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Q. PLEASE STATE YOUR NAME AND BUSINESS ADDRESS.

A.

My name is Richard A. Rosen. My business address is Energy
Systems Research Group, Inc., 120 Milk Street, Boston,
Massachusetts 02109.

DR. ROSEN, PLEASE DESCRIBE YOUR BACKGROUND AND QUALIFICATIONS.

I am a senior research scientist at Energy Systems Research Group,
Inc., as well as Executive Vice-President of the firm. ESRG is a
non-profit organization specializing in research on energy-related
issues, particularly research related to electric utilities.

Among the issues addressed by ESRG research are demand
forecasting, conservation program analysis, electric utility
dispatch and reliability modeling, generation planning, avoided
cost analysis, financial analysis, demand curtailment modeling,
rate design, cost of capital analysis, and district heating.

In May, 1979, I completed directing my extensive critique of
the New England Power Pool Electric Demand Forecasting Model under
contract to the New England Conference of Public Utility
Commissioners. I have also testified on demand forecasting in
Case #19494 before the Massachusetts Department of Public

Utilities, in Pennsylvania PUC v. Philadelphia Electric Company,

RID #438 (the 1978 rate case), before the Pennsylvania Publig
Utility Commission, and before the Michigan Public Service
Commission in Case #U-5979. During 1979, I was project director
of a study that led to Dr. D. Shakow's testimony on behalf of our
firm regarding "Generation Planning and Reliability" in

Pennsylvania PUC v. Philadelphia Electric Company, R-79060865 (the
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1979 rate case), before the Pennsylvania Public Utility
Commission. During 1980 I was project director of a study that
culminated in further testimony by Dr. D. Shakow regarding
"Generation Planning and Reliability" in Case #E0-80-57 befo~e the
Missouri Public Service Commission.

I have submitted extensive direct and sur-rebuttal testimony
in Case No. I-79070315 and 317 (CAPCO Investigation) before the
Pennsylvania Public Utility Commission on generation planning and
reliability, in Case No. I-80100341 (the Limerick Investigation),
and on excess capacity in Case #R-822169. I have testified on
"Generation Expansion Planning Re: Consumers Power Company" in
Case No. U-6360 before the Michigan Public Service Commission, and
on generation planning in cases before fhe Alabama Public Service
Commission, Ohio Public Utility Commission (80-141-EL-AIR and
79-427-EL-AIR), and before the Maine PUC in Dockets #80-180 and
#81-114. I have also testified before the North Carolina
Utilities Commission in Docket No. E-100, Sub 47 on principles of
risk sharing between ratepayers and utility investors as applied
to the structure of fuel adjustment clauses and the role of power
plant performance. -

Other generation planning studies at ESRG that I have
directed include analyses of proposed power plants in the American
Electric Power system, and the Consolidated Edison service
territory. That work, as well as prior research, led to the
development of the ESRG Electric System Generation Planning Model
(ESGEM) under Dr. Shakow's and my direction, and the introduction

and revision of the SYSGEN electric system production costing



1 + model at ESRG. I was also principal investigator for a project
2 which expanded the capabilities of the ESGEM model, which was
3 funded by the U.S. Department of Energy, Office of Utility Systems.
4 In a number of generation planning studies that I have
5 conducy *d, the ESRG staff has applied the ELFIN electric utility
6 corporate financial model to estimate the financial impacts of
7 alternative construction programs.
8 I received my Bacheclor of Science degree from M.I.T. in 1966
9 and my Master's degree and Ph.D. in physics from Columbia
10 University in 1970 and 1974, respectively. Before joining ESRG, I
11 did research at the National Center for the Analysis of Energy
12 Systems at Brookhaven National Laboratory on industrial energy
13 conservation. In that capacity, I served as Principal
14 Investigator on two projects involving industrial process energy
15 modeling for the U.S. Department of Energy.
16 Q. WHAT IS THE PURPOSE OF YOUR TESTIMONY TODAY?
17 A. My testimony is comprised of seven pages of questions and
18 answers and an 83-page document entitled, "The Economics of
19 Closing the Indian Point Nuclear Power Plants," and the ap-
20 pendices thereto which together form a comprehensive study
21 that Energy Systems Research Group, Inc. has performed with
22 respect to contention 6.3 in these dockets. The basic
23 motivation behind performing this study was to improve on the
24 methodology and consistency of the earlier similar studies that
25 had been performed by the General Accounting Office, the
26 Congressional Research Service, and the Rand Corp. Further
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Q.

background on the report is discussed in the report itself. The
study is done solely from the point of view of required revenues,
i.e. from the point of view of costs to the downstate PASNY and
Con Edison ratepayers. Put simply, it examines the net impact
over the 15 year period 1983-1997 on these ratepayers of
permanently shutting down the Indian Point Units #2 and #3 versus
keeping them operating.

WHAT ARE YOUR MAJOR FINDINGS?

Three "early retirement" scenarios for the fifteen year period
1983-1997 were developed and employed in this study. These are
the High Impact scenario, the Low Impact scenario, and the
Mid-Range scenario. The High and Low Impact scenarios are
comprised of assumption sets which conéistently bias the results
of the analysis toward higher or lower cost effects from closing
the units. As a group, the assumptions in either of these
scenarios would therefore occur only if a set of conditions, each
of which may individually be considered improbable, should
prevail. Thus, the High Impact scenario assumes no deterioration
in plant performance from aging effects, no benefits from
reductions in spent fuel and decommissioning costs, no

read justment of import power availability or system fuel m}x in
the absence of the plants, rapidly escalating make-up fuel costs,
and so on. The Low Impact scenario is, by contrast, consistently
pessimistic on nuclear plant performance and optimistic on make-up
power economics. Each extreme may be considered unlikely.
Together they place wide boundaries on plausible future

conditions.
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The Mid-Range results are offered as our best estimates
of the direct cost effects of early retirement of IP-2 and
IP-3. The overall effect of closing the plants by 1983 is
about $746 million (discounted 1981 dollars) or, on a per-
centage basis, approximately two percent. This is the cumu-
lative impact for the entire 1983-1997 period. The annual
impacts are relatively more severe in the early years and
then moderate substantially over time, as will be discussed
further below.

The results of our analysis for each of the three early
retirement scenarios are summarized in Table 1. The results
for each scenario are presented in terms of total additional
revenues required from ratepayers during the period
1983-1997. The results are also expressed as a percentage
increase or decrease from the revenues that would be
required assuming continued plant operation during the
period.

TABLE 1

REQUIRED REVENUE IMPACT OF INDIAN POINT RETIREMENTS:
SUMMARY RESULTS FOR NEW YORK RATEPAYERS*, 1983-1997

Cumulative Total Average Percentage.
(Millions of 1981 Change in Discounted
Scenario Discounted $) Revenue Requirements
1. High Impact $3,656 9.2
2. Mid-Range 746 1.9
3. Low Impact - 1,337 -3.5

¥"New York ratepayers" are Coa Ed's retail customers and
PASNY's downstate customers.

-8 -
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A number of sensitivity tests were also performed to
investigate the responsiveness of these results to changes in key
variables. These results are detailed in Section 4.2. Relative
to the Mid-Range average cumulative impact of 1.9 percent, we
performed four sensitivity tests. First, increasing the length of
the time period for analysis (from a final year of 1997 to one of
2000) decreases average impacts to 1.2 percent. Second, delaying
the times of the retirement from 1983 to 1985 decreases average
impacts to 0.8 percent. Third, increasing the assumed discount
rate (from 12 to 14 percent) increases the impacts to 2.0 percent.
Finally, assuming that capacity factors (a measure of plant
availability at full capacity) do not deteriorate over time
increases the net impacts to 3.9 percent.

The ratepayers cost impacts, then, are likely to average
about two percent over the next fifteen years with the major
effects in the earlier years. This small but measurable negative
impact would have to be weighed against the perceived benefits in
avoided nuclear risks in deliberating the fate of the Indian Point
units.

ARE THERE ANY IMPORTANT EVENTS THAT HAVE TAKEN PLACE SINCE
OCTOBER, 1982 THAT WOULD TEND TO ALTER YOUR CONCLUSION;S?

Yes. The key change that has occurred since October, 1982 is that
oil prices have fallen and not risen as we had projected. In fact
in the study we find that by April, 1983 we had overpredicted oil
prices by about 17 percent for Con Edison. If only this change

were made for 1983 in our oil price assumptions (leaving the
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price escalation assumptions as they were), the rate impact of
early retirement in the Mid-Range case would be reduced from
about 2 percent over the next 15 years, to about 0.2 percent.

Thus we see that this single event has tended to almost completely
eliminate any average 15 year impact on ratepayers of closing the
Indian Point units now. I believe that this economic result,
which is quite contrary to utility claims, is extremely important
for the Licensing Board to take into account when deciding whether
or not to order the closing of the Indian Point units.

DOES THIS CONCLUDE YOUR TESTIMONY?

Yes.



-
—~———

THE ECONOMICS OF CLOSING

THE INDIAN POINT NUCLEAR POWER PLANTS

The Direct Effects Upon Ratepayers

of Early Retirement of Units 2 and 3

Prepared by

Energy Systems Research Group, Inc.
120 Milk Street
Boston, Massachusetts 02109

ESRG Study No. 82-40

Principal Investigators

Paul D. Raskin and Richard A. Rosen

Project Team

Tnomas Austin, Stepnen S. Bernow, Bruce Biewald,
Barry Feldman, and David Nicnois



For ordering information concerning th®-

see last page.

report,




I’o-:r

TABLE OF CONTENTS

LIST OF TABLES AND FIGURES RN A S i S O OO

1. INTRODUCTION . . . .
1.1 The Issues . .
1.2 Study Approach
1.3 Major Findings
1.4 Report Plan . .

2. METHOD OF ANALYSIS : « ¢« o ¢ s o s s o &« 5 o a_» o
2.1 Inpacts Considered . « s + + & s o » & & & &
2.2 Cost Accounting System . . . « ¢« ¢ s o o & o
23 Beensrio Degignl « o + .0 & % & & & w-w ® & »
3. COSTS BY MAJOR CATBGORY .+ + ¢« s = o & & & = & &
dod IRLYOAUCEIOR .+ 4 5 o ¥ 5 & v & 5 w8 w_& e e
3.2 Make-Up Generation. . . & 5 % b e w
3.3 Direct Capital-Related Costs B N % R e
3.4 Ruclear Fuel . . « + .» & % Eow e
3.5 Operation and Maintenance Costs o s e R
3.6 Radioactive Waste Disposal . . . . . . + + &
3.7 DeCORMMINBioniBng » s v + & F- v 3. B & e ¥ w @
3.7 Costs of Capitalized Expenses . . . . .+ « «
4. IMPACT ON RATEPAYERS . o« ¢ v o o & o o o &« a o o »
§.1 InCroBUction . = & « o » © % & B3 ¥ ® & 6 8 »
4.2 Basic ReSults « » s » & « 4.4 5 » ¢ & .o 5 »
4.3 Sensitivity to Scenario Assumptions . . . . .
5. INDIRECT REPERCUSSIONS OF PLANT CLOSINGS . . . . .
5.1 The Limits of Direct Cost Impact Analysis . .
5.2 Health and Safety Issues . . . « ¢ + + o« « &
5.3 Behavioral Response to Price Increments . . .
5.4 Financial Repercussions on Utilities . . . .
5.5 Secondary Economic Activity . . . « « &« « o &
FOOTNOTES O T T T T

APPENDIX A: Description of Cost Accounting System
APPENDIX B: Nuclear Operation and Maintenance Analyses
APPENDIX C: Nuclear Capacity Factors

APPENDIX D: Radioactive Waste Assumptions

APPENDIX E: Decommissioning Costs

APPENDIX F: Sample Dispatch Runs

afw

PAGE

ii

O o

10
13
13

16
16
17
34

40
45
51
55

60
60

65

68
68
68
70
72
75

78




LIST OF TABLES AND FIGURES

TABLES PAGE
1 Required Revenue Impact of Indian Point Retirements 8
2 Qualitative Summary of Scenario Employed . . . . . 15
3 Make-Up Generation Scenario Definitions . . . . . . 19
4 Make-Up Power Report -- Mid-Range . . . . . . . . . 31
5 Make-Up Power Report =-- High Impact . . . . . . . . 32
6 Make-Up Power Report =-- Low Impact . . . . . . . . 33
7 Data Used in Developing Capital-Related Costs for

Con Ed Indian Point 2 LRt P e U R S
8 Capital Costs of Continued Operation . . . . . . . 37
9 Capital Costs After Retirement . . . . . . . . . . 38

10 Capital Costs IMPacts . . . « s« ¢« s s s » s s » » s 39

11 Nuclear Fuel Cost -- Mid-Range Case . . . . . . . . 41

12 Nuclear Fuel Impacts . . .« « « « o« s » o o « o« » « 42

13 Nuclear O&M IMPACES . « « « « s« » o » s o s o« » » o 46

14 Spent Fuel Disposal Costs . . . « « « « s + « « « «» 50

15 Capitalized EXpenses . . . « « s + s +« o s o« » » o« 959

16 Differential Reguired Revenues by Cost Category =--

Mid-Range Impact . . . « s« ¢« o 5 o s« o« s » o o » 61
17 Differential Required Revenues by Cost Category =--

Bigh IMDACE « &+ o o % ¢ 5 2 o o 5 3 8 & » #. % o s $8
18 Differential Reguired Revenues by Cost Category =--

Low IMPRCE & & 5 5 4 2 ¥ 5w s @b 8 b0 5w s &3
19 Price Elasticity Effects on Required Revenue
SHDACEE s s s 5 & o W 58 > 6 B 5 P ow w b g.a e, TE

20 Price Elasticity Estimates in Literature . . . . . 73

FIGURES
1 Indian Point 2 Capacity Factor Scenarios . . . . . 27
2 Indian Point 3 Capacity Factor Scenarios . . . . . 28

3 Back-End of Nuclear Fuel Cycle . . . . . « . + « « 49

wifw




—Y

1. INTRODUCTION

1.1 The Issues

The research described in this report undertook to
develop a systematit framework for assessing the direct
economic effects upon ratepayers of a decision to retire a
nuclear power plant that has already commenced commercial
operation. This cost assessment system, consisting of con-
ceptual analyses, computer models, and associated databases,
has been applied to two case studies. The first case study
was an assessment of the direct economic effects of retiring
the Maine Yankee Atomic power plant in 1988. The second
case study, reported on in detail here, was an assessment of
the direct costs to ratepayers of retiring units 2 and 3 of
the Indian Point nuclear generating station in New York in
1983. In both cases, these retirement years are well in
advance of the retirement dates currently planned by the
operators of the power plants.

Public concern about the health and safety implications
of continued operation of existing nuclear power stations
has increased in the aftermath of the Three Mile Island
accident of 1979. One regulatory expression of ti.is concern
is the intensification of programs for safety-related plant
modifications and post-accident emergency planning as
promulgated by the U.S. Nuclear Regulatory Commission.

However, recent regulatory pressures for upgraded plant



operation measures have not comforted that segment of the
public that has continued to advocate the closing of nuclear
power plants.

Problems related to the aging c¢f nuclear power plants,
suéh as corrosion in steam generators, have begun to appear
with increasing frequency. These problems have reinforced
skepticism concerning the advisability of continuing to
operate maturing nuclear plants.

One premise of the nuclear shutdown argument appears to
be that avoiding the health and safety risks of continued
nuclear plant operations, especially where such plants are
in close proximity to population centers, is more important
than securing whatever benefits can be derived from con-
tinued operation. But this premise is challenged by the
proponents of continued nuclear plant operations, who have
argued both that the risks of continued operation (while
tangible) are relatively modest, and that the power system
reliability impacts and the economic costs of premature
retirement would be unacceptably severe.

On the one side of the debate, then, are those who
emphasize the “isks and uncertainties of the continued oper-
ation of nuclear power plants. But it is difficult to per-
suasively quantify both the probabilities of occurrence of,
and the human and economic effects of, catastrophic events.

On the other side of the debate are those who

emphasize the economic consequences of substituting more
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expensive electricity generation alternatives for nuclear
power. Yet previous studies of this complex economic trade-
off problem have not produced clear, complete, and methodo-
logically sound evaluations. They have often raised more
questions than they have answered.(l)

This study was initiated to develop a systematic basis
for assessing the economic impacts of nuclear plant
retirement.* The computer models and data bases were
designed as a flexible framework for specific applications.

The consideration of cost impacts in this study is
limited to those which have a direct economic effect upon
ratepayers. These direct economic impacts do not include
such consequences of nuclear plant retirement as, for
example, health and safety trade-offs. Indeed, it is impor-
tant to acknowledge that the two sides of the ledger --
nuclear risk versus nuclear substitution economics =-- cannot
at this time be cast into a common measure and compared with
one another in a noncontroversial social cost/benefit
assessment. In defining positions on the plant shutown
issue, quantitative analysis will continue to be supple-
mented by subjective perceptions and normative judgments on
such concerns as the likelihood and impact of nuclear acci-
dents, long-term radioactive waste disposal problems, and

nuclear fuel security breaches.

*Funding for this ongoing effort has been provided by
foundations and private contributions through ESRG's Energy
Alternatives Research frund.



However, it is possible to systematically evaluate some
of the direct cost repercussions of early nuclear plant
retirement. Assumptions, methods, and planning scenarios
for such cost evaluations can be clearly and consistently
treated and documented. Below we present == and apply to
the case of the Indian Point units -- a systematic framawork
for computing the major quantifiable cost effects that would
be felt by ratepayers as a result of a decision to shut down
a nuclear power plant. This study is intended to offer use-
ful information to decision-making bodies and to the general
public as they deliberate on the issue of the magnitude of
the direct cost penalties they are willing to bear in order
to avoid nuclear risk.

The Indian Point generating station is located some
thirty miles north of New York City. At this writing there
are two operating units, units 2 and 3. Unit 2 is operated
by the Consolidated Edison Company of New York (Con Ed), and
unit 3 is operated by the Power Authority of the State of
New York (PASNY). Unit 2 is rated as capable of meeting 864
megawatts (thousand kilowatts, or MW) of demand; unit 3 can

meet 965 MW of demand.

1.2 Study Approach

In this study we have had two principal objectives.

First, we have developed a flexible computer-based cost

assessment system for estimating the direct impacts of a
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nuclear plant closing upon ratepayers. Second, we have
applied this assessment system to the case of a shutdown of
Indian Point unit 2 (IP-2) and Indian Point unit 3 (IF-3)
after 1982.

The cost assessment system is designed to simulate the
increments in ratepayer costs =-- or in utility finance par-
lance, the increased "required revenues" -- over a planning
time frame. The streams of required revenues are disaggre-
gated into the major categories of costs that would be
affected by a nuclear plant closing. These include genera-
tion of replacement power; the recovery of, and return on,
invested capital; nuclear fuel costs; nuclear operations and
maintenance; plant decommissioning and radiocactive waste
disposal; and expenditures on power plant modifications.

There is considerable uncertainty with respect to the
future behavior of the variables that influence future
costs. Consequently, there is no substitute for developing
scenarios comprised of clusters of variable assumptions to
establish a range of plausible effects. Important variables
included in our scenario analyses are: (1) the composition
of make-up generation; (2) plant performance charac-
teristics; (3) nuclear fuel and operation and maintenance
(O&M) escalation rates; (4) electric energy conservation
levels; and (5) decommissioning and waste disposal costs.

Once the scenarios were developed, the Cost Assessment
of Nuclear Substitution (CANS) Model was run. The results

of the application of the CANS system to the case of early



retirement of IP-2 and IP-3 are reported on next. Following
this summary of major findings are sections of the report
and appenéices to the report designed to provide a full
explication of methodology, data development, detailed
results, and implications of the analysis.

The "ratepayers" with respect to whom this assessment
was conducted are those located within the service area of
the Consolidated Edison Company of New York. Tnere are two
sets of such electric ratepayers. First there are the
retail customers of Con Ed itself. Second, there are the
downstate customers of PASNY, such as the Metropolitan
Transit Authority, the Triborough Bridge Authority, the New

York City Housing Authority, and other public agencies.

1.3 Major Findings

Three "early retirement" scenarios for the fifteen year
period 1983-1997 were developed and employed in this study.
These are the High Impact scenario, the Low Impact scenario,
and the Mid-Range scenario. The High and Low Impact
scenarios are comprised of assumption sets which consistently
bias the results of the analysis toward higher or lower cost
effects from closing the units. As a group, the assumptions in
either of these scenarios would therefore occur only if a
set of conditions, each of which may individually be con-

sidered improbable, should prevail. Thus, the High Impact

scenario assumes no deterioration in plant performance from
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aging effects, no benefits from reductions in spent fuel and
decommissioning costs, no readjustment of import power
availability or system fuel mix in the absence of the
plants, rapidly escalating make-up fuel costs, and so on.
The Low Impact scenario.is, by contrast, consistently pessi-
mistic on nuclear plant performance and optimistic on make-
up power economics. Each extreme may be considered unlike=-
ly. Together they place wide boundaries on plausible future
conditions.

The Mid-Range results are offered as our best estimates
of the direct cost effects of early retirement of IP-2 and
1P-3. The overall effect of closing the plants by 1983 is
about $746 million (discounted 1981 dollars) or, on a per-
centage basis, approximately two percent. This is the cumu-
lative impact for the entire 1983-1997 period. The annual
impacts are relatively more severe in the early years and
then moderate substantially over time, as will be discussed
further below.

The results of our analysis for each of the three early
retirement scenarios are summarized in Table 1. The results
for each scenario are presented in terms of total additional
revenues required from ratepayers during the period
i983-l997. The results are also expressed as a percentage
increase or decrease from the revenues that would be
required assuming continued plant operation during the

period.



TABLE 1

REQUIRED REVENUE IMPACT OF INDIAN POINT RETIREMENTS:
SUMMARY RESULTS FOR NEW YORK RATEPAYERS*, 1983-1997

. Cumulative Total Average Percentage
(Millions of 1981 Change in Discounted
Scenario Discounted $) Revenue Reguirements
1. High Impact $3,656 9.2
2. Mid-Range 746 1.9
3. Low Impact - 1,337 -3.5

A number of sensitivity tests were also performed to
investigate the responsiveness of these results to changes
in key variables. These results are detailed in Section
4.2. Relative to the Mid-Range average cumulative impact of
1.9 percent, we performed four sensitivity tests. First,
increasing the length of the time period for analysis (from
a final year of 1997 to one of 2000) decreases average
impacts to 1.2 percent. Second, delaying the times of the
retirement from 1983 to 1985 decreases average impacts to
0.8 percent. Third, increasing the assumed discount rate
(from 12 to 14 percent) increases the impacts to 2.0 per-
cent. Finally, assuming that capacity factors (a measure of
plant availability at full capacity) do not deteriorate over
time increases the net impacts to 3.9 percent.

The ratepayers cost impacts, then, are likely to
average about two percent over the next fifteen years with

the major effects in the earlier years. This small but

*"New YOrk ratepayers" are Con Ed's retail customers and
PASNY's downstate customers.
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measurable negative impact would have to be weighed against
the perceived benefits in avoided nuclear risks in deli-

berating the fate of the Indian Point units.

1.4 Report Plan

The remaining sections of this report explain and
discuss the methodological strategy used to derive cost
impacts (Section 2); the central components of the cost
assessment model and the basis for guantitative input
assumptions used (Section 3); the scenario specifications,
basic findings, and related issues (Section 4); and the
indirect impacts of a plant closing (Section 5). While a
complete summary of methods and findings is presented in
these sections, detailed technical explications of the com-
puter models and databases have been deferred to a series of

appendices for the more technically inclined reader.



2. METHOD OF ANALYSIS

The aim is to develop realistic estimates of the direct ‘

- impacts on ratepayers of closing the twoc Indian Point

nuclear units. Concretely, the analytical problem is to
E guantify the resulting changes in required revenues over a
planning period. The required revenues consist of the
amount utilities need to collect from their customers to
cover operating expenses, taxes, capital amortization, and
return on investment. As an appropriate overall measure of
; ratepayer costs, required revenues constitute the measure to

be employed in the cost impact assessments performed here.

2.1 Impacts Considered

. The required revenues for a given year are composed of
- many elements reflecting the operations of the entire
. electric system under consideration. However, the ratepayer

[ impacts of a plant closing is the difference of two required

v revenue streams: one with the plant included and the other

; with it nonoperational. Consequently, costs common to both
cases cancel in computing the incremental impacts of a plant

l closing and need not be considered further.

ﬁ There remain seven significant components of the
required revenue that would be affected by a plant

k retirement., These are:

Make-up Generation. In the absence of the nuclear

plant, the electricity generation requirements must be



provided by the existing system, by purchased power, by new
plant construction, or by conservation. The costs of these
make-up power alternatives constitute the major penalty of
early power plant retirement. To analyze them, it is
necessary to carefully specify the possible economic system
responses to the loss of the facility. Projections of
nuclear plant generation (capacity factors) to determine how
much generation must be replaced are an important ingredient
in this analysis. Independent projections of possible
future capacity factors for the Indian Point units have been
performed for this study and will be detailed below.

Direct Capital Related Costs. These include recovery

of the sunk capital, return on investment, taxes and
insurance. In an early retirement scenario, a number of

ad justments must be considered in, e.g., tax write-off sche-
dules, insurance and property tax requirements, and regula-
tory treatment of customer responsibility for providing full
capital recovery and return in the event the plant is no
longer providing service.

Nuclear Fuel. This is an avoided cost (i.e., a

benefit) of early retirement. As with make-up generation
its value is dependent on assumptions on likely future plant
capacity factors.

Nuclear Operation and Maintenance. This is another avoided

cost of early retirement and, as we shall report, there is

statistical evidence for projecting rapidly escalating
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nuclear 0O&M costs related in part to the aging-related
equipment problem.

Radiocactive Waste Storage and Disposal. In both cases,

early and mature retirement, it is necessary to find tem-
porary off-site storage for, and then, to finally dispose of
highly radioactive spent fuel. However, the early retire-
ment scenario has two advantages here. First, the storage
ponds used for on-site storage until off-site temporary and
permanent repositories become available will be filled to
capacity in the next few years if the plants continue
running, and this problem is ameliorated by early retire-
ment. Second, the magnitude of waste requiring ultimate
disposal is a direct function of cumulative plant genera-
tion, so early retirement reduces the total amount of waste
that must be disposed of.

Decommissioning. In either case, expenses will be

incurred in dismantling or encapsulating the radiocactive
facility after its useful life has ended. The relative
costs may differ here primarily if the decommissioning
expenses are greater for older, more irradiated units, as we
discuss further below.

Other Expenses. Certain costs for major plant repairs

and safety modifications are avoidable if the plant is to be
closed. Furthermore, if the closing date is set for after
the planned maintenance period during which these improve-

ments will be made, then there is the extra benefit of



having greater plant availability in the short run by not

having to make these improvements.

2.2 Cost Accounting System

The complexity of these issues -- as well as the desire
to have a flexible capability for developing scenarios, per-
forming sensitivity analyses, and synthesizing results --
warranted the development of a computer-based costing model.
The resultant model, the Cost Assessment of Nuclear
Substitution (CANS) System used to compute the required
revenue impact, is documented in Appendix A.

The CANS system is designed to simulate the required
revenue impacts in both current and discounted dollars and
over variable time periods. It provides a flexible frame-
work for testing the effects for various scenarios and para-
meter ranges so that uncertainty in both technology
variables (e.g., future plant performances) and policy or
economic variables (e.g., conservation activity) may be ade-
quately explored. In addition, several ancillary computer
models were employed for developing inputs on make-up
generation, capacity factors, and O&M costs. These will be

identified and discussed in Section 3.

2.3 Scenario Design

Three scenarios were developed to estimate the ratepayer
impacts of early retirement. In all three scenarios the

retirement date is taken as January 1, 1983. 1In a separate
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sensitivity exercise, we report impacts based on a 1985 retire-
ment date. The three scenarios incorporate a range of plan-
ning assumptions affecting the level of impact on rate-

payers.

The High Impact scenario consistently incorporates
those plausible assumptions on capital costing, load growth,
make-up generation sources, nuclear O&M, capacity factors,
waste disposal, and decommissioning that would be most unfa-
vorable from the ratepayers' point of view. In the Low
Impact scenario, on the other hand, the incremental costs
are computed on the basis of inputs that are the most
favorable to the ratepayer. The Mid-Range scenario reflects
compromise assnmptions between these extremes. Again, the
High and Low Impact cases were developed to function as
extreme and unlikely cases, based on the simultaneous bias
of probablistic input variables in the same impact direc-
tion. ©In principle, the convolution of a number of
stochastic, statistical, and uncertain policy variables
should lead to a strong centering tendency around mid-range
values. The Mid-Range scenario result therefore represent
our best estimate figures. The other two scenarios' results
and the supplemental sensitivity analyses serve to quantify
the implications of alternative assumptions or sets of
assumptions. A qualitative characterization of the
scenarios is presented in Table 2. The details of the sce-

nario analysis are the subject of the next section.
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TABLE 2

QUALITATIVE SUMMARY OF SCENARIOS EMPLOYED

Nuclear Spent
Sunk Cost Make-up Load Nuclear Nuclear Capacity Fuel Decommis -
Scenario Treatment Generation Growth  O&M Fuel Factors Disposal sioning
1. High Full Rate Existing Base Low Low High Low No aging
Impact Base Systems 10.5%/ affect/
High fossil year Low Cost
fuel cost Growth Escalation
escalation, Rate
little
additional
imports
2. Mid- Full Rate Additional 50% Mid Mid Mid Mid Mid
Range Base coal conver- Conser-
sion, addi- vation
tional hydro Target
imports, (no
lower fuel growth)
escalation,
moderate
additional
imports
3. Low Full Additional Conser~- High Hiah Low High Aging
Impact Capital conversion, vation Eftect/
Recovery low hydro, Target High Cost
low fuel (-0.7%/ Escalation
escalation, year
high growth
additional rate)
imports.
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3, COSTS BY MAJOR CATEGORY

3.1 Introduction

This section describes our assumptions and results
for each of the major cost categories considered. 1In all
cases, the results are generated by the CANS system as docu-
mented in Appendix A. Supplementary modeling and analysis
were performed in developing various input values. These
efforts are identified below where reference is made to sup-
porting technical appendices and documents.

The costs are consistently reported in discounted (or
"present worth") 1981 dollars. This is the conventional
approach to comparing dollar outlays (or savings) that occur
at different points over a given time interval. A dollar
today is worth more than a future dollar because of its
earning power in the intervening years. Future impacts are
brought back to a common year's currency in this study by
discounting future nominal cost estimates ("current”
dollars) at 12 percent per year. The average rate of infla-
tion is taken at 8 percent per year, so the "real" discount
rate is four percent above inflation. We analyze the
effects of other discount rate assumptions in Section 4.

It should be further noted that the dollar impact estimates
consistently reflect an allowance for Con Ed revenue taxes
taken at 4 percent overall (PASNY as a public authority pays

no such taxes).
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3. 8 Make-Up Generation

3.2.1 Scenario Definitions

In the event of an early retirement, other power
sources must supply the electrical energy that would have
been produced by the Indian Point units. These sources
could include running less economical units in the system
more than they otherwise would have been run; importing more
energy from outside the system; or investing in new genera-
tion facilities. 1In principle, it could also include util-
ity investment in conservation and improved end-use equip-
ment efficiency, though we have not considered this option
for substitute power in the scenarios in the Indian Point
case study. Make-up generation costs, then, are the costs
of substitute power caused by the need to adjust and to re-
dispatch the downstate Con Edison/PASNY generation system if
the Indian Point gnits are not present., It is generally
agreed that these costs are likely to be substantial in
calculating the economic impact on utility ratepayers of an

Indian Point closing.

3.2.2 Demand Growth

Demand growth scenarios were based upon our June, 1981,
study for the New York City Energy office.(7) This was a
detailed study of the Con Ed and downstate PASNY generation
system. The study developed a long-range Base Case forecast

of electric energy and peak demand for the Con Ed region.
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This long-range planning forecast is the one connoted by the
term "Base Case" in Table 3 and used as the demand forecast
in the High Impact scenario generation analyses.

Our June, 1981 study also developed a conservation
scenario consisting of conservatian measures and levels that
were technically feasible and cost-effective compared to
energy supply. A Conservation Case load forecast was pre-
pared to calculate the year-by-year electric energy consump-
tion and peak demand for the Con Ed region assuming imple-
mentation of the conservation scenario. In the Low Impact
scenarios, we assumed full implementation of this conser-
vation scenario, independently of whether or not the Indian
Point units are retired early.

A systematic generation dispatch study was performed to
develop make-up power cost scenarios for input to the CANS
nuclear retirement cost assessment system. An economic
dispatch model, SYGEN, was used to perform six generation
system dispatch runs.* The six dispatch runs consist of

High-Impact, Mid-Range, and Low-Impact Cases, each with and

*A dispatch model provides a computer simulation of the
operation of an electric generation system as a function of
demand, based on specified economic and operating charac-
teristics for each available type of generating station.
Plants with the lowest unit variable cost run first, with
higher cost units being added as needed to meet demand.
SYGEN documentation is provided in our June, 1981 study
for the New York City Energy Office.
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TABLE 3

MAKE-UP GENERATION SCENARIO DEFINITIONS

Ravenswood Availability Indian
1&2 0il Price Coal Price of Canadian Point
Demand Coal Escalation Escalation Imports to Con Capacity
Scenario: Level Conversion Rate (Real)* Rate (Real) Ed Region** Factors
1. High-Impact
a. Indian Point Base Case No 4% 2% 42% High
On
Indian Point Base Case No 4% 2% 47% -
b. Shut-down
2. Mid-—-Range
a. Indian Point 50% Con- No 2% 1% 42% Mid-Range
On servation
b. Indian Point 50% Con- Yes, in 2% 1% 52% -
Shut-down servation 1990,91
3. lLow-Impact
a. Indian Point 100% Con- No 0% 0% 42% Low
On servation
b. Indian Point 100¢ Con- Yes, 1in 0% 0% 57% -—
Shutdown servation 1987

* 7o these fuel prime escalation rates, B percent general inflation must be added.

** Measured as percentage of the non-firm Canadian power expected to come to the entire New York
State Power Pool, which is 8,000 GWH for 1982-83, and 15,000 GWH for 1984-2000. Extra New York
Power Pool imports are also available at higher cost according to dispatch requirements.




without the Indian Point units.(l0) The annual replacement
power costs for any single scenario were then obtained by
subtracting the dispatch for the results with Indian Point
from the results without the units operating. The specific
assumptions that were employed in creating the six genera-
tion system dispatch runs are detailed in Table 3. Let us
review these assumptions =-- on demand growth, coal conver-
sion, fossil fuel escalation rates, the availability of
Canadian power, and Indian Point capacity factors =-- in
turn.

In the Mid-Range scenario, fifty percent implementa-
tion of the conservation scenario was used. Thus, demand
levels in the Mid-Range scenario are precisely halfway

between the demand levels of the bracketing scenarios.

3.2.3 Coal Conversion

With regard to coal conversion, the Mid-Range scenario
reflects the fact that an Indian Point shutdown should make
the coal conversion options more attractive to NYS regula-
tors and to Con Edison, so that the conversion of Ravenswood
#1 and #2 is assumed to be added to their present conversion
program. Such conversions would improve the downstate
security of the transmission system. The 1990 and 1991 con-
version dates for these units are Con Edison assumptions on
the feasible conversion dates.(ll) The conversion of these

units was also included in the 1981 State Energy Master




Planning report "Full Implementation Scenario" for conver-
sion, though not in the basic "Electricity Supply Plan",(12)
This conversion is presently supported by the New York City
Office as an important oil replacement option.

It is possible, though nct likely, that these conver-
sions would not occur in the event of an Indian Point shut-
down. In the High Impact scenario, the conversions are
assumed not to take place.

In our June, 1981 study we made independent estimates
for cost and operating characteristics relevant to the con-
version of Ravenswood 1 and 2. Our study found that even
with scrubbers included in the cost of conversion to coal,
it is cost-effective to convert the units from oil. Our
analysis found that it was feasible to convert them by
1987.(7) These results informed development of our Low
Impact scenario, where we assumed that early retirement
would cause the Ravenswood conversions to occur in 1987, as

shown in Table 3.

3.2.4 Fuel Cost Escalation

The scenario fuel price assumptions reflect the uncer-
tainty surrounding likely future oil and coal prices. We
have assumed that in real terms (above an overall 8 percent
inflation rate) oil price escalation rates would range
between 0 and 4 percent, and that real coal price escalation

rates would range between 0 and 2 percent over the next 20
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years. These price assumptions bracket the fuel price
assumptions that Con Edison recently used to calculate
the costs of replacement power for the Indian Point

units, (14)

3.2.5 Canadian Power Availability

The three basic make-up generation scenarios are
distinguished by differing assumptions on the future avail-
ability of Canadian power imports into the downstate Con
Edison/PASNY system. Canadian imports are projected by the
NYPP to come from both Hydro Quebec (HQ) and Ontario Hydro

(ONHY) in the following amounts at the statewide level: (15)

NYPP Canadian Import Assumptions

(GWH)
Years HQ ONHY Total Statewide
1982-83 8,000 3,000 11,000
1984-96 12,000 6,000 ; 18,000

It was necessary to project the portion of these
projected imports that would be available<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>