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PLEASE STATE YOUR NAME AND BUSINESS ADDRESS.

My name is Paul D. Raskin. I am the President of Energ:v
Systems Research Group. Inc., 120 Milk Street, Boston,
Massachusetts 02109.

PLEASE DESCRIBE YOUR BACKGROUND AND QUALIFICATIONS.
Subsegquent to receiving my Ph.D. in physics from Columbia
University in 1969, I served on the faculties of City
College of New York and the State University of New York
at Albany. At the latter, in addition to completing
research in physics, I chaired the faculty at an
interdisciplinary college on contemporary social
institutions, and expanded my research activities to
include energy and environmental issues.

Since 1976, I have been with ESRG, where I have
authored or co-authored over forty energy studies and have
advised many state and federal governmental cgencies,
private organizations, and international bodies and
governments. These studies cover a variety of
energy-related issues, including utility system planning,
demand forecasting, conservation policy, and cost-benefit
analysis. I have testified on these issues before the New
York State Public Service Commission in Case Nos. 27136,
27154, 27319, and 28233; the New York Siting Board in Case
No. 80003; the Energy Board in the 197¢ and 1981 Energy
Master Flanning Proceedings; the Federal Energy Regulatory

Commission in Project No. 2729; the Connecticut Power
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Facility Siting Council in Case No. F-80: the Connecticut
PUCA in Docket Nos. 800302, 810602 and 810604; and the
Massachusetts Department of Public Utilities in Docket No.
20248.

My background is descrived more fully in the resume
attached as Exhibit __ (PDR-1).
WHAT IS THE PURPOSE OF YOUR TESTIMONY TODAY?
The purpose of my testimony is to introduce the report

Electric Rate Conseguences of Retiring the Robinson 2

Nuclear Power Plant, prepared under my supervision. It is

appended as Exhibit __ (PDR-2).

PLEASE DESCRIBE THAT REPORT.

I will restrict myself here to a very brief summary since
the report is designed to explicate the issues, findings,
and metheds used in examining the likely cost impacts of
retiring the Robinson facility.

PLEASE GIVE THE BACKGROUND TO YOUR INVESTIGATION.

The H.B. Robinson Steam Electric Plant Unit No. 2 is a
pressurized water reactor (PWR) located at Hartsville,
South Carolina. It is owned and operated by the Carolina
Power and Light Company, a utility serving al>uc 800,000
customers in both North (85 percent) and South (15
percent) Carolina. The Robinson plant, manufactured by
the Westinghouse Corporation, began commercial operation

in March, 1971.



began cracking at a rapi
have been restudied in
ate of corrosion cracking.
anticipation of continued steam generator
degradation, determined in 1982 that the three generators
at the plant should be replaced. CP&L submitted its final
proposal in early 1983 to the Nuclear Regulatory
Commission pursuant to the present hearing. Conseguently,
this is a propitious moment tc explore the economic justi-
fication of continued operation at the unit.

The proposed steam generator replacement project
raises a number of issues with respect to proper
engineering methods, health and safety ramifications, and,

by my testimony, economic
justification. But the steam generator problem is not the
major area of uncertainty clouding Robinson's future.
a recent study, the NRC staff concluded that a number
of PWR facilities suffer from prematurely embrittled
reactor vessels. The plant identified as highest priority
concern 1s the Robinscon unit., It is likely that hardware

procedural modifications will be required within five

er problem requiring timely soluticn is the

disposal of radioactive spent fuel should the plant remain

i

in operation. The "temporary" on-site storage pools will
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reach capacity in about four years. An acceptable
solution to the permanent off-site disposal of the
irradiated fuel does not yet exist. For Robinson to
continue in operation, interim storage arrangements will
be required by the late 1980s with associated
environmental impacts, cost consejuences and plant
availability repercussions which are, at this time,
difficult to quantify.

It is within this broad context of long-term
uncertainty that the more narrowly defined economic
question is addressed. 1Is it cost-effective to replace
the steam generators at the H.B. Robinson 2 facility or
should the plant be retired?

WHAT APPROACH WAS USED IN ANSWERING THIS QUESTION?

The obijective is to simulate the flow of revenues CP&L
will receive from its ratepayers ("required revenue")
under two future scenarios, one with Robinson assumed to

ccentinue in operation and a second in which the plant is

assumed to be retired. The difference in required revenue

streams between these two scenarios is the "bottom line"
measure of the cost impacts of retiring the facility.

The revenue streams are developed for the major cost
categories that would be affected by a decision to retire
Robinson. These irclude operations and maintenance costs
(O&M), levels of additional capital expenditures on plant

and eguipment, nuclear fuel costs, decommissioning costs,
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and waste disposal costs for the Robinson unit.
Additionally, the costs of the steam generator replacement
must be accounted for, as must be the make-up power and
energy costs reguired to substitute for Robinson.

Wherever possible, statistically based technigues
have been used to estimate key parameters. This has been
particularly useful for projections of Robinson O&M,
capital additions, and capacity factors (a measure of
plant availability). Computer models have been employed
to develop these inputs and to produce the scenario cost
comparisons. Descriptions of methods, assumptions and
results are provided in Exhibit ___ (PDR-2).

In this investigation, the guantification of the
impacts of retiring Robinson are limited to thuse costs
which are directly incurred by ratepayers. 1 host of
other conseguences =-- environmental trade-offs, public and
occupational health and safety, nuclear risk, employment
impacts -- are not included. Consensual "social"
cost/benefit analyses on these elusive issues, depending
as they do on normative judgment and incomplete
information, are not possible at present. Debate on these
critical "external" impacts will be enhanced by a careful
assessment of the direct economic repercussions of
retiring Robinson, the aim of my study.

PLEASE SUMMARIZE YOUR FINDINGS.
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The detailed findings on cost impacts are presented in
Section 2 of Exhibit ___ (PDR-2). below. The basic
conclusion is that rates in the CP&L service area are
likely to be somewhat higher if the steam generator is
replaced and Robinson continues to operate than if B
Robinson is closed. The results for the

Baseline scenario -- defined by mid-range assumptions
which are neither optimistic nor pessimistic with respect
to the plant's prospects =-- is that approximately $50
million in 1983 present value will be saved if the plant
is retired early.

Additionally, in a number of sensitivity tests, the
effects of a range of variation ir key inputs have been
examined. In most instances, the economics of continued
operation are not favorable. The results are summarized
in Table 1.1 of Exhibit ___(PDR-2), where both the
cumulative cost impact and the average percent change in
rates are given for selected scenarios.

The average rate impact of early retirement is small
in all scenarios, with a reduction of only 0.2 percent in
the Baseline case. Nevertheless, some savings are
probable under retirement. The results indicate that
there is no economic case for the Robinson steam

generation expenditure at this time. Through a detailed

comparison and critique (Section 8 of Exhibit (PDR=-2)),

we conclude that CP&L could make such a case only by
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systematically adopting optimistic assumptions on future
nuclear plant performance and costs, which are not
validated by statistical analysis of the actual experience
and trends.

DOES THIS COMPLETE YCUR TESTIMONY?

Yes, it does.
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PAUL D. RASKIN

Research Scientist
President
Energy Systems Research Group

Dr. Raskin performs resource policy evaluations for
domestic and international governments and a variety
of private organizations. He provides quantitative
analyses of the economic, environmental and social
tradeoffs resulting from alternative energy and
resource development strategies, technologies, and
programs. He has supervised the development of a
number of computer-based planning models to assist
such efforts including the widely-used LSRG electric
utility forecasting model, a model for the evaluation
of conservation-oriented programs (CONCOST), the
Water Availability and Demand Evaluation System
(WADES), and the LDC Energy Alternatives Planning
(LEAP) system.

Education

Ph.D. Theoretical Physics, Columbia University,
1970.

B.A.: Physics, University of California at
Berkeley, 1964.

Experience

1976 - Present: Energy Systems Research Group, Inc.
President with overall executive respon-
sibility since the incorporation of ESRG
in December, 197€¢. Principle responsibility
for energy and resource planning research
projects for a variety of international, state,
local, anc private agencies; development
of computer-based modeling systems for
the analysis of the physical, economic,
and environmental implications of alter-
native energy policy strategies.

. 1976 - 1978: Associate Professor, Empire State College.
State University of New York. Instruction
in physics, energy/environment, and science/
society.

1973 - 1976: Assistant Professor, State University cf
New Yori at Albany. Chairman of the
Faculty, The Allen Center, 1974 - 1976.

1969 - 1973: Instructor, Department of Physics, City
College of New York, CUNY.
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l. OVERVIEW

1.1 Background

This report addresses a fundamental question which will
increasingly face ratepayers and regulators throughout the
country: is it economically justified to make substantial
investments to keep aging nuclear power plants in operation? The
response surely depends on the circumstances particular to a spe-
cific facility. The economic trade-offs of continued operation
versus retirement are analyzed here for the case of the H.B.
Robinson Unit 2 nuclear plant ia South Carolina.

The very fact that there is an issue of continued operation
for a twelve year old plant such as Robinson, is itself
noteworthy. At the inception of the commercial nuclear power
piogram, there was wide engineering consensus that nuclear
generating facilities would operate for several decades with high
reliability and at extremely low cost. The initial prognosis
proved to be overly optimistic. The experience of nuclear power
plant operations over the past twenty years has contrasted with
the earlier promise of unprecedented economic efficiency. At
each phase of the process from initial construction to operations
and radioactive waste handling, the technology has proved to be
more intractable and costly than anticipated by the nuclear

industry and its regulators.



In recent years, a new dimension of the problem has begun to
come into focus: the first generation of nuclear power plants
are exhibiting premature component deterioration. Such early
aging phenomena as leaking steam generator tubes and embrittled
reactor vessels have caused concern over the reliability, safety,
and economic viability of future operations at certain nuclear
stations.

Indeed, periodic reconsideration of the advisability of con-
tinuing to generate at aging facilities is the prudent course
given the mounting costs required to ensure adequate plant
performance. Reviewing alternatives to escalating expenditures
on deteriorating power plants is as sound for power planning as
it is for the automobile owner faced with costly decisions on
whether to try to keep an old car on the road. The economic
impacts of early retirement of problem-prone nuclear units is the

subject of the present case study.

1.2 The Issue at Robinson

The H.B. Robinson Steam Electric Plant Unit No. 2* is a
pressurized water reactor (PWR) located at Hartsville, South
Carolina. It is owned and operated by the Carolina Power and
Light Company, a utility serving about 800,000 customers in both
North (85 percent) and South (15 percent) Carolina. The Robinson
plant, manufactured by the Westinghouse Corporation, began com-

mercial oneration in March, 1971.

*Referred to below as "Robinson" or "the plant."



Beginning in 1980, corroding tubes in the steam generators*
at the plant began cracking at a rapid rate. Over the past
three years well over a thousand tubes have been repaired.
Operations at the plant have been restricted in an effort to
redue the rate of corrosion cracking.

CP&L, in anticipation of continued steam generator
degradation, determined in 1982 that the three generators at the
plant should be replaced. The Nuclear Regulatory Commission
(NRC) initiated hearings to determine whether a licensing
amendment should be granted for the steam generator repairs
(Docket No. 50-261). CP&L submitted its final proposal in early
1983 (Ref. 1). A decision on this issue is expected in 1984.
Consequently, this is a propitious moment to explore the economic
justification of continued operation at the unit,.

The proposed steam generator replacement project raises a
number of issues with respect to proper engineering methods,
health and safety ramifications, and, the issue addressed here,
economic justification. But the steam generator is not the only
major area of uncertainty clouding Robinson's future. 1In a
recent study, the NRC staff concluded that a number of PWR

facilities suffer from prematurely embrittled reactor vessels

*In a PWR, the heat from the reactor core is carried by water
under high pressure (the "primary cooling cycle") to the steam
generator. There it travels through thousands of tubes, trans-
ferring heat to water circulating outside the tubes (the
"secondary coolirg cycle"™) which, once raised to steam, drives
the turbine generator.




(Ref. 2).* The plant identified as highest priority concern is
the Robinson unit., Tt is likely that hardware and procedural
modifications will be required within five years (Ref. 3).

Another problem requiring timely solution is the disposal of
radioactive spent fuel should the plant remain in operation.
The "temporary" on-site storage pocls will reach capacity in
about four years (Ref. 4). In the original nuclear "fuel cycle"
scheme, spent fuel from the industry was to be transferred after
several months to a reprocessing facility where vrarium and
plutonium would be extracted for re-use. However, due to
unexpected technical complications, soaring costs, and concern
over nuclear weapons proliferation, the reprocessing option has
been indefinitely deferred. At the same time, an acceptable
solution to the permanent off-site disposal of the irrad’ated
fuel does not yet exist. For Robinson to continue in operation,
interim storage arrangements will be required by the late 1980s
with associated environmental impacts, cost consequences and
plant availability repercussicns which are, at this time, difficult
to gquantify.

Within this broad context of long-term uncertainty, we wish
to pose and address a narrowly defined question. 1Is it cost-
effective to replace the steam generators at the H.B. Robinson 2

facility or should the plant be retired?

*The steel walls of the reactor vessel, under high pressure con-
ditions, are progressively weakened by absorption of neutron
radiation from the fission process. If there is a sudden drop
in temperature, as would occur for example if the emergency
core cooling system is activated during an accident, the em-
brittled reactor is susceptible to "pressurized thermal shock"
and could rupture.



1.3 Study Approach

The objective of this study is to simulate the flow of
revenues CP&L will receive from its ratepayers ("required
revenue") under two future scenarios, one with Robinson assumed
to continue in operation and a second in which the plant is
assumed to be retired. The difference in required revenue
streams between these two scenarios is the "bottom line" measure
of the cost impacts of retiring the facility.*

The revenue streams are developed for the major cost
categories that would be affected by a decision to retire
Robinson., These include operations and maintenance costs (0sM),
levels of additional capital expenditures on plant and equipment,
nuclear fuel costs, decommissioning costs, and waste disposal
costs for the Robinson unit., Additionally, the costs of the
steam generator replacement must be accounted for, as must be the
make-up power and energy costs required to substitute for Robinson.

Wherever possible, statistically based techniques have been
used tc estimate key parameters. This has been particularly
useful for projections of Robinson O&M  capital additions, and
capacity factors (a measure of plant availability). Computer
models have been employed to develop these inputs aund to produce
the scenario cost comparisons. Descriptions of methods,
assumptions and results are provided in subseguent sections of

this report.

*Formally staced, the cumulative present value of required
rever.ues under alternative scenarios have been computed and
compared. Present value calculations are commonly used in
comparing costs and benefits which occur at different points
in time. The procedure "discounts" future costs and benefits
to reflect the time value of money and underlying inflation.



In this investigation, the gquantification of the impacts of
retiring Robinson are limited to those costs which are directly
incurred by ratepayers. A host of other consequences --
environmental trade-offs, public and occupational health and
safety, nuclear risk, employment impacts -- are not included.
Consensual "social" cost/benefit analyses on these elusive
issues, depending as they do on normative judgment and incomplete
informaticn, are not possible at present. Debate on these critical
"external" impacts will be enhanced by a careful assessaent
of the direct economic repercussions of retiring Robinson, the

aim of this study.

1.4 Summary of Findings

The detailed findings on cost impacts are presented in
Section 2 below. The basic conclusion is that rates in the CP&L
service area are likely to be somewhat higher if the steam
generator is replaced than if Robinson is closed. The results
for the Baseline scenaric -- defined by mid-range assumptions
which are neither optimistic nor pessimistic with respect to the
plant's prospects -- is that approximately $50 million in 1983
present value will he saved it the plant is retired early.

Additionally, in a number of sensitivity tests, the effects
of a range of variation in key inputs have been examined. 1In
most insfances, the economics of continued operation are not
favorable. The results are summarized in Table 1.1 where both
the cumulative cost impact and the average percent change ‘n

rates are given for selected scenarios.



The average rate impact of early retirement is small in all
scenarios, with a reduction of only (.2 percent in the Baseline
case. Nevertheless, some savings are probable under retirement.
The results indicate that there is no economic case for the
Robinson steam generaticn expenditucre at this time. Through a
detailed comparison and critigue (Section 8), w2 conclude that
CP&L could make such a case (Ref. 5) only b, systematically
adopting optimistic assumptions on future nuclear plant
performance and costs which are not validated by statistical

analysis of the actual experience and trends.



TABLE 1.1
RATE IMPACTS OF ROBINSON 2 RETIREMENT UNDER ALTERNATIVE SCENARIOS

Cost Impact of Retirement

Cumulative
Change in
Required Revenue
(1983 present value Average Percent
cenario Description dollars in millions) Change in Rates
|
laseline (See Text) -50 - 0.2
seline with Retirement in 1994 with -120 - 0.5
0 year plant steam generator replace-
ife ment
seline with Pursue conservation in- -160 - 0.7
onservation vestment to partially
replace Robinson
generation
uclear O&M
osts
- High Double projected real
increases (Sec. 4) -180 -0.8
- Low No real increases 40 0.2
uture Robinson
Investments
- High Double projected real
increases (Sec. 3) - 90 - 0.4
- Low No real increases - 20 - ol
obinson 2
apacity Factor
- High 5% higher than Baseline (Sec. 3) 0 0.0
- Low 5% lower than Baseline -120 -0.5
uel Price
lscalation
- High Coal at 2% real (from 1%,
Sec. 7) 10 0.1
- Low Coal at 0% real -120 -0.5
Load Growth
- High 2.6%/year peak growth (from 2.2%) 20 0.1
- Low 1.7%/year -240 -1.1
ﬁeriod of
rnalysis
- Long 25 years, 1984-2008 - 90 -0.4
- Short 10 years, 1984-1993 - 90 -0.4




2. COST IMPACTS OF RETIRING ROBINSON 2

The objective of this study is to quantify the changes in
the costs to ratepayers resulting from not operating the Robinson
facility, relative to the option of extending the lifetime of the
plant via the steam generator investment. This was achieved by
considering CP&L's annual required revenues under various
scenarios. Required revenues are the funds utilities need to
collect from their customers to cover operating expenses, taxes,
capital, amortization, and return on investment, As an overall
measure of ratepayer expenditures, required revenues are an

appropriate indicator of cost impacts.

2.1 Cost Components

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

Robinson is the difference of two required revenue streams: one

with the plant operating and the other with it nonoperational.
Consequently, costs common to both cases cancel out in computing
the incremental impacts of a plant closing, and need not be
considered further.

There remain seven significant components of the required

revenues that would be differentially affected by plant

retirement. These are:




Make-up Generation. 1In the absence of the nuclear plant,

the electricity generation requirements must be provided by the
existing system, by ourchased power, by new plant construction,
or by conservation., The costs of these make-up power alterna-
tives constitute the major penalty of early power plant
retirement. To analyze them, it is necessary to specify the
system responses to the loss of the facility (discussed in
Section 7). Projections of nuclear plant generation (capacity
factors) to determine how much generation must be replaced are an
important ingredient in this analysis (discussed in Section 3).

Direct Capital Related Costs. These include recovery of

capital, return on investment, and taxes related to the steam
generator investment, recovery of the unamortized part of the
Robinson investment, and insurance. The amount and method of
recovery is to some extent a regulatory policy issue. In this
investigation, capital related costs have been computed using a
financial model to simulate CP&L characteristics and practices.
Assumptions are discussed in Section 6.

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

not running the plant. As with make-up generation, its value is
dependent on assumptions on likely future plant capacity factors.
Nuclear fuel cost projections are presented in Section 6.

Nuclear Operations and Maintenance. This is another avoided

cost. As discussed in Section 4, there is statistical evidence
for projecting escalating nuclear O&M costs related in part to

aging-related equipment problems.
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Radioactive Waste Storage and Disposal. In the case where

the plant operates, it is necessary to store and to finally
dispose of additional highly radiocactive spent fuel. Analysis is
given in Section 6.

Decommissioning. Expenses will be incurred in dismantling

or encapsulating the radiocactive facility in eithe¢ - case.
However, the retirement dates may effect the timing of
dismantlement and the level of facility irradiation and, thereby,
costs. These issues are addressed in Section 6.

Capital Additions. Certain costs for major plant repairs

and modifications are avoided if the plant is not operated. 1In
Section 5, statistical estimates of these costs are developed

based on actual experience witi:i nuclear facilities.

2.2 Cost Accounting System

The complexity of these issues -- as well as the desire to
have a flexible capability for developing scenarios, performing
sensitivity analyses, and synthesizing results -- warranted the
use of a computer-based costing model. The model is designed to
simulate the required revenue impacts in both current and
discounted dollars and over alternative time periods. It provides a
flexible framework for testing the results over various scenarios
and parameter ranges, so that the consequence of uncertainty in
both technology variables (e.g., future plant performance) and
policy or economic variables (e.g., fuel prices) may be adequately
explored. 1In addition, as described earlier, several ancillary
models were used in developing inputs on make-up generation,

capacity factors, O&M costs, and capital additions.
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2.3 Scenario Definitions

The benchmark comparison - the Baseline scenario =-- 1is
defined by the input assumptions described in Sections 3 through
7. The retirement date, should the steam generator not be
replaced, is December 31, 1984, as assumed by CP&L (Ref. 5). The
Baseline time period for analysis is the fifteer.-year period
1984-1998. This period is selected for ease of comparison to the
Company results which were computed for this period. Sensitivity
results for alternative time periods -- 25 years and 10 years --

were reported in Tavle 1l.1.

2.4 Baseline Results

The revenue impacts of retirement are given in Table 2.1.
They are disaggregated for each year by cost category.* The cost
streams are discounted to common 1983 present value dollars.**

The first column of Table 2.1 shows projections of CP&L's
revenue requirements (i.e., ratepayer payments), assuming that
steam generator replacement takes place and Robinson continues
operation throughout the time period considered. No further
extraordinary plant outages are assumed in this Robinson "in"

case. It is worth underscoring here, however, that if additional

*More details on the results by category are given in subseguent
sections.

**The discount rate, a measure of the time value of money, is tuken
at 11.75%, the Company's average cost of capital. From the
ratepayer point of view, the discount rate is related to
borrowing costs (or lost earnings oun savings) plus whatever
premium is placed on short-term cash. The figure used here,
based on a conventional approach, is a reasonable proxy for
such a "social" discount rate. The underlying general rate
of inflation is taken at 6% per year throughout the study.
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major operational problems occur, related to continuing
embrittlement or other severe difficulties of the reactor vessel
at Robinson, the case for the steam generator replacement
deteriorates substantially. Since this possibility is not
included in the Baseline analysis, the finding of modest economic
benefits to retirement must be considered conservative. For
example, if one assumes that the plant lifetime is limited, even
with the steam generator replacement, to, say, ten additional
years, the benefits of retirement jumps from $50 to $120

million (see Table 1.1).

The next eight columns in Table 2.1 are "adjustments”™ to the
revenue requirements that are projected to result from a decision
to retire the plant rather than to replace the steam generators.
Detailed discussions of eac!. of these adjustments will be found
in Sections 3 through 7.

The adjustment in column (2) is for differences in capital-
related costs in the two cases, primarily for amortization,
return and associated taxes on the Robinson facility including
the steam generztor investment. A financial model is used to
simulate these revenue flows. It will be noted that there is a
cumulative benefit here to retirement of some $122 million, half
of it associated with initial tax write-offs of sunk investment.
Column (3) displays an additionzl benefit to retirement of some
$49% million cumulatively in avoided property tax, nuclear

insurance, and miscellaneous expenditures that would otherwise be

required were the plant in operation.




The adjustment for the avoided costs of operations and
maintenance ("Nuclear O&M") at Robinson are given in Column (4),
This is a major benefit of early retirement at $397 million.
Column (5), labelled "net capital additions," summarizes the
projections for revenues associated with continued capital
expenditures at the Robinson plant were it to remain in
operation. The cumulative benefit here to retirement is
estimated at $157 million.

Colunin (6) gives the projected cost stream for the nuclear
fuel costs avoided by retiring Robinson. The positive value for
1984 is related to the lower fuel requirements associated with
reduced operation during the steam generatior replacement. The
net benefit to early retirement is estimated at $240 million.
Columns (7) and (8) give, respectively, estimates of reduced
expenditures under retirement for disposing of radiocactive spent
fuel and for ultimately decommissioning the plant itself. Thase
benefits amount to $108 million -- $84 million for spent fuel and
$24 million for decommissioning.

The total benefit to retirement from the seven adjustment
categories described above is some $1,072 million (1983 present
value). The offsetting cost to early retirement is shown in
Column (9), labelled "make-up generation."” With Robinson not in
operation, the electricity that it would have generated must be
compensated for. Make-up energy could come from additional
generation from existing facilities, purchases from outside the

CP&L system, and from the possible construction and operation of
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additional power sources. An important opportunity for both
make-up energy and cajacity would also come from increased
efforts to promote and finance cost-effective conservation and
load management initiatives. Such a conservation investment
emphasis has not been included in Baseline assunptions.*

Beyond the need to make-up the energy lost from Robinson if
it retires, additional expenses would be incurred to keep the
generating capacity of the system sufficient to service a growing
load (i.e., peak demands) with adequate reliability. Loads and
resources projections, make-up energy sources and costs, and
make-up capacity costs are discussed in Section 7. Column (9)
summarizes the result, a $1,017 million penalty to retirement,.
Note that in 1984 alone there is a benefit to retirement related
to the extra downtime required for the steam generation
replacement.

Combining the benefits and the penalties of retirement,
we arrive at the total adjustment in Column (10) and the total
required revenues "without Robinson" (that is, with Robinson
retired in 1985) in Column (11). The cumulative benefit of
retirement is shown to be $54 million.

It will be noted that the annual cost impacts fluctuate due
to a combination of first-year effects, pattern of power plant
availability, and a variety of other factors. The "Revenue

Impact Summary" shown in Table 2.2 gives a summary of the

*Were conservation considered the preferred policy response, the
benefits of retirement would improve substantially as shown in
the sensitivity test reported in Table 1l.1l.
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adjustment stream from Table 2.1 as well as the cost impacts
expressed as a percentage change in electricity rates. Tie
cumulative percentage impact of retirement is negative throughout
the period.

From Table 2.2 it will be seen that, over the long run, the
economic consequences of either continuing to operate or retiring
Robinson are not large on a relative basis (about 0.2% average
rate savings if the plant is retired). Beyond such ratepayer
impacts, a prudent decision on the fate of Robinson would need to
rely on assessments of environmental and safety tradeoffs, future
risks attendent on each option, and employment and other indirect
impacts -- factors beyond‘the scope of the dircct cost analysis
presented here. However, given the results of this analysis,
there must be an affirmative demonstration that continued
operation would indeed provide sufficient "external" benefits,

Absent such a showing, the plant should be retired.
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TABLE 2.1
CP&L. REVENUE WITH ROBINSON NOT OPERATING
(Hﬁﬂ&_: og Do;lars — 1983 Present value)

Total Total
With Capital Prop. Tax Nuclear Net Cap. Nuclear Spent Decom. Make-up Total Without
Year Robinson Cost Ins. Misc. O&M Addition Fuel Fuel Cost Generation Adjust. Robinson

(1) (2) 3) (4) (5) (6) (N (8) (9) (10) 1
1984 1,677 -62 -1 0 -2 7 2 0 - 55 -112 1,566
1985 1,657 -12 -6 -31 -4 -11 -4 0 93 25 1,682
1986 1,636 -9 -6 -31 -6 ~17 -4 0 99 27 1,663
1987 1,616 -7 -5 -31 -7 -17 -4 1 67 -5 1,612
1988 1,597 -5 -5 -30 -8 -20 -4 1 68 -5 1,592
1989 1,577 -3 -4 -30 -10 -21 -5 -1 88 16 1,593
' 1990 1,558 -2 - 4 -29 -11 -18 -5 -1 68 -2 1,556
o 1991 1,539 -1 -3 -29 -12 -19 -6 -1 53 -17 1,522
1992 1,520 -0 -3 -28 -12 -16 -6 -1 57 -10 1,510
' 1993 1,501 -1 3 -28 -13 -20 -7 -2 64 -7 1,494
1994 1,483 -3 -2 -27 -14 -18 -7 -2 64 -10 1,473
1995 1,465 -6 -2 -27 -14 -19 -8 -2 s -2 1,463
1996 1,447 -5 -2 -26 -15 -19 -8 -4 106 28 1,474
1997 1,429 -4 2 -26 -15 -16 -9 - 4 87 11 1. 440
1998 1,411 - 4 -2 -25 -15 =17 -10 - 4 84 9 1,420
Totals 23,112 -122 -49 -397 -157 -240 -84 -24 1,017 -54 23,057

Figures may not sum due to rounding.



TABLE 2.2

REVF"E IMPACT SUMMARY
(Misaions of Dollars)

PRESENT ""ALUE ) |
REVENUE REVENUE ANNUAL | CUMULATIVE
WITH TOTAL WITHOUT PERCENT PERCENT

YEAR ROBINSON ADJUST. ROBINSON IMPACT IMPACT

1984 1,677 2 1,566
1985 1,657 1,682
1986 1,636 1,663
1987 1,616 1,612
1988 1,597 1,592

N

OO MHFNM
. 8 " s e
@TONONN

O N

1989 1,577 1,593
1990 ' 1,558 1,556
1991 1,539 1,522
1992 1,520 1,510
1993 1,501 1,494
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1994 1,483 1,473
1995 1,465 1,463
1996 1,447 1,474
1997 1,429 1, 440
1998 1,411 1,420
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TOTALS 23,112 23,057
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Figures may not sum due to rounding.
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2.5 Sensitivity Analysis

The sensitivity of resuits to alternative sets of
assumptions has been evamined in a series of additional cost
comparisons. A range of values for key variables which bracket
the mid-ranges Baseline inputs have been considered. Sensitivity
scenario definitions and corresponding cost impact estimates are
presented below. A summa:ry of results was already reported in

Section 1 as Table 1.1.

Baseline With 20-year Plant Life

One of the major uncertainties in the cost comparison
exercise is the long-term prospects for the Robinson Unit even if
the steam generators are replaced. The Baseline impact of about
$50 million savings attributaed to early retirement assumes that
the plant is in service throughout the study time frame,
1984-1998, once the replacement occurs. However, this will
understate the benefits of early retirement if this assumption
proves to be too optimistic.

Due to such contingencies as a moratorium on nuclear
operations, further containment vessel embrittlement prcblems, or
the absence of a radioactive spent fuel disposal system,
operations may be curtailed earlier than hoped. The implications
of this possibility were tested with a sensitivity run that
assumes that Robinson lasts cnly ten years, through 1993, even
with the steam generator replacement. With this assumption,

the benefits of preemptive retirement rise to $120 million.

- 19 =




Baseline With Conservation

If Robinson 2 is retired, there will be greater incen-
tive for CP&L to promote and invest in additional corservation
and load management programs. No such extra conservation is
included in the Baseline comparison. Conservation is a means of
replacing both energy and power. Without Robinson, the case for
further conservation efiort is stronger in two respects. First,
such an effort can reduce the need for any additional power that
would be required. Second, the economics of conservation
investments improve sinc2 the benefits of such investments are
governed by the savings in avoided energy and capacity cost which
could be achieved through demand-side initiatives. 1In the case
in which Robinson is retired, avoided costs are higher since
marginal generation is from more costly sources and marginal
capacity costs are greater.

In the sensitivity case, it is assumed that a heightened
conservation effort leads to a phase-in of load reduction
beginning in 1985 and reaching 300 MW (about half of Robinson's
capacity) by the end of the study period. Incremental
conservation investments are costed out at an average 2.8¢ per
saved KW (1983 price) and included as a revenue requirement of
retirement, The effect is to increase the Baseline estimates of

retirement savings from $50 million to $160 million.

Nuclear O&M Costs

A range of future O&M costs are developed around the

statistically-based Baseline projections (see Sec. 4).
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Specifically, the .eal escalation rate is doubled in the high O&M
case and eliminated altogether in the low O&M case. The impacts,
under the circumstances, range from a penalty of $40 million for

retirement to a benefit of $180 million.

Future Robinson 2 Investments

This refers to projections of additional capital investment
that will be required over the life of the Robinson unit
(excluding steam generator costs which are treated separately
here). The statistical analysis employed to develop Baseline
estimates is discussed in Section 5. A technique similar to that
used for the O&M sensitivity runs is used here, that is, defining
a range by doubling and zeroing Baseline real escalation rates.
The results are a spread of retirement benefits from $20 to $90
million.

Robinson 2 Capacity Factor

Again, the Baseline case relies on statistically derived
projections for plant availability (Sec. 3). In these tests,
those capacity factor projections, averaging 60.3 percent over
the study time frame, are increased and decreased by 5 percent in
the high and low case, respectively. The corresponding
retirement benefits range from zero to $120 million.

Fuel Prices

For reasons discussed ir. Sec. 7, Baseline coal escalation
rates are assimed to be 1 percent per year real (7 percent
overall) over the 1984-1998 period. 1In sensitivity runs, that

rate was varied to 2 percent and 0 percent, respectively, in
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separate runs. The ccorresponding retirement impacts range under
these assumptions from a penalty of $10 million to a benefit of
$120 million.

Load Growth

The Baseline case includes a mid-range estimate of load
growth of 2.2 percent/year avcraged over 1984-1998 (see Sec. 7).
-n these tests, a high growth case of 2.6 percent/year (CP&L's
December 1983 forecast) was employed and a low growth case of 1.7
percent/year (recent Carolina Commission staff estimate) is used.
The forecast assumption is important in determining the amount of
additional capacity required over time. The high growth rate
case would require substantial make-up power late in the study
period. It is assumed that part of this is made up by
conservation and load management efforts along the lines
discussed above, as the case for demand-side initiatives would be
particularly compelling under conditions of high load growth
if Robinson were unavailable. Under these forecast ranges the
ratepayer impact of retirement ranges from a benefit of $240
million to a penaity of $20 million under low and high load

growth assumptions, respectively.

Period of Analysis

The Baseline study period is 15 years from 1984-1998. To
explore the dependency of cumulative cost impacts, the study time
frame was altered to 25 years (1984-2008) and 10 years
(1984-1993). The Baseline finding of a $50 million benefit to
retirement, increases to about $90 million for both the longer
and the shorter time frame.
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3. CAPACITY FACTORS

3.1 Introduction

The maximum output of a power plant over the course of a
full year of operation is the product of the total number of
hours in a year (8,760) and net full rated capacity of the
unit, Thus, for a 1,000 MW plant it would be 8,760 GWH.* This
ovtput is never achieved for a number of reasons. First, power
plants require outages for scheduled maintenance ard egquipment
repair. Second, there are unscheduled (or "forced") outages in
- which unplanned maintenance and equipment repair occur.
Finally, some powsr plants are dispatched intermittently to
follow load and are consequently brought on-line (off-line) as
system loads experience upward (downward) swings. Peaking
units, for example, generate power for only a small fraction of
their available hours.

Nuclear units experience forced and scheduled outages
whose magnitude and character are specific to this technology.
Nuclear units are rerely operated to load follow. The
relatively high initial construction costs and technical
characteristics of nuclear units dictate that they be operated
in the baseload mode, generating electricity at the max.mum
number of hours that they are available, while coming off-line

only when necessary.

*A GWH (gigawatt-hour) is one million kilowatt-hours or one
thousand megawatt-hours.
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For nuclear plants, however, there is downtime beyond the
imperatives of forced and scheduled maintenance and equipment
outages. Nuclear units require rather long down times for
refueling, typically on a twelve to eighteen month cycle.
Moreover, Nuclear Regulatory Commission mandated outages for
inspection, safety, training and licensing can also temporarily
remove nuclear units from service.

Capacity factors are defined as the net electrical
generation divided by the maximum possible generation over the
course of a year (or any other time period). In effect, the
capacity factor is the fraction of time (e.g., a year) a unit
is generating electricity at full rated capacity.

Nuclear power plants' capacity factors have been far below
the expectations of the industry. A simple compilation of this
industry-wide experience from 1973 to 1982, provided by the
U.S. Department of Energy (Ref. 44, 4/83) indicates a ten-year
average industry-wide capacity factor of 57 percent. This
average falls far below industry expectations, which have
ranged between 65 percent and 80 percent. Furthermore, there
is no evidence in the DOE data of an industry-wide learning
process, that is, no general improvement over time.

There has been, however, a wide variation around the
industry-wide average depranding on the particular plant and

year considered. 1In order to understand the basis for this
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variation, further detailed analysis has been performed here.
First, outages were divided into two sets. One set consists of
outages for refueling, regulatory restriction (i.e., NRC
mandated), and operator training and licensing (hereafter
referred to as "refueling and NRC" outages). The other set
consists of all other outages, including those associated with
equipment failure and maintenance (hereinafter referred to as
"maintenance and repair" outages).

To explain the maintenance and repair outages, statistical
procedures were employed in the present study. The result of
these procedures -- multivariate regression analysis --
shows the magnitude of contributions to observed capacity
factors (adjusted to exclude refueling and NRC outages) from
each of several explanatory variables associated with the
characteristics of the nuclear power plants in the data base.
Once these magnitudes are established they can be applied to
any specific nuclear plant (such as Robinson) whose
characteristics are known, as one tool to predict future
maintenance and repair outages. The results and methods are

described below.

3.2 Findings

The results of the statistical analyses are presented in
Table 3.1 below, where the regression results, modified to
incorporate a four percent annual NRC outage rate, and CP&L's

anticipated refueling schedule, are detailed for the years 1985
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to 1998.* The results have been modified upward by incorpora-
ting an average improvement factor derived from industry-wide
data on the magnitude of steam-generator-related maintenance
and repair outages. In essence, it is assumed that the steam
generator replacement will initially obviate the need for
outages dedicated to steam generator repair. Over time this
advantage is assumed to diminish as the new steam genera-.ors
will themselves be subject to possible corrosion and
degradation problems. Table 3.1 also indicates CP&L's
assumptions concerning Robinscn capacity factors, as well as
the assumptions employed in the present study.

The NRC-mandated outages were analyzed separately.
Year-by-year Jdata was collected c. such outages an¢ a weighted
average was developed for the years 1975 to 198l1. This average
outage factor, expressed as a percentage of total industry-wide
reactor hours, was then included with CP&L's planned ovta-e
schedule, to derive annual capacity factor projections for the
Robinson plant. While there are statistical indications of
continued long-term decline in Robinson capacity factors
(adjusted to exclude refueling and NRC outages) after 1990, the
assumption used here for conservatism is that the adjusted

capacity factor remains constant after 1990.

¥For 1984, the capacity factor in the s.eam generator replace-
ment scenario is assumed to be about 15 percent. In the case
where Robinson is retired z* year end of 1984, the plant's
capacity factor in 1984 is assumed to be 52.8 percent. The
assumptions are consistent with those of CP&L assumptions
(Ref. 5, App. H and Interrogatory Response).
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TABLE 3.1

CAPACITY FACTOR PROJECTIONS FOR THE ROBINSON NUCLEAR UNIT: 1985-1998

(Percent)
Regression Analysis Study CPSL
Year Projected Capacitv Factor Assumptions Assumptions
198°% 60.1 65.1 69.0
1986 68.2 73.1 80.0
1987 51.8 54.9 62.0
1988 51.1 3.5 63.0
1989 7.5 77.1 88.0
1990 52.4 53.4 65.0
1991 $1.7 53.6 66.0
1992 56.9 9.6 73.0
1693 61.2 65.6 80.0
1993 48.3 52.6 66.0
1995 48.3 53.4 66.0
1996 63.9 74.9 88.0
1997 46.7 53.4 65.0
L}998 45.9 53.4 66.0

The results of the regression analysis, as well as CP&L
and study assumptions, are depicted graphically in Figure 3.1.
In this figure the results and assumptions are recast; for
purposes of clarity, the estimates are smoothed over time by
substituting an average annual refueling rate for the planned
refueling schedule wherein downtimes fluctuate from year to
year. Figure 3.1 also provides the actual experienced and

statistically predicted capacity factors from 1975 to 1982.
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FIGURE 3.1

ROBINSON CAPACITY FACTORS
HISTORICAL AND PROJECTED
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3.3 sStatistical Analysis

The statistical analysis of nuclear plant capacity factor

experience involved *nree areas of study:

1. Multivariate regression analysis of capacity factors
(adjusted to exclude refueling and NRC-mandated
outages).

2. Assessment of the magnitude of steam generator-
related maintenance and repair outages.

3. Estimates of the magnitude of MRC outages.

These areas of analysis are discussed in turn in the sub-
sections that follow. The application of the results of the
statistical analysis to the Robinson nuclear plant is discussed

in Section 3.4

Regression Analysis: Introduction

The data base used in the regression analysis consists of
the electricity production and outage experience of 72 US.
nuclear power plants (essentially all commercially operating
units) from 1975 through 1982. The source of this data is the
Nuclear Regulatory Commission (NRC) "Grey Books" (Ref. 6). The
analytical technique applied is multivariate regression
analysis, which erxplains the observations (experienced annual
capacity factors) in terms of a linear combination of
independent variables selected because they are believed to
have a causal or associative relationship to the observations.

The variables exploreil in the regression analysis included unit
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size, reactor type, unit age, presence or absence of cooling
towers, salt-water cooling or not, steam system supplier, and
commercial operation date.

The age (years of operation) variable is interesting in two
respects. First, it can express a maturation effect, i.e.,
improvement uifter the first few years ("shakedown" period) of
operation. Second, it can express aging phenomena, i.e.,
deterioration of performance with age, after mature levels have
been_teached. In order to test for such phenomena it is necessary
to use broken linear, rather than a single linear age variable. 1In
addition, to ¢xamine whether aging effects differ with plant
characteristics, i.e., reactor type, size, salt-water cooling,
product terms of age times these variables have been employed.

A further discussion of the data base used for regression
analysis deserves attention here. Since NRC mandated outages occur
somewhat episodically or randomly over the data base period, these
outage hours have been removed from the analysis. Similarly,
refueling outage hours have been removed, since these too add a
degree of scatter or randomness because they sometimes overlap
calendar'Lears and the cycle itself can vary rather widely. While
regressiéu could readily be performed on the raw or unadjusted
capacity factors, here we have applied it to adjusted capacity
factors i1 order to obtain a better analysis of the factors which
contribute to forced and scheduled maintenance and equipment

outages. The adjusted capacity factor is:
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Net Electrical Generation
Adj. Cap. Fac. = Net Design Electrical Rating x
(8,760 - Refueling and NRC Outage Hours)

Regression Analysis: Discussion

The independent variabler selected in the multivariate
regression specification for adjusted capacity factors are defined
below in Tahle 3.2.

The results of the multivariate regression analysis are
prov.ded below in Table 3.3. The first two columns provide the
form of the eguation, a sum of coefficients times independent
variables, with the second column designating the independent
variable, defined in Table 3.2. The third column provides the
valve of the regression coefficient, the fourth column gives the
T-statistic, and the fifth column gives the confidence level. The
regression coefficient is the measure of the magnitude of a
variable's contribution to the observed result (here, adjusted
capacity factor). Thus, for example, the value -.090 for the BWST™M
coefficient shows that on average nuclear units with a Babcock
and Wilcox steam system have experienced 9.0 percent lower
adjusted capacity factors than cther units. The T-statistic is
the measure of the significance of the variable in explaining the
observed variation in adjusted capacity factors. The confidence
level indicates the probability that the coefficient of the inde-

pendent variable has an absolute value greater than zero.
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TABLE 3.2

INDEPENDENT VARIABLES SELECTED FOR REGRESSION SPECIPICATION
FOR_NUCLEAR POWER PLANT ADJUSTED CAPACITY FACTORS

Variable Name

Definition

DERU

PWRU

SALTU

AGE

TOWERSU

AGE4

AGE6

AGE10

BWSTM

WESTM

Unit net design electrical rating
in megawatts

1l if unit is PWR
0 otherwise

1l if unit is salt-water cooled
0 otherwise

Years of commercial cperation (through the
end of the calendar year of the capacity
factor observation)

1 if unit has cooling tower
0 otherwise

AGE-4 for Age < 4
0 otherwise

AGE-6 for Age < 6
0 otherwise

AGE-10 for Age < 10
0 otherwise

Babcock and Wilcox Steam System

Westinghouse Steam System
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TABLE 3.3

REGRESSION RESULTS FOR N POWER PLANT ADJUSTED PACITY FACTORS,
S gg% Through 1933

Equation
Independent Value of Confidence

Coefficient Variable Coefficient T-Statistic Level
A .704 8.73 > 99.8%
+ B x DERU -5.39 x 10-% - . 444 > 20.0%
+ 2 x DERU x PWRU -2.86 x 10-4 -3.84 > 99,8%
+ C x PWRU . 450 5.41 > 99.8%
+¢ G x SALTU 1.23 4.51 > 99,8%
+ E x AGE -. 005 -.820 > 50.0%
+ X1 x SALTU x DERU  -2.35 x 10-4 ~1.99 > 95,0%
+ K x PWRU x TOWERSU ~-.136 -3.81 > 99.8%
+ W x PGE x PWRU -.016 -3.14 > 99.0%
+ D x AGE x DERU 1.55 x 10-3 1.25 > 50.08%
+ L x TOWERSU .053 1.95 > 90,08
8§ x SALTU x AGE -.102 -4.68 > 99.8%
F x SALTU x PWRU 112 1.56 > 80.0%

B x SALTU x PWRU x
AGE -.022 -2.36 > 98.08%
L3 x AGE6 .630 1.28 > 50.0%
M2 x AGE4 x DERU 6.34 x 10-5 2.39 > 98.0%
M3 x AGE6 x DERU -3.54 x 10-5 - .96l > 50.0%
N2 x AGE4 x SALTU -.040 - .997 > 50.0%
N3 x AGE6 x SALTU .017 .454 > 20.0%
N4 x AGE10 x SALTU 112 3.83 > 99.8%
X2 x BWST™ -.090 -2.96 > 99.0%
X3 x WES M -.018 -.739 > 50.0%

Number of Variables = 22

R-Squared = ,296
Correccted R2 = ,265

E

F(21/470) = 9.41
COND(X) = 90.65
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Finally, summary statistics, including the corrected
R-SQUARED and F-ratin which are measures of the goodness-of-fit

of the entire equation, are also provided in Table 3.3.

Average Steam Generator-Related Maintenance and Regair Outages

In order to track the initial improv°ment in operating
performance resulting from roplacement of a plant's steam
generators, the result of the regression equation has been
modified to incorporate an improvement factor. This factor was
derived from industry-wide data compiled by the NRC (Ref. 7)
that indicates that steam generator-related maintenance and
repairs account for 23 percent of all non-refueling outage time.
It is assumed that the initial impact of steam generator
replacement will be to reduce to zero the outage time dedicated
to steam-generator replacement and, therefore, that the
statistically predicted outage time will be reduced by the
industry-wide average figure of 23 percent.

In the years that follow, it is expected that steam
generator tube corrosion resulting from secondary coclant
impurity deposition will lead to a gradual increase in steam

generator repair and maintenance efforts.

Average Regulatory Outages

Once results are obtained for the adjusted capacity factors,
refueling and NRC-related outages must be reincorporated to
obtain the net result, i.e., experienced capacity factor. For
the purposes of this study, CP&L's projected refueling schedule
is adopted.
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In contrast to the regular refue’'ing cycles, NRC-mandated
outages occur more unpredictably. They result from a perceived
need by the NRC for back-fit cr other safety-related
modifications and activities. 1In order to assess the magnitude
of these outages, industry-wide data for the years 1975 to 1981
was analyzed and average outage rates for PWR's, BWAR's, and all
reactor types were d2veloped. The average NRC-mandated outage

rates for this period are presented in Table 3.4.

TABLE 3.4
NUCLEAR POWER PLANT NRC-RELATED OUTAGE RATES: 1975 TO 1981

Qutage Rate*

PWR .04
BWR .01
All Reactors .03

*Expressed as a fraction of total annual reactor-hours.

3.4 Application to Robinson

The regression equation for adjusted capacity factor, given

earlier in Table 3.3, can be applied to any nuclear facility once
its characteristics (i.e. values of the independent variables)
are established. For the Robinson facility these characteristics

are provided below in Table 3.5.
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TABLE 3.5

ROBINSON PLANT ggﬁgﬁggggxsrxgg
(Values of Independent Variables)

DERU T 712 MW

PWRU 1

SALTU 0

TOWERSU 0

AGE 0.82 in 1971, incremented by 1
thereafter

AGE4 -3.18 in 1971, incremented by 1

through 1975 and 0 thereafter

AGE®6 -5.18 in 1971, incremented by 1
through 1977 and 0 thereafter

AGE10 -9.18 in 1971, incremented by 1
through 1981 and 0 thereafter

WESTM 1

The results are given below in Table 3.6. The adjusted
capacity factor regression predictions are based upon the
assumption of a 712 MW design electrical rating. The first
column of this table recasts the predicted capacity factors in
terms of CP&L's 665 MW capacity assumption for Robinson. The
equation predicts an adjusted capacity factor (on a 665 MW basis)
of 79 percent in 1985, dropping at a rate of 1.6 percent to an
adjusted capacity factor of about 64 percent in 1998.

The assumptions used for this study concerning adjusted
capacity factors are presented in the second column of Table 3.6.
For the present analysis, the regression results have been

modified to incorporate an improvement factor in 1985
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corresponding to the replacement of Robinson's steam generators
(see discussion in Section 6.4). The results have been further
modified to incorporate the assumption that renewed steam
generator corrosion, as well as possible problems related, for
example, to containment vessel embrittlement, will force
Robinson's adjusted capacity factor to drop from its high point
in 1985 of about 86 percent to a value of 75 percent in 1990.
Because of the uncertainty in assecsing the long-term impacts of
steam generator performance and embrittlement, it is
conservatively assumed that no further age-related deline in
operating performance will take place after 1990.

The third column of Table 3.6 gives the assumptions used for
the present study for Robinson's experienced capacity factor.
This column simply incorporates CP&L's planning schedule for
refueling outages and an average figure for NRC-mandated outages
into the adjusted capacity factor assumptions in the second
column.

Finally, CP&L's assumptions for Robinson capacity factors
from 1985 to 1998 are given in the fourth column of Table 3.6.
It can be seen that over the fourteen-year period, CP&L's
estimate of capacity factcr averages almost 11 percentage points
higher than the capacity factor assumptions used in the nresent

study.
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TABLE 3.6
ROBINSON NUCLEAR PLANT PREDICTED CAPACITY FACTORS

(Percent)
Regression Study Assumptions Study
Result Adjusted | Adjusted Capacity Assumptions

Years Capacity Factor Factor Capacity Factor
1985 79.0 85.7 65.1
1986 77.9 83.5 73.1
1987 76.8 8l.4 54.9
1988 5.7 9.2 53.5
1989 74.5 7.1 77.1
1990 73.4 74.9 53.4
1991 72.3 74.9 53.6
1992 71.2 74.9 59.9

- 1992 70.0 74.9 65.6
1964 68.8 74.9 52.6
1995 7.8 74.9 53.4
1996 66.6 74.9 74.9
1997 65.5 74.9 53.4
1998 64.3 74.9 53.4

Fourteen-
Year
Avetagj i 7 77.2 60.3
|
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4. OPERATIONS AND MAINTENANCE

4.1 Introduction

The operations and maintenance (0O&M) costs of nuclear
generating stations tcgether with nuclear fuel expenses comprise
the electricity production costs at these facilties. These
costs are passed on to electricity consumers as direct
expense items in required revenues. Other costs associated with
nuclear power include the capital costs of the facilities
(including capital additions) which enter required revennues
through their inclusion in the rate base, upon which interest or
a rate of return can be earned. In addition, the costs cf
decommissioning and spent fuel disposal can impact required
revenues insofar as funds for their implementation are collected
during the operating years of the nuclear station. Discussions
of capital additions, steam generator replacement, spent fuel
disposal, and decommissioning costs and their required revenue
impacts follow in Sections 5 and 6.

Nuclear power plant operations and maintenance costs fall
into 13 broad subcategories, as reported by utilities to the
Federal Energy Regulatory Commission (FERC) in annual Form 1
submissions and to the U.S. Department of Energy (Ref. 8). These
are listed below in Table 4.1. Data on these O&M costs have been
collected for nuclear generating stations for the years 1970
through 1980. 2 total of 49 nuclear stations, including
virtually all commercial units that have operated in the U.S.*,

are included in this data base.

*Station sites may contai.u more than one power plant "unit."
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TABLE 4.1

NUCLEAR O&M SUBCATEGORIES

Operations Maintenance
Supervision and Engineering Supervision and Engineering
Coolants and Water Maintenance of Structures
Steam Expenses Maintenance of Reactor Plant
Steam from Other Sources Maintenance of Electric Plant
Steam Transferred Maintenance of Miscellaneous
Electric Expenses Nuclear Plant
Miscellaneous Nuclear Power

Expenses
Rents

Some of the salient features of nuclear power plant O&M cost
experience are revealsd by direct examination of industry-wide
averages. In the industry as a whole, nuclear O&M costs have
increased from about one-half of nuclear fuel costs in 1970 and
1971 to about twenty percent greater than nuclear fuel costs in
1979 arid 1980. Thus, these costs have begun to dominate the
production costs for nuclear facilities. Within the O&M costs
themselves the split has remained rather stable at about 55
percent for operations and 45 percent for maintenance throughout
the 1970-1980 period. Of the 13 subcategories, the two largest
are miscellaneous nuclear power expenses (23.5 percent in 198%)
and maintenance of miscellaneous reactor plant (20.5 percent in
1980). These two subcategories plus maintenance of miscellaneous
nuclear plant have increased their share of total O&M costs from

about 39 percent in 1970/71 to over 50 percent in 1979/80.
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Table 4.2 shows the industry-wide annual O&M costs for
nuciear stations from 1970 through 1980 on a per-kilowatt
installed capacity basis, in both nominal and constant (1983)
dollars. The second column, nuclear O&M costs in 1983 dollars
per kilowatt, shows the growth trend in real costs during this
period, thus correcting for both inflation and the increasing
size of the industry. The increase was from about $12.5 per
kilowatt in 1970 to about $35.9 per kilowatt in 1980. The
average annual growth rate in real (i.e. above inflation) O&M
costs per kilowatt for nuclear stations in the U.S. was 9.3
percent per year from 1970 through 1978 (the last full year
before the ™I reactor accident) and 11.0 percent per year from
1970 through 1980.

TABLE 4.2

OPERATIONS AND MAINTENANCE Q%STS FOR NUCLEAR STATIONS IN THE U.S.
970~1980

Average Industry
Average Industry 1983 Dollars

Year Dollar per Kilowatt Per Kilowatt
1970 5.25 12.53
1971 5.02 11.40
1972 6.91 15.08
1973 6.38 13.16
1974 8.73 16.58
1975 9.94 17.27
1976 11.98 19.78
1977 13.65 21.29
1978 16.78 24.39
1979 20.93 28.04
1980 29.21 35.93

Average Annual

Growth Rate

(Percent)
1970-1978 16.6 9.3
1970-1980 18.6 11.0
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4.2 Findings

Linear regression techniques have been used to explain the
variation in operations and maintenance costs throughout the
industry in terms of independent variables expressing the
characteristics of nuclear staiions. The results of this
analysis have been applied to the Robinson plant to predict
operations and maintenance costs for the years 1984 to 1998.
These costs, in millions of constant 1983 dollars, are presented
in Table 4.3.* Table 4.3 also displays CP&L's assumptions.

.The results of the regression analysis, as well as CP&L's
assumptions, are depicted graphically in Figure 4.1. Historical
O&M expenditures for the Robinson plant are also provided in
Figure 4.1 for the 1971 to 1980 period, along with the stream of
expenditures predicted by the regression analysis for those
years. It is apparent upon examination of Figure 4.1 that the
regression analysis predictions for 1971 to 1980 closely track

actual experienced costs during that period.

*For the Robinson retirement case it is assumed that expenses
incurred in 1984 are equal to the value predicted by the
regression analysis ($33 million 1983 dollars).
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ROBINSON NUCLEAR PLANT OPERATIONS AND MAINTENANCE OOSTS

TABLE 4.3

(Millions o 983 Dollars)

Regression Analysis

Projected Operations CP&L
Year and Maintenance Costs Assumptions
1984 33.0 35.6
1985 34.6 29.3
1986 36.1 24.1
1987 7.7 30.5
1988 39.2 31.4
1989 40.8 29.1
1990 42.4 24.7
1991 43.9 30.8
1992 45.5 31.2
1993 47.1 27.7
1994 48.6 28.6
1995 50.2 32.3
1996 51.8 32.6
1997 53.3 26.7
1998 54.9 32.2
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FIGURE 4.1

ROBINSON OPERATIONS AND MAINTENANCE COSTS
HISTORICAL AND PROJECTED
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4.3 Statistical Analysis

Nuclear generating station operations and maintenance costs
have varied widely by facility and year of operation. 1In the
present analysis, linear regression technigues have been used to
explain this variation in terms of independent variables
expressing the characteristics of the nuclear stations. Various
models or equations were selected for analysis. These equations
expressed the dependent variable (O&M costs in 1980 dollars per
kilowatt) as a linear combination of several independent or
explanatory variables.

Numerous independent variables were explored in various
combinations with each other. These included plant size (in
Megawatts) and age, chosen to test whether economies of scale and
cost increases associated with aging have been occurring. Other
variables which were explored for statistical sign<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>