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ABSTRACT

This Report summarizes a feasibility study of an electric utility self-
insurance pool for assuring the adequacy of funds for nuclear power plant
decommissioning expense, The feasibility study was comprised of three
compone~ts: (1) the design of such a self-insurance pool; (2) the
estimation of the expected costs of coverage for such a pool; and (3)

the testing of the acceptability of such a pool to thz electric utility
industry. Five conclusions can be generally dravin from this feasibility
study. First, a self-insurance pool is ar appropriate method of assuring
the adequacy of funds for decommissioning. Second, the expected costs

of coverage for decommissioning insurance are non-trivial in absolute
terms, but are a small percentage of total nuclear power generation costs.
Third, the concept of a self-insurance pool for deconmissioning expense
is generally acceptable to the electric utility industry, while the
actual use of such a pool for accident related coverages seems more
acceptable than for non-accident related coverages. Fourth, the degree
of assurance that funds would be available for decommissioning seems

to be good. Fifth, the use of any type of insurance arrangement, in-
cluding a self-insurance pool, for non-accident related coverages seems
to raise problems of insurability and moral hazard which, while not
necessarily insurmountabie, require careful attention if non-accident
coverages are to be offered.
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FINAL REPORT:

DESIGN, COSTS, AND ACCEPTABILITY OF AN ELECTRIC UTILITY SELF-INSURANCE
POOL FOR ASSURING THE ADEQUACY OF FUNDS FOR NUCLEAR POWER PLANT DECOM-
MISSIONING

[ INTRODUCTION
This Final Report summarizes work conducted between May and November,

1981, by Analysis and Inference, Inc. for the Office of State Programs,
U.S. Nuclear Regulatory Commission, pursuant to Contract No. NRC-01-81-001.

This Report describes a possible design for an electric utility self-insurance

pool for assuring the adequacy of funds for decommissioning, estimates the
costs for such a pool, and then tests the acceptability of such a pool to
the electric utility industry. A self-insurance pool is considered as

one possible approach to solving the problem of how to assure the avail-
ability of funds for decommissioning; it is not put forth as the only
approach or even the best approach.

This Final Report is organized as follows. Section Il contains a brief
discussion of the purposes to be served by the proposed sel’-insurance
pool. Section 11l describes a proposed design for the self-insurance
pool, and includes a description of the organizational form and structure
of the proposed pool and & 1iscussion of premium shape, coverage extent,
and insurable event definitions. In Section IV, the cost estimation
methodology and the cost estimates are presented separately for two dis-
tinct types of coverages: accident-related events and non-accident re-
lated events. Conclusions are contained in Section V. A short biblio-
graphy is presented in Section VI. Details of the tax effect calculations
are presented in Appendix A, while the details of the cost estimation
methodology and results are presented in Appendix B. A discussion of the
acceptability of the self-insurance pool to the electric utility industry
is contained in Appendix C. Appendix D contains a discussion of the col-
lectibility in base rates of the premiums for the self-insurance pool.
Appendix £ contains a brief outline of three alternative financial assur-
ance mechanisms that could be used in place of traditional insurance ar-
rangements for non-accident coverages.

One cautionary point should be made at the outset. This Report contains
a large amount of detail concerning a possible design, and an attached
set of cost estimates, for a self-insurance pool. This level of detail
was necessary, both to elicit responses from the electric utility in-
dustry on acceptability issues, and to determine potential problems that
might be inherent in such a pool. However, this Report is essentially
just a feasibility study of one approach to solving the problem of assuring
funds for decommissioning. The actual details of how the self-insurance
pool would work, if it in fact is set up in the future, are properly mat-
ters for the electric utility industry and the U.S. Nuclear Regulatory
Commission to decide., This Report therefore should not be read as a
proposed "prospectus” for such a pool.
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[11. DESIGN OF THE SELF-INSURANCE POOL

A. Organizational Form and Structure of the Pool

1. Organizational Form of Pool

One organizational form for the pool seems substantially better than any
alternative: an offshore corporation which insures its own members and
which is an "ownership-share" corporation. Incorporation is necessary

to limit the insured utilities' liability for insured events; an unin-
corporated association of utilities could result in joint and several
liability for the utilities themselves for any excess losses over reserves,
which would seem to be an intolerable outcome for *the member utilities.
The corporation should be an offshore corporation, not organized to do
business in the U.S., in order te minimize U.S. federal income tax lia-
bility (for the pool itself} and U.S. securities regulation problems.

This results in substantial net savings. Because it would only insure
member insureds (i.e., membership would be a condition precedent to cover-
age, and coverage would be the only purpose and benefit of membership),
the "ownership-share" structure makes sense, in which ownership shares
(stock) would be held proportional to some measure of responsibility for
the output or capacity of the pool (say, as measured by premium dollars
paid in, or number of units insured, or amount of coverage purchased).

Care should be taken to make sure that no member insured of the self-
insurance pool owns 10 percent or more of the corporation, as this could
result (under certain circumstances) in the corporation being considered
to be a "controlled" foreign corporation, which in turn would cause the
loss of some of the attractive consequences of being off-shore.

In sum, this solution, an offshore "ownership share" corporation, is the
one that has been settled on by the two existing electric utility self-

insurance pools, NML and NEIL, and appears to be the obvious choice for

the organizational form of the pool.

2. Membership Eligibility Requirements

A fairly difficult question arises on the issue of whether the proposed
self-insurance pool should be forced Lo accept any U.S. owner/operator
of a commercial nuclear power plant as a member insured, or whether the
pool sihould be permitted to exclude certain owner/operators because they
are deemed to be bad risks or for any other reason.

Mandatory acceptance by the pool of owner/operators who apply is attrac-
tive because it would help ensure that there would not be undecommissioned
plants, which threaten public health and safety because they were not

being properly decommissioned, due to the lack of a financially responsis1e
owner/operator. Mandatory acceptance by the pool is unattractive, however,
for two reasons: (1) it might make the owner/operators who perceive them-
selves as "good" risks among owner/operators less interested in joining the
pool; and (2) it might convince owner/operators that they could take less
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the extent to which (if any) indicated rates for individual reactors
should be weighted back towards the average rate, either for reasons of
actuarial credibility or on the grounds that the average rate provides

a Bayesian prior, and also did not attempt to determine the extent to
which (if any) indicated rates for individual reactors should be tempered
for reasons of utility theory. See generally Kahn (1974) on actuarial
credibility theory, and Ferreira (1978) on tempering.

B. Insurable Event
There seem to be eight possible insurable event definitions, corres-
ponding to the eight possible combinations of three two-way choices, as

outlined below:

No. Definition of Insurable Event

(1) Accident, Requiring Decommissioning, Coupled with Financial
Incapacity

(2) Accident, Requiring Decommissioning, Regardless of Financial
Incapacity

(3) Economic/Technological/Engineering Obsolescence, Requiring
Decommissioning, Coupled with Financial Incapacity

(4) Economic/Technological/Engineering Obsolescence, Requiring
Decomnissioning, Regardless of Financial Incapacity

(5) Accident, Requiring Additional Decontamination Effort prior
to Decommissioning, and Decommissioning, Coupled with
Financial Incapacity

(6) Accident, Requiring Additional Decontamination Effort prior
to Decommissioning,and Decommissioning, Regardless of
Financial Incapacity

(7) Economic/Technological/Engineering Obsolescence, Requiring
Additional Decontamination Effort prior to Decommissioning,
and Decommissioning,Coupled with Financial Incapacity

(8) Economic/Technological/Engineering Obsolescence, Requiring
Additional Decontamination Effort prior to Decommissioning,
and Decommissioning, Regardless of Financial Capacity

These eight possible insurable event definitions are shown diagrammatically
in Figure 1, below.

Several points are in order at this time.



Initiatin
Event

Figure 1:

Accident

Economic/
Technological/

Engineerin
Obsolescence

TYPE OF COVERAGE

Additional Decontamination
Effort Prior to Decommis-

Decommissioning sioning, and Decommissioning
’Coverage if | Coverage Coverage if | Coverage
Financial Regardless of | Financial Regardless of
Incapacity Financial Incapacity Financial
Present Capacity Present Capacity

(1) (2) (5) (6)
Coverage if | Coverage Coverage if | Coverage
Financial Regardless of | Financial Regardless of
Incapacity Financial Incapacity Financial
Present Capacity Present Canacity

(3) (4) (7) (8)

Definitions of Eight Relevant Insurable Events

Note: Not all of the eight insurable events outlined here are equally probably or
equally important from the public policy viewpoint of minimizing the danger
that nuclear power plants would not be quickly and efficiently decontaminated

and decommissioned.

spectively.

For example, events (7) and (8) may seem substantially
less probable, and less deserving of attention, than events (5) and (6) re-

for the various possible coverages.

See Appendix B for a detailed discussion of the costs and needs



First, including events (5) through (8) is the primary cause of the need
to examine coverage amounts or the order of magnitude of $500 million

to $1 billion, as discussed in III(C)(1)(c), below. Because the line
between "normal” decormissioning, which includes some substantial de-
contamination work (on the one hand) and additional decontamination
effort required in addition to "normal" decommissioning (on the other
hand) 1s difficult to draw, considering coverage for events (5) through
(B), seems reasonable.*

Second, the phrase "economic/technological/engineering obsolescence" is
meant to be a catch-all, including various initiatiny events of a non-
sudden nature. These non-sudden events would include, for example,
S1tuations in which reactors became too radioactive to permit economical
maintenance and ref situations where retrofit requirements im-
posed for health ¢ .y reasons by the NRC could not be economically
Justified in light o, tne unit's remaining life, and situations where
deterioration of major components (say, the NSSS) due to wear and tear
could not be corrected economically.

Ihird, the possible inclusion of a financial incapacity test (events (1),
(3), (5), and (7)) is unconventional but attractive in this situation.
inclusion of financial incapacity as a condition precedent to payment by
the pool to the owner/operator is not a common type of condition in com-
mercial insurance. This type of requirement makes the coverage more
difficult to price (by the insurer) ana more difficult to evaluate (by
the insured). Two types of moral hazard could conceivably result from
the use of a financial incapacity test as part of the definition of the
insurable event. First, most objective measures of financial incapacity
(such as a bond rating or a fixed charge coverage ratio) are to some ex-
tent within the control of the utility involved, through its choice of
accounting methods. Second, utilities' incentives to take certain steps
(such as the creation of single-asset utilities to own and operate nuclear
plants) might be increased by the use of a financial incapacity test. On
the other hand, previding for coverage only in the case of financial in-
Capacity makes sense in that it would decrease total costs substantially
while still providing assurance that plants would, in fact, be decommis-
sioned.

*Indeed, it could be arqued that coverage for events (5) through (8) really
lies at the heart of the problem at hand. "Straight" decommissioning,
without any additional decontamination effort beyond that contemplated
for an average decoomissioning, seems likely to be within the capabilities
of moct or all owner/operators given current decomnissioning scope of
effort determinations and current decommissioning cost estimates, at
least if multiple units are not involved. It is only when additional and
extraordinary decontamination costs are added to decommissioning costs
that the entire combined decontamination/decommissioning enterprise is
placed at risk.



One might not expect to encounter the “"accident” situation without also
incurring some degree of financial incapacity; to the extent that this

is correct, it is logical to offer the "accident” coverages without the
requirements of financial incapacity as a condition precedent to coverage.
That is, coverages (1) and (5) may, in fact, be just about as inclusive
as coverages (23 and (6), respectively, and the added complication of the
financial incapacity test may not be justified in light of the modest
expected savings. By comparison, with respect to the "obsolescence"
coverages, it 15 easy to conceive of many events which would not result
in financial incapacity. Accordingly, it would seem that coverages (3)
and (7) should offer substantial cost savings over coverages (4) and (8),
respectively, as they provide significantly narrower, and thus less valu-
able, coverage. This would lead one to conclude that the financial in-
capacityetest might prove to be a more important feature in the “obsoles-
cence" coverages than in the "accident’ coverages.

Because the irzlusion of a financial instability condition as part of

the insurable event definition is not a common practice, the cost esti-
mates presented below in sIV(B) and in Appendix B do not take into consid-
eration the possible cost savings that could be achieved by replacing
coverages (2), (4), (6), ana (8? with coverages (1), (3), (5), and (7),
respectively. However, this option (to include a financial instability
test as a condition precedent for coverage of losses) remains open to the
pool should tne premiums he deemed too high for the coverages which allow
for recovery regardless of financial condition. See the discussion in
Appendix E.

Fourth, it may make sense to replace a fixed amount deductible with a
deductible equal to reserves to date for each unit. Certainly, reserving
practices should be a required type of data submitted by the insured owner/
operator to the pool, at least for use as a risk classification variable.
As reserves grow (regardless of whether they are contained in a deprecia-
tion reserve, or a fully funded or partially funded trust outside the
assets of the owner/operator), it would provide substantial cost savings
to have total coverage shrink proportionately.

Fifth, decontamination leading to re-start should not need coverage, and
is therefore excluded from discussion. The reasoning behind this ex-
clusion goes as follows. If an owner/operator plans to re-start a unit
after a decontamination effort, the remaining life of the unit must
(almost by definition) be adequate to justify the decontamination expense
in light of the expected value of the unit's future generation. If the
owner/operator has made this cost/benefit analysis correctly, the capital
markets should agree with the determination, and thus capital to finance
the decontamination effort should be forthcoming.

The discussion in the preceding paragraph notwithstanding, one peculiar
problem associated with offering the type of coverage considered in this
Report results from the possible distorting effect such coverages would
have on an owner/operator's "decommission vs. restart" decision after a
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major accident at a nuclear power plant. An example will illustrate this
problem. Assume that coverage is only offered for decontamination expenses
associated with decontamination efforts leading to decommissioning, as
contemplated in this Report, and not for decontamination expenses associ-
ated with decontamination efforts leading to restart. Assume further that
a substantial accident involving radioactive contamination within the

plant occurs at a nuclear power plant which has a remaining value before
the accident of $500 million. Finally, assume that either decontamination
effort (decontamination leading te decommissioning and decontamination
leading to restart) will cost $400 million, and that either decommissioning
or restart will cost an additional $200 million each. In this example,
providing coverage only for decontamination leading to decommissioning

and decommissioning would create an incentive for the owner/operator to
decommission rather than to restart, even although it makes more sense
(from the point of view of the entire system) to restart, given the costs
assumed .

In general, then, it seems reasonable to assume that in most cases, coverage for
decontamination leading to restart expenses is not needed, because if it

in fact makes economic sense to restart a unit, financing for the de-
contamination leading to restart plus restart expenses should be avail-

able from the capital markets. However, it must be remembered that, in
designing the self-insurance pool discussed here, that this i< not neces-

sarily always true and further that cffering only decontamination leading

to decommissioning plus decommissioning coverage may distort the incentives
provided to the owner/operator.

In conclusion, cost estimates for coverages (1), (3), (5), and (7) are

not included in ¢IV(B) and Appendix B. It is likely that the costs for
coverages (1) and (5) would be somewhat lower than the costs for coverages
(2) and (6), respectively, while it is likely that the costs for coverages
(3) and (7) would be very substantially lower than the costs for coverages
(4) and (8), respectively. Cost estimates were produced for the remaining
four coverages as foilows:

Coverages for Coverage
Insurable Event Limit
(2) $500M and $18B
(6) $500M and $1B
(4) $100M and $250M
(8) $100M and $250M

See sIV(B), and Appendix B, below.
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C. Structure of Coverage and Shape of Premium

1. Coverage Shape

An important set of questions revelve around what might be termed “"cover-
age shape," i.e., how large and extensive the coverage should be in terms
of dollars of protection. (Extent of coverage in terms of covered events
is discussed above in sI11(B), "Insurable Event.") Three sub-questions
are involved here: (1) deductibles; (2) co-insurance, and (3) limits on
coverage. These will be discussed in turn.*

(a) Deductibles. Deductibles provide some level of economic incen-
tive that precludes the owner/operator from ignoring losses altogether,
and also provide some help in keeping total costs down. Accordingly,
the concept of providing coverage only subject to some deductible seems
to make good sense. The size of the deductible is interrelated to the
size of the coverage limit (see sIII{C)(1)(c), below) and to the defini-
tion of the insurable event. In loosest terms, a deductible of some
5-1n% of the total coverage seems reasonable, at least for "straight
decommissioning" insurance. ("Straight decommissioning” insurance means
insurance meant to cover normal decommissioning only, and not additional
decontamination effort in addition to that usually entailed in decommis-
sioning.) A $5 million deductible seems appropriate if one is only cov-
ering decommissioning, say to a limit of $50 - $100 million. By con-
trast, if one is offering "additional decontamination leading to de-
comissioning, plus normal deconmissioning" insurance, which might involve
coverage of 51 billion or even more, a deductible of 50 - $100 million
seems reasonable. A workable estimate for the deductible seems to be 5%
of the applicable maximum.

(b) Co-Insurance. Co-insurance refers to not covering all of a
loss cost, by percentage of the loss. Co-insurance differs from a de-
ductible in that a deductible is an exclusion from coverage of 100% of
loss costs below a fixed amount, while co-insurance is an exclusion from
coverage of a certain percentage of a loss cost, possibly above a de-
ductible or below a coverage limit. Like a deductible, co-insurance has
two desirable effects: it reduces total premium costs, and it creates
at least a modest incentive to control losses. Becazuse co-insurance
operates across the full range of a loss, the incentives provided by co-
insurance may be more useful than those provided by deductibles.

*To the extent that any of the exclusions from coverage discussed in this
section are thought to result in an inadequate degree of assurance that
units will in fact be properly decommissioned, the self-insurance pool
coula conceivably fulfill a secondary function as a source of loans for
additional funds needed to decommission a unit but not provided directly
by the pool due to the limitations on coverage discussed in this section.
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decommissioning, substantialiy lower coverage limits seem appropriate.
Ranges of 3100 million to $250 million seem to reflect possible costs

of non-accident related premature decommissioning, in 1981 dollars, al-
though this varies by type (BWR vs. PWR) and size (in MWe) of the reactor.
The initial decision was made to price coverage at arbitrary levels of
$100M and $250M of coverage, and then to recommend actual coverage levels
as follows:

large LWR $250M
small LWR $100M

No distinction is made in these recommended coverage levels between BLRs
and PWRs; however, there ic some reason to believe that BWRs are slightly
more exmensive to decommission than PWRs. All coverage limits (and at-
tached premiums discussed below) should be indexed by some appropriate
index, such as steam plant or nuclear steam plant construction costs,

so that the value of the coverage and the costs of the premiums do not
decrease in real terms over time. All discussions in this report are
thus in 1981 dollars.

2. Premium Shape

One of the first important questions to be answered when one considers how
to finance a self-insurance pool is how to structure or shape the premiums.
Self-insurance pools by definition have no capital to start with, other
than capital donated directly by member insureds. Thus capital contri-
butions, whether labeled as such or as "reserve premiums" (i.e., a portion
of premium that is explicitly hoped to become a portion of earned surplus),
must be made by member insureds, either before the pool opens or during

its early operation. Additionally, self-insurance pools can retroactively
modify the premium due for any past period if experience for that period
was sufficiently adverse to require such an action.

The possibility of these two other types of premium payments (which are
called reserve premiums and retroactive premiums) in addition to the usual
type of premium payment (which are called ordinary premiums) raises the

questions of the relative desirability of the three types of premium charges.

Two issues stand out in the electric utility self-insurance pool context:
(1) tax status, and (2) collectibility in base rates. These will be dis-
cussed in turn.

(a) Tax Status. There does not seem to be any problem with the tax
status of ordinary premiums and retroactive premiums. Both fit within the
classic status of "ordinary and necessary" business expense and thus should
qualify easily for deductible status as expenses for FIT purposes for the
member insureds. Reserve premiums, however, present a somewhat different
picture. Whether or not it is labeled as such, a payment which serves the
purpose of being a contribution to a self-insurance pool's capital is much
closer to a capital transfer than it is to an “ordinary and necessary"
business expense. If viewed as a capital transfer (analogous to a capital

il
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contribution by a parent to a newly created, wholly owned subsidiary),
the payment would not necessarily be a taxable event, and should thus be
viewed as possibly not deductible for the member insured's FIT purposes.
In sum, the choice between (on the one hand) ordinary premiums and retro-
active premiums (deductible) and (on the other hand) reserve premiums
(possibly not deductible) is important to the member insureds because of
the possibly different tax status of the premiums, 21though it should
also be remembered that mere labels are not the determinative factor
here. That is, if all premiums were Lormed "ordinary premiums," but a
portion of the initial premium flow was a fact used by the pool for the
purpeses of accumulating a capital reserve, that portion of the ordinary
premium which was in fact being used to create reserves might also be
held to be non-deductible for FIT purposes.

(b) Collectibility. The three possible types of premium payments
might differ in their probable "collectibility"” in the member utilities’
base rates. In general, rate requlators allow "reasonable and prudent"
business expenses to be collected by utilities in their base rates. The -
details of the current status of utility law on the collectibility in
base rates of insurance premiums are discussed below in Appendix D. It
suffices to say here that it is likely that ordinary premiums would be
collectible in base rates, but that the status of both reserve premiums
and retroactive premiums are a little less clear. With respect to reserve
premiums, the argument could be made that they are merely temporary loans
of capital, and not true expenditures, and thus not properly collectible
in rates. To the extent that reserve premiums are considered expendi-
tures, they might be arqued to be capital expenditures rather than
crdinary expenses. If viewed as capital expenditures, they might be
treated for rate purposes either as additions to rate base or as expendi-
tures better amortized than expensed. With respect to retroactive premiums,
the argument could be made that these premiums do not represent a pay-
ment by utility X for a necessary purpose that benefits utility X's rate
payers as much as they represent a payment by utility X to take care of
a problem of utility ¥ and utility Y's rate payers. Of course, no one
can predict what rate-making treatment will be afforded a particular ac-
counting item. At this point, no more can be said beyond the generaliza-
tion that it is highly likely that ordinary premiums would be collectible
as expenses in base rates, that it is likely that retroactive premiums
would be collectible, but might be amortized rather than expensed for
rate purposes, and that it is likely that reserve premiums would not be
collectible as expenses, but would more properly either be amortized or
capitalized by being added to rate base.*

*0f course, obtaining PUC approval to join the self-insurance pool prior
to the operation of the scheme should improve the probabilities that
these expenditures would prove to be collectible in rates. Additionally,
the collectibility of these expenses should also be improved if the NRC
ordered such coverages to be obtained by owner/operators.
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(b) Tax Effects on Rates (applicable after collection of the
expense in base rates has commenced):

Effective cost =P 1 + .04 + b

where P = premium
b = relevant state premium tax rate, if any, ex-
pressed as a decimal

See IV of Appendix A.

In summary, for ordinary premiums and for retroactive premiums, before new
premium expenses are collected in base rates, the rate payer pays nothing
and the utility and the U.S. Treasury roughly split the expense in cash
terms. For reserve premiums in cash terms, before the expense is collected
in base rates, the utility pays the premium times a premium tax loader.
After the new premium expenses are collected in base rates, the utility
passes on the new expense to the rate payer, with any relevant premium
taxes added as a multiplier.

2. Collectibility in Base Rates of Premium Payments

In general, it seems reasonable for planning purposes to assume that premiums
paid into a self-insurance pool for decommissioning expense insurance will

be allowed for rate-making purposes. Specifically, ordinary premiums should
be collectible, as ordinary and necessary business expenses, in base rates.
Reserve premiums should be collectible, either by being amortized or by being
capitalized as additions to rate base. Retroactive premiums should be col-
lectible, either by being expensed or by being amortized. Further, it seems
reasonable to assume that the collectibility in base rates of all types of
premium payments would be enhanced if each owner/operator obtained prior
requlatory approval for joining the pool from rate regulators. Finally, it
seems reasonable to assume that the collectibility of this expense in owner/
operators' base rates would be still further enhanced if such insurance cov-
erage was required by the N.R.C. A detailed discussion of the reasons be-
hind these conclusions is contained in Appendix D.
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B. Cost Estimation Methodology and Cost Estimates

1. Introduction

This section surmarizes briefly the cost estimation methodology, and the
actual cost estimates produced, for both accident and non-accident cov-
erages. Both the methodology and the resulting estimates are described
in greater detail in Appendix B.

Two preiiminary points should be made at this time. First, it should
be noted that these accident and non-accident coverage cost estimates
were estimated separately. The cost estimates discussed are for each
type of goverage, respectively, and would have to be adied together to
produce estimates for both accident and non-accident cc verage for a
nuclear power plant. Second, these cost estimates are expected costs of
coverages. A self-insurance pool might decide to charge premiums which
were higher or lower than the expected costs of coverages, for various
reasons; see Appendix C for the positions of several owner/operators on
the question of whether premiums should be set at, above, or below the
expected costs of coverages.

2. Accident Events

a. Methodology

First. various definitions of the insurable event were considered. The
insurable event definitions used by the three existing types of nuclear
insurance (first-party property damage insurance, third-party liability
insurance, and replacement power insurance) were examined. Similarly,
the definitions of accident events used in the Reactor Safety Study and
used by the Nuclear Regulatory Commission for safety evaluations and for
emergency planning in licensing proceedings were examined. It was de-
termined that the accident event definition used by Nuclear Electric In-
surance Limited (NEIL) for replacement power insurance would provide a
suitable definition of the accident event, with several modifications.

Second, a model was developed for insurance premium calculations. This
model included the following terms: an expected loss term, an expense
loader term, ard a residual term which included all other factors, such
as profit and investment income effects, risk aversion effects, and
effects of provisions for refunds, retroactive premiums and reserve pre-
miums, which would affect the total rate level. The expected loss term
was in turn modeled by examining three other terms: a probability of
large or maximum loss event term, a cost of a large or maximum loss
event term, and a ratio of total losses to losses resulting from large
or maximum events term.

Third, various approaches to estimating the probabilities of large or

maximum loss events were taken. Historical experience for three differ-
ent sets of U.S. reactors were examined. Estimated probabilities were
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TABLE 1

ESTIMATES OF EXPECTED COVERAGE COST FOR
ACCIDENT-INITIATED DECOMMISSIONING INSURANCE*

Nominal
Coverage
Limit

Decommissioning
Reserve
Target

Effective
Coverage
Limit

Expected
Costs of
Coverage

$0.63-
$2.51

*See Table B-5 in Appendix B for details.

$0.50-
$1.99

$1000
$ 50 $250
$887.3 $787.5

$1.22- $1.10-
$4.89 $4.39

All figures in miilions of

1981 deollars; expected coverage costs are per reactor-year.



3. Non-Accident Events

a. Methodologz

The c( st estimation methodology for non-accident events differed sub-
stantially from the methodology for accident events.

First, the definition of the insured event for non-accident coverages
was considered; it was defined as including all events, not covered
by the accident coverage, which result in inadequacy of reserves for
decommissioning. This could result from prematurity of decommission-
ing, from cost overruns in the decommissioning process, or both.

Second, the question of whether or not non-accident events were
insurable events was examined. Three sub-questions were identified:

(1) whether non-accident events are speculative risks; (2) whether
insuring against non-accident events would create excessive moral
hazard; and (3) whether insuring against non-accident events would
create adverse selection. To some extent, of course, these three sub-
questions are interrelated and deal with similar or overlapping matters.
[t was concluded that insurance for non-accident events would raise
sericus questions, especially of moral hazard, and lesser questions of
speculative risk and of adverse selection. These problems are potentially
serious, Careful attention would have to be paid to all of these ques-
tions before such coverages were actually offered.

Third, the frequency of non-accident events was considered. The small
amount of data on premature decommissionings to date was displayed.
Two metheds (the product-limit method and the reduced-set method)

were used to convert the survival data to a survivorship function.
(These two methods are the continuous analogues of two traditional
electric utility depreciation methodologies, the annual-rate method ana
the composite original group method,) It was recognized that, due to
the fact that the existing data is very sparse and due to the problems
inherent in extrapolating data on smaller earlier vintage plants to
larger and later vintage plants, any inferences drawn from the data
are necessarily weak. The retirement curve L-3 with a 20-year life
from Winfrey (1935) was selected as the curve most similar to existing
data. A 30-year life for the same curve was also used for sensitivity
purposes; the 30-year life was not directly supported by the data, but
could not be rejected on the basis of the data either.

Fourth, the average cost of decommissioning was examined. Current
engineering estimates of decommissioning expenses were considered to

be subject to too many uncertainties, resulting from an apparent industry-
wide tendency to underestimate nuclear construction costs and result-

ing from the tendency of costs to escalate for projects conducted over
long periods of time with potential changes in scope, to be used direct-
ly for insurance ratemaking. A model was developed, based on past
escalation rates in nuclear construction cost estimates, which pro-

duced "myopia factors" in cost estimates, which were applied to current

24



engineering estimates of decommissioning costs, to produce decommis-
sioning costs for which insurance coverage might be appropriate or
necessary.

b. Cost Estimates

Cost estimates were produced for two models of coverages, a “determin-
istic" model and a "stochastic" medel. These two models can be thought
of as either being models of how nuclear plants will in fact be de-
commissioned in the future or models of coverages to be offered in light
of possible future deconmissioning patterns, These cost estimates,
which are for expected costs of coverage, are summarized in Table 2
below, which is taken from Table B-14 in Appendix B.
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TOTAL NAIDE EXPECTED COVERAGE COSTS, IN

TABLE 2

R*

Year of $£100M $250M $100M
Coverage Coverage Coverage Coverage
30-Year Life
Average 0-30 0.49 1.24 0.65
30-Year Life
Average 30-72 -- -- 3.08
20-Year Life

Average 0-20 0.74 1.86 0.975
20-Year Life

Average 20-48 - -- 4.62

*See notes to Table B-14 in Appendix B for details.
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V. CONCLUSION

This Report has summarized work done between May and November, 1981 by
Analysis and Inference, Inc. for the Office of State Programs of the
U.S. Nuclear Regulatory Commission pursuant to Contract No. NRC-01-81-001.
A feasibility study was conducted of an electric utility self-insurance
pool for assuring the adequacy of funds for nuclear power plant decom-
missioning expense. The feasibility study containea three components:
(1) the design of such a self-insurance pool; (2) the estimation of the
expected costs of coverage for such a pool; and (3) the testing of the
acceptability of such a pool to the electric utility industry. The
detailed design for the pool (presented in SIII, above) and the detailed
cost estimates (presented in 51V above and in Appendix B, below) were
necessary in order to test the acceptability of the concept of a self-
insurance pool. It should be noted, however, that this Repgrt is a
feasibility study, and should not be read as a proposed prospectus for
any future self-insurance pool.

The following general conclusions can be drawn from this work:

(1) A self-insurance pool is an appropriate method for assuring
the adequacy of funds for nuclear power plant decommissioning

expense, and the designing of such a pool does not present any in-

surmountable obstacles, at least for accident-initiated events.

(2) The expected costs of coverage for decommissioning insurance
provided by such a pool are non-trivial, and appear to be on
the order of half a million to five million dollars per
reactor per year for a billion dollars of accident-related
coverages, depending on various coverage designs and other
input values. The expected coverage cost for non-accident-
related coverages appears to be on the order of one to six
million dollars per reactor per year for a typical large
LWR, but may be much smaller uncer some coverage designs
or much larger for very old reactors.

(3) The concept of such a self-insurance pool is generally accept-
able to the electric utility industry. The use of such a
pool is more acceptable to the electric utility industry for
accident related coverages than for non-accident related
coveraoges.

(4) The degree of assurance provided by such a pool that funds
would be available for deconmissioning expense seems to be
good.

(5) The use of any type of insurance arrangement, including a
self-insurance pool, for non-accident related coverages seems
to involve certain problems of insurability and moral hazard
not present for accident related coverages. These are
potentially serious and would deserve careful attenticn
if non-accident coverages are to be offered,
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APPENDIX A:
TAX EFFECTS

[. INTRODUCTION

This Appendix discusses the details of the tax effects upon utilities

of making premium payments into a self-insurance pool. Two types of tax
effects are examined: (1) tax effects on cash; and (2) tax effects on
rates. The first type of tax effect, tax effects on cash, are the tax
effects relevant between the time an electric utility begins to incur

the new premium expense and the time the utility begins to collect in its
base rates for that new expense after a base rate case. By contrast, the
second type of tax effect, tax effects on rates, are the tax effects
relevant after the utility begins to collect for the new expense in base
rates.

This Appendix is organized as follows. Tax effects on cash are dis-
cussed in Section II. Section IIl describes tax effects on rates. The
interaction of cash effects and rate effects are discussed in Section IV.
Finally, the applicability of marginal (as opposed to average effective)
tax rates are discussed in Section V. Brief conclusions are presented in
Section VI.

One cautionary point should be made immediately. The incidence of
corporate income taxes is a difficult and unsolved problem in economics.
Whether a corporate tax is absorbed in whole or in part by stockholders,
by consumers, or by management and employees, or by some combination of
these groups, is the subject of a substantial amount of discussion, study,
and dispute. The discussion contained in this Appendix thus is 1imited

to a description of the tax calculations regulators will put in rate de-
cisions. It should be emphasized that this is not necessarily identical
to saying this particular tax or that particular tax saving will be passed
on to the customer or not. For example, in a year in which all expenses
remained constant except for one tax expense which increased, a regulator
might allow a rate increase of exactly the same amount. However, in
another year in which all expenses escalated sharply, the same regulator
requlating the same utility might employ the same tax calculation in
allowing a rate increase, but might also reduce other allowed expenses
accordingly to produce an overall rate level deemed acceptable. Thus,
true incidence of the tax expenses might be unknown because it would be
confounded with other rate level modifications. In other words, the
apparent precision of the algebra of tax effects should not disguise the
underiying uncertainty of the incidence of corporate taxes.

IT. TAX EFFECTS ON CASH
A.  Income Taxes

With respect to income taxes, if a payment (P) is deductible for FIT
purposes, the effective cost of the payment to the utility is given by:
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effective cost = P(1 - x) (A-1)

where x is the applicable FIT rate. As the marginal FIT rate is currently
46 percent, this means that the effective cost, tax-effected for FIT
purposes only, is given by:

effective cost = P(1 - .46) = .54p (A-2)

Now, many states also have state income taxes (or, what is essentially the
same thing, state franchise taxes which measure the franchise to be taxed
by some income measure). The combined effective cost ,where two income
taxes are applicable, and where one tax is deductible for the purposes of
the other tax (as is the case for FIT and state income tax purposes),is
given by:

L]

effective cost = P(1-total effective tax rate)

i

P(1-((FIT rate)+(1-FIT rate)(state rate))) (A-3)
which happens to be algebraically equivalent to:

effective cost = P(1-((state rate)+(1-state rate)(FIT rate))) (A-4)
An example will make this clear. In Massachusetts, the marginal state
income tax rate on ordinary corporate income is 6.5%7. The overall effec-
tive cost of a premium P, tax-effected for both the 467 FIT rate and the
6.5% Massachusetts tax rate is thus:
P(1-((.46)+(1-.46)(.065)))
P(1-(.46 + ,0351))

P(1-.4951)

effective cost

.5049 "

n

"

P(1-((.065) + (1-.065)(.46)))
P(1-(.065 + .4301))

"

1]

P(1-.4951)

.5049 P

In general, for two income tax rates, a and b, the total effective cost
is given by (assuming one is deductible for the purposes of the other):

effective cost = P(1-((a) + (1-a)(b))) (A-5)
=P(1-((b) + (1-b)(a))) (A-6)
=P(1-b-a+ab)

PP



B. Premium Taxes

With respect to premium taxes, the tax effect of a premium tax de-
pends upon whether it is paid by the insured or the insurer. To get a
payment of P dollars to an insurer where a premium tax of y is paid by
the insured, the total payment required is given by:

total payment required = P(14y) (A-7)
By contrast, if the insurer must pay a premium tax of y out of premium
taken in, to retain P dollars in the insurer, total payment required is
given by:

total payment required = P/(1-y) (A-8)

For example, there is a Federal premium tax of 4%. If this tax were paid
by the insured, the total payment required would be given by:

total payment required = P(1.04) (A-9)

By contrast, if the insurer paid this tax on total premium taken in, to
retain P dollars in the insurer, total payment required is given by:

P/(1-.08) = P/.96 (A-10)
1.041667 P

total payment required

H

C. Federal Income Tax Status of Self-Insurance Pool

[t is a straight-forward task to construct an off-shore corporation
which would have no FIT liability for underwriting income. NEIL and NML
were created as Bermuda corporations in order to ?among other things)
reduce FIT liability. The key requirement is that the offshore corpora-
tion be not deemed to be "doing business" in the United States. 26
U.5.C. 55842, 861(a)(7). The only remaining FIT liability would be the
307 FIT rate which is applicable to income from fixed income securities
in the U.S. (i.e., interest and dividends on notes, bills, bonds, and
preferred stock, but not on bank deposits). 26 U.S.C. §881. As no FIT
liahility would apply to premium income in general or to underwriting
income, no tax effect need be applied to the pool itself.

Similarly, U.S. shareholders of a “controlled" foreign corporation

may be taxed on certain income of such a "controlled" foreign corpora-
tion. 26 U.S.C. 55951, 953, 954. However, this type of taxation can

be avoided by making sure the pool does not constitute a "controlled”
foreign corporation (that is, that no more than 25% of the pool be owned
by U.S. citizens whose ownership shares are 10% or more of the pool).
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0. Federal and State Premium Taxes

There is a 47 Federal excise tax on insurance premiums paid by domes-
tic insureds to foreign insurers. 26 U.S.C. 554371, In addition, some
states have separate premium taxes on premiums paid by resident insureds
to insurers, regardless of the insurer's residence. These are payable
by the insured on premium payments, and thus should be tax-effected by
equation (A-9), above, rather than by equation (A-10).

E. Deductibility of Premium Paymerts by Utilities

It also appears relatively easy to structure a self-insurance pool so

that premium payments would be deductible for income tax purposes for
member utilities as they would be "ordinary and necessary business expenses."
26 U.S.C. 9162; Treas. Reg. 51.162-1(a). Case law has developed the prin-
ciple that the distinction between true insurance premiums (which are
deductible) and true self-insurance reserve payments (which are not de-
ductible) hinges on whether or not the risk of loss is transferred to

the insurer and distributed by the insurer among other risks. This ob-
viously happens in the case of traditional property/casualty insurance,
and obviously does not happen where a party insures itself by making a
reserve payment to an internal account. Helvering v. LeGierse, 312 U.S.
531 (1941). It is thus easy to make sure that the pool under discussion
actually removes the burden of loss from the insured itself. This would
occur under the plan we have in mind, as long as retroactive premiums

did not simply flow the loss back to the specific insured suffering the
loss. Thus we should tax-effect premium payments as if they were fully
deductible for federal and state income tax purposes.

The preceding discussion applies to ordinary premiums and to retro-

active premiums. It does not apply to premium reserve payments, which are
much closer to capital contributions than they are to premium charges.

The tax Taw on such premium reserve payments is unclear, but it is proba-
bly prudent at this time to view premium reserve payments as transfers

of capital, and thus as not constituting “"ordinary and necessary business
expenses," and thus as probably not being deductible.

F. Combined Tax Effects on Cash

In Tight of the foregoing discussion, we should tax-effect all premium
payments (except premium reserve payments) for Federal taxes as follows:

P(1-.46)(1.04)

effective cost

1]

.5616 P
This calculation ignores state income and state premium taxes, because

these state taxes vary widely from state to state. The general formula
below will allow the reader to add in his own state tax effect:
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effective cost = P[1 - (.46 + (1-.46) (a))][1 + .04 + 1]
where a = relevant state income tax rate, if any
b = relevant state premium tax rate, if any
It appears that no tax effects should be applied to reserve paynents, as

they should be viewed (for tax purposes) as transfers to capital, and
thus as not constituting by themselves taxable events.

ITI. TAX EFFECTS ON RATES

A. Tax Consequences on Rates in General

Rate case calculations generally proceed in two steps. First, a
post-tax "revenue deficiency" is calculated by adjusting test year
revenues and exovenses for known and measurable changes. The difference’
between the revenues and the expenses (expenses include the appropriate
return on capital) is the "revenue deficiency.” It is an after-tax
revenue requirement. Rate increases, however, are pre-tax; that is, the
public pays in rates for both the after-tax expense incurred by the
utility and for the tax on the net revenue itself.

For Massachusetts, with a 6.5% statc franchise (income) tax on
corporate income, the total effective tax rate (TETR) is:

TETR = (1.00 - 0.46) (0.065) + (0.46)
= 0,035 + 0.46
= 0.4951

(1.00 - 0.065) (0.46) + (0.065)

1]

"

0.4301 + 0.065

0.4951

The ratio of revenue needed for taxes on increased revenues to indicated
post-tax revenue deficiency is thus 0.980590:

_0.495] ret g 0.495]
{1 -"0.4957) 0.5049
= 0.980590

The ratio of total pre-tax revenue needs to indicated post-tax revenue
deficiency is thus 1.980590 ( = 1.00 + 0.980590):
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B. Specific Rate Case Tax Calcuiations

Examples are provided below on pages 37 and 3 of specific rate
case tax calculations. Table A-1 shows how an after-tax revenue de-
ficiency is "grossed up" to obtain a pre-tax revenue deficiency (1ine 9
on Table A-1). The taxes shown on lines 4 and 5 of Table A-1 are actual
taxes paid in the test year, adjusted for known changes; by comparison,
the tax calculation involved in "grossing up" the after-tax revenue de-
ficiency to the pre-tax revenue deficiency (i.e., the calculation em-
ployed to get from line 8 to line 9 on Table A-1) is a hypothetical tax
calculation, which is done at the marginal tax rates.

Table A-2 re-displays the calculations done in Table A-1 as a cost

of service exhibit. Note that the income tax amounts (lines 2 and 3 of
Table A-2) are labeled "allowances." These allowances include both

the actual taxes paid in the test year, adjusted for known changes, and
the hypothetical tax paid on the increased revenues to be obtained from
the rate increase. In other words:

(1ine 2, Table A-2) + (line 3, Table A-2)
= (1ine 4, Tabie A-1) + (line 5, Table A-1)
+ (line 9, Table A-1) - (line 8, Table A-1)






TABLE A-2: COST OF
SERVICE CALCULATION

(all dollar figures $000)

Total 0&M Expenses (excl. fuel), Including
Depreciation and Taxes Other than Income
Taxes, Before Income Taxes

Massachusetts Franchi.e Tax Allowance
F.®.T. Allowance

Return Required on Rate Base
(= 9.68% X 1,031,367)

Total Cost of Service

Tetal Noerating Revenues (excl. fuel)

Revenue Deficiency (Before Taxes)

241,868
6,741
45,775

99,836
394,220
352,972

41,248






In conclusion, the deductibility for incuome tax purposes of insurance
premiums is cancelled out after a new rate case by the calculational
methodology displayed in Tables A-1 and A-2. Accordingly, only premium
tax efrects remain. Therefore, the tax effect on rates of a premium P
is given by:

effective cost = P (1 + .04 + b)

where P = premium

"

b = relevant state premium tax rate, if any,

expressed as a decimal

V. THE APPLICABILITY OF MARGINAL TAX RATES

Flectric utilites in the U.S. currently are taxed at the following F.I.T.
corporate income tax rates, for tax years starting in 1981 or before:

Net Taxable Income Bracket Tax Rate
$0 - $25,000 17%
$25,000 - $50,000 20%
$50,000 - $75,000 30%
$75,000 - $100,000 40%
above $100,000 46%

See 26 U.S.C. 511(b) (1981).

The Economic Recovery Tax Act of 1981, P.L. 97-34, August 13, 1981, changed
some of the infra-marginal bracket rates. The various corporate “income

tax rates are now as follows:

Rate for Tax Years Beginning in

1983 and
Taxable Income 1981 1982 later
under $25,000 17% 162 15%
$25,000 - $50,000 20% 19% 18%
$50,000 - $75,000 30% 30% 30%
$75,000 - $100,000 407 407% 407
over $100,000 46° 46% 467

See 5231(a) of the Economic Recovery Tax Act of 1981, amending 26 U.S.C.
i11(b). Note that the maginal corporate income tax rate remains at 0.46
under the Economic Recovery Tax Act.

In fact, largely due to various tax deferrals, such as accelerated de-
preciation for tax purposes (26 U.S.C. §167 (1)) and the investment tax
credit (26 U.S.C. 546 (f)), and partly due to the averaging effect of
the lower tax brackets, electric utilities do not on average pay 46% of
their taxable net income in actual tax liability payments. The industry






V. CONCLUSION

Because of the differences between various states' tax laws and rate
regulatory schemes, and because of the different tax situations of various
owner/operators, no definitive single answer can be given to the question
of how taxes will affect premium payments. Further, because of the large
uncertainty in the underlying premium estimates, the application of ap-
parently precise tax effects can lend a false sense of precision tc the
final estimates. Despite these problems, the following general tax
multipliers should be applied to premiums to obtain a rough idea of ef-
fective costs of the various premium payments at the various times.

A. Tax Effects on Cash (applicable after the expense has been
incurred, but before it has been collected in base rates):

1. Ordinary Premiums and Retroactive Premiums

effective cost = P (1-(.46 + (1 - .46) (a))) (1 + .04 + b)
P (1- .46 - a + .46a) (1 + .04 + b)

premium

where P

a = relevant state income tax rate, if any, expressed
as a decimal,

b = relevant state premium tax rate, if any, expressed
as a decimal.

See asll (E) and II (F) of this Appendix, above.

ro

Reserve Premiums

effective cost = P (1 + .04 + b)

I

where P = premium

b = relevant state premium tax rate, if any, expressed

as a decimal

See 5511 (E) and II (F) of this Appendix, above.

B. Tax Effects on Rates (applicable after the expense has been

collected in base rates)
effective cost = P (1 + .04 + b)

where P = premium

b = relevant state premium tax rate, if any, expressed as

a decimal

"

See sIV of this Appendix, above.
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In summary, for ordinary premiums and for retroactive premiums, before
new premium expenses are ccllected in base rates, the ratepayer pays
nothing and the utility and the U.S. and state treasuries roughly split
the expense in cash terms. For reserve premiums, in cash terms, the
utility pays the premium times a premium tax loader, before the expense
is collected in base rates. After the new premium expenses are collected
in base rates, the utility passes on the new expenses to the ratepayer,
with the relevant premium taxes added as a multiplier just as in the

case of the reserve premium before a rate case.
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pay losses if experience requires. Hence, the coveruge cost estimates
presented here may be thought of as estimates of the total expected costs
to the pool, rather than as predictions of the pricing behavior of the
pool.

A third factor which could cause actual premiums to deviate from the
expected coverage cost, and could also cause the expected coverage cost
to deviate from actual loss and expense experience, is the considerable
uncertainty in the estimates. This uncertainty is present in all cost
estimates and probability estimates in this Report, as in other estimates
related to commercial nuclear power reactors. To gain some perspective
on this problem, it may be useful to note that:

1. Actual power reactor construction costs have often been
twice as large as the originel cost estimates, even in
real (inflation-corrected% terms. The data collected by
Golay (1980) on twenty-two plants, including at least 30
individual reactors, docketed by the NRC from 1967 to 1970
indicates that none wern completed for less than 150% of
their expected cost (in current dollars) and that some
co5t four times as much as expected.*

2. Reactor construction costs have varied widely. Golay's
(1980) extreme ratios of actual to expected costs (1.5 and
4.0) both occurred in the 1968 docket. In 1977, the Crystal
River reactor was completed for $457 per kilowatt, and the
slightly larger Farley 1 was completed for $819 per kilowatt
or 80% more. The 1967/68 reactor cohort discussed in SIII (C)
below, showed variations in normalized real cost from as
little as $160 per kilowatt, to as much as $371 per kilowatt.

3. Power reactors have often required one and a half times the
length of construction originally expected. In some cases,
the actual time to completion has been two or three times
as long as projected.**

*[t is also significant that some reaccors docketed as early as 1967 have
not yet reached commercial operation; these stragglers may be even more
expensive, and show larger cost overruns, than the units reported by
Golay.

**The "World List of Nuclear Power Plants," published periodically in
Nuclear News, shows the actual or expected commercial operation date to
be Tater than the originally scheduled in-service date for every unit
in the United States for which both dates are provided, except for Big
Rock Point.
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4. Construction periods are also highly variable, even for units
of the same vintage. Maine Yankee received a construction
permit in 1968 and was in commercial operation in 50 months;
the corresponding interval for Diablo Canyon 1 (which received
a permit in 1968, several months before Maine Yankee's) will
be at least 170 months.

5. Operation and maintenance (0&M) expense for nuclear power
plants has proven to be very hard to predict. 0&M expenses
have increased at about 10% annually in real terms since 1970;
these increases appear to have been completely unanticipated.

6. The capacity factors for large nuclear power reactors have
been much lower than expected. Mature reactors were at one
time expected to lose only about 20% of their potential out-
put due to outages and deratings; it is now generally acknowledged
that these losses will be closer to 40% (Easterling, 1979; Perl,
1978).

7. The Reactor Safety Study acknowledges a great deal of variability
in its best estimates.* Typically, these "approximate un-
certainties" are represented by factors of 5 above and below
median probability estimates, and factors of 3 or 4 and occasion-
ally as much as 6 above and below median consequence estimates
for various environmental effects. For individual release cate-
gories, the 90% confidence intervals on event probability pre-
sented in the RSS vary in width from a factor of 20 to a factor
of 100.

8. Estimates of decommissioning costs vary widely. For PWRs, the
estimates range from $31 million to $88 million, all in 1978
dollars (Smith, et al., 1978). For BWRs the range is from
$31 million to $100 million (Oak, et al., 1980).

Thus, it is unrealistic to suppose that this Report could identify the cov-
erage cost of the proposed insurance programs with very great accuracy. If
90% confidence intervals could be achieved which were as narrow as an order
of magnitude overall, it would seem toc satisfy the basic requirements of
this problem. The uncertainty in the coveragecost estimates will be dis-
cussed at the conclusion of the section discussing the derivation of the
estimate for each coverage.

The coverage cost estimates described below could differ from the actual
costs of coverage or after-ihe-fact long-term loss and expense experience
for two reasons. First, as noted above, there is considerable uncertainty
in the parameters used in this work, and the true (unknown) probabilities

*The RSS has been criticized for overstating the accuracy of its estimates.
See NRC, 1978. Accordinglv, the RSS confidence intervals may not be wide
enough, and conclusions based upon them should be used only with great
caution.
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A. Definit®on of Accident Events

1. Accident Events Covered by Existing Insurance Programs

Four nuclear insurance programs currently exist; they are:

a. American Nuclezr Insurers'* liability insurance (ANI/L), a
pool of commercial insurers which provides third-party
Tiability coverage required by the Price-Anderson Act;

b. ANI property insurance (ANI/P), a related commercial pool
which provides first-party property coverage to the reactors
themselves;

¢. Nuclear Mutual Limited (NML), a utility self-insurance pool,
which provides first-party property coverage in parallel to
ANI/P, for about 40 percert of the operating reactors; and

d. Nuclear Electric Insurance Limited (NEIL), a utility self-
insurance pool covering replacement power costs on an indemnity
basis for accident-initiated events of over six months'
duration.

Although these programs differ in many respects, a common thread among them
is that they all insure some set of accident-initiated nuclear incidents.
From the policies of ANI,P and NEIL,** the set of events which would be
covered under each plan was determined. Table B-1 describes and compares
the ANI/P and NEIL policies with regard to the definition of an insured
accident event.

fach policy provides a basic definition of an insured accident event,
accompanied by a list of clauses and exciucions to the hasic definition.
Overall, the policies are very similar. Tro basic definitions of an insured
accident event are the same; differences ru lect the type of coverage.

*As used here, ANI includes the corresponding associations of mutual in-
surance companies; cherefore, “ANI/L" is meant to include Mutual Atomic
Energy Liability Underwriters (MAELU), and "ANI/P" is meant to include
Mutual Atomic Energy Reinsurance Pool (MAERP). ANI is also used to
include all reinsurers., All references to premiums and coverages are
to the premiums charged and the coverages extended by the pools to the
utilities.

**The policy for NML was not available; the policy for ANI/L was available,

but ANI/L coverage did not seem as relevant to the AIDE coverage under
discussion as did NEIL and ANI/P.
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TABLE B-1
(Page 1 of 6)

DEFINITION OF INSURED EVENT UNDER NEIL AND ANI/P POLICIES

DEFINITION OF INSURED EVENT

NEIL:

“...damage to or destruction of real or personal property at a Nuclear
Power Generating Unit specified in the Declarations ("Unit"), caused by
RADIOACTivE CONTAMINATION AND ALL OTHER RISKS OF DIRECT PHYSICAL LOSS,
EXCEPT AS HEREINAFTER PROVIDED, resulting in the Unit ir question
ceasing to generate clectric power."

ANI/P:

“...RADIOACTIVE CONTAMINATION AND ALL OTHER RISKS OF DIRECT PHYSICAL
LOSS, EXCEPT AS HEREINAFTER PROVIDED, to the property described in the
Declarations and situated at the location(s) specified therein."

CLAUSES

a. The Insurers..."AGREE to indemnify the Insured and legal representa-
tives..., without allowance for any increased cost of :2pair or recon-
struction by reason of any ordinance or law regulating construction or
repair, and without compensation for loss resulting from interruption
of business or manufacture..."

Debris Removal and Decontamination Clause

b. "Subject to all of its other provisions and stipulations, this policy

x***
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TABLE B-1
(Page 2 of 6)

b. (Cont'd)

covers expenses necessarily incurred by the Insured in removing debris
of and in decontaminating the property covered by this policy following
direct physical damage to such property caused by any peril not ex-
cluded hereunder. In no event shall this policy insure against loss
occasioned by enforcement of any law, ordinance, or order of any state,
municipality or other gove nmental authority which necessitates the
demolition of any portion of the property covered hereunder which re-
mains undamaged."

Praoperty of Others

c. "Subject to all its other provisions and stipulations, this policy, with- X
out increase in the amount(s) thereof, also covers property of officers
and employees of the Insured, and such loss to property of others against
which the Insured, prior to loss, has agreed to provide insurance, or for
which the Insured is liable, 211 while such property is situated at a
- location specified herein...;"

Removal from Premises

d. "If property covered hereunder is necessarily removed from a specified X
location for preservation from imminent physical damage, this policy
also covers, for a period of ten days, during removal and at any place
to which such property has been removed,"”

N RS R =N SREI_N=—_—=
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TABLE B-1
(Page 3 of 6)

PREFACE TO EXCLUSIONS 1-15
NEIL:

“This policy does not cover any cutage or delay in start-up resulting
from:"

ANI/P:
"This policy does nct insure against loss by:"

EXCLUSIONS****

1. Gradual accumulation of radicactive contamination

2. Radicactive contamination at site, resulting from matter released from
source outside site, unless matter is released while such source is in
transit from site

3. Neglect of the Insured to use all reasonable means to save and pre-
serve property at and after a loss

4. Unexplained or mysterious disappearance of property, or shortage dis-
closed upon taking inventory

5. Any frauduient, dishonest or criminal act done by or at instigation
of any insured, partner or joint adventure in or of any insured,
officer, director or trustee of any insured

6. Order of civil authority except acts of destruction at the time of and

for the purpose of preventing the spread of fire, provided such fire
did nut originate from "war risk"” as herein excluded

N.A.
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TABLE B-1
(Page 4 of 6)

Any governmental act, decree, order, regquiation, statute or law pro-
hibiting or preventing, directly or indirectly, the commencement, re-
commencement or continuation of operations at site

Any local, state or federal ordinance or law regulating construction
or repair of buildings or structures, or suspensions, lapse or cancel-
lation of lease or license, contract or order. or interference at site
by strikers or other persons with rebuilding, repairing or replacing
the property or with resumption or continuation of business

ANI/P: This exclusion from NEIL is similar to Clause a from ANI/P, atove

9.

10.

11.

12.

13.

Theft, pilferage, burglary, larceny; appropriation or concealment of
any property by any person to whom property is entrusted

Depletion, depreciation, wear and tear; or deterioration, including
that of fuel element cladding

Or attributable to manufacturing or processing operations which re-
sult in damage to stock or materials while they are being worked upon

Dampness, dryness or extremes or changes of temperature of atmosphere;
rust, corrosion, or erosion (ANI/P: "...unless caused by peril not
otherwise excluded.")

Water damage

-Flood, surface water, waves, tidal water, tidal wave, overflow of
bodies of water or spray from any of foregoing, wind-driven or not
-Water which backs up sewers, drains

-Below-surface water, including that which exerts pressure on or flows,

seeps, or leaks through sidewalks, walls, doors, etc.

RN ==,

-Release of water impounded by a dam (ANI/P: unless provided by endorsement)
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14.

15.

TABLE B-1
(Page 5 of 6)

NEIL*
Earthquake, volcanic eruption, landslide, subsidence or sinking of land X
or other movement of foundation
Windstorm, tornado or hurricane X

MREFACE TO EXCLUSIONS 16-20
ANI/P: "This policy does not cover:"

EXCLUSIONS
16. accounts, bills, currency, deeds, evidences of debt, money or securities N.A.
17. records, manuscripts, drawings, media, data storage devices, etc., for N.A.
Toss in excess of cost of reproducing them from copies (no Tiability
assumed for gathering data)
18. lad N.A.
19. animals, lawns, plants, shrubs, or trees N.A.
20. vehicles licensed for highway use, aircraft or watercraft, excent when N.A.
used in connection with operation of the property
21. War Risk Exclusion

Insurers shall not be liable for loss caused directly or indirectly by: X
-hostile or warlike action in time of peace or war by:

a) government, sovereign power, or other authority

b) military, naval or air forces

c) agency of such government, power, authority or forces
-any weapon of war employing nuclear fission or fusion whether in time

of peace or war
-insurrection, rebellion . . . or action taken by governmental authority

in defense against such

AN] / px*



TABLE B-1
(Page 6 of 6)
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AN/ p**

ENSUING LOSS CLAUSE

NEIL:

With respect to Exclusions 10, 12-15 inclusive, the Insurer shall be
liable for any Outage or delay in start-up resulting from an ensuing
peril not otherwise excluded, but then only for the loss caused by

the ensuing peril.
ANI/P:

With respect to Exclusions 9-14 inclusive, the Insurers shall be li-
able for ensuing loss by fire, explosion, radioactive contamination

-gg.

or any other peril not otherwise excluded.

* ok

ekok

*kok ok

Policy from Nuclear Electric Insurance Limited (NEIL), 1979, is source of all references to NEIL.

Policy from Nuclear Energy Liability - Property Insurance Division (NEL-PIA), Property Division,
8/1/77, is source of all references to ANI/P. This policy originally was used for the Property
Division of NEL-PIA. When NEL-PIA changed its name to ANI in 1972, the policy was used for ANI/P,
the property division of ANI.

Definitions of symbols: ‘X' indicates that the item, or paraphrased version, appears in policy
corresponding to the column; 'N.A.' indicates that the item appears to be non-¢pplicable to the

policy.
In general, exclusions in the Table are paraphrased from items in text of the policies. Effort
has been taken to insure that the original meaning is unchanged.



As can be seen in Table B-1, the basic definitions of the insured event
are very broad and vague. For ANI/P, the definition is clarified some-
what by various clauses of the policy. However, for both policies, the
nature of coverage is really determined by the exclusions.

The twenty-one exclusions fall into three categories: items excluded

by both NEIL and ANI/P; items excluded by ANI/P but not by NEIL; and items
excluded by NEIL but not ANI/P. Nine items are excluded by both ANI/P

and NEIL:

e Conditions which inevitably occur over time: gradual
accumulation of radioactive contamination (1)*; depletion,
depreciation, etc. (10)

¢ Radioactive contamination stemming from outside the in-
sured site (2)

e Criminal acts by the insured (5)

e Civil authority or government: orders of civil authority,
except in case of fire (6); hostile or warlike action by
government or military, weapon of war, rebellion or govern-
ment defense against rebellion (21)

e Natural occurrences or disasters: dampness, dryness, tempera-
ture changes, rust, corrosion, erosion (12); water damage (13);
earthquake, volcanic eruption, etc. (14).

The second category is all events excluded by ANI/P and not by NEIL; 9 of
the 21 items fall into this grouping. ANI/P excludes losses due to:

e failure to use reasonable means to preserve property at or
after loss ("contributory negligence") (3)

e Losses attributable to manufacturing or processing operations
resulting in damage to stock or materials (11) (possibly non-
applicable to NEIL)

e Property loss, due to damage: Accounts, bills, money, etc. (16);
records, manuscripts, data storage devices, etc. in excess of
reproduction costs (17); land (18); animals, lawns, etc. (19);
vehicles not licensed for property operation (20) (apparently
non-applicable to NEIL)

e Property loss, not due to damage: unexplained or mysterious
disappearance (4); theft, burglary, etc. (9) (apparently non-
applicable to NEIL).

*Figures in parentheses refer to the list of exclusions in Table B-1.
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The third and final category is all events excluded by NEIL, but not by
ANI/P; the remaining three exclusions fall here. NEIL excludes outages
resulting from:

e Governmental act, decree...law prohibiting or preventing
commencement or continuation of operations (7)

e local, state, federal ordinance or law regulating construction
or repair of buildings, cancellaticn of lease, license or
contract, interference by strikers with building or continuation
of business (8)*

e Natural disasters: windstorms, tornados, hurricanes (15).

The last item in Table B-1 is an "ensuing loss" clause for each policy.
This clause is quite important in that it extends the breadth of coverage,
in some cases, to "“intervening events," or events occurring after the
initial accident event. Table B-2 describes the effect of the ensuing
loss clause, in terms of the excluded events, for each policy.

2. Accident Events Investigated in the Reactor Safety Study

The Reactor Safety Study (RSS) was originally sponsored by the U.S. Atomic
Energy Commission (AEC), and later completed under the U.S. Nuciear Regu-
latory Commission (NRC). According to the Executive Summary, published

in 1975, the RSS was designed to ". . . estimate the public risks that could
be involved in potential accidents in commercial nuclear power plants of
the type now in use." The study concluded, in part, that “the only way
that potentially large amounts of radioactivity could be released is by
melting the fuel in the reactor core." Therefore, the accident evant
mainly of interest to those conducting the RSS study was one which involved
the release of radioactivity from the core, and in pariicular, those which
involved core melting to some degree. The RSS defined two sets of cate-
gories of accident events: a nine-category scale for PWR-type reactors;
and a five-category scale for BWR-type reactors. These categories measure
the degree of radioactive release. The low end of the scales corresponds
to high levels of radioactive release, and the upper ends indicate low

levels of radicactive release. The RSS categories will be discussed in
more detail, in sII (C) below.

3. Other Sources for Definition of Accident Events

The U.S. Nuclear Regulatory Commission uses another categorization scheme
for nuclear accidents, which is employed in safety evaluations and emer-
gency planning. This categorization scheme first appeared in a Proposed

*Exclusion 8, which appears in NEIL's policy, is very similar to the clause
a in Table B-1, found in ANI/P's policy.

-57-



TABLE B-2

DESCRIPTION OF EFFECT OF ENSUING LOSS CLAUSE

Initial Event*

Fxcluded events
1, 2, 5-8

Excluded events
10, 12-15

Anything but excluded
events 1, 2, 5-3, 10,
12-15

Initial Event

Excluded events
1-6, 8

Excluded events
9-14

Anything but excluded
events 1-6, 8-14 and
events in clauses a-d

UNDER NEIL AND ANI/P

-

EIL

|

Intervening Event

Anything

Anything but excluded
events 1, 2, 5-8, 10,
12-15

Anything

ANI/P

Intervening Event

Anything
Anything but excluded

events 1-6, 8-14, and
events in clauses a-d

Anything

Qutcome

No coverage

Intervening event only
covered

Initial event covered.
Intervening event,s)
also covered, if not
otherwise excluded

Outcome

o coverage

Intervening event
only covered

Initial event covered.

Intervening event(s)
also covered, if not
otherwise excluded

*All event numbers in Table B-2 refer to exclusion numbers in Table B-1.
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Annex to Appendix D of 10 Code of Federal Regulations Part 50. This
categorization scheme ranges from class 1 accidents (too minor to require
advance planning) to <lass 9 accidents (beyond the design basis of the
plant to withstand), and does not vary between PWRs and BWRS. This
categorization scheme has never been adopted formally as a regulation by
the N.R.C., but is viewed as an "interim" statement of N.R.C. policy.

See Offshore Power Systems (Floating Nuclear Power Plants) Docket No.

STN 50-347, S1ip Opinion at 1-2 (September 14, 1979).

This categorization scheme is not useful for our present purpose in de-
fining accident events. First, the categories do not match well with the
set of accident events requiring decommissioning insurance, which is the
subset of accident events of interest to our analysis. More importantly,
the eventual goal is to produce prouability estimates for this subset of
accident events, and no satisfactory probability estimates are known to
have been produced for these categories. Therefore, this categorization
scheme was not employed in our analysis.

4., Accident-Initiated Decommissioning Events

An accident-initiated decoomissioning event, or AIDE, is an accident at

a reactor which results in permanently shutting that reactor down and dis-
continuing electricity generation, and which also causes additional radio-
active contamination* so that the scope of decontamination effort required
for decommissioning exceeds that required by a normal decommissioning.

The AIDE insurance is being designed to cover decommissioning costs re-
sulting from an AIDE. The set of AIDEs has some events in common with
each set of events discussed in this section. For example, those events
investigated in the RSS which involve core melting of sufficient severity
to warrant decommissioning the plant would be considered AIDEs.

The nuclear insurance policies define insured events using a basic de-
finition, a series of exclusions to that definition, and numerous clauses
as shown in Table B-1. The NEIL definition of an insured event, with
several changes, would provide a suitable definition of an AIDE. First,
NEIL's condition that the event result in power outages of at least six
months' duration would be replaced by the condition that the event result
in decommissioning the plant. Second, a condition requiring that the
scope of the decontamination effort for an insured event be greater than
that recuired for ordinary decommissioning would be included. The NEIL
definition, with these changes and any logical modifications resulting
from these changes, would provide a suitable description of an AIDE for
use in an insurance policy statement.

*That is, additional contamination above the expected contamination at de-
commissioning at the end of normal service life.
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B. A Mocdel for Insurance Premiums

In this section, a model is defined which describes the components of
insurance premiums charged either by an industry self-insurance pool or
by commercial insurers. One component of premiums is expected losses,
or the losses which an insurance program would expect to incur in a
reactor-year due to insured accident events. Estimation of expected
losses involves estimation of the occurrence probability for these acci-
dent events. Probability estimation for the sets of events covered by
the existing insurance programs will be derived in §II (C), below. This
section shows how the probability estimates and other factors can be em-
ployed to describe an insurance premium.

An insurance premium rer reactor-year of coverage for the decommissioning
coverage can be modeled as follows:

R=E[L]-A/ (1-N) (B-1)
where 7

SR

R = premium

E [-] = expectation operator,

L = losses in reactor-year,

A = the product of all factors which affect the level of the
premium, other than expected losses and expenses, and

N = insurance program expenses, expressed as a fraction of.

program's premium

The A factor includes those elements nf traditional profit considerations
such as investment income and compensation for assuming risks, as well as
the effects of provisions for refunds, retroactive premiums, reserve
premiums, and any other features of the policy which cause the effective
value of the premium, expected losses, or expenses to deviate from their
apparent values. If there are no such features, then A equals unity. It
seems reasonable to assume that A, Tike N, is constant between reactors in
any year for a particular program, but may vary among programs and years.

To estimate the expected value of losses, E[L], from existing data, losses
from events of interest can be separated into two categories: Tlosses due
to maximum events and all other losses. A maximum event is defined as an
event which results in a payout by the insurer of the maximum coverage
limit unger the insurance plan. If such a limit exists, then the maximum
payout is known with certainty. The expected losses can then be described
by the following identity:

E[L] = E[L,] /F, (B-2)






large, say, .99, R is not sensitive to large (even order of mag nltude%
changes in the number and cost of small insured events. If F. s smail
then this approach should be replaced by direct estimation og“E il .

Where the maximum event is undefined (that is, no coverage limit exists)
or where large-but-not-maximum payouts are expected to occur with a high
probability, good judgmental estimates of probabilities and costs over a
wide range of costs must be substituted,and past experience is a little
less helpful. Nevertheless, it will be convenient tc follow even in this
case the paradigm established by equation (B-4) for the maximum event
case by defining a "major event" as an event of some specified minimum
size, estimating the frequency,Pj, with which such an event would occur

in a year, and specifying by Sj the expected cost of such a major event.
Then, where FJ is the fraction of losses resulting from major events, we

can estimate E [L] as S ’ Pj/Fj and write an equation analogous to (B-4)
as:

R=5; - Py A/Fy (1-N) (B-4a)
This approach to estimating E [L] is useful below for representing the
premium charged by ANI/L. It really represents nothing more than an
analytical device for helping to determine E [L] judgmentally. Where
total losses are heavily affected by many small losses another approach to
representing premiums would be more helpful.
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C. Estimation of Probability

As defined earlier, P_ is the probability of a maximum event occurring
during a reactor-year, where a maximum event is one which results in pay-
out by the insurer of the maximum coverage limit under the particular
policy in guestion. This section will estimate the probability of an
AIDE (P) from historic experience; estimate the probabilities of maximum
events (Pm) or of major events (PJ) for the set of events currently

*
covered by an insurance pool, based on the pool's rates ; and compare the
event probabilities of the RSS with those obtained from the former approaches.

[t is important to recognize that the probabilities being estimated almost
certainly vary between units, due to size, vintage, manufacturer, techno-
logy, and plant-specific factors, and across time as reactors age. Thus,
point estimates of accident probability obtained from historical experience
will partially depend on the distribution of these factors among reactors
considered in the estimation. The range of values derived from existing
insurance premiums should reflect this distribution in the set of insured
reactors. Where possible, the effect of plant-specific factors on the
estimates derived will be discussed.

1. Estimating Probability from Historicai Experience

One estimate of the probability, P, of an accident-initiated decommissioning
event occurring in a reactor-year is the historical ratio of actual AIDEs

to reactor-years of exposure. Such a probability estimate can be derived
from a data set considered relevant to the AIDE insurance. Specifically,
the numerator of the ratio estimate is the number of events considered to

be AIDEs which occurred to reactors in the data set, and the denominator

is the total number of years during which reactors in the data set engaged
in commercial operation. A relevant data set can be very specifically
limited, as by in-service date, geographic region, unit size in MW, or manu-
facturer of the nuclear steam supply system (NSSS). At the other extreme,

a relevant data set can be very broadly defined, to include research reactors,
naval propulsion reactors, or even foreign reactors.

In order to be useful i» assessing accident probabilities for U.S. commer-
cial reactors, the data set should reflect technologies, regulatory schemes,
and onerating modes comparable to those of the reactors of interest. It

is also essential that information on reactor operation and accidents be
available. These considerations eliminated all foreign units, non-power
reactors, and non-commercial reactors from the data set. An extensive
engineering and regulatory analysis would be required to determine whether

*The probabilities most relevant to estimating AIDE coverage costs will
also be identified.
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any foreign LWRs could be included in the data set; such an analysis was
beyond the bounds of the present study.*

Two data sets were felt to be large enough to not provide extremely un-
stable estimates while still being small enough to exclude clearly ir-
relevant comparisons.

(a) A1l U.S. Commercial Light Water Reactors (LWRs)

The first population of reactors consists of all 73 light water reactors
(LWRs) i the U.S. that produced commercial quantities of electric power.
These consist of the 79 reactors listed in NRC (1981b) as "operating" or
“permanently or indefinitely shut down" except six reactors which are not
LWRs: (i) Ft. St. Vrain (high-temperature, gas cooled); (ii) Peach Bottom
1 (high-temperature, gas cooled); (iii) Fermi 1 (sodium cooled); (iv)
Carolinas-Virginia Tube Reactor (heavy water); (v) Pigua (organically
cooled and moderated), and (vi) Hallam (sedium graphite). Of these six
excepted, only Ft. St. Vrain is still operating. One AIDE, the accident
at Three Mile Island Unit 2 (TMI 2), occurred at reactors in this data
set, which contains 517 reactor-years.**

*For example, it would be necessary to determine that an accident which
would lead to the decommissioning of a U.S. LWR would also cause the de-
commissioning of a foreign LWR, that differences in regulatory standards
do not cause accident probabilities to diverge substantially, and that any
decommissioning accidents which occurred would be reported publicly.

**Reactor-years for all three data sets were measured from commercial opera-
tion date (COD) to 2/1/81, or the date of last operation, if that was
earlier. The commercial operation date was not readily available for
BONUS, Elk River and Pathfinder; the slightly earlier first electricity
generation date was used to approximate the COD for these three reactors.
Every month of experience since 2/1/81 adds about six reactor-years of ex-
perience to the data set. Reactor-years as calculated above generally in-
clude temporary outages. Such outages were prevalent after the accident
at TMI 2 in March, 1979; the rumber of reactors actually in operation
dropped considerably for a period of time. Although the above calculation
of reactor-years includes this post-TMI period, it is somewhat questiunable
that this period is typical of other nuclear experience to date.
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(b) All U.S. Commerciai LWRs Greater than 300 MW Capacity

The second population of reactors contains 64 reactors, and includes most
present-day commercial power reactors. It excludes the non-LWR units
excluded in (2), and also nine small, early LWRs: (i) BONUS (16.5MW);
(11) Elk River (22MW); (iii) Pathfinder (66MW); (iv) Indian Point 1
(265MW); (v) Humboldt Bay (63MW); (vi) Dresden 1 (200MW); (vii) Yankee
Rowe (175MW); (viii) Big Rock Point (72MW), and (ix) La Crosse (50MW).

Only the last three of these nine units are still engaged in power pro-
duction. A1l nine units entered commercial operation before 1970; except
for two larger reactors* which entered service twenty months before La
Crosse,** all the 64 larger reactors were built later than the nine small
reactors. No more such small reactors are under construction or planned
for U.S. operation; the next smallest U.S. LWR is San Onofre 1 at 450MW,
or 70% greater capacity than Indian Pcint 1, the largest reactor among
the nine excluded. Thus, in terms of both vintage and size, these small
reactors are distinctly different from the remaining units. The 300MW
cutoff is standard in statistical analysis of nuclear power plant capacity
factors (Komanoff, 1978; Easterling, 1979; Koppe and Olson, 1979; Joskow
and Rozanski, 1979). Again, TMI 2 is the only AIDE in the large LWR
category, which includes a total of 416 reactor-years.

Depending on one's assessment of the relevance of the experience with the
small demonstration reactors to predicting accident rates for large
reactors, either of the above populations is useful. For comparison, an
additional population of reactors can be defined.

(c) A1l U.S. Conmercial Power Reactors

This population includes 79 reactors: the six non-LWR power reactors ex-
cluded from category (a), above, as well as the other reactors in cate-
gory (a). The accident at Fermi 1 constitutes a second AIDE within this
data set, which contains 539 reactor-years. Thus, an estimate of P based
on this data set would be 2/539 = 1/270 reactor-years. The applicability
of this figure to the existing and planned set of commercial power reactors
1s highly questionable, however, and it is not utilized i this Report

Probability estimates obtained in this manner can be thought of as "average"

probabilities across all reactors in the population. These estimate§ will
depend on the distribution of reactor-types in the population. For instance,

*Connecticut Yankee and San Onofre 1.

**But after the other eight small reactors.
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much of the data was accumulated from smailer reactors; the larger power
reactors, those over 1000MW, comprise only about fifty of tie reactor-years.
[f one probability were assumed to exist for all reactors being investi-
gated, then the occurrence of accidents could be assumed to follow a

Poisson process. More realistically, however, mixture modeis can be used

to allow for differences in accident probabilities among reactors. These
models posit a distribution of underlying AIDE probabilities rather than

a single probability for all reactors.

Vintage of the reactors under investigation will also affect the estimates.
The average age of reactors inthe populations defined is six to seven
years, which is a relatively short length of experience. In data set (b),
21 of the 64 reactors contributed 5 years or less to the reactor-year pool,
and 58 reactors contributed 10 years o~ less. Therefore, many of the
reactor-years which have occuired are accumulated from early operating
years of the reactors. Data from these years will provide good future
estimates only if reactor experience in future years is similar to ex-
perience to date.*

In light of these considerations, the probabiiity estimates derived in

this section should be regarded as average probabilities across all reactors
in the population, at their present ages. These probabilities may change
across time for any reactor, and overall as the "fleet" of in-service
reactors changes in composition. When more data becomes available, mixture
models and other techniques may be useful in modeling these non-constant
probabilities.

*further discussion of problems encountered in developing historical esti-
mates can be found in Fairley (1981).
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2. Estimating Probabilities from etxisting Insurance Programs

Four nuclear accident !icbility programs exist, as described earlier;
they are:

a. American Nuclear Insurers' liability insurance (ANI/L);
b. ANI property insurance (ANI/P);

¢. Nuclear Mutual Limited _NML), and

d. Nuclear Electric Insurance Limited (NEIL).

It seems reasonable to assume that the probabilities for the relevant
events used in designing the premiums for tha corresponding insurance
programs will differ substantially from one anotheir, ain perhaps from

the probability to be used for AIDE insurance as well. Specifically,
large NEIL events might well cause little or no property damage, and thus
might be smali ANI/P or NML events. Similariy, iarge property insurance
(ANI/P or NML) events like TMI 2 may be less than maximum liability (ANI/
L) events. The following ranking of probabilities for maximum events thus
seems likely on an a priori basis, listed in order from highest to lowest
expected probatility of occurrences:

a. NEIL
b. ANI/P, NML
c. ANI/L

However, it i< possible for large ANI/L events to occur without signifi-
cant property damage, so the order of items (b) and (c) is somewhat specu-
lative.

The probability of an AIDE would presumably be somewhat lower than that of
a maximum event for the property insurance programs, everything else (such
as distribution of reactor types) being equal. This is the case because
not all large property loss-causing events would require decommissionirg,
while all decommissioning-causing accident events would cause property
damage. On the other hand, no clear relationship would seem to exist
between the probabilities of maximum events for ANI/L and for AIDE in-
surance on an a priori basis.

If equation (B-4) is a reasonable representation of the components of
premiums 1or an existing insurance program, the probability estimates
underlying the premiums for that program can be derived by rearranging
the terms of equacion (B-4) to obtain:

=R . . (1- . A) M
Pp = R Fpo (1-N) / (S, - A (B-5)
Similarly, if equat.on (B-4a) applies to a particular program, then
. =R - F, (1- . . (B-5
PJ R FJ (1-N) / (SJ A) B-5a)
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The actual values (or reasonable estimates thereof) for R, Fins N, and S
in equation (B-5), or for R, Fj. N, and Sj in equation (B-5a), are cb-

tained relatively easily for each of the four existing nuclear insurance
programs. However, the value of A for each coverage i1s somewhat more

complex to estimate, due to the aumerous factors which comprise A and to
the interdependence between some of those factors and Pj or Pm. For ex-

ample, premiums for both ANI coverages may reflect investment and risk
loacers; ANI/L also has a refund program. Premiums for both existing
self-insurance pools may reflect the provisions for retroactive premiums;
NML also has an automatic refund program, while NEIL has the option of
providing refunds, and may also anticipate investment income. The value
of investment income, of retroactive premiums, and of refunds, depends in
part on the frequency of large losses. Thus, it is convenient to estimate
a "revenue accumulation rate,” equal to PJ - Aor Pm + A, as a preliminary

step in deriving probability estimates. The revenue accumulation rate can
be interpreted roughly as the fraction of a total dollar liability to which
the pool is exposed (Sm / ((1=N) - Fm)) that is collected as premiums

(revenuc) each year. Revenue accumulation rates are derived by substi-
tuting in equations (B-5) or (B-5a) estimated values of Sm or Sis Fm or

J
Fj , R and N.

In estimating "revenue accumulation rates," values for substituticn into
equations (B-5) and (B-5a) were derived from the experience of each in-
surance pool. Table B-3 suamarizes the parameter values discussed below.

a. ANI/L: Premium ranges and averages are given in ANI (1981a,
p. 7). The 5160 million maximum coverage is required for all
reactors by the Price-Anderson Act (see 42 U.S.C.A. i2210). A
breakdown of historical payouts by event is available (ANI,
1981b) but without sufficient detail to allow restatement in
constant dollars. In any case, the THI accident, with about
528 million in payments and settiements and $50 million in
reservcs (Kibbee, 1981), totally domin.tes the reactor-
related liability payments to date. Other reactor-related
liability incidents to date have cost ANI a total of less than
$350,000. This result suggests that the losses for ANI/L may
be assumed to be dominated by relatively infrequent large losses,
but not necessarily maximum events. Thus, the major event
model is applicable and equation (B-5a) can be used for pro-
bability estimation. Sincc TMI involved relatively smull off-
site release of radiation, a $25 million result (which may still
be exceeded considerably even at TMI) may be assumed to be the
low end of the large loss range; $160 million is the coverage
Timit and hence the high end of the range. If the relative
frequencies of various large losses within this range are uni-
form,Sj is §92.5 million. If the relative frequencies of large

losses are inversely proportional to their size, S. is approxi-

i

<68~



TABLE B-3

DERIVATION CF REVENUE ACCUMULATION RATES FOR
EXTSTING NUCLEAR INSURANTE EGRKES, INPUTS
AND RESULTS; ALL VALUES FOR 1981

Insurance
Program ANI/L* ANI/P NML NEIL
self- sel f-
Type of Pool commercial commercial insurance  insurance
Event Covered third-party first-party first-party replacement
liability property property power
Coverage
For a maximum
event (Sm) $300M $375M $156M
For a major
event (Sj) $73-93M

Annual premium
per reactor (R)** $0.273-
0.75M***  $1.0-1,75M $1.38M $1.51M

Expense
Loading (N) 30% 30% 15% 15%

Fraction of losses
Due to maximum
events (Fm) 75% 75% 65%

Due to major
events (Fj) 99%

Revenue Accumu-

lation Rate,

Based on maximum

events (P“‘A) 1/571 1/426 1/187
) -1/327

Based on major
events (P."A) 1/492
J -1/140%***

* ANI/L uses Eq. (B-5a); the other three programs use Eg. (B-%)
** For single-unit sites
*** Average premium = $0. 380M

*#%* From extreme combinations of R and S .5 for the average R,
the range of Sj implies P ‘A = 1/3537t0 1/277
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mately $73 million. From experience to date, Fj is about 99%.*

The expense fraction N is estimated as 30%, using a range of
values presented in ANI (1981a) and Hartman (1374).

b. ANI/P: Premium range is taken from ANI (1981aj, as is the
assumption that all insureds take the full $300M of property
coverage (ANI, 198la). The expense fraction is estimated as
304, using a range of values presented in McClure (1972).

Since ANI/P losses are only available by year incurred, rather
than by event, the 75% value of the maximum-event fraction (Fm)

for ANI/P is the ratio in constant dollars of a $300M loss for
TMI 2 to the total losses through 1980, which include TMI 2.

c. NML: Virtually no information is currently available on NML
rates. However, GPU (1980, p. 29) reports the premium for
what appears to be a second $375M layer of coverage for TMI 1.
The expense fraction is taken from Anderson (1977), as 15%.
Since no information is available on NML losses, ‘he ANI/P
value of the maximum-event fraction was used for NML.

d. NEIL: The value of the premium used is the basic premium for
a single-unit plant, taken from NEI' (1979, p. ii). The maximum
basic coverage for a single unit is $156M, for the last two years
of a 2.5 ,ear outage. Coverage for units at multiple-unit sites
is harder to define, since it varies with the number of units
on simultaneous outages; accordingly, multiple-unit rates were
not analyzed for this purpose. Coverages of less than the basic
level are available, but the coverage/premium ratio remains con-
stant. The expense loading for NEIL is assumed to be the same
as for NML, the other sclf-insurance pool. The maximum-event
fraction was estimated by computing the losses which would have
occurred since 1970, if NEIL had existed and insured all com-
mercial reactors in that period. Two maximum NEIL events (TMI 2
and Fermi 1), each of which would have been covered for 78 full-week
equivalents, occurred in this time frame, as did several smaller

*In an effort to estimate the probability of large nuclear accidents from
ANI/L premiums, similar to the method employed here, Denenberg (1973) used
for the premium value the pool's stated rate for the last million dollars
of coverage and a 421 expense ratio, and derived a value for the probability
equal to 1 in 1700. For a normal insurance policy, this procedure would
eliminate the effect of small losses, by examining only the incremental
rate for large losses. However, since ail owner/operators are required to
carry the full commercially available liability insurance, it is not ap-
parent that the internal structure of the premium has any significance to
the insurer. Hence, this Report does not follow Denenberg's methodology,
but rather determines an average rate attributable to large (or maximum
events.
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accidental ou*ages, only a few of which exceeded 26 weeks*
A total of 239 - :ks of full indemnity would have been paid,
156 of which woui. have been for maximum events, resulting
in an F estimate of 65%.

The values of R, Sm’ N and Fm, from equation (B-5), or the corresponding

major event factors from eauation (B-5a), are summarized in Table B-3 for
each of the four existing nuclear insurance programs, along with the
revenue accumulation rates derived therefrom. It is interesting to note
that the revenue accumuiation rate values of Pm * A or Pj * A estimated

from the various insuranc: coverages do in fact fall in the order ex-
pected for the underlying probabilities by the a priori analysis. In
other word:, the i A estimated for NEIL is greater than the Pm - A

obtained for the property coverages (ANI/P and NML), and the Pj - A esti-
mate for ANI/L is about the same as that for Pm - A of the property pools,

despite the use of major, rather than maximum, events for ANI/L.** tHow-
ever, the A values may vary widely between programs, so it would not be
surprising if the revenue accumulation rates fell in a different order
than the underlying probabilities.

Before attempting to separate the probabilities from the A factors, it
is useful to identify any extraneous values from Table B-3, which displays
the results of using the extreme values of premiums for each coverage.

*These outages, their dates and durations are: Brown's Ferry 1 cable

fray fire (3/22/75, 72 weeks, not counting 7 weeks NRC attributes to
regulatory action), Rancho Seep turbine blade failure (6/30/75, 34 weeks),
Crystal River poison rod coupling failure and resultant damage to steam
generator (3/13/78, 28 weeks), Duane Arnold safe end failure (6/17/78,

38 weeks), und Yankee Rowe turbine failure ( /19/80, 40 weeks). Note that
effects on second units (TMI 1, Browns Ferry 2) are neglectes due to sep-
arate rates for nultiple-unit sites and lower indemnities for multiple
outages.

**1f mediun-size ($25 million average) and full-iimit losses ($160 miilion)
are assumed to be equally likely for ANI/L and to heavily dominate the
expected losses, then equation (B-5) would be applicable. If a maximum
event costing $160M and a medium-sized event (or series of smaller events)
costing $25M occurred, then estimated values of Sy = $160M, F = 86%, and

Pm « A = 1/695 could be used to derive the average coverage cost. However,

treating the $25 million losses as events likely to be correlated to early
decommissioning, the rate of interest for current purpose wculd still be
about 1/350.

«71-



For ANI/L, the relevant value of the cost of a major event, Sj, varies

with plant i1ocation: the expected loss from a major accident at a remote
plant is small, while that at a plant near a population center is large.
This variation in Sj may well be the primary cause of variation in premiums

between plants. The discussion of ANI/L rating factors in Hartman (1974)
indicates that location (measured by local population density and property
value) and size (measured as thermal capacity) are the major sources of
variation in premiums for power reactors. The extreme high value of the
revenue accumulation rate, Pj + A, of 1/140 for ANI/L results from com-

bi ing the $73 million Sj estimate with the $750,000 maximum premium; if

this premium is actually associated with a plant at which any large acci-
dent is very likely to become a $160 million liability (due to the number
of plaintiffs and the value of economic activity in the surrounding area),
Sj is close to $160 million and Pj « A wouid be more 1ike 1/308. This

latter estimate falls in the range of the estimates of Pj - A derived

using the average premium $0.380 million, and from the minimum premium,
$0.273 million.

Similar, but perhaps smaller, problems occur at the other end of the range
of revenue accumulation rates. For example, the lcwest ANI/P values for

A A may be associated with the smallest plants, which are not worth

$300M, even at replacement value. (For example, for LaCrosse to collect
$300M in property insurance, even for a total loss, it would have to be
valued at $6,000/KW, ar extremely high value.) Also, the lowest values
of Pm - A for ANI/L and ANI/P mav represent "operating" reactors which

were not, in fact, scheduled to operate during the policy year. Humboldt
Bay and Dresden 1 still require insurance against earthquake, windstorm,
and releases of their radiocactive inventory, and ar: apparently considered
to be "operating reactors," at least by ANI/L, although they were not
scheduled to operate in 1981. Thus, the extreme values of revenue accumu-
lation rates derived in Table B-3 for both ANI pools should be viewed with
some caution, especially the highest value for ANI/L.

in estimating the value of A for each pool, it is necessary to determine
whether the premium should include provisions for risk aversion (which
would generally increase A), “or investment income* (which would decrease
A), for refunds (which would increase A), and for reserve and retroactive
premiuns (which would decrease A). These four considerations will be
dealt with in turn.

Tiie extent to which insurer risk aversion may influence rates must be
assessed separately for ANl and for the self-insurance pools (NML and
NEIL). For the self-insurance pools we would not necessarily expect any
risk aversion effect to be seen. Since the insurers and the insured are

*Net of increased coverage limits.

w]P=



R R R R R RO R RSN RESSSSSSS=S
ba.
!
!

the same persons, participation in the pool reduces risk. Therefore, no
extra incentive (above expected cost) should be necessary to entice mem-
bers to join. In fact, risk aversion would cause individual members to
join, even if they thought they were paying more than their fair share.
This is presumably a major reason for the feasibility of the pool. Since
the sum of the members' shares of total liability equals unity (there are
no insurers who are no. insured, or vice versa), there is no reason to
believe that risk aversion affects average rates, though it might.

ANI could conceivably demand and receive a premium for accepting a non-
diversifiable risk. While this may be true, it is important to note

the possibility that even though insurers believe they should get a risk
aversion premium, the market does not in fact grant one to them. An
analogy from regulated insurance rates to this situation is the perception
or claim by many auto insurers that they should or do, earn a positive
"underwriting margin." In fact, study reveals that the actual margin is
negative because the market recognizes the value to insurers of invest-
ment income derived from the investment of premiums and adjusts the mar-
gin to reflect that income. See Fairley (1979) and Hill (1979).

The non-diversifiable element of risk usually encountered in insurance
(and other industries) results from the correlation between a particular
risk and the general market. Such systematic risks contribute to the
overall variability in return even for investors with fully diversified
holdings, and so cannot be diversified away. Presumably, major nuclear
accidents are uncorrelated with the economy as a whole (except to the
extent the accident affects the economy); hence, systematic risk may not
affect nuclear insurance rates.

The possibility exists, however, that the nuclear insurance risk ma; be
"non-diversifiable" in another sense due to the sheer size of the possible
loss; perhaps each member of ANI is exposed to substantial and unavoidable
reductions in profits, because the potential loss is so large in relation
to the total industry. While the stockholders of the stock-company members
of ANI (but not necessarily all the members of the mutual companies) can
diversify their holdings so that each investor is exposed to only a trivial
risk, the companies may require some incentive to assume risks which may
result in expensive financial distress. Fortunately,* the exposure of the
insurance industrv due to a nuclear accident is not large compared to the
size of the industry and the normal fluctuations in its status. For ex-
ample, a total loss to ANI from a single incident in 1980 would have been

*The situation is fortunate both in that no theory exists for preldicting
the size of the hypothesized risk aversion effect; and in that insurer
financial distress is not desirable.
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$460 million (3300 million for property and $160 millien for liability),
of which 50% is reinsured abroad. The remaining $230 million loss, which
would be paid over two or more years, would represert only about 4% of
1980 profits for those members of the domestic property/casualty industry
recently evaluated in the Value Line Investment Survey, and considerably
less than 1% of their net worth (Value Line Investment Survey, Insurance
(Property/Casualty) Section, April 24, 1981). Since not all property/
casualty companies are members of ANI, and since some ANI members accept
larger exposure than others, some companies will bear larger relative
risks. MNonetheless, a sample* of the individual members did not appear
to be exposed to losses greater than 10% of 1980 profits or 1% of net
worth. (The pools impose "minimum v quirements as to financial soundness
in relation to size of desired participation"; ANI, et al., 1979.) The
insurance industry is much more sensitive to ordinary variations in pro-
fitability (the “underwriting cycle") than to nuclear-related losses; in
the last trough of the underwriting cycle, the profits of many insurers
fell 407 to 50% within two years.

The conclusion that nuclear insurance losses are not of extraordinary
concern to insurers is supported by an examination of annual reports of
ANI members for 1979, in which the Three Mile Island accident (which
featured prominently in many electric utilities' annual reports) was gen-
erally barely mentioned, if it was discussed at all. Total catastrophic
losses were usually five or ten times greater than the insurer's share

of TMI loss reserves, and specific hurricanes, tornadoes, and other events
were often discussed in greater detail than was TMI. The underwriting
cvcle frequently dominated discussions of variability in underwriting
profits. Overall, nuclear insurance does not seem to pose a substanci2?
risk to the members of ANI.

In sum, @ consideration of the potential basis for risk aversion compensa-
tion in premiuns reveals no basis for such compensation in the industry
self-insuran:c pools like NML and NEIL and no obvious or substantial basis
in the sizes of risks for such compensation to commercial insurers. For
the latter, however, this is not suggesting that compensation for some
type of risk aversion is altogether absent bulL only that its existence

and magnitude are presently imponderables. MNote that the "expense" por-
tions of the premiums described above and listed in Table B-3 are 12% for
NML and NEIL but 307 for ANI/L and ANI/P. It is possible that part of

the difference between the two expense estimates is accounted for by risk
aversion compensation--which of course, being a theoretical construct,

*The sample was from the companies listed by Value Line which were members
of ANI as of September, 1978, directly or through subsiciaries. Exposure
may be even lower with reinsurance.
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is assumed to be six months.* The second period stretches from the oc-
currence of an insured event to the payment of the loss by the insurer,
which varies with the type of insurance. For NEIL, the average dollar
on a maximum loss would be paid 16 months after the accident occurs;
this is simply the average date of the prescribed indemnity payments.
For the property coverages, the TMI experience indicates that a 1.4-
year lag may be typical; from Kibbee (1981) $70 million was paid in

1979 (an average of 4 months after the accident), $143 million was paid
in 1980 and the first quarter of 1981 (16 months later), and the re-
maining $87 million was expected to be paid in the rest of 1981 and per-
haps into the first quarter of 1982 (29 months after the accident, if
payment extends through February, 1982). For ANI/L, the major TMI pay-
ment to date was made in February, 1981, almost two years after the
accident (Kibbee, 1981). However, some smaller claims (up to $300,000)
have required a decade to settle (ANI, 1981b). The TMI figure is assumed
to be typical of major events.

These first two periods of investment income will reduce the value of A,
and hence increase the estimate of Pm or Pj.

Since the risk-free interest rate** in 1980 (when 1981 rates were being
set) for three-year maturities was about 11.5%, it is appropriate to re-
duce the value of A by a factor of 1.115 raised to the sum of the number
of years in the first two periods (from payment of premium to the middle
of the policy year and from accident to payment).*** These sums are about
2.5 years (or possibly much more) for ANI/L, about 1.9 years for property
coverage, and 1.8 years for NEIL. The value of A for ANI/L decreases by

a factor of 1.31; values for the other coverages decrease by factors of
1.22 to 1,23, **%*

*Tt 7s assumed that all nuclear insurance premiums are paid as of the
first day of the premium year.

**The risk-free interest rate is the appropriate rate for crediting in-
vestment income; see Fairley, 1979.

***Throughout this section, interest is calculated for the average length
of the period of interest. Uue to the nonlin:arity of compound interest
accrual, it would be more precise to calculate interest for each possible
length of the period, and to average the results. Since the distribu-
tion of most of the variables involved are not well known, this addition-
al detail is unwarranted for the current application.

w4x*For reasons discussed below, this adjustment will not be applied in
this form for NML.
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The offsetting effects of inflation and interest during the third in-
terval thus appear to have no net effect on the value of A for ANI/L or
(by assumption) NEIL, and the net effect on the ANI/P astimate is to
increase A by about 16% - 35%. The effect on NML (which does not hold
premiums beyond the end of the policy year), will be considered below.

Three of the pools have refund programs or options. ANI/L and NM. re-
fund the unused fraction of the loss portion of premiums at the end of

10 years and one year, respectively. NEIL has the option to make re-
funds, but no obligation to do so. The refund provisions of the self-
insurance pools will be considered below, along witn their ability to
collect retrospective premiums. ANI/L is a special case, and is examined
first.

At first glance, it may appear that the ANI/L practice of refunding in
ten years whatever loss portions of premiums were not actually required
to pay losses is a substantial de facto premium reduction. However, two
factors combine to make this effect quite small. First, at the average
1980 interest rate for 10-year risk-free investments (11.46%), a dollar
ten years hen~2 is only worth 34¢ today. Second, even if the probability
of a major e nt is very low (about 1/500 per reactor-year), the pro-
bability of getting through the ten years without a major event (as-
suming 10 reactors come on line per year) is only 8%. This refund pro-
vision was more significant when there were fewer reactors and lower
interest rates. While not all major events will be expensive enough to
wipe out the refunds, the insureds can expect to get back no more than
34% of the loss portion of the premium and probably much less. The
value of A for ANI/L should be increased by the inverse of the portion
of premiums ANI/L expects not to return, producing factors in the range
1.52 to 1.04 *

The self-insurance pools have much broader options in terms of collecting
funds from thei: members than do the ANI pools. NML refunds the unused
fraction of the loss portion of the premium at the end of the coverage
year, but may assess members for retroactive premiums up to fourteen times
their ordinary annual premiums. NEIL collects an explicit reserve premium
from new members (or those increasing their coverage) equal to 13% of the
ordinary premium, may assess a retrospective premium of five times the
ordinary annua! premium, and may distribute profits back to its members.
Thus, as discussed in the Introduction to this Appendix, the connection
between the expected coverage cost (the expected value of losses and
expenses) and the actual premium charged by either of these pools is
tenuous. However, it is possible to set some limits on the impact of the
retroactive, reserve, and refund provisions, and to determine by reference
to the ANI pool rates whether the self-insurance pools appear to rely
heavily on these special features.

*1/.66 to (.08/.66 + .92).
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and retrospective premiums is thus to multiply the effective value of the

*
premium by 2.91 , or equivalently, to multiply A by 0.34. If retrospective
premiums are not used, the net effect of the investment income and reserve
premiums alone is a factor of 0.81.

The preceding discussion is summarized in Table B-4. The range of maxi-

mum event probabilities which are consistent with the premiums of the
self-insurance pools are very broad, because of the uncertainty in assessing
the pool's plans for utilizing retrospective premiums, and in the case of
NEIL, refunds. The ANI estimates of Pj or Pm' however, are very similar

to the corresponding revenue accumulation rates. As previously observed,
the low end of the ANI ranges are of questionable relevance. Taking the
components of A for ANI/L one at a time, without the other counterbalancing
components, produces extreme Pj estimates of 1/748 and 1/211. The corres-

ponding extreme Pm‘s for ANI/P are 1/770 and 1/265. Overall, there is

strong support for the conclusion that the existing commercial pools base
their rates on underlying probabilities of events roughly comparable to
AIDEs of about 1/400, with extreme estimates around 1/750 and 1/200.

The results in Table B-4 for the self-insurance pools are not inconsistent
with the results for the ANI pools. In fact, the NEIL range of Pm estimates

is higher than the ANl ranges, as expected, and the NML estimate varies
substantially from the ANI ranges only if NML is not expecting t. use re-
trospective premiums to cover most maximum losses.**

*Investment income (1.22) plus reserve premium (0.02) plus retrospective
premiums (1.67) equals 2.91.

**If this were the case, NML's premiums would be very sensitive to interest
rates, since investient income would be the major source of reserves. It
does not appear that NML's rates are any more volatile than ANI/P's (al-
though data is scant), and it is not clear that a self-insurance pool with
such unstable rates would be viable.
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TABLE B-4
DERIVATION OF PROBABILITY ESTIMATES
UE ACCUMU RATES*
Insurance
Program ANI/L AN1/P NML NEIL
Revenue
Accumulation 1/492 1/571 1/426 1/187
Rate** -1/277 -1/327
Components of
A:
investment
income
to year of
first
accident nil 1.16-1,35 - nil
to loss
payment*** .76 .81 - .82
re funds 1.04-1.5? - 5.107%%  1-5
retrospective****
premiums .- —-- .13-1.00 .37-1.0
reserve premiums  --- —-— - .98
Estimata of A’ .79-1.16  .94-1.09  .65-5.10 .34-4,0%
Estimate of+, 1/571 1/622 1/2173 1/757
probability = -1/219 -17307 -1/277 -1/64

* Not all ¢’ the adjustments are accurate to two decimals;
trailing zeros are shown for consistency, not to indicate
precision

** From Table B-3. For ANI/L, values are P.'A, and the highest
probability in Table B-1 is discarded, a% discussed in the
text. For the other three programs, values are Pm'A

*** From the beginning of the premium year to the average pay-
ment date of losses (in years with large losses) which is
periods one and two as defined in the text.
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TABLE B-4, Continued

*#*** The appropriate multiplier depends upon whether the pools
1atend to use retrospective premiums for all large losses,
for some, or for ncone

+ For ANI and NML, A is the product of the components listed,
See text for details of calculation of effect of NEIL in-
vestment, reserve, and retrospective premiums

++ P, is estimated for ANI/L, P is estinated for other pro-
gﬂams, probability estimates equal revenue accumulation
rate/A. Precision is not as great as implied; three or
four digits are included for consistency, not to indicate
significance

1+ This value represents the total impact of the refund,
investment income and limits growth considerations, as
discussed in text
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3. Estimating Probability from the Reactor Safety Study

The Reactor Safety Study estimates probabilities for several collections
of events r2lated to AIDEs. The RSS developed a set of categories to
describe the degree of radiocactive release separately for PWRs and BWRs,
and then attempted to identify the sequences of accident events associated
with each release category having non-negligible probability of occurrence.
A nine-category scale was developed for PWRs. The seven categories cor-
responding to the l:rgect amount of radioactive release, PWR 1 through

PWR 7, all involved core melting to some degre . Similarly, a five-
category scale was developed for BWRs. The fuur categories associated
with the largest radioactive releases, BWK 1 through BWR 4, also involved
some dejree of core melting. The probability of a core-melt accident

was estimated by the RSS as approximately 1/20,000 per reactor-year, and
90% confidence intervals were estimated to be a factor of five above and
below this figure. The PYR 8 category involves a containment failure but
no core meltdown; the RSS estimates the probability for this release
category as 1/25,000. The least severe PWR category, PWR 9, involves no
containment failure and no core meltdown; this probability was estimated
as 1/2,500. The BWR 5 category, which also does not involve a core melt-
down, was estimated to have a 1/10,000 probability of occurrence.

The RSS was not designed specifically to estimate i.asurance coverage costs,
and thus the results are not strictly comparable to those derived in the
preceding section. The RSS did intend to estimate the probability of
accident events with large off-site impacts, which is similar to the pro-
bability of large ANI/L events. However, some large losses to ANI/L would
result from factors which the RSS did not consider; the $25 million settle-
ment in the TMI case may be an example of an ANI/L cost excluded from the
RSS. Thus, the RSS results may be probability estimates either for large
ANI/' a2vents or for a subset of those events. The RSS does not attempt

to es“imate the probability of all events which would cause major property
damage to the reactor, and assumes that such events are much more likely
than the accidents it studied.

The RSS estimates appear to be very different from (but not necessarily
inconsistent with) estimates obtained using methods discussed earlier.
Even if every core melt were a maximum event, costing ANI/L $160M, the
liability insurance premiums implied by the RSS core melt probability
best estimate* are lower than actual premiums by a factor of 20 to 60.

*From equation (B-4) and Table B-3, R = ($160M) * (1/20,000) / (.90 - (1-.3)),
which is about $12,700 per reactor-year. This calculation assumes that the

maximum event fraction for ANI/L is .90, and that A is 1.0. Using the
average ANI/L premium of $0.380 million, and again assuming that A equals
unity, the maximum event fraction, F_, implied by using the RSS core-melt
probability estimate is 0.03, which s extremely inconsistent with all
other estimates fo- Fm'
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Further, the RSS also predicts that most core melts will not be maximum
events, causing less than one fatality and less than one injury, and
causing less than $I million (1975 deollars) in third-party property dam-
age. These predictions make the RSS-implied liability premiums even
lower than those discussed above.

Four possibilities exist which may explain the discrepancy between the

RSS estimates and those obtained using the other methods, particularly
estimates obtained from the existing poo's. In light of these considera-
tions the RSS figures were not employed in developing AIDE coverage cost
estimates. First, the RSS eslimates may be biased. This pos-
sibility has been discussed by at least one reviewer of the RSS.* Second,
the RSS estimates may be valid for their intended use, but the set of
events under study may differ from the set of events covered under existing
insurance programs, or from the set of events defined as AIDEs. This could
be attributable to the different focuses of the RSS and the insurance pro-
grams, or to possible incompleteness of the set of event sequences identi-
fied by the RSS as causing "significant" radioactive releases.** Third,
the RSS probability and the existing pools' perceptions of probabilities
may represent different opinions; for example, the pools may be founding
their estimates on different sources of information than those used by

the RSS. The existing pool's behavior would seem more relevant to esti-
mating decomnissioning costs, since the behavior and opinions of the
planned AIDE pool would presumably follow that of the existing pools
rather than the RSS. Fourth, the model for premiums discussed in the pre-
vious section may be incorrect in some respect; for example, a component
may be missing from the model. In this case, the estimate derived would
contain one or more factors in addition to the probability estimate. If
these non-specified factors affected the AIDE insurance premiums and ex-
isting insurance premiums similarly, the factors would still be accounted
for when expected coverage cost estimates were derived from the current
pools' premiums. Using RSS estimates would preclude the possivility of
accounting for such unspecified factors.

These considerations support the use of AIDE probability estimates devel-
oped from the existing insurance pools and historical experience over the
use of the RSS estimates.

*Union of Concerned Scientists (1977).

**The latter point was sugeosted by Lewis, et al. (1978) and the Union of
Concerned Scientists (1977).
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D. Estimates of Expected Coverage Cost for Accident-Initiated
Decommissioning Events

Table B-5 presents the range of 1ikely and reasonable expected coverage
cost estimates for AIDE insurance, which were estimated by evaluating
equation (B-4) using the following values.

1. Expense fraction. The expense fraction, N, is 15%. This is
extrapolated from NML. The level of total pool operating
expenses which would be covered by this expense loader is
considered helow; whether 15% turns out to be inadequate,
appropriate, or excessive will depend in part upon the
extent of the pool's commitment to differential rating of
risks.

2. Maximum-event fraction. The maximum-event fractien, Fp, is
957 - 1007, Accident-initiated decommissioning would appear
to be very close to a binary variable: either there is no
loss, or the loss is very large. Nevertheless, there may
be some chance, especially for the higher coverage limits,
of a loss less than the maximum coverage level. If 10%
of AIDEs are "small,"” costing less than the limit and
averaging 50% of the full loss (after deductibles in both
cases? limit, Fp= 95%. This value of Fyis used for the
$1 billion coverage; all AIDES are assumed to be mzx imum
events for the $500 million coverage. The estimaied coverage
costs are not particularly sensitive to this split between
large and small AIDEs, and there is no basis for projectina
the distribution of AIDE costs. This factor is varied in
this report primarily to remind the reader that both Fpand
Pl would decline somewhat as the coverage limit is increased,

since non-maximum events would be more likely, but that the
change in Fypwould partially offset the change in Pm, limiting
the sensitivity of R to this effect.

3. Deductible. The deductible is the greater of 5% of maximum
coverage or the accrued decommissioning reserve, As dis-
cussed, it appears to be prudent for the pool to require
its members to reserve toward a decommissioning fund of
$100 million to $250 million, depending on plant size. Cur-
rently, utilities appear to be reserving toward $50 million
decomnissioning funds. Assuming that average unit life pro-
jections are correct (the value of average life does not matter
for this purpose, only that the esiimates be accurate), that
the decommissioning reserve is accrued linearly over time,
and that AIDE probability is independent of unit age, the
average deductible is almost exactly half the decommissioning
fund target. The 5% minimum insures that the owner shares
in any early loss.




TABLE B-5 }
|

ESTIMATES OF EXPECTED COVEPAGE COST FOR
ACCTDENT-INITIATED DECOMMISSIONING INSURANC E*

Nominal |
Coverage k
Limit $500 ___$1000 [

Decommissioning J
Reserve Target $ 50 $250 $ 50 $250

Effective
Coverage Limit** sggzlg $337.5 $877.3 $787.5

Probability of AIDE***

1/200 $2.51%*** §1.99  $4.89  $4.39 |
1/400 1.26 0.99 2.44 2.19 ;
1/600 0.84 0.66 1.63 1.46 !
1/800 0.63 0.50 1.22 1.10 k

* A1l values in millions of 1981 dollars; coverage period is
assumed to be one reactor-year

** Net of average deductible and coinsurance; see text

*** The probability of an AIDE, F, is used to estimate the |
probability of a maximum avent, P _, for the $500 million 1
coverage; 907 of P is used to estfmate P for the $1 |
billion coverage; see text " L

*e¥* Estimates of expected coverage cost are obtained using
equation (B-4) in text
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Among the existing nuclear pools only ANI/P and NML use
explicit deductibles and then only for very small amounts
(generally less than 17 of coverage), and, in the case of
ANI/P, only for turbinc-generators and transformers. NEIL
has a 26-week "deductible” in that no coverage is offered
Tor the first 26 weeks of an outage.

4. Coinsurance. Coinsurance is 107 of the actual losses above
the deductible and below the coverage limit. This value
was selected judgmentally to provide some additional in-
centive for owner/operators to avoid decommissioning, and
to limit somewhat the cost to the ool of decommissioning,
if it occurs. The existing property and liability pools
do not use co-insurance in this sense. However, NEIL'S
tirst year of coverage (i.e., months 7-18 of an outage)
has at least a 10% co-insurance factor (based on expected,
rather than actual, replacement power cost), and NEIL's
second year of coverage (i.e., months 19-30 of an outage)
has at least a 557 coinsurance factor. Since NEIL's
max inum weekly indemnity ($2M) is much below the actual
cost and value of replacement power in most areas of the
U.S.,* the effective coinsurance factors for NEIL are
actually higher than the minimum factors discussed above.

5. Coverage limits. Coverage limits are $500 million and $1
bi1Tion. The higher end of the range was chosen to cor-
respond to current cost estimates for decontaminating
TMI 2. The lower end of the range was arbitrarily chosen
at half the high end value, for illustrative purposes.
Due to the deductible and due to zoinsurance, Sm is thus

actually less than the nominal coverage limit; it is tne
effective coverage 1imit. This distinction does not arise
in existing nuclear insurance programs, either because
deductibles and coinsurance are non-existent (ANI/L) or
insignificant (ANI/P), or because the maximum coverage is
stated in terms net of deductibles and coinsurance (NEIL).

6. Constant dollars. Coverage and expected coverage costs
are all stated in constant 1981 dollars, regardless of
when the premiums or the losses are actually paid. Thus,
inflation to payout date will roughly balance investment
income between receipt of premium and payout for losses, SO
investment income is insignificant.

*For example, replacement wer from oil at $36/BBL and at 10,000 BTU/KWH
would cost about 6¢/¥WH 5¢/KWH) x (1,000 KWH/MWH) x (168 hrs/wk.) x
(.6) x 1100 MW) = $6.6. 11ion per week for an 1100 MW reactor which
normally has a 60% capacity factor.
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TABLE B-6

EXPECTED COVERAGE COST
AND EXPENSE ANALYSIS
FOR BILLIGN-DOLLAR COVERAGE*

Per Unit, Annually Total Pool. Annually**
Total Expense Loss Total Expense Loss
Probability Premium Portion Portion Premium Portion Portion
1/200 4, 39%*+ 0.66 3.73 329 49 280
1/400 2.19 0.33 1.86 165 25 140
1/600 1.46 0.22 1.24 110 17 93
1/800 1.10 0.16 0.94 82 12 70

* $250 million decommissioning fund target is used; expected coverage cost estimates are taken
from Table B-5

** Total pool is assumed to consist of 75 units

*x* A1] yalues in millions of 1981 dollars



annually just for return on investment and taxes.

b. Older, cheaper units must periodically update their
safety systems; Connecticut Yankee plans to spend over
$94 million from 1980 to 1983 for this purpose.

c. Smaller retrofitting projects (“"interim replacements"”)
have increased the cost of existing plants by about 3%
annually; for a billion dollar plant, that would be
$30 million.

Interim replacements at New England nuclear units from
1968-1978 averaged about $13,400/MW in early 1981 doilars
(Chernick, 1980?; for a 1150 MW plant, this would be over
$15 million annually.

d. Annual 0&M costs for large commercial nuclear units are
on the order of $10 million to $20 million 1981 dollars.

In addition, as noted in the Introduction to this Appendix, nuclear power
costs in general are hard to estimate correctly and are highly variable.
A million dollars annually (which is equivalent to less than 0.02¢/KWH
for an 1150 MW unit operating ata60% capacity factor) is a small cost

and a small uncertainty by the standards of nuclear power costs.

Once again, it should be noted that the premiums charged by the pool need
not necessarily equal the expected coverage cost estimated above. The
actual premiums may fall outside the estimated range if the pool antici-
pates refunds or retroactive premiums.
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I111. ESTIMATION OF EXPECTED COVERAGE COST FOk NON-ACCIDENT-INITIATED
DECUMMISSTONING EVENTS

\. Definition of Non-Accident Event

Accident-Initiated Decommissioning Events (AIDEs) are assumed to present
major problems for the reactor operator for two reasons. First, the de-
commissioning/decontamination task is expected to be much more expensive
than normal decommissioning, so the utility's accumulated reserves for
normal decommissioning will probably be inadequate to pay for accident-
initiated decommissioning. Second, accidents will often occur well before
the end of the reactor's expected service life, so the utility will not
generally have reserved sufficient funds even for normal decommissioning.
Thus, all AIDEs are considered to be covered by the insurance pool.

Non-Accident-Initiated Decommissioning Events (NAIDEs) should not generally
share the first problem raised by an AIDE. If a reactor is decommissioned
on schedule due to anticipated problems (e.g., materials fatigue, corrosion,
and embrittlement), the decommissioning cost should usually be close* to
the deconmissioning cost estimate obtained near the end of unit life,
especially once decommissioning of large reactors has become a routine
procedure. If unanticipated problems ?e.g., discovery of design flaws or
catastrophic failure of a major component, such as the turbine or steam
generator) require shutting down the plant earlier than expected, the cost
of decommissioning may be less than anticipated, due to the lTower levels

of contamination and activation. However, individual units may prove to

be much more expensive to decommission than the average reactor, due to
details of design or of operating history; these factors may not always

be detected before retirement, and perhaps not until decommissioning is
well under way.

The second factor which renders AIDEs problematic, the inadequacy of de-
commissioning reserves due to premature retirement, is probably a greater
problem for NAIDEs than cost-overruns and other factors. Unless the owner/
operator establishes a fully funded decommissioning reserve as soon as the
reactor enters operation, there is some danger that decomnissioning will
occur before the reserve is adequate to pay even average decommissioning
costs. Standard practice currently appears to favor straight-line de-
preciation for book purposes, and thus straight-line accrual of the de-
commissioning reserve; a unit retired at half its expected life would thus
have only haif a decommissioning reserve.

Tnus, Non-Accident-Iritiated Decommissioning Events (NAIDEs) may occur due
to prematurity of decommissioning, cost-overruns, or a combination of those
factors. If the difference between the decommissioning reserve and the

*At least, this decommissioning cost should be cioser to the estimates than
would the cost of an AIDE.
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cost of decommissioning is small, compared to the size and wealth of the
owner/operator,* and if the NAIDE did not cause other serious financial
impacts,** a NAIDE is 2 sort of mishap the owner/operator can take in
stride. But if the reserve shortfall is very large compared to the finan-
cial resources of the owner/operator, and if the NAIDE removed the largest
single item (the reactor) from the owner/operator's rate bas., the owner/
operator may be unable to proceed with decoomissisning in a timely, safe,
and efficient manner. It is these latter cases for which a NAIDE insurance
program might potentially be structured, though we note below some difficult
problems that may be inherent in such a program.

This Appendix treats NAIDE insurance as if it covered all NAIDEs, regard-
less of the extent of the owner/operator's financial hardship. Several
approaches are possible to reduce the cost of the coverage by limiting

it to the instances in whicn the utility would otherwise be unable to pro-
ceed with decommissioning. These possibilities include requiring explicit
financial tests, structuring the self-insurance pool as a surety, and pro-
viding the decommissioning coverage as a contingency loan. These mechanisms,
discussed further in Appendix E, would reduce the expected coverage cost
to the pool by an indeterninate, but potentially quite large, factor.
Thus, the coverage costs estimated in this section should be regarded as
being near the upper end of a range, corresponding to various coverage
designs.

*Relevant measures of size and wealth would be revenues, kilowatt hour sales,
net worth, and earnings.

**Lxamples of such impacts are increased fuel and purchased power costs, and

loss of revenues associated with the reactor, such as return, depreciation,
0&M, and taxes.
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B. Insurability of Non-Accident-Initiated Decommissioning

Non-Accident-Initiated Deccrmissioning Lvents possess some of the charac-
teristics usually associated with "business risks" as that term is used

in the fields of insurance and rick management. Since insurance against
business risks is generally .onsidercd more problematic than insuring against
physical hazards (e.g., fire or theft), it is useful to examine the concept
of business risk and its applicability to non-accidental nuclear decom-
missioning insurancc, Unfortunately, no systematic treatment of business
risk appears to exist in the insurance literature, but the following quota-
tion from Rodda (1978) touches on most of the relevant aspects:

Production, marketing, and political activities which cause losses
are what might be called business perils. While losses may re-
sult from them, gains may also be made. These perils are generally
considered "speculative risks" rather than "pure risks," and are
not suitabie for insurance coverage. For instance, if a firm
overproduces, it cannot buy insurance to cover tne losses in-
volved. If it could, there would be little incentive to control
the level of production. Likewise, if a company enters a new
market and fails, it cannot purchase insurance to cover the
losses. 1f it could, the company could recklessly enter all types
of new markets witho:t fear of financial loss. The chance of
production and marketing loss is largely in the hands of the
insured. The moral hazard and adverse selection would be just

too great tc insure.

Three problems are 1dentified in the quotation: business risks are specu-
lative, insuring against business risks creates moral hazard, and insuring
against business risks creates adverse selection. These three issues will
be considered in turn below, along with foctors which may limit their im-
pact. li is important to remain aware of the distinction between problems
which tend to decrease reactor lifetime (and hence increase the frequency
of deconmissioning) and those which tend to reduce the incentive for con-
troiling decommissioning costs. Some of the issues discussed below may
generate only (or primarily) one of these types of problems, while others
may generate both types; the mitigating factors may similarly affect one
or both types of problems.

1. Speculative Risks

dehr and Hedges (1963) discuss speculative risks at some length. Of parti-
cular concern for NAIDE coverage are their observations that speculative
risks are related to complementary gains, are inherently difficult to rate
and involve dynamic, non-independent loss probabilities.

Business risks are generaliy associated with complementary gains, or cor-
responding opportunities for gains. This seems to be Rodda's primary con-
cern: if a company could get coverage for the lowest risks within the range
of risks possible ("downside" risks), while enjoying the benefits of windfalls
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and other good fortune, it would be very risk prone, the insurer's losses
would be very high, and only the worst (most risk-prone) companies would
want the insurance.*

The problems perceived with speculative gains are tempered considerably

in the case of nuclear decommissioning insurance. Regulated utilities
generally do not have an opportunity to "strike it rich" with nuclear
plants. Nuclear investments may be desirable for utilities for a variety
of reasons, but such investments cannot be expected to yield windfall
profits much in excess of those allowed by the regulatory commissions.
Publicly owned utilities might conceivably hope to earn some excess profits
from nuclear plants; however, even for publicly owned utilities, the 10-15
year construction period (followed by perhaps several more years before the
plant is competitive with other sources) and the multi-billion dollar in-
vestment required, render commercial nuclear pcwer plants unsuitable as
speculative investments, regardless of whether or not NAIDEs are insured.

The size of the investment and uncertainty as to construction cost, con-
struction time, capacity factors, 0&M expense, possible development of al-
ternatives, financial capability and (for regulated utilities) allowed
return and other rate treatment, obviously al! encourage considerable
caution on the part of utilities. To the extent that some pcrtion of the
i"isks is reduced by decommissioning insurance, utilities may be marginally
more willing to undertake nuclear construction; on *he other hand, in-
ternalization and quantification of nuclear risks in the form of an insur-
ance premium might discourage utilities and their regulators from pursuing
those nuclear investments which are least cost-effective.

If reasonably accurate rating were possible for each project, this problem
of specuiative investment in high-ri<k projects would be ameliorated; un-
fortunately, this is not generally poscible for speculative risks.

Speculative losses arise from causes wiich are intrinsically difficult to
rate, such as management decisions (in markets, financing, production
technology, and innovation) and political events. Specifically, the in-
sured often knows much more about the risks than the insurer.

The economic, technological, and institutional hazards of the nuclear in-
dustry are complex, suffer from imperfect information, and will certainly

be difficult to rate well. FRating would be easier to the extent that in
contrast to investments in other industries, nuclear plants were more
uniform in design, their economics (on a current, as opposed to a projected,
basis) were more straightforward to analyze, their construction and operation
involved fewer trade secrets, they were subject to more inspection, and
the factors which would render the plants obsolete (e.g., actions by the

*This is one form of adverse selection, which is considered beiow. Many
aspects of business risk are closely interrelated.
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NRC and rate regulators, the eccnomics of uranium and alternative energy
sources) were more in the public realm. Can the pool gesign its rating
program to reflect most voluntary activities which might substantially
affect the pool's risk, and thus discourage excessive risk-taking by
reactor operators? The degree to which the poul is successful in such
differential rating will strongly influence its success in overcoming the
problems of moral hazard, morale hazard and adverse selection (about which
see further discussion below).

Nuclear visks, including those related to non-accidental decommissioning,
are probably not constant over time, and the probabilities and population
of reactors at rish are small, so estimating probabilities and forecasting
losses are difficult. As we have noted above, these considerations pre-
vent any aspect of uniquely nuclear insurance* from being rated on a
highly precise basis. Due to the absence of many uniform events and of
predictable total annual losses, Mehr and Hedges (1963) do not consider
any of *the nuclear insurance pools** to be offering true insurance, but
rather "pooling and risk transfer."

Thus, the expected coverage costs estimated in this Keport are acknowledged
to have large uncertainties associated with them; these uncertainties may
also encourage the use of retrospective premiums and reliance on a self-
insurance pool (in which, if the risk is greater than estimated, then both
the value of the insurance to the members and th2 average losses to the
members are greater, in a counterbalancing fashion) rather than commercial
insurance (in which the insureds and the insurers are different parties
with distinctly different interests).

Traditional insurance schemcs are based on some degree of independence of
the insured events. An individual's chances of dying, being hospitalized,
being in an automobile accident, losina property to fire, or whatever, are
in part independent of whetner or not other individuals suffer these fates
in a particular policy year, and the insurance company will generally incur
average losses in any year close to the true long-term expectea average
rate<. Independence is only partial in these cases because, for exampie,
low gas prices and good economic conditions can cause increased driving

and hence increased accidents and poor economic conditions can increase
arson rates. In acdition, insurance companies will provide coverage***

for some non-independent losses resulting from catastrophic events, such as

*As opposed to non-nuclear insurance (Workmen's Compensation, fire insurance)
at nuclear facilities,

**This statement extends even to AY[. “That the atomic risk pooling is done
by insurance companies does not of itself make it insurance, any more than
something done by politicians is necessarily either politic or politics--
or some particular thing done in classrooms by teachers is automatically
instructive or educational." (Mehr & Hedges, 1963).

***Some authorities do not consider catastrophic insurance coverages to be
true insurance (Mehr & Hedges, 1963).
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hurricanes and earthauakes.

Some business risks invclve events which are highly correlated, such as
bankruptcy of small businesses, or obsolescence cf equipment, especially
in a narrowly defined field.* This concern applies to nuclear reactor
decommissioning. Most of the premature doc mmissionings to date have
resulted from plant-specific circumstances, such as Indian Point 1's
cooling system or Humbolat's location. [resden 1's problem with radia-
tion accumulation may turn out to be unique or may turn out to be a
generic problem with BWRs, but in any case the problem will not arise
simultaneousiy for all BWRs. Rather, if it turns out that a contamination
problem is common to BWRs in general, the pcol would recognize, based on
experience with Dresden and other early units, that BWR lifetimes ave
shorter than currently anticipated, and increase the required rate of
reserve accumulation. The distribution of unit age will tend to prevent
abrupt surprises regarding cumulative problems such as Dresden's.

some other types of conceivable problems may be abrupt and systematic,
however, resulting in a flood of deconmissionings. For example, an error
might te found in a generic design program, the NRC might tighten up on a
set of rules, or a new technology might simultaneously make a generation
of plants obsolete. Some of these events may be beyond the ability of
the pool to handle; if one of these occurs, the retrospective premium
limit may be exceeded, and the pool could go out of business. The
possibility of non-independent decommissioning events thus limits the
value of the pool, but does not cause doubt about the usefulness of its
existence.

2. Moral Hazard

Three somewhat distinct phencmena are generally grouped as aspects of moral
hazard:

1) general laxity in loss prevention, which Mehr and Hedges
?1963. p. 120) call the "loss-creating attitude of 'Oh,
well, let it go; it's insured.'";

(2) laxity in cost control, once a loss has occurred; and

(3) intentional destructior of property.

The first two are sometimes also termed "morale hazard" to distinguish them
from the more serious (and often illegal) acts of the third category.

*Lloyd’'s of condon's well-publicized problems with insuring computer-
leasing operations resulted partly from faiiure to recognize the cer-
relation in computer obsolescenses.
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The extent to which insurance can result in laxity in cost control may
possibly be more limited for nuclear power than for other technologies.
The ability of plant owners to select cheaper-but-dirtier plants, or to
skimp on maintenance and allow greater accumulation of radiation, is
influenced by the NRC. If these choices avcid direct prior regulation,
utilities face the risk that allowing radiation to accumulate will result
in NRC orders restricting operation, increasing labor costs (by limiting
individuals' exposure), requiring expensive decontamination, or forcing
early retirement of the unit. If the contamination problem is more severe
at the particular unit than in the industry as a whole, the utility might
not receive requlatory approval to pass on to its customers the extra-
ordinary costs of its errors in plant design, construction, or maintenance.
Nevertheless, moral hazard mav dilute incentives for cost control over the
costs of cleanup in the event of decommissioning. In this situation,
financial incapacity tests, which are discussed in Appendix E, wcdald have
to be carefully designed to prevent potentially severe dilution of incen-
tives for ma.ntaining adequate reserves.

Ut1lities do have several strong incentives for avoiding early decommis-
sioning it the first place, as distinct from their incentives once de-
conmissioning is necessary. Retirement cenerally stops the flow-through
to custor'rs of OAM expenses, property taxes, insurance, return on invest-
ments, aepreciation, and the decommissioning fund. Additionally, the
utility loses the use of the accrued decommissioning reserve,** effect-
ively paying another deductible, especially late in plant life. Above the
reserve, the utility must pay the coinsurance on the decommissioning cost,
which may be difficult to pass on to customers, especially if the plant is
retired unusually early or due to management errors. The utility's future
freedom of action (especially in terms of building new nuclear plants or
other large high-technclogy generating facilitiesg may be restricted, its
planning process may be subject to greater scrutiny, and it may receive a
lower rate of return for any actual or apparent incompetence in %aintaining
its nuclear investment. Nuclear power reactors generaliy represent valu-
able investments which are lost when decommissioning occurs. The contri-
bution of the unit to system reliability, the savings in operating costs
compared to alternative sources of energy (KWH), the return and depreciation

*A full analysis of the effects of regulation on utility behavior with
respect to decommissioning occurrence and cost is beyond the scope of
this Report. In general, however, rate regulation would appear to en-
courage utilities to prefer routine maintenance, the cost of which is
relatively certain to be passed on to rate payers, to abnormal events
(premature decommissioning, extensive decontamination, or cost overruns
on decommissioning), for which compensation is less certain.

**The observation only holds true to the extent that the reserve is useful

to the utilities. A utility with a fully segregated decomnmissioning fund
might be expected to be more willing to retire its reactors.
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on the plant (for regulated utilities), and the cost of replacement capacity
(KW), all provide extremely large incencives to avoid deconmissioning.

These incentives are supplemented to a degree by the proposed deductibles
and coinsurance. These incentives might be increased further by treating
all or part of the coverage as a loan or surety, or by applying financial
incapacity tests; these possibilities are discussed in Appendix E.

3. Adverse Selection

If the risk of the insurable event varies between potential buyers, if the
buyers know their risk level better than the insurer, and if the coverage
is not mandatory, then the worst ricks will tend to buy the most insurance.
As a result, the loss experience will tend to be higher than expected,
premiums will increase, the best risks will leave the programs, and the
process can cycle on itself until only the worst risks are left. This can
be an expensive process for the insurer in traditional insurance, or for
better risks in a self-insurance pool.

Three factors might possiblv mitigate adverse selection in NAIDE insurance.
First, the risk of premature or abnormally expensive decommissioning may

be more uniform and information about the risk to individual units may be
more readily available than for many other business risks. Second, to the
extent that differential rating is possible, good risks and bad risks can
be in the same pool with less penalties to the former. Third, depending

on how strongly the NRC chooses to encourage reactor operators to obtain
decommissioning insurance, coverage may in fact tend to be clnse to manda-
tory. Coverage will also probably be available at only one level for any
particular reactor (although it may vary with reactor size and type). Thus,
good risks may not be able tc withdraw easily from the pool, and bad risks
will rot be able to expand their coverage, so the classic adverse seiection
cycle of excessive losses, higher premiums, and withdrawal of good risks
could be impeded.

4. Conclusion on Insurability

The examination of the insurability aspect of NAIDE insurance performed in
this report is rather cursory, and should be enlarged. While some of the
utilities which reviewed this report expressed reservations about the
business risk aspect of NAIDE insurance, this ccncern seemed to center
more on th2 small size of current cost estimates for decommissioning, than
on the basic insurability of NAIDEs, although the issue of insurability
clear!. concerned some. If the utility industry really expects decommis-
sioniug to cost only $50 million, then it will be hard to create much en-
thusiasm for NAIDE roverage. If the $250 million decommissioning cost
suggested in this report is accepted, NAIDE insurance would be much more
appealing.

In general, the available evidence suggests that some problems of insur-
ability, especially moral hazard, could be serious for the NAIDE portion
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of the insurance. Other problems, including non-independence of losses,
speculative gains, and adverse selection are less serious or surmountable.
On the whole, the evidence is not strong enough to establish that any of
the problems discussed would be sufficicntly severe to prevent formation
of the pool for AIDEs but further analysis and design would be requirea

to be as confidert for NAIDEs. The stability and efficiency of a de-
commissioning insurance pool for non-accident events remain open questions.

It is important to recall that utilities already operate under the in-
fluence of a number of inefficient incentives. These incentives generally
arise from the differences in ratemaking and tax treatments of various
kinds of costs (e.g., fuel expense, other operatirg expenses, capital costs,
amortization of retired plants). Certain existing incentives discourage
timely retirement and decommissioning, while others may encourage early
reti~ement. Similarly, some incentives may shift the behavior of owner/
operators towards preventive maintenance, while others shift the balance
towards increased cleanup costs. Depending upon the relative strengths

of the existing incentives, NAIDE insurance may either exacerbate or
mitigate the existing net biases on retirement decisionmaking,
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C. Frequency

As of 1981, 79 commercial LWRs had received operating licenses in the U.S.
and 78 had been in operation for a year or more. Of the 78, three (Path-
finder, BONUS, and Elk River)* that were retired early (in one to four
years) were small demonstration reactors of unusual design; these were

the only reactors of the entire group meeting these criteria. Since

their experience is believed to be anomalous for the population of reactors
that is of current interest, they were excluded from our main summaries

of analyses presented below. However, a footnote to Table B-£ below shows
that inclusion or exclusion of the three early reactors has little effect
on the estimates of reactor lifetimes,

Among the remaining LWRs, there has been one unequivocal KAIDE at Indian
Point 1, which has been formally retired. Both Humboldt Bay and Dresden 1
appear to have suffered NAIDEs, although the utilities have not publicly
announced their retirement. Humboldt Bay has not operated since July, 1976:
Dresden 1 has been out of operation since October, 1978, and is not
scheduled to restart until 1986. It seems likely that Humboldt Bay and
Dresden 1 have experienced NAIDEs, and will not operate again. The opera-
tor of the LaCrosse plant has indicated plars for premature retirement of
that unit as well, in the 1987-90 time frame, when it will be between 18
and 21 years of age. Thus the most relevant set of experience to date
includes at least two, and at most three, NAIDEs.** Experience by 1990
will include four NAIDEs, if the LaCrosse plant is retired prematurely

as planned,and possibly more.

Table B-7 shows the commercial operation date (COD), current age, and
(where applicable) date and age at last operation, for all units starting
commercial operation in 1970 or earlier, except the three CWRs discussed
earlier which are excluded from analysis. The paucity of data on nuclear
plant longevity is apparent from Table B-7. Only 12 piants have reached
10 years of age, and only 2 have reached 20 years.

*BONUS and Elk River were very small reactors (16.5 MW and 22 MW, respect-
ively), which were owned by the AEC and were never accepted by the utili-
ties which operated them. Pathfinder was somewhat larger (58.6 MW), but
was in full-power operation for only four months; in the fifteen months
in which it was in operation, Pathfinder generated less than three months
of full thermal power, and presumably even less electrical power. Both
Pathfinder and Elk River were described as "small experimental prototype
reactors" by the FPC (1968), which does not appear to have noted BONUS'
demise at all,

**Other NAIDEs may have already occurred, but may not yet be evident. Any

unit currently shut down might never restart, thus becoming (retroactively)
a NAIDE as of the starting date of the final outage.
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ALL LWRS OLDER THAN 10 YEARS, INCLUDING ALL NAIDES TO DATE*

TABLE B-7

PLANT

Dresden 1
Yankee Rowe
Indian Point 1
Big Rock Point
Humbo1dt Bay
Connecticut Yankee
Sarn Onofre 1

La Crosse
Cyster Creek
Nine Mile Point
Ginna

Point Beach 1

* See text for explanation regarding the determination of a NAIDE

COMMERCIAL

OPERATION
__DATE

LAST OPEXATION

DATE

7/60
7/61
10/62
3/63
8/63
1/68
1/68
9/69
12/69
12/69
7/70
12/70

16/78

10/74

7/76
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AGE
18.3

12.0

12.9

CURRENT AGE

/

21.2

20.

18.

18.

18.

13.

13.

12.

11.

11.

12,

10.

2
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Plant*

Point Beach 1
Ginna

Nine Mile Point
Oyster Creek
Indian Point 1
La Crosse
Humboldt Bay
Connecticut Yankee
San Onofre 1
Dresden 1

Big Rock Point
Yankee Rowe

TABLE B-8

PRODUCT-LIMIT ESTIMATES OF LWR CUMULATIVE SURVIVORSHIP RATES

Number
Observed of Units
Service Surviving
Life To Each Age
10.8+ 12
11.2+ 1
11.8+ 10
11.8+ 10
12.0 8
12.0+ 7
12.9 6
13.7+ 5
13.7% 5
18.3 3
13.5+ 2
20.2+ 1

Number Fraction of
of Units Units Surviving
Experiencing To Each Age Which Cumulative
A NAIDE in Did Not Experience a Survivorship
Each Interval** NAIDE In [ach Interval Rates***

0 1 1

0 1 1

0 1 i

0 1 1

1 7/8 .875

0 1 .875

1 5/€ 729

0 1 .729

0 1 .729

1 2/3 436

0 i .486

0 ] .486



=01~

*Al1 figures calculated as of September, 1981. A '+' indicates that unit is still in service.

**An interval is defined as the period from the observed service iife of each plant, inclusive,
to the next service life, exclusive.

***This column is obtained by multiplying the entries in column 5 from the first censored age
to the current censored age. Including the reactors Pathfinder, BONUS, and Elk River changes
the results slightly. Assuming that the equivalent of commercial operation followed first
electric generation by six months, Pathfinder was in operation 3 months, BONUS for 40 months,
and Elk River for 47 months. As of 9/81, 72 LWRs had survived over 8 months, 66 over 40
months, and 63 over 47 months. 1lhus, the cumulative survivorship to 47 months is (71/72)
(65/66) (62/63)= .956. Including these three plants would thus multiply ali survivorship
estimates over four years by .956; the 20-year survivorship would be .465. This is not very
different from .486, the survivorship estimate obtained when excluding these three reactors.
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TABLE B-S:
REDUCED-SET ESTIMATES OF LWR SURVIVORSHIP RATES

Plant Age in Years*

From: O 12.0 12.1 12.9 13.8 18.2 18.3 18.5

Plant To:** 12.0 12.1 12.9 13.8 18.2 18.3 18.5 18.9 18.%+
Dresden g*** 0 0 0 0 L] [ ] [ ]
Yankee Rowe 0 0 0 0 0 0 0 0
Indian Point 1 0 s 1 ¥ ¥ ] ’ 1
Big Rock Point 0 0 0 0 0 0 0
Humbolat Bay 0 0 0 + L
Conn. Yankee 0 0 0 0
San Onofre 1 0 0 0 0
La Crosse 0 0
No. of Units

Reaching "

this age 8 8 7 7 5 4 4 3 2
No. of Units

Surviving 8 7 6 5 3 3 s 1 1
Survivership 1.00 .875 .857 .714 .600 .750 .500 ,333 .500

NOTES: *Data to September, 1981
**Second endpoint not included in interval
= Plant survived this age; ® = Plant did not survive this age
"Or more

-106-



! el il RSt B B el e i e T

TIGURE B-1. LWR SURVIVORSHIP CURVES
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This limited data can be converted to a survivorship function eithey by
the product-limit method or by the reduced-set method. Discussion of
these methods can be found in Lee (1980). These are the continuous
analogues of, respeciively, the annual-rate method and the composite
original group method traditionally used in utility deprec:ation studies
(Winfrey, 1935). The results of these methods are presented in Tables
8-8 and B-9, and in Figure B-1. Note that the data aggregate all vin-
tages, sizes, and types of LWRs, and that LaCrosse's retirement is not
included in these figures, because its retirement is still well in the
future, whether it is retired prematurely or not.

The product-1imit survivorship estimate makes more efficient use of the
data than the reduced-set estimate. In obtaining a survivorship estimate
after a number of years, say X years, the product-limit method uses data
from all reactors which operated less than and inciuding X years, while
the reduced set method only considers reactors which operated a full X
years, and reactors which suffered a NAIDE within the X-year period. The
product-1imit estimate would seem to be more appropriate for use here.

The experience to date has been quite scanty, and the experience with early
small units, built at least partially for demonstration purposes, may rot
be representative of future experience with more recent large units, which
ere built as more nearly routine construction projects. It is not even
clear whether future experience can be expected to be better than past
experience. for example, the larger size of new units increases both

the difficulty of correcting problems and the reward for doing so. In-
creased regulatory involvement in unit construction may decrease the fre-
quencies orf such ervors as Humboldt's location, or Indian Point 1's cooling
system design, but it may also introduce new systems to wear out and to
complicate retrofit and repair. The rate of addition of regulatory stan-
dards may continue its historic acceleration, or it may stabilize, decrease,
or even become negative; it could do each of these sequentially over the
next twenty years. The very fact that nuclear construction has become
routine micht produce better plants due to increased experience, Or worse
plants due to decreased care and excessive demand for limited quantities

of skilled labor.

In addition to the problems of extrapolation .f data, it must be recognized
that the data are exceedingly sparse. Fven assu?ing the comparability of
all reactors, there are only three retirements. A° a result, any inferences
drawn from this da*: are necessarily auite weak. Fo~ example, the preduct-
limit estimate of survivorship after ige 18.3 is .486, and an estimate of
its standard deviation is 0.216,

For the purposes of this report, two alternative distributicns of non-
accident premature decommissioning are used. The retirement “urve pre-
sented by Winfrey (1935) which appears to be most similar to the data is
Curve L-3 with approximately a twenty-year average lite. For censitivity
purposes, the same curve is used with the commonly assumed thirty-sear
average life, for which the data set prr-ides no real cupport, but which
carmnot be rejected on the basis of the current data. These curves ar:
compared to the product-limit results in Figure B-2.
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D. Average Cost of Decommissioning

In order to estimate the pool's expected losses and hence the pool's ex-
pected coverage costs, both the probability and the expected cost of the
insured event must be estimated. The easiest way to determine the average
cost is to define it as a fixed indemnity, as NEIL does, rather than
actual cost to the insured.* The estimation problein may also be simpli-
fied by providing for only a small portion of the possible lass, in order
to restrict the range over which the pool's loss on each event may vary.
Unfortunately, neither of these approaches is really suitable for de-
commissioning/decontamination insurance, if the objective of such in-
surance is to provide a high levei of assurance that funds will be avail-
able to pay the actual cost of the decommissioning, so that the process
may proceed in an orderly and safe fashion.

Engineering estimates of the cost of decommissioning nuclear reactors ave
available, but there are reasons to suspect that they are not appro-
priate for directly estimating insurance premiums, without first making
certain adjustmerts. It is well known that engineering cost estimates
for other activities related to nuclear power, such as plant construction
and operation, have been unreliable and consistently under<tated, and
that costs have increased rapidly over time in real (inflation-adjusted)
terms.** Since engineering estimates have not been accurate in pre-
dicting other nuclear power costs, there is some reason to believe that
a decommissioning/decontamination expense insurance pooi neither should
nor would accept unadjusted engineering cost or time estimates for nuclear
power plant decommissioning.

The similarities between the cost estimation problems of nuclear power
plant construction and nuclear power plant decommissioning extend beyond
the common association with reactors and the handling of radioactive
materials, ***

*Of course, even NEIL must estimate the actual cost in order to apply
the indemnity limit of 90% of actual cost. NEIL presumably requires
this coinsurance to limit premium costs and to avoid moral hazard.

**Some of these problems are discussed in the Introduction to this Ap-
pendix.

***Of course, the construction of nuclear power plants occurs before the
radioactive inventory is put in place, while deconmissioning is pri-
marily concerned with removing the by-products of fission. The very
rapid (and apparently unanticipated) real increases in nuclear reactor
operations and maintenance (0&M) expense (on the order of 10% per year
in the 1970's) illustrate that the costs of handling radioactive sys-
tems can be as volatile as the costs of preparing for them in original
construction.
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Decommissioning seems to share at least two of che problems frequently
cited as contributing to nuclear construction cost overruns (see, for
example, Perl, 1978, p. 9; Blake, et al., 1976, p. 28; Bergstrom and
Brandfon, 1979, p. 3; Crowley, 1978; ORNL, 1980). First, the scope of
the decommissioning project is not yet entirely clear, and is subject

to change both before the start of the project and during its course.
Second, as a result of such phenomena as continuing changes in the defi-
nition and scope of the decommissioning process, productivity mis-
estimation, variability in decisionmaking schedules by regulators and
owner/operatui's, and others, the schedules and durations of various
decommissioning activities are subject to substantial change. Some
major impacts of delay, such as inflation and the inflation-related
portion of interest charges, are eliminated by defining costs in con-
stant dollar terms. However, ¢elay has other effects which are quite
real, such as decreased productivity, the costs of maintainina (or
repeatedly mobilizing and demobilizing) crews and equipment during slack
periods, and the costs of continuing maintenance and security. Technical
advaiice, though, could reduce costs.

In some ways, decommissioning may be more vulnerable to changes in scepe
and schedule than is nuclear construction. Nuclear power plant con-
struction has been a continuing, ongoing process at least since 1962,

so engineers have had an opportunity to observe construction progress and
problems in further-advanced plants when they plan and construct later
plants. While regulatory requirements have changed over time, there
have been active construction permits (and hence, plant designs with at
least preliminary and temporary approval) for over 18 years. There was
also a rather steady stream of operating licenses issued from 1968 to
1979, providing engineers with continuing signals regarding the accept-
ability of desians.

The experienca in dismantling power reactors, on the other hand, is es-
sentially limited to the Elk River reactor, a very small (22 MW) BWR
which operated for only 4.4 years and which was decommissioned between
1971 and 1974. The E'k River experience may prove to be of limited
value in estimating the costs of decommissioning reactors 50 times as
large, which will have ope-ated perhaps 7 times as long, and which

will be decommissioned perhaps 20 years after Elk River. This lack of
actual decommissioning experience contrasts to the steady stream of
contemporary data for similar-sized plants available for nuclear con-
struction cost estimation.

Based on the preceding discussion, it seems imprudent to make use of un-
adjusted engineering cost estimates of decommissioning expense in calcu-
lating decommissioning coverage costs. Unfortunately, there is no in-
dependent alternative cost estimation procedure; the same lack of ex-
perience which contributes to decommissioning cost uncertainty prevents
the uce of the regression techniques, which have been applied to nuclear
construction costs and to nuclear 0&M costs (Perl, 1978; Mooz, 1978;
Chernick, 1980). Thus, the best course of action seems to be adjusting

the existing engineering cost estimates. Short of repeating the engineering
estimation work with more specific knowledge of future conditions (which is
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probably not available currently), the most reasonable approach seems to
be an extrapolation of past levels of nuclear cost mis-estimation.

The historic experience from which nuclear cost underestimation may be
extrapolated consists of construction costs, and operations and mainten-
ance (0&M) expense. The former seems more applicable to decommissioning
cost estimation for two reasons. First, construction cost estimates are
available for several operating units, and several estimates are often
available for the construction of a single unit. O8&M cost estimates
appear to be much less commun: in general, nuclear 0&M expense increases
have received less attention than nuclear construction cost increases.
Second, 0&M is a small, ongoing expense which, despite recent iacreases,
remains a relatively small percentage of total generaticn costs once a
plant is on line; by contrast, initial construction cost (1ike decom-
missioning) is a single large discrete event, with a fairly well-defined
conclusion. Therefcre, this analysis will extrapolate decommissioning
costs by using nuclear reactor construction cost experience.

The term niyopia refers to shortsightedness in planning ahead. Myopia
factor, in the context of this Report, describes the phenomenon of mis-
estimating the nuclear reactor construction costs under discussion. Es-
timates for the myopia factor are derived in this section. In modeling
these mis-estimates in nuclear construction cost estimation, it seems
reasonable to expect that:

a. fDespite the inherent uniqueness of each project, there has
been some systematic, industry-wide tendency to under-
estimate nuclear construction costs.

b. Errors are apt to be larger for long-term projections than
for short-term projections; the closer a project is to
completion, the more accurate the cost estimate should be.

¢. Since it is easier to predict changes in conditions in the
short-term than in the long-term, changes in the first
year after an estimate are more likely to be accurately
predicted than changes in the second year after the esti-
mate, and so on. Hence, incremental errors will tend to
increace as the time span (from the estimate date to the
completion date) increases, and an increase in the time
span covered will be associated with an increase in the
total error of the estimate,

Also, in order to be useful in estimating the cost of projects whose actual
completion dates and durations are not yet known, we would expect a model
to have a fourth characteristic as well:

d. The relevant time span for calibrating models of future
cost is the period from the date of the estimate to the
estimated date of compietion, rather than to the actual
completion date.
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To check these expectations, all readily available* cost estimates for
nuclear units which have now been completed were assembled. All cost
estimates which included the following were used:

a. estimate date (month and year);

b. estimated completion date (month and year), and cost;
¢. actual completion date (month and year), and cost; and
d. more than one year to estimated completion,

Twenty-one such estimates were available; they were estimates for seven
different urits. For each estimate, the following d.ta were derived:

E = estimated cost of the unit, in 1965 dollars,** as of the
time of this estimate;

A = actual cost of the unit when completed, in 1965 dollars; and

t = estimated time to completion (time from estimate date to

projected completion date).

Figure B-3 plots the ratio of A to E, which is a measure of engineer over-
confidence, versus t for the twenty-one cost estimates. While the data

is somewhat scattered, it is certainly consistent with the prior expecta-
ticns (a) to (d), above. Note that any function constructed from these
estimates must logically pass through the point t=0, A/E = 1, which cor-
responds to the final cost report,

Four models were fitted to the data in Figure B-J. These were the unity-
intercept iinear

AJE = l#rt + o, (8-6)
the unconstrained linear

A/E = asmt + «, (B-7)

*Other estimates would presumably be available from an exhaustive search
of administrative dockets in various jurisdictions.

**The Handy-Whitman Total Nuclear Production Plant deflator for the ap-
propriate region was used.
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FIGURE B-3
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the unity-intercept exponential

A/E = (14m)Y, and (8-8)

the uncunstrained exponential*

AE = a (1sm)f. (8-9)
The m in equations (B-6) through (B-9) represents the myopia factor.

The variables a and m in equations (B-6) through (B-9) were estimated using
ordinary least squares regrescion; the regression equations obtained were:

A/E = 1 + .204t (B-6a)
A/E = .598 + .300t (B-7a)
AE = (1 + .147)¢ (B-8a)
AJE = .844 (1 + .195)" (B-9a)

where equation (B-6a) is the regression equation corresponding to the model
in equation (B-6), and so forth. Thus, the estimates of the myopia factor
m are 0.204 (equation B-6); 0.300 (equation B-7); 0.147 (equation B-8); and
0.195 (equation B-9).

It is important to determine whether substantial portions of the estimated
myopia facturs represent engineering underestimates of inflation to the
expected conmercial operation date ?COD), as opposed tc errors in esti-
mating real (inflation-adjusted, censtant doilar) costs. The distinction
is critical for the current application. In estimating decommissioring
costs, errors in projecting inflation are of little imporiance, since the
investment income earned on decommissioning ieserves (whether held by the
owner/operator or by the pool), and hence the vaiue of the reserves, will
generally tend to rise with inflation, as will revenues, earnings, net
plants in service, and other measures of owner/operators’ ability to pay
retroactive premiums., By contrast, errors in projecting real costs will
not be offset by equivalent compensating changes in reserves and resources.

*c in equations (B-6) and (B-7) is an additive error term which has an ex-
pected value of zero. The y term in equations (B-8) and (B-9) is a multi-
plicative error term with an expected value of one. These error terms
are necessary because the true functional form of the A/E ratios will not
be fit exactly by equations (B-6) through (B-9) above.
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Since actual inflation between the expected COD and the actual COD is a
compenent of m, underestimates of inflation can only overstate m in
equations (B-6) through (B-9) by:

m=m' (1+a)/(1+e) (B-10)

where m' = true myopia factor

a = actual annual inflation rate from estimate date to estimated
COD (actual escalation rate)
e = inflation rate used in estimate (projected escalation rate)

To determine whether the observed values of m might be due to engineers'
underestimates of inflation to the expected COD, the inflation or escala-
tion rates used in five specific estimates and one generic estimate were
compared to the actual inflation experience to date. This information
was obtained from the available Plant Capital Investment Summaries. The
results of that analysis are presented in Table B-10. The unanticipated
inflation which would show up in the m values, as measured by the factor
(1+a)/(1+e) in equation (B-10), varies from less than .1% to about 2.3%.*
Further, WASH-1150 indicates that at least some architect/engineers were
predicting inflation to within 1.8 points of actual inflation as early

as mid-1969. Thus, it appears that at most only about one or two per-
centage points of the m value can be attributed to underestimates in in-
flation rates, at least for the cost estimates for which specific infla-
tion rates are available.

As a further check on the influence of inflation estimates on the myopia
factors. a myopia anilysis was performed for the one early cost estimate
which was available with all inflation removed; the estimate of $134/kw

in constant 1967 dollars, from WASH-1082 (AEC, 1458). The reference

unit used in JASH-1082 was a 1000 MW, privately firanced first unit.

This estimate was then compared to the actual costs ¢f twenty-one units
for which a construction permit appiicaetion was filed in 1967, and/or a
construction permit was received in 1968, the time frames of WASH-1082.
(Of the other five units which met the timing criteria, *wo were covered
by fixed-cost turnkey contracts, the costs for two are no* reported separ-
ately,** and one is not yet in operation.) When discounte! to 1967 dollars

*This value obtained using data from Seabrook 1, where the projected es-
calation rate employed is the average of materials and labor rates.

**These units are Peach Bottom 2 and 3, both of which entered service in

1974, Inclusion of both units in the regression by assigning each half
their combined cost and counting Unit 3 as a second unit produces sub-
stantially similar results,
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Unit
Seabrook 1
2
Seatrook 1

Seabrook 1

Pilgrim 2

Generic***

* A11 rates in table compound, except as noted
** Actual rates from Handy-Whitman
*** AEC, 1970

TABLE B-10

COMPARISON OF ACTUAL NUCLEAR COST INDEX ESCALATICN RATES WITH
ENGINEERING PROJECTIONS FROM PROJECT COST ESTIMATES |

Apparent Projected
Estimate Escalation fscalation Actual Escalation
__Date Period Rate* Rate and Period**
8/73 2/74 - 11/79 j 6% material | a.44% (1/74 - 1/80) |
8/73 ?/74 - 8/8! . 8% labor 0.41% (1/74 - 1/81) |
2/75 2/75 - 11/80 8% 8.08% (1/75 - 1/81)
5/79 7/76 - 4/83 8% simple 9.26% simple (7/76 - 1/81)
8.05% compound :
10/74 ?/75 - 8/80 6.8% 7.72% (1775 - 7/80) l
6/69 6/69 - 6/75 7.5% 0.4% I
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and normalized to the 1000 MW size used in WASH-1082, the costs for
privately rinanced first units rangud from $160 to $371 per kw, with an
average of $244/kw.* Since the estimate from WASH-1082 was intended for
regctors entering commercial operation within 5.5 years, applying the
range of actual costs above and the WASH-1082 estimate to equation (B-8)
yields an estimated myopia range of 3.3% io 20.3%; the average yields a
myopia estimate of 11.5%. Using the linear myopia model, equation (B-6),
the myopia factors implied by these ratios of actual to expected cost
range from 3.5% to 32.2%, and the average value above yields an estimate
of 14.9%. The unit which is not yet in service (Diaulo Canyon 1) will
almost certainly be more expensive than the twenty-one unit average,

50 the actual average myopia factors for the cohort will almost cer-
tainly be somewhat higher than the estimates based on the available data,
and thus consistent with the results of the earlier analysis.

A myopia phenomenon similar to that found in nuclear construction can be
observed in the current engineering estimates of decommissioning cost.
Jak, et al. (1980) report that staff labor costs for BWR dismantlement,**
estimated at $17.6*** miiiion, would have been $7 million lower if calcu-
lated by the method used in the PWR estimates (Smith, et al., 1978), which

*A multiple regression was run on the twenty-one units, using the loga-
rithm of the cost per KW as the dependent variable. The independent
variables were indicators for private financing and for first units,
and the logarithm of size in Md. The average value discussed is the
predicted cost per KW, for a unit with the characteristics of the
reference unit in WASH-1082. Normalization was done by multiplying
the actual cost per KW by the term (MW/1000), raised to the coefficient
of the size variable in the regression equation. The estimated re-
gression coefficients can be interpreted to indicate that unit cost
is proportional to capacity raised to the .96 powsr, for reactors of
similar unit type (first or second) and financing; that public owner-
ship is associated with a lower unit cost of 14%, for reactors of
similar size and unit type; and that second units are 29% cheaper than
rirst units, for reactors of similar size and financing.

**Prompt dismantlement is the only type of decommissioning for which cost
estimates are discussed in this Report. Lead times for mothballing and
entombment ., the other suggested decommissioning alternatives, are so
long as to render cost estimation by myopia correction highly speculative.
In addition, NRC policy seems to favor prompt dismantiement,

***Except as noted, all costs are before contingency and in 1978 dollars.
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neglected some constraints on staff radiation exposure. Assuming that
the percentage change in staff labor costs due to the change in methodo-
logy also applies to PWR dismantlement, the PWR cost estimate would be
about $6 million greater under the revised methodology. Total cost
estimates, before contingency, were $24.8 million for the PWR and $34.8
million for the BWR; the estimates were completed in May, 1978, and
October, 1979, respectively. Expected changes due to methodology re-
visions would produce an estimated total cost of $30.8M for PWRs in
October, 1979, and of $27.8M for BWRs in May, 1978. Thus, methodological
refinements over a period of 1.4 years increased the cost estimates by
247 for the PWR and 257 for the BWR. If these increases are considered
typical of increases to completion, they can be used to estimate myopia
{actgrs of .16 to .17 using equation (B-8) or of .17 to .18 using equation
B-6).

The importance of the myopia adjustments is a function of the time (t)
into the future for which costs are being estimated. For decommissioning,
costs, this period is considerable. If rates are being set for 1983, for
example, the decommissioning cost estimates from 1979 ?Oak, et al., 1980)
would be four years old. If a premature decommissioning event occurs in
1983, and is promptly recognized as such, current estimates (e.g., Oak,

et al., 1980) suggest that prompt decommissioning would require about six
years. However, past premature decommissionings have not been promptly
recognized. For example, Indian Point 1 was shut down for about six years
before it was even retired, while Dresden and Humboldt have not yet been
officially retired by their owners. (Humboldt has been retired for rate
making purposes.) No plans for dismantling Indian Point 1 have yet been
announced, and of the eight* other retired conmercial power reactors,

only one (Elk River) has yet been dismantled. Thus, t may be as low as

10 vears and/or high as 15 years or more at the present, for premature de-
commissionings.

Annual re-estimation of decommissioning cost, combined with NRC commit-
ments to recognize premature retirements quickly and to require planning
for deconmissioning to start as soon as possible after shutdown (or before,
if the reactor is a likely candidate for early retirement), could lower
future values of t for premature decommissioning** to the five- to eleven-
year range. This estimated range is based on assumptions that approxi-
mately one year elapses between the cost estimate date and the date the
plant shuts down, that projected dismantlement duration is four years (if
planning is completed before shutdown) to six years, and that the period

*Three of the eight are reactors eliminated from analysis for reasons dis-
cussed in 111 (C); the other five are not LWRs.

**This value of t wo:ld apply to any unexpected deconmissioning, whether the
plant had reached the end of its originally projected life or not.
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between shutdown and recognition of premature decommissioning can be
limited to the zero to four year range. The value of t for retirements
which take p.ice on schedule and which promptly lead to decommissioning,
would be five years. However, utilities are often reluctant to dismantle
plants which can be kept in a deactivated state as insurance against
higher-than-anticipated load growth, construction delays on new plants,
or poor performance by existing o~ new capac’ty. Thus, dismantlement
may be delayed even for scheduled retirements unless physical or regu-
latory conditions clearly preclude restart or recommissioning, or unless
the NRC takes a very aggressive position in forcing prompt dismantlement.
Scheduled retirements are not currently relevant, since the first candi-
date for scheduled retirement seems tu be La Crosse, scmetime after 1987.

By combining the currently reasonable range of values for t, 10 to 15
years, with the equations (B-6a) through ?B—Qa). a range of A/E ratios
can be derived. Table B-11 preserts this range of A/E estimates, or cost
mult oliers, which vary from 3.0 to 12.2. The median value ot this dis-
tr.bution of A/E ratio estimates is close to five and the mean to six,
with a range of plausible values from about three to twelve. Note that
t = 10 is an absolute minimum, but that t = 15 is by no means a maximum;
on the other hand, Table B-11 does not correct for the small inflation-
prediction error in the historic price projections. The A/E ratios from
Table B-11 are used in Table B-12 to derive a range of corrected cost
estimates for decommissioning various size plants.

Table B-11 presents decommissioning cost estimates for PWRs using a range
of plant capacities and of A/E ratios. The estimates of decommissioning
costs as a function of size in Table B-12 are taken from the sensitivity
anai,ses of Smith and Polentz (1979) and Oak, et al. (1980), and are

scaled using the Overall Scale Factor (CSF) function they developed for
each reactor type. Despite the problems in predicting reactor construction
costs, engineers have been fairly accurate in predicting the extent of
economies of scale in reactor construction. For example, if s is defined
as tne scaling factor in the traditional economies of scale equation
(deNeufville and Staffcrd, 1971):

, . e 118
cost of unit 1 size of unit 1 (B-11)

cost of unit 2 size of unit 2

then the economies of scale claimed in the studies reviewed and presented
in ORNL (1980) are equivalent to scaling factor:c of about 0.49 to 0.55.
The New England Power Pool (NEPOOL, 1976) assumed economies of scale for
nuclear construction equivalent to about s = 0.78. These engineering as-
sumptions are generally consistent with the results of econometric studies.
Per (1978) found that s = 0.4, but most of the large plants in his data
set were still under construction, and as much as seven years from esti-
mated completion. Therefore, those plants were represented by estimated
costs, which would tend to bias the time and size coefficients downwards.
Mooz (1978) used only a few short-range estimates for plants with opera-
ting licenses, and derived economies of scale equivalent to s = 0.7 over
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TABLE B-11

RATIO OF ~CTUAL COST TO ENGINEERING
ESTIMATES OF COST FROM MYOPIA ANALYSIS

Projected Years to Comple-
tion of Decommissioning (t)

Myopia

Equation Equation

Form Number 10 15
unity-intercept

linear (B-6a) 3.0 4.1
unconstrained

linear (B-7a) 3.6 5.1
unity-intercept

exponential (B-8a) 2.9 7.8
unconstrained

exponential (B-9a) 5.0 12.2
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TABLE B-12

CORRECTED DECOMMISSIONING COST ESTIMATES FOR PWRS

Plant Size Category

Small Medium Large

Capacity (MW) 175 500 1175

Current Cost fEsti-
mates (1978 dollars)* 14,8%* 25.1 38.5

Currest Cost Esti-
mates (1981 dollars)*** 19.6 33.1 50.8

Ratio of Actual
to Estimated Cost
(1981 dollars)

3.0 0. 006 99.3 152.4

5.0 98.0 165.5 254.0

8.0 156.8 264.8 406.4

12.0 235.2 397.2 609.6

* Estimates for the small and medium size plants were ob-
tained using the traditional economies of scale equation, a
scaling factor of 0.5 and available data on large size
reactors. See text. Costs are for PWRsS (Smith, et al.,
1978); costs for BWRs appear to be about 12% higher (0ak,
et al., 1980). Labor constraints of Oak, et al., (1980)
assumed, See text.

| ** A1l costs in millions of dollars, expressed to the nearest
0.1 million.

*#** 1981 costs are assumed to be 32% greater than 1978 costs;
Handy-Whitman regional cost indices for nuclear production
plant are 29.7% to 34.6% higher in 1/81 than for 1/78.

***x* The Decommissioning Cost Estimates are obtained by multi-
plying the Current Cost Estimates by the Ratio of Actual
to Estimated Costs.



the range of his data.* kence, it seems reasonable to adopt the engineering
estimates for decommissioning OSF, which are 2quivalent to scaling factors

of s = (.55 for PWRs and s = 0.4G for BWRs in the 500 MW(t) to 3500 MW(t)
range.

*The 21 units compared to the WASH-1082 projection showed much weaker

economies of scale, with s estimated to be 0.96. Thus, it would appear
that the costs of reactors in this data set appeared to keep pace with
increases in size. However, the standard error of this coefficient was

0.21; in light of this, 0.96 is not very different from the results
above.
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E. Ec<timation of Expected Coverage Cost for Non-Accident-Initiated
Decommissicning Events

From equation (B-3) and the previous observation that neither risk
aversion nor investment income should significantly affect the de-
comnissioning pool premiums,

E L{t) 7/ (1-N) + ¢ (8-12)

n

R(t)

-
i

where
R{t)

expected coverage cost at age t
L (t) = expected losses due to a NAIDE at age t
N

i

expense fraction

term representing factors not accounted for, which are assumed
to have iittle or no effect on expected cuverage cost.

ana e

For NAIDE coverage
E [L(t)] = p(t) - S(t) (B-13)

where p(t) = probability of retirement at age t, given that the plant has
not been retired before age t

S(t) = average loss at age t, given that a loss occurs.

If the deductible is equal to an accrued decommissioning reserve which
accumulates linearly to the expected life of the plant ?T), and the cost
of decommissioning is a known guantity (C), then:

S(t) = . C(1-d) - (T-t)/7 for t<T (B-14)

0 otherwise
where 1055 to the pool
assumed plant life for depreciation reserve
age at last generation of electricity
cost of decommissioning
coinsurance rate,

S
T
t
C
d

nw

The decummissioning cost, C, need not necessarily be the correct cost of

decommissioning at the end of the unit's anticipated 1ife; the model assumes
that it is the current target for the cacommissioning reserve and the actual
cost of decommissioning a unit which experiences a premature decommissioning
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TABLE B-13
ESTIMATION OF NAIDE EXPECTED COVERAGE COSTS

Deterministic Model Stochastic Model
(Equation B-14) (Equation B-16)
Average*** Average
t/T* p(t)**  loss  Premium**** Loss Premi um
20%  .0007 .0006 C(1-d) 0.16 L0006 C(:-d) 0.16
50% .0143 .0072 1.91 .0072 1.91
95%  .1197 .0060 1.59 .0181 4,79
150% .1744 — -- .0218 5.77
200%  .3914 -- -- .048° 12.94
Averages’ '
0-100% -- .0070 1.85 .0092 2.42
100% -
280717 - -- -- .0436 11.55
* in 1 of average life
** From Winfrey (1935); probability p(t) refers to the proba-
bility of an NAIDE occurring during the period which is 5%
of the expected life in length and which ends at the stated
value of t/T
*** Average loss for both models is expressed as a fraction of
a general C and d
*¥*** in millions of dollars; Assumes 15% expenses, 10% coinsurance,
average decommissioning cost of $250 million
* In deterministic model, all values = 0 after 100% of
average life
+t

++t

Average probabilities are weighted mean probability esti-
mates,weighted by average loss fiqures

Curve assumed for p(t) retires all units by 240% of average
life
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While expected coverage costs are higher in the later vears of unit life
in equation (B-16) compared to equation (B-14), this effect is exactly
counterbalanced by an expected decommissioning reserve surplus_which just
equals the differences between S(t) in eauation (B-14) and Ec L (t,c)

in equation (B-16) (except for the coinsurance factor).

Table B-14 restates the expected coverage costs on an annual basis for a
thirty-year average 1ife, two basic coverage levels, and two rate design
models (deterministic and stochastic).

The deterministic model may be conceptualized either as an indemnity
coverage or as a truly deterministic cost modei. The stochastic model
assumes both that the cost of decommissioning varies (between 0.5 and 1.5
times the expected value) and that the coverage is for the entire cost of
the decommissioning.

The uacertainties in these expected coverage cost estimates are consider-.
able, and at least as large as those for the AIDE coverage. For example,
if the appropriate ratio of actual to estimated cost in Tabtle B-12 is
12.0, rather than 5.0, and if average plant life is 20 years rather than
30 years, the expected coverage costs in Table B-14 would be 3.6 times
larger.* Unfortunately, there is very little data from which reliable
ranges for reactor survivor curves and average decommissioning costs can
be calculated. Nonetneless, the order-of-magnitude uncertainty range
appears to be approximately correct: average unit lives much greater
than 40 years or much less than 20 years seem quite urlikely, as do average
decommissioning costs for a large reactor of much les. than $150 million
or much more than $600 million. For the stochastic coverage, this would
result in expected coverage costs in the one- to six-million-dollar range
for a large reactor during its anticipated life. For unusually long-
lived reactors, the life-time average of annual NAIDE expected coverage
costs could be as large as $18 million.

If deconmissioning costs prove to be very high and very variable or if
reactors prove to be very short-lived, the attractiveness of the cost-
control mechanisms discussed in Appendix E would be increased.

As in the estimation of coverage costs for AIDEs, premiums charged by the
pools will not necessarily be the same as the coverage costs estimation,
for reasons discussed in the Introduction to this Appendix. Differences
in coverage design, pricing behavior of the pocl and uncertainty in the
estimates usedcould all cause actual premiums to vary from the expected
coverage costs estimated within,

*Assuming that time scales and coverages are aljusted accordingly. The
appropriate C value would then appear to be %600M rather than $250M; the
3.6 figure is obtained by multiplying 600/25C - 30/20 equals 3.6.
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TABLE B-14
TOTAL NAIDE EXPECTED COVERAGE COSTS, IN

MILLTONS OF 1981 DOLLARS PER REACTOR YEAR*
Deterministic Stochastic
$100M $250M***  S100M**** $250M
Year** Coverage Coverage Coverage Coverage
10 0.23 0.58 0.23 0.58
20 1.12 2.81 1.19 2.98
30 0.22 0.56 1.12 2.81
60 et .o 3.45 8.63
Average 0-30*t 0.49 1.24 0.65 1.61
Average 30-72 -- -- 3.08 7.70
* Assumes 15% expenses, 10% coinsurance
** Thirty-year average life assumed. See text for discussion
of effect on expected costs of assuming a 20 year average
life
*** $250M would be approximately the appropriate coverage for a
large PWR (about 1150 MW), as estimated in the myopia
analysis. Appropriate coverages would be about $280M for
a large BWR, with 12% larger premiums than those shown above,
and about $100M for the smallest LWRs. Lower decommission-
ing cost estimates would justify lower coverage amounts and
proportionately lower premiums
*#** Maximum decommissioning costs and coverages would be 50%
greater than these average cost levels for the stochastic
cases
+ Deterministic coverage cost estimate = 0 for t > 30
++ Average probabilities are weighted mean probability esti-

mates, weighted by average loss figures
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APPENDIX C:

ACCEPTABILITY OF A SELF-INSURANCE
POOL TO THE ELECTRIC UTILITY INCUSTRY

I. SELECTION OF JUDGMENT SAMPLE OF OWNER/OPFRATORS

One of the main objectives of this project was to obtain a general picture
of the attitudes of the electric utility industry, as reflected by a sample
of owner/operators of nuclear power plants, towards the acceptability of a
self-insurance pool for nuclear power p'ant decommissioning expense. Pre-
vious studies (Wood, 1980) have noted the difficulty of evaluating the
attractiveness of the self-insurance option for assuring the adequacy of
funds for decommissioning expense witnout some expression of interest in
the concept by the electric utility industry. Accordingly, it was decided
that some effort should be devoted to eliciting responses from owner/
operators to an early draft version of thic report in order to obtain
criticism and comment upon some of the features of the proposed self-in-
surance pool and in order to test the acceptability of the concept of a
self-insurance pool.

The first problem encountered involved selecting a reasonable sample of
owner/operators. An external constraint was imposed upon the number of
owner/operators contacted with a survey instrument by regulations of the
U.S. Office of Management and Budget, which require previcus approval by

OB for que-tionnaires sent to 10 or more respondents by any Federal agency.
Accordingly, we were limited to a sample of nine or less owner/operators.
Beyond this constraint, two other criteria were identified as important in
selecting the sample: (1) the sample should be in some defined sense re-
presentative of the universe of all U.S. owner/operators; and (2) the sample
should provide as much information as possible. Note that these two criteria
could conceivably conflict to some extent.

Given these two criteria, it made sense to proceed in a three-step process:
first, to draw up a list of the variables with respect to which it was
desirable to have the sample of nine owner/operators be “representative"

of the population as a whole, and to order this list of variables from

most important to least important; second, to draw up a list of any addition-
al factors which might make the inclusion of a particular owner/operator
attractive; and third, to invite participation of the nine selected owner/
operators in stages, so that it would be possible to "re-balance” the

sample, if necessary, in light of any refusals to participate.

In the first step, selecting and ordering the variables with respect to
which the sample of nine owner/operators should be "representative" of
the universe of all U.S. owner/operators, the following list was developed
and ordered:

1. size of owner/operator in $ annual revenues or $ of assets

2. apparent "riskiness" of owner/operators' nuclear plant(s),
as measured by lifetime capacity factors
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3. whether owner/operator's nuclear plant(s) is (are)
PHR(s) or BWR(s)

4. manufacturer of owner/operator's ruclear plant(s)
5. amount of nuclear MW owned by owner/opera or
amount of total MW owned by owner/operator

size of owner/operator's nuclear plant(s) in MY
vintage of owner/operator's nuclear plant(s)

reserving practices to date of owner/operator

o W O N o

1 ownership form used by owner/operator for nuclear plant(s)

11. area of country served by owner/operator
12. whether owner/operator investor-owned or publicly owned

The variables are listed above in approximate order of importance, with
most important variables listed first.

Beyond these twelve variables, three additional criteria were identified
which, if present in an owner/operator, would tend to make that owner/
operater's responses more informative. These three additional criteria
were:

1. presence of special expertise in the area, possibly as
indicated by a leadership role in forming NML or NEIL

2. presence of experience with specific problems, such as
having a nuclear plant prematurely ready for decommissioning

3. presence of an ownership structure which miyht cause one
owner/cperator's responses to represent the combined
opinions of several additional utilities

In sum, we attempted to select a group of nine owner/operators which were
“representative” of the universe of all U.S. owner/operators with respect
to the twelve variables listed above, and which also included some owner/
operators with the three additional desirable criteria listed above.

Given this objective, we produced by trial and error (that is, by repeated-
ly modifying proposed lists to remove apparent "unbalances") the following
list of nine owner/operators:

1. Boston Edison

2. Northeast Utilities
3, Yankee Atomic
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General Public Utilities

Duke Power

Commonwealth Edison

Sacramento Municizal Utility District
Pacific Gas and Electric

Soutnern California Edison

o ~NO;S

This proposed sample was discussed with NKC staff, who suggested two
changes: (1) the replacement of Sacramento Municipal Utility District
with the Tennessee Valley Authority, in order to decrease the number of
California utilities; and (2) the replacement of Duke Power with Consoli-
dated Edison, to improve general diversity, as it was hypothesized that
Duke Power and Commonwealth Edison might be similarly situated in many
respects. These two suggested modifications were agreed to as reasonable,
in that both sets of nine appeared to have (roughly speaking) about the
same distributions of the 12 variables listed previously as the universe
of U.5. owner/cperators, and that both sets of nine also appeared likely
to be highly informative in light of the three additional criteria listed
above. This produced the final sample of nine owner/operators as follows:

Boston Edison

Northeast Utilities

Yankee Atomic

General Public Utilities
Consolidated Edison
Commonwealth Edison
Tennessee Valley Authority
Pacific Gas and Electric
Southern California Edizon

LN U PdWr —~

Invitations to participate in the study were sent out in two staces, ¢
that it would be possible to "re-balance" the sample, if necessary, in
light of any refusals to participate. This became unnecessary as all nine
of the owner/operators invited to participate in the project accepted the
invitation. An early draft version of this report dated August 14, 1981,
was sent out, along with a cover letter and a questionnaire, to the nine
owner/operators, and responses were received from six owner/operators
batween late August and the cut-off date for responses of November 6, 1981.

II. COPY OF LETTER INVITING PARTICIPATION OF OWNER/OPERATORS

(ssentially identical letters inviting participation in the project were
sent out to the nine owner/operators. A copy of the letter sent to Pacific
Gas and Electric Company is reproduced on the next page of this Appendix.
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ITT. COPY OF COVER 'FTTER AND QUESTIONNAIRE SENT TO OWNER/OPERATORS

An earlier draft version of this report, dated August 14, 1981, was sent
to the nine owner/operators in the sample, together with a cover letter
and a questionnaire. Copies of the cover letter and the questionnaire

| are reproduced starting with the next page of this Appendix.
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16 POST OFPFEICE SQUART SUIT! 970 =~ ROSTON MASSACHUSETTIS 02109 ~(617)%42:0611

August 14, 1981

Bill Noone

Manager, Insurance Department
Pacific Gas and Electric Company
77 Beale Street, Room 851

San Francisco, CA 94106

Dear Mr. Noone:

Enclosed please find one copy each of two documents:

(1) Draft Report, entiiled "Design and Costs of an
Electric Utility Self-Insurance Pool for Assur-
ing the Adequacy of Funds for Nuclear Power Plant
Decommissioning Expense," dated August 14, 1981.

(2) Questionnaire, dated August 14, 198].

Instructions for filling out and returning the questionnaire
are contained on Page 1 of the questionnaire.

I would like to take this opportunity to thank you and your
organization for participating in this project, and for pro-
viding your comments and criticisms on this work in progress.

If you have any questions whatsoever, please do not hesitate

to write or call me at (617) 542-0611.
Very truly yours,
Mkl & DMesyen
Michael B. Meyer

MBM: EAW

Enclosures

-139-






I1.

TABLE OF CONTENTS

INSTRUCTIONS. ¢ convvcensvrcnsasssossomsnssronneshssnshanssnnss 1
R. Confidemtidl ity ..onercamsisioce vodnmsssntssssnss ks enssadds 1
B. How to Respond to Questionnaire...........ccoeienvececsens 1
C. Time and Address for Returning Questionnaire............. 1
D. 1F Yoo Maye QUeSTIONS. . .... 5000 cicvinssnsrcmmmrsndsnsninn 1
QUESTIONG . s - o s on sn movamminnonis ks eessayanemnwnnnsewss sk bskons 2
A. Design of Rates and Membership in Pool...... ...c.vvuvunnn 2
B Jiaciievengbringrrbnstetroktorssdmrrhs b byl rorad s ess 2
1 B O S PP e 2
B: PrEmTUN DESTON. «scincansnsnorssnsssenmmssiisssnsnssnsss s 3
B X ¢ na e i BN e 8 B P R R et 3
B Bisisciirtnsanrscarsdberimranspanpervass ipksfooessen b 4
C. Coverage Levels. .. u.rinirrnreenrsensonoennosnnsnensnnens 5
Q ettt e e 5
Bl Bis st tsinmves mrnnscnrrsnessines o nsesamsire ok s nnsemes 6
7 I B S e R S e 6
B Bt ks ws p w00 sk ma s o R R k5 E e B2 NS CF AL 7
B, Feomium COBE ESTIMBLION. . o xvovsosvsasvgvbsranssnssnymssks 8
R 30 R 0 e e 1 R 8
7 Oy R P O S O 9
| G e 9
B, var-AET RCCeptabi ity o ovinissrvinnsmasnnbanseconssys 10
BTN vt 5 5. 40551 0 8 0 O 10
£ A A SR 10
F. Identity of Respondent..... ....covoiviiivrnensnnnnnneonns 1
B 7w 3 10 8 L e B O s e T Y 11
-141-



I.  INSTRUCTIONS

A. Confidentiality

A1l information provided by owner/operators in responding to this
questionnaire will be kept confidential by Analysis and Inference, Inc.
No portion of these questionnaire resporses will be forwarded to the
U.S. Nuclear Regulatory Commission. A section of the final report to
the NRC on this project will contain & discussion of the comments of
tne owner/operators, in aggregated form, without attributing positions
or comments to individual owner/operators.

. How to Respond to the Questionniire
The questionnaire is designed to elicit your opiniens oun ceriain
rey features of the draft report. It seems likely that the most efficient
way to respord to the questionnaire wouid be to first read the entire
draft report quickly, and then to focus on the portions of the draft
report referred to by each question when answering each question. Every
question contains a specific reference to a page of the draft report, in
order to make responses easier. Please feel free to attach additional
pages if the space provided is inadequate for your response.

C. Time and Address For Returning Questionnaire

Please return the completed questionnaire by Friday, September 4,
1981. FPlease mail the questionnaire to:

Michael B. Meyer
Analysis and Inference, Inc.
10 Post Office Square, Suite 970
Boston, Mass. 02109
D. If You Have Questions

[* you have any questions whatsoever, please call Michael B. Meyer
at (617) 542-0611.
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Please add any other acceptable risk classification variables:

Comments :

B. Premium Design

The Draft Report points out that self-insurance pools need not
necessarily set ordinary premiums at the expected cost of losses plus
expenses, due to the possibility of using retroactive premium assess-
ments (pp. 12-13).

3. Should the pool be allowed to charge retroactive
premiums?

Please circle the acceptabilicy level of retroactive premiums:

HIGHLY DESIRABLE
ACCEPTABL ¥

SOMEWHAT UNACCEPTABLE
COMPLETELY UNACCEPTABLE

Comments:
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C. Coverage Levels

The Draft Report estimated the costs for accident-initiated
decommissioning coverage at coverage levels of $100 million, $500 million,
and $1 billion, and for non-accident-initiated decommissioning coverage
at coverage levels of $90 million (small PWR), $125 million (small BWR),
$250 million (large PWR), and $350 million (large BWR). See Appendix B,
p. B-44.

5. What do you think the maximum coverage levels sheuld be for
PWR's and for BWR's, for botn acc dint-initiated and non-accident-
initiated decommissioning coverages? Please fill in the amount of coverage
vou think should be offered. in 1981 dollars:

a. Tlarge PWR, accident-initiated coverage:

b. large BWR, accident-initiated coverage:

c. large PWR, non-accident-initiated coverage:
d. large BWR, non-accident-initiated coverage:

Comments:
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The Draft Report recommends deductible levels and coinsurance
levels as follows:

Accident-initiated coverages: 5% (of maximum coverage level)
deductible; 10% coinsurance above
deductible and below maximum
coverage level

Non-arcident-initiated coverages: (unit age in years:30 years) X
(average cost) deductible;

102 coinsurance above deductible
and below maximum coverage level

6. Are these levels of deductibles and coinsurance high enough
to provide proper incentives for safe operation and for efficient
management of decommissioning costs? Please circle one answer:

YES
NO
NO OPINION

Comments:

7. Are these levels of deductibles and coinsurance too high for
an owner/operator to absorb? Please circle one answer:

YES
NO
NO OPINION

Commenis:
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8. Should the non-accident-initiated coverage cover only
the shortfall in decommissioning reserves due to prematurity of
decommissioning (as assumed by the deterministic model, see p.
B-38 of Appendix B), or should it also be designed to cover
shortfalls in the reserves due to higher-than-expected decommission-
ing costs (as assumed by the stochastic model, see p. B-40 of
Aopendix B)? Please circle one answer:

SHORTFALL DUE TO PREMATURITY ONLY
SHORTFALL ALSO DUE TO HIGHER-THAN-EXPECTED COSTS

NO OPINION

Comment:
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D. Premium Cost Estimation

The Draft Report suggests that the ratio of the loss portion of
total premium to the maximum coverage would be on the order of 17250
to 1/600 for accident-initiated decommissioning (see Appendix B, pp.
B-4 to B-12) and on the order of 1/100 to 1/150 for the non-accident-
initiated decommissioning (see Appendix B, pp. B-38 to B-43).
9. Do these ratios seem too optimistic or too pessimistic to you,
for each type of coverage? Please circle one answer:

Accident-initiated decommissioning: TOO OPTIMISTIC (TOD LOW)
TOO PESSIMISTIC (TOO HIGH)

NO OPINION

Comments:

Non-accident-initiated decommissioning: TOO OPTIMISTIC (TOO LOW)
TOO PESSIMISTIC (TOO HIGH)
NO OPINION

Comments:
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10. Are you aware of any alternative data sources or event
frequency models for either the accident-initiated or the non-
accident-initiated deconmissioning coverages which could be used
in premium cost estimation? Please circle one answer:

YES
NO

If you answered YES, please describe the data source and/or model:

11. Is there a more appropriate basis for estimating the cost
of non-accident-initiated decommissioning than by extrapolating past
levels of nuclear power plant construction cost underestimation

to present decommissioning cost estimates? Please circle one answer:

YES
NO
NO OPINION

[f you answered YES, please describe the cost estimation method:

R0



pr— S — — R R R R R R R R R RN RSN NS T S —————=.

£. Over-All Acceptability

12. s the concept of an electric utility self-insurance pool
for accident-initiated decomnmissioning acceptable or not? Please
circle one answer:

HIGHLY DESIRABLE
ACCEPTABLE

SOMEWHAT UNACCEPTABLE
COMPLETELY UNACCEPTABLE

NO OPINION

Comments:

13. Is the concept of an electric utility self-insurance pool
for non-accident-initiated deconmissioning acceptable or not? Please
circle one answer:

HIGHLY DESIRABLE
ACCEPTABLE

SOMEWHAT UNACCEPTABLE
COMPLETELY UNACCEPTABLE
NO OPINION

Comments:
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F. ldentity of Respondent

14. Name of Person Making Respornses:

Telephone Number of Respondent:

Owner/Operator Making Response:

{F YOU HAVE ANY OTHER COMMENTS WHATSOEVER, PLEASE NOTE THEM BELOW:

Please return this questionnaire to:
Michael B. Meyer
Analysis and Inference, Inc.
10 Post Office Square, Suite 970
Boston, Massachusetts 02109

by Friday, September 4, 1981. Thank you for your assistance.
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IV. SUIMMARY OF RESPONSES OF OWNER/OPERATORS

This section of Appendix C surmarizes the responses to the questionnaire
included above of the Six owner/cperators who responded by November 6,
1961.

Huestion‘l: Do you think requiring the pool to accept any
.5. owner/operator makes sense?

Response: Of the six responses received, four stated manda-
tory acceptance was "highly desirable"” and two stated it was
"acceptable.” When coupled with some level of risk classifi-
cation, or of minimum engineering qualifications, mandatory
acceptance of risks does not seem to pose a problem.

Question 2: What type of risk classification variables make
sense for use in setting premium rates?

Response: The six responses varied substantially. One owner/
operator indicated all eight suggested variables were accept-
able, while one owner/operator only agreed one variable
(multiple units on site) was acceptable. The other four res-
ponses were in between: one agreed with three variables
(reactor type, reactor size, and reactor age), one agreed with
four (reactor type, reactor size, reactor age, and multiple units
on site), one agreed with five (reactor type, reactor size,
reactor manufacturer, reactor age, and multiple units on site),
and one agreed with three (unit type, size and age), while
pointing out that these variables could be related te amount of
potential loss, but that they were not necessarily linked to
probability of loss.

Question 2: Should the pool be allowed to charge retroactive
premiums?

Response: Four respondents of six stated that retroactive
premiums were "highly desirable,” while the other two stated
that they “acceptable." There appears to be no serious problem
with allowing for retroactive premiums; indeed, they may be a
necessity in the early years of the pool's operation. One res-
pondent did point out, however, that the proliferation of dif-
ferent nuclear insurance programs, each with retroactive premium
provisions, could begin to cause difficulties for some owner/
operators.

Response: Three respondents answered "below expected cost,” two
answered "equal to expected cost," and one answered "above ex-
pected ~ost."”
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Response: Four answered "no," and two answered "no opinion."
There does not seem to be any problem with the proposed de-
ductible and co-insurance levels.

Qgﬁs;ion_gz Should the non-accident-initiated coverage Cu.2r

only the shortfall in decormi<sioning reserves <:e to prematurity
in deconmissioning (as assumed by the determinist. model), or
should it also be designed to cover shortfalls in reserves due

to higher-than-expected decommissioning costs (as assumed by the
stochastic model)?

Response: Three respondents had no opinion, citing their op-
position to or their uncertainty about non-accident coverage in
general. One responded "shortfall due to prematurity only," and
two others responded "shortfall also due to higher-than-expected
costs.”

Question 9: Do these ratios (referring to the "perceived pro-
babiTities") seem too optimistic or too pessimistic to you, for
each type of coverage?

Response: The responses were distributed as follows:

Distribution of Answers
Too Too No
Optimistic Pessimistic Opinion

Accident 0 1 5
Coverage

Non-Accident 0 0 6

Question 10: Are you aware of any alternative data sources or

event frequency models for either the accident-initiated or the
non-accident-initiated decommissioning coverages which could be
used in premium cost estimation?

Response: Four respondents answered "no," while one answered
“yes," citing the TMI-2 cost study as a relevant additional data
source, and one answered "yes," citing various utilities' failure
mode and effects analyses, published individually in various Final
Safety Analysis Reports, and citing various Probability Risk Assess-
ment studies done by individual utilities and the NRC since the RSS.

Question 11: Is there a more appropriate basis for eliminating the

cost of non-accident-initiated decommissioning than by extrapolating
past levels of nuclear power plant construction cost underestimation
to present decommissioning cost estimates?
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Response: Three respondents answered "yes," both stating that
site-specific estimates should be used in place of generic estimates;
one respondent said “no," and the other two answered “no opinion."

uestion 12: Is the concept of an electric utility self-insurance
pool for accident-initiated decomnmissioning acceptable or not?

Response: Two respondents answered "highly desirable," three
answered "acceptable,” and one answered "somewhat unacceptable."
Four stated their opinion that there would be a decreasing need for
separate decommissioning coverage as first-party property damage
coverage increases come into effect in late 1981 and early 1982.

Question 13: Is the concept of an electric utility self-insurance
pool for non-accident-initiated decommissioning acceptable or not?

Response: Two respondents answered "acceptable,"” one answerad
"somewhat unacceptable," two answered "completely unaccaptable,"”
and one answered "no opinion” while expressing some reservations
about non-accident coverage.

References

Kish, L., Survey Sampling (New York: John Wiley and Sons, 1965), 1.5,
p. 19 (discussion of judgment samples).

Wood, R.S5., "Assuring the Availability of Funds for Decommissioning

Nuclear Facilities,” U.S. Nuclear Regulatory Commission, NUREG-0584, Rev.
2, 1980, pp. 47-51.
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(b) An increased cost of insurance premiums, where that
increase is attributable to poor claims experience
and thus to poor management by the utility, may not
be allowed, like other expenses associated with poor
management. For an example of this exception, see Re
Cody Gas Co., 90 PUR 3a 239 (1971) (Wyo.).

(¢) Insurance premiums (like any other expense) will not
be allowed if they are out-of-test-period expenses.
For examples of this exception, see Re Peoples Gas
System, Inc., 1 PUR 4th 464 (1973) (FTa.); Re Ohio
Valley Gas Co., Case No. 72-1014-Y (1975) (Ohio].

(d) Prepaid insurance premiums will be disallowed (1ike
other prepayments) if it cannot be shown that the
prepayment of the expense benefitted the ratepayer.
For an example of this exception, see Re Narragansett
Electric Co., 1 PUR 4th 60 (1973) (R.I.).

(e} Insurance premiums paid for insurance on non-utility
businesses (1ike other non-utility expenses) may be
disallowed. For an example of this exception, see
Re Public Service Co. of North Carolina, Inc., 19

PUR 4th 1°3 (1977) (N.C.).

The main conclusion one can draw from the reported cases on insurance
premiums in general is that rate regulators allow insurance premium pay-
ments and self-insurance premium (reserve) payments to be expensed by
including them in test year expenses. The five exceptions which could
be found in this general rule do not reflect any antipathy by rate
regulators to insurance payments, but merely reflect the application of
other well-accepted principles of ratemaking in areas which happened to
involve insurance payments.

With respect to regulators' attitudes towards nuclear incurance premiums
specifically, no reported case was found which discussed the subject
directly. Due to two problems with the case law reporters examined (they
do not publish every decided case, and their indexing systems are
imperfect), this should not be taken as proof that no decided case has
discussed nuclear insurance premiums. (Indeed, two unreported cases were
found which did discuss, and allow, NEIL premiums for expense purposes

in rate cases. See Re Western Massachusetts Electric Company, D.P.U.
20279-A (Mass., October 29, 1980); Re Boston Edison Company, D.P.U. 160
(Mass., September 30, 1980).) Moreover, the fact that no mention appears
in reported cases of nuclear insurance premiums does not mean that there
is no information upon which to base predictions of requlators' attitudes
towards such premiums.

Four reasons can be given to support the prediction that such premiums
would probably ve allowed as a proper expense for rate-making purposes.
First, utilities currently routinely include nuclear insurance premiums
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as proper elements of the two standard accounts for insurance premiums and

thus routinely report these premiums to ratemakers as components of accounts

that are generally permitted for rate-making purposes. For example, first-
party property damage insurance premiums (which would include ANI/P and
NHL premiums) are included in Account 924 and third-party property damage
and bodily injury liability insurance premiums (which would include ANI/L
premiums) are included in Account 925. See Federal Power Commission
(1970). Thus, these premium expenses are reported in aggregate fashion
with other expenses which are allowable. Second, because of the way in
which rate cases are tried and decided (only expenses which are specifi-
cally challenged by some party to the proceeding are us.ally discussed

and then accepted or rejected explicitly, while expenses which are not
challenged are allowed sub silentio), the lack of mention of nuclear
insurance premiums in reported cases in fact probably indicates that

these expenses have been allowed implicitly because they have not been
challenged. Third, as stated previously, two unreported cases were

found which did allow NEIL premiums. Fourth and finally, the general rule
that it is proper to allow insurance premiums as expenses for rate-making
purposes (assuming no specific impropriety in the premium is found, as
discussed previously) should apply to nuclear insurance premiuns as well
as any other type of insurance premiums.

No case could be discovered which discussed the relative merits (with
respect to collectibility) of different types of premiums such as reserve
premiums or retroactive premiums. Thus the speculation concerning the
relative degrees of collectibility among different types of premiums
contained in 8111 (C) (2) (b) of the text above, cannot be improved upon
by reference to decided cases.

In conclusion, it seems reasonable for planning purposes to assume that
these premiums will be allowed for rate-making purposes and that the
degree of assurance that they will be allowed can be substantially
increased by obtaining regulatory approval to join the pool prior to
operation. Specifically, ordinary premiums should be collectible, as
ordinary and necessary business expenses, in base rates. Reserve premiums
shouid be collectible, either by being amortized or by being capitalized
as additions to rate base. Retroactive premiums should be coilectible,
either by being expensed or by being amortized.

References:
Federal Power Cormission, Uniform System of Accounts

Prescribed for Public Utilities and Licenses
(Wash., D.C., U.5.G.P.0., Jan., 1970).
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APPENDIX E:

ALTERNATIVE FINANCIAL ASSURANCE MECHANISMS
FOR_ON-ACCIDENT PREMATURE DECOMMISSIONING

The insurance mechanism described in the text and in Appendix B, above,
for non-accident premature decormissioning is not the only possible
financial assurance mechanism that a utility self-insurance pool might
provide to owner/operators. This Appendix will briefly describe three
alternative and less traditional financial assurance mechanisms that
might possibly be provided for non-accident premature cecommissioning by

a utility self-insurance pool that provided traditional insurance coverage
for accident-initiated premature decommissioning.

It should be emphasized that all three of these financial assurance
mechanisms discussed here as possible alternatives to traditional insur-
ance coverage have not been analyzed in depth by this project. Rather,
these alternatives are put forth as worthy subjects of further study,
should the traditional insurance mechanism for non-accident premature
decormissioning, discussed in the text above, be considered too expensive
or unacceptable for any other reason.

These three alternative financial assurance nechanisms are: (1) insurance
for non-accident premature decommissioning where financial instability

or incapacity of the owner/operator was required, as part of the defini-
tion of the insurable event, as a condition precedent for pavment by the
pool for the losses; (2) a contingencv loan agreement, in which the pool
would make loans to the owner/operator faced with non-accident premature
deconmissioning if the decommissioning could not be financed by the usual
means; and (3) a surety agreement in which the self-insurance pool became
a surety for the owner/operator's obligation to decommission the plant,
with the NRC being the obligee and the owner/operator being the principal,
and with the self-insurance pool being empowered to recover from the
owner/operator costs incurred by the pool in discharging the owner/
operator's obligations. Note that the common element of these three
alternative mechanisms is that each would be offered as an additional
coverage by a utility self-insurance pool that offered traditional insur-
ance coverage for accident-initiated premature decomissioning. These
three alternative financial assurance mechanisms will be described briefly
in order below.

First, the insurance mechanism coulc be modified by the inclusion of a
financial instability or incapacity test as part of the definition of the
insurable event. This would mean that the mere occurrence of a non-
accident premature decommissioning would not trigaer coverage by the
self-insurance pool. Instead, coverage would only be offered for cases in

wirich a nuclear plant suffered from a non-accident premature decommissioning
and in which the owner/operator was financially incapable of decormissioning

the plant. This financial incapacity or instability could either be
measured by some pre-specified test (say, a bond ratino on mortgage bonds

-160-




cr other long-tern debt, or a fixed-charge coverage ratio) or by an after-
the-fact determination by an NRC hearing officer. This type of conditional
insurance coverage would have the advantage (over the unconditional cover-
age discussed in the text) of having lower expected losses and thus lower
premium costs, as it is reasonable to expect that some or most non-
accident premature decommissionings will not be accompanied by financial
instability or incapacity of the owner/operator. On the other hand,

this tvpe of conditional insurance coverage might be harder to price (by
the pool) and harder to evaluate (by an owner/operator) in that another
level of uncertainty and complexity would be added to the insurance agree-
ment. Additionally, the untraditional nature of this type of conditional
coverage might tend to make its acceptance more difficult. Indeed, the
lack of examples of financial instability tests in insurable event de-
finitions in current insurance arrangements may very well indicate problems
with this approach. Finally, the possibility of moral hazard exists with
the use of such a test. Two examples of sources of moral hazard can be
described, First, an owner/operator is in control of its own accounting
data to some extent, and thus could conceivably control to some extent

the outcome of the test. Second, the existence of such a financial in-
stabiiity test in an insurable event definition might create an addition-
al incentive to create single-asset utilities as owner/operators of new
plants.

Second, the self-insurance pool could provide contingency loans to members
faced with a non-accident premature decommissioning that could not be
financed by the usual means. Contingency loan agreements do not appear

to be widely used in the United States today, despite their possibly
attractive features and their use elsewhere, notably in Great Britain.
Doherty (1978) notes the lower premium costs for contingency loan agree-
ments (as compared to reqular insurance) with respect to certain types

of corporate business losses, and concludes that contingency loan agree-
ments provide a practical method of securing businesses from several

types of corporate losses, including what might be termed "business risks".
Again, like the addition of a financial instability or incapacity test

to a traditional insurance agreement, the use of a contingency loan
agreement would seem to result in a trade-off, with lower costs, lower
value of the coverage to the owner/operator, and greater uncertainty about
the value of the coverage provided to the owner/operator all resulting
from the contingency loan agreement than for traditional insurance.
Finally, also like the addition of a financial instability test to a tra-
ditional insurance acreement, the lack of examples of contingency loans

in the United States may indicate problems with this approach.

Third, the self-insurance pool could become a surety, quaranteeing to the
NRC (as the obligee) that the owner/operator (as the principal) would in
fact discharge its duties to the NRC to decommission the plant. If the
owner/operator defaulted, the pool would assume responsibility for the
decommissioning, and would then have the right to attempt to recover

from the cwner/operator the costs of deconmissioning. For a general dis-
cussion of the surety arrangement and of the relationships created by
surety bonds, see Denenberg (1965). This surety arrangement should also

-161-



be more inexpensive than the traditional insurance coverage described

in the text, above, as some or most non-accident premature decommissionings
would not cause default by the owner/operator, and even where such de-
fault did occur, the pool would have some expectation of later recoveries
from the owner/operator. It is known that surety bonds from surety

bonding companies would not be available in the amount and for the term
needed for decormissioning bonds. See Wood (1979), pn. 11-13.

Among these three alternative financial assurance mechanisms, it would
appear likely that the second and third alternatives (the contingency
loan agreement and the surety agreement) should have lower costs than
the first alternative, the insurance agreement with the financial in-
stability or incapacity test as a condition of coverage. This is the
case because both the contingency loan agreement and the surety agree-
ment would provide the pool wit! some substantial expectation that at
least some of the pooi's loss costs could be recovered from the owner/
operator. Additionally, it would appear that the contingency loan aaree-
ment and the surety agreement would therefore provide scmewhat better
incentives to the owner/operator than the insurance agreement with the
financial instability or incapacity condition, although this improvement
in incentives might be quite marginal.

References

1. Denenberg, H.S., "History, Nature, and Uses of Suretyship,” in
Property and Liability Insurance Handbook, Long, J.D., and Gregg,
D.W., eds., Homewood, 111inois, Richard D. Irwin, Inc., 1965,

pp. 803-815.

2. Doherty, M.A . “Contingency Loans for Financing Corporate Loss."
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3. Wood, R.S., "Assuring the Availability of Funds for Decormissioning
Nuclear Facilities," NUREG - 0584, Rev. 1, U.S. Nuclear Regulatory
Commission, Washington, D.C., December, 1979.
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Actual escalation rate

Product of all factors, other than expected losses and
expenses, which affect the level of the premium (s II)

Actual project cost (& II1)
Decommissioning cost (random)
Decommissioning cost (fixed)
Coinsurance fraction

Projected escalation rate
Engineering estimate of project cost
Expectation of X

Ratio of expected value of losses due to maximum (major)
events to the expected value of total losses

Losses in a reactor-year

Losses due to maximum (major) events

Myopia factor (& 1I1)

“True" myopia factor

Expenses as a fraction of premium

Probability of occurrence of a maximum (major) event

Probability of retirement at age t, given that the plant
has not been retired before age t

Premium

Expected coverage cost at age t

Scaling factor

Average loss at age t, given that a loss occurs

Time

Assumed plant life for depreciation reserve




Abbreviations

AIDE Accident-Initiated Decommissioning Event
AEC Atomic Energy Commission
ANIT American Nuclear Insurers, and its reinsurers

ANI/L Liability insurance from ANI

ANI/P Property Insurance from ANI

BWR Boiling Water Reactor (type of LWR)
coD Commercial Operation Date

HTGR High Temperature Gas-cooled Reactor

KW, Kw Kilowatt

KWH Kilowatt hours

LWR Light Water Reactor

MAELU Mutual Atomic Energy Liability Underwriters
MAERP Mutual Atomic Energy Reinsurance Pool

MW, Mi(e)Megawatt(s) electric

MW(t) Megawatt(s) thermal

NAIDE Non-fccident-Initiated Decommissioring Event

NEIL Nuclear Electric Insurance limited
0&M Operation and Maintenance

0SF Overall Scale Factor

NML Nuclear Mutual Limited

NSSS Nuclear Steam Supply System

PNL Pacific Northwest Laboratory
PWR Pressurized Water Reactor (tyne of LWR)
RSS Reactor Safety Study (WASH-1400)

UE & C United Engineers and Constructors

WN P2 Washington Nuclear Project 2
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