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planning on reading it tonight.

MR. PRATT: Your Honor, I think at a
minimum we would request that we have break of an
hour vr so. There are people from the Power
Authority who have been reviewing it, I join in
spirit, if not exact detail, with Mr, Sanoff. But
if we could have at least a short break before
then.

JUDGE CLEASON: Let's stand in recess
until the GNYC witness appears.

(The court recessed.)

MR. CORREN: Your Honor, the witness
is now present,

JUDGE GLEASON: Mr. Rosen, if you
will please stand, I will swear you in,

Whereupon,
RICHARD A. ROSEN,
having been sworn by the Administrative Law Judge,
testified as follows:
DIRECT EXAMINATION BY MR, BLUM:

Q. Dr. Rosen, do you have in front of
you a document entitled testimony of Richard Rosen
on Commission question 6.37

A. Yee, 1 do.

Q. And does this testimony include what

TAYLOE ASSOCIATES
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Q.

PLEASE STATE YOUR NAME AND BUSINESS ADDRESS.

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 before 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 the 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
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l. INTRODUCTION

l.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. 1In 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
cf continued operation of existing nuclear power stations
has increased in the aftermath of the Three Mile Island
accident of 1972. One regulatory expression of this 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 of nuclear power plants,
such 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 centinued
nuclear plant operations, especially where such plants are
in close proximity to populiation centers, is more important
than securing whatever benefits can be derived frcm con-
tinued operaticn.  But this premise is .challenged .by t.e
proponents of continued nuclear plant operaticns, 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 risks and uncertainties of the continued oper-
ation of nuclear power plants. Bu: it is difficult to per-
suasively quantify both the probabilities of occurrence of,
and the human and economic effects c¢f, catastrophic events.

On the other side of the debate are those who

emphasize the economic consequences of substituting more
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model at ESRG. I was also principal investigator for a project
which expanded the capabilities of the ESGEM model, which was
funded by the U.S. Department of Energy,'Office of Utility Systems.

In a number of generation planning studies that I have
conducted, the ESRG staff has applied the ELFIN electric utility
corporate financial model to estimate the financial impacts of
alternative construction programs.

I received my Bachelor of Science degree from M.I.T. in 1966
and my Master's degree and Ph.D. in physics from Columbia
University in 1970 and 1974, respectively. Before joining ESRG, I
did research at the National Center for the Analysis of Energy
Systems at Brookhaven National Laboratory on industrial energy
conservation. In that capacity, I served as Principal
Investigator on two projects involving industrial prccess energy
modeling for the U.S. Department of Energy.

WHAT IS THE PURPOSE OF YOUR TESTIMONY TODAY?

My testimony is comprised of seven pages of quest_ons and
answers and an 83-page document entitled, "The Economics of
Closing the Indian Point Nuclear Power Plants," and the ap-
pendices thereto which together form a comprehensive study

that Energy Systems Research Group, Inc. has performed with
respect to contention 6.3 in these dockets. The basic
motivation behind performing this study was to improve on the
methodology and consistency of the earlier similar studies that
had been performed by the General Accounting Office, the

Congressional Research Service, and the Rand Corp. Further

-3~
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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
1P-3. The overall effect of closing the plants by 1983 is
about $746 million (discounted 198. 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 cover time, as will be discussed
further below.

The resuits of our analysis for each of the three early
retirement scenarios are summarized in Table 1. The results
for each scenaric 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.

TABLS 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

""New York ratepayers" are Con 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 pércent.

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 T?KEN PLACE SINCE
OCTOBER, 1982 THAT WOULD TEND TO ALTER YOUR CONCLUSIOQS?

Yes. The key change that has occurred since October, 1982 is that
0il 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



retirement of IP-2 and IP-3 are reported on next. Following
this summary of major findings are sections of the report
and appendices 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. There are two
sets of such electric ratepayers. First there are the
retail customers of Ccn Ed itself. Second, there are the
downstate customers of PASNY, such as the Metropolitan
Transit Authority, the Triborougnh 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 scenaric, the Low Impact scenario,

and the Mid-Range scenario. The High and Low Impact

scenarios are comprised of assumption sets which consistently
pias 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 cnly if a
set of conditicns, each of which may individually be con-
sidered imprcbable, should prevail. Thus, the High Impact

scenario assumes no deterioration in plant performance from
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nuclear plant closing upon ratepayers. 3Socond, we have
applied this assessment system 10 the ise cf a shutdown of
Indian Point unit 2 (IP-2) and Indi~ roint ur:~ 3 (IP-3)
after 1982.

The cost assessment system is desi¢gned ‘c simulate the
increments in ratepayer costs -- ¢u in utility finance par-
larce, the increased "regquired rer2nues" =-- 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 radicactive waste
disposal; ‘and expenditures ‘onwpower plent modifications.:..

There is considerable uncertainty with respect to the
future behavior of the variables that influecnce future
costs. Conseguently, 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 compesition
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 resuits

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



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 Reguiremen:s
1. High Impact $3,656 9.2
2. Mid-Range 746 39
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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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, rapidlT escalating make-up fuel costs, and so on.
The Low Impact s:enario.is. by contrast, consistently pessi-
mistic on nuclear plant performance and cptimistic 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

IP=3., The overall effect of closing the plants by 1983 is

about $746 million (discounted 1981 dcllars) or, on a per-

centage basis, approximately two.percent.. This -is - the cumu-‘--v«-...-'

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 regquired 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

pericd.
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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 cf 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 centrzl components of the cost
assessment mode. and the basies 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 s<cticns, detailed technical explicatioas of the com-
puter models and databases have been deferreys to a serivs of

appendices for t!ie more technically inclined reader.
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2. METHOD OF ANALYSIS

The aim is to develop realistic estimates of the direct
impacts on ratepayers of closing the two Indian Point
nuclear units. Concretely, the analytical problem is to
quantify the resulting changes in required revenues over a
planning period. The reguired 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 c>sts, required revenues constitute the measure to

be employed in the cost impact assessments performed here.

2.1 Impacts Considered

The required revenues-for w-given-year-are-composegd~ogf«=---

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
revenue streams: one with the plant included and the other
with it nonoperational. Consegquently, costs common to both
cases cancel in computing the incremental impacts of a plant
closing and need not be considered further.

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

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 ccsts of these
make-up power alternatives constitute the major penalty of
early power plant retirement. To analyze them, it is
necessary to carzfully specify the possible economic system
responses to the loss of the facility. Projections of
nuclear plant generation (capacity factors) to determin~ how
much generz:ion must be replaced are an important ingredieat
in this analysis. Independent prujections of possible
future capacity factors for the Indian Point units have been
performed fcr 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.9., 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 1is an avoided cost (i.e., a

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

capacity factors.

Nnclear 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 O&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 t> find tem-
porary off-site storage for, .nd then, to finaliy dispcse of
highly radioactive spent fuel. However, the early retire-
ment scenario has two advantages here. First, the sturage
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 magnituce of waste requiring ultimate
disposal is a direct function of cumulative plant genera-
tion, so early retirement reduces the tctal amount of waste
that must be dispased.of . 2.

Decommissioning. Ir 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, mcre irradiated units, as we
discuss further below.

Other Expenses. Certain costs for major plant repairs

and safety mocifications 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 nct

having to make these improvements.

2.2 Cost Accounting System

The cohplexity of these issues -- as well as the desire
¢ nave a flexible capability for developing scenarios, per-

forming sensitivity analyses, and synthesizing results --
warranted the development of & 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
ravenue impacts in both current and discounted dellars and
over variable time periods. It provides a flexible frame-
work for testing the effects for wvaricus 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-
guately explorad. 1In addition, several ancillary compucer
models were employed for developing inputs on make-up
generation, capacity factors, and C&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. 1In 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 nn 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
these plausible assumptions oa capital costing, load growth,
make-up generation sources, nuclear O&M, capacity factors,
waste disposal, and decormissioning that would be most unia~-
vorable from the ratepayers' point of view. 1In the Low
Impact scenario, on the other hand, the incremental costs
are computed on the basis of inputs that are tne most
favorable to the ratepayer. The Mid-Range scenaric reflects
compromise assumptions 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. 1In principle, the convolution of a number of
stochastic, statistical, and uncertain policy variables
should lead t~ a strong centering tendency around mid-range
values. The Mid-Range scenario results therefore represent
our best estimate figures. The other two scenarios' rasults
and the supplemental senzitivity analyses serve to quantify
the im, ! .cations of alternative assumptions or sets of
assumptions. A qualitative characterization of the
scenarios is presented in Table 2. The Jdetails of the sce-

nario analysis ar: the subject of the next section.

=id~



TABLE 2

QUALITATIVE S!UMHMARY OF SCENARIOS EMPLOYED

Nuclear Spent
Sunk Cost Make-up Load Nuclear Nuclear Capacity Fuel Decommis~
Scenario Treatment Genecration Growth  O&M Fuel Factors Disposal sioning
1. High Full Rate Existing Base Low Low nigh Low No aging
Impact Base Sys*ems (0.5%/ effect/
Righ fossil ye»r low Cost
fuel cost Growth Escalation
escalation, Rate
little
additional
imports
2. Mid- Full Rate Additional 50% Mid Mid Mid Mid Mid
Ranqge Base coal conver- Co.ser-
sion, addi- vation
tional hydro Target
imports, (no J
lower fuel growth)
escalation,
moderata
edditional
imports
3. Low Full Additional Conser- High High Low High Aging
Impact Capitel conversion, vation Effect/
Recovery low hydro, Target High Cost
low fuel (=0.7%/ Escalation
escalation, year
high growth
additicnal rate)
1mporis.
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3., COSTS BY MAJOR CATEGORY

Introduction

This section describes our assumptions and results
f~r 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 apperdices and documents.

The costs are consistently reported in discounted (or
"present worth") 1981 dollars. This is the counventional
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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3.2 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. In principle, it could also include util-
ity investment in conservation and improved end-use equip-
ment efficiency, though we have not considered this optior
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 Cun Edison/2ASNY generation system if
the Indian Point gnits are not present. It is generally
agreed that these costs are likely to be substaantial in
calculating the economic impact oﬁ utility ratepayaers 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 alsc developed a conservation
scenario consisting of conservatian measures and levels that
were technically feasible and cost-effective compared to
energy supply. A Cocnservation 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
davelop make-up power cost scenarios for input tc the CANS
nuclear retirement cost assessment system. An econcmic
dispatch model, SYGEN, was used to perform six generation
system disp:tch runs.* The six dispatch runs consist of

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

*A dispatch model provides a computer simulation of the
operation of au electric generation system as a function of
demand, baced 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.

18~
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Scenarios

High—lmpact
a. Indian Point
On
Indian Point
b. Shut-down

Mid-Range

a. Indian Point
On

b. Indian Point
Shut-down

Low-Impact

a. Indian Point
Oon

b. Indian Point
Shutdown

Demand
Level
Base Case

Base Case

50% Con-
servation
50% Con-
servation

100% Con-

servation

100% Con-

TABLE 3
MAKE-UP GENERATION SCENAKRiO DEFINITIONS
Ravenswood Availability Indian
12 0il Price Coal Price of Canadian Point
Coal Escalation Escalation Imports to Con Capacity
Canversion Rate (Real)* Rate (Real) Ed Region** Factors
No 4% 2% 42% High
No 44 2% 47 ~-
No 2% 13 42% Mid-Range
Yes, in 2% 1% 52% -
1990,91 -
No 0% 0% 42% Low
Yes, in 0% 113 57% -
1987

servation

To these fuel prime escalation rates, 8 percent genecal 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.(1l0) The annual replacement

L2

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
rev.ew 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 implemanta-
tion of the conservation scenario was used. Thus, derand
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 ehould make
the coal conversion options more attractive to NYS regula-
tors and to Con Edison, so that tire 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 assurptions on
the feasible conversion dates.(ll) The conversion of these

units was also included in the 1981 State Energy Master

-20-
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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 not 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

-21-
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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 ONBY . ... 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 to the Con Ed and
downstate PASNY systems. Based on a firm power contract of
780 MW, Con Ed is already entitled to some 3,000 GWH
throughout the period. ©he question is thus what portion
cf the remaining 8,000 (1982-3) and 15,000 (1984-96) GWH to
allocate the downstate systems in the various cases and sce-
narios. In the no-shutdown case, we assumed that 42 percent

of the non-firm import power would be available. (This is
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approximately the portion of the non-firm power that went to

Con E4 in 1981l.)

In the shutdown scenario dispatch runs it was assumed
that 5, 10, and 15 percent more Canadian power would be
available downstate to both Con Edison and PASNY, in the
High, Mid-Range, and Low Impact cases, respectively. These
values derive from the assumption that some redistribution
of PASNY Canadian power would occur throughout NYPP due to:

(1) a reallocation of Canadian power between upstate and

downstate, (2) the change in the dispatch of the NYS Power Pool
and (3) the role of state regulators in allocating power to

alleviate the impacts of an Indian Point shutdown. The

average price for the Canadian imports in the base year 1981

- was taken from Con-Sdison -data-to-be $36.40 per MwH.(16) _

—

-

In addition to Canadian power, higher priced NYPP power
would be available to the downstate region if needed.(17)
when Indian Point is assumed closed in 1983, then, socme of
the replacement generation comes frcm NYPP members, some
from Con Edison's and PASNY's own plants, and some from
Canadian imports. The more technically inclined reader may
find it instructive to compare the sample Mid-Range Case
dispatch model output given for 1990 for both the shutdown
(MR1) and no shutdown (MKL) cases provided in Appendix F
below.

One impcrtant consideration in modeling the costs of

make-up generation is the extent to which transmission

-23-

o-



-

-
]

*r‘""‘*-r—)c‘ﬂ”ﬂmrﬂ‘rwvwmr:a-

constraints exist from the upstate region (including Canada)
to the downstate Con Edison/PASNY service territory. This
is a complex subject with little published analytic mater-
ial. However, several points can be made. First, trans-
mission line improvements in 1984 and 1986 are currently
scheduled. This will so significantly improve the capacity
of the downstate interconnection, as well as the upstate
NYPP interconnection to Canada, that after 1986 transmission
constraints will be minimal. Second, if the Indian Point
units are no longer operational, som: additional capacity on
the interconnection to upstate from New York City will be
available prior to 1986. Indeed, Con Edison's dispatch

analysis of the transmission constraints to the upstate

region and their impact on _the sources. of energy to.replace... .

Indian Point indicates that there is considerable additional

capability on these lines even in 1983,(19)

3.2.6 Power Plant Capacity Factor Assumptions

The quantity of replacement power required is directly
proportional to the capacity factors of IP-2 and IP-3. The
capacity factor scenario assumptions for the Indian Point
units for each year of planned operation were developed on
the basis of the units' historical experience, a review of
the literature on nuclear plant capacity factors, and inde-
pendent analyses conducted during the course of this

investigation. The capacity factor represents the fraction

.24~



of time a unit is available at equivalent full rated capa-
city. Three capacity factor scenarios were employed -~
High Impact, Mid-Range, and Low Impact cases, embodying
high, medium, and low predicted future performance of each
of the two Indian Point units.

The multivariate regression analysis presented in
Appendix C provides a mocdel of nuclear power plant perfor-
mance (capacity factor) as measured by a number of explana-
tory variables. Among these variables are the unit's size
(maximum dependable capability), type [pressurized water
reactor (PWR) or boiling water reactor (BWR)], age (years of
commercial operation), and whether or not cooling towers or
salt-water cooling are used.

One significant implicaticn cof that analysis is that
large salt-water cooled PWR nuclear units like the Indian
Point units can be expected to exhibit strongly
deteriorating performance after their first several years of
cperation, Application of the regression equation developed
in our capacity factor analysis to the Indian Point units
clearly shows this same general trend. We did not, however,
directly apply the -~2gression equation in developing our
scenarios for future capacity factors, for the application
of statistical results describing the historical experience
of essentially all operating nuclear units in the U.S. to a
particular unit must be made with caution. It is nonethe=-

less obligatory, in an economic¢ evaluation such as the
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present one or, for that matter, in any utility capacity
pianning analysis, to make estimates of the future capacity
factors. The regression analysis presented in Appendix C
certainly did provide an important guideliné in our develop-
ment of capacity factor scenarios for the Indian Point
units.

Figures 1 and 2 show the High Impact, Mid-Range, and
Low Impact capacity factor scenarios that were summarized in
Table 3 for each of the Indian Point units. For comparison,
the results of the regression equation as well as actual
experienced capacity factors are also shown on the graph.
All three of the scenarios chosen for this study assume
better future performance than the regression analysis would
indicate. Each scenario takes the actual operating
experience for the units as a point of departure. . The High _
Impact and Mid-Range cases assume that each unit's capacity
factor for 1982 will be equal to its historic average, thus
smoothing out the quite sulstantiai fluctuations evidenced
by the data points on the graphs. These initial values are
55 percent and 53 percent for IP-2 and IP-3, respectively.
In the Low Impact case, the 1982 capacity facto; values are
those predicted for that year by the ESRG regression analy-
sis. These results are 45 percent and 50 percent, respec-

tivel;, for Indian Point units #2 and $3.*

*The 1980~-8l1 average capacity factors fcr these units is 48
percer.t and 36 percent, respectively.

-26~-
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In the High Impact case no aging effect is assumed for
either of the Indian Point units. The units are assumed to
maintain their historic average capacity factors of 55 per=-
cent and 53 percent, respectively. Given our statistial
resul;s showing declining capacity factors for salt-water
cooled PWRs, this scenario, while quite possible, does not
appear to be likely. Con Edison and PASNY have assumed that
both units will achieve 69 percent capacity factors for
their remaining years of planned operation, but our studies
lead to the conclusion that this assumption is too opti-
mistic (even as z High Impact input).

In the Mid-Range case we have assumed that beginning
in 1982 the capacity factors for the Indian Point units will
decline linearly with age. Rather than the very rapid
decline indicated by the results of our regression analysis
of nuclear plant operating experience, we have assumed 2
more cautious rate of deterioration in performance, with
capacity factors reaching 20 percent by the 35th year of
operation.(21)

Finally, in the Low Impact case we have followed the
regression analysis results somewhat more closely. We have
assumed that the capacity factors will reach zero by the
year 2000. This is less than half the rate of drop-off pre-
dicted by the regression equation. In the year 2000, the
average age of the two Indian Point units will be twenty-

five years. Of course, thus far there has been no
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experience of nuclear units remaining in operation for 25
years. In contrast, some reactors have been shut down
before 15 years of operation. Given this history of actual
early shutdowns and the strong results of }he regression
analysis, the capacity factor assumptions in the Low Impact
case appear to be quite possible on an average basis (where
some reactors may last for 30 to 35 years, while others may

last only 15 to 20 years).

3.2.7 Make=-Up Power Cost Summaries

The cost components of the make-up generation are pre-
sented in current dollars for the three scenarios in Tables
4, 5, and 6. The column labeled "Fuel Cost" represents the
differential fuel costs for the Con Edison/PASNY system
between the shutdown and no shutdown cases. The column -
labelled "O&M Cost" represents the differential variable OaM
and purchased power costs again due to re-dispatch of the
generation system in case of an Indian Point shutdown in
1983. The "Working Capital"™ values represent the additional
working capital changes to ratepayers due to the increased
level of fuel usage. The average rate appropriate to Con
Edison and PASNY was assumed to be 2 percent of fuel costs
annually., The "New Capital" column takes account of the
annualized charges to ratepayers of the capital ceosts
required to convert Ravenswood #1 and $#2 to coal in the

Mid-Range and Low Impact scenarins. The O&M cost column



Fuel O&sM* Working New** Total***
Year Cost Cost Capital Capital Cost
1983 359.365 174.969 7.187 0.0 541.520
1984 338.594 189.656 6.772 0.0 535.021
1985 356.177 211.021 7.124 0.0 574.321
1986 134.427 160.229 2.689 0.0 297.344
1987 349.594  285.760 6.992 .0 642.345
1988 364.562 303.552 7.291 0.0 675.405
1989 391.14€ 329.104 7.823 0.0 728.073
1990 321.054 390.677 6.422 134.524 912.716
1991 -79.000 247.125 -1.580 217.777 384.322
1992 215.583 387.500 4.312 222.167 829.561
1993 210.052 413.917 4.201 226.945 -855.114
1994 202.135 442.292 4.043 232.136 880.606
1995 199.594 476.625 3.992 237.843 918.053
1996 194.583 513.198 3.892 244.027 955.710
1997 184.417 554.510 3.688 250.842 993.456

TRABLE 4

MAKE-UP POWER REPORT -~ MID-RANGE

(Millions of Current Dollars)

B PR —

“Includes purchased power.

**Composed of capital costs and incremental fixed O&M
costs of coal conversion.

#***2]1] costs include revenue taxes at 4%.
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TABLE 4

MAKE-UP POWER REPORT == MID-RANGE

(Millions of Current Dollars)

Fuel
Year \gost
1983 359.363
1984 338.594
1985 356.177\
1986 134.427
1987 349.594
1988 164.562
1989 391.146
1990 321.094
1991 -79.000
1992 215.58
1993 :1o>g§2
1994 2$1213s
1995 199.594
1996 194.583
1937 184.417

o&M*
Coste

174.969
183.656
211.021

» 160.229
\

285.760

30535;

329 .204

/ 247.125

387.500
413.917
442.292
476.625
513.198
554.510

*Includes purchased power.

Working
Capital

-

New //////;;;al
Capital Cost

7.187
6.772
7.124

7.291
7.823
\\§.4:2
-f§§§c
4.312
4.201
4.043
3.992
3.892
3.688

0.0
0.0
0.0
0.0
0.0
0.0
194.524
217.777
222.167
226.945

'232.136
N\

N
237.843
244.0137

250.842

541.520
535.021
574.321
297.344
642.345
675.405
728.073
912.716
384.322
829.561
855.114
880.606
918.053
955.713
993.456




MARKEUP POWER REPORT -- HIGH IMPACT

TABLE 5

(M1llions of Current Dollars)

Fuel O&M* Working Total**
Year Coest Cost Capital Cost
1983 394.187 175.021 7.884 577.092
1984 412.844 190.573 8.257 611.673
1985 451.927 227.166 9.039 688.132
1986 437.281 315.510 8.74€ 761.537
1987 490.271 348.323 9.805 848.399
1988 539.104 392.406 10.782 942.292
1989 603.448 442.635 12.069 1,058.152
1990 675.219 498.07. 13.504 1,186.795
1991 755.437 560.500 15.109 1,331.046
1992 845.156 630.771 16.903 1,492.829
1993 945.489 709.865. _18.910.-... -1,674.263
1994 1,057.604 797.865 21.152 1,876.620
1995 1,183.000 896.719 23.660 2,103.378
1996 1,323.532 1,007.469 26.471 2,357.471
1997 1,464,167 1,150.104 29,283 2,643.554

*Includes purchased power.

**21] costs include revenue taxes at 4%.

.32~



TABLE 6

MAKEUP POWER REPORT =-- LOW IMPACT

Fuel
Year Cost
1983 275.240
1384 217.698
1985 214.604
1986 55.271
1987 97.208
1988 -111.604
1989 22.615
1990 -5.656
1991 -35.719
1992 -75.146
1993 -114.823
1994 -159.781
1995 -211.406
1996 -278.083
1997 -345.562

*Includes putchased power.

**Composed of capital costs

conversion.

***Al] costs

O&M* Working
Cost Capital
158.938 5.505

173.772 4.354

182.552 4.292

138.198 1.105

235,158 1.944

96.562 -=2.232

184.979 0.452

184.667 -0.133

185.552 -0.714
182.000 =-1.503

179.7198 -2.296

175.990 -3.196

169.198 -4.228

155.281 -5.562

142.135 -6.911

include revenue

and fixed O&M costs of

(Millions of Current Dollars)

New**
Capital

0.0
0.0
0.0
0.0
167.647
170.683
174.033
}77.687
181.672

186.062 .

190.840
196.032
201.738
207.933
214.737

taxes &t 4%.

33~

Total**+*

Cost
439.682
395.823
401.448
194.574
501.997
153.409
282.078
355 .64
330.791

291.413

253.439
209.044
155.301
79.569
4.399

coal
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also includes the increase in fixed O&M that results from
coal burning at Ravenswood when compared to oil burning.*
The total annual make-up generation costs from
1983-1997 in discounted 1981 dollars for all three scenarios
are presented in Table 6. The sum for the Mid-Range Impact
scenatgo is $3.91 billion, with the High Impact value at
$6.49 billion and thLe Low Impact value at $1.95 billion.
Thus these costs are both guite substantial and quite sensi-

tive to the assumptions listed in Table 3.

33 Direct Capital-Related Costs

In this section, we will discuss the effect of past
investments in the Indian Point units on future revenue
requirements. - As always, our attention-will-be focused on
differential costs, that is, the change in costs that can be
attributed to early retirement:. -

For PASNY, the primary capital cost component is the
interest and principal payments on the bonds issued to
finance IP-3. But because PASNY electric revenues will
invariably be used to service the bonds, we assumed no dif-
ferential costs or benefits from retirement. One

differential cost factor considered was nuclear liability

* We remind the reader that make-up generation costs
generally reported in other studies subtract out the
appropriate savings for nuclear fuel, nuclear O&M, and
spent nuclear fuel disposal.(20) However, in this study
these items (and their costs) are treated separately.



insurance, which we assumed was not to be incurred after the
retirement date. Based on information supplied by PASNY,
this insurance cost was taken to be $453,000 in 1981 and was
assumed to increase at a rate of 9 percent per year.

The capital cost module described in Appendix A section
A3 was employed in developing differential capital costs for
Con Ed's IP-2. The major data items employed in this analy-
sis are shown in Table 7. Estimates for original cost and
tax credits were supplied by Con E4d. AFDC was assumed to be
20 percent of original cost.

Under retirement, it is assumed in the Mid-Range and
High Impact cases that Con Ed will be allowed to amortize
its remaining Indian Point investment over a twenty year
period and to earn its average rate of return on the unamor-
tized balance. In the Low Impact case, it is assumed that
the plant will be more quickly amortized, over ten years,
but that no return will be earned.

In Table 8, sample computer output of the capital cost
module for Con Ed under "Keep" assumptions is shown. In
Table 9, output of costs under retirement is shown.

Table 10 displays the complete 1983-1997 time stream of
relative impacts for the three scenarios in discounted
dollars. Beyond the nuclear liability insurance adjust-
ments, the major impacts result from the earlier tax write-

off schedule of plant costs when a plant is retired.
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TABLE

DATA USED IN DEVELCPTKG CAPITAL-RELATED CCCTS
N ED INDIAM FOINT 2

FO

Data Item

Original Cost (including AFDC)

AFDC

Tax Credits

Eook Life

Tax Life

Tax Depreciation Method
Income Tax Rate

Other Annual Cost

value .

$363,741,000

§ 72,748,000

$ 15,657,000

33 years

16 years

Sum of Years' Digits
46%

$2,619,.000 in 1981

escalating at ©% per
year
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CAPITAL COSTS IMPACTS

TABLE 10

(Million scounte llars)
Scenario
Year fign Impacc Mid-Range Low Impact
1983 -7.8 -7.8 -19.2
1984 -6.4 -6.4 -15.6
1985 -5.3 -5.3 -12.7
1986 -4.5 -4.5 -10.3
1987 -3.9 -3, -8.4
1988 -3.4 -3.4 -6.8
1989 -3.2 -3.2 -5.6
1990 -3.0 -3.0 -4.5
1991 -2.9 -2.9 -3.7
1992 -2.9 -2.9 -3.2
1993 -2.7 -2.7 -11.1
1994 w2eT -2.7 -9.8
1995 -2.7 -2.7 -8.7
1996 -2.6 -2.6 7.7
1997 -2.6 -£.6 -6.8
TOTAL ~56.6 -56.6 -134.0
-39~
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.4 Nuclear Fuel

As described in Section 3.2, an early shutdown would
incur the couts_ot substitute power. On the other hand,
savings would result from avoiding expenditur for nuclear
power production. One such avoided expenditure consists of
nuclear fuel costs.

Nuclear fuel expenditures can be treated simply on a
cost-per-KWH basis. The 1981 nuclear fuel costs were taken
at 4.9 and 5.4 mills per KWH for IP-2 and IP-3, respec-
tively. These are based on gross values provided by Con Ed
and PASNY from which were deducted the costs collected for
waste storage (about 2.1 mills per kwh). Waste storage
costs were treated separately in this study.

For the ' High 1lmpact,:Mid-Range,;andrkow~Impact "sce=":
narios, these 1981 nuclear fuel costs per KWH were increased
by real escalation rates of 0 percent, 1 percent, and .2 per~
cent, respectively.(23) 1In addizion, a nuclear fuel
"working capital" charge was included because nuclear fuel
is capitalized by utilities. This capital charge amounts to
34 percent of the fuel costs so capitalized.(24) Table 11
shows the running costs for the Mid-Range case. Table 12

gives the discounted cost impacts for the three scenarios.

3.5 Operation and Maintenance Costs

Annual operation and maintenance (O&M) costs for the two

Indian Point nuclear units were estimated for each of their

-40-
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TABLE_11

NUCLEAR FUEL COST -- MID-RANGE CASE
(Current vollars)

Unit 1 Unit 2 __Combined
Year Generation Unit Cost Total Cost Generation Unit Cost Total Cost Total Cost
(GWH) (Mils/¥WH) (5 Millions) (GWH) (Mills/KWH) ($ Millions) ($ Millions)

1981 4,162.75 6.84 28.471 4,480.30 7.54 33.770 62.242
1982 4,162.75 7.46 31.034 4,480,30 8.22 36.810 67.843
1983 4,087.06 8.13 33.212 4,395.77 8.96 39.1365 72.57
1984 3,935.69 8.86 34.860 4,311.23 9.76 42,083 76.943
1985 3,860.01 9.65 37.267 4,226.70 10.64 44.971 82.238
1986 3,784.32 10.52 39.824 0.0 11.60 0.0 39.824
1987 3,708.63 11.47 42.540 3,973.10 12.64 50.224 92.764
1988 3,557.26 12.50 44.476 3.888.56 13.78 £3.57¢ 98.056
1969 3,481.57 12.63 47.447 3,804.03 15.02 57.i32 104.579
1990 3,405.89 14.85 50.593 3,719.49 16.37 60.890 111.483
1991 P 16.19 0.0 3,634.96 17.84 64.861 64.861
1992 3,178.83 17.65 56.103 3,550.43 19.45 69.055 125.157
1993 3,103.14 19.24 59.696 3,381.36 21.20 71.685 131.381
1994 2,951.7i% 20.97 61.894 3,296.82 23:11) 76.183 138.078
1995 2,376.08 22.86 65.715 :,212.29 25.19 80.91i 146.646
1996 2,800,40 24.9: 69.765 322776 27.45 85.872 155.637
1997 2,724.71 27.15 73.989 3,043.22 29.93 91.070 165.059
1998 2,573.34 29.60 76.167 2,958.69 32.62 96.599 172.677
1999 2,497.65 32.26 80.580 2,874.15 35.55 102.189 182.770
2000 2,421.96 S.17 85.171 2,705.09 38.75 104.834 190.005
TOTAL 63,273.76 1,018.824 69,486.87 1,261 ,994 2280.819




NUCLEARR FUEL

TABLE

12

IMPACTS

{Million scouncec Dollars)
Scenarioc
Year High Impact rvid-Range Low L:g;ct
1983 -57.3 -57.9 -50.4
1984 -55.8 -54.8 -36.2
1985 -53.8 -52.3 -A3.2
1586 -51.9 -22.6 «16.6
1987 -50.0 ~47.0 -35.9
1988 -48.3 -44.4 -}9.1
1989 -46€.5 -42.2 -29.,6
1990 -44.9 -40.2 25.2
1901 ~-43.3 -20.9 -23.2
1992 -41.7 -36.0 -20.0
1993 -40.2 -33.7 -17.3
1994 -38.8 -31.6 -14.7
1598 -37.4 -30.0 -12.2
1536 -36.1 ~28.4 -9.3
1997 -34.8 -26.9 -6.9
TOTAL -681.3 -£€8.9 -370.7
-f2-
£ S R G



future years of planned commercial operation. Historical
data on the units' O&aM cost exper:>nce were used in develop-
ing the estimates.

These data on IP-2 and IP-] were complemented by an
independent analysis of the O&A césts experienced by 49 com-
mercially operating nuclear power plants during and before
1979 (described fully in Appendix B).

Actual experience shows that O&M costs for nuclear
units have been increasing at rates generally far in excess
of the rate of inflation. A simple exponential fit to the
historical O&M cost experience of each of 49 nuclear units
shows that more than 60 percent have incurred costs escalat-
ing at rates bketween 10 and 30 nercent above inflation over
their years of commercial operation (see Table B-13).

A ragression analysis was performed to relate histori-
cal O&M costs for commercially operating nuclear generating
stations to a number of explanatory variables. The explana-
tory factors include unit size, age, and in-service date, as
well as several variatles expressing the type of units (BWR
or PWR) and whether they have cooling towers, use salt water
for cooling, are located in the Northeast, are demonstration
plants, or have two or more units at the station. This
regression analysis is detailed in Appendix B.

In the regression analysis, two types of specification
in the age (years of ope.ation) variables were explored,

linear and exponential. They were found to have comparable
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explanatory power for the historical data. Given these
results one would expect that a piausible choice for nuclear
O&M cost escalation would lie somewhere between the linear
and exponential predictions. However, since the exponential
form predicts a much more rapid escalation in the future,
diverging strongly from the linear result, it was not used
in the present study (1s an exercise of caution).

The O&M cost scenarios developed for the present study
begin with 1981 costs for the Indian Point generating station
derived from a simple linear least squares fit to their
historically experienced costs. This procedure ensures that
any fluctuations in this experience are smoothed out so that

a suitable starting point from which future escalation begins

is established: ~The. statdon=1981:0sM. costs ~«thus :derived are « =

$58.66 per KW or $107.3 million (in 1981 dollars). A similar
estimate of the O&M costs based upon historical experience
was made by the General Accounting Office (25). The GAO
estimate, when corrected for inflation from 1979 to 1981,
becomes about $71 million. By contrast, Con Edison has
estimated 1983 0tM costs for the station to be about $41.
million.

O&M costs for the remaining years of planned commercial
operation of the Indian Point generating units were obtained
by using the linear regression equation (Appendix B,

Table B-11), applied to Indian Point, to obtain the ratios of

future years' real-dollar O&M costs per KW to the base




year (1981) value given above. These ratios provide real
dollar O&M costs for all subsequent operating years. This
procedure is employed in both the Mid-Range and Low Imp.ct
cases, For the ‘1igh Impact case the real O&M cost escala-
tion is taken to be 75 percent of that given by the linear
regression equation. Thus, in the present study, three OsM
cost scenarios are employed -- High Impact, Mid-Range, and
Low Impact =-- embodying low, medium, and high escalaticn
rates, respectively.

The O&M cost projections for the Indian Point generat-
ing station are presented in Table 13 in constant dollars
for the three scenarios. It can be seen in theze talles
that while per KW costs escalate smoothly, there are some
years in which total station costs drop sharply. This
occurs because in the Mid-Range and Low Impact cases, wheare
it ic assumed that steam generators are replaced once during
each of the units' planned operating lives, no O&M costs are
incurred during the periocd when replacement is being

effected.

3.6 Radioactive Waste Disposal

The several year stay of nuclear fuel assemblies in the
nuclear reactors themselves is but one phase in the "nuclear
fuel cycle.®” The preparatory phases include mining and
milling of uranium, conversion of uranium oxide into gaseous

uran!nr %exafluoride, enrichment (increasing the concentra-
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TABLE 13

NUCLEAR C&M IMPACTS

(Million 1081 Discounted Dollars)

Scenario
.High Impact Mid-Range Low Impact
-109.9 -113.4 113.4
-110.8 -115.9 -115.9
-111.3 -118.1 -118.1
-111.€ -56.6 -56.6
-111.6 -121.4 -121.4
-111.5 -122.6 -64.7
-111.2 -123.6 -123.6
-110.6 -124.3 -124.3
-110.0 -65.8 -124.8
-109.2 ~125.1 -125.1
-108.3 -125.2 -125.2
-107.3 -125.1 -125.1
~-106.1 ~-124.8 -124.8
-104.9 -124.4 -124.4
-103.7 -123.9 -123.9
-46-
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tion of the :issionable U=-235 isotope of uranium), and

fabrication of reactor-ready fuel elements ccnsisting of
zirconium tubes containing pellets of uranium dioxide. A
portion of the "front-end" costs are reflected in rates
through the nuclear fuel charges discussed in Section 3.4
above. Ocher social costs related to federal subsidies of
‘nuclear fuel technologies and a2nvironmental impacts are
beyond the scope of the quantitative analysis in this
investigation. (See Sectivm 5 for more discussion of
indirect costs.)

In this subsection, costs associated with the
*sack-end” of the nuclear fuel cycle concern us. Until
several years ago, it was assumed that spent fuel rods
would, after several months in temporary storage to undergo
initial radicactive decay, be reprocessed with uranium and
plutonium extracted for re-use in conventional or breeder
reactors. This "ideal" scheme is depicted in Figure 3(a).
Spent fuel discharged from reactors contains substantial
quantities of unburned uranium and plutonium. In the con-
ventional judgment, it would be uneconomical not to recover
these fuels. However, reprocessing of spent fuel ".as proved
to be more technically complex and costly than anticipated
by the nuclear industry. In addition, sensitivity to the
dangers of nuclear weapons proliferation through use of
reactor grade plutonium has raised further doubts about the

reprocessing option and it has Leen irdefinitely deferred.

wlfT=
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Until the last few years, research and development
efforts assumed that highly radiocactive wastes would be re-
processed. But in the absence of reprocessing, the spent
fuel itself must be treated as the ultimate waste product.
Not surprisingly, there is currently a good deal of unbe;-
tainty on the technologies, timing, and costs facing utili-
ties over the next several Adecades as waste disposal burdens
mount.

A detailed technical discussion on waste disposal
alternatives is the subject of Appendix D. Avschematic of
the back-end of the nuclear fuel cycle that appears to be
actually in the offing is presented in Figure 3(b). The tem-
porary on-site storage pools have indefinitely become reposi-
tories for virtually-all discharged- fuel produced by ‘commer=-
cial reactors. But the limited capacity of these pools
allows them to accept only a fraction of spent fuel prcduced
over the life of a reactor. The space available can be
increased through fuel assembly "reracking” procedures, but
this at best extends the time until existing pools are filled
to capacity (until the late 1980's and early 1990's for most
reactors).

On the other hand, a workable solution to the "perma=-
nent® disposal of irradiated nuclear fuel is not in sight.
Substantial problems remain regardingy the selection of a
viable storage technology which satisfactorily addresses

environmental, social, and political concerns in an economi=-
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cally acceptable manner. A federal disposal site cannot
realistically be expected to be in operation until some time
after the turn of the century.(26)

Therefore, a time gap can be anticipated between the
filling of storage pools and the availability of an ultimate
disposal facility. If a nuclear plant is to continue opera-
ting it must use some type of interim storage system. Tke
costs for disposal are comprised of three components beyond
temporary on-site storage: interim storage costs (either
away_trom reactor or on-site), transportation costs, and per-
manent disposal fees.

The options, cost estimates, and methods for estimating

waste disposal costs for Indian Point are detailed in

Appendix D. A Summaty°of*totak-cost'esttmates7~exptessed“in--~"v-«

terms of 1981 dollars per kilogram of uranium waste, is pre=-
sented in Table D-9. These costs can be converted to costs
per KWH generated, as shown on page D-28, which led to the

following estimates having been employed in the scenario ana-

lysis.
TABLE 14
SPENT FUEL DISPOSAL COSTS
(1981 Mills per KWH)
Scenario

High Low

Impact Mid-Range Impact
Planned Retirement 1.1 2.2 3.6
Early Retirement 0.9 1.7 2.8

-50-
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cally acceptable manner. A federal disposal site cannct
realistically be expected to be in operation until some time
after the turn of the century. (26)

Therefore, a time gap can be anticipated between the
filling of storage pools and the availability of an ultimate
disposal facility. 1If a nuclear plant is to continue opera<
ting it must use some type of interim storage system. The
costs for disposal are comprised of three components beyon¢
temporary on-site storage: interim s:orage costs (eitner
away from reactor oOr on-site), transportation costs, and per-
manent disposal fees.

The options, cost estimates, and methods for estimating
waste disposal costs for Indian Point are detailed in

Appendix D. - A -summary-of -totat'cos-t-'estimates*.*expressed‘~in- .

terms of 1981 dollars per kilogram of uranium waste, is pre-
sented in Table D-9. These costs can be converted to costs
per KWH generated, as shown on page D-28, which led to the

following estimates having been employed in the scenario ana-

lysis.
TABLE 14
SPENT FUEL DISPOSAL COSTS
(1981 Mills per KWH)
Scenario

High Low

Impact Mid-Range Impact
Planned Retirement 1.1 2.2 3.6
Early Retirement 0.9 ) 2.8

-50=-
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Applying these figures to the lifetime generation in th;
respective scenarios yields incremental costs of $247, $322,
and $222 million 1981 dollars for the Low Impact, Mid-Range,
and High Impact scenarios. These are the estimated savings
in fuel disposal resulting from a shutdown. In the plarned
retirement case, the extra costs are spread from 1985 to

2006.

3.7 Decommissioning

No large commercial nuclear power plant has yet been
decommissioned in the United States. The largest nuclear
reactor that has previously been decommissioned was the
22 MW experimental Elk River reactor in Minnesota, and that

facility had only operated for 4 years. Decommissioning is

site are made secure from radiological contamination.
CUptions include encasing the plant in an impermeable shell
(entombment), and cutting up the plant, restoring the site,
and shipping the radicactive parts of the plant to a per-
manent nuclear waste storage facility (dismantlesent). A
hrief overview of decommissioning methods and their potential
cost can be found in Appendix E.

There are two areas of concern in this study regarding
the decommissioning of the Indian Point units. The first
concerns the total ultimate cost of decommissioning. The

second is the issue of the relationship between decommis-

Ry

e &2 B O L2

L

R
!
|

::;, el B3 ey B L




)

- ""‘- - rY £ Y ) !’Tt M1 @) B Y i

sioning costs for Indian Point and the length of time the
units will have operated. The major fact relevant to this
second issue is that the longer a nuclear reactor operates,
the more highly radioactive it becomes, especially with
respect to the longer lived rc~dioisotopes induced in the
plant structure itself. These radiocactive parts become the
major contributor to the radiocactive inventory of the
plant,(27)

However, the degree to which early retirement will
affect decommissioning costs is difficult to estimate.
Since there are currently no permanent nuclear waste storage
sites we have assumed in this report that IP-2 and IP-3 will
be decummissioned after their normal retirement dates in
both the early shutdown or normal retirement scenarios. We
also assume that the decommissioning technique used will be
complete dismantlement and permanent disposal of the radio-
active components. However, as Con Edison's own dismantle-
ment cost analysis for Indian Point #2 indicates, "the costs
to cut, remove, ship, and bury the reactor vessel and inter-
nals are dependent on the segment curie [measure of radio-
activity] content and weight...." For reactors that operated
for less than their design lifetime, there is a corresponding
reduction in total curies, and a potential for reductiocn in
disposal cost for segments that are curie limited.

Nuclear Energy Services, Inc. estimated that there

would be 10 million curies in Indian Point #2 at the end of
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its normal lifetime.(28) To put this number in perspectiv:,
there is presently a 50 thousand curie per shipment burial
Jimit at the Hanford burial site. Given this assumed level
of radiocactivity, NES estimates that it will cost about 90
million (1980 dollars) to dismantle the Indian Point Unit 2.
For comparative purposes, in 1977, an even higher estimate
of about $124 million (1980 dollars) was made for decom-
missioning Three Mile Islaand $1.(29)

while great uncertainty exists with respect to both
total decommissioning costs and differential decommissioning
costs as a function of plant lifetime, estimates must be
made whenever an important public policy decision is pend-
ing, as one is at Indian Point. Inaccuracy in estimating the
costs of constructing nuclear power plants has Zeen
widespread in the nuclear industry.. Actual costs have been
as much as four or more times originally planned costs, even
after inflation has been accounted for. We have assumed
similar potential inaccurac) in designing our
decommissioning cost scenarios. Much of the industry's
inaccuracy in construction estimates was due to the changing
regulatory environment as safety standards were vpgraded, but
4e believe that similar regulatory changes are likely in the
decommissioning area as well. This is especially so since it
is an area that has not yet received as much attention at the

Nuclear Raegulatory Commission as other areas of nuclear

regulation.
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For our High Impact case we assumed that both IP-2 and
IP~3 would cost Con Edison's estimate of $90 million in 1980
dollars to decommission. We further assumed that there
would be no cost differential between early and normal
retirement. This is a fairly extreme assumption. In the
Mid-Range case we assumed that each Indian Point unit would
cost twc times the Con Edison estimate to decommission at
the normal retirement date, and that early retirement would
reduce this cosc by 25 percent, resulting in a savings for
both plants of $90 million out of $360 million (1980
dollars;. Finally, in the Low Impact case we assume that
allowing the radiocactivity in the plant to decay for an extra
20 years or so prior to decommissioning in the early retire-
ment situation would have a major impact on decommissioning
costs and reduce them by 50 percent. The baseline cost for
normal retirement was taken as four times the Con Edison
estimate in the Low Impact case. This results in the early
retirement savings for decomnissioning in the Low Impact
scenario being $360 million out of $720 million (1280 dollars).
The annual scenario dependent required revenue impacts of
these assumptions can be found in Tables 16, 17, and 18
below. Comparing these results with the aggregate scenaric
findings (Table 1), we see that even in the Low Impact case
the differential discounted required revenue impact of decom-
missioning is only about $240 million ocut of a total scenario

impact of about $1330 million, or less than 20 percent. 1In
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the Mid-Range case the differential decommissioning impact
was only 8 percent of the total scenario impact. In the High
Case, decommissioning has zero impac%. Thus, decommissioning
cost assumptions, while important, are nct major determinants
of the overall scenario resul.s in this study.

Tue incremental costs of 0, $90, and $360 m:llion
(1981) dollars for the High, Mid-Range, ard Low Impact
cases, respectively, are assumed spread over the 1985-2C06

time frame.

3.8 Costs of Capitalized Expenses

During the normal course of operating and maintaining a
power station, various capital costs must be regularly
incurred for replacemen. components and equipment as well as
for new 2quipment reguired. - These costs are in addition to
the original capital investmert in the plant (discussed in
Section 3.3) and in addition to the expersed operations and
maintenance costs (discussed i1bove in Section 3.5). These
expenditures have particularly affacted nuclear stations
because extensive retrofitting of many technological improve-
ments has been required. These capital costs, which are
added to the rate base and thus charged to ratepayers in the
same manner as the original capital cost of the plant, can
amount to a substantial economic deficit of trying to keep a

nuclear station such as thcse at Indian Point functioning.
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the Mid-Range case the differential decommissioning impact
was only 8 rercent of tle total scenario impact. In the High
Case, decommissioning has zero impact. Thus, decommissioning
cost assumptions, while important, are not major determinants
of the overall scenario results in this study.

The incremental costs of 0, $90, and $360 million
(1981) dollars for the High, Mid-Range, and Low Impact
cases, respectively, are assumed spread over the 1985-2006

time frame.

3.8 Costs of Capitalized Expenses

During the normal course of operating and maintaining a
power station, various capital costs must be regularly
incurred for replacement components and equipment as well as
faor new equipment required.  These costs are in addition to
the original capital investment in the plant (discussed in
Section 3.3) and in addition to the expensed operations and
maintenance costs (discussed above in Section 3.5). These
expenditures hav?2 particularly affected nuclear stations
because extensive retrofitting of many technological improve-
ments has been required. These capital costs, which are
added to the rate base and thus charged to ratepayers in the
same manner as the original capital cost of the plant, can
amount. to a substantial economic deficit of trying to keep a

nuclear station such as those at Indian Point functioning.
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Examining the record of capiﬁal cost increases for the
Consolidated Edison portion of the Indian Point scation
(units #1 and #2), one finds that the total capital cost for
these units has increased from about $335 million in 1973 to
about $422 million in 1981.(30) This represents an average
annual increase of abo:t 3 percent per year. However, at the
end of this period the increase for Indian Point #2 alone has
been aimost 11 percent from 1980 to 198l. Unfortunately,
dacra for Indian Point #3, owned by PASNY, are not reported.

The key question in the.current context is how can
these additional capital ccsts for Indian Pcint #2 and 43 be
reasonably projected. Con Edison anticipates that over the
pericd 1983-1986 capital expenditures for Indian Point #2
will amount to $131 million.(?1) _This implies that from.....
1921 to 1986 the total capitalized cost for Indian Point #2
will increase by at least 6.8 percent per year. Con Edison
lists a variety of items that these expenses will cover
including: vendor retubing, NUREG-0737 modifications,
cooling tower settlement modifications and "numerous other
improvement projects."” PASNY lists similar items in stating
that Indian Point #3 will need $80 million worth of capital
improvements in the foreseeable future.(32) Thes2 estimates
do not cover tha replacement of the steam generator, if this
is needed.

In designing the three basic cost scenarios analyzed in

this study, the following assumptions wsre made based on the




information discussed above. For the High Impact case it is

assumed that the rate of increase in the total capitalized
costs for both iIndian Point #2 and #3 returns for the period
1987-2000 to the lower rate of 3 percent per year that
obtained from 1973-81 for Indian Point #2. In the Low Impact
case Q. assume that the rate of increase in capitalized costs
 during 1987-2000 continues at 6.8 percent, the rate projected
for IP-2 for the 1981-1986 period. For the Mid-Range case,
an internediate growth rate of 4.9 percent is used.

However, in additicn, the GAO report s%ates that
serious corrosion problems were beginning to develop by 1979
in the IP-2 steam generators, and that similar problems have
occurred at IP-3.(33) The report goes on to suggest that
Con Edison will have to replace or retube the steam genera-
tor some time after 1983, requiring that IP-2 be out of
service for up to one year. On the other hand, the
Companies have stated that steam generator replacement will
not be necessarv at least until 1986.(34)

It appears that steam generator problems, as experienced
in other aging nuclear units, are likely to occur at the
Indian Point Station. However, recent experience indicates
that the IP-3 unit has more severe problems with its steam
generator than does *"-2.(35) 1n light of this, it is
assumed in the Mid-Range scenario that replacement of this
key component will be required during 1991 and 1986, for the

IP-2 and IP-3 units, respectively. For comparison, the Rand
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Report assumes that the IP-2 and I?-3 steam generator
expenditures are made in 1985.(36) 1n this Mid-Range case
the need for replacement of tha steam generator is delayed
for Indian Point #2, since its problems appear le=s severe to
date. 1In contrast, in the Low (mpact scenario it is assumed
that the IP-2 steam generator will have to be replaced three
years earlier. in 1988. Since hoth Con Edison and PASNY
state that it is possible that steam generator replacement
may not be necesary at all, this is assumed in the High
Impact scenario. 1In all cases where the steam generator is
replaced the cost is assumed to be capitalized at a level of
$130 million and $132 million (in 1982 dollars),
respectively, for IP-2 and IP-3, and depreciated over the
remaining lifetime of -the~anit?(37J)~The-replacement-ise~-++s
assumed to take a period of one year to accomplish, during
which the unit affected cannot operate. During this year,
other expensed and capitalized operations and maintenance
costs are not charged to those scenarios that assume Indian
Point is not retired.

fhe resulting stream of these capitalized expenses from
1983 - 1997 can be found in Table 15 below fur er~h of the

three main scenacios.
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TABLE 15
‘ CAPITALIZED EXPENSES
(Million 1981 Discounted Dollars)
Scenario

Year High Impact Mid-Range Low Impact
1983 -8.3 -8.3 -8.3
1984 -17.0 -17.0 -17.0
1985 - =20.5 -20.5 -20 5
1986 -23.7 -34.8 -34.8
1987 -24.1 -35.8 -37.7
1988 -24.2 -36.5 -59.3
1989 -24.1 -36.8 -59.1
1990 -23.8 -36.9 -58.6
1991 -23.5 -35.3 -53.0

. 1992 -23.0 -53.0 -57.3
1993 -22.4 -£0.8 -56.6"
1994 -21.8 -48.7 -55.8
1995 -21.2 -46.7 -54.9
1996 -20.5 -44.8 -54.0
1997 -19.8 -43.0 -53.2
TOTAL -317.9 -569.1 -685.0




4. IMPACT ON RATEPAYERS

4.1 Introduction

In the previous se-tion, the findings for each of the
ma jor componeuts of revenue impact were presented . Here, we
synthesize these component results into integrated estimates
of overall impacts on ratepayers.

The "basic results"™ for the three scenarios =-- High
Impact, Mid-Range, and Low Impact as described in
Section 2.3 ~-- are the subject of the first subsection.
Annual and cumulative cost impacts are reported over a fif-
teen year time frame. We then go on to explore the sen-
gsitivity of the results to variations in certain input
assumptions such as the assumed year of retirement of the

Indian Point units.

4.2 Basic Results

Summary results for the Mid-Range, High and Low Impact
scenarios are given, respectively, in Table 16, 17, and 18.
Each table shows the impact of closing the Indian Point faci-
lities over our fifteen year horizon on both an annual and a

cumulative basis. Also displayed is the annual percentage

impact on required revenue.(38) This provides a measure of

the relative magnitude of the repercussions on the price of
power. In the lower right corner is the cumulative impact
as a percentage of the cumulative required revenues, a useful

figure in evaluating the overall impacts of closing the
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Table 16

INDIAN POINT RETIREMENT STUDY -- MID-RANGE IMPACT

Differential Required Revenues by Cost Category

(millions of 1°81 discounted dollars)

CAPITAL CAPITAL NUCLFAR MAKEUP SPENT DECOMMIS “RICLEAR OTHER  ANNUAL CUM. ANNUAL %

YEAR CON ED PASNY 05K  GENERATN FUEL cosy FUEL coLT TOTAL TOTAL IMPACY
1983 7.4 0.4 ~113.4 431.7 0.0 0.0 -87.9 -8.3 244.2 244.2 7.1
19684 6.0 0.4 -115.9 380.8 0.0 0.0 -54.8 -17.0 186.7 430.9 5.7
1968 -4.9 0.4 1181 365.0 -195.2 -4.6 -52.3 -20.5 149 .1 680.0 4.7
190 4.1 0.4 -56.6 168.7 -15.2 -4.6 -22.6 ~34 8 30.4 610.3 1.0
1987 3.9 0.4 -121.4 325.4 -15.2 -4.6 47.0 -35.8 97.5 707.9 3.4
1988 3.0 -0 4 -122.6 3058 5 -15.2 -4.6 ~44 .4 ~36.5 78.8 786.6 2.9
1989 -2.8 0.4 -123.6 294 .9 -15.2 -4.6 -42.2 ~36.8 68. 4 ass.1 2.6
1990 -2.6 0.4 -124.3 329 .1 -15.2 -4.6 ~40.2 -3G6.9 104.9 960.0 4.2
1991 2.9 0.4 -65.8 123.7 -15.2 -4.6 -20.9 -55.3 -41.0 919.0 1.6
1992 -2.8 0.4 1261 238.5 -15.2 ~4.6 -36.0 -53.0 1.8 920.8 0.1
1993 2.4 0.3 -125.2 219.5 ~15.2 -4.6 -33.7 -50.8 ~12.9 eu7.9 -0.%
1994 2.4 0.3 ~125.1 201.8 ~15.2 ~4.6 -31.6 -42.7 -26.2 881.7 -1.2
1995 2.4 0.3 “124. R 187.9 -16.2 -4.6 -30.0 -46.7 -36.2 845 .4 3.7
1996 2.3 0.3 “124 « 174.6 -15.2 -4.6 -28.4 -44.8 -45.3 79¢.9 -2.3
1997 -2.3 -0.3 ~143.9 162.1 -15.2 -4.6 -26.9 -43 0 ~o4. 1 4o R -2.9
TOTAL -61.0 ~$.6 -1710.1 3908 . 4 -198.2 -59.8 -568.9 -569.1 T45.8 745. 86 1.9
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Tahle 17

INDIAN POINT RETIREMENT STUDY -- HIGH IMPACT

Differentix«l Regquired Revenues by Cost Category

(millions of 1981 discounted doilars)

m
CAPITAL CAPITAL MUCLEAR MAXEUP SPENT DECOMMIS NUCLEAR OTHER ANNUAL CUM. ANNUAL %
YEAR CON ED  PASNY 08M  GENERATN FUEL  cOST FUEL COST TOTAL  TOTAL  IMPACT
1983 -7.4 -0.4 -109.9 460.1 0.0 0.0 -57.9 -8.3 276.0 276.0 7.9
1984 -6.0 -0.4 -110.8 435.4 0.0 0.0 -55.8 -17.0 245.4 521.4 7.3
1985 -4.9 -0.4 -111.3 437.3 -10.8 0.0 -53.8 -20.5 235.9 757.3 7.4
w 1986 -4. 4 -0.4  -111.6 432.1 -10.8 0.0 -61.9 -23.7 230.0 087.3 7.8
1987 -3.8 -0.4 -111.8 425.8 -10.5 0.0 -50.0 -24.1 229.7 i217.0 7.8
. 1988 -3.0 -0.4 -1%11.5 426.2 -10.5 0.0 -48.3 -24.% 228.4  1445.4 8.1
a2 1989 -2.8 0.4 -111.2 227.4 -10.5 0.0 -46.5 -24.1 232.0 1677.4 8.5
~ 1990 -2.6 0.4 -110.6 428.0 -10.5 0.0 -44.9 -23.8 235.1  1992.5 9.0
' 1991 -2.% 0.4 -110.0 428.85 -10.5 0.0 -43.3 -23.5 238 ¢ 2151.0 9.5
1992 -2.% -0.4 -109.2 429.1 -10.5 0.0 -41.7 -23.0 241.9  2392.9 10. 1
1993 <24 -0.3 -108.3 429.8 -10.5 0.0 -4C 2 -22.4 245.5 2638.4 10.6
1994 -2.4 -0.3  -107.3 4301 -10.5 0.0 -38.8 -21.8 248.9 2887.4 11.2
1998 -2.4 -0.3  -106.1 430.4 -40.5 2.0 -37.4 -21.2 252.3 3139.8 1.9
p o) 1996 -2.3 0.3 -104.9 430.7 -10.5 0.0 -36.1 -70.8 256.0 3395.9 12.8
1997 -2.2 -0.3  -103.7 431.2 -10.8 0.0 -34.8 -'3.8 259.9 7655.7 13.3
TOTAL -51.0 -5.6 -1638.0 €486.2 -136.6 0.0 -681.3 -317.9 23655.7 23655.7 9.2
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Table 18

INDIAN POINT RETIREMENT STUDY -- LOW IMPACT

Differential Required Revenues by Cost Category

CAPITAL

PASNY

-0.
0.
-0.
~0.
-0.
-0.
-0.
-0.
-0.
~9.
-0_
-0.
-0.
-0.
-0.

WRwwwwewwasaasaas

~

(millions of 1981 discounted dollars)

NUCLEAR MAKELW
O8M  GENERATN
~113. 4 350.5
~115.9 281.7
118,14 265.1
~56.6 110. 4
~121.4 254.3
-64.7 69.4
-123.6 164.3
~124.3 128.2
-124.8 106.8
125 .1 83.8
-125.2 65.1
“125.1 47.8
~124.8 31.8
~124.4 14.5
-123.9 0.7

4.9 1954.3

n ‘, c"'.'

SPENT DECOMMIS NUCLEAR
FUEL
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54,
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FUEL

-50.
~46.
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-38.
-19.
-29.
~36.
-23.
-20.
-97.
14,
-§3.

-9.

8.

-370.

N ORNNUONND Do NS

OTHER
cost

-8.3
-17.0
-20.5
-34.8
-37.7
-59.3
~69.1
-68.6
-58.0
-87.3
-83.6
-55.8
~54.9
-54.0
-53.2

-685.0

ANNUAL
TOTAL

169.2
87.0
30.7

-38.0
20.9

~110.8

-23.6

-115.8
-133.3
-151.8
~“175.1
~187.5
~198.8
~210.9
~220. 1

-1337.3

CuM. ANNUAL X
IMPaCY

JOTAL

159.2
«46.2
276.8
2.8.9
259.8
149.2
§6.7
-59.8
“193.1
~345.0
-620.0
-707.8
-906.3
«9997.2
-1337.3

=1337.2
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plants. Cumulative results for the scenarios have been
grouped in Table 1.

The High and Low Impact scenarios are, it will be

recalled, developed by consistently biasing un~ertain sta-
tistical and policy variables toward those fucure values
which create the greatest and least ratepayer impact, respec-
tively. The 3cenario likelihood i‘ related in these cases to
the joint probability of a set of uniikoly events., For
example, the High Impact scenario represents a case of no
aging-related detarioration of capacity factors, no conser-
vation effoit beyond current levels, nc electric system re-
ad justment to the loss of the Indian Point units, nigh make-
ap fuel costs, no aging effect on decommissioning cost and
so on. Likewise, the Low Impact scenario--incorporates. .a--=.
assumptions at the oppositz end of “he uncertainty band,
those that are most pessimistic about the nuclear option.
For these reasons, we consider the High and Low scenarios to
bracket the range of plausible impact. Their average impact
on electricity costs (9.2 percent and -3.5 percent, respec-
tively) represent unlikely extreme cases.(39) We shall thus
focus henceforth on the Mid-Range scenario.

Table 16 presents the breakdown by cost impact category
as discussed in Section 3. The estimated average impact on
required revenue over the period considered is 1.9 percent
(a cumulative absolute total of $745.8 million discounted

1981 dollars). As expected the primary penalty of nuclear

-Gl
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retirement is the cost of make-up power ($3.91 billion
cumulatively). On the other hand, there are major benefits
in avoiding the costs of nuclear O&M, fuel and additional
capital investments. Additional savings result from
decreased spent fuel disposal and decommissioning burdens.
Minor savings result also from carly tax write-offs and
lower nuclear insurance costs. After 1990, the annual
avoided costs (i.e., the benefits) of not having the units
exceeds the extra costs incurred. These savings are

reflected as negative annual impact in the output.

4.3 Sensitivity to Scenario Assumptions

Comparison of the disaggregated output across the sce-
narios reported earlier will reveal the variation of results
with respect to the range of inputs characterizing each sce-
nario. Here, we wish to explore the sensitivity of ocur )
basic results to four variables which cannot be gleaned from
the earlier results. These are the length of the study
period, the timing of the retirement of the Indian Point
units, the discount rate, and nuclear capacity factors.
These will be discussed in turn below. These sensivitity
tests have been performed against Mid-Range scenario
results,

Length of Period. The impacts were computed to the

y2ar 2000 or three years longer than in our basic ru.s. The

effect is to decrease the impacts by $215 million discounted
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dollars and the average percent impact on required revenues
from 1.9 percent to 1.2 percent. This is traced to the pro-
jection that nuclear related costs will escalate more
rapidly than substitute power costs.

Timing of Retirement. Here, the Indian Point units are
assumed to be ratired in 1985 rather than in 1983 as was
forecast in the basic runs, since impacts are most severe in
the early years. Cumulative costs decrease from $746
million to $290 million 1981 discounted dollars while the
percentage impact decreases frox 1.9 percent to 0.8 percent.

Discount Rate. The impacts were recomputed using a l4-

percent anrual discount rate rather than the 12 percent
employed .in the basic results....This has. the effect of .  __
weighting the =arly years more heavily in the cumulative
impacts while decreasing the absolute levels of discounted
costs. Specifically. the cumulative costs decrease by $70
million while the percentage impact increases to 2.0 percent
from 1.9 percent.

Nuclear Capacity Factor. In this test the Mid-Range

capacity factor assumptions were replaced by the High Impact
case non-deteriorating-capacity factor assumptions (see
Section 3.1). Make-up generation costs were recomputed
using the power plant dispatch model as described in Section
3.1. This raises the estimated impacts by $751 million
(discounted tc 1981) and the average percentage impact from

1.9 percent tc 3.9 percent. This estimate does not reflect

-66~=
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dollars and the average percent impact on required revenues
from 1.9 percent to 1.2 percent. This is traced to the pro-
jection that nuclear related costs will escalate more
rapidly than substitute power costs.

Timing of Retirement. Here, the Indian Point units are

assumed to be retired in 1985 rather than in 1983 as was
forecast in the bas. ' runs, since impacts are most severe in
the early years. Cumulative costs decrease from $746
million to $290 million 1981 discounted dollars while the
percentage impact decreases from 1.9 percent to 0.8 percent.

Discount Rate. The impacts were recomputed using a l4-

percent annual discount rate rather than the 12 percent
employed in the basic results.. .This has the effect of
weighting the early years more heavily in the cumulative
impacts while decreasing the absclute levels of discounted
costs. Specifically, the cumulative costs decrease by $70
million while the percentage impact increascs to 2.0 gpercent
from 1.9 percent.

Nuclear Capacity Factor. In this test the Mid-Range

capacity factor assumptions were replaced by the High Impact
case non-deteriorating capacity factor assumptions (see
Section 3.1). Make-up generation costs were recomputed
using the power plant dispatch model as described in Section
3.1. This raises the estimated impacts by $751 million
(discounted to 198l1) and the average percentage impact from

1.9 percent to 3.9 percent. Th.s estimate does not reflect
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the increased fuel disposal costs which would result from ‘ 1

additional generation.
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Se INDIRECT REPERCUSSIONS OF PLANT CLOSINGS

5.1 The Limits of ‘irect Cost Impact Analysis

The foregoing discussion has developed the estimates of
the impacts on ratepayers of the early retirement of the
Indian Point facilities. The annual changes in required
revenues (customer payments) were approximated over a future
planning peciod for each of the major components of the cost
structure likely tc be reflected in electricity bilils. These
are the direct economic repercussions.

Such direct cost trade-offs do not, however, exhaust
the impacts on society of a plant closing. T1uere are a
number of indirect consequences that are not incorporated
into the required revenue analysis presented above. While
there is at this time considerable controversy on methods
and assumptions appropriate for quantifying indirect (or
"external®™) costs and benefits of plant closings, there are
four broad categories of indirect repercussions which
deserve brief qualitative identification here. These are:
health and safety issues, behavioral rssponse to price
increments, financial repercussions on utilities, and secon-
dary impacts on economic activity. We shall discuss these

below, in turn.

5.2 Health and Safety Issues

A full social cost/benefit treatment would attempt to

monetarize and incorporate some measure of the health and



safety trade-offs which would result from a nuclear plant ‘

R

closure. To date, there has been no attempt to include
these in assessments of plant closing economic impacts. The
reason is easily discovered: high-confidence techniques for
estimating and costing the relevant factors do not currently
exist. Of course, such methodological underdevelopmant does
not make the effects any less real.

What then are the main issues? On the nuclear side,

the costs of continued operation would be identified with
the extra risks incurred at all phases of the nuclear fuel

cycle. The problems include (1) the mining and milling of

) ol

uranium with danger of release of radicactive material

———

(e.g., thorium, radium: from tailing heaps into soil and ‘

water systems, (2) low-level toxic releases during normal

plant operations, (3) the risk of a major accident at a
nuclear plant,(40) (4) protection against release of highly
toxic spent fdel over unprecedented, long planning periods
(say, ten half-lives or about 250,000 years for the case of
Plutonium=-239), and (5) avoiding proliferation of nuclear
weapons fashioned from power plant plutonium. On the other
side, the environmental cost of earliv closure would include
increased air pollution from fossil fuel generated make-up

power and perhaps increased dependency on uncertain foreign

£t1 8 (3 E2 ¥ L3

sources.

Full explication of these complex health and safety

issues would, of course, regquire volumes. Some would arjue

———
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that the risks are too serious to justify continued nuclear
plant operation; others that they are comparatively
negligible or easily manageable.(4l) The exercise performed
in this study -- the computation of required revenue under
risk~free conditions =-- can play a role here. It can help
the public and their decision-makers iq deciding whether the
direct cost impacts are a tolerable investment for avoiding

healti:s and safety risks as they perceive them.

5.3 Behavioral Response to Price Increments

In theory, a change in electricity price will cause a
change in the demand for electricity. This relationship is
often expressed in the so-called "price elasticity of
demand®: the percentage change of consumption divided by the
percentage change of price. Two time periods are generally
distinguished. The "short run" elasticity represents the
‘nmediate response to price changes due presunab.y to adjust-
ments in usage (e.g., changing thermostat settings), while
the generaly larger "long run®™ elasticities should reflect
the lagged response to price changes due to equipment choice
(e.g., more efficient devices).

Clearly, these price elasticity effects would have a
mederating influence on the direct cost impacts of a plant
closing. This is shown mathematicazlly in Table 19. The
final equation presents a correction factor, which would

scale down our earlier cost impacts. Indeed, if the elasti-

-70=-



TABLE 19

PRICE ELASTICITY EFFECTS ON REQUIRED REVENUE IMPACTS

With the ¢ finitions:

Retirement Retirement
No Retirement le= Q) (e# 0)
Reguired Revenue R R + ARO R + AR
Electricity
Consumption E : E E + AE
Average rate r - r + Ar
Marginal generation
cost P
Eiasticity -€
Correction factor £
We have:
R = _.RQ - S4B
From r = R/E, we have
ax _ AR _ AE
r R E
Substituting (LE/E) - £ yields:
(Ar/x)
€ 2 A :- £ .‘i AR
AE/E = 1+e (14":) = °r AE = :‘_T‘:-“ g

Substituting in defined equation and simplifying:

AR = £ - _Ro

Where the elasticity correction factor is

r - =i
| P €
E.® |32 (T:i)-
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city were minus cne, the required revenue impact would be
zero. The problem, however, is that in the words of a recent
review monograph, there is a "startling lack of consensus on
price elasticities."(42) Representative price elasticity
spreads are shown in Table 20.

The uncertainty of these estimates makes specific
applications problematic and we have not reported elasticity
ad justments in our guantitative results. If, for the sake
of illustration, one mak2s the not unreasonable assumption
that marginal generation costs roughly equal average rates
(P/rxl) and the price elasticity is approximately -0.4, then
the correction factor (f in Table 19) is 0.6. This would
imply an overestimate in the earlier regquired revenue

impacts of the order of 40 percent.

5.4 Financial Repercussions on Utilities

The central issue here is the possible impact on
investor confidence in the event of a nuclear plant closing.
The perception of risk by the financial community is
reflected most directly in the level of return and annual
cash flow required to attract an adegquate level of invest-
ment. The determinants of that perception are multiple but
probably include such factors as regulatory policy on rates
and sunk cost recovery, market-to-book ratios, coverage
ratios (earnings divided by debt service burdens), and, in

the case at hand, confidence in nuclear plant performance.

- -
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TABLE 20

e

PRICE ELASTICITY ESTIMATES IN THE LITERATURE:43)

Short-Run Long-Run
Residential -.08 to -.45 -.45 to -2.10
Commercial -.17 to 1.18 -.56 to ~-1.60
Industrial -.04 to -1.36 -.51 to ~-1.82
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These, in turn, depend on utility management performance,
construction plans, and on the performance of nuclear
facilities over time.

Clearly, any quantification of investor response to a
plant closing must first develop scenarios for these con-
ditioning variables and then link them to estimated changes
in the cost of capital and cash flow requirements. This is
necessarily a complex and judgmental task.

However, the scenarios developed here assume full flow
through of incremental costs of plant closing to the rate-
payers (only the return portion of the unamortized part of
the initial capital expenses is treated as a scenario
variable). The working assumption for the High Impact and
Mid-Range cases is that stockholders and investors-wiil-be -
"kept whole" in that the regulatory treatment will allow all
utility costs to be reflected in rates. Under these con-
ditions, there is no basis for assuming any additional
expenses to maintain investor confidence. Furthermore,
cash flow problems will not emerge with passthrough rate-
making as a result of a plant closing.(44)

There is, on the other hand, the possibility that par-
formance by maturing nuclear power plants will not live up
to industry expectations. In this event (our Mid-Range and
Low Impact cases), investor confidence would presumably be
sufficiently enhanced by the early retirement of such a
facility that the loss of the return on the unamortized

balance, as assumed in the Low-Impact case, will not
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negate this increased confidence. Additionally, in a full
asessment, one would need to weight in the small probebility
of an unplanned plant shutdown (as occurred at Three Mile
Island) which, of course, would be seriously detrimental to
a utility's financial condition. These would be avoided
costs -- that is, benefits -- to early retirement.

Each of the elements that constitute the indirect
financial repercussions seems to satisfy at least one of
these characteristics -- small, improbable, and speculative.
Thus, we have not attempted to include them in our numerical

results.

5.5 Secondary Economic Activity

The analysis of required revenue impacts is restricted
tc estimates of the diroct ocut-of-pocket expenditures
required to support an early plant closing. But will the
ensuing change in business and household expenditure pat-~
terns -- more spending for electricity, less for other com-
modities in the case where the closing increases costs --
have significant indirect repercussions on employment, eco-
nomic output, and household income?

The indirect impacts of changes in energy expenditure
patterns are complex. Alternative patterns may alter the
economic accivity in the energy supply industry itself and in

equipment suppl sectors, in business costs and location
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decisions, in the suppliers of the suppliers, etc. There

could be distributional impacts between household type and
industrial sectors, between regions, and over time.(45)
There have been no attempts to assess such secondary effects
for a nuclear plant closing. In perhaps the most closely
allied study, the impacts of a phase-out of nuclear power in
California was analyzed with no significant secondary econo-
mic impacts found,(46)

One of the main complications, is that increases in
electricity prices stimulate conservation and conservation
dollar-for-dollar is thought to be more economically stimula-
tive of a region than sup:ly side alternatives. For example,
a study of electric price-increases-in=the Buffaio-area- a~=3 -
concluded that the indirect effects actually were benefi-
cial.(47) similarly, two recent investigations of conser-
vation impacts find substantial economic benefits in switch=-
ing from energy investment to conservation investment.(48)

However, for the case of a plant clcsing the conser=-
vation induced is not easily specified (see the discussion of
behavioral responses above). Against this effect will be the
economically negative impact (if elasticities are less than
one) of transferring household expenditures to electricity
from other commodities. This is likely to decrease
employment, especially in the case where the conssrvation

expenditures stimulate local economic activitiy while the
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expenditures for make-up generation go in part to foreign ‘
i

coffers.

Wwhat are the changes in expenditures patterns implied by
a plant closing? What are the economic repercussions locally
and nationally? Will induced conservation and health and
safety benefits counteract the negative repercussion of
higher electricity costs? These are significant questions

that cannot be answered today.
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FOOTNOTES

The basic documents on the cost impacts of closing the
Indian Point facility are listed in References 2 through
5 below. Together, they present a remarkable spectrum
of assumptions, methods, and not surprisingly, results.
None present a documented and systematic framework for
scenario explication, sensitivity analysis, and output
evaluation.

Economic Impact of Cleosing the Indian Point Nuclear
Facili y, Report by the Comptroller General of the

United States, U 2. Government Accounting Office,

EMD-81-3, Washington, D.C., November 7, 1980.

Costs of Closing the Indian Point Nuclear Power Plant,

prepared for Power Authority of the State of New York,

Rand Corporaticn, R-2857-NYO, Santa Monica, California,
November, 1981.

Taylor, Vince and Komanoff, Charles, An Evaluation of
"EPeconomic Impact of Closing the Indian Point Nuclear

Facihtz= A Report of the Gen=ral Accounting Office,

Union of Concerned Scientists, December 3, 1980.

Brancaio, Carolyn Kay,.. "The Indian Point No, 2 Nuclear
Facility," Congressional Research Service, Washington
D.C., December 5, 1980.

The IP-l unit has been shut down since 1974; the NRC
revoked Con Ed's operating license in 1980. We shall
not consider this unit further in this study.

An Analysis of the Need for and Alternatives to the
Proposed Coal Plant at Arthur Kill, a report to the New
York City Energy Office and the Corporation Counsel of
New York, ESRG Study No. 81-21, June, 1981.

Referenced in Note 7. This study was also presented as
part of testimony in the 1981 New York State Energy
Master Planning hearings by Dr. Richard A. Rosen. The
focus of the study was the economics of the proposed
Arthur Kill plant, but the work has general applicabi-
lity to generation planning and demand related issues in
the region.

Documented in Note 7 reference.
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10.

11.

12.
13.

14.

ls.
16.
17.

18.
19.

FOOTNOTES
(Continued !

Note that neither the proposed 700-MW Arthur Kill unit
on Staten Island nor the proposed Prattsville pumped
storage facility has been included in these generation
dispatch runs. Had they been, the replacement power
for Indian Point would have derived from more efficient
back-up units than we have assumed, thus lcwering make-
up power ccsts.

Con Edison response to NRC Staff interrogatory #24,
NRC Docket #50-247SP, #50-2863P.

vol. II, p. 433.

1a the Low Impact case one could conceivably assume the
additional coal conversions of ths Astoria %3, #4, and
#5 units, but due to unresolved controversy surrounding
the feasibility of such conversions we did not.

Con Edison response to NRC Staff interrogatory #1, p.
7-8, NRC Docket #50-247SP, #50-286SP. Indeed, Con
Edison's oil price assumptions are somewhat below the
Mid-Range case assumption.

1982 NYPP Report, p. l2.

Con Edison FERC Form #1, pp. 326-27.

The following amounts of power were assumed available
for dispatch at the listed prices:

Megawattage Cost

Power Line Years Maximum (1981 $/MWH)
NYPP#1 1981-2000 300 49.60
LLLCO#1 1981-2000 500 65.00
NYPP#2 1981-2000 800 70.00
NYPP#3 1986-2000 1000 65.00

Generally these lines will dispatch only a fraction of
the time.

Con Edison response to NRC Staff interrogatory #1, p. 9.

This analysis shows that about 36% or about 3000 GWH of
the make-up power would come from upstate NYPP com-
panies. This is the equivalent of about a “00 MW line
with a capacity factor about 40%.
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20.

2l.

22.

23.

24.

25.
26.

FOOTNOTES
(Continued)

In current dollars, in 1983, the make-up power costs
for the Mid-Range scenario would be about $542 million.
To compare with the Con Edison calculations provided on
discovery for that year, however, the nuclear fuel,
nuclear operations and maintenance costs (O&M) and
nuclear spent fuel disposal costs would have to be
subtracted, yielding a total Mid-Range impact of $327
million, or 3.8 cents per KWH. (See Table 2 referenced
in note #14.) The comparable High-Impact value will be
about $367 million, and the Low-Impact value is $235
million. In contrast, the RAND report claims that a
reasonable upper and lower limit of $455 million and
$425 million, respectively, is appropriate, which can
be compared to the Con Edison value of $506 million.
The largest single cost item that separates the

Con Edison and Rand Estimates from the High-Impact or
Mid-Range Impact cases here is a roughly $50-100
million differential for nuclear O&M. The justifica-
tion for the ESRG assumptions on O&M can be found in
Section 3.4 belw. Secondly, different capacity factor
assumptions among all parties account almost completely
for the remainder of this cost differential.

The 20% figure was.estimated . by Dr. .Lewis Perl of NERA,
a consultant to Con Edison and other utility companies
in Revised Direct Testimony, Pennsylvania Public
Utility Commission Docket #I-8010034l.

Response to Greater New York Council on Energy,
interrogatory #23 (Con Ed), Table 6B, p.8, and #4
(PASNY).

The New York utilities appear to assume a 0% real esca-
lation rate. Other observers assume rates above our
High Impact case assumption (e.g., Lewis Perl, ©op.
cit., Table 11 testified to over 5% real escalation
rates).

Based on a relcading cycle of 18 months with one-third
assembly replacement (implying an average age of 27
months) and a fixed charge rate of 15% (Con Ed & PASNY
average): 27/12 x .15 = .34 .

Cited in Note 2.

See, e.g., App. D, Refs. D-4 and D-8.

NES, Inc., "Decommissioning Study of Prompt

Dismantlement of Indian Point Unit 2", April, 1582,
P. 9.
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FOOTNOQTES
(Continued)

Reference cited in Note 27.

Cited in California Energy Commission, "Nuclear
Economi<s", November, 1580, p. 56.

Steam-Electric Plant Construction Cost and Annual
Production Expenses, USDOE, various years esp. 1973 and
1979.

Con Ed response to interrogatory #2 of GNYCE's First
Set.

PASNY response to interrogatory #2 of GNYCE's First Set.
Cited in Note 2, pp. 20-2l.

Con Ed response to interrogatory #l1 of GNYCE's First
Set.

New York Times, March 31, 1982, p.A25. "Tubes at 40
A-Plants Assailed". Steam-generator replacement has
already occurred at the Surry #1 and #2 units in
Virginia. Similar replacements are underway or planned
at Turkey Point and Palisades nuclear stations.

Cited in Note 3, Table 10.

PASNY response to interrogatory #l1 of GNYCE's Furst
Set.

Annual *.guired revenue in constant dollars is assumed
to decrease at an annual raate of -1.5%, -1.0%, and
-0.5% for the Low, Mid, and Hign Impact scenarios,
respectively, based on scenaric load growth assumptions
and a decrease in the unit cost of electricity in the
Con Ed service area of 0.7%/year (Energy Master Plan
II, State Energy Office of New York, August 1981,

p. 170).

Indeed, in the later years of the Low Impact case the
costs of generating power from the nuclear stations
exceeds the make-up costs. In this case, on economic
grounds, the plant would be voluntarily retired some-
time after 1990,
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40.

4l.

‘2.

43.
44.

45,

46.

FOOTNCTES
(Continued)

The required revenue simulation used in this study
employs statistically estimated measures of normal plant
operation. Abnormal events of low probability such as a
catastrophic accident are, of course, not reflected.
Cost estimates here would be related to such imponder-
ables as the worth of human lives (a moral as well as
economic concept), probability of losing lives, psycho-
logical costs, etc.

There is abundant popular literature on nuclear risks
(see, e.9., Countdown to a Nuclear Moratorium, Environ-
mental Action Foundation, 1976). On the other hand,
most economic impact assessments are silent on the
question of nuclear hazards (e.g., Refs. 2 and 3).

Bohi, Douglas R., Analyzing Demand Behavior: A Study of
Energy Elasticities, John Hopkins, Baltimore, 1981,

-

Ibid., p. 57 f£f.

This is apparently confirmed in Ref. 2, Table 3-13,
p.58, where satisfactory interest ratios are found under
passthrough ratemaking. The caveat "apparently" is
necessary due-to alack of documentatton-on datay~ ==
assumptions; and methodology “in-that study. -Ref. 3 =
refers to that exercise as a "black box" (p. 35) but
nevertheless manipulates various Ref. 2 tables in an
attempt to cull out "business costs" (everything but
fuel-related cost it appears). This exercise cannot be
considered scientifically interesting.

The issues ars reviewed in Ref. 3 (pp. 38-45) and in

J. Stutz and ?. Raskin, Electricity Reguirements in New
York State. Volume III: Employment Impacts of the
Conservation Policy Base Case Alternative, Energy
Systems Research Group, Inc., ESRG 79-12/3, July, 1979.
The latter cifers a concrete guantitative assesment of
the secondary effects of conservation in New York uti-

lizing a regional model based on input/output tech-
nigues.

Martin L. Baughman et al., Direct and Indirect Economic
Social,and Environmental Impacts Of the Passage of the
California Nuclear Power Plant Initiative, Center for
Energy Studies, University of Texas at Austin,
FEA/G-76.2661, April 1976. However, as pointed out in
Ref. 3 (p.40), there are guestions abnut the validity of
this repcrt and its relevance to an Indian Point
closing.
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47.

48‘

FOOTNOTES
(Continued)

J.H. Savitt, Elec.ric Energy Usage and Regional Economic -

Redevelopment, Final Report, EPRL, ES-187, Palo Alto,
California, August, 1976.

These are the ESRG study cited in Ref. 6 and the New
York State Energy Office's State Energy Master Plan and

Long-Range Electric and Gas Report, Albany, 1980.
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. In this appendix, the calculation procedures employed by
the Cost Assessment of Nuclear Substitution (CANS) model are
described. The appendix is divided into eleven sections. The

first (section A-1l) will describe the general organization of

-

the CANS model and introduce seven modules used to calculate

eight different components of costs.l Section A-2 describes

~
1 the data requirements and conventions shared among the modules.
24 Sections A-3 through A-10 describe the individual modules
and the data requirements specific to each module. Finally,
; in Section A-11l, we discuss the CANs report and comparison module.
; A-1 An Overview of CANS
The CANE system consists of two separate FORTRAN programs.
‘ The first is the cost estimation program which estimates the reguired
= revenue impacts of a particular user defined scenario. The second
is the report and comparison program which compares the revenue
impacts of two scenarios.
The simulation program consists of seven independent modules
that calculate the following cost impacts:
l. Nuclear plant capital costs, assuming the plant remains
L. on line for its full expected lifetime.
2. Nuclear plant capital costs, assuming the plant is
l retired from service before its full lifetime.
' rSi.nce capital costs assuming the plant remains in service and

capital costs assuming it is retired are separate modules, only
s seven modules are actually employed in any given simulation.

A-1
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3. Nuclear plant operations and maintenance costs

4. Makeup power costs when the plant has been retired

early

5. Spent nuclear fuel disposal costs

6. Nuclear plant decommissioning costs

7. Nuclear fuel costs

8. Extraordinary costs.

Since CANS was designed to estimate the costs of replacing
nuclear plant with one or more alternatives, the modules were
primarily designed to consider incremental reguired revenue impacts.
For instance, the model makes no attempt to estimate the capital
related costs of existing generators because these are independent
of the decision on retiring nuclear plants. Similarly, no attempt

is made to estimate the costs of current spent nuclear fuel.

.L_JLIJL_JL.JL_J-—.

An overview of CANS is provided in Figure A-l. The model reads
the base case data, accepts or replaces values of inputs required
for the particular scenario to be simulated, and calls the
individual modules in turn. At this point it produces a file which
summarizas the total revcnue'rcquiremcnt impact as estimated by each
module for the years in the study period. 1In addition, the user
may request a more detailed report on the calculations performed
by any of the individual modules.

When two scenarios have been simulated, the report program

is used to generate a report comparing the results of the simulations.

13 & 1 el O LI
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‘ Figure 1

Outline of the CANS Model
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A-2. The Conventions of the CANS Model

In this section, we describe the handling of data common
to more than one CANS module. In addition, we describe the
conversion between cost estimates dencminatad in current
dollars and present value estimates since this c~nversion is
common to the reporting program (described in Section A-1l)
and the modules.

The data common to all CANs modules is entered through the
BKGD data set. This data set is described in Table A-1l.
when CANS reports present values of various cost items, it
does so based on the values of IPVYR and PVRATE from the BKGD
data s.c. If PVRATE is not entered, present value calculations
are based on the weighted cost of capital.

In the remainder of this appendix, we will make use of
two conventions which the reader should note. First,
variables which are inputs to CANS are denoted with an asterisk
to distinguish them from variables which are internally
calculated. Second, a number of variables are, in part,
functions of time. These are denoted with the time subscript t.
By convention, t is one in the base year; two in the second,

and so on.

—




’ TABLE A-l

BKGD Data Set

Background Data Common to the CANS Program

BNDCST, Bond cost (as a fraction) in year t
-
BNDSTRt Bonds as a fraction of total capitalization
in year t
r’ CAPMW Capacity of the nuclear generating mnit in megawatts
COMP2 Logical variable. If true, the capital cost
, calculations are performed separately for two
’ companies.

CONVRT Factor to convert the dollars in which data is
; input to dollars of the base year of the study.
Default value is 1.0.

’ BQCSTt Common equity cost (as a fraction) in year t.
p EQSTR_ Common gquity as a fraction of total capitali-
zation in year t.

ESCRA‘I‘t The escalation rate to convert the year t-1
price level to the year t price level.

IBASE Base year of the study

INDOL Year in which input dollars are denominated

INYR Year in which plant came on line

IPVYR The year to which present values will be taken

IYRREP The last year on which costs will be reported
(Default value is LYSTUD)

LYSTUD The last year of the study period

MECHO Logical variable. If true the data sets are

printed to a separate output file.

OWNSHR The fraction of the nuclear generating unit
owned by the utility being considered



PRFCST,
PRFSTR,
PRTALL

PVRATE

REVTXR

RRGR

preferred stock cost (as a fraction) in year t

preferred stock as a fraction of total capitalizatior

I1f true, all modules print detailed reports
on their estimations.

Rate for calculating present values (as a
fraction). Default, weighted cost of capital is used

Revenue tax rate, as a fraction
Total company required revenues in the base year

Real =scalation rate for required revenues.
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A~3 Capital Costs of Nuclear Plant in Service

In this section, we describe the methodology employed
to estimate the annual revenue requirement impact of the
fixed charges associated with 2 nuclear plant. No allowance
is made for fixed charges associated with nuclear fuel since
these are estimated in the nuclear fuel cost module (see
section A-6). The calculations described below are performwed
for every year in a "keep" scenario and for years prior to
retirement in a "retire" scenario.

Like the other modules of CANS, this module employs both
the background data set listed in Table A-1 and a module-specific
data set, in this case CPTL. A description of the module
specific data is presented in Table A-2.

As indicated in the table, the user can reguest employment
of either normalized cor flow-through accounting conventions.
In the body of this section, we will assume normalized accounting.
Subsequently, we describe the changes necessitated by a switch

to the flow~through variant.

Regquired Revenues

The total annual revenue requircment'impact is defined
™
REQR.F.'Vt = BKDEPt + RETEQ, + R..PREt + RETBNDt
+ TAxt + DEFTA.Xt - 'I'XCRDAt + OTHTOTt = AFDCDA, +

RIVTAXt
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TABLE A-2

CPTL Data Set

Used in Developing Annual Nuclear Capital Cost Estimates

Data Item Description
AFDC The allowance for funds used during construction

(AFDC) component of original plant capital cost.

AFDCD The income tax reduction resulting from the
deduction of debt AFDC from taxable income
which is flowed through to ratepayers.

8 L L3 - B

BKLIFE The total book life of the plant,
IDTXDP switch determining tax depreciation method
if IDTXDP = 1, sum of the years' digits depreciation
employed
= 2, double declining balance dnprcciation']
employed

If this variable is not specified, the default
value is 1,

NRMDEP Logical variable. If true, normalized accounting
is employed. 1If false, flow-through accounting
is used. The default value is true.

.3 @

NYRDDB When using the double declining balance method
of calculating tax depreciation, NYRDDB controls
the number of years during which that method will
be used prior to switching over to straightline
depreciation. The default value is one-half of the
tax life.

OTHGRS The fraction of original plant cost to be included
as miscellaneous plant related expenses.

OTHINP, Annual miscellaneous expenses directly added
to the revenue requirement.

OTHNET Similar to OTHGRS except that the fraction is
applied to the original cost net of book
depreciation.

2 . 3 B3 &I

ORGCST Original cost of the plant (in millions of
dollars) including AFDC,

PRTFIX Logical switch to prompt a report on the
details of the fixed charge calculation.
The default value is false,




where REQREVt - Required revenues in year t

BKDEPt - Book depreciation for revenue requirement
purposes in year t

RETEQ, - Return to common stockholders in year t
RETPRF, = Return to preferred stockholders in year t
RETBNDt - Return to bond holders in year t

TAX - Actual income taxes paid in year t

t

DEFTAX, =~ The difference between taxes charged to
ratepayers and actual taxes (TAxt) in year t

TXCRDA, - Amortization of the tax credit in year t
OTHTOT, - Other fixed charges in year t

AFDCDA - Amortization of tax reduction from the

* interest component of AFDC in year t
REVTAXt - Revenue or gross receipts tax in year t
' In the remainder of this section, each component of required

revenues is described. An asterisk indicates those variables
which are input items.
BKDEP, -~ Annual book depreciation for rate purposes.
Unless explicitly input, book depreciation for rate purposes
is calculated under straight line depreciation.

BKDEPt = ORGCST*/BKLIFE*
where ORGCST - Value of asset, including AFDC, when it comes
on line

BEKLIFE - The book life of the asset.

‘ A-10
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RESCAP

TXCRD

TXLIFE
TXRATE

TABLE A-2
(Continued)

The fraction of accumulated deferred
taxes to be netted from the rate base.
The default value is 1.

Total investment tax credit originally
claimed for the plant.

Tax life of the plant,

The composite (including federal and
state) income tax rate.




L

RETEQt, RETPFRt, RBTBNDt = Return to capital
The return to each type of capital is calculated as

Equity cost, year t = EQCST't x EQSTR*t
Preferred cost, year t = PRPCS‘I"t x PR.FSTR't

Bond cost, year t = BNDCST't o BNDSTR't
where XXXCST, - the cost of capital source XXX in year t
(expressed as a decimal)
XXXSTRt - the proportion of capital source XXX as
a fraction of total capital in year t.
Since returns to each type of capital are calculated
symmetrically, only the derivation of RETEQ, the return to
equity capital, will be described in detail
RETEQ, = EQCST*, ¥ EQSTR*, X RATBAS,
where RATBASt is the mid-year rate base in year t.
The rate base is defined as
RATBASt = ((BKVALt + BKVALt+1)/2 - RESCAP* x
(DTXRES, + DTXRES_,,)/2)

where BKVAL is the book value of the plant at the
beginning of year t
RESCAP* is the fraction of the deferred tax reserve
fund to be netted from the rate base
DTXRES is the deferred tax reserve balance in year t
RESCAP* is input data. Drxazst is described below. The
book value of the plant is

t-1 -
BKVAL, = ORGCST - [ BKDEP; = ORGCST* Sitiie b+l

i=]1
where ORGCST, BKDEP, and BKLIFE retain their definitions given

above.
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raxt - Actual Income taxes paid

CANS does not distinguish between Federal and state income

taxes. Therefore
raxt = TAXINCt x TXRATE*

where TAXINC, - taxable ancon. for Federal tax purpose
excluding any deductible state or local
income taxes in year t

TXRATE - the composite state and Federal income

tax rate

TXCRDt is described below. TXRATE is input data. When state

taxes are deducted from income in determining taxes, the composite

¢
0
]
J
\

rate must be calculated as follows.
State Tax = State tax rate x Income
Federal Tax = Federal tax rate x (Income-State tax)
Total Income Tax = Federal Tax + State Tax
= Federal tax rate x (Income =~
State tax rate x Income)
+ State tax rate x Income
Therefore, the proper value of TXRATE for input is
TXRATE* = Federal rate + State rate =~
Federal rate x State rate
Taxable income must be calculated with reference to the

fact that many components of income are after-tax

A-12




Unless input, accelerated tax depreciation is calculated

by sum of the years' digits if IDTXDP = 1 or by double

declining balance when IDTXDP = 2. Under sum of the years'

digits,
TXDEPt = (ORGCET* - AFDC*) x (TXLIFE* ¢ l-t)/SYD
TXLIFE*
SYD = L i = TXLIFE* x (TXLIFE*+l)/2
i=1 i

where TXDEPt

Accelerated depreciation for tax purposes in

year 5
ORGCST - Cost of piant, including AFDC in rate base
AFDC - Total allowance for funds used during construction

SYD - Sum of the years' digits

Under double declining halance, tax depreciation in the early

4 2 LJd a4 EE .

years is

TXDEP, =  (ORGCST* - AFDC*) X (1-2/7XL1FE*) *~1

where all variables retain their previous definitions.

x (2/TXLIFE*) l

After one half of the tax life or at a user specified time
the double declining depreciation method reverts to straight-line
depreciation to allow a complete write-off.
Deferred taxes resulting from accelerated depreciation under
normalized accounting are calculated as

DBFTAXt = (TXDEPt - BKDEPt) x TXRATE*
For ease in understanding, the first terms in the taxable

income equation can be rewritten

13 s L3 BEJ &= L)

-
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requirements. Taxable income must be sufficient to fulfill ’

these :oquiremnnt:.l

1 <r
TAXINCt = Y-TXRATEF (BADEPt - TXDEPt + DBFTAXt

- TXCRDAt + RETEQ, + RETPRF, - AFDCDA,)

where BKDEP, - Straight line depreciation for book
purposes in year t

Accelerated depreciation for tax

rxnspt
purposes in year t

DEFTAxt - Deferred taxes due to normalizing
accelerated depreciation in year t

TXCRDA, Investment tax credit amortized in year t
RETEQ, = Return to common stockholders in year t
RETPRF, - Return to preferred stockholders in year t

AI-'DCDAt - Amortization of tax savings from AFDC

The depreciat.on terms are conveniently considered together. '
Another depreciation item which requires introduction is BKDEPTt,
depreciation for book taxes. BKDEPT, is similar to BKDEP, with one
significant difference. Since only direct construction expenditures
can be depreciated for tax purposes, depreciation was calculated

BKDEPTt = (ORGCST* - AFDC*) /BKLIFE*
where AFDC* - total AFDC during construction.

Other variables are defined above.

I;;xis equation is derived as follows

ATI, = TAXINCt - TXRATE x TAXINCt

where ATI - after tax income
rearranging terms yields:

TAXINCt' 1 . ATIt
1-TXRATE

A-13



1
I-TXRATE (BKDBPt - TXDEPt + DEFTAXt)

BKDEPt - TXD!Pt + (TXDBPt - BKDEPTt)TXRATE
. T = TXRATE

= BKDEP, - TXRATE x BKDEPT, + (1-TXRATE)TXDEP,
i 1 - TXRATE

BKDEP, - TXRATE x BKDEPT,
CE T | e,

TXCRDAt = Investment tax credit amortization

Total investment tax credits taken during construction are
entered as data. Once construction expenditures are over, no
further tax credits are generated.
Credits are amortized over the book life so that

TXCRDAt = TXCRD* /BKLIFE*
OTH'rO‘rt - Other Fixed Charges

Conceptually, these costs may represent insurance, property
taxes or other miscellaneous items. To allow flexibility,

OTHTO’I‘t = OTHGR* x ORGCST* + OTHNET* x BKVA.Lt + OTHINP*

"

where OTHGR* - Other costs incurred as a fraction of
original cost.

OTHNET* - Other costs incurred as a fraction of
net plant

OTHINP't- Other costs in dollar terms exogenously
supplied by the user.

BKVALt is described above in the discussion of RETEQt.
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AFDCDA, - Amortization of deferred taxes from debt portion

of AFDC.
When AFDC is partially debt related, the interest expense

during the construction period results in a tax reduction during
those years. Under normalized accounting, these are flowed
through to ratepayers at a constant rate over the service life.
DTXRES, - Deferred Tax Reserve

Deferred taxes result from two sources: 1) accelerated
depreciation under normalized accounting, and 2) normalization of
the tax savings from debt portion of AFDC. The investment tax
credit component is not considered. The deferred tax reserve
is the sum of these components not yet passed to ratepayers.
In some jurisdictions, this account is netted against the rate
base or, equivalently, considered as part of the capital structure

at zero return.

t t-1
DTXRES, = L DEFTAX; + (AFDCD* - [ AFDCDAj)
i=] . i=1

where DEF'rAxt - Current deferred taxes in year t
AFDCD* - Tax savings from debt portion of AFDC
AFDCDA - Amortization of AFDC tax savings in year t

DEFTAX AFDCD and AFDCDA are described above.

e’
AFDCDAt = AFDCD* /BKLIFE*
where AFDCD* - Total tax reduction during contruction
pericd
BKLIFE* - Asset life for book purposes.

Both AFDCD* and BKLIFE* are data inputs.

A-16
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REV'I‘AXt - Revenue

Revenue taxes are calculated after all other components
of required revenues have been computed. For didactic

purpcses, we will refer to this total revenue reguirement,

net of revenue taxes, as RR”.

Revenue taxes are then defined

. -
m“t RE\:I’XR X _RR

where REVTXR* is the revenue tax rate.

Elﬂ!'lhlﬂ!ﬂh“h£§23aﬁiﬂs
Under flow-through accounting, various tax saving
The computation

s are

used to reduce required revenues immediately.

is simpler since there is no need to differentiate between

actual and book taxes. The required revenue function is

REQREV, = BKDEP, = TXCRDA, + RETEQt + RETPRFt + RETBNDt

+ TAX, + OTHTOTt + TXCRDt + REVTAX

t
variables retain their definitions from section 1. Note
this formulation differs in that the elements relating to
normalization of accelerated depreciation and the debt portion
of AFDC do not appear. Other required changes are similarly
straightforward. DTXRES. the deferred tax reserve fund, is no
longer relevant. The taxable income calculation is the same,

but some terms cancel.

). ;
'I'A.XINCt =  TXRATE (BKDEPt - TXDEPt + RETEQt * RETPRPt

- TXCRDAt)

Otherwise, the same equations employed under normalized accounting

continue to apply.
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A-4 Capital Cost Recovery for Retired Plant

In many respects, recovery of the capital of retired plants
is similar to recovery of the costs of plants that remain in
service. The most important change is that in the year of

retirement, the focus shifts from the recovery of undepreciated

plant costs to the recovery of that portion of plant costs charged

tOo ratepayers. 1In a given situation, it is possible that these
two items will be equal. A second potential difference is that
the costs of retired plants may be amortized over a different
time period. Finally, there is an important tax effect since
upon retirement, the remaining value of the plant is written off
for tax purposes rather than being recovered over the remaining
tax life.

When estimating plant capital costs under a retirement
scenario, CANS first calculates the capital costs of maintaining
the plant in service during the years prior to retirement. This
serves two purposes. First, the costs for those years are re-
quired directly. Second, the simulation serves to provide
estimates of the levels of the reserve accounts, e.g. depreci-
ation, deferred taxes, unamortized investment tax credits.

The module employs three data sets: the background data set,
the capital cost data set (see Table A-2), and a new data set,

CPRT, shown in Table A-3.
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TABLE A-3

CPRT Data Set

Used In Developing the Annual Capital Costs

Data Item

AMLIFE

DEPNET

OTHGRS

OTHINP
OTHNET

RETURN

RPSHAR

TXCNET

TXWNET

Of Retired or Cancelled Nuclear Plant

Description

Amortization period (in years) over which the rate-
payers will be assessed for their share of retired
or cancelled plant costs.

Fraction of deferred tax reserves which is credited
to ratepayers in determining the value of plant to
be recovered from ratepayers. The default value

is 1.

Fraction of original plant cost incurred as an
annual miscellaneous expense (Values for OTHGRS,
OTHINP, and OTHNET over-ride values in CPTL data
set).

Input annual miscellaneous expense.

Fraction of unamortized unused plant incurred as
an annual miscellaneous expense.

Fraction of unamortized unused plant included in
the rate base.

Fraction of plant cost recovered from ratepayers.

Fraction of unamortized investment tax credit
reserve credited to ratepayers in determining the
value of plant to be recovered from ratepayers.
Default value is 1.

Fraction of tax savings from write-off off plant

costs which is credited to ratepayers in determin-
ing the value of plant. Default value is 1.
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Required Revenues
The required revenues component is defined by the same

equation described in Section A-3. The reader should note, how-
ever, that the definitions of individual items may change some-
what. In particular, BKDEP: refers to current book depreciation
when referring to plant in service and current amortization of
unused plant cost for plant not in service.

The total annual revenue reguirement impact is defined

REQREVt - BKDBPt + RETEQt + RETPFR, + RETBNDt

+ TAX, + DBFTAXt - TXCRDAt + OTHTOTt - AFDCDAt +

t
REVTAXt

where REQREVt - Regquired revenues in year t

BKDEPt

Amortization of unused plant in year t

RETEQt Return to common stockholders in year t
RETPRFt - Return to preferred stockholders in year t
RE'I'ENDt - Return to bond holders in year t

TAxt - Actual income taxes paid in year t

DEFTAxt - The difference between taxes charged to rate-
payers and actual taxes (raxt) in year t

‘rxc:RDAt - Amortization of the tax credit in year t
O'rﬂ'rO'rt - Other fixed charges in year t

AFDCDAt - Amortization of tax reduction from the in-
terest component of AFDC in year t

REV'rAxt - Revenue or gross receipts tax in year t

A-20
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The methodology employed in calculating these elements is

e extremely similar to that described in the previous section.

That earlier development will be redrawn here only to the extent

that it is modified. The subscript r will refe:s to the year of

r retirement.
- BKDEP, - Amortization of unused plant
N BKDEP, = RPPLNT / AMLIFE*

where RPPLNT - the value nf the plant net of tax write-off

charged to rate payers at time of retirement

" AMLIFE. - the amortization period

' The total plant cost to be recovered from ratepayers is de-

veloped from the net value of the plant prior to retirement. This

‘ can be adjusted to reflect

1) The tax reduction which results from writing the plant
i off as a loss for income tax purposes

2) (Optionally) The netting out of the value of the associ-
) ated deferred tax accounts

3) (Optionally) A reduction of the ratepayers liability
to some fraction of the original plant cost

Adopting the convention that the subscript r refers to a variable
value on January first of the retirement year, RPPLNT is defined:

RPPLNT = BKVILI = TXRATE * BKVALT: - DTXRESrX DEPNET*

- ‘I')(Cl!IJRr X TXCNET*) x RPSHAR*

where BKVALr -
BKVALTr -

TXRATE* -

‘I. DTXRES A -

r

DEPNET* -

Book value of plant immediately prior to retire-
ment

Tax value of plant immediately prior to retire-~
ment

Composite income tax rate

Deferred tax reserve from depreciation and AFDC
sources prior to retirement

Portion of DTXRES netted from rate payers lia-

bilitv for vlant
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’rXCRDRr - Deferred tax reserve from investment tax
credit
TXCNET* - Portion of AFDCDR_ netted from ratepayers

liability for plafit

RPSHAR* - Fraction of original plant cost to be recovered
from ratepayers

ORGCST* Original plant cost (including AFDC).

RETBND, - Return to capital

RBTEQt, RETPRFto

Ti.e changes outlined above affect the return on capital
through its effect on the rate base. Tlie rate base calculation
must be modified to reflect both the new asset valuation and tne
possibility that the deferred tax reserve accounts may have been
netted out.

RATBASt - ((BK‘JALt + BKVALt+l)/2 = RESCAP* x (DTXRESt +

DTXRESt+l)/2) x RETURN*

where RATBASt mid-year rate-base in year t

RESCAP* - Fraction of detevrred tax reserve netted
from rate base =«
DTXRESt - Deferred tax reserve at the beginning of

year t
RETURN* - Fraction of plant allowed in the rate base

DTXRESt is calculated as shown in section A-3, but its com-
ponents are reduced by the multiplication factor (1-DEPNET*) to
reflect the possibility that the reserve has been wholly or
partly netted against the plant value.

The returns to capital, RETEQt, RETPRFt, and RETBNDt are
calculated as before by using the weighted cost of each capital

component.
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Income taxes are calculated as before. The full remaining
value of the plant is assumed written off for tax purposes in
the first year.
DEP‘I‘A.Xt

Deferred tax expense is zero under flow-through accounting
when the full tax benefits of write-off have not been immediately
credited to ratepayers (e.g. TXWNET # 1). In this case, deferred
taxes are

DEFTAXt = ~TXRATE* * (1-DEPNET) x BKV%LTr/AMLIFE

TXCRDA AFDCDAt

t,
Investment tax credits and the tax savings from debt AFDC

are amortized over the amortization period with adjustments to
recognize cases in which they have been netted against the rate-
payer plant liability.

oTHTOT,

Other costs are calculated as shown in A-3. The reader should
note, however, that new values of the inputs OTHGRS*, OTHIMPt,
and OTHNET* are read from the CPRT data set.

REVTXR,

Revenue taxes are calculated as before.
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A-5 Calculation of Nuclear Plant Operation and Maintenance Costs

The development of the statistical forecasts for operation
and maintenance expenses is described in detail in Appendix B.
Here we will simply report the manner in which those forecasts
are employed by CANS to produce required revenue impacts. 1In
general, one of the two forecasting equations is employed in each
simulation to derive an estimated real (net of general inflation)
escalation rate for nuclear O+M costs for each year in the study
period and prior to retirement. These escalation rates are then
employed in concert with input values for base year nuclear O+M
costs and a general inflation rate to produce estimated
current dollar costs estimates for each year. 1In addition,
the user is allowed to specify a scaling factor (OMSCAL) which is
used to adjust the estimated real escalation rates.

This module requires the OM data set in addition to the
reneral data. The OM data set is described in Table A-4.

Given the data inputs, nuclear O+M costs are calculated
recurseively beginning in the first year.

OMCOSTt - OMNETt + REVTXt

where OHCOSTt - Total O+M cost in year t including an allow-
ance for revenue taxes.

OMNETt - O+M cost net of revenue taxes in year t

REVTX - Revenue taxes associated with O+M costs in
t year t.

Revenue taxes are calculated in the manner described in A-3
and can be quickly dismissed.

REVTxt = REVTXR* X OMNETt/(l-REVTXR')
where REVTXR - revenue tax rate
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Variable

BASEOM

BIRTHt

DEMO

LOG

NEMASK

OMSCAL

PRTOM
SALT

SECOND

TOWERS

TYPE

TABLE A-4

O&M Data Set
Data Requirements for Calculating

Nuclear Operations and Maintenance Costs

Description

Nuclear operations and maintenance expense
in the base yzar (millions of dollars)

Year unit first came on line relative to 1970.
Since there may be if multiple units are at a site,
this must be input as a vector of length 50 since
other units on the site could be retired.

A value of 1 indicates a demonstration unit.
Otherwise zero.

Logical variable. If true, log-linear specifica-
tion is employed. Otherwise, linear model used.
Default value is false.

A value of one indicates the plant is in the
Northeast. Otherwise zero.

Scaling factor applied to the calcualted real
escalation rate. See text. Default valve is

one.

Logical variable. 1If true, a separate report on
operations and maintenance costs is produced.

A value of one indicates a salt water cooling
systeii, Otherwise zero.

A value of one indicates unit is one of two or
more at the site. For the reason noted in the dis-
cussion of BIRTH, above, this must be input as a
vector.

A value of one indicates cooling towers are used.
Otherwise zero.

A value of one indicates unit is a pressurized
water reactor (PWR). A value of zero indicates
a boiling water reactor (BWR).
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Operations and maintenance expenses net of revenue taxes is
calculated

OHNETt = BASEOM* for t = 1
OHEQt
OMEQt_1

= OMNET, _, (1 + OMSCAL*( -1) ¢ ESCRAT‘t_ll

for t> 1

where BASEOM* - Input operations and maintenance cost in the
first year of the study (millicns of dollars)

OMEQt - Predicted operations and maintenance costs from
linear or log-linear statistical model

OMSCAL* - Input scaling factor to adjust real escalation
rate

ESCRATt:1 - General inflation rate from year t-l1 to year t.

The values of OMEQ, are developed from either the linear or log-
linear forecasting equation, depending on the value of the
logical variable LOG*. If LOG is false the linear equation is
employed. If true, the log-linear version is used. Using the
linear egquation,

OMEQ, = 23,1426

+4.000111 x NEMASK*

+4.64958 x SALT*

+2.75956 X TOWERS*
+15.2714 x DEMO*

+1.18159 X TYPE*

-0.00372 x CAPMW*

+1.94284 x (IYEAR_-1980)
40.89526 ‘X DEMO* X (IYEAR -1980)
-3.17592 x SECOND*,

-0.38U98 x  BIRTH*_

where CAPMW - Plant capacity (in megawatts)
IYEAR, - Calendar year associated with year index t

All other variables as shown in Table A-S.
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Using the log-linear specification,

OHEQt = exp (3.01852
+0.270349
+0.280196
+0.109606
+0.546909
+0.075949
+0.000102
-0.201635
-0.013045

L

NEMASK*
SALT*
TOWERS *
DEMO*
(IYEAP,
CAPMW*
SECOND
TYPE* & (ITIME-1580)

- 1980)
(ITIME-1980)

where all variables retain their previous definitions.
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A-6. makeup Energy and Power Costs

The Makeup Energy and Power Costs module is employed to
estimate the scurces of energy which will replace nuclear
generation and to calculate their costs. For this reason,
it does not calculate costs when CANS is simulating a

keep casc.l

Total makeup costs are calculated as the sum
- of five components:
l) Conservation costs when aaditional conservation
is assumed to replace nuclear generation.
2) .Encrgy costs (fuel and O&M) of replacement electricity
3) Capacity coscts
4) Costs of fuel switching Or similar investments
5) Revenue taxes.
As will be described -elow, energy costs can be developed
in either of two ways. The total energy costs of a "KEEP"
and a "RETIRE" case may be independently estimated (typically
using a separate production costing model) or CANS will develop
the cost estimate internally based on a user specified mix

of replacement energy sources. Makeup power costs are calculated

based upon data in the MKUP data set, described in Table A-5.

I;ﬁrictly, the subroutine is called in such cases, but
it assigns a zero cost.

A-28

W‘W‘W-HL_LJI_)LJL.J’_JDSL_IH.J‘-.___;‘_._



. TABLE A-5"

MKUP Data Set

z Data Used to Calculate Makeup Power Costs
—, .
Variable Description
o= CAPCST The capital cost of fuel switching investment j
. J (3<50) (in millions of IYRCAP dollars)
1 CAPFCF The levelized fixed charge factor associated
1 ) with investment j
i
CONBS Base year capital cost of conservation (in dollars

per killowatt hour)

=)

CONFCF Fixed charge factor to derive annualized cost
of conservation

o CONPEN Ultimate conservation penetration ratio. Fraction
of total energy demand met by conservation afcer
the conservation plan is fully implemented

. FGWHKP, When GWHINP is true, FGWHKP. is the total
nonnuclear fuel cost in the reference case,
s year t. (Millions of current dollars)

FGWHRT Counterpart of FGWHKP, current for the
retirement case

FSOMt Differential operation and maintenance expenses
resulting from fuel switching investment in
¢ year t

& FUEL; Base year fuel cost of generation option i
(i<5) in dollars per million Btu

FWKCAP Fuel working capital contribution to required
revenues as a fraction of fuel expense

"

{ GFRAC, . Fraction of replacement generation from source
: i i in year t
GWHINP Logical variable. I1f true, replacement energy

costs are calculated based on the results of an
independent analysis. The fault value is false

HTRATEi Average heat rate cf generation option i, BTU
. per kilowatt hour
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Variable

ICLIFEj

ILYCON

ISTCON

IYRCAPj

IYRNRGj

NFUELS
OMGEN

OGWHKPt

OGWHRTt
PRTMUP

RCESC

REFNRGj

RFESC.
J

ROMESCj

RMWESC

TABLE A-5

Continued

Description .

Book life of fuel switching investment j.

Year in which conservation ‘chieves full
penetration (CONPEN)

Year in which conservation program begins

The year in which fuel switching investment 3
first is reflected in required revenues

List of 3 future years in which forecast energy

demand is available (See REFNRG)

Number of fuels used to provide replacement
power (NFUELS<5)

Operations and maintenance expense for replacement--

power source X (A<5)

When GWHINP is true, OTWHKP. is the total non-
nuclear operations and maintenance cost in the
reference case, year t (millions of year t
dollars).

Counterpart of OTWHKR, for the retirement
case.

Logical variable. If true, a report on makeup
power costs is printed.

Real escalation rate for conservation costs

Forecast gigawatt hour demand for each of the
three years specified by IYRNRGj

Real escalation rate for fuel costs of replacement

power source jJ

Real escalation rate for operations and maintenance

costs of replacement source j

Real escalation rate of peak capacity shortage
costs
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Variable

SHRTHWt
SMW

TABLE A-5
Continued

Description
Megawatts of peak capacity shortage in year t

Base year peak capacity shortage cost (in
dollars per megawatt)
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Total makeup costs are calculated
'rO'rALt = SCONt + GWHDII-‘t + SSHRTP + TCAPt - REV'I’AXt

where 'rO‘rALt - Total makeup costs (in millions of dollars)
in year t

3C0ﬁt - Total cost as reflected in required ’
revenues, of additional conservation

GWHDIF, - Total differential energy cost of generation
and/or imports

SSHRTPt - Total differential peak cost of generation
and /or imports

TCAPt - Total cost of fuel conversion or similar
investments

RBVTXt - Annual revenue taxes associated with
makeup power

Revenue taxes are calculated in the same manner described in
section A-3. The other four components of makeup costs are

discussed below.

chﬁt - Conservation Costs

If additional conservation efforts are undertaken in
response to plant retirement, the resulting reduction in
demand can be considered as a source of makeup power, de facto.
Similarly, the costs of these efforts, to the extent they

are reflected in required revenues, are a cost of makeup

power. Conservation cnsts are calculated (in millions of dollars)

$CONt = CONBS* x TCESC, x CONFCF* x CONGWH
where CONBS* - Base year capital cost of conservation per KwH

'rCESCt - Total escalation factor to convert base
year conservation costs to costs in year t

CONFCF* - Fixed charge factor to annualize conservation
capital costs
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CONGWH, = Reduction in energy demand due to conservation
CONBS* and CONFLF* are input data items. Escalation factors
similar to TCEFCt are also calculatedi for the other makeup
costs. Discussion of these three e. ients is reserved
for the end of the section. CONGWH is calculated as a
fraction of total systemwide energ' demand, the fraction being
determined by an ultimate conserva.ion penetration and by a
phase-in period for th§ conservation measures.

CONGWH, = CONPEN* x FRCONt X DEZMNRGt

t
where CONPEN* - Conservation penetration fraction

FRCON - Fraction representing the position of

. year t to the phase-in period

DEMNRG, - Base case customer energy demand in year t
CONPEN* is an input data item. FRCONt is determined by a user
supplied phase-in period.

FRCONt =0 if IYEARt < ISTCON*

- IYEAR, - ISTCON* + 1
TLYCON* - ISTCON* + 1

if IVEAR, > ISTCON*
and IYEARt < ILYCON*
= 1 if IYEAR, = ILYCON*
where IYEARt - Calendar year corresponding to year index t

ISTCON* - Year in which conservation effort produces
its first effects

ILYCON* « Year in which conservation effort reaches
full effect.

Base case energy demand, DEMNRG, , is calculated based on
forecasts of energy demands (REFNRG;) in each of three
years (IYRNRG;). For other years, demand is assumed to be a

piece-wise linear function of time.
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DEMNRG, = REFNRGz +

= REFNRGZ +

where IYRNRG; - Is the calendar year of energy forecast j

REFNRG?* - Energy demand (in GWH) of energy forecast j

J

GWHDIF ~ - Energy Cost of Makeup Power
As noted earlier in this section, energy costs can be
separately estimated or calculated by the CANS model. 1In the

former case, energy costs are the difference between two

vectors of annual
GHHDIFt =
where * -

PGWHRTt -

FGWHXPt

OGWHRTt

OGWHKPt

If estimates of energy costs are not available from
outside sources, they are calculated by CANS based upon the
amount of energy required, the costs of energy from various

sources, and user supplied estimates of the fraction of the

REFNRGZ - REFNRG
X (IYEAR - IYRNRG,)
T!RNRG !?ﬁNRal 2

For IYEARt < IYRNRG

REFNR53 - RBFNRGz

T?Eﬁiag—:—f?iﬁiaz X (IYEARt - IYRNRGZ)

For IYEARt

2

> IYRNRGz

costs.
(1 + FWRKLE*) (FGWHRTE - FGWHRPE) + (OGWHRT; - 0
Fractional working capital allowance

Neon-nuclear fuel cost in the retirement
case, year t

Non-nuclear fuel cost in the reference case.,
year t

Non-nuclear operations and maintenance cost
in the retirement case, year t

Non-nuclear operations and maintenance cost
in the reference case, year t.
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. total energy which will be provided by each source. Total

costs are:

£ NFUELS
- GWHDIFt = T GHHSUPt i X (HTRATE, x FUEL, x (1 + FWRKCP)
i.l ’ 1 1 .
” TFESC, ;/1,000,000) + OMSEN, x TOMESC, ;)
where NFUELS* = Number of sources of energy considered
f (NFUELS < 5

GWHSUPt i ~ Energy production (in GWH) from source i
), 5 in year t

FWRKCP* = Working capital fractional allowance

HTRATE?* - Heat rate of source i (in BTU per kilowatt
4 hour)

FUELI - Base year fuel cost of source i (in dollars
per million BTU)

'rl-‘ESCi g Total escalation factor for fuel i in time
’

period t
‘ OMGENI - Base year variable operations and maintenance

- cost of source i

TOMESCt § = Total escalation factor for fuel i in
¥ time period t.

As indicated, NFUELS, FWKLAP, HTRATEi, FUELi, and OMGENi'are data
items. The escalation factor derivation is at the end of this
section. Energy production is calculated

Gﬁwsmt : = GFRACY . x (BSHWH1_ + BSGWH2,) - (SCGWHl +
- t, i t t t
SCGWHZ,_) - coxcwn.t)

ey
1

where GFRACE i = the fraction of energy supplied by source
i in year t

BSGWH%: = Nuclear plant output (in GWH) from unit 1
in the reference case in year t

SCGWHk; = Nuclear plant output (in GWH) from unit 1
in the current scenario in year t

‘ CONGWH, = Conservation makeup energy in year t
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Conservation energy (CONGWBt) is derived above. Nuclear
output is calculated based on capacity factors input in the
CPFC data set shown in Table A-6. Reference case nuclear
output from generating unit one is .

BASWH1, = 8.760 x UNIMW x BCPFCl
where UNIMW* - unit one capacity (in MW)

BCPPClt - Reference case capacity factor of unit one
in year t.

Each of these items is input data. The other plant outputs

are similarly calculated. scc;mut is defined to be zero after

plant retirement.

The reader should note that energy makeup costs may be
negative under some circumstances. In the years immediately

prior to retirement, the user may wish to specify that an

increased nuclear capacity factor, due perhaps to a modified

refueling or maintenance schedule, or an early conservation

program will cause a reduction in the energy supplied from

non-nuclear sources. The Makeup module calcuates this as a

credit using exactly the algorithms described above.

peak Costs of Generation and /or Imports

Under retirement, peak costs may be incurred when

construction of additional peaking units is necessary Or
when increased electricity importation requires a payment
pased upon the level of peak purchases.

impact of these costs is calculated
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BCPFC1
¢ t

acpFC2,
{’ PRTFAC
E SCPFC1,
)
2. SCPFC2,
i UN1MW

'l' UN2MW

TABLE A-6

CPFL Data Set

Data Used tc¢ Determine Nuclear Generation

Annual capacity factor of nuclear generating unit
one in the reference case (year t)

As above for unit 2

Logical variable. 1If true, a report on capacity
factors and nuclear generation is printed.

Annual capacity factors of nuclear generating unit
one in the retirement case (year t)

As above for unit 2

Capacity (in megawatts) of unitone. . (Default
valve is CAPMW x OWNSHR from BKGD data set).

As above for unit 2.
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$SHRTP, = SHRTMW} X SMW* X 'rmssct/l,ooo,ooo

where SHRTHH; - Number of megawatts of on-peak shortage

SMW* - Base year cost of onpeak shortage (in
dollars per megawatt)

TMWESC, -~ Total escalation factor for peak costs
in time period t.

The items SHRTMW and SMW are from data. TMWESCt and

tl
the escalaticn factors employed earlier are described below.

TCAP--Fuel Switching Investments

The impact of fuel switching investments on required

revenues is simulated through a fixed charge factor technigue.

® v smm @

50
TCAPG = FSOMt *i;l wy,t X CAPCSTi X CAPFLFi
?i,t = 1 if IYRCAPj - IBASE + 1 <t < IYRCAPi -

IBASE + ICLIFEi
= 0 Ntherwise

where ‘rCAPt -- Revenue requirement impact of all fuel
switching investments in year t

FSOME == OsM expenses of fuel switching investments in year

CAPCST;-— Current dollar cost of investment i

£ 3 I

CAPFLF;-— Levelized fixed charge factor of investment i

IYRCAP{-- Year in which investment i is first reflected
in required revenues

s
ILLIFEi - Book life of investment i

Escalation Factors

Individual escalation factors are employed for each of

the components of makeup costs except for revenue taxes. The
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A-7. Spent Fuel Costs

CANS does not produce an independent estimate of spent

fuel costs. This analysis is separately performed and is

described in Appendix D. CANS does, however, take the results
of that analysis and estimate its impact on required revenues.
This is done by spreading the costs over a user specified period

of years -under the assumption that recovery is equal in present

¢
]
]

value terms in each year.

The spent fuel module requires data set SFCT which

is described in Table A-7, Using this data, it calculates

Ed Ll

the annual revenue requirement impacts in present value terms

SFRRPVt = 0 if IYEAR, < IYRSTF*

J

or IYEARt > IYRFNF*

——

TOTSF . 3 p
n TYRRRF-IVIETF = 1 if ITYRSTF® < IYEAR, = IYRFNF*

Spent fuel revenue requirement impact F]
in present value terms in year t

where SI-'RRPVt

IYRSTF - First year in which spent fuel costs will
be collected through the revenue requirement :’

IYEAR, - Calendar year corresponding to index year t

IYRFNF - Last year in which spent fuel costs will
be collected through the revenue requirement

The revenue requirement impact in current dollar terms is then :]

calculated through application of the present value multiplier

(see section A-2). .l
SFRR, = SE’RRPVt/PVVI-:CTt ::
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For this ‘

reason, only rczsct, the escalation factor for conservation

method of calculation for all is very similar.

costs will be developed in detail.
'I‘CESCt = CONVRT* when t=]
TCESC, = TCESC,_, x (L+ESCRAT}_, + RCESC*)

when t > 1

Where CONVRT* - conversion factors from input to base
year dollars
ESCRAT* - nominal escalation factor to convert
t-1 year t-1 dollars to year t dollars
RCESC* - Real escalation rata for conservation
costs.

With the exception of the recursive term, TCESC,_,, all
elements are data items. (CONVRT and ESCRAT are from the BKGD
data set.) It should be noted that when data is input in base ‘

year dollars, the value of CONVRT defaults to one.
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Variable

IYRFNF

IYRSTF

PRTSFC

TOTSF

TABLE A-7

SFCT Data fet

pata for Calculating Spent Fuel Costs

Description
Last year in which spent fuel costs will be
recovered through reguired revenues

First year in which spent fuel costs will be
recovered through required revenues

Logical variable. 1If true, a report on spent
fuel revenue reguirement impacts is produced

Present value of total spent fuel costs (in
millions of deollars).
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where SFRRt - Spent fuel revenue requirement impacts
in current dollar terms in year t

PVVEC‘rt - Present value factor which, muliplicatively,
converts current dollar costs to their
present value equivalents in year t.

An allowance for revenue taxes is also made.
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‘ A-8 Decommissioning Costs

Like spent fuel costs described previously, an

independent estimate of decommissioning costs is developed

P
' off line (see Appendix E) and the resu.ts are used by CANS
s to develop annual revenue requirements in the same manner
used for spent fuel costs.
(
/ The decommission g cost module uses the DCCT data
: set described in Table A-8. It calculates the annual
‘s
revenue requirements in present value terms
. DCRRPVt = 0 if IYEAR, < IYRSTD
p—
! or IYEAR > IYRFND
e TOTDC < <
L - IYREND-1YRS - If IYRSTD - IYEARt = IYRFND
where DCRRPVt - Decommissioning revenue reguirement
. impact ir. present value terms in year t
IYRSTD - First year in which decommissioning costs
I will be reflected through rates
IYEAR - Calendar year corresponding to index year t
| IYRFND - Last year in which decommissioning costs
K will be reflected through rates.

The revenue requirement impact in current dollar terms
is

[ DCRRt = DCRRPVt/PVVECTt

where DCRRt - Decommissioning revenue regquirement impacts
in current dollar terms

: PVVECT, - Present value factor which, multiplicatively,
converts current dollar costs to their
. present value egquivalents in year t.
An allowance for revenue taxes is also made.
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TABLE A-8
DCCT Data Set

Data for Calculating Decommissioning Costs

Variable Description

IYRFND Last year in which decommissioning costs will
be recovered through required revenues

IYRSTD First year in which decommissioning costs will
be recovered through required revenues

PRTDC Logical variable. If true, a report on
decommissioning revenue requirement impacts is
produced.

TOTDC Present value of total decommissioning costs

(millions of dollars)
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A-9. Nuclear Fuel Costs

Nuclear Fuel costs are calculated based upon user supplied
data defining the capacity of each generating unit, its capacity
factor, and its cost per kilowatt-hour of electricity generated.
The first two items are described above in Section A-6 on makeup
power costs. The last is calculated based upon data from the MFUL
data set described in Table A-9. In the remainder of this
Section, we describe the development of nuclear fuel costs for
the first nuclear unit. When a second unit is also present,
precisely symmetric calculations are performed for it.

The revenue requirement contribution of nuclear fuel by
the first generating unit is

FLNRR = FLNKWH x SCHWHli/IOO0.0

B - p Y 3
where FLNRRl % - Revenue requirement of unit 1 Fuel in
. in year t (millions of dollars)
FLNKWHl . ™ Fuel cost per kilowatt hour of unit 1
. in year t (mils per kilowatt hour)
SCLWHlt - Generation of unit 1 in year t (gigawatt-
hours) .

FLNKWHI ¢ is the new element. It reflects allowances for

return on nuclear fuel investment and revenue taxes.

FLNKWH = (1 + FULNWC*) x FULNBS{ X TFESCt

(1 - REVTXR*)
TFESCt is the nuclear fuel escalation factor in this module.
It is calculated similarly to its counterparts in other modules.

TPESCt = CONVRT* when t = 1

= TFESCt_1 x (1 + ESCRATt_l + FULMGRY)
when t>1
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Variable
FULNBSi

FULNGR
FULNWC

PRTNFL

TABLE A-9

NFUL Data Set

Data for Calculating Nuclear Fuel Costs

Description
Base year fuel cost of nuclear unit i (i 32
in Mils per Kilowatt-hour.
Real escalation rate for nuclear fuel
working capital multiplier for nuclear fuel

Logical variable. If true, a report on nuclear
fuel costs is generated.
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A-10. Other Costs

As defined here, Other costs represent one time
costs required to maintain a nuclear plant in operation. CANS
allows the user to separate these costs into those that will
be capitalized and those that will be directly reflected in
required revenues as expense items. In the former case, costs
are reflected in required revenues by reference to a levelized
fixed charge factor and an asset book life.

This module employs the XTRA data set detailed in Table
A-10. The required revenue impact is the sum of the impacts
of the expensed and the capitalized items.

XTRRt = XEXPRRt + XCAPRRt

where X'rRRt - Total revenue impact in year t
XEXPRR, - Revenue impact of capitalized items in
year t
XCAPRR, - Revenue impact of capitalized items in

year t

The revenue effect of expenses items is

50
XEXPRR, = I ¥j¢X XTLAP} X XTCFCF]/(1-REVIXR®)
¥, .= 1 if IXTCAP} - IBASE* ' <

it t < IXTCAPY +

IXLIFE; - IBASE*

= 0O Otherwise
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TABLE A-10

XTRA Data Set

Data for Calculating Extraordinary Costs

Variable Description
IXLIFEi Book life of capitalized expenditure i (i s 50)
IX'I'CAPi Year in which capitalized expenditure i is first
reflected in required revenues
IXTEXP, Year in which non-capitalized expenditure j (] 2 50)
J is made ]
PRTXTR Logical variable. If true, a report on extraordinary
costs is generated :]
i
XTCAP; Capitalized expenditure i (millions of IXTCAP, dollars)
XTCFCFi Levelized fixed charge factor associated with
capitalized expenditure 1
XTEXPj Non-capitalized expenditure i (millions of
IXTEXPj dollars) .
}
7
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A-1ll. Cost Comparison Report

In addition to the cost estimation program, the CANS system
includes a separate program (RETREP) which compares the costs
of any two user specified scenarios. The logic of the program
is very simple and intuitively straightforward. Each module of
the cost estimation program writes an alpha-numeric identifier and
the estimated annual costs to an intermediate file where it is
saved. RETREP reads intermediate files for each of two cases
and writes four reports.
1,2. For each case, a summary of the annual costs
by component as well as aggregations over components
and over years.
3. The differential cost of the second scenario
relative to the first expressed in mixed current
dollars.
4. The differential costs cited above but expressed
in present value terms.
The RETREP program regquires no new data,relying on the intermediate
files just described and the BKGD data set described in Section A-2.
With one minor exception, the calculations performed by RETREP
are limited t> simple summing and subtracting and therefore will
not be descriied in detail. The single exception is the column
of the differenti~l cost reports entitled "Annual § Impact." This
column is calculated as the annual differential cost of scenario 2
as a percentage of total company required revenues. The latter is
calculated as base year regquired revenues (RRBAS* in Table A-1l)

escalated according to both nominal and real inflation rates (ESCRAT*

and RRGR*, respectively in the same table).
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B-1 NUCLEAR O&M DATABASE PREPARATION

oM Costs

Operations and maintenance (0O&M) cost data was collected from gov-
ernment documents and utility filings with government agencies. For
the years preceading 1978, the annual editions of the FERC survey
of utility reports, "Steam Electric Plant Construction Costs and
Annual Production Expenses"” were utilized. For the year 1978 a
proof of the 1978 edition of the steam survey was used in conjunc-
tion with the utilities' 1978 FERC Form 1 filings. The 1979 costs
are béled exclusively on Form 1 filings except for costs for the
Cooper and Fort Calhoun stations which were obtaineé directly from
the utilities.*

211 data fro~ the vears 1970 throuzh 1979 were included in this
survey except the following: Hurmbolét station was not in operation
durinc the years 1978 and 1979; the O&!l costs for these vears
were excluded from this survey. Three Mile Islanéd 2 was not included.
Threz Mile Islané 1 was included, but data for the ,vear 1979 was
excluded because it was not in operation. Some further exclusions,
mostly of abnormal partial years, will be described later.**

Table B-1 presents the annual O&M costs as reported. Table B-2
presents these costs in constant 1978 dollars by multiplying costs
in Table B-1 by the GNP inflator, Table B-3.

Analysis of nuclear plant crits as presented in Tables B -1
or B-2 is difficult primarily because many stations are composed
of more than one unit. Since utilities with multiple unit stations
do not have to report OsM cost data on FERC forms separately by
unit, the present analysis does not separate the cost data by unit.

* Private communication, Verdel Goldberg at Omaha Public Power
and Bob Buntain at Nebraska Public Power.

** In addition, Shippingport and LaCross were rot included because
data could not be obtained for years prior to 1978.
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TABLE B-1l ‘
OPERATIONS AND MAINTENANCE COSTS 1IN
= MIXED CURRENT DOLLARS
1970 1971 1972 1973 1974 1975 1978 1977 1978 1979
TUANE ARNOLD........ - - - - - 6.29 7.68 14.10 15,02 23.83 19.06
BEAVER VALLEY......... - - - - - - .80 18.36 28,35 28.63
8I1G ROCK POINT........ 16.86 20.10 22.41 25.17 35.92 41.02 S0.52 81.38 87.86 14656
BROYNS FERRY...... - - - - - 4.96 7.58 6.38 14.3% 17.37
BRUNSWICK. . ...connnnes - - - - - 35.%0 13.3¢ 17.96 16.86 21.65%
CALVERT CLIFFS........ - - - - - 8.06 11.09 13.7% 15.%2 21.73
DONALD C. COOK. . ... - - - - - 4.44 6.71 9.54 9.68 12.44 ;
CODPEE. < s« o0 50005 - - - - 7.%0 9.49 13.12 13.13 10.68 13.18
CONNECTICUT YANKEE.... 7.79 8.70 6.5z 11.08 8.58 18.21 16.38 16.43 15,18 32.91
CRYSTAL RIVER... . ..... - - - - - - - 11.66 19.23 29.54
DAVIS BESSE........... - - - - - - - 122.92 15.%6 22.69 :]
DRESDEN. .. ..ovvnvn 4.58 3.3 5.09 5.04 9.22 18.33 186.76 15.04 18.90 24.84
JOSEPH M. FARLEY...... - - - - - - - 7.1 15.45 28.%3
JAMES A. FITZPATRICK. . - - - - - 18.70 13.37 21.73 23.81 31.4%
FORT CALMOUN. . ........ - - - 4.07 7.87 13.40 18.74 19.09 18.24 19.11
ROBERY E. GINNA....... - 5.82 7.90 .84 10.43 12.76 14.23 15.36 18.99 24.79 ﬂ
EOWIN I. MATCH........ - - - - - - 6.90 11.%3 31.87 12.07
HUMBOLDT BAY......... s 9.87 14.70 14.24 14.52 16.98 19.22 31.43 48.90 25.95 23.%2
INDIAN POINT 1........ 13.20 14.9% 26.23 - - - - - - - .
INDIAN POINT 2........ - - - 45.70 14.74 15,27 21.16¢ 19.13 32.60 37.78 :
INODIAN POINT 3........ - - - - - - 7.% 13.11 24.16 29.93
REMAINEE . . s < esennose - - - - 24.90 11.51 20.05 20.42 19.50 21.16
MAINE YANKEE....... - - - .04 6.54 7.88 6.38 10.%2 13.%2 12.47
SILERRINE Vscssossmens - 4.93 11.63 11.87 14.86 18.28 21,27 19.15 24.92 34.94
MILLSTONE 2........... - - - - - .54 12.46 21.40 27.45 27.0% ‘
EENYICRELD. .. ccconnan - s5.56 4.81 8.99 9.30 15.67 11.87 19.94 16.40 19.00
NORTH ANNA. . ......... - - - - - - - - 13.17 21.%2
NUCLEAR ONE........... - - - - - 4.92 7.19 10.02 14.50 22.64
NINE MILE POINT....... 2.8 4.%2 $5.86 7.42 10.2% 9.52 8.74 15.97 11.20 19.12
BRENEE v avies - - - 2.91 6. 8% 4.83 6.49 9.7 1147 15.857 "
OYSTER CREEK. ......... 3.00 4.78 .96 $.71 16.43 18.94 16.00 22.82 24.46 20.08
T T T R - - - .27 15.92 12.97  13.31 £.88 20.80 3%5.60
PEACH BOTTOM. ......... - - - - 3.38 6.04 14.84 22,33 18.81 21.9%9
PERERIE. ivaic i s nnwin s - - 2.85% 7.16 14.22 10.96 24.83 22.87 21.17 27.44
POINT BEACH. . ......... - - 9.22 3.68 $.28 6.22 6.66 8.09 7.47 12.9%9
PRARIE ISLAND......... - - - ' T 7.8% 6.94 14.89 16.34 13.%9 14 67
GD EITERS o oiuovns - - 3.48 2.99 5.84 9.36 10.60 11.2% 14.05 19.79
RANCHO SECO........... - - - - B 17.7% 7.84 8.8%5 12.89 14.9%
H.B. ROBINSON......... - 3.44 2.%4 6.58 6.83 2.09 8.43 9.41 20.%1 21.63
BF. BREE. <o vsnvcsosws - - - - - - 42.19 9.47 19.89 18.10 :
T AR R - - - - - - - .23.18 20.49 43.63 3
SAN ONOFRE. . .......... .13 5.53 8.07 13.39 12.7% 19.88 24.06 18.63 33.30 26.76
R . - - 31.9% 3.95% 6.37 9.85% 9.5% 10.31 12.47 15.04
THREE MILE ISLAMD 1... - - - - 12.65 17.78 22.30 16.81 22.44 -
T R R - - - - - - 8.89 12.62 t4.08 15.70
TURKEY POINT.......... - - 4.84 4. 44 .94 10.41 13.36 10.8% 13.36 16.17
VERMONT YANKEE........ - - 9.00 9.18 10.54 14.23 14.65 18,10 20.72 26.}
YANKEE ROWE........... 8.90 9.97 18.64 13.93 22.87 26.1% 28.43 39.81 43.73 87.99
BN o o u b s h b e & & - - - 1.02 6.87 8.12 8.78 8.70 $.80 13.00 l
B-2 |
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TABLE B-2

OPERATIONS AND MAINTENANCE COSTS IN
NS

1970 1971 1972 1973 1974 1978 1978 1977 1978 1979

COPONEe SOOOSES COONEES COPCEES SEORSES SEHSGCSS SCESSSe SESEsSe Ssssnss esceces

DUANE ARNOLD.......... . » » ® 8.28% ®.18 16.C3 16. 11 23.83 17
BEAVER VALLEY......... . - ¢ - » - 10.00 19.71 28.35 26
BIG ROCK POINT...... .o 20.06 31.82 34.08 36.18 47.08 49.08 87.48 87.29 87.86 136,
 BROWNS FERRY.......... - - - - . s.9 8.58 6.3% 14.35 16.
BRUNSWICK . . .......« . - - - . - 42.45 18.°4 19.27 16.86 20.
CALVERT CLIFFS........ - » - . - 9.64 12.81 14.7% 18.82 20.
DONALD C. COOK........ - - i - - 8.3 7.63 10.23 9.68 1"
COOPER. ......connvenns » - - . 9.82 11.38 14.92 14.09 10.68 12.
CONNECTICUT YANKEE.... 12.96 9.03 9.9 15.88 11.28 19.51¢ 18.63 17.63 15. 19 30.
CRYSTAL RIVER......... - - - - . . - 12.81 19.23 a7.
DAVIS BESSE. .......... > - - - - - ® 131.89 15.56 21
ORESDEN. . ........ PR 7.2 $.23 7.74 7.2% 12.22 2.9 19.06 i6. 14 18.90 23.
JOSEPHM M. FARLEY...... - . S - - % » 7.63 15. 45 26.
JAMES A. FITZPATRICK.. . - * - - 2.7 1.2 23.32 23.01 29
FORT CALMOUN. . ........ - - - 5.88 10.08 16.02 19.04 20.48 18.24 17.
ROBERT E. GINNA....... - N 12.01 $.83 13.67 i18.2¢ 16. 12 16 .48 18.99 23.
EOWIN I. MATCH........ - - . - * e 7.88 12.37 3.8 1"
HUMBOLDYT BAY. . ........ 16.38 23.28 21.68 20.87 22.26 22.99 35.74 82.48 25.9% 1
INDIAN POINT 1..... eus 21.97 23.68 39.88 - - . . - - .
INDIAN POINT 2........ " - - 65 .68 19.32 18.26 24.07 20.82 32.60 kL
INDIAN POINT 3........ . " ® . - » .53 14.07 24.16 27.
MKEWAUNEE . ............. . - - - 32.64 13.77 22.80 219 19.50 19.
MAINE YANKEE.......... . . - 7.2% 8.57 9.42 7.48 11.29 13.82 1"
MILLSTONE f........... - 7.81 17.69 16.63 19.42 21.86 24.19 20.58 24.92 32.
MILLSTONE 2..........+ - - - - - .64 15.31 22.96 27.45 as.
MONTICELLOD............ - 8.80 7.01 12.92 12.19 18.74 13.49 21.40 16.40 17.
NORTH ANNA. .. ......... ” . - . - - . - 13.17 20.
NUCLEAR ONE........... . s * - . S.88 8.18 10.7% 14 .50 FA
NINE MILE POINT....... 4. .68 7.16 8.9 10.66 13.43 11.39 9.94 17.14 11.20 17.
OCONEE.........coonnns » . - 4.18 8.97 s. M 7.38 10.41 11.47 14,
OYSTER CREEK.......... $.00 7.54 9.07 13.98 21.%3 22.65 18.19 24 .49 24 46 18.
PALISADES.........onnn . . - 6.14 20.86 15.%2 15.13 9.5 20.80 3.
PEACH BOTTOM. .. ....... » . - . 4.39 7.22 16.65 23.96 18.81 20.
PILGRIM. . . .. ...ccoennes - - 4.33 10.29 18.64 13.10 280.23 24 .54 21.17 2s.
POINT BEACH. .......... - . 14.02 $.29 6.92 7.44 7.97 8.65 7.47 1
PRARIE ISLAND......... . - - 6.91 10.29 8.30 16.93 17.83 13.9%9 13.
QUAD CITIES........... - - 5.26 $.73 7.6% 11.20 12.08 12.07 14.0% 18.
RANCHO SECOD........... . - - - - 21.22 8.9 9.49 12.89 13.
H.B. ROBINSON......... . $.45 3.87 9.48 8.9%5 10.86 9.5 10.10 20.51 20.
ST. LUCIE......ccocnee - . - - - - 47 .98 10. 16 19.89 16.
SALEM. .......coc00v0ne - . - - . - - 24 .84 20.49 40.
SAN ONOFRE............ 8.54 8.76 12.27 19.2 16.71 23.7M 27.36 19.99 33.30 as.
SURRY . ..ccocovvssvanne s . 48 .58 $.67 8.35% 11.78 10.86 11.06 12.47 14,
THREE MILE ISLAND V... - - - - 16.57 21.26 25.36 17.82 22 .42 -
TROJAN. ... .ccoavacsnes s - . - . » 10. 11 13.54 14 .08 14
TURKEY POINT.......... - - 7.36 6.38 3.09 12.48% 15.20 11.68 13.36 18.
VERMONT YANKEE........ - . 13.68 13.19 13.81 17.01 16.66 19.42 20.72 24
YANKEE ROWE........... 14.82 15.79 2%.30 20.01% 29 .58 31.28 2.1 42.7 43.73 84
QION. ..cccocvvnnsvnnns - - - 1.46 9.00 7.32 9.99 ®.04 9.80 12.

.80
.78
90
22
22
30
.82
29
74
60
.20
20
L1
as
s
16

.27
.97

29
96
77
.65
64
N
75
10
15
86
LL]
76
L
17
63
.76
70
49
96
21
91
75
00
oS

.67
11
.58
17
15



TABLE B-3

GNP DEFLATORS
(Used to Compute 1978 Constant Dollars)

Years Deflators
1970 1.66429
1971 1.58352
1972 1.5205
1973 1.43715
1974 1.31085
1975 1.19583
1976 1.13716
1977 1.07304
1978 &8
1879 0.918731

Based on 1980 Report of the President's Council of Economic
Advisors
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The present study deals with this problem by dividing total
annual O&M costs by the station's capacity in megawatt-years
for the respective year. This complication is necessary
because new capacity does not materialize for commercial
operation on the first day of the year. For example, we
might have a 1000 MW unit on-line for a whole year, and another
1000 MW unit that comes into service at the same station on
July lst. The first unit cortributes a full year of operation
or 1000 MW-years, while the seccnd one, only on-line for half
a year, contributes 500 MW-years of capacity in that year.
Tne station as a whole, then had 1500 Mw-years of capacity
for the year,

Standardizing costs on the bas.is of a unit of capacity
Par operating year basis also hes the fcllowing advantages:
it enakbles easy comparison Of O&M coOsts on a cost per unit of
capacity hasis and it enables first ycars of cperation of stations
with single units to be included in the data base even when the
un1t went on=line during the calendar vear.* Table B-4 presents
Lhe estimated megavati-yea:s ©f capacity for each station for
¢ach year of the sarvey. Fach vnit's in-eservice date was taken from
the FERC steam siation coft survey. 1In situations where only the
firs: month of operation was reported, rather than an exact date,
the in-service date was taken to be the mid-point of the month.
A unit's capacity was taken to be its FERC reported net continuous
capapility.

As can be seen from Table B-4, operating time for units in
their first year of operation was frequently very small. It
was found that cost fluctuated widely for units with less than 10t
of a year's operation. This may be a result of inaccurate reporting
of the exact on-line data or possibly inaccurate expensing of
O&M costs for the first year. At any rate, operation for less

" Analysis of costs on a kilowatt-hour basis would have also
eliminated these proplems., This option was rejected because
it is generally believed that nuclear OsM costs are not
proportional, or even strongly related to a plant's capacity
factor. Even s0, uncertainty about future capacity factors
would make cost projection difficult.

B-5
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than a month appeared to be highly unrepresentative of normal
operation. Therefore, single units with less than 10% of a
year's operation were dropped from analysis. Additionally,
several years' costs were dropped because of other first-year
abnormalities.* Table B-5 summarizes the excluded first year
costs. Once abnormal first years of operation were excluded,
the final data base could be prepared by dividing real annual
costs (in constant 1978 dollars) by the stat.on capacity for
that year. Table 3-5 presents the final data base used in
this study. Table B-7 presents costs per kilowatt-vear in mixed
current dollars tor razference. Kilowatt-years wer: found to be
a more convenient unit of analvsis than asgawatt-years fcr the
purposes of this report. OgM costs per kilowatt-year ai1e
megasatt-year costs divided by 1000.

Other Variables

Data on plant characteristics were us2d ir aJdition to
O&M costs. Tables E~-8, B-9, and B~10 prese:t these dxta in
sumnary form. The column titles are the variable nanes used
in the study. Plant characteristic data is taken from the NUS
publication, "Commercial Nuclear Power Plants."”

* (1) Brunswick first year costs in 1975 were excluded because re-
ported costs were more than twice the next year's costs on a per KwW-
year basis. (2) Cost data for Indian Point 2 was excluded for the
years 1973 and 1974 because Indian Point 1 was in operation then

and they were reported on the same account. Indian Point 1 was sub-
sequently shut down. (3) Kewanee, Point Beach, and Rancho Seco also
ad their first year's data excluded on the basis of having abnormally
high reported costs. (4) Palisades was excluded for its first two
years of operation because it was not in full power cperation and

had abnormally low reported costs compared to subseguent vears.

These data were excluded because the regression procedures would give
them equal weight with other full vear reported costs which have a
much higher degree of certainty associated with them. Statistical
weighting, called heteroskedastic correction could be attempted, but
is beyond the scope of this study.




TABLE B-5
POWER PLANTS WITH FIRST YEAR OPERATION
CLUDE M DATA BASE
First Year Second Year
Fraction Costs Costs
of Year STAN(¢) STAN (t+1)
#l 5: EBrunswick .1589 353 13.31
%2 1l. Davis-Besse .0027 122.681 1€.45
£3 l8: Hatch .0027 KR
s e 2l1: 1Indian Point 2 .3767 Indian Pr. ¢l incl. in lst
2 years

5 23: Kewanee .5425 24.90 il1.51
%6 27: Millstone 2 .01644 .523 13.46
£7 34: Palisades* 1.00 1.0176 4.27
&5 36: Pilgrim .0603 4.85 7.1597
£9 37: Point Beach ;892% 9.24 3.68
£]0 38: Prarie Island .0s11 £.80953 7.80
sll 40: Rancho Seco s 1343 273 7.83
12 42: 8St. Lucre .0968 43.19** 9.4
213 46: Surry .0247 31.945 3.94
=14 50: Turkey Point .0739 5.04 4.63
£15 51: Vt. Yankee .0849 9. 9.1
16 53 Zion .2096 1.01 4.44
£17 13: Farley .C8
TOTALS: .

NON STAN or FRAC RELATED: 2 COSTS HIGH: 8

FRAC TOO SMALL: 9 COSTS LOwW: 7
CAUSE = STAN(t) TOO HIGH: < NA: 2

STAN TOO LOW: 2

(t)

* Not in full power operation during lst full year.

** Per KWH basis.
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TABLE B-8

NUCLEAR UNIT CHARACTERISTICS

‘.....'.....I...l....-..l......ﬂ...-.....I......I.....'...l.'.I".......II.;....l.......l...'

L‘...!L.Jm-_’

1 [ UNITSIZE | REACTOR TYFE | COOLING TOWERS | SALT WATER [
: STATION : (MW : (1 = FWR) : (1 ECANS USED) : e Eggt;ngs”) :
'...I..-..-.-....I......|I............I..|'.......I..-....§l.II......'...I-l..l’.l......ll..l
| DUANE ARNOLD | $00. | 0. | 1. [ 0. !
| BEAVER VALLEY ! 800. ! 1. i .. | 0 i
I BIG ROCA ! 63. | 0. ! 0. ! O. ! -3
| PROWNS FERRY 1 1067, [ 0. ! . ! 0 1
I DRUNSWIC) I 790. | 0. | é 1 . |
| CALVERT CLIFFS | 840. ' 1. | " ) 1. '
| DONALD € COOK i 1060, I 1. ' 0. ' ) o !
| COOFER | 778. | 0. | 0. | 0, i
| CONNECTICUT YANKEE ! e, ) 8 I 0. ) 8 |
! CRYSTA, RIVER | 812, ! 1. | 0 i . 1
| DAVIS BESSE | 90e. | 1. | . i 1. |
| DRESDE~ ! 800. | 0. | . | 0. |
| JOSEFW M FARLEY | 790. ' 5 | s | 0. |
| JAMES A FITZFATRICK | 800, ! 0. i 3 i 8 |
I FORT CALMOUN ' aas, | 1, | 8 1 0' 1
| ROEERY £ GlIwnwna | $17. | 1 0. I " | g
| WATCH ! 80. I 0. | £ I 0. |
| MURBOLDT BAY i 3. i 0. | 6 ) 0. |
| INDIAN POINT 1 i 26%. i 1. ) | 1. |
| INDIAN POINT 2 ! Bsa, ' 1. I 0. ' R 1
I INDIAN POINT 3 ! 965, 1 %, 1 0. | 1. I
| KEWANEE ! $3%. | 1. 1 8 [ 0 |
| MAINE YANKEE [ 800, [ 5 | X i 1' 1
| MILLSTONE 1 [ 460, [ 0. [ 0. | 1‘ )
! MILLSTONE 2 ! 812, 1 i, | 0. [ i |
| MONTICELLO ! ss7. | 0. | 1. ] o |
| NORTH ANNA | 207, | | [ 0. | 0' !
I NUCLEAR UNE I 83s. | | [ - [
I NINE MILE POINT | 410, 1 0. [ 0. ' 0 i ]
| OCONEE ! 840, [ g ) 0. 1 0' I ’
| QYSTER CREEK | 650, | 0. ' I ’ | -
| PALISADES | 740. \ 1. i ?: 1 1. 1
| PEACH BOTTOM | 1043, I 0. I 1. i 8 !
| PILGRIN | $70. 1 0. ' | . |
| POINT BEACH ! aas. ) 1. I 8: | b |
| PRARIE ISLAND ! $23. ! 1. | , | 0. !
| QUAD CITIES | 789. | 0. | 1 4 [
| RANCHO SECO ! 718, | 1. 1 Y: J 0. '
| W B ROBINSON I 700. | 1. | 0. | C. |
I $T LUCIE I 79s. I §s | 0. | 0. |
I SALEM | 1089. I 3 ! 0. I } i
| SAN ONOFRE | 43s. I 1. | 0. | . |
I SURKY B | 77%. I 1. I 0. | 1. |
| THREE WILE ISLAND I | 800. | 1. I | 1. i
I TROJAN | 1080. | 1. | % ] 0. |
| TUKREY POINT 3 AND 4 | 693, 1 1. I 0 ( 0. '
| VEKMONT YANAEE ' %40, ! 0. 1 . | B I
| YANAEE ROWE | 173. ! & [ 0. | y I
I 210w [ 1040, [ L 0 ) . '
I-.........1-.....-.....|-'I‘...I........|"'.< ----- vvttvv‘-vv--vv-o‘o"-vi-l'P-v-‘- bypvvcomn
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NUCLEAR UNIT CHARACTERISTICS

TABLE B-9

T T e e e T L L L e L
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STATION

DUANE ARNOLD
PEAVER VALLEY
816 ROCX

PROWNS TERRY
BRUNSUICK
CALVERT CLIFFS
puraLl € COOK
C39PER
COMWECTICUT YANKEE
CRYSTAL RIVER
DAVIS BESSE
IRESDEN

JUSEPH M FARLEY
JARES A FITZIPATRICK
FURT CALNOUN
ROBERT E GInNa
HMATCN

WUMBOLDT BaY
INLIAN POINT
INDIAN POINT 2
INDIAN POINT 3
KEWANEE

MAINE YanxEE
MILLSTONE 1
MILLSTONE 2
MONTICELLOD
NORTHM ANNA
NUCLEAR ONE
NINE MILE POINT
OCONEE

OYSTER CREEK
FALISADES

PEACH BOTTOM
PILGRIN

POINT BEACH
PRARIE ISLAND
QUAD CITIES
RANCHD SECD

H B KRORINSON

ST LUCIE

SALEN

SAN ONOFRE
SURRY

THREE MILE ISLAND 1
TROJAN

TURKEY POINT 3 AND 4
VERMONT YANAKEE
YANKEE ROWGE
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TABLE B-10

NUCLEAR UNIT CHARACTERISTICS

I
!

!

1
|
I
|
i
|
|
)
|
I
'
|
|
]
'
|
|
U
1
U
|
|
U
|
U
!
I
|
|
|
U
'
|
!
|
U
|
|
I
|
|
|
1
i
I
I
|
I
L

STATICN

DUAHE ARNOLD
BEAVER VALLEY
BIG ROCK

BROWNS FERRY
BRUNSWICK
CALVERT CLIFFS
pONnaLD C COOK
COQPER
CONNECTICUT YANKEE
CRYSTAL RIVER
DAVIS BESSE
DRESDEN

JOSEFm W FARLEY

JARES & FITZIFATRICK

FORT CALMOUN
KCFERT E GlInwna
HWATCH
WURBOLD™ BRaY
INLIAN FOINT
INDIAN PJINT
INLIAN POINT
KEWANEE
MAINE YANKEE
RILLSTONE 1
MILLSTONE 2
MOWTICELLOD
NORTH ANNA
NUCLEAR ONE
NINE MILE FPOINT
OCONEE

OYSTER CREEX
PALISALES

PEACH POTTOM
PILGRIN

POINT PEACW

PRARIE ISLAND

Quapb CITIES

RANCHO SECD

M P ROPINSON

ST LUCIE

SALENM

SAN ONOFRE

SURRY

THREE MILE ISLAND I
TROJAN

L

TURAEY POINT 3 AND 4

VERMONT YANAEE
YANAEE ROWE
10N

AVERAGE UNIT

i YEAR OF FIRST

- — . . e e e R e e e e R e e e e e R e e e e e e e e e e e e e e e e

t

OPERATION
(1970 = O

|...--....'('.....I.....I....I-..........'......-..-'."..

."’.
. 74789

-7.
5.9707¢
$.18359
6.3
6.9028
4.53841

oJ,
7.1973
7.9%73
0.
7.91780
S.583e
3.7068
0.204102
$.9973

-8.

-8.
3.62301
4.66029
4.4357%
3.

10
S.98337
1.53841
8.4548
4.96712

6.38361
3.2849
2.71%1
-8.
4.2487
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|
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|
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|
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!
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|
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TURNKEY
C(1sTURNREY)

0.
0.
0.
0.
ol
0.
0.
0.
0.
9.
0.
0.
0.
0.
0.
5.
0.
e.
e.
0.
0.
0.
0.
1.
°‘
1.
e.
0.
0.
°.
1.
°.
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0.
'.
0.
1.
0.
1.
0.
0.
1.
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°.
0.
°.
0.
0.
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B-2 ANALYTIC METHOD

General Methodology

The data base for this study is substantial; included are
300 plant-years of power plant O&M cost observations cross-
referenced with the characteristics of these plants. The problem
is to draw meaningful conclusions regarding O&M ccst trends on the
basis of this data. To that end, the twols of statistical
analysis are used. The principal approach and conclusions
embodied in this appendix rely on the use of linear regression
analysis, particularly the use of peoled regression and analysis
of variance technigques. The aim of this gsection is twofeold:
to provide 2 general introduction to these technigues for those
who are unfaemiliar with them, and to describe their use in the
znalysis of nuclear pliant O&M costs in particular.

Linear regression 1s generally used to build one kind of
model of a particular process and to identify sianificant causal
or associatec factors that seem tO expliain the outcome of that
process. The outcome of the process is represented by 2a
so-c: 11ed dependent variable and the causal factors are represented
by the independent Or explanatory variables. Statistical tests
have been developed which give some ijdea of how important 2
given explanatory variable is and how precisely we can estimate
its effect on the dependent variable. In our study, for example,
annual nuclear plant O&M costs (represented as the dependent
variable) can be considered to be the outcome ©of a process, and
plant size and/or year of operation can pe considered to be
among the candidates for causal or associated factors (i.e.
as independent OF explanatory variables).

Regression works by assuming that the dependent variable
to be analyzed, in this case annual O&M costs, is a linear
¢unction of other factors which we can measure, that is,that
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the effect of each factor is independent from the effects of

other factors.* 1In this appendix we try to see how much we

can learn by assuming that O&M costs are a function of intrinsic
variables describing a power plant which are known before it is
even built, such as whether it uses cooling towers, what its
size is, and so forth. Thus, we are really concerned with
examining the differences between O&M costs for different types
of plants rather than developing a detailed model for any single
unit.

pPcoled analysis is a regression technique for simultaneously
analyzing time ralated processes in different analytical units.
I1 this study it will be used %o study plant characteristics
asscciated with different O(M cost levels or growth rates at
different nuclear power stat.ors,

Wher regressicn analysis is used to examine variation caused
by quali-ative expianatcry variables it is called analysis of
variance.** In this study we shall be interested in determining
whether Jualitz:tive 7ariaples such as whether a given reactor

1s of boiling water or pressurized design has a significant
impact on C:M costs for that unait.
The combined use of these technigues will enable deternination ©

-

not only whether a variable is significantly associated with costs,
but also what the form of that association is. For example,

some variables may actually be associated with an increase of

the rate of cost escalation while others might only be associated
with the general level of costs.

* Interactions between characteristics can themselves be identified
as new characteristics. Several good texts about linear regressior
exist. The interested reader is directed to Kementa (1972) or
Goldberg (1969).

** For a discussion of analysis of variance as a kind of linear
regression analysis, see Hoel, et al. (1971), page 127, 2L,

| |
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Description of Variables

The dependent variable in all cases is the annual non-fuel
O&éM costs for all plants in 1978 dollars and standardized on a
per kilowatt-year basis, as presented in Table B-6. The natural
logarithms of these costs were used when cxpone;tial‘growth rates
were estimated. The name REALSTAN was chosen to represent O&M
costs and REALPOOL was chosen to represent the logs of 0&M costs.

The constant term used in all regressiors has been called
MASKS.* Time was represented by TIME, which was chosen as &
sequentially increasing series of negative n.mhers which reached
0 in the year 1980. This particular way tc represent time was
chosen to facilitate comparison of expected 1980 coscs and has no
effect of the estimated costs .r either the linear or log-linear
moJels.

As discussec earlier, plant characteristics ca: affect the

general level of costs uniformly or affect the rate of growth over
time. For example, the variable SIZEM is the term which measures
the uniform level effect of average unit size over time. The
variable SI1ZET measures the effect of station unit size on the
rate of cost escalation (SIZET is SIZEM x TIME). This pattern
is repeated for other characteristics examined in this study.
The suffix M refers to the variable's effect on costs uniformly
and the suffix T refers to the effect on the rate of escalation.
The following additional variables were tested or are in one of
the final models:

*This name evolved because of the procedure which had to be developed
to cope with the fact that data for all plants was not available for
all'yolrs of the survey and the computer routines used had no pro-
vision for the use of pooled data with missing observations.
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variable

BIRTHM
BIRTHT

DEMOM
DEMOT

NEMASK
NET

SALTM
SALTT

SECOND™
SECONDT

TOWERSM
TOWERST

TURNKEYM
TURNKEYT

TYPEM
TYPET

description

The time a unit first came on line. Multiple unit
stations have their birth dates averaged. Birth
includes the actual date of commercial operation

"through the use of fracticnal years.

It was found quickly that the earliest p.ants,
wnich were bu.lt as demonstraticn projects, had
nornalized costs that were much higher than other
stat.ons and that other variables could nct ade-
quatel account for this difference. Thus It was
dec.ced to 2d4d a dummy variable which could isolate
the effect imputed to being early demonstration
projects.

It was similarly found that urits ir the North
East had abnormally higher costs, and this Jdummy
variable was create! to isclate the effect.

SALT is 0 unless the station is cocoled by salt
water. .

SECOND is 0 unless tnere is two Or mcre units at
the stat.ion.

TOWERS is 0 unless the station is coolec with
cooling towers, either mechanical or natural drafe.

TURNKEY is 0 unless the unit was completed as one
of the original turnkey contracts.

TYPE is 0 unless the unit is a Pressurized Water
Reactor design.

B-17

s _.‘_uz_.'uumq._u-yauu-m_'_._



A complete listing of the values of these variables for every
station can be found in Tables B-8 to B-10. In the actual computer
runs an X will be found before all variables for cases when the
Big Rock station is excluded.*

* In wue oric‘nil rans of the linsar mode), it was fourd that the
Pig Aock ruc.ear unit coatributed ulmost a third of the total sum

¢f syuared 2xrcrs., The reascn fcr this is easy to locate in Table
B-6 in which ic can he seen =hat Big Rock's normalized costs were
ruch higher than anv otter unit. This cost level was so much above
the cost .eve. for the other demonstration units that it proved
imposgible to adeguate.y expiain Bis Rock's cost behavior through
the fact that it was a demonstration unit, at least in the linear
model. ¥Ttr cthese reascns, the woerk in this study was conducted
withou* data c¢r BPu.g Fock staticon. There is an additional eccno-
petr.c reason £ excluding Big Rock. Ordinary least sguare regres-
sivn, described earlier, assumes that the size ~f the error term is
randomly distrviduted. Thereiore, the sum of sguared error for any
sirgle plant should be within a certain range. 1If it is known that
the sum of squared error of a given plant is outside of this normal
distribution, then a heteroskedastic correction should be made to
the data in order to normalize the effect that the abnormal data has
on the regression process ¢of minimizing the total sum of squared
error (see for example, Kmenta (1972), p. 510). Heteroskedastic
correction is difficult ir this case because there are not enocugh
observations of Big Rock's performance to accurately estimate the
sample variance. The correction procedure then becomes totally
arbitrary and it makes more sense to simply leave the unit out. Runs
of the linear model with and without Big Rock can be found in the
appendix. It can quickly be seen that the run without Big Rock had
much more precision in its estimated coefficients (lower standard
errors) and that the T-values were correspondingly higher. Most
importantly, the standard error of the equation, which is the best
overall indicator of the "resolving power"” of the regression decreased
from 7.76 to about 4.6, indicating a marked improvement in explanatory
performance.
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Other variables such as forced ocutige rate, capacity
factor, reported radiation exposures, and perscn-hours of
maintenance per year could alsc have been used in this study.
They have not been included in the present research principally
due to the limited time available. A more complete investigation
would examine the correlations between such variables and O&M
costs and thus give a more complete understanding of what is
causing O&M cost increases. Instead of askingwill O&M costs
continue t¢ rise, the guestion would be, will labor reguirements,
forced vutage vates, an® so0 forth continue to rise?

3-3__PRESINTAIION OF RESULTS

Linear Mcde.s: Results

Table B~1ll presents the basic linear model judged to best
roject future O&M costs. It shows an expescte! cost of 23.14 -
(1000%.00372 ) = 19.42 dollars per KW (in 1378 decllars) for a non-
duplicate 100, MW reactor in 1980 (year 0) without cooling tower, et
This cost iy axpected to grow at an average of $1.94 a year or just over

‘I! — bl e 233 D @ .__‘I'-.. S

10% in real dollars in the first year. Other factors that would

affect the base year (1980) cost include salt water cooling (+ $4.65),
the use of cocling towers (+ $2.79) and PWR (TYPEM) design (+ §1.18). J
Co-location of the unit would reduce its expected 1980 cost by

$3.18 and location in the North East is expected to add $4.00 to

the costs. These figures can be read in millions of dollars if we
consider a 1000 MW unit instead of a per KW cost.

B-19
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TABLE B-ll
REFERENCE LINEAR MODEL

Dependent Variable: REALSTAN

Independent Coefficient Standard Confidence

Variable —Valve Error t-Stacist.c _level
ToaE 1.94224 0.13734 14.146%0 $9.9%
AASKRS 23.1426€0 1.58885 14.565560 99.9%
NEMASK 4.00Ci1 0.66365 6.02732 99,94
$12:3M ~%.00372 0.09z2¢ -1.6918) 97.5%
SALTM 4.54958 0.67700 6.867594 89.,9%
TCWERSM 2.75955 ).7657% 3.55883 95.5%
DEXIT 0.89526 0.32423 2.7611¢ 99 5%
DZMOL. 15.27240 2.38542 6.40196 99.9%
SECONDM -5.17592 0.74350 -4.23739 69.9%
LIRTHM -0.28038 0.17049 -2.23464 59.5%
TIPEM 1.18159 0.59233 -1.99482 99.5¢

R = 6802

Sitandard Error of the Eguation: 4.5731

Sum of Squared Error: 5834.91

td MO B
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TABLE 3-12

REFERENCE LINEAR CASE
BUT WITHOUT BIRTEM

Dependent Variable: REALSTAN

Independent Coefficient Standarcé Confidence

Variakle Valie Error t.-fratistic Level
1IME 1.85265 0.12955 14.25210 99.95%
MASKS 24.92200 i.5367¢ 15.€.#3) 99.9¢%
NEMASK 4.66265 0.6:948 7.40727 89.9%%
SIZ=M -0.00744 0.G0338 -§.37.5% 99.3%
SALTV 4.42278 0.74547 $.536049 99.9%
TOWERSM 1.76842 0.72:83 2.44661 97.5%
DEMOT S 93647 €.32106 2.51684 99.9%
DEMOM 16.85320 2..7890 7.73472 299.9%
SECONDM -2.955%3 0.742€5 ~3.94005 99.9%
TYPEM 1.666453 0.81121 i. 72643 §9.5%
R? = .6776

Standard Error of the Regression: 4.5836
Sum of Squared Error: 5882.73
F-test for the significance of BIRTHM:

A(1,279) = 288273 = 383491 , 290 = 2 = 2.28654

The threshold value for 95% significance for F(1,200+) is 3.89,
therefore BIRTHM is not statistically significant in the reference
equation.
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SIZET in the Linear Model

A natural question is whether the size of the units has any
effect on the rate of cost increase in addition to its effect on
the absclute level of costs. Using the linear model, a significant
relationship between size of the units and a linear rate of cost
increase was not found.* The details of this investigation will be
presente’ here because the use of the log-linear model resules in
very signiiicant estimates for the effect of size on the escalation
rate.

Table B-13shows the results of a regressgicn with S128T added
to tne reference linear ntdel. The coefficient of SIZET has a
positive value of .0002), incdicating that a 10200 MW unit [acresses
in cost 2t a rate cf l0¢ a year (per KW and in 1978 dollars) {astcer
chan a 500 MW unit. This correspords to an additional rate of
increase ¢f $100,000 per year for the whole unit. This statistic,
however. has a t-value below .5, and cenncy be sericusly considerad
as a significant variable in this eguation In créer to examine
this ccnclusion further, a F-test was performed, with the same result.

If, however, SIZET is used in the linear model witnout SIZEN,
the results become quite significant. Table B-l4 presents the results.
The question might arise as to whether it might be preferable to
use SIZET instead of SIZEM in the reference linear model. The answer

*is that statistical practice gives no absolute guidelines in such a
situation--where one model is not a "subset"” cf another. However,
in this case the reference run without SIZET but with SIZEM produced
a lower sum of squared error, and absent any compelling reasons
otherwise, such a mcdel should be preferred. Thus, for the linear
"eguation specification” SIZEM has been chosen as the best measure
of the effect of unit size on O&M costs. The use of the log-linear
specification will lead to the opposite.

*However, the linear model infers higher percentage escalation
rates for larger plants because of lower base costs with the same
annual cost increase (KW costs).
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TABLE B-13
SIZET ADDED TO REFERENCEILINEAR MCODEL

Dependent Variable: REALSTAN

Irdependent Coefficient Standarad

Variahle Value Error t-Statistic
TIME 1.77361 .41431 4.2802
MASKS 22.9578 1.2812% 10.€23327
NIMASK 4.%6153 .66142 6.59415
SALTM 4.41715 .75306 $.86553
TOWERSM 1.59088 .7443AK 2.67424
CEMOT .954623 .36916 2.5es8es8
DEMCM 15.6776 2.47989 £.32185
SITONDM 12.91793 . 75415 3.870593
BLRTIM -,2495%41 .16849 1.48103
TYPEM 1.66079 .61813 2.68680
SI2EM -,004176 .00304 1.37412
SIZET .00021 .00057738 .362826

R2 = ,6804

Standard Errcr of the Equation: 4.58027

Sam of Squared Error: 5832.14

B-23

Confidence
Level

99

.9%
99.
99.
99.
99.
93.
99.
99.
90%
93.
90%

9%
9%
o
1
5%
9%
9%

S%




TABLE B~14
e SIZET REPLACING SIZEM IN REFERENCE LINEAR MODEL
' Dependent Variable: RIUALSTAN
= Independent Confficient Standard Confidence
_Veriazis = _ _Value Error = t.searistic Level
i TIME 1.40359 0 31338 4.45050 ¥9.9%
i MASKS 20.45310 1..643¢ 17.$7270 99.9%
NEMASK $.19421 0.£%503 £.4.999 99.5% ‘
;; SALTH ¢.4020¢ 0.7542) 5 51808 9 3% ‘
TOWEASM 2.00292 0.74549 2.68671 89,54 |
» DEMOM 1€.16540 D 48636 6.57597 99.9% {
DEMCY 1.1197%3 L.34962 3.2026% 92.9% |
STV «3.04031 G.75007 -4,05333 99.2%
X BIRTHM -C.37213 0.15128 -2.32775 97.5%
' TYPEM 1.60776 0.61%9. 2.6019% 99.5¢
- SIZET 7.64203E-04 4.13°95E-04 1.84770 95%
R? = .6782

Standard Error of Regression: 4.5876

Sum of Squared Error: 5871.76
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The Log-Linear Model

The reference log-linear model results are presented in Table
B-15. In this model SIZET is a significant term and so to compute
estimated escalation rates, the size of the unit must also be known.
Figure B-1 shows th2 astimated relationship between estimated
escalation rate and size. The eguation predicts that a 500 MW unit
experiences, or the average a 1.J.U% escalation rate for OaM costs.
i; constant 19°% dollars. The value for a 1000 MW unit would be
19.48%.

In the log-linsar model, constant terms enter into the costs
in a uriforslv meluipiicaszive wiy rather than being uniformly
additive. In o.der %0 derive che actual multiplier, the estimated
coefficient must be exponentiated actcrciag to the formula:

llog~linear coefficient]

multislier =e
Thus, from Table B-16 tas multiplier for location in the North Zas*
can be constructed. It is 0'2561?9 whech is egual to 1.29. Thusg,
locatisn in the North East is expected to increase O&M costs by
almost 30% over what they would be otherwise, for every year of
operaticn. Table B-16 presents multipliers for all variables
in the reference model, along with 95% confidence intervals.

1f one compares these results with those of the reference
linear model the general pattern is rougly similar in the near term.
In the linear model a nonduplicate PWR with cooling tower would have
(1978 dollar) O&M costs of $22.25 per KW in year 1980. Increasing
at $1.91 per year, real O&M costs would reach $41.35 by the tenth
year, and $60.45 by the 20th year. The lcg-linear model result
would start at $22.61, reach $53.13 by the 10th year and $124.64
by the twentieth year. Clearly the log-linear model gives a rore
pronounced long-term cost escalation effect, altﬁough both model
types have comparable explanatory powe:r with respect to the
historical experience.

u-uupu!u-JL‘;u"uﬁ‘N_
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TABLE B-15
REFERENCE LOG-LINEAR RESULTS

Dependent Variable: REALPOOL

Independent Coefficient Standard Tonfidence

Var:ianle Va.ce Erzor t'=Scatistic Leve’
TIME 075349 0139914 5.42807 99.9¢%
MASXS 3.0.9822 .0434089 66.022425 99.9%
NEMAST 270343 0370223 7.3024)0 99 9%
SIZET .0J01¢2 «CC201917 5.48214 99.95¢%
SALT™M 280156 045015 €.276224 99.9%
TOWERSY 109656 042358 2.5949963 99.5%
DLMOM .546301% 067134 3.1524508 39.9%
SZCONDM -0.201€33 044187 §.56739 93.9%
TIPTT «0.023045 072183 1.7%816 95%

R = ,6393

Sum of Squared Error: 20.8558
Standard Error of Regression: .2724

(e.g., 95% of estimates are within + 70% of actual cost:
el(l.96 x .2724), 1.70568)
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TABLE B-16
CONFIDENCE INTERVALS ON MULTIPLIERS

IN THE REFERENCE LOG~-LINEAR
MODEL

Confidence Interval*

Estimated 95% Lower Bound 95% Upper Bound

- ~‘

ey

MASKS 20.46 18.79 22.28

NEMASK 333 3. 23 1.41

SALTM 333 i,23% 1.45

TOWERSM 3:13 1.03 1:23

DEMOM 1.3 1.5]) 1.97

SECONDM .82 - L .89

TYPET $87 .973 1.001
(differential

escalation rate

for PWRs)

TIME 7.89% 4.97% 10.89%
(base escalation

rate above infla-

tion)

SIZET 1.03% .64% 1.41%
(incremental

escalation

rate per

1000 mw of

capacity)

*95% probability that true coefficient value lies between
lower and upper bounds.
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SIZ2ET in the Log-Linear Model

The log-linear model is different from the linear model in
that it is more sensitive to gquantities which behave exponentially,
and "reacts"” more strongly to such variables than does the linear
model, which alternately is more sensitive to variables which increase
in fixed absolute increments or in a fixed increment over the
whole range of observations.

These factors must be kept in mind wher examining why the
STZET term was chosen over SIZEM in the log-linear model. “oansider
Table B-17 where the SIZEM variable hag been added to the : ference
log=liresar model. Tre socefficient for SIZEM has a t-value cf less
eran 1.3 while SIZET has a coefficient with a t-value of ovar 2.4
in this augment2d model. The F-tes shows that SIZEM does not
approach contributing enough exp.snatory power to tiie regression to
deserve inclusicn. On che other hard, if one tests whether SIIEY
acdds sufficient 2xplanatory powar to a medel without it, but with
SIZEM, *he result is that SIZET is significant at the 95% level.
Table B-18 shows the results of a regression on the log-linear mcdel
without SIZET and with SIZEM and the results of an F-test based on

tris regression and the regression presented in Table B-17.

:
f
1

This result thus supports the notion that larcger unit; are
associated with higher escalation rates in a stronger way than
indicated by the linear reference model. Not only dces it appear
that larger uanits have higher escalation rates due to lower absolute
costs, but the actual percentage annual increment of cost increase
is ;dontified as being larger for larger units by the log-linear
model.

One might wonder why the "strength" of this interaction effect
between size and escalation rate was not identified by the linear
model. The simplest explanation is, of course, that the annual
increase is not constant over time, but is itself increasing. The
simplest approximation of this state of affairs is to assume that
the annual increase itself increases a fixed amount every year, i.e.,
that the fractional or percentage increase is constant over time. 1

B-29 ’
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TIME
MASEKS
NEMASK
SIZLEA
SALTM
TOWERSM
DEMOM
SECONDM
TYPET

SIZET

RZ = ,70053

Standard Error of the Regression:

Sum cf Squared Error:

TABLE B-17

SIZEM ADDED TO REFERENCE LOG-LINEAR

Dependent Variable: REALPOOL

Cse’finient
. Vaiue

0.08543
3.138%7
0.27287

“l.fI5X1E-00

0.2812€
6.11235
0.54261
«0.7534%

«0.01274

+BES4YE-CS

MODEL

Staricsd
LIYnse

- - ——

0.02242
0.10¢ 6%
0.93744
1.463390-2¢
N.0449¢
W.04245
0.05716
J.04461
€.00743
3.01396E-03

20.743

F-test for significance of SIZEM:

F(1,280) =

20.8588 - 20.743 280
LIRS

i

Critical value at 95% F(1,200+) = 3,89,
SIZEM "not significant.”
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0.2722

teStatigtic

4.52032
2L .62%30
T.30618
-1.233:9
6.264%4
2.71695
3.07903
“-%.23546
-1 84872
2.45043

= 1.52263

Confidence

_Level
95.9%
93.9%
93.9%
g9%
£3.3%
99.5%
e3 %
29.9%
o
97.5%



TABLE B-18
SIZEM REPLACES SIZET IN REFERENCE LOG-LINEAR
MODEL

Dependent Variable: FEALPOOL

Independent Coefficient Standard Confidence

Variable _Value Srrer t-Statistic Level
TIME 0.14351 0.0237¢%s 18.1C340 95.9%
MASKS 3.3162€ 7.08334 39.79200 £9.9%
NENASK n,27044 D.C372% T.23R82 9%.9%
SIZCM™ -4,.83347E-04 3.483L3k~05 -4.8020% 8.9
SALTM 1 29857 0.04472 §.6746¢& 99.9%
TOWERSM tT.12622 0.04260 2.28309 €9.9%
CEMOM C.53802 0.c€409 ».29956 99. 9%
SECONDM -(.2085:2 N.04457 -4.6752u 99.9%
TYPET -0.01738 2.00735 -2.35356 97.5%

RZ = 69411
Standard Error of Regression: 0.2746
Sum of Squared Error: 21.188

F-test for the significance of SIZET:

21.188 - 20,743 % 280
20.743 i

SIZET is a "significant at the 95% confidence level™ addition to
the reference log-linear model with SIZEM but without SIZET.

= 6.6068,

F(l1,280) =
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‘ TURNKEYM and TURNKEYT were also statistically not significant
in all tests, meaning that the study could not identify and OsM
=ost trends associated with the early turnkey construction projects.

———

Tests were also conducted to find out if significant O&M cost
variations could be found between stations from different PWR reactor
manufacturers. No significant variations could be identlified.

In the future, more significant variables may be identified
through the use of more years of plant data and through the study
of particular components of OsM cost.

Existing Plants

ed L B

For comparison, with the regression results, B-19, provides
the results of a simple exponential regression fit to the
historic real dollar O&M costs of each nuclear plant separately
are presented. Similarly, Table B-20 provides the results of

B B

performing a simple linear fit to this data.

Yad e

L 9 o L W

B-33



B AN B |

g B et

i S o, SO

ms

This is,in fact,the basic assumption of the log-linear model. The
greater sensitivity to cost increases related to size in the log- ‘
linear model is alsc reflected in the greater precision of the
SIZET variable in the log-linear model as cpposed to SIZEM in the
linear model (a higher T-statistic correlates with precisicn).

In other respects, the results of the log-linear model are
similar to those of the linear model. Salt water cooling is expected
to increase O&M costs about 33%, towers are expected to increase
costs about 1l%, co-location of units is expected to reduce costs
about 22%, and PWR design is expected to reduce costs over time at
the rate of about 1.31% a year relative to other designs.

The result that the linear model predicts uniformly higher
costs for PWRs and the log-linear predicts a lower escalation rate

~ is not necessarily contradictory for the same reason that lower

uniform costs for larger units in the linear model are properly
associated with higher escalation rates in the log-linear model,
though the behavior of the TYPE variables is the converse of that
of the SIZE variables. If linear base level costs are higher,
the log-linear escalaticn rate associated with that cost can be .
expected to be lower.

QOther Variables

Besides the variables considered here, others have been tested
for significant association with O&M cost increases. These give
however, negative results since these plant characteristics have
not been found to have a significant association with C&M costs.
They do not demonstrate that the characteristics under consideration
have no impact on O&M costs, but merely that this impact cannot be
identified as statistically significant at this time.

BIRTHM and BIRTHET were not found to be statistically significant
under any conditions. This means that the in-service date of a
nuclear station was not found to have a significant effect on the
level of O&M costs or their rate of increase. This result creates
the impression that new stations will start off being as expensive
as those which have already been on-line for some time, a discon=-

certing possibility. .

B-32



TABLE B-20

ESTIMATED SINGLE EQUATIONS LINEAR GROWTH

STATION

DUANE ARNOLD
DEAVER VALLEY
316G ROCK
PROWNS FERRY
BRUNSWICK
CALVERT CLIFFS
DONALD C COOK
COCPER

CONNECTICUT YANKEE

CRYSTAL RIVER
DAaVIS BESSE
DRESDEN

JOSEPHM M FARLEY

JARES A FITIPATRICK

FORT CALMOUN
ROPERT E GINNA
HMATCH
NURBOLDT DAy
INDIaN POINTY
INDIAN POINT
INDIAN POINT
KEJANEE
MAINE YANKEE
MILLSTONE 1
AILLSTONE 2
MONTICELLD
NORTH ANNA
NUCLEAR ONE
NINC NKILE POINT
UCONEE

OYSTER CREEK
FALISADES

PEACH BOTTOM
PILCRIN

POINT BEmCH
PRARIE ISLAND
QuaD CITIES
RANCHO SECD

M B ROBINSON

$T LUTIE

SALEN

SAN ONOFRT
SURRY

LR

THREE MILE ISLAND I

TROJAN

TURKEY POINT 3 AND 4

JERMONT YANAEE
YANAREE ROWE
210N

B NN LU TR NI NN [ AT ARSI TN ATEN N ET ARSI T REN AR A

v Al

($ 1978 per KW)

ESTIv €2 1
1880 CCs”

a4..882
33.48.3
109.¢34

18.07%4
aC.7¢¢

es.2822
13.1443
13.0022
24,479

34,2322
28..332
o6, 3427
36.9785
33.:823
23.3::8
L.952:3
17.232¢
$1.722¢
108.082

JB.43.3
33.3.:93
2:.0%%3
13.238¢8
2:.3308
3J0.a83¢
e:.0543
23.338:
2=.87:9
17.24G¢
14,8827
&7.84323
27.7554
e7.0738

<8.833 i

12.87.8
+8.7827
‘E.305¢

- on = - we

TPYFr SP rR98TY 8T -

ar

NCAL

£323,2TI0M

(L€78 T2..A%S!

SEATANRERARNERNS LUBAIRRERRRR NN .

e.78:31
S.79972
§.92¢S€:
2.98:23
1..8323
c.a2J48%
1.42838
0.240578
233747
2.3:72:.%
$.28723
:.83%8¢
C.73e3
2,.6473
1.88833
2.3:73

C.803Cs4:
T.87..¢

S+ 2800

3.3003:
$+3933:
8.3877
3:.8:351
1.68777
Y sy
03883
-.328%7
J.8083%3
=:.E5°3
C.733627
Ll3eses
R o

g

- ey
-t

!

R = 33,0782

3.72322

2.8°F%:8
0.38¢€C2
0.B324:%
0.°3388¢
Q.27 336
0.87723¢
c.09:333

0.838332

Q. 237782

C.773742
i.
0.£28:0¢
0.370433
0.2.487¢.
0.E<3324
J.3283352
C.8227C7
0.82%71
0.83722
0..30734
0.£.3879
0.6.:€32
0.833334
0.823293
0.892%33
2.877783
t.728782

0.703338

0.432°3%

c.83:727

€.¢3373:
3.0:88.2
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TABLE B-19

ESTIMATED SINGLE EQUATIONS EXPONENTIAL GROWTH
($ 1978 per Kw)

| ESTIMATED |  ESCALATION | R = SGUARED |

0.%%s82?7
“rEsEssEERTY

Z10N ! 11.823% ! 0.06%812

SEssrrTRITESETARTrIARRERY | SNSRI ETIRER ([ FEANESSTERERRRRY

1

1 STATION ! 1980 COST 1 RATE 1 1
1 | I X = X100 I I
|sessasssnsassssssEREEne |ssssmpessREsaeEn IEL R L R R DL L) IEL R R AR A A 0 L0 L oLl ]
| DUANE ARNOLD | 27.5414 | 0.208614 1 0.7%58%53 1
| BEAVER VALLEY | 44,2886 | 0.386037 1 0.7890%%
| BI1G ROCK ' 113,081 | 0.15%6C1 1 0.830822 1
| BROWNS FERRY I 20.171 1 0.283134 1 0.7%86%% |
I BRUNSWICK | 20.987 | 0.070843 | 0.491901 |
| CALVERTY CLIFFS | 23.2072 | 0.180%2 0.9354787 |
| DONALD C COOK 1 14,9542 | C.193463% 1 0.84417 I
I COOFER | “13.0198 I 0.022923 ) 0.048849% |
| CONNECTICUT YANKEE | 23.013% ! 0.0%96313 0.596402 |
| CRYSTAL RIVER 1 40.5533 ! 0.47309S 0.9935%78 |
| DAVIS BESSE | 27.9301 | 0.339837 1| | !
| DRESDEN | 2%.2878 | 0.17¢79S 1 0.78314 |
| JOSEPW M FARLEY | 44,474 | 0.69656% | 1 1
| JAMES A FITZPATRICK | Js.1087 1 0.214414 0.8460922 1
| FORY CALWOUN 1 27.%647 { 0.104237 0.641283 1
| RCBERT E GINNA 1 24,0944 ! 0.108888 | 0.911037 1
| HATCH 1 19.893s I 0.223%1&4 1 0.8066061 |
| MUMBOLDT DPay 1 $2.112%8 | 0.133829% | 0.708008 1
I INUIAN POINT 1 ! 401.872 | 0.347289 | 0.84240
{ INDIAN POINT 2 | 40.4132 I 0.172093 1| 0.796063 |
! INDIAM POINT 3 | 46.2901 | 0.499748 | 0.%48435
| KEWANEE | e.9322 | 0.0%4823 0.18029%8
| MAINE YANKEE ' 15.6094 i 0.092073 1 0.659367
| AILLSTONE ) | 35.7083 ] 0.129788 | 0.719221 1
I MILLSTONE 2 | 33.228 | 0.17678 0.473199
I MONTICELLD 1 23.0413 | 0.112%8°% 0.A%1048 |
I NORTH ANNA | 29.46734 1 0.300823 | 1. |
| NUCLEAR ONE | 27.7017 | 0.343408 0.997947 |
| NINE MILE POINT | 17.088% I 0.114762 1 0.492972 1
| OCONEE U 16.424% | 0.18057%9% | 0.7%6824 |
| DYSTER CREEK | 34.711 1 0.16922% | 0.7220%94 |
| PALISADES 1 29.1701 1 0.17%46 | 0.400%11 |
| FEACH FOTTONM | 38.0%17 | 0.36047% 0.729415 1
| PILGRIN | 31.8214 | 0.13604s | 0.549913
| POINT 2EACH I 11.10888 | 0.09%317 0.7%1%48 |
| PRARIE ISLAND | 17.1992 | ¢.08%2%8 | 0.280132 1
| QUAD CITIES i 21.7628 | 0.190€23 | 0.%40%78 !
| RANCHO SECOD | 16.2158 | 0.173879 | 0.%918173 1
| H B ROBINSON | 23.0%2 | 0.188826 | 0.789214
I $T LUCILE | 24,3209 | 279402 1 0.501633 1
I SALEM 1 44,094 | 0.270382 1| 0.479%46 |
| SAN ONOFRE | 37.094 | 0.1474612 1 Q.7938E2 |
I SURRY I 16,6132 | 0.329%12 0.7%7%44 |
| TMREE MILE ISLAND I | 24.2032 | 0.043919 0.15438% !
I YROJAN | 12.0223¢ | 0.116889 1 0.7446287
I TURKEY POINT 3 AND 4 ) 18.1482 | 0.122716 0.622427 |
| VERMONT YANAEE | 2%.%601 ! c.103612% | 0.962388 |
| YANREE ROWE | 60.8% ' 0.147923 1 0.9344a%57 |
[ | 1
l ' ]
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C-1 Introduction and Summary

The capacity factor of a power plant is the ratic of actual
electricity generation to the maximum potential generation over some
time period.* Annual capacity factors are a key measure of plant per-
formance. The present study was a statistical analysis of the deter-
minants of nuclear power plant capacity factors. Its data base con-
sisted of operating information and data on other plant charac-
teristics for 68 commercially operating nuclear units in the U.S.,
representing almost all such units.

The multiple regressiorn analysis that was performed for this study
focussed on the gquestion of how and why capacity factors change over
time. An equation was specified that explained historical capacity
factors (and had test statistics sufficient to merit serious con-
sideration to predicting nuclear power plant performance).

Among the varigbles found to have explanatory power were the size
of the unit, its reactor type (pressurized water vs. boiling water),
whether or not its cooling system used salt water or fresh water, and
its age. Of the several interesting results obtained by applying the

regression egation, perhaps the most important was the effect upon

* Capacity factors as reported in this text are defined as:

Net electrical energy generated x 100
Period hours x maximum dependable capacity

Maximum dependable capacity is defined in Table C-2 below.

C-1



capacity factors of a nuclear unit's using salt water for cooling.

———.N— ——

After a period of maturation during which capacity factors increase
from their initial level, the capacity factors for units using salt
water cooling decline significantly. The capacity factors of salt I‘
water cooled pressurized water reactor (PWR) units were found to !'
decline much more rapidly than those of salt water coo}ed boiling water "
reactor (BWR) units. For non salt water cooled BWRs the general aging
trend was a long term increase in adjusted capacity factors. For simi-
lar PWRs this was balanced by a long term trend towards declining per-
formance, which was more pronounced for smaller units.

In the balance of this technical report, the present research is
situated in the context of previous studies; the study methodology and
data base are described, the modelling approach is discussed; the
resulting analysis of capacity factors is detailed; and the use of the

results in the Maine Yankee nuclear retirement study is described.

Statistical Analyses of Nuclear Capacity Factors

The several capacity factor studies that have been completed
heretofore have attempted to provide an analytical basis for
understanding nuclear power plant performance. Thus far, there have
not been many years of capacity factor data for nuclear units. The
investigations heretofore conducted on the subject of nuclear capacity
factors have addressed the hypothesis of a "maturation" effect, a
hypothesis which implies increasing capacity factors (after relatively
low initial values) for the first few years of commercial operation.
On the basis of the limited operating experience upon which previous

studies have been carried out, there is some evidence for maturation.

C-2
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The principal question left unanswered by these previous studies
is whether nuclear units can be expected to perform at the levels they
reach after approximately five years of capacity factor maturation for
the remaining twenty five years of planned operating life, or whether
shortly after attaining this "mature" level an aging effect will set
in, causing capacity factors to decline. The available data base
spans such a relatively short time that it is difficult to provide a
conclusive answer to this gquestion. It is obligatory, however, to
provide analyses which may give indicative, if only tentative,
results.

This study addresses the issue of nucleat power plant performance
generally, the maturation effect, and capacity factor behavior after
the maturation period. One conclusion that has been reached is that
significantly decreased performance can be expected from pressurized
water reactor (PWR) units and reactors coocled by salt water after a
maturation period of about six years. These findings extend and are
consistent with earlier analyses, and provide a basis for more exten-
sive work in the future.

Charles Komanoff pioneered capacity factor analysis (Ref. C-1l).
His work revealed poor performance of large boiling water teaétor
(BWR) units and indicated that maturation effects for large PWRs were
limited. Komanoff is continuing to perform research in this field.

Robert Easterling found a strong maturation effect for nuclear
units up to the fifth year of operation; significantly poorer than
average overall performance by large units; and differential levels of
performance of PWR and BWR units over time (Ref. C-2). His predic-
tions of large PWR unit performance =-- an average capacity factor of

57 percent over the second to tenth years of operation -- were much

c-3
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lower than estimates generally made by the industry and government.
Easterling considered age, size, and reactor type as independent or
explanatory variables in his statistical analyses of nuclear plant
capacity factors.

A more comprehensive study by Lucas and Hall (Ref. C-3), based
upon an international cross-section of nuclear reactors, shows a prob-
able decline in BWR capacity factors after the fourth year of
operation.

Generally, previous work has indicated that industry expectations
of post-maturation capacity factors of 70 percent or higher may be too
optimistic. However, the question of long-term nuclear power plant
performance has been left open, due to the limitations of this work.
It is only in the last few years that significant numbers of nuclear
power plants have entered what may prove to be their post-maturation
phase. This may be one of the factors accounting for the low degree
of explanatory power characteristically found in past statistical
analyses of power plant capacity factors, which in turn made it dif-
ficult to predict long term trends with any degree of precision.

The present study attempts to go beyond previous work methodolo-
gically in two important ways. It includes more explanatory variables
in the statistical analysis. Additionally it uses an adjusted capac-
icity factor as the measure of power plant performance to be investi-
gated, explained, and predicted. The methodological innovation used
to develop the adjusted capacity factor is conceptually straightfor-
ward. It was decided to subtract planned refueling outages and out-
ages mandated by the Nuclear Regulatory Commiss}on (NRC) from the total

of planned and forced outages for each unit. This had not been done in

previous capacity factor studies, but it permitted us to focus more .

narrowly on the issue of past and future technical performances per se.

C-4
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Methodology and Data Base

The basic procedure employed in this study, as in the previous
efforts referred to above, was multivariate regression analysis by the
method of least squares. This statistical technigque for the analysis
of variance estimates coefficients in an equation in which several
independent variables are believed to collectively "explain" the
observer variation in the dependent variable. 1In this case the depen-
dent variable is the key component of the capacity factor, namely, the
adjusted capacity factor based on forced outages and scheduled equip-
ment and maintenance. One can express the dependent variable as a
linear combination of the independent or explanatory variables chosen.
For the variable of primary interest, CF, a multiple regression

equation is

z
CF = i ai xi

For a set of observations of CF and values of the explanatory variables
(Xj) the values of the coefficients (aj) are estimated. That is, the
dependence of the dependent variable upon each of a set of explanatory
variables (and the set as a whole) is statistically established.

Regression analysis provides methods by which the accuracy of the
estimated coefficient for each independent variable may be evaluated.
Moreover, regression analysis provides means by which the explanatory
power of a particular set of independent variables may be measured.
Alternative equations or models, embodying different sets of indepen-
dent variables, may be compared.

The basic set of independent variables (the Xj) used in the capa-
city factor analysis in this study are the unit's maximum dependable
capacity (MDCU), use of cooling towers (TOWERSU=1 if they are used,

C-$



0 otherwise), use of salt water in the cooling system (saALTU=1 if it

is used, 0 otherwise), the type of unit (PWRU=l if it is a PWR, 0

otherwise), and a variable (AGE) which jdentifies the year of plant

operation with which each capacity factor observation is associated.

These are not an exhaustive set of potential explanatory variables,

and indeed they do not prima facie provide significant explanatory

power. Some of them, however, have already been used rather success<

the group as a whole represents a real

fully in previous analyses, and

expansion of the information considered to date.

Moreover, extensive use has peen made of product terms, which

entail new independent variables created as the product of two or more

of the basic set of variables given above. The interpretation of

these terms is straightforward. For example, if AGE, SALTU, and AGE X

SALTU are among the variables in an equation (or model) under con-

sideration, then a statistically significant value for the coefficient

of the product term AGE x SALTU indicates differential capacity factor

aging pehavior for salt-water cooled nuclear power plants when com-=

pared with other types of plants. The coefficient of the SALTU term

itself thus can be taken as providing an intercept value that esti-

mates a baseline difference that is modified by the product term.

These three terms together can characterize a general aging effect for

all nuclear units (the AGE term) starting from a common baseline, a

differential paseline effect for salt-water cooled units (the SALTU

term), and a differential aging effect for salt-water cooled units

(the SALTU X AGE term). Figure C-1 below illustrates this

possibility.
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Figure C~-1

Hypothetical Effect of a Simple Product Term for Aging

Non-Salt-Water Cooled Units

CAPACITY
FACTOR

Salt-Water Cooled Units

AGE

The accuracy of regression analysis is predicated upon the
assumption that all available information relevant to the explanation
of the dependent variables (in this case the capacity factor) is
incorporated into the model. Two sources of outage that contribute to
the total outage data from which the capacity factor is formed are
particularly troublesome in this regard. Plant outages for nuclear
refueling and NRD-mandated shutdowns cause a significant and
apparently random variation in observed capacity factors that has not
been separately analyzed in previous research. If one is attempting
principally to explain forced outage rates for nuclear units, inclu-

sion of these outages in the capacity factor observation would in

C=7



theory lead to biased results. This should thus be corrected if
credibility is to be achieved for the reqression analysis.
I1f refuelling and NRC mandated outages are not related to the

independent variables selected for a model of equipment and main-

tenance related outages the explanatory power of a model for the total

or unadjusted capacity factor (incorporating all outages) may be found

to be unnecessarily poor. Removal of this "noise" could lead to sta-

tistical results which are much improved over those found for the

unadjusted capacity factor. This is especially likely in the case of

capacity factors calculated, as is usually done, on an annual basis,

since refuelling cycles generally do not occur on a regular yearly
basis, but often each 14 to 18 months, thus affecting plant outages
different calendar years quite differently. Randomness can also be
introduced by NRC related outages. As a consequence, an adjusted
capacity factor 5esulting from the subtraction of refuelling and
NRC-mandated outages was chosen as the dependent variable in this
study. Since training and licensing outages, while not lengthy,
introduce similar randomness, *hey too were subtracted. Adjustment
according to the formula:

NCAPFAC2 = Electric Generation/[8760 x FRAC-OUTAGE! x MDC

where "MDC is the maximum dependable capacity

of the plant, "FRAC" is the fraction of the year

it was in commercial operation, and "CUTAGE" 1is

the total outage hours for the categories for which
adjustment is made.

This adjustment to the nuclear capacity factors analyzed is one

of the important advances that the present study offers.
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Data on nuclear unit outages for the years 1975 through 13981 were
obtained from the NRC "grey book" data base on computer tape.* This
data was processed by computer into outage hours for 16 categories of
outage causes. The basjic categories were equipment failure, main-
tenance, refueling, NRC mandated shutdown, training and examination,
administrative causes, operator error, and "other" causes. Table C-l
provides capacity factors expressed as ratios and ad justed by
subtracting outages due to refueling, NRC orders, and training and
licensing.

Table C-2 provides some of the characteristics of the existing
nuclear units whose operating experience has been used as the basis
for the present study.

The use of adjusted capacity factors requires further correction
of the regression analysis because the significance of each obser-
vation is no longer equal. For example, a 20 percent capacity factor
for 600 hours of operation should not carry as much weight as one of
60 percent for a whole year (8760 hours). Also, the expected variance
of observations on shorter periods is higher. The way to correct for
this bias is to weight the estimates throuch the use of the general-
ized least sguares (GLS) techniques. The weights are proportional to
expected variance, which in this case was taken to be a linear func-

tion of the square of the inverse of the on-line hours (Ref. C-4).

* The "grey book" is the Licensed Operating Reactors Status Summar
Report (NUREG-0020) issued periodically by the NRC. The data base

underlying this report was obtained on computer tape from NRC for use

in this analysis.
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L L

002w ss0000==we=sD0=0=20===000==0=000==0=====000000=0==~

SALT WATER

0000000 «000-0000000=«+=00==«=«-0000000000«+0000+=-=«=«CO0QCO00000

836
ass
818
810
64
1065
1065
1068
790
790
82s
828
885
1044
1082
764
782
874
200
772
773
804
810
478
470
757
£ j A
65
864
965
$12
48
810
654
864
536
610
865
890
660
860
860
620
638
1081
1035
670
495
495
503
$00
769
769
873

TOWERS

EEsTsssTEsANS SEssmssansTe o~

0020002 ==-00000C0-00000000«=«000~000-000000000«=««0===0

BB VWWWAABRND s vcRIINMN I WWLAABAWUNAWUALL .« M UWUNRNARIALIILAN-

STEAM SYSTEM C. 0.



TABLE C-2
NUCLEAR UNIT CHARACTERISTICS
(Continued)

5. M. B. ROBINSON 2...... 1 o 665 0 3
86. SALEM 1. ... ..o 1 1 1079 o 3
87. SAN ONOFRE *.......... 1 i 436 0 3
Wl T T M 1 ' 777 o 2
89. SURRY 1......ccvvsnnnss 1 1 77% (o] 3
B BN B v < i 6 Wb 1 ' 77% o 3
61. THREE MILE ISLAND 1... . 0 77 1 '
B TR 5o it it w500 1 o 108 1 3
63. TURKEY POINT 3........ 1 1 646 o 3
64. TURKEY POINT 4........ 1 1 646 o 3
65. VERMONT YANKEE........ 0 o 504 1 4
6. YANKEE ROWE........... 1 0 17% 0 3
B B, 0 s st s ua eyt b 1 0 1040 0 3
B0 BRI R . csinnssirres ' 0 1040 0 3
Notes

PWR: PWR Unit if 1; BWR if 0

Salt Water: salt water used for cooling if 1; fresh

water if 0
MDC: Maximum dependable capacity net MW (maximum electrical
output during the most restrictive seasonal conditions,
less the normal station service loads)
Towers: Cooling towers if 1; none if 0

Steam System: Supplier of steam system (Babcock and Wilcox,
1; Combustion Engineering, 2; Westinghouse, 3;
or General Electric, 4)

C.0. Date: Date of initial commercial operation (year,
followed by the fraction of the year that had passed
by the point of commercial opeation. Thus, Yankee
Rowe started commercial operation at 61.50, or
July 1, 1961).

C-13

9.
77
68.
76.
72.
73.
74
76
72.
73.
72.
6.
74. ¢
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First years of operation are included among the capacity factor
observations, and thereby in these analyses, since the GLS estimation
procedure weights their significance appropriately.

Outage data for the Dresden #1 unit is not presently available in
the NRC data base, and hence this unit was not included in the analy-
sis. Exclusion of this unit's experience tends to bias the capacity
factor results of this study on the high side. Similarly, Three Mile
Island #2 was excluded, as were Indian Point #1 and Humboldt Bay after
1978. Year 1980 data for Arkansas #2 was unintentionally excluded.
Moreover, no operating experience prior to 1975 has been analyzed
since the unit-specific (as opposed to station-specific) outage data

were not available on the NRC tape.

Modelling Considerations

Simple linear regression using the basic set of independent
variables -- MDCU, PWRU, SALTU, TOWERSU. and AGE -- produced rather
weak results, The model employed and ti.e regression results are
given explicitly in Table C-3 below.

Note the only term here with strong statistical significance is
the PWRU term, while the SALTU and AGE terms are only found to be
significant at 90+ percent. Note, also, the poor R-SQUARED (.07).

Addition of various cross prcduct terms to the regression
equation (e.g. AGE x MDCU, AGE x SALTU, PWRU x MDCU, SALTU x PWRU)
yielded significantly improved results, and this modelling direction
was pursued on a systematic basis. Moreover, in an attempt to capture
long term trends two methods were explored; the addition of gquadratic
age terms (e.g. AGEZ2 x MDCU; etc.), and the use of broken linear
terms. These approaches were taken in order to examine whether the

Cc-14



TABLE C-3

INITIAL REGRESSION ON BASIC SET OF VARIABLES

9 — -

Term in Equation Coefficient of Term t-Statistic
1 . 717 13.7 &‘
MDCU ' -5.77 x 10-5 -1.23 ;
PWRU .071 4.20 5
SALTU -.034 -1.75
AGE .005 1.76 _]
TOWERSU 3.73 x 10-4 .016
J
)
Number of Variables = 6 Standard Error of Regression = ,140
R-Squared = ,069 F(5/414) = 6.18
Corrected RZ = 058 COND(X) = 15.5 J
d
]
3
]
i
-
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basic age results, for example maturation in early years, could be

expected to continue beyond those years or whether a change in the
capacity factor aging behavior would be found. If such additional
(i.e. quadratic or broken linear age) terms proved to be statistically
significant then the latter conclusion would be indicated.

Illustration of the use of gquadratic and broken linear approaches
can be found in Figures C-2, C-3, and C-4. Figure C-2 shows how a
hypothetical set of observations could be explained by a simple linear
term (e.g. in any one of the age variables; AGE or AGE x SALTU).
Quadratic terms start out small and become rapidly larger. 1If a
quadratic term is added to the linear and found to be statistically
significant, it means that the long term behavior of the same set of
observations (the dependent variable capacity factor) is better esti-
mated by the sum of linear and quadratic terms than by the linear
alone. This can be seen by comparing Figure C-3 to Figure C-2. 1In
Figure C-3 the resulting estimation is the solid line which is the sum
of the linear and quadratic (dashed) lines.

Broken linear age terms can be used to estimate the behavior of
the capacity factors over limited segments of time within the
operating experience of the nuclear units. Consicder Figure C-4. 1In
this illustration example line A (beginning as a broken line and con-
tinuing as solid) represents an overall long-term aging trend, while
line B is added to account for early year (i.e. maturation) behavior.
The actual estimate is the sum of these two lines, i.e. the solid
line beginning with line segment C (early maturation). If the coef-
ficients of both lines (A and B) are found to be etatistically signi-
ficant, it means that actual capacity factor behavior is better

Cc-16



FIGURE C-2

Illustration of a Simple Linear Specification

L
. / *
4
o B
s =
+ @
Q
o
“1 e
>
&
-t
Q
T
Qd
)
Q
O T At i b ] AT S, VM A T Sl S
Years

1™
0
-
3]
©
fa
>
e
-
3]
T
]
&
STt e S e
—
o -~ Years
~
~
~
~N
B
N\
\
FIGURE C-3

Illustration of a Linear Plus Quadratic Specification
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Capacity Factor

/ Years

FIGURE C-4

Illustration of a Broken

Linear. Specification
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described by the broken linear than by a simple linear age term
(compare Figures C-2 and C-4). Note, finally, that while both the
quadratic (Figure C-3) and broken linear Figure C-4) estimations have
comparable explanatory power with regard to the observations, they
have quite different long term behavior. In either case statistically
signficant results for this illustrative example would indicate that

capacity factors experienced early maturation followed by iong-term

decline.

The broken linear method was ultimately selected over the quadra-
tic approach. The basic reasons for this choice was that the
results of the broken linear approach were easier to interpret, more
conservative with regard to long term capacity factor prediction, and
potentially much more accurate given the greater number of functions
of age used (four). Given the limited number of operating years
within the existing nuciear plant data base, a finding of a slow down
or leveling of capacity factor maturation by use of a gquadratic age
term (i.e., a negative coefficient for this term) provide serious
problems for prediction of long term behavior. While a leveling off
of maturation could be embodied in the data base a quadratic term
which explains this could misleadingly indicate an extremely rapid
decline in just a few years thereafter. The long term aging effects
could be further explored by addirg higher order (e.g.. cubic) terms.

The introduction of such terms could have a moderating effect on the

rapid capacity factor decline associated with the gquadratic model, but

would be difficult to justify statistically at this point.
While the broken linear approach was chosen here, it is

interesting to note that the general results were similar for both

broken linear and guadratic models. That is, they have comparable .
|
|
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explanatory power with respect to the observations embodied in actual
operating experience.

In addition to a general age term, four broken linear terms were
tested for significance both alone and in product terms containing
AGE. These were called AGE2, AGE4, AGE6, and AGES. The values for
these terms were established by subtraction of 2, 4, 6, and 8, respec-
tively, from a nuclear unit's age in a given year of its operation and
setting to zero all of the resulting values that were greater than
zero. Each of these variables has a sequence of negative values whose
absolute magnitude decreases by 1 each year until zero is reached.

This technigque produces four line segments in the first eight
years of operation, similar to the simple broken linear illustration
discussed earlier. It is employed in an attempt to capture the shape
and duration of early maturation effects, while the simple AGE terms
capture loag-term behavior. The procedure for choosing which broken
linear age terms to include in the model was to begin by including
all of them and to follow this by eliminating those which contributed
insufficiently to the explanatory power of the equation. With this
procedure AGE8 was not found to be significant in any of the models

examined.

Analysis of Adjusted Capacity Factors

The model selected and the linear regression results are given
in Table C-4. The terms in the equation for the adjusted nuclear
capacity factor (NCAPFAC2) are defined in Table C-5. Some terms not
introduced in the earlier discussion of the basic independent
variables were incorporated in the model to explore additional
relationships.

Cc-20




TABLE C-4

FINAL REGRESSION RESULTS FOR ADJUSTED CAPACITY FACTORS

Name of Coefficient Term in Equation Coefficient of Term t-Statistic
3 1 . 625 6.10
- MDCU -7.53 x 105 - .528
- MDCU x PWRU ~3.44 x 10-4 -3.73
: PWRU .527 5.01
= SALTU .723_, 4.33
x3 AGE 1.35 x 10_, .013
MDCU x SALTU -5.35 x 10 -3.73
: PWRU x TOWERSU - .143 -3.30
AGE x PWRU - .021 -3.32
g AGE x MDCU 3.29 x 10-5 2.31
TOWERSU .101 . 2.84
? SALTU x AGE -. 050 -4.29
SALTU x PWRU .133 1.78
:3 SALTU x PWRU x AGE -.028 -2.82
o e AGE6 .036 1.52
. e AGE4 x MDCU 1.07 x 10-4 3.55
ph - AGE6 x MDCU -7.75 x 10-5 -1.95
AGE4 x SALTU -.079 -1.87
N3 AGE6 x SALTU .105 3.24
X2 BWSTM -.089 -2.30
xi WESTM -.035 -1.30
X ™I .002 .31
X5 TMI x BWSTM - -.025 -.543
Number of variables = 23 Standard Error of Regression = .118
R-Squared = .362 F(22/397) = 10.2
Corrected RZ = 327 COND(X) = 81.4
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TABLE C-5

INDEPENDENT VARIABLE DEFINITIONS

Variable Name Definition
MDCU Unit size in megawatts
PWRU 1l if unit is pwr
0 otherwise
SALTU 1l if unit is salt water cooled
0 if otherwise

AGE Years of commercial operation
according toc calendar years. The
first calendar year of operation
averages only one-half a year of
plant operation.

TOWERSU 1l if unit has cooling tower
0 otherwise
AGE4 AGE-4 for Age - 4
0 otherwise
AGE®6 Age-6 for Age <6
0 otherwise
BWSTM Babcock and Wilcox Steam System
WESTM Westinghouse Steam System
T™MI 1 if year of operation is 1980, 1981

0 otherwise
(This is to estimate the effect of
the Three Mile Island event.)



The regression summarized in Table C-4 has an R-SQUARED of 0.36,
which is much higher than the results heretofore reported in the
literature. The standard error is about 0.12, which means that 68
percent of the adjusted capacity factors estimated by this equation
will fall within 12 percent of the actual observations. 1Its value of
81 for COND(X) indicates that collinearity is not a serious problem.

The F-statistic indicates more than sufficient explanatory power
for all 23 variables collectively at the 99%+ confidence level.

Table C-4 also presents the values, standard errors, and t-
statistics for each of the coefficients in the regression. The
interpretation of these results is straightforward. The estimated
value for a coefficient is its most likely value. The standard error
is a probability measure of the difference between actual and pre-
dicted values. There is a 68 percent probability that the estimate
will be within one standard error of the actual value. The t-
statistic measures the likelihood that the coefficient is signifi-
cantly different from zero, that is, whether the independent variable
is statistically significant. A t-statistic of absolute value equal
to or greater than 1.645 indicates that the probability is 90 percent
that the coefficient differs from zero. A value greater than 1.96
indicates a 95 percent probability, and one of 2.57 or greater indica-
tes a 98 percent probability.

The most important terms in the regression are those related to
capacity factor aging effects. The coefficients of these terms will
be reviewed first. Reference can be made to Table C-4.
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General aging effect: Coefficient E has the estimated value of
.000135. 1If accurate this would mean that the average adjusted capa-
city factor for nuclear units increases almost not at all, other fac-
tors equal. In fact, the rather high standard error and near zero t-
statistic found here indicate that there is no significant general
aging effect. Rather one must look to other more complex terms in the
regression equation (with AGE) to see whether they can capture or
explain general aging behavior.

The only other general age term in the model is AGE6. Its coef-
ficient L3 indicates an average general capacity factor maturation
rate of 3.6 percent per year for the first six years of operation.
However, this coefficient is found to be significant only at the 80
percent confidence level.

PWR aging effect: The value of coefficient W for the product

term AGE x PWRU suggests a 2 percent annual decline in the adjusted
capacity factor for PWR units after their 6th year of operation.
Unlike the E coefficient for aging in general, W is estimated to be
significant at the 99.8 percent level. Broken linear terms were not
found to be significant in the case of PWR-specific aging effects.

Size related aging effects: The value of coefficient D for the

preduct term AGE x MDCU estimates the effect of a nuclear unit's size
on the general long-term variation of its capacity factor. In order
to obtain the estimated aﬂnual effect this coefficient must be
multiplied by the unit's size (MDCU). For a 1000 MW plant of any type
this general long-term size related aging effect is estimated to
embody a 3.2 percent annual increase, as opposed to 1.6 percent for a
500 MW unit. This coefficient is found to be significant at the 95

percent confidence level.



Since AGE, AGE x MDCU, and AGE x PWR are the only non salt-water

cooling related age variables representing long-term adjusted factor

behavior, it can be seen that a net long-term growth in capacity fac-
tors of BWR units which are not salt-water cooled has been estimated.
This result will be reviewed later.

The broken linear age coefficients M2 and N3 for the variables
AGE4 x MDCU and AGE6 x MDCU, respectively, are both found to be signi-
ficant at the 95+ percent confidence level. These imply' early matura-
tion effects, which are greater for larger units, followed by a
decline in the years 5-7, followed by continued maturation. The
decline and subsequent maturation are both greater for larger units.
Figure C-5 shows the estimated magnitude of these effects for 600 MW
and 1000 MW BWR units not cooled by salt-water. The peak could be
real, but sharpened by the regression specification, or it could be an
artifact of the data base. Since performance data prior to 1975 were
not available, the data base could be comprised mostly of units with
data for the pre-maturity years and others for the post-maturity years
but nct the first 4-6 years.

Salt-water cooling-related effects: Salt or brackish water is

used in the cooling systems of 20 nuclear units, 14 PWRs and 6 BWRs
(see Table C-2). These are cooled by oceans, bays, or rivers with
tidal flows. The regression analysis summarized in Table C-3 indi-
cates that salt-water cooled nuclear plants have sharply reduced per-
formance over time. The salt-water related aging effects are repre-

sented by the terms SALTU x AGE (a general long-term effect for these

11 o9 s o o o @ 0 3 Ly s o m

units), SALTU x AGE4 and SALTU x AGE6 (a general early year effect for

these units), and SALTU x PWR x AGE (a differential long-term effect

®
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for PWR units). In addition, a SALTU x MDCU term accounts for a dif-
ferential effect for salt-water units related to their size. Finally,
two other salt-water cooling terms, SALTU (general effect) and SALTU x
PWR (PWR effect) provide the intercepts for the aging effect product
terms given above. Two of these estimations (coefficients N2 and F)
were found to be significant at about the 95 percent confidence level
and the other five are significant ;t greater than the 99 percent
level.

Coefficient S of the SALTU x AGE term measures the differential
average annual long-term percentage decline of capacity factors asso-
ciated with salt-water cooled nuclear units at about 5 percent per
year, The coefficients of the broken linear terms AGE4 x SALTU and
AGE6 x SALTU indicate a different behavior over the first six years
for such units. Taken together, these coefficients (Nz.and N3) imply

aging behavior that is opposite to that reported earlier for the size

related aging effects. In this case performance first declines, then
improves sharply, and then declines again.

Coefficient H for the SALTU x PWRU x AGE term estimates a further
negative age effect for salt-water cooled units of the PWR type, a
decline of almost 3 percent per year. No significant early operating
year effects were found. This effect is likely due to the well-noted
faster deterioration of steam generators in salt-water cooling
environments (Ref. C-5).

Coefficient X1 estimates an across-the-board decline in adjusted
capacity factors of salt-water cooled plants with increasing size.
This differential amounts to a 26 percent lower base line performance
for a 600 MW unit.

C-27
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Remaining terms in the equation: Coefficients X2 and X3 measure

differential performance for reactors with Babcock & Wilcox and
Westinghouse steam systems, respectively. It can be seen that
Babcock & Wilcox reactors are expected to have a capacity factor 9
percent lower than other non-Westinghouse reactors. All other things
equal, Westinghouse reactors are expected to have a 3.5 percent lower
performance, but the low t-statistic for X3 indicates uncertainty
regarding this estimate.

Coefficients X4 and X5 are present in the equation to capture any
"post-TMI" effects on nuclear unit performance. "TMI" is a dummy
variable which is 1 for the years 1979, 1980 and 198l1. The near 0 t-
statistic for coefficients X4 and X5 shows that all general post-T™MI
effects have been corrected for by the previously discussed ad justment
of capacity factors for refueling and NRC mandated shut-downs.

The remaining coefficients are intercept terms for the various
related coefficients. The exceptions are K and L which estimate the
impact of cooling towers on plant performance. Coefficient L esti-
mates that cooling towers improve reactor performance by an average of
10 percent for BWR units. Coefficient K estimates that PWR units with
cooling towers show a differential negative performance of about 14
percent, for a net negative effect of about a 4 percent reduction in
capacity factor.

Coefficient F is the salt-water cooled PWR intercept, G is the
general salt-water plant intercept, C is the PWR unit intercept term,

and Z is the size of PWR intercept term.
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The model as a whole: The previous discussion has focused atten-

tion upon the specific effects of each term in the equation specified.

Summary statistics, presented at the beginning of this section show
that the specification has relatively good explanatory power for the
observed variations in capacity factors. However, because of the
rather complex nature of this equation, involving the superposition of
many terms, it is difficult to see by cursory inspection how the
various terms contribute together to estimate yearly capacity factors
for nuclear units with various reactor tyupes, sizes, cooling systems,
ages, etc. It is therefore useful to apply the equation to several
generic cases to illu;trate the overall results of the regression
analysis.

Table C-6 shows the adjusted capacity factors expressed as ratios
and estimated by the equation for each year of operation for each of

eight composite nuclear power plant types: BWRs and PWRs of 600 and

1000 MW, with and without salt-water cooling systems. Figures C-6
through C-9 illustrate the general results graphically.

Inspection of these results shows that salt-water related
effects dominate all others, causing adjusted capacity factors for
both BWR and PWR units of either size to decline rapidly after several
years of maturation. Capacity factors of salt-water cooled PWRs are
found to decline much faster than those of salt-water cooled BWRs.
Moreover, large salt-water cooled PWRs are found to have much poorer
initial performance and even more rapid decline than smaller such

units.
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TABLE C - 6

Adjusted Capacity Factors

(BWR)
Age*
600 m BWR .......i............--.. I.......l...l.'.i-.....‘...l.l...iI..I..l......l..'
No Salt 1] 0.404022 0.478342 | 0.552662 | 0.626982
5 | 0.701301 0.710044 | 0.718787 | 0.739%9
9 | 0.760394 0.781197 | 0.802 | 0.822804 |
13 | 0.843607 0.864411 | 0.885214 | 0.906017
17 | 0.926821 n.947624 | 0.968427 | 0.989231
21 | 1.01003 +.03084 i 1.05164 | 1.07244
2s | 1.0932% 1.11405 | 1.13488 | 1. 15566
- 2!, 1.17648 1.19726 | i
.....II,............I.I. .I...-l.l..-....'....II..‘.'.II...O.........l......

.A.g-e..- lssssssessncreses snensnncnnsenene ! secnnennnensnnen sennssnnncnnnnes

1
X 600 MW BWR ' 0.460154 | 0.810611 | 0.561067 : 0.811828 :
Salt : | g.::w:z 8.;:;::; ' 0.793214 | 0.763837 |
7344 : 0.675708 0.646332
13 { 0.6 16956 0.58758 = 0.558204 : 0.528828 :
7 0. 499452 0470073 | 0. 440899 | 0.411325 |
i . 1 0.32319% 0.293818
28 { 0.264442 0.235066 } 0.20569 } 0. 176313 :
| 2| 0. 146938 0.117862 | : I
w—
ot~ ¢ =
'..-.. FEREREAREEREEEE. '..............-i........-.......i-... '.........|
1000 MW BWR { 0.404613 0.503889 0.603166 | 0.702443 |
s | 0.801719 0.791701 0.781683 0.815921
No Salt ! o | 0.8501%58 0.884396 0.918633 | 0.952871 |
I 43! 0.9871089 1.0213% 1.08558 | 1.08982 |
: 17 } 1. 12406 1.1%83 1.19283 : 1.22677 :
21 1.26101 1.29%528 1.32948 1.36372
} 28 ! 1.39796 1.4322 1.46644 : 1.50067 :
> '.......l-.........-..... RS ERARERREREEEES .....".....--...-.....".......-'
(9 r-
1000 MW BWR g | 0.249287 0.3247 | 0.400113 | 0.478827 |
Salt s | 0.550941 0.897796 | 0.644651 | 0.628708 |
9 | 0.612766 0.596825 | 0.%80883 | 0.564941 |
12 { 0.548998 0.533087 : 0.517116 } 0.801173 :
17 0.48%232 0. 469289 0.483347 0. 437407
21 | 0.421465 0.40%523 | 0.389581 | 0.373639 |
25 } 0.357697 0.341788 : 0.325813 : 0.309871
| 29 | 0.293929 0.277987 :
'-.-..-.‘................ .............--.!....-'.-..-..-..!-.....‘.....-.--!

* The capacity factors for each age category are to be read across in
groups of four years beginning with the year indicated in the

"Age" column. c-130




600 MW PWR
No Salt

600 MW PWR
Salt

1000 MW PWR
No Salt

1000 MW PWR
Salt

TABLE C-6(cont.)

Adjusted Capacity Factors

(PWR)

' 0.708448 0.760837 0.812829 0.865021 |
s 0.917213 0.902828 0.890444 0.889119 |
3 0.887798 0.886471 0.885147 0.883823 |
13 0.882498 0.881174 0.87988% 0.878526
17 0.877201 0.875877 0.874583 | 0.873229 :
21 0.871908% 0.87058 0.869258 0.867932 |
28 0.866608 0.865284 0.663959 0.96263%
29 0.861311 0.859987 :
SESESES SRS TES RS EEREEES SRR ERETERSRRaEES SESARENEE RS NSRS SRS ESEERERREN
1 1] 1 ]
|A£e | ! i . '
'. ..-.I......-....;.... -..-............I..--....--......'.-...-..........I
1 0.86533 0.865767 0.866203 0.866643
' s ! 0.86708 1 0.882679 | 0.898278 | 0.818881 |
=' M { 0.739486 0.660092 { 0. 580697 } 0.501301 :
13 0.421907 0.342811 0.263117 0. 183721
| 17 | 0. 104327 0.024931 | -0.084464 | -0. 133857 |
a2y ! -0.212283 -0.292648 | -0.372044 | -0 451429 |
I 28! -0.530834 -0.610229 | -0.689624 | -0.7€9019 |
} 29 { -0.8484 14 -0.927809 | : | ' |
Age
| 1 0.56856 1 0.84571 | 0.722889 | 0.800008 |
! s 0.877187 0.845011 | 0.8128685 | 0.824976 |
} 3 0.837086 | 0. 849196 : 0.861306 : 0.873416 :
13 0.885526 0.837636 0.309746 0.921856
| 17 ) 0.933966 | 0.946076 | 0.958186 | 0.970297 |
| 21 | 0.982407 0.994%17 | 1.00663 | 1.01874 |
: 2s | 1.0308% 1.04296 } 1.08507 : 1.06718 }
29 1.07929 1.0914 | ' l
rge
1 q. SRR SRR RRERARRRanN ..-......-....'-'.--....-........ .........-..-...i
1 .51 ] 4 56477 590174
T IR TN
3 0.477318 0.411388 | 0.345397 | 0.279436 |
12 0.213474 0. 147814 | 0.081554 | 0.015%93 |
1 -0. ~0. -0. -0.24 4
4 o aren1y | <. ser?s | oo 2.815009 |
2% -0.5780%4 | -0.644015 | -0.709978 -0.77%937 |
29 -0.841897 -0.907858 | :
'....... BN EREIERTARRRER .....-..........!...-....‘.......!.................
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Figure C-7
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Among non-salt-water cooled units, BWRs are shown to have con-
tinued maturation (out to the limits of the data), with larger units
approaching 100 percent adjusted capacity factor more rapidly than
smaller units. For all but non-salt-water cooled BWRs larger units
perform more poorly. PWR units that are not salt-water cooled show
middle ground performance. For these PWRs smaller units perform
somewhat better than larger ones in the early years, while the larger
units "catch up" after maturation. On the other hand, PWRs of this
type are found to perform better in their early years than their BWR
counterparts. After maturation, however, PWR performance is overtaken
by BWR performance.

The general aging trend for non-salt-water cooled BWRs shows a
long term increase in adjusted capacity factors. For similar PWRs
this is balanced by a long term trend towards declining performance,
which is more pronounced for smaller units. Further exploration of
these long term general aging effects is essential as more years of
data become available. Even after taking account of refueling outages
in preparing the data base, the above results would show total capac-
ity factors of non-salt-water cooled BWRs approach 100 percent. This
is not plausible, since refueling alone would keep these at about 85
percent as an upper limit. Further statistical analyses of an
exploratory nature provided preliminqry indications that this long
term increase may abate within the time periods under investigation.

Given the limitations of the data base, the aging effects found
in this study are more accurate for the first 10-12 years or so of
unit operation. The key finding that emerges is that salt-water

cooled reactors of all types may be running into serious operating
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problems as they age. We believe that this is the first time such a
finding has been reported.

The graphs presented in Figures C-~6 through C-9 illustrate the
general results for adjusted czpacity factors for the eight generic
nuclear units. These results are in broad agreement with those
reported in the less detailed earlier studies. PFor example, BWRs in
general are found to achieve capacity factors of about 60 percent on
average during their first 10 years of operation, with little dif-
ference between large and small units. Large PWRs have comparable
performance, while small PWRs perform substantially better (capacity
factors over 70 percent). The significant advance embodied in these
results are. the clear maturation effects and the differential aging
trends for cifferent types of units, especially the sharp decline
found for salt-water cooled nuclear units.

Total or unadjusted capacity factors: In order to estimate

values for the total or unadjusted nuclear capacity factors that are
generally discussed in the literature, thres alternative procedures
could be followed. First, one could simply revert to explanation of
the observed values of these capacity factors by regression analysis
similar to that performed for the adjusted capacity factors. This
would depart from one of the major methodological objectives of this

study, the removal of bias or "noise" associated with refueling out-

ages and NRC mandated outages (e.g. events like the post-TMI shutdowns

of certain units) from unadjusted capacity factors.

To illustrate this first alternative we can examine a regression
using the model, discussed earlier, that was developed for the
ad justed capacity factors. Applying this to the unadjusted capacity
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factors (Table C-7) it is found that there is a general continuity of
many of the results. However, the R-SQUARED for this equation is
substantially lower and the standard error is higher, reflecting both
greater variation in the data and lower explanatory power when
refueliry and NRC outages are included. This size maturation effect
(coefficient D) is insignificant, and the general aging effect
(coefficient E) is barely significant (at the 60 percent level). The
post-TMI variables (coefficients X4 and X5), on the other hand,
become significant in this regression whereas they were not in the
case of the adjusted capacity factors. They reflect the shut-downs
for NRC mandated modifications. It appears that the change in the
significance of the age and age-size variables is due to the
variations in refueling outages.

Second, regression analysis could be applied to the refueling and
NRC outage observations alone. The results could then be used (in
conjunction with the independently developed adjusted capacity factor
estimations) to develop total capacity factor estimations. However,
preliminary regression analyses of the refueling and NRC outages did
not produce satisfactory results. It would be important to explore
this approach further in future work.

The final, and at this time most straightforward, procedure for
readjusting the adjusted capacity factor results to account for
refueling outages is to obtain the average values of these outages for
the two reactor types, PWRs and BWRs. The information in the data
base yields:

BWR Refueling Outage Rate: 14%
PWR Refueling Outage Rate: 12.5%
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TABLE C-7

FINAL REGRESSION MODEL APPLIED TO UNADJUSTED CAPACITY FACTORS

Name of Coefficient Term in Equation Coefficient of Term t-Statistic
A 1 .413 4.04
B MDCU 1.43 x 10-4 .981
Z MDCU x PWRU -4.32 x 104 -4.51
C PWRU .608 5.54
G SALTU .538 2.90
E AGE .010 1.23
X, MDCU x SALTU -4.05 x 10-4 -2.61
K PWRU x TOWERSU -.214 -4.65
W AGE x PWRU -.026 -3.80
D AGE x MDCU 1.33 .878
L TOWERSU .132 3.49
5 SALTU x AGE -.036 -2.78
F SALTU x PWRU .057 .686
H SALTU x PWRU x AGE -.020 -1.77
0 L3 AGE6 .019 .722
w M2 AGE4 x MDCU 1.17 361

M3 AGE6 x MDCU 2.00 . 005
N2 AGE4 x SALTU -.035 -.767
N3 AGE6 x SALTU .054 1.56
X2 BWSTM -.035 -.821
X3 WESTM -.017 -.605
X4 ™I -.045 ‘ -2.23
X5 TMI x BWSTM -.074 -1.52

Number of Variables = 23 standard Error of Regression = .149

R-Squared = .263 F(22/397) = 6.45

Corrected R2 = .222 COND(X) = 77.0
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or 1976 (for 1P 3), we applied the following formula for

estimated total capacity factor:

Adjusted Capacity Factor x (100 - 12.5)
100

= Total Capacity Factor

The resulting estimated total capacity factors were then
used as guidance in establishing the scenarios, as described
in the text of section 3.3 of the report. The total caracity
factors are plotted in Figure 1 and 2 of the report for the

years during which they are greater than zero.
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While actual refueling outage time may be typically somewhat
smaller than these averages, it should be borne in mind that refueling
outages reported to the NRC can often contain outage hours for other
of the outage modes since certain kinds of equipment, maintenance, and
even NRC related outage activities may be performed while the plant is
shut down for refueling.

The net or readjusted capacity factor can be obtained as:

CAPFAC = (1-8) x NCAPFAC2

Where NCAPFAC2 is the adjusted capacity factor,

and £ is the average fraction of a year during

which refueling outages occur.
Note here, that no adjustment is made for outages resulting from
explicit NRC mandates. This tacitly assumes that, unlike past
experience, no NRC-mandated outages will occur in the future. This
assumption yields higher capacity factor estimates than would be

obtained if average NRC related outages of the past were assumed for

the future.

We developed total capacity factor estimations for the
two Indian Point units for use as guidance in establishing the High
Impact, Mid-Range, and Low-Impact scenarios for capacity factors.
We began by applying the regression model described in Table C-4
to each Indiar Point unit. We adjusted the resulting stream
of adjusted capacity factor estimations to simulate total capacity
factors according to the third method Jescribed in the preceding

section. In other words, for ear.: year from 1974 (for IP 2)
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D-1 General Issues

With the exceptionof a small amount of irradiated fuel
which was sent to reprccessing plants, all of the irradiated
fuel discharged from commercial nuclear reactors is being
stored in onsite storage pools. These pools, which were
designed to serve as temporary, short-term storage, have
limited capacity.

As the available space in existing storage pools decreases,
reactor operators have taken steps to increase the capacity
of their pools by packing the irradiated fuel rods closer
together. The procedure generally used is called "reracking."
The assemblies of spent fuel rods are moved close together
and separated by boron metal plates. While there is some
concern regarding the safety of storing increased gquantities
of fuel in existing pools (Ref. D-1), the NRC has approved the
reracking of most storage pools (Ref. D-2). Even if reracking
is used to the full extent allowable under current licensing
requirements, the storage pools at most reactors will be filled
to capacity by the late 1980's and early 1990's.

While the Federal government has shown fairly clearly its
intent to take responsibility for the ultimate disposal of
irradiated nuclear fuel, progress toward a detailed solution
faces a "formidable array of social, economic, and
political problems" (Ref. D-3). It is estimated that the opening
of a federal "permanent" disposal facility will take place some

time after 1997 (Refs. D-4 ana D-8).



If a nuclear power plant is to continue operating between

the time that its storage pool fills and the time that a permanent .

disposal facility becomes available, then some type of interim
system must be used to store the irradiated fuel. Current
possibilities for interim storage fall into two categories:
federally operated away from reactor storage facilities (AFRs)*
and onsite storage.

Federally operated AFRs, if available, are likely to be
the preferred option from the point of view of the utility which
would pay a one-time fee and then be free of responsibility for
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