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FOREWORD

This report summarizes the results of the first meeting of the Coordinated Research
Programme (CRP) on Development of Methodologies for Optimization of Surveillance
Testing and Maintenance of Safety Related Equipment at NPPs, held at the Agency
Headquarters in Vienna, from 16 to 20 December 1996.

The purpose of this Research Coordination Meeting (RCM) was that all.Chief
Scientific Investigators of the groups participating in the CRP presented an outline of their
proposed research projects.

Additionally, the participants discussed the objective, scope, work plan and
information channels of the CRP in detail.

Based on these presentations and discussions, the entire project plan was updated,
completed and included in this report.

This report represents a common agreed project work plan for the CRP.
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1. INTRODUCTION

Optimization of test and maintenance (T&M) means different things depending on
the objectives behind it and depending on whether there is an established programme, or a
new programme is to be implemented. Several ways of understanding or focusing the T&M
optimization approaches are:

• Optimization of preventive maintenance (PM) for example in order to: reduce the
frequency of preventive maintenance for each component up to the point in which
less maintenance could mean an unacceptable number of failures or an unacceptable
amount of corrective maintenance; focus on critical components for NPP operation
and safety; focus on maintenance tasks aimed at detecting incipient or avoiding
critical failure modes of the component, etc,.

• Optimization of surveillance testing (ST) (i.e. system function tests, non-destructive
tests) for example in order to: modify the intervals between tests; test mainly the
critical components; test for critical failure modes only, etc,.

• Optimization of Technical Specifications (TS)/Operational requirements, for
example in order to: modify/define Allowed Outage Times (AOTs); modify /define
Surveillance Test Intervals (STIs), etc,.

• Configuration control (CC) in order to make sure that whatever combination of
maintenance or test works is occurring, the resulting risk is kept under control (this
applies to normal operation and shutdown)

The focus today is to use for all these issues PSA type models and to give priorities,
as appropriate on risk informed decision making.

Initiatives from industries concentrate nowadays on the issue of reducing
operational and maintenance costs without compromising the NPP safety. In fact, such
evaluations and applications may even improve the NPP level of safety.

1.1 BACKGROUND

In the past few years, a number of Agency sponsored activities on 'NPP safety
related maintenance' have put stress on the fact that T&M is very important for NPP safety
performance.

Also, some other Agency sponsored projects have dealt with new methodologies for
optimizing T&M programmes for systems and components important to safety.

Additionally, the Agency has done considerable work on the utilization of
Probabilistic Safety Assessment (PSA) for various safety issues. Some of these utilizations
are directly related to the evaluation and optimization of T&M and the risk based revision
of technical specifications (TS).



The participants in these projects have expressed a strong interest for a more
comprehensive programme in order to coordinate efforts, and exchange information and
experience in relation to optimization of surveillance testing and maintenance of safety
related equipment. Thus, a CRP on Development of Methodologies for Optimization of
Surveillance Testing and Maintenance of Safety Related Equipment at NPPs was organized.

1.2 SCIENTIFIC SCOPE AND PROGRAMME AIMS

The overall CRP objectives are described in 1.2.1., the specific details of the
research work to be carried out are identified in 1.2.2, and the final products of this CRP
are summarized in 1.2.3.

1.2.1 Overall Objectives of the Coordinated Research Programme

The overall objectives of the Coordinated Research Programme are:

• To develop strategies and exchange experience in relation to the risk informed
evaluation and optimization of the T&M programmes for safety related systems and
equipment.

• To develop methods and exchange experience in relation to the techniques and for
risk informed optimization of T&M.

• To develop methods and exchange experience regarding the definition of acceptance
criteria.

• To exchange experience on regulatory acceptance of the optimization process.

1.2.2 Research work to be carried out

1.2.2.1 Development of objectives and strategies for optimization of T&M programmes in
order to improve NPP safety

The following paragraphs give examples of different maintenance optimization
strategies that may be selected.

• Optimization of Preventive Maintenance (PM) in order to:

focus on critical components and systems for NPP operation and safety,
focus on PM tasks aimed at detecting incipient or avoid catastrophic critical
failure modes of the components,
reduce the frequency of PM for each component without jeopardizing NPP
safety level.

• Optimization of Technical Specifications/Operational Requirements in order to:

focus on testing all critical components,



focus on testing all critical failure modes,
modify the AOTs which means to establish the optimum allowed times to
repair failed components without significantly increasing safety system
unavailabilities and thus jeopardizing NPP safety,
modify the STIs which means to establish the optimum intervals between
tests, thus assuring that all systems are tested as frequently as appropriate.

• Configuration control in order to make sure that whatever combination of T&M is
being carried out, NPP safety level is maintained (this also applies to balance
normal operation and shutdown risks)

1.2.2.2 Development of methodologies based on different techniques

Some examples are as follow:

• Deterministic or classical approaches.

• Methods based on reliability measures.
• Methods based on Probabilistic Safety Assessment.
• Combined methodologies, for example:

Classical or deterministic approaches that use PSA as a supporting method.
Approaches based on reliability measures that use PSA as a supporting
method.
PSA based methodologies that use deterministic approaches to define
limiting boundaries

1.2.2.3 Definition of boundaries

Acceptance criteria and definition of boundaries play a very important role in
maintenance optimization. Therefore, a very important part of this programme will be the
research work and exchange of information on this topic. This information deals with what
is and what is not acceptable in maintenance optimization.

1.2.2.4 Exchange of information related to regulatory acceptance

This topic concentrates on the fact that when defining a T&M optimization
approach, consideration will be given to how to assure future regulatory acceptance of the
process and its results.

1.2.3 Final products of the Coordinated Research Programme

The following documents will be produced in this CRP:

• Set of progress reports after each Research Coordination Meeting, reflecting the
status of development at the end of each year of the CRP duration.

• Final summary report at the end of the CRP.
• Executive summary.



A comprehensive set of maintenance optimization strategies and associated
methodologies will be developed and distributed to all participating countries. This will
include:

• Safety focused and risk informed optimization of maintenance.
• Safety focused and risk informed optimization of surveillance testing.
• Risk informed optimization of Technical Specifications.
• Global optimization.
• Safety focused and risk informed configuration control.

1.3 CRP DURATION

The CRP was initiated in 1996 and it is envisaged to finish in 1999. Two additional
Research Coordination Meetings are planned to be held in 1998 and 1999.



2. PROBLEM DESCRIPTION

2.1 COMBINING THE USE OF ENGINEERING/DETERMINISTIC AND
PROBABILISTIC INFORMATION

The main goal of the T&M optimization is to develop a transparent and structured
framework for the decision making process. In this process, the risk information is very
valuable but is only one piece which needs to be combined with deterministic information.
This is mainly due to risk modeling limitations in including and describing the T&M
aspects. The most important factors that influence the optimization process and which need
to be taken into account together with information provided by the risk model can be
summarized as: costs information, available resources, T&M adverse effects, other specific
factors like environmental factors, component aging, etc.

Another important aspect in the process of T&M optimization is the assessment of
T&M effectiveness, where the risk information clearly can contribute together with
traditional methods to properly define the effectiveness attributes and criteria.

2.2 PSA METHODOLOGIES: THEIR APPLICABILITY, ASSUMPTIONS,
LIMITATIONS & USEFULNESS IN T&M OPTIMIZATION

PSA is an useful tool for assessing the risk significance of plant features, to support
decision making for a broad range of aspects referring to plant operation, in particular for
the optimization of T&M strategies. However is it recognized that there are some
limitations in applying the probabilistic models and methods, leading to the necessity of
combining it with the traditional approaches.

PSA limitations are mainly due to modeling assumptions, modeling simplifications,
lack of completeness, lack of plant specific data, data uncertainty, human errors and
common cause failure modeling, etc.

Some problem areas can be identified. These may limit the use of PSA for the
purpose of T&M optimization:

• Common Cause Failures: different approaches and methods; lack of data;
difficulties in estimating CCF probabilities.

• Human Errors: different approaches and methods; lack of reliable data; difficulties
in estimating HRA parameters.

• Most PSAs do not consider the failure of passive components.
• Need for development of dedicated verified computer codes for the purpose of

T&M assessment and optimization;
• Possibility of inadequate assumptions;
• Traditionally and in general PSAs are static models vs. dynamic or time dependent;
• Not all components are modeled and it is not expected that they will ever be.



Although there are some PSA based methods for the purpose of T&M optimization,
some limitations and problems can be identified, i.e.:

• Utility resources for PSA are limited at the site;
• Understanding the importance and efficiency of PSA based T&M optimization is

necessary in order to take the first step;
• Making consensus throughout nuclear organizations including regulator is essential

for application to actual plant;
• Adequate PSA models are required for this purpose;
• The use of PSA for T&M optimization rises the necessity of a suitable data base

containing information on the components included in the T&M programmes and on
the components involved in T&M related events.

One of the most important problems that needs to be carefully addressed is the PSA
uncertainty control. For the purpose of applying PSA for T&M optimization, the modeling
limitations need to be reduced as much as possible and the remaining uncertainties should
be taken into account when performing the applications. This implies the need of a high
quality PSA with a very good uncertainty control.

2.3 NEED FOR ACCEPTABLE DATABASES FOR TESTING/MAINTENANCE
OPTIMIZATION APPLICATIONS

For the purpose of T&M effectiveness evaluation and T&M optimization the need
for an appropriate database is recognized. In the past, some of the information needed for
the PSA and for T&M optimization was not collected at the plants. The database should
include information regarding the T&M process like:

• T&M strategy;
• Supporting information;
• Observed failures;
• Test and maintenance related human errors;
• Reliability data;
• Costs / resources information;
• etc.

2.4 NEED FOR AGREEMENT ON METHODS AND APPROACHES ACCEPTABLE
TO REGULATORY AUTHORITIES AND PLANT OPERATORS

Nowadays, regulators and utilities worldwide acknowledge the usefulness of PSA to
support decision making at NPPs. However, a reluctance to make full use and take full
advantage of the PSA applications can still be observed.

Regulatory authorities are concerned about the following items regarding the
uncertainties in PSA methods:

• Differences in methods, including tools;
• Modeling uncertainty;



• Inadequate assumptions;
• Data uncertainty;
• Finally, the credibility of PSA results.

Particularly, any changes in legal requirements (including Technical Specifications)
are very sensitive matters to regulator.

Therefore, the use of PSA by utilities may depend on the regulatory acceptance.

In some cases, the utilities are concerned about the additional burden due to the
regulatory application of PSA.

Therefore, it is necessary for both regulatory authority and utility to establish a
continuing channel for information and discussion. Also, the development of guidance and
procedures for conducting PSA applications in a consistent and traceable manner would
favor the acceptance of the results.

2.5 NEED FOR GUIDANCE (INCLUDING CRITERIA) IN CONDUCTING THE
APPLICATIONS

For every process that implies modifications to NPP safety related policies or
practices, it is considered necessary to establish procedures that provide detailed guidance
on how to perform the application. This is applicable to the deterministic engineering and
probabilistic approaches.

The following aspects need to be covered by the procedure/guide:

• Identification of the scope of the optimization, i.e.:

Entire rearrangement of T&M plan and schedule, and/or
Optimization of specific T&M's for systems or components of concern;

• Acceptance criteria for optimization;
• Development of an optimized T&M programme and periodic update plan;
• Independent Q/A programme (or regulatory review) for the entire T&M programme

and related activities.

2.6 OPTIMIZING TESTING AND MAINTENANCE

2.6.1 Optimization of T&M based on the risk significance of the components

One of the T&M optimization goals is to optimize the resources by focusing on the
important components. One of the component importance measure is its risk significance.
In order to assess the risk significance of the components the plant risk model can be used.
Since the risk significance can be understood in different ways depending on the objective
of the application, different risk significances can be determined from the PSA model for
different plant states or using different criteria (full power, shut down, average risk,



conditional risk, at plant level, at system level, etc.)- Also, the risk significance can be
understood in both quantitatively and qualitatively ways.

2.6.2 Reduction of test/maintenance burden focusing on the effectiveness of T&M

Once the safety related components have been prioritized based on their risk
significance derived from the results of PSA, T&M resources can be distributed according
to their priorities. This may imply that T&M of components that are not risk significant
can be relaxed and, in some cases, even removed from the T&M list.

Other aspect that can be mentioned here is the increased use of on line maintenance
strategies. This type of maintenance may reduce the refueling outage time significantly,
which results in increase in benefit (power generation).

2.6.3 Changes in TS (AOT, STI, etc.)

Some of the existing Technical Specification requirements may be optimized in
terms of enhancement of safety. Such optimization helps to reduce adverse effects due to
inadequate STIs and AOTs. For example, inadvertent degradation, wear, unavailability due
to too frequent tests needs to be considered. Increments in human-induced errors due to
short outage times for T&M should also be taken into account.

Even though the optimization of Technical Specifications should be focused on
safety, the resulting benefit may be a by-product (some literature uses the term win-win
situation, which means improvement in safety and also reduction in the cost and
operational burden).

When a modification to TS is being is planned, at least optimization at system level
should be considered, but optimization at a more global level (plant level) would be better.

The methods for TS optimization can consider common cause failure and human
error point of views. These aspects have not been considered in the traditional deterministic
approaches.

2.6.4 Configuration control when scheduling T&M activities

The management of the entire T&M schedule can be established in order to avoid
high risk configurations. For example, based on certain risk criteria, limits to the number
of components and combinations of components which are under T&M simultaneously may
be established.

On the other hand, if configurations causing an undesired level of risk cannot be
avoided, limits on the time duration for such configurations may be applied.

Applying configuration control techniques, the risk level could be maintained
almost all the time during power operation and shutdown near the baseline value.
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Risk monitoring systems based on PSA are very powerful tools to support
configuration control strategies.

2.6.5 Improvements in T&M procedures and training

Applying PSA models and methods for optimizing the T&M strategy can also have
positive effects regarding the improvement of T&M procedures and training of the
personnel. Some of the fields for improvement are:

• focusing on significant failure modes;
• focusing on important human actions;
• reducing the possibility of common cause failure events due to test and

maintenance;
• reducing the component downtime;
• configuration control, avoiding high risk configurations during test and

maintenance.
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3. OBJECTIVES AND SCOPE

According to the objectives, scientific scope and programme aims in section 1.2,
the following sections highlight the particularly important aspects in relation to this CRP.

3.1 OBJECTIVES

• To develop an understanding of the applicability, usefulness and limitations of the
probabilistic methods and criteria, and also of the impact of PSA assumptions on the
results of the application.

It has to be born in mind that PSA does not include all the components and it does
not model all the physical properties of the modeled entities. It rather focuses on the
identification of the undesired conditions and states. Thus, a proper understanding
of the applicability and limitations of the PSA is necessary in order to use its results
to improve test and maintenance activities.

• To develop ways of combining engineering, deterministic and probabilistic
information.

Results of methods based on PSA are not intended to be used as a stand alone. They
are complementary to the results of deterministic analysis and engineering
approaches. While deterministic analyses and engineering approaches are oriented
towards the evaluation of plant safety from the perspective of the physical processes
that occur in the plant, the probabilistic methods identify and classify, based on
these understandings, the associated risks. Therefore these approaches used in
combination, provide a balanced tool to support decision making in maintenance
matters.

• To develop guidance for conducting T&M optimization including ways to define
criteria for such evaluations

The definition of criteria is essential in the T&M optimization processes.

• These objectives will be pursued according to:

many possible different methods and approaches,

different plant designs,
differences in interrelations between the nuclear institutions in participating
countries,
the needs of the specific data to be included in the PSA in a way to enable
the model of the plant to be representative for such applications,
availability or not of plant specific PSA.

• It is NOT within the objective of this CRP

to develop a single method and a set of criteria for evaluation,
to prepare a single procedure to conduct evaluations for T&M optimization,

12



to generate a process for obtaining regulatory approval,
to create a database to use in changes to T&M (AOT/STI).

However the identified methods and criteria should serve as a basis for future
extraction of the information needed for specific analyses.

3.2 SCOPE

The scope of the work that is being developed during this CRP can be summarized
as follows:

• Development of strategies, methods and tools to improve T&M for safety related
components in NPPs. These methodologies will be based on deterministic or
classical approaches, probabilistic methods or combining both as suggested in
section 1.2.1.

• Determination of needs, uses and ways to achieve applicable criteria in conducting
applications for optimizing T&M programmes. This should consider both regulatory
and utility acceptance of the optimization process and its results.

• Performance of applications and case studies to gain experience in the use of
methodologies and to develop insights.

Considering current AOT/STI in TS, maintenance and test policies and
programmes, etc, the specific topics to be considered for the development of
applications or case studies would be: optimization of time duration, frequency and
scheduling, etc. and also those suggested in section 1.2.2.1.

• Development of specific guidelines for plant integration and implementation of
T&M changes arising from optimization results.

• Despite of the interest of the following aspects it seems to be beyond this scope and
should not be included in this CRP

Consideration of models and criteria relating to passive/structural failures,
mainly because they are not included in reliability and probabilistic safety
assessments. However, the initiating events associated with failures of
passive components, and insights on information related to interfaces
between passive and active components are included.
Creation of procedures and training for the development and application of
T&M programmes.
Assessment of the effectiveness of T&M procedures regarding their impact
on individual component reliability. That is, it is not intended to perform
evaluations of the effectiveness of the procedures included in T&M.
Development of a database for T&M optimization. However, it is expected
that during the CRP, the needs for data, lack of data and sources of data for
the optimization of T&M be identified.

13



Development or application of RCM methods, except some results or data to
be used as input in engineering information or any other interface with T&M
optimization.

14



4. STATE-OF-THE ART

There are many plant-specific PSAs (power operation) available which model T&M
as part of system models. Such models include:

• component unavailability due to maintenance downtime, which includes frequency
of maintenance;

• test frequency is modeled as part of component unavailability from random failures;
• test downtime when it can be a contributor influencing the quantitative evaluation;
• some aspects relating to human errors in T&M.

PSAs for power operation show that T&M can be an important contributor to NPP
risk.

Some shutdown PSAs are available and they show that maintenance of equipment to
be the dominant contributors of risk during this period.

Some evaluations are available on the risk of transferring to shutdown from power
operation. In some cases, specifically relating to systems needed to remove decay heat, risk
of transition can be large when equipment are down for maintenance.

Because of inclusion of component T&M models in the PSAs, their application to
address various aspects of T&M evaluation and their optimization are feasible and are
being attempted:

• changes in frequency and duration,
• prioritization of such activities,
• scheduling of such activities.

Methods to address T&M evaluation using probabilistic models (PSAs and
reliability models) have been developed, such methods address:

• Measures to evaluate risk impacts of T&M activities.
• Measures to evaluate risk impact of changes in requirements (AOT, STI, etc.)

affecting these activities.
• Methods to address some of the adverse effects of testing in evaluating surveillance

requirements.
• Methods to compare risk of transition to shutdown into that of continuing power

operation in deciding requirements to carry out maintenance.
• Methods to analyze the risk impact of equipment configurations.
• Methods to evaluate scheduled PM where equipment is voluntarily taken out-of-

service.

Development of these methods required extension of the PSA models (in some
cases) and additional data specific to T&M. These documented methods have made further
applications feasible.
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Some examples of applications of these methods to improve T&M and associated
regulatory requirements are:

• changes in STIs for the Reactor Protection System and the ESFAS (performed at
i.e. Westinghouse, General Electric, Combustion Engineering plants);

• scheduling PM for selected systems during power operation (Sweden, Finland,
Germany);

• Technical Specifications changes at the South Texas Plant;
• AOT and Action Requirements for RHR System in Sweden, Finland;
• Prioritization of T&M in Mexico, etc,.

In spite of these developments, some difficulties remain in broadening the
applications and easing the regulatory review and application process. The reasons for
these difficulties can be based on the problems discussed earlier in section 2. A summary
of those issues is as follows:

• the limitations, assumptions, and usefulness of PSA based methods are not
transparent,

• the process for combining the new probabilistic information with traditional
deterministic evaluation is not clear, and is sometimes done on an ad-hoc basis,

• these applications require specific data which not always is available,
• guidance and criteria is not always available for larger groups of analysts and

regulators.

However, the need to improve T&M at NPPs, and thus, to improve and be vigilant
about systems is considered urgent. Also, there is a strong desire worldwide to improve
T&M using a combination of probabilistic and deterministic approaches, as applicable and
prudent, by which both the safety and cost of operation can be addressed.

In summary, the state-of-the-art shows the availability of methods, tools, and
applications which form the basis for a broader application at the plant level, and at plants
everywhere. A CRP, as discussed above, addressing the remaining issues can provide a
common basis in achieving the improvements worldwide.
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5. WORK PLAN AND PARTNERSHIP

This section is devoted to the determination of the work plan for the CRP, and the
partnership during the CRP in order to reach the most effective research progress.

The workplan was defined based on the CRP objectives and the research
programmes presented by the meeting participants.

The workplan shows the possible optimization areas. This will facilitate the
understanding of the related research activities in the course of the CRP. It also indicates
the partners in the different research areas.

5.1 GENERAL ASPECTS

5.1.1 The role of maintenance optimization in safety management

Maintenance optimization of NPP safety related equipment can be performed in
different ways. Depending on the approach used we can call risk based, risk informed, or
traditional maintenance optimization. The risk based maintenance optimization uses purely
probabilistic arguments for the optimization process. The risk informed maintenance
optimization is based on a combination of probabilistic and deterministic techniques, while
the traditional maintenance optimization uses only deterministic approaches. As most of
the participating countries are going to work either on risk based or risk informed
maintenance optimization, in the course of the CRP emphasis is given to these two
approaches.

Figure 1 shows the relationship between different tasks and factors related to the
risk informed maintenance optimization process. Later, when the individual optimization
areas are discussed, the influence of the deterministic criteria on the risk based process is
shown, making it risk informed.

The plant status, the system configuration and of course the gained plant experience
are highly dependent on the occurrence (and on the recording) of the random events and on
the activity of the plant operational and maintenance personnel. The collected information
is then used by the PSA and the risk monitor. These two tools are the basis for the risk
based maintenance optimization which, through modifications to the maintenance strategies
and the operational and T&M procedures, changes the plant risk. The change of the plant
risk should be shown by the plant PSA. On the other hand the risk based maintenance
optimization has a direct effect on the maintenance scheduling activities, that can influence
the random component failure behavior. Thus a closed control loop is formed.

As one can see in Figure 1, there are three main areas where maintenance
optimization can be conducted. Namely the activity influencing the everyday maintenance
practice depending on the actual system configuration, the maintenance activity influencing
the random component failure behavior, and the activity defining the surveillance test
strategy of the plant and the related maintenance procedures. This aspect also includes the
requirements of the Technical Specifications.
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5.1.2 Risk based configuration control

The risk informed configuration control is a maintenance management activity that
focuses on the high risk situations at the plant taking into account all the related
deterministic requirements. The deterministic criteria enter the process when the
maintenance scheduling is carried out (see Figure 2). This process is a dynamic process the
same as the plant configuration is dynamic. The plant configuration is defined by the
random failures of the components and by the actual maintenance or operational schedule.
The actual plant risk is influenced by the plant configuration, and it is evaluated by the risk
monitor giving the necessary information to the configuration control, that is directing the
maintenance schedule.

Deterministic Considerations
and Criteria

Maintenance Scheduling
and Operational Activities Random Events

J I
Actual Plant Status,

System Configuration,
Internal Experience

T
PSA,

Reliability Data,
System Models,

HRA

1
Risk Monitoring

Risk Based Configuration Control

FIGURE 2. Risk Based Process of the Configuration Control
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5.1.3 Risk based optimization of the preventive maintenance

The risk informed optimization of the preventive maintenance is a complex of
activities in order to reduce the unnecessary burden caused by too much maintenance. In
other words, it balances the volume of preventive and corrective maintenance by focusing
the optimization on safety. As Figure 3 shows, this is a complex process involving the
modification of the maintenance procedures and the feedback to the random component
failure behavior. This is a two loop process, where based on the preliminary information
the maintenance strategy is changed, and it has a feedback to the random events through
the component and system reliability and as such to the overall risk. The optimization
should use the plant experience gained during the operation and the external experience
from other plants. Of course, this process includes deterministic considerations and criteria
such as manufacturer instructions, and maintenance expert opinions on the usability of the
risk based approach.

Maintenance Scheduling
and Operational Activities

V

Random Events
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Actual Plant Status,

System Configuration,
Internal Experience

PSA,
Reliability Data,
System Models,

HRA
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Experience

Deterministic
Considerations and
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1 i
Modification

of Strategies, Operational
T&M Procedures

Risk Based Optimization of Preventive Maintenance

FIGURE 3. Risk Based Process of Preventive Maintenance Optimization
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5.1.4 Risk based optimization of STIs and AOTs

The risk informed optimization of surveillance testing concentrates on the
surveillance test intervals in order to minimize the test caused risks keeping the component
unavailabilities still low enough to have minimum overall risk.

In this section the optimization of TS AOTs is also considered.

As Figure 4 shows, this process seems to be much less complicated, than the
previous ones. This is because the optimization of the technical specifications and the
surveillance test intervals is not an everyday activity. The AOTs and STIs are determined
for long term and the optimization should be performed just as frequently as the plant PSA
models are updated.

During the optimization process the external and plant experience should also be
used, and the risk based considerations should be combined with the related deterministic
considerations.

PSA,
Reliability Data,
System Models,

HRA

External
Experience

[ Deterministic
Considerations and

I Criteria

I
Modification

of Strategies, Operational,
T&M Procedures

Risk Based Optimization of STIs and AOTs

FIGURE 4. Risk Based Process for Optimization of STIs and AOTs
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5.2 ACTIVITIES CARRIED OUT IN THE PARTICIPATING COUNTRIES

The following table shows the different activities that are being carried out in each
participating country. Its purpose is that all the participants are aware of the work being
developed in the different countries and thus partnerships can be established. This will
facilitate the solution of problems when they appear, it will also help to avoid duplication
of efforts and to speed the search for information.

Country

Bulgaria

China

Germany

Hungary

Korea

Mexico

Pakistan

Romania

Slovenia

Spain

USA

GO

RB+D
CRP

RB+D
CRP

RB+D
CRP

AOT

RB+D
CRP

RB+D
CRP

RB+D
CRP

RB+D
(1)

RB+D
CRP

RB+D
CRP

(4)

RB+D
CRP

RCM
PM-CM

RB+D
CRP

D
CRP

RB + D

RB+D

RB+D

RB+D
CRP

(5)

RB+D
CRP

ST

D
CRP

RB+D
CRP

RB+D
CRP

RB+D
(2)

RB+D
CRP

RB+D
CRP

RB + D
CRP
(3)
(6)

RB+D
CRP

cc
PO

RB
CRP

RB+D

RB+D

SD

RB+D
CRP

GO Global Optimization
TS Technical Specification
AOT Allowed Outage Time
RCM Reliability Centered Maintenance
PM Preventive Maintenance
CM Corrective Maintenance
ST Surveillance Testing
CC Configuration Control
PO Power Operation Mode
SD Shut Down Model
RB Risk Based Approach
D Deterministic Approach
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D Deterministic Approach
CRP Activity that is going to be developed (or further developed) within the framework

ofthisCRP
(1) AOT, STI assessment using PSA as a complement to deterministic analyses for

exemptions and changes to Tech. Specs.
(2) PSA based assessment of staggered tests and other selected cases in order to

balance the expected risk and the actual risk
(3) Previous experience on optimization of TS surveillance requirements (ST intervals

and strategies)
(4) AOT interactions with PSA
(5) Previous experience in RCM and PM/CM optimization
(6) Reevaluation of STIs using PSA

5.3 FIRST YEAR'S SCHEDULE

The CRP schedule for the first year is presented in the following table.
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SCHEDULE FOR THE YEAR 1996-97

Activities

Selection of Representatives
Preparation of Projects Outlines
First Research Coordination Meeting

Development of Strategies
Exchange Information (All Participants)

Development of Understanding of
Applicability/ Assumptions/ Usefulness/
Limitations of PSA Based Methods and
Criteria (All Participants)

Optimization of TS, AOTs, ST
(China, Germany, Hungary, Korea,
Pakistan, Romania, Slovenia, USA)

Optimization on RCM, PM/CM
(Bulgaria, China, Romania, USA)

Global Optimization
(Bulgaria, Mexico, Spain)

Approaches for Configuration Control
(Germany, Hungary)

Approaches of Acceptance from NPP
(All Participants)

Approaches of Acceptance from
Regulatory Authorities (AH Participants)

Submission of Project Report
(All Participants)

Preparation of the first progress report
(IAEA)

Oct96

********
****

Nov96

********

Dec 96

•**
****

***

Jan 97

********

******

Feb97

********

********

******

Mar 97

*****

********

******

******

******

********

May 97

********

********

********

********

********

******

Jun97

****

********

********

********

********

********

******

Jul97

********

********

********

********

********

********

Aug97

********

********

********

********

********

********

Sept 97

*******

*******

*******

*******

*******

*******

*->

25



6. COMMUNICATIONS AND EXCHANGE OF INFORMATION

The objectives of this section are:

• to identify which information should be exchanged between the participants,
• to define if the exchange of information should be on a formal or informal basis,
• to establish how the information should be exchanged and distributed among the

participants,
• to establish the frequency for the information exchange,
• to define the responsibilities of the Technical Officer regarding the exchange of

information and communications between participants.

6.1 WHAT INFORMATION

6.1.1 Information that should be exchanged and distributed formally

This means that there is a commitment from the participants to provide this
information to the other members of the project. This information, reports, etc will be
channeled through the Technical Officer.

• References, documents or addresses (i.e. INTERNET addresses) related to the topic
of this CRP that might be of general interest to the participants.

• References, documents or addresses (i.e. INTERNET addresses) related to the
specific topics in connection to this CRP that might be of specific interest to some
participants.

• Working materials related to the different projects in connection to the IAEA CRP.
• Progress reports

6.1.2 Information that could be exchanged and distributed informally

This means that the participants might provide or exchange this information
voluntarily to all or some of the other members of the project. An information copy will be
sent to the Technical Officer.

• Working materials related to the different national projects.
• New ideas.
• Information on worldwide activities, conferences, symposiums, workshops, etc on

topics related to maintenance optimization, safety-related maintenance, etc,.
• Unconventional approaches.
• Practices.
• Discussions and problems.
• Regulatory aspects.
• Others.
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6.2 H O W TO EXCHANGE INFORMATION

6.2.1 Information that should be exchanged formally

The participants will send this information to the Technical Officer by mail or e-
mail. The Technical Officer will distribute the information by mail to all or some
participants according to her judgment on the needs and usefulness.

6.2.2 Information that can be exchanged informally

The participants will communicate between themselves by e-mail or fax. A copy of
these communications will be sent to the Technical Officer. The Technical Officer will file
these communications and might distribute them to other participants according to her
judgment on the needs and usefulness.

Informal communications that are going to be distributed to the whole group, should
be sent first to the Technical Officer.

6.2.3 Other aspects

For the production of reports the MS Word word processor will be used.

If at some point of the project the participants or the Technical Officer consider
necessary to have a wider and more interactive exchange of information, the Technical
Officer would study the different possibilities that might be available and make the
necessary arrangements.

6.3 FREQUENCY FOR INFORMATION EXCHANGE

The information should be exchanged when necessary. It would not be practical to
establish frequencies for information exchange.

The response to questions, requests, etc should be done as soon as possible.

When there are deadlines established for the submission of reports, etc, the
participants should send the reports to the Technical Officer at least two weeks before the
deadline. The Technical Officer then will read them and proceed accordingly.

6.4 RESPONSIBILITIES OF THE TECHNICAL OFFICER

The responsibilities of the Technical Officer of a CRP are defined in the Research
Contract Programme Handbook for Project Officers.

Additionally, the Technical Officer will:

• Channel the information as defined in 6.1 and 6.2
• Warn the participants about deadlines
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Define the format of the documents to be submitted
Finalize the reports
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GLOSSARY OF TERMS

The definitions below are intended for use in the IAEA Coordinated Research
Programme for Development of Methodologies for Optimization of Surveillance Testing
and Maintenance of Safety Related Equipment at NPPs. It may not necessarily conform to
definitions adopted elsewhere for international use.

For some definitions the source is indicated with a number that refers to the
following list:

[I] Nuclear Power Plant Common Aging Terminology, EPRI TR-100844, Project
2927-07, Final Report, November 1992

[2] Safety Evaluation of Operating Nuclear Power Plants Built to Earlier Standards. A
Common Basis for Judgment, IAEA Draft Guide, CB-5, Revision 2, 1996-5-15

[3] Periodic safety Review of Operational Nuclear Power Plants, A Safety Guide,
Safety Series No 50-SGO12, IAEA, Vienna, 1994

[4] Guide for Operational Configuration Management Program, Including the Adjunct
Programs of Design Reconstitution and Material Condition and Aging Management,
DOE Standard, Part 1 and 2, DOE-STD-1073-93-PU and pt.2, November 1993

[5] P.K.Samanta, W.E.Vesely, I.S.Kim., Study of Operational Risk Based
Configuration Control, NUREG/CR-5641, NRC, August 1991

[6] The Management of Risk to Society from Potential Accidents, UKAEA Working
Group, F.R. Allen, A.R.Garlick, M.R.Hayns, A.R.Taig, SRD, AEA Technology.,
Elsevier Science Publishers Ltd, 1992

[7] Risk based optimization of technical specifications for operation of nuclear power
plants, IAEA-TECDOC-729, 1993

[8] Systems for reporting unusual events in nuclear power plants, IAEA Safety Series
No. 93, 1989

[9] The role of probabilistic safety assessment and probabilistic safety criteria in
nuclear power plant safety. IAEA Safety Series No. 106, 1992

[10] WORKING MATERIAL Requirements of living PSA, IAEA-J4-CT-3149 (2nd
draft), 1997

[II] Handbook of methods for risk based analyses of technical specifications,
NUREG/CR-6141, 1995

Acceptance Criteria. An acceptance criterion is the specified limit of a functional or
condition indicator used to assess the ability of an SSC to perform its design function [1]

Acceptance criteria consist of the minimum acceptable limits required by the regulator to
ensure public safety [2]

Acceptable Limits. Acceptable limits are those limits acceptable to the Regulator [8]

Aging. Aging is the general process in which characteristics of an SSC gradually change
with time or use [1]
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Allowed Outage Time (AOT). AOT is the maximum time a safety system component/train
(for which it is defined) can remain unavailable in the operational state defined. If the
component/train is not restored back to operation by the end of the AOT, then the action
requirements defined in the limiting conditions for operation should be followed. AOTs are
typically defined for the power operation and the action requirements typically involve a
controlled shutdown.

Configuration Control. Configuration control is the management of component
arrangements (component status, available vs. unavailable) to primarily control risk and
assure safety, and contribute to the effective use of plant resources [5]

Corrective Maintenance (CM). Corrective maintenance includes all actions that restore,
by repair, overhaul, or replacement, the capability of a failed SSC to function within
acceptance criteria [1]

Cost Benefit Analysis. Cost benefit analysis is a variant of decision theory in which all
the factors relevant to a decision are measured in financial units (see also cost effectiveness
[6]

Cost Effectiveness. Cost effectiveness is a variant of cost benefit analysis which compares
value for money of various options [6]

Decision Criteria. Plant operators use decision criteria to determine what plant
improvements are warranted. The decision criteria may include additional margins to
provide the plant operator with operational flexibility. Particularly for plants built to earlier
standards decision criteria and acceptance criteria may be equal [2]

Deterministic Methods. Deterministic methods are those methods of analyses which apply
parameters and boundary conditions using mathematical or empirical relationships to
calculate design values and operating parameters [2]

External Experience (relevant industry experience). In the context of this report,
external experience is information available from sources external to the NPP (other NPPs
or other types of facilities or industries) regarding operation and maintenance matters, that
is applicable to the NPP and is gathered in order to learn from the experience accumulated
by others, with the purpose of minimizing adverse plant conditions or situations through
shared experience

Failure. A failure is the inability or interruption of ability of an SSC to function within
acceptance criteria [1]

Failure Modes and Effects Analysis (FMEA). FMEA is a systematic process for
determining and documenting potential failure modes and their effects on SSCs [1]

Internal Experience (plant specific experience). In the context of this report, internal
experience is information available from the NPP historical background, regarding
operation and maintenance matters, that is applicable to current situations, and is gathered
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in order to learn from past occurrences, with the purpose of minimizing adverse plant
conditions or situations.

Living PSA (LPSA). A PSA model of the plant, which is updated as necessary to reflect
the current design and operational characteristics and parameters, and is documented in
such a way that each aspect of the model can be directly related to existing plant
documentation or the analysts' assumptions in the absence of such information. The LPSA
would be used by designers, and utility and regulatory personnel for a variety of purposes
according to their needs, including design verification, an assessment of potential changes
to the plant design or operations, design of training programs, assessing changes to the
plant licensing basis. [10]

Maintenance. Maintenance includes all those actions that detect, preclude, or mitigate
degradation of a SSC, or restore to an acceptable level the design functions of a failed SSC

Preventive Maintenance (PM). PM includes the actions that detect, preclude, or mitigate
degradation of a functional SSC to sustain or extend its useful life by controlling
degradation and failures to an acceptable level. [11]

Probabilistic Safety Assessment (PSA). A comprehensive, structural approach to
identifying failure scenarios, consisting a conceptual and mathematical tool for deriving
numerical estimates of risk [9].

Reliability. The probability that a SSC will perform its intended function satisfactorily for
a specified time under stated operating conditions [2]

Reliability Centered Maintenance (RCM). A systematic method for developing and
optimizing preventive maintenance programmes by evaluating and prioritizing preventive
maintenance actions according to their effectiveness in reducing the probability of system
failure, their economic viability taken into account [7]

Risk. A quantitative measure of safety that accounts for the frequency of an event, the
consequences from its occurrence, and the uncertainty in its likelihood [2]

Risk Based Decision Making. It is the process of making decisions in which arguments
based on evaluations and results from probabilistic safety assessments and their applications
are primarily used.

Risk Informed Decision Making. It is the process of making decisions in which
arguments based on a combination of engineering/deterministic evaluations, current safety
principles and regulations, and evaluations based on probabilistic safety assessments are
used. In many cases, insights from PSA evaluations play a significant role.

Risk/Safety Monitor. A plant specific real-time analysis tool used to determine the
instantaneous risk based on the actual status of the systems and components. At any given
time, the risk/safety monitor reflects the current plant configuration in terms of the known
status of the various systems and/or components, e.g., whether there are any components
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out for maintenance or tests. The risk/safety monitor model is based on, and is consistent
with, the LPSA. It is updated on the same frequency as the LPSA. The risk/safety monitor
is used by the plant operational staff in support of operational decisions. [10]

Safety Goals. Safety goals express the desired levels of safety being aimed for. They are
the high level expressions in philosophical and practical terms of the aspiration level of
safety being striven for, though ultimately achievable, in the design, construction,
commissioning, operation and regulation of nuclear facilities [2]

Safety Systems. Systems provided to assure the safe shutdown of the reactor or the
residual heat removal from the core, or to limit consequences of anticipated operational
occurrences or accident conditions [2, 3]

Structure, System, and Components (SSCs). Structures are elements that provide support
or enclosure such as buildings, free standing tanks, basins, dikes, and stacks. Systems are
collections of components assembled to perform a function such as piping, cable, trays,
conduit, or HVAC. Components are items of equipment such as pumps, valves, relays, or
elements of a lager array such as computer software, lengths of pipe, elbows,, or
reducers. [4]

Surveillance (Inspection). Observation or measurement of condition or functional
indicators to verify that an SSC currently can function within acceptance criteria [1]

Surveillance Test Interval (STI). The STI is the period between consecutive tests, defined
in terms of frequencies in the surveillance requirements of Technical Specifications [11]

Technical Specifications. Safety rules, approved by the regulatory authority, defining the
limits and conditions for safe operation of a nuclear power plant [7]

Testing. Observation or measurement of condition indicators under controlled conditions to
verify that an SSC currently conforms to acceptance criteria [1]
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ACRONYMS

AOT - Allowed Outage Time
CC - Configuration Control
CM - Corrective Maintenance
CRP - Coordinated Research Program
D - Deterministic Approach
ESFAS- Engineering Safety Features Actuation Systems
FMEA- Failure Modes and Effects Analysis
GO - Global Optimization
HRA - Human Reliability Analysis
I&C - Instrumentation and Control
ISI - In-Service Inspection
1ST - In-Service Testing
NPP - Nuclear Power Plant
PM - Preventive Maintenance
PO - Power Operation Mode
PRA - Probabilistic Risk Assessment
PSA - Probabilistic Safety Assessment
QA - Quality Assurance
RCM - Reliability Centered Maintenance
RHR - Residual Heat Removal System
RM - Risk Monitoring
SD - Shutdown Mode
SSC - Structure, System, Component
ST - Surveillance Testing
STI - Surveillance Test Interval
T&M - Test and Maintenance
TS - Technical Specifications
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Develojpment of a Methodofogy for Maintenance Optimization at Kozloduy NPP

ABSTRACT
The paper presents the overview of a project for development of

an applicable strategy and methods for Kozloduy NPP (KNPP) to
optimize its maintenance program in order to meet the current risk
based maintenance requirements.

The strategy in a format of Integrated Maintenance Program (IMP)
manual will define the targets of the optimization process, the
major stages and elements of this process and their relationships.
IMP embodies the aspects of the US NRC Maintenance Rule compliance
and facilitates the integration of KNPP programs and processes
which impact the plant maintenance and safety.

The methods in a format of IMP Instructions (IM-PI) will define
how the different IMP stages can be implemented and the IMP
targets can be achieved at KNPP environment.

Table of Contents

1 . Project Summary
2. Project Objectives
3. Project Scope
4. Project Organization
5. Project Control
6. Work Plan for the Firs Year
7. Overview of the Follow-up Research Work to be Develop
8. References

1. Project Summary
Superior Nuclear Power Plant (NPP) availability, reliability and safety require

active measure in plan operation and maintenance. Development and
accomplishment of an Integrated Maintenance Program (IMP) will provide Kozloduy
NPP (KNPP) with an opportunity to straighten its maintenance program. Integration
of new and existing programs are critical in cost effectively meeting the current risk
based maintenance requirements. Examples include use of system engineering in
monitoring and trending, predictive maintenance programs to pro-actively assess the
Structure, System and Components (SSCs) degradation, Probabilistic Safety
Assessment (PSA) and Reliability Centered Maintenance (RCM) in scoping and
documentation of SSCs. This ability to integrate activities in a cost effective manner
will be a difficult task, however, the need to develop elaborate and large new
programs is not planned.

2. Project Objectives
>̂ To establish a Maintenance Steering Committee (MSC) led by a designated

Director with senior level division representation to provide oversight and
direction in completing the objectives of the IMP
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IAEA Coordinated Research Program
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. Development of a Methodology for Maintenance Optimization at Ko2loduy NPP

y$ To develop KNPP applicable strategy and methods to optimize its maintenance
in order to meet current risk based maintenance requirements

% To define programmatically the needs, interface requirements, and existing
capabilities and alternatives to effectively utilize KNPP staff resources in
supporting IMP implementation

^> To develop an organizational structure including IMP Coordinators to oversee
all IMP implementation efforts

Q> To establish an aggressive but realistic schedule to include milestones and
deliverables ensuring completion of IMP document development,
implementation and performance evaluation

% To perform pilot test of IMP on selected unit systems
^ To develop a long term approach to IMP implementation
Q> To evaluate information data requirements and existing KNPP data bases,

source documents, and programs to minimize documentation difficulties,
resources overlap and to provide integration where appropriate

Q> To evaluate conceptual/potential needs for other expected KNPP programs
such as age related degradation and unit production improvements goals, and
document results from IMP implementation in such a manner that relevant
information can be readily exchanged. Specific emphasis will be made on
integration of RCM and IMP

3. Project Scope
IMP provides consistent direction for KNPP to develop an effectively implemented

strategy and methods to ensure compliance to the current risk based maintenance
requirements. The implementation is defined as a complete analyzed program that is
in place and operable. An effective is defined as a program that tracks performance
versus criteria, trending performance and providing feedback to ensure continued
improvement.

IMP will not dictate how individual maintenance task are performed, but will
greatly change how KNPP manages its maintenance. The main IMP directions are:

=> To increase the attention to poor performing risk significant SSC's (both
safety and non-safety related)

=> To improve the root cause analysis
=> To improve the planning of maintenance activities with respect to plant safety
=> To monitor effectively the maintenance program
=> To review periodically the program results
It must be remembered that many plant SSCs will fall outside the scope of the

IMP. The proper maintenance practices should continue on those SSCs to ensure
economic and reliable plant performance. The RCM analysis, KNPP existing
Preventive Maintenance (PM) and the "living" feedback programs will provide the
maintenance basis for all SSCs to ensure optimization of both labor and material
resources.

SSCs within the scope of the IMP will be evaluated and require specific actions.
All IMP SSCs will be covered under the current risk based maintenance
requirements and be specifically included in the KNPP PM program. In addition, any
SSCs with unacceptance performance will require additional management emphasis
and specific goals.
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The major activities required by IMP are as follows:
• Screening - All plant SSCs will be evaluated against five basic criteria to

determine the SSCs functional significance with regard to plant safety. SSCs
with plant safety functional significance are within IMP scope. SSC that do not
meet any of the five safety criteria falls outside the scope of the IMP.

• Performance - A review of IMP SSCs will determine if past maintenance
activities have been effective. This review of past activities includes three
years of data and will be based on the existing KNPP databases. The focus will
be on determining SSCs that have experienced a number of corrective
maintenance activities

• Risk Significant Determination - KNPP will establish a method to determine
risk significance in evaluating all IMP SSCs. The PSA, RCM and past
experience will be used for this determination. Lessons learned from the pilot
study will provide guidance with regard to: what approaches are acceptable;
when should each be applies; how each is specifically performed. This process
will identify those SSCs that contribute to plant risk (e.g., Core Damage
Frequency), thus helping to focus appropriate attention to performance and
maintenance.

• Goal Setting and Monitoring - The SSCs with improper or poor
performance will require goal establishment and monitoring. To define these
SSCs specific criteria will be used, including:
=> Risk significance combined with poor performance
=^ Multiple Maintenance Preventable Functional Failure (MPFF) (repetitious

failure)
=> High contribution in the failure to achieve Plant Level Performance Criteria

(inordinate negative impact on higher level performance)
The specific type of goal will be established at the highest level that has the
capability to effectively and accurately monitor the SSC performance (i.e.
hierarchical level of goals are plant, system, train, components).

• Maintenance Effectiveness - IMP SSCs will be effectively maintained for
each unit. This will include monitoring as done on a plant level and for other
purpose. Ineffective maintenance programs and activities will be identified
through root cause analyses and corrected. A Living RCM program and an
effective process to reflect industry information will be two key aspects of
measuring maintenance effectiveness.

• Maintenance Planning - Maintenance planning methodology will be
developed to evaluate:
=> Risk trade-off caused by a SSC being out of service for maintenance or

monitoring (i.e., safety feature unavailability);
=> Benefit gained (i.e., improved SSC reliability) that is accomplished by

performance of the maintenance task or SSC monitoring
KNPP will explore expanding some of the initiatives taken for shutdown risk to
the operating modes. This will be the respond to the very important self-
checking requirement that KNPP do not focus maintenance on SSCs to the
point that overall plant safety is compromised.
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• Periodic Review - The evaluation process must be documented to establish
the basis for the IMP. The self-checking requirement is that the maintenance
basis be a "living program" and not a single time evaluation. Hence, for each
unit will be prepared an assessment of their IMP SSCs in the above listed areas
on a refueling outage bases with specific attention paid to KNPP set goals and
use of industry information and maintenance effectiveness.

Steering Committee
Maintenance Steering Committee (MSC) will be established to provide oversight
and direction for the development and implementation of the IMP. The MSC will
be made up of five-eight high-level managers from different divisions appointed
by KNPP General Manager. The specific purpose, functions, responsibilities,
membership, and meeting requirements of the MSC will be established in the IMP
manual. Research and Development Division (R&DD) will provide the coordination
services for MSC. In support of the MSC, a separate Working Group (IMP-WG)
will be established. The specific purpose, functions, responsibilities, membership,
and meeting requirements of the IMP-WG will be established in the IMP manual.

IMP Documents
The IMP Working Group will develop any higher level documents needed to
describe and implement the IMP. Lower level (department level) procedures will
be the responsibility of the affected department. The appropriate number and
level of documents will be decided with the IMP manual. It will describe the IMP
strategy and will define the targets of the optimization process, the major stages
and elements of this process and their relationships. IMP manual will embody the
aspects of the US NRC Maintenance Rule compliance and will facilitate the
integration of KNPP programs and processes which impact the plant maintenance
and safety. The methods of integration and implementation of the IMP stages and
targets achievement will be in a format of IMP Instructions (IM-PI).

Maintenance Coordinators
To effectively support the development and implementation phase of the IMP,
one coordinator to each affected department will be needed. Each coordinator
should have experience in any of the following areas: PRA, RCM, maintenance,
system engineering, project engineering or Quality Assurance (QA). Details of the
IMP coordinators specific responsibilities and authority will be outline in the IMP
manual.

Quality Assurance
Quality Assurance (QA) will be responsible for incorporating the approved IMP
documents into QA instructions and will monitor the implementation of the IMP.
QA will be also responsible for ensuring the quality aspects of work performed
under the IMP.
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Existing and New Programs and Activities
Effective implementation of the IMP will require use and integration of existing
and new programs and activities to the maximum extent possible. Existing and
new programs include ISI/1ST, predictive maintenance, RCM, system engineering
and PRA. An initial task for implementation includes developing how the existing
and new programs and activities compare to the IMP manual. This ability to
integrate activities in a manner to meet the current risk based maintenance
requirements will be a difficult task, however, the need to develop elaborate and
large new programs is not expected.

Pilot Systems
IMP WG supporting by R&DD will perform a pilot test of selected system at each
plant to evaluate how the IMP MR will impact the units. System selection will be
made so that each plant evaluates systems of different characteristics (i.e., safety
related, balance of plant, standby, on-line, mechanical. Electrical, and I&C).
Lessons learned from each pilot will be utilized to develop a refine IMP evaluation
methodology prior to full scale implementation.

Data Needs and Documentation
The ability to develop a detailed maintenance basis and maintain the IMP in a
"living" environment will require extensive data management and automation.
Interface and the ability to access multiple plant databases will be vital.
Identification of data needs, and the documentation requirements, and format for
the IMP must be established early in the program. The system pilot programs will
help confirm the needs and identify any deficiencies in data gathering and
documentation format.

Training
KNPP personnel will require training on the IMP and its effect on their
responsibilities. The Training Department will develop training modules, as
needed, for specific groups that are heavily affected. External training may be
required to support the IMP WG and for the IMP coordinators.

Long Term Plant
The understanding of the full impact of IMP implementation will require
development of a long term approach, in which the IMP lessons learned should be
incorporated.

4. Project Organization
The project organization will include permanent KNPP personnel from different
affected divisions. These individuals will be IMP coordinators and IMP WG
members. A supervisor of R&DD will provide the needed direction for these
individuals. Support from a number of different areas will be needed. System
engineers, predictive maintenance, KNPP data bases and PRA support will be
critical for successful development and implementation of the IMP documents.
The interface matrix will provide the support groups for this effort.
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5. Project Control
Specific activities for IMP project control will include:
• Project schedule with milestones
• Review meetings
• Verification of meeting action plan deliverables
• Project reports

Milestones
The following activities are planned to ensure IMP development and
implementation:
A Development Phase

Q> Definition of Objectives and Scope
^ Funding, Organization and Scheduling
**> Development of IMP documents

• IMP Manual - Description, Objectives, Applicability, Deliverables
• Definition of responsibilities for development and implementation of IMP
• Integration - System Engineering, PM Optimization Program, PSA,

Predictive Maintenance Program, Industrial Data, Operations, Training, QA
Program

• Technical Requirements - IMP Compliance, RCM Process
• Identification of data sources, documentation structure and format source

(interface requirements, database modifications)
• IMP Instructions (IMPI) - Scoping, Risk Significant Determination,

Performance and Evaluation Criteria, Functional Failures, Goal Setting and
Monitoring, Evaluation of SSCs removal from service, Periodic
Assessment, Documentation, Living Program Integration Assessments

• Issue of draft procedures
• Approval of procedures

-•• Implementation Phase
•*> Establishment of organizational structure for IMP implementation
"*> Integration (interface) with all divisions
<*> Determination of SSCs in the IMP scope for all six units

• First Cut
• Final List

^ Completion of pilot studies on selected plant systems
^ Implementation of IMP
^ Achievement of IMP compliance

6. Work Plan for the Firs Year
**> Project Management

• Definition of Objectives and Scope
• Funding, Organization and Scheduling

<*> Development of Strategy for KNPP Maintenance Optimization
• Integrated Maintenance Program Manual - Description, Objectives,

Applicability, Deliverables
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• Definition of responsibilities for development and implementation of IMP
• Integration - System Engineering, PM Optimization Program, PSA, Predictive

Maintenance Program, Industrial Data, Operations, Training, QA Program
• Technical Requirements - IMP Compliance, RCM Process
• IMP Instructions (IMPI) - Scoping, Risk Significant Determination,

Performance and Evaluation Criteria, Functional Failures, Goal Setting and
Monitoring, Evaluation of SSCs removal from service, Periodic Assessment,
Documentation, Living Program Integration Assessments

7. Overview of the Follow-up Research Work to be Develop
<*> To define an applicable strategy of integration process for KNPP maintenance

optimization
• To define the IMP goals and objectives
• To define a methodology and approach to implementing the IMP
• To determine the IMP baseline documentation for the desire level of integrity

and completeness
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Nuclear Power Industry in China
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Background

Fact about PM and ST optimization
—nuclear power generation very late

—lack experience(Qinshan is a prototype, Day a Bay is designed by EDF)
L, —PM &TS provided by vendors

—safty first, economics second
—too much PM &TS(waste material &more employers)
—IAEA's reginal training two years ago
—initiate the project this year



Scope of the project

Safety related equipment (Auxiliary Feedwater System as an example during
the first year)
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Objectives of the Project

Development of Methodologies for Optimization of ST and M of Safety
Related Equipment at NPPs by using Experience Feedback
—-ninimize the maintenance and test cost while still maintain the safty
—why using experience feedback

* RCM—need time to comand with
*Risk Basd—failure date not enough
^Reliability—date need to be collect and assess
*many datebank available(EDF,FROG,WANO,plant history)

IAEA—IRS, INES



S

Detail Work Plan for the First Year

•analysis existing experience feedback report
-development of databank
-collecting information
•review and assess existing PM programe
-methodology development



Overview of the Follow Up Research Work to be Developed

—research on RCM techniques
-—optimization combined with RCM
—complete all safaty related system



Operation Data
Collection

I
Analysis

Experience Feedback^
Report Screen

J Analysis

Previous PM or
Existing PM

System Boundary
Identification

J
i

System/Subsystem
Function

Identification

i
Critical Component

(FMEA)

I
Initial Maintenance

Task Selection

I
nitial Maintenance

Task
Implementation

Living
Programme J

I
Operation

results

Detailed Plan for the First Year
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Abstract

It is known that Probabilistic Safety Assessment (PSA) is nowadays the appropriate technology
and tool that can be used to optimize, during the design phase, a considered installation taking
into account reliability and safety aspects, and also to evaluate and quantify the base-line risk
level for the optimized installation III. This base-line risk level is normally expressed by an av-
erage frequency per plant-year assigned to a scenario of interest (e.g. core damage, in case of a
NPP). A considerable number of changes in components and system design can occur during
the construction phase and another during the subsequent operation phase due to a continuous
change in the plant configurations and their operating procedures, when compared to the con-
figuration considered for the base-line risk quantification. These changes can be originated by
planned activities like tests, maintenance and repair or by unplanned actions, mainly random
events (failures) on components and systems 121. This results in a fluctuation of the risk level
over operating time and is denominated as the "risk profile" (RP) of the installation. Living
PSA and risk monitoring programs can assess the RP. An adequate management tool, calculat-
ing the "risk profile", can be used to control and optimize the operation of the installation with
respect to a minimal risk level over the operating time. As a result we obtained a so called fault
tolerant operation 131.

In this context one can distinguish between a Living PSA (LPSA) which is a updated PSA
model (e.g. updated once a year) and a Risk Monitoring System (RMS) which can be defined
as a on-line working computerized PSA model /4/. The RMS has the advantage of following,
based on the actual inputs of the planned or unplanned configuration changes, the daily plant
operation IS, 61. It is known that the actual existing PSA models limitations itself (e.g. used
models, data base, etc.) to simulate plant operation, as real as possible, are also inherent to
these modern developments. World-wide a large number of PSAs are finished and available for
many installations. In some countries and for some plants living PSA programs are settled now.
For a two dozen of plants Risk or Safety Monitors are under development or installed for the
daily use. From a few operators it is published today the real operational experience gained by
the continuous use of such systems II, 8, 9, 10/.
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1. Introduction and Background

For the last years Probabilistic Risk Assessment (PRA) models have been actively used by many
utility's to support operations and maintenance issues. This involves the evaluation of specific
plant configurations and strategies using various importance and sensitivity studies /11/. In
some cases, the risk significance of various Technical Specifications (TS) requirements includ-
ing many Limiting Conditions for Operation (LCO) and Allowed Outage Times (AOT) were
evaluated to address specific plant operating conditions. These requirements originally were
based on deterministic analyses and engineering judgment. However, experiences with plant op-
eration indicate that some elements of the requirements might be unnecessarily to restrictive,
and that a few may not be conducive to safety.

The above mentioned studies shows that different plant operating conditions might alter the
risk significance of each TS. Based on that information, it was recognized that it would be most
useful to develop a so called "on-line" tool (LPSA, RMS) for personnel involved in operation
and maintenance, that would allow easy access to risk information for configuration control.

The development of such a computerized tool for Configuration Control, also called Living
PSA (LPSA) and Risk Monitoring Systems (RMS), would allow personnel involved in plant
operation and maintenance to assess easily the risk impacts of performing various maintenance
activities and different plant operational configurations.

To achieve the potential benefits of a risk-based configuration control system, the LPSA and
RM Systems to be built, should be able to perform the necessary risk calculations that represent
the risk level at the plant caused by component outages. Therefore, the first requirement for
such a model is the ability to calculate the risk level increase resulting from various configura-
tion changes. It is known that during plant operation, various configurations result because
some components are down, other components can be reconfigured to compensate or to allow
for testing and maintenance.

It should also be considered that treatment of AOT's for multiple downed components can be
quite different from those for single components because of their different impacts on risk. It
can be said, that the AOT for single and multiple downed components should be developed on
a risk basis which not only controls risk but can also reduce costs by allowing larger outage
times for those considered lesser risky configurations

Taking into account that LPSA and RM Systems are normally based on a existing Level 1
PSA, the development of control systems have to manage all possible system alignment states
that can be used during power operation. It is also expected that additional components and
systems that are not treated in sufficient detail in a traditional PSA, as for example the reactor
protection systems, balance-of-plant systems, instrumentation and control systems and engi-
neered safety features actuation system should be modeled in detail for a risk-based configura-
tion control system. It is known that most of this systems perform very important functions
directly related to plant safety. Consequently, detailed modeling is needed to estimate the ef-
fect of the various configuration changes. Also the adverse effects of surveillance tests (e. g.
test stress, initiating of transients, induced failures, mispositioning) has to be identified from op-
erational experiences and adequate transformed to the PSA model (see also /30/).

It can be said, that balance-of-plant systems are unique compared to standby safety systems in
which they are continuously used during normal operation. Generally, these in the system
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occurred failures are immediately detected. However, some studies shows analysis of un-
planned reactor trips and suggests that plant transients result from errors in testing balance-of-
plant systems. Some of these trips occurred when safety systems components were also un-
available. Since such an occurrence can imply risk-significant events. Finally, a risk-based con-
figuration control system should be designed to manage and plan balance-of-plant systems
testing to avoid these risk-significant situations.

Care must be taken to the developed component unavailability model in LPSA and RM sys-
tems, because normally a PSA contain the average contribution of maintenance downtime, in
other words, the test downtimes based on the average time for test. However, for conditional
core-melt frequency calculations the out-of-service components for test and maintenance will
be known and the average contribution to unavailability should not be used.

An other modification required is the ability to quantify accident sequences with reconfigured
components in the fault trees. This change can be made by modifying the component unavail-
ability model to consider various reconfigured states, so that the unavailability corresponding to
the reconfigured state is obtained based on the input defined. It can also occur, that do to si-
multaneous maintenance of components, that are prohibited by TS and commonly not modeled
in a PSA, it may be sometimes necessary to calculate the plant operational risk associated with
such configurations. Therefore, the plant specific PSA should be modified so that all the possi-
ble configurations are considered.

All information about human related events may be useful in addition to that on the hardware
related events. In those instances, the recovery probabilities of human related events in the acci-
dent sequences used in a traditional PSA depend, in the LPSA and RM systems, on the specific
configurations and should be treated properly allowing the appropriate quantification of the
risk.

The completion of this process resulted in a logically efficient model that is correlated to all
plant components and captures all of the logic structure of the complete PSA. Another impor-
tant aspect is that "on-line" LPSA and RMS should be developed to a more efficient operation
and to use more effectively plant resources. This provides, from a risk perspective, a accurate
risk control and a operational flexibility by allowing looser controls in so called "unimportant"
areas to risk, supporting the existing TS and resulting therefore in a safer plant.

2. International overview regarding LPSA and RM Systems
for Configuration Control

There exist internationally a considerable number of risk-based computerized systems. Those
codes used sometimes similar information and techniques, but are developed independently by
using different languages and data structure. As we described before, the two most important
issues that should and can be controlled by means of a computerized system, from a risk point
of view, are the different plant configurations and possible operational strategies. Nowadays
there are a growing interest in calculating core damage frequencies and additional risk-based
values at different points of time during the plant life. It can also be said that due to critical con-
figurations or operational actions the possibility of incidents or accidents and their ̂ .respective
precursors arise. To resolve this problems, the development of an adequate management tool,
calculating the "risk profile", can be use to optimize the operation of the installation with re-
spect to a minimal risk level over the operating time.
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Table 1. shows an overview regarding the LPSA and RM Systems that are under development
or in use in the different countries. The major objective adopting those systems is the use of a
computerized system as an qualified and adequate monitoring, predictive or retrospective man-
agement tool (details see e.g. /12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26/). Most
of them are based on the ideas of J.B.Fussel (Program name: PRISIM).

From the before listed living and monitoring systems some are of great interest like ESSM from
NE in the United Kingdom /14/, LIPSAS from PNC in Japan /20/, KIRAP from KAERI in Ko-
rea /19/, SAFETY MONITOR fromNUS 1151, SAS, EOOS and R&R Workstation from SAIC
l\ll and ORAM from EPRI in the U.S. /16/, and finally RELADS from GRS in Germany /3,
27,29/.

It can be said that the Essential Systems Status Monitor (ESSM) code /14/ developed by Nu-
clear Electric is a good application of a real-time safety monitoring techniques. This code is ac-
tually being used at Heysham B Nuclear Power Stations and it is based on a Level 1 PSA, has
an graphic interface for plant users. It is a so called hardware model for the plant only, because
it does not include operator actions or recovery as do some other systems. The ESSM can be
used as risk and/or safety monitor and has as major objective support NPP operation. Taking
into account that the system is based on deterministic rules and probabilistic calculations it can
also be said that the code is a powerful tool when it is used as a support by answering safety
relevant questions. Considering the importance of the systems and the safety functions calcula-
tions (handles only the Fussel-Vesely and Birnbaum importances) the code can be considered in
this case as being restricted, when compared to others. One of the most important applications
at Heysham of the ESSM code is in the control room to evaluate the risk fluctuation for each
plant configuration.

LIPSAS is a Living PSA System 1201, that has been developed for the Japanese prototype liq-
uid metal-cooled fast breeder reactor (LMFBR), and is in the pre-operation functional test
stage. The objective of the program is to support the operations staff by monitoring safety sys-
tems performance against given reliability targets, optimization of TS, maintenance and testing
of equipment, identifying critical operating procedures, modifying AOTs to support and justify-
ing continued operation. It consists of three main modules, a PSA update module, a risk moni-
tor and a risk management module. The system takes over most of the PSA database and
analytical model and reconstructs them for use in the living mode. It can be said that risk level
of a plant includes a wide variety of possible measures such as system and function unavailabili-
ties, core damage frequency, and societal and individual risk. LIPSAS estimates core damage
frequency based on the plant operating experience and the possible plant configuration, display-
ing a summary of the results (quantified with uncertainty bands), including also the importance
of the systems and safety functions calculations. This Living PSA System is a prospective tool
to support decision-making that may affect safe plant operation and it is recognized, that indi-
cators more familiar to operators than core damage frequencies, which are currently used
should be developed and examined with respect to the degree of their benefits.

Southern California Edison (SCE) recognized that the development of an on-line risk tool that
allows plant personnel to use many features of its IPE model in an easy-to-use user interface
and rapid fashion would be of great benefit. SCE desired a system that would use a very fast
fault tree solution algorithms to allow so called complete dynamic solution of the risk model,
rather than using precalculated cutset lists. This is based on the reason that the use of a com-
plete risk model offers the most accurate solution and can simplify the process of modifying the
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input models to reflect plant changes. NUS has developed for SCE the Safety Monitor System
/15/ that is designed to provide plant personnel with estimate of current plant risk and advice
regarding the existing configuration to ensure safety. On the other side, for the PRA analyst,
the system serves as a convenient method for collecting equipment unavailability data for use in
PRA model updates, providing also useful information about plant risk trends and helps to
identify strategies for incorporating risk-based Technical Specifications in the future.

The Safety Advisory System (SAS) /8/ is another current application of real-time safety moni-
toring techniques. It is a ongoing development of the S AIC's at the Dukovany and Bohunice
VVER 440 V-230 NPPs. The development of the real-time risk model for SAS will be based
on the methodology in NUREG/CR-5925, conversion of a Level 1 PSA into a form that could
be used for a real-time safety monitoring applications, and a prototype version of the system
functional capabilities and graphics interface have already been developed. The R&R Worksta-
tion program, sponsored by EPRI and executed mainly by SAIC, includes now 27 US utilities
and five international partners. It generates a suite of "open" software tools (Microsoft
Windows™-based) to meets a variety of needs from plant operations, e.g. on-line maintenance,
fire protection, risk-based regulations, TS optimization, safety issue resolutions, plant modifi-
cations, and PSA model development.

The Electric Power Research Institute (EPRI) has developed a software package, the Outage
Risk Assessment and Management (ORAM) /161, with quantitative analysis and qualitative
guidelines capabilities. It is known that one of the most interesting aspects of risk management
is the ability to implement an integrated approach which prioritize and takes into account
safety, licensing and regulatory issues that plant personnel and manager must address. Through
the quantitative approach it can be obtained, at the planning stage, a time-dependent represen-
tation of the risk which can be used to optimize the risk throughout the outage and retrospec-
tively to evaluate previous outages and develop insights on how to prioritize scheduling of
testing and maintenance. From the qualitative point of view the plant personnel is provided with
specific guidelines, based on safety functions, to help assess the risk level of specific plant con-
figuration, suggesting sometimes what can be done to reduce the risk.

3. The Reliability Adviser System RELADS

At GRS in Garching there is a computerized Reliability Adviser System under development
called RELADS /3, 26, 29/. Futurily this system can be used by safety analysts or plant staff as
an adequate management tool that takes into account reliability and safety aspects with the ob-
jective of evaluating and quantifying system funcion availabilities and the base-line risk level.
Especially the actual initiative of the utilities to reduce O&M costs maintaining the same safety
(risk) level will be supported by adequate models for that purpose within RELADS.

The actual version is based on a existing Level 1 PSA for a specific PWR, the NPP Biblis-B
and designed as an on-line system to support plant configuration management and general PSA
purposes. Therefore the available event trees, fault trees as well as the cut sets were developed
considering well defined scenarios and a given scope. It is foreseen that in a advanced version
the change in fault trees and the consecutive recalculation of parameters should be possible.

RELADS is developed in a user friendly environment allowing the user to surf trough all of the
system functions. The user can be provided with information about the risk level increase or de-
crease due to changes in certain system and reliability parameters as good as changes in the
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relative importance ranking of system functions. The actual version is based on six main mod-
ules denominated as event tree, fault tree, mimic diagram, data/specification, importance meas-
ures and finally system background information implemented in a expert system shell RTworks
(trade name of a software package distributed by Talarian Inc., CA).

The former version of the computerized system uses a algorithm which determines the unavail-
ability of tested components based on assumption of a perfect test. In the actual version im-
provements were made on a so called test management module and a repair management
module. The different components handled by RELADS are, as usual, periodically tested com-
ponents, non-repairable components, monitored components, etc.. The implemented model can
be used to investigate periodic testing schemes and operational modifications as they affect sys-
tem unavailabilities and accident sequence probabilities. Using this model one can input testing
characteristics like test interval, test duration time, the repair time, the test override capability,
the test efficiency, human-caused failure probabilities associated with the test.

It is known that periodically tested components are quite common in safety systems, which are
generally standby systems. If testing is assumed to be perfect it can be said that the instantane-
ous unavailability of a periodic tested component has a sawtooth behavior and increases ap-
proximately linearly between the test intervals. In the case of non-perfect tests, that means
testing contributions included, the sawtooth plot will have additional unavailability contribu-
tions during test time. The model implemented in RELADS handled two types of unavailabili-
ties named the test downtime contributions and a repair contribution. It considers also that all
failures are detectable by the test and that the detection inefficiencies can also be modeled. In
case of a test bypass the unavailability due to tests will be lowered but there is still a downtime
contribution. We can finally say that the model implemented in RELADS for periodically tested
components, is a good tool to investigate the possible testing configurations and operational
and design modifications as they affect system unavailabilities. Besides this, we can also evalu-
ate which is the best test/repair strategy (also the best sequence) considering a minimal risk
level.

One of the main purposes of a safety assessment is to identify the components that have the
greatest influence on the system safety. The importance measures provide guidance in search of
the most efficient way of improving the system reliability by minimum effort and appear to be
useful tools for assisting in prioritizing regulatory and research activities. Taking this into ac-
count, it was decided to better the so called "Importance Measures" modules in the present ver-
sion of RELADS having as objectives evaluate the importances of the different safety functions,
and other various contributors as assessed in PRA and to identify generic conclusions regarding
the importances. Therefore, in the ranking of the components one can actually use many impor-
tance measures as Birnbaum importance, Fussel-Vesley importance, Risk Reduction Worth and
Risk Achievement Worth. In a future version the graphic display options of all these risk im-
portance measures should be improved.

4. Conclusions

In this paper we presented comments of the current state of the art of technical development
and application of some LPSA's and RMS. Actually the nuclear industry show a growing ten-
dency for a major usage of PSA's, LPSA's and RMS for plant operations and for management
decisions. Some concluding statements are given below:
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A broader use of LPSA's and RMS by plant personnel, require a substantial change in
culture and approach to problem resolution. Therefore it is of fundamental importance to
communicate the proper usage, interpretation, benefits and potential applications of LPSA's
and RMS between the parties involved.
It can be said that most of the organizations/departments, within the utilities like
maintenance, operation, licensing and regulations departments are mostly unfamiliar and
sometimes skeptical about the value and usage of LPSA's and RMS. This tendency, is based
on the fact that currently the knowledge and expertise of PSA technology remains the
domain of a specific PSA group in the utilities, and the plant operation is based on the
traditional deterministic rules and way of thinking.
It can be recognized, that the technology transfer activity, which is of great importance,
requires the demonstration of the power of the PSA methodology and tools through the
different specific applications. Therefore, the establishment and success of LPSA's RMS
programs will strongly depend on the needs and wishes of utilities to develop and sustain
such programs.
Based on the description of the previous sections, it can be said that LPSA's and RMS are
prospective tools to support operators decision making and improve the technical
specifications and accident management procedures of the plant, that means, monitoring the
plant risk and managing this risk. This can be greatly improved by the accumulation of the
application experience of the specific LPSA's and RMS to the plants.
Another important aspect is recognize the necessity to define system indicators more
familiar to operators than the commonly used core melt frequency, which are currently used
in some LPSA's and RMS. This should be developed and examined with respect to the
degree of evidence and their benefits.
Considering the complexity of NPP systems and the possible high risk plant configurations
due to test/ maintenance, it seems that without LPSA's and RMS plant operators will not be
able to manage the day to day activities of the plant, taking into account a risk-based
approach, in order to avoid plant configurations that results in unacceptable reductions in
plant safety.
Finally, it can be said that the benefits of LPSA's and RMS are demonstrated and treated in
many reports and the relevant literature. Nevertheless, inherent in all these systems are some
well known but important unresolved PSA issues, that should be taken into account if such
a system would be used during plant operation for decision making.

Table 1: Some Software Packages used as Living PSA and/or Risk Monitor and/or
as Operation Management Tool

System Name,
State, Organis.
ARIESE/EVA
SP(UITESA)/28/

DRM
U.K.(NE)/28/

ESOP
U.K. (NE) 111

ESSM. Vers. 2.2
U. K. (NE)

ESSM, Vers. 4.0191

Status

Full use

Pilot use

Full use

Full use

Under
develop-
ment

Key Features

Use by plant operation and management staff, "what if'
calculations,

Use by plant operation and management staff, "what if' cal-
culations, AOT, STI management

Use by plant operation and management staff, "what if' cal-
culations, AOT, STI management, compliance with tar- gets

Use by plant operation and management staff, "what if' cal-
culations, AOT, STI management, complienc with targets

Level of Details

Level 1. human factor,
CCF, full power only

Level 1, human factor,
CCF, full power only

Level 1, human factor.
CCF, full power only

Level 1, human factor,
CCF, full power only

Type
Remarks
LPSA
licensed

RM

RM

RM
licensed
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KIRAP
Korea (KAERI)/19/

LIPSAS
J(PNC)/20/

ORAM
USA (EPRI) I\6I

PRISIM
USA(Fussel)/28/

RBI Man
H (Veiki) /28/

RELADS,
D(GRS)/267

REVEAL W™
USA(Scientech)/28)

RISKSpectnim™
S(ReIcon)/18/

RISKMAN™
USA(PLG)/24/

SAFETY MONI-
TOR™, USA (NUS)
/15/

SAIS
D(T0V-Nord)/2I/

SAPHIR 5.0
USA (NRC, EG&G)
/28/

SAS, R&R Worksta-
tion, EOOS
USA(SAIC)/17/

STARS
EU(JRC)/26/

What2
South Africa.
(ESCOM)
mi

Under
develop-
ment

Full use

Full use

Full use
in the past

Under
develop-
ment

Under
develop-
ment

Under
develop-
ment

Full use

Full use

-ulluse

>ilot use

:ull use

•ulluse

>ilot use
also non-

nuc)

'ulluse

Use ba PSA analysts and plant operation stag; maintenance
planning, Win-based, compliance with targets

Use by plant operation and management staff, "what if' cal-
culations, AOT, STI management, compliance with targets

Use by plant operation and management staff, configuration
management, maintenance planning,

Use by plant operation and management staff, "what if1

calculations

Risk advice within the NPP information system, "what if
calculations

Use by plant operation and management staff, "what i f cal-
culations, AOT, STI management, expert system shall

Jse by plant operation and management staff, "what i f cal-
culations, AOT, STI optimization, compliance with targets

Jse by plant operation and management staff, "what i f cal-
culations, use for risk follow-up, Win-based

Use by analysts, "what i f calculations, AOT, STI optimiza-
ion, maintenance
ilanning

Jse by plant operation and management staff, "what i f cal-
culations, AOT, STI management, compliance with targets

Jse by plant operation and management staff, "what i f cal-
culations, use as safety related, info, system

Use by safety analysts, recalculation of PSAs, "what i f cal-
culations, package includes data management MAR-D, fault
tree analyzer IRRAS, and system analysis and risk assess-
ment SARA

Jse by plant operation and management staff, "what i f cal-
culations, AOT, STI management, compliance with targets,
maintenance planning, Win-based

use for plant design and plant operation, "what i f calcula-
ions, fault tree generation

Jse by plant operation and management staff, "what i f
calculations

Level 1, event trees, fault
trees, project manager,
rule based recovery
analysis, P&IC editor

Level 1, human factor,
CCF, full power and shut
down risk

General plant manage-
ment data base plus fault
tree quantification
module

Level 1, human factor,
CCF, full power only

Level 1, human factor,
CCF, full power only

Level 1, human factor,
CCF, full power only.
P&ID editor, fault trees,
event trees

Level 1, human factor,
CCF, various plant states

Level 1, human factor.
CCF, full power only

Level 1, 2, all power lev-
els, large event trees,
small fault trees, human
factor, CCF

^evel 1, human factor,
CCF, full power only

-evel 1, human factor,
CCF, full power only

jeve\ 1 and 2, human
factor, CCF, any plant
state

êvel 1, human factor,
CCF, full power only

jevel 1, human factor,
CCF, full power only

jevel 1, human factor,
CCF, full power and non-
rawer operating, fire and

security risk

LPSA

RM (LPSA)

Plant opera-
tion manage-
ment system

RM

RM

RM

RM

LPSA(RM)
licensed

LPSA

RM

LPSA(RM)

LPSA

RM

LPSA

LPSA
licensed
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Figure 1 Retrospective risk profile results with TCDF calculated in three different ways

4 Allowed Outage Times and Decision Criteria

The PSA-MER was also used for a pilot study on PSA-based AOTs. The objectives
were: (i) to perform an indicative evaluation of AOTs of the most important Borssele
NPP systems and components; (ii) to compare these PSA-based AOTs with the TS
AOTs; and (iii) to establish practical decision criteria.

The analyses were restricted to 'single' AOTs (i.e., one component/train unavail-
able) and primarily focused on a comparison with the deterministic TS.
The criterion used was based on the TCDF increase from continued operation [1]:

ATCDF x AOT < B
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What is Maintenance?

The maintenance of the nuclear power plant
equipment is a complex of activities assuring
that the plant structures, systems and
components will function as designed, and
providing to plant operators all the functions
needed for safe and economical power
generation by maintaining all these functions
available and reliable.

IAEA CRP Meeting, 16-20 December 1996
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What is Maintenance? (confd)

MAINTENACE

PREVENTIVE

1
TIME-BASED CONDITION-

BASED

Time-based

overhaul

Lifetime

replacement

Surveillences,

Monitoring

Tests

Inspections

Conditional

overhaul

CORRECTIVE

IAEA CRP Meeting, 16-20 December 1996
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What is Optimizing?

There are different optimization goals:

- reducing burden

- improving performance

- reducing costs

- improving safety - reducing risk

- improving economical effects

- global optimization

Our subject is the safety related maintenance

IAEA CRP Meeting, 16-20 December 1996
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Maintenance Optimization Strategies

The safety related maintenance optimization
focuses on minimizing risk on different
levels.
- component level —

system level reducing unavailability
- safety function level -
- overall risk reducing risk

IAEA CRP Meeting, 16-20 December 1996
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Maintenance and PSA

Maintenance effects on:
- initiating events

• human errors initiating transients

• equipment failure induced initiating events

- basic events
• reliability effects
• downtime effects

=> it is present everywhere in PSA

IAEA CRP Meeting, 16-20 December 1996



Development of strategies for maintenance optimization at Paks NPP T. Szikszai slide 8

Programs of Development

Tech. Spec. Optimization
- AOT revision

- STI revision

Configuration Control
- Shutdown configuration control

- Power operations configuration control

RCM

IAEA CRP Meeting, 16-20 December 1996
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Programs of Development (cont'd)

1. Preparation
- Level 1. PSA - partly completed

- Living PSA - administrative control under
development

- Risk Monitor - software development
completed

IAEA CRP Meeting, 16-20 December 1996
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Programs of Development (confd)

Methodology development of different
tasks
- AOT revision - on-going work

- STI revision - methodology development

- Shutdown Conf. Contr. - methodology
development

- Power operation Conf. Contr. - methodology
development next year

- R C M

IAEA CRP Meeting, 16-20 December 1996
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Korea Institute of Nuclear Safety

In Korea, continued improvement of the safety of nuclear power plants has been set as

national policy for the construction and operation of NFPs. Safety Related regulatory

requirements under the Korea's Atomic Energy Laws are strictly observed in the design,

fabrication, construction, and operation of NFFs.

Safety regulation as regulatory concepts, efficient management of regulatory organizations, and

rationalization will be improved further through the improvement of regulatory sytsems, introduction

of to technical standards. The following improvements are considered :

(1) Periodical safety revaluation of the operating plants,

(2) Licensing system allowing certification for standard designs and comprehensive site

approval, and

(3) Severe accident policies and criteria established for next- generation reactors.

R&D, IAEA/RCM, December 15-20, 1996, Vienna



Korea Institute of Nuclear Safety

2. Basic Principles and Policy

In Korea, severe accidents beyond design basis events had not been thought to be a regulatory

requirement in the viewpoint of design and operation of the nuclear power plants until the TMI-2

accident occurred. After the TMI accident, many countries including the USA have carried out the

necessary actions on the closure of severe accident issues and on the completion of Probabilistic

Safety Assessment (PSA) as licensing element. The Chernobyl accident also alerted the international

nuclear community to realize the need of severe accident policy as a regulatory requirement and

thus to accelerate the development of a provision not only for the new nuclear power plants

(NPPs) but also for the operating ones.

The operational safety of both proposed and operating NPPs is to be assured through the

examination of their vulnerability, which will then provide severe accident prevention and

mitigation features. A systematic and integrated evaluation of the plant design, operation and

system improvement is also required.

R&D, IAEA/RCM, December 15-20, 1996, Vienna



Korea Institute of Nuclear Safety

Basic Principles of Korean Severe Accident Policy

- Implemention of Safety Assessment for Severe
Accidents of NPPs
+ Examination of severe accident vulnerabilities providing the

prevention and mitigation features
^ + The systematic and integrated evaluation for the plant design

- Pursuit fo Safety Goals to meet the Reasonable Level

+ Operating Plant : It is required continuously improve its safety
level by the operational improvement and maintenance.

R&D, IAEA/RCM, December 15-20, 1996, Vienna
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Korea Institute of Nuclear Safety

Integrated Safety Assessment Approach

Items

(Step by Step Safety Enhancement)
Operating Plant Plant Under Const. Future Plant

Design Concept DBA DBA + including

Method

Safety/Design
Enhancement

Strategy

Guideline

Severe Accident
Determin. Approach Determin. Approach*

PSA(Partial)
Conventional Conventional+lnnovation

(Partial)

Feedback of
IPE Insight+AMP

(Partial)

Existing Guide*

Backfitting

Hardware
Software

AMP

Existing Guide*

Backfitting

DBA +Severe Accident

Determin./BE +PSA Approach

Conventional+lnnovation
(Partial >Full)

Hardware(Reduce)
Software<lncrease)

AMP

Risk Based Regulation

Realistic Source Terms

Sufficient Margin

R&D, IAEA/RCM, December 15-20, 1996, Vienna



2. PSA
2.1 Brief History of PSA and Its Applications in Korea

Early 1980's

Support the

• KAERI and X^SC' {Fo-mer KIMS) II a'nly involved

Late 1980Js
EstablfsH Severe
Enforce ;

••"•I™ :

, SAEA/RCM, December 15-20, 1996, Vienna



1990's (Up to Now)
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Level ^
Programs) for Are Ongoing

Program
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2.2 PSA Requirements and Implementation Status in Korea

PSA Requirements

©

NPP Status

Operating

Uricjer
• • ' • •

Construction

Future Planned

Requirements

Level 1 PSA

IPE/IPEEE

Level 2 PSA
(Including External
Event Analysis)

Level 3 PSA

Remarks

Kori-3&4
YGN-1 &2

Others

Include Low Power
Shutdown PSA for
NPPs After 1994

NPPs After 2000

R&D, IAEA/RCM, December 15-20, 1996, Vienna
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PSA Implementation Status

Unit

Kori-1,2
UJN-1,2
Kori-3,4
YGN-1,2

Wolsung-1

YGN-3,4

Wolsung-2,3,4

U JN-3,4

YGN-5,6

Requirements

IPE/IPEEE
AMP
Level 1 PSA
AMP
IPE/IPEEE
AMP
IPE/IPEEE
AMP
Level 2 PSA
AMP
Level 2 PSA
AMP

Level 2 PSA
AMP

Implementation
Status

Planned

Completed
Planned

Planned

Completed
Ongoing

Ongoing

Ongoing

Ongoing

Remarks

Old W NPP
Framatome NPP

W Standard NPP

Old CANDU

CE Type

Under Construction
(CANDU)
Under Construction
(CE Type)
CP Application
(CE Type, Include
LP/SD PSA)

R&D, IAEA/RCM, December 15-20, 1996, Vienna
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3. Development of Optimized Methodology for Evaluation of STI/AOT
in Tech. Spec, using PSA

3.1 STI and AOT

- The surveillance tests for safety related equipments in NPPs shall be performed periodically to

assure safety and availability.

- Such STIs (Surveillance Test Intervals) are prescribed in surveillance requirements (SR) of

plant Technical Specifications.

- Once the safety related equipment is unavailable, plant safety can still be assured by limiting

the AOT (Allowed Outage Time).
- Such AOT are prescribed in limiting conditions for operation (LCO) of plant Technical

Specifications.
3.2 Needs for Optimization

- The STI and AOT in current Technical Specifications have determined on the basis of

deterministic analysis and engineering judgement.

- However, those STI and AOT seem to be too conservative and, in some cases, jeopardize

plant safety (i.e., increase in unavailability due to frequent test, increase in test-caused human

error possibility)

R&D, IAEA/RCM, December 15-20, 1996, Vienna
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- Need for optimizing the STI and AOT so that;

. maintain unavailability at least at the same level

. incorporate the interactions between the STI and AOT

. account for the adverse effect (e.g., test-caused human error)

3.3. Objective of the Project

Development of Optimized Methodology for Evaluating the STI and AOT in Plant Technical
Specifications Using PSA Technique

3.4 Scope of the Project

• Investigation of current methodologies

• Development of methodology for evaluating the STI and AOT which can ;

- maintain unavailability at least at the same level

- incorporate the interactions between the STI and AOT

- account for the adverse effect (e.g., test-caused human error)

• Case study

- select a plant and system, - data base preparation, - sample calculation

- feedback to the model

• Development of optimized methodology

R&D, IAEA/RCM, December 15-20, 1996, Vienna
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3.5. Detailed Work Plan for the First Year : Outline of the Implementation and Goal

3.5.1 Review of Surveillance Test
<• Positive aspects of surveillance test

- assure the safety of nuclear power plants, - increase the availability of equipment
• Negative aspects of surveillance test

- decrease the availability of associated system
- possibility of human error of misalignment during restoration
- possibility of plant transients l-

test-caused transient or reactor trip (e.g., partial stroke time test of MSIV, turbine overspeed
protection test)

- unnecessary wear
test-caused wear effect for standby equipments (e.g., emergency diesel startup test, AFW
pump testing)

- burden on test personnel, - exposure of personnel to radiation
• Surveillance Test Strategy (Staggered test)

- reduce the possibility of common cause failure , - reduce the system unavailability
- increase test time for test personnel, - repeat Initial setup time

R&D, IAEA/RCM, December 15-20, 1996, Vienna
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3.5.2 Assessment of Data Bases

• Independent component failure

- use both generic and plant specific data, - random failure (failure to run)

- demand failure (failure to start)

• Common cause failures

- beta-factor, MGL, alpha-factor models

- apply the appropriate model depending on operating characteristics and importance of each

equipment (i.e., beta-factor model for control and isolation valves)

• Human error S
- assess the test and maintenance induced human error probabiiity
- quantifying human error probability (ASEP/THERP methodology)

3.5.3 Development of Methodology

• Modeling for evaluating the STI and AOT

- consider operating data analysis and surveillance test strategy

• Level of Optimization

- component level, system level : unavailability, - plant level : core damage frequency

• Determine the allowed range of unavailability or CDF

• Considerations for development

R&D, IAEA/RCM, December 15-20, 1996, Vienna
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- time-dependent dynamic model

- influence diagram along with the characteristics of operating situation

- decision making tools (AHP, MAU, IDS, DTS)

. AHP (Analytical Hierachy Process), . MAU (Multi-Attribute Utility)

. IDS (Influence Diagrams), . DTS (Decision Trees)
• Incorporate the Interactions between the STI and AOT

- control over both STI constraint (the time between two consecutive test) and AOT constraint
(the downtime allowed for repairs)

- evaluate the area of tolerance, - evaluate the range of tolerance
• Applicability to configuration control strategy

- for plant level,
- avoid the risk-impacting configuration during planning the plant-wide schedule for tests and

maintenances

- prevent multiple components from being unavailable at the same time

3.6 Study on the Level of Optimization

• Component level

- minimize unavailability, - incorporate the interactions between the STI and AOT

- evaluate the area and range of tolerance, - consider the performance of surveillance test

R&D, IAEA/RCM, December 15-20, 1996, Vienna
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• System level
- analysis of sensitivity to the allowed unavailability range
- optimize the component outage configuration in the system

• Plant Level
- analysis of sensitivity to CDF or CDP, - optimize the plant configuration

3.7. Overview of the Follow-up Research Work to Be Developed
• Case study s

v - select a plant and system, - data base preparation, - sample calculation
S> - feedback to the model

• Development of optimized methodology

4. Development of Human Performance Reliability Evaluation Methodology in Test and

Maintenance

4.1 Major cause of T&M (test and Maintenance) induced Human error
• Organizational characteristics

- shift staffing for both control room crew and operational support staff outside control room

R&D, IAEA/RCM, December 15-20, 1996, Vienna
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based on workload and task allocation.

• Intra-organizational communication, • Inter-organizational communication

• Procedural characteristics, • Manual operation of mitigation sys. during the transient or accident

4.2 Scope of research

• To characterized root causes of communication error

• To identify potential corrective actions for each category of communication error

• To develop proposed review criteria and guideline

• To develop methodology for quantifying T&M induced human error probability

4.3 Strategy for this research
• Investigation of state-of-the art of T&M induced human error qualification
• Empirical Investigation

- Questionnaires and interview with on-the-job crew

- Qualitative and Quantitative evaluation of human performance during T&M

• Case study

R&D, IAEA/RCM, December 15-20, 1996, Vienna
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Objectives: The main goal of this project is to apply risk-based method to optimize Technical
Specification (TS) requirements related to Surveillance Testing, Maintenance and
simultaneous outages of safety related equipment of Laguna Verde NPP, using the plant
specific PSA. Particular objectives are as follows:

a) To apply risk-based methods to the analysis of Surveillance Test Intervals (STIs)
and Allowed Outage Times (AOTs) of safety related equipment to optimize TS
requirements.

b) To apply risk methods for maintenance optimization by identifying maintainable
risk-critical components and their failure modes to identify risk important
maintenance activities.

c) To use risk methods for the identification and analysis of plant configurations.

d) To integrate the above methods for the development of a general strategy to
improve TS requirements, and maintenance of safety related equipment.

Scope: The identified methods will be applied to safety related equipment using a plant
specific PSA developed for full power operation of the Laguna Verde NPP. Using
appropriate figures of merit, selected risk methods will be applied in the analysis of
individual components. By the establishment of specific risk criteria, the analysis of
components will be extended to define TS requirements and maintenance results at
system level. It is expected to support the project with the generation of specific
procedures for each method or activity.
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Background: Since the last four years the Mexican regulatory agency (CNSNS) and the
national utility (CFE) initiated plans to use the plant specific PSA to address
improvements in the operation and maintenance of Laguna Verde NPP.

Training seminar-workshops on PSA application, sponsored by the IAEA,
were the beginning of a PSA applications program in Mexico. At the very
beginning the training was focused on risk analysis of STI and AOT,
following with methods to analyze plant configuration. In a second stage,
two international seminars were organized to address optimization of
maintenance in NPPs. The benefits of these efforts were used by CNSNS
and CFE to solve specific issues arising from the operation of Laguna Verde
NPP, related to TS and maintenance.

The limitations of the methods initially used, impose the necessity of a full
scope analysis for the optimization of TS and maintenance in a great extend
including plant configurations and adapting maintenance regulations into an
integrated methodology.



1. INTRODUCTION

2. PRIORITIZATION AND RISK-BASED CLASSIFICATION OF AOT AND STI

2.1 SURVEILLANCE TEST INTERVALS (STIs)
2.1.1 Discussion on risk acceptance criteria
2.1.2 Additional issues related to STIs

2.2 ALLOWED OUTAGE TIMES (AOTs)
2.2.1 Discussion on risk acceptance criteria

3. CONFIGURATION CONTROL

3.1 Risk measures in plant configurations

3.2 Prioritization of plant configurations

3.3 Control of plant configurations

3.4 General procedure for configuration control

4. MAINTENANCE OPTIMIZATION

4.1 Identification of risk-critical components

4.2 Selection of risk cutoff criteria

4.3 Determination of maintenance activities

4.4 Quantification of maintenance effectiveness

5. INTEGRATED STRATEGY



1. INTRODUCTION

The objective of this work is to define requirements to be consistent with risk importance of
components for which the requirements are applied. In order to avoid the risk definition of
requirements for individual components, which may cause regulatory and operational
complexities, the components may be grouped by system/train and a common requirement
for each group may be defined.

As a first step, the risk importance for each component should be used to accomplish a
prioritization of components based on their risk contributions. The prioritization serves as
starting point to analyze allowed outage times (AOT) and surveillance test intervals (STI) of
equipment, to schedule maintenance activities taking into account risk levels, and to detect
situations in that certain combinations of unavailable equipment may lead the plant to a
condition of unacceptable risk.

The topics that involve the present project are the following:

• Classification of AOTs and STIs
• Critical configurations
• Risk-based maintenance

The work of critical configurations considers the identification of simultaneous outages fo
components with high impact in risk. Critical configurations (CC) and significant
configurations (SC), defined in terms of certain risk criteria can be identified.

In the maintenance optimization task it is expected that concrete lineaments to support the
regulatory assessment of present maintenance programs will be established, with primary
objective to diminish possible risk conditions.

AOT and STI
Classification

Optimization
of

Technical
Specification

Risk-Based
Maintenance



It has been noted that the relationship between AOT/STI (see the figure above), maintenance
and configuration control does not allow practical implementations focusing only on one of
these topics, but impose the necessity to integrate strategies from each topic into an overall
strategy

That is, it is necessary take into account the repercussions that the changes of a surveillance
may have, e. g., AOTs, procedures of maintenance, etc. This changes may be limited by
maintenance scheduling and/or testing of other systems. Functional testing of systems may be
linked with maintenance works or test of other systems. It is not always possible to have two
or more systems in test period and/or maintenance at the same time. All these complexities
need to be analyzed when a change in TS and maintenance programs is proposed,
considering analytical and operational points of view.

2. PRIORITIZATION AND RISK-BASED CLASSIFICATION OF AOT AND STI

Surveillance test intervals (STIs) and allowed outage times (AOTs) are requirements
imposed by the operational technical specifications (TS), to assure that components of
standby safety systems will be operable when they are needed in an abnormal or accident
condition, and to limit the conditions of operation to assure that the plant is operated
consistently with safety.

In an intent to analyze the AOTs and STIs from a risk perspective, some approaches were
applied only to classify AOTs/STIs focusing on their contribution to the Core Damage
Frequency (termed as risk). Also, a risk-based determination of AOTs/STIs was performed
using defined risk acceptance criterion.

The methods presented in the next sections are an extension of the already used approaches,
with the specific purpose to analyze each modeled system in the Laguna Verde PSA instead
of individual components, including discussions and definitions about alternate criteria to
accept modifications to AOTs and STIs.

The results generated in STI/AOT optimization will be at system and component level and
they will be matched with the results of configuration control and maintenance optimization.
Finally, specific procedures to apply this methodology will be generated. It is expected that
the results of this effort will have great usefulness in analyzing submittals from the utility to
modify the TS or to propose regulatory initiatives to change particular TS.

2.1 SURVEILLANCE TEST INTERVALS (STIs)

The STIs analysis is focused on the STIs risk contribution that arises from the failures that
may occur between tests and are detected by the tests. The value of this risk contribution



depends on the probability of the component failing within the STI. The surveillance tests
usually are assumed to be periodic, carried out at equal intervals. The average of the time-
dependent risk contribution between test usually is taken to be the STI risk contribution
which is evaluated. Assuming a constant, standby time-related failure rate, the average
component unavailability, q, is determined to be:

q = \

Where X is the standby failure rate and T is the surveillance test interval for the component.
On the above terms, the following definitions are introduce to determine the test-limited risk.

RD = STI risk contribution detected by the test.
AR = risk increase associated with the component being down.

Then, the test-limited risk is defined as:

RD = 4-AR = \AT-AR

In a component by component basis, the STI can be calculated when the risk contribution of
the test is limited to a maximum allowed value, to be defined as S, then

in the limit, when R© = S,
2-S

TRB =
A-AR

where:
TRB = the STI consistent with the maximum risk contribution limited by the

risk acceptance criteria S.

With the methods defined above it is possible to extend the analysis to all the tested
components in a specific test of a system, in such case, when the selected component are in
the same train or system, the risk contribution by the test is given by:

n n

RD = ̂ qt-ARi = ^Ai-T-ARi
(=1 ;=1

where n is the number of the components tested.

In order to have a prioritization of the components they need to be ranked according to their
risk contributions, and then, it is possible to separate them by risk contribution classes. These
classes are defined as:



Class 3 Class 2 Class 1
1 ,. RD

JQ-8 JQ-6

unimportant marginal unacceptable

The components of Class 1 has to be analyzed to decrease the STI with the aid of risk-based
STIs. For all the components whose STI risk is less than 10~8 the STI can be relaxed such
that the STIs risks are not higher than 10~8.

2.1.1 Discussion on risk acceptance criteria

An important issue identified in the use of this methods is the correct election of the risk
acceptance criteria to be used in the calculation of the risk-based STIs (and AOTs) for either
the component by component approach or the grouped components approach. Among the
facts to be considered in the definition of the risk acceptance criteria are:

a) It is more feasible to select an absolute criterion to be used in the component by
component approach, but it leads to have different risk classes for several components in a
train.

b) The use of an absolute criterion also leads to have different risk-based STIs.

c) There is a need to define relative risk acceptance criteria to be used in the determination of
a risk-based STI for a train.

2.1.2 Additional issues related to STIs

In order to analyze components of different trains or redundant systems, some methods are
selected, focusing the assessment on independent tests, sequential testing and staggered
testing. The visualized components to apply these methods are Diesel Generators, logic
signals for safety systems and Reactor Protection System logic actuation.

As complement for the optimization of STIs, some cases of study will be selected to analyze
the adverse effects of the surveillance tests. The negative effects of a test could be, induced
transients, degradation equipment, among others. As background on this matter, the Mexican
national utility (CFE) submitted to the CNSNS a risk analysis to change permanently the
time interval for the testing of the main turbine valves. Then, CNSNS evaluated the issue



from a test-detected risk versus test-caused risk point of view. The Diesel Generators and the
main steam valves are identified to apply this approach in order to have STIs balanced in
risk.

The results of STIs for systems generated in the above subsection will give important insights
on these additional studies.

2.2 ALLOWED OUTAGE TIMES (AOTs)

Basically, the AOTs included in the TS are used to undertake both corrective and preventive
maintenance. In this section, the methods used to prioritize and classify the AOTs are
described.

During the time that a component is inoperable for maintenance the loss of function of such a
component has an impact in safety, and it is quantifiable to give the level of risk achieved by
the downed component. Furthermore, the cumulative risk during the AOT can be quantified.
Below are the expressions used to calculate the risk contributions due to an AOT:

Let
AR = risk increase associated with the component being down,
d = the down time associated with the AOT,
r = the AOT risk contribution,

then

Risk

Increase in risk
because of loss

AR of the
component
function

Risk when the component's
function is not lost

Downtime
Duration

Time

The risk contribution associated with an AOT



In some cases the outage of a component is frequent and then a yearly AOT risk contribution
can be defined:

Let
/ = the average yearly frequency of occurrences of the AOT or the down time

frequency
and

Ry = the yearly AOT risk contribution

then
Ry=f-r=f-AR-d

The use of an appropriate risk measure importance, AR, allow us to establish a ranking of the
AOTs risk contributions and to define the following three classes, as for the STIs,

Class 1, 10~6 ^r
Class 2, 10-8 < r<10~6

Class 3, r < 10~8

Following the risk classification, it is possible to identify AOTs with high risk contributions
(Class 1) which may be candidates to be analyzed from a deeper risk analysis, interaction
with other components by mean of AOT, tests, alignment checking, etc., and more detailed
analysis to modify the identified high AOT risk contributor.

Also, the AOT risk contributors falling in the class 3 should be analyzed to relax the AOTs of
the related components. The components in class 2 are of marginal risk contribution and they
can be analyzed on a case by case basis, taking into consideration their interaction with other
components.

Similar to the methods used in STIs, calculation of risk-based AOTs will be performed with
the definition of an acceptable risk criterion. Then the following definitions are introduced:

Let
r* = the maximum AOT risk contribution taken as the acceptance criterion

and with
r <r*

In the limit, when r = r* the risk-based AOT is given by

d* = r*

AR



2.2.1 Discussion on risk acceptance criteria

Through an analysis of the results, it is planned to develop conclusions and insight at level of
individual components and at level of systems. At system level, the conclusion will need to
consider several components including the following issues for each component:

a) Different AOT risk contributions for each component, leading to different classes.

b) Different risk-based AOTs for the components in a train or system.

Because of the complexity arising from the different risk-based AOTs for the components in
a specific system, it is no immediate to define a uniform AOTs for that system, instead of,
there is an need to seek for acceptance criteria for grouped components of a system taking
into account the calculated risk-based AOTs for each component. These results could be used
to analyze permanent/temporal changes to the AOTs in the TS.

3. CONFIGURATION CONTROL

Configuration control is the management of component arrangements to primarily control
risk and assure safety. The objective of risk-based configuration control is to detect and
control plant configurations resulting in a safer plant. Strategies for configuration control can
be applied to avoid having configurations that increase risk.

To gain the appropriate risk benefits of configuration control, strategies must be defined to
identify and control configuration risk.

The LCOs in TS contribute to the management of plant configurations in assuring that repair
of individual component failure is performed in the allotted period, i.e. within the defined
AOTs for individual failures and, requiring that the plant be shutdown for failure of
redundant trains within a safety system.

Many other combinations of component outages are not explicitly addressed in the TS which
imply that simultaneous outages of these combinations are not forbidden. Typically, these
combinations can result from outages of components in different safety systems.
Simultaneous outages can occur due to various reasons:

• Failures of multiple components requiring repair,
• scheduled preventive maintenance of multiple components,
• component outage due to a required surveillance test, and scheduled

maintenance or failure of other components,
• combination resulting from testing, maintenance and failures of

components.



In the following paragraphs the definitions to quantity the risk measures of plant
configurations are defined.

3.1 Risk measures in plant configurations

Similar to AOTs risk analysis three risk measures are associated with plant configuration.
Measured in terms of core damage frequency (CDF), they are:

AR = The increase in CDF caused by the configuration given that the configuration
exists, which includes components that are tested to be available.

r = the core-damage probability (CDP) increase from the occurrence of a given
configuration and,

Rt = The accumulated core-damage probability over some period t.

these measures are expressed in term of two additional factors:

fc = the frequency of occurrence of the configuration
d - the down time during which configuration exist.

The single CDP contribution, r , is given by

The following figures are shown to represent the above three risk perspectives:

AR: Increase in Core Damage Frequency
d: Downtime
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The increase in time period core-damage probability ifyfrom a configuration is,

Rt=fctARd
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Illustration of the increase in core damage frequency due to repeat
occurrences of downed-configuration.

3.2 Prioritization of plant configurations

In order to know the impact in risk caused by each configuration, they can be prioritized by
their risk increase impact, AR:

Unacceptable configuration:
Critical configuration:
Marginal configuration:

10"2 < AR
10-3<AR<10"2

AR<10"3

where marginal is a term used to include those configuration that have insignificant risk
impact and that can become risk significant depending of the time that the configuration
exists.

An alternative way to classify the plant configurations is to consider the CDP increase, r,
which accounts for the duration time of the configuration. One of the objectives in the control



of plant configurations is to establish the ranges to classify the configurations in terms of
their CDP contributions.

Class 3 Class 2 Class 1

Marginal critical unacceptable

3.3 Control of plant configurations

To identify an allowed period, similar to the AOTs for single component downtime, the risk
measure, r, is relevant, i.e. the single-event CDP contribution for the configuration. This
measure can be used to define the period for which the configuration can be allowed to exist,
i.e., within which period one of the components should be returned to service.

In this concern, it is necessary to define an acceptance criterion to limit the CDP increase, r,
to a maximum value,

r ^r*
AR-d<r*

Then , in the limit when r =r*,
r*

where r* is the acceptance criterion and d* is the maximum downtime that the configuration
can exist before its risk impact can be significant.

In order to accomplish the control of plant configurations, the frequency of configurations
and their risk impact will be analyzed.

The evaluation of risks associated with plant configuration and their management are
considered in the following areas of application:

• Scheduling of preventive maintenance.
• Extensions of AOTs.
• Configuration control.

The purposes of the configuration control are:



to identify plant configurations not forbidden in the TS
to prioritize plant configurations in terms of their importance as input for the
personnel involved in carrying out test and maintenance activities.
to relax requirements for those configurations forbidden in TS but which have low
risk impact.

3.4 General procedure for configuration control

The main tasks involved in the analysis of plant configurations are:

a) Establishment of risk criteria.
b) Generation of an adequate number of minimal cut sets.
c) Development of a computational process and procedures for the identification and

assessment of plant configurations.
d) Application to the areas identified above.

4. MAINTENANCE OPTIMIZATION

In an effort to improve the safe operation of the Laguna Verde NPP, there are activities focused
on the maintenance of the most important equipment.

The CNSNS has required to the utility (CFE) the implementation in Laguna Verde of the
regulation established by the NRC in the 10CFR50.65 (the Maintenance Rule).

Following a different approach and scope, for this project the CNSNS has chosen a methodology
to demonstrate the application of a risk-focused maintenance process. The purpose is to focus
maintenance resources on components that enable nuclear plant systems to fulfill their intend
functions and, on components whose failure may initiate challenges to safety systems, so as to
have the greatest beneficial impact in reducing risk.

The risk-focused maintenance process, consist of two major steps. 1) Identifying risk-critical
components and risk unimportant components 2) determining what maintenance activities are
required to assure reliable operation of the risk-critical components identified.

The risk prioritization of components can give us inputs to establish the levels of maintenance
monitoring (as part of the maintenance rule) which will serve to evaluate the implementation of
the maintenance rule in Laguna Verde NPP.

Another important activity is the quantification of the reliability and maintenance effects. The
results of this effort can provide us of methods to evaluate the effectiveness of maintenance in
reliability and risk. Also, a method to determine optimal time intervals for maintenance is to be
used to minimize unavailability effects at level of components, system and overall plant risk.



4.1 Identification of risk-critical components

The identification of risk-critical components Laguna Verde is performed using the PSA results.
In this method, two approaches has been selected, one is the use of a top fraction of the core
damage frequency, representing the most likely scenarios. Selection of this fraction considers
sensitivity analysis on the percent contribution of the minimal cut sets versus the number of
components included in the cut sets. An alternative way to choose risk-critical components is
based on important measures. The risk reduction importance and risk increase importance
measures are used with appropriate fractions of cumulative of risk reduction contribution and
selection of risk criteria to identify unimportant components, which will be considered to relax
maintenance activities.

4.2 Selection of risk cutoff criteria

Appropriate cutoff values for the methods of minimal cut sets and risk importance measures will
be chosen, after a comparison between the different methods in their sensitivity analyses.

4.3 Determination of maintenance activities

After identification of risk-critical and risk-unimportant components a single methodology is
used to establish a reliability-focused maintenance process. This methodology is akin to
Reliability-Centered Maintenance. The first step is to determine the dominant component
failure modes that should be defended against. The second step is to determine maintenance
activities that will defend against those dominant failure modes.

Only some selected systems will be used to demonstrate the application of the reliability-
focused maintenance methodology:

- to a standby safety system
- to a normally operating system
- to passive components

In the all three cases the demonstration application will focus on risk-critical and unimportant
components.

4.4 Quantification of maintenance effectiveness

The reliability models usually used in a PRA assume that the component is in an operating
state or a failed state. These cannot quantify the benefits at maintenance because they do not
consider degraded states of the component. A major benefit of maintenance is to correct



degradations before failures occur. By not including degraded states in the component
reliability models, only the negative effects of maintenance are explicitly quantified in a
PRA; these include the downtimes and the human errors associated with maintenances.

A Markov approach is to be used for quantifying the effects of maintenance on unavailability
and risk. After a review of the methodology contained in NUREG/CR-6002, an appropriate
approach of Markov Maintenance Model will be adopted jointly with existing maintenance
data logs in Laguna Verde NPP.

From a preliminary review, it was observed that Markov Maintenance Model can be directly
used to identify optimal maintenance intervals from a component reliability and performance
standpoint using plant maintenance data. The Markov Model can also be applied to
component piece parts to optimize maintenances at the piece part level. The Markov
Maintenance Model can thus be a powerful tool for monitoring maintenance effectiveness,
for supplementing reliability centered maintenance applications, and for carrying out
predictive maintenance functions. The component unavailabilities which are obtained from
the Markov Maintenance Model can furthermore be input into PRAs to explicitly evaluate
the risk effectiveness of maintenance.

With the use of Laguna Verde maintenance data, the adopted Markov Maintenance Model
will be used to quantify the effects of maintenance on carefully selected components.

1.0

I
c

10'
0.1 100 1000

Maintenance Interval (months)

qa = performance unavailability
qr+ qm = functional unavailability



The criteria to select components are going to be based on the critical components and in a
lower extend on unimportant components. The main type of results to be obtained will be
comparable to the figure above.

5. INTEGRATED STRATEGY

The following two diagrams are the illustration of the expected integrated strategy to be obtained
in this project.
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1. INTRODUCTION

In Pakistan, a 137 MWe PHWR type NPP (KANUPP) is in operation
since 1971, and a 300 MWe Chinese design PWR (CHASNUPP) is under
construction. The under construction PWR is planned to be connected to the
national grid in 1998.

Under this Coordinated Research Project, the work is planned to be
carried out for improvement and optimization of the maintenance and
surveillance programme for safety related systems and equipment of the above
mentioned two NPPs. Efforts will be directed to acquire latest knowledge
regarding various methods and strategies for surveillance testing and plant
technical specifications through exchange of information. This project will
provide a good opportunity to the regulatory body regarding development of
acceptance criteria for testing and maintenance of safety related systems and
equipment.

2. OBJECTIVE

i. To develop strategies and exchange experience in relation to the
improvement and optimization of the maintenance and test programme
for safety related system and equipment.

ii. To develop methods and exchange experience in relation to the techniques
for safetv-focused optimization of maintenance and surveillance
testing.

iii. To develop methods and exchange experience regarding the definition of
acceptance criteria.

iv. To exchange experience on regulatory acceptance of the optimization
process.

3. SCOPE

i. Optimization of maintenance/test programme which include:

a) Preventive/predictive maintenance in order to:

Reduce the frequency of maintenance for safety related components
without affecting the NPP safety level.



Focus on maintenance tasks aimed to detect incipient failure modes
of components

b) Surveillance testing in order to:

Modify intervals between tests taking into consideration the critical
failure modes of safety related components

c) Technical specifications for:

Modification of allowed outage times for repair of fail component
without increasing safety systems unavailabilities

Modification of surveillance test intervals for assuring that all safety
systems are tested as frequently as necessary
Configuration control of test and maintenance activities in order to
maintain safety level during operation and shutdown

ii. Techniques for safety-focused optimization of maintenance and
surveillance testing

Deterministic or classical approach
Methods based on reliability measures
Methods based on probabilistic safety assessment
Combined methodologies, for example

• Classical or deterministic approach that use PSA as a support
method.

• Approaches based on reliability measures that use PSA as a
support method

• PSA based methodologies that use deterministic approaches to
define limiting boundaries.

in. Acceptance criteria for the regulatory bodies

iv. Attention will be focused on reliability and probabilistic safety assessment



4. PRESENT ACTIVITIES

CHASNUPP RELATED ACTIVITIES

During the PSAR review stage of CHASNUPP, the technical
specifications of the plant presented in the PSAR were reviewed with reference
to the Standard Technical Specification of Westinghouse PWR NUREG-0452,
which was the reference document agreed for technical specifications of
CHASNUPP. Later, the IAEA design review mission recommended the use of
NUREG-1431, which is the present standard reference document for technical
specifications of this type of NPPs. In light of the recommendations from IAEA
design review mission, the two reference documents i.e. NUREG-0452 and
NUREG-1431 are being reviewed for comparison. It is understood that the
operation experience of Chinese PWR is much less as compared with
Westinghouse NPPs and any change in the technical specifications recommended
by the designer need to be evaluated before its application at the FSAR stage.
This project will provide the bases for adopting the specifications of NUREG-
1431 i.e. changes in testing and surveillance frequency for CHASNUPP. This
is planned to be reviewed under the project using evaluation of risk studies.

KANUPP RELATED ACTIVITIES

KANUPP has been operating safely for the last 25 years. For safety
evaluations, operational data at the component level is collected and is used to
analyse performance from the component level through to system and function
level. Safety systems performance are regularly compared with the targets given
in the plant FSAR and corrective actions are taken where the assessed values are
found lower than the target values. System based unavailability assessments are
used to control the test frequencies of safety systems.

Being a plant of sixties the regulatory authority remains more vigilant and
concerned about its safety. Firstly, because its design does not fulfill the present
day safety requirements / philosophy. Secondly, the safety related equipment may
have degraded due to aging and the surveillance , testing and maintenance
programme which is still in vogue since its commissioning may not have
remained valid to meet the safety systems reliability targets given in its FSAR.
Furthermore, a number of equipment have also become obsolete and are no more
available for replacement due to technological advancement.

To overcome the aging and obsolescence problem of KANUPP'and to
meet the present day safety requirements to the possible extent , a plan for
replacement of old and obsolete equipment is underway for its safe operation and
possible life extension . This situation has increased the responsibility of the
regulatory body regarding safety and reliability of the plant.



Regarding the operational safety of KANUPP, an IAEA Operational
Safety Review Teams (OSART) and Assessment of Safety Significant Events
Team (ASSET) visited KANUPP in 1985 and 1989 and made several
recommendations. The immediate and short term recommendations were
implemented and a project on -Safe Operation of KANUPP (SOK) was initiated
with the cooperation of IAEA. An Integrated Safety Review Master Plan
was prepared under the SOK project which include detailed description,
categorization and priority of each task, some of the On-going activity/tasks
under the SOK project are as under:

Fuel channel integrity assessment
CO2 annulus gas system
Upgrading of computers, control and instrumentation (CC&I)
Fuel handling control computers
Maintenance techniques
ISI of steam generators
FSAR update
Secondary heat sink
Emergency power supply
Assess / rehabilitate emergency injection valves
Radiation monitoring instrumentation
Replacement of fire alarm system
Improvement of safety culture
Revising of Operating Polices and Principles
Improvement of emergency operating procedures
Computerization of operating experience feedback
Reduction of unplanned outages
Control room habitability

5. ACTIVITIES RELATED WITH REGULATORY BODY

All the safety significant changes are being reviewed by DNSRP for
implementation at KANUPP. For seeking international technical assistance in this
regard, regulatory body is undertaking IAEA technical cooperation projects and
coordinated research projects. Participation in IAEA technical review meetings,
senior regulator meetings, international training courses, workshops,
symposiums, INES, IRS etc. is also made to take full use of this forum. The
subject IAEA coordinated research project will also adds to the experience of
regulatory authority of Pakistan in reviewing the operational safety assessments
ofKANUPP.



6. EXPERIENCE

Systems Reliability Studies started in DNSRP (the regulatory body) in late
seventies after having some operational experience of KANUPP. Such studies
provided a very good insight of the systems for evaluation of the problems and
finding possible solutions. Several engineers and scientists acquired training in
system reliability analysis through IAEA technical assistance programmes which
helped to enhance our capabilities for performing systems evaluations. IAEA
assisted workshops were arranged and CRPs were also carried out on PSA. In
this regard , DNSRP completed two IAEA-CRPs, on "Reference Study on
Probabilistic Modeling of Accident Sequences for Nuclear Power Plant In
Pakistan" and "Modeling of PSA Standard Problem to Investigate Uncertainties
and Sensitivities in Results, Model, Assumptions and Data". Work is in progress
on human reliability analysis under a CRP No. 8241/RB entitled "Methods for
Modeling Human Reliability Including Data Collection of Operating
Experience".

In addition to the IAEA assisted projects some experience has also been
gained by performing reliability and availability analysis of KANUPP safety
systems. These include; Allowed Outage Times and Testing Frequency of
KANUPP diesel generators in various configurations and review of various
reports on scheduling of test and maintenance activities. This has given us some
experience to evaluate changes in testing and maintenance.

Review of Technical Specifications provided with CHASNUPP PSAR
added to our experience for surveillance testing and maintenance of safety
related systems and equipment . In addition, unavailability analysis of
CHASNUPP engineered safety features systems including low pressure safety
injection system, auxiliary feedwater system and containment spray system is
also being performed using PSA methodologies.

It is felt that the present project will help in augmenting technological
skills for safe operation of nuclear power plants.

7. METHODOLOGY

Regulatory authority in Pakistan recognises the use of probabilistic
methodology as a supplementary tool to the deterministic approach for safety
review of NPPs. PSA techniques have proved quite versatile for providing
possible/practical solutions to a number of technical issues. From traditional
discipline of reliability engineering using simple hand calculations, complex
computer codes are available for use according to the nature of problem and the
depth of evaluation required. In the light of our experience, we intend to use



system reliability techniques to evolve some suitable methodology to meet the
project objective. In recent years a number of countries have started using risk
and reliability techniques to modify limiting conditions for operation and
surveillance test requirements. It is therefore, considered as a suitable foundation
for continuation and further development of methodological approaches.

Various risk and reliability based methods that can be employed include:

i. Risk based evaluations of Allowed Outage Times (AOT),
surveillance test intervals or setpoints using PSA models

ii. Technical specifications optimization using reliability centered
maintenance or a similar systematic process.

iii. Design of reliability programme elements to justify limiting
conditions for operation.

iv. Assessment of annual system performance and unavailability for
calculations of AOTs.

v. Risk based comparisons of different operating configurations of
safety systems for finding such test and maintenance schedules that
give minimum risk.

vi. Analysis of testing schedules of redundant and standby systems.

These risk and reliability techniques have been used increasingly in the
nuclear community for design safety and regulatory related decision making.

8. PROJECT EXECUTION PLAN

The execution plan for the project include activities that are planned to be
completed within one year i.e. upto October, 1997. These activities include the
following. Schedule of these activities is placed at Annexure-I.

1. Literature Survey.

2. Study of various techniques and methodologies for improvement of
maintenance and test programme.

3. Review and comparison of surveillance requirements given in
standard technical specifications NUREG-0452 vis-a-vis NUREG-
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4. Review of CHASNUPP FSAR for surveillance and testing
requirements of safety related systems and equipment.

5. Review of CHASNUPP commissioning test results for verification
of requirements regarding surveillance and testing of safety related
systems and equipment.

6. Study and selection of safety related system of KANUPP for
review of testing and maintenance practice at the plant.

7. Site visit of KANUPP for collection of data.

8. Evaluation of available data using specific methodologies for
optimization of surveillance testing and maintenance of safety
related equipment at NPPs.

9. Submission of project report.



9. REFERENCE DOCUMENTS

Following documents will be used as a reference for the execution of the project:

1. IAEA safety standards for NPP design and operation

2. NUREG-0452, standard technical specifications for Westinghouse type
NPP.

3. NUREG-1431, standard technical specifications for Westinghouse type
NPP

4. IAEA-STI/PUB/759 Safety aspects of Aging and maintenance of NPP.

5. IAEA-TECDOC-611, Use of plant specific PSA to evaluate incidents

6. IAEA-TECDOC-808, Computerization of NPPs operation and
maintenance

7. IAEA-TECDOC-590, Use of PSA methods in determining safety
importance of systems and components at nuclear power plants, (case
study).

8. IAEA-TECDOC-599, Use of PSA to Evaluate NPP Technical Specifications

/if



ANNEXURE-I

EXECUTION PLAN FOR IAEA-CRP-9295 ENTITLED, "DEVELOPMENT OF METHODOLOGIES FOR OPTIMIZATION
OF SURVEILLANCE TESTING AND MAINTENANCE OF SAFETY RELATED EQUIPMENT AT NPPS"

OCTOBER 1996 TO OCTOBER 1997
Activities
1.Literature Survey.

2.First coordination meeting at IAEA.

3.Study of various techniques and methodo-
logies for improvement of maintenance
and test programme.

4.Review and comparision of surveillance
requirements given in standard technical
specifications NUREG-0452 vis-a-vis
NUREG-1431.

5.Review of CHASNUPP FSAR for surveill-
ance and testing requirements of safety
related systems and equipment.

6.Review of CHASNUPP commissioning test
for verification of requirements regarding
surveillance and testing of safety related
systems and equipment.

7. Second coordination meeting at IAEA and
submission of progress report.

8.Study and selection of safety related system
of KANUPP for review of testing and
maintenance practice at the plant.

9. Site visit of KANUPP for collection of data

lO.Evaluation of available data using specific
methodologies for optimization of surveil-
lance testing and maintenance of safety
related equipment at NPPs.

11.Third coordination meeting at IAEA and
presentation of submission of project report

Oct. to Dec. 1996

—

January to September 1997

— —

——•



ANNEXURE-I

EXECUTION PLAN FOR IAEA-CRP-9295 ENTITLED, "DEVELOPMENT OF METHODOLOGIES FOR OPTIMIZATION
OF SURVEILLANCE TESTING AND MAINTENANCE OF SAFETY RELATED EQUIPMENT AT NPPS"

OCTOBER 1996 TO OCTOBER 1997
Activities
[.Literature Survey.

2.First coordination meeting at IAEA.

3. Study of various techniques and methodo-
logies for improvement of maintenance
and test programme.

4.Review and comparision of surveillance
requirements given in standard technical
specifications NUREG-0452 vis-a-vis
NUREG-143I.

5.Review of CHASNUPP FSAR for surveill-
ance and testing requirements of safety
related systems and equipment.

6.Review of CHASNUPP commissioning test
for verification of requirements regarding
surveillance and testing of safety related
systems and equipment.

7. Second coordination meeting at IAEA and
submission of progress report.

8.Study and selection of safety related system
of KANUPP for review of testing and
maintenance practice at the plant.

9. Site visit of KANUPP for collection of data

lO.Evaluation of available data using specific
methodologies for optimization of surveil-
lance testing and maintenance of safety
related equipment at NPPs.

11.Third coordination meeting at IAEA and
presentation of submission of project report

Oct. to Dec. 1996

—

January to September 1997



ANNEXURE-I

EXECUTION PLAN FOR IAEA-CRP-9295 ENTITLED, "DEVELOPMENT OF METHODOLOGIES FOR OPTIMIZATION
OF SURVEILLANCE TESTING AND MAINTENANCE OF SAFETY RELATED EQUIPMENT AT NPPS"

OCTOBER 1996 TO OCTOBER 1997
Activities
1.Literature Survey.

2.First coordination meeting at IAEA.

3. Study of various techniques and methodo-
logies for improvement of maintenance
and test programme.

4.Review and comparision of surveillance
requirements given in standard technical
specifications NUREG-0452 vis-a-vis
NUREG-1431.

5.Review of CHASNUPP FSAR for surveill-
ance and testing requirements of safety
related systems and equipment.

6.Review of CHASNUPP commissioning test
for verification of requirements regarding
surveillance and testing of safety related
systems and equipment.

7. Second coordination meeting at IAEA and
submission of progress report.

8.Study and selection of safety related system
of KANUPP for review of testing and
maintenance practice at the plant.

9. Site visit of KANUPP for collection of data

10. Evaluation of available data using specific
methodologies for optimization of surveil-
lance testing and maintenance of safety
related equipment at NPPs.

11.Third coordination meeting at IAEA and
presentation of submission of project report.

Oct. to Dec. 1996

—

January to September 1997

——



XA9744618
RENEL-GEN

CENTER OF TECHNOLOGY AND ENGINEERING
FOR NUCLEAR PROJECTS

RCJ 40/7761/1995 C, F.: R 781S7S3
Bucuresti - Magurele, Romania, P.O.B. 5204 - MG - 4, tel.: 4208816 , telex: 11350a tfar, fax: 40-1-4208816

INTERNATIONAL ATOMIC ENERGY AGENCY

First Research Coordination Meeting of the CRP on
"Development of Methodologies for Optimization of Surveillance Testing

and Maintenance of Safety Related Equipment at NPPs"

Vienna, 16 -20 December 1996

CERNAVODA NPP RISK - BASED TEST AND MAINTENANCE
PLANNING - METHODOLOGY DEVELOPMENT

Research Project Outline

(Research Contract No. ROM/9297)

Gabriel Georgescu, Petre Popa, Anton Petrescu, Mihaela Naum, Mioara Gutu

Center of Technology and Engineering for Nuclear Objectives

Bucharest - Magurele
Romania

Abstract

The Cernavoda Power Plant starts the commercial operation in November 1996. During
operation of the nuclear power plant, several mandatory tests and maintenances are
performed on stand-by safety system components to ensure their availability in case of
accident. The basic purpose of such activities is the early detection of any failure and
degradation, and timely correction of deteriorations. Because of the large number of such
activities, emphasis on plant safety and allocation of resources becomes difficult. The
probabilistic model and methodology can be effectively used to obtain the risk
significance of these activities so that the resources are directed to the most important
areas.
The proposed Research Contract activity is strongly connected with other safety related
areas under development. Since, the Cernavoda Probabilistic Safety Evaluation Level 1
PSA Study (CPSE) was performed and now the study is revised taking into account the
as-built information, it is recommended to implement into the model the necessary
modeling features to support further PSA application, especially related to Test and
Maintenance optimization. Methods need to be developed in order to apply the PSA
model including risk information together with other needed information for Test and
Maintenance optimization. Also, in parallel with the CPSE study updating, the software
interface for the PSA model is under development (Risk Monitor Software class), methods
and models needing to be developed for the purpose of using it for qualified monitoring of
Test and Maintenance Strategy efficiency. Similar, the Data Collection System need to
be appropriate for the purpose of an ongoing implementation of a risk - based Test and
Maintenance Strategy.
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1. Background

The Cemavoda Probabilistic Safety Evaluation (CPSE) Level 1 PSA Project was developed
for the early design evaluation of Cernavoda NPP Unit No 1. Also, the full scope PSA Level
1, is requested as a condition for the renewal of the license after 18 months of operation.
During the CPSE progress, some methodologies for applying the PSA model for safe
operation of the plant, were also developed. It is intended in the future, as the PSA model will
reflect the as-built plant information, to apply it for different purposes, including Test and
Maintenance plan optimization taking into account the risk significance of the plant features.

2. Objectives of the Project

The objectives of the research consist of using the CPSE model and PSA techniques to
develop the methodology and procedures for Cernavoda NPP Test and Maintenance
activities optimization.

The preventive maintenance will be optimized by:

• development of the components maintenance schedule using their risk significance;
• avoiding any unnecessary increase in the risk level due to preventive maintenance

activities;
• allowing flexibility in carrying out Preventive Maintenance activities;

The Surveillance Test Strategy will be optimized by:

• evaluation of the risk - benefits that can be achieved by improving surveillance test
strategy;

• early detection of dependent failures and plant configuration with significant risk
implications;

• minimizing human error dependency in testing, maintenance and calibration activities;

In order to achieve the above mentioned goals and to allow the monitoring of the proposed
Test and Maintenance Strategy changes, a computerized system, in connection with the
under-development Data Collection System, will be developed.

3. Scope of the Project

The work which will be done under this Research Contract will be applied at Cemavoda NPP
Unit No. 1 for the optimization of the Test and Maintenance Strategy. The CPSE PSA Level 1
model will be adapted in order to reflect the plant as-built information and to allow performing
of these applications. The existing Test and Maintenance procedures will be verified and
optimized using the methodology developed and an ongoing performances monitoring
system will be implemented.



4. Development and applying of the Risk - Based Test and
Maintenance Planning at Cernavoda NPP

As presented in the figure on next page, it is planned to implement a system which will
effectively use the plant risk information for the periodically plant Test and Maintenance
Strategy monitoring and optimization. The system will be developed in the following steps:

A. Methodology and Tools Development

1. Development of a database to store updated information about components and failure
modes considered into the NPP Test and Maintenance schedule. This database will
serve as an interface between the plant information and the Test and Maintenance
optimization framework.

2. Development of the PSA model requirements needed to allow implementation of the
application:

- components and component failure modes included into PSA model;
- PSA model extension to hold test and maintenance contribution events, including
related human errors;
- PSA model extension to represent the complete plant risk profile (external events,
limited Level 2 PSA).

3. Development of the methodology for events risk significance assessment;

4. Development of methodology for optimizing the Test and Maintenance Strategy, taking
into account the risk significance of the features and other factors (costs, test and
maintenance adverse effects, local conditions, etc.);

5. Development of the Test and Maintenance Performance Monitoring System. The system
will be a partially computerized system, containing both software and working procedures.
This system will use as data source the Interface Data Base and will evaluate the effects
of Test and Maintenance Strategy over the Plant risk profile. The Interface Data Base can
be part of the Data Collection System, in this case, requirements for the Data Collection
System needing to be developed to allow using it for this purpose.

B. Initial Implementation

1. Collecting plant information related to components included in the Test and Maintenance
schedule. Establishment of the interface database using collected information. Test and
Maintenance Performance Monitoring System establishment for Test and Maintenance
strategy changes evaluation.

2. PSA model revising taking into account the requirements needed to implement the
application. This step will be implemented during the CPSE updating for including plant as
built information, and during the CPSE scope extension to include external events and
containment systems;

3. Existing Test and Maintenance Strategy assessment and changes proposal following the
developed methodology. Uncertainties of the model and method need to' be carefully
examined during this step.

4. Proposed changes Implementation. Special care will be paid to evaluate the effects
before any change is implemented.



C. Ongoing Test and Maintenance Performance Monitoring

Using the Test and Maintenance Performance Monitoring System the effects of proposed
changes will be assessed and correction will be made if necessary. During the whole plant
life periodic reassessment will be done taking into account possible plant feature changes,
especially due to aging effects.

Updated List of
Components included in

Preventive Maintenance and
Test Schedule

Implement
Changes

CPSE Project Preparation for
Application Development

Verification of included
components and

failure modes.
Including of events for PM

and test contributions

Updated plant risk profile:
• as built information;
• external events;
• containment systems
• aging

Methodology

Propose
changes

Effects
evaluation

Experts
panel

Risk - significance
of

components

Costs
associated with

Test and Maintenance

Other factors:
aging
local conditions;
environment;

• Development of the Test and
Maintenance Performance Monitoring

System
• Ongoing performance monitor, .,

changes proposal

Figure: Proposed framework for the development and applying of the Risk - Based Test and
Maintenance Planning at Cemavoda NPP



5. Detailed work plan for the first year

The Research Contract planned work for the first year will consist mainly in development of
methodology for application development and development of PSA model requirements for
application implementation.
As presented before, the methodology development will focuses on:

• Development of the methodology for optimizing the Test and Maintenance
Strategy.

It is intended to develop a methodology for optimizing the Test and Maintenance Strategy
by combining probabilistic and deterministic methods. The PSA model will be used to
assess the components risk significance, which will be use together with other information
for determining the optimized strategy. The additional information will consist of: cost
information about applying different strategy, test and maintenance adverse effects
(degradation due to test and maintenance, unavailabilities) expert opinions, local
conditions (environment, access, dependencies, etc.), past experience, component
history, etc. For this purpose an informational system will be developed, in order to store
and easy extract information used or helpful during the decision process.
The methodology for extracting the component risk significance from the PSA model
need also to be developed, especially the way of determining the uncertainty effects. In
order to assess the proposed change before they are implemented, the methodology for
estimating the effects over the plant risk profile need, also, to be developed.

• Development of the PSA model requirements needed for the application
implementation.

The PSA model will include the necessary information for evaluation of different Test and
Maintenance strategies. The components included in the Test and Maintenance
programme need to be modeled into PSA model, the corresponding failure modes
needing to be considered. For Maintenance evaluation, Basic Events modeling the
unavailability due to preventive maintenance need to be included. Contributions form
Human Errors during Test and Maintenance need, also, to be explicitly modeled.
In order to obtain the accurate component risk significances, the PSA model need to be
extended to include external events and a limited Level 2 PSA (Containment systems).
Since the PSA database and the PSA interface software is now under development the
application needs will be taken into consideration and proper information will be stored
and processed. The CPSE Project already includes almost all of the features above
presented, the scope extension needing to be performed and a through verification
against plant as built information.

• Development of the interface database structure.

The database will store information about components included in Test and Maintenance
programmes. The stored information will refer to: components identification, failure data
(current and trends), Test and Maintenance Strategy information (test interval, test
placements, tested failure modes, if component is unavailable during test, preventive
maintenance schedule, etc.). The possibility to include this database structure into the
Data Collection System, under development now, will be investigated. This structure will
be used as an informational source for the further Test and Maintenance Performance
Monitoring System, all the strategy changes being reflected in stored information. At
Cernavoda NPP a similar collection system already exists for the purpose of collecting
data from 13 essential safety systems. Some of the information can be transferred form
this system.



6. Overview of the follow-up research work to be developed

The Research will continue in the coming years by developing the remaining steps to make
the application operational.

• Development of the Test and Maintenance Performance Monitoring System.

The system will contain the needed software and working procedures to allow periodically
evaluation of the plant risk profile and to recommend further Test and Maintenance
strategy changes. The system will use the current plant PSA model and current Test and
Maintenance information, and will take into account other decision factor changes, as:
plant components aging, cost changes, operational experience, etc..

• Preparation for Initial Implementation

Once the whole methodology and tools will be developed the system need to be
particularized for the implementation at Cernavoda NPP Unit 1. Plant information related
to components included in the Test and Maintenance schedule will be collected. The
interface database will be established using collected information.
It is expected that the PSA model will take into account the requirements needed to
implement the application (this will be done in parallel with the methodology development).
Using the PSA model the plant feature risk significances will be evaluated and used as
support information for Test and Maintenance Strategy optimization.
The changes will be evaluated from the point of view of plant risk profile effects before
they are proposed.
The Test and Maintenance Performance Monitoring System will be tested from the point of
view of accuracy and operability before it is implemented.
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1. Introduction

1.1. Background

Experience with NPP operation has shown that both: testing and
maintenance play a very important role in the process of NPP safety. One of
beneficial ways of enhancing NPP safety it is to improve and/or to optimize the test
and maintenance (T&M) activities.

This task consists of many sub tasks which have to be carefully examined.
Besides the fact that the requirements in Technical Specifications {TS) have to be
optimal and therefore determined considering risk based evaluations in addition to
deterministic evaluations and expert opinion, the placement and distribution of
tests and maintenance is of crucial importance.

Both aspects: to establish optimal requirements and to place and distribute
the tests and maintenance in accordance with the established optimal
requirements, lead to safer NPPs. Furthermore, additional analyses are necessary
to determine, which plant operating state is to be chosen for maintenance of
certain equipment (the longer fuel cycle and desire of shorter plant outages rise
that problem). The probabilistic criteria have to be developed for the evaluation of
configuration changes.

Related Work Already Performed or in Progress at the "Jozef Stefan"
Institute:

Developing and Application of an Overall Approach for Optimization of
Surveillance Test Intervals for the Safety Related Equipment and Testing
Strategy Consideration.

Developing an Approach for Allowed Outage Time Optimization on Basis of
Minimal Risk Comparing the Shutdown and Plant Continued Operation.

Inspection of Test and Maintenance Activities During NPP Krsko Outages.

System Fault Tree Analysis for the Purpose of the Level 1 PSA for the Krsko
NPP.

Fault Tree and Event Tree Analysis of a Research Reactor.

Data Collection and Parameters of Component Failure Models Estimation for
Research Reactor.

Integration of PSA and Deterministic Analysis for the Safety of Process
Control Systems.
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Safety Culture Based on PSA results, Assessing Organizational Safety
Problems on PSA Results.

Developing of a Computer Code for Emergency Operating Procedures
Support to help the Operators in NPP.

Collection of Human Reliability Data.

Relaxation of Surveillance Test Intervals in Technical Specifications.

1.2. Objective of the Project

The main objective of the project is the development and application of
methodologies for improvement and optimization of test and maintenance (T&M)
activities for safety related equipment in NPPs on basis of their enhanced safety.
The probabilistic safety assessment serves as a base, which does not mean the
replacement of the deterministic analyses but the consideration of probabilistic
safety assessment results as complement to deterministic results.

1. Optimization of Surveillance Requirements:

Methodology and application

(Surveillance Test Intervals Optimization and Testing Strategy
Consideration)

evaluation of safety related equipment on component level,
system level (improvement of probabilistic models for
components - time dependent and mean unavailabilities) and
plant level (scheduling of test and maintenance)

2. Optimization of Limiting Conditions for Operation:

Methodology and application

Allowed Outage Time Optimization on basis of risk comparison
considering two scenarios:

plant shutdown and

plant continued operation;

consideration of criteria about acceptability of AOT; consideration of
the same AOT for corrective and predictive maintenance.



1.3. Scope of the Project

The Project should provide the report on proposed methodology which may
enable an application of proposed methodology for both its portions:

first deals with surveillance requirements in technical specifications
and

second deals with limiting conditions for operation in technical
specifications.

In the second year of the proposed projects also examples of the case
studies are scheduled to highlight and to facilitate the proposed methodology.

2. Detailed Workplan for the First Year: Outline of the Implementation and
Goals

Development of methodology for improvement and optimization of
test and maintenance

Optimization of Surveillance Requirements (Surveillance
Test Intervals Optimization and Testing Strategy
Consideration)

Evaluation of safety related equipment on component
level (unavailability as a risk measure)

Evaluation of safety related equipment on system level -
improvement of probabilistic models for modelled
components (time dependent and mean unavailabilities
are calculated for each component using its the most
suitable probabilistic model)

Evaluation of safety related equipment on plant level
(core damage frequency as a risk measure)

Optimization of Limiting Conditions for Operation (Allowed Outage
Time Optimization on basis of risk comparison considering two
scenarios: plant shutdown and plant continued operation, core
damage frequency (CDF) as a risk measure)

Algorithm for evaluation of CDF for both scenarios:
CDFJT.AOT,) and CDFsh(T,AOTi)

Comparison and evaluation of both scenarios
(examination of effectiveness of the proposed changes,



uncertainty consideration)

3. Overview of the Follow-up Research to be Developed

3.1 . Risk Based Surveillance Test Optimization Approach

Risk based surveillance test interval optimization approach is concentrated
on the safety equipment which is tested at the nuclear power plant normal
operation. Presented approach consists of the three levels: component level,
system level and plant level.

At the component and system level, the risk measure is a component or
system unavailability respectively. At plant level, the risk measure is a core damage
frequency.

Assumption is, that evaluation is oriented to one unit nuclear power plant
with two loops as NPP Krsko is. So unit level = plant level = society/national
level, because this is the only Slovenian NPP. Second assumption is that functional
level, which could be introduced between the component and system level, can be
equalized by system level. Two reasons for such a decision encouraged us:

first is practical; we did not want to introduce too many levels and
then have (more) too many (theoretically different) results for decision
making process,
second is the system level itself, which is actually defining a system
as an entity which can be modelled by a single fault tree. So at the
system level as one system we accept:

the front line system in such an extent that can be
modelled by one fault tree,
subsystem of the support system (bus of the electrical
power supply system, or actuation path in engineered
safety features actuation system) which can be
modelled by a single fault tree,
the function of the system, which can be modelled by a
single fault tree.

3.1.1. Component Level

Analysis of the component level consists of manufacturer requirements,
collecting component data and calculation of optimal surveillance test interval
which results in minimal component mean unavailability. Component mean
unavailability can be expressed analytically and can be calculated by the use of
collected data. If the component mean unavailability partial derivative by
surveillance test interval is expressed, we get the equation which determines the



Component
Level

Minima) Component
Unavailability

dQ/dTi-0 Ti-Tiopt

System I

Plant Level

Minimal System Unavailability

Optimal
Surveillance Test
Interval

Test Strategy
Consideration

c:

Risk Effective Test Verification

Minimal Core Damage
Frequency

Coincidence with Other Systems

Figure 1: Risk Based Surveillance Test Optimization Process

optimal surveillance test interval.
Results of analysis on component level are valid only for the components

which does not affect other components of the system or other systems.

3.1.2. System Level

Analysis at the system level can not base on analytical calculation, because
of complex systems which power plant consists of. Many approaches have been
used for such a purpose in the last years (Markov Chains, Monte Carlo Simulation,
Risk Comparisons).

We propose to use fault trees developed for the PSA. If the resolution of
modelling and boundary conditions are not in accordance with defined surveillance
tests of analyzed systems, the fault tree models should be updated.

On the basis of sensitivity study for the system mean unavailability the
optimal test interval is one that causes minimal system mean unavailability which
is represented by mean unavailability of top event in the fault tree.



3.1.3. Plant Level

Analysis at the plant level uses results of core damage frequency. Due to the
small sensitivity of the results the risk importance measures may be used in
addition.

3.2. Risk Based Allowed Outage Time Approach

Calculation of the core damage frequency assuming continued plant
operation CDFCO(T) and core damage frequency assuming plant shutdown CDF8h(T)
is the prerequisite for the calculation of CDFCO and CDFsh which are their mean
values calculated by equations:

To*Ta

^ / CDFJT)dT
To

To*Ta

^ j CDFsh(7)dT

where Ta is the examined time interval.

Abbreviations used:

AOT; ... allowed outage time of component i (or equipment i)

Touti ... outage time of component i (or equipment i)

CDFn ... core damage frequency - nominal value of the plant power
operation (result of Probabilistic Safety Assessment (PSA)
Level 1)

CDFpi ... core damage frequency - if the specified component i is down
(result of PSA Level 1)

CDFU ... core damage frequency - nominal value of the plant at
shutdown (result of Shutdown PSA)

CDFmaxi ... (CDFmaxi = CDFn-F1-F2) core damage frequency at transient e.g.
shutdown (with component/equipment i down)

F, ... risk increase factor due to shutdown of the plant

8



F2 = lmi ... impor tance fac to r of component /equ ipment i (result o f PSA
Level 1)

F3 ... risk increase factor due to startup of the plant

To ... t ime of the fai lure of the component i on the t ime scale

T ^ ... (time of shutdown transient) time from power operation to cold
shutdown

Tst ... (time of startup transient) time from cold shutdown to power
operation

Toc ... minimum time for the plant to stay in a shutdown after the

shutdown has occurred

CDF ... core damage frequency

T ... time

FT ... ratio between the average value of failure rates of components w i th failure
mode: failure to run and average value of failure rates of components w i th failure
mode: failure to start. Or, ratio between the average value of failure rates of
components wi th failure mode: failure to remain in position and average value of
failure rates of components w i th failure mode: failure to change position.

F3 ... ratio between the number of failures resulted in plant trip during startup over
certain time period and number of failures resulted in plant tr ip during power
operation over the same time period.

Due to relationship between the Touti and other input parameters such as:
Tcsh» Tst, Toc, the equation for calculation of CDFsh should follow one of three cases:

1 .

2.

3.

' outi -

Tcsh<

Touti *

> T ^ -

: Tout i <

' Tcsh

l -T o c

- T ^ -+-T0C

Ta

Ta

Ta

' outi

= T c s h

= j

+ Tst

+ TOC

+ TOC

+ T s t

+ Tst

For those Touti (Touti outage time for equipment i / component i) wh ich result
in CDFCO < CDFsh the risk of continued plant operation is less than the risk of plant
shutdown. The limiting Touti where both risks are equal, is the outage time which
should be equal to a proposed optimal allowed outage time (AOTiopt) for the
equipment i.
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Introduction

Probabilistic Safety Assessment is widely becoming standard method for
assessing, maintaining, assuring and improving the nuclear power plant
safety.

Technical Specifications are safety rules for nuclear power plants
x approved by nuclear regulatory authority defining the limits and conditions
V as a way to assure that the plant is operated safely in a manner which is

consistent with the assumptions made in the plant safety analyses.
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TS have been developed mostly on deterministic analysis, engineering

the last decade several risk based approaches have been used to verify
and improve TS (to minimize risk):

- Allowed Outage Time (AOT) defined in Limiting Conditions for
Operation (LCO)

^ A a (CDF...Core Damage Frequency)

Relative Upper L imi t : AOT-RAW < A r (RAw...Risk Achievement worth)
Risk Comparison (Increased AOT versus shutdown)
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Surveillance Test Interval (STI) defined

Test Caused versus Test Detected Risk

SViosite Carlo Simulation

Testing Strategy defined In SB

Staggered versus Sequential Testing Strategy
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Test Strategies Comparison

Sequential Testing
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Staggered Testing

B. A
Tl . . . Surveillance Test Interval
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Risk Comparison Model

Calculation of the core damage frequency assuming continued plant
operation CDFC0(T) and core damage frequency assuming piant shutdown
CDFsh(T) is the prerequisite for the calculation of CDFC0 and CDFsh which
are their mean values calculated by equations (Ta is examined time interval):

To+Ta

, CDFJ1)dT

T0+Ta

CDF*»{1)dT

For those Toutl which resuit in CDFC0 < CDFsh the risk of continued piant
operation is iess than the risk of piant shutdown. The limiting Toutl where
both risks are equal, is the outage time which is proposed optimai aiiowed
outage time (AOTIopJ for the equipment i.



CDF

CDFmaxi= _J_
:CDFn*F1*F2

CDFn*F3

CDFpi

CDFn

CDFu

Tou t

Tcsh Toe T s t

T o T o + T c s h T o + T c s h + T o c T o + T o u t i T o + t o u t i + T s t T i m e

C D F c o ( T ) C o n t i n u e d O p e r a t i o n
•CDFsh(T) S h u t d o w n

Figure 1: Function CDF(T) (first case: T0Uti>T0C + Tcsh)
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• IMPROVEMENT OF SAFETY-RELATED SYSTEMS PERFORMANCE AT NPPs HAS BEEN ONE OF
THE MAIN CONCERNS OF BOTH REGULATORY BODIES AND UTILITIES

• PURSUED TO ACHIEVE HIGH LEVELS OF AVAILABILITY OF SAFETY-RELATED SYSTEM
USUALLY IN STANDBY AND READY TO OPERATE ON DEMAND.

• ATTENTION HAS BEEN PAID TO MORE EFFICIENT SURVEILLANCE TESTS AND MAINTENANCE
ACTIVITIES (S&M).

- INCORPORATING MORE SUITABLE AND EFFECTIVE TECHNIQUES, AND
- IMPROVING THEIR PROCEDURE, FREQUENCY AND DURATION.

• LIKE IN ANY AREA OF HUMAN ACTIVITY RESOURCES ARE LIMITED, SO THEY MUST BE
ASSIGNED IN AN OPTIMIZED WAY.

• DURING THE LAST FEW YEARS IMPORTANT ATTENTION HAS BEEN PAID TO THE PROBLEM
OF OPTIMIZING S&M BASED ON RELIABILITY MEASURES THAT USE PROBABILISTIC SAFETY
ASSESSMENT (PSA) AS A SUPPORT.



1. BACKGROUND (cont.)

• THE OPTIMIZATION PROBLEM IS USUALLY FORMULATED IN TERMS OF:

1) SCOPE OF THE PROBLEM,

USUALLY INVOLVES EITHER A SINGLE COMPONENT, A SAFETY SYSTEM OR THE WHOLE PLANT.

2) OBJECTIVE FUNCTION TO BE OPTIMIZED AND CONSTRAINTS TO BE SATISFIED,

"— OBJECTIVE FUNCTION REFERS TO THE MODEL OF EITHER RISK OR COST THAT IS THE OBJECTIVE
"~~° OF THE OPTIMIZATION PROCESS, WHILE CONSTRAINTS REFER TO IMPOSED RESTRICTIONS

REGARDING THE VALUE THAT RISK AND COST CAN REACH OR IN THE VALUE THAT THE
PARAMETERS TO BE MODIFIED CAN TAKE IN THE OPTIMIZATION PROCESS; FOR EXAMPLE TEST
INTERVALS AND FREQUENCY OF MAINTENANCE.

3) TECHNIQUE TO BE ADOPTED TO SOLVING THE OPTIMIZATION PROBLEM.

THE TECHNIQUE IS CLEARLY CONDITIONED BY BOTH THE SCOPE OF THE PROBLEM AND THE
OBJECTIVE FUNCTION AND CONSTRAINTS.



1. BACKGROUND (cont)

• PREVIOUS WORKS HAVE BROUGHT A VARIETY OF METHODS TO SOLVE S&M OPTIMIZATION
PROBLEMS THAT RANGE FROM:

- SIMPLE ANALYTICAL SOLUTIONS

ONLY APPLICABLE TO A LIMITED SORT OF PROBLEMS

- NUMERICAL METHODS BASED ON:

- CLASSICAL TECHNIQUES OF LINEAR AND NON-LINEAR OPTIMIZATION
-TEST-ERROR PROCEDURES
-MONTE CARLO TECHNIQUES

• IN GENERAL, METHODOLOGIES DEVELOPED SO FAR PRESENT SEVERAL DIFFICULTIES IN
HANDLING GLOBAL OPTIMIZATION OF S&M, MAINLY DUE TO:

=>LACK OF A SUITABLE STRATEGY TO ESTABLISH THE SCOPE AND PROCEDURE FOR OPTIMIZATION OF
S&M PROGRAMS

^LIMITATIONS OF AVAILABLE TECHNIQUES TO FACE OBJECTIVE FUNCTIONS TO CONSTRAINTS IN
ORDER TO GET GLOBAL OPTIMA



2. OBJECTIVE OF THE PROJECT

• DEVELOPMENT OF A METHODOLOGY FOR GLOBAL OPTIMIZATION OF SURVEILLANCE
TESTING AND MAINTENANCE OF SAFETY RELATED EQUIPMENT AT NPPs BASED ON:

1) SELECTION OF A SUITABLE STRATEGY,

2) DEVELOPMENT OF A METHOD FOR OPTIMIZATION WHICH SUITS WELL TO BOTH THE STRATEGY AND
THE ACCEPTANCE CRITERIA, AND

3) ADOPTION OF REALISTIC CRITERIA RELATED TO BOTH REGULATORY AND UTILITIES ACCEPTANCE.

• METHODOLOGY MUST MAKE POSSIBLE GLOBAL OPTIMIZATION OF:

1) PREDICTIVE, PREVENTIVE AND CORRECTIVE MAINTENANCE,

2) SURVEILLANCE TESTING, AND

3) SURVEILLANCE TEST INTERVALS (STIs) AND ALLOWED OUTAGE TIMES (AOTs) REQUIREMENTS
WITHIN TECHNICAL SPECIFICATIONS.

• METHODOLOGY HAVE TO BE BASED ON RELIABILITY MEASURES THAT USE PSA RESULTS
AS A SUPPORT.



3. SCOPE OF THE PROJECT

• THE RESEARCH PROJECT WILL ENCOMPASS SEQUENTIALLY WITH THREE OPTIMIZATION
PROBLEMS:

1) STARTING WITH A SINGLE COMPONENT,

2) THEN A SAFETY SYSTEM, AND

3) FINALLY A WHOLE PLANT.

• ACCORDING TO THE OBJECTIVE OF THE RESEARCH PROJECT, THE METHODOLOGY WILL BE
DEVELOPED IN THREE MAIN AREAS:

1) STRATEGY FOR OPTIMIZATION,

2) ACCEPTANCE CRITERIA, AND

3) OPTIMIZATION TECHNIQUE.

• CONTENTS OF ALL THREE AREAS WILL EXTEND AS THE RESEARCH PROJECT PROGRESSES
IN ABOVE THREE OPTIMIZATION PROBLEMS.

• SOME CASE STUDIES WILL BE PREPARED



4. DETAILED WORKING PLAN

. GUIDELINES OF THE WORKING PLAN TO BE CARRIED OUT IN EACH AREA ARE INTRODUCED
BRIEFLY

IDENTIFY SPECIFIC DATA NEEDS, FOR EXAMPLE:

_ A) EQUIPMENT RELIABILITY DATA (i.e. FAILURE RATES, PER DEMAND FAILURE PROBABILITIES, AGING
--U FACTORS),

B) DESCRIPTION OF S&M PROGRAMS (i.e. PREDICTIVE AND PREVENTIVE MAINTENANCE,
SURVEILLANCE TESTING AND TECHNICAL SPECIFICATIONS), AND

C) RESULTS OF THE PSA (i.e. FAULT TREES AND EVENT TREES, FAILURE MODES).

2) SAFETY-RELATED EQUIPMENT PRIORITIZATION, IN ORDER TO:

A) RANK EQUIPMENT ACCORDING TO APPROPRIATE MEASURES OF RISK IMPORTANCE,

B) ESTABLISH CRITICAL AND NON CRITICAL SYSTEMS AND COMPONENTS FROM A SAFETY POINT OF
VIEW IN A NPP, AND

C) PRIORITIZE S&M PROGRAMS OF CRITICAL EQUIPMENT.



3) FOCUS ON DOMINANT FAILURE MODES & CAUSES OF CRITICAL EQUIPMENT (i.e. INCIPIENT
& CATASTROPHIC FAILURES AND DEGRADATION MECHANISMS).

4) IDENTIFICATION OF AVAILABLE S&M TASKS TO DETECT OR AVOID DOMINANT FAILURE
CAUSES OF CRITICAL EQUIPMENT, GETTING INFORMATION ABOUT:

A) TYPES OF S&M TASKS (i.e. TESTING, PREDICTIVE MAINTENANCE, TIME-DIRECTED PREVENTIVE
MAINTENANCE, CONDITION-DIRECTED PREVENTIVE MAINTENANCE),

B) FREQUENCY AND DURATION OF EACH S&M,

C) EFFECTIVENESS OF EACH S&M TO PREVENT SPECIFIC DOMINANT FAILURE CAUSES, AND

D) COSTS ASSOCIATED WITH S&M TASKS.

5) INTEGRATION OF S&M TASKS TO PREVENT THE DOMINANT FAILURE CAUSES OF CRITICAL

IDENTIFICATION OF ALL MINIMAL COMBINATIONS OF AVAILABLE S&M TASKS TO COPE WITH ALL THE
DOMINANT FAILURE CAUSES OF CRITICAL EQUIPMENT.



DWP - STRATEGY FOR OPTIMIZATION (cent.)

6) SELECTION OF THE OBJECTIVE FUNCTION AND CONSTRAINTS:

A) MODEL THE RISK INTRODUCED BY EACH STRATEGY TO INTEGRATING S&M TASKS AS THE
OBJECTIVE FUNCTION TO BE OPTIMIZED, BASED ON RELIABILITY MEASURES THAT USE PSA AS A
SUPPORT,

B) MODEL THE COST INTRODUCED BY EACH STRATEGY TO INTEGRATING S&M TASKS AND
DETERMINE ACCEPTABLE COST AND RISK LEVELS TO ACT AS CONSTRAINTS, AND

C) INTRODUCE ADDITIONAL CONSTRAINTS AS DERIVED FROM THE ACCEPTANCE CRITERIA.

7) OPTIMIZATION OF FREQUENCY OF S&M TASKS IN EACH STRATEGY ACCORDING TO ABOVE
OBJECTIVE FUNCTION AND CONSTRAINTS AND USING AN APPROPRIATE TECHNIQUE.

8) TAKE INTO ACCOUNT HOW INTERACTION AMONG FACTORS INVOLVED IN SURVEILLANCE
TESTING AND MAINTENANCE ACTIVITIES ACTS ON THE OBJECTIVE FUNCTION AND
CONSTRAINTS.



DWP - ACCEPTANCE CRITERIA

• SOLUTIONS TO THE OPTIMIZATION PROBLEM MUST BE FOUNDED ON REALISTIC CRITERIA
RELATED TO BOTH REGULATORY AND UTILITIES ACCEPTANCE.

• BOTH ACCEPTANCE CRITERIA WILL ACT AS CONSTRAINTS IN THE OPTIMIZATION PROCESS.

• THE PROBLEM CONSISTS IN OPTIMIZING S&M PROGRAMS TO PRODUCE THE MINIMUM RISK
WITHIN CERTAIN CONDITIONS WITH REGARD TO COSTS AND BURDEN FOR THE NPP.

• ALTERNATIVELY, IT IS POSSIBLE TO SEARCH A MINIMUM COST KEEPING AN ACCEPTABLE
RISK LEVEL WHICH DOES NOT JEOPARDIZE NPP SAFETY LEVEL.

• TECHNICAL SPECIFICATIONS IN A NPP INTRODUCE ADDITIONAL CONSTRAINTS IN TERMS OF
SURVEILLANCE TEST INTERVALS (STIs) AND ALLOWED OUTAGE TIMES (AOTs)
REQUIREMENTS WHICH HAVE TO BE TAKEN INTO ACCOUNT.



DWP - ACCEPTANCE CRITERIA (cont)

IN ADDITION, PLANT SPECIFIC CONSTRAINTS MUST BE CONSIDERED, TAKING INTO
ACCOUNT THE WAY S&M PROGRAMS ARE UNDERTAKEN IN A PLANT.

=>FREQUENCIES OF S&M USUALLY TAKE TYPIFIED VALUES BECAUSE OF PRACTICAL
CONSIDERATIONS OF PLANNING, FOR EXAMPLE ONCE A DAY, ONCE A MONTH, EVERY THREE
MONTHS, ONCE A YEAR, AND SO ON, ALLOWING SOME TOLERANCE MARGIN BEFORE AND
AFTER THE FORESEEN DATE.

=>USUALLY SEVERAL S&M TASKS ARE UNIFIED TO ONLY ONE THAT PERFORMS ALL OF THEM AT
THE SAME TIME.

=>OFTEN DIFFERENT COMPONENTS UNDERTAKE THE SAME TYPE OF S&M.

=>SEVERAL COMPONENTS UNDERTAKE A S&M TASK WITH THE SAME FREQUENCY ACCORDING
TO A SIMULTANEOUS, SEQUENTIAL OR STAGGERED SCHEME.



DWP - OPTIMIZATION METHOD

OPTIMIZATION OF FREQUENCY OF S&M WITH RESPECT TO RISK AND COST INVOLVES:

- NON-LINEAR OBJECTIVE FUNCTIONS,
- NON-LINEAR CONSTRAINTS, AND
- FUNCTIONS USUALLY PRESENT MANY DISCONTINUITIES INTRODUCED FROM THE CONSTRAINTS

LIMITATIONS OF AVAILABLE METHODS TO GET GLOBAL OPTIMA IN SUCH PROBLEMS:

- CLASSICAL METHODS PRESENT CONVERGENCE PROBLEMS,

- BESIDES THEY USUALLY GET LOCAL OPTIMA WHICH DEPEND ON THE INITIAL CONDITIONS, AND

- THEY NEED INFORMATION ABOUT DERIVATIVES OF THE OBJECTIVE FUNCTION TO BE OPTIMIZED.

- MONTE CARLO METHODS EXPLORE THE WHOLE SEARCH SPACE TO GET GLOBAL OPTIMA, BUT

- THE MAIN DISADVANTAGE IS THAT IN SUCCESSIVE ITERATIONS THEY DO NOT ACCUMULATE
INFORMATION ABOUT THE SEARCH SPACE, SO, LIKE IN ANY OTHER METHOD BASED ON TEST-ERROR
PROCEDURES WE HAVE TO DECIDE THE NUMBER OF TRIALS TO BE PERFORMED.

- WITH FEW ITERATIONS WE WELL VERY PROBABLY GET ONLY LOCAL OPTIMA.
- WITH LARGE NUMBER OF ITERATIONS THE TIME OF COMPUTATION GROWS SIGNIFICANTLY

A NEW METHOD BASED ON GENETIC ALGORITHMS (GAs) IS BEING CONSIDERED.



DWP - OPTIMIZATION METHOD (cont.)

GENETIC ALGORITHMS (GAs) MECHANISM IN OPTIMIZING S&M PROGRAMS.

=>TRY TO AVOID ABOVE LIMITATIONS.

=>GAs IMITATE BIOLOGICAL PROCESSES LIKE REPRODUCTION AND EVOLUTION IN NATURE.

=>WE HAVE AN INITIAL POPULATIONS OF INDIVIDUALS WHERE EACH ONE REPRESENTS A SOLUTION
TO OUR PROBLEM. INDIVIDUALS ARE CHARACTERIZED BY A CHROMOSOME CONTAINING CODIFIED
INFORMATION OF THE FUNCTION WE WANT TO OPTIMIZE.

=>BETTER INDIVIDUALS HAVE MORE POSSIBILITIES FOR REPRODUCTION, THEREFORE, THOSE
INDIVIDUALS THAT REPRESENT THE BEST SOLUTIONS PREVAIL IN THE OFFSPRING AND THEIR
GENETIC INFORMATION PASS TO THE NEXT GENERATION, WHILE THOSE INDIVIDUALS THAT
REPRESENT THE WORST SOLUTIONS ARE ELIMINATED.

=>UKE IN REAL LIFE, MUTATION POSSIBILITY OVER CHROMOSOME GENES IS ALSO INTRODUCED TO
HAVE A LITTLE RANDOM SEARCH IN THE ALGORITHM, TRYING TO AVOID LOCAL SEARCH AND
PREMATURE CONVERGENCE.

=>GAs ACCUMULATE INFORMATION ABOUT AN INITIAL UNKNOWN SEARCH SPACE AND THEN
EXPLORE THIS INFORMATION TO GUIDE SUBSEQUENT SEARCH INTO USEFUL SUBSPACES.

=>GAs HAVE INHERENT PARALLEL SEARCH PROPERTIES SINCE THEY WORK IN PARALLEL ON A
NUMBER OF INDIVIDUALS OF THE POPULATION THAT ARE POTENTIAL SOLUTIONS.



DWP - FIRST YEAR

WE WILL FIRST LIMIT THE SCOPE OF THE OPTIMIZATION PROBLEM TO A CRITICAL
COMPONENT IN A SAFETY-RELATED SYSTEM

WE WILL ENCOMPASS WITH THE FOLLOWING TASKS:

1) IDENTIFY SPECIFIC DATA NEEDS AT COMPONENT AND SYSTEM LEVELS.

2) SELECTION OF METHODS FOR CRITICAL EQUIPMENT SELECTION IN A SAFETY-RELATED SYSTEM.

3) IDENTIFY SELECTION ALTERNATIVES OF DOMINANT FAILURE MODES AND CAUSES OF CRITICAL
EQUIPMENT.

4) STUDY AVAILABLE S&M TECHNIQUES TO PREVENT THE DOMINANT FAILURE CAUSES OF CRITICAL
EQUIPMENT.

5) STUDY METHODS FOR THE SELECTION AND INTEGRATION OF S&M TASKS AT COMPONENT LEVEL.

6) DETERMINE POSSIBLE OBJECTIVE FUNCTIONS AND CONSTRAINTS AT COMPONENT LEVEL.

7) ANALYZE USEFULNESS OF GENETIC ALGORITHMS FOR OPTIMIZATION OF S&M PROGRAMS.



5. FOLLOW-UP AND FINAL PRODUCT

• FIRST OF ALL TENTATIVE SUGGESTION OF:

- GOALS OF EACH STEP OF THE METHODOLOGY TO BE DEVELOPED.
- OUTLINE OF THE WORK TO BE DONE AND PLANNING
- IDENTIFY AREAS OF EXCHANGE OF INFORMATION WITH OTHER GROUPS

• REGULARLY:

- CHECK STATUS OF DEVELOPMENT AND RESULTS IN EACH AREA ACCORDING TO PREVIOUS GOALS
- EXCHANGE RESULTS OF THE RESEARCH WORK WITH OTHER GROUPS
- EXCHANGE GUIDELINES AND RECOMMENDATIONS WITH OTHER GROUPS

• EXPECTED PRODUCT:

- PROGRESS REPORTS REFLECTING THE STATUS OF DEVELOPMENT AT THE END OF EACH YEAR.

- FINAL REPORT AT THE END OF THE PROJECT WHICH SHOULD INCLUDE:

- DESCRIPTION OF THE METHODOLOGY FOR OPTIMIZATION OF S&M PROGRAMS
- CASE STUDIES
- OUTLINE OF THE IMPLEMENTATION OF THE METHODOLOGY IN A NPP
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Background

1.

2.

3.

4.

5.

6.

Attention to T/M to assure reliability/availability of
equipment.
Availability of PSA models and tools.

Application of PSA to increase AOT and STL

Realization of risk during shutdown.

Reduced refueling outage.

Control of risk during operation and from aging.

T/M: Test and Maintenance
AOT: Allowed Outage Time

STI: Surveillance Test Interval



Considerations in Scheduling T/M of
Individual Components

Assure reliability
Detection of failure in standby component
Minimize/balance risk due to T/M activity
Minimize risk in plant operation (power, transition,
shutdown)

Regulatory requirements (TS, Maintenance Rule)
Practical difficulties
Cost considerations



Strategies in Scheduling
Preventive Maintenance

Regularly scheduled PM

Condition-directed PM

Run-to-failure



Alternatives in Scheduling T/M of
Individual Component

ST, CM during power operation, PM during shutdown
ST, PM, CM during both power operation and shutdown
No PM; ST and CM during power operation and shutdown
Distributed PM during shutdown vs. power operation
(major overhaul during shutdown and minor PM during
power operation)

Others

ST: Surveillance Testing
CM: Corrective Maintenance
PM: Preventive Maintenance



Implications for Regulatory Requirements

Changes in AOTs to accommodate needs

Different AOTs for PM and CM

Tradeoff between PM and ST

Transferring PM from shutdown to power
operation



Quantitative Measures Under
Consideration

Risk impacts during power operation

Risk impacts during shutdown

Equipment performance/reliability

Test and maintenance downtimes



Plant Level Considerations

Relative safety significance of the equipment

(power operation, shutdown, transition)

Common-cause failures

Level 1/2/3 risk measures

Impact on plant configurations



Proposed Activity

Develop a framework for incorporating different
considerations in defining T/M

Develop logical flow process

Define alternatives and study attributes/benefits/-
disadvantages

Define qualitative and quantitative considerations

Define basis for T/M decisions incorporating
probabilistic and engineering considerations



Input Needed

Alternative currently considered in different
countries

Input on judgments where quantitative
information not available



OUTLINE FOR THE RESEARCH COORDINATION MEETING ON
DEVELOPMENT OF METHODOLOGIES FOR THE
OPTIMIZATION OF SURVEILLANCE TESTING AND
MAINTENANCE OF SAFETY RELATED EQUIPMENT AT NPPs

1. INTRODUCTION

Optimization of maintenance means different things depending on the objectives
behind it and depending on whether there is an established operating maintenance
programme, or a new programme is to be implemented. Several ways of understanding or
focusing the maintenance optimization approaches are:

• Optimization of preventive and predictive maintenance for example in order to:
reduce the frequency of preventive maintenance for each component up to the point
in which less maintenance could mean an unacceptable number of failures or an
unacceptable amount of corrective maintenance; focus on critical components for
NPP operation and safety; focus on maintenance tasks aimed at detecting incipient
or avoiding catastrophic critical failure modes of the component, etc,.

• Optimization of surveillance testing (i.e. Functional tests, visual surveillance, etc.)
for example in order to: modify the intervals between tests; test only critical
components; test for critical failure modes only, etc,.

• Optimization of Technical Specifications for example in order to: modify/define
Allowed Outage Times (AOTs); modify/define Surveillance test Intervals (STIs),
etc,.

• Configuration control in order to make sure that whatever combination of
maintenance or test works is occurring, the risk is kept under control (this applies
to normal operation and shutdown)

2. BACKGROUND

In the past few years, a number of Agency sponsored activities on 'NPP safety
related maintenance' have put stress on the fact that maintenance is very important for
NPP safety performance. Also, some other Agency sponsored projects have dealt with
new methodologies for optimizing maintenance and surveillance testing programmes of
components and systems important to safety. Finally, the Agency has done considerable
work on the possible uses of Probabilistic Safety Assessment (PSA). Some of these
applications are directly related to the optimization of maintenance, surveillance testing
and Technical Specifications.

The participants in these projects have shown a strong interest in a more



comprehensive programme in order to coordinate efforts and exchange information and
experience in relation to optimization of maintenance and surveillance testing of safety
related equipment.

3. OBJECTIVE

This meeting will be held in the framework of the IAEA Coordinated Research
Programme "Development of Methodologies for Optimization of Surveillance Testing and
Maintenance of Safety Related Equipment at NPPs" that has started in 1996.

The overall objectives of this Coordinated Research Programme are:

• To develop strategies and exchange experience in relation to the
improvement and optimization of the maintenance and test programmes for
safety related systems and equipment.

• To develop methods and exchange experience in relation to the techniques
for safety-focused optimization of maintenance and surveillance testing.

• To develop methods and exchange experience regarding the definition of
acceptance criteria.

• To exchange experience on regulatory acceptance of the optimization
process.

The first purpose of this Research Coordination Meeting is that all the Chief
Scientific Investigators of the groups that are participating in the CRP present an outline of
their proposed research project. This outline should include:

• Background
• Objective of the project
• Scope of the project
• Detailed work plan for the first year: outline of the implementation and

goals
• Overview of the follow-up research work to be developed

Additionally, and following the presentations, the participants, distributed in three
working groups, will discuss the following topics:

• Goals of the project: realistic definition of what is expected to be achieved
during the whole duration of the project (i.e. development of
methodologies, preparation of detailed procedures for the application of the
methodologies, preparation of case studies, etc.)

• How to conduct the research work: exchange of information and
development of guidelines and recommendations



• How to channel the exchange of information between CRP participants
during the whole duration of the CRP, what information (i.e. references,
information on new developments, etc)

• Benefits to the nuclear community that might be expected from this project

Finally, a draft document will be prepared to reflect the developed guidelines and
recommendations, the status of the work done so far in the different projects, if any, and
the general conclusions from the meeting. This document will also include the material
presented by the different participants.

4. PARTICIPANTS, DATES AND DURATION

The following experts are expected to participate in this meeting:

Mr. E. Kitchev (Bulgaria)
Mr. Qi Bao (China)
Mr. P. Kafka (Germany)
Mr. T. Szikszai (Hungary)
Mr. J. Lee (Korea)
Mr. A. Rodriguez (Mexico)
Mr. A. Habib (Pakistan)
Mr. G. Georgescu (Romania)
Mr. M. Cepin (Slovenia)
Mr. S. Martorell (Spain)
Mr. P. Samanta (USA)

The meeting will be held at the IAEA headquarters in Vienna, from 16 to 20
December, 1996.



5. AGENDA

Monday, 16 Dec. 1996

9:30 Welcome to participants
Introduction of the participants
Presentation of the objectives of the CRP
Presentation of the objectives of the meeting
Discussion of the programme, scope and contents of the meeting

10:30 Coffee break

11:00 Presentation by Mr. E. Kitchev (Bulgaria): "Development of a methodology for
maintenance optimization at Kozloduy NPP"

11:45 Presentation by Mr. Qi Bao (China): "Methods for optimization of surveillance
testing and maintenance of safety related equipment using operational experience
feedback"

12:30 Lunch break

14:00 Presentation by Mr. P. Kafka (Germany): "Development of methods for
computerized configuration control of NPPs"

14:45 Presentation by Mr. T. Szikszai (Hungary): "Strategies and methodologies for the
optimization of surveillance testing and maintenance of safety related equipment at
Paks NPP"

15:30 Coffee break

16:00 Presentation by Mr. J. Lee (Korea): Development of a methodology for
optimization of Technical Specifications using PSA-based techniques"

16:45 Presentation by Mr. A. Rodriguez (Mexico): "Use of PSA for the development of a
strategy for the optimization of surveillance testing and maintenance of safety
related equipment at Laguna Verde NPP"

17:30 Cocktail Reception

Tuesday, 17 Dec. 1996

09:00 Presentation by Mr. A. Habib (Pakistan): "Methodologies for optimization of
maintenance and testing of safety related equipment at NPPs in Pakistan"

09:45 Presentation by Mr. G. Georgescu (Romania): "Cernavoda NPP risk-based test and
maintenance planning - methodology development"

10:30 Coffee break

11:00 Presentation by Mr. M. Cepin (Slovenia): "Allowed Outage Time for testand
maintenance - optimization for safety"



11:45 Presentation by Mr. S. Martorell (Spain): "Global optimization of maintenance and
surveillance testing based on reliability and probabilistic safety assessment"

12:30 Lunch break

14:00 Presentation by Mr. P. Samanta (USA): "Alternatives and consideration in defining
strategies to optimize test and maintenance in NPPs"

14:45 Establishment of working groups; Working group discussion on how all the
participants should communicate with each other during the course of this
research.That is, what coordination will be maintained and how it will be
conducted

15:30 Coffee break

16:00 Working group discussions

Wednesday, 18 Dec. 1996

Working group discussions

Thursday, 19 Dec. 1996

09:00 Preparation of the draft report

12.30 Lunch break

14:00 Preparation of the draft report

15:30 Coffee break

16:00 Group discussion

Friday, 20 Dec. 1996

09:00 Production of a final draft report

10:30 Coffee break

11:00 Presentation of meeting conclusions

12:00 Closure of the meeting


