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Foreword.

With the average age of the world's inventory of nuclear power plants increasing there has been

a corresponding increasing interest in the topic of plant life management. The approaches

adopted by different utilities/countries can be quite different because of essential differences in

their strategies and policies.

Successful and safe performance of nuclear power plants during their lifetime depends, to

a large extent, on the reliability of different structures and components which should meet both

technical and regulatory requirements. It is also important that during their operational life they

would ensure economically competitive performance while producing electricity.

Utilities, research organizations and regulatory bodies in many countries are actively

involved in the development of NPP life management programmes with the aim to ensure the as

much extended operational life as it technically and economically possible.

The Specialists' Meeting on "Strategies and Policies for NPP life Management" was

organized by the IAEA within the scope of activities of the International Working Group on Life

Management of Nuclear Power Plants and held at the IAEA Headquarters in Vienna on 28 - 30

September 1998.

The purpose of the Meeting was to provide an international forum for discussion of recent

results in national and utility experience in the development of NPP life management

programmes and their technical, regulatory and economic assessments.

It was understood that each utilities/countries strategies and policies for plant life

management affect basically the approach to the long term reliable and economical operation of

nuclear power plants. Therefore the scope of this specialists meeting was deliberately large to

encourage discussions in the relevant areas.

Papers presented at the meeting were expected to focus on the policies and strategies of

plant life management covering the areas of plant life evaluation, system, structure and

component screening methodology, critical component evaluation methodology, major

component repair and replacement technologies, economic evaluation methodology, decision



making processes, R&D items and planning, feedback of operating experience into design, NPP

extended operation, problems of license renewal, licensing process and replacement of power

plant from the utility and regulatory viewpoints.

One of the outcomes of this meeting was expected to be a better understanding of national,

regulatory, and utility approaches to the process of the development of the pant life management

programmes, with the aim to initiate later on the activity on the provision of a guidance and

recommendations for those countries/utilities who are just at the beginning of this process.

The meeting was attended by 21 participant from 13 countries and one international

organization and this is shown in Appendix 1.

The scientific programme of the meeting is presented in Appendix 2.

The overall meeting Chairman was Eur. Ing. Academician L. M. Davies and the

Scientific Secretary was Mr. V. Lyssakov.

The Opening session and Session 1 were chaired by L. M. Davies:

The Chairmen for the remaining sessions were:

Session 2a Mr. B. Hansson

Session 2b Mr. J. Hopkins

Session 2c Mr. F. Gillemot

Session 3 Mr. L.M. Davies

Session Chairmen, with the help of presenters, produced summaries and comments on

each of their sessions and these are given at the appropriate section of these proceedings.

The meeting was concluded by Session 3 devoted to the discussion of the Chairmen

reports and elaboration of the overall conclusions and recommendations which are given in

the Appendix 4.
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Specialists Meeting on "Strategies and Policies for NPP Life Management"

28-30 September 1998, Vienna, Austria

B.Gueorguiev, Section Head, NENP/NPES

On behalf of the International Atomic Energy Agency I would like to welcome you to this
Specialists Meeting on "Strategies and Policies for NPP Life Management".

Nuclear power generation depends very much on the continued safe and economic operation
of existing plants. Nuclear power plants are getting older and, as time passes, problems associated
with plant ageing are becoming increasingly central to the industry and attract the attention of the
public media. Extending the lifetimes of existing nuclear power plants reduces the demand for new
ones and defers decommissioning and its associated waste disposal requirements.

Example: At the round table discussion during the IAEA General Conference last week the
representative of USA/DOE informed that in the first two decades of the 21s' century, more than
85% of the current operating US NPPs will be retired, if no action is taken. According to the 1998
Annual Energy Outlook, 24 nuclear plants are projected to retire prior to expiration of their
operating licenses due to plant economics and ageing degradation of plant components. In addition,
another 65 plants (51% of US nuclear generating capacity) will shutdown at the end of their 40
years operating license period between 1996 and 2020. Recognizing the importance of extending
the service lives of existing US nuclear plants, the Energy Research and Development Panel of the
President's Committee of Advisors on Science and Technology recommended that "DOE to develop
a programme to address the problems that may prevent continued operation of current nuclear
plants ". DOE has responded to that recommendation and has proposed "the Nuclear Energy Plant
Optimization "programme.

The IAEA programme in nuclear power plant life management promotes information
exchange between Member States with NPP programmes, offers assistance to member States with
an interest in reliability of NPP components, in-service inspection methods and programmes using
on-line techniques and special technological topics of nuclear reactors.

It should be also stressed that the implementation of this programme is intended to be
performed in a systematic way within the views of national experience in policies and strategies for
NPP life management programmes and taking into account financial and economic considerations.

An important consideration in conducting PPAS evaluation was recently made by the
international evaluation team on Agency Sub-programme "Nuclear Power Plant Planning,
Implementation and Performance is, the prospects for nuclear power over the next decade or so
and the important trends expected to impact the sub-programme and its major customers. In this
regard the evaluation team selected the following as the key contextual factors for our evaluation:

• the total installed nuclear capacity (350 GWe) is forecast to remain about the same
or increase only moderately by 2015,

• even under this relatively flat growth scenario there will be a significant number of
plants decommissioned (~60 GWe) and an equivalent number constructed,

• most new plants will be built outside those areas where the major nuclear infra-
structure currently exists,

• decisions related to plant life management, life extension and plant replacement
will become much more important,

• plant operators must maintain adequate levels of safety in an increasingly competi-
tive environment.

Among other recommendations there was an advice to establish Senior Advisory Group on
Nuclear Power with one of the goals to assist in development of the long-term vision and strategy
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for the IAEA nuclear power activities.

It was also recommended that NPES should adopt the following as its major long term
priorities:

• assisting MS in the acquisition, training and retention of sufficient qualified
personnel,

• facilitating the collection, analysis and dissemination of the core technology and
experience necessary for safe and competitive implementation of the nuclear power
option, and assisting MS manage the life of existing plants in a competitive manner
consistent with international safety standards.

The major focus in all these areas must be on the existing plants.

The objective of the International Working Group on Life Management of Nuclear Power
Plants (IWG-LMNPP), within the framework of which this meeting is being held, is now to provide
Member States with information and guidance on design, materials, testing, maintenance,
monitoring and mitigation of degradation related to major components, with the aim of assuring
high availability and safe operation of NPPs.

This meeting is organized to review the national programmes of the countries and to advise
the IAEA on its further technical meetings and activities in the subject area taking into consideration
current progress, problems and operating experience. We hope that you will identify problem areas
and recommend types of activities to be taken by the IAEA for the development of the
internationally accepted guidance on NPP Life Management Programmes.

Since not all countries have adequate resources for work in the field of NPP life
management, it was recommended that the IAEA could provide a great service by coordinating
information on the topic. Hosting of conferences, convening of technical committees to analyze and
summarize the state of the art and publishing of status documents would provide significant
assistance to Member States. The activities of the Working Group are important global mechanism
which provide exchange of information, discussion of programmes and problems in the area of
nuclear power technology between Eastern and Western Member States as well as between
industrialized and developing countries.

This particular meeting is the first step in the number of planned forthcoming events with
the final goal to develop and publish a kind of a Guidebook for developing countries just embarking
their nuclear programmes. The anticipated publication should provide an economically and
technically balanced approach to life management for both separate SSCs and the plant as a whole.

It is intended that this Meeting will be followed by senior expert Advisory Group Meeting
which will consider the conclusions and recommendations produced at this meeting and would
provide an advise on the scope of the anticipated Guidebook and other relevant activities in the
development of the approaches to creation of individual /national NPP life management
programmes.

As a next step then we expect a work of a Consultants Group which will specifically
develop a list of contents of the Guidebook and attract internationally recognized experts to writing
its context.

I believe that the exchange of information in the coming days will make an important
contribution to reaching our common goal of achieving a high level of nuclear performance and
safety. The results of this meeting should help to clarify the main issues for future work in 1999-
2000, both for you and for us in the IAEA.
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Concluding, I wish to all of you a successful and productive meeting. I also hope that you
will find some time to enjoy this beautiful country and learn from its rich culture.

Thank you for your attention.
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Opening Remarks
by the Meeting Chairman Eur.Ing.Academician L.M.Davies.

Welcome to Vienna and to this meeting.

This Specialist Meeting has a wide scope. Nuclear Power Plants are now, on average,

getting older and the annual contraction date has been decreasing over the last ten to fifteen

years. This has led to an increased emphasis on plant life management - rather than

behavioural studies on improvements for new designs.

A power producing plant is for making money. Of course this has to be done safely - but

the object of Plant Life Management is to protect the capital investment and to ensure good

returns.

One of the objectives should also be to produce electricity at a competitive rate - when

compared to other fuels. Currently it is also to be less environmentally intensive than other

methods for producing electricity.

The motivation for Plant Life Management derives from a number of sources and this

can be from the designers of the plant, the operators, safety authorities and the state and the

emphasis of the objectives is on ensuring the generation of electricity in a safe and economical

way. However it is a complex process to implement and its scope can range from overseeing a

particular component which is being "nursed" along to the end-of-plant life to a wide ranging

strategy encompassing the complete plant or plants.

The definition of "life" varies and can cover the life of a plant from conception to green-

field site, operational life, design life etc. It will be interesting to see how it is defined in the

papers we will hear delivered.

This then promises to be a most interesting meeting.
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Session Chairmen have been identified and have accepted the invitation to chair. They

will, with the help of the presenters produce a summary of the presentations in their sessions

together with a brief overview commentary.

I wish you an enjoyable meeting.
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Opening Remarks.

VXyssakov, Scientific Secretary of the IWG-LMNPP, IAEA

Ladies and Gentlemen,

It is my pleasure to welcome you on behalf of the International Atomic Energy Agency to this

Specialist Meeting on "Strategies and Policies for Nuclear Power Plant Life Management ", which

is being held within the framework of the IAEA International Working Group on Life Management

of Nuclear Power Plants (IWG-LMNPP).

This meeting is the logical continuation of the activities carried out by the IWG within the

IAEA sub-programme A 1.04 on NPP life management.

The scope of activities of the IWG-LMNPP suggests that the IWG should provide the IAEA

Secretariat with advice and recommendation on the Agency's activities and forward programmes

and among others also in the area of NPP Life Management and specifically on the priority, scope

and content.

Being co-ordinated with programmes of other international organizations this area has become

recently the highest priority which was reflected in the amendments to the Terms of Reference of

the IWG in the part of its objectives.

According to the amended Terms of Reference one of the objectives of the Group is now to

provide Agency's Member States with information, comments and advice on policies and strategies

of plant ageing and life management where plant ageing stays for all the engineering, operations

and maintenance actions to control within acceptance limits ageing degradation and wear of key

components of the plants. Plant life management integrates the previous ageing management and

economical aspects with the aim to:

- optimize the operation, maintenance and service of plant key components,

- maintain the level of safety and performance as well as a return of investment as high as

possible during the total service life of the plant.

The purpose of any generating plant is to produce electricity in a safe, reliable and economic

manner. However with the nuclear inventory of NPPs getting older a question of preventive and
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mitigating strategies arise with the purpose of improving NPP performance and its life extension in

a view that safety is a paramount for the future of nuclear power.

It is anticipated that this meeting will promote fruitful discussions with regard to national

approaches to and practices in the development of NPP life management programmes.

The subject of the meeting is in fact a topic of particular significance both from engineering

and economic point of view. We expect that the discussions at the meeting would not only reflect

your opinions but produce certain recommendations for concrete actions in the future. One of the

practical outcomes from this meeting could be the initiation of the activity in the development of the

guidance for the developing countries or some utilities which are just embarking on or started their

experience with nuclear power.

In conclusion I would like to wish you all a successful and fruitful meeting and pleasant time

during your stay in Vienna.

Thank you.
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Summaries of the Papers Presented at Meeting Sessions

Session 1. Monday. 28th of September - Chairman L.M.Davies

Mr. Yamagata said that in order to meet power supply obligations in the early 2000s,
taking into account energy security, environmental impact and the economics of nuclear
power plants whose lives have been extended, the policy of nuclear plant life management
should be established, that integrated with other policies which includes public acceptance,
R&D and international co-operation. Nuclear plant owners should establish an organization
and objectives to carry out nuclear plant life management in the most economic and efficient
way.

Ms. B. Kastner presented the paper written by M. Erve. Based on a definition of Ageing
and Plant Life Management as well as the aims of the plant such as safety, availability and
efficiency, an overall concept for residual lifetime assessment of NPPs is introduced. Starting
with the determination of the actual status-quo of the plant, this concept consists of several
actions like improvement of maintenance and ISI, implementation of the on-line monitoring,
optimisation of plant operation and finally fracture mechanics and residual lifetime evaluation
based on the collected actual plant data. These steps were illustrated by examples from
German plants. The results from this residual lifetime assessment are fed back into the
continuous process of the plant life management.

During the discussion it was noted that the input assumptions for economic comparisons
for generating electricity with different fuels are not necessary comparable for the 'actual'
case because of different sensitivities to the input assumptions

"Life" is defined in many ways and it was noted that the multi-lingual definition of
PLIM and Ageing would be published imminently by the NEA. It was feared that some of the
definitions may already require further definition. A review may be necessary.

In Germany there is no limiting lifetime for plants. The approach is to use periodic
safety reviews.

There appears to be three separate approaches in assessing plant life management,
namely, safety, technical (design/operation) and economic.

hi Germany, the term "ageing management" has several aspects. The requirement for
special "ageing monitoring" is not specifically included in the safety regulations. However,
the law results in the operator being obliged to perform extensive measures to maintain the
quality of the plant and protect personnel. Consequently, comprehensive ageing management
has been in place in Germany since the start of the plant life under the generic definition of
quality assurance.
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Session 2a - Monday afternoon 28th of September - Chairman B. Hansson

During the afternoon session there were five presentations given on several areas to be
taken into account while developing Plant Life Management Programs of today.

1. Areas of focus should be:

Regulatory environment
Business environment
Public acceptance and political environment
Human performance/capability
Technology

to be added to the list:
Management and Organisation environment

2. hi order to manage the plant life one must rely on a good technical plant status, high
safety level but also public acceptance. If the two first are fulfilled, the last is probably
easier to meet.

3. Focusing on the technical aspects of plant life management, the long term development
plan must be based on:

Efficient experience feedback system
Continuously verified plant status
Modern safety level

4. Plant Life Management is a continuous process that started when the unit went on line
for the first tune.

The Plant Life Management program should be based on:
Improvements identified from the experience feedback
Improvements identified from different safety analyses
End-of-Life issues and maintenance problems
Deviations from Current Licensing Bases
Deviations from Modern Licensing Bases

5. As Plant Life Management is a continuous process there should be implemented
programs for a continuous evaluation like technology Watch (Canada) or Risk-studies
(Sweden).

6. As the NPPs are competing with other power plants there must be a cost-effective way
of operating the plant and analyses done to clarify the competitiveness of the plant both
for the short and long term perspectives.

7. The human performance and capability are factors: that are increasingly coming in focus
and must therefore get an increased attention.

8. In a continuous process there should be a list of critical components established and
mitigation programs planned in a long term perspective.
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9. Effective maintenance programme should be established, supported by, for example,
RCM and Life-cycle-cost methods for a continuous evaluation.

10. A Modern safety level should be established and older plants current licensing base
verified and the documentation restored to a modern level.

11. Consistent regulatory requirements are essential for the economical judgement of large
investments in modernisation programs.

12. Public acceptances of safe nuclear power and ways to communicate on messages are
essential for the surveillance of the whole nuclear industry.

Session 2a - Monday afternoon. Paper Summaries.

CANDU Plant Life Management - An Integrated Approach - J.R. Hopkins (Canada)

Many CANDU reactors are now approaching their mid-life of 15 to 20 years of
operation. In order to assure safe and economic operation of these reactors, a comprehensive
CANDU Plant Life Management (PLIM) program is being developed from the knowledge
gained during the operation of Ontario Hydro's Pickering, Bruce, and Darlington stations,
worldwide information from CANDU 6 stations, CANDU research and development
programmes, and other national and international sources.

The generic CANDU PLIM programme is now reaching its maturity, with formal
processes to systematically identify and evaluate the critical systems, structures and
components in the station, and a plan to ensure that the plant surveillance, operation, and
maintenance programmes monitor and control component degradation well within the original
design specifications essential for the plant life attainment. Regulatory requirements, business
and public environment, and human performance and capability, in addition to technical
factors, have a strong role to play in attaining the original specifications for the plant.

A Technology Watch programme is being established to ensure that degradation
mechanisms which could impact on plant life are promptly investigated and mitigating
programmes established. The objective of these programmes is to assure safe and economic
operation of the CANDU units for their design life, and to preserve the option for plant life
extension to about double their original life. Results of the programme are being fed back into
the new CANDU products, to provide customers with the improved assurance of safe and
economic operation, with the opportunity for plant life extension.
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Current Status of Life Management Policies for NPP in Japan - T. Otsuka (Japan)

Because of growing public interest and concern in increasing aged NPPs, the Japanese
Government, Mill , published the first report regarding the measures to cope with the aged
NPPs in 1996.

Through the technical evaluation of the major components and structures (CSs), the
following items were pointed out:

the major CSc provide sufficient tolerance against the most ageing phenomena,
there are, however, some phenomena, including SCC which cannot be ruled out
from the possibility of future actualisation,
the safe and reliable operation is possible by conducting continuous plant
maintenance efforts at the current level and intensifying the periodic inspection
practices
it is important to make efforts to establish the structural standards for the aged
NPPs, to develop the long-term maintenance programme covering the entire life
of the plant and to promote the R & D activities towards attaining further highly
reliable management.

The detailed technical evaluations of numerous CSs in the whole plant were performed
by the utility companies and the findings from this evaluation are currently being reviewed by
the government committee.

The plant ageing-related R & Ds are positively promoted for the following categories
under the sponsorship of the MTTI,

inspection and monitoring technology
preventive maintenance and repair technology
ageing evaluation technology

Actions Concerning Nuclear Power Plant Life Evaluation - R. Versaci (Argentina')

As Argentine Nuclear Power Plants are getting older, especially Atucha I with its
twenty four years of operation, life management programmes are becoming increasingly
important.

Efforts are focused on the identification of the main components susceptible to
ageing, the study of their ageing mechanisms, the follow-up of their behaviour during
operation and the measures taken to extend their life.

An Integrated Approach to Plant Life Management Lars Fredlund (Sweden)

Plant life is not any longer determined by components, almost everything can be
replaced. A plant life management programme should aim at actions and replacements being
performed at the right time. If the programme is successful, it will not only keep the plant at a
good technical status and high safety level, but also public acceptance will be easier to get. In
order to manage plant life and aim at a technical life of +40 years, there is a need for an
international and national experience feedback system, continuous evaluation of plant status
and also safety upgrades.
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Steps for lifetime evaluation and management of WWER main components - Martin Ruscak
(Czech Republic)

The presentation summarises an effort given in the Czech Republic to the development
of procedures and approaches to the lifetime evaluation.

The State Office of Nuclear Safety initiated works on "Requirements for lifetime
evaluation of WWER main components". Regulatory requirements are prepared under this
project.

The Czech Association of Mechanical Engineers developed a set of codes for reactor
components. Five main sections address welding and material selection, strength assessment,
evaluation of lifetime and material testing procedures.

Session 2b. Tuesday, 29tb September 09;30 - 12:00 Chairman J.Hopkins

This part of Session 2 consisted of four papers, from Finland, the Slovak Republic,
Hungary, and Russia. The papers demonstrated the active participation of the countries and
utilities in planning for the life management and extension of their nuclear power plants. The
first three of these papers generally dealt with the technical aspects of plant life management
at WWER 440 stations. The fourth paper subject was the application of the ASME boiler and
pressure vessel code to the evaluation of ultrasonic, radiographic, or visual indications of
single and multiple defects in a component and the subsequent assessment of the components
life. An important point arising from the WWER papers was that the life of the plants are no
longer thought to be dependent on the life of the reactor pressure vessel, following the
successful annealing of the one at Loviisa unit 1 in Finland. Steam generators may prove to
be a life limiting factor as they may not be economical to replace them due to difficult access.
Careful treatment, including good water chemistry and cleaning practices, and limiting the
number and magnitude of thermal cycles is recommended in the papers.

The following are brief summaries of the papers provided by the presenters:

"Plant Life Management at Loviisa" Y.Hytonen (Finland)

In the original design, the vendor guaranteed a 30 year lifetime for the plant. Separate
lifetimes, that could be higher, were given to the main components. Generally, there is some
conservatism in the assumptions and calculations behind these figures. The PLIM
development plan includes redefining of the responsibilities and goals, extension of the
condition monitoring programs and combining ageing evaluations with long term planning
activities. The goal is that all maintenance and inspection activities should support plant life
management.

The most critical components for the Loviisa plant lifetime are its steam generators.
They are very difficult to replace due to their location deep inside the containment, surrounded
by thick concrete structures lacking wide enough openings. Possible replacement of the
reactor vessel (RPV) is considered difficult but not impossible. The critical circumferential
core weld of the Lovissa 1 RPV was successfully annealed during the refuelling and
maintenance outage in August 1996. Other components that may become critical in the long
term are the main coolant pumps, which are the only ones of their kind
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In the operating philosophy unnecessarily heavy thermal loads are avoided, and the plant
is operated smoothly. Erosion-corrosion is kept under control by an extensive programme
including wall thickness measurements and calculations performed by the computer code
WATHIC. Pipe sections with severe wall thinning have been replaced by a pipe of more
resistant material. Also the water chemistry has been improved. The screening of thermally
loaded locations and loading mechanisms is under way. A new on-line monitoring system
was installed in the last refuelling outage to monitor temperatures at the locations with
suspected thermal stratification.

"Lifetime Evaluation of Bohunice NPP Components" M.Hrazsky
(Slovak Republic)

The lifetime evaluation of main NPP components during the whole operation period is
necessary to ensure safe and economic operation of NPPs. VUJE Tranava a. s. (NPPRI
Trnava Inc.) has been paying attention to this area for many years. The most important
components of primary and secondary circuits are typical objects of computational analysis
carried out both periodically and in accordance with arisen need. These analyses consist of
many partial steps or combination of steps, such as stress, deformation and strength
calculations, dynamic and seismic calculations, fatigue damage calculations, fracture
mechanics calculations and other type of calculations which all suppose a knowledge of
necessary mechanical and physical properties of applied component materials.

"Plant Life Management in Hungary" F.Gillemot (Hungary)

Plant life management is a new topic in Hungary because NPP Paks is a relatively young
plant. Several factors affect PLIM in the country:

• The political system and economy has been changed recently. The electrical network has
been partly privatised.

• The regulatory rules which were based earlier on the Russian PNAE code presently have
been changed to follow the ASME code.

• A 10 year periodic safety review system has been introduced.
• In the near future EU rules will have to be introduced

In consideration of these changes a new overall plant life management strategy is being
developed.

"The Estimation of Defects Influence on Lifetime of NPP Equipment Components".
A.Ovchinnikov (Russia)

The estimation of defects influence on lifetime of NPP equipment requires testing the objects,
schematisation of defects and making calculations.

The Russian technique of estimation is described in paper written by A. Ovchinnikov, G.
Vasilchenko and E. Rivkin.
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Session 2c Chairman Mr. F. Gillemot

Mr. B. Hansson presented the paper on: The Swedish Utilities Joint Approach to Form
Common Basis for Design Requirements for the Future"

The Owners of the Swedish Nuclear Power Plants have decided to form a document that
should state the design principals and requirement for a cost effective and continuous
development of the reactor safety in future. The development of this document will be a part
of the modernisation and development of the Swedish Nuclear Power Plants. The basis for
this document is an evaluation of Swedish and International standards and regulations as
IAEA/INSAG, US regulations, EUR etc.

An expert group of senior engineers has been organised to develop the document. The
safety principals and requirements should be based on deterministic requirements
complemented with reactor safety goals. The structure is built up around three important
questions:

- What should be fulfilled?

- How should it be fulfilled?

- When should it be fulfilled?

- The program so far is that a first draft exists of the chapters handling "What should be
fulfilled"

Mr. Kurakov presented the paper Y. Kurakov; L. Yanko, "Practices and Perspectives of
Nuclear Power Plant Life Management Activities in Russia"

The total number of NNP units which will reach the end of their service life during the
period 2001-2015 is 15. 8 units will expire during 2001-2005 and the rest during 2006-2010.
In Russian principles for life extension require to prove that undertaken measures compensate
effects of ageing of SSC and their actual state meets requirements of further normal operation.

NPP life Management activities are co-ordinated by ROSENERGOATOM - Russian
utility for 25 NPP units.

Activities to develop a concept for NPP design life extension led to the development of
the document "Structure and list of normative and methodological documents" which contains
methodological requirements to residual life management and safety features to be met.

There are also a number of specific applied programmes like:

"Residual life and management of ageing of NPP Components with WWER Reactors"
(led by chief designer -GEDROPRESS" which considers questions ageing mechanisms
identification, development and management appropriate databases, lists of necessary actions
etc.

There also some specific programmes for operate units to extend their operational life.
Those units are Novovoronezh, Kolskaja; and Leningradszkaja NPP. The programmes mainly
foresee conceptual modernisation.
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The programmes are being implemented along with technical -economical analysis to
confirm efficiency of modernisation and effects of life extension.

Area of NPP life management is supported by a number of international projects within
TACIS programme and is co-operation with European companies.

Mr. L. Francia presented the paper" Policy and Methodology on NPP Lifetime
Management in Spain"

The aim of the Spanish electricity sector on Plant Life Management is to control and
monitor the ageing of important structures/systems components in order to guarantee a NPP
life cycle of 40 years (design life), while keeping open the long-term option to extend the
lifetime beyond 40 years.

Spanish NPPs through UNESA (Utilities association) have developed a methodology
for implementing Plant Life Management Plans, mainly supported and linked to the
evaluation of maintenance.

Spanish regulatory body (CSN) has evaluated this methodology with favourable result.
Periodically NPPs submit CSN the status of their life management Plans or Ageing
Management Programmes, as required by operating license. Additionally, Periodic Safety
Reviews are required, which include reviews of lifetime management activities.

Mr. L.M. Davies gave a report on the activity of the IWG-LMNPP. He introduced the
most important topics covered by the IWG activity:

- Life Management

- PTS

- Irradiation effects

- Steam generators

- Core internals

- ISI and surveillance services

- Workshops and training curses

- Preparation of technical reports

- Organisation of co-ordinated research programmes

He also introduced the working system of the IWG.
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Conclusion and recommendation from Session 2c.

1. The life management strategy on the technical side is fairly developed. The political and
economic aspects are in a very early stage.

- Further activity on database elaboration and use is strongly recommended

- The IWG (AGM Group) may elaborate a common structure for national code and rules
used for PLIM

- Life Management meetings are needed in every three/two years

- Area life management workshops also can be recommended (Asian, Chinese, WWER
owners, EU, South America, USA)

- Common terminology should be elaborated. Safety, ageing management, life management.

- Literature study (selection of LIFE Management documentation from INIS is
recommended)
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IAEA Specialists Meeting on "Strategies and Policies for Nuclear Power Plant Life
Management", Vienna, Austria, 28-30 September 1998

Papers presented at the Meeting

Session 1.

Chairman: L.M.Davies
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Economics and Policies of Nuclear Plant Life Management

Dr. Hiroshi YAMAGATA
Nuclear Development Division, OECD Nuclear Energy Agency

Le Seine St-Germain, 12 bd des lies, 92130 Issy-les-Moulineaux, FRANCE

Abstract: NEA provides an opportunity for international exchange of information
on the economics and policies of nuclear plant life management for governments
and plant owners. The NEA Secretariat is finalising the "state-of-the-art report" on
the economics and policies of nuclear plant life management, including the model
approach and national summaries. In order to meet power supply obligations in the
early 2000, taking into account energy security, environmental impact, and the
economics of nuclear power plants whose lives have been extended, initiatives at
national level must be taken to monitor, co-ordinate, and support the various
industry programmes of nuclear plant life management by integrated and consistent
policies, public acceptance, R&D, and international co-operation. Nuclear plant
owners should establish an organisation and objectives to carry nuclear plant life
management in the most economic and smoothest way taking into consideration
internal and external influences. The organisation must identify the critical item
and the ageing processes, and optimise equipment reliability and maintenance
workload.
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I. INTRODUCTION

In OECD Member countries, nuclear power plants supplied around 24 per cent of total electricity
generation in 1997, producing 8 245 TWh1. One third of these nuclear power plants have been in
operation for over 20 years. In order to keep up with the growing demand for electricity and mitigate
global warming, most nations will undoubtedly need to keep existing nuclear power plants operating
as long as they can continue to function safely and economically. A number of safety studies at
company, national and international level, such as the NEA (see Annex 2), contribute to the
recognition and control of degradation mechanisms. On the other hand, we have already, in reality,
observed a number of early shutdowns of nuclear power plants and the attributed reasons were severer
economic competition and the uncertain future expenditure.

NEA provides an opportunity for international exchange of information on the strategic and
economic management of nuclear plant life management for governments and plant owners. The
PLIM Expert Group held its first meeting in 1991. Members have discussed various types of
information. An International Terminology for PLIM in five languages, based on the US-EPRI's
work published in 19932, has been completed in co-operation with the IAEA and EC, and will be
published by the end of 1998 (see Annex 1). A study on Refurbishment Costs of Nuclear Power
Plants will be completed with the issuing of a working document by the end of 1998. At the PLIM
Workshop in 1997, various papers on economic, technical and regulatory aspects of PLIM were
presented and discussed. The NEA Secretariat is finalising the last draft of the report that has been
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discussed by the Expert Group. It consists of two different sections: a model approach and national
programme summaries. This paper presents the outline of the former section.

n. NATIONAL LEVEL CONSIDERATIONS

It is clear that each nation's energy strategy should include provisions to properly maintain and
preserve the existing base of electricity generation to the extent practicable, taking into account
growing demand, the limits of energy conservation, and difficulties to find new sites.

Especially in the context of security, environment, and economy, nuclear plant life management
should be considered. Nuclear power offers a diversity of supply to nations concerned with energy
security and availability, and has reduced environmental impacts and carbon dioxide emissions. The
economics of plant life management have become an important topic in the nuclear industry in the
context of regulatory reform of the electricity market. A depreciated nuclear power plant with low
fuel cost could be a price leader.

a) Growing demand-The demand for electricity throughout OECD Member countries has
continued to grow steadily and there are no signs of its diminishing in the foreseeable future. Over
the next decade, electricity capacity in the Member countries is expected to grow at a rate of about
1.4 % per year in order to keep up with demand.

Figure 1. Estimates of Total and Nuclear Electricity Generation
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b) Limitation of conservation and new site-Both energy conservation measures and the
construction of new power production capacity can help to ease the tightness on demand and
supply. However, both also have limitations on the amount of "capacity" which they can supply
and the speed with which the infrastructure and new capacity can be established. New sites for all
types of electricity generation are becoming increasingly difficult to locate and acquire. This is
due not only to a diminishing availability of sites which can support the technical requirements of
a power plant but also simply to increased public resistance to new industrial facilities as a whole
(so called NIMBY).

Table 1. STATUS OF NUCLEAR POWER PLANTS (Net GWe)

COUNTRY

Belgium
Canada
Czech Republic
Finland
Ranee
Germany
Hungary
Japan
Korea
Mexico
Netherlands
Spain
Sweden
Switzerland
Turkey
United Kingdom
United States

TOTAL

Connected to the grid
Units

7
21
4
4

59
19
4

54
12
2
1
9

12
5
0

35
110
358

Capacity
5.7

15.5
1.6
2.4

6Z9
21.1

1.8
43.6
10.3

1.3
0.5
7.3

10.1
3.1
0.0

12.7
101.0
300.9

Under Construction
Units

0
0
2
0
1
0
0
1
6
0
0
0
0
0
0
0
0

10

Capacity
0.0
0.0
1.8
0.0
1.4
0.0
0.0
0.8
5.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

9.4

Firmly committed
Units

0
0
0
0
0
0
0
4
2
0
0
0
0
0
0
0
0
6

Capacity
0.0
0.0
0.0
0.0
0.0
0.0
0.0
4.7
2.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.7

Planned
Units

0
0
0
0
0
0
1

17
8
0
0
0
0
0

10
0
0

36

Capacity
0.0
0.0
0.0
0.0
0.0
0.0
0.6

18.4
9.2
0.0
0.0
0.0
0.0
0.0
6.5
0.0
0.0

34.7

c) Energy mix-Nuclear power offers a diversity of supply to nations concerned with energy
security and availability. Unaffected by oil supply or price disruptions, nuclear power fuel supply
is a relatively more predictable resource. There is a current surplus of uranium on the world
market and known uranium resources are expected to last well into the next century or even
beyond with nuclear fuel recycling. Strong nuclear programmes offset the equivalent of about 10
million barrels of oil per day in OECD Member countries with the accompanying benefits of
lower oil prices and energy security/availability.

d) Environment - Nuclear power plants have been pivotal in reducing the use of oil, gas, and coal
for electrical generation and hence have reduced environmental pollution and carbon dioxide.
Nuclear power plants in OECD Member countries reduce 400 million tons of carbon.

e) Retirements - Until the year 2015,100 nuclear power plants whose total net capacity is 58 GWe,
20 per cent of the present total net capacity, are planned to be taken out of service in OECD
Member countries. Most of those are planned to retire before each lifetime reaches 40 years. To
extend the lifetime of these nuclear power plants is equivalent to constructing new plants, offering
energy security and reducing environmental impacts more than retirements.
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Table 2. PLANTS TO BE TAKEN OUT OF SERVICE (Net GWe)

COUNTRY

Belgium
Canada
Czech Republic
Finland
Prince
Germany
Hungary
lapan
Korea
Mexico
Netherlands
Spain
Sweden
Switzerland
Turkey
United Kingdom
United States

TOTAL

2000
Units

1

1

1

4
3

19

Capacity

1.2

0.1

0.6

0.7
1.3

33

Lifetime

12

32

34

34
33

27

2005
Units

1

1

1

1

16
5

25

Capacity

0.2

0.1

0.5

0.6

2.8
4.5

8.7

Lifetime

32

25

30

34

40
30

33

2010
Units

1

1

4
12

20

Capacity

1.0

0.6

0.2

2.3
8.8

12.9

Lifetime

32

32

40

30
36

34

2015
Units

i

2

6
33

45

Capacity

ZO

0.6

3.3
26.2

32,1

Lifetime

35

40

30
39

38

Figure 3. Nuclear Electricity Capacity to be Estimated and to be
taken out of service
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i) Economic competition - The economics of plant life management have become an important
focus for discussion in the nuclear industry. This issue gains added interest in the light of
questions as to whether aged nuclear power plants can compete with other sources of electricity
generation in the context of regulatory reform of electricity market. A depreciated nuclear power
plant with low cost of fuel is a price leader as shown in Figure 4. Increasing operation and
maintenance cost increases annual costs of nuclear power plants. The escalation of 2 per cent per
annum of operation and maintenance costs of a nuclear power plant makes its annual costs double
by 203S, which is still lower than that of gas and coal.



_ 22 -

Figure 4. Annual costs of Nuclear and Coal Powers established
In 1981 and Gas Power in 1996
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Investment at 1981
Investment at 1996
Amortisation period
Load Factor
Thermal Efficiency
O & M cost at 1996
Coal & Gas
Uranium
Enrichment
Fabrication

Nuclear

1 540 US$/kWe

20 years
75%
34%
58.6 US$/kWe/year

50.2 US$/kg
103.8 US$/SWU
310.5 US$/kg

Coal

880 US$/kWe

20 years
75%
34%
52.5 US$/kWe/year
2.09 US$/Gjoule

Gas

880 US$/kWe
15 years
75%
52%
27.0 US$/kWe/year
3.58 US$/Gjoule

GOVERNMENTAL CO-ORDINATION

In order to meet power supply obligations in the early 2000, taking into account energy security,
environmental impact, and the economics of nuclear power plants whose lives have been extended,
initiatives at national level must be taken to monitor, co-ordinate, and support the various industry
programmes of nuclear plant life management.

a) Integrated and consistent policies - Nuclear power plant lifetimes are, for the most part, driven
by cost and revenue considerations. Governmental regulatory policies on nuclear plant safety
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exert a significant influence on operating and maintenance costs (O&M), as well as on the capital
additions needed to comply with evolving safety standards. Nuclear plant revenues are also
heavily influenced by governmental economic regulation (rate setting). In most countries,
however, safety and economic regulation is not tightly integrated. As a result, the existing base
of electricity generating plants, and nuclear plants in particular (due to a heavier degree of safety
regulation), may be threatened by a de-coupled cost-revenue scheme. In addition, uncertainties
on future regulation make decision making of plant owners difficult. Policymakers are
encouraged to examine more carefully the current levels of inter-governmental co-ordination in
the regulatory process and make consistent policies.

b) Public acceptance - Over the years, the public has adopted an increasing role in the decision
making process for nuclear electricity generation. A number of experts feel that public attitudes
towards ageing nuclear power plants will be key in terms of gaining public acceptance for
continued or extended operation. Concerns may arise that the safety levels of the plants are
deteriorating with time or the level of uncertainty in safety is rising with time. The policy should
include provisions for ensuring that the safety issues are transparent and that the solutions are
readily understandable to the local community and opinion leaders. A more open dialogue is
encouraged.

c) R&D-In most countries, electricity generating stations (including nuclear) are owned and
operated in the private sector. The decision on when and whether or not to retire a generating unit
is therefore usually the responsibility of industry. Accordingly, it is the owner\operator who has
prime responsibility for acquiring the information, research and analyses needed to support
decisions affecting his investment. In certain cases, however, the pursuit of research may not be
cost-effective on a single plant basis. In cases where the research generically applicable to many
plants in the nation, and where sustained electrical capacity is vital to national interests,
governments may play a role in co-ordinating and supporting industry initiatives. Accordingly, a
key element of national framework for plant life management is the development of suitable
industry-governmental co-ordination mechanisms.

d) International co-operation - Ageing experience have been accumulated world-wide since the
beginning of commercial nuclear power in the 1950s. Although there are differences in the fine
details from plant to plant and country to country, there are also some strong similarities in
nuclear hardware and design. Major vendors such as Westinghouse, Framatome, and Mitsubishi
provide one such example due to similarities in their origins. Furthermore, the physical
processes which determine ageing (erosion, corrosion, fatigue, embrittlement, etc.) are universal
in nature. They affect valves, pumps, pipes, motors, alike and in all types of generating stations.
Together, these facts suggest that many of the technical issues relating to safety, plant ageing and
decommissioning are closely parallel, if not identical, across national borders. International
comparisons may also be extremely useful in illustrating the institutional differences which affect
nuclear power decision making and economics. Clearly, there is a wealth of data, experience
and advice available to those willing to tap this resource. As a result, several international efforts
are underway in the area of plant ageing and life-cycle management. These programmes are inter-
governmentally organised (e.g., OECD/NEA, CEC, IAEA) or industry-based (e.g., WANO,
UNIPEDE) or a combination of the two.
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IV. INDUSTRIAL LEVEL CONSIDERATIONS

Nuclear plant owners should establish an organisation and objectives to carry nuclear plant life
management in the most economic and smoothest way taking into consideration internal and external
influences.

a) Steering committee - The first step in developing a PLIM programme is to establish a Steering
committee of key individuals to prepare the PLIM programme plan. The Steering committee has
to meet the PLIM programme objectives and provide a suitable basis for plant life decision
making. Additionally, it would ensure that a coherent stance is taken by the company in external
relations regarding these subjects.

A Steering committee is composed of a core of high-level individuals from the following areas
of concern:

a) generation planning;
b) operations;
c) design and engineering;
d) maintenance;
e) inspections and testing;
f) research;
g) legal affairs; and
h) public relations.

The chief responsibility of the Steering Committee is to ensure that the Plant Life Management
(PLIM) Programme is consistent with the corporate goals and the requirements of the overall plant
life-cycle decision making process. The Steering Committee directs the PLIM programme and
research activities, co-ordinates complimentary projects, and monitors progress.

b) Overall programme plan - An essential element of an effective PLIM programme is an Overall
Programme Plan which defines the objectives, management organisation and processes. The
Overall Programme Plan should typically include the following elements:

Objectives - The objectives of the PLIM Programme should be stated clearly at the onset and
endorsed by top management. Objectives to be considered might include:

a) the continued assurance of safety;
b) minimising the cost and maximising the profit;
c) maintaining a balance of energy generation mix; and
d) managing risk and uncertainty (e.g., unexpected technical degradation or changes in

standards).

Management organisation and resource p l a n - I n addition to the Steering Committee, a
suitable management organisation and resource plan should be established in order to carry out the
PLIM Programme. Depending on the foreseen schedule, either a full time PLIM management
organisation should be assembled or else a full-time PLIM co-ordinator (project manager) should be
assigned with the balance of the staff being co-ordinated on an ad-hoc basis via a matrix organisation.
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The management organisation should identify:

1) the required personnel to be dedicated to the project as well as personnel with collateral
responsibilities;

2) the percentage of time necessary to dedicate to the project;
3) external interfaces; and
4) office space, special equipment, laboratories, facilities and services needed to carry out the

programme.

Economic analysis-An economic analysis for decision making in carrying out PLIM,
providing minimal maintenance, and retiring requires developing a set of competing scenarios and
then testing the scenarios against such impacts as higher than foreseen O&M costs through the use of
sensitive studies. The net present value (NPV) of different scenarios and different operating lifetimes
is used to compare scenarios and also to optimise lifetime4. Scenarios assemble various costs
including future O&M, and fuel, and capital cost and assumptions, such as, capacity factors and
major equipment failures. These involve some degree of uncertainty. Each scenario is compared with
the base case and tested by a sensitivity analysis. A long term business plan is desired, but a short
term cash flow is also important for management as a small electric company cannot afford a short
term cost of raising funds for a long term business plan. The objective is to be determined by the
preferred scenario for both the long and short term.

Retiring

Purchasing

New Plant

Minimal Maintenance RetiringrC
Purchasing

New Plant

—JPLIM

- Purchasing
Retiring-

HNew Plant

-»year
Figure 5. The set of scenarios

Licensing - Safety regulation instability is the major risk that contributes to plant life cycle
decisions.

Public relations - The public information programme should be established to address safety,
economics, and environmental impact by pro-active measures.

V. DETAILED PROJECT PLAN

Under the overall programme plan, the PLIM organisation must identify the critical item and the
ageing processes, and optimise equipment reliability and maintenance workload.
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a) Critical item selection-At the first onset, the PLIM organisation must identify the plant
components to be included in the programme. Generally, "critical" and "non-critical" items are
determined using a screening methodology normally specific to the plant technical and regulatory
requirements. The critical items are categorised into category I, that is replaceable, and category
II, that is not.

Nuclear power plant
components

I yes
replacement
costly or not

feasible?

critical to:
safety?

reliability?
cost?

Category I

subset of critical components,
generally unique whose failure

could influence a decision to
retire a plant

, , Category II

functionally critical, replaceable
components, generally

provided with redundancy

non-critical components

additional emphasis on aging
management programs to
determine gaps in existing

programs

emphasis on testing,
surveillance and preventive

maintenance to prevent failures

candidates for run to failure
and failure detection tasks

Figure 6. Component Categories for Plant Life Management

b) Present condition and ageing countermeasures - The ageing processes that occur in Nuclear
Power Plant structures, systems, and components should be identified. To predict lifetime
accurately and reliably, an estimation including inspection and knowledge of degradation must be
systematically applied for each sub-component for each degradation mechanism.

If rate of degradation is not acceptable, plant owners should take the following ageing
countermeasures: preventive maintenance measures; changes in operation; corrective maintenance
measures; and modification or redesign.

c) Maintenance strategy - The primary role of maintenance is to allow nuclear operators to use all
functions necessary for a safe and economic production, by keeping those functions available and
reliable. A second, but almost as important goal, is to achieve this at the lowest possible cost.
The maintenance choices have to be balanced to optimise equipment reliability and maintenance
workload in nuclear plants.

Although existing maintenance is sufficient technically, it is possible that the modification
programme is the most economical method, taking into consideration increasing performance.
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Figure 7. Evaluation of present condition and ageing countermeasures.
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Figure 8. Possible maintenance strategies.



- 28 -

The maintenance strategy for each equipment in the plant consists in all combination of no
action, preventive maintenance, corrective maintenance, modification, and inspection5. The expected
net present value of each strategy can be calculated from Figure 9. For example, if the failure rate, 7-
p(t), is small and independent of time and corrective maintenance, the expected net present cost and
value of preventive maintenance is obtained from the following simple formula:

The expected net present cost of preventive maintenance = ̂ (Inspection cost)/(l+r)'

+ y (Corrective maintenance cost)(l- pit))'/

The expected net present value of prevenrive meaintenance = £ (revenue ~ generating cost)/ ^

-the expected net present cost of preventive maintenance

where r is the discount rate.

Figure 9. Calculation flow of expected net present cost of preventive maintenance.
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VL CONCLUSION

In order to meet power supply obligations in the early 2000, taking into account energy security,
environmental impact, and the economics of nuclear power plants whose lives have been extended,
nuclear plant life management should be considered. However, we have already, in reality, observed
a number of early shutdowns of nuclear power plants and the attributed reasons were severer
economic competition and the uncertain future expenditure. NEA provides an opportunity for
international exchange of information on the economics and policies of nuclear plant life management
for governments and plant owners. The NEA Secretariat is finalising the "state-of-the-art report" on
the economics and policies of nuclear plant life management, including the model approach and
national summaries. The final draft will be circulated to Member countries late in 1998. An
International Conference focusing on economic and managerial strategies for nuclear power plant life
in the context of regulatory reform will be held in the year 2000.
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ANNEX1

COMMON AGEING TERMINOLOGY

A Glossary Useful for Understanding and Managing the Ageing of
Nuclear Power Plant Systems, Structures and Components

WHY COMMON AGEING TERMINOLOGY?

As the service life of operating nuclear power plants increases, potential misunderstanding of
ageing degradation of systems, structures, or components (SSCs) is receiving more attention.
Common ageing terminology has been developed to improve the understanding of ageing phenomena,
facilitate the reporting of relevant plant failure data, and promote uniform interpretations of standards
and regulations that address ageing.

The terminology should be useful in the areas of life and ageing management. Life management
can minimise operations and maintenance costs and can support the option of extending the operating
term of a plant from 40 to 60 years. More importantly, effective ageing management contributes to
the maintenance of adequate plant safety margins.

Recognising the importance of clear communication in these areas, representatives from a cross-
section of the industry have developed a uniform vocabulary of terms relating to ageing.

In view of the benefits to be gained, use of common ageing terminology is recommended in
technical documents, failure reports, research reports, future regulations, and other documentation
related to nuclear power plant ageing. Documentation would state that common ageing tenninology
is used except where noted. Appropriate exceptions would be cases for which the writer opts to use
definitions from existing standards and regulations.

The main benefits from the use of common ageing tenninology are:

• Improved reporting and interpretation of plant data on SSC degradation and failure,
including accurate root cause identification.

• Improved interpretation and compliance with codes, standards, and regulations related to
nuclear plant ageing.

WHY A POCKET GLOSSARY?

The NEA, CEC and IAEA have jointly published this pocket-size glossary, that follows closely a
publication by EPRI (BR-101747) to whom we are grateful for support and advice in making
available this international version, as a handy reference to facilitate and encourage widespread use of
common ageing terminology. The goal is to provide plant personnel (and others who address ageing)
with a common set of terms that have uniform, industry-wide meanings, and to facilitate discussion
between experts from different countries.

In each language section, terms are listed alphabetically with sequential number. These numbers
are repeated in the English language section thus allowing cross-reference between all languages.

In each language the glossary begins with an overview of all terms grouped into six categories.
This is followed by an alphabetical listing of terms, definitions, and a few examples. The last pages of
each section contain diagrams and a list of key ideas to help illuminate the tenninology.
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Table. Example of Common Ageing Terminology in five languages.

English

8 thatageing effects net changes in characteristics of an SSC
occur with time or use and are due to ageing mechanisms
• Examples: negative effects-see ageing degradation;

positive effects - increase in concrete strength from curing;
reduced vibration from wear-in of rotating machinery

French

49 effets du vieillissement modifications nettes des
caractéristiques d'un SSC qui se produisent avec le temps ou
l'utilisation et qui sont dues aux mécanismes de vieillissement
• Exemples: effet négatif-voir dégradation par

vieillissement,
effet positif -augmentation de la résistance du béton due au
durcissement; moindre vibration par suite de l'usure des
machines tournantes

German

Alterungsauswirkungen Änderungen der Eigenschaften von
SSK, die durch Zeit oder Nutzung und Alterungsmechanismen
hervorgerufen werden
* Beispiele: negative Effekte: siehe alterungsbedingte

Abnutzung;
positive Effekte: Zunahme der Betonfestigkeit durch
Aushärten, verringerte Vibration durch Einlaufen
rotierender Maschinen

Spanish

40 efectos de envejecimiento cambios netos que producen el
tiempo y el uso en las características de un SEC debidos a los
mecanismos del envejecimiento

• Ejemplos: efecdos negativos - ver degradación por
envejecimiento;
efectos positivos - aumento de la resistencia del
hormigón por curado; disminución de la vibración por
asentamiento de la maquinaria rotativa

Russian

French

49
German Spanish

40
Russian

96

anglais

8
allemand

б
espagnol

40
rosse

96

Englisch

8
Französisch

49
Spanisch

40
Russisch

96

inglés

8
francés

49
alemán

96

8 49 4096 эффекты старения - совокупные изменения
характеристик СКК, которые возникают со временем
или в результате использования и являются
следствием действия механизмов старения

• Примеры: отрицательные эффекты - см.
ухудшение свойств при старении;
положительные эффекты - повышение
прочности бетона в результате твердения;
снижение вибрации вследствие приработки
вращающихся деталей
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ANNEX2

SAFETY ACTIVITIES RELEVANT TO PLANT LIFE MANAGEMEENT IN NEA

The Nuclear Safety Division also has activities relevant to life management, organised by
specialised standing committees, the Committee on the Safety of Nuclear Installations (CSNI) and the
Committee on Nuclear Regulatory Activities (CNRA). In general, the emphasis of the OECD/NEA
safety programme is related to safety research, and do not consider economic aspects. The CSNI is
made up of senior scientists and engineers, with broad responsibilities for safety technology and
research programmes. The relevant technical field of nuclear reactor safety interest for which the
CSNI has designated a specific Principal Working Group (PWGs) is Integrity of Components and
Structures, under PWG-3. This has sub groups on the integrity of metal components and structures,
the ageing of concrete structures (especially containments) and the seismic behaviour of structures.
The mandate of the group was changed recently to give an overall emphasis on ageing. The groups
work closely with other international organisations as appropriate, such as IAEA, EC, WANO, FIB
andRILEM.

PWG3 has issued in recent years a number of reports relevant to life management or ageing (refs
1-5, available on request), and is currently preparing a technical position document for plant life
management, providing a technical basis of long term operation. Although seismic re-evaluation of
old plant affects life management, it is not so clear that ageing is a technical problem for the seismic
aspects, and the seismic sub group is currently discussing this topic.

CNRA has also considered relevant topics from the regulatory point of view. These include the
topics of periodic safety reviews and the safety case for ageing plants, and it is currently preparing a
report on the regulatory aspects of ageing reactors.

Although not specifically addressed at life management problems, probabilistic methods are
increasingly used for this purpose. PWG3 has considered probabilistic aspects of structural integrity
(ref 6), and CNRA has considered regulatory aspects of PSA (refs 7-8).
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Abstract

It is of central importance to understand, analyze and manage aging-related phenomena and
to apply this information in the systematic utilization and as-necessary extension of the serv-
ice life of components and systems. "Aging" in this context is understood to mean the change
over time of the service-related characteristics and properties of the following nuclear power
plant items:

• the equipment (mechanical components, structures, electrical and I&C systems),
• the computer systems (hardware and software) required for plant operation,
• the plant specifications and documentation.

From this it is obvious that a competent strategy for aging and plant life management must
cover all key-components relevant for safety and availability of the plant. Besides mechanical
components, instrumentation and control devices, and civil engineering structures are to be
considered, regarding both aspects, function and integrity.

"Aging and plant life management" encompasses all organizational and technical measures
with which aging phenomena are recognized and managed by the plant operator, and which
thereby guarantee full utilization of a component or system over its entire service life, or
which must be taken at the proper time to extend service life and guarantee long-term plant
integrity. An adequate strategy allows for taking measures to avoid detrimental effects on
lifetime. Preventive measures can be the change of operation modes to suppress rigid de-
gradation, the change of operating parameters or system engineering methods to optimize
the operation of systems and components, and the replacement of aged component parts,
components, or systems by new ones, made with an improved design or representing an
advanced technique.

The strategy is challenging
• the improvement of availability by optimizing the outage times and the operation,
• the increase of safety and reliability,
• the reduction of man-rem exposure and costs for waste management and amount of waste,
• the optimized early planning of maintenance and backfitting activities,
• the reduction of maintenance costs.

Moreover, many investments can be coupled with an improvement in efficiency, uprating, or a
combination of these.
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The concept works on four levels of different amount of service integration: parts of compo-
nents, components, systems, or whole plants. It has been applied so far to individual compo-
nents and systems in Siemens/KWU plants and in plants of other system suppliers. Ex-
amples are presented in the paper.

Introduction

For safe, reliable and economical nuclear power generation, it is of central importance to un-
derstand, analyze and manage aging-related phenomena and to apply this information in the
systematic utilization and as-necessary extension of the service life of components and sys-
tems. An operator's overall approach to aging and plant life management which also im-
proves performance characteristics can help to optimize plant operating economy.

In view of the deregulation of the power generation industry with its increased competition,
nuclear power plants must today also increasingly provide for or maintain a high level of plant
availability and low power generating costs. This is a difficult challenge even for the newest,
most modern plants, and as plants age they can only remain competitive if a plant operator
adopts a strategic approach which takes into account the various aging-related effects on a
plant-wide basis.

The significance of aging and plant life management for nuclear power plants becomes ap-
parent when looking at their age: By the year 2000 roughly fifty of the world's 434 commercial
nuclear power plants will have been in operation for thirty years or more. According to the
International Atomic Energy Agency, as many as 110 plants will have reached the thirty-year
service mark by the year 2005.

As a result of this aging trend, the U.S. Department of Energy (DOE) has been promoting a
Nuclear Power Plant Aging Research (NPAR) program since the early 1980s to monitor the
behavior of older plants and institute procedures to compensate for the negative effects of
aging. In the early 1990s, these studies showed that plants whose licenses until that time had
been limited to forty years in accordance with the U.S. Atomic Energy Act could be granted
individual "life extensions" to sixty years based on appropriate legislation (the "license re-
newal rule", 10CFR54).

In 1991, a comprehensive aging management program was established for each plant in
Switzerland. In other countries as well there is an increasingly concerted effort to address
and resolve issues which arise with the aging of nuclear plants and the attendant plant life
management as a prerequisite for service life extension.

The German Atomic Energy Act does not directly address the issue of aging-limited plant
operation but embraces the requirement that the effects of service-related faults be ade-
quately controlled at all plants; procedures to deal with the effects of aging are thus an inte-
gral part of the quality assurance program in effect at each plant. As a plant ages- and cer-
tainly in cases in which a plant continues in operation beyond the end of its design service
life - a comprehensive plant aging and plant life management program adopted by the plant
operator is indispensable to remain competitive in the power market but also to comply with
official safety regulations.
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"Aging" and "Aging and Plant Life Management"

"Aging" in this context is understood to mean the change over time of the service-related
characteristics and properties of the following nuclear power plant items:

• the equipment (mechanical components, structures, electrical and I&C systems),
• the computer systems (hardware and software) required for plant operation,
• the plant specifications and documentation.

"Aging and plant life management" encompasses all organizational and technical measures
with which aging phenomena are recognized and managed by the plant operator, and which
thereby guarantee full utilization of a component or system over its entire service life, or
which must be taken at the proper time to extend service life and guarantee long-term plant
integrity. This article focuses on aging and plant life management as it concerns technical
plant items.

Aging and plant life management is not to be confused with maintenance management, as
the two concepts differ from one another in name and content. Maintenance management is
intended to ensure the reliable, safe operation of a plant system at least until the next inspec-
tion is performed, and attempts to optimize the necessary maintenance resources using a
variety of different maintenance strategies. Aging and plant life management is directed at the
long-term integrity of a component or system. Above all, both strategies must be coordinated
with one other to achieve optimized cost management.

Preventive Plant Life Management through Design and Material Selection

In accordance with the German concept of "Basic Safety", the quality of a component at the
beginning of its service life is defined by its design, materials, and manufacturing and testing
procedures. A balanced consideration of these basic elements will prevent a component from
failing as a result of a manufacturing deficiency. Consistent application of this principle has
led to advances in the manufacturing and processing technologies used for components re-
lated to the safety and availability of nuclear power plants.

In this way, for example, it was possible to optimize component design by reducing the num-
ber of welds, and to reduce the fluence in the core region of the reactor pressure vessel
(RPV) by increasing the size of the water gap between the core and the RPV wall, which in
turn was made possible by the use of forgings which in some cases are extremely heavy.
These modifications not only lowered maintenance costs (e.g., by reducing the time required
for in-service inspections), but also provided a solid foundation for smooth operation and op-
timum plant life management.

How the selection of a suitable material, for example, can affect the service life of a compo-
nent and the operating economy of a plant will be illustrated using the example of steam gen-
erator (SG) tubes in PWR plants of Western design. Each SG contains approximately 4000
U-shaped tubes with a combined length of roughly 85 km and a surface area of around
5400 m2. Because the SG tubes act as a barrier between the radioactive reactor coolant and
the activity-free secondary coolant, it is of critical importance that they retain their leaktight
integrity, and that they therefore be exceptionally resistant to corrosion. In the U.S. and other
countries, SG tubes are made of Inconel 600. While this alloy is completely resistant to trans-
granular stress corrosion cracking due to its high nickel content of some 70 percent, it exhib-
its increased susceptibility to intergranular stress corrosion cracking.



- 3 6 -

In the early 1990s, up to eight to ten thousand Inconel 600 tubes per year were being
plugged and the resulting reduction in capacity accepted as a trade-off; and by 1995 ap-
proximately 95,000 corroded tubes had been repaired ("sleeved"). Many SGs fitted with In-
conel 600 tubes have either been replaced in the meantime for economic reasons (Fig. 1) or
will be replaced in the near future (it is expected that a total of 221 SGs will have been re-
placed by the year 2005). On the other hand, the SGs in PWR plants fitted with tubes made
of Incoloy 800, an alloy with a moderate Ni content, have in the meantime accumulated up to
25 years of service without suffering such corrosion damage. That material is not susceptible
to any of the above-mentioned types of corrosion under the given reducing water chemistry
conditions, and was qualified early on in Germany. The success of this inclusive approach in
which the material, the design and the water chemistry are all taken into consideration to en-
able preventive component service life management is reflected in the worldwide SG avail-
ability and repair statistics.

Conceptual Aging and Advanced Safety Philosophy

One of the primary tasks of the nuclear power plant operator is to maintain over the many
years of plant operation the high level of safety and availability required. That standard can
even be improved as new advances in science and technology are harnessed. As the state
of the art in science and technology continues to advance, the technical concept underlying
the design of older nuclear power plants as well as individual technical or system character-
istics may be at variance with present-day advanced standards. These deviations can affect
safety-related functions within the nuclear power plant as well as its availability and perform-
ance. A systematic review of the safety-related plant status is undertaken in many countries
within the scope of periodic safety reviews (PSRs) conducted roughly every ten years. By
means of these reviews the current plant situation is evaluated, the plant is analyzed based
on its existing service record and operating experience, and the plant is compared to the cur-
rent state of the art in science and technology as well as international experience. Conclu-
sions are drawn from deterministic and probabilistic safety analyses regarding any necessary
actions to be taken.

These systematic and plant-specific investigations also compare the accident control con-
cepts and safety philosophies underlying the planning and design of existing nuclear power
plants against the current status of design basis accidents and failure prevention. However,
even before the introduction of PSRs, safety-related nuclear power plant systems and
equipment were continually upgraded to reflect the latest scientific and technological ad-
vances. Some examples of the continual upgrading of plants and the full implementation of
the results of PSR analyses are

• the updated RPV safety analysis to determine resistance to brittle failure within the frame-
work of the pressurized thermal shock (PTS) investigation, which has taken into consid-
eration data gained in large-scale research projects - such as UPTF and PKL - concerning
the behavior of components during postulated primary- and secondary-side loss-of-
coolant accidents. In Germany, complex material and fracture mechanics studies and
analyses were performed in particular for the first-generation nuclear power plants at
Obrigheim and Stade. These investigations have shown that a sufficient safety margin ex-
ists with respect to RPV failure until at least the end of the projected service life of the
plants.

• refurbishment of main steam and feedwater lines in BWR plants with pipes and fittings
made of highly ductile materials in accordance with optimized design specifications and
advanced manufacturing processes following introduction of the "Basic Safety" concept.
Such conversions have frequently been coupled with the introduction of theieak-before-
break" concept for high-energy, safety-related piping sections and the associated break
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preclusion philosophy which is based on a broad-based consideration of existing redun-
dant safety features. The use of hardware-based solutions to handle piping fractures can
thereby be limited, the accessibility of the piping improved and thus the complexity of
testing procedures and the radiation exposure of personnel reduced.

• the backfitting of nuclear power plants with new safety systems to provide an increased
level of plant safety in the event of serious accidents. One example which represents
many such activities in operational nuclear power plants involves the 24-year-old Borssele
nuclear plant in The Netherlands, which was backfitted with the most advanced safety-
related systems based on a safety analysis conducted in 1992. The objectives of the
backfit included further improvement of reactor cooling even in the event of improbable
accident situations. Most of the activities associated with the backfitting program were
performed during a plant outage lasting a mere five months (see article on page 18) The
plant operator was extremely pleased with the technology, the job performance and com-
pliance with the tight time schedule and budget, and awarded Siemens/KWU a commen-
dation for a "world-class" job.

W E R reactors have been the focus of particular attention over the past several years. The
Kozloduy 1 plant in Bulgaria became the object of greatest concern for the experts after con-
servative engineering judgement presumed that resistance to brittle failure of the RPV weld,
which is exposed to the greatest neutron bombardment, could not be entirely guaranteed in
the case of a PTS event. As a result, the plant operator decided in mid-1996 to take samples
of the weld material and make the material available for testing to determine its condition, as
had been successfully done in the case of the nuclear power plants Greifswald 1 and 2 in
eastern Germany, Kozloduy 2 in Bulgaria, and Novovoronesh 3 and 4 in Russia. The results
of these tests were used to provide a sufficiently precise assessment of the current condition
of the material. That in turn showed that safe operation of the component was possible at
least until such time as further material tests on the sample will provide a reliable prediction of
how the material will behave over the next ten to fifteen years. This process thus contributed
greatly toward the safety of the plant, and provided a solid basis for determining the remain-
ing service life of the RPV, and thus for plant life management of the entire plant.

A Plant-Wide Concept for Aging and Plant Life Management Based on Materials
Engineering

Aging and wear are the mechanisms which limit the service life of a plant item or component.
Both have their origin in the microstructural processes which occur inside the material, and at
the material/fluid and material/material interfaces. They are triggered during operation by
factors such as temperature, mechanical load, neutron irradiation, corrosion and friction. It is
obvious, then, that materials engineering plays a large part in effective and economical plant
life management. The mechanisms responsible for the processes of aging and wear must be
understood in order to define and qualify suitable corrective and preventive actions. Among
other things, this task requires precise knowledge of the aging processes on the one hand
and life-limiting situations on the other.

Fig. 2 gives an overview of the most important aging and wear mechanisms which must be
dealt with in the case of nuclear power plant components, as well as their possible conse-
quences, which must be managed to a degree sufficient to avoid life-limiting situations (such
as reduction of wall thicknesses to below permissible minimum values, attainment of the al-
lowable fatigue usage, exceeding of the permissible nil-ductility transition temperature shift as
a result of neutron irradiation, and loss of operability). Of particular importance are the effects
of neutron irradiation in the beltline area of the RPV as well as the variety of different types of
corrosion.
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An economically and technically effective procedure must consider the plant as a whole. An
overall approach, with the major individual technical aspects indicated, is shown in Fig. 3 in
the form of a feedback loop. Beginning with the preparation of a realistic, technical analysis of
the current status of selected components, systems and plant items, the in-service inspection
concept can be optimized, missing data can be measured or determined, any necessary op-
erating mode modifications can be made, and the current safety margin with respect to safety
or failure criteria can be specified for any point during plant operation up to the end of its
useful service life.

As a rule, a wide variety of information and data is available in a nuclear power plant, and this
information can of course be processed by the aging and plant life management system in
appropriate form. For future application the computer-based COMSY system (Condition-
Oriented Aging and Plant life Monitoring System) is available to be used for determining the
current plant condition as well as for analyzing components and systems with the objective of
supplementing and updating plant data already acquired during its operation as well as data
such as material properties, results of in-service inspections and visual inspections, and
making this information available through integrated display systems for all future issues. The
process will enable rough and detailed analyses of components and systems with respect to
all relevant fault and aging phenomena (Fig. 4), as well as trend analyses and timely imple-
mentation of preventive and corrective actions (e.g., targeted in-service inspections, repair
and/or replacement). The analysis of possible fault and aging mechanisms will draw on in-
formation taken from the "damage report data base" - a repository of all information concern-
ing deviations and failures in nuclear power plants worldwide which have been investigated
by Siemens, as well as specific information taken from other available sources concerning
pertinent events (e.g., Nucleonics Week, and analyses of operating experience conducted by
the German Technical Association of Operators of Large Power Plants (VGB)). These data
can also be used as the basis for new maintenance and inspection concepts such as reliabil-
ity centered maintenance (RCM), for the application of which a statistical database of possi-
ble failure mechanisms, failure frequencies and trends are an essential prerequisite.

The plant operator's benefits of such an overall approach are multifaceted: In addition to the
results of the periodic safety review and safety status analyses, which provide him with a
largely qualitative and formal assessment of important safety-related plant components, the
operator is furnished with a technical overview of his plant, which is always up to date and
future-oriented with respect to all plant components which affect plant safety, availability and
service life. Detailed analysis of weaknesses in the selected systems and components yields
a precise picture of their actual condition, which in turn enables a reliable forecast of future
behavior and the comprehensive definition of necessary preventive and corrective actions to
be taken during further operation, as well as their timely introduction and implementation fol-
lowing appropriate economic assessment. Cost-benefit analyses can thus be performed on a
reliable technical basis. Changes in technical requirements based on advances in science
and technology can be quantified, and their consequences over the service life of the af-
fected plant items can be assessed. The remaining service life of individual systems and
components can be determined and specified on the basis of current plant data in each case
(e.g., measured transients, material data, water chemistry values), and need no longer be
based on what are usually conservative values. The same applies in the case of integrity and
safety analyses (e.g., leak-before-break analyses in the case of main piping systems).

In-service inspections can be concentrated in those areas where aging is a relevant concern
and - at least insofar as permitted by the pertinent regulatory codes standards - reduced in
scope. In this way, downtimes and inspection periods can be shortened and unscheduled
plant outages due to suddenly occurring failures minimized. Failures which nevertheless oc-
cur can be quickly evaluated on the basis of one-time individual events or systematically oc-
curring events which may recur in the affected plant item or elsewhere. The costs which arise
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from such failures are reduced, and consequential failures are eliminated. The implementa-
tion of necessary modernization programs and upgrades can be technically planned long in
advance and their economic consequences evaluated.

Economic Considerations

The costs associated with the performance of technical and organizational actions in the
course of aging and plant life management are offset by considerable overall economic
benefits. While SG replacement, for example, averages about $US 17 to 22 million per SG
(exclusive of downtime costs and expenses related to decontamination and disposal) or the
refurbishment of austenitic piping systems beset by intergranular corrosion amounts to some
$US 3 to 8 million per plant, the DOE estimates that extending the service life of U.S. plants,
if the greatest possible extension is opted for, saves the U.S. consumer $US 350 billion.

The main costs involved in such actions, and those associated with any extension of plant
service life, do not occur until the end of the depreciation period, which is taken to be roughly
twenty years. Moreover, many investments will be coupled with an improvement in availability
or efficiency, uprating, or a combination of these (for example, steam generator replacement
at the Tihange I plant in Belgium brought an uprating of around 8 percent). The overall eco-
nomic benefit has been verified according to al! economic studies conducted to date, and can
be determined on a plant-by-plant basis. In doing so, investments can be optimized such that
payment of the costs associated exclusively with service life extension can be postponed until
the latest possible time, while costs associated with uprating and better plant economy, on
the other hand, are paid as soon as possible.

The operational reliability of 1st- and 2nd-generation German plants has been established
over many years. As a result of the safety culture practiced in Germany, in which plants are
continually upgraded to reflect the most recent technical developments, the technical prereq-
uisites for subsequent service life extension are unusually favorable. It makes good sense in
terms of both economic considerations and energy policy to keep open the possibility of fu-
ture service life extension through an optimized, overall program of aging and plant life man-
agement. The required financial resources represent an investment for the future - one which
will help to ensure a stable production capacity as well as competitive nuclear power gener-
ating costs.



Figure 1

(SCC, IGSCC)

Gl-contairiing
water

demineralized
water

'I
' 1

18/10-CrNi
SS

Alloy
800
20 - 23%

Alloy
690
2 7 - 3 1 % Or

Alloy
800
14-1?%Cr

> ,/

Sisnwns/KWU



Figure 2
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Figure 4

COMSY (Condition Oriented Aging and Plant Life Monitoring System)
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Abstract

Commercial versions of CANDU® reactors were put into service starting more than 25
years ago. The first unit of Ontario Hydro's Pickering A station was put into service in 1971,
and Bruce A in 1977. Most CANDU reactors, however, are only now approaching their mid-
life of 15 to 20 years of operation. In particular, the first series of CANDU 6 plants which
entered service in the early 1980's were designed for a 30 year life and are now
approaching mid life. The current CANDU 6 design is based on a 40 year life as a result of
advancement in design and materials through research and development.

In order to assure safe and economic operation of these reactors, a comprehensive
CANDU Plant Life Management (PLIM) program is being developed from the knowledge
gained during the operation of Ontario Hydro's Pickering, Bruce, and Darlington stations,
worldwide information from CANDU 6 stations, CANDU research and development
programs, and other national and international sources. This integration began its first
phase in 1994, with the identification of most of the critical systems structures and
components in these stations, and a preliminary assessment of degradation mechanisms
that could affect their fitness for service for their planned life. Most of these preliminary
assessments are now complete, together with the production of the first iteration of Life
Management Plans for several of the systems and components.

The Generic CANDU 6 PLIM program is now reaching its maturity, with formal processes to
systematically identify and evaluate the major CSSCs in the station, and a plan to ensure
that the plant surveillance, operation, and maintenance programs monitor and control
component degradation well within the original design specifications essential for the plant
life attainment. A Technology Watch program is being established to ensure that
degradation mechanisms which could impact on plant life are promptly investigated and
mitigating programs established. The objective of these programs is to assure safe,
economic operation of the CANDU 6 units stations for the remaining portion of their design
life, and to preserve the option for plant life extension to about double their original life.
Work on comprehensive PLIM programs building on this generic work has started with 2
CANDU utilities. Results of the program are being fed back into the new CANDU 6 and 9
products, to provide customers with the improved assurance of safe and economic
operation, with the opportunity for plant life extension.

This paper describes the status of the programs undertaken by both the utilities and AECL
to safeguard the investment they have made in CANDU stations and technology.
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1.0 INTRODUCTION

Commercial versions of CANDU reactors were put into service starting more than 25 years
ago. These first stations performed exceptionally well for ten to fifteen years, and most
CANDU stations are now approaching their mid-iife maturity of 15 to 20 years of operation
(Table 1).

/ "" Name " - - -

Pickering 1
Pickering 2
Pickering 3
Pickering 4
Bruce 1
Bruce 2
Bruce 3
Bruce 4
Point Lepreau
Gentilly-2
Wolsong 1
Embalse
Pickering 5
Pickering 6
Pickering 7
Pickering 8
Bruce 5
Bruce 6
Bruce 7
Bruce 8
Darlington 1
Darlington 2
Darlington 3
Darlington 4
Cernavoda 1
Wolsong 2
Wolsong 3
Wolsong 4
Qinshan1&2

-Location

^ ",, ,
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Korea

Argentina
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Romania

Korea
Korea
Korea
China

; ta-Service date ,

1971
1971
1972
1973
1977
1977
1978
1979
1983
1983
1983
1984
1983
1984
1984
1986
1985
1984
1984
1987
1990
1989
1991
1992
1996
1997
1998
1999
2003

Age,

(years)
27
27
26
24
21
21
20
19
15
15
15
14
15
14
14
12
13
14
14
11
8
8
7
6
2
1
-
-
-

*CANDU 6 Units shown in bold type

Table 1 Age Distribution of CANDU Reactors

During the design of these stations, potential mechanisms for aging of the plant were
considered, and inspection and maintenance programs were provided. These programs,
however, were based on the best, but limited information available from the nuclear power
industry at the time. Now that many of the stations are at or approaching middle age, a
comprehensive CANDU Plant Life Management (PLIM) program is being developed to
assure the future safe and economic operation of these reactors. This program will use the
knowledge gained during the operation of Ontario Hydro's Pickering, Bruce, and Darlington
stations, worldwide information from CANDU 6 stations, CANDU research and development
programs, and other national and international sources. Ontario Hydro is developing it's
own Nuclear Asset Optimization program, however much of the industry knowledge is
being shared, and most of the program elements are common.



Life management programs have been prepared for some components (for example the
fuel channels) on an as needed basis for some time, however the development of a
comprehensive CANDU PLIM program began in earnest in 1994, with the identification of
most of the critical systems structures and components in these stations, and a preliminary
assessment of degradation mechanisms that could affect their fitness for service for their
planned life. Most of these preliminary assessments are complete, along with much work
to define a CANDU strategy, including several trial assessment of critical systems,
structures, and components, and pilot reliability centred maintenance programs. Based on
this work [1-5] the CANDU PLIM program is now also reaching maturity, and a three part
program is now being follow. The relationships between these three programs and ongoing
utility and industry programs is shown in Figure 1

I. Systems Approach
••> r

EXTERNAL INPUT

Supplier Information

Operating Experience

DEFINE THE PROGRAM

1. Identify plant goals

2. Define the critical systems &

sub systems.

3. Define the critical system

functions.

4. Define the critical components.

5. Define function and component

performance requirements.

6. Determine failure mechanisms.

7. Define maintenance inspection

& surveillance plan

OPTIMIZE THE
PROGRAM

Analyze the results
and compare to
desired perfromance

II. CSSC
Assessments

CSSC
Assessments

1
Research &

Engineering

Analysis

EXECUTE THE PROGRAM

1. Plan and schedule the maintenance.

2. Conduct surveillance and monitor the
results.

3. Execute the scheduled maintenance
4. Review post maintenance feedback

and maintain records.

II.

Figure 1 Plant Life Management Model

Systems Approach to Plant Life Management

A comprehensive assessment of systems is being carried out identifying functions
important to plant safety, environment, and reliability, and the failure mechanisms and
their impact on plant goals. Components which could cause these failures are being
identified. Failure modes and effect analysis for these components are completed
resulting in an inspection and maintenance program to assure attainment of the plants
goals. For components where the failure modes and effect analysis cannot be
completed due to lack of information, components will be added to the list for special
aging studies.

Assessments of major Critical Systems Structures and Components (CSSCs) to ensure
degradation mechanisms are understood and steps taken to mitigate them.
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This program identifies the major CSSCs and any potential aging phenomena that
might impact on plant safety and availability. The plausibility of aging degradation
mechanisms is also addressed and recommendations are made for effective monitoring
inspection and/or maintenance required to mitigate these aging effects and ensure •
reliable performance. These assessments form the basis of a living aging management
program. A successful PLIM program provides the plants with the necessary
assurances for continued safe, reliable operation.

III. Technology Watch to anticipate new emerging issues as early as possible.

A Technology Watch process is underway to anticipate problems as early as possible
which could have major implications for the plants in the longer term. The performance
of existing plants has been affected on a number of occasions by unexpected technical
or licensing problems. The ability of the industry to respond to these issues is
dependent on early detection and identification.

This paper describes the status of these programs undertaken by both the utilities and
AECL to safeguard the investment, and AECL's program to incorporate the gains made into
its latest CANDU 6 and CANDU 9 products

2.0 PROGRAM OBJECTIVES

The overall objectives of the PLIM program are to ensure continuing safe, reliable and cost
effective operation of existing CANDU stations, and to apply the information to new CANDU
6 and CANDU 9 products in accordance with the following goals:

• The risk to the public from operation is well within the regulatory requirements
throughout the design life.

• Plant availability is greater than 85% (90% for new CANDU products) and contributes to
providing electricity at a competitive cost during the design life.

• Major unexpected problems are avoided through identification of potential aging issues
before their occurrence. Means for monitoring and mitigation to ensure reliable
component performance are implemented in a timely fashion.

• The option for life extension to about twice the nominal design life is preserved.
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3.0 OVERALL APPROACH & METHODOLOGY

The approach has been designed to integrate these programs to meet the needs of utilities
for a phased work plan in support of PLIM. Utilities must be in a position to assess the
economic viability of the various elements of the programs in a timely manner. For the first
generation of CANDU 6 plants the execution of the program elements have been grouped
into three major phases illustrated in Figure 2.

1983 1988 1993 1998 2003 2008 2013 2018

In Service Design Life

PLIM Planning
Phase

Plant Life Attainment ° ° ° °
Program

Plant Life Extension
Program

o a a a a

a a a a a Program scope development

_ _ _ Program Implementation

- « • Program maintenance phase

Phase 'Scope

PLIM Planning Phase

Plant Life Attainment Program

Plant Life Extension Program

• Identification of major CSSCs.
• Aging assessment studies & R&D of critical components
• Technology Watch planning
• Advanced technology development

• CANDU 6 plant specific detailed inspection and residual life
assessment of key components

• Implementation plant monitoring and surveillance life
management programs

• Enhancement of plant inspection and maintenance
• Technology Watch implementation

• Replacement component strategies and planning
• Assessment of regulatory and safety related design

changes for life extension
• Rehabilitation/Replacement programs for components

identified in CSSC studies or from inspection in plant life
attainment program

Figure 2 The CANDU 6 PLIM Phased Approach
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4.0 SYSTEMS APPROACH TO PLANT LIFE MANAGEMENT

A comprehensive systems assessment will be carried out using a process that allows for
importance ranking as well as risk ranking thereby providing an overall criticality ranking.
The methodology, illustrated in Figure 3, consists of the following steps:

System Functions

Function Failure modes

I
Contributing Component

System failure modes and effect

I
Impact on Plant Goals

System Level
Analysis

Criticality
Ranking

Contributing Sub Component

Potential failure or aging identified

Component
Level Analysis

Probability of occurrence

•

•

Figure 3 PLIM Systems Approach

• For each system, functions important to plant safety, environment and reliability are
being identified.

• For each function, the failure mechanisms and their impact on plant goals are being
identified. In particular, the requirements established in the plant safety analysis and
probabilistic safety analysis will be reviewed in detail to ensure that any degradation
mechanisms which could impact on the analysis assumptions are identified.

• Components which could cause these failures are being identified. Both active and
passive components will be included.

• Failure modes and effect analysis for these components are then completed. For
components where the failure modes and effect analysis cannot be completed due to
lack of information, then these components are added to the list for special aging
studies.
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This approach will provide a comprehensive Life Management program that goes far
beyond the list of economically ruining major CSSC's and ensure that the plant
surveillance, inspection and maintenance program are enhanced to cater to aging
mechanisms before they impact on plant safety or performance.

To put this in perspective, the maintenance practices at the Canadian CANDU 6 stations
are currently a combination of corrective and preventive maintenance practices. A
significant fraction of the maintenance activities fall into the corrective maintenance
category. As plants age and a shift in their goals to achieve excellence in safety and
operation occurs, it is predicted that the maintenance strategy will move from a
predominantly corrective maintenance program (70:30 corrective:preventive) to a
predominantly preventive maintenance (30:70 corrective:preventive) one. A sample
application of this systems approach is described below:

4.1 CANDU Auxiliary Feedwater System

A pilot project was undertaken for one of the CANDU plants to demonstrate the
methodology used to identify the CSSCs and optimize plant surveillance, inspection and
maintenance programs. The pilot project was performed on the auxiliary portion of the
Boiler Feedwater System (BFS). The Auxiliary Boiler Feedwater System (ABFS) supplies
feedwater to the boilers when the main feedwater pumps are unavailable or when the
demand for feedwater is low during unit shut downs.

The operating experience with the ABFS has been good. The system contribution to plant
incapability has been low. The system performance has been meeting the availability
requirements for a safety related system. Maintenance can be carried out on redundant
component with the unit operating. A large percentage of the components did not have
any preventive maintenance specified.

The assessment consisted of identifying system functions and the components essential to
carrying out the functions. Possible component failure mechanisms were analyzed to
determine which components could have an impact on plant reliability and economic
performance.

This process uncovered potential failure mechanisms which could impair the system and
remain undetected for an extended period of time. In particular:

• Testing of the auto start logic was found to be fortuitous through another test
carried out annually. The regular biweekly test bypasses the auto start logic
since the pumps are started using the test portion of the pump control logic. An
alternate surveillance test was recommended.

• The non return valves downstream of the main boiler feed pumps of the BFS
must prevent backflow in order to ensure that the design flow required in the
safety analysis is met. The analysis concluded that a periodic test and condition
assessment should be carried out on these components. External experience
with similar components suggests that failures are probable with aging and
therefore periodic testing and inspection was justified.

• The electric auxiliary pump is equipped with reverse rotation protection which
closes the motorized discharge valve in the event of a check valve failure or
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excessive passing. This circuit is important from two perspectives; it warns the
operator of a reverse rotation and protects the pump. Failure of this circuit to
function could result in the pump becoming unavailable due to reverse rotation
and possible damage during the next scheduled test start. A functional check of
the protection feature and calibration of the associated equipment was
recommended.

• For some of the more critical motorized valves, a condition based maintenance
program using valve diagnostics was recommended. While a corrective
maintenance strategy has been acceptable to date, experience has shown that
these components in time will require refurbishment and condition based
maintenance is the most effective strategy.

From this analysis work, we concluded that the methodology was sound. The
recommended changes will ensure that the system performance does not deteriorate as
the plant enters the second half of it's design life. Redundant equipment down time for
maintenance will also be minimized.

5.0 CSSC EVALUATIONS

This part of the program started in 1994 as part of Phase 1. It consisted of the
identification of 14 major CSSC's These components included:

• Fuel Channels • Cables
• Steam Generators • Large Pumps

(including internals) • Airlocks
• Reactor Headers, Reactor • Turbine Generator

Coolant Piping • Cooling Water Intake
• Reactor • Containment Structures

Assembly/Calandria • Instrumentation and Control
Supports . Major Civil Structures

• Conventional Piping
• Large Pressure Vessels

These CSSC's were classified as critical for plant life based on the economic impact to the
utility on the operation of the plant.

In advance of the formulation of the integrated approach described in this paper, a number
of aging studies were launched on obviously critical components including: Fuel channels,
containment civil structures, and reactor assembly/calandria supports. The methodology
used for these studies is illustrated in Figure 4. Preliminary results from these studies are
discussed below.
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Identify the Critical
Components &

Sub Components

Considerations:
Safety, Reliability,

Cost

Design Requirements,
Safety Analyses,

Manufacturing/Construction
Deviations Review Design,

Manufacturing and
Construction Data

Operating Environment,
Unusual events,

Inspection and Maintenance

Review Operating

identify stressors

Aging Assessment Determination of
Aging Mechanisms

External ExperienceLife Management
Programs

R&D
Programs

Recommend
Monitoring

Recommend
Mitigation Methods

Figure 4 Critical SSC Studies - Key Elements

5.1 Fuel Channels

To date, pressure tube aging degradation mechanisms have been fully characterized
through extensive R&D and inspection of current reactors. These resulted in the
development and application of fitness for service guidelines (FFSG) and methods for
mitigating aging in current plants. Operating CANDU stations have Life Management
programs in place to follow these guidelines. Table 4 provides a summary of key fuel
channel aging mechanisms and life management programs. For CANDU units currently
under construction or planned, the fuel channel design and material property improvements
that have been developed are expected to result in less degradation and significantly
reduced inspection and maintenance requirements to achieve the design lifetime of the
tubes.
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Units Affected Life Management Actions

Irradiation
Enhanced
Deformation

Pickering (1-4)
Bruce (1&2)

Large Scale Fuel Channel Replacement
(LSFCR)

All other units • Monitor deformation of operating tubes
using the Channel Inspection and
Gauging Apparatus for Reactors (CIGAR)

• Testing at fast flux facilities for end of life
properties

Delayed Hydride
Cracking (DHC)
due to a hydride
blister

Pickering (1-4)
Bruce (1-2)

LSFCR
LSFCR

Units with 4
potentially
displaced
spacers

Relocate spacers using
and Relocation (SLAR)

the Spacer Location
tool.

All other units No special program required
DHC due to stress
concentration
(tube flaw)

Early

Later

units

units

Fuel channel with flaws removed

Sources of serious tube flaws eliminated.
Reference to FFSG. Generally no action
needed

Table 2 Summary of Key Aging Mechanisms of CANDU P/T Life Management Actions

5.2 Steam Generators

Steam generators (S/Gs) in CANDU plants have performed well compared to PWR plants.
However they have contributed to the incapability of operating plants particularly in Bruce A
and Pickering. Experience to date with Incoloy 800 tubing on Darlington and CANDU 6
Steam generators has been relatively good. Strict control of operating conditions
(especially system chemistry to reduce secondary and primary side deposits) and
aggressive remedial actions and careful proactive maintenance activities, backed by
significant R&D have led to a decrease in S/G related unavailability of CANDU plants.
CANDU utilities have developed programs for remedial actions to combat degradation of
performance and strategic plans to ensure good future operation. CANDU specific FFSGs
are currently being prepared capturing R&D results, and specify methods for controlling
corrosion and mechanical degradation of tube bundles and internals through thermal
hydraulics and chemistry control, cleaning and inspection. To implement the FFSGs,
recommendations, aging mitigation programs are being implemented including advanced
S/G tube primary and secondary side cleaning and regular water lancing of sludge piles.
Some of the specific technologies developed include:

• Analysis capability to predict wear and corrosion given specific operating conditions
• Inspection probes
• Chemical cleaning processes for the primary and secondary side
• Tooling for plugging, sleeving or removal of tubes
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The combined effects of all proactive measures/ improvements in operating practices and
chemistry modifications will ensure S/G design life with minimum impact on capacity
factors.

5.3 Containment Civil Structure

The first iteration of the containment civil structure study is complete. Potential long term
aging mechanisms for the containment structure have been identified, the most important
being minor concrete cracking and a slight increase in permeability of containment. The
main aging mechanisms that have been identified are freeze/thaw cycles, concrete
shrinkage and creep, and stress due to the pressures used during the containment leak
rate test. A number of specific recommendations for each station are being considered for
the plant life attainment program.

6.0 TECHNOLOGY WATCH

Recently, unanticipated problems such as outlet feeder pipe flow assisted corrosion, and
reduced reactor overpower trip margin due to changing flow conditions in the heat transport
system suggested that a more comprehensive approach for the identification of potential
aging mechanisms is required. While these aging phenomena are not life limiting by
themselves, the combined impact of these types of problems on plant capacity factors
could be a concern. To address this concern, a technology watch program has been
developed.

Maintenance
- preventive
- corrective

Inspection
-regulatory
- other

- Status
-Trends
-Questions

International Exp.
-nuclear

-non-nuclear

Operation
-0% to 100% power

Research
-AECL/Canadian

- International

c Analytical Methods
- Canadian

- International

- Engineering Assessment Reports
(EARs)

-Annual Report

Figure 5 Technology Watch Methodology

The overall Technology Watch mode of operation is illustrated in Figure 5. The Technology
Watch Methodology involves:
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• Scrutinizing plant feedback from operation, maintenance and inspection activities. The
objective is to seek out the unusual or unexplained phenomenon, which on the basis of
external experience, could represent a significant plant life issue. For example, the
waterhammer events during certain test or discovery of erosion/corrosion in unexpected
locations would warrant specific attention.

• Examining external experience, analytical methods and technology development for
potential plant life issues or new technology which could assist in resolving CANDU
aging issues. For example, recent concerns regarding motorized valve operation under
accident conditions in the US would warrant special attention.

• Bringing together this knowledge and identifying specific issues which need to be
investigated on a high priority basis. The Technology Watch process will also
recommend new technologies that are identified that can expand the capability of,
and/or reduce the time and cost of related activities (for example inspection of piping
systems).

This process is not a substitute for operation experience feedback but utilizes the process
by scrutinizing the collection of events and action items and looking for recurring or
common themes and raising the profile of the follow up activities. This process also
extends beyond plant events and considers inspection results outside of the norm.

7.0 PLANT LIFE EXTENSION PROGRAM

For the older CANDU plants, fuel channels are currently the only known limiting component
for life extension beyond 30 years based on an 80% capacity factor. While research
activities may lead to strategies which could extend life of these original fuel channels
beyond 30 years, utilities had prudently put plans for a retubing outage some time between
25 years of service and 30 years. The retube outage is therefore an opportunity to
consider rehabilitation of other CANDU 6 systems or components to ensure a 50 year or
greater life is achieved thereby avoiding another major outage after retubing. Up front
planning of this rehabilitation is key to maximize its benefit. This PLIM program is intended
to undertake the up front assessments, analyses and planning sufficiently early to ensure
any major outage rehabilitation work required for a 50 year or greater plant life is identified
and planned for execution during the retubing outage. The scope of this program is
preliminary at this stage and will depend heavily on the remaining work from the PLIM
planning phase, the result of the economic/risk assessments and the result of inspection
programs executed as part of the plant life attainment program. Some of the
considerations at this stage include:

• Assessment of emerging regulatory and licensing requirements on plant life extension

• Instrumentation and control equipment obsolescence

• Control computer system upgrades

8.0 APPLICATION TO NEW CANDU PRODUCTS

AECL is incorporating the results of these CSSC assessments, RCM analyses, and
Technology Watch program into the designs of its new products through AECL's Feedback
Process. Some important achievements that have already been made are improved
pressure tube, calandria tube, and feeder pipe materials, steam generators designed for
ease of inspection and cleaning, and incorporation of information systems to assist the
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operator in inspection and maintenance. The goal is to continually advance the CANDU 6
and CANDU 9 products by improving their availability, reducing operation and maintenance
costs, and providing further assurance that the plants will operate safely and economically
throughout their lives.

9.0 CONCLUSION

AECL's objective is to maintain the CANDU NPP as a safe and reliable means of electricity
production in recognition of its role in today's global economy. To achieve this standard,
the industry has focused on an effective strategy for PLIM and life extension. For existing
CANDU stations, the program must now be executed in co-operation with the utilities to
assure continued good performance of the CANDU 6 units and preservation of the life
extension option. Feedback from these programs, the optimized plant inspection and
maintenance and the technology watch, will result in a continuous improvement process
benefiting existing and future CANDU 6 and CANDU 9 plant owners and operators.
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PLIM Program Objectives

PLIM Overview

• Critical Systems Structures and Component Asses? tents

s
/ Reliability Centred Maintenance Program •

/ Technology Watch
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CANDU PLIM
Objectives:

1. Maintain public risk well within the regulatory requirements
over the plant life.
/ Life Assurance

2. Maintain life time capacity factors >=85% providing energy
at a competitive cost during the reactor life.
/ Life Assurance

3. Avoid major unexpected surprises.
/ Life Assurance

4. Preserve the option of extending plant life beyond 30 years.
/ Life Extension



CANDU PLIM

Objectives (Con't)

• Assure new customers that CANDU can meet and exceed its
target design life by demonstrated performance of existing
stations.

• Provide a Plant Life Management Program, and its associated
Reliability Centred Maintenance Programs as part of the new
Product to provide this assurance.

• Provide our current customers with expert assistance in
implementing PLIM assessment recommendations.



PLIM FOR CANDU 6 NPPs (with 1983 In-service date)

1983 1988 1993 1998 2003 2008 2013 2018 2023

ft
In Service Design Life

PLIM Planning
Phase

Plant Life Attainment
Program

Plant Life Extension
Program

Program scope development

Program Implementation

Program maintenance phase

25
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Plant Life Management - Areas of Focus

Regulatory Environment

Business Environment and Processes

Public Environment

Human Performance and Capability

Technology



PLIM - Three Major Thrusts

Assessments of Major Critical Systems, Structures
and Components (CSSCs) to ensure degradation
mechanisms are understood and steps taken to
mitigate them.

Reliability Centred Maintenance Program.

Technology Watch to anticipate new emerging
issues as early as possible.



Integrated Plant Life Management Approach

I. Systems Approach

EXTERNAL INPUT

Supplier Information

Operating Experience

OPTIMIZE THE
PROGRAM

Analyze the results
and compare to
desired performance

DEFINE THE PROGRAM

1. Identify plant goals

2. Define the critical systems &

sub systems.

3. Define the critical system

functions.

4. Define the critical components.

5. Define function and component

performance requirements.

6. Determine failure mechanisms.

7. Define maintenance inspection

& surveillance plan

II. CSSC
Assessments

Research &

Engineering

Analysis

3
CSSC

Evaluations

i
Life

^H-f Management
Programs

UTILITIES EXECUTE THE PROGRAM

1. Plan and schedule the maintenance.

2. Conduct surveillance and monitor the results

3. Execute the scheduled maintenance

4. Review post maintenance feedback and
maintain records

J



Methodologies

Use the joint vendor / utility developed methods for
the conduct of PLIM Studies on major components

Use an RCM based approach for the systematic
identification of critical SSC's and resulting
surveillance, inspection and maintenance
programs

The Technology Watch process is based on
AECL's R&D infrastructure and utilities' knowledge
base



PLIM CSSC Assessment Methodology

Design Requirements,
Safety Analyses,

Manufacturing/Construction
Deviations

Operating Environment,
Unusual events,

Inspection and Maintenance

R&D
Programs

No Action
Required

Identify the Critical
Components &

Sub Components

I
Review Design,

Manufacturing and
Construction Data

Review Operating

Aging Assessment

Life Management
Programs

Recommend
Monitoring

Considerations:
Safety, Reliability,

Economics

Identify stressors

Determination of
Aging Mechanisms

External Experience

Recommend
Mitigation Methods

i
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CSSC Assessment Status
System/Component

• Fuel Channel
• Reactor Structure
• Containment Structure
• HTS piping (Feeders excluded)
• Cable Systems & Motors
• Inst. and Controls components
• Conventional piping
• Large Pressure vessels

Status

Mature
Base Assessment Complete
Base Assessment Complete
Planned for 1998/99
Planned for 1998/99
Proposal later in 1999
Planned for 1998/99
Proposal later in 1999

• Large/high pressure/high capacity pumps
• Steam Generators
• Airlocks
• Turbine Generator

Base Assessment Complete

• Civil Structures Reactor Building internal load-bearing structures



Reliability Centred Maintenance Methodology

System Functions

I
Function Failure modes

System failure modes and effect

I
Impact on Plant Goals

s'^ Contributing Component
^/"^ /Sub Component

Criticality^— 1
Ranking ^ s ^ Potential failure or aging identified

Probability of occurrence

System Level
Analysis

Component
Level Analysis

I



Reliability Centred Maintenance Program

Scope:
/ Conduct a system by system assessment using reliability

centred methodology
• Recommend optimization of the plant surveillance, maintenance

and inspection
• Identify the best practices for managing maintenance
/ Use latest IT and integrate with other station systems

Outputs:
/ Management of Maintenance and Inspection
/ CANDU Component Maintenance
/ CANDU System Maintenance Manual
/ CANDU Inspection Manual



Reliability Centred Maintenance Program

Status:
• 1 Trial System Complete (auxiliary boiler feedwater at Pt. Lepreau)

• Planned for this year: Implementation of System Level RCM
Programs on

/ 1 Process System
• 1 Safety Related System
/ 1 Safety System



Technology Watch Methodology

Maintenance
- preventive
- corrective

Inspection
• regulatory
- other

Operation
- 0 % to 100% power

- Status
- Trends
- Questions

Technology
Watch

International Exp.
- nuclear

- non-nuclear

Research
]-AECL/Canadian

- International

^ J — Analytical Methods
V ^ ^ - Canadian

International

- Engineering Assessment Reports
(EARs)

- Annual Report



Technology Watch Program

Issues

/ Leverage existing knowledge, AECL and Utility Programs

/ Separate wheat from the chaff

/ Recognition and Resolution of Problems



Technology Watch Plan -1998

Establish Technology Watch Program

Conduct a scan of industry OPEX, emerging
industry issues from research and regulatory
activities

Establish the top issues which could potentially
impact on plant safety and performance. Assess
the adequacy of the current initiatives underway
for these issues/concerns



Summary

An integrated approach to PLIM has been developed for
CANDU reactors

Strategies, methods, and procedures have been developed
for assessment of critical systems structures and
components, and for implementing a reliability centred
maintenance program

A Technology Watch program is being implemented to
eliminate "surprises"

Specific work has been identified for 1998. AECL is working
on the integrated program with Canadian CANDU owners and
seeks participation from other CANDU owners
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Abstract

Because of growing public interest and concern on increasing aged nuclear plants in near
future, the importance of measures against the aging nuclear plants was pointed out.

In April 1996, the Ministry of International Trade and Industry (MUT) published the first
report regarding the measures to cope with the aged nuclear power plants. The report
summarizes the results of studies of technical evaluation of the aged nuclear power plants and
the measures to address the aged plants.

The power plants evaluated are two BWR units and one PWR unit. The first phase
evaluations were focused on the major components and structures such as the reactor pressure
vessels and core internals which are important for safety and are not easily repaired or replaced
(Part 1 Evaluation). In the second phase, utility companies have carried out the technical
evaluations not only for the major components and structures but also for the all components
and structures of the plants, and the results are now under review of the government (Part 2
Evaluation).

In the report, the technical evaluation concluded that with correct and adequate
maintenance, safe operation is possible despite operation having exceeded 30 years. Regarding
the measures, the direction to enhancement of periodical inspections and establishment of
structural standards in response to the plant aging was indicated. Focused on the maintenance
activities by the utilities, the report also indicates that it is important for the utilities to establish
the appropriate long-term maintenance program. The report also indicated the technology
development items toward attaining further highly reliable management.

Keywords, plant life management, aging degradation, regulatory aspects, periodic inspection,
structural standards, R&D activity

1. Introduction

1.1 Current Status of Nuclear Power Plants
In Japan, the central theme of the energy policy is to create and maintain a stable,

economical and low environmental impact energy supply structure because of lack of energy
resources and an enormous energy consumption. Because nuclear power generation provides
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superior characteristics in terms of supply stability, economy and environmental load, it is
recognized that nuclear power generation is one of the essential energy sources in Japan's
energy supply policy. The development of nuclear power generation has been steadily
increasing since the commission of Japan's first commercial nuclear power plant in 1966. As of
April in 1998, there are 51 commercial nuclear power units, 28 BWRs and 23 PWRs in
operation with satisfactory operating performance, resulting in supplying approximately 30%
of the total electricity. (Table I-I and Figure 1-1)

1.2 Changes in Circumstances Surrounding Nuclear Power Plants
Growing public interest and concern on aging nuclear plants in the near future, an interim

report issued in June, 1994 by the Nuclear Power Committee of the General Council on
Energy addressed the importance of countermeasures against the aging of nuclear plants based
on the consideration on items including the current status of the plants, the changes in
circumstances surrounding the nuclear power plants and the evaluation of approaches carried
out so far in Japan

(1) Prolonging Light Water Reactors to Play the Major Role
According to the long-term energy supply and demand projection, the total capacity of

nuclear power generation in the year 2010 is expected to be approximately 70 million kW. It is
expected that the number of light water reactors being the main reactor type will increase
further. Also, light water reactors are considered to continue to be the main source of nuclear
power generation in Japan for a considerable time into the 21st century, because of no
prospect of uranium supply shortage in the immediate or interim future and expectation that it
will take a long time to reach the technically practicable stage of plutonium burning in fast
breeder reactors. Even after the emergence of breeder reactors, the light water reactor will
continue to coexist with the breeder reactor for a considerable time into the 21st century.
Therefore, it is pointed out that it would be necessary to further pursue the higher safety,
reliability, and economy of the light water reactor and continue strenuous efforts for the
promotion of nuclear power plant siting.

(2) Increasing the Number of Aged Nuclear Plants and Coping with the Aging Plants
Some 30 years have elapsed in Japan since the first commercial nuclear power plant went

into operation. This means that some nuclear power plants commissioned in the early days will
become aged in near future . (Figure 1-2).

Regardless of plant aging, it is imperative to assure the safety and reliability of nuclear
power plants through safety assurance measures initiated by the electric utilities and by strict
regulations provided by the national government. It is important that the national government
improves facility maintenance standards and encourages related technology development to
assure plant safety. From the point of view to maintain and to improve the safety and reliability
of the plants in reference to the latest technical knowledge, it is important that the electric
utilities continue to implement periodical safety reviews at regular intervals, to conduct
comprehensive evaluation on safety and reliability, and that the national government reviews
the results of the periodical safety reviews. In addition, it is important that the measures to
cope with the aging plants will be addressed by the electric utilities's studies on development of
a comprehensive facility management program to assure high safety and reliability based on the
long-term point of view and to conduct the effective operation and maintenance throughout
the entire plant service life.
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As shown in Figure 1-3, it is found that there is no tendency that the number of
unscheduled shutdown rate per unit increases with the increase of operational years. There is
also no positive indication that plant reliability is being reduced with the aging of nuclear
power plants.

However, in order to maintain the reliability and safety of the aging plants in future, it is
important to make the approaches and measures for the aging nuclear power plants.

2. Current Activities of Technical Evaluation for the Aging LWR Plants

Under the circumstances as mentioned above, the Agency of National Resources and
Energy (ANRE), a department of the Ministry of International Trade and Industries (MTTI)
summarized and issued a report named "Basic Policy on Aged Nuclear Power Plant", in April,
1996, to provide basic concepts regarding aged plants through examinations on how to
evaluate the integrity of aged nuclear power plants and how to address problems of the aged
plants in future, based on advisers' opinions at the Examination Subcommittee of
Countermeasures for Aging Plants under the Advisory Committee on Comprehensive
Preventive Maintenance.

In the MITI report, light water reactors (LWR) were taken up as the object of such
examinations since they are deemed to play the major role in Japan's nuclear power generation
for many years to come. Figure 2-1 schematically illustrates the approaches and measures to
address nuclear plant aging. The studies of the technical evaluation of the major components /
structures and the basic concept to deal with the aged plants are considered to be phase one
(Part 1 Evaluation). In the second phase, the utilities conduct the detailed technical assessment
of integrity on each component and structure including replaceable components, followed by
the government reviews (Part 2 Evaluation). Upon completion of the phase two, the identified
important factors will be reflected in the long-term maintenance program of the utilities and in
the periodical inspections conducted by the government. The comprehensive measures for
maintenance of the aged plants are scheduled to be established by around the year 2000.

2.1 Evaluated Nuclear Power Plants
Evaluated nuclear power plants with longer operating time were selected for the Part 1

and 2 Evaluation as follows;
(BWR) • Tsuruga unit-1 of the Japan Atomic Power Company (JAPC) commissioned in

March 1970 has been in service for 28 years.
• Fukushima Daiich unit-1 of the Tokyo Electric Power Company (TEPCO)

commissioned in March 1971 has been in service for 27 years.

(PWR) • Mihama unit-1 of the Kansai Electric Power Company (KEPCO) commissioned
in November 1970 has been in service for 27 years.

The technical evaluation is based on an assumption of a 60-year operation period. A 60-
year operation period dose not seem to be a problem from the engineering assessment of the
past about 30-year operation history. The actual number of operational years should be
determined from various aspects including the technical factors as well as the economic
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elements.

2.2 Part 1 Technical Evaluation

2.2.1 Technical Evaluation Process

The main purpose of the Part 1 technical evaluation is to assess whether the current
maintenance activities including periodic inspections are effective in dealing with the aged
nuclear power plants. Figure 2-2 shows the Part 1 technical evaluation process.

(1) Components and Structures for the Evaluation
The major components and structures (CSs) to be evaluated are identified by considering

the following factors;
1) safety related CSs,
2) not easy to repair and replace, and
3) long term aging issue to be considered.

The components and structures identified are 8 components and one structure for PWR,
and 6 components and one structure for BWR as shown in Figure 2-3.

(2) Identification of Aging Degradation Phenomena
Aging issues of each component and structure are identified by considering the following

factors;
1) design basis,
2) current knowledge, and
3) experiences in the operating plants.

The aging phenomena identified are fatigue, neutron irradiation embrittlement, stress
corrosion cracking, thermal aging, wearing, corrosion, degradation of insulation and
degradation of concrete.

Tables II-I and II-II show the combination of aging issues and CSs for BWR and PWR,
respectively.

(3) Technical Evaluation
The evaluation of aging phenomena identified is conducted as to

1) whether adequate control is being provided against these aging phenomena;
2) whether there is a possibility that the aging phenomena occurs or advances; and
3) whether there is sufficient margin for the integrity during the operation period.

The evaluations includes
1) evaluation of integrity for long term operation,
2) evaluation of current maintenance program, and
3) identification of technology development themes.

2.1.2 Conclusion of Part 1 Evaluation

The technical evaluations on the major components and structures including the reactor
vessel and the primary coolant piping were carried out. The evaluation showed that major
components and structures provide sufficient tolerance against most aging phenomena. There
are, however, some phenomena, including stress corrosion cracking which cannot be ruled out
the possibility of future actualization, and items have been extracted which are required for
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fulfillment of inspection and examination in future.
It was concluded that it is possible to maintain the safe operation of the nuclear power

plants by the measures of conducting continuous plant maintenance efforts at the current level
and intensifying the periodic inspection practices and the inspection activities, even though the
plants aged.

2.3 Part 2 Technical Evaluation
In Part 2 evaluation, Japanese electric utilities make a technical assessment of a wider

range of components (consisting of thousands of items) of the above-mentioned three
candidate power plants, taking into account not only a safety point of view, but also from the
perspective of avoiding a unscheduled shutdown in order to develop measures against aging
degradation. Based on this assessment, the utilities review the integrity of integral components
which are important to the safe and continuous operation of these power plants. Also, the
methods and period of inspections and maintenance can be evaluated from this assessment for
the future implementation.

The findings from the utilities' evaluation in the Part 2 are currently being reviewed by the
government committee, and the results and conclusions of this evaluation are to be published in
the near future.

2.3.1 Technical Evaluation Process
An outline of Part 2 evaluation is summarized in Figure 2-4.

(1) Selection of Components for Assessment
Aiming to further improve the reliability of nuclear power plants, the components to be

assessed are classified into two categories. "Important Components for Safe Operation" and
"Important Components for Continuous Operation".

(2) Classification and Selection of Typical Components
The components chosen for assessment amount to thousands of items. Therefore, to

make a rational assessment, they were divided into groups of similar items, such as, type,
construction, operating circumstance (which include operating location, fluid properties, etc.)
and materials. Typical components were then selected from these groups by considering their
importance, operating conditions (pressure, temperature) and other critical conditions.

(3) Assessment
The typical components selected under the paragraph (2) are broken down to parts level

and technically assessed by considering the phenomena of aging degradation. This technical
assessment verifies the prevention of plant integrity and the appropriateness of current
inspection maintenance programs (additional items may required or not), assuming that the
plants are to remain in long-term service.

The next step is to apply the results of the assessment of the typical components to other
components in each group with consideration to the differences between components.

(4) Selection Process of Aging Degradation Phenomena to Be Considered in This
Assessment

There are many aging degradation phenomena in nuclear power plants. It is impossible to
consider every possible phenomenon for each component. Therefore, a selection process was
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created to select those phenomena of greatest importance and pertinence. The aging
degradation phenomena to be considered in this assessment are selected as follows:

1) Phenomena with Respect to Industrial Materials and Products
The aging degradation phenomena that may be researched to occur in industrial materials

and products (both electrical and mechanical) are selected. The research is done through a
survey of literature and a study of past abnormalities, including those of other industries and
based on the latest technological information.

2) First Phase Screening of Phenomena with Respect to Nuclear Power Plant Environment
The aging degradation phenomena that do not pertain to LWRs are not included. For

example, it is not necessary to address halogenated corrosion (necessary in the case of
chemical plants) and sigma phase embrittlement (necessary in cases of temperatures between
565 to 930 degree C).

3) Second Phase Screening of Phenomena with Respect to Material Environment
The aging degradation phenomena that relate to materials being subjected to abnormal

conditions and environments are not included. For example, carbon steel corrosion does not
need to be addressed due to the anti-corrosive water quality environment. Also, it is not
necessary to the thermal aging embrittlement with regard to parts used at low temperatures.

4) Third Phase Screening of Phenomena with Respect to Material Specification Limitations
The aging degradation phenomena that can be identified when material test data, in

comparison with operating conditions, can obviously provide technical justification, are not
included. In the screening process, operational records and special factors specific to plants are
taken into account. For example, it is not necessary to address inter-granular stress corrosion
cracks of austenitic stainless steel in the aqueous environment with a low concentration of
dissolved oxygen and at low temperatures.

5) Formulation of Maintenance Plans Based on Long Term Operation
Maintenance plans are formulated for an actual power plant to adopt the assessment

results which were made considering the aging degradation. Specifically, the maintenance
activities and the research and development plans will be developed.

2.3.2 Conclusion of Part 2 Evaluation
Through the evaluation of numerous components, systems and structures (CSSs) in the

Part 2 evaluation, those items susceptible to aging degradation are being identified. With these
knowledge, inspection and maintenance methods will be able to be rationally developed for
aged nuclear power plants. The conclusions and summary are now under review of the
government authority and scheduled to be issued in the near future.

3. Measures for the Aged Nuclear Power Plants

Based on the results of the technical evaluation, the measures for the aged nuclear power
plants were summarized to the following items in the MITI report issued in 1996 ;

1) Periodic Inspections and Related Matters,
2) Structural Standards,
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3) Maintenance Activities by Utilities, and
4) Technology Development

3.1 Periodic Inspections and Related Matters

The safety of the nuclear power plants in Japan has been satisfactorily assured by the
implementation of the periodic inspection practices, the thorough preventive maintenance
activities and other measures.

However, it is important to review and extend the items and contents of the periodic
inspections conducted by the government and the utility companies in order to cope with aged
nuclear power plants in future and to realize further higher levels of safety management, in
reference to the plants which have been in operation for 30 years.

3.2 Structural Standards

It is important to refine and prepare the structural standard corresponding to the change in
the structure and material properties including the strength due to long term operations. The
standards should specifically address the items including the inspection methods, the
assessment methodology of inspection results and the repair methods. We will continue the
study to refine and prepare the standards, by referring to the latest R&D results and the codes
and standards such as the American Society of Mechanical Engineers (ASME) Code Sec.XI.

3.3 Maintenance Activities by Utilities

It is important that the utilities conduct the detailed technical assessment of integrity on
components and structures including replaceable ones and implement the appropriate
maintenance efforts according to the assessment results, and then the government reviews the
results.

In future, it is important to establish a framework of comprehensive plant management
strategy applicable to the entire operation period, by combining the detailed technical integrity
assessment with the periodical safety reviews and the long-term maintenance program.

3.4 Technology Development

While the integrity of aged nuclear power plants can be maintained by the present
technology, it is important to continue the efforts of the development of technology in order to
conduct more reliable management. The technology development themes are roughly classified
into the following three areas;

a. Inspection and Monitoring Technology,
b. Preventive Maintenance and Repair Technology, and
c. Aging Evaluation Technology

Some examples for these three R&D areas are indicated as follows;

1) Inspection and Monitoring Technology includes,

a. Development of monitoring technology for thermally aged materials
b. Development of non-destructive deterioration diagnosis technology for cable
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and concrete structures.
2) Preventive Maintenance and Repair Technology includes,

a. Demonstration of repair and replacement technology of reactor internals
b. Verification of effectiveness of surface refining technology

3) Aging Evaluation Technology includes,
a. Development of evaluation methodology for neutron irradiation embrittlement (at u

pper shelf region)
b. Development of evaluation methodology for environmental fatigue
c. Development of evaluation methodology for thermal aging

4. Current Major Activities for the Aged Nuclear Power Plants

4.1 Technical Standards
The development of structural standards in response to the plant aging is also addressed by

the MITI report. MITI has started in-depth studies related to the structure standards.
Japan's nuclear power generation facility components must be maintained and managed to

meet those technical standards specified precisely in Ministerial Ordinances and Notifications.
Japan's current technical standards are, however, based on ASME Code Sec. III. On the other
hand, due to the recent developments in fracture mechanics, the integrity of structures and
components has been quantitatively evaluated. This concept has already been introduced in
ASME Code Sec.XI. Since this latest information is not yet fully reflected in Japanese
technical standards, the studies on the matter will be promoted with the Ministerial Ordinances
and Notifications subsequently reviewed as required.

The study regarding facility maintenance standards such as ASME Code Sec.XI. has been
carried out and is still under preparation. This research is consigned to the JPEIC (Japan
Power Engineering and Inspection Corporation) by the MITI. The results of the research were
summarized in March 1996 as the first draft standards of the Nuclear Plant Operation and
Maintenance Standards (POMS), that is the technical standards for the maintenance of nuclear
power generation facilities (Draft). The draft consists of items of the In-service Inspection
(ISI), Evaluation, and Repair / Replacement and so on.

4.3 Utility's Maintenance Activities
Focused on the maintenance activities by utilities, the MITI report indicated that it is

important that the utilities should conduct the technical evaluation not only for major
components and structures but also for all of components and structures of the plants and
apply the appropriate maintenance to be evaluated by the government.

Currently, utilities have performed the Part 2 evaluation which covers the entire plant as
mentioned above, and the government is now reviewing the results reported by the utilities. It
is planned to prepare the long-term maintenance program based on the Part 2 evaluation
results by around the year 2000.

4.3 Research and Technology Development
The MITI report emphasizes that it is important to continue the efforts of the development

of technology in order to conduct more reliable management. The government and the private
sectors have been extensively carrying out the research and development related to the plant
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aging.
Tables IV-I shows the plant aging-related major research and development programs in

JAPEIC and NUPEC (Nuclear Power Engineering Corporation) under the sponsorship of
MITI. Technology category is roughly grouped into three areas according to the classification
of the MITI report.

The Plant Life Extension Technology Development Project (PLEX) has been conducted to
develop the methodology for evaluation of the life and integrity of the major components and
structures. Some of the results and evaluation methods obtained from the PLEX project are
applied to the technical evaluation addressed by the MITI report. After MITI published the
report, JAPEIC have newly started three plant-aging-related projects, namely the Nuclear
Power Plant Life Management Technology Project (PLIM) and the Nuclear Power Plant
Maintenance Technology Project (PMT) from 1996, and the Repair-Welding Technology of
Irradiated Materials Project (WIM) from 1997. In the PLIM project, objectives are to develop
the evaluation methodologies for the neutron irradiation embrittlement at upper shelf energy
region of the reactor pressure vessel, the thermal embrittlement of duplex stainless steel
components and the propagation of stress corrosion cracking in Ni-based alloys, and to
develop the technology for reconstitution of RPV/RV surveillance test pieces. The PMT
project : to verify the effectiveness of surface treatment processes such as Laser treatment to
improve its corrosion resistance. The verification test items include the surface modification
technology for reactor pressure vessel internals and primary coolant pressure boundary
equipment. The WIM project : to develop repair-welding techniques for irradiated materials
such as austenitic stainless steels and low alloy steels, and to prove the availability of
techniques for core internals and reactor pressure vessel. The results of these R&Ds will be
reflected to updating for the Technical Rules and Standards.

The Nuclear Plant Rejuvenation Technology Reliability Test Project, conducted by the
NUPEC, intends to demonstrate the reliability of reactor internals replacement methods. This
project covers six replacement methods for in-core monitoring housing (BWR), core shroud
(BWR), control rod drive housing and stub tube (BWR), jet pump riser brace (BWR), core
barrel (PWR) and bottom mounted instrumentation adaptor (PWR).

5. Conclusion

Through the comprehensive study on Japan's aged nuclear power plants, two BWR and
one PWR, it was found that safe and reliable operation is possible by conducting continuous
plant maintenance efforts at the current level and intensifying the periodic inspection
practices even though their operation have exceeded over 30 years.

In order to enhance the safety and reliability of aged plants, it was also pointed out that it is
important to make efforts to establish the structural standards for the aged plants, to develop
the long-term maintenance program covering the entire life of plant and to promote the R&D
activities towards attaining further highly reliable management.
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Table I — I Present Status of Nuclear Power Plants in Japan

fAs of April 1998 V

Operating

Under
Construction

Planned

Number
of Units
Capacity
(MWe)
Number
of Units
Capacity
(MWe)
Number
of units
Capacity
(MWe)

BWR

28

25,551

1

825

4

4,663

Total

PWR

23

19,366

0

0

0

0

Number
of Units
Capacity
(MWe)

Total

51

44,917

1

825

4

4,663

56

50,405
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Mihama
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Takahama
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Genkai

Tomari

Kashiwazaki-Kariwa

Hamaoka

Onagawa

Fukushima-Daiichi

Fukushima-Daini

Tokai

Figure 1-1 Locations of Nuclear Power Plants in Japan
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[PART 1]

Basic policy of MITI
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[PART 2]

Utilities' evaluation

Reviewed by MITI

• Structures and components

which are important for

safety and operation
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Figure 2-1 Plan on Measures for Aged Nuclear Power Plants in Japan (Lead Plants)
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All Structures and Components

Significant Ones

in Safety aspects

Easy Repair and / or

Replacement

Structures and Components for Evaluation

BWR : 6 Components and 1 structure

PWR : 8 Components and 1 Structure

Common Inspection

Repair or Replacement if necessary

Identification of Aging Degradation Phenomena

1. Aging degradation phenomena in design process

2. Aging degradation phenomena having been known

recently.

3.Aging Degradation phenomena experienced domestically

and / or overseas in the past.

At the parts level,

• Structures

•Materials

•Using conditions

(water quality, stress, temperature etc.)

Evaluation

•Long term Integrity Evaluation (60 year Operation)

•Evaluation of Present Maintenance Program

•Identification of Future Technology Development Items

Figure 2-2 Part 1 Evaluation Process
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Figure 2-3 Major Components and Structure for Part 1 Evaluation
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All Components, Systems & Structure

1
Important for Safety

Example : RPV, MSIV

Emergency Diesel Generator

and others

Important for Continuous Operation

Example : Main Turbine,

Main Condenser, Feedwater

Heater, Main Generator,

Main Transformer and others

I
Not Evaluated

(Fuel Assembly, etc.)

es
Grouping of Components

Selecting Typical Components in Each Group

Combination of Components and Aging Phenomena

Evaluation of Aging Phenomena

• Technical Evaluation

• Actions against Aging Degradation

Application of Results to Other Components in the Same Group

Selecting Aging Management Practices for

Components of the whole Plant

Establishment of Long Term Maintenance Program

Figure 2-4 Part 2 Evaluation Process
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TablelV— I Plant Aging - related Major Research and Development Programs in JAPEIC and NUPEC (1/2)

Technology
Category

Inspection
and
Monitoring

Preventive
Maintenance
and Repair

Research & Development Projects

In-Operation Inspection
Technology Development (IOI)

Study of Optimum Periodical
Inspection (OPI)

Aging General Evaluation (AGE) -
Material Aging Detection
Technology

Eddy Current Test for Steam
Generator (EOT)

Steam Generator Fatigue (SGF)

Nuclear Power Plant Life
Management Technology (PLIM)

Steam Generator TVibe Reliability
Verification Test (SGR)

AGE - Repair Technology for Aged
Materials (RT)

Nuclear Plant Rejuvenation Technology
Reliability Test (conducted by NUPEC)

Nuclear Power Plant Maintenance
Technology (PMT)

Repair-Welding Technology
of Irradiated Materials
(WIM)

Period
(JFY)

1985

2000

1991

1997
1991

1997
1992

1998
1992

2003
1996

2005
1989

1993
1991

1997

1995

2002

1996

2002

1997

2003

Outline

Technology development to reduce the number of incidents and failures at NPPs by
monitoring the components under their operating condition, thereby enabling rational
repair planning and safe, long-term continuous operation to improve the NPP reliability
and availability

Study to examine the applicability of a probabilistic method (probability informed
inspection management method) to inspection at NPPs in Japan

Technology to detect thermal embritlement of duplex stainless steels, neutron irradiation
embrittlement and fatigue damage by non-destructive tests.

Improved EOT inspection technology for detection of defects of SG tubes.

Development of non-destructivo inspection technology for fretting fatigue cracks of steam
generator tubes.
Establishment oi "standards unified for non-destructive inspection of welded components" .

Development of reconstitution technology of RV/RPV surveillance test pieces.

Various measures were applied to prevent the inter-granular attack (IGA) of steam
generator tubes in pressurized water type nuclear power plants. The effectiveness of
these measures was verified in order to assess the reliability of the tubes.
Repair welding for thermally embrittled materials and irradiation embrittled materials.
Repair welding by temper bead method.
Undrwater welding to reduce radiation exposure.
Objective is to demonstrate the reliability of reactor internals replacement methods.
The project covers six replacement methods for in-core monitor (ICM) housing (BWR),
Core shroud (BWR), control rod drive (CRD) housing & stub tube (BWR), jet pump riser
brace.(BWR), core barrel (PWR) and bottom mounted instrumentaion (BMl) adaptor (PWR).
Purpose is to verify the effectiveness of surface treatment processes such as Laser
treatment to improve its corrosion resistance. Verification test items include the surface
modification technology for reactor pressre vessel intermals, the surface modification
technology for primary coolant pressure boundary equipment, and the overall evaluation
for surface modification technology.
Objectives are to develop repair-welding techniques for neutron irradiated materials,
to prove the availability of the techniques for core internals and RPV,
and to recommend updated repair-welding for the Technical Rules and Standards.



TablelV— I Plant Aging - related Major Research and Development Programs in JAPEIC and NUPEC (2/2)

Technology
Category

Aging/
Degradation
Evaluation

Research & Development Projects

Pressurized Thermal Shock Test
for Nuclear Reactor Pressure
Vessel (PTS)

Plant Life Extension Technology
Development (PLEX)

Structural Assessment of Flawed
Equipment (SAF)

Environmental Fatigue Tests of
Nuclear Power Plants Materials for
Reliability Verification (EFT)

Nuclear Power Plant Life
Management Technlolgy
(PL1M)

Period

(<JKY)
1983

1991

1985

1996

1991

2000
1994

200G

1996

2005

Outline

Evaluation methodology for neutron irradiation embrit t lement at transition region

Material property of thermally aged materials and irradiated stainless steels in air and
under simulated LWR water environment.
Development of prediction model of embrit t lement of thermally aged duplex stainless
steels and development of evaluation methodology for thermal embri t t lement of duplex
stainless steel components.
Development of the prediction model for embrit t lement of irradiated stainless steels.
Development of the prediction model for crack growth rate due to 1ASS. And,
Understanding susceptibility of IASS under the PWR water environment.
Development of methodology for evaluation of the Integrity / life of major s t ruc tures and
components.
Project to conduct fracture mechanics experiments and analysis concerning hypothesized
small flaws on power plant structures and to prove the integrity of nuclear power plant
equipment and piping during their service life.

Project to establish the environmental fatigue evaluation method for the LWR plant
components.

Development of evaluation methodology for thermal embri t t lement of duplex stainless
steel components by using large-scale piping model.
Development of evaluation methodology for neutron irradiation embri t t lement at upper
shelf region.
Development of evaluation methodology for SOU propagation of Ni-based alloies.
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ABSTRACT

One of the main activities to be undertaken by CNEA will be to provide
technological assistance to NASA in problems concerning NPP operation. Works on life
extensions of NPP are included in these activities.

To fulfill these requirements the Atomic Energy National Commission (CNEA) has
constituted a technical committee for Nuclear Power Plants Support (CAPCEN).

CAPCEN should be the knowledge reservoir of those issues concerning the
performance, safety and life extension of Nuclear Power Plants.

One of CAPCEN"s most important activities is to promote research work connected
with such issues.

The main technical areas are: Pressure Vessel and Piping, Heat Exchangers and Fuel
Channels and Reactor Inner Components.

Efforts are focused on the identification of the main components susceptible of
ageing, the study of their ageing mechanisms, the follow-up of their behaviour during
operation, and the measures taken to extend their life.

1. INTRODUCTION

Since September 1994 the organisation of the Argentine nuclear activities,
confirmed in April 1997, is the following:

- "Nucleoelectrica Argentina Sociedad An6nima"(NASA), which operates the two NPP
(Atucha 1 and Embalse).

- "Autoridad Regulatoria Nuclear" (ARN)- National Regulatory Board of Nuclear
Activities).
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- "Comision Nacional de Energia Atomica". ( CNEA - National Atomic Energy
Commission).

Within this scheme, one of the main activities to be undertaken by CNEA will be to
provide technological assistance to NASA in problems concerning NPP operation. Works
on life extension of NPP are included in these activities.

To fulfill these requirements the Atomic Energy National Commission (CNEA) has
constituted a technical committee for Nuclear Power Plants Support (CAPCEN).

CAPCEN should be the knowledge reservoir of those issues concerning the
performance, safety and life extension of Nuclear Power Plants.

One of CAPCEN's most important activities is to promote research work connected
with such issues.

The main technical areas are: Pressure Vessel and Piping, Heat Exchangers and Fuel
Channels and Reactor Inner Components.

Pressure Vessel and Piping: at this first stage the main objective is to reduce the
uncertainty with respect to the results obtained so far in the Atucha 1 pressure vessel
Surveillance Programme. Such uncertainty is due to the different irradiation conditions
received by the vessel walls, and that received by the specimens integrating the Surveillance
Programme. The aim of this activity is to carry out studies and provide the necessary
guidance concerning the pressure vessel integrity. If necessary, a life extension programme
based on the above objective will be carried out.

Steam Generators and Heat Exchangers: the main objective is support for operating
stations as well as for inspection and life prediction. The main activities are monitoring of
cooling system chemistry, and studies of feasibility of cleaning of equipment during
programmed outages. This project also includes the study and resolution of problems
concerning steam generators and moderator circuit heat exchangers.

Fuel Channels and Core Internals: the aim of this activity is to perform studies in
order to provide advice and guidance directed to the optimum behaviour of the reactors'
internal components. At this stage the main objective is to increase the knowledge of in-
service behaviour of fuel channels and other core internals of Atucha I and Embalse Nuclear
Plants.

2. PRESSURE VESSEL AND PIPING

In order to monitor the Atucha 1 RPV radiation embrittlement, as a key parameter
in NPP life management, a Surveillance Program is being carried out. Due to the special
RPV design, surveillance capsules, containing radiation and temperature monitors, Charpy
impact, fracture mechanics and tensile specimens cannot be placed as usual in the LWRs,
close to the RPV inner wall. Instead the Atucha 1 capsules are placed at the bottom of the
coolant channels with negative consequences regarding leading factor, irradiation flux and
spectrum. Consequently, two actions were taken:
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1 - Ex-vessel dosimetry was implemented : placement and removal of neutron dosimeters at
the outer wall of pressure vessel was done during the programmed outages [1]. A
schematic drawing of the reactor cavity, indicating the location of the neutron dosimeters, is
shown in Fig. 1. All capsules-holders were placed at the same mid-core level at three
different azimuthal positions. Each capsule contained 6 neutron dosimeters, i.e. Co/Al, Ti,
Fe, Nb, Cu, Ag, wrapped into a batch with a aluminium foil holder. In total 36 monitors
were furnished by the surveillance programme. A new dosimetry is being implemented to
confirm the results obtained.

2 - Tests of samples of the reference materials irradiated at the same place of the
surveillance ones are being performed. In 1980, SET-3 containing 10 capsules with
specimens of IAEA reference steel 20 MnMoNi 5 5 (IAEA Code JF) including Charpy,
was installed at CNA-1. The surveillance programme foresees the outages of SET-3 in
1995. From the analysis of the results of SET-1, SET-2 and VAK, together with those
further expected to be found after the outage of SET-3 and the evaluation of the IAEA-
specimens irradiated at Atucha 1, an experimental correction function for spectral
differences may be derived.

3. STEAM GENERATORS AND HEAT EXCHANGERS

Steam generators are among the other key components of the NPPs that can lead to
a derating of the station due to a reduction of the heat transfer capability. There are also
some heat exchangers in the Argentine stations which, because of the particular plant
design, are relevant to the proper operation, safety and economy [2,3]. Then they have to be
considered key components and included in the scope of the present programme.

The strategy adopted for the surveillance of steam generators and heat exchangers in
Argentina by the Technical Committee in Support of Nuclear Power Plants is based on the
following four aspects:

1 - The performance, in regard to the heat exchange capability, has to be set up on the
accuracy of the calculation of the power exchanged by the equipment. This is done through
accurate measurements of the variables involved, temperature, flow rates and pressure
drops. Then the magnitudes obtained are verified by cross-checking balances and
represented in a way that at a first sight they depict the current performance. A thorough
comprehension of the behaviour of each critical component was stated in our programme
of surveillance. Steam generators and some heat exchangers must be considered as unique,
and they should be used to foresee not only the effects of fouling but also failures in the
instrumentation and/or corrections in the chemistry control.

2 - As it was stated in the item 1, it has been noticed that in an ageing station some
modifications can be introduced into the chemistry in response to several reasons of which
some examples follow:
i) If copper alloys were removed, then the secondary side chemistry could be shifted to
high AVT with the benefits in the reduction of the iron transport and the balance of plant,
ii) More stringent specifications for the elimination of potentially damaging species have
been introduced along the years and/or new oxygen scavengers concentration and alkaline
agents are currently in use.
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iii) More sensitive devices together with data acquisition and predictive software are
available. Their implementation in the plants is expected.

3 - Non-destructive tests, as well as those performed on tubes pulled out from steam
generators and heat exchangers are, despite the cost and effort they represent, a source of
invaluable data to prevent corrosion problems. They also provide a direct idea of
magnitude and composition of the deposits and the presence of unexpected species in them.
In addition, an extensive program of corrosion surveillance on alloy samples located in on-
line autoclaves provide information on corrosion, corrosion products transport and activity
transport.

4 - Finally, we consider that the advances on modelling and the power offered by nowadays
computer three-dimensional codes that simulate the equipment's behaviour are useful. In
connection to them, validation of the results is performed by new devices. A good example
are ultrasonic flowmeters for the detection of deviations in the downcomer flow rate.

4. FUEL CHANNELS AND CORE INTERNALS

This area is dedicated to the surveillance of fuel channels and core internals
behaviour, optimisation of their performance, and planning of repair and replacement of
these components. The Technical Committee also supports R&D work related to these
activities, mainly in the fields of deformation under irradiation, corrosion and hydriding,
fracture mechanics and non-destructive testing. We shall describe separately the activities
concerning both operating Argentine NPPs, Embalse and Atucha 1.

4.1 EMBALSE NUCLEAR POWER PLANT

Embalse is a CANDU 600 PHWR, started in 1983. As it has been done with other
CANDU reactors, the operator is presently performing during yearly programmed outages,
the repositioning of garter springs that prevent the contact between pressure tubes and
calandria tubes. This contact could lead to the failure of the pressure tube through the
"delayed hydride cracking"(DHC) mechanism. The pressure tubes are made of cold-worked
zirconium-2.5% niobium alloy (CW Zr-2.5%Nb), while the calandria tubes are made of
Zircaloy-2. CNEA participates regularly in the repositioning activities in the following
areas:
- Pre- and post-repositioning inspection of the fuel channels through non-destructive
ultrasonic testing.
- Analysis of fuel channel deformation through the specially developed MACACO code.
- Fracture mechanics assessment of pressure tubes during the repositioning.

Moreover, CNEA has participated in the planning of strategies of pressure tube life
evaluation. As it is known, the fitness for service of operating pressure tubes depends on the
fulfillment of the "leak before break"criterion, that guarantees that any leaking crack in a
tube will be detected before it reaches the critical size. The properties of the pressure tube
suffer degradation during operation through corrosion and hydrogen (deuterium) uptake,
irradiation embrittlement and irradiation creep and growth.

In Embalse, two pressure tubes, those placed in the A-14 and L-12 lattice positions,
were replaced in 1995. Our Technical Committee has prepared a programme for the



- 9 9 -

evaluation of the condition of these pressure tubes. This programme includes the following
activities:

- Visual inspection.
- Metallographic evaluation (oxide thickness, hydride distribution).
- Measurement of hydrogen isotope concentration.
- Measurement of in-service deformation.
- Testing of tensile and fracture properties.
- Determination of delayed hydride cracking velocity.

Hydrogen concentration measurements have already been carried out and the results
are being used by NASA to support the repositioning strategies. Other tasks are to be
performed in the next future in hot cell facilities at CNEA's Centra Atomico Ezeiza. The
main objective of this programme is to fulfill the requirements of the new Canadian
Standard, "Periodic Inspection of CANDU Nuclear Power Plant Components", CAN/CSA-
N285.4-94 related to replaced fuel channels.

4.2 ATUCHAI NUCLEAR POWER PLANT

Atucha I is a pressure vessel-type PHWR, started in 1974. Inside the pressure vessel
there is a moderator tank, filled with heavy water, across which 253 vertical coolant
channels are placed, as well as control rod and instrumentation lance guide tubes. The fuel
elements are placed inside the coolant channels, through which the coolant heavy water
flows. The coolant channels are made of Zircaloy-4 and they have two foils, also made of
Zircaloy, which act as a thermal insulator between the coolant and the moderator.

The coolant channels and the other core internals suffer several types of degradation
during operation: oxidation and hydrogen (deuterium) absorption; irradiation (and
hydrogen) embrittlement, and irradiation creep and growth. The oxidation rate of the
coolant channels has shown signs of acceleration (breakaway) after 10 foil power years, and
consequently the deuterium uptake rate has also reached very high values. This
phenomenon has led to embrittlement and loss of integrity of the thin insulating coolant
channel foils. The irradiation growth of the coolant channels has also shown a breakaway
behaviour. As a consequence, the decision to replace the coolant channels was taken some
years ago. The replacement was initiated in 1990 and continued in the following years
during the programmed plant shutdowns, and it will be completed next year.

The coolant channel replacement strategy and other core internals life management
activities were planned when CNEA owned the plant, before August 1994. Presently, our
Technical Committee participates in the inspections of the state of the core internals, and
frequently issues recommendations about remedial actions.

4.3 RESEARCH AND DEVELOPMENT ACTIVITIES

In addition to the described activities, directly related to the technical support for both
power plants operation and life management, our Technical Committee collaborates actively
in the following R&D areas:

* Changes of mechanical properties under irradiation
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* Enhanced irradiation growth
* Post-irradiation inspection of components
* Phase transformations and microstructure of zirconium alloys
* Diffusion at interfaces in Zr-Nb alloys
* Mossbauer spectroscopy
* Zr oxides:

- in single crystals and alloys
- precipitates type Zr(CrFe)2 in the oxide

* Corrosion and hydriding; hydrogen effects on performance; hydrogen embrittlement
* Zirconium hydride blister measurements
* Oxide cover: depth, properties and measurements
* Hydrogen and deuterium content measurement by neutron diffraction
* Fracture and Delayed Hydride Cracking of Zr alloys
* Texture and residual stresses.

5. LIFE MANAGEMENT PROGRAMME

In the past, NPP life management in Argentina was mainly based on the corrective
maintenance concept based on the replacement of damaged parts detected during the
periodical outages [4]. In recent times, as a consequence of an increasing concern about
ageing and life extension, a Programme was created to take care of these subjects.

The Programme (Fig. 2), now in its first steps, comprises several tasks: The first
task involves the identification of components, ageing mechanisms and materials likely to
age. In this area we are starting with a matrix involving major components (Fig. 3) as
Reactor Pressure Vessel, Reactor Internals, Steam Generators, Pressure Tubes, Piping, etc.

6. CONCLUSIONS

As Argentine Nuclear Power Plants are getting older, specially Atucha I with
twenty-four years of operation by now, life management programmes are becoming
increasingly important.

Efforts are focused on the identification of the main components susceptible of
ageing, the study of their ageing mechanisms, the follow-up of their behaviour during
operation, and the measures taken to extend their life.
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AN INTEGRATED APPROACH TO PLANT LIFE MANAGEMENT
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ABSTRACT
Plant life is not any longer determined by components, almost everything can be replaced. A
plant life management program should aim at actions and replacements being performed at
the right time. In order to manage this there is need for experience feedback systems, a plant
specific risk study and safety upgrades.

Definition of plant life
The nuclear power plants in Sweden are built and commissioned from 1972 to 1985. The
objective, or expectation, during design of the first generations was usually a capability
around 70% and 3-5 reactor trips per year.

Today it is not uncommon with >90% capability. Units have been running for years without
any unplanned trips. This means that 25 expected years of operation will happen in 20 years.
Thermal cycling of components hardly ever happens for many units. The introduction of low-
leakage fuel loading patterns have not only decreased the cost but also rninimized the flux to
the reactor vessel.

Even if we do not utilise the plant in exactly the way it was once designed, one thing is even
more essential when we define plant life. Almost everything can be replaced. In Sweden we
have replaced Steam Generators, primary piping, vessel internals, reactor vessel head,
turbines, I&C equipment and so have many others. We are discussing replacement of PRZ, we
are adding new and redundant electrical parts and so forth. The component that now
determines the plant life is the reactor vessel.
How to manage plant lifeTo manage plant life means to determine the essential maintenance
activities and the needs for replacement. At the same time you need a set of software
activities, to describe, evaluate (i.e. deterministic analyses) and verify (i.e. probabilistic
analyse) the design of the plant. All this supports the objective of meeting the reactor safety
criteria and also financial and production objectives. A successful management of plant life
will keep the plant running as long as possible and meet all safety standards and principles.

In order to manage the plant life you must rely on a good technical plant status, high safety
level but also on public acceptance. If the two first are fulfilled, the last is probably easier to
meet.

The technical status of the plant is also essential for electricity production. It is probably today
managed by existing maintenance systems - generally 95% of what is needed for the hardware
part of plant life management is already covered by plant maintenance.

Focusing on the technical aspects of plant life management, we have in Ringhals a long-term
development plan based on
- Experience feedback systems
- Continuously verified plant status
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- Modern safety level

Experience feedback systems
The objective of the experience feedback systems are of course to use all available knowledge
in such a way that any safety significant event should not happen again in our units. It is also
important to use this knowledge to identify the possible weak points in the plant. An
experience feedback system should also cover operation as well as maintenance aspects.

National and international experience, from utilities and other agencies (WANO, ENPO, NRC,
IAEA) outside Ringhals, is processed and safety significant issues are sent to the group of the
line organisation who is directly involved. They are asked to review the question within a
specified time frame, and answers should focus on if this could happen here and what do we
intend to do in order to prevent that. As a complement to this, there is a working group who is
responsible for questions that need more extensive evaluation.

The total number of experience reports processed each year is about 600. 10% of these are
judged significant, the rest are only distributed 'for information'. Of these 60 significant
reports, some sort of action is implemented for 1/3. Around 90% of the significant reports are
judged by the adressees to be of high value, even if they do not need any specific action.

The progress, as well as highlights, is reported to a management group.

The operating experience is handled in a dedicated system used by the shift crews. This also
serves as a input to classroom training (one week twice a year) and simulator training.

Other essential inputs to a complete system are Owner's Groups and national working groups
(not always nuclear specific).

Verified plant status
We continuously follow the plant status in four different areas

Safety significant events. The input is Licensing Event Reports, which are reviewed both
in management groups and in groups who are dedicated for this. (A Licensing Event
Report in Sweden is usually well below the INES level.)
Quality defects/ Production losses. Any unplanned loss of production is analysed and
corrective actions are proposed and implemented.

- Maintenance needs. This is often a result of the above, but increased demands of
maintenance is followed closely.

- In Service Inspection/ Non Destructive Testing. We have regulatory demands on testing
and testing intervals that acts as a driving force for replacements sometimes.

This continuous work forms the base for a more comprehensive Risk Study that we perform
regularly, app. every 3 years. In addition to the four areas above, also the experience feedback
systems as well as technical information from other sources give significant input to the Risk
Study.

The Risk Study is aimed at components, not systems, and the work involves engineers from
all disciplines and groups as well as specialists. The intention of the study is to look 5-10
years into the future and in all the different areas (16 last study) the question to be answered is
if there is any strategic risks, defined as a identified risk with high probability of reactor safety
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or production loss impact, or any potential risks, defined as less probable reactor safety or
production loss impact.

Highlights of previous studies (1990,1993,1997) are the creation of working groups in order
to closely follow the multi-discipline areas such as I&C equipment, heat exchangers and
diesels; an extensive technical/financial study to find the optimal solution for main generators
(the question was more spares or replacement); an insight that dedicated maintenance can be a
far better solution than replacement.

The risk study serves two purposes, to define replacement needs but also to pinpoint areas that
need more maintenance efforts. The risk study opens up the opportunity to the maintenance
groups to have the possibility and obligation to look into the future. Preventive Maintenance
or Reliability Centered Maintenance are just two tools, they are not the complete solution.

Modern safety level
All Swedish units have a design reconstitution program. The origin of this program was to
verify the safety level of the units, as defined by Current Licensing Bases. It also serves as a
powerful tool to update and modernise the FSAR to a format that better can serve as a base for
the young generation to understand the design of the unit, both 'why' and 'how'.

A integrated part of this program is the deterministic analyse, both for components (i.e.
structural analyse) and functions (i.e. transient and accident analyse). Also the probabilistic
studies are performed, updated and expanded.

At the same time Modern Licensing Bases are under development in Sweden. This is covered
at this meeting by another paper by Mr Bertil Hansson.

Plant life management program
Plant life management is a continuous process that started when the unit went on line for the
first time. When the unit is getting older, the PLM program needs more attention and more
funds.

The Plant Life Management program should be based on:
- Improvements identified from experience feedback
- Improvements identified from different safety analyses
- End-of-life issues and maintenance problems
- Deviations from Current Licensing Bases
- Deviations from Modern Licensing Bases

In Ringhals, the program is on a 10 year time period and is revised every 3 years.

The more detailed program for the next 1-5 years is part of the business plan. In order to
continuously evaluate and determine the right time for actions and replacements, this program
is revised at least every year.
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LIFETIME EVALUATION OF MAIN COMPONENTS (OF CATEGORY I AND II) FOR EVERY

NPP IS OF THE HIGHEST INTEREST AND PRACTICALLY DETERMINES ECONOMY AND

LIFE OF THE WHOLE NPP

8
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WWER REACTORS ARE OF PWR TYPE BUT WERE DESIGNED AND MANUFACTURED IN

ACCORDANCE WITH SOVIET CODE AND STANDARDS, IN PRINCIPLE. THESE CODES ARE

VALID ONLY FOR DESIGN AND MANUFACTURING AND NO ACTUAL CODE FOR AN

ASSESSMENT OF COMPONENTS DURING NPP OPERATION EXISTS. DIRECT

APPLICATION OF ASME, SECTION XI OR SIMILAR BASED CODE IS NOT POSSIBLE, AS

DESIGN AND ESPECIALLY MATERIALS USED ARE QUITE DIFFERENT.

THUS, IN CZECH REPUBLIC SEVERAL STEPS HAVE BEEN ACCEPTED AND REALISED TO

PREPARE A BASES FOR EVALUATION OF WWER COMPONENTS LIFETIME AND

SUBSEQUENTLY TO BE ABLE TO MANAGE COMPONENTS AGEING AND LIFETIME.



FIRST STEP REPRESENTS A PREPARATION OF NECESSARY REGULATORY

REQUIREMENTS AS WELL AS PROCEDURE FOR LIFETIME ASSESSMENT OF WWER

COMPONENTS..

THE STATE OFFICE OF NUCLEAR SAFETY HAS INITIATED RECENTLY A PROJECT

"REQUIREMENTS FOR LIFETIME EVALUATION OF WWER MAIN COMPONENTS". WITHIN

THIS PROJECT, A PREPARATION OF REGULATORY REQUIREMENTS FOR LIFETIME

EVALUATION OF REACTOR COMPONENTS INCLUDING ALL ASPECTS OF INTEGRITY AND

DEGRADING PROCESSES IN THESE COMPONENTS HAS BEEN PERFORMED.

SECOND ACTIVITY IS CONCENTRATED IN CZECH ASSOCIATION OF MECHANICAL

ENGINEERS (ASI) WHERE A SET OF CODES FOR REACTOR COMPONENTS IS ALSO IN

PROGRESS. IN THIS CASE, TECHNICAL CODES ARE BEING PREPARED, SUITABLE FOR

NUMERICAL EVALUATION OF INDIVIDUAL COMPONENTS.



SONS REGULATORY REQUIREMENTS FOR WWER REACTOR PRESSURE VESSELS

A set of these requirements cover all problems connected with lifetime evaluation of

RPVs during their operation. Their format is prepared in such a way to be consistent with a

Code prepared by the ASI. Every part of SONS requirements contains as a minimum, the

following chapters :

definition of the problem,

requirements to input data and their validation,

recommended principal procedure or approach for evaluation,

definition of mandatory values for evaluation (safety factors,

requirements for procedure/programmes validation and certification,

format for presentation of results,

Quality Assurance Programme,

requirements for data and results storage.
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The whole set of requirements for RPVs has been agreed as follows:

1. Requirements and criteria for lifetime evaluation of WWER RPVs - general

requirements.

2. Requirements and criteria for lifetime evaluation of WWER RPV internals - general

requirements.

3. Approach and principal procedure for evaluation of the RPV resistance against non-

ductile failure.

4. Procedure for determination of radiation field in RPV and its internals

- general requirements,

- requirements for computational determination,

- requirements for experimental determination.



5. Procedure and criteria for an evaluation of allowability of defects found during in-

service inspections.

6. Procedure and requirements for an evaluation of the effect of pressurized thermal

shock on RPV behaviour.

7. Procedure and requirements for mechanical testing of surveillance specimens.

8. Procedure for an application of results from surveillance specimens programme

testing to RPV lifetime evaluation.

9. Procedure for a fatigue damage evaluation.

10. Procedure for a corrosion and corrosion-mechanical damage evaluation.

11. Procedure and requirements for instrumented hardness measurement of components

in operation.

12. Requirements for repair welding procedures of RPVs and for evaluation of their effect

on RPV lifetime.



ASI CODE FOR WWER REACTOR COMPONENTS

Preparation of this code was initiated by several facts and reasons:

necessity for updating of former Soviet/lnteratomenergo codes for WWER reactors,

absence of Codes for NPP under operation,

necessity for including also Czech/foreign materials besides only Soviet ones.

This Code is planned to be realized in five sections, specifically:

Section I - Welding and brazing of components and piping of WWER type NPPs

Section II- Characteristics of materials for components and piping of WWER type NPPs

Section III- Strength assessment of components and piping of WWER type NPPs

Section IV- Evaluation of residual lifetime of components and piping of WWER type

NPPs

Section V- Material testing procedures and evaluation



Main problems of first two sections are concentrated in the fact that only Soviet type

materials were allowed for use in WWER NPPs according to the former Soviet Codes. In

this time, some of these materials are no more produced by domestic factories, and their

import is sometimes complicated or even impossible. Thus, change of some materials

manufactured according to Soviet standards into Czech or other foreign ones is necessary.

Former Soviet rules defined conditions which must be fulfilled if some new material (in

this sense a "new" material is also a material with practically identical chemical

composition and mechanical properties but manufactured in accordance with other

standard or by other technology) could be added into the list of allowable materials. These

requirements represent conditions for a "qualification programme" for this new material.

Its extent depends on type of material and its use (type of component) but for RPVs

materials it represents a very wide experimental programme.



Thus, first two sections (I and II) are now in preparation and are divided into following

chapters similar in both sections:

1. Introduction

2. Basic principles, nomenclature and definitions

3. General requirements on a choice of welding/base materials for manufacturing, repair

and replacement

4. Conditions for acceptance of new material standards non-mentioned in the list of

allowable materials for use

5. Requirements to manufacturers and suppliers of materials

6. Standard/convential mechanical properties of allowable materials

7. Specific mechanical/physical properties of allowable materials

8. Classification and standards of allowable materials for use in nuclear components

9. Unconventional/non-standard characteristics of materials necessary for strength and

lifetime evaluation in accordance with Sections III and IV.



Section III was finished, approved by the SONS and now is in printing. Structure of this

section is similar with the previous ones which was used as a basis, but updated in

accordance with NTD (Normatical Technical Documentation) CMEA. This section was

prepared for a design state of calculations, but used methods, in general, are applicable

also for evaluation of components during their operation.
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Structure of this Section III is consistent with previous rules, i.e.:

1. Introduction
2. Basic principles, nomenclature and definitions
3. General demands on strength analysis
4. Allowable stresses
5. Basic design dimensions of cylindrical, conical, spherical, elliptical, torospherical and

flat parts stressed by internal and external pressure.
6. Basic design dimensions of flanges, thrust rings and coupling parts
7. Basic design dimensions of reinforced opening and coefficients of reduced strength

by openings and weld coupling parts
8. Check analysis, stress categories
9. Analysis of static strength
10. Strength analysis at cycling loading
11. Resistance analysis against sudden (astable) failure
12. Strength analysis at vibrations
13. Analysis of stability
14. Strength analysis at seismic effects



Section IV is in a preparation stage, the first version was finished last year and now a

second one is under finishing. The main purpose of this section is to show standard

procedures for lifetime evaluation of components during their operation. The section will

be applied for principle components of reactor primary circuit, namely: reactor pressure

vessel, internals, steam generator, pressurizer, main circulating pump, valves, primary

piping.



Structure of the Section IV has been chosen as follows:

1. Introduction

2. Basic principles, nomenclature and definitions

3. General requirements for examination and inspections

4. Requirements for pressure tests

5. Principle procedure for lifetime evaluation of components and pipings



Appendix A- Procedure for determination of radiation field in RPV and internals

Appendix B- Requirements for surveillance specimens programme and its testing

Appendix C- Procedure for application of results from surveillance specimens testing to

RPV material degradation

Appendix D- Assessment of fatigue damage in components and piping

Appendix E- Assessment of corrosion and corrosion-mechanical damage in component

and piping

Appendix F- Requirements for a choice and evaluation of pressurized thermal shock

regimes

Appendix G- Evaluation of nondestructive examination results

Appendix H- Evaluation of allowability of defects

Appendix I- Requirements for repairs and replacement



Section V will summarize and give either citation of standards (for standard type

testing like tensile testing, notch toughness testing and hardness) or full description of

standard procedures/test methods for determination of non-standard mechanical

properties, like fracture toughness (static, dynamic, arrest), transition temperatures, low-

cycle fatigue, cyclic crack growth etc. In the same time, procedures for test raw data

evaluation will be given with the aim to construct design/reference curves of individual

properties or their degradation rates necessary for lifetime evaluation.



SECOND STEP INCLUDES A COLLECTION AND DETERMINATION OF NECESSARY

MATERIALS PROPERTIES REQUIRED FOR LIFETIME EVALUATION. SEVERAL

EXPERIMENTAL PROGRAMMES HAVE BEEN PERFORMED, FOR REACTOR PRESSURE

VESSELS, STEAM GENERATORS, PRIMAQRY PIPING ETC. OF WWER-440 AMD WWER-

1000 REACTORS. THESE DATA INCLUDE ALSO SPECIAL PROPERFTIES LIKE RADIATION

EMBRITTLEMENT, CORROSION RESISTANCE, CRACK GROWTH RATE, FATIGUE

RESISTANCE ETC.



THIRD STEP HAS BEEN CONCENTRATED MAINLY IN CREATION AND FULFILLMENT OF

NECESSARY DATABASES - OF MECHANICAL PROPERTIES, THEIR CHANGES,

OPERATION PARAMETERS ETC. :

INITIAL PROPERTIES OF MATERIALS ( = PASSPORT DATA)

GUARANTEED PROPERTIES OF MATERIALS (CODE DATA)

SPECIAL MATERIAL PROPERTIES

OPERATIONAL HISTORY

MANUFACTURING, PRE-OPERATIONAL AND OPERATION NDE RESUTLS

MAINTENANCE AND REPAIR DATA



FOURTH STEP ENSURES A MEASUREMENT OF NECESSARY OPERATIONAL

PARAMETERS:

STANDARD TEMPERATURE, PRESSURE, FLOW MEASUREMENTS

ADDITIONAL TEMPERATURE, DISPLACEMENTS MEASUREMENTS

WALL THICKNESS MEASUREMENTS ETC.



FINAL STEP IS CONSISTENT WITH A STANDARD PLIM PROGRAMMES AND

PROCEDURES:

TREND CURVES FOR INDIVIDUAL AGEING MECHANISMS AND COMPONENTS HAVE

BEEN PREPARED AND COMPARED WITH DESIGN ONES,

PROCEDURES FOR LIFE EVALUATION AND PERIODICAL CHECKING IS UNDERWAY.
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IAEA Specialists Meeting on "Strategies and Policies for Nuclear Power Plant Life
Management", Vienna, Austria, 28-30 September 1998

Papers presented at Session 2b.

Chairman: J.Hopkins
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PLANT LIFE MANAGEMENT AT LOVIISA

Yrjo Hytonen*, Alpo Savikoski**
*IVO Power Engineering Ltd, 01019IVO, Rajatorpantie 8, Vantaa, Finland

**Imatran Voima Oy, Loviisa Power Plant, Loviisa, Finland

SUMMARY

In the original design, the vendor guaranteed a 30-year lifetime for the plant. Separate life-
times that could be higher were given to the main components. Generally, there is some
conservatism in the assumptions and calculations behind these figures. New predictions
based on the operating experience and more accurate calculations give a longer and more
accurate lifetime prediction with less conservatism regarding fatigue.

In the original design some deterioration mechanisms, like thermal mixing in T-junctions and
stratification in horizontal pipes, were not taken into consideration, because their existence
was not realized at the time when the plant concept was designed.

Plant life management is one of the key processes in nuclear power plant operation. Loviisa
NPP has developed a systematic management program for the plant life management. This
development plan includes redefining of responsibilities and goals, extension and improve-
ment of the condition monitoring programs and combining aging evaluations with long-term
planning activities. The goal is that all maintenance and inspection activities should support
plant life management.

The most critical components for the Loviisa plant's lifetime are the steam generators. They
are very difficult to replace, due to their location deep inside the containment, surrounded by
thick concrete structures lacking wide enough openings. Nowadays all steam generators are in
relatively good condition, and only two tubes have been plugged so far.

Possible replacement of the reactor pressure vessel (RPV) is considered to be difficult but not
impossible. However, its lifetime can be extended by thermal annealing, because the main
deterioration mechanism is radiation embrittlement. The critical circumferential core weld of
Loviisa 1 RPV was successfully annealed during the refueling and maintenance outage in
August 1996.

Other components that may become critical in the long term are the main coolant pumps. The
pumps are the only ones of their kind, and the original supplier has lost much of the know-
how, due to the long timespan. It would also be very difficult to replace the pumps with other
ones delivered by some other supplier.

In its operating philosophy, unnecessarily heavy thermal loads are avoided, and the plant is
being operated smoothly.



- 131 -

Among other things, a lot of pressure transmitters, containment wall instrument penetrations
and some electrical cables have been replaced.

Erosion-corrosion is kept under control by an extensive program including wall thickness
measurements, weak point analyses performed by a computer code designed for erosion-
corrosion and replacement of pipe sections with a more erosion-corrosion resistant material.
Also the implemented change in the secondary side water chemistry is expected to decrease
erosion-corrosion.

The screening of thermally loaded locations and loading mechanisms is under way. Attention
is paid to leaking valves and pipe sections with missing insulation. A new on-line monitoring
system will be installed in the next refueling outage to monitor temperatures at the locations
with presumable thermal stratification.

INTRODUCTION

Imatran Voima Oy (TVO) has in Loviisa on the southern coast of Finland a nuclear power
plant which consists of two VVER-440 units. Their commercial operation began in 1977 and
1980 respectively. The nominal gross electrical power per unit was originally 440 MW, but,
due to the favorable cooling water conditions and a comprehensive modernization program,
this has been increased up to 510 MW. The units operate excellently. In recent years, the load
factors have mostly exceeded 90 %, see attachment. The plant design is based on the Soviet
concept, but has been adapted to Finnish conditions and safety requirements. The designed
life of the components is 30 years, in general, but 40 years for the reactor pressure vessel. The
long-term goal for the critical components is 50 years of operation.

FVO has developed a company-wide approach to plant life management. The first stage of
plant life management comprises the operational and maintenance histories, design and plant
inspection data, using advanced computer systems. The life of the plant can then be con-
trolled by maintenance, refurbishment & inspection programs, and by varying the method of
plant operation. On-line monitoring is needed, and cost control and training must be taken
into account if the life of the plant is to be managed efficiently.

Identifying the life-limiting factors is essential at Loviisa. In the following it has been con-
centrated on the aging taking the form of degradation of materials because of fatigue, erosion,
corrosion, radiation and thermal effects. Certain other life-limiting factors will also be men-
tioned.

TYPICAL FEATURES OF THE LOVIISA PLANT

In the original design, the vendor guaranteed a 30-year lifetime for the plant. Separate life-
times, that could be higher, were given to the main components. Generally, there is some
conservatism in the assumptions and calculations behind these figures. New predictions based
on the operating experience and more accurate calculations give a longer and more accurate
lifetime prediction with less conservatism regarding fatigue.
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An NPP operating license is issued in Finland for a limited time, and it can be renewed only
after a thorough safety review which also includes the assessment of ageing. The current 10-
year operating license of both Loviisa units will expire at the end of 2007.

When developing the lifetime management policy for the Loviisa plant, it has been empha-
sized that it must incorporate relevant operation and maintenance activities, and not be a
separate issue. Support to lifetime management is provided by continuous improvement of
the inspection and monitoring methods and by an extensive research program which studies
ageing in surveillance samples representing pressure bearing materials, I&C parts, cables and
concrete structures.

Plant life management is one of the key processes in nuclear power plant operation. Loviisa
NPP has developed a systematic management program for the plant life management. This
development plan includes redefining of responsibilities and goals, extension and improve-
ment of the condition monitoring programs and combining ageing evaluations with long term
planning activities. The goal is that all maintenance and inspection activities should support
plant life management.

In operation, the plant management especially stresses the importance of gentle treatment of
all equipment during normal operating states and tests, i.e. limiting, as much as possible, the
number and magnitude of thermal and hydraulic transient loads and maintaining the water
chemistry parameters in all cooling systems within their specified limits. Due to the different
operating practices, it can be expected that the aging of Loviisa main equipment proceeds
more slowly than at most other VVER-440 plants.

The operating and test procedures have been developed actively by the entire operating
organization with the aim to reduce equipment loads. A good tool supporting the develop-
ment is the process computer.

In the water chemistry area, not only the primary coolant is under careful control but also the
secondary circuit water quality has been under close control throughout the plant operating
life.

The maintenance strategy is based on:
• assessing the equipment condition from reliability records and from results of in-service
inspections, tests, and condition monitoring
• active bilateral exchange of information with other VVER-440 plants, and on incorpora-

tion of lessons learned from other plants into the test and maintenance programs
• redefining service and overhaul intervals as need arises from the condition assessment
• repairing or replacing the equipment before they fail

A more detailed overview on WER-440 plant aging is given e.g. by Laaksonen (1997).

RECENT AND FUTURE ACTIVITIES WITH LIFE-EXTENSION AT LOVIISA NPP

The plant has recently started a project that has three goals:

1. To re-evaluate the original strength calculations. The aim is to eliminate extra safety
margins. This can be done by making the assumptions more precise and, especially, by
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comparing the actual usage history with the calculation assumptions. Typically, the num-
ber of load cycles occurred is now, after about 20 years of operation, much less than what
has been assumed in the strength calculations. Also, most of the transients are less severe
than assumed. So far it seems that only the number of leak tightness tests is approaching
the original allowed number.

2. In the original design, thermal stratification and mixing phenomena were not taken into
consideration. The systems are now under review, and the goal is to find and list the po-
tential areas of thermal stratification and mixing. The stratification typically occurs in
horizontal pipe sections with a closed or leaking valve. T-junctions with different flow
temperatures are typical mixing areas.

3. A system will be developed to assist life management. It will be organized systematically
and include, for instance, drawings from the critical areas, thickness measurement results
and references to corresponding fatigue analyses.

LIFE-LIMITING FACTORS AND THEIR MANAGEMENT

Embrittlement and annealing of the reactor pressure vessel

The design life of the reactor pressure vessel (RPV) is, as mentioned, 40 years. Originally, it
was assumed that embrittlement of the core region material would not cause any problems,
despite the high neutron flux on the RPV wall. Surveillance test results at Loviisa, however,
indicated that the embrittlement rate of the RPV steel was almost three times that of what had
been expected. This problem was identified as the most critical aging phenomenon at Loviisa.
To tackle the problem, some backfitting action was taken in 1980.

Several plant modifications and other measures have been carried out by the utility in order to
mitigate embrittlement and to ensure integrity of the RPV. In spite of the applied mitigation
measures, it was realized that the design lifetime of Loviisa 1 RPV could not be reached with
adequate safety level without first reducing the embrittlement of the RPV materials. So far
the only known method to recover radiation damage is thermal annealing. A post-irradiation
heating of the steel to temperatures exceeding the irradiation temperature is known to make
most of the irradiation-induced defects unstable and thus to recover mechanical properties
affected by neutron irradiation.

It is obvious that this problem is generic to all VVER-440 plants. Consequently, the same
kind of backfitting was later carried out at several plants of similar design. Certain older
WER-440 plants have, however, been operating with full core for so many years that the
owners have been forced to anneal the RPV to recover the toughness properties of the core
region weld.

According to the safety analysis, the highest acceptable transition temperature of the RPV is
140 °C. The material investigations showed that the transition temperature of the critical weld
joint in the core area of Loviisa 1 RPV would reach 135 °C in 1996. In order to maintain
sufficient safety margins and to respond to the requirements presented by the authority
(STUK), the utility decided to anneal the core weld of Loviisa 1 RPV in 1996. Preparation
and licensing work for the annealing started at the beginning of 1994.
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The critical circumferential core weld of Loviisa 1 RPV was successfully annealed during the
refueling and maintenance outage in August 1996. The weld was maintained for 100 hours in
the 475 °C annealing temperature. The work was performed by Skoda Nuclear Machinery as
the main supplier representing a consortium consisting of itself and Bohunice Nuclear Power
Plant from the Slovak Republic.

A successful annealing was ensured by comprehensive thermal and stress calculations and
monitoring. Pre-calculation work was independently performed by both IVO Power Engi-
neering and Skoda Nuclear Machinery people. Temperature distribution during the annealing
was followed by on-line monitoring. Also on-line stress field calculations were performed.

Comprehensive material testing programs have been carried out to ensure the licensing of the
annealing. Part of these programs have not yet been finished, and the work is still going on. In
the domestic program, a sophisticated reconstitution technique was used. Thus already tested
halves of the surveillance specimen could be used as authentic material. The licensing work
has mainly been carried out by the Technical Research Centre of Finland (VTT) and Moht
Otjig RM in Russia. A new comprehensive surveillance program has been started to follow
the re-embrittlement of the RPV after the annealing.

A more detailed overview on annealing is given e.g. by Hytonen et al. (1997).

Steam generators

The most critical components for the Loviisa plant lifetime are the steam generators. They are
very difficult to replace due to their location deep inside the containment, surrounded by thick
concrete structures lacking wide enough openings. Nowadays all steam generators are in
relatively good condition, and only two tubes have been plugged so far. One tube was
plugged due to a fabrication fault and another one due to wall thinning.

The original feed water manifolds are strongly eroded. Their material is carbon steel. It is not
possible to replace them with new ones of similar kind, because they are located deep inside
the steam generator between the tube banks. As a remedy, a new manifold construction has
been developed to be placed above the tube banks. The material of the new construction is
erosion resistant austenitic steel. The useless old manifold construction will not be removed,
but left in its original position.

The cover plates of the primary collectors of a VVER-440 plant steam generator are heavily
stressed and a generic problem. A cover renovating project is going on at the Loviisa plant.

Main coolant pumps and main gate valves

Other components that may become critical in the long term are the main coolant pumps. The
pumps are the only ones of their kind, and their original supplier has lost much of the pump
know-how, due to the long timespan. It would also be very difficult to replace the pumps with
other ones delivered by some other supplier.
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In the beginning of the plant operation, some cracks were detected in the covers of the pumps.
The cracking mechanism has probably been environmentally assisted corrosion. The stress
level in the cracked area was calculated to be about 400 MPa, which can be considered very
high. The cracks were located in an area where cooling water from the pump was able to mix
with the primary coolant. It was assumed that thermal fatigue has assisted in the crack forma-
tion. This problem was solved by improving the construction.

In the 1990s, there have been problems with the suction stools of the pumps. The suction
stool is made of cast austenitic stainless steel. The part of it which leads the flow to the
impeller is connected by eight round bars to the pump body. In these bars, there have been
very deep cracks, in some cases, the bars have even been totally damaged. The reason has
probably been flow-induced vibration assisted by thermal or corrosion fatigue. However, the
vibration behavior of the fluid and the structure is very complicated, and the mechanism is
not yet thoroughly understood.

In the beginning of the '90s, there were problems with the main gate valves. Several cracks
were found in most of the main gate valves. The cracks were located in the stress concentra-
tion areas of the sealing faces, flanges and the welds. Small amounts of primary water had
been able to leak into this crevice through the drainage lines. As a consequence, boric acid
concentrated on the sealing faces, ultimately leading to stress corrosion cracking. The valves
were repaired by machining and surface welding the sealing faces. To prevent the problem
from re-appearing, the construction of the drainage lines was also changed.

Life management based on real-time analysis of measured data

In the original design, some deterioration mechanisms, like thermal mixing in T-junctions
and stratification in horizontal pipes, were not taken into consideration, because their exis-
tence was not realized at the time when the plant concept was designed. To control these
deterioration mechanisms and to monitor some other critical areas, an on-line monitoring
system has been installed at the Loviisa NPP as pan of the life management program (Ra-
jamaki 1990). The system monitors temperature, strain and pressure data from the most
critical components, and performs real-time fatigue analyses. The temperature and strain
gauge measurements at the Loviisa plant have confirmed the presence of numerous fatigue
loading cycles, which were not considered at the design stage. These fatigue calculations are
based on an extensive finite element method (FEM) analysis, in conjunction with experi-
mental monitoring results from the power plant.

After the preliminary measurements, thermocouples and strain gauges were installed perma-
nently at Loviisa Unit 1 in the 1990 refueling outage in the following locations:
• pressurizer surge line nozzle
• pressurizer connection pipeline to primary circuit
• feed water nozzles of two steam generators
• the injection nozzle of the pressurizer

Water temperature fluctuations of the pressurizer surge line nozzle are monitored continu-
ously. This measured history is used as input data for the crack growth calculations of a
postulated crack in the dissimilar weld of the nozzle. The postulated initial crack size was
selected considering the ability to observe any crack growth in the in-service inspections.
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Strain gauges and thermocouples will be used to record the fatigue stress fluctuations of the
pressurizer connection pipeline to the primary circuit. The main reason for the fatigue cycles
in this pipeline is the thermal stratification of water. These cycles are used to calculate fatigue
damage in the T-connection.

The fatigue crack growth of a postulated initial crack is calculated in the feed water nozzle of
the steam generators. The hypothetical crack is situated in the weld root of the inner thermal
sleeve. The measured water temperature history is the input data for these calculations. Strain
gauges are also installed in the pipe elbow close to this nozzle to measure stresses due to
water stratification in the feed water line.

Thermocouples are used to monitor the thermal fatigue loading of the injection nozzle of the
pressurizer. The rapid temperature fluctuations during the injection are the input data for the
calculations. Stress distribution and peak stresses in a notch inside the nozzle are calculated
and used in the cumulative damage calculations.•*£>>•

The results obtained using this system <:how that the actual number of fatigue cycles is much
higher than what was assumed in the design calculations. The calculated crack growth and the
cumulative usage factor are, however, within the acceptance limits. The number of fatigue
cycles with a low stress range, based on strain gauge measurements, is much higher than the
number of similar cycles, based on the temperature measurements. In cases of slow cycles
and cycles with a high magnitude, both of these methods give consistent results.

The monitoring system is going to be modernized, and the thermocouples re-organized in the
refueling outage of 1998. The data collection system will be completely replaced. The meas-
urements will be mainly focused to such locations where the temperature stratification is
expected to occur. The locations are typically horizontal pipe sections with very low veloci-
ties or with no flow at all, or locations close to T-junctions with a remarkable temperature
difference. Some measurement locations will be the same as now, and some others will be
totally different. There will be two types of measurements: one consisting of 7 individual
sensors and another consisting of 2 sensors.

After the modernization, there will be thermocouples installed in the following locations:
• pressurizer lower nozzle, surge line and branches to primary loops
• pressurizer upper nozzle
• feed water nozzles of two steam generators
• the emergency coolant pipes
• several locations in the coolant purification system
• emergency sealing water line
• the steam generators' blow-down line

Defects in the cladding of Unit 2's RPV

Even before Loviisa Unit 2 was commissioned, it was identified that the quality of the RPV
cladding did not meet the design specification. During the final inspection of the RPV at the
Izorsky factories in Leningrad, then USSR, it was found that there were numerous slag
inclusions between the weld beads in the cladding. The largest inclusions were repaired by
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welding before the RPV was commissioned. Smaller inclusions which, according to crack
growth calculations, would not grow to surface cracks during the RPV's lifetime, were
accepted without repair. At the same time, an extensive co-operation program was started
with research institutes in the former USSR to determine the behavior of the cladding, and,
especially, the behavior of cracks in the cladding. The results of these studies have been
published by Saario et al. (1989).

The main findings of the research program confirmed that the material parameters used in the
crack growth analyses were conservative. In the in-service inspections of the RPV of Loviisa
Unit 2, considerable emphasis was placed on the integrity of the cladding, the slag inclusions
and the region under the cladding. A commercial NDT-service was used for these inspections.
So far no crack growth or changes in the indications have been observed.

Erosion-corrosion of the secondary circuit

In the early 'SOs, it became obvious that erosion-corrosion of the secondary system piping and
components would be an important factor to the safety and usability of the plant. Special
features of the secondary circuit, such as neutral water chemistry and use of carbon steel,
have made secondary system components and pipes susceptible to erosion-corrosion. The
under-lying philosophy in the neutral water chemistry was to protect the most important
components on the secondary side, i.e. the steam generators, by keeping the conductivity of
the feed water as low as possible, and by avoiding making of any chemical additions to it.

A control program was developed in 1982-1983 to manage erosion-corrosion in the secon-
dary system piping and components. Over the years, the amount of fittings to be inspected
has been increased, based on the operation and inspection experience from Loviisa and other
plants. Several modifications (repair, change of the components or piping and modifications
of the system) have been made as a result of thickness measurements. At that time, 6-8
inspectors performed annually 200 inspection items per unit.

After the Surry-2 accident in 1986, the scope of the control program was enlarged , but it was
still based on the operation experience and two-phase flow physics. After the enlargement,
there were 300-400 inspected items per unit each year and 10-12 inspectors, who performed
the annual inspections.

Due to shortcomings in the control program (the flow control orifices were not included in
the program), the first guillotine pipe break of the feed water system occurred in 1990 at Unit
1. Erosion-corrosion adjacent to the flow control orifice in the feed water discharge line was
incorrectly assumed to be lower than in the other fittings inspected during the previous
outages (tees, 90 degree elbows, throttles etc.).

After the first guillotine pipe break, the scope of the control program was further increased to
comprise about 600 items to be inspected every year in each unit. A computer program
designed for the weak point analysis and for the inspection data management was imple-
mented. Also, a special team of IVO experts was set up to evaluate the scope of the annual
inspection program.
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Based on the wall thickness measurements, the pipelines between the feed water pumps and
the feed water discharge collectors were replaced with new pipes made of an erosion-
corrosion resistant material. This renewal was completed at Loviisa 1 in 1992 and was
scheduled to be performed at Loviisa 2 in 1994. Before that, in February 1993, however, in
spite of the large efforts put on the improving the inspection program, a second guillotine
break occurred at Loviisa 2. Self-assessment performed by IVO still revealed shortcomings in
the inspection procedures and in the interpretation of the previous inspection results. Due to
the very local nature of the wall thinning, it was found to be very important that the inspec-
tions be performed according to proper inspection procedures and instructions.

In order to tackle erosion-corrosion in the secondary system piping and components, several
options have been implemented in recent years, such as, an exchange of a large extent of the
piping and materials to a low alloy or stainless steel, an exchange of the components or
improvements in the inspection techniques. One important feature to diminish erosion-
corrosion was the change in the secondary water chemistry from neutral to alkaline water
chemistry at Loviisa 2 in 1994 and at Loviisa 1 in 1995.

A more detailed overview on the feed water line breaks at Loviisa is given by Hietanen and
Heltimoinen(1995).

In addition to erosion-corrosion, other forms of corrosion, such as pitting corrosion in the
brackish sea water-cooled main turbine condenser tubes, have been a problem. The annual
eddy current inspections performed since 1979 have revealed that the condition of the original
copper-nickel tubes has been deteriorating rapidly, causing leaks and, consequently, tube
plugging. In view of the high standards for condenser reliability, it was decided to retrofit the
condensers. In both units, a condenser retrofit was carried out from 1985 tc 1990. Both
titanium and high alloyed stainless steel (254 SMO) were used as tube materials. Operational
experience with both tube materials has so far been excellent.

Condition monitoring of electrical cables

Electrical cables inside the containment are qualifieo for 40 years of operation. However, this
qualification includes many uncertainties. A condition monitoring program for cables is
therefore necessary.

Only destructive methods are considered reliable. Samples of all the cable types used inside
the containment are kept in a normal operational environment. Their insulation and sleeving
materials are tested at intervals of 5 years to control any changes in their mechanical proper-
ties. Tensile strength and elongation before break are measured.

Now, after almost 20 years of operation, only rdnor deterioration has been found. The
properties of most cables are still near the original ones. Considerable aging has been detected
only in silicon rubber-insulated cables and cables located in an exceptionally hot operation
environment. The aging tendency of the silicon cables was already detected in the qualifica-
tion tests, and all the silicon rubber-insulated cables of safety-related circuits inside the
containment were replaced. Our aim is to extend the life of cables by improving the environ-
mental conditions.
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Backfitting of valves

Loviisa Power Plant has some 140 valves which are classified as loss of coolant accident
(LOCA) or main steam line break valves (later only LOCA-classified valves). IVO carried
out a project from 1988 to 1996 to qualify the electric actuators as accident-classified. Some
of the old valves did not fulfill the very strict sizing principles described below, and the
valves, or parts of them, were replaced.

The main principle in the motor-operated valve is that in all LOCA-qualified valves (and
some others, too) the actuator must not, under any circumstances, damage the valve, and the
torque must always be sufficient to operate the valve. Following completion of the sizing
check in the LOCA-program, IVO carried out a sizing check for all the other safety-related
valves (about 400 positions).

Other life-limiting factors

Degradation of materials, caused by fatigue, corrosion, radiation and thermal effects, have
been discussed above. In the following, some other life-limiting factors, or factors affecting
possible life extension, will be discussed.

In general, components have been successfully replaced, such as batteries, computers, cables,
valves and actuators. The plant computer of both units and the plant simulator computers
have been replaced. New systems have been introduced to strengthen old plant designs:
additional emergency feed water systems, essentially improved fire protection, operator
support systems, etc., are all part of the task of modernizing existing plants.

Control rod drives were not replaced after five years, as recommended by the manufacturer.
Instead, there is a program for periodic inspections and overhaul, which has indicated a need
to change, periodically, only definite parts. Some new control rod drive systems have been
acquired and installed into the system to permit overhaul of drives during power operation,
but, so far, none of the original drives have been removed from service.

Diesel engines have not been considered for replacement, but a complete overhaul has been
made one by one in an off-site factory, starting after 10 years of operation. During this year
(1998), the last one will be overhauled. After this work, a future plan and a life estimation
will be given to them.

A lot of pressure transmitters and containment wall instrument penetrations, among other
things, have been replaced.
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ABSTRACT

The lifetime evaluation of main NPP components during the whole operation period is

necessary to ensure safe and economic operation of NPPs. VUJE Trnava a. s. (NPPRI Trnava Inc.) has

been paying attention to this area for many years. Most important components of primary and

secondary circuits are typical objects of computational analyses carried out both periodically and in

accordance with arisen need These analyses consist of many partial steps or combination of steps, such

as stress, deformation and strength calculations, dynamic and seismic calculations, fatigue damage

calculations, fracture mechanics calculation and other type of calculations which all suppose

knowledge of necessary mechanical and physical properties of applied component materials.

PAPER

NPPRI Trnava Inc. has been providing wide technical support referred to lifetime

evaluation ofBohunice NPP main primary and secondary equipment to Bohunice NPP proprietor for

many years. The range of such activities is actually very wide and therefore we would like to

describe the partial area only in this paper, which is is the object of our work in the Department of NPP

Component Lifetime Evaluation, i.e. the area of computational lifetime evaluation. Our institute, has

paid attention to detail aspects of residual lifetime evaluation ofBohunice NPP primary and secondary

circuit components for more than fifteen years, especially we have dealt with stress, strength, fatigue

damage, crack assessment and integrity calculations.

At the beginning of Bohunice NPP's operation no common strategic concept directed to

solution of such problems was utilized in our country and almost nobody considered there is some need

to monitor and to evaluate actual operational load history influence on components residual lifetime. In

this time our activities arose from own opinion and knowledge supported by information about foreign

research programmes. A great deal of work consisting in calculations and some verification

experiments was performed. 2D and 3D FEM computer programmes (PMD I and PMDII developed

in former CSFR) were used to map stress and strain states of NPP primary circuit components in all

important operational states (including time-dependent thermal regimes). The boundary conditions of

such calculations were gained by preceding static analyses of the primary and secondary pipings. This

stage was brought to the end editing the "stress catalogue" [4] with the graphical stress state description

of above mentioned components in all important operational modes along with applied models and

methods. Despite of some shortcoming the "stress catalogue" became an aid of NPP star! particularly

MHrazsty, MMikuS, P.Hermansty: Lifetime Evaluation ofBohunice NPP Components 1
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used for in-service inspection planning at this time. The critical places of analysed components were

submitted to subsequent fatigue usage calculations on the basis of actual components loading histories.

The actual loading history caused by components operation has been identified utilising the operation

logbooks and the measurement records so far. For most primary and secondary circuit components

such loading history recording has seemed to be sufficient Most important experience from this time

defined requirement that components loaded by in design unexpected temperature transients (e.g. some

parts of surge line piping or steam generator feed water nozzle) should be watched by special local

measurement systems.

The knowledge of mechanical and physical properties of basic and weld materials of

W E R 440 NPP primary components was not complete in some cases, mainly with respect to fracture

and fatigue properties. Therefore corresponding experimental research, especially aimed at the primary

piping, had been carried out at the beginning of 80's [10], [11].

The second stage of Slovak NPP components residual life-time evaluation "history" has

been started in 1990. This etap could be characterised by the use of more sophisticated evaluation

technics. In consequence of proceeding improvement of software and hardware equipment we decided

to widen the range of our analyses which have been carried out up to now, i.e. we started to deal with

new problem areas such as RPV integrity assessment during postulated PTS events, defects acceptance

evaluation, probabilistic fracture mechanics calculations, piping seismic analyses, mechanical

equipment requalification procedures etc. The substantial part of work has been concentrated in special

research projects connected with VI and V2 safety analyses and upgrading plans. The most important

of them are reviewed in Tab. 1.

Tab. 1

Most important longterm projects

LBB

LBB

Secondary piping integrity assessment

Secondary piping integrity assessment

RPV integrity assessment methods

VI NPP RPV integrity evaluation

V2 NPP RPV integrity evaluation

Defect acceptance criteria elaboration

Years

91-94

93-95

94-95

95-96

94-97

96-

98-

98-

Units

VI

V2

VI

V2

VI,V2

VI

V2

VI, V2
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Besides big research projects included in preceding table all important Bohunice NPP

primary and secondary components had been subjected to thorough renewed stress state and fatigue

analysis several years ago. The list of analysed equipment includes components such as : RPV, MCP,

MCV, SG, pressurizer, primary piping, main feed water and main steam piping etc. Periodic reports

containing fatigue usage factor calculation results in critical parts of all above mentioned

components have been issued up to now every year.

There is no doubt now that some piping parts of NPP primary and secondary circuits have

suffered from loadings not considered in project and lifetime analyses. Such thermal and pressure

cycles along with thermal stratification affect mainly horizontal piping parts and nozzles. Special

project of longterm measurement of surge piping horizontal parts surface temperature was prepared and

applied in all Bohunice NPP units to obtain input data necessary to damage analyses. Similarly cyclic

damage analysis of steam generator feed water nozzle is carried out peridicaily based on local

temperature measurement.

At present time we can utilize the set of modern FEM computer codes for stress, strain and

strength analyses. They enable the automatic mesh generation in graphic regime and the graphic

interpretation of calculation results. The whole system has been installed on several PCs and is able to

solve common elasticity, thermoelasticity and elastoplasticity problems including fracture mechanics

problems. The kernel of this system consists of PMD II and ADINA codes. The static and dynamic

analysis of piping is available utilizing CEAPIPE computer code. Such piping analysis precedes

pressure component stress and deformation calculations, if necessary, in order that we could determine

component's realistic boundary conditions. Special computer codes for NPP RPV and piping integrity

analyses are available too. Tab.2 contains brief characterisation of all programmes utilized. All

necessary input data sets describing components dimensions and geometry, loading parameters and

material properties have to be verified before making use of them in all computer programmes.

M.Hrdzsky, MMikuS, P.Hermansky: Lifetime Evaluation of Bohunice NPP Components
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Tab. 2

Computer code

PMDII

ADINA

NRCPIPE

NRCIPES

IP2ELBOW

SQUIRT

CAEPIPE

LIFETIME

APT

INTEG97-BRIFRA

PTCURVE

ESTIM

PARANAP

Brief purpose description

3D FEM, linear and nonlinear static or dynamic

mechanical and thermal problems, no fracture

mechanics problems

3D FEM, very broad spectrum of soluable tasks

including fracture mechanics problems

piping integrity analysis - throughwall cracks

piping integrity analysis - surface cracks

piping elbow integrity analysis - throughwall cracks

throughwall crack leak calculation

FEM application for piping, static and seismic

analyses, response spectra method

fatigue damage analysis ofNPP components

critical crack dimensions evaluation

RPV integrity assessment with regard to PTS events

allowedp-T curves calculation

pressure vessel and piping probability calculation-

FORMand SORM techniques

piping integrity assessment utilizing static and seismic

analysis results, throughwall and surface crack

dimensions determination
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Vyskumny ustav jadrovych elektrarni Trnava a.s. vuje

1. NPP COMPONENTS SUBMITTED TO FATIGUE USAGE FACTOR CALCULATION

V1NPP
1. Piping lines parts

a) triple T junction on MCP (surge lines connection)

b) horizontal parts of surge lines

c) pressurizer cold injection piping connection to MCP

d) hot elbow under SG

2. Primary circuit components

a) reactor pressure vessel

b) hot RPV primary nozzle including safe-end

c) tightness parts of RPV cover

d) main primary circuit pump

e) main primary valve

f) pressurizer

• upper lid body

• cold injection nozzle,

• bottom nozzles of surge lines,

• nozzle connection on safety valve

g) steam generator

• feed water piping nozzle,

• primary collector,

• SG body close to water level,

• steam collector

V2 NPP (+parts)

1. Piping lines parts

a) double T junction on MCP (surge lines connection)

b) low pressure ECC system piping T junction - hot loop

c) low pressure ECC system piping T junction - cold loop

d) high pressure ECC system piping T junction
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Vyskumny ustav jadrovych elektrdrni Trnava a.s.

Triple T junction on MCP (surge lines connection)

vOje

horizontal parts of surge lines
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Vyskumny ustav jadrovych elektrdrni Trnava as.

pressurizer cold injection piping connection to MCP

vuje
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hot elbow under SG
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Vyskumny ustav jadrovych elektrarni Trnava as.

reactor pressure vessel

vQJe
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Vyskumny ustav jadrovych elektrdrni Trnava as.

hot RPV primary nozzle including safe-end

vuje

tightness parts of RPV cover
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main primary circuit pump

vuje

main primary valve



- 1 5 4 -

Vyskumny ustav jadrovych elektrarni Trnava as.

pressurizer cold injection nozzle

vuje
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Vyskumny tistav jadrovych elektrarni Trnava a.s.

bottom nozzles of pressurizer surge lines

vOje
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Vyskumny ustav jadrovych elektrarni Trnava a.s. vQje
SG feed water piping nozzle

JL
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Vyskumny ustav jadrovych elektrdrni Trnava a.s.

SG hot primary collector

vtije
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Vyskumny ustav jadrovych elektrarni Trnava CLS. vdje

SG steam collector
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Vyskumrry ustav jadrovych elektrarni Trnava as. vuje
double T junction on MCP (surge lines connection)

5
6

low pressure ECC system piping Tjunction - hot loop
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Vyskumny ustav jadrovych elektrdrni Trnava a.s. vuje

low pressure ECC system piping T junction - cold loop

high pressure ECC system piping T junction
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Vyskumny iistav jadrovych elektrarni Trnava a.s. vOje

Operational regimes included in Bohunice NPP
loading sequences

Zero state (primary circuit without pressure)
Tightness test - primary circuit
Pressure test - primary circuit
Tightness test - secondary circuit
Pressure test - secondary circuit
Reactor scram
Fast reactor power change to own consumption
Fast reactor power change to 50% of Pnom
Nominal operation
Semihot state
MCPtrip
Gold water injection into pressurizer (more variants)
High temperature heater trip
Start up to nominal operation
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PLANT LIFE MANAGEMENT IN HUNGARY

by

F. Gillemot

Atomic Energy Research Institute Budapest

Introduction

NPP Paks is a relatively new plant. The plant age is an important factor in the
elaboration of the life management strategy.

At NPP Paks four WWER-440 V-213 type units are in operation (see Table 1.),
and they have been working with an efficiency of more than 80% for years. About
40% of the total Hungarian electric energy production is generated there, and
production costs are significantly lower than the average in the country.

Table. 1. The main parameters of NPP Paks

XA9949538

Unit

Paksl

Paks2

Paks3

Paks4

Capacity

[MWe]

440

440

470

460

Supplier

Skoda

Skoda

Skoda

Skoda

First operation

1982

1984

1986

1987

Due to the novelty of the plant the Life Management was not an important issue
until recently. During the previous ten years the safety enhancement of the plant was
the main issue. NPP Paks and the scientific institutes started to elaborate a common
life management programme about 3 years ago.

The conditions of Life Management

Several important factors affect the life management in Hungary:

• The political and economic system has changed. Related to these changes the
organisation of the Central Electricity Board, the Nuclear Safety Authority, the
research institutes, etc. also has been transformed.

• The new Hungarian Safety Code - based on the ASME code - has been
elaborated. Earlier the translation of the Russian Code PNAE and the
Interatomenergo Normative documents were used. These changes cause some
practical problems, as not all of the ASME regulations can be applied to a
WWER reactor, which was designed on the base of the PNAE code. E.g. the
material characteristics of a WWER plant (Kic curve etc.) can be found only in
the PNAE code. Since the PNAE code uses a different transition temperature
than the ASME code the use of the original Russian Kic curve is difficult.



- 1 6 4 -
SPM on "Life Management Policies and Strategies" Vienna 1998

The contacts with the Designer (GIDROPRESS) are not satisfying due to the
political and economic difficulties. To solve this problem NPP Paks contracted
the Atomic Energy Research Institute and the Research Institute of Electric
Power in Hungary to become the main/official consultants.

The privatisation and economic restructuring of the Central Electricity Board
and the companies providing services and maintenance for the NPP affects the
life management too. In 1992 the so called periodic safety review system has
been introduced on the recommendation of the IAEA. First the review period
was 12 years, but 4 years later the Nuclear Safety Act of Hungary shortened it
to 10 years. The introduction of this system means not only safety enhancement
but also change of the previously established fixed (designer given) lifetime.
Using the periodic review system, NPP has to prove that the level of safety
satisfies the requirements for the following ten years, and the Regulatory
Committee extends the licence for this period if the results of the review allow
it. This provides the possibility to extend the lifetime more than the designed
life, but in the case of non-satisfying results the plant can be shut down before
reaching the planned life. The use of this system requires a new approach from
the plant management, the authority, consultants and maintenance services.

Hungary would like to join to the European Union. This is a new factor to be
considered also in the life management strategy. If the country becomes a
member of EU, the economic rules as well as the safety and environment
protection rules will be changed again. It is predicted that the safety and
environment protection rules of the EU can be fulfilled easily, but the change of
the economic conditions makes the economical predictions needed for life
management uncertain.

General life management strategy

The general idea of the technical life management used in Hungary is shown on
FIG. 1.

The codes, rules and the responsibility of the operator clarify the acceptable safety
level. Generally the development of the codes, rules, and safety enhancement practice
requires increasing the safety margin. The calculation of the safety margin - due to the
uncertainties - has a big scatter. The lower bound line of this scatter band has to be
over the required safety margin. Mitigation actions (maintenance etc.) can increase the
safety margin.



- 1 6 5 -

SPM on "Life Management Policies and Strategies" Vienna 1998

Safety
factor

Acceptance
level

Failure

(Safety factor=l)

Mitigation

^ ^ 1

Scatterband o l p * * - -»

Designed lifetime ^

1

.
icition
^

Mitigation 2

Extended lifetime

Real lifetime

Fig.l. The simplified scheme of the life management

The life limiting components considered

Elaboration of a life management strategy for the whole plant has been started in
Hungary. The technical lifetime of the following components are considered to be
limiting the lifetime of the plant:

• RPV-s
• Steam generators
• Box system
• Spent fuel storage
It is presumed that the basic equipment determining the plant lifetime is the

pressure vessel. Consequently the Atomic Energy Research Institute has been
contracted to perform a life assessment of the PVR-s.

The WWER-440 type is a pressurised light water reactor. The basic design was
made in Russia by OKG Gidropressz. The main contractor of the NPP was the
Russian Atomenergoexport Company. The reactor and pressurizer were constructed
by the Czech Skoda Works under Russian licence.

The WWER-440 RPV is a compact design. The reactor pressure vessels are made
from a 15H2MFA type Cr-Mo-V alloyed steel and have a 9 mm thick stainless steel
cladding inside produced by submerged strip welding. The wall thickness is 140 mm.
The small diameter has a unique consequence: the water gap between the core and the
reactor wall is small.
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At calculation of the technical lifetime of the RPV-s at NPP Paks the following
ageing mechanisms are considered:

• Radiation embrittlement
• Low cycle fatigue
• Head cracking
• The failure of the threads and thread housing
• The state of the concrete supports
• The ageing of the inside structures

The inside structures can be changed (repaired) at acceptable costs, and the non-
destructive testing results prove that the thread holes and the head penetrations have
not been damaged until now. Since the failures of these elements are not typical at
PWR-s it can be expected that these elements will not cause the limit of the lifetime.

The state of the concrete supports is still satisfactory, but until now no reliable
calculation of their lifetime has been performed.

The allowed number of fatigue cycles is given in a list by the designer. The NPP
hasn't used too many of them, and if it will operate the units at a constant load - like
until now - the cyclic lifetime can be as much as 60 years, or even more.

Due to the high neutron flux the radiation embrittlement is the life-limiting load of
the WWER-s. Several steps have been taken in the framework of the life management
program in order to reduce the embrittlement rate.

All the surveillance results have been collected, written into a database and
evaluated. Tangent hyperbolic curves were fit for all Charpy data by the same fitting
procedure, and transient temperature shifts were evaluated for all the surveillance
specimen sets of the four units. Trend curves of the embrittlement rate were also
elaborated considering different operating modes. Material data obtained from these
trend curves were used to predict the material degradation in the function of the
lifetime.

During the previous years many transient cases (PTS pressurised thermal shock
events) were analysed and evaluated by Atomic Energy Research Institute. The stress
and strain analysis of these PTS calculations was repeated using the new material
degradation trend curves.

The results show that the lifetime of every unit of NPP Paks is longer than 24
operation year without any change in the operation mode. (The 24th years is the next
safety review, the calculations are made until this date, but the real lifetime is longer).
With proper life management all four RPV-s can reach a lifetime of 48 years or even
more, without annealing.

The suggested mitigation methods are as follows:

• reduction of the scatter of the material testing data base
• reduction of the scatter of the analysis
• reduction of the severity of the transients by revising the operation manuals
• application of the low leakage core
• heating up of the emergency core cooling water
The application of any of these methods or their combination should increase the

lifetime. The final lifetime of every unit has to be evaluated on the base of the
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electricity cost minimisation, and not on the basis of the final technical limit of the
lifetime. To reach a lifetime of over 60 years of operation annealing can be included in
the list of mitigation measures.

Other components

Other components of the primary circuits were manufactured in co-operation by
Russian, Hungarian and Western European firms. During the installation period the
Hungarian Central Electricity Board widely used the experience gained in Finland
during the construction of two similar units at Loviisa site and maintained a strict
quality assurance testing and controlling system, independently from the quality
checking carried out by the producers.

Six loops are joined to each RPV unit. The steam generators are vertical, the piping
is made from 18/8 type titanium stabilised austenitic steels. Periodic inspection (Eddy
current testing) is being performed regularly. Until now only a few pipes have been
damaged, but in life time calculation the fact that a large number of corrosion failures
generally occurs after a certain operation time within a short period, necessitates
careful life management of the steam generators. Technically the steam generator
replacement is possible, but exchange of 24 steam generators would have a great
economic impact on the plant

The primary circuit is covered by the so-called box system, which is an alternative
solution to hermetic isolation (instead of containment). The basic idea of the box
system is that a limited hermetic space covers individually every component of the
primary circuit, but they are connected to each other and to a huge cooling tower,
which is able to absorb the escaping steam even in case of large break LOCA. This is
a concrete system. If it became unhermetic due to the corrosion of the concrete or the
penetration, or the decrease of strength of the prestressed concrete below the accepted
level due to ageing the repair costs may reduce the economical lifetime of the plant.

Hungary has no long time storage facilities for spent fuel elements. The present
intermediate storage facilities can accommodate the spent fuel of 15 more years of
operation. Presently the fuel manufacturer (in Russia) stores (reprocesses) the spent
fuel, and hopefully will continue to do so in the future. Since the high costs and the
civil resistance against building long term spent fuel storage for NPP Paks, the fuel
management also is can be a life-limiting factor.

Summary

The life management in Hungary is in an early stage. The preparation of a suitable
database, development of maintenance systems, and education of the plant and
consultant staff is essential.

The Act of Nuclear Safety, the introduction of the 10 years periodic safety review
system (periodic licence extension) is a good base for life management. At the same
time the economic changes in the country make the life management difficult.
Presently the most important task is to prepare the technical environment and the
methodology for NPP Life Management, and within a few years - when the country's
economy will be consolidated - a real life management can be performed.
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The estimation of defects influence
on lifetime of NPP equipment components
Ovchinikov A.V., Vasilchenko G.S., TSNIITMASH, Moscow,

Rivkin E.Y., NIKIET, Moscow

The estimation of defects influence on lifetime of NPP equipment
requires several typical operations: testing the objects by not destroying
methods of control, schematisation of defects that have been detected and then
making calculations.

The not destroying control must be done for revealing the defects in
material, revealing the changes of material properties, and for estimation of the
state of the material. The basic methods of defects revealing are ultrasonic,
radiographic and visual control.

The real defects, usually, have complex geometrical form, and it is a
difficult task to get exact information about forms and sizes of defects, so, we
have to simplify the form of the defect for making our calculations.

The most different method from the method accepted in ASME (Boiler
and pressure vessel code (section 11)) is the procedure of schematisation of
defects that had been accepted in Russia.

ASME, Boiler and pressure vessel code (section 11) [1] uses the
geometrical approach for defects schematisation and demands information
about the length and depth of defect. In number of cases, specially when
ultrasonic methods being used, we can't get this information. Often, with a
sufficient degree of reliability, we can determine the area of defect. The
technique developed in Russia, allows to create the schemes of the defects on
the basis of limited data: only data about the area of defect.

For example, in welded connection by ultrasonic method of control,
there was determined a defect that can be characterised as dot defect. To
achieve from the experts of the ultrasonic control, that they have described this
defect how it is required on the figure 1, practically impossible. But if we know
the type of defect we can accept criterion for the area of the defect that it
should not exceed some size. Real defect can be replaced by an elliptic crack
with an equal to the real defect (crack considered to be the most dangerous
form of defect in the mechanics of destruction, so we don't understate the
degree of danger of the defect). Thus, even having the minimum information
we can create the scheme of the defect for making further calculations (fig. 2).
If we have the additional information about the defect (for example, the length
of defect), closer definition can be done.
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Often defects are disposed close to one another and influence on each
other.

The second speciality of the Russian technique is the way of counting
the interaction of defects. In ASME code the following technique is applied: up
to certain distance between defects the interaction of the defects is not taken
into consideration, otherwise at once defects are considered as a one big defect.
In the Russian technique the influence of the next defect is replaced with
influence of an additional free surface. The distance between this imaginary
free surface and defect must be calculated, the method has been worked up.

The Russian technique of schematisation with minimum information
about defects observes the main principle: critical load received as a result of
calculations, do not exceed real critical load.

So, on the basis of these principles there was developed and
experimentally confirmed technique of schematisation of defects. This
technique of schematisation has given sufficient results and now it is being
used in the normative documents and standards of Russia for determination of
degree of danger of defects [3].

Strength calculations of the NPP equipment components with defect
that must be carried out after schematisation, usually includes two stages:
calculation of precritical growth of defect and calculation of critical state.

Precritical growth of defect, usually, can be described with a kinetic
diagram of the fatigue fracture, that shows the dependence of the crack growth
rate da/dN from different parameters of cycle:

da - f AJf
d ~ C \dN ~ C \ i- R

Where C\ and m - characteristics of the material, which dependent on
influence of environment, temperature and frequency of cycle;

AK - stress intensity factor;
R - factor of asymmetry of a cycle;
N - number of cycles, a - crack length.
For calculations of crack growth in perlitic steel constructions that have

contact with water in the first contour, C\ factor must be increased in 10 times
in comparison to air condition, for chrome-nickel corrosion proof steel - C\
factor must be increased in 2 times.

Let us see more closely the calculations of critical stage, because it is
different from the approaches accepted in the west.

The main distinctive feature of the Russian technique of calculations of
elastic-plastic deformation is that: the calculations are based on the traditional
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characteristics of metal: limit of yield, the limit of ultimate, relative narrowing
of profile. If it's known, that the material is in a tough state, under the influence
of temperature strain, then, even without information about crack critical
opening 8C or critical Jc - integral, it is clear, that static crack resistance is
enough big. If the sizes of the defect and of the construction are large, there can
be brittle state even in tough material. Then anyway, independently to the
strain condition, calculations must be carried out on the basis of the elastic
fracture mechanic and estimation on the basis of critical stress intensity factor.

These simple reasons have allowed us to suggest the interpolate
criterion of crack resistance. The first stage of calculations by this method is
the definition of temperature areas of a brittle and tough state of material with
defect.

The intermediate transitional area is considered as area of interpolation.
In this case the plastic-elastic state depends not only on temperature, but also
from sizes of defect and element of construction.

So these consideration allows us easily understand degree of danger
from temperature or stress influence, and also from bending load.

Combination of these approaches has allowed us to develop a technique
of lifetime calculation for equipment with defects, quite efficient, with a
minimum information about defect and properties of a material. The
experience that has been got during several years on the real equipment has
shown us good results. Experimental data of tests on destruction of elements of
constructions showed good reliability of the forecast of critical load.

In the most complete form this method is described in Russian
"Technique of definition of allowable defects in metal of the equipment and
pipelines in operating NPP". M-02-91.-M.: scientific research and design
institute power equipment, 1991. [2] (and also see [4], [5]). This method is
being used in modern Russian standards [3].
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SECTION XI — DIVISION 1 1986 Edition

Unclad surface

Flaw #1
. . .

2a

-5 » * 2a

8 X

2a

fi-2a ^

m—5

Clad surface

. Pressure retaining surface
of unclad component or
clad-base metal interface
of clad component

Flaw #2

Flaw #3

FIG. IWA-3320-1 SUBSURFACE PLANAR FUWS ORIENTED IN PLANE NORMAL TO
PRESSURE RETAINING SURFACE

Illustrative Flaw Configurations and Determination of Dimensions 2a and / Where S Is > 0.4a
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a*c=F/n;

Fig 2
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a*c=F/7i c=//2

Fig 3



1986 Edition
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GENERAL REQUIREMENTS Kg. IWA-3330-1

Surface flaw *1

5 < 2d2 or 2rf3
(whichever
is greater)

Subsurface flaw »2

S< 2d2or 2d2

(whichever is greater)

surface

" Pressure retaining surface
of unclad component or
clad-base metal interface
of clad component

2rf-| or <j~ (whichever

is greater)

Surface flaw ?5

FIG. IWA-3330-1 MULTIPLE PLANAR FLAWS ORIENTED IN PLANE NORMAL TO
PRESSURE RETAINING SURFACE
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XA9949540
- ett foretag i Sydkraftkoncemen

THE SWEDISH UTILITIES JOINT APPROACH TO FORM
COMMON BASIS FOR DESIGN REQUIREMENTS FOR THE
FUTURE

by
Mr. BERTIL HANSSON
Barseback Kraft AB, P Box 524, SE-246 25 Loddekopinge, Sweden

ABSTRACT. The Owners of the Swedish Nuclear Power Plants have decided to form a
document that should state the design principals and requirement for a cost-effective and
continuous development of the reactor safety in the future. The development of this
document will be apart of the modernisation and development of the Swedish Nuclear
Power Plants. The basis for this document is an evaluation of Swedish and International
standards and regulations as IAEA/INSAG, US-regulations, EUR etc.
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- ett loretag i Sydkraftkoncernen

Background
All the Swedish Nuclear Power Plants have a design reconstitution program, where the safety level of the
units has been / or is verified and the FSAR is updated. Furthermore there are modemisa-tion programmes
developed and some activities have already been performed. To get a more costeffec-tive and optimised
approach to the future reactor safety development, the owners of the Swedish Utilities decided to have a joint
approach to set up safety principals and requirements. This is also a part of the "Swedish Model" as the
utilities has regular meetings with the regulator to inform about the progress and discuss the level of
requirements. The regulator is in parallel developing new design requirements.

The joint Swedish approach
The Owners of the Swedish Nuclear Power Plants organised a group of Production Managers that
represented all the four Nuclear Stations - Barseback, Ringhals, Oskarshamn and Forsmark. This group is
acting as steering committee for an expert group that acts as a project group for the development of the
safety principals and requirements. The expert group consists of senior engineers from the four stations with
long experience in the field. In the expert group there is also a representative for the EUR-evaluation work
going on in Sweden. Some of the experts have also direct connections to the ongoing reconstitution projects.
With this broad background in the expert group there are "built-in" possibilities to use the wide experience
built up through the years in the specific areas.

Objectives
The objectives are:
• to form, for the Swedish Nuclear Industry, common safety principals and requirements that will

stimulate a cost-effective and continuous development of the reactor safety in the 20th century

• that the developed safety principals and requirements should promote and strengthening a under-
standable, verifiable and "robust" development of the reactor safety

• that the principals should emphasis the use of the good sides of the plant and the experiences of
the personnel

• the principal and requirements should be possible to implement at all units in Sweden

The safety principals and requirements in the document should be based on deterministic requirements
complemented with reactor safety goals and based on :
• the origin design features of the plants

• the Vattenfall and Sydkraft Safety Policies for their Nuclear Power Plants

• regulations and requirements from the Swedish Nuclear Inspectorate, SKI

• IAEA/INSAG-documents

• US-regulations and standards

• EUR-documents

Furthermore should all new requirements be evaluated to see how they promote an cost-effective
development of the safety of the plant.
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- ett foretag i Sydkraftkoncernen

Structure of safety principals and requirements in the document
The structure of the document is built up around three important questions:
• What should be fulfilled?
• How should it be fulfilled?
• Why should it be fulfilled?
This structure promote a safety culture thinking that first really make sure What? are the requirements
to fulfil and then start thinking about How should these requirements be fulfilled. Documentation of the
basis and references will be documented under Why

Swedish Nuclear Industry safety design
principals and requirements

WHAT - Safety principals and requirements
- Overriding requirements on barriars, defence in

depth and safety functions
HOW - Requirements on analyses

- How to fulfil the requirements
WHY - Background and basis to requirements

Swedish requirements
in the 20th century

SKIFS

SAR +

US -requirements
IAEA/INSAG
EUR

Ol-MOB - BOKA - JREDA - HAK

Design of &te Swedish W?Fzs today
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Structure uirements
Base

Deterministic: Defence in depth =INSAG 3,10 (EUR & 2.2.1) :
Geneml=GDC 1-5 (EUR& 2.1.3-2.1.5)

Kvantitativa: Severe Juel damage < lE-5/ar 0.1% < lE-7/ar (EUR & 2.1.2)
r e c l u i r e m K^O:INSAG4+GDC19(EURA2.0.2,2,9-1Q,2:.10)

Branslekapsling RCPB Reaktorinneslutning Sekundarinneslutning

Barriers

G D C ] ] - ] 3 ( E U R 2 8 2 2 ) G D C 1 4 - 1 5 , 3 0 - 3 2 ( E U R 2 8 2 3 2 ) G D C 1 6 , 5 0 - 5 5 ( E U R 2 9 ) G D C 6 0 - 6 4 < E U R 2 8 2 9 )
Critical

structures '—•—-• "—"-"-1 h-

| Critical
safety

'• functions

I y
: I Reaktorskyddsystem:GDC 20-24,29 (EUR 2.8.12-13) |

[ Elkraft:GDC 17,18 (EUR 28.2.7) |

Content of the document
The content of the document will strictly follow the structure above and start on a high level presenting
what should be fulfilled and then present how these requirement should be analysed and then how to
fulfil the requirements. As the Swedish Nuclear Power Plants are of different ages and generations there
will be several possibilities to fulfil the requirements. A preliminary content will be as follows:

Content of the document
0 Introduction
1 Overriding objectives, principals and

requirements
1.1 Safety policy
1.2 Safety objectives
1.3 Safety principals
1.4 Safety design requirements
1.5 Post-severe accidents and severe fuel

damage - requirements
2 Overriding requirements on barriers and

safety functions
2.0 General
2.1 Requirements on barriers and critical

structures
2.2 Requirements on functions protecting the

barriers
2.3 Requirements on safety-related support-

and protection functions
3 Requirements on methods for analyses
4 How to fulfil the requirements
5 Definitions
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Project R 2000 of the regulator
The regulator (SKI) has started a project R2000 where he will form the requirements on safety systems
and functions in the 20th century. The regulator will issue a new regulation with requirements that
should be used for the approval of the different modification programs for the Swedish Nuclear Power
Plants. This new regulation is a part of a series of regulations that the regulator is issuing and it will
cover all the technical requirements for safety systems and functions.
The expert group and the regulator have regular meetings to discuss the progress of both the projects.

Organisation
The expert group has written a draft for the two first chapters in the document to form the base
requirements that should be fulfilled. Then the expert group has formed packages of the rest of the
document and appointed different other experienced experts support the project with writing different
parts of the document as seen below:

vamamo Expertgrupp

"Home-page" on Internet
The project involves a lot of different experts having their offices on different places in Sweden and
there will be a need of discussing level of requirements and the content in the different chapters. To
create a platform for these discussions and exchange of information the project has its own "home-
page" on Internet. All the drafts are here published and a special "chat-page" make it possible to ask
questions and discuss for example the content in the chapters.

Progress so far
The expert group has now written the second draft to the first two chapters and also started up the
work of writing the rest of the document. All the experts have met for a first "start-up-meeting". The
complete document is planned to be ready in the middle of 1999 and some complementary work on
some special requirements identified during the project should be ready before the end of next year.
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IAEA Specialists' Meeting on
STRATEGIES AND POLICIES FOR NPP LIFE MANAGEMENT

(Vienna, 28-30 September 1998)

POLICY AND METHODOLOGY ON
NPP LIFETIME MANAGEMENT IN SPAIN

Lorenzo Francia

UNESA, Spain

IAEA SPM on NPP Life Mngt, 28-30/09/98 UNESA
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Introduction OPERATING NUCLEAR POWER PLANTS IN SPAIN

IAEA SPM on NPP Life Mngl., 28-30/B»98 UNESA

Introduction

SPANISH NUCLEAR SECTOR

NPP Name

Jose Cabrera
Garona
Almaraz 1
Almaraz2
Asco 1
Asc6 2
Cofrentes
Vandellos II
Trillo

Total..
* As of 30/6/98

Rating *
(MWe)

160
466
973
983
973
973

1025
1009
1066

. 7628

IAEA SPM on NPP Life Mngt.. 28-30/09/98

Type

PWR
BWR
PWR
PWR
PWR
PWR
BWR
PWR
PWR

Year Initial
Connection

1968
1971
1981
1983
1983
1985
1984
1987
1988

UNESA
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Introduction

1997 PERFORMANCE INDICATORS (median)
FOR THE SPANISH NPPs

Unit capability factor

Unplanned capability loss factor

Unplanned automatic scrams per
7,000 hours critical

86.35%

2.59%

0.9

IAEA SPM on NPP Life Mngt., 28-30/09/98 UNESA

Introduction

INSTALLED CAPACITY vs GENERATION*

INSTALLED CAPACITY
Total: 50,677 MWe

GENERATION
Total: 188,803 GWh

* As of 31/12/97

IAEA SPM on NPP Ufe Mngt., 28-30/09/98 UNESA
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NPP Lifetime Management

OBJECTIVES FOR THE SPANISH ELECTRICITY SECTOR

& STRATEGY OBJECTIVE

To extend the life cycle beyond 40 years maintaining safety
and efficiency levels.

* PRESENT OBJECTIVE

To monitor and control the ageing of important components
in order to guarantee a lifetime of 40 years, while keeping the
strategic option open.

IAEA SPM on NPP Life Mngt.. 28-30/09/98 UNESA

NPP Lifetime Management

TO ACHIEVE THE PRESENT OBJECTIVE (40 year
design life)

-•• Plant life Management Programs.

-*• Periodic Safety Reviews.

TO ACHIEVE THE STRATEGIC OBJECTIVE

-*• Additional analysis and activities (Reevaluation of
components with a design life of less than 40 years).

IAEA SPM on NPP Life Mngt.. 28-30/09/98 UNESA
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NPP Lifetime Management

* PLAN FOR PLANT LIFE MANAGEMENT BASED ON
MAIN ACTIONS:

- • Application by NPPs of Plant Life Management
Methodology (based on Phase 1 of UNESA's Project
already developed).

-*• Development of computerized Life Management System
(UNESA Project Phase 2, on course).

-*• Specific sectorial programmes related to plant life
management: Technology and tool development for
evaluation, inspection, mitigation, repair and replacement
of important components.

IAEA SPM on NPP Life Mngt.. 28-30/09/98 UNESA

NPP Lifetime Management

LICENSING & REGULATORY ASPECTS

<> At this moment, the NPPs and the Regulatory Body
(CSN, Nuclear Safety Council) are involved in activities
concerning present objective (ageing management).

<> Both parts are interested in references from other
countries and international organizations.

IAEA SPM on NPP Life Mngt.. 28-30/09/98 UNESA
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NPP Lifetime Management

REGULATORY REQUIREMENTS

•=£> The present NPP operation permits require to prepare
and submit to the CSN an annual report concerning the
plant Lifetime Management Plan or the Ageing
Management Programme.

•=*> As part of the Periodic Safety Review (PSR),

— Review the componet behaviour.

- Present the adopted corrective measures for ageing
mechanism control.

IAEA SPM on NPP Life Mngt.. 28-30/09/98 UNESA

NPP Lifetime Management

PERIODIC SAFETY REVIEW

=£> The safety of each NPP is reviewed under a continous
process by CSN.

•=£> In addition, CSN has established a Periodic Safety
Review (PSR) to be performed every 10 years.

O The PSRs are complementary to the continuous safety
reviews, and are not intended to replace them.

IAEA SPM on NPP Ufe Mngt.. 28-30/09/98 UNESA
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NPP Lifetime Management

PERIODIC SAFETY REVIEW

*$> PSR to be prepared in accordance with:
CSN Safety Guide 1.10 "Periodic Safety Reviews of NPPs"

and with support of:
UNESA application "Guide for the development of PSRs"

=£> Safety Guide 1.10 prepared following international practices
and recommendations (IAEA Safety Guide: " Periodic Safety
Review of Operational NPPs".

IAEA SPM on NPPUfeMngt., 28-30/09/98 UNESA

NPP Lifetime Management

PERIODIC SAFETY REVIEW

PSR scope (4 areas):

=£> Operating experience

=!> Component behaviour

• Maintenance Programmes
• In-Service Inspections
• Equipment Qualification
• Ageing Management

•=*> New safety codes and standards

<> On-going programmes for plant safety improvement

IAEA SPM on NPP Life Mngt.. 28-30/09/98 UNESA
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NPP Lifetime Management METHODOLOGY

VALVE
INSPECTION

PROGRAMME

TECH. ESPECS.
MONITORING AND

PERIODICAL TESTS

SELECTION OF
IMPORTANT

COMPONENTS

STUDY OF
AGEING

MECHANISMS

EVALUATION
OF MAINTENANCE

PRACTICES
AGAINST
AGEING

MECHANISMS

MAINTENANCE
(Pred., Prev., Correct.)

MAINTENANCE
RULE

ENVIRONMENT
QUALIFICATION
PROGRAMME

DESIGN
CHANGE

CORROSION/EROSION
PROGRAMME

REPAIR AND
REPLACEMENT

PLAN

ISI PROGRAMME

MAINTENANCE
PRACTICE

IMPROVEMENT
PLAN

MAIN
COMPONENT
MONITORING

PLAN

IAEA SPM on NPP Life Mngt., 28-30/09/98 UNESA
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NPP Lifetime Management METHODOLOGY

METHODOLOGY based on Phase 1 ofUNESA's Project
developed 1993-1995 (RLES).

OBJECTIVES

• To identify the most significant degradation phenomena
and ageing mechanisms in NPPs.

• To determine the causes of this ageing and to study the
conservation and mitigation measures.

• To evaluate whether the ageing phenomena are covered by
existing maintenance, inspection and test practices.

• To complement and improve the existing practices.

IAEA SPM on NPP Life Mngt.. 28-30/09/98 UNESA

NPP Lifetime Management METHODOLOGY

SCOPE

1.- Component selection criteria.

2.- Identification of important components.

3.- Degradation phenomena identification and analysis.

4.- Evaluation of existing maintenance practices.

IAEA SPM on NPP Life Mngt.. 28-30/09/98 UNESA
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NPP Lifetime Management METHODOLOGY

1.- SELECTION CRITERIA

Criteria:
• Technical
• Safety
• Economical
• Others

2.- IMPORTANT COMPONENTS SELECTED

• 70% of the Plant components.
• Ranking: Classified in order of importance.

IAEA SPM on NPP life Mngt., 28-30/09/98 UNESA

NPP Lifetime Management METHODOLOGY

3.- DEGRADATION PHENOMENA IDENTIFICATION
AND ANALYSIS

• Detailed dossiers grouping the components by families
(comodity groups).

• Analysis of the potential degradation phenomena.

• Methods for evaluation, mitigation and control of
degration.

• High degradation risk component selection.

IAEA SPM on NPP life Mngt.. 28-30/09/S8 UNESA
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NPP Lifetime Management METHODOLOGY

4.- MAINTENANCE EVALUATION

1 Evaluate the degree to which the degradation
mechanisms are covered by existing maintenance
practices.

1 Improve the maintenance practices to control and
mitigate ageing mechanisms.

IAEA SPM on NPP Life Mngt.. 28-30/09/98 UNESA
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NPP Lifetime Management METHODOLOGY
(Project - Phase 2)

OBJECTIVES

• Development, implementation and running of a computerized
system for NPP lifetime management.

• Demostration of the techniques and methodologies developed
during phase 1 of the project.

• Evaluation of the condition and residual life for important
components through operation and maintenance parameters
which characterize degradation phenomena affecting such
components.

IAEA SPM on NPP Ufe tWigt.. 28-30/09/98 UNESA

NPP Lifetime Management METHODOLOGY
(Project - Phase 2)

DEFINITION

• Application to a demostration plant: Vandellos II NPP.

• Development of a limited scope prototype
(Pilot Application).

• Phase 2 started on April-98, with an estimated duration of
2 years.

IAEA SPM on NPP Life Mngt. 28-30/09/98 UNESA
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NPP Lifetime Management METHODOLOGY
(Project - Phase 2)

PILOT APPLICATION SCOPE

MAINTENANCE

PRACTICES

EVALUATION
PARAMETERS

FUNCTIONAL
SPECIFICATH"ON/

CRITERIA

FOR SCOPE

DEFINITION

ADDITIONAL INFORMATIO1
FROM PLANT

• DATA ACCESSIBILITY
iTA ACQUISITION

- UTILITY / OPERATOR
INTEREST

- ECONOMICAL
FEASIBILITY

SCOPE OF

PILOT

APPLICATION

IAEA SPM on NPP Life Mngt.. 28-30/09/98 UNESA

NPP Lifetime Management

(Project - Phase 2)
METHODOLOGY

EXPECTED RESULTS

• Life Management integrated system for follow-up and
monitoring of degradation and ageing mechanisms of
important components in NPPs.

• Modular system which will allow the incorporation of
additional components, degradations and/or performances.

• Interelation and support tool for other needs of NPPs
(Periodic Safety Reviews; Maintenance Optimization; etc.).

IAEA SPM on NPP Life Mngt., 28-30/09/98 UNESA
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NPP Lifetime Management METHODOLOGY
(Project - Phase 2)

TECHNIC

No.

1
2
3
4
5
6
7

8

9
10
11
12
13
14

15
16

17
18

19

MODULES

PWR VESSEL
BWR VESSEL
STEAM GENERATOR
PRESSURIZER
PWR VESSEL INTERNALS
MAIN SUPPORTS
DIESEL
7.1. MOTOR
7.2. ALTERNATOR
TURBINE-GENERATOR SET
8.1. TURBINE
8.2. ALTERNATOR
PUMPS
TURBINES
PIPING
TANKS
HEAT EXCHANGERS
ELECTRIC EQUIPMENT
14.1 BREAKERS/ RELAYS
14.2 TRANSFORMERS
ELECTRICAL MACHINES
VALVES
16.1 MOTOR-OPERATED VALVES
16.2 AIR-OPERATED VALVES
16.3 HYDRAULIC VALVES
CABLES
INSTRUMENTATION
18.1 PROCESS INSTRUMENTATION
18.2 SOLENOID VALVES

STRUCTURES

-ull ScoDe

SCOPE PHASE 2

F
N/A
F
P
P
-

P
P

P
P
F
P
P
-
-

P
F
F

-
-
F
F

-
-

F

P: Partial Scopel

IAEA SPM on NPP Life Mngt, 28-30/09/98 UNESA
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IN RUSSIA

Y.Kurakov

L.Yanko

Ministry of the Russian Federation
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Russia

To be presented at

the Specialists Meeting on

'Policies and Strategies for NPP Life Management Programmes",
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In 1980-th experts in Europe and the USA came to the conclusion on

possibilily of significant extension of safe operation of nuclear power reactors when it

is economically proven. It has been proved that it would be much more benefitial for

utilities and companies - suppliers of equipment to implement measures on residual

life management then to build new power reactors.

This issue is of special importance for Russia since under condition of a

significant reduction of funds for building of new reactors, assurance and extension of

NPP life could guarantee the current level of electricity production during next 10-15

years.

Russia at present time has 9 NPPs, which includes 29 power reactors: 6 units

of WWER-440 type, 7 units of WWER-1000, 11 units with RBMK-1000, 1 unit -

BN-600 and 4 units -EGP-6 (see Fig.l).

Design life of 8 units will expire in 2001-2005:

- Novovoronezh 3 and 4 (WWER 440/230)

- Kola 1 and 2 (WWER 440/230)

- Leningrad 1 and 2 (RBMK-1000)

- Bilibino 1 and 2 (EGP-6)

Design life of the folowing 7 units will expire in 2006-2010:

- Kursk 1 and 2 (RBMK-1000)

- Novovoronezh 5 (WWER 1000AM 87)

- Leningrad 3 (RBMK-1000)

- Belojarsk3 (BN-600)

- Bilibino 3 and 4 (EGP-6).

The power output of all these units is 8400 Mwt.

The national experience of power reactors operation assures that extension of

operational life is effective ecomonically. There are also social benefits, since it

contibutes to maintaining of working teams already established.

In Russia principles of NPP life extension are the same as for issueing licences

by the Regulatory body for operation of a unit. It is requested to prove that undertaken

measures compensate effects of ageing of structural components and systems and

their actual conditions can meet requirements for father operation. Special attention is

foreseen for measures for modernization of power units for their safe operation.
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Activities of Minatom of Russia on NPP design life extension are being co-

ordinated by the "Rosenergoatom" corporation with scientific and technical suppport

provided by scientific and design organizations. At present time the Russian energy

complex does not possess a complete set of normative documentation to determine

order, conditions and procedure for extension of NPP design life. There are no

specific chapters in main documents on safety. Additional chapters have yet to be

introduced into documents, developed and approved earlier, like "Main Rules of

Nuclear Power Plants Operation".

Therefore there are intensive activities on development of a conception for NPP

design life extension. A document "Structure and list of normativ and methodological

documents' has been developed and introduced. Normativ and methodological

requirements to residual life management and safety features have been prepared.

These documents are considered to be an essential part of a control, evaluation and

life managements system of a station.

In addition to general documents being developed, there is a number of

specific applied programmes in this area. "Gidropress" - the chief designer of

WWER reactors is developing and implementing a programme "Residual life and

management of ageing of NPP components with WWER reactors".

The main objectives of the programme are as follows:

- identification of ageing mechanisms of specific equipment, which could lead to

violation of main functions; determination and estimation of relevant parameters,

which coused the ageing process and which are needed to be controlled and

registed during operation process;

- development of methods and/or systems for creation and management of design

information databases, including records of technical service, results of

maintenance inspections and control, which could contribute to a better evaluation

of component conditions;

forecast of technical conditions (residual life) of a component in order to prevent a

non-acceptable reduction of reliability and safety margins;

development and implementation of a list of necessary actions for component

ageing management, including improvement of technical service and operation,

renovation and modernization, operational control on technical conditions of

equipment and systems.
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It is important to note, that implementation of this programme results is limited to a

specific equipment of a specific unit.

Chief designers of specific reactor types have developed schemes for

estimation of residual life for equipment which is critical with regard to operational

life extension.

Fig. 2 presents a scheme for estimation of pressure vessel residual life.

In Russia at present time have been developed or are in the late stage of development

conceptions and programmes for preparation of a number of power units for extension

of operational life (Novovoronezhskaja, Kolskaja, Leningradskaja and Kolskaja

NPPs). Programmes will be implemented on a basis of power units modernization,

main conceptual aims of which includes:

- initial condition of a unit

- purpose of modernization

normative basis of modernization

design basis of modernization

safety criteria

- implementation order of a conception, etc

Technical-economical analysis of comprehensive modernization programme is

under way to determine price, length, economic expediency and priorities of measures

implementation. Technical-economical analysis should confirm efficiency of

modernization in general, including direct and indirect effects of plant life extension.

"Rosenergoatom" has developed and is implementing programmes of reconstruction

and modernization of practically all power units in Russia. Measures on installation of

additional equipment for prevention of brittle destruction of pressure vessels are under

way. A comprehensive programme on assurance of safe and reliable operation ofNPP

steam generators is being implemented to allow extension of steam generators

operational life. Recostruction of power units with RBMK reactors with replacement

of technological channels is going on. Methodologies for estimation and prognosis of

conditions of specific types of equipment, cables and means for control and

management are being developed.

Special attention is paid to diagnosis. For justification of power units safety inspection

and monitoring of metal condition of basic equipment is performed, including
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destructive and non-destructive control. Data bases on equipment reliability and

relevant normative documents are being developed.

Russian organizations cooperate with foreign countries in the area in NPP life

management. In the framework of TASIS programme and in cooperation with

european companies has been performed inspection of metal of the Novovoronezh -

4 unit vessel. Activities on investigation of pressure vessel WWER-1000 of Balakovo

NPP are under way. Calculations of pressure vessel integrity of Novovoronezh NPP

units 3 and 4 have been performed. This has been done with respect to thermal loads

and radiation embrittlement effects.

Activities on improvement of methodologies for evaluation of WWER reactor

pressure vessel conditions and estimation of residual life are going on. A

methodology on calculation of brittle rupture resistance in reactor pressure vessels has

been developed. An analysis of defects and crack developments modeling have been

performed for justification of reactor pressure vessel residual life. Annealing have

been performed to restore conditions of pressure vessels and steam generators

collectors and to extend their operational life.

Works mentioned above are being carried out in accordance with specific

programmes and allow to make a decision about possible correlation between

spenditures and benefits with regard to specific problems in the area of management

of reactor component ageing or forecast difficulties with their implementation.
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Appendix 3

CONCLUSIONS AND RECOMMENDATIONS

Plant Life Management is to do with the activities of owning, operating, maintaining,
replacing and upgrading Nuclear Power Plants and finding cost-effective solutions to
problems It is a 'cradle to grave' activity.

Many plants were built according to Codes and Standards of the period. These Codes
and Standards have been changed over the intervening years. Operation of the plant for a
further period requires attention to be paid to the Code/Standards revisions when replacing
equipment or upgrading when the changes are significant (PRA could be a method to identify
the impact of the change).

Plant Life Management also depends upon a high quality of people and
documentation. The 'machine' has to be adapted to man and the software has to be
continuously reviewed for updating in order to meet current requirements.

Plant Life Management requires the detailed knowledge of ageing degradation of the
components and the results of mitigation technologies. National and International data
acquisition and use could enhance the efficiency of PLIM

In detail the approaches to Plant Life Management show variations from utility to
utility but it is an ongoing process and subjected to continuous review.

While the responsibility and accountability for safety and safe operation rests with the
licensed operating company, operating licences are usually granted by a Regulating Authority
acting under the aegis of some legal empowerment.

Safety is usually defined as those methods and safeguards employed to ensure that
unplanned or excessive radioactive discharges do not harm people or the environment. While
this describes the general approach on safety it will be appreciated that there are differences
between countries and there are no common guidelines for Plant Life Management which can
be applied. Plant Life Management can be described from three separate viewpoints, namely,
safety, technical and financial and the differences between these approaches could change
with time.

For example, some national approaches stem from commercial considerations by
maintaining the plant at a high state of quality or by just addressing the problems of some
specific components in order to maintain or improve the operational life of the plant. Of
course, there are exceptions to these approaches. There are examples where Plant Life
Management derives from the NPP Designer, Safety Requirements from the Utility or the
Safety Authority.

Plant Life Management approaches can be further complicated by their application on
a plant by plant approach inside an utility or by an utility wide approach.

It is concluded that the approaches to Plant Life Management in different countries are
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not necessarily consistent and the overall situation is complex when viewed in the context of
an optimised, harmonised approach.

A 'Guide on NPP Life Management essentially aimed at Member States is needed.
The suggestion in this direction given by Mr Gueorguiev is strongly supported. The Guide
should encompass:

* Plant Safety
* Plant availability
* Plant operating life extension
* Human resources policies
* Research and Development needs


