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As nuclear power plants in the United States
approach the mid-cycle of their design lives,
interest in plant life extension (PLEX) is
increasing. This paper outlines some of the
reasons why the subject of PLEX deserves the
attention it is receiving and describes some
of the work that is currently being conducted
in order to make PLEX a reality for U.S.
nuclear power plants. One such major effort
is a pilot program at the Monticello Nuclear
Generating Plant. This program. s well as
other programs, have already pi uced some
valuable lessons from which other plant owners
can benefit. The Monticello pilot program and
the lessons learned thereof are described in
some detail in this paper.

Nuclear power plants in the U.S. are licensed
by the Nuclear Regulatory Commission (NRC) to
operate for kO years from the time they
receive their Construction Permits. Because
of delays during construction, this often
means that one fourth of the licensed
operating life has expired before the plant
has actually generated any electricity. Even
if that were not the case, the most funda-
mental and logical reasons for pursuing the
concept of operating the plants for more than
UO years is that most of the major (and most
expensive) hardware equipment should be
capable of safe operation for a period of
longer than 1*0 years. It simply does not make
economic sense to pay for either the cost of
decommissioning or replacement of something
which is not "worn-out".

This rather simple minded economic principle
has some real relevance when one considers the
impact that the arbitrary kO year life defini-
tion would have for the nuclear power industry
in the United States. Approximately 80% of
the nuclear power plants currently licensed to
operate in the U.S. have licenses which are

scheduled to expire between the years 2005 and
2012. It is fair to observe that this dra-
matic statistic, more than any other line of
reasoning, has^ motivated both government and
industry to seriously examine the plant life
extension option.

The first logical step in a plant life exten-
sion program is to recover that part of a
plant's licensed life which corresponds to the
time period between the issuance of the
plant's Construction Permit and the date of
first commercial operation. The effect of
that first step alone is shown in the plot
provided in Figure 1. The information pre-
sented in Figure 1 is somewhat dated, but it
can be seen that this step alone would add
over 600 gigawatt-years of electrical gener-
ating capacity if it were accomplished for
each plant in the U.S. This translates into
more than 8 billion barrels of oil or 2
billion tons of coal. Even the worse skeptic
should not require a detailed cost-benefit
analysis to be convinced that this step should
be pursued. In fact, this step has already
been pursued by at least a dozen plants in
the U.S.

The above described effort to recover the time
between issuance of the plant's Construction
Permit and commercial operation is one which
has required minimal technical arguments, but
most of the issues are quite straightforward.
However, the prospect of actually operating
the plant for a period of time lcnger than
originally envisioned does raise some funda-
mentally more difficult technical and socio-
logical issues. One simple example of a
sociological issue comes from the fact that
the population density in the vicinity of
a given plant site may change considerably
over a period of decades. This fact was,
of course, considered during the original
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licensing of the plant. But the projections
were done for only the originally proposed
life of the plant.

Another more fundamental technical issue is
related to the effects of aging of materials
which are subjected to radiation environments
ar.d cyclic operation such as can be expected
in ' an operating nuclear power plant.
Virtually all segments of the nuclear power
industry in the U.S. are starting to put into
place programs to address a wide range of such
technical issues. Both the U.S. Department of
Energy (DOE) and the NRC have commissioned
studies on subjects related to plant life
extension. The American Society of Mechanical
Engineers' Subcommittee XI on Inservice
Inspection of Nuclear Power Plants has re-
cently established a new Subgroup to address
the issue of inspection requirements as
related to the prospect of extended plant
life. The Electric Power Research Institute
(EPRI), which is sponsored by the utility
industry in the U.S., also manages an exten-
sive research program directed at the support
of plans to extend the useful lives of nuclear
power plants. In the fall of 1986, EPRI held
their second annual seminar on nuclear power
plant life extension which was attended by
over 200 professionals from both industry
and government representing approximately 10
countries.

A major project that has been undertaken in
the United States in pursuit of plant life
extension knowledge involved what has 'become
to be known as "Pilot Studies". One such
pilot study was conducted on a relatively
early vintage pressurized water reactor (PWR)
and one was conducted on a relatively early
vintage boiling water reactor (BWR). The PWR
.is the Surry Unit 1 plant owned and operated
by Virginia Power Company. The BWR is the
Monticello plant owned and operated by
Northern States Power Company (NSP). These
pilot projects wc-re jointly funded by the DOE,
EPRI, and their respective host utilities.

As will-be summarized later in this paper, the
lessons learned /.'rom the pilot studies and
hence the advice that can be offered to other
utilities, worldwide, is consistent from the
two pilot programs. The authors of this paper
are more familiar with the details of the
Monticello study. Thus, the next several
paragraphs of this paper will focus on a
description of the conduct of the Monticello
project and the lessons learned thereof.

Northern States Power Company has been very
successful with the operation of their three
nuclear power units. The Monticello plant, a
single unit 536 MWe BWK plant, was built in
the late 19bO's and went into commercial
operation in 1971. Its operating license was
set to expire in 2007 based upon the practice
of allowing kO years from the time of the
Construction Permit. Thus, believing that the
subject was too important for HSP to wait
until the final years of issue of the plant's
originally defined life span, KSP actually
started a plant life extension study on their
own initiative in 198U. They were joined by
the DOE and EPRI shortly thereafter.

The key objective of the Monticello study was
to establish a potential useful life goal for
the plant which could be technically and
economically justified and which could hence
provide part of the necessary bases for long-
term strategic generation planning. Secondary
goals included the identification of major
degradation parameters, preventive actions,
areas of needed research and development, and
potential areas for availability improvement
and capacity upgrade.

As with any "first time" project, such as the
Monticello PLEX Pilot Program, it was first
necessary to develop a strategic plan for
carrying out the work. The plan had to be
logically structured so that the work could be
done in a cost effective manner and still be
assured of fulfilling the program objectives.
It was felt necessary to identify the truly
critical elements (or components) of the plant
(as they related to extending the life of the
plant) and provide for a critical evaluation
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of those components. Yet, it was also desir-
able to at least conduct a screening of the
remaining components of the plant.

After a few iterations, the logic diagram
shown in Figure 2 was developed. It identi-
fies the major tasks in the program and shovs
how those tasks relate to one another. Upon
initial review, the reader may find Figure 2
to be rather complicated and to some extent it
is. The overall mission is not simple. There
are several intermediate decisions which call
upon the results of several tasks in order to
draw the proper conclusions. In the following
paragraphs, some of the more important tasks

are described and the manner in which they
relate to one another is explained.

As mentioned above, it was believed necessary
to take a rather detailed, critical look at
the more important components in the plant.
But, the first task was to in fact identify
those components. Considering just the num-
ber, diversity, and complexity of the compo-
nents, structures, systems and subsystems
which constitute a commercial nuclear power
plant, it was clear to the investigators that
the first necessary step was to develop a
screening criteria. Just a very rough first
screening resulted in the identification of no

COMPONENT
IDENTIFICATION

Figure 2

MONTICELLO PLEX STRATEGIC PLAN
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Ies3 than 120 "key" components and struc-
tures. Even this list of 120 items included
some generic line items such as cables,
valves, motor control centers, instruments,
etc. Corresponding lists of those generic
components contained more than 5000 individual
items.

In order to bring the project back to a
manageable size, it was necessary to establish
a "cut-off" criteria to be used for identi-
fying the really critical components. Jet the
diversity of the components, their materials
of construction, operating environments,
original design criteria, and any number of
other factors made it necessary to develop
specific component selection criteria to be
used in establishing the really critical list
of components.

The 120 elements identified in the initial
screening were arranged along the vertical
axis of a matrix. The horizontal axis con-
sisted of 30 diverse assessment criteria
topics with provisions for assigning weighting
factors to each. These criteria topics
included such items as:

o Replacement feasibility, cost, and outage
impact

o Service conditions and history
n Importance to safety (licensing criteria)
o Potential for life extension, modifica-

tions, and improvements
o Reliability improvements via inspection,

monitoring, and preventive actions.

Then, three teams of experienced engineers
were assembled. Each team had five members
who were drawn from the NSSS supplier, NSP and
NSP's consultant. Each team member was asked
to fill out the matrix by assigning a score of
one to ten which, in the view of the team mem-
ber, was representative of the importance of
the criteria for the item. Individual scores
were normalized in team meetings to result in
three sets of team scores. The three sets of
team scores were then simply averaged to
arrive at a relative ranking which served to
identify the truly critical components.

Whether one refers to this as the "Delphi
Method", or as simply a means of assembling
and processing "expert opinion", is really
immaterial. The important thing is, it seemed
to work very well. From the composite scoring
matrix, it was possible to identify 27 compo-
nents which were clearly viewed to be the most
important relative to a plant life extension
program. It is reassuring to note that,
working completely independent of this effort
on the BWR pilot program, those conducting the
PWR pilot program implemented a similar
process for the Surry plant and arrived at
very similar conclusions.

Having selected 27 critical components, the
next step undertaken was to subject each of
them to a detailed technical assessment. The
four major steps undertaken for each of the
technical assessments can be summarized as
follows:

a. Research the original component docu-
mentation to determine the original
design, construction, and erection
methods; the original criteria bases; the
original performance and qualification
testing which • was performed; and assess
the quality of the available documenta-
tion.

b. Conduct a detailed review of the operat-
ing history, testing, surveillance,
maintenance, repairs and/or replacements,
and evaluate the likely effects of any
abnormal transients or other conditions
to which the component may have been
subjected.

c. Identify and evaluate potential degrada-
tion parameters (past and future) based
upon the component's environment,
materials of construction, and service
duty. These parameters are as diverse as
physical, chemical, environmental degra-
dation as well as operating and capacity
limitations. These evaluations also
incorporated conclusions and findings
from on-site condition assessments and
some limited in-plant testing which was
conducted under this program. Available
data bases, such as NPRDS, COMPASS, and
OPEC-2, were interrogated in the search
for generic performance data.

d. Based upon the information obtained from
the efforts briefly described in a, b,
and c above, the component life was
estimated via a trending of actual
parameters to date and a projection of
the future trends for these parameters.
The future trending took into account a
consideration of actual past performance
as well as potential preventative or
mitigative actions. To accomplish this,
some parameter unique acceptance criteria
was established for such areas as corro-
sion allowance, fatigue usage, crack
initiation, and flaw growth thresholds.

The results of these technical assessments
provided what is felt to be a technically
attainable life goal for each of the evaluated
components. Some of those critical component
life estimates are shown in Table 1. More is
said later in this paper about the conclusions
of the pilot study, but one can observe from
the information given in Table 1 that many of
the components are estimated to have a useful
life in excess of a hundred years and many
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Table 1

CRITICAL COMPONENT LIFE ESTIMATES

COMPONENT
SUBCOMPONENT

Reactor Vessel
Support Knuckle
Head Bolting
Refuel Bellows Skirt
CRD Stub Tube Weld

CRD Housing
Tube-Stub Tube Weld

RPV Internals
Jet Pump Components

RPV Support Skirt
Skirt Cylinder

Vessel Safe Ends (SS)
Safe Ends (CS)

RCPa Piping

DEGRADATION
PARAMETER

Beltline Embrittlement
Thermal Fatigue
Cyclic Fatigue
Fatigue
IGSCC

Fatigue
IGSCC

IGSCC/IASCC
IGSCC/Vibration

Fatigue
Corrosion

IGSCC
Fatigue

Fatigue
Corrosion/Erosion

ESTIMATED LIFE
(YEARS)

>90
70
65
60

<40*

)200
40-60«

<70 '
<40'

)100
>15D

(40»
60-70

>70
>80

COMPONENT
SUBCOMPONENT

Containment (Torus)
Bellows
Vent System

Drywell Shell

Recirc. System Piping
(316 NG)
Pump/Valve Castings

Control Center

Diesel Generator Engine
Generator Windings

Concrete Structures
Shielding

DEGRADATION
PARAMETER

Corrosion
Fatigue
Fatigue

Corrosion
Fatigue

IGSCC

475" C Embrittlement

Capacity/Space

Wear
Wear/Fatigue

Vibration, Fargue
Radiation

ESTIMATED LIFE
(YEARS)

)70
95
95

>1b0
200

>25*

(25

25-40

>100
GO

>70
(65

'Estimates assume implementation of hydrogen water chemistry at year 15 of operation

others are estimated to have a useful life in
excess of at least seventy years. However, it
is also acknowledged that some major compo-
nents will have to be replaced or modified
before the plant can reach its original life
goal of forty years.

But, before proceeding to a discussion of
these more obvious conclusions, it is useful
to note that the above described detailed
technical assessments also brought some other
information to bear. From this effort, it was
possible to identify various needed preventive
actions and identify activities for continued
research and development efforts. Also, the
need for improved record keeping, diagnostic
monitoring, periodic inspection, testing, and
surveillance were identified for the various
components. These needs were not exactly the
same for all components, but at least some
room for improvement was identified for
virtually each component. These actions are
largely necessary to reduce the error band on
life prediction and to enhance component
performance and plant availability. In many
instances, it was found that additional
dimensional measurements and inspections were
required as the original baseline data neces-
sary for the assessments did not even exist.
As a matter of fact, other work has since

suggested that this same situation exists at
even many of the newer plants in the world.

As the name "Pilot Study" implies, this
project was not intended to be all inclusive
nor was it intended to answer all the
questions. It has, however, been concluded
that a minimum life of TO operating years is
technically and economically attainable for
Monticello, based upon currently available
operating experience and knowledge. This
conclusion is qualified only by the presump-
tion of -rarly implementation of some preven-
tive actions, a rigorous follow-up program on
the part of NSP, and some industry supported
research and development activities. In fact,
the work of this program has confirmed some
earlier recognitions that some substantial
steps will have to be taken to even assure
that the plant's originally perceived kO year
life will be realized.

The management of Northern States Power
Company has great confidence in the conclu-
sions from this study. It is viewed as being
only prudent to continue the pursuit of an
extended operating life for the Monticello
plant. Accordingly, major work efforts in
support of that goal have been continued. The
major work items currently in progress, or
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which have been scoped for the future, include
the following:

o Conducting "quick look" evaluations of
the so called noncritical components.

o Developing a Plant Cycle Management Chart
so that it can be used as a tool for year
to year and long-term planning decisions.

o Studying the economic impact of the
increased inspection and maintenance that
will likely be required to preserve the
plant life extension option.

o Assisting in the development of more
formal Component Life Assessment Guides
for BWR components.

o Identifying and scoping of non-hardware
related life extension issues.

o Establishing a "PLEX Workbook" for future
life trending and plant records at
Monticello.

o Developing a Long Term Implementation
Plan for extending Monticello's operating
life.

o Taking initial steps to conduct a similar
investigation aimed at life extension of
NSP's two unit Prairie Island PWR plant.

o Encouraging broader industry wide support
for the activities which will be required
in order to make plant life extension a
reality for marty of the plants in the
U.S.

It was stated earlier in this paper that much
nas already been learned which should benefit
other utilities with plants both old and new.
The pilot plant study identified some 200
specific follow-on activities and recommenda-
tions. These ranged from generic research and
development activities to some rather specific
plant unique procedural changes. The follow-
ing is but a sample of the wide-ranging
content of these recommendations:

o Industry Codes und Standards will require
substantial revisions to accommodate
criteria and requirements for plant life
extension.

o Significant research is required to
assess material aging (including con-
crete) in a more quantitative manner.

o Long-term spare parts strategies must be
developed and/or modified including the
upgrade of spare parts inventories to
include replacement components for
reactor internals.

o There is a need to develop improved, non-
invasive, and preventive diagnostics for
the spectrum of components.

Other lessons which can be implemented
immediately at other plants in order to keep
the life extension option open for the future
can be simply summarized as follows:

o Key preventative actions must be
implemented early in the plant's life.
After a significant period of operation,
replacement is often the only alter-
native, at a much higher cost,

o The records required to support life
extension and degradation trending must
be accumulated from as early in the
plant's life as possible. The earlier
the baseline data is established, the
more valuable the tending dt.ta will be.

o A life cycle management approach should
be scoped out and implemented, at least
to some level of detail, early in the
plant's life so that it becomes a "way of
life" for management to think in terms of
the long-term aspects of managing the
plant as an asbet rather than, just
struggling through day to day crises.

In conclusion, it can be said that the
Monticello pilot study provided a first
detailed look at the prospects of extended
operation. The results so far indicate that a
70 year life goal is technically achievable
and that no major technical obstacles have
been identified which would preclude life
extension as a realistic generation planning
option. The study also concluded that this
option is economically very attractive for
NSP. The cost benefit analysis determined
life extension costs to be about 200 $/KWe
versus a benefit of Ö00 $/KWe for a 30 year
life extension.

Remote, under water and robotic inspec-
tion devices and methods must be
developed to permit more cost-effective
surface, visual, and volumetric
examinations.

Repair and replacement programs must be
developed for many components as a con-
tingency to reduce the risk of long
outages.

We encourage other utilities to look at this
option as early as possible to take advantage
of the positive effects of preventive actions
and enhanced inspection and maintenance.
These activities will not only improve
availability, but also contribute to a safer
plant over the long run.
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