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Q Please state your name, occupation, and business address.
A. My name is Vince Taylor. I am a senior economist for the Union
of Concerned Scientists. My business address is 21 Elm Ave., Richford,
Vermont, 05476.
Q. Please state your professional qualifications.
A. I have attached a summary of my professional experience and publi-
cations as Exhibic I.
Q. What are the purposes of your testimony?
A. The purposes of my testimony are® 1) to explain how the economic
costs of closing the Indian Point nuciear plants should be calculated,
2) to provide an informed estimate of these costs, and 3) to review and
comment upon previously made estimates of these costs, with particular
emphasis on a study of the Rand Corporation.
Q. Would you briefly summarize the previous studies tlat you will consider
in your testimony.
A. There are three studies: 1) In a November 1980 report, the GCeneral
Accounting Office (CAO) estimated that the near-term costs of shutting
down Indiezn Point 2 and 3 nuclear plants would exceed $600 million in the
first year and that the 15 year cost to New York City ratepayers of a
shutdown could be over $18 billlon.1 The near-term cost represaented the
CAO's estimate of the cost of replacing the lost nuclear generation wvith
oil-fired generation, based upon information supplied by Consolidated
Edison of New York (Con-Ed). The $18 Yillion fifteen-year figure represented
estimates of the incremental revenue requirements (those above requirements
with Indian Point open) of Con-Ed. The incremental revenue estimates
wvere from a study performed for Con-Ed by Stone and Webster

Closing of Indian Point would also raise costs for the Power Authority
of the State of New York (PASNY) and the GAO estimated that incremental
revenue requirements for PASNY could amount “to as much as $600 million
annually." (GAO Report, p.i.) No duration for this incremental <ost
wvas specified.

2) la a response to the GAO report (Exhibic II, attached) prepared
for the Union of Concerned Scientists (UCS), co-authored with Charles
Komanoff, I documented that the near-term costs of replacing the lost

nuclear generation would be approximately $340 million per year and



that the upper limit of these costs in the longer-run would be $292
million per year (costs in 1980 dollars) if new coal capacity were built
to replace the closed nuclear capaclty.z Closing Indian Point would also
avoid prospective major one-time expenditures to mect new safety require-
ments and for repairs to steam generators. I estimated these avoided
expenses (savings from closure) to be $375-575 million, with a significant
chance that the upper end of this range would be exceeded .

Because the GAO repovt did not make a comprehensive estimate of the
total expected costs of closure, I did not attempt to make such an estimate
i, the UCS response to the GAO report. If my upper-limit estimates of
replacement generating costs were summed for 15 years and the one-time
savings subtracted, the figure would be $4.4 billion (1980 dollars),
compared to the $18 billion plus figure cited by the GAO. I wish to
stress, however, that $4.4 billion does not represent an accurate
estimate of the economic costs of shutting Indian Point. For a number
of reasons to be explained later, the economic cost would be substantially
less than $4.4 billion.

The GAO has made no public response to the UCS critical evaluation.

3) Subsequently, PASNY hired the Rand Corporation to make a new
estimate of the costs of closing Indian Point. Rand concluded that the
costs "may lie anywher . between $7.7 billion and $17.4 billion" (in
discounted 1980 dollars).3 The authors state that their estimate can
be compared to "implicit “otal cost estimates of $9.3 billion . . ., and
$2.5 billion" by the GAO and UCS, respectively.*

* The Rand report also attributes an estimate of $4.0 billion to the
Congressional Research Service (CRS), based on its published response

to the original GAO teport.‘ The CRS anzlysis focused on the question of
how ratepayers and stockholders of Con-Ed should share any costs incurred
by a shutdown. It did not purport to be a comprehensive analysis of the
costs of shutdown and, therefore, did not consider many questions relevant
to such an analysis. Rand produced the "CRS estimate" cited in its report
by translating the fragmentary, qualitative criticisms of CRS into quanti-
tative adjustments to GAO's estimates. The resulting figure is not a
meaningful, independent estimate of the total costs of closure, as Rand
attempts tc suggest. To include it in the comparisons provides a false
sense of comprehensiveness. I therefore omit the CRS estimate in the
following discussion.



Q. Please describe Rand's methodology more fully.

A. The Rand estimates were intended to be comprehensive estimates of

all of the additional costs (after netting out savings) that would be
borne by the U.S. economy if the Indian Point units were "shut down immed-
fately rather thar at the end of their normally scheduled lives." (p.3.)*

Rand terms these added costs incremental costs and distinguishes them from

expenses that have already been incurr:? (sunk costs) or that would be

incurred whether or not Indian Point i: closed (unavoidable costs). Rand

points out, correctly, that only incremental costs are relevant to the
decision on whether or not to close the units.

Rand presents estimates of the total sum of the incremental costs
of closure in terms of discounted 1980 dollars. By using 1980 dollars
Rand eliminates inflation from the analysis. All future costs are calculated
in dollars of the same purchasing power (that of 1980). Additionally,
future costs are discounted back to 1980 at the compound interest rate of

S percent per year. Thus a dollar of cost incurred in 1990 is discounted

to $.61 (51/1.0510) in calculating the discounted cost of closure.

The rationale for discounting when summing costs and savings that
occur at different times is that dollars in hand today are worth more
(even aside from inflation) than those to be received (or paid) in the
future. Fundamentally, this is because a dollar productively invested
today will produce over its lifetime more than a dollar of additional

output, that is, it will earn a positive rate of return. If society can

invest and earn a 5 percent rate of return per year, it wonld be equally
well off with an extra $.61 todav or an extra $1.00 ($.61 x 1.0510) ten
years hence.

The rate of return on investment (after abstracting from inflation)
is the appropriate rate to use in discounting. Because the economy has
been so volatile during the past decade (and the future so uncertain),
the choice of discount rate to use in the present case is not a simple

matter. Rand considers a range of discount rates and uses 5 percent per

* All page references are to Reference 3 unless otherwvise roted.



year in its final estimates and comparisons. [ accept the 5 percent

figure as a reasonable basis for comparing the various estimates of the

cost of closure.
Rand considered four categories of costs in making its estimates of
the total cost of closure:

1. Cenerating costs include all of the extra costs directly
resulting from generating the required electricity at another,
more costly, facilicty after Indian Point is shut down.

2. One-time costs include all of the one-time costs of
decommissioning 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 electri-
city 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. . . (p.4.)

High and low estimates were made for each category and combined to yield
total high and low estimates.
Q. Did Rand accurately represent the estimates of the original GAO
and UCS estimates and compare them fairly to the Rand estimates?
A. No, Rand did not. It attributed "implicit" total cost estimates of
closure of $2.3 billion to the GAO resort and $2.5 billion to the UCS
repcrt and compared them to its own range of $7.7 billion tec $17.4 billion.
This comparison can be interpreted as lending strong support to the
competence of the original CAQO estimate and to repudiate the UCS estimate.
The estimate attributed to the GAO appears prudently conservative compared
to those of Rand, whereas the one attributed to UCS lies far below the
bottom of Rand's range. The superficial impression conveyed by the summary
comparison is not supported by the body of the document. A careful
reading of the entire report reveals that on almost every point of

diffe.ence between the GAO and UCS on fact and economics, Rand sides with

UCS. 1In making its own estimates of the cost of closure, Rand essentially

accepted the UCS estimates of the annual cost of replacemenr power and the



net, one-time savings from closure. These were the major items considered
in the UCS analysis. These provide, as stated in the UCS report, an upper
limit to the costs of closing Indian Point.

The Rand summary misleads the reader by representing that the GAO,
UC5, and Rand estimates given there are comparable (arrived at by “applying
a common set of assumptions and converting to common dollars," p.3).
They are not. Rand's estimates include a major item, "secondary costs"
(with a range of $2.3 to $6.9 billion), not even considered by the other
estimators, and Rand's total cost estimate spans 25 years, whereas the
figures cited for the GAO and UCS over only 12 years. Furthermore, the
figure cited as the "GAD estimate" is not based on the estimates of the
cost of replacement generation originally reported by the GAO. These
estimates were first revised sharply downward by Rand (ironically enough,
by making corrections suggested by UCS) before the summary figure was
calculated. These elements of non-comparability expand the Rand estimate
and shrink the CAO estimate from its original value so that the two
appear in reasonable agreement.
Q. Do you accept as accurate the $2.5 billion estimate of the total
costs of closure attributed to UCS by Rand?
A. No. This estimate was generated by Rand from estimates of replace-
ment generating costs ao! one-time savings presented ‘a the original UCS
report. These were lasbeled in that report as upper limit costs because
they did not take into account consumer resr~nses to higher electricity
prices, responses that would reduce the total ¢ost to thz economy.
Taking these responses into account would produce a much iower estimate
of total cost of closure
Q. Have you prepared a comprehensive estimate of tie total costs of
closing Indian Point, taking into account the cost-reducing responses
of consumers to higher electricity prices? If so, what is its value?
A. I have prepared a comprehensive estimate of costs of closure that
is directly comparable to Rand's estimated range of $7.7 to $17.4
billion (discounted 1980 dollars). My estimate is $0.8 to 0.9 billion
(discounted 1980 dollars). The basis for this calculation is described
fully later in my testimony.
Q. Could you explain why your estimate is so much lower than Rand's?

A, My estimate (s based on the same assumptions as Rand's with respect



to plant lifetime, treatment of {nflation, and discount rate. There is
litctle difference between my and Rand's estimates of replacement generating
costs and one~time savings. The great difterence arises in Rand's
categories of business and secondary costs. Whereas Rand assigns large
positive values to these categories ($3.3 to $12.8 biliion for the two
together), I find no evidence or reason to believe "business costs"
(beyond those accounted for under replacement generating costs) would
be significant, and 1 estimate that rather than resulting in added costs,
the secondary effects (responses of consumers) would offset much of the initial
cost impact. Thus, while consumers would initially bear the costs of replacing
all of the generation lost by closing Indian Point, they would, over time,
reduce their consumption of the higher-priced electricity, reducing the
amount (and cost) of replacement generation. The reductions in electricity
use would occur both because consumers would use electricity more ecficiently
and because they would shift some expenditure away from electricity to
other goods (pure conservation). My «:timate, the details of which are
presented later, is that secondary responses will offset $3.2 billion of
the estimated replacement generation costs of $4.4 billion (in discounted
1980 dollars). Taking into account the discounted value of one-time
savings ($0.3 to $0.4 billion), I arrive at the comprehensive estimate of
the costs of closure of $0.8 to 0.9 billion.
Q. Do you believe that actual closure costs could fall below $0.8 billion?
A, Yes. To make my estimate closely comparatbtle to Kand's, except in the
treatment of business and secondary costs, I accepted several assumptions
that are not realistic and that bias my cost estimate upwards:

1) I used Rand's assumption that both Indian Point reactors would,
in the absence of a regulatory order to shut down, operate for 25 more
years (through 2005). This would imply lifespans of 32 years for Indian
Point 3. No commercial reantors have operated *his long, and ceveral
early power reactors (including Indian Point 1) have been shut down perma-
nently well before this age by a combination of rising safety requirements
and declining operating reliability; thus this is a highly questionable
assumpt fon.

2) 1 considered only near-term, one-time savings from closure in the
original UCS report, and I did not revise this estimate of one-time savings.

More distant major repairs, such as steam-generator replacement or treafment
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for reactor-vessel embrittlement, and the imposition of major new safety
requirements would be nearly certain to occur if the plants operated for
another 25 years. These more distant one-time costs would be avoided by
closure,

3) 1 used the historical average capacity factor of Indian Point
reported in the original UCS report (57 percent) in calculating replacement
generation. This average wac based on data through December 1980.*

Adding data for 1981 reduces the cumulative average for both reactors to

52 percent. Moreover, Indian Point 3 was shut down in late March 1982 for
repairs to steam generators and will not return to service until September,
at the earliest; thus it will be hard pressed in 1982 to match the dismal
36 percent capacity factors of 1980 and 1981. Thus the outlook is for 2
still lower cumulative capacity factor at the end of 1982. Using the
cumulative capacity factors through 1981 in the calculations would reduce
the estimated incremental costs of closure (and secondary offsets to these

costs) by 9 percent.

Q. Can you explain more fully the differences between your and Rand's
estimates?
A. Yes. 1 would like to explain these differences as part of an overall

review of the Rand report. In the course of this review, I will:

1) note Rand's disclaimer of any independent expertise with respect
to the data and methodologies underlying its estimates of the
cost of closing Indian Point,

2) explain why Rand's comparisons of estimates of incremental
generating costs are misleading,

3) show that Rand rejected most of the GAO cost estimates and accepted
many of the UCS estimates,

4) show that Rand's estimates of "business costs" are without foun=~
dation,

$) explain how Rand erred in its treatment of “secondary costs,"

6) explain and document the economically correct way to calculate
the efferts of secondary responses by consumers on the compre-
hensive costs of closure, and

7) present a detailed calculation of the correctly estimated total

costs of closing Indian Point.

. Excluding initial operation for Unit 2 in late 1973 and for Unit 3
in late 1976, during which the two units performed poorly and well, respectively.



Rand's Disclaimer of Competence
At the outset, Rand disclaims any independent expertise with respect
to the data or methodologies that underlie its estimate= of the cost of

closing Indian Point:

At the request of the Power Autlority [of the State of New
York), all materials used in constructing 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. (Preface, p. iii, emphasis added .)

Having so restricted themselves, the authors would seem to have
disqualified themselves from making any meaningful contribution to the
debzte over the costs of closing Indian Point, since the"accuracy and
reliability" of tie competing facts and methodologies are the essence of
the matter at hand. If Rand cannot attest to the accuracy of the facts
on which it bases its estimates, of what value are its estimates?

Although, in fact, the Rand researchers do exercise their own judgement
in choosing among competing "facts" ard estimates, they retreat to their
"non-expert' position at crucial points., For example, in discussing
business costs, they note that the only analysis of such costs in the
reports reviewed were provided tc the GAO by "Stone and Webster, a manage-
ment consulting firm specializing in utility finance*," and that "the GAO
documents that analysis strictly as a 'black box' exercise,” meaning that
no supporting evidence or methodology were given (p.35). They continue,
“(B)ecause of the limited documentation of that [Stone and Webster]
analysis [of business costs], we have little basis for developing a
reasonable and defensible estimate of their magnitude at this time." ‘(9.36.)
This does not, however, deter Rand: "We do believe these costs could easily

* Not mentioned but certainly relevant, Stone and Webster is also one of
the nation's largest architect-engineering firms engaged in constructing
nuclear plants, including the tw nuclear plants still undec construction

in New York State.
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amont to $1 billion. So we use that as our lower estimace." (p.36,
emp'asis added.) Bel'ef is the only basis given for this 'owver estimate!
The Rand researchers base their upper estimate of bus/ness costs on the
undocusecn ed, unsubstantiated Stone and Webster estimate (of $5.0 billion),
vhich cthey adjust upward* to $5.9 billion. (p.36.)

In this instance, Rand's selected use of a "non-expert"
position allows it to accept and use an unsubstantiated figure that
constitutes one-third of its high estimate of the total cost of
clo. ‘re,

Throughout the report, the restrictive ground rules set out by the
Rand reseac-hers are used to justify the "inability" to go beyond the CAO,
UCS, and CRS reports for additiona! information > use to choose among
competing assertions. For example, in examining estimates of replacement
generacing costs, Rand notes that, "rhe GAC does not explain or question
the CE model it uses. Thus the causes -f the large cost [estimate used
by the GAO] for substitute generation remain obscure." (p.18.) Rather
than pursuing the matter further, however, Rand states "In the absence
of other information, our estimates musc rely on the GE model output and
the independent UCS estimates." (p.23.)

The UCS estimates were backed up by extensive, published, publicly
available documentation. Rand could have pursued this documentation and
used it to provide an independent, expert judgement of whether the CAO or
UCS estimates were more realistic. This kand authors chose ot to do. Rather,
they accepted the undocumented GAO estimate as the initial basis for their
"high estimate" of replacement generating costs** and the UCS estimates

for their own "low estimate."

. On extremely tenuous grounds. Rand's high estimate of replacement
generating costs was 18 percent higher than the (Rand-corrected)
GAO estimate of such costs, (reflecting the combined effects of
Rand's longer time horizon and its discounting of future costs).
The Rand authors' "thought it might be more realistic to relate the
business costs to the generating costs.” Thus they increased the
$5.0 billion estimate of Stone and Webster by 18 percent to $5.9

billion.

LA But then, inconsistently, adjusted them downward to almost the level
of the UCS estimates.
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By disqualifying themselves from judging the accuracy or reliabilicy
of the competing e=stimates, the Rand researchers have equally disqualified
the accuracy and reliability of their own estimates, which are derived from
the competing estimates.

Rand presents a range of estimates of the cost of closure, §7.7
to $17.4 billion, and attributes the large width of this range to “uncer-
tainty." 1In reality, the width reflects the unwillingness of the Rand
researchers to pursue an independent assessment of the facts in order to
make an informed judgemert of probable costs. The wide range of Rand
estimates is more accurately attributable to ignorance -- ignorance that

is primarily self-imposed.

Mislead ing Comparisons of Generating Costs
A major part of the cost of closing the Indian Point plants would

be the cost of replacing the foregone nuclear generation. Rand terms this
the incremental generating cost. Incremental costs would be incurred
throughout the lifespan the plants would huve in the absence of a
decision to close them.

The Rand report states that:

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. (p.21.)
The discounted (present) value of future, annual incremental costs provides
a meaningful estimate of the recurring costs associated with closure of
Indian Point. Summing over the next 25 years may be, as Rand recommends,
an appropriate time horizon, if the plants would remain operable for that
long in the absence of a regulatory decision to close them. As noted
previously, this assumption is questionable. further, Rand does not consider
the possibility of future major expenditures, if the nuclear plants continue
to operate for 25 more years, to meet unknown but probable future regulatory
upgrades and to provide for major overhauls of the plants. Rand estimates,

thus, are biased upwards.
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But even accepting the Rand assumptions as valid basis for comparison,
they are not applied uniformly to the original GAO and UCS estimates to

provide a fair means of comparing them.

Revisions of the original CAO estimates
The CAO estimates of replacement generating costs for the years 1682-92,

as originally published, are not used by Rand. Rand arbitrarily deflated
them by 9 percent per year, removing a major cause of the high estimate
of closure costs originally reported by the GAO and a major objection of
UCS to the original GAO estimate. Rand recognizes the impropriety of the
orisiﬁnl GAO methodology when discussing the affects of discounting

on the calculated costs of closure:

It {the GAO] assumes nearly a 10 percent inflation rate and does
not discount. That assumption has deservedly ex sed the GAO
report to much criticism. (pp.24 and 25, emphasis added.)

Rand also subtracts the amount of taxes included in the original

GAO estimates ($607 million for the 12 year period considered), stating
“we agree with the UCS report that taxes paid on increased fuel inven-
tories are not, properly speaking, resource costs; they simply represent
transfers from the utilities to the state." (p.13.)

Finally, Rand changes the GAO assumption of a 69 percent future
capacity factor for Indian Point to 60 percent, reducing the GAO estimates
of incremental generating costs by an additional 13 percent.*

The Rand adjustments reduce the GAO's estimate of 12 years of closure
costs from the original figure of $9.8 oillion to $4.2 billios.

I do not object to Rand's making these adjustments to the GAO figures,
in fact I applaud ti« but I do consider it misleading and objectionable
to represent the adjusted figures as “GAO estimates,' as the Rand
report does in its Summary, in all of its figures that compare the

various estimates, and in much of the discussion of the alternative

estimates.

* But still not reducing it to a level that can be justified on the
basis of historical operating experience.
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Use of unequal time horizon

Rand compounds the misleading nature of its comparisons of total
incremental costs by summing the GAO and UCS estimates of annual costs
for 12 years but summing its own estimates for 25 years. This creates
an enormous upward bias in the comparative Rand estimate, essentialy
doubling it on an undiscounted basis from the value it would have had if
calculated identically to the GAO and UCS estimatzs.

The Rand researchers do not try to hide this most peculiar and
unnecessary divergence from comparability, but only the careful reader
will detect it, especially since the Rand report mentions it only in the
section on incremental costs and even there treats the 12 and 25 year
estimates as though they were strictly comparable. The concluding paragrlbh
in the section on incremental generating costs read:

The Nand 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 [sic!] CAO estimate. Ours are
$4.6 billion and $4.8 billion, while the GAO estimate is right
at $4.1 billion. (p.25.)

Implicit in this discussion is the assumption that the 12 and 25 year

estimates are comparable, for otherwise the discussion would be meaningless--
vhich of couise it is.

Treating the 12 and 25 year estimates as though they are strictly
comparable causes Figures 4 and 5 of the Rand report (reproduced here) to
be extremely misleading. Exactly how misleading can be
judged by the fact that the low Rand estimate and the UCS estimate of

incremental generating costs that underlie these figures are identical, except

that the lzsh-year UCS figure has be-n carried forward for 13 more years

to produce the Rand estimate.

Rand has no quarrel with the UCS estimate of incremental generating
costs, stating "As our lower estimate of incremental generating costs,
ve adopt the UCS estimate. The UCS report contends that the GAO
estimates are voo high and it presents reasonably well documented alterna-
tives."* (p.22.) Further, Rand modified CAO's estimates, based on UCS

* Rand does make an unwarranted but relatively minor upward adjustment in
the post-1987 UCS estimates, increasing them over our original values
by $24 miliion per year. Evidently Rand did not understand that the
higher, long-run nuclear O8M estimate we used reflects an empirical
trend of rising, real 0&M costr
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criticisms, so that {ts high estimate is virtually identical to the UCS-based

low estimate.*

Yet although the Rand and UCS estimates are virtually identical and
the original, unadjusted CAO estimates were much higher than Rand's
estimates, Rand's Figures 4 and 5 convey exactly the opposite impression.
The CAO snéd Rand estimates are represented as being close together, and

the UCS esctimates substantially smaller.

Assertion of comparability
I have dwelt at length on the misleading character of Rand's

supposedly comparable estimates becasue the Rand report explicitly states

that:
Working primarily with their (UCS, CAO, and CRS] 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. (p.3.)
The reader is told rhat the estimates generated by Rand are based
on common assumptions and reported in common do!lars; thzy are represented
as being strictly comparable. Thus, what is the reader to think when

shortly thereafter he or she is presented with Figure 3 (reproduced here)

of the Rand report?
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Fig. 3—Estimates of total costs of closure

. See Table 6, p.23.
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What else except that the UCS estimates are unreasonably low, and that

the GAO and Rand are in relatively good agreement?

Rand Criticizes the CAO and Agrees with UCS on Many Points
Because the summary figures of the Rand report convey a superficial

impression of close agreement between the GAO and Rand, I want to emphasize
that in many of the details, Rand was critical of the GAO and accepted
the UCS estimates. A number of these points were qioted earlier. Consider

also the following:

We question the CAO's estimates of generating costs primarily
because they rely on an undocumented costing model, unrealistic
projections of IP-2 and IP-3's production capacity, an inadequate
treatment of operation and maintenance costs, and an abbreviated
time horizon. (p.18)

The GAO does not explain or question the GE model it uses.
Thus the causes of the large cost for substitute generation
remain obscure . . . . We need to obtain and review the full
output of the GE model before we can give full credibilicty
to its cutput. (p.18.)

The 69 percent production capacity used in the GE simulations
and accepted by Lhe CAO appears unjustified. The GAO never
attempts to justify this figure; it just adoprs it. We
beiieve the natioral average of 60 percent wuld be a much more
reasonable estimatz for Indian Point's capacity over the next
12 years, particularly as the IP units have seldom achieved
even that level . . . .* (pp.18-19.)

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 . . . . (p.20.)

We do not count the write-offs [of past investments] 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 used, or at least
firmly contracted for, and thus will not be affected by the
decision on the early closure petition. (pp.31-32)

* The historical cumulative average throngh December 1980 was 57
percent, the figure used by UCS in its analysis. By the end of 1981,
the cumulative capacity factor had dropped to 52 percent (see prior
discussion). ;
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Concerning the one-time savings, we accept the ones suggested
by the GAO and some portion of the additional safety-related
costs discussed by the UCS. We believe there is no way to
foretell the full total cost of required modificatious. UCS
places the estimate somewhere between $153 million and $353
million. We use their midpeoint cf $253 million although we
realize that it may turn out to be much higher.* (p.32.)

Close Agreement of Rand and UCS on
Incremental Cenerating Costs and One-Time

Costs and Savings
When Rand and lICS estimates are placed on a truly comparable

basis, those for incremental costs and one-time costs and savings are
in close agreement. This can be demonstrated by modifying the entries
in Rand's Table 12 to make the estimates cover the same 25-year time
horizon. I have done this, while simultaneously making several changes
in the UCS estimates to restore them to the values originally reported
by UCS.** 1In the original report, I did not make an estimate of decom-
missioning costs because I was not attempting a present-value calculation,
to which they are relevant. For purposes of the present comparison, I
accept the CAO-Rand point estimate, although I want to emphasize that
I consider it almost pure speculation. Reliable estimates will not be
available until after dismantlement of a large reactor has been attempted.
Table A presents both the original and modified estimates for Rand
and UCS. As can be seen, when placed on a truly cormparable basis, the
Rand and UCS estimates are very close together. This closeness reflects

Rand's acceptance of UCS's estimates in almost all cases.

* Except that Rand uses the mid-point rather than the range of UCS
estimates, Rand's and UCS's estimates of one-time savings from closure are
identical. See Tables 9 and 10, pp.30 & 32. Note that the last two
columns of Table 9 are mislabeled with "CRS" rather than "UCS".

**  These changes consist of 1) reducing the post-1987 incremental
generating costs (see Tatle 3, Rand report) by $24 million per year,

2) reducing non-recurring writeoffs on fuel to $20 million, and
3) restoring the range of non-recurring savings .($375-$575 million)

originally reported
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Table A

Estimates of Selected Components of the
Cost of Closing Indian Point
(Billions of 1980 dollars)

--------- . S———— RS 777 P——
Original Modified
(12 years) (25 years) (25 years)
Undiscounted
Cenerating Costs 3.9 7.6 §.0-8.2
One-Time Costs .0 0.0 0.0
One-Time Savings (0.5 (0.5) (0.5
Total 3.4 4% | 7.5-7.7
Discounted at 5%
Generating Costs a9 4.4 4.6-4.8
One-Time Costs 0.0 0.1 0.1
One~Time Savings (_.4) (.3-.4) (.3)
Total 2.5 4.1-4.2 4., 4=4 .6
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Rand's Estimates of Business Costs Have No Foundation

Rard defines the "business costs" of closure as those costs thac
wuld be incurred in addition tn costs of replacement generation and
obvious one-time costs and savings. Business costs include "such things
as construction programs, financing options, and dividend policies . .
They represent costs that will need to be incurred if Indian Point is
closed and the utilities are to remain viable . . . W ks 35

Rand's derivation of business costs (from Stone and Webster's
"black Box" exercise) was reviewed in a previous section. The authors
made high and low estimates in spite of their explicit recognition
that, "we have little basis for developing a reasonable and defensible
estimate of their magnitude at this time." (p.47.) The higner value they
choose exceeds their high estimate of replacement generating costs ($10
billion versus $8.2 billion, undiscounted, Table 12, p.47). Yet, they
are able to provide no justification for this value. Indeed, they simply
accept the Stone & Webster "black tox" estimate.*

Rand's method of estimating business costs fail to meet normal,
minimum standards of scholarship. Rand needs to determine to what extent
the costs of Con-Ed and PASNY will be increased by the closure of Indian
Point beyond the incremental generation and one-time costs, which are
calculated separately. In the Stone and Webster cases used by Rand to
determine "business costs," items are varied, as UCS pointed out in its
critique of the GAO report, that have nothing to do with the closure of
Indian Point. As compared to the base case, the Indian Point closure
case assumes a) higher rates of return on investment for Con-Ed, b) improved
cash flow (accounting for over $2 billion), ¢) higher dividends to Con-Ed
stockholders. These assumptions, which imply closure of Indian Point will
bring great benefit to Con-Ed stockholders (at great expense to ratepayers),

account for a major (but unspecified) portion of the cost increase over the

® It is notable that the entire section on business costs is two and
a half pages, whereas 20 pages are devoted to incremental generating

and one-time costs.
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base case that Rand assigns to business costs. There is simply no valid
way of using the Stone and Webster analysis, as presented, to derive a
meaningful estimate of business costs as defined by Rand.

More fundamentally, aside from the absence of any reliable empirical
estimate of the magnitude of business costs, there is no basis for arguing

that "business coste," as defined by Rand, will be significant. These

are supposed to represent costs in addition to all the costs treated
elsewhere. But why should there be any significant other costs? Con-Ed
and PASNY will continue in business, and they should not require substan-
tial extra staff over a long time to handle affairs above and beyond
tt~ce directly connected with shutting down Indian Point and providing
replacement power, the costs of which are included in other categories.

There is the suggestion in Rand's definition of business costs that,
for some reason, closing Indian Point will raise the costs of non-related
construction programs, require Con-Ed to raise its dividends, or require
Con-E4 and PASNY to pay higher interest rates to borrow money. But Rand
presents no argument to support this vague suggestion.

it would be an argument difficult to make. The magnitude of the
construction programs needed to replace Indian Point 2 and 3 (1500
megavatts of coal-fired capacity would suffice) should not strain the
combined management capabilities of Con-Ed and PASNY to the point where
the efficiency of other construction programs suffers. Nor would closure
of Indian Point create some "special financing cost" not included in
the analysis of replacement generaiing capacity. This analysis already
allows for interest, depreciation, and return on equity and capital that
are standard for the utility industry. Thus financing costs are already
included.

It would be possible to argue that the regulatory decision to close
Indian Point could raise investors' perceived risk of utility investment
in general; thus raising the return required to attract funds and
raising the overall cost of utility construction programs. A similar
argument has been made in the context of supporting federal assistance
in cleaning up Three Mile !sland, in order to prevent GPU from going
hankrupt.S The argument was that if GPU went bankrupt, all uctilities

would suffer from higher risk premiums.
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Such arguments miss the point that the risk premium actached to
nuclear utilities represents investors' best estimate of the additional
financial risk associated with nuclear activities. These risks are real,
as TMI and WPPSS* have demonstrated. They are not an artifact of admini-
strative or regulatory decisions. To the extent that these risks are
real, they cannot be reduced by regulatory permissiveness or federal
subsidy. Such actions may transfer the burden of risks from one party
to another (for example, from stockholders to ratepayers or taxpayers),
but they will not affect the overall burden to societv.

Because utilities do not operate in a competitive marketplace,
regulation has the task of attempting to balance costs and risks at
their optimum points. A decision to close Indian Point will change the
balance of costs and risks in the utility sector, but the change will
be in the direction of lesser societal risk. Indian Point is at issue
in these hearings because it poses a danger to the population of
the greater New York metropolitan area. Closing it and replacing it
with coal-fired plants will eliminate this danger. Since Con-Ed bears
some (although only a small part) of the financial risks of an Indian
Point nuclear catastrophe, the risk premium associated with Con-Ed would
decrease if Indian Point were closed

There is no theoretical or empirical justification for attributing
any significant business costs, as defined by Rand, to a decision to
close the Indian Point nuclear facility. The estimates of this cost

category by Rand are withcut foundation and should be eliminated from

* WPPSS stands for Washington Public Power Supply System. It is now
commonly pronounced WHOOPS in recognition of the financial debacle
created by its ambitious 5-plant nuclear program started a decade
ago and now in ruins. Estimated costs grew from $4 billion in the
early 1970's to $24 billion before the impossibility of obtaining
the necessary financing forced WPPS to terminate two plants between
20 and 30 percent complete (which will still incur termination expenses
of about $340 million) and to suspend coustruction for 5 years on
another plant 57 percent complete (raising estimated completion costs

from $2.5 to 4.5 billicn). WPPSS now faces the need to get voter

approval for future bond issues, since Washington State voters
recently passed an initiative to this effect. (Nucleonics Week,

January 21, and April 22, and May 6, 1982.)




dle

consideration, **

Q. Did Rand incorrectly estimate any other eclements of closure cost?
A. Yes. Rand erred enormously in estimating what it terms secondary
costs, The Rand authors stressed their belief in the importance of
these costs: 'We are convinced that secondary costs need to be counted
and have estimated that they will range from $2 billion to nearly $7
billion {discounted 1980 dollars)." (p.40.) Secondary costs are meant
tc measure the cost implications of the secondary effects of higher
electricity prices on the economy, and they are conceptually very
important. In attempting to derive a methodology for measuirng these
costs, however, Rand confused income transfers and fiscal effects with
added costs. Rather than raising total economic costs, consumer responsec
to higher electricity prices must necessarily lower them. Families

and businesses will substitute less expensive resources for the higher-
priced electricity, reducing electricity consumption and, thereby, the
total costs of foregoing Indian Point nuclear generation.

The secticn of the Rand report on secondary costs is vague and confused,
making it difficult to trace the sources of error in the Rand estimates,
but I will do my best. Several pages are devoted to talking about the
possible effects of higher electricity prices on business, households,
{income, and employment, but a precise definition cf secondary costs is
never given. The authors stress their interest in the micro-economic
detail of the effects of higher prices on types of business and households,
asserting the importance of distributional issues for political decision-
making. (p.39.) But, the aggregate measures of closure costs made by
Rand, UCS, and the GAO are not intended to (and cannot) measure distribu-
tional effects. Thus Rand's criticism of aggregate economic models
(p.39) because they don't capture such effects is misplaced. These effects

do not need to be captured to accurately estimate secondary costs.

* It is noteworthy that the GAO, which included the Stone and Webster
estimates of such costs in its Indian Point analysis, did not
include any detectable allowvance for added financing costs in its
later study of the ecgnonic costs of closing the Zion nuclear plant
located near Chicago.
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Rand then reviews a study of a nuclear phaseout in California.
This study found that the phaseout, which would cause electricity
prices to be about 15 percent higher in 1985 and 25 percent higher in 1995,
wuld have almost no effect on the growth rate of the California economy
between 1975 and 19957 (p.40.) Evidently, the analysis showed that

secondary consumer responses would almost entirely nullify the effects

of higher electricity prices on the economy. The Rand authors dismiss
the relevanze of this study to Indian Point on the grounds that "elec-
tricity prices in the [Indian Point] service area would increase substan-
tially and almost immediately."(p. 40, emphasis in the original.)
Although true that the increase would be immediate, it would amount to
only about 10 percent.* To term this increase substantial is stretching
the meaning of the word. Rand continues, "Even more important, the increase
would be limited (or at least focused) cn a rather small, well defined
region. This could lead to changes in the location of firms and house-
holds, consequences totally ignored by other studies." (p.40, emphasis

in the original.) Again, it is stretching the usual meaning of a word

to term Metropolitan New York small, especially when discussing its
economy.

Furthermore, the magnitude of the cost increase would not be large
enough to cause many people or firms to consider relocating. For the
residential customer consuming 500 kWh per month (more than the average
Con-Ed customer), the increase would amount to about $5 (1980 dollars)
per m>nth. For the average New York manufacturer, a 10 percent increase
in the cost of electricity would amount to an ircrease of just 0.2

percent in the total cost of manufacture.**

* The estimated immediate increase in costs is about $337 million
per year. Con-Ed's 1980 revenues were estimated to equal $3,867
million (GAO Report, Table 3-12, p.47).

**  Based on 1976 data for New York State for Value Added by Manufacture
of $38.9 billion (Statistical Abstract of the United States, 1979,
Government Printing Office, Washington, D.C.) and total electric
utility revenues from Large Light and Power Sales of $754 million
(Statisrical Yearbook of the Electric Utility Industry, 1976, Edison
Electiric Institute, Washington, D.C., 1977).
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Thus, the Rand reasons for rejecting the California study do not stand up
to careful examination.

Without further discussion, Rand turns to its own method of estimating
secundary costs: "To arrive at our estimates, we reviewed over a dozen
studies that used various types of economic multipliers to trace secondary
costs." (p.4l.) Here is where the authors seem to have gone astray.

Most of the studies reviewed treated the fiscal multiplier effects of an
increase in expenditure. If I spend an extra $10, the person or store
that receives it will in turn buy something else with most of it, and
the recipient of that payment will also spend most of it, and so forth.

Thus, the total additional purchasing power created by my initial expen-
This fiscal-stimulus

It

diture is multiplied severalfold by the chain reaction.
multiplier is the one taught in elementary macro-economic courses.
does not measure economic costs but the total economic stimulus flowing
from an initial expenditure.

When there are unemployed resources in an area, the fiscal multiplier
is useful for calculating the stimulus to employment of resources from a
given investment or expenditure program. Such multipliers have no relevance
to the measure of indirect costs associated with the closure of Indian
Point. To use them, as Rand does, to estimate its vaguely defined
"secondary costs" is an error at once so fundamental and so elementary
as to raise serious questions about the competency of the Rand researchers
in the field of economics.

The studies reviewed by Rand have multipliers that range from a
negative value (unspecified) to 5.5. The study that produced a negative
multiplier, implying consumar-response offsets greater than the initial
cost increase, examined the effects of an increase in electricity prices
in Buffalo, New York.8 Rand dismisses this without evidence, simply stating:

It is unusual to expect such a large reaction, and we
view it as unrealistic, at least for a large metropoli-
tan area such as the New York City/Westchester County
service area of ConEd and PASNY. (p.42.)

The Rand review of multipliers also included a study that seems
very relevant to Indian Point, although it treated a far more drastic
case, This was a study of the effects of abolishing al) nuclear power

in Sweden by 1990, which would mean closing six operating nuclear plants
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that provided 25 percent of the nations electricity in 1980 and foregoing
the construction of additional, planned plants that were expected to

' This study was

supply 40 percent of electrical consumption in 1990.
conducted in connection with the Swedish referendum on nuclear power
held in 1980. The Rand report notes that this study "uses a multiplier
of 0.7. A multiplier that is positive 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."

Rand dismisses the relevance of the Swedish study, stating:

It deals with an equilibrium situation. The markets always
clear, unemployment is usually minimal, and prices and
wages normally are quite flexible. Capital and labor
easily substitute for all forms of energy. In such a
situation, economic theory says that direct costs

closely aprroximate total costs. (pp.33-34.)

The reference cited for the Swedish study (Reference 9) makes no mention
of such a theoretical economy, but rather goes into extended detail about
the dislocations and disruptions that would be caused by a nuclear
prohibition. Further, the last sentence quoted above is in error.
Consumers will respond to higher prices by reducing electricity consump-
tion, thus bringing total costs below direct costs.

Throughout the section on secondary costs, the Rand authors reject
the possibility that consumer responses could offset part of the direct
costs. This blind spot is especially surprising because in the "Intro-
duction," the authors explicitly recognize that:

1f the increased costs [due to closure of Indian Point]
result in higher rates, and those rates reduce the use
of electricity . . . . , the incremental costs will be
reduced .

The reports we reviewed either ignore or confuse these
demand effects. We suspect that they thus overestimate
the incremental generating costs that would result from
the closing of Indian Point by some unknown but perhaps
significant amount. (p.7, emphasis added.)

Having recognized the possible importance of secondary offsets, the
authors immediately go on to say that estimating their magnitude will
require research beyond the scope of their report; thus they propose to
ignore them., As justification, they present their personal beliefs:

We believe, however, that cost changes associated with
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demand effects, while certainly important, are well within
the range of uncertainty associated with the other major
elements of cost, and thus should not affect our major
conclusions." (p.7.)

But, it is not any great task to estimate the magnitude of the
demand responses and their effect on closure costs, as 1 shall show later.
Indeed, as has been noted, several of the studies reviewed by Rand per-
formed this analysis for related cases.

In the face of all evidence to the contrary, much of which they
marshal themselves, the Rand authors in estimating secondary costs
reject those studies that have multipliers below one and focus on those
that estimate (irrelevant) fiscal multipliers. In their final estimates,
the Rand authors use multipliers of 1.5 and 2.5* to yield estimates of
secondary costs of $2.3 to $6.9 billion discounted 1980 dollars.
Q. Could yon explain how secondary costs should be calculated?
A. What Rand sas evidently attempting in their section on secondary
costs was commendable, that is to include economic costs nol contained
., the estimates of directly measured costs. Such costs (and savings)
ought to be iucluded in any comprehensive analysis. Where Rand erred
was in carrying out this conceptually desirable step.

An unexpected rise In electricity prices may create temporary
economic disruptions and perhaps induce some heavy users of electricity
to move to lower-cost areas. These are true costs, but in the case at
hand seem likely to be relatively small. As previously noted, the initial
10 percent cost increase would raise manufacturing costs by only a fraction
of a percent. A rise of this amount would not disrupt the economy nor
induce many firms to move.**

The major effects of a rise in electricity prices are its longer~term

effects on consumer behavior. Users will cut their use of electricity by
{ncreasing the efficiency with which they use electricity (by, for example,

{nstalling more efficient appliances, air cor¢::ioners, and machinery,

* Which they term "conservative mulripliers” (!) and justify wicth
the statement, "which we conside. aost realistic,” (p.45.) but
with no supporting evidence.

4%  Firms sensitive to the cost of electricity have long since left
the Con-Ed service area, which has the highest electricity rates of
any metropolitan area in the continental United States.
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and better insulation), by shifting some consumption to alternative
fuels, and by simply consuming fewer electrical services.

The literature on the economic effects of higher energy prices is
now, in the aftermath of the oil crisis, very 1ar3e.10 It is widely
accepted among economists that over time, the seccendary responses of
consumers will offset much of the cost increases that underly a rise in
overall energy prices.11 I have shown elsewhere that, under assumptions
appropriate to the U.S. economy, secondary responses would offset between
85 and S0 percent ~f the direct costs of a 10 percent increase in U.S.
primary energy prices.* For a rise in the cost of electricity alone,
the secondary offsets are a greater pcoportion of the initial cost in-
crease because there are greater possibilities for substitution than
for energy taken as a whole. Analyses of historical data in the U.S.
suggest that the long-run elasticity of demand for electricity is in the
range of -0.8 to -1.2, with -1.0 being a reasonable median estinate.lz
This means that a 10 percent increase in the price of electricity will,
eventually, cause a 10 percent decrease in electricity consumption. The
decrease will come about primarily because of substitution of other,
cheaper resources for the higher-priced electricity.

Because the substitution possibilities for electricity (including
increasing efficiency of use) are large, the final cost to society, after

ad justments are made, will be only a small fraction of the initial, direct

increase in cost.

The magnitude of indirect monetary savings

In the attached Appendix, I demonstrate that under assumptions
appropriate to New York State, secondary consumer responses would,
after consumers have had time to adjust fully to higher prices, offset
96 percent of the direct costs of a 10 percent rise in electricity prices.
This perhaps surprising result reflects the empirical evidence that
there are many possibilities for substituting other resources for elec-

tricity, if a rise in prices makes such substitutions profitable.

* See Appendix C, Table C-1, Reference 10.



The above result applies only in the long-run, perhaps 10 to 20
years after the increase, when consumers have fully adjusted their stock
of equipment, but a substantial part of the adjustment will take place
quite quickly. A comprehensive econometric analysis of U.S. data found
that 20 percent of the desired adjustment would take place in each year.13
This implies that 50 percent of the total will occur within 3 years, 67
percent within 5 years, and 90 percent within 10 years.

My own research supports the conclusion that demand responds
quite quickly to changes in price. 1 performed a detailed analysis of
changes in electricity prices and sales of the Public Service Company of
New Hampshire (which provides over 90 percent of the electricity consumed
in New Hampshire).la The analysis was based on data covering the period
1960-1981. Demand responses within each of 4 customer classes were
analyzed separately. Electricity prices were first adjusted for inflation;
then changes 1n yearly electricity sales were related to the prior
3-year average of adjusted price changes. The elasticity of demand with
respect to ‘e 3-year-average price change was estimated to range from
-.5 (for Industrial - Commercial and Service customers) to -1.0 (for
Residential and General Service customers). For the company as a whole,
the elasticity of demand with respect to the 3-year average price was
-.82. This means that over the three years following a 10 percent
increase in price, demand will decrease by 8 percent, other things remain-
ing the same.

As longer-term effects of price changes were not considered in the
New Hampshire analysis, the elasticity estimated there (of -.82 over 3
years) is consistent with a long-run elasticity of -1.0. The adjustment
rate implied by the MNew Hampshire analysis is more rapid than the 20

percent rate found by the authors of Reference 13.

The Cost of Closing Indian Point
I have calculated the annual incremental costs of closing Indian

Point, including secondary off sets. The calculations are based on the
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model presented in the Appendix, with a long-run elasticity of demand
of -1.0, assuming that 20 percent of the adjustment toward the desired
long-run demand-level occurs each year. 1 used the UCS values for annual
incremental generating costs of $337 for 1981-87 and $292 million there-
after. The results are presentad in Table B, which also shows the dis-
counted values of the costs of closure. The total incremental costs of
closure for 25 years are $1.2 billion (discounted 1980 dollars) .*
Including net one-time savings (from Table A), the discounted net cost

of closing Indian Point is $.8 to 3.9 billion.

The Benefit of Closing Indian Point

In deciding whet..er or not to close Indian Point, the net economic
costs of closure of approximately $1 billion need to be compared with the
benefits from eliminating the risk of nuclear accidents at this facility.
If there is a severe accident, millions of people and many billions of
dollars of property will be at risk.

There is no agreed upon method for placing a monetary value on

human life, nor can the probability of a nuclear accident at Indian Point

Because most of the costs occur in the first years after shutdown,

the difference between discounted and undiscounted costs is only
$0.4 billion.
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Table B
Incremental Costs of Closing Indian
Point Allowing for Secondary Responses
(Millions of 1980 dollars)

Incremental Cests

Years Undiscounted Discounted?
1981 273 259
1982 221 200
1983 179 155
1984 146 120
1985 119 94
1986 98 73
1987 81 57
1988 59 39
1989 49 32
1990 42 26
1991-95 140 74
1996-2000 86 36
2000-05 _67 o 4
Totals 1560 1187

1. Based on replacement generation costs of 337 miilion during
1981-87 and $292 million thereafter.

2. Discounted to 1980 at 5 percent per year.
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be estimated with any precision; thus no neat calculation is possible of
the dollar benefits of eliminating accidents by closing Indian Point.
Still, it is important to stress that closure would produce not only
economiz costs but economic benefits.

To {llustrate the principles involved, but without attaching signi-
ficance to the particular numbers used, consider the following. Suppose
that each avoided death were worth $500,000 dollars and each avoided
serious injury worth $50,000. Suppose further that the probability of a
major accident producing 20,000 expected deaths, 50,000 serious injuries,
and $40 billion in property damage and clean-up costs was one per thousand
per year. Then, over the next 25 years, the probability of such an
accident would be 25/1000 or 2.5 percent. The benefit of avoiding such
an accident would be 20,000 x $500,000 + 50,000 x $50,000 + 40 billion =
52.5 billion. The expected value of the avoided accident would be
.025 x $52.5 billion = $1.3 billion. This accident would occur on average
12.5 years in the future. Discounting by 5 percent over 12.5 years, the
approximate present value of the benefit is $.7 billion.

The $.7 billion benefit figure is slightly below the calculated cost
of closure of $.8 to $.9 billion. Rather modest (relative to the uncertain-
ties involved) changes in assumptions would produce a benefit figure
greater than the net cost. As all of the benefit assumptions were made
merelv for illustration, no special significance should be attached to the
close 'cs of tie resulc. To the extent, however, that the illustrative
figures can be considered to be within the range of reasonableness, the
result indicates that the economic dimension of the Indian Point issue is
not clear cut.

Whether one judges that the bunefits of closure exc'ad the costs depends upon
the assessment probabilities aad consequences of a major nuclear accident
at Indian Point, an assessment impossible to conduct with any precision

or confidence.
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Append ix

Equilibrium Economic Costs of

an Increase in Electricity Costs

Consider the following simple model:
(1) ¥ = AE* X', uhere
Y = Total output (GNP)
E = Resources used to produce electricity.
¥ = Resources used to produce other output.
This model is appropriate for considering changes in electricity
price because it implies an elasticity of substitution of 1.0, which is
approximately the historical value in the U.S.*
The share of electricity in total production in New York State (in 19793)
was about .036. Given the properties of the simple production function

defined in (1), this implies
(2) a= .036
Without loss of generality, let Y = 1.0 and the prices of E and X(PE and Px)
also equal 1.0, initially. Then, the value of inputs equals the value
of outputs:
(3) E + 5% Yo = 1.0

Also, a condition of equilibrium is that:

(4) EE - a .X;

Px l-a E
thus for PE = PX = 1.0,
(3) ig = l-a,

a
o]

and using (3), this can be solved to yield xo = ,964 and Eo = .036,

and from (1), A = 1.1677.
Assvme the price of E increases by 10 percent, that is Psl =1.1.

In the new equilibrium, PEl/Px1 = 1.1, and

» The elasticiiy of substitution is essentially equal to the absolute
value of the elasti. ity of demand. See Reference 12 for elasticity

estimates.
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(¢") a

X
1
e -« L 1.1,

1
Using (3), this yields
x1 = .9672 und E, = .0328.
The new value of Y,

(") y, = ‘(51’. (xl)l" = .99985.

The loss due to the 10 percent .ncrease in electricity costs is

.015 percent of total output. The assumed initial increase in electricity

costs was equal to .36 percent of total output.

The final economic cost,

after adjustments are made, is thus, only .0l5/.36, or 4 percent of the

initial cost increase. The indirec: savings are 96 percent of the

initial cost increase.
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EXHIBIT I

VINCENT D. TAYLOR
PROFESSIONAL QUALIFICATIONS
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Doctor of Philosophy in Economics, Massachusetts Institute of Technology,
1964.

PROFESSIONAL EXPERIENCE:

Economics Department, Rand Corporation, Santa Monica, California,

1961-1969; consultant to Capital Research, Inc., Los Angeles, on

security selection, 1970-1973; senior staff member of Pan Heuristics,

Los Angeles (a division of Science Application, Inc., La Jolla, California),
1974-1978; energy consultant to the Union of Concerned Scientists, 1979;
senior staff of the Union of Concerned Scientists, 1980-82; economic
consultant, 1982 to present.

PROFESSIONAL EXPERIENCE IN ENERGY-RELATED RESEARCH:

Beginning in 1974, my professional work has been exclusively on the
economics of energy, with particular emphasis on the comparative economics
of nuclear power and its alternatives. During the period 1974-1982,

1 performed research and wrote reports and articles on: the comparative
economics of nuclear and coal generated electricity, forecasts of the
future demand for energy, electricity, and nuclear electricity, the
comparative economics of the use of uranium and plutonium on fuel for
nuclear reactors, the economics of the uranium market, the economics of
reprocessing of spent nuclear fuel, the comparative future energy
potentials of nuclear power, synthetic fuels and improvements in the
efficiency of energy use, the economic effects of the oil crisis, the
contribution of electric utilities to oil consumption, and the economic
implications of closing a nuclear power plant.

ENERCY-RELATED CONSULTING:

During the period 1974-1983, I have provided consulting services, research
reports, or expert testimo.y for:

- The United States Arms Control and Disarmament Agency

- The Energy Research and Development Administration

- The California Energy Commission

- The Council on Env.ronmental Quality

- The Nuclear Regulatory Commission

- The Pennsylvania Public Utility Commission

- The Vermont Public Service Board

-~ The Office of Technology Assessment

- The New Hampshire Public Utilities Commission



ENERGY-RELATED PUBLICATIONS:

The Uncertain Future of tiuclear Power, with Dennis Holliday,
California Seminar on Arms Control and Foreign Policy,
P.0. Box 925, Santa Monica, California, August 1975

Is Plutonium Really Necessary? Pan Heuristics, Los Angeles,
Sept., 1976 (Revised)

The Myth of Uranium Scarcity, Pan Heuristics, Los Angeles,
april 25, 1977.

How the U.S. Government Created the Uranium Crisis, Pan
Heuristics, Los Angeles, June 1977 (Revised)

The Economics of Uranium and Plutonium, in "Moving Toward
Life in a Nuclear Armed Crowd?", Minerva, Volume XV,
Numbers 3 and 4 (combined issue), Autumn-Winter, 1977

Prepared Testimony of Dr. Vince Taylor in the Matter of
GESMO, prepared for the California Energy Resources and
Development Commission, Pan Heuristics, Los Angeles, March
4, 1977, Chapter A.

Energy: The Easy Path, prepared for the U.S. Arms Control
and Disarmament Agency, January, 1979 (published by the
Union of Concerned Scientists, Cambridge, Mass.)

The Easy Path Energy Plan, Union of Concerned Scientists,
Cambridge, Massachusetts, May, 1979

"Science and Subjectivity," Technology Review, February, 1979.

"A Warning: E. F. Schumacher on the Energy Crisis," MANAS
September 3, 1980.

"The End of the 0il Age," The Ecologist, October-November, 1980.

swords from Plowshares, with Albert Wohlstetter, et. al.,
University of Chicago Press, Chicago and London, 1979.

Conservation, Egrity, and Efficiency, testimony before the
Vermont Public Service Board, Docket 4475, November 5, 1980

Electric Utilities: The Transition from Oil, testimony befcre
the Subcommittee on Oversight and Investigations of the Commit-
tee on Interstate and Foreign Commerce Committee of the United
States House of Representatives, December 9, 1980.

"Electric Utilities: A Time of Transition," Environment, Volume
23, No. 4, May 1981.

Testimony on the Economic Costs of Closing Indian Point,
testimony before the Atomic Safety and Licensing Board

of the Nuclear Regulatory Commission, Docket Nos. 50-247-SP
and 50-286-SP (pending).
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ENERGY-RELATED PUBLICATIONS (CONTINUED) :

Testimony of Vince Taylor, Investigation Into The Supply And
Demand For Electricity, Public Service Company of New Hampshire,
New Hampshire Public Utilities Commission, Docket DE 81-312,
October 8, 1982.

"Living Without Nuclear Energy," Nuclear Power: Both Sides,
M. Kaku and J. Trainer (Editors), W. W. Nortcn, New York, 1982.
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AN EVALUATION OF "ECONOMIC IMPACT OF
CLOSING THE INDIAN POINT NUCLEAR FACILITY,"
A REPORT OF THE GENERAL ACCOUNTING OFFICE

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.

SHORT-RUN COSTS

The GAO estimates that first year costs of a shutdown
would exceed $600 million. This estimate assumes unrealistically
high operating rates for the nuclear plants (a capacity factor
of 69 percent versus a historical average of 57 percent).* It
also assumes that nuclear fuel costs and operating and
maintenance costs are the same whether or not the Indian Point
plants are closed--an obvious error. Correcting for these
factors, the near-term, net costs of closing Indian Point appear
likely to be about $337 million per year (see Table 1, attached).

MAJOR EXPENDITURES SAVED BY CLOSURE

The GAO estimates that closing Indian Point would save
future expenditures on major plant repairs and safety improve-
ments of $220 million. This estimate, however, includes only
a portion of likely future safety related expenses and does
not even reflect all of the items costed in their report.

In particular, costs of responding to NRC directives issued in
response to TMI appear substantially underestimated, and no
allowance is made for safety improvements now being considered
by the NRC because of Indian Point's proximity to New York City.
A more realistic assessment of future, non-recurring expenses
that might be avoided by closing Indian Point is $374-575+
million, with a significant chance that the upper end of this
range could be exceeded (see Table 3, attached).

ERRONEOUS GAO "COSTS" OF CLOSURE

Rather than the figure of $431 million given by the GAO
("Digest," page v) as the cost of closing Indian Point, the
actual added cost of early closure seems likely to be only
a few tens of millions of dollars.

The GAO cites a figure of $233 million as the cost of
decommissioning the plant and moving and temporarily storing
the spent fuel off-site.** Costs of these activities are
erroneously counted as "costs of closing the units."

* See addendum
** Page v of the GAO report "Digest" mistakenly says that the
cost 1is to "dispose of the waste fuel," but the text refers

to moving it to temporary storage.



Decommissioning costs will be incurred whether the plants are
closed now or later. If past trends toward rapid escalation

of costs of activities involving radiocactive materials continue,
early closing would reduce rather than add to decommissioning
costs. The cost of moving the spent fuel could be avoided

by keeping the fuel on-site until permanent storage becomes
available.

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$196 million is attributed to losses on
fuel being fabricated; but since this fuel could be used in
other Westinghouse reactors (perhaps with some modification)
actual losses after deducting salvage value should be relatively
small.

LONG-RUN COSTS OF REPLACING INDIAN POINT GENERATION

Erroneous GAO Estimates

The GAO estimate that closing Indian Point will cost
Con-Ed ratepayers $18 billion over the next 15 years, ("Digest,"
p. i) is a gross exaggeration. The figure was generated by
a model that included as "costs of closing Indian Point"
such items as a) higher rates of return on investment for
Con-Ed, b) improved cash flow (accounting for over $2 billion
of the $18 billion), and ¢) higher dividends to Con-Ed
stockholders. These factors account for a major (but unspeci-
fied) portion of the total. Further, high rates of inflation
were assumed, and costs were reported in inflated dollars.

The GAO report estimates that closing Indian Point will
cost the Power Authority of the State of New York (PASNY),
which owns Indian Point 3, "as much as $600 million annually"
("Digest," page i). Not mentioned in the "Digest" is that
this was the upper limit of a series of estimates provided
by PASNY to the GAO. The lower limit was $23 million annually
(after an initial first-year cost of $226 million; GAO
Report, page 52), and the GAO provides no basis for suggesting
where in this range of $23 million to $600 million per year
the probable, correct answer might lie. Since the total
short-run cost (which is higher than the long-run cost) to
both Con-Ed and PASNY is about $325 million per year (Table
1), it is obvious that the ciced figure of $600 million per
year for PASNY alone is well beyond the bounds of possibility.







A 10 percent reduction in electricity consumption would offset
40 percent of the loss in generation caused by closing Indian
Point.

GAO EXAGGERATED EFFECTS ON PASNY CUSTOMERS

The GAQO estimates that closing Indian Point would raise
PASNY's average cost per kilowatt by 4.19 cents in 1981 to
6.24 cents in 1992 ("Digest," p. iv). The report states
(page 45) that PASNY rate increases in 1981 would range from
45 to 95 percent of 1980 rates. These estimates are based,
first, on inflated estimates of replacement power costs and,
second, on the assumption that all costs of closing Indian
Point 2 would be loaded onto customers in the Con-Ed
franchise area, which accounts for only 40 percent of PASNY
kilowatt sales.

I1f added costs are shared equally by all PASNY customers,
the short-run estimate of costs given in Table 1 implies added
costs for PASNY of 0.85 cents per KWH. This would represent
an average increase of 14 percent for the 5 largest PASNY
customers (Table 2-5, page 24).
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Table 1

Short-Run Net Costs of Closing the
Indian Point Nuclear Plants
(1980 dollars)

p £ Plant Capacity 1838 Mw

2. Capacity factor® 372

i Annual generation 9.168 billion KWH
0il required for replacement generation

Low High Total
Sulfur Sulfur

4.  Millions of barrels’ 11.36 4.6k 16.0

5.  Price/barrel® $31.15 $26.77

6.  Fuel Cost ($ milliom)®  353.9 124.2 $478.1 million
Savings from closing Indian Point

7.  Fuel savings @$.008/KWH® $73.3 millicn

8. 0 and M savingsf $67.9 million

9. Total savings £€141.2 million

10. Net Costs: (6) minus (9) $337 million

a. Lifetime cumulative factor through June 1980.

b. From GAO report Table 3-7, page 38, with quantities shown for 1981
reduced by 17.47% to reflect a capacity factor of .57 percent for
Indian Point rather than the 69 percent used by the GAO.

c. Average U.S. retail prices for first 6 months of 1980, Monthly Energy
Review, Department of Energy, DOE/EIA 0035/80 (10). Price for hig!
sulfur oil is that given for .3 to 1.0 percent sulfur. Actual
consumption would include higher sulfur oil, which was $6.50 per
barrel less than the cost used.

d. Fuel costs are the bulk of additional cost associated with oil

generation of replacement power, since the generation will be from
existing, operuting facilities. Operating and maintenance for
these plants will not vary greatly whether or not extra generation
is demanded of them. The GAO report includes taxes as a cost, but
these are not true economic costs but a transfer to the state.




(Notes to Table 1 Continued)

The GAO report (p.56) gives a Con-Ed estimate of $46.7 million for

a fuel reload for Indian Point 2. Based on a 60 percent capacity
factor for 18 months, the cost per KWH is $.0068. Adding $.0012/KWH
for interest and waste disposal costs gives $.0080/KWH.

Operating and maintenance (0 & M) costs for 1979 were $59 million
(GAO report, page 57). Applying a factor of 1.15 to account for
inflation yield $67.9 million.
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Table 2

Net Long-Run Costs of Replacing Indian Point with

New Coal-Fired Cagacitya

(1979 dollars)

Indian Point Data

Capacity

Capacity factor

Annual Generation

Savings from closing Indian Point

... b
Non-~Recurring

Recutringc
O&M $.0071/KWH
Fuel .0109/KWH

Total recurring

Coal Plant Data

Annual generation
Capacity factord
Capacity required
Capital cost per KW

Total capital cost

Recurringc
C&M $.0071/KWH
Fuel Cost .0241/%WH

Total recurring

Net cost of replacement power

Coal capital cost (9)

Non-Recurring savings (4)
Net capital cost

Real fixed charge rate®

Met capital cost per year

Net capital cost per KWH

1838 MW
57%
9.168 billion KWH

$375 million

.0180/KwH

9.168 billion KWH
70 percent
1500 MW
$936
$1404 million

$.0312/KWH

$7404 million

-375 million
§1029 million

10.0% per year
$102.9 million

$ L0114 /KWH



Recurring coal costs (11) $.0312/KWH
Less recurring nuclear costs (5) ~.0180/KWH

16. Net cost per KWH : $.0246/KWH

17 Total annual net cost (3) x (163 $225 million/year

18. Coer in 1980 dollars (11% inflation) $250 million/year

a. All data on coal and future nuclear fuel costs are from Power
Plant Escalation by Charles XKomanoff (forthcoming 1981). Coal
plant is assumed to be in operation in 19€8.

b. See Table 3--Minimum estimates used here. Actual savings could
exceed $575 million.

£ Estimate by Charles Komanoff for levelized 1988-2017 costs, expressed
in 1979 dollars.

d. Appropriate for plants of approximately 300 MW, the preferred size
of unit,.

e, Fixed charge in a non-inflationary environment, corresponding to

the use of constant dollars in the analysis. Current dollar fixed
charge rate equals the real rate plus the expected long-term rate

of inflation.



Table 3

Non-Recurring Cost Savings from Closing Indian Point
(millions of dollars)

) Repairs to steam generatorsa $145
2. Budgeted safety improvementsa 62
3. Utility estimates of future budget additions
for safety improvements 23
4. Emergency response planninga
Utility costs 8.8
State costs 4.5
County costs 1.5
- Study costs for IP cooling towersa’b 10.0
Subtotal 254 .8
6. Additional cosgs of meeting post-TMI
safety changes 120+
£ Costs of improving safety of reactors
located near large population centers 0--200+
Subtotal 375--575+
8. Cost of meeting future NRC
requirements to resolve currently Possibly
unresolved safety problems and future . very
problems detected by operating experience large
a. From CAC report

Costs are cited at$3.5-4 million per year for Con-Ed (page 57);
no duration is given in the report. The study is assumed here to
last for about 3 years.

€ Estimated costs included in the GAO report for implementing NRC
safety improvements emerging from the post-Three Mile Island review
are $26.9 million, plus some portion (unspecified) of the unbudgeted
but estimated $23 million. The management of Rancho Seco recently
raised their initial estimate (of March 1980) of $39.2-53.5 million
to $85.7 million, primarily due to expansion of NRC requirements
(Nucleonics Week, November 20, 1980). The review process is by no

means completed and, thus, further increases can be expected. Even
aside from these further increases, the Indian Point facility, which
consists of two units of approximately the same size as Rancho Seco,
can bte expected to incur costy twice as great as Rancho Seco, o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>