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Abstract

The paper carries a definition and describes Plant life and plant life management. It also describes the
procedures and defines the categorisation of components giving examples and referring to key components.
Examples of "good practice and guidance' are given for the establishment and implementation of plant life
management programmes. A description is given of recent and current IAEA activities under the aegis of the
International Working Group on Nuclear Power Plant Life Management (IWG-LMNPP). Some of the future
activities in this field are described.

1. INTRODUCTION

This purpose of this paper is to focus on plant life management as a process to combine ageing
management and economic planning to allow the optimisation of operation, maintenance and
operational life of Systems, Structures and Components (SSCs) in Nuclear Power Plants (NPP) — in
order to maintain an acceptable level of performance and safety. Safety is paramount. The objective is
to maximise the return on the investment during the operational life of the NPP. [1, 2]. To this end the
definitions of plant life will be discussed against the background of the current NPP capacity in the
world.

The purpose of a NPP is to generate electricity for sale. This has to be done in many parts of the
world against a background of increasing competition from the use of fossil fuels. However, the
overall sales of electricity continue to increase at a rate higher than the population increase. The
world's population increase and the increasing electricity use per head of population means that the
people of world will need all the electricity that can be generated in the future in a cost effective way-
in order to sustain the development of social conditions. Major constraints on fuel usage are the impact
of an international agreement on limiting 'greenhouse gas' emissions and the
location/availability/location of fossil fuels — which will be used in increasing quantities in the future.

In an increasingly liberalised market nuclear power has to be competitive, and so attention will
continue to be given to the operational costs of already operating plants (because not many new ones
are being built) to maintain or compete with fossil burning plants.

2. DEFINITIONS OF PLANT LIFE

The definition of PLIM and PLEX are apparently familiar and well known. However, what is not
generally understood is that the full scope of Plant Life includes the pre-operational activities
including the initial choice of Nuclear Power Plant (NPP) and its construction, through to the post-
operational activities of de-commissioning and the return of the site to a 'green field'. Indeed a
practical description of 'Nuclear Power Plant Life' is the period when charges can be made against the
NPP. It is also not generally understood that what is generally termed 'plant life' usually refers to
'plant operational life' — the period when electricity is made and sold and the plant is earning money
(Figure 1). However, end-of-life activities and de-commissioning are increasingly considered as part
of the process of plant life management.

'Plant operational life' is not a defined period. The approach used in different countries varies. In
some countries there is a 'licensed life' and in others there is a 'Periodic Safety Assessment' — to clear
the plant for a further fixed period of operation (see Figure 2 for some national examples). If there is
no 'fixed' end of operational life then the period remains undefined. It also follows that 'Plant Life
Extension' is a misnomer because plant life itself is undefined. The term PLEX is now falling out of
favour. One term in use is 'design life' and this should be viewed as a 'target minimum operational
life'.
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FIG. 1. Nuclear Power Plant Lifetime.
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FIG. 2. Examples of period of operation ofNPP.

Plant life management was referred to as PLEX in earlier times — which was to do with the
adjustment of the 'design life' by re-evaluating the actual plant, its actual operation, the impact of
ageing phenomena, the impact of improved maintenance and the role of inspection.

The initial aim is to operate NPP for the period that allows the full recovery of the capital costs.
Sometimes this is known as the amortisation period. But the capital cost recovery is only part of the
total costs. Allowance has also to be made for the, for example, post operational liabilities for de-
commissioning, fuel storage/reprocessing and the costs of eventually returning the site to a 'green
field'. Some NPP have been shutdown prematurely because of accidents (e.g. TMI, Chernobyl) or by
Government decision (e.g. Zwentendorf)- Some have been shutdown because they have been assessed
as being too old or un-economical (e.g. Trawsfynydd, Tokai Mura). However most Owners of NPP
would wish to continue to operate their plants as long as they were safe and economical.
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There are different approaches to plant life in different countries. In my own country we have the
oldest Gas Cooled NPP — one of which has provisional clearance to operate for fifty years. Our
Sizewell B PWR has an amortisation period of forty years. In Japan the studies by JAPEIC indicate
that a target life of sixty years for NPP is feasible. In Russia the design life of NPP is thirty years. In
the US NPP were designed to operate for forty years (coincidentally, the same as the initial licence
period). There is no internationally agreed harmonised plant life period.

3. NUCLEAR POWER IN THE WORLD

At the end of 1998 there were 434 plants [3] having a capacity of 348, 864 MW(e) in the world
(Figure 3). The commonest type was the Pressurised Water Reactor (PWR) and the second most
popular was the Boiling Water Reactor (BWR). The Pressurised Heavy Water Reactor (PHWR) was
second to the PWR in NPP being constructed.

With the decrease in the construction rate of NPP over the past 15 years in the world there has
been an increase in the number of older plants in service (Figure 4). But there aren't many really old
NPP in service. The average age of NPP is about 15 years but the age distribution is 'skewed' because
of the rapid decrease in the introduction of new plants in the past decade or so.

'Life Extension' of existing NPP increases the nuclear capacity (see for example, Figure 5) [4],
generates more electricity and provides a better return on the capital invested. In Japan the approach
seems to be to identify the 'life' from a technical base and to eventually operate the NPP on this basis.
After comprehensive study and the development of a plant life strategy, a target 'life' for NPP of sixty
years seems practicable.
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FIG. 3. Nuclear power capacity [3J.
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FIG. 4. Number of reactors in operation by age at the end of 1998 [3J.

Expirations

FIG. 5. US generating capacity with license expirations assuming
construction period recapture.

4. PLANT LIFE MANAGEMENT PROCESSES

The total lifetime cost of a NPP includes the choice of the NPP, its construction and other pre-
operational costs, the fuel cycle costs, the system requirements and other factors. These aspects are not
discussed here but for a particular country it will be realised that the decision will include political,
financial and other considerations. However the overall process described below includes examples of
recommended practice and guidance for the establishment and implementation of plant life
management programmes.
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In the operation of a Plant Life Management Strategy it will be remembered that certain inspection,
surveillance, engineering, maintenance and other activities will also need to be carried out on the NPP
whether a PLIM programme is in place or not. These activities are usually considered as being distinct
from PLIM. However it has been realised that it is the same personnel who discharge the bulk of both
activities at the NPP. There are advantages in considering 'normal' and PLIM activities under the
same classification of work. Organisational arrangements involving 'central' staff are necessary for
considering the totality of these activities in an Utility-and also the generic impact on NPP operation
and planning on other plants of a similar type.

After recovering the capital charges, the electricity generating costs component consists of
operation, maintenance and fuel costs. Of course, provision for the post-operational costs will also
need to be made. A recent illustration [5] of generating costs of nuclear coal and gas costs (Figures 6
and 7) and shows the competitiveness of nuclear power even with the inclusion of some large
refurbishment costs.

An outline of the NPPLM processes are shown in Figure 9. There is no prescribed limit on the
operational life. Age related degradation mechanisms could cause deterioration in component
properties. It is therefore necessary to have a high level of understanding of ageing to ensure that plant
safety and reliability are maintained as components age. All components 'age', but it is the rate of
degradation and its significance that determines its importance with regard to failure. The main
degradation mechanisms include metallurgical phenomena such as irradiation embrittlement, fatigue,
corrosion, interaction of mechanisms and so on (see Figure 8 for stressors, ageing mechanisms and
consequences). The details of the degradation mechanisms for key components are not given here.
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FIG. 7. Assumptions adopted in the generating cost calculation in Fig. 6 [5].
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FIG. 8. Lifetime-ageing factors, basic ageing mechanisms and possible consequences.

28



PffiCLEAlR TOWER 0LANT

PLANT SPECIFIC
REOOiSPS

••ieidaj wsdiaaa

*QA feogreuames

1 GENERIC INFORMATION

SEUJCTBON
CKHtMA

JL
&ATA COiliSCTtW AMO
DATABASE FOfR SAFETH'

ANALYSIS

»Safety im»ty*w md apcfMiooad life
jwctJioi-oc

REPASRASLK #f O?EB*BLE

MITtflATIObfL S&UMTAJN. REPAIR. REPLACE. REFURBISH

FIG. 9. NPP lifetime management processes.

The important features in the process of Plant Life Management are:

(i) the selection of key plant components is made using some prioritisation principles.

(ii) the remaining life of each component is determined using the available data from the original
design documentation and the relevant Codes and Standards, relevant degradation
mechanisms, degradation data, operational and maintenance history data and the present state
derived from inspection, surveillance, condition monitoring data and relevant records.

(iii) the estimated remaining life is compared with the target extended life of the plant.
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As a result of this evaluation three possible courses of action are available:

(i) if the estimated remaining life is greater than the target plant life then action is needed by the
Utility.

(ii) if the estimated remaining life is close to the target NPP life then measures for mitigating the
effects of ageing degradation would be required. New actions in the areas of preventative
maintenance, improvements to operational procedures, record keeping and R&D might
become necessary.

(iii) if the predicted remaining component life is less than the target plant life, measures for
slowing down ageing and for restoring reduced component performance would have to be
initiated. These measures could include increased/enhanced inspection and maintenance,
repair or replacement. The schedule of the repair, or large-scale replacement initiatives must
be based on an evaluation of safety, economics, reliability and other factors. For some plants
such an evaluation could lead to the decision not to continue operation of the NPP.

Of course, these courses of action are not mutually exclusive. A mixture of possibilities exists, for
example, some complex components may have sub-components to which different alternatives apply.

5. KEY COMPONENT SELECTION CRITERIA. IDENTIFICATION AND
CATEGORISATION

Each NPP has thousands of components and to evaluate each of these in term of its life would be a
daunting task. Therefore it is desirable to categorise or 'rank' these components in terms of their
importance in order to prioritise the work and to maximise the effective use of resources. The first step
is to identify those key components which would be important if their failure had a major impact on
Safety or Plant Operational Life. In considering the economic assessment the key components are
those whose repair or replacement would cause a major addition to the maintenace budget or an
abnormally long shutdown such as to adversely affect the cost of generating electricity from that plant.
The second step is to classify the components into four categories on the basis of the economic
criteria. Then a prioritisation of items is attempted in order to rationalise, optimise and identify
resources. There can be a large number of factors (Figure 10) to categorise components and differing
weighting will be given inside a particular Utility in a particular country:

«Cost to replace/refurbish
t Impact on plant availability
*Loss of revenue (economic impact
(Radiation dose
«Regulatory importance
* Modifications required
* Leading plant influence
•Replacement precedent
^Generic applicability (User Group Influence)
•Mode of failure
^Consequences of modification on plant safety
•Implication for overall plant safety

FIG. 10. Examples of "categorisation" factors.
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It follows that there may be special site features which could produce peculiarities in these lists-for
example 'wet'/ 'dry' sites in evaluating concrete, climatic or seismic factors may also be enhanced for
specific sites. National lists would possibly reflect the Utility's operation experience and maintenance
practices.

The categorisation of components in the order of priority falls into four main areas (Figure 11):

•CATEGORY 1 COMPONENTS are those which are
generally considered to be irreplaceable. Examples of such
components include the Reactor Pressure Vessel (RPV)and also
the Containment Structure (with regard to replaceability it can
be argued that even the RP V and the containment structure
could be replaced-but at a great cost. Also with regard to
irradiation embrittlement of RPVs in older NPP it is noted that
more than fifteen WWER RPVs have been annealed. Forthe
larger PWR vessels there is not an immediate need for the
mitigating action of annealing. So operational }ife limiting
degradation is not a problem area.

•CATEGORY 2 COMPONENTS are those which are
replaceable, but are costly in terms of capital expenditure and
outage time requirements. An example of this type of
components would be steam generators which have been
replaced on many plants.

•CATEGORY 3 COMPONENTS are those which are Tcey1 in
terms of plant safety and reliability and are susceptible to
ageing, but which are replaceable on a routine basis.

•CATEGORY 4 COMPONENTS are all other components
not included in the earlier categories and are not related to 'life'
considerations.

FIG. 11. The four categories of components.

Many Utility and National studies have been carried out on the identification and prioritisation of
key components of different NPP. Two examples are given below.

The first example (Figure 12) is for eleven key components of the US PWR.
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•Fuel channels
•Steam generators including their internals
•Calandria vessel
•Reactor headers
•PHT piping pressuriser
•General nuclear piping
•Calandria supports
•Secondary piping
•building
•Calandris vault and end shield c.system
•Cables (power, control and instrumentation
•Reactor building
•Turbines
•Generator
•CW intake structure
•Spent file! bay/liner

Sixteen key components for CANDU

•Reactor Pressure vessel
•RPV Internals
•Reactor coolant pressure boundary piping
•RFV safe ends
•CRD housings and gukk tubes
•Drywell metal shell
•Suppression chamber and vent system
•Reactor vessel support
•Concrete structures; RPV pedestal, drywell foundation,
biological shield, fuel pool slabs and walls, reactor
building basemat sacrificial shield wall, reactor building
floor slabs «nd walls and turbine pedestal
•Plant control centre
•Emergency diesel geetator

Eleven Key components for the US PWR.

FIG. 12. NPP lifetime management processes — Key components.

The second example is from JAPEIC where the study included both the PWR and BWR. (see Figure
13) [6].

The full evaluation then usually follows the scheme outlined above.

BWR (7 CSs)

• Reactor Vessel
• Reactor Internals
• Main Coolant Piping
• Primary Loop Rceirculation Pump
• Primary Containment Vessel
• Cable
• Concrete Structure

PWR ( 9 CSs)

• Reactor Vessel
• Reactor Internals
• Main Coolant Piping
• Reactor Coolant Pump
• Pressurizer
• Steam Generator
• Containment Vessel
• Cable
• Concrete Structure

FIG. 13. Major components and structures [6].
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6. DATA AND RECORDS

Data and accurate records are crucial for NNPLM evaluation and to establish safety margins. The
information required for these assessments needs to be established at the earliest stage. Not only is
there a requirement for records but there is a need for representative archive material for possible
future testing. Utilities will store data on key components. Even if it is assumed that the Utilities in
particular countries have the ability to provide appropriate data on key component performance they
will also need to provide data on component repair and replacement (even if the original supplier has
moved on), associated hardware and software, operational changes and events etc.. In order to achieve
a better understanding of ageing phenomena and the impact on NPPLM, exchanges of information on
relevant topics, which could be organised under the framework of international organisations, Users
Groups and Specialist meetings like the Bi-annual PLIM/PLEX meetings are particularly important.

'Proper' record keeping requires the identification of specific data. Only then can the impact of
ageing on the availability and reliability of components be followed and evaluated. The data set
represents a general approach to the assessment and evaluation of ageing in components and may vary
with regard to the Categorisation of the specific component. The data set could be based on
information which is necessary for detecting and following faults or degradation. The data set, in
general terms, should include the groups of data given in Figure 14. A 'proper' format for record
keeping needs to be established at the outset of a NPP project.

# Aatlcipsted ageing mectsanisips
(ageing sensitivity, methods

Age &r Fsftimr* tracking d*t»
• Operational history
* In-service isspectioa
• fa-service monitoring

Stressor jtad root cause data.

Test mmS mMmizmmst slats

Measures to imprw« material ehoke, design *it*i

FIG. 14. Scope of data set requirements.

In the component description the influence of Codes, Standards and Regulations and the underlying
rationale for the choice of materials, design, fabrication, inspection and operational validation testing
of the system will be recorded. Deviations from those in current use will need to be identified.
Qualification data including materials tests, pre-operational testing, pre-service 'fingerprint'
inspections in-service inspections and repair information will form part of the data set. The design
basis will provide the functional criteria, design assumptions about the operational requirements,
structural integrity assessments and material condition. The operating conditions and the maintenance
history will provide the basis to assess degradation. Owners should collect and maintain records of all
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significant testing and plant transients to evaluate Pressurised Thermal Shock events and also fatigue
processes.

The process of Plant Life Management will continue to require data in the areas of:

• Materials data
• Development of models for component residual life prediction
• Component repair, and
• Investigations in the field of feasibility of component replacement

Category 3 components generally include those that are part of the NPP Safety related systems.
Programmes for their ageing management usually address the potential risk of failure from ageing
degradation. Because these are components that can be replaced their economic impact are smaller
than Category 1 or two components. The main questions to be addressed are to do with the timing and
before there is a loss of functional capability.

The full evaluation of components for operational life assessment is a large task requiring the
application of a large resource of manpower and data. However, the potential benefits in terms of plant
life assurance and in determining the operational life of the NPP s great. Reducing the cost of
generating electricity from nuclear power is the target.

7. INTERNATIONAL ATOMIC ENERGY AGENCY ACTIVITIES

The IAEA programmes on NPP Life Management activities are implemented in the Division of
Nuclear Power (NENP) and Safety Aspects in the Division of Nuclear Installation Safety.

IAEA Publications on 'good practice and guidance' are available in this area of Plant Life
Management (for example see [7-11]).

A large scope of activities are pursued under the aegis of the International Working Group on NPP
Life Management, in the Division of Nuclear Power Division. Specialist meetings are held,
publications are commissioned in specific areas, International Co-ordinated Research Programmes are
conducted to harmonise technology, techniques and to pursue 'hot topics' , the development of a large
scope multi-module data base is being pursued. The work of the IWG has been described most
recently [12] and copies of this will be made available at the TCM at Kashawazaki. A guidance
document on Plant Life Management is being prepared at the present time [13].
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