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ABSTRACT

The paper presents the results of a study conducted by Framatome, EDF, Belgatom,
Unesa and IPSN, with the support of the European Commission in order to evaluate
the practices and provide recommendations for the development of a methodology to
monitor, control and anticipate the ageing of Nuclear Islands, in order to maintain
their level of safety during the whole NPP life cycle.

The study includes a synthesis of available European and International reports, the
identification of potential ageing mechanisms, their effects and the available
identification and mitigation methods, and an evaluation of the existing ageing
management practices in Belgium, France and Spain, using international
recommendations as guidance documents.

Recommendations are proposed on regulatory aspects, management, prediction,
detection, follow, mitigation of physical ageing, human management and adaptation
of safety culture and procedures.

INTRODUCTION

Ageing in nuclear power plants shall be managed so as to ensure that the design
functions remain available throughout the service life of the plant. From the safety
perspective, this implies that ageing degradation of systems, structures and
components (SSC) important to safety remain within acceptable limits, and that
procedures and personnel training remain adapted.

Ageing means evolution of material or equipment properties, or evolution of
personnel and procedure adequacy, which, after a certain time, may not be
compatible with the required safety margins, or with an economic functioning of the
plant. Repair or replacement of components, as well as change in service conditions
for a better compatibility with component reduced capacities are possible.

In parallel, safety requirements may increase with time, following the evolution of the
public acceptance, and costs of other energy sources, may vary, influencing as a
result the economic interest of a continued operation. The plant life is the result of the
consideration of ageing in a changing regulatory, political, technical and economic
context. Figure 1 illustrates the combined influence of a better knowledge of
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component performance with a possible evolution of safety requirements. Real
component performance depending on material properties evolution, existing defects
behaviour and operating conditions, a lot of studies may be classified as contributing
to ageing and plant life management.
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Figure 1. Illustration of possible component safety margin evolution during service.

SURVEY OF WORK DONE IN THE INTERNATIONAL FIELD

The synthesis prepared in the context of the project [1] includes the presentation of
the various European and International organisations dealing with aspects related to
ageing management:

OECD reports consider ageing issues as important for the future, with no particular
concerns expressed in regard of safety. A distinction is made between physical
ageing of components and structures, and other ageing concerns, such as ageing of
analytical techniques and documentation, rules, standards and technology,
organisations and personnel. It is considered that functional aspects are correctly
managed by overall maintenance and surveillance programmes. Component
management problems are consequently mainly relative to passive parts and
components. Needs for future research and development are indicated in three main
areas: metallic components and structures, concrete structures, and organic
components. Databases on experience feedback and failure data exchange have
been established by OECD Committee on the Safety of Nuclear Installations.

The IAEA has developed a set of useful guidance for systematic ageing management
process of physical and non-physical ageing. Identification of critical components and
structures and opinions on physical ageing management broadly support those of
OECD Nuclear Energy Agency. Moreover, IAEA guidance documents provide help
for ageing management evaluation and improvement. In addition, an International
database on NPP life management has been set-up in the frame of the International
Working Group on Life Management.

WANO (World Association of Nuclear Operators) activities include more particularly
exchange programmes on operating experience, ideas for improvements,
performance indicators, good practices and independent peer-reviews.

There are no specific studies made under European Commission auspices on ageing
management, which is the reason for the study presented in this paper.
Nevertheless, numerous studies on topics of interest to ageing management have
been identified, and the EC framework programs presented.
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A more extended bibliography on ageing management has also been established on
the basis of documents exchanged between contributors. 368 reports and 301
publications have been identified.

SAFETY AND REGULATORY ASPECTS

Each contributor has presented the regulations applicable in his country concerning
ageing management, license life (if any) and design life. Belgian, French and
Spanish approaches have thus been presented. The comparison between regulatory
approaches has been done by IPSN, which also considered other European
practices, particularly for United Kingdom.

This comparison shows a common general approach, no limited time operating
authorisation is defined, the safety being a utility responsibility under continuous
surveillance by the regulatory authority. However, authorisations given by the safety
authorities to the plant operator are not associated to the same process: formal
ageing management evaluations exist for quite short periods in some countries (one
year in Spain, two years in UK), where in other countries there is a more general
requirement of ability for safety demonstration at any moment (in France and
Belgium).

In practice, three ways of safety ageing management are implemented:

- The first is the periodic safety review (PSR) approach, widely accepted in the
international community, even if not always required by the regulation ; a ten
years periodicity is a common practice. This is the principal method applied to
ensure that the plant is adequately safe for a further period of operation. But it has
to be completed by a continuous ageing management, taking into account safety
and industrial anticipation needs.

- The second is often covered through the implementation of a Life-time
Management Programme, less accurate in its safety concerns. However, it could
be the framework for periodically reporting ageing safety issues developments
and improvements, able to prove that safety margins are maintained.

- The third one is constituted by generic evaluations of specific important issues,
which may be covered by adapted procedures, with their own approach and
program: examples are vessel failure assessment, stress corrosion cracking of
600 alloy, and thermal ageing of cast parts.

AGEING PHENOMENA AND AGEING MANAGEMENT STRATEGIES

Various degradation mechanisms have been identified and classified according to
the structures they are likely to affect: metals, concrete, electronics or polymers.
They include: irradiation embrittlement, thermal ageing, creep, fatigue, corrosions,
wear, loss of prestressing, environment effects, concrete degradations, or differential
settlements. Methods of in-service ageing detection and identification have been
examined: material properties surveillance programs, periodic inspections and
testing. Examples of evaluation methods of physical ageing are given in Table 1.

Methods for ageing mitigation have been listed for various component types. They
have been grouped into three main categories:

- Changes of Structure, System and Component (SSC) design, to make them
immune to given degradation mechanisms or minimise the effects of said



OQO©
mechanisms. Examples include: new layout of specific piping sections for fatigue
prevention, chemical requirements of steels for erosion / corrosion prevention,
modification of anti-vibration devices for wear prevention, or optimisation of
ventilation and cooling systems for electrical component thermal ageing.

Change/recovery of material characteristics. Examples include: protective coating
of material or stress relief (stress corrosion cracking), material annealing (neutron
embrittlement), or various injections for concrete structure protection.

Change of operating parameters if the degradation has not risen to a level
necessitating repair or replacement. This include pressure, temperature and fluid
chemistry control, reduction of transients, neutron flux reduction, etc.

Ageing mechanisms

Irradiation embrittlement

Thermal ageing

Detection of fatigue cracks or
Corrosion (intergranular,
stress-corrosion) cracks

Concrete degradation
Differential settlement

Electrical cables

Evaluation methods

Mechanical test samples taken according to given schedule
Hardness tests
Annihilation of positrons

Mechanical test samples taken from actual components and expertise of
replaced components
Hardness and micro-hardness tests
Small angles neutron diffraction (DNPA)
Thermo-electric power (PTE) based on Seebeck effect
Simulation in representative laboratory conditions

Non-destructive examinations:
Surface examinations: visual or remote (TV)

liquid penetrant
magnetic particle

Volumetric examinations: Eddy current
radiography and gammagraphy
ultrasonic

Acoustic emission
Leak detection

Visual inspection
Topographical levelling
Fissurometers
Leaktightness tests

Monitoring of mechanical and electrical characteristics
Qualification under representative conditions
Visual inspection

TABLE 1. EXAMPLES OF AGEING EVALUATION METHODS

Ageing management strategies followed in the contributing countries have been
presented and compared on the following topics:
- identification and prioritisation of components of importance to plant life,
- selection and identification of ageing mechanisms,
- ageing prediction criteria,
- surveillance and periodic testing methods,
- mitigation of ageing effects,
- maintenance programs, component repair, replacement and improvement of SSC

and operating parameters.

Each country presented its approach and procedure and in certain cases detailed
data sheets on component degradations, maintenance practices, maintenance
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evaluation and issue resolution. Strategies were illustrated on typical ageing
mechanism examples common to all participants: neutron irradiation embrittlement of
reactor pressure vessels, thermal ageing of austenitic-ferritic castings, stress
corrosion cracking, fatigue, reactor building ageing and electrical component and
cables ageing.

The following conclusions have been obtained following this comparison:

- Organisation differences appear between Spain, where a dedicated organisation
is devoted to ageing management, with annual reports identified in the licensing
process and France and Belgium, where the various aspects of Plant Life
Management have been incorporated in the every day management of the plants,
with a periodic follow-up, which remains under the responsibility of the utility.

- In all cases, syntheses are prepared to summarise the knowledge gathered on
the various ageing mechanisms, and the situation of the various units and
components in front of each phenomena. In Belgium, equipment ageing
summaries (EAS) are established following a defined format in order to provide a
status on activities undertaken. In France, due to the standardisation of plants,
generic studies have been done on Plant Life, with detailed reports on main
systems and components, and on various ageing mechanisms. Where needed,
specific projects have been established for a given period on major ageing
phenomena, the results obtained being included in the plant management
practices. In Spain, component degradation data sheets and maintenance
practice data sheets are prepared to facilitate the systematic evaluation of
existing practices and the eventual improvement proposals.

- There is a common approach to prioritise components, according to the
evaluation of the safety risks, which depend on the potential degradation
phenomena and their associated risk of component failure, and on the potential
consequences of such a failure, and the difficulty or cost for component repair or
replacement. Some components may determine the life of the plant itself, such as
the reactor pressure vessel or the containment. There is a general agreement on
the main classification of important components obtained according to these
methodologies, with non-replaceable components at the top and differences on
classification details which are essentially the result of differences on utilities
strategies, and the corresponding weight given to the different aspects.

- The identification and selection of ageing mechanisms is based in every case on
systematic procedures which serves as the basis for the orientations given to the
in-service surveillance and maintenance. This evaluation is further enriched by
the consideration of the return of experience, including the evaluation of
international information. The first in-service inspection programs are based on
design assumptions and engineering judgement, quickly completed by ageing
experience, which generally appears obviously where not anticipated.

- The practical organisations for ageing mechanisms identification in the various
countries for different components are consistent, with the following specificities:
Belgium retains a systematic structure for components important from a safety
point of view. Where several ageing mechanisms are identified for a given
component, there are several EAS established accordingly. France establishes
synthesis documents on component life on one hand, and on the most important
degradation mechanisms covering their effect on various components on the
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other hand. Spain follows a systematic process for the evaluation of ageing
problems and corresponding corrective measures, establishing the adequate
pairs of SSC and ageing mechanisms / degradations / mitigations.

- Comparison of practices given for various typical ageing mechanisms can only be
summarised in the present paper. It shows the global consistency of the
approaches chosen in the three countries, though the applicable criteria may
differ on particular points, such as criteria or prescribed safety margins. The
general tendency is for Belgium and Spain to refer as far as possible to the US
methodology and criteria, where France tends to develop its own methodology
due to the standardisation of its NPPs and specific regulatory requirements.

COMPARISON OF AGEING MANAGEMENT APPROACHES WITH
INTERNATIONAL RECOMMENDATIONS

In the interest of obtaining comparable descriptions, a standardised form of
questioning was sought: the reference document for the IAEA Ageing Management
Assessment Teams [2] including in part II (Guidance for Ageing Management
Process (AMP) programmatic review) a list of areas to be reviewed: Table 2.

11-1

AMP
STRATEGY

- Regulatory policy
and requirements

- AMP policy

- International
guidance

- Scope of AMP

ll-2

AMP
ORGANISATION

- AMP organisation
and programme
description

- Resources:

(a) human

(b) financial

(c) tools and
equipment

(d) external

- Provisions for
understanding SSC
ageing

II-3

AMP
ACTIVITIES

- SSC screening
method

- ListofSSCs

- Operational
procedures

- Surveillance

- Assessment

- Maintenance

- Data collection
and record keeping

NB: assessment
includes data
analysis

II-4

AMP
RESULTS

- Physical condition
of SSC

- EQ established
and maintained

- Performance
indicators

II-5

AMP
MONITORING

- Self-assessment
programme

- Peer reviews

- Comprehensive
reviews

- Continuous
improvement

process

TABLE 2 - AREAS OF REVIEW

The 3 countries filled in a form based on these areas, except for II.4 "results" which
was not considered relevant for the study. The forms were completed by UNESA for
Spain, Tractebel for Belgium, and by EDF for France. The following main conclusions
were derived from this comparison.

Comparison in terms of strategy

Each country have defined or refer to existing documents on regulatory policy and
requirements, ageing management processes described in UNESA documents in
Spain, in the context of the "Continuous Operation of Belgian NPPs" project in
Belgium, and by the "Service Life and Ageing of Pressurised Water Power Plants"
project in France. International guidance documents are considered in each case.
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In no case is a life time limit pre-determined and, provided that the safety level can
be justified, the decision to continue to operate is taken by the Owner on economical
grounds. The safety status of the units is subject to a continuous process of
assessment in order to validate the conformity to the Safety Analysis Report. In
addition Periodic Safety Reviews (PSR) are performed and may include a Safety
Reassessment. This PSR is required under the terms of the licence for Spanish and
Belgian units. Reviews and reassessments are performed on a 10 years basis.

The principle is in every case to define a list of sensitive components that have a risk
of failure due to ageing before the forecast life duration. Sensitive equipment is
ranked according to the degree of importance for lifetime management, taking into
account the importance for safety and availability. The Ageing Management
Programs of al! countries go beyond the IAEA objectives, which are limited to safety
aspects, to cover all components which have a significant impact on reliability,
replacement and cost. For these components, the programme includes the analysis
of ageing phenomena, the justification of behaviour, including rate of deterioration
and determination of critical defects and the assessment of maintenance practices.

Comparison in terms of organisation

Differences have been found due to the context of the companies: UNESA and
Tractebel do not have direct responsibility for the units: they are in charge of
methodologies, advice, studies which should be taken up and put into force by the
management of the units. EDF has to manage series of units, so it imposes practices
on all units of the same type from a corporate level. In terms of internal organisation,
the activity is managed in the three companies by specific teams: Tractebel and
UNESA use project type organisations. They submit their product to their respective
clients, Electrabel or the Spanish Units, for decision and implementation. EDF has
established a co-ordinating group, which puts recommendations to the Steering
Committee in charge of making all decisions for modifications or maintenance.

The personnel in charge of these activities, either directly involved in the specific
teams or maintained in their original entities, are chosen for their skill and experience
in relation to the task assigned to the team they belong to. Life management
demands a wide variety of skills and no dedicated organisation has been set up in
the engineering teams. The specific team thus co-ordinate a large number of actions
assigned to specialised teams. Execution depends on the capacity of the teams,
laboratories and subcontractors. Accordingly, training for personnel is decided in
observance of the internal procedures of the entity.

In addition to internal resources, each entity can decide to complement the skills
needed by external support from specialised companies and experts. Exchanges
between utilities and engineering companies are numerous and organised. Periodic
meetings or congresses are held within the scope of the EC, IAEA and WANO.

Comparison in term of activities

Methodologies: The descriptions of Belgium, French and Spanish methodologies
show that IAEA recommendations are fulfilled in every case, although the practices
described go beyond IAEA methodology defined in Technical Report Series N° 338
[3], which is limited to SSC that are safety-related or not safety-related if their failure
can prevent performance of safety functions. However, systematic ageing
assessment is only applied to the population which, based on industry and plant



specific experience, are subject to failure by ageing and are not covered by
appropriate maintenance for ageing mitigation and/or monitoring. The assessments
are aimed at determining the severe effects of ageing on components and structures,
and at confirming maintenance efficiency to mitigate andlor monitor said effects,
keeping components within safety margins. Lack of precise knowledge of
degradation mechanisms that generate uncertainties in the initial "provisional"
assessment of ageing effects require detailed analyses to clear said uncertainties.

According to UNESA methodology, illustrated by figure 2, initial selection includes
safety-related SSC as well as those having a significant impact on availability,
replacement and cost. The entire population selected is submitted to systematic
ageing assessment; when ageing effects are severe, maintenance efficiency is
assessed. Ageing
assessments aim at
determining ageing
effects on components
and structures, and at
identifying the ones that
are severely affected
and therefore require a
detailed analysis of
maintenance practices
to confirm ageing
control during service
life. The entire process
is summarised in the
component degradation
data sheets and in the
maintenance practice
data sheets that are
prepared to facilitate the

Screening Criteria
and Methodology

FIGURE 2 EXAMPLE OF UNESA METHODOLOGY

systematic evaluation of existing practices with the
subsequent improvement proposal.

In Belgium, the safety of nuclear power plants is based on compliance with
fundamental safety principles which must be applied in everyday operation, following
lessons learned from nuclear incidents, and on a regular and comprehensive review
of safety in order to ensure that any necessary improvements are made. During
safety reviews, ageing is systematically investigated in order to demonstrate that the
safety of the installations is guaranteed during the next decade. For safety-related
components, specific programs exist in order to guarantee their integrity and
availability. For passive safety-related components and non safety-related
components important for plant availability, a specific ageing management project
was created. The main objective is to centralise all safety and economic aspects of
the plant life management in order to determine, for each unit, the most probable cost
required to maintain, safely and economically, the unit in operation. In order to
facilitate ageing assessment, Equipment Ageing Summaries are established, which
summarise the knowledge gathered on the various topics related to SSC ageing and
the situation of each NPP with respect to these ageing phenomena.

The purpose of EDF ageing assessments covers three aspects closely
interconnected: technical, economic and safety. Solving technical issues requires
taking into account design and manufacturing file, operating conditions, maintenance
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strategy, experience feedback and support from R&D programmes. The cost of
nuclear power generation needs to remain competitive while integrating maintenance
costs. Trends in "standard" and "exceptional" maintenance costs are assessed.
Ageing effects may reduce design-basis safety margins which may in turn generate
changes in operating conditions. Assessments are aimed at determining the potential
life of components and structures by taking into account all available aspects. Priority
is given to routine and exceptional preventive maintenance activities implying an
"anticipation approach". The objective is to identify and assess generic-type defects
of components and systems. Beyond the analysis of equipment ageing, overall
generic approaches are being developed, focusing on specific generic-type damage.

Operating procedures are written in compliance with design data, such as the
number of transients. Provisions are added so as to limit ageing effects, such as
limitation of transients profiles and occurrences, water chemistry improvement or
arrangement of core for low neutron losses. Of the topics checked through the list in
the AMAT guide, this one is particular in that it aims to avoid ageing. All the other
topics, without exception, try to detect and correct the effects of ageing.

Surveillance programmes exist in the three countries, including periodic tests. They
have been issued independently of the ageing programmes, and completed after
specific reviews. For example, in France, the «preventive maintenance basic
programmes)) were decided subsequent to analysis of the failure rates. They are
complemented by the feedback from experience on incidents (specific check point
added) and progressively optimised to reduce cost.

Maintaining equipment gualification: The life time of qualified components is
determined by the hypotheses adopted in their qualification programme. Utilities
focus on the problem of obtaining spare parts, as many suppliers are abandoning the
production of nuclear-grade components. A process to inform the maintenance team
of particular points needing care during maintenance operations, so as to avoid
impairing qualification has also been identified.

Comparison in terms of monitoring

The programmes established by the utilities are presented to the Safety Authorities.
Results are included in yearly review and, as such, are subject to review by the
owner and submitted to the Safety Authorities for approval.

OTHER ASPECTS

The safe management of NPP ageing is primarily dependent on managing the
physical ageing of SSC. This includes the availability of on-site test equipment with
which such deterioration can be diagnosed and methods and (material and human)
means intended for repairing or replacing the parts whose serviceability has been
impaired. This also implies sustaining an industrial fabric that has the means of
providing spare parts to secure replacement or repair of degraded components.

But in addition to the ageing-induced material changes in the SSC features, other
changes are of significance: developments in techniques and documents since the
creation of the power plant (design methods and computer codes, non-destructive
testing, industrial codes and standards...), developments in technology/obsolete
systems (example of analogue systems being replaced by digital systems),
developments in safety regulations and standards and acceptable dose limits for staff
in terms of radiation protection, developments in information relating to accidents.



oooo
Further broader changes, associated with the industrial sector or society, are being
investigated: safeguarding of skills and knowledge following the retirement of experts
involved in the design, construction, commissioning and operation of power stations,
training of new staff (including non-specialised staff and plant suppliers), preservation
of scientific infrastructure (R&D services), developments relating to safety culture
over long periods, adaptation of organisation models, and work methods.

Obsolescence - the potential unavailability of spares due to the evolution of the
market or/and the technical progress - could also affect the capability of
components, systems, or structures to perform their required functions. It is not only
limited to SSC but also concerns the loss of required knowledge and know-how,
which could also affect the level of safety and efficiency of the NPP.

The human organism as a whole is subject to a still very poorly understood ageing
process which degrades the performance of many human functions. However this
impairment is generally compensated for by a greater mastery in handling inferences
and by a more extensive experience.

The operation life-time is the common factor contributing to the ageing process of
components and structures and additionally it provokes a relevant impact in terms of
staff ageing and the need of retirements and substitutions by less experienced
people. Criticality of this point increases if it is considered that, at the same time, the
ageing plant will have need of higher efforts in equipment surveillance and
maintenance. A different problem is time relaxation of worker habits and behaviours.
Work practice trends to reduce the adaptation capability to the new situations, new
instruments, or design modifications, which could require different operators training.

The above-mentioned problems are covered by the requirements concerning the
qualification and training of the NPPs operators. Preservation of the knowledge
related to ageing, their contributing factors and their evolution, as well as the
mitigation, control and monitoring methods and techniques should be part of the new
staff training. Rotations of working places to reduce stress and increase interest,
ensuring a sufficient overlap between new workers and elder ones, use of retired
workers as a source of experience and advice, and involvement of experts from other
industries, which could help to integrate new knowledge are also considered.

A great importance has to be given to technical Information to support staff actuation.
A well structured and updated information covering all the facets of the significant
degradations is the best guarantee to support a precise condition evaluation keeping
the historical data available for the NPPs staff along their service life.

RECOMMENDATIONS

Considering the existing practices, the results obtained and the research
programmes currently running, the ageing management field may be considered as
being adequately covered. Nevertheless, one can suggest to particularly emphasise
the efforts on the following topics:

- Concerning regulatory aspects, electricity operators have to compete in a de-
regulated market and are subjected in the nuclear field to national requirements
which may be different on some aspects. It is therefore recommended that
exchanges between regulators be maintained at the European and International
levels, and that harmonisation of general provisions be obtained in safety
standards, particularly on risk-informed aspects, and qualification methods. It is
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also recommended to agree as far as possible, on safety acceptance criteria.
Lastly, a certain stability of the safety requirements is recommended to permit full
benefits from the analysis of return of experience and plant improvements.

Concerning management aspects, it appears useful for operators to issue
periodic syntheses following IAEA format. The existence of such synthetic
evaluation may also play a role in the general context of public acceptance. In
addition to IAEA reports recommendations concerning design information, the
weight shall be put on detailed operating conditions book-keeping covering the
entire life of SSCs. Ageing management shall not be restricted to the oldest
plants, where improvements or mitigation measures may have a limited impact. It
shall be considered as early as possible in the daily operation of the plant.

Concerning prediction of ageing, damage can never be 100% anticipated. Design
studies can only restrict (though significantly) the uncertainties. From this point of
view, the developments concerning identified ageing mechanisms are considered
adequate. The essential points where progresses are recommended concern the
evaluation of degradation kinetics, the description of uncertainties, the
improvement of the understanding of local loads and their variations as a function
of operating modes, a better evaluation of the effect of fabrication process and
knowledge on surface behaviour, the use of expertise conducted on
decommissioned plants or replaced components and the integration of additional
material, to cover life extension or evolutions in ageing evaluation methods.

Detection and knowledge of physical ageing may be improved through a
reinforcement of cooperation between plant operators in order to identify any
signs of ageing precursors and their possible treatment, extending relations with
other industrial sectors, in particular on civil works, advance tools for monitoring
and surveillance for a better evaluation of existing margins and a better allocation
of available resources, continuing improvements of traditional non-destructive
examination methods, in particular in concrete structures, and industrialisation of
methods likely to detect ageing risks before occurrence of irreversible damage.

Recommendations on mitigation of physical ageing include the optimisation of
operation and component qualification conditions following return of experience,
investigating repair methods used in other industrial sectors, in order to share
qualification costs, anticipate replacement where appropriate, through feasibility
studies including consideration of potential impacts on safety, and more generally
support exchanges between users and manufacturers in order to better
appreciate the relations between operation conditions and ageing. Additional work
on criteria for possible equivalence (for example for I&C) to cover technical
obsolescence is also recommended.

It is recommended to assess the management of the other aspects of ageing,
which seem to present less acute direct consequences than physical ageing, but
must nevertheless be evaluated. On these topics, the experience of other
industrial sectors may give valuable information, even if the service life envisaged
for nuclear power plants is longer than for other industrial installations. In
particular, a significant part of recorded incidents are due to human factors. It is
therefore essential to invest on human management aspects, and to the
adaptation of safety culture and procedures, taking into account the evolution of
people experience, of tools and of general industrial culture, which give more and
more importance to economical aspects.
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- Taking into account the objective of safe management during long periods, and

the necessity to demonstrate compliance to the initial safety requirements, it is
also necessary to keep during a long period, not only the basic requirements, but
also a good understanding of what is behind.

CONCLUSIONS

A safe control of ageing of nuclear power plants constitutes an important concern for
every plant Owner and Safety Authority. Since 20 years, this topic has been the
subject of numerous studies which have led in particular the utilities to establish
programs or projects specifically dedicated to the management of ageing of systems,
structures and components.

The study shows that nuclear power plants are subjected in the three participating
countries to appropriate ageing monitoring programs or projects, which fulfil IAEA
international recommendations on this topic. Contributors agree on the conclusions
of the international groups and consider that their recommendations are appropriate.

The study also shows the general consistency of the objectives in the different
countries, which go beyond safety aspects, with differences in organisational
approaches resulting from different industrial and regulatory contexts. There is a
general agreement on the service life of the plant which is the life during which the
plant may be operated safely and economically. Safety is then a necessary, but not a
sufficient condition.

Current ageing management programs aim essentially at managing the gradual
evolution of systems, structures and components as a result of their physical ageing
in order to satisfy the safety criteria. Apart from this physical ageing, other factors
start being considered in ageing studies, such as evolution of market and industrial
context, organisation changes and conservation of human knowledge.

In practice, approaches are different for non replaceable major components, for
which in-depth analyses are necessary to justify life duration, and smaller
components subjected to preventive maintenance programmes. Aspects leading to
slow evolutions may be evaluated during periodic safety reassessments. Those
related to more quick changes (in particular for active components) are managed on
a continuous basis, through appropriate maintenance, and component qualification.

It is possible to conclude that the "ageing" of LWR nuclear power plants can be put
under control. Through monitoring and clear understanding of the different
degradation mechanisms, which are common phenomena in an industrial facility, the
operator is able to anticipate, via an adapted programme, the necessary measures in
order to operate its plants safely and economically.
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