the spec1f1c risks covered under
- Alternative 4.

Of Alternatives. 2, 3 and 5}'AlternatiVe 2 has the'largest variance
relative to the overall mean and- thus, ‘has the highest possibility
of actualtlosses_exceeding_expected losses. Alternative 5 has the
smallest variance relative to the overall mean, and as a result, it
hasﬁthe loweStvpossibility‘of actual losses exceeding expected
losses.v',Alternativev3«has'a medium possibilityfof actual losses

'exceeding expected losses relative to Alternatives 2 and 5 because

its variance relatlve to the. overall mean is between that of Alter-
natives 2 and 5.

It 1s useful to balance the p0551b111ty of losses exceeding revenuesl
against the probable maximum government cost. For example, in the

vCase of‘Alternative 2, there is a relatively high possibility-of
~.actual losses exceeding expected losses, but the probable maximum
i,government cost is relatively low. This implies that although there

is a good chance of losses exceeding revenues,. the magnitude of any
excess would most likely be rather small compared to the total

- revenues of the 1nsurance program,. Conversely. Alternative 5 “has

the opp051te condition with the highest probable maximum government

cost among insurance alternatives but a’ comparatively low variabi-

lity of actual losses relatlve to expected losses and therefore

. revenues .

;The'above‘discussion is based on the aSsnmption of’fiXed premiums.
it 1s p0551b1e, and preferable, to allow adjustments to be made to

the premium, These adjustments would be based on the emergence of
experience with the program. Therefore, while the poss1b111ty

'ex1sts for any insurance ‘program to run at a deflClt, adjustments to
premiums for new insureds, and to some extent mid-term policy-
‘Eiholders, w1ll help to mlnimlze thls p0551b111ty.;
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~i;AdminiStrative'costs :

Administrative. costs are costs incurred in »drawing> up -policies,
‘processingvclaims and,providing other services to the insured.
‘These costs increaselwith'increases in the number of policies
written, the level ofiserviceﬂprovided,'reqUirementsvfor specialized;
‘client‘services such as site inspections, the number and complexity
- of claims to be processed,'safety engineering serviCes and claim-

related legal costs. o ‘ ' :

uPrimary 1nsurance programs are nearly always more expen51ve to
~administer- than reinsurance programs. A primary insurer is re-
spon51ble for analyzing ind1v1dual pro;ects, asses51ng ‘risk and
- establishing- premlums -~ processess “that tend to be espec1ally t1me
vconsumzng and spec1a1ized for projects of the uncertain nature and
.magnitude of geothermal developments. Further, primary insurers
deal with many policyholders and. they must malntain an acceptable
level of accessibillty and respons1veness to client needs.  Re-
insurers generally accept the assessment of risk provided by the
.primary insurer, ellmlnating any ‘need for the reinsurer to perform.'
this functlon. Moreover, reinsurers tend to deal with fewer enti-
tles than primary 1nsurers because they service 1nsurance companies
, rather than individual pollcyholders._* ’

Wlthin each of the alternative geothermal reservoir insurance
'programs, the administratlve functions are assumed to be performed
'eby a third party under contract to the ‘federal government, ‘and
_‘therefore each 1nvolves a relatively low level of administrative

-‘~burden to. the government.  Moreover, administrative costs, except -
in the case of Alternative 3,‘aregassumed to be factored into the
’¥1nsurance premium. S | | |

; Because Alternatives 4 and 5 call for the government to prov1de

, "primary 1nsurance and Alternatives 2 and 3 envisxon the government'
fu»prov1d1ng relnsurance, ‘Alternatives 4 and 5 would each “have higher
administratlve costs than either of Alternatlves 2 and 3. Of
Alternatives 4 and 5, the latter would most llkely have higher
(ﬁ;adm1nlstrat1ve costs because it calls for the government to provide
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\sjprlmary coverage for the full ‘range of "insurable" risks. Under
Alternative 4, the government would only serve as the prlmary
1nsurer_for afde51gnated group of risks falling outside the defini-
tion of "insurable" risks} Of Alternatives 2 and 3, Alternative 3

~would have higher administrative costs because the government would
assume a larger proportlon of the total coverage under this program
than;under Alternative 2.

Summary'comparison

' Exhlblt VI-6 summarizes the relative comparison of the four 1nsur-
ance alternatives in terms of each dimension of estimated cost to
government.
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C L | EXHIBICV;-G‘
7 RELATIVE COMPARISON OF ALTERNATIVES R |
IN TERMS OF ESTIMATED COST TO GOVERNMENT*
Government Liability
Prdbable : ~ Variability
B I B Maximum of Losses
- Expected kExpected - Government Loss: | Relative to - Admlnlstratlve
Loss Revenue** Cost Revenues Costs
'eAAlternative :,‘ﬁlbw: fullly 1dw' high low .
'E-AlternetiVe o medium" ~'partia1 medium . medium low-medium
'Alternative non-comparable full non-comparable | non-comparable| high-medium
Alternative " high full high low high

* Comparlson does not 1nclude Alternatlve 1 which calls for no government 1nvolvement in geothermal
reservoir 1nsurance and consequently has no cost to government.

**The de51gnat10n “full" 1ndicates that revenues are ant1c1pated to cover expected losses, adminis-
trative costs and a contingency for the possibility of losses exceeding revenues.
tion "partial" indicates that revenues are anticipated to cover only expected losses.
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Phase-~Out Considerations

It was assumed in the definition of alternatives that all the
alternatives would have some provision for orderly phase-out. This
is based on an indications, substantiated'by research, that long-"
termkdependency on the government should be avoided. A government
sponsored geothermal reservoir insurance program should therefore be -
regarded'as temporary, and its planning shouldkbe‘performed with the
goal of eventual phase-out;r“The following discussion provides a
comparlson of the geothermal insurance alternatives in terms -of
pnase-out consxderatlons, The ' dlscus51on ‘will be confined to
Alternatives 2 through 5 because Alternative 1 proposes no govern-
ment 1nvolvement in geothermal reservoir insurance and, therefore,

' presents no phase-out con51deratlons.

If a'government’insurance program is to be terminated, itlshould be
done in a manner that would be least disruptive to the program's
constltuency. Ihzs depends on preparedness and . w1111ngness on the
part of the prxvate sector to. assume responsiblllty for the pro-
gram s functions. A major contributor to this is the structure of
the government program’ and how it is deslgned to interact with the
private sector. If a government ‘insurance program is designed to

~operate 1ndependently of the prlvate sector, it would be difficult

for the prlvate sector to develop the capability to take the place
of the government. Conversely, if the government program is de-
51gned to complement or support prlvate sector activ1ty, the private

'sector would be better prepared to respond to a phase—out of the

government presence..

'fAlternatlve 2 calls for the government to prov1de a low level ofv

’support in the form of excess catastrophe relnsurance.' The prlvate.-

;'market would have responszbility for the underwriting functions and

;"\_/

would prov1de most of the insurance coverage.3 It would be rela-v
tlvely easy to phase—out the government program under thls alter-
natlve because the . level of government support would be low and
dlrected toward 1nsurance companies. The government would be able
to gradually reduce its proportlon of the total insurance coverage
prov1ded‘w1thvm;n1mal disruption. This will be possible because .
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\iJinoreased experience w1th geothermal pro;ects will most likely have
either diminished the need for catastrophe reinsurance or created a
willingness in the private sector to expand its role to include this
type of coverage.v ‘

Alternative 3, like Alternative 2, calls for a government reinsur-
ance program that would support the private sector. Phase-out of
this program could thus be accomplished relatively easily by gra-
dually scaling back the proportion of reinsurance coverage provided
by the government (assuming a Willingness by the private sector to
assume the additional risks.) Because the proportion of insurance
provided by the government under this alternative would be larger

. than under Alternative 2, the phase~out process might be prolonged.
There is a potential for increases in premium charges with the
‘termination of the government program because the government program
calls for cost support through removal of the risk loading factor
'and administrative charges in the premimn. -The risk loading and
»administrative charges would be added back in under a private

_'program and would affect the ultimate cost of insurance in the
future. g

, Alternatives 4 and 5 call for the government to prov1de insurance at
the primary level.i The federal program envisioned under either of
these alternatives would be an insurance program largely separate

- from the private sector. ‘Phase-out of the government presence under

'feither of these alternatives, therefore,'can be potentially disrup-
tive.‘ Rather than expanding an eXisting service, the private market'
would be called on to develop a new serVice to replace the federal

,,program._»’~ ‘ ‘ ‘

[gAlternatives 4 would be less disruptive than Alternative 5 because'
under this alternative the private market would be prOViding some
"level of geothermal reservoir insurance for ”insurable" risks. The
'fphase-out of the geothermal program would present the private sector

' With a choice of whether or not. to provide coverage for certain
risks deemed “uninsurable“ .The choice made by the private sector
\ijand ‘the importance that experience has placed on providing coverage
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Qﬁ;for these risks will determlne the level of dlsruptlon. In any
case, individual pollcyholders will be forced to either do without
a type of insurance coverade they prev1ously had, or seek it
,elsewhere. '

Alternatlve 5 would have the most dlsruptlve phase-out of the
' government role because it involves no prlvate participation in
providing insurance for risks of the geothermal reservoir. Con-
sequently, the private market would have to develop an entirely new
' serv1ce capabil1ty to £ill the void left by termination of the
federal program.' The government program, while in existence, would
_have provided the‘private‘insurers no previous incentive to develop
this capability. 'Phase-out of the government program would thus be
'likely to result in,a difficult and disruptive transition period.

- Interaction with Other Government Programs

‘The federal government can play a role in the development of a
domestic energy industry through a variety of incentive programs.
In’implementing a new government program, it is important for
government to keep its approach in balance with other existing
‘programs. ‘The 1ncent1ves selected must £it the condltions 1nherent
~in the geothermal 1ndustry as well as the technical and economic
risks of.geothermal production.
'This-section diScusses afnumber'of existing government incentives7
- that should be - con51dered in analyz1ng a new program to stlmulate
geothermal energy production. .

Loan guaranties -
The Geothermal'Loan Guaranty'Program’(GLGP) is the government
program that is llkely to have the most direct impact on the alter-v]
-natlves.' It is designed to reduce certaln ‘risks of geothermal

”gpro;ects and serves as a valuable 1ncent1ve for the development of

geothermal energy. In the loan guaranty program, the federal
‘goVernment,can enter into commitments to guaranty lenders against

~
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uthe loss of pr1nc1pal or J.nterest payments on loans made to geo-
thermal developers and users. ‘

vThe;primary feature of the GLGP is its ability to reduce the risk
of f1nanc1al loss on project fallure.v The loan guaranty enables
developers and users to secure up to 90% of the project costs
through a: federally guarantled loan with the government guarantying
up to 100% of the amount borrowed. In the event of default by the
developer, the government must repay the balance remaining on the
loan up to the maximum amount »guara'ntied; The government would
have access to only those assets of the'defaulting firm that were
directly involved in‘the project. -

‘v'Thetprogramfpermits~thevborrower to use project financing techniques
‘whereby loan repayment comes only fromlthe project's income and is
notpdependent'on other corporate income. This serves to reduce the
risk of the project. As a consequence of the reduced risk, rela-
'tively‘low—interest debt'would_begavailable to an investment pro-
-‘ject,v A possible drawback of this type of program, however, is the

~cost to government in the event of default when failure to meet
principal and interest payment occurs. ’

'Risk'reduction can also .be achieved by using insurance as a means
of“eliminating'short'term financial uncertainty. In this situation,
the insurer ‘accepts. the finencial ‘risks of an inadequate energy
supply, for ekample; in return for a’premium from the insured. Part
of ' the . uncertalnty assoc1ated with geothermal development is  the.

~ lack of knowledge about potentlal losses stemmlng from the productl-
v1ty of a reserv01r over a long period of time, which is the result
of a lack of operatlng experlence.‘ Thus, the actual operatlng ex-
perlence in the early stages of development will alter’ expectatlons'p
about future failure rates. It is durzng.the;early years of a
project, wherein experience with the geothermal development is not
sufficient'to sustain a more'fully developed insurance market, that
‘a loan guaranty program can provide a valuable and complementary
serv1ce.

322




'Qi;Price incentives

, deernment price supports or price guarantees are designed to assure
“the profitability»of_the end product. Its success depends on
whether the price support is high enough to. encourage investment,

,given}the risk perceived by the investor. If the price offered
assures Significant profit over and above risk, investment is likely
to occur. ' '

Price support~can be used in combination with risk reduction pro-
~grams to promote production. . If used in combination with a loan

"guaranty or insurance program, it may not be necessary for the
prlce supports to assure sufficient proflt to compensate for risk.
That.factor may be reduced by the loan guaranty or insurance
protection- In this way the'coSts of a price support program
could be reduced by Shiftingbpart of the cost to a possibly less
costly arrangement. Thus, geothermal production can be encouraged
by a combination' of ‘policy mechanisms. However, the combination
'of‘programs should allow sufficientvprofit to encourage taking the
risks associated with geothermal development.

Tax incentives

Tax incentives are similar to price supports in that they enhance
theg profitability of the project and reduce risk, except they do so
in a more indirect manner.

These incentives can take a variety'of forms including accelerated

' deprecxatlon, spec1a1 expen51ng prov151ons and preferentlal taxation

v“cof ‘the proflts from spec1f1ed 1nvestment and. tax credlts.v The

t.Natlonal Energy Act of 1978 provided 1ncent1ves encouraging the
development of geothermal resources, ‘including investment tax
cr’edits, expensmg of intang:.ble er.llJ.ng costs and a percentage
depietion allowance.' These 1ncent1ves should" facilitate the finan-
c1al involvement of 1ndustry in the exploration for the conflrmatlon
of hlgh-temperature geothermal reservoirs.
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Q,)The benefits of tax incentives vary with the incentive, type of
company, the period covered and project. Although there is no
governmentloutlay, there is still a cost to government in the form

- of:unrealizedfreserve.

Regulatory actions

Claims,that regulatory barriers exist to geothermal development are
frequently made. Environmental regulations can interact with deve-
lopment in various ‘ways. - Many delays and expenses. are involved in
meetlng the requlrements ‘of various government agencies. The agen-
cies have been slow to review and approve applxcatlons, resulting in
more time lost and a potentlalﬂlncrease in costs to the project.
'Equipment and labor must be scheduled to conduct the work, making
the streamlining of permitting requirements vital to development.

Public utility commissions also have indireCt regulatory impacts

because they are in a poSition:to‘direct incentive programs and can
'thus“facilitate*the development of specific energyvresources. . The

publlc utility comm1551on can offer three incentives that cover
| risks of development.

First, through its,authority to determine what investments consti-
}'tute the base on which'a;utility‘earns an approved rate of return,

the public utility commission can enable utilities to recover plant

costs through the rate structure thereby mlnlmlzlng concern over the
v‘reservoir 's life. ' When coupled with some arrangement for steady

power, thls 1s simllar to a form of reservoir 1nsurance for the
r utlllty., ' T

:Second, through its authorlty to determine allowable expendltures
for the purchase of fuel or electr1c1ty; the public ut111ty com-
| mlss1on can allow a utility to cover expenses of purcha51ng electrl-,
city from a geothermal power plant at a cost that could be higher .
than other sources. Thls measure can cover the utllity in those
51tuat10ns when it was not the actual builder of the power plant but
‘was the plant operator or the purchaser of the electricity from the
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gﬁ;plant. When comblned with a loan guaranty to a company other than'

the ut111ty constructing the plant, thls measure can effectively

bring the utilities within the scope of the existing GLGP without'

putting them in the positidn of having to default on a loan to
activate the coverage of their risk.

Third, through its authority to determine allowablé'expenditures,

‘nthe,public utility commission can allow the utility to expense as

research and development thbse building and operating expenses of
geothermai poﬁer plants that are above what it have to pay for
electricity from other sources. This measure combines aspects
of one and two above by applying to either capital or operating
costs, or both, depending on the situation and the determination of
what- costs are above the normal and should, therefore, be attributed
to the research and development activities.

R’eguiatory 'ixicentives “are of a more general nature in that they

affect the geothermal lndustry whether or not there exists a geo-
thermal reservoxr insurance program.

AdVantages and DisadVantaqes

,This~subsection'discusses:the_advantages and disadvantages for each

of the five geothermal insuranceaaltérnatives.‘ Because of the

-overlapping features'for some of the alternatives, several of
- the same advantages/dlsadvantages may apply to more than one
falternatlve.v'

,Alternativel - A pz':i;vate market insurance _,prbgramlfori

?"1nsurable" geothermal' reservoir risks in a
competltlve lnsurance env1ronment.

‘aAdvantages
‘e Maximizes the role of the private sector.

e Places the burden of providing protection with private
~  insurers who have the most expertise in managing risk. '
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Encourages tailoring'of protection to meet the specific
needs of the insured.

‘e Encourages competition and innovation among insurers.
e Has no cost to the government.

e Motivates the geothermal industry to use the best technical
and managerial skills to reduce ultimate costs.

° Has a positive impact on .the private sector's development
of_geothermal insurance programs,

Disadvantages

o May not fully benefit any progects except those having the
~highest likelihood of success.

® May not make adequate coverage available at a reasonable
rate.

e The program may not be adequately developed.

~This=alternative’reflects’the’absence of government involvement and
‘assumes the viability and availability of priVate insurance protec-
'tion. Competition between insurers should lead to a greater variety
of pOllCleS available as well as the adoptlon of provisions that
make coverage more attractive. By reduclng risks to the 1nsured, it
: w1ll create 1ncentives for geothermal development. ' '

,Alternative‘ 2 - A private market 'in'surancev program for .
RS R ‘ "insurable" risks underwritten by insurers/
:;VreinSUrersfinkan open competitive environment
’fsupplemented'by the federal government provid-
'ing excess catastrophe reinsurance.

Advantages

o Encourages the lndustry to prov1de adequate coverage by
: mltlgatlng the risk of exposure to losses beyond the desired
“ capacity of insurance companies to cover. -
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Offers considerable flexibility by enabling the insurance

This alternativevidentifies a supportive role for the federal
goVernment to assist private insurers/reinsurers in providing
coverage durlng that time when hlstorlcal data on reservoir perfor-
mance, necessary to accurately assess loss potentlal, are unavail-
able..

< °
‘ industry to provide the amount of coverage needed by insurers
© and to retain as much of the business as possible.
o Has positive impact on the private insurance sector's deve-
. lopment of geothermal insurance programs.
e Requires a low level of government involvement by providing
‘the smallest proportion of ‘the total level of insurance of
o those,alternativeS'allowing'for government insurance.
e Has the lowest probableeﬁaximum goverment loss cost.
Disadvantages
@ Raises doubts about the private insurance industry
involvement.
e Has the highest_variability of actual ldsses relative to

- revenues.

reservoir performance, it may assume a greater shere of the risk.

" Alternative 3 - A priv‘ate m'arket insurance ‘program for

"insurable" risks underwrltten by insurers/
reinsurers with the federal government maklng
‘avallable llmlted -excess - reinsurance at a cost
to insurers that is less than what the prlvate
market w1ll prov1de.~

‘Advantages

Places the-primary'burdeh'of providing protection with
private,insurers who have the most expertise in managing

_risks.
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Permits .each private insurer to select its level of partici-

)

- pation, if any, in the government reinsurance program.

* Encourages competition and innovation among insurers.

e Provides cost support by removing risk loading and admini-
'strative costs from the federal reinsurance premium calcula-
~tion, thereby reducing cost to the insurer and potentially

to the 1nsured and providing an 1ncent1ve for early parti-
:cipatlon.

° Minimizes the federal government role and provides for an
orderly phase-out as adequate performance data on geothermal
rlsks are obtained.

e Encourages tailoring of protectlon to meet the specific needs
of the 1nsured.

e Has a positive impact on the private sector's development of

~ geothermal insurance programs..

_o Motivates the geothermal industry to utilize the best tech-
" nology and management skills to reduce ultimate costs.
Disadvantages
o«,Has the hxghest potentlal for the government to experience
d losses due to the absence of a .risk loadlng factor in the

' premlum calculatlon. ‘
. Calls for. the government to cover admlnlstratlve expenses

thereby creatlng a government sub51dy.
,Does not‘encouragevprivete market'participation.in providing

reinsurance in the short-term because few reinsurers will be
able to compete w1th the government program s reduced rate

prem1 am.
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ﬁi;Thxs alternatlve encourages participation of prlvate insurers in
prov1d1ng prlmary coverage by making low cost reinsurance available
to them. = The government s support of the program will be gradually
reduced during the period of participation. With the admlnlstratlon

 of the program belng contracted to a third party having reinsurance
expertlse, the need for the government to staff and admxnlster the
program 1s e11m1nated. ' : ‘

'Alternative 4 - A prlvate market insurance program for
1nsurable" risks underwrltten by private:
1nsurers/re1nsurers Wlth ‘the federal govern-

ment providing primary insurance protection
for risks not insured by the private sector.
Advantages
e Permits private insurers/reinsurers to participate in meet-
ing the insurance needs of those involved in geothermal

' deVelopment.’

e Encourages prlvate 1nsurers/re1nsurers to actively provxde
protection for 1nsurable geothermal reservoir risks.

Disadvantages,

) Requ:.res adm:.m.strat:.on and management of a new government

program.

e Raises concerns about whether two prlmary 1nsurance markets
would prov1de adequate coverage. ‘

ko Provides'the'potentlal'for“an~1ncreasing'role for.government.'

o Requlres the establishment of detalled speciflcatlons for a
government prlmary 1nsurance program.

° Provides ‘coverage for a set‘ of risks,_ potent1ally unknown
| and dlfferent from the risks covered under the other
alternatlvesr
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-

.ﬁ Encourages placement: of bad risks with the government

(adverse selectidn).

This program assumes that the private insurance market is unwilling

to insure certain risks on a direct basis.

Government involvement would be required where the project would

otherwise not be able to obtain private sector insurance.

concern would be government's absorbing those bad risks private
‘insurance was unwilling to cover,

Alternative 5 - A primary insurance program covering "insur-

able" risks offthe'geothérmal reservoir
sponsored by the federal government.

Advantages

Satisfies a need of.the'geothermél industry if the private

°
insurance industry cannot or does not offer such insurance.
e Provides a centralized vehicle for data generation and
dissemination of information about geothermal development
- risks. '
e Has a low variability_offlosses relative to revenue.
Disadvéntages
° Competes'with.thé private insurance industry for providing
- -coverage and does not encourage private séctbr participation.
,“ Minimizes the role of the privaté sector.
e Has the:highest expectéd loss ahd_probable maximum government_
loss cost. L '
® Has high'administratiVe costs because it calls for the:

~’government)to'provide primary coverage for the full range of

insurable risks.

’iRequires developing a new government program to administer

and manage.
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g‘l‘his program would compete with the private insurance sector rather

than complement or support it. By extending beyond a supportive or
cpmplementary role, the government's role and involvement would have

~a negative impact on the development of -a viable private market
insurance program.
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RECOMMENDATION

The recommended geothermél reservoir insurance alternative was
determlned on the basis of its respon51veness to the perceived
need for geothermal ‘reservoir insurance and its effectiveness in
stlmulatlng development of geothermal resources. This section
descrlbes the need for and fea51b111ty of a geothermal reservoir

flnsurance program and provides a discussion of the characteristics

and implications of thevrecommended program.

NEED FOR AND FEASIBILITY OF A GEOTHERMAL RESERVOIR INSURANCE PROGRAM

The study began with the fundamental assumption that it is advan-
tageous to develop geothermal resources in the United States. As
evidenced by Section V, there clearly are risks inherent in geo-

- thermal resource development. The study has detailed and analyzed

these risks,and found them to be significant.‘ Reducing the finan-
cial uneertainty that stems from these risks can provide a strong
incentive for the development of geothermal resources.

Although current'means exist,to reduce certain aspects of the

‘financial uncertainty of loss to geothermal developers and users

.(e 1B Geothermal Loan Guaranty Program, tax incentives, etc.), there

'1s room for complementlng these programs. This study has shown

that insurance would prov1de a means of protectlng against the
f1nanc1al uncertalnties of geothermal development., The study has
also. shown that insurance “would most. llkely ‘be - a cost effectlve

means: of deallng with geothermal’ pro;ect financial uncertalntles.
Even w1th a llkellhOOd of ‘high ‘initial premiums and the p0551b111ty

of  no cost-support, analysis - has indicated that the burden of an
insurance premium need not be prohibitive to project economics.

Interviews with members of the. geothermal5constituency showed that
although there is some dlfference of opinion on the approprlateness
of,a.federally,supported reserv01r'1nsurance program, - there is a
widespread belief that such a program}‘if properly structured, would
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\ijenhance the development of geothermal resources. . Those interviewed

also believed that geothermal insurance would be most eff1c1ently

: provzded by the prlvate insurance 1ndustry.

The need for insurance in geothermal development and the terms of
coverage requlred will vary depend1ng on the particular progect and
the SpélelC 1nsured. The factors which will- influence need and

'affect‘the coverages actually made available.include:

. The nature of the development project and the speclflc risks
assoclated with 1t. o

e The finanCial'capacity of the developer'and his ability to
absorb the flnanczal meact of loss uncertalnty from his own
resources. o

o The avallable flnanc1al capacity of the insurance sector
and its w;lllngness to commit a- portlon of that capacxty to
insuring geothermal development.~

This study indicates that"certain'krisks associated with each of
the major project types are insurable. At present, the geothermal
developer is bearlng the. flnancxal uncertalnty of loss due to
those rlsks completely from his own resources, subject to overall
project support from the government under the GLGP program and other
incentlves. ‘ '

The'willingneSS'OE the’private‘inSurance sector to commit a portion

of their financial capacity to insuring_geothermal development on a
basis that is not prohibitive to project economics has been limited.

This lack of broad part1c1pat10n has been due to unfamlllarlty

with the nature of the risks of geothermal proyects and the limited -

.number of progects that have been presented to the prlvate insurance

sector for cons1deratlon.

This'study nas,servedvas”a firSt;stepain identifying and classify-

ing the risks associated'witnrgeothermal'projects and has prompted
discussion.of‘the insurability.of those risks by developers, users,
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w'(i;lenders, and'potential insurers. Information and intelligence

have been gathered on probabilities of loss occurrence and estimates

have been made of potential overall costs of loss. ~This information
of itself will encourage‘further,discussion and analysis within the
priyate insurance sector. In addition, the number of projects of
each type is. projected to increase substantially over the next
several years.which'will focus the attentionjof the private
inSurénce sector on geothermal projects as a market for coverage.

Under these circumstances, it was determined that there is
-a viable role for the government to help accelerate the

emergence of geothermal insurance supplied through the
"private sectOr.. Given that: .

e it is de51rable to prov1de 1ncent1ves for the
development of geothermal energy as an alternative
energy source, ,

® ‘there are s1gn1f1cant rlsks assocxated with geo-
: -thermal development,_ '

‘e insurance provides incentives for geothermal de-
velopment by reducing the financial uncertainty of
geothermal risks to the insured,

@ the geothermalfconstituency believes that a pro-
- perly structured insurance program would speed the
- development of geothermal resources, and :

ox‘the prlvaterlnsurance sector currently lacks broad
participation in - 1nsur1ng geothermal development,
this implies : Co '

there ‘is a need for a temporary government role in a
geothermal reservoir insurance program until such time as

- private insurers are actively providing adequate coverage
on a broad basis. In addition, because (a) the significant

~risks associated with geothermal development can be
insured, and (b) there is a historical precedence for the

~ government playing a role in insuring highly technical or
emerging industries, it is feasible for the government
to have a role in a geothermal reservoir insurance program.
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\igBasedeon the above summarization of, and the detailed findings

reported in, Sectlons I1I, Iv, Vv and VI of this report, it has been
concluded that there is both the need for and the feasibility of a
federally supported, and properly structured, geothermal reservoir
insurance progranm. ‘

RECOMMENDED ALTERNATIVE

Recommendation

Beoeuse of ‘the previously‘established need for and feésibility of a
federally supported geothermal reservoir insurance program and based
on (a) the analysis of the perceptions of the major geothermal
market sectors in Section II1I, (b) the aualysis of the perceptions
of'the~private'insurance~sector and existing geothermal reservoir

- insurance programs in Section IV, (c) a thorough analysis of geo-

thermal risks in Section V, and (d) a detailed analysis of alter-

_hative government roles in Section VI, the recommended program is:

A private market insurance program for insurable

- risks underwritten by private insurers should be
encouraged. The federal government should
support this effort by making available limited
excess reinsurance at a specified level de-

- creasing over time. Additionally, through cost
support, the price to insurers should be sub-
stantially less than what the prlvate rein-
surance market mlght prov1de.

- The recommendation, which is 'an elaboration okalﬁernative 3

diScussed in Section VI, includes several provisions which were

i determined by the study to support the rationale behlnd the

selectlon of thlS recommendatlon. These prov151ons,1nclude.

‘@ The federal’goVérnment'will encourage broader participation
by private insurers through facilitating communication

L

337




between the geothermal industry and the private insurance
.. sector. '

e The specific details of the reinsurance program will be
~developed byvtheffederal”government in cooperation with the
‘private insurance sector. This includes determination of

“ the appropriate attachment point for fede:al involvement.

e The federal government reinsurance proérém will be structured

. to phase out in a specific period of time wherein;adequate‘
performancekdata can be obtained'such that the insurance
industry is able to make a determlnatlon of its commltment
to underwrlte the full program.

® The federal\government's support of the program will be
 gradually reduced during the participation period.

K The administration of the government reinsurance program
will be contracted to a third party having reinsurance
'expertisé,fthereby eliminating the need for the federal
government to staff and administer the program.

In particular, this,alternatiVe was selected because it demonstrated
the most desirable characteristics.  This program is preferable
because it: '

° Addresses the prlmary constralnts 1nhib1t1ng the prlvate

__1nsurance sectors’' broad participatlon in geothermal

 \pro3ects, includlng the concern about the potentlal for .
unusually large loss.

° Places the primary burden of providing protection with
~ 'private insurers who have  the most»expertise,in managing
risk. S o , R

& Permits each private‘insurer to select its level of parti-
cipation, if any, in the geothermal reinsurance program.

' 3 Encourages'open competition and innovation between insurers.
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- @ Provides cost support by removing risk loading and adminis~-
trative costs from the federal reinsurance premium calcula-
tion, thereby reducing costs to the insurer and potentially
to the insured'andpproviding‘an incentive for early parti-
cipation. ' | |

e Minimizes the federal government'role and provides for an
; orderly phase-out as adequate performance data on geothermal
: «rlsks are obtazned. '

® Encourages tailoring'ofTProtection to meet the specific needs
of the insured. |

‘® Has  a: positlve 1mpact on the prlvate sector s development
» _of geothermal,lnsurance programs,

e Motivates the'geothermal industry to utilize the best tech-
nology and management skills to reduce ultlmate costs.

It 1s 1mportant to recognlze that, as is the case with any alter-
native 1nvolv1ng the federal government as an insurer or reinsurer,

there is the potential for adverse selection within the recommended

relnsurance program.‘ The primary insurer may tend to purchase the
excess relnsurance from the government for those insureds that the
1nsurer;be11eves are more likely to have a poor loss experlence.
Further,'insurers may tend to retain more exposure on the preferred
insureds because they present the greater profit potential. The

: results of this adverse selection could be that a federal rein-

surance program collects.premlums computed to: be adequate for

- average exposures, but insures only risks that have‘WorSe‘than
aaverage»lossﬂp0tential.‘, ' '

The technique most often used to deal with adverse selection is a
flexlble ratlng program w1th premiums adjusted to reflect the loss
propens;ty of the individual insured. If such an approach can be
developed in a geothermal reServoir'insurance program, the effect of
adverse selection will be minimized.
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Cost to Government

‘ﬁgThe’costkto government for any reinsurance program will dependv

‘ on numerous factors that are difficult to determine prior to the
exact specification of a.detailed program. For example, the ulti-
mate cost to government depends on such factors as (1) the number
of  insured geothermal projects, (2) the scope of the government's
coverage, (3) the amouhttcf reinsurance ceded to the government by
insurers, (4) the actual loss experience of the developers and

’users, and (5) the duration of the program. Absent this typevof‘
detailedvinformation for the recommended program, the estimated cost
to,government neceSSarily relies on many assumptions, some of which
have significant impacts on the final estimate. Therefore, the
‘estimates presented in this subsection should only be considered as
approxlmatlons. '

As;discuSSed in Section VI, there are several dimensions of cost
for any government reinsurance program. It is important to consider
(a)' the probable maximum government loss cost, (b) the expected
loss from claims, (c) the expected premium income to balance these
‘lesses,'and_(d) the overall administrative costs of the program.
However, before describing the assumptions made to estimate these
‘costs for the recommended program, it is instructive to first
consider Exhibit VII-1 which helps to define these costs.

Exhibit VII-1 depicts'a hypothetical example of a loss distribution
for a particular geothermal prOJect over. some spec1f1ed period of
time. It is an aggregate dlstrlbutlon in the sense that the. poten-
tial losses from all insurable risks are considered. The total
expected loss for all risks for this hypothetical project is
repreéehted*by pOint"A‘on the horizontal axis. This is that point
which is the best single approximation,*in a Statistical'sense,'of
the 1osses this pro;ect can expect under normal circumstances with
>good management and an actlve safety englneerlng program.

‘The probable maximum,loss is represented by point Cg‘ This is an

extreme loss, which is an estimate of the most this project would

‘be expected to lose in the event of a major event affecting the
’\_jprOject. Conceivably, losses could.exceed this point, but the
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probability of this happening is so remote that it is appropriate
to assume that C represents a maximum loss.

Point B on the horizontal axis represents a proposed attachment
poiht for government reinsurance. This is the amount of potential
loss above which the government will make available reinsurance in
the example.

For the_hypothetical example discussed above, the probable maximum
government loss cost, if it provides the maximum amount of rein-
surance for this project, is the difference between point C and
point B (C minus B). The goverhment'will not have to pay any claims
until losses exceed B, and therefore will never have to pay more
than [C minus B] in claimsr The government's claims payout would
‘in all likelihood range from 0 to [C minus B], with different
probabilities for each amount in between. This then defines the
loss distribution that. the government, or any reinsurer for this
pProject, providing excess coverage, would face.  If the details of
this distribution were known the expected value could be calculated,
which would represent the best single approximation of how much
the government could expect to pay out in claims. If the program
is designed with the private insurance sector such that the
government's attachment point is moved closer to point C, then the
‘anticipated level of cost to the government would decrease.

Assumptions and approximations

Tofestimatesthe cost to government for the recommended program
_ se?eral significant assumptions and approximations were made. The
most important assumption is that the éovernment excess reinsurance
program Wlll ‘cover all insurable risks presented in Section V and
w1ll provide reinsurance on a per- pro;ect basis. In this sense,
it is necessary to consider the loss distrlbution for each‘project
'(or ‘a “typical project) to estimate potential claims. However, if
the’ structure of the primary insurance developed by the private
'1nsurance sector takes the form of an association or pool of_
insurers who develop a joint program and thereby seek reinsurance
\_Jfor~aggregated risks across all projects, then the loss distribution
- could be significantly different, implying much different costs.
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Once,given the major assumptibn_that the program structure will be
such tpat the‘government'will provide the maximum level of excess
; reinsurance under the program for all insurable risks on a per
prdject 'basis, then ‘the following approximations and assumptions
were made‘to estimate specific cost parameters:

. From the analysis of reservoir risks (Section V) an average
per project expected loss and variance for each coverage
jcategerlwas'determined for the six independent electric
geherationvproject,typesfconsidered.

¢ The probable makimum loss per project for each coverage
~ category was defined to~be,thé~average per prbject expected
loss plus three standard deviations. This implies that
there is much less than a .01 chance of such a loss ever

. occurring. ' |

e The total probablé maximum loss per project for all risks was
- derived as the sum of the probable maximum losses for each
 coverage category. ‘

'@ The program was assumed to be established January 1, 1982 and
| entirely phased out December 31, 1991 with the phase-out
period beginning January 1, 1990.

o Therattachment poiht for government reinsurance was assumed

~ to eqdal the average expected'loss per project plus five
percent of the prpbable‘maximumiloss per project during the
,fitst_year of the program. The attachment point'inCreases by
the same five:percent»margin‘of the pfobable maximum loss in
each successive yéa: through 1989.* ' '

© *An alternative method of expressing the attachment point may
' be necessary if reinsurance is obtained on a treaty basis
_ (terms negotiated for ‘all policies to be reinsured in advance
of those policies being issued) rather than obtained for each
individual policy when written. While the attachment point
can be determined for each individual policy on the basis of
‘variance, the use of a reinsurance treaty requires that the
amount of coverage (and, therefore, the - attachment point) be
known prior to issuing a single policy. Therefore, the attach-
‘ment point is expressed as a ratio to the expected losses for all
policies to be reinsured through the treaty. Because expected
\.leoss is generally assumed to be a percentage of premium, the
attachment point for this type of treaty reinsurance would also
be expressed as a percentage of the total premium reinsured under
the treaty. . : R R o
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e Premiunms charged by the government are equal to expected

government losses w1th no prov151ons for 1loading adminis-
trative expenses and risk charges.

e The number of geothermal electric generation projects
in existence in 1990 is estimated to approximate 100, which

' would generate approximately 5,000 megawatts of electrical
capacity. This estimate includes the 16 projects (812
megaWatts) that - are"currently operating and' an annual
addltlon of between 5. and l3 plants coming on line from
1982—1990. '

° Flfty percent of all geothermal electric generation projects
‘were assumed to buy insurance leading to government rein-
fsurance. '

The estimated cost to government in 1981 dollars is based on the
asstptions~stated‘above."In reviewing the cost to government, it
is important’to recognize'that the amount'paid out for claims
(losses) would be offset by funds receivedkfrom premiums.  The
expected-amount,of_loSses’paid,by the government would aggregate
approximately $400 nillion with annual expected losses ranging from
~$20 million to $55 million.** As stated,'premiums~charged,by
the government are then assumed to equal the expected government
losses. The government's total probable maximum loss, which by
definition'is‘significantly unlikely to be attained, would aggregate

~‘approximately §1 bllllon durlng the period of the program. Because
frelnsurance premlum 1ncome of $400 milllon would offset the total
maxlmum loss, the net probable max1mum loss: exposure to the govern-
ment would be $600 million. Admlnlstratlve costs are estimated at
‘ften percent of premlum lncome during the perlod of the program.

‘*Based on estlmates prov1ded in Geothermal Progress Monltor.

- Progress Report, September 1980, DOE/RA-0051/4, P.l- -7. The
assumed number of geothermal electric generatlon projects
approximates the mid-point between the operating and planned.
plants and the Interagency Geothermal Coordlnatlng Council goal
for cumulatlve geothermal electric power on line in 1990.

**The . expected losses increase annually by an average of $5
-million from approximately $20 million in 1982 to $55 million
in 1989 and then decrease to zero by 1992 as the program is
phased out.
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The aggregate expected amount of losses of approxlmately $400
mllllon (exclusive of premlum 1ncome) paid by the government during
the duration of the program represents approximately $100 million to

‘cover direct loss (repair and/or replacement) and approx1mately $300

million to cover indirect loss (lost potential revenue). The $100
million expected government loss to cover direct loss is less than
one’ percent of the estimated initial capital investment for all
geothermal electric generation projects assumed to be in existence
in 1990, and less than two percent;of the initial-capital‘investment
foruthQSe projects assumed to participate in the geothermal reser-
voir insurance.program,f: Because the program would cover direct -
loss for total capital’investment and not just the initial capital
investment, the $100 million expected government loss for direct
loss actually represents much less than two percent of the total
capltal investment for projects in the program.

" An additlonal cost that should be given consideration could possibly

result from the structured program phase-out process. The govern-

’ment may ‘have. . to accept a net loss when it phases out its rein-

surance program. Ideally, the government would want to be reinsured
through’thevprivate;sector,at a cost equal to the unearned premiums

and future renewal premiums on policies reinsured by the government.
-However.,a net loss could ocCur'if private sector reinsurers per-

ceive the government relnsurance premium- as 1nadequate for the
potentlalvexposures and outstanding liabilities to be assumed. This

. may be due‘to adverse selection or it may occur due to unforeseen

poor"losstexPerience in the government_program orjinadequacyvof~the
loss provision in the premlum. Under any of these conditions, the

d governnent reinsurance portfollo mlght not be attractive to prlvate
'_sector reinsurers at the prior premium level, hence the relnsurers
'would ‘likely request extra funds from the government as a cond1tlon-
"of accepting the portfollo. The probablllty and amount of such a

loss cannot ‘be estimated because it requires 1nformat10n as to
utlllzatlon ‘and both hlstorical and prospectlve loss estlmates,

whlch will be avallable only after the program is underway.i

**Phe total initial capital investment for all projects in exist-
ence in 1990  is estimated to be approximately $12.8 billion.

- This is based on the number of geothermal electric generation

. projects assumed to exist in 1990 and an assumed average initial
~capital investment of $60-65 million for well field and surface
facility development and $66 million for plant and transmission
lines. : 345 . :




Interaction with Other Government Programs

ﬂiJThere'are'a variety OE»government‘programs that,provide incentives

for geothermal deVelopment. It is assumed that the recommended

vlprogram would work in concert with and complement such programs as

"~ the Geothermal Loan Guaranty Program and tax 1ncent1ves discussed
}_1n Section VI,

The'Geothermal Loan Guaranty Program (GLGP) is the most similar of
these government prOgrams'to a' reservoir insurance program in that
GLGP also serves to mltlgate rlsks in certaln SLtuatlons. The loan
guaranty -and reserv01r 1nsurance programs ‘are dlfferent strategles
that serve to. encourage geothermal resource development.f '

Though a close relatlonshlp between the two programs ex1sts, the
Geothermal Loan Guaranty Program is not an . equlvalent subst:.tute
for the recommended 1nsurance program and vice versa. The primary
vfeature of the GLGP is its ablllty to reduce the risk of financial
~loss of project fallure. Slmllarly, the recommended insurance
-program ‘would reduce the flnanclal uncertalnty to the insured due to
: progect fallure, but also insures agalnst potentlal f1nanc1al losses
that are slgnlflcant enough to impede development but do not cause
vpro:ect failure. The exlstence of the GLGP would llkely decrease
‘the demand for insurance for a limlted number of potential insureds.
in_most instances, however; the recommended~programlisrassumed.to
complement the GLGP. L ‘ |

‘The following example~illuStrates a situation’Where reservoir
lnsurance prov1des the essential coverage of. risk and, therefore;
prov1des a crltlcally' needed impetus to encourage geothermal de-
nvelopment. In thls example, a major landsllde occurs severely_‘
‘damaglng and forc1ng the abandonment of three: productlon wells._
"Thls constltutes a d1rect loss of §5.4 million and an indeter-
_ mlnate indlrect loss that mlght have a 51gn1f1cant flnanc1al impact
“on the project but does not force. elther a  temporary or.permanent
default ‘on . the developer s loan. (The developer is able, and

| contlnues, to make all pr1nc1pal and - interest .payments). While
the GLGP,would,prov1de no relleftln this situation, the reservoir
insurance program would provide coverage for the loss of the
‘hjphysical property and possibly coverage for loss of revenue to both
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‘the developer and user due to the lower production during the period

\aJOf redrilling and returning to capac1ty flow. In this case the loan
guaranty would not assume this risk while reservoir 1nsurance would
prov16e the needed 'coverage.k

- Discussion Ovaecommendevarogram Elements

Certaln general program elements whlch are appropriate for the
recommended program are identified in thlS subsectlon. These
_elements would be/necessary for structuring the program. '

.,LegislatiVetauthority
Program management -
Project qhalifications
Nature of losses quallfylng for coverage
Scope of coverage1
jEvaluatlon parameters
Premium structure
‘Method of paying claims

e o o 0 0 06 0 0

Development of the final'program'elements would be carried out in

_cooperation»withpthe private insurance industry and would reflect

‘thefextént of'thempriVate sector's primary ineurance programs. This

may result in some modification of the progrann presented herein

though an attempt has been made to keep these guidelines suff1c1-
ently flexible to support the private sector s efforts.

LegiSlatiVe authority

'Adeguate'eothority should exist for the recommended program. - The
 Energy Security Act of 1980, Title VI, Subtitle B, Section 622,
'Peregraph (k),~specifioally authorizes the Secretary of Energy to -

| enter into reinsurance agreements withmthe privatebinsuranoejSector'
forgany‘riek’associated with insurance’for,the aeveiopment and
‘utilization of a geothermal resource or associated reservoir. This
vsectiOn euthorizes'the:eStablishmeht of a reservoir insurancev
’-program if thetSecretary of Ehergy concurs with the findings and
recommendation of this study and if Congress by law, after reviewing
'\_the'SeCretary'e recommendation, epecifically authorizes the estab-
| liShment of the program. Theesecretary shall have six months from
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“the date of enactment of such legislation to establish and implement

\,jafgeothermal reservoir‘insurance program. “ This period of time will
be used'to develop the specific program details in cooperation with
the private insurance sector. It is important that the’authority
-establishing and- lmplementlng this recommended program be exercised
in such a manner as to encourage the efforts of the private in-
‘surance sector to fulfill the primary role 1n-protecting against the
geothermal resource. |

n Program management

The program recommended hereln lends 1tself to belng managed without
v51gn1f1cant resources. provided by the federal government. A rein-
surance program usually requlres 51gn1ficantly fewer resources than
would a primary insurance program. “The: current geothermal d1v151on
of ‘the Department of Energy mlght have sufficient resources to
admlnlster the recommended program within the structure proposed.
This includes the supp051tlon that the day~to-day administration of
the government reinsurance program would be contracted to a third
party who has demonstrated relnsurance expertlse. Individuals w1th’
the necessary background and experlence to administer a reinsurance
program within the federal government are: likely to be difficult to
recrult and retain. Contractlng the program admlnlstratlon to a
‘ thlrd party ellmlnates the need  for the government to staff the
program. The added benefits of u51ng a thlrd party administrator
"1s the ablllty to utlllze thls expertlse durlng development of the
}program spec1f1catlons and should allow for more rapxd program
start—up.‘ : : '

’Proﬁect qualifications,'

'For the 1nsurance 1ndustry,’ellglb111ty to receive relnsurance
protectlon as a partlclpant in thls program would be based on they

' lnsurance 1ndustry providing: prlmary reservoir insurance to. geo-
thermal energy developers or users for a project in whlch the
‘insured has at least a $1 million (1981 base) investment. This
investment specifically excludes the exploration and testing phases
\Lof a ‘geothermal project. However, the minimum investment level
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should remain someWhat'flexible so as'not to exclude sizeable
\,}direct-use commercial projects having a demonstrated need for
1nsurance.. ‘

.Nature~of'losses qualifying for coverage

Thepnature’of losses qualifying for coverage under this reinsurance
‘program Shoulduinclude both direct and indirect losses incurred by
'the,insured.party‘from specific risk events resulting from or
affecting the geothermal resource or reservoir, ' Both total and
1partial'losses should be included in the program._’Included in the
o kinds of losses that should be Wlthln the structure of ‘the program,
| though not necessarily in the same primary policy, are the loss of
capital and the loss of present or future revenues, subject to- the:
agreed,primary pOllCY\llmltS. The cost differential-of alternative
energy resources to users of geothermal energy and the cost of
. conversion to that alternative may also be appropriate 1n some
cases. . The reinsurance afforded under this program w1ll need to be
specifically' negotiated‘ by the program. administrator in light of
the provisions of‘the primary policy. It is also possible that the
program administrator will deal with prov1s1ons in the primary
policies which may have s1gn1f1cantly different coverage 1mplica—
btions. It appears unlikely that a standard policy,formbwould be-
‘developed and used by those primary'insurers writing this coverage;
_though a standard approach could evolve over the life of this

re 1nsurance prog ram.

ScOpe offc0verage,

'The scope ‘of coverage available through private insurers and this'
program should be sufficient to allow geothermal energy developers
~and  users to protect their full amount of the financial 1nterest in
'vthe prOJect.v The coverage available would. be subject to any self-
‘ insured retention prov1sxons des1red by the insured. party or
: deductible prov151ons required by the primary insurer.  Both of
these mechanisms serve to eliminate smaller claims from the'Scopev
of coverage, allow1ng the insured to assume claims below the spe-~
\,kified level in return for lower premiums for the coverage on losses
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\ithere there is,short?term financial'herdship to the insured. These
: mechanisms also cause’ the insured party'to share in the risk of"
financial loss and provide an incentive to the insured to properly
manage.the projectkbased on sound managerial and technical prin-

ciples.

In the recommendation no 1i¢it has been assumed in the coverage that
'can be provided to the insured under‘this program, eXcept for -the
limit of the insured's. 1nsurable interest and/or the coverage ‘limits
provzded by the prlmary insurer. Section 622(e) limits coverage to
the lésser of 90 percent of, or $50,000, 000 ‘of, the loss of invest-
'ment subject to the risk. Because this is a reinsurance program,
‘the percent limit may not be applicable and the dollar limit may
not be approprlate for the level of relnsurance recommended.' These
'llmlts appear to be art1f1c1al barriers which may restrlct rather
vthan encourage participation in geothermal reservoir insurance.

~ Evaluation parameters

;EvaluetiOnvof séecificvprojectsAfor the acceptability of the project

' for ooverage under this-recommended program will dependfheavily on

the data obtained by the primary insurers. _it will also be con-

' sistent with generally accepted industry underwriting practices.

~All data used by the primary insurer and other reinsurers to eval-

uate the rlsks of a part:.cular project should be made - avallable to

‘the program admlnlstrator such that an informed decision can be made

on the partlcular level of relnsurance provided by the federal

_ fgovernment.- Among the project lnformatlon that should be obtalned B
~are: '

o? Projeot financial projections and estimated timéiSpans.
eoe,Copies'of pertinent cohtracts;'"

,5"Techn1cal reports evaluatlng the reserv01r, wells and other
"fa01llt1es 1nc1udlng test results of the field. '
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sajPremium structure

”_The premzum recelved by the federal government for th1s relnsurance

’:w1ll be proportlonal to the level of part1c1pat10n by ‘the federal
‘government. This. means the premiums will reflect the potentlal

'exposure of the federal government, “including probabllltles of loss,

as compared to the total amount at risk and the probabilities of

'*“expected losses. The specific amounts of premlums cannot be deter-

’ mlned untll the exact speclficatlons of the relnsurance program are

'_developed. However,_u51ng the most rellable data available, the

"federal government ~and their third party admznlstrator should use

sound actuarial princ1ples and methods to determlne the premlum to

,be charged for this relnsurance.

Because it 1s deSLrable for the federal government to- prov1de an
1ncent1ve for the prlvate 1nsurance sector, the method selected is a-
form of cost support arrzved at by remov1ng admlnlstratlve and risk
loadlng from the premlum calculatlon..'Thls should encourage the

fprlvate lnsurance sector to ‘participate 1n providing bas1c coverage.

;Method’of paying claims

- As w1th other forms of 1nsurance/re1nsurance, the recommendation

mpresumes that the existence of th1s federal excess relnsurance

program w111 be transparent to the pollcyholder. All claims under

“the policy 1ssued by the primary insurer w1ll be handled by that

fprxmary lnsurer in line with the terms:and condltlons of the policy.

pThe primary 1nsurer should 1dent1fy, on a regular bas1s, all new

“dclaims recelved, “for reported and incurred reserves, but not

reported losses and claims closed whlch are subject to the: govern-t
ment's res1nurance partlclpation, dur1ng the reportlng period. This
statement should also 1nclude the amount due from the relnsurer.
The relnsurer, in thls ‘case the federal government or. program

fadmlnlstrator,_should regularly rev1ew open clalm flles which are

subject to reinsurance. -
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EXHIBIT VIII-1
Page 1 of 4

‘PUBLIC LAW 96 294 (s. 932], June 30, 1980
ENERGY SECURITY ACT
' TITLE VI - GEOTHERMAL ENERGY ﬁ

SUBTITLE B

" RESERVOIR‘ INSURANCE PROGRAM STUDY

. Sec. 621. The Secretary shall conduct a detalled study of
“the need for and feasibility of establishing a reservoir
~‘insurance and reinsurance program incorporatlng the terms,
~conditions, and provisions set forth 'in Section 622, and
-shall submit to the Congress within one year after the date
~of the enactment of this Act a report on the results of such

‘:5study including hlS flnd1ngs and - recommendatlons with

Qrespect thereto.

ESTABLISHMENT OF PROGRAM

_ Sec. 622, (a) If the report of the Secretary submitted
pursuant to Section 621 afflrmatively -recommends the es-

'ptabllshment of the program and the Congress by law (after

review of such recommendation) specifically authorizes the
‘establishment of the program, ‘the Secretary shall establish
and implement within six months after the date of the
- enactment of such authorization a program, in cooperation
- with the insurance and reinsurance industry, to prov1de
- reservoir insurance to- quallfled e11g1ble appllcants in
'accordance Wlth thls section. = ,

(b) For the purpose of this sectlon--.

(1) ‘the term "investment® means the expendlture of,
. _and any irrevocable legal obligation to expend, funds
~ (together with the reasonable interest costs thereof)
for the: purchase or construction of- machlnery, equ1p—‘
“ment, and facilities manufactured, or for services
.contracted to be furnished, for the development and
utilization of a geothermal resource in the United
 States to provide energy in the. form of heat for
"direct use or for generation’of electricity.

‘(2) the term geothermal resource" means a resource in
~ the United States . including (A) all products of
. geothermal processes embracing indigenous steam, hot
- water, and -hot brines; (B) steam and other gases, hot

‘water and hot brines resultlng from water, gas or
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' other fluids - artlflclally 1ntroduced into geothermal
formatlons, (C) heat or other assoc1ated -energy found
in geothermal formations; and (D) any byproducts
derived from them, where "byproduct" means any mineral
or minerals (exclusive of oil, hydrocarbon gas, and
helium) which are found in solution or in association
‘with other geothermal resources and which have a value

~ of less than 75 per centum of the value of the geo-
~thermal steam or are not, because of quantity,
quality, or technical difficulties in- extraction and
production, of sufficient value to warrant extraction
and productlon by themselves; ‘

(3) the term *rigk" means the hazard that a reservoir
- of geothermal resources will cease to- provide suffi-
‘cient gquantities of geothermal resources at minimum
conditions required to maintain an economically or
‘technically viable operatlon for utlllzation of the
- geothermal resource; .

(4) the term "reasonable premlums“ means premium
amounts determined by the Secretary to be reasonable
in light of the amount of investment subject to the
risk and premiums charged in similar or analogous
situations by private insurers where private insurance
is concerned and by insurers or guarantors, both pub-
1lic and private, where public 1nsurance is concerned.

(5) the term "other insurance"’ means any combinatlon
of private or public insurance other than investment
insurance provided by the Secretary under thls
-sectiony

(6) the term "reserv01r" means the phys1ca1 subsurface
geologic structure which forms the natural repos1tory
,for the undlsturbed geothermal resource; . and :

(7) the term person“ means any publlc or: private'~'
agency, - institution, association, partnership, corpo-
ration, political subdivision, or other legal entity

“ which is a United States citizen as determined by
appllcatlon of the test for United States citizenship

~contained ‘in -gection 2(a)-(c) ~of the Shipping Act, -
1916 (46 U.S.C. 802), or in the first sentence of

section 27A of the Merchant Marine Act, 1920f(46;1
U S. C. 883-l(a) (e)). e , e .

(c) Any person with a total direct 1nvestment of not less

. than $1,000,000 in the development: and use, not including
- exploration and testing, of a geothermal ‘resource asso-
ciated with . a reservoir, and unable to obtain other
insurance at reasonable premiums for the amount of the
investment subject to risk, as determined by the Secretary
under this sectlon, shall be . ellglble for investment
1nsurance. '
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(d) Any ellglble person seeklng 1nvestment insurance under
this section shall file an application with the Secretary
setting forth (1) the total amount of the contemplated
investment in a geothermal resource and associated reser-
~voir; (2) the views of the applicant concerning the nature

= and extent of the risk, including a geologic, engineering,

-and financial assessment based on site specific results of
exploratlon and testing of the geothermal resource and the
reservoir, stated with as much specificity as is possible;
(3) the status of all required Federal, State, and local

"~»approvals, permits, and leases for the proposed develop-

ment and utilization operations at the site; (4) the
extent to which the applicant has been able to obtain
other insurance against the risk; and (5) such other
information as the Secretary may require.

(e) Unless the Secretary determines the risk proposed by
the applicant is unreasonable, the Secretary, within
- ninety days after receipt of a satisfactory application,
shall determine in writing and submit to the applicant
(1) the risk which may cause loss of -investment for the
-applicant (2) the total investment subject to the risk;
~ (3) the amount of the other insurance which is available
. at reasonable premiums for the purpose of indemnifying the
‘applicant against the risk; (4) the amount of investment
insurance available pursuant to this section, which shall
be the difference between the total investment subject to
~the risk and the total other insurance determined to be
~available at reasonable premiums, but not in excess of the
,lesser of 90 per centum of, or $50,000,000 of, the loss of
investment subject to the risk; and (5) any reasonable
‘terms ‘and conditions necessary for the prudent administra-

i tion of the program, including reasonable premiums for the

insurance pursuant to this section (which shall be depo-
‘51ted 1n the" Geothermal Resources Development Fund).

(f) The Secretary, within. ninety days after making and .
. submitting the determinations under subsection (e), and-
- upon " agreement of the appllcant “to such determinations,

shall issue a certificate of insurance containing such:
terms and conditions as the Secretary shall specify, which

shall not be transferrable without the express approval of

the Secretary for good cause shown, and shall execute a

contract with the applicant settlng forth the terms and

,condltlons of the investment insurance and such other
provisions as may be necessary to protect the interests of

“the United States, including provisions. with respect to

the ownership, use, and_disposition of any currency,

credits, assets, or investments on account of which
payment under such insurance is to be made and any

right, title, claim, or course of actlon existing in

relation thereto..
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(g) Any holder of a certificate of insurance pursuant to

- subsection (f) who claims a loss of value of his. invest-

ment by reason of the specified risk shall receive compen-
sation, to the extent the Secretary determines that the
holder is eligible to receive compensation pursuant to the

-certificate and the contract, in the amount of the loss

incurred by the holder which is subject to insurance and

‘for which the holder has not received and will not receive
‘compensation from other insurance.

(h) Any compensation received by the holder shall be
withdrawn from the Geothermal Resources Development Fund.

" The full faith and credit of the United States is hereby

pledged to the payment of any compensation under this
section. v o '

(i) AyperSon shall not be denied insurance pursuant to
this section solely because such person is the recipient

~of other Federal assistance under this or any other

Act. o ’

(j) There may be appropriated to the Geothermal Resources
Development Fund (established pursuant to Section 204 of
the Geothermal Energy Research, Development and Demonstra-
tion Act of 1974 (30 U.S.C. 1144)), for purposes of this

section, such amounts -as are authorized for such purposes
- in the law referred to in subsection (a) or in other
legislation hereafter enacted. : '

'(k) The Secretary may enter into agreements to reinsure
“any private insurer for any risk associated with insurance

for the development and utilization of a geothermal re-
source and associated reservoir, using the procedures set
forth in subsections (c) through (i), to the extent that
he deems it appropriate in order to provide an incentive
for the participation of the private insurance industry in

geothermal development; and he may also use any other
“available authority to obtain such participation. - The
Secretary shall submit a report to the Congress, within

one year after the enactment of the law referred to in
subsection (a), on the need for any additional authority
to obtain such participation. - e SRR
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u WELL RISKS

DRILLING AND COMPLETION. PROBLEMS

- TYPE A -'STAGE 1
EVENT 1

Description:

Cost Consequence
Developer:

User:

Input Data-

Cost Per We

52

ll°

EXHIBIT VIII-2
Page 1 of 9

Drilling and/or completion problems in Stage 1

Cause loss of one or more. producer wells
requiring an equivalent number of holes to

‘be drilled._ (Injector wells are not considered

for Type A only, because no drilling of injec-

should be avail

:Ca§ital,cbst of

- None,

$1.8 (mllllons

. tor wells needed - unsuccessful producers

able to act as injector wells.)

replacement producer wells.

- $1981)

Loss Dlstrlbutlon

Probabilities
p(X=0) = .12
p(X=2) = .29
p(X=3) = .19 ~
p(X=4) = ,09
p(X=5) = .03
p(X=6) = .01

‘ :Expeéted Loss: :

X = number of producer wells

- requiring replacement
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EXHIBIT VIII-2
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DRILLING AND COMPLETION PROBLEMS

TYPE B - STAGE 1
EVENT 1

- pescription:

- Cost Consequences:

Developer:

User:

Inpht Data:

Cost Per Well:

Probabilities

p(X=0) = .12
p(X=1) = .27
p(X=2) = .29
P(X=3) = .19
- p(X=4) = .09
p(X=5) = .03
p(X=6) = .01
Expected Loss:

Drilling and/or completion problems in Stage 1

cause loss of one or more producer wells

requring an equivalent number of holes to be
drilled. '

Capital cost of replacement producer wells.

None.

$1.5 (millions - $1981)

Loss Distribution

- Well
Replacement Cost
(millions=-$1981)

X = numbé:xof producer wells
' requiring replacement
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DRILLING AND COMPLETION PROBLEMS

TYPE B - STAGE 1
.EVENT 2

 Dpescription:

~ Cost Consequences:

Developer:

User:.'

Input Data:s.

Cost Per Well:

Probabilities
p(X=0) = .35
p{X=1) = .39
p(X=2) = .19
p(X=3) = .06
p(x=4) = .01
.Expected Loss:

Drilling and/or completion problems in Stage 1
cause loss of one or more injector wells

requring an equivalent number of holes to be

drilled. .

~ Capital cost of replacemént injector wells.

‘None.

$1.4 (mllllons - $1981)

Loss Distrlbutlon

. Well
Replacement Cost
(millions-$1981)

$0.0

G N
VN 00 i

X = number of injector wells ,
-requiring replacement
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‘Ii WELL RISKS
DRILLING AND COMPLETION PROBLEMS
TYPE C - STAGE 1 ,
EVENT 1

'Deséription: v Drilling‘and/or completion problems in Stage 1
‘ cause loss of one or more‘producer'wells
~requring an equivalent number of holes to be

drllled.
' Cost Consequences:
‘ Developer. Capital_cost of replacement producer wells.
User- ' - 'None.

Input Data:
' Cost Per Well: $0.07 (millions - $1981)

Loss Distribution

R , ERIR : Well
Probabilities - Replacement Cost
' : S (millions-$1981)
p(X=0) = .66 $0.00
p(X=1) = .29 , 0.07
p(X=2) = .05 - ‘ 0.14
Expected Loss:  ' : 0,03

X = number of produeer wells
requiring replacement
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-DRILLING AND COMPLETION PROBLEMS

TYPE C - STAGE 1
EVENT 2

Description:

Cost Consequences:
Developer:

User:

;Input Data:

Cost Per Well:

Probabilitieé

p(X=0) = .66
p(X=1l) = .29
p(X=2) =

'Expected'Loss:

X = number of

requiring

.05

Drilling and/or completion problems in Stage 1

" cause loss of one or more injector wells

requring an equivalent number of holes to be
drilled.

,Capital cost of replacement injector wells.

None.

'$0.06 (millions - $1981)

Loss Distribution
Well
Replacement Cost
(mllllons—§1981)

$0.00
0.06
0.12
0.02

injector wells
replacement

365




i.'WELL RISKS

EXHIBIT VIII-2
Page 6 ot 9

DRILLING AND COMPLETION PROBLEMS

TYPE D - STAGE 1
EVENT 1

Description:

Drilling and/or cdmpletion preblems in Stage 1
causevloss,of'dne‘or more producer wells

;requiringvan'eqdivalent number of holes to

Cost Conéequences:;,
Developer: ’

User:

r;‘Input Data:

}qut‘Per Well:

Probabilities
p(X=0) = .31
p(Xx=1) = .39
p(X=2) = .21

- p(X=3) = .07

C p(X=4) = .02

' Expected Loss:

X = number-df
. requiring

be drilled.

Capital’cost of replacement producer wells.

‘None.

'$1.8 (millions - $1981)

LesS‘Distfibution_‘

Well
Replacement Cost
(millions-$1981)

N N WO
® o e ° .
O MR O

prbducer‘welle

replacement
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DRILLING AND COMPLETION PROBLEMS

TYPE D -~ STAGE 1.
EVENT 2 :

. Description:.

‘Cost Conseqﬁences:'
. Developer:

User:

“Input Data:

. Cost Per Well:

Probabilities
p(X=0) = .53
p(X=1l) = .36
p(x=2) = .09
p(x=3) = .02

Expected LOSS’

X = number of
requiring

Drilling,and/or completion problems in Stage 1
cause loss of one or mbre injector wells
requiring an equivalent number of holes to
be drilled. | |

_ Capital,ceSt of replacement injector wells.

. None.,

$1.7 (millions - $1981)

Loss Distribution
Well

Replacement Cost
: (miIIions-§l981)

1n3ector wells

replacement
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DRILLING AND COMPLETION PROBLEMS

TYPE E - STAGE 1
EVENT 1

Description:

Drilling and/or completion prdbléms in Stage 1

cause loss of one or more producer wells

Cost Consequences:
Developer:

User:.

Input Data:

Cost Per Well:

~Probabilities

p(X-'-l) = ,31
p(X=2) = .30
 pP(X=3) = .17

Expected. Loss:

‘X = number of

requiring

requiring an equivalent number of holes to be
drilled.

Capital'cost of replacement producer wells.

None.

$1.9 (millions - $1981)

Loss Distribution

Well
Replacement
Cost
‘(millions-$1981)

$0.0

L3

-
.
.
[

W WU W
N LY R

producer wells

replacement
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o wELL RISKS

DRILLING AND COMPLETION PROBLEMS

TYPE E - STAGE 1
EVENT 2

Description:

Cbst Conséquences:
Developer:

. Users

Input Data:

 Cost Per Well:

Probabilities

.77
.21
.02

~ p(X=0)
p(X=1)
p(X=2)

nns

EXHIBIT VIII-2

Page 9 of 9

‘Drilling and/or completion préblems in Stage 1

cause loss of one or more injector wells

requiriﬁg an equivalent number of holes to be

drilled.

Capital cost of replacement injector‘wells.

- None,

$1.3 (millions ~- $1981)

Expected Loss:

X = number of injector wells
requiring replacement

Loss Distribution

Well
Replacement Cost

(millions-$1981)
$0.0
1.3
2.6

3.3
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WELL RISKS

- EXHIBIT VIII-3
Page 1 of 48

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

TYPE A - STAGE 3 (YEARS 1-25)

EVENT 1

‘Description:

' Cost Consequences:

Developer:

User:.

:Input,ﬁata:'

: Cost'Per Well:

Mechanical damage causes loss of one or more

 producer wells in excess of original expecta-
‘ tions,during years 1-25. Well is replaced.

Injector wells not considered because of the
insignificant risk for this type. '

: (a) Capital.cost of replacement producer wells.

(b):Revenhe'less while well is replaced.

(Aésumes that reserve wells are “occupied
~ while dealing with expected replacement).

Cost different1al of replacement power.

$1.8 (millions - $1981)

Time Delay: 5 months

V,'Revenue Loss Per Well Per Month: $.066 (mllllons - $1981)

 Excess Cost of Replacement Power Per Well Per Month-' $.066
(mllllons - $1981) , .

370




gia"‘

WELL RI
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EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE A - STAGE 3 (YEARS 1-25)

EVENT 1

 probabilities
p(X=0) = .21
 p(xX=1) = .33
p(x=2) = .25
p(X=3) = .12
- p(X=4) = .05
g p(XeS) = .03
p(X=6) = .01
Expected

Loss:.

EXHIBIT VIII-3

- Page 2 of 48

Loss Distribution

- Well

Replacement

Cost -

'Revenue Loss

Cost of
Replacement
Power

(mllllons—$l981) {(millions-$1981) (millions-S1981)

$ 0.00
1.80
3,60
5.40
"7.20
9.00:

10.80

2.88

X = number of producer wells
requiring replacement

371

$0.00
0.33
0.66
0.99
1.32

1.65
1.98 v

0.53

$0.00
0.33
0.66
0.99
1.32
1.65
1.98

0.53
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v WELL RISKS

EVENTS LEADING. TO REDUCTION IN USEFUL WELL LIFE
-~ TYPE A - STAGE 3 (YEARS 26-30).
EVENT 1

:Description:' ' Mechanical damage causes loss of one or more
' - -‘producer,wells in excess of original expecta-'
”tions~duringﬁyearsk26-30. Lost well(s) is

. abandoned. |

Cost Consequences.
Developer.o.k'CLOSS of’revehue per producer well over the
remainder of project life.
 User: - . (a) Cost differential of replacement power.

(b) Unamortized Value‘of plant from loss of
~wells, '

Input Data~'7

Developers Revenue Loss Per Well.
Range: - . 80 - 1.9 (millions - $l981)
Expected Value. $0.95 (millions - $1981)

Users Excess Cost of Replacement Power Per Well'
~Ranges - : $0 «--1.9 (millions - $1981) .
Expected Value° - $0.95 (millions = $1981)

Expected Unamortlzed Value of Plant Due to the
. Loss of One. Well.v $0. 16‘(millions‘- $1981)
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N’yELL RISKS | |
 SUENTS TEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE A - STAGE 3 (YEARS 26-30)

‘ EVENT 1
" Loss Distribution
Cost of Unamortized

: : Revenue Replacement Value of

Probabilities SR Loss Power. Plant
BT 0nilIions—$198 ) (m1111ons—$l981) (m11110ns—$l981)

p(x=0) = .03 $0.00  §0.00 $0.00
p(xX=1) = .08 Co s 0.95 - 0.95 0.16
p(x=2) = .15 S 1.90 1.0 0.32
p(X=3) = .19 : N 2.85 - 2.85 0.48
p(X=4) = .23 S . 3.80 - 3.80" 0.64
p(X=5) = 17 - : . : 4,75 - 4,75 . 0.80
p(Xx=6) = .10 - 5.70 5.70 . 0.96 -
p(X=7) = .14 o 6.65 6.65 ; 1.12
‘Expected'Loss‘_;rf "1 | ,v_3.50/ o 3.50 0.59

X = number of producer wells~
abandoned in- excess of :
expectaticns i
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EVENTS LEADiNG TO REDUCTION IN USEFUL WELL LIFE
TYPE B - - STAGE 1 '

EVENT 1

Deecriptidné

,Cost Consequences.

Developer..

- User:

Input Data:

Cost Per Well:

Probabilities -
p(X=0) = .36
- p{X=1) = .38
o plX=2) = .18
p(X=3) =..06
p(X=4) = ,02

' Expected Loss:

X = number of
: requiring

'Mechanical damage causes loss of one or more
‘producer wells (before field is in produc-

tion). Well is replaced.

'Capital cost of replacement producer wells.

None.

$1.5 (millions - $1981)
— Loss Distribution

Well
Replacement
Cost :
(millions=-$1981)

producer_Wells
replacement
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uWELL RISKS

- EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE B - STAGE 2
EVENT 1 .

Description: Mechanical damage causes loss of one or more
' L producer wells. Well is replaced.

Cost Consequences:

Developer: (a) Capital cost of»replacementvproducér wells.
(b) Revenue loss while each.p:odﬁcer well
(beyond reserve capacity) is replaced.

User: . None. -

‘Input Data:

 Delay Time: Simonths, » |
o Well Replacement Cost: $1l.5 (mllllons - $1981)

'Revenue Loss Per Well Per Month: $0 063 (mllllons - $l981)

‘Number of Reserve Wells: 2




EXHIBIT VIII-3 F
Page 7 of 48

VWELL RISKS :
- EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE B - STAGE 2

EVENT 1
___Loss Distribution
o Welr -~
R Replacement Revenue
Probabilities . Cost Loss
7 = (m11110ns-$1981) (mllIions $1981)
p(X=0) = .12 . - 80,00 $0.00
p{x=1l) = .27 ‘ : 1.50. : - 0.00
p(X=3) = ,19 = | . 4.50. 0432
p(x=4) = .09 | T 6.00 0.63
p(X=5) = .03 -~ 7.50 0.95
p(X=6) = .01 - ' - 9,00 - 1.27
p(X=7) = .00 R RS ' ‘
Expected Loss: v‘ ; 1 2,29 :‘,'  ' '0;16
X = numbef;of'producer wells .
requiring replacement . LTI TR ‘ .
>/
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\iiWELL RISKS , ’
EVENTS_LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE B ~ STAGE 2 , L
EVENT 2

Des,cri_ption:’ Mec.h-anical'damage vor' well-face plugging
' - causes loss of one or more injector wells. For
' each ‘injector well 1(beYond reserve capacity)
~ that is shut down, 2 producer wells must be
_taken off- line.' Injector well is replaced.

Cost Consequences:
Developer:  (a) Capital cost of replacement,injector wells.
(b) Revende loss while each injecto: well is
' replaced. '

Users None.

Input'Data:,
Delabeime. 5 months

Revenue 'Loss Per Injector Well Per Month‘_'$0.126x(millions -
- $1981) : , o

Well Replace_me’nt Cost: $1.4 (millions - $1981)
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WELL RISKS

EVENTS LEADING TO REDUCTION IN USEFUL 'WELL LIFE

' EXHIBIT VIII-3

TYPE B - STAGE 2

EVENT 2
Probabilities
p(X=0) = .50 -
p{X=1) = .25
p(X=2) = .15
p(X=3) = .05
p{X=4) = .03
p(x=5) = ,02
| Expected Loss:

Page 9 or 48

Loss Distribution

Well

" Replacement

Cost

Revenue
Loss

(m11110ns-$1981) (miiiions— $1981)

X ‘= number of injector wells
requiring replacement

$0.00
1.40
2.80
4,20
5.60
7.00

1.29
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$0.00
0.00
0.63
1.26
1.89
2.52

0.26
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NW/WELL RISKS
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

TYPE B - STAGE 3 (YEARS 1—25)
EVENT 1

Description: Mechan‘i‘cal damage, scaling, corrosion or
o ' well-face plugging cause loss of one or more
producer wells - beyond original expectatlons.

Well is replaced.

_Cost Consequences:
Developer: ' (a)‘Capital cost of replacemeht'producer wells.
(b) Revenue loss while well is replaced.

(Assumes that reserve wells are occupied
while dealing with expected replacement).

User: None.

Input Data. : Rt T ' | L .
Delay Tlme.} 5 months | :
Well Replacement Cost: $1.5 (millions - $1981)

Revenue 'Loss Per Producer Well Per Month: $.0556
{millions - $1981) ’
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. EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE B - STAGE 3 (YEARS 1-25)

l EVENT 1l
Probabilities -
. p(X=0) = .25
- p(X=l) = .25
p(X=2) = ,15
p(X=3) = .10
p(X=4) = ,07
p(X=5) = .05
p(X=6) = .04
p(X=7) = .03
_ p(X=8) = .03
p(X=9) = ,02 -
p(x=10)=4.01 '
Expected Loss:

EXHIBIT VIII-3
Page 11 of 48

Loss Distributione

Replacement».

Well

Cost

(millions-$1981)

$ 0000
1.50
3.00
4.50
6.00
7.50

- 9.00

10.50

12.00

13.50

. 15.00

X = number of producer wells

requiring replacement

380

3.53

RevenuelLoss
(millions-$1981)

$0 00
0.28
0.56
0.84
1.12
1.40
1.68
1.96
2.24
2.52
2.80

© 0.66




WWELL RISKS

- EXHIBIT VIII-3
Page 12 of 48

EVENTS LEADING ' TO REDUCTION IN USEFUL WELL LIFE

TYPE B ~ STAGE E 3 (YEARS 26-30)

EVENT 1

Description:

Cost Consequences:

Developer:

sterz

Input Data:

"Mechanical damage, scaling, corrosion or

well-face plugging.cause loss of one or more
producer wells in excess of original expecta-

tions during years 26-30,5 Lost well(s) 1is
. .abandoned. ' ’

Loss of revenue per producer well over the_'
remainder of project llfe.

_Unamortized value of plant from loss of wells.

| Developer!' s Revenue Loss Per Well:

Range:

$0.0 - $2.0 (millions -~ $1981)

Expected:Value; $1.0 (milllons - $1981)

Expected Unamortized Value of Plant Due to. Loss of One Well'
'$0.15 (millions - $1981)
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N/WELL RISKS |
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE B - STAGE 3 (YEARS 26-30)

EVENT 1- : ;
Loss Distribution
Unamortized
; , Revenue Value of

- Probabilities = ‘ Loss . Plant

' ; | (millions-§1981) (millions-$1981)
p(X=0) = .25 . $0.00 - $0.00
p({X=1l) = .25 _ 1.00 : 0.15
p(X=2) = .15 . 2.00 0.30
p(X=3) = .10 3.00 ‘ : 0.45

_ Expected Loss: . 2.35 0.35

X = number of producer wells
'abandoned in excess of
expectations

'332




g/ WELL RISKS

EXHIBIT VIII-3
Page 14 of 48

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

TYPE B - STAGE 3 (YEARS 1-30)

" EVENT 2

Description:

Cost Consequences:

Developer:

Ueerz’

Input Data:

belay'Time:

Mechanical damage, scaling, corrosion or
well-face plugging cause the loss of one or

more injector wells requiring replacement.
»For every such 1njector well that is replaced

two - producer wells must be taken off-line
temporarily.

(a) Capital cost of replacement injector wells.

k(b) Revenue loss while each injector well is

replaced and two producer wells are taken
off-line.

None.

S- months

wéu Replacement Cost: $1.4 (millions - $1981)

Revenue Loss Per Injector’Well Per Month- $0.111
(mllllons - $1981) ~
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Loss Distribution

Revenue Loss

~-JWELL RISKS
' EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
. TYPE B - STAGE 3 (YEARS 1-30)
" EVENT 2 |
Well
. o : Replacement
Probabilities Cost
p(X=0) = .50 $ 0.00
p(X=1l) = .25 R - 1.40
p(X=2) = .06 R ' 2.80
p(X=3) = .05 S 4.20
p(X=4) = .04 _ 3.60
p(X=6) = .02 ’ 8.40
- p(X=7) = ,02 , 9.80
p(X=8) = .01 11.20
p(X=%8) = .01 ©.12.60
P(X=10)= .01 , 14.00
Expected Loss: R 1.90

X = number of injector wells
.requlxing replacement

384

(millions-$1981) (millions-$1981)

$0.00
0.56
1.12
l. 68
2.24
2.80
3.36
3.92
4.48
5.04
5.60

0.76
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VWELL RISKS
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D — STAGE 1
EVENT 1

DesCtiptioﬁ: : Mechanical damage, scaling or corrosion cause
- loss of one or more producer wells (before
field is in production). Well is replaced.

Cost Consequences: |
'Developer: Capital cost of replacement producer wells.

User: ' None.

Input Data: ‘
Cost Per Well: $1.8 (milllons - $1981)

Loss Dlstribut1on

: Well .
S o ; Replacement
Probabilities i ‘ __Cost ~
: ' (m1111ons-$1981)

p(X=0) = .25 . e $0 00
p(X=1l) = .25 ' : , 1.80
p({X=2) = .15 - 3.60
p(X=3) = .10 ' - 5.40
. p(X=4) = .07 = - - R : 7.20
pP(X=6) = .04 R IR 10,80
p(X=7) = .03 _ ’ « 12.60
p(X=8) = ,03 ' B oo 14,40
p(x 9) = ,02 o Lo ' - 16.20
ExpectediLoss: o R ' E 4,23

X = number of producer wells
- requiring replacement




EXHIBIT VIII-3
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v WELL RISKS

EVENTS LEADING TO REDUCTION iN USEFUL WELL LIFE
TYPE D - STAGE 2

EVENT 1 -
Description: d o Mechahical damage, scaling or corrosion cause
' ' loss of one or more producer wells., Well is
replaced.
-Cost Consequences:‘“ (
Developer:: (a) Capital cost of replacement producer wells.

(b) Revenue loss while each producer well
(beyond reserve capacity) is replaced.

User: ' None.

Input Data.'
Delay Tlme. 'S months.
Well Replacement Cost: $1.8 (millions - $1981)
: VNumber,of'Welis: _10 prcducers/i reserve

.Reveﬁue'Loss'Per Producer Well Per Month: ﬂ$0.069 (millions -
$1981) ' ' _
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~i'WELL'RISKs ‘ o
~ EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
" TYPE D - STAGE 2

EVENT 1
Loss Distribution
Well '

_ S , Replacement . Revenue

Probabilities . - Cost : Loss
' (millions-$1981) (millions-$1981)

pl{x=0) = .25 e $ 0.00 . $0.00
p(x=1) = .25 ‘ : 1.80 ' 0.00
p(x=2) = .15 3.60 - 0.35
P(X=3) = .10 . | ) 5.40 ! 0069
p(x=4) = .07 - _ - 7.20 1.05
p(x=5) = .05 o : 9.00 : 1.38
p(x=6) = .04 T 10.90 1.75
p(x=7) = .03 ' o 12.60 2.07

- p(x=8) = .03 o : 14.40 2.45
p‘(x=9) = .02 7 16020 2.76
p(x=10)= .01 ‘ : 18.00 o 3615
Expected Loss: ' 4,23 0.56

X = number of producer wells '
requiring replacement
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UWELL RISKS

EXHIBIT VIII-3
Page 19 of 48

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

TYPE D - STAGE 2
EVENT 2

‘Description:

' Cost Consequences: -

Déveloper:

User:

'~ Input Data:

Delay Time:

Mechanical damage, scaling, corrosion or
well-face plugging cause loss of one or more
injector wells. For each injector well (beyond

~reserve capacity) that is shut down two

producer wells must be taken off-line. In-
jector well is replaced. ‘

(a) Capital cost of replacement injector wells.

(b) Revenue loss while each injector well
beyond reserve capacity is replaced.

None. .

) mohths;.

Well Replacement Cost: $1.7 (millions - $1981)

- Revenue LosskPer InJector Well Per Month: $0.l38 (millions -

“$1981)
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NyeLt RISKS
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 2

EVENT 2
Loss Distribution
Well
, , Replacement , Revenue
Probabilities - Cost Loss
(millions-$1981) (millions-$1981)
p(X=0) = .25 ~ $0.00 $0.00
p(X=1) = .50 o - 1.70 - 0.00
p(X=2) = .10 v 3.40 0.69
p(X=3) = .07 _ ‘ 5.10 1.38
p(X=4) = .05 Do , 6.80 2.07
_p(x=5) = ,03 ' - 8.50 v 2.76
Expected Loss: = 2.18 0.35

X = number of injector wells
requiring replacement
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EXHIBIT VIII-3
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EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

TYPE D - STAGE 3 (YEARS 1-25)

EVENT 1

Description:

Cost Consequences:

Developer:

User:

Input Data:

Delay Time:

Mechanical damage, scaling, corrosion or
well~-face plugging cause loss of one or more
producer wells beyond original expectations.

Well is replaced.

'(a)fCapital‘cost of replacement producer wells.

(b) Revenue ioss‘while well is replaced.
Assumes that reserve wells are occupied
while dealing with expected replacement.

None.

S months.

‘ Well Replacement'Cost~ $1.8 (millions - $1981)

. Revenue Loss Per Producer Well Per Month- $0.0602
(mllllons - $198l) '
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UWELL RISKS
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 3 (YEARS 1-25)

EVENT 1
Loss'Distribution‘
Well :
. _ : : Replacement Revenue
Probabilities ' ' Cost Loss
~- ' (millions-$1981) (millions=51981)
p(X=0) = .25 o $ 0.00 $0.00
p(X=1) = .25 : ' 1.80 - 0.30
p(X=2) = .15 _ ~3.60 : . 0.60
p(X=3) = .10 - j 5.40 , 0.90
p(X=7) = ,25*% : 12.50 : 2.10
Expected Loss: _ , 4.68 0.78

X = number of producer wells
requiring replacement

*For computatlonal reasons, the tail of the dlstribution
' p(4<x<16)=.25 was. truncated and approx1mated by X=7 wells.
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UWF..‘LL RISKS
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 3 (YEARS 26~ 30)
EVENT 1

,Descr'ipti'on: v Mechanical damage, scaling‘,' corrosion or
' ' wellffaCe?blugging.Cause loss 6fbcne,or more
producer wells. in excess of original expecté-
tions during years 26~ 30.A Lost well(s) is

:abandoned. ' ’ ' - B

 Cost Consequences:
| Developer: Loss of revenue per producer well over the
R ~ remainder of project life,.
User:  Unamortized value of plant from loss of wells.
-'Input Data:

Developer's Revenue Loss Per WE11' -
Range: ' $0 - $2,1 (millions =~ $l981)
Expected Value: $1.05 (mllllons --$1981)

Expected Unamoritzed Value of Plant : o
Due to Loss of One Well, $0 16 (mllllons - $1981)
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ﬁiingL RISKS

EXHIBIT VIII-3
Page 24 of 48

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

TYPE D - STAGE 3 (YEARS 26-30)

‘EVENT 1.
Probabilities
p(X=0) = .25
p({X=1) = .25

p(X=2) = .15
p(X=3) = .10
p({X=4) = .07.

p(X=5) = .05
p(X=6) = .04
p(X=7) = .03
p(X=8) = .03

 p(X=9) = .02
p(X=10)= .01
Expected Loss:

Revenue

Loss

WNNHEHOO
ounnouvouno

NOULD WN O

.
(¥%)
wm

X = number of producer wells

abandoned in excess of
expectatzons

- 393

Loss Distribution

Unamortized
Value
of Plant

(millions-$1981) (miTIions-$1981)

$0.00
. 0.16
0.32
0.48
0.64
0.80
0.96
1.12
1.28
1.44
1.60

0.47
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N/ WELL RISKS

~ EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 3 (YEARS 1-30)
EVENT 1

Déscription: | Mechanical damage, scaling, corrosion or
’ 4 well-face plugging cause loss of one or more
injector wells requiring replacement. For
every such injector well that is replaced
two producer wells must be taken off-line

temporarily.

‘Cost‘ConSequences:
Developer: (a),Capital cost of replacement injector wells.

(b) Revenue loss while each injector well is
replaced and two producer wells are off-
~line,

User: None.

Input Data:
Delay Time: 5 months.
Well Replacement Cost° $1.7 (millions - $1981)f

'Revenue Loss Per Injector Well Per Month- $0.120 (millions -
51981) ' TR v ;
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N/ WELL RISKS
" EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE D - STAGE 3 (YEARS 1-30)

EVENT 2
Loss Distribution
Well
_ Replacement Revenue
Probabilities . , Cost Loss
(miIlions-$1981) (millions-$1981)
p(X=0) = .25 $ 0.00 $0.00
p(X=1) = .50 - 1.70 0.60
p(X=2) = .10 3.40 1.20
p(X=3) = .05 : 5.10 1.80
p(X=4) = .04 , 6.80 2.40
p(X=5) = .02 . _ 8.50 3.00
p(X=7) = .02 v 11.90 4.20
Expected Loss: 2.33 0.82

X = number of injector wells
-requiring replacement
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JWELL RISKS

EXHIBIT VIII-3
Page 27 of 438

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

TYPE F - STAGE 1
EVENT 1

DescriptiOn:

A COst'Consequence
Developer:

~ User:

. Input Data:

Well Replacement Cost:

‘Mechanical damage,

scaling or corrosion causes

‘loss of one or more producer wells (before
field is in production). Well is replaced.

83

vCapital.COStsof replacement producer wells.

.. None,

$l.1 (millionS'--$1981)

Loss Distribution

: . Co - Well
Probabilities : _ : Replacement Cost
E ’ (millions-$1981)
- p(X=0) = .13 $ 0.00
p(X=2) = .10 2.20
p(X=3) = .09 3.30
p({X=4) = .07 4.40
p(X=5) = .07 5.50
p(X=6) = .06 6.60
p(X=7) = .06 7.70
p(X=8) = .06 8.80
p(X=9) = .05 9.90
p(X=10)= .05 11.00
- p(X=1l1l)= .05 12.10
p(xX=12)= .05 113.20
p(X=13)= .05 14,30
‘Expected Loss: 5.74
X = number of producer wells

‘requi

ring replacement-
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\/WELL RISKS e
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE F — STAGE 2
EVENT 1

Descrip_tion:’ Mechanical damage, scaling, or corrosion
’ cause loss of one or more producer wells. Well
is replaced.
Cost,Cthequeneesi
| Developer: (a) Capital cost of feplacement producer wells,
(b) Revenue loss while each producer well
' beyond reserve capacity is replaced.

- User: | None. |
Input-Déta: : 7
" Delay Time: 5 months |

' Well Replacement Cost: $1.1 (millions - $1981)

Revenue Loss Per Producer Well Per Month: $0.053 (millions -
-§1981)

 Number of Reserve Producer Wells: 4
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WELL RISKS
EVENTS LEADING T

o) REDUCTION IN' USEFUL WELL. LIFE -

EXHIBIT VIII-3

TYPE F - STAGE 2
EVENT 1

Probabilities
p(X=0) = .1250
p(X=1) = ,0625
p(X=2) = .0625
p(X=3) = .0625
p(X=4) = .0625
p(X=5) = .0625
p(X=6) = .0625
p(X=7) = .0625
p(X=8) = .0625
p(X=9) = .0625
p(X=10)= .0625
p(X=13)= ,2500%
Expected Loss:

Page 29 of 48

Loss Distribution

Replacement

Well

Cost

Revenue
Loss

(mIIlions-51981) (millions-$1981)

X = number of producer wells

requiring replacement

$ 0.00
1.10

2.20 .

3.30
4.40
5’50
6.60
7.70
8.80
9.90

14.30

7.36

$0.00
0.00
0.00
0.00 -

- 0.00
0.27
0.53
0.80
1.06
1.33
1.59
2.38

0.94

*For computational reasons, the tail of the distribution -
_P(11<X<20)=.25 was truncated and approximated by X=13 wells.
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&/ eLn Risks
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE F - STAGE 2
EVENT 2

Deséription: Mechanical damage, scaling, corrosion or
| -well-face plugging'cause loss of one or more
injéctor'wells. For each injector well beyond

reservé capacity‘that is shut dowh,'two pro-

ducer wells must be taken off-line. |

Cost Consequences:
Developer: (a) Capital cost of repl&cement{injector wells.
(b) Revenue loss while each injector well
beyond reserve capacity is replaced.

. Users: None.

Inpﬁthata:
'3>Delay'Time: 5 months »
Well Replacement costs - $0.8 (millions - $1981)

Revenue Loss Per Injector Well Per Month° $0 106 (mllllons -
$1981)

 Number of Resétve Injéctor’Wells: 2
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ﬁiaWELL RISKS
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE F - STAGE 2

EVENT 2
Loss Distribhtion
. Well
' Replacement Revenue
Probabilities ' Cost : Loss
7 - (m11110ns-$1981) (mllIions- $1981)

p(X=0) = .125 $0.0 £ 50.00
p(X=1) = .125 0.8 0.00
p(X=2) = ,125 1.6 0.00
p(X=3) = .125 2.4 . 0.53
p({¥X=4) = .125 3.2 1.06
p(X=5) = .125 4.0 1.59

- p(X=6) = .125 4.8 2.12
p(X=7) = .125 5.6 2.65
Expected Loss: 2.8 0.99

X = number of injector wells
requiring replacement
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~iJWELL RISKS
- EVENTS- LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE F - STAGE 3 (YEARS 1-25)

EVENT 1

DéScription:' Mechanical damage, sc‘:alin‘g; corrosion or
': well-face plugging cause loss of one or more
'_producer wells beyond orlginal expectatlons.

Well is replaced.

' Cost Consequences:
‘Developer: (a) Capital cost of replacement producer wells.
| | 'k(b)'Ré§enuéfloSS while well is replaced.
(Assumes that reserve wells are occupied
while dealing>with'expected replacement.)

User: ~ None. -

Input Data:
' Delay Timei 5 months:
Well Replacément Cost: $1.1 ~(mi111cn‘s - $1981)

Revenue Loss Per Producer Well Per Month: $0.0503
(millions - $1981) : ,
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\iJWELL RISKS
EVENTS LEADING T TO REDUCTION IN USEFUL WELL LIFE
TYPE F - STAGE 3 (YEARS 1-25)

ge 33 of 48

EVENT 1
Loss Distribution
7 Well
v _ Replacement : Revenue
- Probabilities ’ Cost : Loss
(mllllons-$1981) (millions-$1981)

oo p(X=0) = 0625 $ 0. 00 : ' $0.00
- p{X=1l) = .0625 ' ' 1.10 o 0.25
p(X=3) = .0625 ' - 3.30 0.75
p(X=4) = ,0625 : 4.40 1.00
p(X=5) = ,0625 : 5.50 1.25
p{X=6) = .0625 ‘ 6.60 1.50
p(X=7) = .0625 : 7.70 1.75
p(X=¢%) = 0625 9.90. 2.25
p(X=10)= 0625 : 11.00 - 2.50
p{X=11)= .0625 o 12.10 2.75
p(x=l4)= +0625* 15.40 . 3.50
-Expected Loss: . 8.39 1.90

x = number of producer wells
requiring replacement

¥For computational reasons, the tail of the distribution
- P({12£X<20)=.25 was truncated and approximated by X=14 w
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\iiWELL RISKS
~ EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE F - STAGE 3 (YEARS 26-30)
 EVENT 1

Description: Mechanical damage, scaling, corrosion or
well-face plugging cause loss of one or more
producer wells in excess of original expecta-

tions during years 26- 30 Lost wells are
‘abandoned.
Cost Cohsequences:
Developer: . Loss of .revenue per ptoducer well over the

remainder of project life.
User: Unamortized value of plant.
ihput'Data-
| Developer s Revenue Loss Per Well:
- Range: $0 - $2.1 (millions - $1981)
Expected Value. $1.05 (millions - $1981) -

‘Expected Unamortized Value of Plant Due to Loss of One Well:
$0.12 (millions - $1981) ,

403




EXHIBIT VIII-3
Page 35 of 48

N/ WELL RISKS
~ EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE F - STAGE 3 (YEARS 26-30)

EVENT 1
Loss Distribution
_ _ Unamortized
: : , Revenue Value
Probabilities Loss ' " of Plant
' ‘ : (milIions-§l981) (millions-$1981)
p{X=1) = .0625 1.05 0.12
p(X=2) = .0625 : ' 2.10 0.24
p(X=3) = .0625 ‘ 3.15 0.36
p(X=4) = .0625 . 4.20 - 0.48
- p(¥X=5) = .0625 o 5.25 0.60
p(X=6) = .0625 - 6430 0.72
p(X=7) = .0625 7.35 0.84
p(X=8) = .0625 8.40 0.96
p(X=9) = .0625 ~ 9.45 1.08
p{X=10)= .0625 - . 10.50 1.20
- p{X=11l)= .,0625 - 11.55 1.32
. p(X=14)= .2500% SR 14.70 1.68
Expected Loss: ' 8.00 0.86

X = number of producer wells
abandoned in excess of
expectations

*For computational reasons, the tail of the distribution
p(12<X<20)=,25 was truncated and app:oximated by X=14 wells.

404




EXHIBIT VIII-3
Page 36 of 48

UWELL RISKS
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE F - STAGE 3 (YEARS 1-30)

EVENT ‘1

Description: ‘Mechanical damage, -scalin’g,’ corrosion or
B well-face plugging cause loss of one or more
injector wells requiring replacement. For
every - such injector well that is replaced,
two producer wells must be taken off-line

‘temporarlly.

- Cost Consequences:
Developer:b o (a) Capitsl cost of feplacement injector wells.
(b) Revenue loss while injector well is

replaced and two producer wells are off-
~line. ;

User: - None;>'
Input Data:'
 Delay Time: 5 months
Well Replacement Cost: $0.8 (millions - $1981)

Revenue Loss Per Injector Well Per Month. $0.101
(mllllons - $1981)" ey
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‘iJWELL RISKS
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE F - STAGE 3 (YEARS l-30)

EVENT 1
Loss Distribution
Well B
- . Replacement Revenue
-Probabilities. : . - Cost - _Loss
| _ B o (m11110ns-$1981) (m111ions-§l§8l)
p(X=0) = .100 $0.0 $0.0
p(X=l) = .150 0.8 0.5
p(X=2) = .125 1.6 1.0
p(X=5) = ,080 4.0 2.5
p(X=6) = .080 4.8 3.0
p(X=7) = ,080 5.6 . 3.5
p(X=8) = .080 6.4 4.0
p(X=9) = .080 7.2 4.5
AExpégted Loss: 3.2 2.0

X = number of injector wells
'~ requiring replacement
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HWELL RISKS
EVENTS LEADING TO REDUCTION. IN USEFUL WELL LIFE
TYPE G - STAGE 1
EVENT 1

DeSCrip_i:ion: ' 'Méchanic‘al'v damage, scaling or corrosion
cause loss of one or. more'produter wells
(before field is 1n production). Well is

L replaced.ik
Cost Consequences:
'}Developer: ' Capital cost of replacement‘produoer.wells.

User: None.

Input Data: |
Well Replacement'Cost: $0 8 (millions - $1981)

Loss Distribut1on

__Well ,
_ _ S - Replacement
Probabilities ‘ = - Cost
» ' o (milllons-$1981)
p(X=0) = ,250 . o - - §0. 00 '
Pp(X=1) = .125. ' ~ o . 0.80
Cp(X=2) = ,125 B ' . 1.60
p(x=3) = ,125 . L ~2.40
' p(x—S) = .070 S , 4,00
- p(X=6) = .060 B 4,80
p(X=7) = .050 Co S 5.60
p(X=8) =-.040 o 6.40
p(X=9) = ,030 _ R 7.20
'Expected'Loss:f~f SRR o 20320

>x = number of groducer wells
' requirlng replacement
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uWEILL RISKS

- EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
“TYPE G - STAGE 2
EVENT 1

Description: ’ Mechanical damage, scaling or corrosion
“ cause loss of one or more producer wells. Well
is replaced. '
. Cost Consequences:
DeVeloper:* o (a) Capital cost of replacement producer wells.
(b) Revenue loss while each producer well
' beyond reserve capacity is replaced.

User: None.’

Input Data:
Delay Time: Somonths ' ' v :
Well Replacement Cost. $0.8 (millions -~$1981)-

4'Revenue Loss Per InJector Well Per Month: $0.065 (millions -
’ $1981) ' ‘

;‘Number of Reserve Producer Wells: 2
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EXHIBIT VIII-3
Page 40 of 48

V WELL RISKS
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE G - STAGE 2

- EVENT l
Loss Distribution
Well

SR : o Replacement Revenue

Probabilities o __Cost , - Loss
. - ' ' (mileons-sl 81) (miliions-$1981)

Pp(X=0) = .,170 - $0.00 - $0.00
- p(X=1) = .083 S 0.80 : . 0.00
p(X=2) = .083 = : 1.60 . 0.00
p(X=3) =,083 ’ . 2.40 0.33
© p{X=5) = .083 = R 4.00 , - 0.97
- p(X=6) = .083 - - _ 4,80 1.30
p(X=7) = .083 ) : 5.60 DR 1.63
p(X=9) = .083 = - ’ 7.20 2,27
p(X=10)=..083 - = = 8,00 . 2.60
- "Expected Loss: - 3.65 0.99

X = number of producer wells
requiring replacement
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uWELL RISKS

EXHIBIT VIII-3

Page 41 of 48

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

TYPE G - STAGE 2
'EVENT 2

' Description:

Cost Consequences:

~ Developer:

- Users:

Input Data:

Delay.Time:

‘Mechanical damage, scaling, corrosion or .

well-face plugging cause loss of one or more

‘injector wells.  For each each injector well

that is'shut'doWn, two producer wells must be

- taken off-line;‘

;(a)eCapita1‘COst of replacement ihjector wells.

(b)) Revenue loss whlle each injector well

" beyond-: reserve capac1ty is replaced.

o None.

5 months -

: Well'Replacement Cost: $0. 7 (milllons - $1981)

A'Revenue Loss Per Injector Well Per Month-' $0.13 (mllllons -

$1981)

 ’Number of Reserve Injector Wells: 1
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EXHIBIT VIII-3
Page 42 of 48

g/ WELL_ RISKS'

- EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

. TYPE G - STAGE 2

EVENT 2
Loss Distribution
~ Well _ - '
o : : ‘Replacement Revenue
‘Probabilities : ‘ Cost - Loss
LR ' (mlllions $l981) (mllilons— $1981)
P(X=0) = .25 - $0.00 $0.00
p{X=1l) = .25 0,70 - 0,00
p(X=3) = .10 o . 2.10 - 1.30
- p{X=5) = .09 o ' - 3.50 A - 2.60
P(X=6) = .07 - ' _ 4.20 . 3.30
Expected Loss._ g 1.46 | | 0.87

X = number of 1njector wells
requlxing replacement
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WELL RISKS

EXHIBIT VIII-3
- 'Page 43 of 48

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

- TYPE G - STAGE. 3 (YEARS 1-25)

;1EVENT 1

. Description:

Cost Consequences:

Developer:

’-.User:

'-'Input Data.'

"f Delay Tlme.,

Mechanical damage, scaling,vcorrosion or
well-face plugging cause loss of one or more
producer wells beyond or1g1nal expectatlons.

' Well is replaced.

(a{ Capital'cost of replacement,producer wells.

'-e(b) Revenue loss whlle each well is replaced.

(Assumes that reserve wells are occupied
" while dealing with expected replacement.)

None.

5 months

Well Replacement Cost- $0'8'(millione‘- $1981)

Revenue Loss Per Producer Well Per ‘Month: $0.059
' (m;llions - .$1981) _
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EXHIBIT VIII-3
Page 44 of 48

UWE:L.L RISKS :
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
" TYPE G - STAGE 3 (YEARS 1-25)

EVENT 1 -
Loss Dlstrlbutlon
- Well : :
: L : ‘ o Replacement : Revenue
Probabilities - Cost. .. . . Loss
e o - (millions-$1981) (millions-$1981)
p(X=0) = .170 - $0.00  $0.00
p(X=1l) = ,083 . 0.80 0.30
. p(X=2) = ,083 . . - 1.60 0.60
p(X=3) = .083 o 2.40 ’ 0.90 .
- p(X=6) = 083 - - 4,80 , 1,80
- p(X=7) = .083 - " 5.60 ’ 2.10
' (x=9)-= +250%* - o 7.20 ' 2.70
‘Expected Loss: G o 3.66 1.37

X = number of producer wells
requiring replacement

*For computatlonal reasons, the tail of the d1str1bution
p(8<x<l4)-.25 was truncated. and approxlmated by x=9 wells,
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UWELL RISKS

EXHIBIT VIII-3
Page 45 of 48

EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE

. TYPE G ~ STAGE 3 (YEARS- 26- 30)

' EVENT l

Description:

- Cost Consequences:

‘Developer:
User:

'Input Datas:

iDevelbper's Revenue Loss Per Well:

Mechanical damage, scaling, corrosion or

- well-face plugging cause loss of one or more
‘prOGuCer wells in excess of original expecta-

“tions during years 26-30. Lost wells are
'abandoned.. ’ .

' Loss of revenue per prbdueer well over the
-~ remainder of the"project‘life.

Unamortiaed value of plant.

Range: $0 - $2.3 (millions - $1981)
Expected Value. $l 15 (millions - $1981)

Expected Unamortized Value of Plant Due to Loss of One Well:
$0.23 (millions - $1981)
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EXHIBIT VIII-3
Page 46 of 48

UWELL RISKS
EVERTS_LEADING TO 'REDUCTION IN USEFUL WELL LIFE
TYPE G - STAGE 3 (YEARS 26- 30) .

‘EVENT l
Loss Distribution
i Unamortized
= » : , Revenue . Value
Probabilities = = = Loss : ~of Plant
o B St (mllIions- 1981) (milIions—§ 1981)
 p(x=0) =.170 _ §$0.00 - $0.00
- p(X=1) = .083 e ' 1.15 . 0.23
p(X=2) = .083 x ‘ - 2.30 - 0.46
p(X=3) = .,083 - L 3.45 ’ 0.69
p(X=4) = .083 = . 4,60 0.92
p(X=5) = .083 S 5.75 : -1.15
- p(X=6) = .083 . - _ o 690 1.38
p(X=7) = .083 -~ - 8.05 l.61
p(x=9) = .250% ' 10.35 2.07
Expected Loss-~ 57. o . 5.26 : , 1.05
X = number of producer wells

‘requiring replacement -

|  ¥For computatlonal reasons, the ta1l of the distrlbutlon
| p(8<x<l4)*.25 was truncated and approx1mated by X=9 wells.
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@ WELL RISKS

EXHIBIT VIII-3
Page 47 of 48

EVENTS LEADlNG TO REDUCTION IN USEFUL WELL LIFE

TYPE G - STAGE 3 (YEARS 1-30)

. EVENT. 1

B Description:

Cost Consequences:

':fDeveloper:;

User:

*Input Data: .

Delay Tlme'

Mechanical damage, scaling, corrosion or
well-face plugging cause loss of one or more
producer wells requiring replacement. For each

injector well that is,shut down,. two;producer
~ wells must be taken'off-line_temporarily.

(a) Capital cost of replacement injector wells.

(b) Revenue loss whlle each injector well is
replaced .and two producer wells are off-
line. '

_None.‘

5 months

Well Replacement Cost"'$0 7»(millions - $1981)

~ Revenue LOSS .Per Injector Well Per Month-' $0.118 (millions'— '

$1981)
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EXHIBIT VIII-3
Page 48 of 48

~i)WELL RISKS
EVENTS LEADING TO REDUCTION IN USEFUL WELL LIFE
TYPE G - STAGE 3 (YEARS 1-30)

EVENT 1
Loss Distribution
Well
, Replacement Revenue
- Probabilities Cost ' Loss
’ (millions-$1981) (millions=-$1981)
p(X=0) = .250 $0.00 $0.00
p{X=1) = .125 . 0.70 - 0.59
- p(X=2) = ,125 : ’ 1.40 : 1.18
p(X=3) = .125 : 2.10 1.77
p(X=4) = .125 2.80 2.36
p(X=6) = .125 _ - -4.20 . 3.54
'Expected Loss: ' | 1.84 1.55

X = number of injéctot_weIIS'
requiring replacement
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N o REsks
SUCCESS RATIO LESS THAN EXPECTED

EXHIBIT VIII-4
Page 1 of 2

- TYPE D - STAGE 1
. EVENT 1

Description:

Cost Consequences:
Developer:

‘User:

~ Input Data:

Cost Per Well:

-Inadéquate"knowlédge of geological and/or

hydrological model 1leads to worse than

‘expected success ratio during Stage 1
'drilling;,additional producer wells must

be drilled.

Capitai cost of replacement producer wells.

'kNone.

~$1.8 (millions - $1981)
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EXHIBIT VIII-4
Page 2 of 2

‘iJWELL RISKS
SUCCESS RATIO LESS THAN EXPECTED
TYPE D - STAGE 1.

EVENT 1

Loss'Distribution-
Well
- : ; Replacement
Probabilities ' : ‘ ' - Cost .
- A e (m1llzons~$198l)

W25 . S s 0.00
25 R LN Rs 1.80
A5 . 3,60
05 S 9,00
04 | . 10.80
.03 S 12460
.03 SR S 14.40
.02 Lo 16420
0L . 18.00

- p(X=0)
p(X=1)
p(X=2)

- pl(X=3)
- pl(X=4)
p(X=5)"
p(X=6)
p(X=7)

- piX=8)-
- p(X=9)
p(X=10)

IR IR O

_ Expected Loss. 2 fj : ’ “~5 "‘-:4{23

X = number of addltlonal
. producer wells required
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EXHIBIT VIII-5
. Page 1 of 6

\e/RESERVOIR PERFORMANCE RISKS

INTERFERENCE OF OTHER WELLS (ADJACENT DEVELOPMENT)

TYPE A — STAGE 1
EVENT. 1 :

Description:"

“Cost Consequences:

' Developer:

User:

Input Data:

Wells in an adjacent development commence full
production, causing declines in pressure and/
or productivity of wells within project.
Reservoir_engineering‘Calcu1ations indicate

that additional wells must be drilled in

order to supply full design steam flow to
plant, and sufficient excess project area

and/or reservoir volume is present within

the project to make this feasible.

Capital cost of additional producer wells.

(Additional injector wells not -considered

because adequate injection capacity is assumed
always present for this type of project).

None.,

. Cost of Additional-Producer Well: v$1;87(miliion5'é $1981)
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‘E;RESERVOIR PERFORMANCE RISKS

INTERFBRENCE OF OTHER WELLS (ADJACENT DEVELOPMENT)

'TYPE A
EVENT 1

= STAGE 1

" Probabilities

p(X=0)

- p(X=2)
- P(X=3)
- p(X=4)

.50 K
20
11
.09.
.07
-+ 03

p(X=1)

LRI B B

p(X=5)

'Expected‘Loss.

‘va# number of. addltlonal

producer wells required

Loss Distribution

- Cost of
Additional
. Wells
(m1 Iions - §1981)

$0 00
1.80
3.60
5.40
7.20
9.00

1 2.02

421

EXHIBIT VIII-5

Page 2 of 6




EXHIBIT VIII-5
Page 3 of 6

‘EJRESERVOIR PERFORMANCE RISKS

"INTERFERENCE OF OTHER WELLS (ADJACENT DEVELOPMENT)

TYPE A - STAGE 2
_ EVENT 1

cription:

Cost Coﬁsequences:

Developer:

User:

* Input Data:

1 Delay'Time in

~ Wells in an adjacent development commence full

production, causing declines in pressure and/

lEor productiv1ty of wells within project.

Reservoir engineering calculations indicate

“‘that addltlonal wells must be drilled in

order. to supply full design steam flow to
plant, and ‘sufficient excess project area
and/or reservoir volume is present within

_the project to make this feasible.

(a) Capltal cost of addltlonal producer wells.

- {b) Dlmlnlshed revenue until new wells (in

excess of reserve capac1ty) come on-llne.

ECost dlfferentlal of replacement power until

new wells come on—llne.

Addingna Well: ‘5 months

ECost of Addltlonal Producer Well. 81, 80:(millions - $1981)

EcﬂRevenue Loss Per Producer Well Per Month- $0.084f(millionS'-

. slesl)

’erumber”of Wells:

”‘Excess Cost of Replacement Power Per Producer Well Per Month-'x -
' $0 084 (mllllons - $1981) :

18 producers/2 reserves
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(EJRESERVOIR PERFORMANCE RISKS

- INTERFERENCE OF OTHER WELLS (ADJACENT DEVELOPMENT)

TYPE A - STAGE 2

EXHIBIT VIII-S

Page 4 of 6

Cost of
Replacement
Power

(millions-$1981) (millions-$1981)

$0.000
0.000
0.420
0.840
1.260

0.134

EVENT 1
Loss Distribution
" Cost of N
Additional . Revenue
: Wells ; - Loss
(miIllons-SIQSl)
p(X=0) = .50 $0.00 $0.000
“p{X=1l) = .20 1.80 0.000
p(X=2) = .11 3.60 0.000
p(X=3) = .09 5.40 0.420
p{X=4) = ,07 7.20 - 0.840
- p{X=5) = .03 9.00 1.260
 Expected Loss: 0.134

X = numberﬁof additional

- 2.02

- producer wells required
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EXHIBIT VIII-5

“Page 5 of 6
\_/RESERVOIR PERFORMANCE RISKS
'INTERFERENCE OF OTHER WELLS (ADJACENT DEVELOPMENT)
TYPE A - STAGE 3
EVENT 1 v
:De$cription:~_‘ : Wells within project show deelines in pressure

and/br'productivity, reservoir engineering
calculations show that interference by wells
in adjacent development has,caused the
declines. Because the project's reservoxr'
'already is fully developed during this stage,
producing from additional wells within  the
 project would only cause intensified reservoir
decline. The diminished productivity will
persist,throhghout'the remainder of the project

life. .
Cost Consequences. _ ,
| Developer- ' ‘Revenue loss from reduced desig‘n flow of.
o pro:ect over the remalnder of the pro:ect
lzfe. ' : ‘
User: ,"‘(a)vCost,differentiel of replacement power

- over the:remainder'ofﬁprojectvlife.f
' (b) Unamortized value of plant.
Input Data:

F1e1d Revenue - Stage 3. $572 0 (mllllons - $1981)
"Plent Coet" $67 8 (mllllons - $1981)
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~ \_JRESERVOIR PERFORMANCE RISKS

EXHIBIT VIII-5
Page 6 of 6

_INTERFERENCE OF OTHER WELLS (ADJACENT DEVELOPMENT)

- TYPE A - STAGE 3
- EVENT 1

Probabilities

«700
.066
.068
.066-
.023
.024
0023
+009
.010

'Expected Loss:

Loss Distribution

o Excess
, Unamortized Cost of"

Loss of Value Replacement
Revenue of Plant Power

(millions-$1981) (millions-$1981) (millions-S1981)
$ 0.00 ' $0.00 $ 0.00
4.70 , 0.56 4.70
14.30 1.70 14.30
23.90 2.84 23.90
9.40 1,12 9.40
28.60 3.40 28.60
47.80 5.70 47.80
14.10 -1.68 14.10
42.90 5.08 42.90
71.70 ‘ 8.52 71.70
6.15 0.73 6.15
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EXHIBIT VIII-6
Page 1 of 24

\a)RESERVOIR PERFORMANCE RISKS
RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED
TYDE A - STAGE 1
EVENT 1

Description: = - Temperature, pressure, enthalpy or permeabil-
o ity are found to be lower than expected, such
that additional producer wells must be drilled
in order to supply design'floﬁ of project, and
VSuffiCient project area and/or reservoir volume
is available during this stage.

| Cost'ConsequenceS:
'-Developef: Capital cost of additional producer wells.
’ - Additional injector wells are not considerd

because adequate injection capacity is assumed
always present for this type. |

User: - None.
Input Data: ,
. Cost of Additional Producer Well: $1.8 (millions - $1981)

Loss Distribution

: : i Cost of
Probabilities Additional Wells
B . (m11110ns-$l981)
- p(X=0) = .50 o o %0, 00
p(X=1) = .25 - - o .1.80
- p(X=3) = .07, Lo 5,400
~p(X=4) = ,05: ’ L 74200
P(X=5)'=j.03 o ' . . .9.00
.Expected Loss- . LI e -1.82 o

HX4= number of addltlonal
producer wells requlred
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EXHIBIT VIII-6
Page 2 of 24

 \J/RESERVOIR PERFORMANCE RISKS

RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED
~ TYPE A - STAGE 2 '
EVENT 1

Description: ‘ Temperature, pressure, ehthalpy' or"permeabil-
. ity are found to be lower than'expected,.such
that additional produoer wells must be drilled
ih order to supply design flow of project, and
sufficient project area and/or reservoir volume
is available during this stage. |

.dCost Conseqoences:
Developer: ',(a) Capital cost of additional producer wells.
' Additional injector wells are not considerd

because adequate 1n3ectlon capacity is
assumed ‘always present for this type.

(b) Dim1n1shed revenue until new wells (in
- excess. of reserve capacity) come on-llne.

User: ' Cost dlfferentlal of replacement power.

Input'Dara:.,7 _ \

"DelaydTime in'Adding e Well: ‘5 months 7
Cost of Addltlonal Producer Well. $l'8'(millions - $1981)

_Revenue Loss Per Well Per Month: -$0. 084 (milllons - $1981)

~Excess Cost of Replacement Power Per Well Per Month- $0,084
(mllllons - 51981) _; S

‘P,Number of Reserve Producer Wells.‘rz
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EXHIBIT VIII~-6
Page 3 of 24

\_/RESERVOIR PERFORMANCE RISKS
RESERVOIR CHOARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

TYPE A - STAGE 2

EVENT 1

Probabilities
p(X=0) = .40
p(X=1l) = .20 -
p(X=2) = .15
p(X=3) = .15
p(X=4) = .05
p{X=5) = .03
p(X=6) = .02
Expected Loss:

X = number of additional

Loss Distribution

.. Cost of Excess
~Additional Revenue Loss Cost of
' Producer in Excess Replacement
Wells of Reserves ' Power

- (niITions-$1981) (milTions-$1981) (millions-$1981)

$ 0.00 $0.00 $0.00
1.80 0.00 ‘ 0.00
3.60 ' 0.00 0.00
5.40 0.42 0.42
7.20 0.84 0.84
9.00 1.26 1.26
10.80 l.68 - 1.68

2.56 0.18 0.18

producer wells required

428




EXHIBIT VIII-6
Page 4 of 24

»‘EiRESERVOIR PERFORMANCE RISKS
"RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

TYPE B - STAGE 1
EVENT 1

Description:

Cost Consequences:

Developer:

‘User:

Input Data:

Temperature; chemistry, enthalpy, pressure

- or permeability are found to be lower than

expected, such that additional producer wells
must be drilled in order to supply design flow
of project, and sufficient project area and/or
reservoir volume ‘is available during this
stage.

'fCapital cost of additional producer and in-

jector wells. One additional injector is

~ needed for each two additional producer wells.

.

None.

Cost of additional Producef,Well: $1.5 (millions - $1981)

Cost of Additional Injector Well: $1.4 (millions - $1981)
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RESERVOIR PERFORMANCE RISKS

EXHIBIT VIII-6
Page 5 of 24

" RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

TYPE B - STAGE 1
EVENT 1
Loss Distribution
Cost of
Additional
- o Producer and
Probabilities Injector Wells
, - (millions-$1981)
p(X=0) = .500 $ 0.00
p(X=1) = .100- 1.50
p(X=2) = .075 4.40
p(X=3) = ..075 5.90
p(X=4) = ,075 8.80
p(X=6) = .050 -13.20
p{X=7) = .030 14,70
p(X=8) = .,020 17.80
~Expected Loss: 3.81

X = number of éddiﬁidnal‘

- producer wells required
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EXHIBIT VIII-6
Page 6 of 24

RESERVOIR PERFORMANCE RISKS

RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

TYPE B - STAGE 2
EVENT 1

Description:

Cost Consequences:

Developer:

User:

Input Datas.

Temperature, chemistry, enthalpy, pressure
or permeability are found to be lower than
expected, such that additional producer wells
must be drilled in order to supply design flow

- of project, and sufficient project area and/or
" reservoir volume is available durlng this

stage.

(a) Capital cost of additional producer and
“injector wells. One additional injector
is'needed for each two: additional producer
wells.

(b) Diminished revenue until new wells (in
excess of reserve capacity) come on-line.

None.

| Delay Tlme in Add1ng a Well. 5 months

'Cost of Addltlonal Producer Well. $1 5 (mllllons - $1981)

-Cost of Addltlonal Injector Well._ $l 4 (mllllons - 31981)

‘ Revenue Loss Per Producer Well Per Month~ $0 063 (mllllons -

$1981)

Number of Producer Wells. '18sprodccers:4 2 reserves
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sE';)RESERVOIR PERFORMANCE RISKS

EXHIBIT VIII-6
Page 7 of 24

RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

TYPE B - STAGE 2

EVENT 1

Probabilities

- p(X=0) = .40
p(X=1) = .15
p(X=3) = .08
p(X=4) = .07
p(X=5) = .06
p(X=6) = .04
p{X=7) = .03
p(X=8) = .02
p(X=9) = .02
p(X=10)= .01
Expected Loss:

Loss Distribution

Cost of
Additional
Producer and
Injector Wells:

Revenue Loss
in Excess
of Reserves

(millions-$1981):

$ 0.00
1.50
4.40
5.90
8.80

10.30
13.20
14.70
17.60
19.10
22.00

4.38

X = number of additional
producer wells required
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(millions-$1981)

$0.000
0.000
0.000
0.315
0.630
0.945
1.260
1.575
1.890
2.205
124520

0.330




EXHIBIT VIII-6
Page 8 of 24

“JRESERVOIR PERFORMANCE RISKS
RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

. TYPE C - STAGE 1
EVENT 1

Description:

'Temperature, chemistry, enthalpy, pressure

or permeability are found to be lower than
expected, such that additional producer wells
must be drilled in order to supply de51gn flow

- of prOJect, and suff1c1ent project area and/or

reservoir volume is available during this

- Cost Consequences:

Developer:

User:

"Input Data:

Capital cost of additionél producer and in-

"jector wells. One additional injector is
‘needed for each additional producer well.,

None.

Cost of Additional Producer Well: $0.07 (millions - $1981)

Cost of Additional Injector Well: $0.06 (millions - $1981)

,Probabili

p(X=0) = .50 ,

o p(X=1) = .25
L p(X=2) = .12
p(X=3) = .08
(x=4)‘= «05

' 'Expected'Loss-

ties

Loss Dlstrlbutlon

Cost of
Additional
Producer and
| Injector Wells
(millions-$1981)

'$0.000
0.130 -

©.0.260
0.390

0.121

j X5=Inumber of additlonal

‘producer wells requ;red
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EXHIBIT VIII-6
Page 9 of 24

B

RESERVOIR PERFORMANCE RISKS

RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED
TYPE C ~ STAGE 2

EVENT 1

1 DeScription} Temperature, chemistry} enthalpy, pressure

o or permeability are found to be lower than
expected, such that additional producer wells
must be drilled in order to supply design flow
of preject, and sufficient'preject.area and/or
reservoir volume is available during this
stage, ' R |

Cost Consequences: |
Developer: (&),Capital cost of additional producer and
' injector wells. One additional injector

EERGE BRI ' well is needed for each additlonal producer

(b) Revenue loss untll new wells come on-line.

USer: k Cost‘differential of replacement power.

Inputlbata:_' v

| Delay'Time in Adding a Well: 5 months
CoSt'of;Additionaleroducer we;igflso;o7 (millions - $1981)
Cost ef:AdditiOnai Injector wéli:"so 06 (millions - $1981)

Revenue ‘Loss Per Producer Well Per Month- ‘Insufficient data
to estlmate v : - : .

'Excess Cost of Replacement Power. Idsuffieient data to
estlmate _ , S ~ :

: Number,of Wells; 4 producers - 0 reserves
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gF’)RESERVOIR PERFORMANCE RISKS
RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

EXHIBIT VIII-6

Page 10 of 24

TYPE C - STAGE 2

"EVENT 1
Loss Distribution
: Cost of
Additional Cost of
‘ Producer and = Revenue Replacement
Probabilities Injector Wells . Loss* Power*
| < (millions-$1981) (millions-$1981) (millions~$1981)

p(X=0) = .40 $0.000 $- $-
p(X=1) = .35 0.130 : - -
p(Xx=2) = ,12 0.260 - -
p(X=3) = .08 0.390 - -
P(X-—4) : 005 0.520 - -
Expected Loss: 0.133 - -

X = number of additional
producer_wells required

*Insufficient data exists to estimate cost consequences.
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EXHIBIT VIII-6
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- RESERVOIR PERFORMANCE RISKS

RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

TYPE D - STAGE 1
EVENT 1

Description:

Cost Consequences:

Developer:

User:

Input Data:

Temperature, chemistry, enthalpy, pressure
or permeability are found to be lower than

.expected, such that additional producer wells

must be drilled in order to supply design flow
of project, and sufficient project area and/or
reservoir volume  is avéilable' during this
Stage. |

Capital cost of additional producer and
injector wells. One additional injector
well is needed for each two additional producer
wells.

None.

- Cost of Addltlonal Producer Well: $1.8 {(millions - $1981)

Cost. of Addltlonal Injector Well: $1.7 (millions - $1981)
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"TYPE D - STAGE 1

RESERVOIR PERFORMANCE RISKS

EXHIBIT VIII-6
Page 12 of 24

RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

EVENT 1

Probabilities :
p(X=0) = .40
p(X=1l) = .25
p(X=2) = .15
p(X=3) = .08

p(X=4) = .05
p(X=5) = .04
p(X=6) = .03
Bxpected Loss:

X = number of add;tlonal

producer wells required -

437

Loss Distribution

Cost of
Additional
Producer and
Injector Wells
(millions~$1981)

$ 0.00
1.80
5.30
7.10

10.60
12.40
15.90

3.32
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RESERVOIR PERFORMANCE RISKS

- RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED
TYPE D - STAGE 2

EVENT 1

“Description: Temperature, chemiStry} 'ehthalpy, pressure
| ' or permeability are found to be lower than
expected, ‘'such that additional producer‘wells
‘must be drilled in order to supply design flow
~of pro;ect, and sufficient project area and/or .
reserv01r volume is aVallable durlng this

stage.

Cost Consequences:

Developer: ~ {(a) Capital cost of additional producer and
V | injector wells. One additional injector
needed for each two additional producer

wells. SRR R '

* (b) Diminished revenue until new wells (in.
’ ~ excess of reserve capacity) come on-line.

User: . , " . _None.,

| Input Data: - ; o : »
: Delay Tlme 1n Addlng a Well°: 5 months
-Cost of Addltlonal Producer Well* $1.8 (mllllons - $1981)
~ Cost. of Addltlonal Injector Well: $1.7 (mlll;onsy- $l98l)

~ Revenue Loss Per Producer Well Per Month. $0.069 (millions -
‘ $1981) ' : : T :

ﬁjNumber of Producer Wells. rlO,produoers -1 reserve .
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RESERVOIR PERFORMANCE RISKS

EXHIBIT VIII-6
Page 14 of 24

RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

TYPE D - STAGE 2

EVENT 1

?robabilitiesv'
p(xX=0) = .30
p(X=1l) = .35 .
p(X=2) = .15
p(X=3) = .08
p(X=4) = .05
p(X=5) = .04
p(X=6) = .03

Expected Loss:

X = number of additional

Loss Distribution

Cost of

Additional.

Producer and :
Injector Loss of
Wells : Revenue

(millions~-S1981) (millions-$1981)

$ 0.0 $0.000
1.8 0.000
5.3 0.345
7.1 - 0.690
10.6 1.035
12.4 1.380.
15.9 1.725
3.5 0.270

producer wells required
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kﬁ)RESERVOIR PERFORMANCE RISKS

RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

TYPE E - STAGE
EVENT 1

Description:

Cost Consegquenc

Developer:

-~ User:

Input Data:

1

es:

Temperature, chemistry, enthalpy, pressure
or permeability are found to be lower than
expected, such that additional producer wells
must be drilled in order to supply design flow
of project, and sufficientfprojectbarea and/or
reservoir volume is available during this
stage. ‘

Capital cost of additional producer and in-
jector‘wells; One additional injector well
needed for each two additional producer wells.

None.

Cost of Additional Producer Well: $1.9 (millions - $1981)

Cost of Additional Injector Well: $1.3 (millions - $1981)

ities

Loss Distribution

Cost of
Additional
Producer “and

Probabil Injector Wells
; (millions=-$1981l)
- p(X=0) = 0.40 $ 0.00
p(X=1l) = 0.25 1.90
" p(X=2) = 0.15 5.10
p(X=3) = 0.08 . 7.00
p(X=4) = 0.05 10,20
. p(X=6) = 0.03 15.30
Expectedeossz 3.25
N X = number'of additional
”k—J=v ‘ producer wells required
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‘ﬁ)RESERVOIR PERFORMANCE RISKS

‘RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

TYPE E ~ STAGE 2
EVENT 1

Description:

Temperature, chemistry, enthalpy, pressure
or permeability are found to be lower than
expected, such that additional producer wells
must be drilled in order to supply design flow

of project, and sufficient project area and/or

Cost Consequences"

Developer.

reservoir volume is available during this
stage. '

b(a) Capital cost of addltlonal producer and

injector wells. One additional injector
well needed for each two addltional
producer wells.

- (b) Dimlnlshed revenue unt11 new wells (in’

User:

Input Data-

i-Delay Time in Ad

Cost of Producer

 Cost of Injector
vRevehue'Loss Per

,Number oleells:

excess of reserve capacity) come on-line.

~ None.

ding a Well: 5 months

Well;‘ $le90 (millions - $1981)

Well: S$l. 30 (mllllons - $1981) -
Well‘Per Month- $0.072 (mllllons - $1981)

8 producers - l ‘reserve
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ﬁaJREsgqu;B PERFORMANCE RISKS .
 RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED
TYPE E - STAGE 2

EVENT 1
Loss Distribution
Cost of Revenue
Additional . Loss
o , : ' Producer and in Excess
Probabilities " Injector Wells of Reserves
. _ - (millions~$1981) (millions-$1981)
p(X=0) = .30 $ 0.00 $0.00
p(X=1l) = .35 - ' 1.90 0.00
p(X=2) = .15 ; 5.10 0.36
p(X=3) = .08 a 7.00 . 0.72
- p{X=4) = 05 o 10.20 o 1.08
p(X=5) = .04 : 12.10 . 1,44
p(X=6) = .03 : 15.30 1.80
:  Expected. Loss: 3.44 0.28

X = number of additional
: producer wells required
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\ﬁJRESERVOIR PERFORMANCE RISKS
RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

.TYPE F - STAGE 1
EVENT 1

Description}

Cost Consequences:

 Developer:

User:

Input Data.

Temperature, chemistry, enthalpy, pressure

or permeability are found to be lower than

expected)yéuch that additional producer wells

must be drilled in order to supply design flow

ef projeet; and sufficient project area and/or
reservoir volume is available during this

stage.

vCapitel cost of additional producer and in-

jector wells. One additional injector is
needed for each additional producer well.

None.

Cost of Producer Well: $1.1 (millions - $1981)

Cost of Injector Well: $0.8 (millions - $1981)
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\i)RESERVQER PERFORMANCE RISKS
“RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

EXHIBIT VIII-6

Page 19 of 24

TYPE F - STAGE 1
EVENT 1
Probabilities
p(X=0) = .500
p(X=1) = .200
p(X=2) = ,060
p(X=3) = .040
p(X=4) = .040
- p(X=5) .= .035
p(X=6) = .025
p(X=7) = .025
p(X=8) = ,025
p{X=9) = 025
- p(X=10)= .025

Expected Loss:

X = number of additional

producer wells required

444

Loss Distribution

Cost of
Additional
Producer ‘and

Injector Wells
(mi%lions—$1981)

$ 0.00
1.10
3.00
4.10
6.00
7.10
9.00

10.10
12.00
13.10
15.00

2.53
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‘EJRESERVOIR PERFORMANCE RISKS

RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

TYPE F - STAGE 2
EVENT 1 '

Description:

Temperature, chemistry, enthalpy, pressure
or permeability are found to be lower than
expected, such that additional producer wells

must be drilled in order to supply design flow

of7project;;and sufficient project area and/or

reservoir volume is available during this

Cost Consequences:

Developer:

User:

Input Data:

stage..

k(a)'Capital cost of additional producer and

injector wells. One additional injector
needed for each two additional producer
wells.

(b) Dlmlnished revenue until new wells (in
-excess of reserve capacity) come on-line.

.- None,

Delay Time in Adding a Well: 5 months

‘Cost of~Addi£iona1'Producer.Well. $1. 1 (mllllons - $l981)

_Cost»of'Additioﬁai Injector Well: $0.8 (mllllons - $1981)

.$1981)

v'Number'of Wells:

Revenue Loss Per Producer Well Per Month: '$0.053 (millions -

38 producers - 4 reserves
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‘ﬁJRESERVOIR PERFORMANCE RISKS
'RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

EXHIBIT VIII-6
Page 21 of 24

Loss Distribution

TYPE F - STAGE 2.

EVENT 1
Probabilities
p(X=0) = .400
p(X=1) = .300
p(X=2) = .060
p(X=3) = .040
pP(X=4) = .040
p(X=5) = .035
p(X=6) = .025
p(X=7) = .025
p(X=8) = .025

; p(X=9) = .025
_p(x=10)= .025

 Expected Loss:

X =anmber of additional

Cost of
“Additional
Producer. and

| Injector Wells
(miIIions-§I981)

$ 0.00

producer wells required
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1.10
3.00
4,10
6.00
7.10
9.00
10.10
12.00
13.10

15.00

2.64

Revenue Loss
in Excess
of Reserves

(millions-$1981)

$0.000
0.000
0.000
0.000
0.000
0.265
0.530
0.795
1.060
1.325
1.590

0.140
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‘\_/RESERVOIR PERFORMANCE RISKS

RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED

TYPE G - STAGE 1
~ EVENT 1

Déscription:

Cost Consequences:

Developer: -

User:

InputvData:'

Temperatﬁre, chemistry, enthalpy, pressure
or permeability are found to be lower than

 expected, such that additional producer wells
‘must be drilled in order to supply design flow

of project, and sufficient project area and/or

reservoir volume is available during this

stage.

Capital’cost of additional producer and in-
jector wells. : One additional injector needed
for each two additional producer wells.,

None.,

Cost of Producer Well: $0.8 (millions - $1981)

' Cost of Injector Well: $0.7 (millions - $1981)

Loss Distribution

Cost of -
Additional
Producer and

Probabilities Injector Wells
. R (millions-$1981)
p(X=0) = .50 - - 80.00
p(X=1l) = .25 .. .0.80
p(X=2) = .09 2,30
p(X=3) = .06 3.10 .
p(X=4) = .05 4,60
p(X=5) = .03 5.40 .
p(X=6) = .02 6.90
Expected Loss: ‘ S 1.12

"X = number of additional
A producer wells required
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“JRESERVOIR PERFORMANCE RISKS
RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED
TYPE G - STAGE 2
EVENT 1

' Description: Temperature, chemistry, enthalpy, pressure

' or permeability are found to be lower than
expected, such that additional producer wells
must be drilled in order to supply design £low
of‘project, and sufficieht project area and/or
réservdir ~volume is available during this
stage.

Cost Consequences:

Developer: (a) Capital cost of additional producer and
injector wells. One additional injector
needed for each two additional producer
wells.

'(b) Diminished revenue until new wells (in
‘excess of reserve capacity) come on-line,

User: None.

Input Data: 7
Delay Tlme in Adding,a-Well; 5 monthsv
l'Cost‘of AdditlonalfProducer'Well:f $0.8 (millions - $1981)
Cost of»Additionel Injector'Well" $0 7 (mllllons - $1981)

E Revenue Per Producer Well Per Month: $0.065 (millions'-
: $1981) ' : ‘

_ Number of Wells: "14'ptoducers - 2 reserves
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"ﬁJRESERvorR PERFORMANCE RISKS
'RESERVOIR CHARACTERISTICS WORSE THAN ORIGINALLY EXPECTED
TYPE G - STAGE 2

EVENT 1
Loss Distribution
Cost of
Additional Revenue Loss

: : Producer and in Excess
‘Probabilities Injector Wells of Reserves
‘ v (m1%Iions-$l981) - (millions-$1981)
p(X=0) = .40 ' $0.00 $0.000
p(X=1) = .35 ‘ 0.80 , : 0.000
p(X=2) = .09 ' 2430 0.000
p(X=3) = .06 - S 3.10 3.250
p(X=4) = .05 _ - 4.60 : 0.650
p(X=5) = .03 5.40 ’ 0,975
p(X=6) = .02 6.90 1.625

Expected Loss: 1.20 . 0.110

X = number of additional
‘producer wells required
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EXHIBIT VIII-7
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7 o ERVOIR PERFORMANCE RISKS
ADVERSE CHANGES FROM EXPECTATIONS IN RESERVOIR MODEL
TYPE A = STAGES 1-3

EVENT 1
Description:
Stages 1-2: Reservoir size is smaller than expected,
‘ leading to lower than expected productivity.
Reservoir must be operated at lower than
‘design flow throughout project life.
‘Stage 3: : Change in reservoir characteristics from

,expectations'lqads to a reduction from design

flow and overall lower productivity. Because
additional project area and/or reservoir
volume is not available during this stage,
lowered productivity will persist throughout
‘the remainder of the project life.

Cost Consequences:
Developer: Loss of revenue from lowered productivity

rdu:ing Stages 2 and 3.

User:»' ' - (a) Unamortized value of plant.
{b) Cost of differential of replacement power.

Inpﬁt(Data:g ‘ } ,
 Field Revenue -lStége'Z:, $18.0 (millions - $1981)
 Field Revenue - Stage 3: $572.0 (millions - $1981)

Plant Cost: $67.8 (millions - $1981)
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‘EJRESERVOIR PERFORMANCE RISKS
ADVERSE CHANGES FROM EXPECTATIONS IN RESERVOIR MODEL
TYPE A - STAGES 1-3

EVENT 1l
Loss Distribution
Excess
Unamortized Cost of
Revenue Value of Replacement
Probabilities - Loss Plant Power
. (milTIions~-$1981) (millions-$l981) (millions-$1981)

.14 $ 0.0 $0.0 $ 0.0

006 - o 1403 107 1403

027 . 4605 504 46-5

.03 59.7 7.0 59.7

003 : 4808 507 4808

.18 : 62.3 7.5 62.3

002 ' 75-1 9.0 75.1
'Expected Loss:  38.9 4.6 38.9
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o QEJRESERVOIR‘PERFORMANCE RISKS
ADVERSE CHANGES FROM EXPECTATIONS IN RESERVOIR MODEL

'TYPE B - STAGES 1-3

EVENT 1

 Description:

Stages 1-2:

Stage 3:

Cost Consequences:

Developer:
 User:

Input Datas:

Reservoir size is smaller than expected,
leading to lower than expected productivity.

- Reservoir must be operated at lower than

design f£low throughout project life.

Change in reservoir characteristics from

expectations leads to a reduction from design

flow and overall lower productivity. Because
additionai~proje¢t area‘and/or reservoir volume
is not available during this stage, lowered
productivity will peréist throughout the
remainder of the project life.

.

Loss of revenue from lowered productivity

 during Stages 2 and 3.

Unamortized value of plant.

~ Field Revenue - Stage 2: - §13.7 (millions - $1981)

v ; Field ReVenue - Stage 3: $434.0 (millibns.- $1981)

Plant Cost: $44.8 (millions - $1981)
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uRESERVOIR PERFORMANCE RISKS . '
KDVERSE CHANGES FROM EXPECTATIONS IN RESERVOIR MODEL
TYPE B - STAGES 1-3

EVENT 1
Loss Distribution
Unamortized
: - ~ Revenue vValue of
Probabilities v Loss Plant
: o (millions-$1981) (millions-$1981)

Jd2 0 , $ 0.00 $0.00

.08 ' ' 21.70 2.24

S | L 66.13 o 6.72
.03 : 75.40 7.67
27 . 56.00 : 5.60
.18 e S 94.60 10.08
.02 C -103.00 10.95
Expected Loss: 58.00 5.97
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RESERVOIR PERFORMANCE RISKS .

'ADVERSE CHANGES FROM EXPECTATIONS IN RESERVOIR MODEL

 TYPE C - STAGES 1-3
EVENT 1

Description:

Stages 1-2:

Stage 3:

Cost Consequences:

Developer:

User:

Input Data.

Reservoir’size is smaller than expected,

,leading to lower than expected productivity.

Reservoir must be operated at lower than
design flow throughout pro;ect life.

‘Change in reservoir characterlstlcs from

expectations leads to a reduction from design
flow and overall lower’productivity. Because
additional project area and/or reservoir volume
is not available during this stage, lowered
productivity will persist throughout the
remalnder of the project life.

iLoss of revenue from lowered productiVity
~ during Stages 2 and 3.

Unamortized value of plant.

g Fleld Revenue -RStagebz: ‘Insufficient data to estimate

Fleld Revenue ¥:Stage73: ’Ihsufficient data to estimate

Plant Cost. Insufflc1ent data to estlmate
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RESERVOIR PERFORMANCE RISKS

ADVERSE CHANGES FROM EXPECTATIONS IN RESERVOIR MODEL
"TYPE D - STAGES 1-3 :

EVENT 1

.~ Description:

‘Stages 1-2:

Stage 3:

Cost Consequences: .

Developer:

User:

Input Data: _f 2

‘Reservoir size is. smaller than expected,
'Rleadlng ‘to lower than expected productivity.
"Reservolr must be operated at lower than

de51gn flow throughout pro;ect 11fe.

Change in reservolr characteristlcs from '

expectations leads to a reductlon from de51gn

~flow and overall lower p;oduotivity. Because
- additional project area and/or reservoir volume

is not. available during this stage, lowered

»productlvzty will perSLSt throughout the
‘ remalnder of the project llfe.

Loss of revenue from lowered productivity
‘during Stages 2 and 3.

‘Unamortized value of plant.

| Fleld Revenue - Stagejz:f $8.4 (millionsv— $1981)

g ;Fleld Revenue —“Stege*B. $264 0 (mllllons - $1981)

Plant ‘Cost:‘ $28. 6 (mllllons - $1981)
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Areservorr PERFORMANCE RISKS
ADVERSE_CHANGES FROM EXPECTATIONS IN RESERVOIR MODEL
TYPE D - STAGES 1-3

EVEN’I‘ l
Loss Distribution
Unamortized
= R : c : e " Revenue - - .Value of
Probabilities : Loss ' Plant
o » ‘ ‘ (m111ions-§I9Bl) (mllllons-$l981)
© .12 8 0.0 o $0.00
408 , . e 13.2 - 1.43
.03 ' ' 32.7 ' 3.50
.27 “ L - 27.2 - 2.86
.03 : o . A 33.1 - 3.50
.18 v : ‘ ' 51.3 A : 5.72
02 ' o ' ' 56.6 6.29
Expected Loss: S 28,0 3.02
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EXHIBIT VIII-?7
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RESERVOIR PERFORMANCE ‘RISKS

~ ADVERSE CHANGES FROM EXPECTATIONS IN RESERVOIR MODEL

TYPE E - STAGES 1-3
EVENT 1

Description:

- Stages 1-2:

Stage 3:

Cost Consequences:

: DeVeloper:
ff;Userz 2

- inPUtVData{

Reservoir size is smaller than expected,
leading to lower than expected productivity.

Reservoir must be operated at lower than
,de51gn £low throughout project llfe.

Change 1n reserv01r characterlstlcs from
expectatlons leads to a reductlon from design

flow and overall lower productivity. Because
1addltlonal pro;ect area and/or reservoir

volume is not available durlng this stage,

lowered productivity will persist throughout

the remainder of the project life.

Loss of revenue from lowered product1v1ty

.durlng Stages 2 and 3.

Unamortlzed value of plant.-.

"Field Revenhe‘é'Stage 2-'-$6 9 (millionsf? 51981)

Fleld Revenue - Stage 3z $218 0 (mlllions - $l981)

.; Plantqust. $33 6 (mllllons - $1981)
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N I

(sJREszRVOIR PERFORMANCE RISKS
ADVERSE CHANGES FROM EXDPECTATIONS IN RESERVOIR 'MODEL
TYPE E - STAGES 1-3

EVENT l
Loss Distribution ‘
: Unamortized
o EER T Revenue - “Value of
. Probabilities ‘ o Loss : Plant
SR A (millions-$1981) ,(millions-$1981)
Rl e $ 0.000 50,00
27 _ : 22,10 3 36
- W03 e DT - 27.00 - 4.12
J18 . ’ 42.40 , 6.72
 Expected Loss: ~  23.10  3.55
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K \EJRESERVOIR PERFORMANCE RISKS

~ADVERSE CHANGES FROM EXPECTATIONS IN RESERVOIR MODEL

TYPE F - STAGES 1-3
‘EVENT 1 .

~Description:

Stages 1-2:

Stege 3:

Cost Consequences:
Developer:
User:-

Input Data:
e'Field Revenue

FIEld Revenue

‘Reservoir size’is,smaller than expected,
~leading to lower than expected productivity.

ReServoir must . be operated at lower than

: design flow throughout project life.

‘Change in reservoir characterlstlcs from
_expectatlons leads to a reduction from design

flow and overall lower product1v1ty., Because

fadditionel project area and/or reservoir
~volume is not available during this stage,
.lowered productivity will persist throughout

the remainder of the project life.

Loss of revenue from lowered product1v1ty

durlng Stages 2 and 3.

"Unamortlzed»value of plant.

- Stage 2: $24.3 (millions - 51981) o
,--Stage 3: $768.0 (milllons - $1981)
Plant Cost: $63.0 (mllllons - 51981)
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‘~EQRESERVOIR PERFORMANCE RISKS
 ADVERSE CHANGES FROM EXPECTATIONS IN RESERVOIR MODEL
TYPE F - STAGES 1-3

-.‘EVENT 1
Loss Distribution
‘ ~Unamortized
S : A v - , Revenue ' - Value of

"Probabilities ‘ Loss . ' Plant

’ oL (millions-$1981) (millions-$1981)
A2 R | $ 0.0 $ 0.00
27 - ’ 117.0 o 9.45
- .03 : : -133.3 : 10.79
.18 e L 167.3 14.17
 Expected Loss: 102.6 8.39
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| sEiRESERVOIR PERFORMANCE RISKS

~ADVERSE CHANGES FROM EXPECTATIONS IN RESERVOIR MODEL

TYPE G - STAGES 1-3

EVENT 1

~ Description:

‘‘Stages 1-2:

Stage 3:

‘CoSt“Consequences:
 peveloper:
Usef:'

Input Data‘

Fleld Revenue?

Reservoir 81ze is smaller than expected,

'lead1ng to lower than expected productiv1ty.
_Reserv01r must be operated at lower than
,deSLgnbflowrthroughout project life.

Change in reservoir characteristics from
expectations leads to a reduction from design

~flow and overall lower product1v1ty. Because
~add1t10nal project area and/or reservoir

volume is. not avallable during this stage,

lowered product1v1ty will persist throughout

the remalnder of the progect llfe.

.

LoSS‘oforevenue from lowered productivity

during Stages 2 and 3.

 Unamortized value of plant.

- Stage 2. 1$10.9 (millions - $1981)
‘Field. Revenue - stage 3. .s342 Ol(milliohs‘-a$198l)
Plant Cost._ $49 9 (mllllons - $1981)
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£7;RESERVOIR PERFORMANCE RISKS : '
ADVERSE CHANGES FROM EXPECTATIONS IN RESERVOIR MODEL
TYPE G - STAGES 1-3

 EVENT 1
Loss Distribution
,’ ~Unamortized
o e R . Revenue: Value of.
. Probabilities L ~ ' Loss - . ‘ Plant
: B {(millions-$1981) _(millions-$198l)
.80 $ 0.0 - 50,00
270 N : "34.7 : _ 4.99
- +030 R , ’ 42.4 6.11
216 | - | 35,3 - 4.99
024 R 43,0 6.11
144 RS - 6646 ) 9,98
016 e | | 73.5 10.98
':Expected LoSs:R‘Ri' o : - 32.1 : | 4.67
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EXHIBIT VIII-§
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,VPLANT RISKS

POWER PLANT PERFORMANCE
TYPE A - STAGE 3

EVENT 1

Description: Reblading -~ Mechanical damage to turbine
o requires reblading and consequent shutdown.

: Cost Conéeédencee:'~ o _
e DeVelopet} ' Loss of steam revenue while plant is down.
User: | (a) Cost of reblading. |
(b) Cost of replacement power_while plant is
. ‘down. |
'Input Data:
Cost of Rebladlng.' $1.5 (millions - $1981)
'Downtime. 1 monthfi_ | - |
5 Revenue Loss Per Month: $l 59 (millions - $1981)

i eExcess Cost of Replacement Power Per Month: $1,59 (millions -~

$1981)
' - Loss Distribution
_ _ R o Cost of
e ' R .. .. Cost of Revenue ~ Replacement
Probabilities - - Rebladin Loss . © . Power
» e T (miIIi -$l981)‘(ﬁ’I§f ons-51981). {millions-$1981)
p(0 reblades) = 0.80  $0.000 $0,000 $0.000
- p(l reblade) = 0.15 1,500 . '1.590 14590
-p(zoreblades) =0.,05 - 3,000 . . 3.180 '3.180
. Expected Loss: - 0.375 0.397  0.397
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EXHIBIT VIII-8
Page 2 of 3

N\’ PLANT RISKS

 POWER PLANT PERFORMANCE
TYPE B - STAGE 3
EVENT 1

HDéScriptiohé, Reblading == Mechanical damage to turbine |
ERR ' requires reblading and consequent shutdown.
 Cost Cthequences:; :
Developer: Loss of steam revenue while plant 1s down.

User:'; -  Cost of rebladlng.

~  Input Data-.' S ‘ 7
Cost of Rebladlng. 1$1.5,(millions - s1981)
i. Downtlme-~ 1 month v : » | -
}.,}Revgnue:Loss_PorlMonEh; '$1g21 (millionS“—.$i98l)

V Loss Distrlbutlon

o C v Cost of Revenue
Probabilities EEER Reblading .- Loss
B _ C (milIlons-SIQBl) (milIions-$l981)
. P(O reblades) = 0.80 $0.000  $0.000
- pP(1 reblade) = 0.15 - .1.500 1.210
. P(2 reblades) = 0.05 : 3.000 ) - 2.420
’ExpectedoLOSS;, BTN R TR 0.375  0.303
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EXHIBIT VIII-8

Page 3 of 3
‘i}PLANT RISKS
- POWER PLANT PERFORMANCE
TYPE D - STAGE 3
EVENT 1
Description: ’ ; _Rebladlng -- Mechanical 'damage to turbine

'requires rebladlng and consequent shutdown..

Cost Consequences-
Developer-"' - Loss of steam revenue whlle plant is down.

User, "~",'Cost of reblad1ng.

FInput Data-v 7
, cost of Rebladlng.vv$0.75-(milliohs.f $1981)_‘
e Downt1me-“ 1 month , | | ’
‘Revenue Loss Per Month- $0.74 (millioos —'$i981)~

Loss Distribution

Cost of - . Revenue
" Reblading o Loss
» (miTIlions-§1981) (milI'ons-§1981)
p(0 reblades) = .80 -  $0.00 o $0.00
,p(l reblade) = .15 0.75 2 0.74
- }Expected Loss. e 0.18
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EXHIBIT VIII-9

“Page 1 of 6

SURFACE FACILITY RISKS

'FAILURE OF ADVANCED ) DESIGN EQUIPMENT

TYPE D - STAGE 3
EVENT 1

Description:

Cost Consequences:

Developer:

Users -

Input Data:

Greater than expected failure of downhole
pumps requiring replacement.

(a) Replacememt‘cost}of pumps.
(b) Loss of steam'revenue during downtime for
weil'aschiated with the faculty pump.

None.

- Cost of Pump: $0.17 (millions - $1981)

Downtime: - 1.5 months

Revenue Loss Per Pump,PervMenth: $0.06:(millions - -$1981)

Probabilities
P(X=0) = .50
p(X=l) = .12
p(X-‘=2) .= } .10

. p(X=3) = .08
p(X=4) = .07
‘p(X=5) = .06

- P(X=6) = .04

':p(x=7) = .03

»ExpectedﬁLoss? 2

.X = number of downhole pumps o

" Loss Distributien

Replacement - Revenue

Cost v Loss
(millions-$1981) (millions-$1981)

80, OOr oo - 80,00

. 0eX7 0 iy 0.09

" 0.34 _ 0,18
1.02 . ~ 0.45
1.19 S 0454

o0 o

;.krequlrlng replacement
o greater than expected
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EXHIBIT VIII-9
Page 2 of 6

iEjSURFACE FACILITY RISKS

FAILURE OF ADVANCED DESIGN EQUIPMENT

TYPE F - STAGE 1

EVENT 1

Description:

Cost Consequences:

: _Developer:,

User:

Input Data:

Cost of Pump:

Greater than expected fallure of downhole pumps

,requlring replacement.

' Cost of replacement pumps._'

Probabilities

p(X=0) = 0.25
p(X=1) = 0.25
p(X=2) = 0.15
p(X=3) = 0.10
p(X=4) = 0,08
p(X=5) = 0.07
p(X=6) = 0,05
p(X=7) = 0.03
p(X=8) = 0.02
-.Expected Loss-

None., o

$0 17 (milllons - $l981)

Loss Dlstribut1on

“Replacement Costf
{mi 1ons-$ 981

$0.00 -
0.17
0.34
0.51
0.68
0.85
1.19
.36

X = number of downhole pumps
- requiring replacement
greater than expected
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EXHIBIT VIII-9

Page 3 of 6
uSURFACE FACILITY RISKS
: FAILURE OF ADVANCED DESIGN EQUIPMENT
TYPE F - STAGE 2
EVENT 1
Descriptidn: . .Greater than expected failure of downhole pumps

requiring replacement.

: Cost Consequence5°
Developer-' ‘ (é).vReplacement,cost of’pumps;
| (b) Revenue loss during downtime for well (in
~excess of reserve capacity) associated
~with faulty pump.

User: None.

' Input Data:
 Cost of Pump: _so.i_7 (’mi‘llions - $1981)
: ‘Révenue Losste: §ump Per.Month: $0.053 (millions - $1981)
‘Downtime: 1.5 months |

Number of Reserve Wells: 4
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EXHIBIT VIII-9
Page 4 of 6

U_SfURFAQ_g FACILITY RISKS |
FAILURE OF ADVANCED DESIGN EQUIPMENT
TYPE F - STAGE 2

EVENT 1
Loss Distribution
.Replacement Revenue
: Cost L Loss
'(miIIionsf§1981) (millions-$1981)

p(X=0) = 0.50 $0.00 ~  $0.00

- p(X=2) =0.10 , - 0.34 . 0.00
p{X=3) = 0.08 ‘ : 0.51 0.00

- p(X=4) = 0.05 S 0.68 0.00
p(X=5) =-0.05 v -~ 0.85" 0.08
p(X=7) = 0.03 S 1.19 : 0.24
p(X=8) = 0.02 . . | 1.36 _ 0.32
Expected Loss: o 0.29 0.03

X = number of downhole pumps
© - 'requiring replacement -
greater than expected
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\&/SURFACE FACILITY RISKS

FAILURE OF ADVANCED DESIGN EQUIPMENT

TYPE G - STAGE 1
. EVENT 1

EXHIBIT VIII-9
Page 5 Of 6

Description:  ‘Greatef than expected failure of separatbrs

requiring replacement.

| Cost Consequences:

"Developer: vCoSt of replacing separators.

User: None.

‘Input Data:

. Cost of Replaéing Each Separator: $0.1 (millions - $1981)

Probabilities
p(X=0) = 0.50
p(X=1) = 0.25
p(X=2) = 0,10
p(X=3) = 0.08
p(X=4) = 0.07

Expected Loss:

'15x‘=anumber,of separators
requiring replacement
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'Loss Distribution

Replacement
Cost
(millions-$1981) °

$0.0
0.1
0.2

[~ N~}
[l W

[ ]
.
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EXHIBIT VIII-9

Page 6 of 6
GEJSURFACE FACILITY RISKS :
FAILURE OF ADVANCED DESIGN EQUIPMENT
TYPE G - STAGE 2
EVENT l
Description: ' Greater than expected féilure of separators
R requiring replacement.
Cost Consequencee:p
"Developer: - (a) Repiacement‘cost of separators.

(b) . Revenue loss whlle one or more separators
' vare down

,User= s . None.

u'Input Data., ' _ v
Cost of Separators: 50.1 (millions - $1981)
Downtlme:n 1 S‘months
b Revenue Loss Per Separator Per Month-, $0 18 (millions - $1981)

Loss Distrlbutlon

S : ~ Replacement Revenue

" Probabilities , ' : Cost s Loss
A (m11110ns—$1981) (millions-$1981)

. p(X=0) = .30 v ' $0,00 P '$0.00
. p(X=1l) = .30 : 0.10 0627
p(X=2) = .18 - . A 0.20 TR 0.54

o p(X=3) = .12 S . 0430 : 0.81 -
p(X=4) = .06 : 0.40 S 1.08

- Expected Loss: v : 0.30 - 0439

- X = number 0frseparators b
requiring replacement
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EXHIBIT VIII-10

Page 1 of 6
\o)SURFACE FACILITY RISKS
SCALING AND CORROSION
"TYPE B - STAGE 3
EVENT 1
DéSCription:.‘ ‘Scaling and corrosion greater_thén expected

leading to the replacement of portions of
the pipeline system, '

"COSt'Consequencés:
Developex:’: - Capital cost of replacing portions of the
B pipeline system. Revenue loss is considered
Vzero.because adequate réduhdancy is likely to
" exist to maintain full'flow to the power
‘plant. '

~ User: ' None.

Input Data:

Cost of Piping System: $9.0 (millions - $1981)
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EXHIBIT VIII-10
Page 2 of 6

E§URFAC1—: FACILITY RISKS
SCALING AND CORROSION
TYPE B - STAGE 3 |

EVENT 1
Loss Distribution
Replacement
- Cost of
S o o Portions of
s _ : the Piping
- Probabilities ' : System
A _ ~(mim%rﬁ7ﬁ'9'§1)
«500 : $0.000
2011 o ‘ ' 0.450
. L.011 SR 1.125
.011 ' ‘ 2.745
.136 : ) 0.900
.011 . 1.125
.011 ‘ 1.800
011 = , : 3.420
0132 : , 3 , 2.520
0011 ’ . 2- 745 .
011 : , 5.040
Expected Loss: ’ 0.730
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EXHIBIT VIII-10

Page 3 of 6
\o/surFacE FACILITY RISKS
SCALING AND CORROSION
TYPE F - STAGE 3
EVENT l
" Description: ~ Scaling and'corrosion greater than expected

leading to the replacement of portions of
the plpellne system.

Cost'Consequences;, | | |
' ’Developerz - Capital cost,'of"replacing »pdrtions of the
‘ ’ ’ pipeline system. Revenue loss is considered
Zero becauSe adequete_redundancy is likely

to exist to maintain full flow to the power
plant.

User: None.

Input Data.,'

Cost of P1p1ng System; '$22 (millions_- $1981)
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EXHIBIT VIII-1O0
Page 4 of 6

QE# SURFACE FACILITY RISKS
SCALING AND CORROSION
TYPE F - STAGE 3
EVENT 1 i

Loss Distribution

Replacement Cost
of Portions of

" probabilities : ~the Piping systenm
P , R ' (millions-$1981)

.500 o ‘ $0.00

.132 - - ‘ , 0.55
.011 ‘ , 1.10
.011 2.75
L0111 _ 671
136 : , 2.20
© .011 S 2.75
011 S . 4.40
011 = 8.36
«132 : R . 6.16
011 ' o : 6671
011 . ce 8.36
011 : N ' - 12.32
Expected Loss: 1.77
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EXHIBIT VIII-10

Page 5 of 6
\_) surrace FACILITY RISKS
SCALING AND CORROSION
TYPE G — STAGE 3
EVENT 1
Description: Scaling and corrosion greater than expected

~leading to the replacement of portions of
‘thevpipeline system,
Cost Consequences:

béveloper: Capital cost of 'replacing portions of the
pipeline system. Revenue loss is considered
zero because adequate redundancy is likely
to exist to maintain full flow to the power
plant. | | |

- . User: None.

Input Data: o SRR A ' | .

Cost of Piping System: $10.5 (millions - $1981)
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EXHIBIT VIII-10
Page 6 of 6

\/SURFACE FACILITY RISKS
SCALING AND CORROSION
"TYPE G - STAGE 3
EVENT 1

Loss Distribution

Replacement Cost
, " of Portions of

Probabilities the Piping system
(millions-$1981)

.40 o '~ $0.00

.11 o ‘ 0.42
.03 0.84
.03 v 1.68
.03 V 3.78
.11 S ) 1,26
.03 ' 1.68
.03 2.52
.03 ‘ : 4.62
.11 v 3.36
.03 - 3.78
.03 = 4,62
Expected Loss: - 1.46
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.05 or cop

VOLCANIC HAZARDS

- ~TYPE E - STAGE 3
- EVENT 1

Description:

' ovCost Consequences.

Developer.

User:

Input Data?

EXHIBIT VIII-11
Page 1 of 6

Lava flow from a volcanic eruption damages one.
or more wells (either producers or injectors)

leading to, for each well damaged, either:
(a) slight damage or burial of well-head
resulting in basically'clean-up costs;

’(b)'heavy'damage resulting in cleaneup and

51gn1f1cant repalr to well.
(Note: Very severe damage to wells causing

replacement and/or blowouts not considered as
having s1gn1f1cant probability in this case).

(a) vclean-up expense.

(b) Repaif cost of wells,

-(o) Revenue loss while each well is down for

repairs.

- None.

Clean-up Expenses in the Event of Slight Damage.: $0.1
(milllons - 51981), l-month delay -

Repalr Costs in. the Event of Heavy Damage' $l.0
(mllllons - $1981); 3-months delay -

"Revenue Loss Per Well Per Month: $0.06 (mllllons - $1981)
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EXHIBIT VIII-ll
Page 2 of 6

,‘_iACTS OF GOD
VOLCANIC HAZARDS
TYPE E - STAGE 3

,EVENT 1
Loss Diétribution
TR - : Repair Revenue

Probabilities Cost Loss

: ; (millions-51981) (millions-$1981)
0.900 . $0.00 . $0.00
0.050 - . - 0.55 : 0.12
0.015- ] - 1.65 - 0.36
Expected Loss: ' | ©0.10 0.02
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W/ ACTS OF GOD
VOLCANIC HAZARDS
TYPE E - STAGE 3
EVENT 2

Deécription:

Cost Consequences:
Developer:

‘User:

-Input Data-

EXHIBIT VIII-1ll
Page 3 of 6

Lava flow from a volcanic eruption causes
significant damage to the power plant (as

' measuredv’by a pércentage of replacement cost
required to repair plant), severe enough to

cause shut-down while repairs take place.

Loss'of revenue while plant is shut-down.

Cost 6£'repairing power plant measured as a
percentage of total replacement cost. 100%

‘of:replacement cost corresponds to total

destruction of the plantQ' Total destruction

‘considered extremely unlikely (<.0001) and
‘therefore only repair costs were considered.

- Cost of Power Plant: $33.63 (millidns - 81981)

Revenue Loss Per Month Whlle Plant is Shut—Down~ $0.61
(milllons - $l98l)
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HAC'I‘S OF GOD

 VOLCANIC HAZARDS
TYPE E - STAGE 3

 EVENT 2

Probabilities

.900
.033

- .034
.033 |

_Expected LoSs:

EXHIBIT VIII-1ll
Page 4 of 6

Loss Distribution

"Repair ' Revenue
 Cost _Loss
(millions-$1981) (millions-$1981)

$ 0.00 $0.00

2.00 . 0.61
6.70 3.66
14.80 7.32
0.78 0.37
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EXHIBIT VIII-1ll

Page 5 of 6
& acTs oF cop
. .'VOLCANIC HAZARDS
TYPE E - STAGE 3
EVENT 3
Description: " Lava flow from a volanic eruption causes

'éignificant damage to surface facilities,
severé enough to cause temporary shut-down of
project and replacement of a percentage of the
piping system.

‘Cost Consequences:

 Developer: ~ (a) Cost of replacing a portion of piping
’ system (measured as a percentage of the
- replacement cost of the system).

~ {b) Revenue loss while replacement is taking
place and the project is shut-down.

User: . ‘ None.

Input Data:
Cost of Surface Piping System: $4.0 (millions - $1981)

Revenue Loss Per Month while Project. lIs Down: $0.61
‘ (milllons - §1981)

482




EXHIBIT VIII-1l1l
Page 6 of 6

hcrs oF cop
VOLCANIC HAZARDS
TYPE B - STAGE 3

EVENT 3
Loss Distribution
, - o _ Replacement Revenue
" Probabilities _ Cost ' Loss
' ' (miTIions-51981) (millions-$1981)
. 900 ' $0.00 ' $0.00
.033 v ‘ - ; 0.10 0.61
.034 R 0.40 2.44
.033 ' 1.12 3.66
Expected Losss 0.05 0.22
LN
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EXHIBIT VIII-12
Page 1 of 6

9Ac'rs OF GOD

- LANDSLIDES
TYPE A - STAGE 3
EVENT 1

- Description: ~ Landslide damages one or more wells leading
to (for each well affected) either (a) slight
‘damage or burial of well-head resulting
in-basically’clean—up'costs, (b) heavy damage

resulting in clean-up and replacement of well,

‘or‘(c)cveryvsevere damage causing blow-out,

which results in remedial work (usually a

remedial well), clean-up, and a replacement

- well.

’Cost*Consequences:
| Developer: (a) Clean-up expense.
(b).Capital cost for replacement wells.

vfc) Capital cost for remedial wells and/or
other measures needed to control blow-
outs. ' '

(d) 'Revenue~loss'while'eachowell is replaced
(assumed all reServe wells are occupied
with expected replacement). '

f-Ueer:ﬁlAV S Cost of replacement power.

Input Data.
L ,Cost of Well Replacement. $l 8 (mllllons - 51981)

Cost of Remedial Work Due to Blowout (usually a remedlal well).
$l 8. (mllllons~- $l981)

Downtlme for Replacement or Remedlal Work.o 5 months
Revenue Loss Per Well Per Month._ '$0.060 (mllllons - 51981)

' 'Excess Cost of Replacement Power Per Well Per Month: $0.60
A PR (mllllons - 81981)

Clean-—up Costs Per Well.{ '$0.10 (millions - $1981)
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EXHIBIT VIII-12
Page 2 of 6

: h‘ia.ACTS‘OF. GOD -

LANDSLIDES. :
-TYPE A = STAGE 3
EVENT 1.
- Loss Distribution
' Excess
Cost of
. , _ Developer's Replacement
Probabilities ~ -~ Cost \ .__Power -
: v ’ (millions-$198l) (millions-$1981)
0.800000 ' $0.00 ' $0.00
- 0.105000 = v 1.10 0.12
0.024500 , ‘ 2.20 0.24
0.005250 R 3.30 0.36
0.003500 - ‘ 4.40 ‘ 0.48
0.001050 o 5.50 0.60
0.000700 ’ 6.60 0.72
0.022500 - 2.20 0.24
0.005250 v - 3.30 0.36
0.001125 - v o 4.40 ' 0.48
0.000750 R - 5.50 0.60
0.000225 6.60 S 0.72
0.000150 o - 7.70 ‘ - 0.84
0.015000 - ' 3.30 o \ 0.36
0.003500 v 4.40 ; 0.48
0.000750 o o 5.50 0.60
- 0.000500 ' 6.60 v . 0.72
.0.000150 ’ - 7.70 0.84
- 0,000100 » . 8.80 ' ; 0.96
0.004500 4.40 0.48
0.001050 . 5.50 ; 0.60
- 0.000225 o 6.60 ' S 0672
©0.000150 S S 7.70 SERENE 0.84
- 0.000045 ‘ g o .8.80 - 0.96
- 0.,000030 v e 9.90 , o --.1.08
~0.003000 - : , 5.50 : 0.60
-0.000700- - . , 6.60 0.72
. 0.,000150 . N - 7.70. . .. 0.84
©.0.000100 = - 8.80 0,96
.. -0.,000300 e 9.90 ' - 1.08
0.000020 11.00 S 1.20
'Expected Loss: - 0.42 : 0.05
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EXHIBIT VIII-12

T Page 3 of 6
~ acTs oF Gob
‘ - LANDSLIDES
TYPE A - STAGE 3
EVENT 2
Description: . Landslide Causes'significent damage to the

power plant (as measured by a percentage of
replacement cost reéuired to repair the plant),
severe enough to cause shut-down while repairs
take place.

Cost Consequences:

Developer: " Loss of revenue while plant is shut-down.
Users: . {a) CoSé of repairing power plant measured
’ as a percentage of the total replacement
cost. ' '

-(b)' Excess'Cost of replacement pewer.

Input Data:

Cost of Power~Piant:' $67 8 (mllllons - $1981)

Revenue Loss Per Month While Plant is Down (to Developer):
$1.59 (millions - $1981)

" Excess Cost of Replacement Power Per Month While Plant is Down
(to User): - $1 59 (mllllons - $1981)
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EXHIBIT VIII-1l2
Page 4 of 6

‘\PACTS OF GOD

- LANDSLIDES
TYPE A - STAGE 3
."EVENT 2
Loss Distribution
‘ Excess
: Cost of
Repair Revenue . Replacement
"Probabilities Costs : Loss - Power
. (millions-$198l) (millions-$198l) (millions-$1981)
.900 = $0.00 $0.00 $0.00
.034 ' 27.10 14.30 14.30
.033 S 47.50 28.62 28.62
Expected Loss: 2.76 1.48 1.48
N

487 -




;Viiﬂ“

ACTS OF GOD
LANDSLIDES

TYPE & - STAGE 3
EVENT 3

Description:

Cost Consequences:

- Developer:

‘User:

Input Data:

EXHIBIT VIII-12

Page 5 of 6

Landslide causes 51gn1f1cant damage to surface

,faCLlltleS, severe enough to cause temporary

shut—down of project and replacement of a
percentage.of.the piping system.

(a) Cost of replac1ng a portlon of piping
system (measured as a percentage of the
replacement .cost of the surface piping
system).

(b) Revenue loss while replacement is taking
~ place and the project is shut-down.

Excess Cost of replacement power.

«: Cost of:Surface Piping System: $5.0 (millions - $1981)

' Revenue Loss Per Month While Project is Down: ~ $1.59
(millions -.§1981)

Excess Cost of Replacement Power Whlle Pro;ect is Down.
$l 59 (mllllons - $1981) .
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EXHIBIT VIII-12
Page b of 6

A/ ACTS OF GOD

LANDSLIDES
. TYPE A - STAGE 3
EVENT 3
Loss Distribution
- Replacement.
Cost of : Cost of
o Piping " Revenue - Replacement
Probabilities System . Loss Power
- (miIlions-$1981) (miIlions-$198l1) (millions-$1981)

.8000 LT - $0.000 $0.00 - $0.00
" .0495 ’ 0.125 -1.59 1.59

"~ .0055 : 0. 250 3.18 3.18 .

- .0056 v T 0.625 7.95 7.95 .
.0054 : . 1.525 11.13 11.13
.0510 : : 0.500 6.36 1 6.36
0056 - ‘ 0.625 . 3.18 3.18
.0058 _ - 1.000 12.72 12,72
. 0056 : 1.900 15,90 , 15.90
.0495 = 1.400 ‘ 9,54 9.54
.0054 0 1.525. ' 11.13 11.13
0056 o o 1,900 15.90 - 15,90
.0055. 24800 '19.08 ; 19.08
Expected Loss: 0.170 - 1.43 1.43

o
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BASE INPUT DATA
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Revenue Input Data
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EXHIBIT VIII-13

QﬁJ' : ' CONVERSION FACTORS TO DETERMINE
WELL AND FIELD REVENUE

Total Mass
Flow Needed to
Steam Sales Operate Plant
L Price o at Maximum
Project (mills/kw=hr.) Rated Capacity
Type ($1981)* Plant Size (millions lb./hr.)
A 27.8%* g 110 MW 2.20
B 44,7 - 50 MW 3.42
C*** - .' » - -
D 68.1 - 20 MW . 3.57
E 45.1 | 25 MW | 1.25
F 79.2 ' 50 MW 19.00
G 35.5 50 MW | 4.60

* Based on breakeven analysis utilizing DOE Geothermal Loan
Guaranty Cash Flow Model described in in Section VI.

** Bagsed on current operations.:
*kx Insufficient data available to estimate revenue for

direct-use type of project. Mention of Type C revenue
~ data. excluded from remainder of Appendix. ‘
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EXHIBIT VIII-14

REVENUE LOSS
STAGE 2
{millions ~ $1981)

Well Loss = Total Field

Project :
Type* | Per Month Per Year Per Month Per Year
A $.084" $1.01 SL.5 $18.1
B .063 0.76 1.1 13.7
D .069 0.83 0.7 8.4
E .072 0.86 0.6 6.9
F .053 0.67 2.0 24.3
G .065 0.78 0.9 10.9

* Electric generation projects only
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EXHIBIT VIII-1l5

\.J ‘ , REVENUE LOSS PER WELL PER MONTH
» STAGE 3 ’
(millions - $1981)

Project _
_Type* Range** Expected Value***
A $.037 - .096 . $.066
B .039 - .073 .056
D .041 - .079 ~ .060
F .040 - .061 .050
G .044 - .079 059

"7 ¥ Electric generation projects only.

** High value corresponds to loss of well during early years of
Stage 3. Low value corresponds to loss of well in year 25.
Difference is due to assumed natural decline rate in reservoir
productivity. :

*** Mid-point of range; assumes that loss of well is equally
- likely ;hroughout'ygars 1-25 of Stage 3.
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EXHIBIT VIII-1l6

'REVENUE LOSS PER ABANDONED WELL
STAGE 3 (YEARS 26-30)
(millions - $1981)

Project

| Type*: Range** v Expected Value***
A $0 - 1.9 $0.95
B 0 - 2.0 - 1.00
b 0-2.1 | 1.05
E 0 - 2.2 1.10
F 0 - 2.1 1.05
G

0.- 2.3 : 1.15

* Electric géhetétionTprojedts only.
Tt High.value'correspohds to'abandonment‘of»wéll during the :
first day of year 26. Low value corresponds to abandonment
‘of well on last day of project.

**f[Mid-point'ofrrange; assumes that abandonmeht of well is
equally likely throughout years 26-30 of Stage 3.
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EXHIBIT VIII-17

REVENUE LOSS DUE TO TOTAL FIELD ABANDONMENT
DURING STAGE 3 (YEARS 1-30)(a)
(millions - $1981)

Project : »Expected Low Value Medium Value High Value

- Type(b) . Range(c) Value(d) (p=.33)(e) (p=.34)(e) (p=.33) (e)

Y]

(b)

(c)

(d)

v(e)

@ m m o Wy

$0 - 572 $286 $94 $286 - $478

0 - 43¢ 217 72 217 362
"°,' 264 132 44 ' 132 220
0 - 218 109 36 109 182
0 - 768 384 127 - 384 641
0 - 342 171 56 i 286

Used to estimate revenue loss due to percentage reduction in
‘fleld product1v1ty.

Electrlc generation pro:ects only.

High value corresponds to loss of field at the beginnzng of
Stage 3. Low value corresponds to loss of field at the end
of Stage 3.

Mid-point of range; assumes fxeld product1v1ty loss 1s equally
likely throughout Stage 3. :

Discrete approxlmatlon of the uniform loss distribution at
three points: (1) 33 percent chance of loss occurlng at the

! 5-year point, (2) 34 percent chance of loss occuring at the
"~ 15-year point, and (3) 33 percent chance of loss occurlng at
the 25-year p01nt of Stage 3. : . v
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Well Input Data
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Project
Type

" Type of
Well

A

Producers

(reserves)

Producers
(reserves)

Injectors
(reserves)

Producers
Injectors

Producers

(reserves)

Injectors
(reserves)

Producers
(reserves)

Injectors
(reserves)

Producers

. (reserves)
‘Ihjectorsb
(reserves)

- Producers
(reserves)

Injectors

(reserves) .

NUMBER OF WELLS*.

Stége 1

18(2)

18(2)

9(15

10(1)

5(1)

8(1)
4(1)
38(4)

19(2)

5 ‘14(2)'

R TE T

"\-J* Based on DOEkestimates‘,

EXHIBIT VIII-18
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' - Stage 3 Staée 3

Stage 2 (Beginning) (End)
18(2) 18(2) 18(4)
18(2) 18(2) 26(2)
9(1) 9(1) 13(1)

4 4 4

4 4 4
10(1) 10(1) 15(1)
5(1) 5(1) 7(1)
8(1) 8(1) 12(1)
4(1) 4(1) 6(1)
- 38(4) 38(4) 45(2)
19(2) 19(2) 23(2)
o 14(2) 14(2) 18(1)

(L) 7(1)

9(1)




EXHIBIT VIII-19

Page 1 of 7
“ WELL COSTS*
PROJECT TYPE A
Producer Well Cost: - $1.00 $1.40 $1.60 $2.10 $3.00
(millions - § 1981) :
P (Cost<x) : .01 .25 .50 .75 .99

P(Costﬁx)

10 s 20 26 3.0

Producer Well Cost
(millions - $.1981)

Expected Value**: $1.8 (millions - § 1981)

*Probablllty estlmates from DOE sources for all pro;ect types derlved
'u51ng dlrect interval method ‘

**Expected values of all well ‘cost dlstrlbutlons graphlcally estlmated

at the p01nt where area above the curve approximates the area below
the»curve.
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EXHIBIT VIII-19

Page 2 of 7
y 'WELL COSTS
PROJECT TYPE B
Producer Well Cost:  $ .80 $1.10 $1.30 $1.80 $3.00
(millions - $ 1981) |
"P(Cost<x): .01 .25 .50 .75 .99

P (Cost<x)

RS 8 10 s 20 2.6 80

Producer Well Cost
”(millionsf-’$ 1981)

Expected Value. S - :
.; Producer Wellsv- $l. 5 (mllllons -8 1981)
: Injector Wells* - $l 4 (mllllons,— $ 1981)

'*Injector well costs for all project types estimated to: be $100 000
Lo less than the cost of producer wells unless otherwise noted.
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EXHIBIT VIII-19

Page 3 of 7
WELL COSTS
PROJECT TYPE C
Producer Well Cost: ~ § .02 $ .04 $ .08 $ .10 § .15
(millions - § 1981)

P (Cost<x) : .1 .25 .50 .75 .99

P (Cost<x)

Producer Well Cbst
(millions,- $ 1981)

‘ Expeéted Value: LTI R . o
‘Producer Wells - $ .07 (millions - § 1981)
Injector Wells - § .06 (millions - §$ 1981)
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EXHIBIT VIII-19

"ii' Page 4 of 7
WELL COSTS
PROJECT TYPE D~ ,
Producer Well Cost:  $1.00 $1.55‘ $1.75 - $2;id- .$3.00
_ (millions - § 1981) = ' 7 T :
P (Cost<x) : N ) .25° .50 .75 .99

P(Cost<x)

10 45 20 28 30
‘Producer Well Cost
(millions = § .1981)
: Expécte‘d Va.l:uev:, - Lo
 Producer Wells - $1.8 (millions - § 1981)
Injector Wells - $1.7 (millions - $ 1981)
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EXHIBIT VIII-~19

Page 5 of 7
- PROJECT TYPE E

. Producer Wells |
Well Cost:. $1.00 $1.70 $1.85 $2.20 $3.00
(mllllons - $ 1981) ; v
»P_(Cost_gx). el .25 .50 .75 .99
Expected Value: $1.9 (millions - $ 1981)

 Injector Wells | o
‘Well Cost: $ .80 $1.00 $1.20 $1.50 $3.00
(mllllons - $ 1981) A , L '
P(Cost<x)' | .01 .25 .50 .75 .99

: Expected Valuei } .~ $1.3 (millions - § 1981)
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EXHIBIT VIII-19
Page 6 of 7

 ¥iJj1  ‘

-~ WELL_COSTS

PROJECT TYPE. F

:Pioducer Wells _ ‘ B o
Well Cost: o ‘$ .50 $‘.85 $1.00 $1.3b $2.ob
(millions - $ 1981) - o - |
P(Cost<x): .01 .25 .50 .75 .99

Exéedted Valﬁe:;. $1.10 (miiiiohs -$ 1981)

. Injector Wells R |
' Well cost: $.50 § .60 §$.70 $ .85 $2.00
(millions - $ 1981) N |

P(Cost<x): .01 .25 .50 .75 .99

. Expected Value: §$ .80 (millions - $ 1981)
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" WELL COSTS

. "PROJECT TYPE G

Producer Wells

AWell Cost:

 (millions - § 1981)

P (Cost<x) :

 Expected Value:

Injector Weils

© Well Cost: -
~(millions - § 1981)

. P(Costsx):

Expected Value:

.40

01

.80

.40

.01

.70

505

$ .60

.25

(millions

$ .55

.25

‘(millions

EXHIBIT VIII-19

Page 7 of 7
+70 $ .85 $2.00
. -50 : 075 099
$ 1981)
.60 $ .75 $2.00
.50 .75 .99
$ 1981)




Olther Input Data
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Project

: Afv'

EXHIBIT VIII-20

 PLANT AND FIELD CAPITAL COSTS*

(millions - $1981)

Plant

 Power
Plant

-Reblading

$67.80
vr44.77‘v
‘-28.57 
'33.63"
ej.do:

. 49.89

i f$1;5bv
/:ifso”
1 0.75
' fo;§5

1.50

©ls0

Field

- Piping
System

$5.0
9.0
6.6
1.0

22.0

10.5

" Estimates based on DOE data sources

** Electric generation projects only
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Downhole  Steam
Pumps - Separators

v.'N/A' o N/A
| N/A N
 '$0;15  N/A
-&/Ai;, | “N/A

0.17 N/A

. N/A 50.10




EXHIBIT VIII-21

o = DELAY TIMES FOR REPLACEMENT OF WELLS OR EQUIPMENT

S . : - Expected
Event - RERTRT . Delay Time*

' Replacement or S , : '
- addition of well ~ = v . 5 months
| ’Rebléding,df o o _ o - ‘

turbine . . L B : o 1 month

Replacement of :
- downhole pump > , o » 1.5 months

‘ Replacement of . : ' L
- .steam separators . ' s , 1.5 months

V?EXPécted vé1ues baSedfon*Subjeétively assessed
-~ probability distributions for delay time.
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EXHIBIT VIII-22

AN DS  CHEMICAL DATA BY PROJECT TYPE

Reservoir Designations

B - € - D g® F

~ Species A

pHE 5.7 1.3 6.5 8.0 4.8 N.A,
' alkalinity - | o - e | - 365 -
piny | L - |

mco;  ae®  1s02 3% 132 - 511

o so; 72 gg? 3012 1652 N.aA. 160
catt w1t 132 2 2 12 6
4% e10® w4002 2802 178
H,S 352 2303 0 N.A. NA 0
i LR ';;N;A.,v 22 na. N 2322 -
 vBa; o  vK.A;"‘ N.A. N.A. N.A. &.A.' N.A.
e  N.A. N.A.  N.A.  N.A.  N.A. N.A.
Fe = . N.A. N.A N.A. N.A.  N.A. N.A.

sr  N.A. N.A.  N.A.  N.A. N.AL NLA.

ﬁ_ u;N,A;‘- nofdata aVailable.

;?mg/l'méasﬁred)iniliQuid phase;f
‘ ;gppm by-weight'in‘hon-ééndensibie gas.
"4Analysisfof‘stéam;condénsate.’1: :
L 5Flbw lihe‘témpérétufef400°D. pH—tempetaturé relaﬁions‘neéd
~ “to be considered in determining most likely species present
6Analyéis is of total flow, not‘pbst?flash'liQuid fraction
{obtained from flow line before separator, then cooled and
condensed to liquid phase. Non~condensible gases dissolved

L or entrained in sample.)

7-Re'pr':esem:s pre4flash'f16w..
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242 0% a2 - N.A.

25,000

500

N.A
N.A.
N.A.
N.A.
N.A.

- N.A.
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