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PREFACE

This report estimates the monetary costs that would result from
closing the nuclear power generating facilities at Indian Point, New
York. The result of a study conducted by The Rand Corporation un-
der sponsorship of the Power Authority of the State of New York, the
report estimates the total magnitude of the costs, the major compo-
nents of cost, and the sensitivity of those components to major under-
lying assumptions.

At the request of the Power Authority, all materials used in con-
structing the cost estimations were obtained from the open literature.
The authors of the report reviewed the available literature on the
economic impact of closing the Indian Point facilities. In so doing,
they made no attempt to verify either the underlying facts or the
methodologies used in any of the studies cited herein, and they do not
comment on the accuracy or reliability of those facts or methodologies.
The report does not consider safety, health, or environmental issues;
fuel cycle costs, including waste; or issues concerning ultimate dispos-
al of the nuclear fuel.

This study should interest the owners and managers of both public-
ly and privately held utilities; members of the Nuclear Regulatory
Commission and other federal- and state-level regulatory agencies;
and public-interest groups and private citizens concerned with issues
of energy supply, the costs of electricity, and the economic conse-
quences of closing nuclear plants.

The methodologies, findings, and conclusions discussed in this re-
port were reached independently by The Rand Corporation and do not
necessarily represent the policies or opinions of the sponsor.
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SUMMARY

This report documents a first attempt to derive a total dollar esti-
mate of all monetary costs that would be associated with closing the
nuclear generating units at Indian Point, New York. We consider
both the direct costs of closure and many of the secondary costs in-
duced by those direct costs. There are undoubtedly some small cost
elements that we fail to consider, but we have constructed both upper
and lower estimates so as to give bounds to the total costs.

The Indian Point nuclear units have been challenged by several
public interest groups as representing too great a safety hazard be-
cause of the large population of the nearby New York metropolitan
area. Petitions for their shutdown and eventual decommissioning
were filed with the Nuclear Regulatory Commission in 1979. In Sep-
tember 1981, the NRC appointed a three-member licensing board to
conduct the safety examination. The board is to conduct public hear-
ings on the safety of operating a nuclear power plant in such a densely
populated area and to report its findings to the commission in one
year. Although safety is the paramount concern of the proceedings,
economics is also of interest. At the very least, the regulatory boards,
the affected parties, and the general public should be aware of the
economic implications of the alternative courses of action.

During 1980, the General Accounting Office (GAO) of the United
States issued a report on the economic effects of closing the Indian
Point facilities. Shortly thereafter, both the Congressional Research
Service (CRS) and the Union of Concerned Scientists (UCS) issued
critiques of the GAO report, arguing essentially that the GAO had
overestimated the economic costs of closure.

Critically reviewing those three documents, we find that none of
them adequately estimates the full monetary costs that would be in-
curred by various parties if the Indian Point nuclear generating units
were removed from service and decommissioned while still able to
economically produce electricity. Each study ignores certain elements
of cost, each incorporates different assumptions, and each fails to pro-
duce a total cost estimate.

Nevertheless, careful study of the GAO, CRS, and UCS reports re-
veals implicit total cost estimates of $9.3 billion, $4.0 billion, and $2.5
billion in discounted 1980 dollars, respectively. Basing our analysis
principally on the material contained in the GAO report, but drawing
ideas and information from the CRS and UCS studies and other
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sources wherever possible, we synthesize both an upper and a lower
estimate of closure costs. We find the costs may lie anywhere between
$7.7 billion and $17.4 billion.

This large range of uncertainty results partially from uncertainties
surrounding the future prices of oil and coal, and the effect of rate
increases on the future demand for electricity. But primarily it is
caused by two large categories of costs that have received little atten-
tion: business costs and secondary costs.

The GAO report discusses business costs, the increased financial
returns that would be demanded by the bondholders and shareholders
of the operating utilities if those utilities attempt to remain viable
and to continue providing electricity to their service areas after the
Indian Point units are closed. But the GAO does not adequately docu-
ment its procedures for estimating those costs, and it gives no persua-
sive rationale for including them in the cost of closure. Business costs
require further research, both theoretical and empirical.

All three reports ignore secondary costs, the costs induced by the
closure activities and the increased electricity rates. These costs at-
tempt to quantify the short-term disruptions that would occur if Indi-
an Point were closed and are important in determining the regional
and social costs of closure. Because no studies of Indian Point exist, we
use secondary sources and studies of somewhat similar situations to
place bounds on the possible magnitude of these costs. Detailed study
of the particular Indian Point situation, however, is obviously re-
quired.

The direct costs we review are specific to the Indian Point units and
the New York City service area, but the business costs and secondary
costs discussions are generic and could be applied to any utility. In
fact, we believe that the general findings cited here—that the total
costs of closure may amount to as much as $10 billion but that the
range of uncertainty is currently very large because the business costs
and secondary costs are not well understood or documented—can
probably be generalized to cover many of the larger, operational nu-
clear power plants in the United States.
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I. INTRODUCTION

The Indian Point nuclear generating facilities are situated on the
Hudson River roughly 30 miles north of New York City. The Union of
Concerned Scientists petitioned the Nuclear Regulatory Commission
(NRC) in September 1979 to suspend operation of Indian Point Unit 2
(IP-2) and Unit 3 (IP-3) until the potentials for a severe accident could
be determined and until the site’s suitability for the location of nu-
clear power plants could be determined.! The NRC’s Director of
Nuclear Reactor Regulation decided in February 1980 that IP-2 and
IP-3 could continue operation without any undue risk to the public.
Nevertheless, the NRC directed that an investigation be made of the
units’ safety and the consequences both of keeping the facilities in
operation and of decommissioning them.

One aspect to be studied is the economic and socioeconomic costs of
shutting down the units.

THE LITERATURE

Three studies have directly treated the economic consequences of
decommissioning the Indian Point facilities:

1. Economic Impact of Closing the Indian Point Nuclear Facili-
ty, Report by the Comptroller General of the United States,
issued by the U.S. General Accounting Office (GAO) on
November 7, 1980.

2. "The Indian Point No. 2 Nuclear Facility,” written by Caro-
lyn Kay Brancato and issued by the Congressional Research
Service (CRS) on December 5, 1980.

3. An Evaluation of "Economic Impact of Closing the Indian
Point Nuclear Facility,” A Report of the General Accounting
Office, written by Vince Taylor and Charles Komanoff and

1Unit 1 (IP-1), one of the nation’s first commercially operated nuclear reactors, shut
down in 1974 because it failed to meet the NRC's interim criteria for emergency core
cooling systems. Since then, government and industry have used it for research and
development projects. On June 19, 1980, the NRC revoked Consolidated Edison’s au-
thority to operate IP-1. IP-2 went into commercial service in August 1973. ConEd
started construction of IP-3 in 1969 but then sold the unit to the Power Authority of the
State of New York (PASNY) in 1975 before it was completed. PASNY completed the
construction, and the unit began commercial operation in August 1976.
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issued by the Union of Concerned Scientists (UCS) on
December 3, 1980.

These reports contain the only reasonably well documented esti-
mates of the costs that would be incurred if the Indian Point facilities
were closed. They represent initial attempts to quantify the costs of
closing an operating nuclear facility while it is still economically and
mechanically viable, and they provide the foundation on which other
studies may build. Unfortunately, to varying degrees each of these
three studies

Rests on different assumptions,

Handles cost components in varying fashions,

Fails to consider indirect costs,

Fails to show how individual estimates respond to major un-

derlying assumptions,

® Makes difficult any analysis of the manner in which individ-
ual cost estimates relate to each other, and thus

® Obscures the total net cost of closure.

For the most part, the GAO report simply details individual costs. It
collects them into several major categories but never estimates the
total net economic effect of closing Indian Point. It says that “replace-
ment energy could cost Con Edison and Power Authority of New York
customers over $600 million during the first year,” and that the “in-
cremental revenue requirements for Con Edison to cover all costs re-
sulting from closing Indian Point could amount to over $18 billion
during the next 15 years and as much as $600 million annually for
the Power Authority of New York” (p. i). It never says, however, that
those are estimates of the total cost of closure. We believe they are
not, because they ignore at least one important category of costs: the
indirect costs of closure.

The CRS and UCS reports criticize certain characteristics of the
GAO report. Focusing only on IP-2, the CRS report suggests an alter-
native method for assessing one cost component (the incremental costs
to certain ratepayers), and it raises a number of questions concerning
data used by the GAO. The UCS report levels a number of specific
criticisms, finding that the GAO “exaggerates both the short and long
run costs of a shutdown” (p. 1). Yet neither the GAO nor the CRS
report offers its own estimates of the total costs of closing Indian
Point.

OUR APPROACH

Our report attempts to answer questions raised but not resolved by
the GAO, CRS, and UCS reports. Working primarily with their cost



estimates, but applying a common set of assumptions and converting
all data to common dollars, we estimate the total cost implicit in each
of the three reports, and we synthesize from those three studies and
from other generic material a range of total costs for closing Indian
Point that we believe to be reasonably accurate.

To achieve these ends, we first survey the existing nonproprietary
literature to identify, collect, evaluate, and synthesize information on
the costs of decommissioning the Indian Point facilities. In addition to
those reports that were specific to Indian Point, we also consider sev-
eral types of generic information. We examine reports dealing not
only with the costs and other effects of past and proposed changes in
electricity rates in the New York City and Westchester County area,
but also with the costs and cost-estimating procedures associated with
the closure of other energy-related facilities (see Bibliographies A and
B).

We then construct a computerized cost framework for aggregating
closure costs and for analyzing the GAO, CRS, and UCS estimates
{see Appendix). This model allows us to determine the net costs of
closure implicit in the three reports, the sensitivity of those costs to
individual cost components, and the effects of major assumptions on
individual cost components.

Incremental Costs of Closure

Our objective is to estimate all of the extra costs that would be
incurred if the Indian Point units were to be shut down immediately
rather than at the end of their normally scheduled lives.2 In all cases
we try to determine the total costs of generating electricity for the
New York City area over the proposed life of the Indian Point units.
Using the full proposed life of the units, we estimate the costs of
producing electricity for the New York City area without the
availability of the Indian Point units. We then subtract the costs that
would be incurred if those units remained available.

Only such incremental costs are meaningful in addressing the eco-
nomic decision of whether or not to close the units. Costs incurred
whether or not the units are closed represent sunk, or unavoidable
expenses. They appear on both sides of our equation, and ultimately
they net out in the final calculations.

We are interested in all cost changes that occur, no matter who

2In its Opinion 79-8, dated April 6, 1979, the New York Public Service Commission
allowed ConEd to depreciate IP-2 over a 27-year remaining life, implying the plant was
expected to operate at least through the year 2005. We assume IP-3 will operate
through the same year.



initially incurs them or to whom they are ultimately passed. The dis-
tribution of the costs raises an extremely important political as well
as economic question that we hope to examine in the future. At
present, however, we look at the area of greatest uncertainty, the
magnitude of total closure costs.

In this report we group all costs into four broad categories:

1. Generating costs include all of the extra costs directly result-
ing from generating the required electricity at another, more
costly, facility after Indian Point is shut down.

2. One-time costs include all of the one-time costs of decommis-
sioning Indian Point and disposing of the spent fuel as well
as all of the one-time savings associated with the now-
planned activities and back-fits that will not be needed if
Indian Point is shut down.

3. Business costs include all of the increased financial costs, the
increased returns that will be demanded in both the bond
market and the stock market if ConEd and PASNY attempt
to remain viable and to continue to supply electricity to their
service area after the Indian Point units are shut down.

4. Secondary costs include the indirect costs—the second, third,
and later-round effects that are induced, or flow from, the
imposition of the other costs. For example, increased elec-
tricity rates raise costs for businesses and households, which
then alter their behavior and affect other economic units.
These actions roll across the region and into other regions
and nations, affecting diverse groupings of businesses and
people.

Some types of costs would increase if the nuclear units are shut down;
others would be reduced or eliminated entirely. Savings of a one-time
nature are considered along with one-time costs, but reductions in
recurring costs are netted directly against the specific cost categories.

The Role of Demand

Comments have been made that closing Indian Point would not
raise costs at all (or at least not significantly) because that power is
not really needed now, and because conservation is already reducing
demand (or the rate of growth of demand). Those comments have some
validity, but in the reports we reviewed they are almost always ap-
plied incorrectly. Demand does have a role in computing the costs of
closure, but it is a role that is easily misunderstood.

Even though excess generating capacity exists for the New York



City/Westchester County area, shutting down the Indian Point nu-
clear units would increase system costs because those units provide
power at less cost than most of the alternative sources. Hydropower
supplies a significant fraction of the electricity for the region rather
cheaply, but expansions in hydro or greater imports of hydro-based
power from the Northeastern states or Canada appear limited. That
leaves oil, natural gas, and coal as the fuel sources for alternative
generation. And power from those sources costs appreciably more
than electricity generated by in-place nuclear units.

Conservation efforts have slowed the demand for electricity, and
they may slow it further in the future. Most of these effects are al-
ready in place, however. They do not hinge on the closure of Indian
Point and hence do not affect the incremental costs of closure one way
or the other. (They are analogous to the sunk costs.) In other cases,
conservation will affect the costs of alternative power. And, at times,
price effects may be directly attributable to increased rates after Indi-
an Point is closed and should be counted as adjustments to the incre-
mental costs.

Figures 1 and 2 illustrate these effects. In Fig. 1, the marginal cost
curve C shows one possible simple ranking of production costs: hydro
is the cheapest, nuclear is next, and fossil-fuel fired plants are more
costly. D, represents the original demand for electricity, and we as-
sume that some simple form of pricing results in production and con-
sumption being near @, kilowatt hours (kWh) of electricity per year.
D, then represents a lower level of demand that might exist after
some non-price conservation measures are adopted. This drop in de-
mand might lower production to about Q, kWh/yr.

The solid portion of the C curve illustrates the costs that would be
incurred with the nuclear units available. The dashed portion shows
the costs without those units. Closure of the nuclear units would in-
crease production costs by calling the higher cost units into use soon-
er. The shaded area in the figure shows those incremental production
costs. In this example that area is independent of the conservation
activity. It is also independent of any price-induced changes in de-
mand so long as the total quantity to be produced remains above the
level that could be produced by the hydro and nuclear units. This is a
plausible case, and it might describe the situation at Indian Point.
But the more general case illustrated in Fig. 2 is equally plausible,
and it leads to opposite conclusions.

In Fig. 2 the marginal cost curve C, shows the least-cost ranking of
units when Indian Point is available. For this illustration we show
hydro as the least-cost fuel, followed by nuclear, gas, coal, and finally
oil. These continued step-ups in generating costs contrast this case
with the simpler one discussed above. The particular ranking of fuels



Cost ($)

Fossil C

g e e

g

Nuclear

Hydro

opr-———=--

'kWh/year

Fig. 1—Cost effects of closing the lower cost facilities, a simple case

Cost ($)

(=]

kwh

Fig. 2—Incremental generating costs, the general case



shown here should not be taken to imply that generating costs for
New York follow that particular pattern, but simply to show one
plausible pattern, while acknowledging that nuclear is certainly one
of the lower-cost power sources for the region.

The demand curve D represents the relation between the price of
electricity and the amount that would be consumed within the region.
As these curves are drawn here, Q, units of electricity will be pro-
duced and consumed each period.

We illustrate the situation without the Indian Point nuclear units
by the curve C,. This curve is similar to C, except that the nuclear
segment has been left out. The increased costs involved in producing
Q, without the nuclear units is shown as the shaded area between the
two cost curves.

Observe that in this situation any shift of the demand curve to the
left will obviously affect the incremental generating costs as it will
move across the shaded area. Price-induced effects can also affect
these incremental costs. If the increased costs result in higher rates,
and those rates reduce the use of electricity (as the demand curve
shown here indicates), the incremental costs will be reduced. They
will be diminished by the cross-hatched area above and to the right of
the illustrated demand curve.

The reports we reviewed either ignore or confuse these demand ef-
fects. We suspect that they thus overestimate the incremental gene-
rating costs that would result from the closing of Indian Point by some
unknown but perhaps significant amount. Quantitative resolution of
these issues will require the coupling of a demand model to the pro-
duction scheduling model discussed in Sec. II. We believe, however,
that cost changes associated with demand effects, while certainly im-
portant, are well within the range of uncertainty associated with the
other major elements of cost, and thus should not affect our major
conclusions.

THE FINDINGS

We summarize our central findings here and illustrate the quan-
titative ones in Fig. 3.

e We found no published estimates of the total monetary costs
of closing the Indian Point nuclear power facilities.

e We calculate the implied total cost of closure to be $9.3 bil-
lion in the GAO report, $4.0 billion in the CRS report, and
$2.5 billion in the UCS report.3

3Unless otherwise indicated, all such estimates are in discounted 1980 dollars.
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Fig. 3—Estimates of total costs of closure

e The evidence indicates that any point estimate must be high-
ly suspect, that the costs are highly uncertain.

e Using the three reports that deal directly with Indian Point,
and many other sources of generic information, we estimate
that the total closure costs may fall anywhere between $7.7
billion and $17.4 billion.

e This large range of uncertainty reflects the need for further
study, especially of the business costs and secondary costs.

OUTLINE OF THIS REPORT

Section II on incremental generating costs and Sec. III on one-time
costs and savings cover the direct costs resulting from closing the In-
dian Point facilities. Section IV on what we call business costs and
Sec. V on the importance and size of secondary costs cover the less
direct costs that would probably be associated with closure. Section VI



then states our major conclusions and indicates those areas where the
currently available information is deficient.

Bibliography A contains annotated entries for the books and arti-
cles that provided information useful in synthesizing the content and
findings of this report. Bibliography B lists all other publications that
we gathered and reviewed. The Appendix contains the computer pro-
gram of our cost model, the input datasets, and the more important
output files.



II. INCREMENTAL GENERATING COSTS

Incremental generating costs are the net costs of producing power
at other plants to replace power that would have been generated by
Indian Point. They include all changes in capital, fuel, maintenance,
and other costs that would need to be incurred.

For a number of reasons, these costs play a central role in comput-
ing the total costs of closing Indian Point. For one thing, the Indian
Point units produce a substantial percentage of the electricity sup-
plied by Consolidated Edison (ConEd), which owns IP-2, and by the
Power Authority of the State of New York (PASNY), which owns IP-3.
In 1979, the Indian Point units produced over 9.6 billion kilowatt
hours (kWh) of energy, representing nearly one-third of the electricity
needed for ConEd’s franchise area customers (GAO report, p. 3). For
another thing, these units produce some of the cheapest electricity in
the New York City area. In 1979, IP-2’s marginal generation costs
were about 1.2 cents per kWh, IP-3’s about 0.9. By contrast, oil-fired
units in the system incurred costs ranging from 2.5 cents to 4 cents
per kWh (GAO report, pp. 11-12).} Thus, closing Indian Point would
force substantial reliance on more expensive electricity generation.

As members of the New York Power Pool (NYPP), ConEd and
PASNY apparently will not, however, need to construct new, previ-
ously unplanned generating plants to produce power lost by closing
IP-2 and IP-3. ConEd and PASNY currently operate with nearly a 50
percent reserve margin. Immediate loss of the Indian Point units
would lower that to about 24 percent, a level usually considered more
than adequate (GAO report, p. 30).

To assess how the closing of the Indian Point units would affect
power supplies, ConEd—in conjunction with PASNY and the Long
Island Lighting Co.—modeled the operation of the NYPP using the
General Electric Company’s Multi-Area Production Cost Program.
This program simulates the NYPP generation and transmission sys-
tem, always scheduling the least-cost ordering of units, but subject of
course to capacity limits and scheduled downtimes. The GE program
recognizes transmission limitations throughout the state and dis-
patches energy subject to those limitations (GAO report, p. 33). The
program simulated four scenarios for the 1981-1992 period:

IPASNY plans to complete a coal and refuse-fired plant on Staten Island (called the
Travis plant) and a pumped-storage plant at Prattsville by 1987. These units were
designed before the NRC petition and will be constructed whether or not the Indian
Point units are shut down.

10
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of PASNY’s proposed Travis and Prattsville plants 1n 1987.

4. Production without IP-2, IP-3, and the Travis and Prattsville
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For all of these scenarios, the program found that the NYPP would
have sufficient generating capacity (including firm commitments to
purchase fuel from outside the region) to meet all anticipated de-
mands, and still maintain a prudent margin of reserve capacity. The
ConEd service area of New York City and Westchester County would
also apparently be served adequately. Without IP-2, PASNY would be
unable to meet its anticipated requirements between 1981 and 1986.
However, the combined resources of PASNY and ConEd would be suf-
ficient to protect all their customers during these years.

But without the low-cost Indian Point units, ConEd and PASNY
would have to rely on higher cost units to supply baseload power. And
this would substantially raise the cost of generating electricity. As-
suming a 5 percent discount rate? and the on-time introduction of the
Travis and Prattsville plants, the resulting implicit costs in 1980
dollars are $4.1 billion in the GAO report, $1.8 billion in the CRS
report, and $2.9 billion in the UCS report (see Fig. 4).# Despite the
fact that the Indian Point units are currently scheduled to operate at
least through the year 2005, those studies arbitrarily set a 12-year
limit on the future costs they consider. Consequently, we believe the
actual costs would be higher, in the range of $4.6 to $4.8 billion, after
compensating adjustments.

GAO ESTIMATES OF GENERATING COSTS

The GAO finds that most of the substitute generation would have to
take place in or close to New York City since available transmission
facilities limit the amount of power that can be imported from upstate

2The program assumes that the Indian Point units will operate at 69 percent capac-
ity.
3There is much controversy over the appropriate discount rate for use in decisions
affecting public policy. We consider a rate of 5 percent to be reasonable and use it in the
text for illustrative purposes. However, we have structured our procedures to allow the
reader to determine the costs associated with a wide range of discount and inflation
rates.

4Note again that none of these figures appears in the original articles. We have
taken the bits and pieces of information from the different articles, examined them,
discounted them, and then added them up.
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Fig. 4—Estimates of incremental generating costs

or out-of-state sources now or in the near future. Since air-quality
regulations require that local generation must be fired by high-priced
low-sulphur oil, the anticipated incremental costs of substitute gen-
eration would be over $600 million in 1981 and over $1.4 billion in
1991.

The GAO report, published in 1980, considers only costs that would
be incurred in the years 1981 through 1992.5 Apparently many of the
inputs to the GAO analysis were taken from the New York State
Energy Master Plan, which covers only that period of time. But IP-2,
at least, has been officially slated to operate until 2005 or later.
Limiting the cost calculations so they cover only the first half of that
period will substantially underestimate total generating costs. To
estimate realistically the total anticipated costs of closure, we will
have to adjust the GAO estimates of alternative generating costs to
correct for their artificially short time horizon. But first we present
the basic GAO, CRS, and UCS estimates.

5The CRS and UCS articles, which focus on criticizing the GAO study rather than on
providing independent analysis, use the same period.
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The GAO uses a schedule of annual costs for replacement fuel and
its associated costs (GAO report, Table 3.8, p. 42). Basing its replace-
ment fuel costs on a generation mix derived from some special runs of
the GE model described above, it estimates the price by using 1980
prices supplemented by inflation adjustments of 9 percent a year for
low-sulphur oils, 8.5 percent for high-sulphur oil, and 9.6 percent for
coal (7.2 percent after 1985).

Assuming that a 9 percent inflation rate could be applied to the
aggregate mix, we deflated those estimates and expressed them in
common 1980 dollars.® The resulting adjusted estimated costs (fuel
plus inventory and carrying costs but not including taxes) appear in

Table 1.7

CRS ESTIMATES OF GENERATING COSTS

The CRS questioned the GAO’s procedures and findings on a num-
ber of grounds. Its comments focus on the cost to ConEd’s customers
rather than on the full resource costs of closure. The general conclu-
sion is that the GAO’s estimate of $600 million for the alternative fuel
bill in the first year after closure is too large, perhaps by over 50
percent.

The CRS suggests that the GAO’s generating costs are too large
because:

e Some alternative plants (such as Ravenswood) can produce
power relatively cheaply.

¢ Those cheap sources were apparently not selected by the GE
model.

& Some established sales of Indian Point power were included
in the required production input to the GE model, when in
fact those sales would not be continued if the IP units were
shut down.

® The GE model did not consider all options for purchasing low-
cost power from outside the region.

6This procedure removes the GAQ’s implied assumption that fuel prices will rise
much faster (about 9 percent faster each vear for the next 12 years) than the general
price level, We prefer to use explicil assumptions concerning the relative rate of
fuel price increases. The estimates in this report are based on future fuel (and
other generating-input) prices that just keep pace with the general inflation. One
of our costing programs (sce the Appendix)allows for the specification of sep-
arate inflation rates for replacement power costs, one-time savings, decommis-
sioning costs, and contract-termination costs.

“In handling the model output, we agree with the UCS report that taxes paid on
increased fuel inventories are not, properly speaking, resource costs; they simply repre-
sent transfers from the utilities to the state.
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Table 1

ApJusTED GAO ESTIMATES,
INCREMENTAL COSTS
OF GENERATING
RepLACEMENT POWER

Generating Costs

Year (3 million 1980)
1981 526
1982 492
1983 415
1984 533
1985 493
1986 435
1987 363
1988 405
1989 434
1990 499
1991 474
1992 486
Total 5,555%

SOURCE: GAOreport, Table
3.8, adjusted by removing taxes
and the 9 percent (average) infla-
tion factor.

%In nondiscounted 1980 dol-
lars.

The CRS report also argues that the GAO estimates did not allow for
the nuclear fuel that would not be required if the plants were closed,
and that future operations and maintenance (O&M) costs at Indian
Point would not need to be incurred.

To determine the validity of all of these criticisms would require
information that is not documented in the GAO report. Later we will
present our interpretation of most of them. Here we simply attempt to
quantify the cost estimate that the CRS seems to imply.

We translate the CRS comments into quantitative cost estimates by
(1) reducing the GAO estimates that were shown in Table 1 to reflect
the 50 percent overestimate that CRS claims and then (2) subtracting
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$59 million per year for Indian Point O&M costs and $43 million per
year for nuclear fuel costs.® This yields the costs presented in Table 2.

Table 2

ApJsustEp CRS ESTIMATES,
INCREMENTAL COSTS
oF GENERATING
REPLACEMENT POWER

Generating Costs

Year ($ million 1980)
1981 249
1982 226
1983 175
1984 253
1985 227
1986 188
1987 140
1988 168
1989 187
1990 231
1991 214
1992 222
Total 92,4802

SOURCE: Calculations by
Rand staff.

4In nondiscounted 1980 dol-
lars.

UCS ESTIMATES OF GENERATING COSTS

The UCS report claims that the GAO estimates assume unrealisti-
cally high operating rates for the nuclear plants and that the esti-
mates include the same nuclear fuel costs and O&M costs whether or
not the Indian Point plants are closed. Correcting for those factors, it
estimates the near-term, net costs of closing Indian Point at about
$337 million per year (p. 5).

It also rejects the GE model output, arguing that

8The GAO report indicates that 1979 fuel costs were $27.1 million for IP-2 and $15.5
million for IP-3 (p. 12). It discusses 1979 O&M costs on page 57.
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the upper limit of long-run costs of closing Indian Point is provided
by the costs of constructing and operating equivalent new coal-fired
capacity less the savings in fuel, operating and maintenance, and
future investment costs from closing Indian Point. An estimate of
this upper-limit cost, based on a comprehensive analysis of trends in
the cost of constructing new coal-fired facilities, is $250 million per
year (in 1980 dollars). (p. 3)

In the table documenting that figure, however, the UCS report com-
bines with their generating-cost computations items that we consider
to be one-time savings.? By adjusting their figures to correct for those
items, we find their long-run estimate is $316 million rather than the
$250 million cited above. Table 3 shows the implied UCS time-stream
of estimates along with the total of their incremental generating costs
for the 12-year period.

SUMMARY OF THE ESTIMATES

The GAO estimates the costs of alternative power over the 12-year
analysis period to be about $5.6 billion (in nondiscounted 1980 dol-
lars), the CRS believes the estimate closer to $2.5 billion, and the
UCS suggests that it is nearer $3.9 billion.

The UCS estimate is about 70 percent of the GAO estimate, and if
we look at the two time-streams of costs, they are nearly parallel.
There is much less disagreement between these two estimates than
we would expect from simply reading the two documents. Their cost-
estimating methods are completely different. GAO used the GE Multi-
Area Production Cost Program while UCS relied almost completely on
Charles Komanoff's projections of industry-wide cost experience. '

Furthermore, these estimates would be even closer if we adjusted
them to reflect a common capacity factor. In fact, if we simply factor
the GAO estimate down to reflect the 60 percent rate assumed by the
CRS, the resulting estimate will be less than 10 percent higher than
the CRS estimate. That is remarkably close for this kind of work.

The CRS estimate seems much too low to represent total generating
cost. Its rough calculations apparently assumed that the oil-fired unit

“In particular, they subtract $375 million in one-time savings from closing Indian
Point. They also increase the annual savings on nuclear fuel and operations and
maintenance expenses to $165 million from the GAO estimate of $141 million that they
(UCS) use in calculating short-run incremental generating costs.

10C. Komanoff, Power Plant Cost Estimation, Komanoff Energy Associates, New
York, 1981.
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Table 3

ApgusTED UCS ESTIMATES,
INCREMENTAL COSTS
oF GENERATING
REPLACEMENT POWER

Generating Costs

Year ($ million 1980)
1981 337
1982 337
1983 337
1984 337
1985 337
1986 337
1987 337
1988 316
1989 316
1990 316
1991 316
1992 316
Total 3,939%

SOURCE: UCS report. The
$337 million is from Table 1. The
$316 million is from their Table
2 computations after $375 mil-
lion in one-time savings is re-
moved from line 4, and line 5 is
adjusted to reflect $141 million
annual recurring savings rather
than the $165 million it now rep-
resents.

2In nondiscounted 1980 dol-
lars.

at Ravenswood could supply all substitute power required to replace
both Indian Point units, ignoring capacity constraints, downtimes,
and all kinds of system interactions. We find the output of the GE
model much easier to accept, even though it is never adequately docu-
mented or interpreted.

We shall now argue that all of these estimates are too low.
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PROBLEMS WITH THESE ESTIMATES OF
GENERATING COSTS

We question the GAQ’s estimates of generating costs primarily be-
cause they rely on an undocumented costing model, unrealistic projec-
tions of IP-2 and IP-3’s production capacity, an inadequate treatment
of operation and maintenance costs, and an abbreviated time horizon.
In addition, we consider the extent to which estimates of generating
costs necessarily vary according to projections of the net discount rate
over the 24-year period.

The Undocumented Model

The GAO does not explain or question the GE model it uses. Thus
the causes of the large cost for substitute generation remain obscure.
As we have seen, the New York City area apparently has sufficient
capacity to cover all substitution requirements: The GAO report indi-
cates that the conventional baseload units generated over 18 million
megawatt (MW) hours while operating at only 38 percent of capacity.
If the implications of these statements are correct, existing units can
easily pick up the Indian Point load, and their (direct) generating
costs would be only about 3 cents per kWh more than Indian Point’s
(GAO report, p. 10). That would indicate increased costs of less than
$300 million per year.

Apparently the capacity of the transmission facilities requires that
most of the replacement power be generated within the New York
metropolitan area, requiring low-sulphur fuel, and thus incurring
higher than average costs (GAO report, p. 38).

In the absence of other information, our estimates must rely on the
GE model output and the independent UCS estimates. The GE model
was apparently designed to choose the low-cost units so long as they
are available. The GAO report claims that the model also includes
information on the conversion of some oil-fired units to coal and on
the introduction of the new Travis and Prattsville plants. We need to
obtain and review the full output of the GE model before we can give
full credibility to its output.

Unrealistic Projections of Production Capacity

The 69 percent production capacity!* used in the GE simulations
and accepted by the GAO appears unjustified. The GAO never

Uproduction capacity = (annual kilowatt hour generation)/(annual average hourly
capacity X hours in year).
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attempts to justify this figure; it just adopts it. We believe the
national average of 60 percent would be a much more reasonable
estimate for Indian Point’s capacity over the next 12 years,
particularly as the IP units have seldom achieved even that level (see
Table 4). Although reliability may increase in the future, both units
are scheduled for extensive repairs in the next several years. ConEd
estimates that extensive steam generator repairs, costing $100
million or more, will shut down IP-2 for up to one year sometime after
1983. PASNY anticipates spending about half that money but
avoiding downtime. However, additional shutdowns will probably
result from the many safety modifications and back-fits that are
scheduled.

Table 4

INDIAN PoINT ProDUCTION CAPACITY

Percent of Time in Operation

1P-2 IP-3
Year (873 MW) (965 MW)
1974 43 na
1975 64 na
1976 ' 30 na
1977 68 65
1978 57 65
1979 63 57
1980 56 39
Average 556 57

SOURCE: UCS report, p. 11.
2pirst 11 months only.

Using a 60 percent production capacity would significantly lower
the GAQ’s estimated need for substitute generation, and thus would
lower the cost of producing it. Costs would be lowered both because of
the decreased need for substitute power and (at least potentially) be-
cause fewer higher-cost generating units would be called into in-
creased production. Without knowing the full characteristics of the
GE model, we cannot estimate the size of that second effect.
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Inadequate Treatment of Operations and
Maintenance Costs

The GAO assumes that Indian Point O&M costs would continue,
apparently through 1992, even though the plant would be dismantled
over a six-year period. We agree with the CRS and UCS that this is
not proper, but it is extremely difficult to determine how long the
O&M costs might actually need to be incurred. We suggest that O&M
costs might continue for, say, three years and then terminate, but
realize they might continue much longer. Fortunately, these costs are
not large enough to materially affect our estimates of total cost even
if this assumption is grossly in error.

The Abbreviated Time Horizon

Before any of the above estimates can properly estimate the total
future incremental costs of alternative generation, they must be ex-
panded to cover another 13 years—the total anticipated life of the IP
units.

No one has estimated generating costs for the 1993-2005 period, so
we must relate those costs to the estimates that have been established
for the 1980-1992 years. Thus we need to establish factors that can be
applied to the existing generating-cost estimates to derive new esti-
mates.

For example, if we assume that costs are nearly equal in each of the
future years, we can use the capital-recovery-factor approach to illus-
trate the amount by which generating costs may now be underesti-
mated. This approach incorporates the discount rate explicitly into
the analysis. The present value of a stream of n equal annual pay-
ments can be expressed as

A+ir-1
P
1+ dmi

where a represents the annual cost, 1 represents the discount rate, and
n stands for the number of years. To compare costs over a 25-year
period with costs over a 12-year period, we set a and i, and then evalu-
ate the function first with n = 25 and then with n = 12. Table 5
contains the results of this procedure for a range of discount rates.
Thus, if we believe a 5 percent rate of discount is appropriate for these
calculations, generating costs should be nearly 50 percent greater
than the GAO has estimated. If we prefer to use a zero discount rate,
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Table 5

RELATION OF 25-YEAR Costrs 1o 12-YEAR CoSTS

Discount

Rate Capital Recovery Factor Ratio of
(%) 25-years 12 years Col. 2to Col. 3
0 25.0 12.0 2.08
2 19.5 10.9 1.79
4 15.6 9.4 1.66
6 12.8 8.4 1.52
8 10.7 7.5 1.43
10 9.1 6.8 1.34
12 7.8 6.2 1.26
14 6.9 5.7 1.21
16 6.1 5.2 1.17
18 5.5 4.8 1.14
20 4.9 4.4 1.11

SOURCE: Calculations by Rand staff.

generating costs should be more than doubled to obtain a reasonable
estimate for the complete 25-year period.

Inspection of Tables 1, 2, and 3, however, indicates that incremental
generating costs may decline slightly (in constant dollars) in the fu-
ture. We will integrate that trend into the estimates we synthesize
below.

RAND ESTIMATES OF GENERATING COSTS

To construct an estimate of the total incremental generating costs
that would be required by the closure of the Indian Point nuclear
units we must sum the individual yearly estimates, and to do that we
must discount the costs that would be incurred in years later than
1981 so as to properly represent the present value of the cost stream.!?
_ Because of the large uncertainties involved, and the lack of support-

12Djscounting is not the same as adjusting for inflation. Even if the anticipated (and
actual) inflation rate is zero, a dollar in the hand is worth more than a dollar due to be
received next year. A dollar in our possession can be spent on items for current con-
sumption or it can be saved and invested now. If spent on items that are consumed,
these items can be enjoyed now, and most of us place more emphasis on current satisfac-
tion than we do on an equivalent amount of future satisfaction. If the dollar is invested,
it will earn interest or a return for its use and will thus be worth more than one dollar
at the end of the year.
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ing data for many of the important findings, we believe that any point
estimate of the costs of closure would be very misleading. Instead, we
will attempt to bracket the reasonable range of total costs by for-
mulating a lower cost estimate and a higher estimate.

We compute the upper estimate by working with the GAQO esti-
mates from Table 1. We believe the UCS presents a valid argument
that a 60 percent capacity factor is much more reasonable than the 69
percent that GAO used. So we divide 60 by 69 to derive a conversion
factor, which we apply to the GAQO estimates. Then we subtract $68
million in annual nuclear O&M costs for each year from 1984 through
1992. That lowers the GAO estimate of $5.5 billion to about $4.2 bil-
lion.

The annual costs in Table 1 decrease only slightly and insignifi-
cantly with time. However, rather than simply assuming that the 25-
year total of incremental generating costs is 208 percent of the 12-
year total as in our example above, we calculate the downward trend,
perform the adjustments for capacity and O&M costs, and extrapolate
the results to estimate the incremental generating costs for the 1993-
2005 period.!3 Table 6 shows the results of those operations.

As our lower-cost estimate of incremental generating costs we adopt
the UCS estimate. The UCS report contends that the GAO estimates
are too high and it presents reasonably well documented alternatives.
The CRS estimates are even lower, but they lack adequate documen-
tation. We adopt the UCS estimates as we have adjusted them above.
Table 6 then shows our upper and lower estimates of the costs of sub-
stitute generation.

SENSITIVITY OF ESTIMATES TO THE NET
DISCOUNT RATE

All of the estimates discussed above are not discounted, or, as we
will discuss shortly, they are based on an implicit net discount rate of
zero. But if we are to combine these costs with others—such as the
costs of decommissioning the plants or disposing of the nuclear fuel—
we must be able to compare the present value of costs incurred in
different years, and that involves discounting all costs to their 1980
value. Our procedures allow for the simultaneous consideration of dis-
counting and inflationary adjustments.i4

13The regression equation is annual cost = 6332 — 2.955/year, with an r2 of 0.04
and an equation F statistic of 0.44, neither of which is statistically significant.

140ur computer programs, the input data, and some of the numerical outputs are
reproduced in the Appendix.
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Table 6

RaND ESTIMATES, INCREMENTAL
Costs oF GENERATING
REPLACEMENT POWER

Incremental Costs?
($ million 1980)

Upper Lower

Year Estimate Estimale
1981 457 337
1982 428 337
1983 361 337
1984 396 337
1985 361 337
1986 311 337
1987 248 337
1988 284 316
1989 310 316
1990 366 316
1991 344 316
1992 355 316
1993 318 316
1994 315 316
1995 313 316
1996 310 316
1997 308 316
1998 305 316
1999 302 316
2000 300 316
2001 297 316
2002 295 316
2003 292 316
2004 289 316
2005 287 316

Total 8,152 8,047

SOURCE: Caleculations on data from Tables
1 and 3.

ANondiscounted costs.

In Fig. 5 we plot the five estimates of generating costs against the
net discount rate, which is simply the discount rate minus the infla-
tion rate. When the discount rate is greater than the inflation rate, we
are operating in the right-hand side of the diagram. The left-hand
portion deals with inflation rates that exceed the discount rate. The
values associated with the zero point on the horizontal axis have been
shown in previous tables.
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Fig. 5—Sensitivity of generating costs to the net discount rate

Using this figure we can investigate realistic combinations of dis-
count and inflation rates. For example, if we wish to discount at a rate
of 6 percent per year and we believe that the real rate of inflation!s in
generating costs will be about 2 percent a year, we would be dealing
with a net discount rate of 4 percent.

Note that the curves in Fig. 5 slope significantly, especially in the
left-hand portion of the diagram, further demonstrating that assump-
tions about interest and inflation significantly affect cost estimates.

The GAO estimate of generating costs is nearly $6 billion when the
net discount rate is zero. But it is nearly $12 billion when the net
discount rate is — 10 percent.’® Such a rate could represent a case
where, say, we believe that future dollars should be valued equally
with current dollars (that interest rates or costs are zero), and that
generating costs (essentially the price of imported oil) will increase at
an annual (compound) rate of 10 percent for the next 12 years. And
that is exactly how the GAO comes up with its estimate of $1.4 billion

I5The real inflation rate is defined as the inflation rate for those particular costs less
the general rate of inflation for all goods.
16Numerical output from our GAO cost runs is presented on page 77.
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for substitute power costs (GAO report, p. iv). It assumes nearly a 10
percent inflation rate and does not discount. That assumption has
deservedly exposed the GAO report to much criticism.

We believe that current as well as past experience indicates the
appropriateness of a positive rate of net discount. Yields on most in-
vestments, including tax free accounts, continue to outpace the infla-
tion rate. We will summarize our estimates using a net discount rate
of 5 percent, but Fig. 5 and the material in the Appendix allow the
reader to examine many combinations of discount and inflation rates.

The Rand estimates, since they are based on 25 years of costs rather
than only 12, are significantly larger than the others, especially at
the lower rates of net discount. At the 5 percent net discount rate,
however, our estimates are only slightly above the original GAO esti-
mate. Ours are $4.6 billion and $4.8 billion, while the GAOQO estimate
is right at $4.1 billion.



III. ONE-TIME COSTS AND SAVINGS

One-time costs and savings refer to decommissioning costs, costs of
terminated contracts, and all of the one-time savings from closure,
such as the special or capital costs (the back-fits and safety modifica-
tions) that would not need to be incurred if the units were shut down.

Although small in comparison to the other components (see Fig. 6),
these costs and savings have received a major share of the attention.
GAO and UCS in particular allocate much of their reports to these
costs. We find them hardly significant compared to the generating
costs, but their proper computation involves the application of some
important economic concepts, especially the separation of sunk costs
from those that are truly avoidable, so we believe they warrant full
consideration here. l

8 - One -time costs
16— One -time savings
14 }—
o
§ 12—
§ "
2 8-
»
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-2 GAO CRS usc Rand

NOTE: Estimates are based on 5 percent annual rate of discount and assume
that future inflation rate for these costs is equal to the general rate for the U.S.
economy.

Fig. 6—Estimates of one-time costs and savings of closure
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GAO ESTIMATES OF ONE-TIME
COSTS AND SAVINGS

The GAO report estimates that the one-time costs of closing Indian
Point will be $431 million and the one-time savings (due to no-longer-
needed future improvements) will be $220 million (see Table 7). Costs
include those associated with the actual decommissioning of the nu-
clear facilities as well as write-offs and contract-termination ex-
penses. The major savings recognized by the GAO are associated with
major repairs to the boilers of both units that have already been
scheduled for the mid-1980s. The report includes only modest esti-
mates of the cost of future safety modifications.

Table 7

ADpJusTED GAO EsTiMATES OF ONE-TIME COSTS AND SAVINGS
Estimated One-Time Costs and Savings
($ million 1980)

Ttem 1P-2 IP-3 Other Total
Costs of closure
Decommissioning costs
Dismantling (over 6 years) 50b 50 502 150
Disposal of spent fuel 48 35 83
Write-offs )
Write-off of good fuel 59 98 157
Other contract terminations i0 31¢ 41
Total nonrecurring costs 167 214 50 431
Savings from closure
Major plant repairs 100 45 145
Required safety modifications 31 31 62
Radiological emergency d d
response measures 5 4 4° 13
Total nonrecurring savings 136 80 4 220
Net nonrecurring costs of closure 31 134 46 211

SOURCE: GAO report.
8Estimate for Unit 1.
bIncludes both units 1 and 2.

°GAa0 reports this item as $41 million, but then sums it with the ConEd
$10 million and reports the total (several times) as $41 million.

dArbitrary breakdown between Units 2 and 3.

®Incurred by state and local governments.
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GAO estimates the net nonrecurring costs of closure to be only $211
million, which is less than 4 percent of its $5.6 billion estimate of
generating costs. Its estimate of one-time costs of $431 million is less
than 8 percent of the generating cost estimate.

CRS ESTIMATES OF ONE-TIME COSTS AND SAVINGS

According to the CRS report, the one-time costs roughly balance out
against the one-time savings. Table 8 shows the adjustments we be-
lieve the CRS would make to the GAQO estimates of one-time costs and
savings. Actually, it does not question the GAO estimates of the sav-
ings from closure, concentrating only on the decommissioning costs.

CRS argues that the dismantling costs and the fuel-disposal costs
should not be included among the costs of closure. It argues that these

Table 8

ApJustep CRS EstiMATES oF ONE-TIME COSTS AND SAVINGS

Estimated One-Time Costs and Savings
($ million 1980)

GAO Adj. by CRS
Item Estimate CRS Estimate
Costs of closure
Decommissioning costs
Dismantling (over 6 years) 150 -1502 0
Disposal of spent fuel 83 -83? 0
Write-offs
Write-off of good fuel 157 (b) 157
Other contract terminations 41 (b) 41
Total nonrecurring costs 431 -233 198
Savings from closure
Major plant repairs 145 - 145
Required safety modifications 62 — 62
Radiological emergency
response measures 13 — 13
Total nonrecurring savings 220 - 220
Net nonrecurring costs of closure 221 -233 -22

SOURCE: CRS report.

4CRS does not consider these costs marginal to forced closure since they
must be incurred whenever closure (forced or not) takes place.

bCRS does not discuss these items.
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costs will need to be incurred at the end of the units’ operating lives,
whether they are closed now or sometime in the next century. Thus
they are not costs uniquely associated with immediate closure and
hence should not be considered as part of its cost. We will comment on
this contention later. Here we simply use it in calculating the CRS’s
implicit costs.

If we deduct those elements from the cost calculations, the one-time
costs of closure are reduced to $198 million. CRS does not recommend
changing the GAQ estimate of one-time savings, so the $198 million
now nets out with the $220 million estimate for savings to yield an
estimate of $22 million as the net.

UCS ESTIMATES OF ONE-TIME COSTS AND SAVINGS

The UCS report criticizes both the method and estimates used by
the GAO in arriving at its one-time costs and savings. It argues that
the GAO both overestimated the costs of closure and seriously under-
estimated the savings from closure (see Table 9).

UCS agrees with CRS that the decommissioning costs should not be
counted as costs of premature closure. It removes all $233 million of
those costs. In fact, it feels that “if past trends toward rapid escalation
of costs of activities involving radioactive materials continue, early
closing would reduce rather than add to decommissioning costs.” How-
ever, it also argues that “the cost of moving the spent fuel could be
avoided by keeping the fuel on-site until permanent storage becomes
available” (p. 2).

UCS also believes that the write-offs are invalid:

The GAO report also counts a loss of $198 million on fuel as a cost of
closing. This is also an error. About one-half of the $198 million
represents fuel already in the core, an equivalent amount of which
must remain in the core throughout the lifetime of the plant. It
represents part of the investment cost of the plant which has already
been made and should not be counted as a new cost of closing the
plant. The remainder of the $198 million is attributed to losses on
fuel being fabricated; but since this fuel could be used in other West-
inghouse reactors (perhaps with some modification) actual losses af-
ter deducting salvage value should be relatively small. (p. 2)

That seems to indicate that perhaps one-half of the $198 million
should be considered as a proper cost of closure. But UCS summarizes
its position as “rather than the figure of $431 million ... the actual
added cost of early closure seems likely to be only a few tens of mil-
lions of dollars” (p. 1). So we assume that they want to remove all of
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Table 9

Angustep UCS EstiMATES oF ONE-TIME COSTS AND SAVINGS

Estimated One-Time Costs and Savings
($ million 1980)

GAO Adj. by CRS
Item Estimate CRS Estimate
Costs of closure
Decommissioning costs
Dismantling (over 6 years) 150 . —150 0
Disposal of spent fuel 83 -83 0
Write-offs
Write-off of good fuel 157 -1572 0
Other contract terminations 41 02 41
New or stepped-up construction ? (b) (b)
Total nonrecurring costs 431 -390 41
Savings from closure
Major plant repairs 145 0 145
Required safety modifications 62 0 62
Radiological emergency
response measures 13 2 15
New safety requirements
for urban reactors 0 0-200 0-200
Future safety improvements 0 23 23
Study costs for cooling towers 0 10 10
More post-TMI safety mods 0 120 120
Total nonrecurring savings 220 255¢ 475°
Net nonrecurring costs of closure 211 ~645 -434

SOURCE: UCS report.

ACS considers these items together and states that one-half of the former
plus a substantial portion of the latter do not represent true costs.

bUCS considers capital costs for a coal-fired plant as a component of their
alternative fuel costs.

®Mid-point of the UCS estimate.
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the $157 million attributable to fuel write-offs, but want to retain the
$41 million indicated for other contract terminations.

The one-time savings estimated by GAO are viewed in an entirely
different fashion by UCS. UCS believes that GAO very substantially
underestimated the savings from closure. In addition to the plant re-
pairs and safety modifications that GAO discussed, UCS thinks that
another $153 million to $353 million of safety-related modifications
will be mandated by the NRC in the near future. It believes those
extra modifications will be required after the completion of hearings
on the Three Mile Island accident and on the hazards of locating reac-
tors near large population centers.

We obtained our estimate of the net UCS one-time costs and sav-
ings by subtracting the $41 million in costs that it appears to allow
from the $475 million in savings that represents the midpoint of its
discussion of savings. This yields a net nonrecurring savings from
closure of $434 million.

RAND ESTIMATES OF ONE-TIME COSTS AND SAVINGS

We based our estimate of the one-time costs and savings arising
from the closure of the Indian Point nuclear units on both the original
GAO estimates and on the arguments of the CRS and the UCS con-
cerning those estimates. Table 10 contains our estimates.

We retain, at least at this time, the GAQ’s estimate of $233 million
for decommissioning costs. Those costs will be incurred, and neither
CRS nor UCS disputes the amount established for them by the GAO.!
We also agree with the CRS and UCS arguments that these costs will
be incurred whether the units are closed prematurely or according to
the original schedule. But we note that it is the timing of the closure
that will determine the time-stream, and hence the present (1980)
value of these costs. With that in mind, we show the GAO’s original
estimate here, but in the next subsection we illustrate how the timing
of the decommissioning activities affects the present value of these
costs.

We do not count the write-offs as part of closure costs. We feel they
are expenses that have already been incurred. We agree with the UCS
that they are sunk costs; they represent items that have already been

1Personal correspondence with Southern California Edison and the Pacific Gas and
Electric Company, two of the larger nuclear utilities, indicates they believe decommis-
sioning costs for their new units will be less than 10 percent of the construction costs of
those units.
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Table 10

Ranp EstiMaTES OF ONE-TIME COSTS AND SAVINGS

Estimated
Costs Timing of
Item . ($ million 1980) Expenditure
Costs of closure
Decommissioning costs
Dismantling (over 6 years) 150 1981-1986
Disposal of spent fuel 83 1981
Write-offs
Write-off of good fuel 0 1981
Other contract terminations 0 1981
Total nonrecurring costs 233
Savings from closure
Major plant repairs 145 1985
Required safety modifications 62 1981-1984
Radiological emergency
response measures 13 1981-1983
Contingency for future
safety modifications 253 1986-1992
Total nonrecurring savings 473
Net nonrecurring costs of closure ~240

SOURCE: Interpretations by the Rand staff of items from Tables 7, 8,
and 9.

used, or at least firmly contracted for, and thus will not be affected by
the decision on the early closure petition.

Concerning the one-time savings, we accept the ones suggested by
the GAO and some portion of the additional safety-related costs dis-
cussed by the UCS. We believe there is no way to foretell the full total
cost of required modifications. UCS places the estimate somewhere
between $153 million and $353 million. We use their midpoint of $253
million although we realize that it may turn out to be much higher.
However, since one-time costs represent only a small portion of the
total anticipated costs of closure, any error introduced here will have
little effect on our overall conclusions. In fact our estimated one-time
costs and one-time savings sum to a net savings of $240 million, or
about 5 percent of our lower estimate of generating costs.
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Sensitivity of Decommissioning Costs to the
Date of Closure

CGAO assumed that decommissioning costs of $233 million would be
incurred over a 6-year period if Indian Point were prematurely closed.
CRS and UCS stated that decommissioning would occur sooner or lat-
er in any event, and that it was thus inappropriate to count those
costs if they were caused by the premature closure. We believe that
the costs will indeed need to be incurred at some point, and that their
timing is quite important in determining their present value.

GAO reports that the New York Public Service Commission allowed
ConEd to adopt a 27-year remaining service life for depreciation pur-
poses of [P-2. We take that to mean that the currently planned start-
ing date for decommissioning activities is the year 2006. The question
of interest is how the present value of those costs differs under the two
scenarios.

For the purposes of analysis, we assume that the decommissioning
costs of $233 million would be spread over the years 2006 through
9011 (if Indian Point is allowed to operate in a business-as-usual fash-
ion) in the same manner as GAO indicates they would be spread over
the years 1981 through 1986 (if IP were to be closed immediately).
Table 11 shows the difference in the present values of those two
streams of costs for a number of discount rates.

Table 11

SENSITIVITY OF DECOMMISSIONING COSTS
10 DATE OF OCCURRENCE AND DI1SCOUNT RATE

Present Value ($ million 1980)

Decommissioning Begins in

Discount Rate

(%) 1981 2006 Difference
0 233 233 0
2 221 135 86
4 211 79 132
6 201 417 154
8 192 28 164

10 184 17 167

12 177 10 167

14 170 6 164

16 164 4 160

18 158 3 155

20 152 2 150

SOURCE: Computations by Rand staff.
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This table indicates that the timing of closure can make a substan-
tial difference in the present value of costs if a non-zero discount rate
is used. The period of time from 1981 through 2005 can greatly
change the current value of money.

On the other hand, if the real costs of decommissioning increase, as
both CRS and UCS assume they will, the differences in costs will be
less, even with discounting. It is possible, but certainly not probable,
that costs could increase rapidly enough to cause the differences in
present value to become negative. At this time we are willing to as-
sume that the real costs of decommissioning will not increase substan-
tially in the future. And, as we have already noted, it would require a
spectacular increase in these costs—perhaps a change of several thou-
sand percent—to affect our general results.



IV. BUSINESS COSTS

The GAO noted that the loss of the Indian Point units would affect
more than just the direct generating costs and the obvious one-time
costs and savings. It would also affect such things as construction
programs, financing options, and dividend policies. We refer to those
costs as business costs. They represent costs that will need to be in-
curred if Indian Point is closed and the utilities are to remain viable
and to continue supplying electricity to their service area.

GAO employed a consultant from Stone and Webster, a manage-
ment consulting firm specializing in utility finance, to estimate the
business costs that would be required by closure. Unfortunately, GAO
documents that analysis strictly as a “black box” exercise. However,
these are the only estimates of business costs that are available so we
examine them exercising, of course, a considerable amount of caution.

GAOQO ESTIMATES OF BUSINESS COSTS

We believe the GAO estimate of business costs approximates $6.8
billion in uninflated, nondiscounted 1980 dollars. We calculated this
estimate by relating the incremental revenue requirements for
ConEd! to its share of the costs of substitute power.2 We then applied
that factor to the combined, noninflated generating costs of ConEd
and PASNY to get an estimate of $6.8 billion for their combined
business costs. When the replacement costs are discounted at 5
percent, the estimate of business cost becomes $5.0 billion (see Fig. 7).

CRS ESTIMATES OF BUSINESS COSTS

The CRS report does not question the GAO report’s estimate of
business costs. Although we could have assumed that the CRS would
thus agree with the full $5.0 billion estimate (if they had calculated
it), we thought it might be more realistic to relate the business costs
to the generating costs, about which the CRS report is rather more
definite. Since the GAQ’s business costs are 122 percent of its generat-

1See Tables 3-12 and 3-13 in the GAO report.
2See Table 3-10 in the GAO report.
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Fig. 7—Estimates of business cost

ing costs, we used the same percentage to derive the CRS estimate of
just over $2.2 billion.

UCS ESTIMATES OF BUSINESS COSTS

The UCS report does not count these costs at all. Rather, it contends
they are merely “transfers” and not “resource costs.”

RAND ESTIMATES OF BUSINESS COSTS

Although we agree with the UCS interpretation of some of the ele-
ments that might be considered as part of business costs, we believe
that at least a portion of these costs represent true economic costs.
Return on capital is a valid expense, and at least some portion of these
costs represents a required increase in that return because of altered
risk, altered risk perceptions, and perhaps altered risk preferences.
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Since these costs have only been studied by GAO (Stone and Web-
ster), and because of the limited published documentation of that
analysis, we have little basis for developing a reasonable and defensi-
ble estimate of their magnitude at this time. We do believe these costs
could easily amount to $1 billion. So we use that as our lower esti-
mate. For a higher estimate we take the factor derived above relating
GAQO’s estimated business costs to their generating costs and apply it
to our higher generating-cost estimate. This yields an estimate of $5.9
billion, so our range brackets the GAO’s estimate of $5.0 billion and
illustrates the large uncertainties present here. These costs obviously
require much more investigation.



V. SECONDARY COSTS

Secondary costs result from direct costs. As the investigation in
Secs. IT and 11T has shown, the closure of Indian Point will lead to
higher direct costs, which in turn will lead to higher electricity rates.
These higher rates will have far-reaching effects on the economic
health of the community and its inhabitants. Price increases lead to
spending increases for all economic units including utilities, business
firms, municipalities, public authorities, households, and individuals.
In our society, products require electricity for their production, ser-
vices require electricity for their delivery, and individuals require
electricity for their daily activities. Changes in the price of electricity
induce changes in the cost of doing business for most firms, and those
changes will cause at least some businesses to charge higher prices for
their products. But the effects do not stop there. They lead to changes
in sales and in employment, which will probably induce further ef-
fects throughout the economy. Without detailed analyses, we do not
know who pays these costs or how much they will be.

One-time costs (or savings) will also induce secondary effects. Tem-
porary benefits will accrue to the local economy when decommission-
ing activities increase the earnings of local residents, leading to
increases in other local activities. Longer-term effects, probably of a
less beneficial nature, will be felt after the plant is closed and the
decommissioning activity ceases. But compensating effects may occur
at other sites as generation or construction occurs. All of these effects
must be considered in calculating the total costs of closure.

Secondary effects fall into two classes. The macroeconomic effects
include the aggregate changes in prices, employment, household in-
come, and regional output. The microeconomic effects include the in-
dividual changes in those items for specific household types (according
to such groupings as race and income) and industry type (according to
such groupings as sector and employment class).

Many sophisticated economic models now link energy availability
and prices with the macroeconomic characteristics of the region, and
can estimate changes in those variables when, for example, electricity
prices increase. These models can illustrate major economic interac-
tions within the region and, if properly calibrated and exercised, they
can provide valuable insights into the probable gross effects of certain
policy options. Their elegance and ability to relate energy and nonen-
ergy resources to regional outputs, however, are usually paid for by
the sacrifice of micro-detail. Some of the better-known models identify
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a number of industrial sectors, few consider more than one type of
energy, and very few differentiate among kinds of households.!
Distributional detail, realism, and elegance seldom go together.

Less sophisticated models, however, can often be applied to combi-
nations of data files, yielding results rich in microeconomic distribu-
tional detail.2 Micro-detail is necessary if we are to understand the
true cost of alternative policies. Aggregate models, by their very
nature, display only net effects. They cannot indicate which groups of
firms or families are more adversely affected by a particular policy,
nor can they identify the groups that might benefit from others’
misfortunes. Political decisionmaking depends perhaps more on
distributional issues than on net impacts.

1For example, consider several of the more successful recent efforts to integrate
energy into the macroeconomic models. The Hudson-Jorgenson Model (E. A. Hudson
and D. W. Jorgenson, “U.S. Energy Policy and Economic Growth, 1975-2000,” The Bell
Journal of Economics and Management Science, Vol. 5, No. 2 (Autumn 1974}, pp. 461-
514) was one of the first major efforts investigating the effects of energy price and
availability changes on the national economy. It contained 4 industrial sectors, 5 ener-
gy sectors, and 3 primary inputs, but is linked to a model of consumer behavior that
recognizes only one type of household. This model was later integrated with a process
analysis model of the energy sector, developed at the Brookhaven National Laboratory,
that considers over 40 separate energy sectors. (K. C. Hoffman and D. W. Jorgenson,
“Economic and Technological Models for Evaluation of Energy Policy,” The Bell Jour-
nal of Economics, Vol. 8, No. 2 (Autumn 1977), pp. 444-466.) The Port Authority of New
York and New Jersey has developed a New York Metropolitan Regional Input-Output
Table. This model covers the region served by the Port Authority, considers 368 sepa-
rate industrial sectors, and apparently only a single household sector. As this model is
proprietary, we have nol examined it and do not know how it handles the energy sec-
tors. Wew York Metropolitan Region Input-Output Model, An Overview, published by
The Port Authority of New York and New Jersey, Planning and Development Depart-
ment, Regional Development Division, Economic Impact Section, February 1979.) The
New York Regional Econometric Model developed by Wharton Econometric Forecasting
Associated, Inc. considers four subregions: New York City, Long Island, the New Jersey
Industrial Area, and the Northern Suburbs. This model contains equations determining
output, labor demand, retail sales, and personal income. The composition of output is
quite detailed, and at least one form of energy is modeled among the inputs. Labor
demand is broken down by age, race, and sex, and personal income is estimated by place
of residence. This is the most detailed model we have found that covers the ConEd/
PASNY service area. (L. R. Klein and W. J. Lawrence, The New York Region Econom-
etric Model—Second Interim Report, Pace University Graduate School of Business and
Wharton EFA, Inc., New York 1978.)

2For example, The Impact of Energy Price Increases on Households: An Illustration,
P-5585, The Rand Corporation, 1976, links a national input-output table for the United
States that covers over 100 production sectors, including five energy sectors (coal, crude
oil, petroleum products, electricity, and natural gas) with information on consumer
expenditures (for hundreds of items) by typical households at ten different levels of
income. The model indicated that a doubling of electricity prices might increase the
budget expenditures of an average-income household by about 4 percent, and that
the effects would be regressive with lower-income households facing a 5 to 7 percent
increase, upper-income households only about a 4 percent increase. This model was not,
however, without its limitations: the inflexibility of the linear equations caused the
estimates almost certainly to overestimate the actual effects, perhaps substantially,
and the budget data were quite old.
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Unfortunately, few studies to date have attempted to estimate the
macroeconomic effects of closing nuclear power plants and none has
attempted to estimate the microeconomic effects. Most existing stud-
ies attempt to adapt very crude energy/economic models to new appli-
cations for which they have not been calibrated, and which differ, in
several substantial ways, from the Indian Point case.

Baughman’s study of the California Nuclear Initiative is typical.?
Using a model originally designed to study the U.S. national
economy, Baughman finds that a gradual phase-out of nuclear power
in California starting in 1977 would cause electricity prices to rise
less than 15 percent (above the business-as-usual level) in 1985 and
less than 25 percent in 1995. He states that “the results of the
simulations with the model showed that the growth rate of the
California economy between 1975 and 1995 is almost completely
insensitive to the changes in electricity supply associated with the
constraints on nuclear power” (Vol. 2, p. 3.12).

Even if valid for California,* those findings have little relevance for
Indian Point. If Indian Point were closed, electricity prices in the
service area would increase substantially and almost immediately.5
Even more important, the increase would be limited (or at least
focused) on a rather small, well-defined region. This could lead to
changes in the location of firms and households, consequences totally
ignored by other studies.

GAO, CRS, AND UCS ESTIMATES OF
SECONDARY COSTS

The GAO, CRS, and UCS studies fail even to mention secondary
costs. Thus we do not know if they lacked time to study them, if they
considered them so small that they could safely be ignored, or if they
simply believed that secondary costs do not count.

We are convinced that the secondary costs need to be counted and
have estimated that they will range from $2 billion to nearly $7 bil-
lion. Figure 8 shows how our estimates of secondary costs relate to our
estimates of the total costs of closure.

3Martin L. Baughman et al., Direct and Indirect Economic, Social, and Environmen-
tal Impacts of the Passage of the California Nuclear Power Plants Initiative, Center for
Energy Studies, University of Texas at Austin, FEA/G-76/261, April 1976.

4A number of reviewers have challenged his conclusions. See, for instance, Vol. 4 of
the Baughman study.

5The GAQ report states that “for a large PASNY customer like MTA, initial annual
costs would increase from its current level of about $130 million to $217 million” (p. 27).
That is an increase of about 67 percent.



41

18—
16 }— & Secondary costs

14}
12
10}

Cost ($ bitlion 1880)

(=} N &d O
|

GAO CRS ucs Rand

NOTE: Estimates are based on 5 percent annual rate of discount and assume
that future inflation rate for these costs is equal to the general rate for the U.S.
economy.

Fig. 8—Estimates of the secondary costs of closure

RAND ESTIMATE OF SECONDARY COSTS

To arrive at our estimates, we reviewed over a dozen studies that
used various types of economic multipliers to trace secondary costs.® A
multiplier is the sum of the direct and indirect costs divided by the
direct costs.

Some of the best and most helpful literature on the validity, nature,
and magnitude of secondary costs comes from studies of the costs of an
oil embargo. Those studies were stimulated by the 1973-1974 embargo
and deal both with it and with possible future situations.

The studies we reviewed that dealt with a U.S. nuclear moratorium
completely ignore secondary costs. They were all supply oriented, and
typically quantified only generating and environmental effects. How-
ever, studies concerning the 1980 Swedish nuclear referendum treat-
ed the effects on the national economy of shutting down that nation’s
nuclear reactors.

8In Sec. VI, we discuss the need for a more thorough study using a microeconomic
model.
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Possibly the most relevant report we encountered is the New York
State Energy Master Plan, published in 1980. It treats regional im-
pacts derived directly from an input-output model for New York state.
The documentation in this report is less than satisfactory, however,
leaving some serious doubts concerning both the procedures and the
size of the effects.

Representative multipliers from some of the more interesting stud-
les we reviewed are illustrated in Fig. 9.7

® At one end of the spectrum is a study by J. H. Savitt suggest-
ing that increases in electricity prices—rather than adverse-
ly affecting the economy of the Buffalo standard metropolitan
statistical area (SMSA)—actually would stimulate output
and employment in that region. The stimulus would come as
the firms order new energy-efficient equipment so that they
will be able to reduce their electricity consumption. His im-
plicit multiplier thus is negative. It is unusual to expect such
a large reaction, and we view it as unrealistic, at least for a
large metropolitan area such as the New York City/West-
chester County service area of ConEd and PASNY.

® Next comes a study of the Swedish nuclear referendum of
1980, which uses a multiplier of 0.7. A multiplier that is posi-
tive but less than unity indicates that the total (or welfare)
costs of a particular policy are actually less than the direct
costs alone would suggest.

® Then comes Mark S. Henry’s study of the effects of building a
nuclear energy center in South Carolina, which uses a 1.9
multiplier. This is a more common magnitude, one that is
found in many regional economic development studies.

® Then comes the New York City Regional Impact Multiplier
System (RIMS) estimate, which is about 3.6. This is one of
the regional multipliers that has been calculated by the Bu-
reau of Economic Analysis (BEA).8

See, respectively, J. H. Savitt, Electric Energy Usage and Regional Economic Devel-
opment, Final Report, EPRI, Palo Alto, California, ES-187, August 1976; Konsekvensu-
tredningen, Suppose We Go Non-Nuclear...? Effects on the Economy, Employment, and
the Environment in Sweden, Departementens Offsetcentral, Stockholm, 1980; M. S.
Henry, “The Spatial and Temporal Economic Impact of a Nuclear Energy Center—A
Methodological Discourse and Application to a Southern Regional Site,” Socio-Econom-
ic Planning Science, Vol. 15, 1981, pp. 59-64; W. McNaught’s unpublished work at
Rand; and H. L. Carey and J. L. LaRocca, State Energy Master Plan and Long-Range
Electric and Gas Report, Executive Summary, New York State Energy Office, NP-
25143, Albany, 1980.

8Most input-output models in the United States rely on information assembled by
the BEA of the U.S. Department of Commerce. For the last two decades, the BEA has
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Fig. 9—Variation in size of multipliers

e Finally comes the New York State Energy Master Plan
(EMP). Appendix E of the EMP report describes an input-
output model used in making forecasts. Although the plan
does not publish its multipliers, the implicit one can be in-
ferred as approximately 5.5. That is extremely high—indeed
higher than we have seen used anywhere else.®

These multipliers fall into two classes. Multipliers at or below unity
are used by econometric forecasting models with many market-clear-
ing mechanisms. Those above unity are used by regional input-output
models, usually with fixed coefficients.

The Swedish study is typical of the first class. It deals with an equi-
librium situation. The markets always clear, unemployment is usu-
ally minimal, and prices and wages normally are quite flexible. Capi-
tal and labor easily substitute for all forms of energy. In such a situa-

been publishing national input-output tables; more recently it has published regional
multipliers for states and urban areas of the United States. These multipliers capture
the indirect effects of the regions and are used to transform changes in final demand
into changes in total regional output. The overall aggregate multiplier for New York
City is 3.74, the highest for any city in the nation. Individual multipliers associated
with particular sectors of the New York City economy range as high as 4.6 (McNaught).
In addition, many of the more important industrial sectors in the New York economy
are associated with the highest sectoral multipliers (see R. B. Armstrong, Regional
Accounts—Structure and Performance of the New York Region’s Economy in the Seven-
ties, Indiana University Press, Bloomington, 1980).

9The New York State Energy Master Plan indicates that its multipliers represent
BEA estimates for the state.



44

tion, economic theory says that direct costs closely approximate total
costs.

Regional economic studies concerned with the distinction between
people and firms within a certain region and others outside that re-
gion typically use the second type of model. Input-output models are
specific types of Keynesian models that assume that little or no ad-
justment is possible during the short term and that resources released
in one economic sector are not automatically and immediately picked
up by some other sector. These models, in fact, find that unemploy-
ment generated in one sector causes more unemployment in other
sectors. Thus their multipliers are always greater than one.

If Indian Point is closed, regional impacts will be quite important:
electricity rates will increase in New York City and Westchester
County, and some types of local business activities may experience
slower—or even negative—growth. Even if somewhat compensating
increases in activity occur in other parts of the state or nation, local
decisionmakers will understandably be more concerned with the local
slowdowns. If such happens, we should not study merely net conse-
quences; we must consider disaggregated consequences for the par-
ticular regions most affected.

To summarize the literature on multipliers, we find that the litera-
ture contains a very large range and that most of them can be ration-
alized in one way or another. We believe in the validity of using
positive multipliers for studying the economic (and socioeconomic) im-
pacts of regional policies. We are more accustomed to using multi-
pliers in the 1.5 to 2.5 range,'? but we acknowledge that the higher
estimates published by BEA have been developed especially for use in
regional studies such as ours.

IMPORTANCE OF MULTIPLIERS

The importance of multipliers becomes clear when we examine how
their use affects our estimate of the total costs associated with closing
the Indian Point facilities. We have previously suggested that reason-
able lower estimates for generating costs, one-time costs, and business
costs might be respectively on the order of $8.0 billion, ~$0.2 billion,
and $1.0 billion in nondiscounted 1980 dollars. If we discount those
costs using a constant rate of 5 percent per year and do not include
any secondary costs in our analysis—that is, if we employ an implicit

10Stucker, P-5585, op. cit.; and B. F. Goeller et al., Policy Analysis of Water Manage-
ment for the Netherlands—Volume I, Summary Report, The Rand Corporation, R-2500-1
(forthcoming).
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multiplier of 1.0—the costs sum to about $5.4 billion. However, if we
employ a spectrum of multipliers ranging from Henry’s 1.9 to New
York state’s 5.5, and apply them only to the direct generating costs,
our total cost estimate will be increased substantially.!!

Figure 10 shows the results. Our estimates of secondary costs would
range from a low of —$1.4 billion to a high of $20.7 billion. Those
figures would thus change our estimates of total costs from $5.4 bil-
lion to $4.0 billion and $26.1 billion respectively. Moreover, if we em-
ploy a spectrum of multipliers ranging from 1.5 to 2.5 (which we
consider most realistic), our estimates of total costs will increase from
$5.4 billion to $7.7 billion and $12.4 billion respectively.
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Fig. 10—Effect of multipliers on total cost estimates

In sum, we believe that secondary costs should be included in any
computation of the total costs of closing Indian Point. Applying con-
servative multipliers ranging from 1.5 to 2.5 to our generating-cost
estimates yields estimates of total secondary costs ranging from $2.3
billion to $6.9 billion discounted 1980 dollars.

liApplying the multiplier to the generating costs is a useful approximation using
the information we currently have. If we were actually to study and estimate secondary
costs for Indian Point, the procedures would be much more involved.



VI. CONCLUSIONS

We have reviewed the available studies estimating costs associated
with the closure of the Indian Point nuclear units and we have found
that they contain no explicit summary indicators of total closure costs.
They detail some costs to the utilities and some costs to ratepayers,
but make few attempts to sort or net them out. And they do not dis-
cuss costs that might be borne by other segments of the economy, or
even mention the concept of net social costs.

We found, however, that we could infer a rough estimate of direct
closure costs from the material contained in the GAO report. This
estimate does not contain all of the elements of cost we believe are
appropriate, but it apparently does cover all costs that the GAO recog-
nizes. We were also able to infer the adjustments and changes that the
CRS and UCS would make to the GAO estimate.

With this information in hand we synthesized estimates of our own
(Fig. 11 and Table 12). We constructed two estimates of the total
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Fig. 11—Total costs of closing Indian Point
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Table 12

ToraL Cost ESTIMATES FOR CLOSING INDIAN POINT

Estimated Total Costs ($ billion 1980)

Rand
Item GAO CRS ucs Lower Higher
Undiscounted costs
Generating costs 5.6 2.5 3.9 8.0 8.2
One-time costs 0.4 0.2 0.0 0.0 0.0
One-time savings 0.2 0.2 0.5 0.5 0.5
Business costs 6.8 3.1 0.0 1.0 10.0
Secondary costs 0.0 0.0 0.0 3.9 12.6
Total 12.6 5.6 3.4 12.4 30.3
Costs discounted at
5 percent
Generating costs 4.1 1.8 2.9 4.6 4.8
One-time costs 0.4 0.2 0.0 0.1 0.1
One-time savings 0.2 0.2 0.4 0.3 0.3
Business costs 5.0 2.2 0.0 1.0 5.9
Secondary costs 0.0 0.0 0.0 2.3 6.9

Total costs 9.3 4.0 2.5 7.7 17.4

costs through a three-step process. First, we accepted the basic struc-
ture, and much of the basic data, from the GAO report. Second we
filled out that structure, erecting what we believe to be a comprehen-
sive framework for establishing the net monetary costs of closure (to
whomever they might be passed). Third, we chose from the GAO,
CRS, and UCS arguments, adopting those we believed valid and alter-
ing those that were incomplete or that missed the point. Finally, we
consulted diverse sources, gathering information on the possible size
of the indirect costs that might be associated with closing the units.

We summarize our quantitative findings in Table 12 and Fig. 11.
We estimate the implied total cost of closure in the GAO report to be
$9.3 billion, and we believe the CRS would adjust that figure to near-
er $4.0 billion and the UCS would adjust it to about $2.5 billion. All
the evidence we have seen thus far, however, indicates that any point
estimate must be highly suspect.

Our estimates, based on the three reports that deal directly with
Indian Point and many other sources of generic information, indicate
that the total closure costs may fall anywhere between $7.7 billion
and $17.4 billion. This large range of uncertainty reflects the newness
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of these studies and the need for further research, especially concern-
ing the business costs, the secondary costs, and the relationship be-
tween price-induced conservation and the costs of electricity
generation.

That research is necessary before we can expect even a rough con-
sensus on the magnitude of the net costs of closure. But future studies
should also address the distribution of those costs. The decision to
close Indian Point or to keep it open will affect many different groups
of people in many different ways. Some groups will gain, others will
lose, and the effects on some groups will be large even in the unlikely
event that the “net costs” are relatively small. The pattern of gains
and losses will, and should be, important in the political decisionmak-
ing process.
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1980.

This memorandum responds to a Congressional request for in-
formation on the incremental costs to Consolidated Edison’s
ratepayers of closing the Indian Point No. 2 nuclear facility. It
makes use of the GAO report on the same topic wherever pos-
sible, but suggests a different methodology and asks a number
of questions to clarify the GAO data. It is primarily concerned
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this from $348 million down to about $195 million (a 44 per-
cent reduction). The memorandum raises a number of ques-
tions concerning GAO assumptions and procedures, but gives
few answers. In general the thrust of the memo is to suggest
how the costs of closure “might be” much lower than the GAO
estimates. Does not mention business or secondary costs.

CRS was also requested to describe how the costs of closure
might be apportioned between ratepayers and shareholders.
That request resulted in the report by Sylvia Morrison (see
Bibliography B).

Economic Impact of Closing the Indian Point Nuclear Facility, Report
by the Comptroller General of the United States, U.S. Govern-
ment Accounting Office, EMD-81-3, Washington, D.C., Novem-
ber 7, 1980.

Responding to a request from the Subcommittee on Energy
and Power of the Committee on Interstate and Foreign Com-
merce of the House of Representatives, this report is the Gen-
eral Accounting Office analysis of the comparative cost of
terminating the Indian Point nuclear power facility versus
adding the necessary safety requirements to protect the large
surrounding population. It also discusses the financial impacts
those options would have on the Consolidated Edison Com-
pany of New York, the Power Authority of the State of New
York, and their customers. It found that:
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Closing the Indian Point plant would not immediately af-
fect power supplies in the New York City area under nor-
mal operating conditions. Failure to complete planned
construction projects on schedule, however, could jeopar-
dize reliable power supplied in the future.

With oil-fired generation as the only major source of re-
placement power, the loss of Indian Point could increase
annual oil consumption in New York by about 20 million
barrels in the first year and add more than $600 million a
year to consumers’ already high energy bills.

Programs already in existence to reduce oil usage and con-
sumer costs would take on added significance with the loss
of the nuclear units. Coordinated, expeditious efforts by
the utilities and State and Federal agencies would be re-
quired to avoid potentially serious problems.

The GAO relied heavily on ConEd and PASNY for estimates of
the one-time costs and savings of closing Indian Point. It used
consultants from General Electric to estimate the costs of al-
ternative generation and consultants from Stone and Webster
Management Consultants, Inc. to convert those costs into in-
creased revenue requirements. It did not consider secondary or
indirect costs.

Curtis, William P., Macroeconomic Effects of Petroleum Supply Inter-

ruptions, Vol. I, Energy Information Administration, Depart-
ment of Energy, Washington, D.C., March 1979.

The Wharton Econometric Forecasting Associates Annual En-
ergy Model and the Data Resources, Inc., Econometric Model
of the U.S. Economy are used to simulate the macroeconomic
effects of ten alternative oil embargo scenarios. The scenarios
differ with respect to the intensity and duration of the short-
fall in petroleum imports, the amount of the world oil price
increase, the application of U.S. petroleum price controls and
product allocation regulations, and the extent to which the
strategic petroleum reserve (SPR) is used. A 1980 shortfall in
crude petroleum imports of 2 million barrels per day or more is
projected to have a significant impact on the U.S. economy
when the shortfall lasts six months or more and is accom-
panied by a substantial increase in world crude oil prices. Lost
U.S. output is generally not recovered during 1981-1982. A
shortfall of 6 million barrels per day associated with no SPR
use causes real 1980 GNP to decrease 16 to 17 percent below
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the reference level. Substantial inflation effects are projected
for 1980. Use of SPR oil substantially offsets many of the ma-
jor impacts.

Henry, Mark S., “The Spatial and Temporal Economic Impact of a
Nuclear Energy Center—A Methodological Discourse and Appli-
cation to a Southern Regional Site,” Socio-Economic Planning
Science, Vol. 15, 1981, pp. 59-64.

A nuclear energy center site in South Carolina consisting of
twelve 1200 MW nuclear plants clustered in a single location
is subjected to an economic-demographic impact analysis. Both
a regional input-output model and a gravity model are em-
ployed to make the analysis, and a procedure is developed to
allocate the employment, population, and income impact to the
CCD level within the impact region. Both construction and
operation expenditures are subjected to output multipliers
that range from 2.15 to 1.61 during the 24-year planning pe-
ried.

Hogan, W. W., and A. S. Manne, “Energy-Economy Interactions: The
Fable of the Elephant and the Rabbit?” in C. J. Hitch (ed.),
Modeling Energy-Economy Interactions: Five Approaches, Re-
search Paper R-5, Resources for the Future, Washington, D.C,,
1977, pp. 247-2717.

Shows that a simple model can illustrate some key concepts in
determining the economic impacts of energy policies. The
small relative size of the energy sector motivates the metaphor
of the elephant and the rabbit. It indicates that small changes
in energy availability do not produce proportional changes in
economic activity. The elasticity of substitution determines
the economic impacts for large changes in energy availability.
A low elasticity implies significant interactions. Higher elas-
ticities may yield important economic impacts, but these may
be represented adequately in an isolated analysis of the energy
sector.

Holcombe, Randall G., “A Method for Estimating the GNP Loss from
a Future Oil Embargo,” Policy Sciences, Vol. 8, Elsevier Scientif-
ic Publishing Company, Amsterdam, 1977, pp. 217-234.

This article develops a theoretic model to estimate the loss in
GNP to the U.S. economy that would result from a future oil
embargo. The model is based on an input-output matrix of the
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economy, but modifies the traditional input-output analysis in
order to take account of conservation and substitution pos-
sibilities. Data generated from the 1973-1974 embargo are
used as a benchmark for this study in order to assure that the
model produces reasonable estimates. Based on estimates of
future economic and energy growth, this study concludes that
the United States will become increasingly vulnerable to eco-
nomic damage as a result of a future embargo.

, “An Evaluation of Some Microeconomic Consequences of a Fu-

ture Oil Embargo,” Policy Sciences, Vol. 10, Elsevier Scientific
Publishing Company, Amsterdam, 1978-79, pp. 207-220.

To develop an energy policy designed to help insulate the econ-
omy against the effects of a future oil embargo, projections of
the effects of an embargo are necessary. Past work has concen-
trated on the aggregate output loss from an embargo, but has
not carefully considered other important effects. This paper
examines two important effects. First, the most heavily dam-
aged sectors are identified, showing the automobile industry to
have by far the most significant damage. Second, a large part
of the economic damage done by an embargo is shown to be
due to a decline in the demand for output rather than as a
direct consequence of reduced petroleum supplies. This finding
is significant for two related policy reasons. First, it implies
that even if policymakers could replace all of the embargoed
oil, major economic disruptions could still result from an em-
bargo. Second, policies designed to minimize demand disrup-
tions can achieve significant benefits at low cost, and should
have a high priority in policy matters pertaining to embargos.

Konsekvensutredningen, Suppose We Go Non-Nuclear...? Effects on

the Economy, Employment, and the Environment in Sweden,
Summary report of the Committee Set Up To Study the Conse-
quences of Dispensing with Nuclear Power, Departementens Off-
setcentral, Stockholm, 1980.

Konsekvensutredningen is the Commission appointed by the
Government of Sweden to investigate the consequences of dis-
pensing with the nuclear sector. It studied the potential effects
of abolition on the economy, employment, and the environ-
ment, but did not explore the hazards of nuclear power. Major
quantitative findings are that: “the abolition of the nuclear
sector is bound to affect household incomes and taxation dur-
ing the twenty years between now and the turn of the century.
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This means, for example, 2-3 percent less private consumption
in 1990 than would be the case if nuclear power were re-
tained. . . . The total cost to society in terms of reduced private
consumption will be 70,000 or 75,000 million kronor. This
means a capital loss of Skr 20,000 per worker for the period
ending in the year 2000” (p. 28).

New York State Energy Master Plan and Long-Range Electric and Gas
Report, Appendices. Final Report. New York State Energy Of-
fice, Albany, New York, 1980.

The New York State Energy Master Plan and Long-Range
Electric and Gas Report represents a unique effort by the State
of New York to plan its energy future in an integrated man-
ner. The comprehensive set of plan proposals, if implemented,
would have a significant economic impact upon the State’s
economy. Appendix E of the report documents the economic
impact analysis. An input-output model is used to model the
economic impacts of key energy proposals. By allocating the
total amount of expenditure, i.e., change in final demand, to
respective energy supply technologies, as proposed in the Plan,
the I-O model calculates the resultant earnings and employ-
ment impacts generated in New York State. A description of
the Input-Output model and its inherent limitations is
presented in the Addendum to the Appendix. The actual mul-
tipliers they used are not shown, but are referred to as “indus-
try-specific input-output multipliers for New York State”
supplied by the Regional Industrial Multiplier System devel-
oped by the Regional Economic Analysis Division of the Bu-
reau of Economic Analysis of the U.S. Department of
Commerce. Tables E-2, E-3, and E-7 through E-9 contain col-
umns for both “direct” and “total” impacts, from which we
derived crude estimates of the implicit multipliers.

Savitt, J. H., Electric Energy Usage and Regional Economic Develop-
ment, Final Report, EPRI, Palo Alto, CA, ES-187, August 1976.

Derives electricity demand functions for the household, com-
mercial, and industrial sectors for the Buffalo SMSA, and
links them to an econometric model of the local economy.
Finds perverse effects occur in the local, limited SMSA area. A
rise in electricity prices induces short-run increases in indus-
trial output as local firms invest in electricity-saving devices.
The firms substitute capital equipment for electricity. Over
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the longer run, he finds that they also substitute labor for en-
ergy. These findings are rather unusual.

Taylor, Vince, and Charles Komanoff, An Evaluation of "Economic
Impact of Closing the Indian Point Nuclear Facility,” A Report of
the General Accounting Office, Union of Concerned Scientists,
Cambridge, Massachusetts, December 3, 1980.

Contends that “The GAO report does not provide an accurate
assessment of the costs of closing Indian Point 2 and 3 nuclear
plants. Due to a number of errors, it exaggerates both the
short and long run costs of a shutdown.” Argues that nuclear
fuel costs and operating and maintenance costs do not continue
unchanged if the units are shut down. Presents evidence that
the Indian Point units have average 57 percent of capacity
(rather than the 69 percent assumed for future operations by
GAOQ). Presents independent cost data for constructing and op-
erating coal-fired replacement plants. And, especially, con-
tends that many more (expensive) safety modifications will be
required if the nuclear units continue to operate. The thrust of
this paper is to discredit the GAO estimates as being grossly in
error. Contends business costs are simply transfers; does not
mention secondary costs.

Wright, Brian D., “The Cost of Tax-Induced Energy Conservation,”
The Bell Journal of Economics, Vol. 11, No. 1, 1980, pp. 84-107.

Considers the cost to society of long-run reductions of aggre-
gate energy input from its equilibrium level. Demonstrates
that similar economic results to those obtained from complex
simulation models can be derived from a heuristic partial equi-
librium model. Shows that the partial equilibrium approach
provides a previously unrecognized upper bound on the social
cost of tax-induced conservation in an otherwise undistorted
economy. The net social cost attributable to such conservation
measures is likely to be much less than the cost of the energy
saved. Claims of significantly greater cost consequences must
be based on the argument that tax-induced price increases ag-
gravate other existing distortions in the economy.
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Appendix

THE COMPUTER PROGRAMS, INPUT
DATA, AND OUTPUT INFORMATION

This appendix documents our computerized cost analysis. It pre-
sents the programs we developed, the input data we extracted from
the GAO, CRS, and UCS reports, and the more important output files.
First the programs are listed. Then we print the input and output
datasets for the GAO, CRS, UCS, and Rand analyses of generating
cost.

THE COMPUTER PROGRAMS

The first program discounts time-streams of replacement power
costs and one-time costs and savings, expresses them in 1980 dollars,
sums them, and then plots the summed discounted costs against the
net discount rate that was used in their computations. The program is
written for the SAS data analysis package operating on Rand’s IBM
3033 computer.! This program produced all of the results reported in
this report.

//5S9205SAS JOB (3363,019,PAWN,20),'JIM STUCKER',CLASS=N
//S1 EXEC SAS79,0PTIONS='S=72',REGION=350K
//SYSPRINT DD SYSOUT=A

//INO1 DD DSN=S.S89205.A3363.GA0.COST.DATA,
// DISP=SHR
//SYSIN DD * \

*THIS PROGRAM FINDS THE PRESENT VALUE OF INPUT TIMESTREAMS OF;
#*#COSTS. DISCOUNT RATES FROM 20 PERCENT TO MINUS 10 PERCENT CAN;
*BE SPECIFIED. NEGATIVE DISCOUNT RATES INDICATE THAT THE REAL;
*RATE OF INFLATION IN GENERATING COSTS IS GREATER THAN THE;
*DISCOUNT RATE. THIS PROCEDURE ALLOWS ANY COMBINATION OF;
*DISCOUNT RATE AND (REAL) INFLATION RATE TO BE ANALYZED. JUST;
*SUBTRACT THE LATTER FROM THE FORMER AND CONSULT THE OUTPUT;
*TABLES OR GRAPHS;

DATA FILEl; INFILE 1INO1;

*FIRST WE INPUT THE ANNUAL COSTS (IN 1980 DOLLARS);
INPUT YEAR REPPOWRC RECURSAV ONETISAV DCMSCOST CONTCOST;

ISAS is a product of the SAS Institute, Inc., Box 8000, Cary, North Carolina 27511.
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/%
//

LABEL REPPOWRC=COST OF GENERATING REPLACEMENT POWER
RECURSAV=RECURRING SAVINGS
ONETISAV=ONE TIME SAVINGS
DCMSCOST=DECOMMISSIONING COSTS
CONTCOST=CONTRACT TERMINATION COSTS;

TIME = YEAR - 1980;
*THEN WE DISCOUNT THEM;

DO DISCRATE = -0.10 TO 0.20 BY .01;
FACTOR = (1 + DISCRATE)**TIME;

DREPCOST = REPPOWRC/FACTOR;
DIPSAVNG = (RECURSAV+ONETISAV)/FACTOR;
DCLOCOST = (DCMSCOST+CONTCOST)/FACTOR;
TOTDCOST = DREPCOST - DIPSAVNG + DCLOCOST;
OUTPUT;

END;

*THEN PRINT THE RESULTS;
PROC PRINT N;

*THEN SUM EACH TIMESTREAM TO COMPUTE ITS PRESENT VALUE;
PROC SUMMARY; CLASS DISCRATE;
VAR TOTDCOST DREPCOST DIPSAVNG DCLOCOST;
OUTPUT OUT=STATFILE
SUM=TCOST RCOST IPSAV CLOC;

PROC PRINT N;

*WE MUST DISCARD THE SUM OF SUMS COMPUTED ABOVE;
DATA FILE2; SET STATFILE; IF TCOST LT 10000; ((higher at times))

PROC PRINT N;

*FINALLY PLOT THE FOUR VARIABLES ON THE SAME GRAPH;
PROC PLOT;
PLOT TCOST*DISCRATE='T' RCOST*DISCRATE='R'
IPSAVXDISCRATE='S' CLOC*DISCRATE='C'
/ OVERLAY HPOS=65 VP0OS=40;
TITLE HOW DISCOUNTED (1980) COSTS VARY WITH THE DISCOUNT RATE;

The second program allows for separate inflation rates. The dis-
count rate is first set (at 10 percent per year in the program copied
here). Then individual inflation rates can be specified for the costs of
replacement power, one-time savings, decommissioning costs, and

contract-termination costs.

//S9205SAS JOB (3363,019,PAWN,20), 'JIM STUCKER',CLASS=N
//S1 EXEC SAS79,0PTIONS='S=72',REGION=350K
//SYSPRINT DD SYSOUT=A



//INOL

//
//SYSIN

DD DSN=5.S59205.A3363.RAND.COST.DATA,
DISP=SHR
DD *

DATA FILEL; INFILE INO1;

INPUT YEAR REPPOWRC RECURSAV ONETISAV DCMSCOST CONTCOST

TIME = YEAR - 1980;

LABEL REPPOWRC=COST OF GENERATING REPLACEMENT POWER

RECURSAV=RECURRING SAVINGS
ONETISAV=ONE TIME SAVINGS
DCMSCOST=DECOMMISSIONING COSTS
CONTCOST=CONTRACT TERMINATION COSTS;

DO INFLRATE = -0.10 TO 0.20 BY .02;
DISCRATE = 0.10;
FACTOR = (1 + DISCRATE)**TIME;

INFPOWER=INFLRATE ;
INFRCSAV=0.0;
INFOTSAV=0.0;
INFDCMSC=0.0;
INFCONTC=0.0;

XONE=REPPOWRC* (1.0+INFPOWER)**TIME;
DREPCOST=XONE /FACTOR;

XTWO=RECURSAV™* (1.0+INFRCSAV)**TIME;

XTHREE=ONETISAV*(1.0+INFOTSAV)#**TIME;
DIPSAVNG=(XTWO+XTHREE ) /FACTOR;

XFOUR=DCMSCOST* (1.0+INFDCMSC)**TIME;
XFIVE=CONTCOST* (1.0+INFCONTC)**TIME;
DCLOCOST=(XFOUR+XFIVE)/FACTOR;

TOTDCOST = DREPCOST - DIPSAVNG + DCLOCOST;
OUTPUT;

END;

PROC PRINT N;

PROC SUMMARY; CLASS INFLRATE;
VAR TOTDCOST DREPCOST DIPSAVNG DCLOCOST;
OUTPUT OUT=STATFILE

SUM=TCOST RCOST IPSAV CLOC;

PROC PRINT N;

DATA FILE2; SET STATFILE; IF TCOST LT 40000;

PROC PRINT N;

PROC PLOT;
PLOT TCOST*INFLRATE='T' RCOST*INFLRATE='R'

IPSAV*INFLRATE='S' CLOC*INFLRATE='C'

)
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/ OVERLAY HPOS=65 VPOS=40;
TITLE HOW DISCOUNTED (1980) COSTS VARY WITH OIL PRICE INFLATION;

/%
/7

THE GAO INPUT AND OUTPUT FILES

This is the GAO input dataset in millions of 1980 dollars.

COSTS OF

REPLACEMENT  SAVINGS FROM CLOSING IP
GENERATION CLOSING IP DECOM- DROPPED
YEAR COSTS RECUR ONETIME MISSING CONTRACTS
1981 526 0000 20 108 198
1982 492 0000 18 25 0000
1983 415 0000 19 25 0000
1984 533 0000 18 25 0000
1985 493 0000 145 25 0000
1986 435 0000 0000 25 0000
1987 363 0000 0000 0000 0000
1988 405 0000 0000 0000 0000
1989 434 0000 0000 0000 0000
1990 499 0000 0000 0000 0000
1991 474 0000 0000 0000 0000
1962 486 0000 0000 0000 0000

5555 0000 220 233 198



This is the GAO Output File.

DISCRATE

-0.
.09
-0.
.07

-0

-0

-0.
-0.
-0.
-0.
-0.
.01
.00
.01
.02
.03
.04
.05
.06
.07
.08
.09
.10
.11
.12
.13
.14
.15
.16
.17
.18
.19
.20

-0

o
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STATISTICAL
13:51 TUESDAY, NOVEMBER 3, 1981

10

08

06
05
04
03
02

_FREQ_

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

TCOST

11898.
10952.
10106.
9348.
8667 .
8054.
7501.
7002.
6549.
6139.
5766.
5426.
5116.
4832.
4573.
4335.
4116.
3915.
3729.
3558.
3399.
3252.
3116.
2989.
2871.
2761.
2658.
2562.
2473.
2388.
2309.

NOOWOUWOONUMWLWSNSNOAITN NPT PONNO= oL O

ANALYSTIS

RCOST

11709.
10760.
9911.
9150.
8466.
7851.
7296.
6794,
6341.
5929.
5555.
5214.
4903.
4619.
4359.
4121.
3902.
3700.
3514.
3343.
3184.
3038.
2902.
2775.
2658.
2548.
2446.
2350.
2261.
2177.
2099.

LM OOV WLULmHMOOHNOUPFEPEOVDOAFR,OUPFPLWONOWWNWLOK MW

IP

343
327
312
298

285.
272.
260.
249.

239
229

220.
211.
202.
194,

187

180.
173.

167
160

155.

149

144,

139

134.
130.

125

121.

117

114.
110.
107.

SYSTEM

SAV

.501
.536
.535
.428
152
649
865
753
.265
.360
000
149
773
843
.330
207
451
.038
.949
162
.661
427
L4647
704
185
.877
768
.848
105
531
115

77

CLOC

532

439

415

401

369

338

334.
.901
.576

329
325

321.
317.

.641
520.
508.
497.
486.
475.
466.
456.
447,
.232
431.
423.
.526
408.
.246
394.
388.
381.
375.
.946
364.
358.
353.
348.
343.
.960

171
309
014
248
977
167
791
821

000
105

245

511
027
780
757

336
917
678
611
708

360

379
304



78

THE CRS INPUT AND OUTPUT DATA
This is the CRS input dataset expressed in millions of 1980 dollars.

COSTS OF

REPLACEMENT  SAVINGS FROM CLOSING IP
GENERATION CLOSING IP DECOM- DROPPED
YEAR COSTS RECUR ONETIME MISSING CONTRACTS
1981 249 0000 20 0000 198
1982 226 0000 18 0000 0000
1983 175 0000 19 0000 0000
1984 253 0000 18 0000 0000
1985 227 0000 145 0000 0000
1986 188 0000 0000 0000 0000
1987 140 0000 0000 0000 0000
1988 168 0000 0000 0000 0000
1989 187 0000 0000 0000 0000
1990 231 0000 0000 0000 0000
1991 214 0000 0000 0000 0000
1992 222 0000 0000 0000 0000

2480 06000 220 0000 198




These are some of the CRS Output Data.

DISCRATE

-0.
-0.
-0.
~0.
-0.
-0.
-0.
-0.
-0.
-0.
.00
.01
.02
.03
.04
.05
.06
.07
.08
.09
.10
.11
.12
.13
.14
.15
.16
.17
.18
.19
.20
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STATISTICAL
13:54 TUESDAY, NOVEMBER 3, 1981

10
09
08
07
06
05
04
03
02
01

_FREQ_

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

TCOST

5092.
4683.
4318.
3991.
3698.
3435.
3198.
2984.
2791.
2616.
2458,
2313.
2182.
2062.
1952.
1852.
1760.
1675.
1597.
1525.
1459.
1397.
1340.
1287.
1238.
1192.
1150.
1110.
1072.
1038.
1005.

MNMOWWNWOWSNONINNNOOUPEHWNOWWNONNOOW POV WD

ANALYSIS

RCOST

5215.
4793.
4415.
4077.
3773.
3499.
3253.
3030.
2828.
2646.
2480.
2328.
2190.
2064 .
1949.
1843.
1746.
1657.
1575.
1499.
1428.
1363.
1303.
1247.
1195.
1146.
1101.
1058.
1019.
982.
947.

W WWOWNANWEANOH PO OONOOYOO LU N OONNN

SYSTEM

IPSAV

343
327
312

194
187

160
155
149

139

134.
130.
125.
121.
.85
211
.53
107.

117
114
110

.50
.54
.53
298.
285.
272.
260.
249.
239.
229.
220.
211.
202.
.84
.33
180.
173.
167.
.95
.16
.66
144,
45

43
15
65
87
75
26
36
00
15
77

21
45
04

43

70
18
88
77

11

CLOC

220.

217

210

202
200

196

185

183.
.65
.00
178.
.79
175.
173.
172.
170.
.23
.80
166.
.00

181
180

176

169
167

165

79

00

.58
215.
212.
.64
208.
206.
204.
.04
.00
198.
.04
194.
192.
190.
188.
186.
.05

22
90

42
25
12

00

12
23
38
57
79

33

38

22
68
17
69

39
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THE UCS INPUT AND OUTPUT DATA
This is the UCS input dataset expressed in millions of 1980 dollars.

COSTS OF

REPLACEMENT  SAVINGS FROM CLOSING IP
GENERATION CLOSING IP DECOM- DROPPED
YEAR COSTs RECUR ONETIME MISSING CONTRACTS
1981 337 0000 20 0000 41
1982 337 0000 18 0000 0000
1983 337 0000 19 0000 0000
1984 337 0000 18 0000 0000
1985 337 0000 145 0000 0000
1986 337 0000 255 0000 0000
1987 337 0000 0000 0000 0000
1988 316 0000 0000 0000 0000
1989 316 0000 0000 0000 0000
1990 316 0000 0000 0000 0000
1991 316 0000 0000 0000 06000
1992 316 0000 0000 0000 0000

3939 0000 475 0000 41



This is some of the UCS Output File.

DISCRATE

-0.
-0.
.08
-0.
.06
-0.
-0.
-0.
-0.
-0.
.00
.01
.02
.03
.04
.05
.06
.07
.08
.08
.10
.11
.12
.13
14
.15
.16
.17
.18
.19
.20

-0

-0

[eNeReoNoNoNoNoNoNeNeolNeNollolNoNoNololiohoioie)

STATISTICAL
13:55 TUESDAY, NOVEMBER 3, 1981

10
09

07

05
04
03
02
01

_FREQ_

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

TCOST

7479.
6863.
6313.
5820.
5378.
4980.
4623.
4300.
4008.
3744,
3505.
3287.
3088.
2907.
2742,
2590.
2452.
2324,
2207.
2098.
1999.
1906.
1821.
1741.
1668.
1599.
1536.
1476.
1420.
1368.
1320.

HOVUVOWWOUINNOUVUHPFPFOOVWNNHRHONOYAWWOWNNOO®Y

ANALYSIS

RCOST

8258
7595
7001
6469
5989
5557
5167
4814
4494
4203
3939
3698
3478
3276
3092
2922
2767
2623
2491
2368
2255
2151
2053
1963
1879
1800
1727
1659
1595
1535
1478

81

.56
.05
.57

09

.62

16
71
27
84
41
00
59

.20
.81

42

.05

68
32

.96
.61

27
94
61
28
96
65
34
04
75
45
17

SYSTEM
IPSAV CLOC
823.3 45
776.6 45
733.1 44
692.6 4b .
654.8 43
619.5 43.
586.6 42.
555.9 42.
527.1 41.
500.2 41.
475.0 41.
451.4 40.
429.2 40
408.4 39
388.9 39.
370.5 39
353.2 38.
337.0 38.
321.6 37
307.2 37
293.6 37.
280.8 36.
268.6 36.
257.2 36.
246.4 35.
236.1 35.
226.4 35.
217.3 35.
208.6 34.
200.3 34.
192.5 34.
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THE RAND INPUT AND OUTPUT FILES
This is the Rand “higher” input dataset in millions of 1980 dollars.

COSTS OF

REPLACEMENT  SAVINGS FROM CLOSING IP

GENERATION CLOSING IP DECOM- DROPPED
YEAR COSTS RECUR ONETIME MISSING CONTRACTS
1981 457 0000 19 108 0000
1982 428 0000 21 25 0000
1983 361 0000 20 25 0000
1984 396 0000 15 25 0000
1985 361 0000 145 25 0000
1986 311 0000 37 25 0000
1987 248 0000 36 0000 0000
1988 284 0000 36 0000 06000
1989 310 0000 36 0000 0000
1990 366 0000 36 0000 0000
1991 344 0000 36 0000 0000
1992 355 0000 36 0000 0000
1993 318 0000 0000 0000 0000
1994 315 0000 0000 0000 0000
1995 313 0000 0000 0000 0000
1996 310 0000 0000 0000 0000
1997 308 0000 0000 0000 0000
1998 305 0000 0000 0000 0000
1999 302 0000 0000 0000 0000
2000 300 0000 0000 0000 0000
2001 297 0000 0000 0000 0000
2002 285 00060 0000 0000 0000
2003 292 0000 0000 0000 0000
2004 289 0000 0000 0000 0000
2005 287 0000 0600 0000 0000
2006 0000 0000 0000 -108 0000
2007 0000 0000 0600 -25 0000
2008 0000 0000 0000 -25 0000
2009 0000 0000 0000 -25 06000
2010 0000 0000 0000 -25 0000

2011 0000 0000 0000 =25 0000
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This is some of the output from the Rand “higher” cost program.

DISCRATE

-0.
-0.
.08
-0.
-0.
-0.
-0.
-0.
-0.

-0

-0

[cNeoNoNeoNeoNelNololNolNolNello oo iNe oo Rl oo o]

STATISTICAL
16:25 TUESDAY, NOVEMBER 3, 1981

10
09

07
06
05
04
03
02

.01
.00
.01
.02
.03
.04
.05
.06
.07
.08
.09
.10
.11
.12
.13
.14
.15
.16
.17
.18
.19
.20

_FREQ_ TCOST
31 34689.
31 29006.
31 24399.
31 20649.
31 17586.
31 15072.
31 13002.
31 11289.
31 9865.
31 8676.
31 7679.
31 6838.
31 6127.
31 5521.
31 5004.
31 4559,
31 4175.
31 3843.
31 3553.
31 3299.
31 3076.
31 2879.
31 2704,
31 2549.
31 2410.
31 2284.
31 2172.
31 2070.
31 1977.
31 1892.
31 1815.

WOANOMWVUOMNVARDNYNUWNODUIOAAO ANDONNM PO~ ORNF&

ANALYSIS

RCOST

39741.
32829.
27317.
22897.
19334.
16445.
14090.
12160.
10569.
9250.
8152.
7231.
6455.
5798.
5238.
4758.
4346.
3988.
3678.
3407.
3168.
2958.
2771.
2605.
2457.
2324.
2204.
2095.
1996.
1906.
1824.

MO OOV EHWUNWOWOVOWAODFOVONHFHOWNOWOUWUENGFWOSNNP

SYSTEM

IPSAV

1009

928.
854.
788.

729

675.
627.
582.
542.
506.
473.
442,
414,
389.
365.
344,
324.
306.
289.
273.
259.
245.

233

221.
211.
201.
191.
183.
174.
167.
159.

.77
19
91
95
.46
71
05
91
80
29
00
59
76
26
85
33
52
25
37
77
32
92
.48
92
15
12
75
00
82
16
98

CLOC

-4042.
-2895.
-2063.
-1459.
-1018.
-697.
-461.
-288.
-161.
-68.
0.

50.
86.
112.
131.
145.
154.
160.
164.
166.
167.
167.
166.
165.
163.
161.
159.
157.
155.
153.
150.

NOLUNYISNNOAPNDUVNWLWULMWLLWEOODEWUVMODOWULFEWOWLWEOAOROW



This is the Rand “lower” input dataset in millions of 1980 dollars.

COSTS OF

REPLACEMENT SAVINGS FROM CLOSING IP

GENERATION CLOSING IP DECOM- DROPPED
YEAR COSTS RECUR ONETIME MISSING CONTRACTS
1981 337 0000 19 108 0000
1982 337 0000 21 25 0000
1983 337 0000 20 25 0000
1984 337 0000 15 25 0000
1985 337 0000 145 25 0000
1986 337 0000 37 25 0000
1987 337 0000 36 0000 0000
1988 316 0000 36 0000 0000
1989 316 0000 36 0000 0000
1990 316 0000 36 0000 0000
1991 316 0000 36 - 0000 0000
1992 316 0000 36 0000 0000
1993 316 0000 0000 0000 0000
1994 316 0000 0000 0000 0000
1995 316 0000 0000 0000 0000
1996 316 0000 0000 0000 0000
1997 316 0000 0000 0000 0000
1998 316 0000 0000 0000 0000
1999 316 0000 0000 0000 0000
2000 316 0000 0000 0000 0000
2001 316 0000 0000 0000 0000
2002 316 0000 0000 0000 0000
2003 316 0000 0000 0000 0000
2004 316 0000 0000 0000 0000
2005 316 0000 0000 0000 0000
2006 0000 0000 0000 -108 0000
2007 0000 0000 0000 -25 0000
2008 0000 0000 0000 -25 0000
2009 0000 0000 0000 -25 0000
2010 0000 0000 0000 -25 0000

2011 0000 0000 0000 -25 06000



This is some of the output from the Rand “lower” cost program.

DISCRATE

-0.
-0.
-0.
-0.
-0.
-0.
-0.

-0
-0
-0
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STATISTICAL

10
09
08
07
06
05
04

.03
.02
.01
.00
.01
.02
.03
.04
.05
.06
.07
.08
.09
.10
.11
.12
.13
.14
.15
.16
.17
.18
.19
.20

_FREQ_ TCOST
31 36034,
31 29987.
31 25101.
31 21138.
31 17911.
31 15272,
31 13105.
31 11318.
31 9837.
31 8604
31 7574,
31 6708.
31 5977.
31 5357.
31 4828.
31 4376.
31 3986.
31 3649.
31 3357.
31 3102.
31 2878.
31 2681.
31 2507.
31 2352.
31 2214,
31 2090.
31 1979.
31 1879.
31 1788.
31 1705.
31 1629.

16:25 TUESDAY,

VWWOOPFPFOTTWLWUMWLWAORTLULVOOAODOULOOOONWNOGO O WMWK O

ANALYSTIS
NOVEMBER 3,

RCOST

4575

41086.5
33810.1
28019.6
23386.6
19659.6
16645.3
14193.9
12189.6
10541.6
9179.4
8047.0
7100.6
6305.3
5633.4
5062.6
.2
4156.8
3795.7
3482.6
3209.6
2970.6
2760.2
2574.3
2409.2
2261.9
2130.0
2011.5
1904.5
1807.6
1719.5
1639.1

SYSTEM
1981

IPSAV CLOC
1009.77 -4042.
928.19 ~2895.
854.91 -2063.
788.95 -1459.
729.46 ~1018.
675.71 -697.
627.05 -461.
582.91 -288.
542.80 -161.
506.29 -68.
473.00

442.59 50.
414.76 86.
389.26 112.
365.85 131.
344.33 145.
324.52 154.
306.25 160.
289.37 164.
273.77 166.
259.32 167.
245.92 167.
233.48 166.
221.92 165.
211.15 163.
201.12 161.
191.75 159.
183.00 157.
174.82 155.
167.16 153.
159.98 150.

0.
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