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FOREWORD

In almost all IAEA Member States with nuclear power programmes, a regulatory request has
been issued for a plant specific PSA for every nuclear power plant in the country. PSAs are
increasingly used for optimizing a variety of operational tasks and procedures in nuclear power plants.
A plant specific PSA is a very useful tool for safety centred optimization since it models both the
design and the operation of a plant. Among the most common applications of PSA are the
optimization of operational limits and conditions (technical specifications) and risk based configuration
control. Other applications include optimization of operating procedures and maintenance activities
and plant modifications/backfittings.

The Technical Committee Meeting on Procedures for Use of PSA for Optimizing Operational
Limits and Conditions for Nuclear Power Plants was held in Barcelona from 20 to 23 September 1993
to serve as a forum for discussion of the development of methods and approaches for PSA
applications. The meeting was co-sponsored by the IAEA and the Asco and Vandellos nuclear power
plants in Spain and was attended by more than 85 participants from 23 countries. The 35 papers and
presentations reflected the extent of activities in this area worldwide. Most of the papers discuss PSA
application programmes and/or specific methods and approaches used.

This TECDOC, which was prepared by the participants of the Technical Committee meeting,
summarizes the insights gained from the papers and plenary discussions. It also presents the
conclusions of the work of three working groups which discussed the advantages and limitations of
specific aspects of PSA. It provides an up-to-date description of computerized tools for risk
monitoring in use or under development in Member States. It is hoped that this report will be a useful
source of information on PSA applications.
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1. SUMMARY

It is apparent from the number and quality of the presentations made at the meeting that the use
of PS A within operating and regulatory organizations is increasing. A substantial amount of effort has
been applied in many countries to use PSA in a beneficial manner. A number of reasons may account
for this apparent increase in the use of PSA to support plant operational and regulatory activities. First
of all, over the last few years many nuclear power plant organizations have completed PSA studies
to identify and understand key plant vulnerabilities to core damage. As a result of the availability of
these studies, there is a desire to use the information contained in the studies to enhance plant
operations. Additionally, there are simultaneous efforts to increase the plant safety culture and operate
the nuclear stations in the most economical manner. PSA has been found to be an effective tool to
enhance the plant safety culture and contribute to the economical operations of the plant by assisting
plant management of resources to where the most benefit to plant safety can be obtained. It is in this
context, contributing to and enhancing the plant safety culture, that PSA can be of most benefit to
both the operating organizations and the regulatory bodies.

PSA is not a static science. It is continually evolving as more information is learned and shared
among organizations. Most participants at the meeting had performed or were in the process of
performing at least a Level 1 (core damage frequency) PSA. Many innovative and effective
applications of the completed PS As were discussed. Some of the applications were in the
developmental stage and others had been fully implemented. Examples of effective applications of
PSA discussed include the following:

identification of important topics and tasks for training of operations, maintenance and emergency
support personnel;

- prioritization of proposed modifications to the plant;
- prioritization of motor operated valves and check valves for testing;

establishing allowed outage times (AOTs) for safety related equipment;
establishing optimum surveillance test intervals (STIs) for safety related equipment;

- application of the US Code of Federal Regulations 10CFR50 App.R (Fire Protection,
requirements to plant equipment and structures);
improvements to emergency and operating procedures;
use of risk based indicators for controlling plant configuration during maintenance;

- justifying continued operation with a motor operated valve actuator not fully qualified as specified
in the design;
supporting plant life extension at a research reactor;
on-line PSA analysis to support configuration control by plant operators;
development of maintenance strategies for systems.

Recognizing the potential value of the above applications, many of the discussions in the general
session and the working groups focussed on those challenges and possible obstacles to applying PSA
in plant operations that must be addressed to gain full benefit from PSA. To focus the meeting
participants on identifying the challenges of using PSA, working groups were established in the
following areas:

- PSA application guidelines and regulatory acceptance;
risk based improvement of technical specifications and maintenance programme optimization;
living PSA issues and risk based configuration control.

The following is a summary of the key challenges identified during the meeting that must be
carefully considered to assure consistent, conservative, and technically appropriate uses of PSA for
plant operations and regulatory activities:

The proper blend of deterministic and probabilistic methods must be considered and determined
for each application. The point was made that deterministic methods are generally well thought



out and have served us well over the years. Probabilistic methods can effectively serve a role in
enhancing and optimizing the application of deterministic methods. PS A is often one of many
inputs to complex decisions. It can be a valuable quantifiable and technical input and provide
unique safety insights in support of more traditional engineering judgement.

- An important consideration in the proper blend of deterministic and probabilistic method is that
deterministic analysis is based on conservative assumptions and probabilistic analysis is based on
best estimate assumptions.

- The applicability of quantified safety goals and acceptance criteria to the results of a PSA study
or analysis needs be determined. Safety goals have been established in some countries, yet it is
not clear how these goals should be directly applied in PSA. Some organizations are working to
determine how acceptance criteria should be applied to PSA results used to make operational
decisions. In a related issue there is much debate as to the value of relative risk or changes in risk
versus the absolute value of a PSA derived risk number.

- PSA is a new methodology to many members of the technical and management staff in utility and
regulatory organizations. There must be a learning process to ensure appropriate technical and
management staff members understand the PSA methodology, and its strengths, weaknesses,
limitations, and potential uses. This learning processes is necessary to ensure acceptance by utility
and regulatory body management.

- Consideration must be given to the PSA end state being used when PSA is used for operational
decision making. Whereas core damage frequency may be the appropriate end state for regulatory
purposes, other possible end states may be almost as acceptance to utility management. Caution
must be applied to ensure that decisions made based on core damage frequency do not
inadvertently increase the probability of an event that may also be unacceptable to plant
management such as feed and bleed cooling in a PWR or rapid depressurization and low pressure
safety injection in a BWR.

- Careful consideration needs to be given to the data quality and modelling details of the PSA
before a PSA is used in a particular application. Data quality considerations include how well the
data reflects the plant specific data (i.e. plant specific failure rate data versus generic failure rate
data), and time dependent versus stress dependent failure rate data for standby system
performance. Modelling considerations include the level of detail of the PSA model for the
specific application for which the model is being used.

- A determination needs to be made concerning how to handle non-technical specification systems
and components that have a relatively high contribution to overall plant risk. The determination
for these systems includes the application of quality assurance measures and management controls
to ensure high availability and reliability of these systems.

- A clear distinction needs to be made between the living PSA concept and what is termed a 'risk
monitor'. Discussions during the meeting resolved that a living PSA is a completed PSA study
for a plant that is periodically updated to reflect plant modifications and changes in operating
practices and equipment failure rates that affect the PSA model. A risk monitor is a simplified
PSA model for a plant that is regularly updated to reflect plant configuration changes (i.e.
removing a safety system from service for maintenance) and provides the operations staff risk
insights on a real time basis.

The above challenges are not irreconcilable obstacles to the effective use of PSA in plant
operations. Rather they are challenges that will benefit from careful thought and international
communication and co-operation. Substantial investments have been made in PSA studies and there
are many opportunities to use the information from the studies to enhance the safe operation of the
nuclear station. Close review of the papers describing PSA applications and the summaries of the
working group discussions contained in this report will serve to further the effective use of PSA.



2. PSA APPLICATIONS AND REGULATORY ACCEPTANCE

2.1. SAFETY OBJECTIVE FOR PSA APPLICATIONS

The benefits of defining a quantitative safety goal is recognized. In this manner, we can determine
if we have any plant weaknesses or if the plant is safe enough. Core damage frequency may be one
measure to consider; some proposals are considering bounds on uncertainty measures. Some goals
may address containment releases, safety system reliability, component reliability and other levels of
performance.

High level goals (e.g. core damage frequency or safety function reliability) to be set by the
regulator are performed for any lower level goals such as system unavailability, to be set by the
utility. The regulator could review and approve the allocation.

In Canada there are two objectives: containment release and reliability/availability of safety
systems. For regulation, containment releases are expressed in terms of release limits at each station
site boundary for prescribed process system failures and process plus safety system failure
combinations. This proved to be inadequate to deal with PSA results; the Darlington PSA required
other grouping of events to be prescribed to meet the regulations.

In the USA, the US Nuclear Regulatory Commission (USNRC) is continuing to develop
quantitative safety goals.

Different goals should be related to scope of the PSA. Final answer has to meet broad guidelines
at the regulatory level. It should not be detailed but a goal should consider different modes of
operation.

Alternatives are available. If goals proved impossible to meet, continued operation can be justified
by valid supporting analyses.

Advanced reactors are utilizing goals. Backfitting these goals to current reactors will present
problems and require a bridge between the reactor generations. Current reactors may have to meet
the same concepts, but the standard may be different. If the nature of the goals become probabilistic,
then PSA becomes required. This may be a desirable trend. Each country may have different
implementations and interpretation of how safe is safe enough.

The goal should be a living goal but amenable to presently available analytical tools. If one had
Level 2 PSAs available, he could be more sophisticated in the criteria. Also, PSA is not a static
science, and the goals must reflect this.

Other international forums are also pursuing the development of quantitative goals. It is not a
matter of inventing goals. It is important to note that the idea of the use of PSA during this transition
period is supported before quantitative safety goals are established.

2.2. COMMUNICATIONS IN PSA

An essential communication loop must be established (PSA group-utility managers-regulators
-PSA group) in order to further credibility and confidence in the PSA. Communication on PSA
matters could be improved within the regulatory bodies themselves.

The current status of communication is felt to be poor.

The scope, assumptions and basis of the PSA must be clearly stated up front. PSA is not a
substitute for other work, but complements existing work. Currently, regulators tend to view the PSA
as providing supplementary information.



The purpose of the PSA must be clearly defined. PSA has been used to characterize events and
their importance.

What should be communicated? Trends, and what applications and analyses are going on in the
utility are examples. The regulators on the other hand should communicate their desires and
expectations. The PSA information is supplementary in nature because it is not fully understood or
is viewed as not developed. In fact PSA has been developed to a considerable degree and some
improvements in methods are continuing. Existing PS As are being fine tuned for specific applications.
The feedback from real plant experience as exemplified by the utilization of event history in France
is also advancing PSA. Utilities observe that what is expected by the regulators is not always clear.

The PSA team also has a major communication task to accomplish. It is difficult to communicate
to management the technical details of the PSA; its strengths and limitations. People must
communicate vital points without relying on specialized language. In some countries, the level of PSA
understanding is not the same for regulators and utilities. (This situation is country specific.) This
greatly hinders effective communication. In fact the PSA has the potential to be a very effective
communication vehicle. It was noted that the involvement of the resident inspectors in the review of
the PS As in Belgium greatly enhanced the credibility of the PSA in their eyes.

In the communication of strengths and weaknesses of PSA, technical information exchange should
be frequent and at the appropriate levels in the organizations.

In concluding a PSA, adequate allowance of tune and resources must be made to interpret the
results and communicate the findings. The findings should be concise as possible. The IAEA has
taken a lead role in defining and developing a 'safety culture'. For example a conference could be
held to share ideas. The solutions however will probably be country specific.

The implementation of quality assurance measures would facilitate the PSAs acceptance and
credibility. Quality assurance provides guidance on internal reviews, traceability of documentation
and peer review, and will facilitate the updating process of a PSA.

2.3. UTILITY/REGULATORY PERSPECTIVE ON PSA APPLICATIONS

We recognize that utilities and regulators have two different perspectives with the common ground
centering around the safe operation of the plant including worker safety. The utility has additional
responsibility such as economics and cost-benefit. This is not to imply that the regulators do not
consider these other factors: regulators must balance safety with other issues. This balance differs
from country to country. The utilities' and regulators' interest in PSA end states may differ.

The regulators may observe that essentially all requests are to extend AOTs when in fact the PSA
can classify AOTs that can be relaxed or reduced.

The development of a safety culture would combine safety goals, economic goals and quality
goals. It is noted, for example, that in the United Kingdom, the licensees do far more than the
minimum required by the regulators. The regulator now usually requires PSA input to give series to
economic issues where significant investment is involved. In the USA, regulation is usually the result
of continuous dialogue.

The regulator must be aware of public perception issues. This is the area where the PSA can help
the regulator by helping to divert public perception problems.

Benefits must be weighed against cost: bringing older plants to modern standards may not be
justified in all cases.

Equipment qualification does not guarantee that failures will not occur. Non-justified equipment
may be appropriate for specific roles. It is difficult to balance the benefits and costs of 'qualified'
equipment.
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Regulators should observe that 'one-off calculations may be overly conservative and provide a
measure of safety that would not be found in more comprehensive PSA applications.

2.4. COMBINING DETERMINISTIC AND PROBABILISTIC BASES FOR REGULATORY
ACCEPTANCE

Most of the NPPs have been licensed based on deterministic criteria. Probabilistic arguments
have been used to change deterministic criteria. The combined use of probabilistic and deterministic
analyses constitute an important development for regulation. How probabilistic and deterministic
criteria are blended will differ for different reactor generations. This mix is as important to optimize
plant cost-benefits.

The basis for deterministic analyses should be checked and reviewed to make sure they are still
valid. When PSA arguments are being used as a basis for a change, a review of the deterministic
bases should be part of the submittal. It should be noted that neither PSA nor deterministic analyses
are static.

Capabilities of PSA to address safety issues must be identified to determine where
supplementation by deterministic measures is necessary. PSA and deterministic methods can
complement each other.

If only results from Level 1 PSA are available, a 'deterministic' review of Levels 2 and 3
results from other studies might be used to supplement, for example, important equipment lists.

Examples of blending deterministic and PSA analyses include the resolution of the issue of a
rotated fuel assembly in Spain, and the resolution of fire protection issues. Without probabilistic safety
goals, a plant modification was implemented to address this situation. A further example is the
guidance provided in NUREG 1440 that combines in a deterministic manner, the lessons learned from
shutdown PS As and investigation of shutdown incidents into a safety programme.

An example of issues that PSA may not normally address include the adequacy and reliability
of wiring. Use of deterministic criteria in appropriate areas should be continued to insure safety.

It was not clearly identified where deterministic and probabilistic analyses complement each
other. Therefore we have not fully utilized the potential capabilities of blending complementary
deterministic and probabilistic analyses.

2.5. PSA UTILIZATION CRITERIA

Regulatory guidance on the use of PSA is haphazard. Some clarification is desirable. We note
a draft report from the USNRC addressing future utilization categories: graded implementation,
configuration control and on-line configuration control.

This NRC report is currently in the proposal stage and is meant to address the question of how
regulation can be made more effective. The NRC Commissioners are currently considering the
recommendations of this report. Actually changing the utilization criteria will involve a cultural
change of the regulators as well as the industry. All countries with operating NPPs will face this
cultural change.

Regulatory bodies and utilities should co-operate on the combined use of deterministic and
probabilistic tools. The benefit of the development of some general guidelines were recognized. A
statement by the regulatory activities would be welcome for a well founded technical approach.
Countries with relatively smaller nuclear programmes may have an advantage of more effective
communication and therefore and advantage in changing the safety culture.
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2.6. TECHNICAL REQUIREMENTS FOR APPLICATIONS

The technical requirements will depend on the specific application being considered. It is
important to document for specific applications how such technical issues like non-power modes,
transition between modes, data (plant specific versus generic; how time dependent failures were
treated) and the incorporation of uncertainty were considered. Technical requirements for individual
application need to be worked out via discussions between the regulatory authorities and the utilities.

During the presentations, several different methods for calculating the effect of equipment
outages were discussed. Some considered the risk tradeoff of changing reactor modes, some used
'simplified' PSA models and some used time dependent failure rates. The implications of those
approaches should be investigated further before the regulatory acceptance is possible. The use of risk
monitors will require such considerations. We note that detailed guidelines on the development of
PS As are available in some countries. If these address new technical issues, existing verification
programmes could be extended to include these issues.

A discussion was held on the availability of sufficient information to develop a plant specific
database that would address the time dependence of standby failures. Root cause analysis is time
consuming and difficult to do; some agreed that weighing factor breakdown should be documented
in the PSA.

In response to the above, the use of PSA to provide additional flexibility in the implementation
of the regulations requires that general sets of PSA principles be defined. These principles need to
define a set of general rules or guidelines that will establish major boundary conditions and
assumptions; however, it needs to be recognized that this set will evolve as one changes application.
It will be most useful, therefore, to construct these principles in terms of requirements as the
application progresses from the generic to the plant specific.

3. IMPROVEMENT OF RISK BASED TECHNICAL SPECIFICATIONS
AND OPTIMIZATION OF MAINTENANCE

The second working group was given responsibility for the area of risk based technical
specifications and maintenance optimization using PSA. The objectives of the working group were
(1) to summarize the current state of activities in various countries, (2) to describe known approaches
and identify any significant limitations associated with the use of PSA in these areas, and (3) to
identify any areas for technology development which might be beneficial. The following sections
summarize the results of the working group's discussions.

3.1. STATUS OF RISK BASED TECHNICAL SPECIFICATIONS

The working group contained representatives from eight countries which are actively pursuing
risk based applications in the area of technical specification improvements. This area has received an
increasing level of attention in many countries as more and more plant specific PSA studies have been
completed. The following subsections describe some of the specific activities in the countries
represented.

3.1.1. Status in Sweden

The application of PSA to the improvement of technical specification has been being evaluated
in Sweden for a number of years. This work has taken the form of research on methods, methods
development, and specific case studies. Most recently, the emphasis has shifted to the use of a 'living'
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PSA1 to review actual plant configurations from a prior operating year. Much of this work has been
done under the Nordic project "Safety Evaluation, NKS/SIK-1". The SIK-1 project has defined and
demonstrated the practical use of living PSA for safety evaluation and for identification of possible
improvements in operational safety. Some specific case studies are described below:

Risk follow-up for Oskarshamn 2

This project utilized the living PSA (LPSA) model to evaluate the operating configurations
observed at the Oskarshamn 2 plant during the year 1987. In order for this effort to be effective it
was found that the original Level 1 model had to be extended with more detailed fault tree models
in order to remove conservatism due to earlier simplifications and house events were added to be able
to reflect specific plant configurations and events. The data for 1987 was taken from Licensee Event
Reports (LERs), disturbance and test records and operating procedures. Results were plots of the core
damage frequency (CDF) variation over the year and tables showing the CDF for each initiating event
and each component failure during the year.

Evaluation of risk based allowed outage times for Oskarshamn 2

This study utilized the LPSA model for Oskarshamn 2 to compare the risk of continued at-
power operation with risk from shutdown, with the specific component(s) unavailable. This study
attempted to balance the risk of continued operation in a degraded state with the risks of shutdown
in the same state. The proposed AOT is given as the elapsed time when the difference between the
increased core damage probability and the highest normal core damage probability equals the
shutdown core damage probability. This approach resulted in both shortened and prolonged AOTs
for pumps, diesel generators, gas turbines and bus-bars, compared to AOTs from the existing
technical specifications.

Evaluation of risk based surveillance test intervals for Oskarshamn 2

In this study, the LPSA model for Oskarshamn 2 was used to evaluate the benefit of an
alternative surveillance test schemes. The approach involved the assessment of plant risk level using
the LPSA to identify high risk configurations. Any time the core damage frequency exceeded a certain
level, the test having the highest risk reduction worth at that tune point was directed to be performed.
This resulted in the identification of a total of 67 tests over the one year period evaluated compared
to the 117 tests required under the present surveillance test requirements with no change in average
risk.

Evaluation of core cooling system AOTs for Ringhals 1

The allowed outage tunes for core cooling systems at the Ringhals 1 nuclear power plant were
recently evaluated. The plant PSA was used to evaluate the risk increase factor and the additional risk
dose due to each technical specification allowed outage time for each of these systems. The
evaluations resulted hi recommendations for both increases and decreases in some of the AOTs. The
recommendations have been submitted to the regulatory body and are under evaluation at the present
time.

Risk based decision criteria

Based on the results from these applications and others around the world, a procedure for use of the
numerical risk measures in regulatory decision making has been established and the criteria required

'In this case the Nordics use the term 'living PSA' in reference to a PSA which is used to
evaluate specific plant configurations much like a risk monitor, except in their case they have applied
it in a retrospective manner.
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to use the numerical results are defined. This approach utilizes a hierarchical set of quantitative risk
measures and criteria to establish the acceptability of a proposed change. The approach is currently
under evaluation and the numerical values of the specific criteria are a subject open for continued
discussion.

3.1.2. Status in Finland

The Finnish have also been actively evaluating the application of PSA to technical specification
improvement. Finland is participating in the Nordic NKS/SIK-1 project which is described above.
Some of the recent activities at the TVO Power Plant and a short overview of activities in general in
Finland are summarized below.

Residual heat removal system study

In the early 1990s, a risk based technical specification modification was developed for the TVO
power plant. This modification was proposed based on a PSA evaluation which assessed the trade-off
between continued operation and shutdown risk when multiple failures in an residual heat removal
system had been detected. Technical specification change and the associated PSA study have been
submitted to the Finnish regulatory body, but the decision is still under consideration.

Electrical grid AOT evaluation

PSA has been used recently at the TVO power plant to redefine AOTs concerning electric
power supply from the external grid. This was necessary due to plant modifications in which the
startup transformers were duplicated and they were connected to separate 6,6 UV bus-bars.

Electric power system evaluation

A PSA based study on electric power supply systems is currently under way and the results are
expected to produce an improved balance between the safety requirements and operational needs.

3.1.3. Status in France

The French have used PSA in the determination of a technical specifications for over ten years.
Most AOTs at full power are based on a probabilistic criteria, defined by French Safety Authorities
"... the additional occurrence probability (of core melting) must not exceed 10"7 (per case)". Specific
studies conducted about ten years ago justify the current AOTs. These studies were probabilistic
studies, but were not based on full PSA, which was only recently completed. Other AOTs, the
shutdown states required after AOTs, and additional risk management actions are based on a
deterministic approach.

After the publication of the PSA in 1990, and to take into account ten years of feedback
experience on those technical specifications, Electricite de France (EdF), in accordance with the
French regulatory authorities, the Institut de protection et de surete nucleaire (IPSN), began a review
of those technical specifications. This resulted in the establishment of the two phase programme
described below:

Phase 1 evaluation - "short AOTs"
The primary objectives of this phase are to integrate operating experience into the technical

specifications and to recalculate short AOTs (less than 8 hours) with PSA approach and justify, when
possible, a 'diagnostic delay' for the control room operators (minimum 1 hour). The short AOTs were
selected to be evaluated first because they were expected to have the highest risk potential and they
have the highest potential to create operational hardships.

The approach being used involves the application of the full scope PSA tool (Level 1) to
determine the hourly risk in each reactor state with and without the unavailability. A quantitative
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criteria of 10'7 per case is used to determine the AOT in the current state. In addition, the shutdown
portion of the PS A is used to determine the best shutdown state to be reached after the AOT, based
the hourly risk of each viable state (sometimes it would be better to stay in the current state). Finally,
the most important event tree sequences (with the given unavailability) are used to identify the best
risk management actions.

The new, risk based AOTs for the 1300 MW units have been presented to the safety authorities
and are expected to be formally submitted by the end of 1993. The 900 MW units will be evaluated
in 1994.

Phase 2 - remaining AOTs

The second phase of the French risk based technical specification effort involves the evaluation
and justification all remaining technical specifications with PS A approach. This includes the
development of PSA bases for AOTs, preferred safe shut down states and risk management actions,
in addition to the application of deterministic approaches. It is anticipated that this effort will be
initiated in 1994 and continue until 1996.

3.1.4. Status in the United States of America

Risk based technical specification investigations have been under way in the USA for over 10
years. The specifics of many of these programmes are the subject of numerous IAEA reports,
NUREGs, and EPRI reports. Recently, with the completion of the plant specific PS As requested
under the IPE Generic Letter, there has been an increasing interest in this area of PSA application.
This interest comes at the completion of the US industry effort to develop revised standard technical
specifications. This milestone provides an opportunity for utilities to develop and apply for risk based
improvements once they have implemented the revised standard technical specifications. In addition
to this general status, a number of significant projects have recently been completed or are under way
at the Electric Power Research Institute (EPRI). These projects are summarized below:

Risk based technical specification methods development at Diablo Canyon

This project involved the investigation of PSA based methods and techniques for optimizing
technical specifications using the Diablo Canyon Power Plant as a case study. These methods included
risk tradeoff studies, flexible technical specifications and identification of alternative risk management
actions to offset risk increases caused by increased AOTs.

Risk based technical specifications at South Texas Project

This ambitious project involved the investigation and analysis of technical specifications for 13
systems at the South Texas Project nuclear power plant. Due to the breadth of the effort, it constitutes
a major milestone in PSA application to U.S. technical specifications. This study has been submitted
to the USNRC and is currently under review.

Risk based technical specification guidance

As a follow-up to the South Texas Project effort, EPRI is developing a guidance document for
utility use. This document provides a summary of the lessons learned from the South Texas Project
submittal and establishes a standard format and technical standards for future submittals.

3.1.5. Status in Mexico

Since the start of the development of the Level 1 PSA for Laguna Verde NPP, the utility (CPE)
established, as a priority, that the study should be continuously used as a tool for optimization of a
safe, economical and reliable operation. Data and model development of PSA included very detailed
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modeling of surveillance test intervals (STIs) and AOTs. The failure rates were based on time (not
on demand) and substantial effort was devoted to obtain a comprehensive list of component important
measures; this gave the basis for suitable characteristics for PSA applications. Several applications
have been developed since early 1992 related to permanent and temporary modification to technical
specifications and some of them have already been approved by the Mexican Regulatory body. Out
of the dozens of applications, the current status of the AOT and STI modifications is the following:

1 STI permanent extension Accepted by the regulatory body.

1 AOT temporary extension Rejected by the regulatory body; if it is needed again
in the future, it could be accepted with some
identified modifications in the analysis.

1 STI permanent extension Finalized by the utility PSA group, under
interdisciplinary review by the utility before it is
submitted to the regulatory body.

1 STI permanent extension In process by the utility PSA Group.

There is no general programme established in Mexico for risk based optimization of AOTs and
STIs. Such improvements are evaluated by the operators and studies are developed by the PSA group
on a case-by-case basis.

3.1.6. Status in the Czech Republic

There are currently two nuclear power plants in the Czech Republic. Dukovany NPP (EDV)
is a four unit WWER-440 (type V-213) in operation and there is a two unit WWER-1000 (type
V-320) under construction at the Temelin NPP (ETE). ETE has just completed a preliminary phase
PSA related to the selection of design areas for evaluation. Starting in October 1993, the full scope
PSA including Level 1 internal and external events, non-power modes (refuelling, residual heat
removal and shutdown risk) and Level 2 will be performed.

Having a PSA model, the first and perhaps most important goal, from the utility point of view,
will be reappraisal and improvement of the current, deterministic technical specifications. These
technical specifications are particularly difficult to understand and use due to the lack of background
information provided by the Russian suppliers. Specific approaches and items to be addressed in the
technical specification evaluation have not been identified at this time. In addition to these efforts
other PSA application activities in the areas of maintenance optimization, design change evaluation,
operator training, configuration control, etc., are expected; however, this will be after PSA project
completion.

Dukovany NPP (EDV) is currently finishing a Level 1 PSA and further activities directed at
technical specification optimization, development of a safety monitor system, etc., are under
way now.

3.1.7. Status in Slovakia

There are currently four units in operation at the Bohunice nuclear power plant. Units 1 and 2
are WWER-440 (V230) type reactors and Units 3 and 4 are WWER-440 (V213) type reactors. At the
present time a Level 1 PSA study is being undertaken for Units 1 and 2. The study will be finished
in 1994. In addition, a Level 1 PSA study for Unit 3 is nearing completion. After the completion of
this study (1994), a risk monitoring system will be developed within an IAEA sponsored project.

The current technical specifications of WWER 440 type reactors are based on deterministic
analysis and engineering judgement. Case studies were performed to optimize the AOTs using
probabilistic methods, in lieu of a full PSA.
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3.1.8. Status in Italy

The only two nuclear power plants in Italy, a BWR-4 and a PWR, have been shut down since
1986, just after the Chernobyl accident. Those plants are not expected to restart. Therefore, even if
a PS A were available for both plants, no further activities to optimize the technical specifications are
foreseen.

However, as a member of EPRI, ENEL has recently supported the performance of Level 1 and
2 PS As for General Electric Small BWR (SBWR) and Westinghouse AP600 passive plants. In
addition, an ABB PIUS PSA has been completed through the mutual co-operation of ENEL and ABB.
With these detailed PSAs completed, the next step is to establish a set of technical specifications
requirements for this new generation of reactors. New technical specifications will be required
because those applied on the existing operating plants are not easily applied to these new designs.
General guidelines for technical specifications for passive plants, including the use of PSA in
establishing AOTs and STIs, have been prepared and submitted to USNRC for review and acceptance.

3.2. RISK BASED METHODS FOR TECHNICAL SPECIFICATION OPTIMIZATION

Many different technical approaches have been developed for the performance of PSA based
technical specification optimization. It is not the intent of this report to provide a summary of the
technical methods. Such descriptions are summarized other reports and papers in this conference.
Rather, it was the intent of the working group to summarize, in an overview manner, the general
types of approaches, some of the key factors which may influence which approach is selected for a
particular application, and some of the key limitations which currently exist in this area.

3.2.1. Approaches to risk based technical specification optimization

Many different approaches have been developed. Many tunes the differences are due to the
types of systems and technical specifications being evaluated. Some of the representative approaches
are summarized below:

Evaluation of AOT with respect to probability criterion

This approach utilizes probabilistic limits for the at-power allowed risk frequency or increased
risk frequency as the basis for AOT determination. This approach has probably been the most widely
used and is one of the simplest. However, this approach ignores the potential contribution of the risk
induced by shutting the plant down, which can significantly influence the overall risk equation.

Evaluation of AOT by comparing to risk of shutdown

This approach involves the calculation of the at-power outage time risk and comparison with
the risk associated with plant shutdown. The results can be evaluated either on a risk neutral basis or
using an incremental risk increase value. While this gives a more accurate assessment of overall plant
risk, this approach can be quite complicated, as factors such as repair time, transition state risks and
the status of other plant systems at the time of plant shutdown are uncertain and may influence the
risk calculations.

Risk tradeoffs between various AOTs/STIs

This approach involves a more programmatic approach to technical specification optimization
by balancing the risks associated with groups of AOTs/STIs. Often, through the effective
identification of STIs, the risks associated with a particular AOT can be offset. Likewise, some
studies have found that overall risk can be kept constant by shortening some AOTs and lengthening
others without significant operational impact.
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3.2.2. Factors influencing risk based technical specification optimization

The working group identified a number of factors which must be considered before a risk based
technical specification optimization effort can be effectively undertaken. These factors range from
technical issues to policy issues and the degree to which they influence any specific application will
vary greatly. The following bullets summarize some of the key factors identified by the working
group:

System function(s) - The specific safety function(s) of the system can have a significant
influence on technical approach selected. For example, in some plants the residual heat removal
system serves multiple safety functions — low pressure coolant injection for mitigating design
basis LOCAs and core heat removal during shutdown. In the case of evaluating AOTs for this
type of residual heat removal system, a risk tradeoff between power and shutdown may be most
effective. On the other hand, some emergency core cooling systems only have safety functions
with the plant at power. In these cases, incremental or broadly scoped tradeoff studies may be
more effective.

Decision criteria - The establishment of decision criteria cannot be separated from the approach
and the choice of approach. If the utility is working under a predetermined set of decision
criteria (i.e., requirement to meet a certain risk increment or to be risk neutral, etc.) then this
will often direct the type of approach which is necessary. Often, both deterministic and
probabilistic criteria are utilized. See the next section for more discussion of decision criteria.

Scope ofPSA - The scope of the PSA utilized can have an impact on the approach selected. For
example, it is clear that a shutdown PSA is required if tradeoffs between at-power and
shutdown risks are to be investigated.

Data availability - The performance of risk based STI evaluations often requires the utilization
of time dependent reliability data to effectively model the time dependent impacts of differing
test intervals. Models and data such as the 'q + dt' model developed by the Swedish greatly
enhance such analyses. However, not all plants have data to support such models. Therefore,
other approaches, such as bounding impact studies, are required.

3.2.3. Limitations in current approaches to risk based technical specification optimization

The working group also identified what it felt were the most significant limitations which exist
today in the application of risk based approaches to technical specification optimization. These
limitations include not only technical limitations in methods, data and tools, but also the policy level
issues which could impede further development of this area.

Decision criteria
Probably the most important limitation to the successful implementation of risk based AOTs and

STIs is the absence of well defined risk criteria. A number of different criteria have so far been
implemented. These include:

absolute risk increase limits;
relative risk increase;
risk balance or trade-off.

Any of these criteria may be applied at different levels such as cladding damage, core damage,
release magnitudes, or off-site fatalities.

In general, it is easy to justify a change which is either risk reducing or risk neutral (that is,
no net change in risk). The more difficult to agree upon changes which result in a small increase
impact on risk, because the terms 'negligible' or 'insignificant' have no firm criteria with which to
be judged.
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One of the main issues with criteria involves the decision to use an absolute or relative basis.
On the one hand, absolute criteria are attractive because they can be tied to safety goals, public risk
and other general guidelines. On the other hand, the uncertainties associated with PS A models and
the differences between PSA study assumptions and inputs makes the use of absolute criteria difficult.
Relative criteria (i.e., those based on the relative change in CDF) avoid the inter-PS A differences.
However, these criteria tend to penalize plants with lower base risk by limiting the incremental risk
increase allowed. Overall, it seems that the best criteria may be those which account for both the
relative and absolute values of the risk increment.

The issues of which criterion to use and the limitations of each criterion needs to be clarified.
A clear position of licensing authorities regarding this issue also does not yet exist.

Credit for uncontrolled systems

PS As, in general, give credit to systems and components that do not appear in the technical
specifications. These systems sometimes contribute to a significant reduction in core damage
frequency. In evaluating the risks associated with technical specifications AOTs/STIs, these systems
may influence the results. Therefore, it is important to consider the impact of these systems in
reviewing and evaluating technical specification changes. Currently, there is little standardization of
how the impact of these systems should be evaluated.

Data availability

Short comings also exist in the data required to support realistic AOT/STI evaluations.
Reliability data distributions for standby failure rates and mean time to repair are necessary to obtain
realistic representations of surveillance test intervals. The Swedish data bank includes data for many
Swedish plant components, but other reactors have very little data. The applicability of the Swedish
data to other plants is uncertain. In addition, little data exists on the impact of extended allowed
outage times on mean time to repair.

Changes to technical specification

A technical specification is typically a fairly 'static' document. Two concerns exist with respect
to this. First, in order to establish risk based AOTs/STIs, a PSA is used that is representative of the
average plant configuration over the operating cycle. Because it is an average representation, the plant
will not be in the same configuration as that assumed in the PSA when an AOT is entered. The
optimized AOT/STI will therefore represent a 'snapshot' optimization, and in reality, will only be
optimal for specific periods of the operating cycle.

The second area related to changing the 'static' technical specifications is that the results of a
PSA based study may change over the life of the plant as the PSA is updated with new data and better
modeling assumptions. This means that a risk based change which was justified early in plant life may
be too restrictive or not restrictive enough later in plant life. If the PSA changes significantly, should
the risk based technical specification change in the plant, too? If so, then the plant operators may be
faced with changing rules, additional training requirements for changed technical specifications, and
varying perspectives on system safety significance. These factors argue for risk based changes being
performed in a manner which supports one-time changes which reflect the expected plant conditions
over its life.

Integrated programme

The amount of effort required in order to establish a full technical specification optimization
programme, may be perceived as excessive by utilities. This could limit the operational application
of risk based technical specification optimization. It would, therefore, be necessary to balance
increased plant availability against the cost of implementing optimized technical specifications.
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Utilities may also object to shortening AOT or increasing test frequencies, as such conclusions may
also be suggested by the risk criteria.

Regulatory acceptance
Regulatory acceptance is viewed as another limitation. The position of licensing authorities on

this application as well as the issue of acceptable decision criteria is not clear. Until clear cut
guidelines have been implemented by licensing authorities, considerable effort in justifying changes
may be required.

3.3. POSSIBLE DEVELOPMENT OF TECHNICAL SPECIFICATION OPTIMIZATION

The working group identified one possible development activity involving the preparation of
a guidance document on technical specification optimization. One IAEA document already exists on
this subject (IAEA-TECDOC-729). However, it deals with a specific approach and technical method
which may not be applicable for other changes. The purposes of a new guidance document would
be to:

summarize the various approaches currently in use;
provide a description of the technical methods utilized;
describe the relationship between decision criteria and the approach selected;
provide real examples of a number of approaches; and
identify potential indicators for evaluating the impact of AOT change on risk.

The guidance document is felt to be a complement to other previous efforts by IAEA, EPRI,
and others to summarize specific approaches and would provide a valuable tool for PSA analysts and
regulators considering technical specification optimization.

3.4. USE OF PSA TO OPTIMIZE MAINTENANCE

Current status and methods

The use of PSA for optimizing NPP maintenance has recently begun to receive more attention.
One major factors in this is the release of the USNRC Maintenance Rule which requires the
identification of risk significant structures, systems and components (SSCs). Nuclear Utility
Management and Advisory Council has issued a guidance document (NUMARC 93-01) which
provides a method for identifying risk significant SSCs based on system importance measures.

In addition, some utilities have found other applications of PSA to maintenance. For example,
using PSA in conjunction with an RCM analysis to identify the critical failure modes of components
and systems. Other applications include the use of PSA for identifying key components for
maintenance attention (France) and the assessment of the contribution of maintenance to the annual
risk dose (Sweden).

Future uses and development needs

Plants affected by the Maintenance Rule will be required to perform monitoring of system
and/or component performance. It is expected that PSA models could be useful in performing this
monitoring and in establishing action levels for corrective actions.

Another potential application of PSA is to the evaluation of the scheduling of maintenance
activities at power versus during shutdown. With increasing pressures at some plants to reduce
shutdown outage durations, this application may provide a safety basis on which key maintenance
activities could be moved from shutdown to power conditions.

One development area already being pursued by the IAEA involves the use of PSA for the
purposes of developing an ageing maintenance programme.
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4. LIVING PSA AND RISK BASED CONFIGURATION CONTROL

4.1. DEFINITION OF LIVING PSA AND RISK BASED CONFIGURATION CONTROL

The activity of risk based configuration control can be addressed by the risk monitor concept.
A distinction between a risk monitor and a LPSA can be expressed as follows:

Living PSA (LPSA). A formally documented PSA model of a plant used to determine the average risk
based on the expected unavailability of systems and components. It is updated on a regular, but not
necessary frequent, basis. It is usually operated by the engineering staff in support of medium and
long term objectives (modifications, AOT change, etc.). It normally forms part of the overall plant
safety case.

Risk monitor (RM). A PSA model of a plant used to determine the point risk based on the actual status
of the systems and components. It is updated on at least the same frequency as the LPSA for plant
data and design but can reflect the current status of tests in progress and maintenance activities. The
risk monitor is based on and consistent with a LPSA. It is usually operated by the plant staff
(operators and maintenance) in support of operating decisions.

Comment

A key point made in these definitions is that the LPSA usually represents the station safety case
and is embodied in the licensing process. It is therefore important that the risk monitor is consistent
with the LPSA in terms of data, thermohydraulics success criteria, fault/event tree logic, etc.

4.2. STATUS OF RISK MONITORS (RMs) AND LIVING PSA (LPSA)

Table I shows the status of risk monitor models known to participating members.

LPSA models were not considered here since it is clear that a risk monitor can always be used
in a LPSA mode and that LPSA can, in many cases, cater for the workload of the risk monitor but
not with same speed or with the same degree of ease.

The data presented in Table I represent the working knowledge of participants of the working
group. Attempts have been made to include data for risk monitors that have been developed by
organizations not represented by the working group. A number of errors or null entries therefore
exist.

4.3. DIRECTION OF FUTURE DEVELOPMENTS

Several risk monitoring systems have been developed or are in the process of being developed.
The potential users of these systems include the plant maintenance operations staff for day-to-day
activities (i.e. plant safety or engineering staff for prioritization of plant upgrades and interaction with
regulatory authorities) and the regulators for interaction with the utility staff for regulatory related
requests or issues such as on-line or permanent changes to technical specifications requirements.

Several new developments are being discussed as potential additions to the existing risk
monitoring systems. Some of these additions are driven by the developers of the risk monitoring
systems. Examples of developmental areas include more detailed models to comprehensively represent
the plant; inclusion of risk based criteria for real time evaluation of technical specifications
requirements such as AOTs; ability to rank safety importance of issues; collection of operator logbook
notes; access to deterministic technical specification requirements; automatic real time updating of
PSA; and ability to print tags for test and maintenance work activities (permit to work, etc.).
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10to TABLE I. RISK MONITOR DEVELOPMENT AND MODELS

System

Risk monitor
(GRS)

Safety monitor
(NUS)

LPSAs (Japan)

Risk Spectrum
(RELCON)

Operating
status

Under
development

Pilot use (full
use in 1994)
San Onofre

Under
development

Full use
Oskarsham 2

Key features

Advise operators for
minimizing operational risk.
Calculates various importance
measures to optimize repair
and maintenance strategies

Multi-user tool for operations
and maintenance personnel.
Calculates current risk and
calculates importance of plant
equipment. Provides advice
for restoration of components
to reduce plant risk

Operational support for the
fast breeder reactor in Japan

Multi-purpose tool for Levels
1 and 2 and external events
analysis. Can perform test
interval evaluation and
technical specification
evaluation

Level of detail of
analysis

Level 1 with human
actions; power
operation only; no
external events; no
analysis of non-core
damage events

Level 1 with human
actions; power
operation only; no
external events; no
analysis of non-core
damage events

Level 1 with external
events and human
actions

Depends upon actual
model used. Support
Levels 1 and 2 with
external events and
human actions. Non-
power operating
modes and non-core
damage events can
also be considered

Processing
speed

Within several
minutes

Within several
minutes

Within several
minutes

Within several
minutes
(depends upon
size of model)

Are deterministic
criteria included?

Yes, operating
procedures can be
displayed

No

Unknown

Deterministic
criteria can be
modelled

Licensed by
the regulatory
body?

No

No

Unknown

Yes



TABLE I. (cont.)

System

Surry Real Time
Risk Monitor
(SAIC)

Safety Advisory
System (SAIC)

RBIMan
(Hungary)

WHAT 2
(ESKOM)

Operating
status

Pilot use
(Surrey/NRC)

Under
development
(Dukovany)

Under
development

Full use
(Koeberg)

Key features

Developed as pilot tool for
the USNRC. Calculates
current plant risk and
various importance measures

Tool for operations and
maintenance personnel to
manage day-to-day activities
as well as prioritization of
design and safety
improvements for WWER-
440 V213 reactors

Developed to integrate into
Paks NPP information
system. Provides risk advice
for different PSA
applications at the plant

Developed to support risk
curve based licensing
requirements. Provides full
scope Level 1 PSA analysis
features

Level of detail of
analysis

Level 1 with human
actions; power operation
only; no external events;
no analysis of non-core
damage events

Level 1 with human
actions; power operation
only; no external events;
no analysis of non-core
damage events

Level 1 with human
actions; power operation
only (may be expanded
later); no external
events; no analysis of
non-core damage events

Level 1 with fire and
security risks; human
actions included with
some recovery actions.
Includes non-power
operating modes and
non-core damage events

Processing
speed

Within several
minutes

Within several
minutes

Within several
minutes

Within several
hours

Are
deterministic
criteria
included?

No

Will include
deterministic
criteria

No

No

Licensed by
the regulatory
body?

No

No

No

Yes

t-o



TABLE I. (cont.)

System

ARIES/EVA
(UITESA)

ESSM Vers. 2.2
(Nuclear
Electric)

Risk Meter
Vers. 1.1
(Nuclear
Electric)

ESSM Vers. 4.0
(Nuclear
Electric)

Operating status

Full use
(Trillo)

Full use
(Heysham)

Pilot use
(using Heysham
data)

Under
development

Key features

Used of PSA development
projects and post-PSA
application projects

Designed for use by plant
operations and maintenance
staff to give advice as to
current plant maintenance
category. Provides 'what if
calculations and advice as to
what inoperable equipment to
restore to reduce risk

Similar to ESSM Version 2.2.,
but includes additional features
to optimize on-line maintenance
and testing use and to permit
off-line investigation of
different testing regimes

Includes the features of ESSM
Version 2.2, with the addition
of enhanced graphical interface,
calculation of supporting
system unavailability, and
display of components
important to current risk

Level of detail of analysis

Level 1 with human
actions; power operation
only; external events
analysis is under
development. No analysis
of non-core damage events

Level 1 with human
actions; no non-power
operations or external
events. No analysis of
non-core damage events

Same as ESSM Version
2.2

Same as ESSM Version
2.2, but also includes
human errors of
commission and up to 10
operating modes. External
events analysis can also be
performed

Processing
speed

Within
several
days

Within
several
minutes

Within
several
minutes

Within
several
minutes

Are
deterministic
criteria
included?

No

Yes. Includes
fixed
deterministic
criteria

Same as ESSM
Version 2.2

Same as ESSM
Version 2.2,
but with
improved
graphics
display

Licensed by
the
regulatory
body?

Yes

Yes

No

No



Station computer systems are being developed to incorporate risk monitors. This leads to a
plethora of data access including, component status test schedules, permit to work, etc.

Development of more detailed models is primarily driven by the developers in the hope that
plant staff once comfortable with existing risk monitors, would want to expand it to more areas. The
need for a risk based criteria is driven by the utility but most certainly will benefit the regulator since
it will provide a common basis for both sides to discuss safety related issues.

4.4. POTENTIAL FOR FUTURE STANDARDIZATION

The value of standardizing the approach to risk based configuration control was discussed.

The general feeling was that the development of risk monitors was at too early a stage to
constrain the development by standardization. Nevertheless, some features should be common to every
development and common guidance would be valuable. In particular, the sophisticated models and
software need a structured quality assurance process to minimize design faults within the monitor.
Guidance on the range of shell structures could be of value.

The risk monitor calculates various risk increment values together with importance functions.
Decisions based on these values and figures would be aided by guidance on acceptable numerical
targets. In particular targets are needed for average cumulative risk and point in time risk increments.

The group would support the discussion and development of risk targets/safety goals to assist
the developmental framework of the risk monitor and hence plant safety.

4.5. BENEFITS AND DETRIMENTS OF RISK MONITORS

Benefits of a risk monitor

(1) It provides a user friendly interface for operations who do not need to have a detailed PS A
background.

(2) It can be used interactively to plan day-to-day maintenance strategies in a co-ordinated manner.
(3) The tool can calculate the influence of random plant failures on the current plant unavailability

and inform the operator if remedial actions are necessary.
(4) It permits more flexible plant maintenance combinations and does not restrict maintenance

outages to pre-assessed conditions.
(5) Plant replacement advice is produced to prioritize plant components to return to service.
(6) It provides a consistent method of assessing the allowed outage time.
(7) It decreases the likelihood of shutdown due to unacceptable plant outage conditions because low

risk strategies can be planned on a day-to-day basis.

Related benefits of a risk monitor

(1) It promotes a risk awareness amongst station operating staff.

(2) Historical logs (processed using the risk monitor) can be used to determine:
(a) subsystem availability;
(b) corrective to preventive maintenance ratios (to aid identification of plant being under/over

maintained);
(c) logs can also be used to demonstrate that annual risk targets are being achieved.
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Benefits of PSA

(1) It provides a rational basis on which to assess modifications in plant design and can identify the
important risk reduction solutions.

(2) It provides a comprehensive assessment tool to calculate the risk of any plant outage and
configuration/plant alignment.

(3) It can be used to demonstrate that continued operation is acceptable with a particular plant
outage. If the deterministic rules state that shutdown is required, the tool provides a consistent
and rational basis to approach the regulator for exemptions.

(4) It provides consistent and comprehensive advice to both the utility and regulator when
investigating the effect of updating the model with plant specific data.

(5) It provides comprehensive advice when investigating the effect of optimizing test intervals and
if dynamic modelling is utilized it can also be used for optimizing staggered testing regimes.

(6) It can be used to plan, in advance, major plant outage strategies.

(7) It decreases the likelihood of shutdown due to unacceptable plant outage conditions because of
low risk strategies.

Limitations of PSA/risk monitor

(1) The risk monitor should not have its use increased such that it becomes the station computer
but should have a limited focussed use.

(2) There is a concern that the models should not just provide a single risk value but should be used
in an advisory mode in conjunction with deterministic advice.

(3) The absence of a common criteria on which to judge the probabilistic advice needs resolution.

(4) There is a concern that the operator will use the tool as a black box which may reduce his own
awareness of the effect of plant changes.

(5) For the first time there is a method which can question the correctness of technical
specifictations and this can undermine the existing safety culture until a criteria for use is
developed.

(6) There is also a concern that another task is added to the operator workload in order to keep the
model updated.

4.6. ISSUES FOR THE FUTURE

The group identified the following points as either of fundamental importance to the discussion
of LPSA and risk monitors or as those that need to be resolved in the future:
(1) Any risk monitor must not be inconsistent with the LPSA model.

(2) Risk monitors need to provide a number of outputs to the plant operators. Although a single
indicator (risk acceptable or unacceptable) may be the default indicator, some information on
component importance, warnings, textual data on the plant should also be available on request
to and the operators judgement and understanding.
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(3) When the age of the plant is such as to need and account for degradation of plant or more
frequent plant inspection, LPSA and risk monitors may be developed to consider a more
widespread consideration of plant such as civil structures and pipes

(4) Development of risk targets (cumulative average and instantaneous) is encouraged.

(5) Reliance upon risk monitors to the exclusion of deterministic roles and consideration is not
acceptable.

(6) Data collection plays an increasingly important role as the use of PS A techniques advance.

(7) Risk monitors may wish to represent the component failure rates by a constant plus a time
dependent contribution. This is useful to avoid the standard time dependent approach which
credits a plant with perfect behaviour following a test (i.e. an additional test can be performed
at site to argue that the risk is acceptable). If this route were followed the risk monitor may no
longer be compatible with the LPSA (see definitions in Section 4.1).

Note: The yearly average expected risk prediction from LPSA does not need to model the failure
rate to this same degree of detail.

(8) Input to risk monitors needs to be controlled either by administrative procedures or more
directly via plant signals. However, the linkage of the risk monitor to the permit to work
system was commended.

(9) Practical considerations suggest that risk monitors develop to Level 1 + only. Providing the
containment systems are represented within this model then Levels 2 and 3 are not believed to
be profitable.

(10) Risk monitors may also wish to address risk avoidance measures, other than plant shutdown.
For example, a power reduction can perhaps reduce the requirement for AFWS availability.

(11) Development of models needs to incorporate the views and needs of an identified user.
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Appendix

DETAILS OF DIFFERENT RISK MONITORS

1. RISK MONITOR

Developing organization:

Gesellschaft fur Anlagen-und Reaktorsicherheit (GRS) mbH, Garching, Germany.

Operating utilities at which model is in use:

None.

Operating status:
Under development.

Remarks:

A DEMO version based on a small LOCA event tree is finished. A full version will be finished
in 1994.
Purpose of the tool; key features of the tool:

To advise operators for minimizing operational risk during complex system configurations.
Calculation of A-risk and various importance figures dependent from component outages. To optimize
repair and maintenance strategies with respect to a minimal risk increase.

Who is the promotor/investigator of the tool?
Developer.

Remarks:
Federal Ministry for Research and Development sponsored this project.

Are human errors and recovery actions included?

Yes; the model at the monitor is consistent with the full scope risk study (DRS, Phase B).

Are external events included?
No.

Are all plant operating modes considered?

No. At this state full power only is considered. It is planned to incorporate other plant operating
modes in a full version - if a shutdown PSA is available.

What is the 'level' of analysis in the model?
Level 1 (CDF). All importance calculations will be done on three levels: system function level,

event sequence level and core damage level.

Does the system make use of system flow diagrams or mimics?

Yes. The system has built in full graphics by use of RT works (expert system shell). The
mimics of flowsheets, event trees, fault trees, component drawings are available.
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What is the method of model solution?

Minimal cut-set recalculation plus cut-set manipulation.

Do the results include uncertainty or probability distributions, or are point estimates used?

Within the DEMO point estimations only. For the full version, the uncertainties in failure rates
are to be propagated through the model.

Intended processing speed:

Within several minutes.

Remarks:

Consideration of common function elements within the event tree structure needs a few minutes
computation time.

Are non-core damage events considered hi the solution?

In the DEMO, no.

Remarks:

The 'open' RT work shell for the monitor allows a relative simple adoption of other 'top
events'.

Describe how time dependency is considered in the system:

Consideration of time dependent operator actions. Consideration of various repair times in the
'repair benefit' model. Time dependent calculation of cut-set unavailabilities.

Update frequency for the models and data:

It is planned to update the model at least one tune per year if system changes and changes in
statistical data take place.

How are updates performed?

For update of system and fault tree structure a 'tool box' is planned. Update of statistical data
via editors and/or file change.

Are deterministic criteria included?

Yes; in the 'knowledge have' as readable background information. The criterion are shown as
stated in the licensed operational procedures.

Is the system Licensed by a regulatory body?

No, it is under development.

2. ESSM VERSION 4.0

Developing organization:

Nuclear Electric pic, United Kingdom.
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Operating utilities at which model is in use:

Nuclear Electric plc,United Kingdom.

Operating status:
Under development.

Remarks:

It is hoped to deliver the tool to site for evaluation within the financial year.

Purpose of the tool; key features of the tool:

Risk monitor. Calculates AOT. Increased user information sub-system availability calculated.
Visual impact of plant unavailability on mimics and supporting system unavailability. Display of F-V
and birnbaum importances to operator to aid identification of plant important to current risk.

Who is the promoter/investigator of the tool?

Utility staff.

Remarks:

Increased operator awareness of plant status.

Are human errors and recovery actions included?

Human errors of commission included.

Are external events included?

Can be included.

Are all plant operating modes considered?

Yes, up to 10 different modes can be considered.

What is the 'level' of analysis in the model?

Level 1.

Does the system make use of system flow diagrams or mimics?

Yes.

What is the method of model solution?
Fault tree analysis.

Do the results include uncertainty or probability distributions, or are point estimates used?

Point estimate.

Intended processing speed:
Within several minutes.
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Remarks:

Solution on SUN CUAIX workstation ~/min for current PS A models.

Are non-core damage events considered in the solution?

No.

Describe how tune dependency is considered in the system:

Time in-depth model.

Update frequency for the models and data:
N/A.

How are updates performed?
Text update on screen.

Are deterministic criteria included?
Yes. Fixed.

Is the system licensed by a regulatory body?
N/A.

3. ESSM VERSION 2.2

Developing organization:

Nuclear Electric pic, United Kingdom.

Operating utilities at which model is in use:

Nuclear Electric pic, United Kingdom.

Operating status:

Full use.

Remarks:

Day-to-day usage at plant.

Purpose of the tool; key features of the tool:

Risk monitor, recalculates PS A <5 minutes. Advice to operator stating maintenance category
and use as planning tool for 'what if scenario and supplies plant replacement advice to operator.

Who is the promotor/investigator of the tool?
Utility staff.

Are human errors and recovery actions included?

Human error of communication included. No recovery actions.
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Are external events included?

No.

Are all plant operating modes considered?

No. At power only.

What is the 'level' of analysis in the model?

Level 1.

Does the system make use of system flow diagrams or mimics?
No.

What is the method of model solution?

Fault tree analysis generating cutsets.

Do the results include uncertainty or probability distributions, or are point estimates used?

Point estimates.

Intended processing speed:

Within several minutes.

Remarks:

With original system hardware solution time < 5 minutes on Unix workstations time is of the
order of 1 minute.

Are non-core damage events considered in the solution?

No.

Describe how tune dependency is considered hi the system:

Standby components modelled as being at the end of test intervals, i.e. Xt not l/2Xt.

Update frequency for the models and data:

The model has already been updated but not specific frequency has been set.

How are updates performed?

Text entry into data files.

Are deterministic criteria included?

Yes. Deterministic criteria are fixed.

Is the system licensed by a regulatory body?

Yes.
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4. DRISK METER VERSION 1.1 (Dynamic Risk Monitor)

Developing organization:

Nuclear Electric pic, United Kingdom.

Operating utilities at which model is in use:

Nuclear Electric pic, United Kingdom.

Operating status:

Pilot use.

Remarks:
Several pilot studies undertaken.

Purpose of the tool; key features of the tool:

Developed to dynamically model components throughout their test interval. Aid to optimize
maintenance/test on-line use and off-line investigations into different testing regimes.

Who is the promoter/investigator of the tool?

Utility staff.

Are human errors and recovery actions included?

Human errors of commission included.

Are external events included?

No.

Are all plant operating modes considered?

At power only.

What is the 'level' of analysis hi the model?

Level 1.

Does the system make use of system flow diagrams or mimics?
No.

What is the method of model solution?

Fault tree analysis.

Do the results include uncertainty or probability distributions, or are point estimates used?

Point in time estimated used with standby components dynamically modelled throughout their
test interval.

Intended processing speed:

Within several minutes.
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Remarks:

Code has some similar response time to ESSM, i.e. ~ 1 min on Unix Wk. St.

Are non-core damage events considered in the solution?

No.

Describe how time dependency is considered in the system:

Requantifies the risk dependent on the time between tests, i.e. time dependent modelling used.

Update frequency for the models and data:

Not set.

How are updates performed?

Text entry on screen.

Are deterministic criteria included?

Yes. Deterministic criteria are fixed.

Is the system licensed by a regulatory body?

N/A.

5. FRENCH PSAs, EPS 1300: EdF

Developing organization:

Electricite de France (EdF).

Operating utilities at which model is in use:
EdF.

Operating status:

Pilot use.

Remarks:

Reference PSAs exists for 900/1300. Adapted models have been produced to address particular
issues such as AOT calculations, maintenance.

Purpose of the tool, key features of the tool:

EdF adapted the base PSAs and is used within the central body of EdF (not by the stations).

Who is the promoter/investigator of the tool?

Developer.

Remarks:
Engineering Division of EdF.
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Are human errors and recovery actions included?

Yes.

Are external events included?

No.

Are all plant operating modes considered?

Yes.

Does the system make use of system flow diagrams or mimics?

Use of system flow diagrams to generate reliability models - the software FIGARO, a
knowledge based system using the FIGARO language, which automatically generates reliability
models from system descriptions.

Do the results include uncertainty or probability distributions, or are point estimates used?

Base PSA EPS 900: point estimates used.
Base PSA EPS 1300: the results include uncertainty.

Intended processing speed:

Within several hours.

Remarks:

EPS 900 )
EPS 1300) - reference and adapted models.

Simplified PSA 1300: about 2 minutes (except uncertainty calculations).

Are non-core damage events considered in the solution?

No.

Describe how time dependency is considered in the system:

Consideration of functional and temporal interaction in event tree.

Update frequency for the models and data:

EPS 900 - 3 years.
EPS 1300 - 3 years.

How are updates performed?

Updates for the models and mam data.

Are deterministic criteria included?

The AOTs have been calculated by applying the probabilistic criterion which requires that
outage of an equipment item must not increase the probability of occurrence of serious accident while
the reactor continues to operate by more than 10~7.
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Is the system licensed by a regulatory body?

Yes. Reference PSA licensed by CEA/IPSN.

6. SAFETY MONITOR

Developing organization:

Halliburton NUS Corporation, USA.

Operating utilities at which model is in use:

Southern California Edison (USA) - San Onofre Nuclear Generating Station.

Operating status:

Pilot use.

Remarks:

Full plant use expected in early 1994.

Purpose of the tool; key features of the tool:

To enhance operational practices within current licensing limits; to provide information to
support future risk based regulation purposes. Designed for use by plant operators in multi-user
environment. Displays risk of current configuration, indicates currently important equipment, and
provides advice as to which inoperable equipment to restore to reduce risk. Also supports 'what if
(e.g. hypothetical calculations).

Who is the promoter/investigator of the tool?

Utility staff.

Remarks:

Utility management desired a tool to ensure plant safety and a vehicle for identifying risk-
beneficial changes in current deterministic technical specifications.

Are human errors and recovery actions included?

Yes, all actions considered in IPE analysis are included.

Are external events included?

Not at the present time. May be incorporated at a later time when external events PSA is
completed for the plant.

Are all plant operating modes considered?

Only power operations is considered at present. Shutdown modes may be incorporated at a later
time when a shutdown PSA is performed for the plant.

What is the 'level' of analysis in the model?

Level 1 internal initiating events are considered.
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Does the system make use of system flow diagrams or mimics?

No.

What is the method of model solution?

The PRA model is dynamically resolved to represent current plant operating configuration.

Do the results include uncertainty or probability distributions, or are point estimates used?

Only point estimates are computed.

Intended processing speed:

Within several minutes.

Are non-core damage events considered in the solution?

No.

Describe how tune dependency is considered hi the system:

Component failure rates are not currently time dependent. Maintenance states are noted
explicitly (i.e. a component currently 'is' or 'is not' out of service for maintenance. Cumulative
maintenance unavailabilities are collected for use in living PS A updates.

Update frequency for the models and data:

PS A is updated once per refuelling cycle (18 months). Other updates may occur more frequently
to reflect needed changes.

How are updates performed?

Fault tree models are revised using standard fault tree development software. Databases (failure
rates, component lists, etc.) can be updated directly in the software.

Are deterministic criteria included?

Deterministic criteria are not included. Risk based criteria can be modified by users who
administer the system at the plant.

Is the system licensed by a regulatory body?

No. The USNRC is monitoring initial use of the tool. System may be used, in the future, as
a basis to request plant specific regulatory requirements.

7. LIPSAS

Developing organization:
PNC, Japan.

Operating utilities at which model is hi use:

Not known.
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Operating status:
Under development.

Purpose of the tool; key features of the tool:

Risk monitor for the operating support of the fast breeder reactor in Japan.
Based on a plant specific PS A (event trees, fault trees).

Who is the promoter/investigator of the tool?
Developer.

Are human errors and recovery actions included?

Yes.

Are external events included?

Yes.

Are all plant operating modes considered?

Unknown.

What is the 'level' of analysis in the model?

Level 1.

Does the system make use of system flow diagrams or mimics?

It uses graphics.

What is the method of model solution?

Unknown.

Do the results include uncertainty or probability distributions, or are point estimates used?

Unknown.

Intended processing speed:
Within several minutes.

8. RISK SPECTRUM

Developing organization:

RELCON AB, Sweden.

Operating utilities at which model is in use:

More than 100 organizations.

Operating status:
Full use.
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Purpose of the tool; key features of the tool:

PS A - Level 1, Level 2, fire and flood analysis. Risk follow-up - risk monitoring. Test
interval evaluation. Technical specification evaluation, etc.

Who is the promotor/investigator of the tool?

Utility staff.
Regulator.
Developer.

Remarks:

The main software is promoted by the developer.

Are human errors and recovery actions included?
Yes.

Are external events included?
Yes.

Are all plant operating modes considered?

Yes (depends how you want to model shutdown).

What is the 'level' of analysis in the model?
Level 2.
Fire and flood, etc.

Does the system make use of system flow diagrams or mimics?
No.

Do the results include uncertainty or probability distributions, or are point estunates used?
Both.

Intended processing speed:
Within several minutes.

Remarks:

Depends of course on the complexity of the model.

Are non-core damage events considered in the solution?

Depends on how you define what consequences you analyse.

Describe how tune dependency is considered in the system:

All parameters can be modelled time dependent test intervals, maintenance outage times, etc.

Update frequency for the models and data:
Depend on the utilities and authorities requirement.
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How are updates performed?

In different ways but you can just change the database for failure rates.

Is the system licensed by a regulatory body?

Yes (or accepted).

9. SURRYREAL TIME RISK MODEL

Developing organization:
Science Applications International Corporation (SAIC), USA.

Operating status:
Pilot use.

Remarks:
USNRC pilot programme.

Purpose of the tool; key features of the tool:

Tool was developed as part of a pilot study for the USNRC. The purpose was to develop a
methodology for conversion of a Level 1 PSA into a form that could be used to perform real tune
calculations of the plant core damage frequency with no loss of information, and to determine the
feasibility of such an approach. Key features include: comprehensive modelling of recovery; expanded
system models for instrumentation and control; removal of maintenance (average) unavailability.

Who is the promoter/investigator of the tool?
Regulator.

Remarks:
A methodology for development of a real time risk model (based on a Level 1 PSA) was

developed as part of the USNRC pilot study (NUREG/CR-5925).

Are human errors and recovery actions included:

Yes. A comprehensive modelling of human errors and recovery actions were included.

Are external events included?

No.

Are all plant operating modes considered?

No. Internal events only (as modelled in NUREG-1150).

What is the 'level' of analysis in the model?

Level 1; internal events only (as modelled in NUREG-1150). All recovery actions explicitly
modelled.

Does the system make use of system flow diagrams or mimics?
No.
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What is the method of model solution?

IRRAS Version 4.0.

Do the results include uncertainty or probability distributions, or are point estimates used?

No.

Intended processing speed:

Within several minutes.

Are non-core damage events considered in the solution?

No.

Describe how time dependency is considered in the system:

Average maintenance removed from model; time dependency not considered.

Update frequency for the models and data:

No. Pilot study based on published NUREG-1150 design.

How are updates performed?

N/A.

Are deterministic criteria included?

Configuration risk criteria was proposed as part of NRC study: ACDF * AOT .<. 5E-7. 5E-7
number based on increase in CDF to a level of IE-3 (1 order of magnitude above NRC safety goal)
resulting in shutdown of plant in 4-8 hours. This unitless, fixed value of 5E-7 is used to directly
calculate AOT. For various plant configurations based on calculated increases in plant CDF.

Is the system licensed by a regulatory body?

No.

10. SAFETY ADVISORY SYSTEM

Developing organization:

Science Applications International Corporation (SAIC), USA.

Operating status:
Under development.

Remarks:

As part of the project sponsored by the former Czechoslovak Atomic Energy Commission
(CSAEC) and the US aid real time safety advisory system will be developed and implemented at the
Dukovany and Bohunice WWER-440 V213 power stations in the Czech and Slovak Republics.

42



Purpose of the tool; key features of the tool:

Tool will be used for optimization. Deterministic TS for WWER-440 V213 reactors co-
operation between utility and regulator. Tool will be used to manage day-to-day activities at the plants
and for (prioritization and implementation) of long-term design and safety improvements. Tool will
be optimized according to the needs of the utilities. The tool will merge probabilistic and deterministic
criteria for plant operation. The final disposition of how this plant will be used has not yet been
determined.

Who is the promoter/investigator of the tool?

Utility staff.
Regulator.

Remarks:
Initial project funded by CSAEC, supplemental support obtained through solicitation of US

funds with utility co-operation.

Are human errors and recovery actions included?

Yes. A comprehensive approach to modelling these events.

Are external events included?
No.

Are all operating modes considered?

No (only full power).

What is the 'level' of analysis in the model?

Level 1 (20 internal initiators).

Does the system make use of system flow diagrams or mimics?

No.

What is the method of model solution?

IRRAS Version 4.0.

Do the results include uncertainty or probability distributions, or are point estimates used?

Point estimates.

Intended processing speed:
Within several minutes.

Are non-core damage events considered in the solution?
No.

Describe how time dependency is considered in the system:

Average maintenance removed from the model. No time dependence.
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Update frequency for the models and data:

Automated data collection to support the LPSA will be included. Frequency is to be determined
by the utilities.

How are updates performed?

By modifying the relational database.

Are deterministic criteria included?

Some decision making criteria for managing configuration risk will be developed as part of the
programme (based on input from utilities and regulators). How it will be used is uncertain.

Is the system licensed by a regulatory body?

Not yet. It is not yet clear what the role of the system will be in the regulatory process, but
since there is both utility and regulatory support this issue should be addressed.

11. RBIMAN

Developing organization:

Ri-Man and ET.BT.

Operating utilities at which model is in use:

Paks NPP, Hungary.

Operating status:

Under development.

Purpose of the tool; key features of the tool:

To provide risk based indicators for the different PS A applications. It fits into the scheme of
the information system at the Paks NPP under development (contains all the necessary interfaces,
input and output).

Who is the promotor/investigator of the tool?

Utility staff.
Developer.

Remarks:

Mainly the plant staff needs initiated the development.

Are human errors and recovery actions included?

Yes.

Are external events included?

No.
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Are all plant operating modes considered?

Depends on the models ready by the end of development. The plan is to contain all plant
operating modes.

What is the 'level' of analysis in the model?

Level 1.

Does the system make use of system flow diagrams or mimics?

No.

What is the method of model solution?

Fault tree and event tree updating and resolving.

Do the results include uncertainty or probability distributions, or are point estimates used?

Point estimates.

Intended processing speed:

Within several minutes.

Remarks:

The fault tree updating and solving within seconds.

Are non-core damage events considered in the solution?

No.

Describe how time dependency is considered in the system:

The time-functions of the unavailabilities can be defined for each individual basic event.
(Anything can be tune-dependent.)

Update frequency for the models and data:

Depends on the updating frequency of the living PSA. The plan is each year.

How are updates performed?

Automatically. The models and the data can be transferred from the living PSA system in any
time.

Are deterministic criteria included?

No.

Is the system licensed by a regulatory body?

No, but planned to be.
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12. WHAT 2

Developing organization:
ESKOM, South Africa.

Operating utilities at which model is in use:
ESKOM, South Africa.

Operating status:
Full use.

Remarks:

Has been in active use since 1990. Ongoing development in hand.

Purpose of the tool; key features of the tool:

Full scope Level 1 PS A, including all non-core damage release events, time and security
analysis. Allows for Bayesian updating of data.

Who is the promoter/investigator of the tool?
Utility staff.

Remarks:

Required to meet a risk curve based licensing requirement.

Are human errors and recovery actions included?

Human error, yes. Recovery actions, in some areas.

Are external events included?

Fire and security modelled.

Are all plant operating modes considered?
Yes.

What is the 'level' of analysis in the model?
Level 1.

Does the system make use of system flow diagrams or mimics?
No.

What is the method of model solution?

Fault/event tree top down cutsets with option to Monte Carlo solution of fault tree (including
standby train switching).

Do the results include uncertainty or probability distributions, or are point estimates used?

Point estimates used but distribution can be generated.
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Intended processing speed:

Within several minutes.

Are non-core damage events considered in the solution?

Yes.

Describe how time dependency is considered in the system:

Automated C + Xt/2. Not yet has impact of C + Xt but this is under development. Data model
still not accepted for completion.

Update frequency for the models and data:

Ongoing changes. +. 100 changes/year.

How are updates performed?

Bayesian updating or new value (depends on reason for data change).

Are deterministic criteria included?

No.

Is the system licensed by a regulatory body?

Yes.

13. ARIES/EVA

Developing organization:

UITESA (Spain).

Operating utilities at which model is in use:

Trillo NPP PSA.

Operating status:

Full use.

Remarks:

And under development some new modules (external events, etc.).

Purpose of the tool; key features of the tool:

PSA development projects and post-PSA application projects, including assistance for rebuilding
of regulatory body reports.

Who is the promoter/investigator of the tool?

Utility staff.
Developer.
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Remarks:

Some modules are utility staff required, another one is developer promoted.

Are human errors and recovery actions included?

Yes.

Are external events included?
Not at the moment.

Are all plant operating modes considered?
Power only.

What is the 'level' of analysis hi the model?
Level 1.

Does the system make use of system flow diagrams or mimics?

Uses simplified system diagrams to develop fault tree models, but it does not establish further
connections.

What is the method of model solution?

Minimal cut-set generator is basis of fault trees (big) and event trees (little).

Do the results include uncertainty or probability distributions, or are point estimates used?

It includes uncertainty probability distribution.

Intended processing speed:
Within several minutes.

Are non-core damage events considered in the solution?
No.

Describe how time dependency is considered in the system:

It is no dynamic considered.

Update frequency for the models and data:
Total revision each 5 years.

How are updates performed?

Through generic data modifications with automatic assessment of new unavailability values.

Are deterministic criteria included?
Not included.

Is the system licensed by a regulatory body?
Yes.
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PSA ACTIVITIES AND APPLICATIONS
AT THE COFRENTES NPP

J. SUAREZ
IBERDROLA,
Tecnologia de Generation,
Madrid, Spain

Abstract

In July 1990 Cofrentes NPP delivered the PSA final report to the Spanish Regulatory Body
(Consejo de Seguridad Nuclear). So far the PSA scope included level 1 PSA, internal fire analysis
and analyses of internal and external floods. Since then several PSA related activities have been
carried out, this paper shows how some of these applications have been performed and presents the
results obtained.

1.- COFRENTES NPP PSA

In February 1988, the CSN (Spanish Nuclear Safety Council) requested that IBERDROLA carry
out a Probabilistic Safety Analysis for Cofrentes NPP (CNPP) with the following scope:

Level 1 PSA for internal events, with the reactor initially operating at power.
The PSA included an analysis of the reliability of the heat removal and containment
isolation systems.

Analysis of fires inside the plant, at power operation (core damage).

Analysis of internal and external flooding, at power operation (core damage).

IBERDROLA formed a team from its own personnel (6 people) and personnel from
Valdecabelleros NPP (now in IBERDROLA), which was completed by available engineering
resources, with PSA experience, from Empresarios Agrupados and UITESA; an independent
review team formed by NUCLENOR and Risk Management personnel, and finally an Advisory
Team formed by General Electric experts. IBERDROLA personnel accounted for 34% of all
project personnel.

Work commenced at the start of February 1989 and lasted for 18 months. The Final Report was
completed on July 31st, 1990, when version 1 of the Report was delivered to the CSN. It is
estimated that the total work load used to complete the study was 57,500 man-hours.

The CNPP PSA-related activities carried out since the document was delivered to the CSN have
been as follows:

a) Solution of comments made by the CSN on each of the partial reports and Final Report
of the project, and partial incorporation of the modifications that arose. Accomplishment
of complementary studies to solve issues related to the CSN's questions.

b) Preparation of the fault trees generated. "Modularization" of the trees to permit more
flexible use in PSA applications.
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c) Identification and compilation of data on all tests and surveillance procedures that permit
each failure mode of the equipment included in the system models to be detected.
Analysis of these modes with a view to optimizing the maintenance and test schedule.

d) Fires. Analysis of the applicability of the FIVE methodology to the Cofrentes NPP PSA.

e) Complementary analyses of compliance with Appendix R of 10 CRF 50. Cable study.

f) Implementation of design modifications, following the recommendations included in the
PSA Final Report, to increase plant operating transient safety margins.

g) Compilation of information collected during the PSA to prepare training courses for
operational personnel.

In particular, the following information has been selected for the courses:

Accident sequences and their evolution to release of fission products.

Fire risk associated with each plant area.

In the future, it is foreseen that an accident management course will be prepared on the
basis of the Level 1/Level 2 PSA data.

h) Follow-up of PSA activities not included in the Cofrentes NPP PSA and which are being
conducted in other plants, with active participation in the Vandellos II NPP IPE-PSA
work.

i) Participation in various PSA work groups (IPE-BWR and PWR groups, MAAP users
group, IBERDROLA PSA group, etc).

j) Qualification of the MAAP model for Cofrentes NPP with a view to using it in accident
evolution analysis. (Underway).

k) Seismic site categorization as the starting point for seismic event vulnerability analyses,
in the framework of the IPEEE. (Underway).

etc.

Some of these points are explained in further detail in the following sections.

2.- FAULT TREE MODULARIZATION

In order to speed up quantification processes and facilitate the interpretation of results, a
modularization process should be used to reduce the size of the fault trees, grouping independent
basic events into single events or supercomponents.

This grouping process has been applied to the fault trees developed in the PSA, taking into
account the characteristics of the failure models and comprehension of the physical aspects of
the failure mechanisms.
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The module or supercomponent is defined as a basic pseudo-event having a quantitative behavior
equivalent to that of a subtree of the fault tree, as long as the following minimum conditions are
met:

Only basic events of the fault tree interconnected by "OR" gates should be included.

"House" events, "AND" gates, multiple gates, or events to be developed in another failure
tree, or transfers to another part of the same tree should not be included.

Any basic event that is modelled in another part of the same fault tree or in another
different tree should not be included.

Human actions, common cause failures and test or maintenance-related unavailabilities
should not be included unless a specific module can be constructed with events of one of
these groups.

The modules generated are substituted in the respective fault trees, maintaining the basic event
structure in different files, making it possible to undo the Boolean equation level grouping at any
given moment.

3.- TEST INFORMATION OPTIMIZATION

As regards the tests, additional work has been carried out at Cofrentes NPP to compile
information on all the tests, surveillance procedures, etc. that apply to each failure mode of the
components modelled in the PS A, either as a result of the component being the direct object of
the test or indirectly, as a result of tests affecting other components.

This information has been downloaded into an informatic database to provide fast and flexible
access to information of the following types:

A group of tests directly or indirectly affecting a certain component. This makes it
possible to optimize periods between tests, duration of tests, etc.

Possible component failure modes detected by indirect tests on other components or
identification of new tests to attain this objective.

etc.

4.- APPLICATION OF THE "FIVE" METHODOLOGY TO COFRENTES NPP PSA

A comparative study has been conducted of the analysis process followed in the CNPP PSA with
regard to the Fire Analysis activity, in particular in issues that have involved a greater work load
or which raise higher degrees of uncertainty/conservatism, and the process used in the FIVE
methodology (Fire Vulnerability Evaluation Methodology) developed by NUMARC/EPRI.

The study aimed to obtain a better estimate of how the analysis would be simplified by applying
the FIVE, and to obtain a screening system in a selective fire analysis, in the framework of an
IPEEE. This methodology is based on a systematic and progressive process of screening of all
the fire zones/areas of a plant which, from the fire point of view, lack any significant safety
function vulnerability.
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The following conclusions may be drawn, among others, from the comparative study:

a) The FIVE methodology uses a progressive screening process, as a result of which efforts
may be focused on the areas selected as being significant, avoiding the need, from the
beginning of the analysis, to mass process data that later proves to be irrelevant.

b) Some of the fire analysis tasks cannot be simplified by using the FIVE methodology. The
most significant example is the analysis of the possible effect of the fire-caused damage
to the cables on the availability of the mitigation systems or on the generation of an
initiating event. A large part of this work (mitigation systems damage) may already have
been performed as a result of the analyses of compliance with Appendix R of 10CFR50.

c) The FIVE methodology is not a PSA as such because it only permits identification of
significant areas, although it can easily be extended to quantify risk by means of the
models developed in the internal event analysis.

d) The fire propagation analysis using the COMPBRN III code may provide inconsistent
results.

The FIVE document proposes the use of standard configuration tables which analyse the
fire propagation and which could be useful in the screening analysis for eliminating less
critical areas.

e) Finally, the FIVE methodology makes the analyses uniform, systematic and simple, as a
result of which it is recommended for analysing fire risks. This recommendation is backed
by the results of the Cofrentes NPP analysis, which show that no significant contribution
is made to the risk by any zone in which a single division is affected, and similarly that
these areas would be discarded if the FIVE screening criteria were used.

5.- COMPLEMENTARY ANALYSES OF COMPLIANCE WITH APPENDIX "R" TO
10CFR50

The CSN has requested that CNPP carry out a study of compliance with fire-protection criteria
of 10CFR50-App.R in the systems required to reach and maintain safe shutdown.

Although the methodology and the criteria of this study differ from those used in the fire risk
analyses, the initial data and the analyses performed in the Cofrentes NPP PSA are fully
applicable. Additionally, as a result of knowledge of the areas of the plant that most contribute
to the risk and the response of the plant to any transient, the analysis of compliance with
Appendix "R" can be focused in a direct and optimized manner.

One of the first activities of the analysis is to determine the safety functions to be met, in
accordance with the aforementioned standard, and the systems performing each of these
functions. This information was obtained directly from the Level 1 PSA, and a selection process
was conducted to eliminate, where considered appropriate, certain systems that have a marginal
benefit when complying with a certain safety function or else because they are not given credit
under the working hypothesis contained in Appendix "R".

The following activities require information on the cable run of the selected systems, the effects
derived from the loss of each cable and the fire areas, as defined in the Cofrentes NPP fire

54



protection project, which the cables necessary for the system to operate run through. As
indicated in the previous point, this information is considered in the probabilistic fire risk
analyses, and the criteria for their preparation are the same in both studies, as a result of which
it can be used directly. This step provides the significant fire areas and the systems affected in
each one. When the systems affected in each area are known, it is possible to determine the
plant shutdown capacity, postulating a fire in all the significant areas, one by one. If it is
proven that a safe shutdown can be reached and maintained with systems located outside the
areas and which are therefore not affected in the areas, no complementary analyses are required
to ensure that the separation requirements detailed in the standard are met.

Lastly, an analysis is required of a group of fire areas where, in principle, shutdown capacity
may be compromised.

A detailed analysis of these fire areas requires information on the active and passive fire-
protection resources. Given that the areas requiring detailed information are generally those
which contribute most significantly to the plant risk, this information can be obtained from the
risk studies already conducted and this simplifies the process considerably.

Finally, the separation and protection criteria must be applied to the system needed to maintain
the safety functions which may be affected in the fire area, and the corrective actions resulting
from this study must be carried out. This last section is specific to the analyses of compliance
with Appendix "R", regardless of the probabilistic fire risk studies performed at Cofrentes NPP.

It may be concluded that with this approach to the analysis, using the information available after
conducting a Level 1 PSA and fire risk analysis, the resources used can be optimized
significantly in comparison to those used to perform the same study but without knowing all the
systems available to meet the safety functions, their functional independence, the location of
their principal components and in general an overall view of the plant, obtained from performing
the Level 1 PSA.

6.- ANALYSIS OF THE FREQUENCY OF ROTATED FUEL ELEMENT EVENT

To support the proposal made to the CSN for the classification of the rotated fuel element event
to be changed to the accident category, IBERDROLA has carried out a probabilistic technique-
based study, and has concluded that the frequency of a possible operation with a rotated fuel
element in Cofrentes NPP is less than 10"4 per year.

Consequently, an analysis has been made of the specific experience and operating procedures
and practices of Cofrentes NPP, following the fuel movement operations. Attention has been
focused on the human actions to be performed (use of video-cameras to check positioning, etc.),
and the interdependency of these actions, and the frequency of the initiating event has been
obtained from the specific plant data.

Separate studies have been made of the initiating event frequency and of the core verification
process reliability.

The initiating event frequency gives the probability, expressed in annual occurrence rate, of a
fuel element being wrongly orientated at the end of the core refuelling.
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The reliability of the verification process gives the probability, should a fuel element be rotated
at the end of the core refuelling, of this error not being detected when the activities indicated
in the Core Verification procedure are performed.

The result of an error in the verification would not necessarily be to operate the plant with an
rotated element because, before the internals are fitted and the vessel is closed, control rod
friction tests are performed in which this anomaly could be detected. Nonetheless, this
possibility of detection has not been taken into account in the analysis.

The study has been carried out considering a base case in which the conditions most approximate
to the reality of the process have been established; the initiating event frequency has been
obtained from CNPP experience, the levels of dependency have been estimated from the Core
Verification procedure and from conversations with expert personnel, the level of stress has been
estimated on the basis of these conversations and in the context of the verification within the
refuelling schedule, etc.

These parameters have been used to conduct various sensitivity studies, which have likewise
been documented in the report that was prepared.

To complement the analysis, certain recommendations have been issued to plant in the
verification procedure which significantly reduce the event frequency (operation with a rotated
fuel element), thus extending the safety margins as regards variations in the analysis parameters.

7.- RELIABILITY-CENTERED MAINTENANCE

Since the middle of 1992, Cofrentes NPP has been carrying out a pilot programme to analyse
the feasibility of implementing reliability techniques in the plant preventive maintenance
programme. The programme is being developed by Valencia Polytechnic University under the
coordination of the plant maintenance group.

The programme aims to determine, for a pilot system (the residual heat removal (RHR) system
has been chosen), the principal components, their failure modes, and the probabilities of these
failures and to analyse how current or future preventive maintenance contributes to minimize
these failures.

The probabilistic safety analysis is providing the following information to this type of studies:

1) Most important systems for complying with the safety functions.
Prioritization of these systems.

2) _ Active components, probabilities of overall component failure.
Component prioritization.

3) Real unavailabilities of systems as a result of tests and maintenance. Analysis of plant
failures taken from maintenance records.

4) Fault tree models of the systems to permit quantifications, sensitivity analyses, etc.
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Valencia Polytechnic University is currently analysing this information to determine:

Component and critical failure modes of the RHR system.

Preventive maintenance policy for this system.

Cost-benefit analysis of the implementation of reliability-centered maintenance techniques.

8.- DEVELOPMENT AND QUALIFICATION OF A MODEL FOR COFRENTES N.P.P.
WITH MAAP 3.OB-BWR

With a view to future applications falling within the framework of an IPE (Individual Plant
Examination) for Cofrentes NPP, IBERDROLA, with the technical backing of UITESA, is
developing and qualifying a plant model with the MAAP 3.OB-BWR code.

This work has been scheduled in three stages: final code debugging, model preparation and
model qualification.

Final code debugging

The final code debugging was performed with the rev. 8 of MAAP 3.OB-BWR, running the
example cases: LB and SB LOCA, SBO with and without channel blockage, checking the final
results and the event activation times. A time consumption table was obtained for planning
future work.

Model preparation

The Parameter File of other plants similar to Cofrentes NPP, such as Grand Gulf and Perry, was
used as the initial reference to develop the Cofrentes Parameter File.

A reference database was generated that permits quick updating of references of variables.

The basic documentation used the FSAR, TS, P&ID and system process flow diagrams,
equipment specifications, drawings and other specific documents, such as the ultimate
containment capacity, NUREG documentation on phenomena treated in severe accidents and
EPRI documentation generated on the MAAP code.

Model qualification

The model qualification, the purpose of which is to check the correct operation of the systems
and equipment, together with the simulation reliability of the phenomena that occur in various
scenarios, has been structured in 4 groups.

The first group of cases consists of operating transients that have occurred at the plant, in order
to verify the dynamic behavior of the model and the correct simulation of the most important
variables. The transients chosen include the maximum variations in pressure and level recorded
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at the plant, as well as the operation of a series of systems and equipment such as the RCIC,
HPCS, SRVs and turbine bypass system. The transients are:

- Tl. Isolation of steam lines.
- T2. Loss of feedwater.
- T3. Turbine trip with high level in the vessel.

The second group of cases defined as abnormal transients and simulated previously with the
RETRAN-03 code are used to check the performance of the model in scenarios not recorded at
the plant, but which contribute significantly to the total risk in the Cofrentes NPP PS A. The
scenarios to be simulated, which are of the ATWS and SBO type, make it possible to check the
appropriate performance of systems and equipment not required during normal plant transients,
such as the SLCS, the suppression pool, RHR in pool cooling mode, etc. The transients are:

- T4. Total loss of FW, with failure of the high pressure systems and the ADS.
- T5. Total loss of off-site power and diesel, with RCIC available.
- T6. MSIV isolation ATWS, with successful operation of high pressure and boron

injection systems in 5 minutes.

The third group of cases covers the loss of coolant accidents. These are various LOG As
simulated previously realistically with the TRAC-BF1 code. The scenarios will cover one large
break and one small break case, and will allow us to check the appropriate simulation of the
break, the low pressure ECCS systems and the ADS. The transients are:

- T7. 200% LOG A in recirculation without HPCS.
- T8. LOG A of 0.1 ft2 in recirculation without HPCS.

The last group of cases consists of various sequences that permit checking of the appropriate
behavior of the dry well, containment, suppression pool and vent models, RHR in cooling and
containment spray modes, hydrogen igniters and other containment systems. The transients are:

- T9. DBA containment analysis. Case of steam line break inside containment.
-T10. Prolongation of case T4 to core damage, checking the efficiency of the

containment systems.

As a result of the model qualification, a matrix is obtained with data of the behavior of the
primary and containment systems and variables, allowing the code applicability field and the
appropriate modelling of the different plant systems and components to be identified with greater
precision.

;

Expert personnel in the design and use of the code (Gabor & Kenton, Ass.) will be collaborating
in the qualification process, and the greatest use possible will be made of their ample experience
in this field.

9.- SEISMIC CATEGORIZATION OF THE SITE

As the starting point for the performance of the analysis of seismic event risks, in the framework
of the IPEEE, a joint seismic categorization study is being carried out for all the Spanish nuclear
power plants and, in particular, the Cofrentes NPP. This activity has been included in the set
of tasks being developed by the GPE-BWR Owners Group.
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The methodology used is in keeping with the methodology developed by EPRI and has been
presented to the CSN, whose comments have been taken into consideration.

In September 1992, the WESTINGHOUSE-EQE-GEOMATRIX consortium began its activities,
with the collaboration of Professor Arenillas. After compiling plant reference documentation
(EPS, equipment layout drawings, complementary studies, etc.) and seismotectonic information
available in Spain (seismic structures, intensities, attenuation laws, etc,.) an analysis is being
conducted of the site seismic risk to determine the probabilities of spectral acceleration being
exceeded, taking into account existing uncertainties.

This is a step previous to defining the "Review Level Earthquake" (RLE), in terms of the site
seismic risk and the pjant design bases.

10.- PSA DEVELOPMENT PROGRAMMES

With regard to the final debugging of computer tools to support the PSA, the IBERDROLA
Group, through UITESA, has continued its line of action with a dual objective. On the one
hand, to create a set of purpose-designed computer tools for performing post-PSA applications
and, on the other, to optimize the costs of running these applications, as well as those associated
with current or future PSAs in which IBERDROLA participates.

In accordance with the above, work is being performed on the following activities:

a) Development of a PSA information management computer structure (EVA code).

The aim of this development has been to construct a computer application capable of
efficiently storing and managing the information generated in a PSA with a view both to
updating the study and to making post-PSA applications. Consequently, and with a
Database structure, operating procedures have been drawn up and relationships have been
established between the units of information contained in the computer records and in the
written reports generated in a PSA which have been considered appropriate.

b) Development of a computer code for the automatic construction of fault trees and their
segmentation.

Systems analysis is the task requiring most resources during a PSA. Among the measures
taken to optimize the analysis, UITESA is developing a computer code which, based on
a simplified process diagram of the system under analysis drawn by the draughtsman
assigned to the PSA project, allows a large part of the fault tree to be generated
automatically. This process will greatly facilitate the work of the analysts when they carry
out this phase of the systems analysis task.

Additionally, the code is also able to automatically identify the possible independent
modules which form part of the fault tree.

c) Acquisition of SETS-PC code user licenses.

In computing terms, the quantification process is the PSA task which requires the greatest
use of computers. To optimize this task, the IBERDROLA acquired, after the
corresponding tests and validation process, several SETS-PC code user's licence,
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developed by R.B. Worrell, which has additional functions apart from those included in
the VAX and CONVEX versions, and substantially shorter calculation times than the VAX
version.

d) Other software development projects

IBERDROLA is considering participating in other international projects for the
development of safety and reliability analysis software tools for use in Fossil and Nuclear
Power Plants.

Participation in large-scale projects involving many electricity-sector companies and
software consultant firms is considered of great importance, because by participating in
this type of projects the optimum definition of the applications is ensured by the
preparation of detailed technical product specifications. These products bring together the
experiences and recommendations of many plants, and at a much lower cost than if they
were developed for just a few plants.

IBERDROLA is interested in developing a set of computer tools and a use methodology
that would make it possible to construct the appropriate computer structure to automatize
each specific application needed by the different users.

In addition to the computer tool research and development programmes that are being carried
out by the IBERDROLA Group, it is foreseen that various projects will be tackled in coming
years in the PSA and severe accident areas, in collaboration with the other Spanish utilities.

OMEGA Project. As a continuation of the LACE and ACE projects, UNESA, together
with CIEMAT and the CSN, will collaborate to attain the objectives of the international
project headed by EPRI, in the areas of gas and aerosol confinement in water pools, iodine
behaviour and molten core-concrete interaction.

IBERDROLA will collaborate in the project by monitoring the activities in general,
through coordination meetings, reports, etc., and with a more active participation in the
area of confinement of gas, steam and aerosols in water pools, jointly defining the fields
of research with the CIEMAT, in accordance with the results of the PSAs, MAAP
calculations, etc., obtained in the BWRs.

Together with the other companies represented in UNESA, IBERDROLA is also studying
the setting up of a project to develop methodologies and applications to be applied to the
new studies scheduled for performance in Spain; the issues to be analyzed are
characterized either by the absence of references accepted in other countries, or by the
methodology being under development.

This project must be coordinated with the projects which the CSN is planning to
undertake, with a view to optimizing the resources used.

60



PSA APPLICATIONS: A PRACTICAL
IMPLEMENTATION AT A PWR PLANT

D. MORALES
C.N. Almaraz
E. GUTIERREZ
Uitesa
I. FUENTE, F. PEREZ
E. Agrupados
Madrid, Spain

Abstract

Probabilistic Safety Assessment (PSA) is an adequate tool for carrying out tasks in order to
enhance safety, improve performance and even save money in Nuclear Power Plants. This tool allows
priorities to be set based on a systematic and coherent analysis of general risk, considering uniform
criteria and assumptions. The list of possible PSA applications is very large; this paper presents the
applications performed for Almaraz NPP, the problems found and the benefits obtained from these
analyses.

1. INTRODUCTION

Although it is generally recognized that the methodology related to probabilistic safety analy-
sis is well known and mature, it can not be stated the same in the aspects of its applications
in technical decision making. It is necessary to develop a technical consensus on how to apply
this methodology with the acknowledgement of the regulatory body and the utilities, with the
objectives of being able to enhance safety, improve performance, and if it is possible, save
money.

It is very important to define how safe is safe enough and taking into account this definition,
focuse the existing limited resources on issues that matter, among the almost infinite group
of things that can be done without performing before a cost-benefit analysis.

Probabilistic safety assessment is an adequate tool to achieve this objective, because it allows
to set priorities biased on systematic and coherent analysis of the general risk, considering uni-
form criteria and assumptions.

The list of possible PSA applications is very large:

- Training for operators, maintenance personnel, emergency support personnel, etc.
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- Emergency and operational procedures improvements.

- Maintenance support for prioritization of activities, preventive maintenance intervals and
practices, on-line versus shutdown maintenance to reduce outage durations, etc.

- Data collection and analysis of trends of failure.

- Technical Specification evaluations, including surveillance test intervals (STI's), allowed
outage times (AOTS), limiting conditions for operation (LCOS), relaxed operational
requirements, etc.

- Justification for continued operation evaluations and accomplishment with new regulatory
requirements, plant or plant-type-specific versus generic resolution strategies.

- Definition of strategies for safety improvements, according to the specific characteristics
of a plant (design, site, etc.).

- Design change evaluations for identification of desirable changes and their impact in
safety.

- Accident management support and resolution of severe accident policy issues (IPE/
IPEEE).

- Economic assessments of regulatory requirements, existing design or averted events, like
forced outages, for example.

Etc...

The development of PS A applications varies from plant to plant, depending on the amount
of time and resources dedicated to it.

In the following sections, PS A applications performed in one specific plant in Spain are going
to be presented, as well as the problems occurred and benefits obtained from these analysis.

2. ALMARAZ NPP PERSPECTIVE

Alrnaraz is a two unit Nuclear Power Plant, each unit having a pressurized light-water reactor
of 2,686 MWt nominal power and three coolant loops. The plant was designed and supplied
by the US company Westinghouse Electric Co.
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The Nuclear Steam Supply System (NSSS) of each unit is designed for a guaranteed power
of 2,696 MWt, including 10 MWt of heat from sources other than the reactor (fundamentally
from the main coolant pumps), the gross electrical power of each unit being 930 MWe.

The plant is located on the left bank of the Arroyo Arrocampo reservoir, in the municipal area
of Almaraz (province of C£ceres), 180 kilometers west north-west of Madrid at an altitude
of 258 meters above sea level.

Each of the two containment building houses a nuclear steam supply system made up mainly
of a reactor, three steam generators, three reactor coolant pumps and a pressurizer.

The auxiliary building contains most of the components of the chemical and volume control
system, primary sampling system, component cooling system, boron recycling system and the
different waste treatment systems. It also contains components such as the refueling purifica-
tion system pumps. The safeguards buildings house engineered safeguard components, such
as the spray system, containment isolation system and components of the residual heat
removal and safety injection systems.

The diesel generators are located in the electrical building. As well as the two turbine-genera-
tor sets and corresponding system, the turbine building house other systems such as the instru-
ment air and plant services air systems.

The most important equipment and rooms shared by the two units are as follows:

- Control room, with two separate or independents panels. The controls for common ser-
vices are located on the panel corresponding to one of the two units.

- Controlled access area (showers, etc.).

- Decontamination room.

- Gaseous and liquid waste treatment systems.

- Essential service water system.

- Component cooling water system.
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Almaraz Unit 1 started its commercial operation in 1981 and Almaraz Unit 2 in 1983. In the
second half of 1986, the Consejo de Seguridad Nuclear (CSN, Spanish Nuclear Regulatory
Body), requested Almaraz to perform a probabilistic safety analysis with a certain defined
scope.

In December 1990, Almaraz Nuclear Power Plant submitted to the Consejo de Seguridad
Nuclear the revision 1 of the level 1 Probabilistic Safety Analysis (PSA), including internal
fire risk analysis and evaluation of containment spray and isolation systems.

This revision included all the CSN comments to the revision 0 delivered in November 1989,
achieving in this way the regulatory body requirements. Some months later, in April 1991,
the CSN expressed their final approval to the analysis performed up to that date, notifying to
Almaraz NPP that in the future the analysis would have to be extended to the maximum scope
required later to other plants in Spain, including other external events, analysis of containment
and PS A in other modes different from full power operation.

In any case, with the scope initially required and approved by the CSN, Almaraz NPP has now
a new working tool in the safety field, complementary to the ones which were already being
used in a deterministic way. The new tool includes a very detailed and systematic analysis of
all the feasible initiating events (transients or accidents) that can occur in the plant, together
with the response of the mitigation systems to those incidents, taking into consideration pos-
sible human errors, component failures, unavailability due to test or maintenance, and com-
mon cause failure and dependencies. Everything is documented in a systematic and exhaus-
tive way, which allows not only to easily reproduce the whole study, but also to change any
aspect and to review its impact on the results about core damage frequency, in order to improve
the plant safety.

According to the above, since the conclusion of the Level 1 PSA, Almaraz Nuclear Power
Plant has applied this study in a broad way, trying to integrate it into the general structure of
the company and to take advantage of its possibilities as a support tool for decision making
in the different aspects concerning plant safety.

Nevertheless, the spectrum of potential applications of the probabilistic safety analysis is very
large, therefore it can be possible to increase its number and type in the future, in the case it
will be considered useful and convenient to the plant.

The most significant applications carried out at Almaraz Nuclear Power Plant up to this date
are pointed out in the following sections.
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3. APPLICATIONS PERFORMED

The basic areas in which PS A applications have been performed at Almaraz NPP are the fol-
lowing:

- Training.

- Procedures improvements.

- New preventive maintenance procedures,

- Data collection

- Optimization of Technical Specification.

- Test and Maintenance Prioritization.

- Fire analysis.

- Definition of Strategies for Safety Improvement.

- Design changes.

Each application is described in detail in the next paragraphs.

3.1. TRAINING

Several insights obtained from PS A results have been transmitted to the different opera-
tors crews through their training, as it is for example, the list of human actions with short
available time, in order to call the operators' attention in relation to the fast performance
needed from them in these cases.

Additionally, working is being performed now to include the most important results and
conclusions of the fire analysis developed, in the seminars to the fire brigades, and there
is an intention to take into account those results in future fire simulations.

3.2. PROCEDURES IMPROVEMENTS

During the development of the PS A, a systematic review of the procedures associated to
the safety related systems and functions has been carried out in order to fit the models of
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the systems and accidents requences to the plant's actual operation. Likewise, comments
have been made to the initial revisions (rev. A and rev. 0) of the symptoms based emer-
gency operation procedures (EOP's).

As a result of this systematic re view of procedures, some of them have been altered regard-
ing the following reasons:

- To improve the performance of certain periodical tests, extending its objectives (16
cases).

- To guarantee the systems operability under specific operational circumstances (12
cases).

- To correct mistakes and errors regarding equipment denomination, valve alignment,
etc. (22 cases).

3.3. NEW PREVENTIVE MAINTENANCE PROCEDURES

The convenience of guaranteeing the periodic test of certain components has been
observed during the detailed analysis of systems carried out. Therefore, new maintenance
procedures have been developed to achieve this objective (6 cases),

3.4. DATA COLLECTION

During the development of the Level 1 PS A for Almaraz NPP, a lot of different types of
components were chosen to perform a specific analysis of data regarding to failures,
demands, operating times and unavailabilities due to test and maintenance, comprising
6 years of commercial operation of the plant. This analysis was performed starting from
the information available in the plant, not designed initially for its use a in PS A, and for
this reason it was a large time and resources consuming task.

Taking into account the lessons learned in this area of data collection and analysis, support
has been given to the definition of different criteria for the development of the Spanish
national data base (DACNE), regarding the number and type of components to be
included as well as its physical limits and failure definition, operation timing and number
of demands over such components. This type of support is interactive, in the sense that
it has not finished but it is continuous until the data base is fully operative in all the Spanish
Nuclear Power Plants.
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Additionally, some detailed comments have been made to certain criteria established in
the SAMO (Operation Aids Computerized System), having also reviewed the system's
availability analysis, performed by GE.

3.5. OPTIMIZATION OF TECHNICAL SPECIFICATIONS

Several proposals related to changes of Technical Specifications, coming from the licens-
ing area and PS A itself, have been evaluated and supported using PS A models and results,
in order to analyze its impact in the core damage frequency and to determine its feasibility
from a safety point of view. S ome of these applications have been evaluated and accepted
by the Spanish Nuclear Regulatory Body (CSN), and others are still under evaluation.

Among the cases studied, the following ones can be mentioned:

3.5.1. Change of status of power supply to an injection valve (SI-8912)

The purpose of this change is to minimize the time required to put in service the
derivation line of the boron injection tank (BIT) in case of necessity because of
injection failure through the standard injection path.

The previous situation of the valve included in that alternative way, was closed with
the breaker not inserted. So, in case of failure of the normal injection path to cold
legs, it was necessary to insert locally the breaker and then open the valve manually
from the control room, delaying the injection of water into the core.

The proposed modification consists of leaving the breaker inserted during normal
operation, maintaining the valve closed, able to be opened immediately from the
control room if it is necessary.

This proposal implied a change to the Almaraz Technical Specifications, which was
approved by the Nuclear Regulatory Body (CSN).

3.5.2. Allowable outage times for inverters

The proposal consisted in allowing an outage time for one inverter during 72 hours,
if the vital bus gets energized within a 2 hours period. Additionally, the proposal
included the possibility of having 2 inverters of the same electrical train out of ser-
vice during 24 hours.
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This proposal was evaluated using PSA models and results to analyze the impact
on safety of the extension of the allowable outage times. According to this objec-
tive, core damage frequency was recalculated, obtaining that the potential increase
is negligible (< 0,085%),therefore it is perfectly justified to allow the plant opera-
tion with one of the four invertes associated to vital buses unavailable, and the vital
bus powered from the bypass, considering in addition the potential risk increase due
to the change of operation mode needed to go to cold shutdown in a shorter time if
the allowable outage time is smaller.

In this case, the proposal has been evaluated and approved by the CSN, and has been
incorporated in the Almaraz Technical Specifications.

3.5.3. Allowable outage time for switchgear room emergency cooling unit

The proposal consisted in allowing plant operation during 72 hours with the switch-
gear room emergency cooling unavailable, provided that the air temperature in the
room, measured every 4 hours, does not exceed 40BC.

It has to be taken into account that there are other ventilation systems for that room,
although they are not powered from safeguards buses.

This proposal has been evaluated by CSN and up to now it has not been approved,
having the CSN to confirm this position officially.

3.6.TEST AND MAINTENANCE PRIORmZATION

The impact of the unavailability derived from tests and/or maintenance of the different
components, to the global core damage frequency, can be very important. In this way, as
a consequence of PSA results, different recommendations have been given to the plant
personnel, in order to minimize the potential impact. Among these recommendations, the
following can be mentioned:

- To optimize maintenance of the turbine-driven pump of the Auxiliary Feedwater Sys-
tem, reducing as much as possible both its frequency and its required maintenance
time.

- To set priorities and to reduce the impact of the motor operated valve tests based on
the importance given to the different valves (Generic Letter 89-10).
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The objective of this effort was twofold: to identify and prioritize those MOVs of safety
significance and to justify a delay in testing or, where appropiate, a removal from scope
for those MOVs of little or no safety significance.

A specific proposal was presented to the CSN, not being accepted the first approach.

3.7. FIRE ANALYSIS

3.1.1. Introduction

One of the most significant applications of the Almaraz Level 1 PS A has been the
reanalysis of the study performed to accomplish with Appendix R to 10CFR50
about fire protection, using the probabilistic fire risk analysis available as backup
to deterministic criteria, based on a deep knowledge of the cable routings through
the different areas and buildings of the plant.

Based on the above, and taking into account the probabilistic analysis performed
including the identification of the transients that can happen in each fire zone, as
well as the possible fire origins and transient fuels, the associated risk in each case
has been evaluated, and therefore the impact of that risk in the fire protection pro-
posed, in order to guarantee the fulfillment of the safety functions necessary for safe
shutdown of the plant.

3.7.2. General requirements

Appendix R to 10CFR50 indicates that fire protection features have to be installed
to guarantee safe shutdown capability for the plant.

These features will be able to limitfire damage so that one train of systems necessary
to achieve and maintain hot shutdown conditions from either the control room or
emergency control station is free of fire damage, and systems necessary to achieve
and maintain cold shutdown from either the control room or emergency control sta-
tion can be repaired within 72 hours.

In the case that redundant trains of systems mentioned above coincide hi the same
fire area, there are different acceptable means of ensuring that one of those redun-
dant trains is free of fire damage:

69



- Separation of redundant trains by a fire barrier having a 3-hour rating.

- Separation of redundant trains by a horizontal distance of more than 20 feet with
no intervening combustible or fire hazards, and installation of fire detectors and
an automatic fire suppression system in the fire area.

- Separation of redundant trains by a fire barrier having a 1-hour rating, and instal-
lation of fire detectors and an automatic fire suppression system in the fire area.

From the above it is easy to understand that, for plants designed before the issue of
this type of regulation, the possible fire protection features to install would cover
most of the safety systems, taking into account that it was not a design criteria at that
moment to separate redundant trains a distance greater to 20 feet.

Based on that, the estrict application of the new rule would imply the massive instal-
lation of fire protection features over the plant, which a consequent increase of the
degree of complexity and difficulty of the different maintenance tasks.

According to this, and taking into account that during the development of the proba-
bilistic fire risk analysis, cable routings and equipment location had been analyzed
in detail for all the safety systems, as well as the list of initiating events (transients
and accidents) induced by fires in any fire area in the plant, Almaraz NPP decided
to combine deterministic and probabilistic techniques to try to minimize the amount
of fire passive protection features to install on cables trays and conduits, guaran-
teeing the fulfillment of basic safety functions necessary for safe shutdown (hot
shutdown) and assuring the availability of necessary equipment to achieve cold
shutdown in 72 hours.

In the next sections, the different steps of the reanalysis performed will be described,
starting from the listings of significant fire areas or zones from the deterministic and
probabilistic point of view.

3.7.3. Basic assumptions

The main differences about basic assumptions related to the deterministic and the
probabilistic fire risk analysis can be summarized in the following way:
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a) Deterministic analysis (Appendix R to CFR50)

- The train with fire protection features does not fail randomly.

- The fire does not propagate between different fire areas.

- Loss of offsite power is postulated simultaneously with the fire.

b) Probabilistic analysis (PS A)

- The train with fire protection features can fail randomly, with a probability
of failure that is considered to evaluate the risk associated to fire.

- The fire can propagate between different fire areas, assigning a probability of
failure to the different existing fire barriers.

- Loss of offsite power is not postulated to occur simultaneously with the fire
with probability one, but with the corresponding probability of random
failure.

3.7.4. Stages of the analysis

Taking into account the above considerations, the reanalysis of the plant from the
point of view of fire risk has been structured in three stages:

a) Analysis of important fire zones from both deterministic and probabilistic point
of view.

b) Analysis of fire zones involved in the deterministic study to accomplish with
Appendix R, but not significant from the probabilistic point of view.

c) Analysis of fire zones not considered in the deterministic study for fulfillment
with the Appendix R because they do not need redundant trains separation, but
which appear to be important according to the results of the probabilistic analysis
of fires.

According to the above considerations, each fire zone in the plant has been ana-
lyzed, developing specific proposals of fire protection for every zone, consisting in
some cases on the installation of new protection features and in other cases on the
verification that the existing protection features are enough to guarantee the safety
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of the plant. Additionally, in some zones improvements have been proposed to the
existing detection and/or suppression systems, as well as the development of new
procedures or modifications to the existing ones to handle local actuations and
recovery of equipment, in the way to minimize the risk of core damage due to fires
and to accomplish with the deterministic rules.

As an example, it can be mentioned that, including in the first group of zones, i.e.,
zones important from both the deterministic and the probabilistic point of view there
are the control room, cable room, remote shutdown panels zone, electrical penetra-
tion room, essential service water intake, and the train A 6,3 KV switchgear room.

Including in the areas affected by Appendix R, but not important from the probabil-
istic point of view, are most of the auxiliary building areas and several areas of the
electrical building.

The fire zones significant from the probabilistic fire risk analysis but not included
in Appendix R are the train A 125 V.c.c. and 118 V.c.as. distribution room, the train
B 6,3 KV switchgear room, the train A diesel-generator room and the turbine build-
ing.

As it has been described before, the reanalysis performed for each fire zone has lead
to a specific proposal of fire protection features for the zone, having documented
the report associated in the following way:

1. Zone description

2. Justification of the proposal of fire protection for the zone

3. Summary of the actions to be performed

4. Considerations from the point of view of PS A

In the section of description of the zone it is included a brief description of it, loca-
tion (building and elevation), principal cables associated to safety functions in the
zone, existing detection and suppression fire systems, as well as an estimation of the
thermal load associated to the zone.
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In the section of justification of the proposal of fire protection for the zone, the dif-
ferent situations that can happen as a consequence of a fire in the zone are analyzed,
as well as the basic safety functions that have to be separated or protected in each
case, including the considerations made related to the different existing alternatives,
based on an exhaustive analysis of all the cables present in the zone, the possible
transient and/or installed fuels and the possible actions to be taken to recover equip-
ments in the acceptable period of time considered in the rule.

In the section of summary of the actions to be taken, it is clearly indicated the passive
protection features to be installed or the improvements in the fire protections sys-
tems presently existing if it is considered necessary, identifying specifically the
cable trays and conduits affected, their dimensions (width or diameter and length)
and the resulting protection surface.

In the section of considerations from the probabilistic point of view, the proposals
performed are evaluated, indicating the change in the core damage frequency due
to fires in the zone and in the overall core damage frequency, estimating in this way
the reduction in the risk associated to the implementation of the proposed improve-
ments.

Additionally, in the report for each zone, drawings associated indicating graphically
the cable trays and conduits protected are included.

This set of fire protection proposals for all the zones in the plant has been presented
to and discussed with the Spanish Nuclear Regulatory Body, together with an
implementation program, being now in the situation of incorporation of the com-
ments performed, and resolution of the last items.

3.8. DEFINITION OF STRATEGIES FOR SAFETY IMPROVEMENTS

B earing in mind that Almaraz Nuclear Power Plant owns two similar units at the same site,
the advantages of this situation could be seized. In this way, strategies for safety improve-
ment are being defined up to now by means of the modification of some procedures which
allow the use of shared resources between both units, or the use of similar equipment
between each other, in certain emergency situations.
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In fact, modifications have been made to two operational procedures, to allow the recov-
ery of essential service water and component cooling water, aligning a pump from one unit
to the other. This consideration has been included into the models developed in the PS A
and has been taken into account for core damage frequency quantification.

3.9. DESIGN CHANGES

PS A is an useful tool for analyzing the impact of design modifications in safety, because
it gives a systematic and coherent evaluation of all of them with the same assumptions and
the same models, providing an overview of the impact of the proposed change in the plant
safety, not just in the specific system or component affected by the modification.

During the development of Almaraz PSA, in the phase of analysis of results, it was
decided to propose and implement a design modification consisting in the addition of a
new battery, battery charger and distribution panel of 125 V.D.C., to power equipment
related to the performance of the auxiliary feedwater turbine-driven pump, eliminating
in this way their dependence from just one existing d.c. bus.

Additionally, after finishing Level 1 PSA and fire risk analysis, it appeared significant the
dependence of feed & bleed function on the availability of the two d.c. buses; therefore
it was proposed to implement a double power supply to the pressurizer relief valves
(PORV's) from both d.c. buses in order to avoid the mentioned dependency.

On the other hand, several design modifications related to safety and proposed by other
departments of the plant have been evaluated using the PSA, in order to provide to the
management an additional tool for the decision making process.

4. FUTURE POSSIBLE APPLICATIONS

Almaraz Nuclear Power Plant is now performing the IPE/IPEEE analysis, according to
Generic Letter 88-20 and supplements. This means that in the future the PSA tool will cover
also accident management aspects, related to the severe accident policy to implement and the
possible procedures to develop, as well as possible containment performance improvements
if they are considered necessary.
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Additionally, it is foreseen that new applications can be performed in all the areas mentioned
in previous sections, in some cases extending their scope, as it can be, for example, in the area
of maintenance of equipment, analyzing the possibility of accomplishing with the mainte-
nance rule using PS A techniques, or giving inputs to Reliability Centered Maintenance Pro-
grams that could be implemented in the future.

Moreover, economic assessments and cost/benefit analyses can be performed to evaluate new
regulatory requirements or operational situations (i.e. forced outages) in order to find out their
impact in the overall plant safety, and the actual necessity for the change or for additional stud-
ies.

5. SUMMARY AND CONCLUSIONS

Probabilistic safety analysis techniques constitute a complete, systematic, detailed and repro-
ducible way to analyze the evolution of transients and accidents in the plant, as well as the
behaviour and importance of the mitigation systems in each case, all of it documented in a pre-
cise and consistent manner.

Based on that, it is considered that PS A can be a very useful tool to bear in mind in the deci-
sion-making processes which may affect to the safety of the plant, because they allow to eval-
uate the impact of any modification made in the design or in the procedures, in an overall and
systematic way, analyzing its incidence at all levels (component, system, accident sequence
or core damage).

Under this perspective, many PSA applications can be made, that will be useful to improve
the availability and safety of the plant. In any case, it has to be mentioned that it is very impor-
tant to integrate this new tool together with the deterministic existing safety tools, and make
people understand that it is not intended that PSA it is going to substitute completely other
types of safety studies but it will be useful to support and give them new insights to the deci-
sion-making process, taking into account the broad scope of the probabilistic studies that inte-
grate all together the safety systems and operator actions in the plant, in the face of any possible
transient or accident that can occur.

This mentality has to be assumed not just by the utilities who perform PSA but by the Nuclear
Regulatory Body who require and evaluate those studies and their applications, and simulta-
neously perform deterministic requirements, in order to be coherent with all the petitions and
work together in the common idea of improving plant safety.
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Abstract

The investment to develop a PSA is very substantial, and therefore, there is motivation to
recover this investment through further use of the techniques used to develop it. It is not surprising
that nuclear power plant staff are beginning to use PSA to make operational decisions. The Institute
of Nuclear Power Operations is interested in those factors that impact the conduct of plant operations
and therefore is actively monitoring the increased usage of PSA techniques. The purpose of this paper
is to provide some thoughts and perspectives on the use of PSA as a factor in operational decision
making, including decision making in activities performed by engineering, maintenance and operation
personnel.

The nuclear electric utility industry in the United States of
America established the Institute of Nuclear Power Operations (INPO)
in October 1979 to promote the highest levels of safety and reliability,
to promote excellence, in the operation of nuclear electric generating
plants. All U.S. nuclear operating organizations with nuclear plants
are members of INPO. Participants in the Institute include nuclear
operating organizations in other countries, and nuclear steam supply
system and architect/engineering companies.

INPO's primary focus is the prevention of an event at a U.S.
nuclear power station that breeches the fuel cladding and disperses
fuel into the reactor coolant. It is recognized that in the absence of
such an event, INPO's efforts on safety and reliability will be judged
primarily by the number and severity of plant events, short of a clad
damaging event, and by industry performance as reflected by a set of
overall performance indicators.
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INPO has four cornerstone programs. The first cornerstone is
the performance-based plant evaluation. INPO conducts evaluations
at nuclear plants operated by member utilities at an average interval of
16 to 18 months. Evaluation teams are comprised of INPO
permanent staff employees, peer evaluators from the industry and
personnel on loan from member utilities.

The second cornerstone is Training and Accreditation. The
National Academy for Nuclear Training, formed in 1985 and operating
under the auspices of INPO, verifies that training at nuclear plants
meets established criteria. Third, Events Analysis and Information
Exchange provides nuclear plants worldwide with the opportunity to
learn from each other. This cornerstone is designed to identify,
through analysis, the lessons that can be learned from plant events,
and to apply these lessons across the industry. Assistance is the
fourth cornerstone. Assistance visits to plants, INPO sponsored
workshops, and special programs, such as the Human Performance
Enhancement System, are within the assistance cornerstone.

INPO has an active international program. There are 14 INPO
international participants. Additionally, INPO represents the U.S.
utilities in the World Association of Nuclear Operators and actively
facilitates U.S. participation in a wide number of WANO programs and
activities.

As is evident from the INPO mission and cornerstone programs,
INPO is interested in those factors that impact the conduct of plant
operations. The purpose of this paper is to provide some thoughts
and perspectives on the use of PSA as a factor in operational decision
making. We will use operational decision-making in the broadest
sense, including activities performed by engineering, maintenance,
and operations personnel.
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As we enter the 1990s, increased pressures exist on the
managers of commercial nuclear stations. Key challenges include
fostering and maintaining a safety culture that contributes to a high
degree of human reliability within the work force, resolving equipment
design and operational problems to achieve a high degree of
equipment readiness, and continued vigilance to maintain high
regulatory performance in a complex regulatory environment. These
challenges must all be met in an increasingly cost competitive
business environment.

In the-U.S., each nuclear station performed a plant specific PSA
in response to NRC Generic Letter 88-20. The generic letter required
each utility to perform an Independent Plant Examination (IPE) and all
utilities performed the IPE using PSA techniques. This work is now
complete or reaching completion at ail U.S. utilities. The purposes of
the IPEs were to identify the predominate event sequences that could
lead to core damage; understand, and if appropriate correct the
important vulnerabilities in the dominate event sequences; and
provide the utility staff insights into the plant response during the
analyzed event sequences. A number of utilities have learned
important and useful information concerning their plants and in some
cases changes have been made to plant equipment, procedures, and
plant operator training programs. The investment to develop the
PSAs has been substantial, and there is motivation to recover this
investment through further use of the IPE and the PSA techniques
used to develop if.

When the above challenges are considered along with the
availability of the newly developed engineering analysis, or PSA, it is
not surprising that nuclear plant staffs are beginning to use PSA to
make operational decisions. INPO is seeing increased use of PSA
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during the course of our evaluation and assistance activities at our
member utilities. Many of the uses we have encountered are
effective, appropriate, and benefit the station. These applications
include the following:

• analysis of the safety significance of plant configurations
encountered during operation (including outages)

• determination of which motor-operated valves are most
important to plant safety to prioritize valve maintenance and
testing

• verification that emergency operating procedures
appropriately address important event sequences

• evaluation of the safety significance of proposed plant
modifications as an input to the modification prioritization
process

• input into training programs such that operators are trained
on dominant event sequences

Although many appropriate and conservative decisions are
made using PSA techniques, the potential exists that undue reliance
on these techniques can lead to decisions that provide sufficient core
protection but may reduce the desired defense-in-depth of safety
systems to assure long-term plant reliability and availability.

INPO has encountered a few instances where we feel that a
closer consideration of all aspects of the problem at hand is
warranted. Consider the following:
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• Unavailability of high pressure safety system injection,
resulting in increased reliance on rapid depressurization and
low pressure safety injection.

• The relative safety importance of containment spray valves
when prioritizing MOVs for testing using a Level 1 PSA as a
basis for priorities.

• Plant startup with reactor core isolation cooling (RCIC)
inoperable. (From an operational perspective, this is the
plant condition during which RCIC can be most beneficial to
the operators.)

In each of the above instances, station managers need to
carefully consider all available information pertinent to the operational
decision. In this sense the results of a PSA analysis are valid and
important input.

To assist station managers to use PSA in an effective and
appropriate manner, we offer the following perspectives:

1. PSA analyses should be considered as one of many
inputs to decision-making. Other appropriate inputs include
the plant design basis, operating experience information,
licensing requirements, engineering analysis, cost
information, and operational judgment. Undue emphasis
should not be placed on the PSA results simply because
PSA provides a convenient way to compare various potential
courses of action by providing numerical values.
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2. Management should understand the sources of
uncertainties associated with the data inputs and modeling
assumptions used in the PSA analyses and the
corresponding limitations on the validity of the PSA results.
Assumptions and data used in the PSA should appropriately
reflect actual plant operation, procedures, and transient
response. The typical data inputs of interest are component
reliability and human reliability values. It is important for
there to be a close working relationship between the station
line managers and the engineering staff that prepared and
maintained the PSA analysis.

3. Potential plant conditions or"event sequences analyzed
using PSA analysis should be carefully reviewed and
considered. Whereas core damage frequency is often used
as a PSA end-state, there are other undesirable plant
conditions from the perspective of the station managers.
Examples of other undesirable plant conditions that should
be considered in a PSA analysis used in operational
decision-making include rapid depressurization of the reactor
coolant system (BWR), feed and bleed cooling of the reactor
coolant system (PWR), core boiling when shutdown, loss of
spent fuel pool level, station blackout, overpressurization of
the reactor coolant system, and spills of radioactive material
outside the radioiogically controlled area. Caution should be
exercised to ensure undue emphasis is not placed on core
damage frequency at the expense of increasing the
probability of another plant condition that is operationally or
economically unacceptable.
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4. Training should be provided to plant managers,
supervisors, and engineering personnel on the fundamentals
of PSA, including the capabilities and cautions concerning
the use of the methodology. Included in the training should
be plant management's expectations regarding the
application of PSA. Insights gained from the development of
the plant-specific PSA should also be included in the
training.

With this perspective in mind, and if used in conjunction with
other considerations in decision-making, PSA can be a useful tool to
obtain safety insights into plant design, operational activities, and
outage and maintenance planning. To assist in the appropriate
application of PSA, we have found it to be of value to develop a
management policy concerning the use of PSA in operational
decision-making. This policy can specify the appropriate managers
that should be informed if a condition is discovered that reduces the
margin of safety by a specified amount as determined by PSA
analysis, or if a change is proposed that reduces safety by a specified
amount, either temporarily or for the long-term. The policy can also
provide guidance concerning the need for compensatory measures if
the margin of safety is reduced by a pre-defined amount.

Although many appropriate and conservative decisions are
made using PSA techniques, the potential exists that undue reliance
on these techniques can lead to decisions that provide sufficient core
protection but may reduce the desired defense-in-depth of safety
systems to assure long-term plant reliability and availability.
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INPO ACTIVITIES

Within the Plant Analysis Department at INPO, we have a small
staff (approximately 4 people) with extensive PSA experience at U.S.
utilities. These personnel are available to assist utilities in the
application of PSA results in plant operations and serve as a resource
to INPO during interactions on PSA-related activities.

INPO does not specifically seek out and evaluate applications of
PSA during its on-site plant evaluations. However, in our review of
plant operations, we will evaluate the use of PSA as we encounter it
during our evaluation of operational decision-making. To support this
activity, over 200 INPO plant evaluators and team managers have
received basic training on the principles of PSA and considerations for
its application. The staff in Plant Analysis is available to assist in the
evaluation of more complex applications.

To facilitate the effective communication of PSA information,
INPO established a topic on Nuclear Network® titled Probabilistic
Safety Assessment (PA). This topic was established in August 1993
and is designed to provide technical and managerial information
exchange among utilities related to PSA applications, methods,
techniques, results and insights. Included within the intended
information sharing is phenomenological modeling aspects,
integration of PSA processes into operational support and licensing
activities, exchange of data on basic events and initiating event
frequencies, human performance quantification and modeling, and
common cause techniques and insights.
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SUMMARY AND CONCLUSIONS

INPO is actively monitoring the increased usage of PSA
techniques. We believe that it is important to maintain high system
availability and reliability for safety systems during plant operation, and
for certain systems and functions during operational modes in which
plant safety can be challenged. PSA can be an important supplement
to methods and analytical tools that contribute to maintaining plant
safety. However, a knowledge of the limitations of PSA and a high
degree of management oversight are necessary to ensure appropriate
applications that maintain safety.
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Abstract

This paper presents some preliminary concepts being developed as part of the initiatives
currently being undertaken by NUMARC and the Electric Power Research Institute (EPRI) to
apply risk-based technologies to existing or anticipated regulations. The objectives of the
overall program are to quantify the improvements in safety and the reductions in operations
and maintenance (O&M) costs that might be achieved by establishing the risk significance
of regulatory requirements, and to provide more cost-effective alternatives to the utilities
when multiple methods to achieve a safety function are identified. The overall program is
being addressed in another presentation at this meeting (Reference 1).

This paper focuses on the part of the initiative associated with Technical Specifications for
allowed outage times (AOT) and surveillance test intervals (STI). The objective of this
effort is provide utility engineers with practical guidance for planning and accomplishing a
submission to the U.S. Nuclear Regulatory Commission (NRC). The focus will be on the
practical use of existing methodologies in the context of their site-specific limitations to
produce the information required to support the regulatory decision-making process.
Inherent to the project will be consensus building, both within the industry and between
the industry and the NRC, regarding the scope and level of detail of the probabilistic safety
assessment (PSA} model and the additional analysis required to justify the proposed
changes. The consensus-building process will use actual submissions as case studies to
refine the process and to provide an operative means to obtain regulatory feedback. It is
anticipated that the use of case studies will provide both early successes and lessons
learned to make further improvements.

This paper presents two examples of the work being accomplished in the Technical
Specifications project. The first section describes a preliminary framework being developed
to provide the practical guidance for the development of a submission. Next, a brief
summary of one of the initial case studies is presented. This case study involves the
South Texas Project Electric Generating Station Technical Specifications submission, an
ongoing submission that was discussed in a previous paper presented at an International
Atomic Energy Agency (IAEA) meeting (Reference 2). This paper briefly summarizes the
status of a recent resubmission of that request, some of the preliminary lessons learned,
and a modeling technique used to account for planned maintenance outages in the
resubmission.
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FRAMEWORK FOR TECHNICAL SPECIFICATIONS
SUBMISSION GUIDELINES

OBJECTIVES

The EPRI Technical Specifications Guidelines concentrate on providing utility licensing
engineers and risk analysts with a road map of the actions and considerations required to
prepare AOT and STI modification submissions. The guidelines take an integrated
approach that blends the requirements of deterministic engineering analysis with the
insights of the plant's PSA and supplemental, risk-based assessments.

The guidelines are being designed to take maximum advantage of existing methodologies,
such as References 3 through 10. They will assist utility engineers in understanding which
of the methodologies currently documented in the literature would be effective for
preparing the submission based on:

• Functions of the systems for which the change is being proposed.

• Deterministic engineering analyses required to support the assumptions and
boundary conditions of the risk-based arguments.

• Status of the utility's baseline plant-specific PSA.

• Availability of plant-specific data to support the application's quantitative analysis.

• Unqualified factors that may influence the decision criteria.

With the information in the guidelines, the utility will be in a better position to scope and
plan the effort required to produce the submission. The guidelines wiil also provide a
suggested format for making the submissions based on the functional type of systems and
applications being addressed.

A primary focus in the development of the guidelines will be achieving consensus between
industry and the NRC regarding the reasonableness of decision criteria and the adequacy of
the justification that the. decision criteria are met. This will be done through the
examination of "best practices" submissions that have been successful in the past and
through the close coordination with both utility licensing engineers and risk analysts. Case
studies involving actual submissions will be used to verify that they can be used in a
practical way and can provide a mechanism to tailor the guidance to address questions
generated during the regulatory review process.

LEVELS OF GUIDANCE

The guidelines are currently being organized into three levels to closely correspond to the
expected submission documentation. These levels are defined as follows:

• Format and Content of the NRC Submittal. These guidelines describe the basic
structure of the NRC submittal to conform to the requirements of 10CFR50.90
through 10CFR50.92for license amendments. The guidelines provide guidance on
how the risk-based assessment is blended with deterministic engineering
requirements in terms of both format and content. They will highlight methods to
make the risk-based results meaningful and acceptable to the reviewer who has a
deterministic/licensing-based perspective on such submittals. Table 1 contains an
outline of the major topics addressed in the NRC submittal.
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Table 1. Outline of Major Topics Addressed in NRC Submittal

License Amendment Request Letter

1. Overview of Proposed Changes and Motivation for Submittal
2. Deterministic Engineering/Licensing Description and Basis
3. Results and Conclusions of Integrated Risk-Based Evaluation

Enclosures

1. Introduction and Description of Proposed Changes

1.1 Engineering/Licensing Basis
1.2 Probabilistic Results and Conclusions

2. Markup of Proposed Changes

3. Retype of Proposed Changes

4. Safety Considerations (Safety Evaluation of Proposed Changes)

4.1 Deterministic Basis
4.2 Probabilistic/Performance Basis and Results

5. Determination of No Significant Hazards for Proposed Changes
5.1 Engineering/Licensing Basis
5.2 Probabilistic Approach, Supporting Information, and Results

6. Proposed Schedule for License Amendment Issuance and Effectiveness

7. Environmental Impact Assessment

8. Other Supporting Information
8.1 Risk-Based Evaluation (See Table 2 for Outline)
8.2 Engineering Evaluations

Technical Specifications-Specific Analysis. These guidelines will permit the utility
risk analyst and licensing engineer to plan the evaluation to support the submission
and to scope the effort required to accomplish it. They outline how the risk-based
assessment can be blended with deterministic engineering requirements to satisfy
the evaluation criteria of 10CFR50.90 through 10CFR50.92. The guidelines are
specifically oriented towards AOT and STI evaluations. Table 2 contains an outline
of the major topics to be addressed.

The major focus for the risk modeling of AOTs is configuration control under known
failure conditions. The evaluation must provide confidence to the regulating agency
that the plant's ability to safely respond to an initiating event while the failed
system is being restored to service will not be significantly impacted by an
extension of an AOT. The risk-based evaluation provides evidence that the plant
risk, as measured by the core damage frequency (CDF), does not increase
significantly, and that any slight increase may be compensated by unquantified risk
reduction options provided by the additional AOT.
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Table 2. Risk-Based Evaluation

1. Purpose and Scope

1.1 Motivation for Requesting Technical Specifications Change
1.2 Basic Description of Impacted Functions and Systems
1.3 Summary of Proposed AOT and STI Changes
1.4 Statement of How the Changes will Improve Plant Performance

2. Technical Specifications Evaluation Approach

2.1 Functions/Systems that Influence Focus of Submission
2.2 Assumptions and Boundary Conditions
2.3 Criteria for Acceptance

2.3.1 Evaluation of Impact on CDF
2.3.2 Evaluation of Impact on Release Category
2.3.3 Tradeoffs Against Other Important Considerations

2.4 Coordination with Other Plant Organizations
2.5 Baseline Probabilistic Safety Assessment Model

2.5.1 Description and References
2.5.2 Status of Acceptance by NRC

2.6 Methodology
2.6.1 Risk Modeling Tasks for Allowed Outage Times and Allowed Outage

Configurations
2.6.2 Risk Modeling Tasks for Surveillance Test Intervals
2.6.3 Combining All AOT/STI Changes to Assessment of Interdependencies

of AOTs and STIs, and Overall Effect on Plant Risk
2.7 Sensitivity/Uncertainty Evaluations of Important Assumptions, Data, and

Model

3. Results of Risk-Based Evaluation

3.1 Quantification of System Technical Specifications Changes
3.2 Comparison of Integrated Impact of AOT/STI Changes on Plant Risk to

Decision Criteria
3.3 Review by Independent Cognizant Organizations

4. Conclusions (Overall Findings and Determination of No Significant Hazards)

Appendices

A. Generic and Site-Specific Data Used in Support of Analysis
B. System Information

The major focus for the risk modeling of STIs is the unavailability of equipment
within the plant systems and its impact on CDF. The purpose of surveillance
testing is to detect failures in standby equipment as a means of ensuring their
availability in case of an accident. This is closely related to the risk assessment
process because it provides evidence to establish the failure parameters for the
basic components and systems in the plant models, and the actual magnitude of the
calculated unavailabilities is dependent on the magnitude of the STI. Although
surveillance testing intends to provide these positive benefits, it also has negative

90



impacts, such as unavailability during test alignment, test-caused failures, and
maintenance generated by demand failures and test-related wearout. Therefore, the
risk-based evaluation STI seeks to find an interval at which the benefits of testing
balance with the negative impacts of testing, and to provide the reviewer with
confidence that the plant will perform its safety functions reliably if testing intervals
are extended.

It is anticipated that the documentation generated during the Technical
Specifications-specific analysis will be provided in an enclosure to the submission in
sufficient detail to provide the analysis basis, results, and backup that provide
reviewers with sufficient information to verify the reasonableness of those results.
In addition, recommendations will be made regarding which portion of the
documentation may be retained in calculation files.

• Guidelines for Baseline PSA. These guidelines delineate the model required to be in
place as a starting point for the application being addressed. It also provides the
criteria by which the utility risk analyst may judge the adequacy for the application
of baseline PSAs prepared to satisfy the requirements of the individual plant
examination (1PE). It is anticipated that other EPRI tasks under the risk-based
initiatives program will more fully develop this level of generic guidelines. The
product will be a list of the topics that could be used to check the completeness of
the baseline PSA for application to AOT and STI modification submittals.

TYPES OF APPLICATIONS

The deterministic engineering requirements established in regulatory guides and industry
standards for the functions/systems against which submissions may be made will influence
the flexibility with which risk-based arguments may be used. Therefore, the orientation
and scope of the assessment depend on the type of function/system being addressed. The
list of possible categories is keyed to the breakdown of general types of functions and
systems given in the new standard Technical Specifications:

• Reactivity Control Systems
• Power Distribution Limits
• Instrumentation
• Reactor Coolant System
• Emergency Core Cooling System
• Containment Systems
• Plant Systems
• Electric Power Systems
• Refueling Operations

The guidelines will identify how individual functional requirements associated with these
categories may be addressed within the context of the risk-based approach.

SOUTH TEXAS PLANT TECHNICAL
SPECIFICATIONS SUBMISSION

One of the case studies that the EPRI project is examining closely while developing its
framework is the risk-based evaluation of Technical Specifications at the South Texas Plant
Electric Generating Station (STPEGS).
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BASIS FOR SUBMISSION

The primary motivations behind this submission stem from a desire to take credit for
unique plant features at STPEGS, which, in combination with the application of an older
version of standard Westinghouse (W) Technical Specifications, led to an undue burden on
the plant. Those Technical Specifications were developed for two-train designs that just
meet the single failure criterion. STPEGS has at least three electrically independent and
physically separated trains of equipment to provide basic safety functions. For accident
sequences that control the risk of a severe core damage event at STPEGS, only one such
train is required to protect core and plant integrity. With one safety train out of service,
STPEGS units fall within a plant configuration that has two independent trains still
operational, which is the normal operating configuration for other Westinghouse plants.
The plant's Technical Specifications now impose AOT limitations when one train becomes
inoperable, which could result in a requirement to shut down, with configurations
containing the same redundancy as the normal configuration of a two-train plant.

Because of the added STPEGS plant redundancy, the additional equipment that need to be
tested and maintained to comply with industry standards and the standard two-train W
Technical Specifications create an additional resource and cost burden on STPEGS. This
combination of factors also has the undesirable consequence of increasing the likelihood of
perturbing the optimal safety configuration of plant equipment to perform test and
maintenance tasks.

The current Technical Specifications prevent the realization of one of the primary benefits
that the added third train of redundancy was intended to provide; that is, the increased
flexibility to maintain equipment without impacting power generation of the plant. The use
of added redundancy to reduce the likelihood of Technical Specifications-imposed plant
outages is widely employed in Western European plants by application of a design principle
known as the "N-2" rule. STPEGS has made the added investment in the additional
hardware and its associated maintenance to meet this rule but does not currently realize its
principal benefit. Therefore, the objectives of the risk-based evaluation of Technical
Specifications are to:

• Establish a risk basis for the Technical Specifications for 1 6 systems at STPEGS.

• Evaluate and justify specific changes to the AOTs and STIs in 1 6 systems to obtain
the operational flexibility that was originally intended by the use of three- and
four-train systems at STPEGS.

• Achieve a more optimum balance between the positive impacts of testing and
maintaining equipment and the negative effects of disturbing equipment from
service and entering less-than-optimal plant configurations.

• Delineate the separate risk impacts of planned and unplanned maintenance and
thereby provide sufficient information to support the risk optimization of the planned
maintenance program. This optimization has the goal of effecting changes to the
test and maintenance activities within the new proposed Technical Specifications in
such a manner that no significant, adverse risk impacts will result.

The original risk-based evaluation of Technical Specifications began in 1989 and was
originally submitted to the NRC in 1990. Since then, the NRC has conducted an in-depth
review of the Level 1 PSA, and the utility has accomplished several Level 1 PSA updates
to meet the IPE requirements and to support the ongoing risk management program at
STPEGS. Some of the originally proposed Technical Specification changes have been
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Table 3. Summary of Proposed Technical Specification Changes

Technical
Specification

3.1.2.4

4.3.1

4.3.2

3.4.2.2

3.5.1

3.5.2

3/4.5.6

4.6.1.7.4

3/4.6.2.1

3/4.6.2.3

3.6.3

3.7.1.1

3.7.3

3/4.7.7

3.7.13

3.7.14

System

CVCS (CCP)

RPS

ESFAS

Pressunzer Safety
Valves

Accumulator

ECCS

RHR

Containment
Ventilation

Containment Spray

RCFC

Containment
Isolation

Steam Generator
Safety Relief
Valves

CCW

Control Room
HVAC

EAB HVAC

ECH

Current Technical
Specifications

AOT
(Days)

3

N/C

N/C

15 Mm.

1 Hour

3

3

N/C

3

3

4 Hours

4 Hours

3

(1)

N/C

3

STl
(Days)

N/C

62

62

N/C

N/C

N/C

92

31

92

31

N/C

N/C

N/C

31

1 2 Hours

N/C

Proposed Technical
Specifications

AOT
(Days)

10

N/C

N/C

1 Hour

1 2 Hours

10

10 -

N/C

10

10

24 Hours

24 Hours

10

(2)

N/C

10

STl
(Days)

N/C

92

92

N/C

N/C

N/C

184

92

184

92

N/C

N/C

N/C

92

24 Hours

N/C

Remarks

Charging Pumps,
Charging Header,
RCP Seal
Injection

Includes RWST,
HHSI, and LHSI
Systems

Relay Room
Cooling

ESF Switchgear
Room Cooling

Notes:

N/C No change proposed.

(1 ) Seven days for the first inoperable train of control room HVAC and 24 hours for the second train of
three in Modes 1 through 4.

(2) Ten days for the first inoperable train of control room HVAC and 72 hours for the second train of three
in Modes 1 through 4.
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Table 4. Evolution of Core Damage Frequency Assessments

CDF Distribution
Parameters

(Per Year)

Mean

5th Percentile

50th Percentile

95th Percentile

STP Level 1 PSA
(1989)

1.7E-04

3.6E-05

9.9E-05

3.8E-04

STP Level 2 PSA/IPE
(1992)

4.4E-05

1.2E-05

3.2E-05

8.9E-05

STP Current Evaluation
(1993)

3.6E-05

9.6E-06

2.3E-05

7.8E-05

withdrawn, and the PSA calculations to evaluate the remaining proposed changes have
been updated. In view of the time that has transpired since the original request was made,
it has become necessary to essentially revise the entire original submittal although the
conclusions have remained unchanged. Thus, a new submittal has been made to
consolidate and update relevant aspects of the previous submittals and to respond to
questions generated during the review of the original submission. A summary of the
requested changes is given in Table 3.

The overall risk of the plant, as quantified in the total core damage frequency, has shown a
downward trend since the original submission in 1990, as reflected in Figure 1. The
primary parameters associated with these distributions are given in Table 4. It can be seen
that the overall effects of the changes implemented in support of this submission have not
affected the shape of the uncertainty distribution. This provides confidence that the
analytic approach justifying the comparison of distributions is consistent. Additionally, the
two successive updates of the original analysis have each shifted the distribution toward
lower CDF values. The reduction has resulted from a combination of the application of
site-specific data to the initiating events frequencies and maintenance durations, changes
reflecting refinements to the plant model, and implementation of a 24-week planned
maintenance program. This overall trend is consistent with the objective of achieving
continual improvement to plant safety and increasing confidence that the CDF values are
acceptably low. From this comparison, it is reasonable to assert that the combined
positive effects of optimized maintenance, model refinements, and plant performance data
have offset the very small incremental effects of the lengthened AOTs and STIs in the
proposed Technical Specifications changes. The resubmission is now under review at the
NRC.

As part of its program on the application of risk-based technologies, EPRI utilized the
resubmission effort as a case study with the objective of applying the lessons learned from
this effort to structure the Technical Specifications guidelines. The new submission was
organized to provide a prototype for presenting supporting information in a format that
would make it more easily reviewed by the NRC. Some of the updating involved common
sense organizational changes that sometimes simply was missed by analysts heavily
involved in the details of the evaluation. Three changes that appear obvious in retrospect
were incorporated into the resubmission that clarified a number of questions asked by the
reviewers:

• The motivation for the submission and the anticipated benefits of the proposed
changes are delineated up front.
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• There is now a ciear and explicit definition of the decision criteria upon which the
proposed changes are being based.

• Both the quantified and unquantified parts of the plant performance parameters are
explicitly discussed and compared to the decision criteria.

PLANNED MAINTENANCE ALIGNMENT INSIGHTS FOR CONFIGURATION MANAGEMENT
ASSESSMENTS

A number of innovative techniques applied in the STPEGS Technical Specifications study
have been covered in another paper presented at an IAEA meeting (Reference 2). This
paper relates an additional insight derived from the detailed incorporation of the planned
maintenance program into the PSA model.

Currently, both planned and unplanned maintenance activities are being performed with the
plant in Mode 1 power operations. Planned maintenance periods are used to conduct both
preventive maintenance and minor corrective maintenance items on noncritical faults that
can be deferred. Unplanned maintenance refers to corrective maintenance required to
restore equipment to service following a critical failure that makes it unavailable. Both are
constrained by the AOTs in the Technical Specifications, but the maintenance activities,
and therefore the resulting durations of the two, are considerably different. Consequently,
each is modeled separately in the PSA.

Planned maintenance and associated testing activities are now being accomplished at
STPEGS according to a "24-week rolling maintenance schedule." During planned
maintenance activities, the plant evolves through a sequence of configurations with a
specific set of equipment (e.g., a safety train) taken out of service or placed into an
appropriate condition for test or maintenance purposes, interspersed with the nominal state
in which all equipment is in its normal configuration. In all cases, surveillance testing
required by the Technical Specifications is accomplished at the conclusion of the planned
maintenance to prove the equipment operable. While the beginning of each new
configuration occurs according to a preplanned schedule, the duration of each test or
maintenance configuration depends on the time required to complete the necessary work
and to perform all tests needed to ensure that the equipment has been restored to the
correct operability state. These durations, although variable, are generally preplanned by
the maintenance department. They are modeled as planned maintenance durations, which
are assigned their own variable names, based on the plant-specific experience.

Superimposed on this sequence of planned test and maintenance states are randomly
occurring events in which equipment is removed from service for corrective maintenance.
The need for such corrective maintenance can occur as a result of failures of normally
operating equipment, routine inspections and walk-throughs, and test-induced demand of
standby equipment that results in failure on demand and entry into a limiting condition of
operation (LCD). The unplanned maintenance durations in the generic database model
these activities.

The event tree approach offered by the RISKMAN® software provides a convenient means
to model planned maintenance configurations of the plant explicitly. First, all planned
maintenance was removed from the affected system models so that it does not contribute
to the resultant time-averaged system unavailability split fractions. Using the new system
unavailabilities, the event tree models were then quantified with a 10~12 per year
truncation and to provide an estimate of the annual average CDF, given that no planned
maintenance is in progress. Sequences greater than 10"1^per year were saved to the
sequence database containing about 6,000 or about 98% of the CDF determined via the
full event tree quantification.
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An important sequence model was then developed from the same 6,000 sequences saved
to the sequence database. This set was then examined to ensure that it provided
representative sequences for cases in which a train of a system is unavailable for planned
maintenance. For exajnple, because the component cooling water (CCW) system has such
low risk importance at STPEGS, the saved sequences did not contain a representative set
of sequences with failed trains of CCW. To identify sequences for evaluation of CCW
system planned maintenance, a special sensitivity case was developed by setting a train of
CCW split fractions to .5. This added another 645 sequences to the sequence database
with train B CCW failed. This version was then used to address all maintenance states in
which CCW is being maintained.

The modified important sequence model was then used to evaluate the unique impacts of
each planned maintenance state on the total core damage frequency. A separate computer
run was made for each of the unique maintenance states of the 24-week cycle. An
illustration of the set of configurations considered during one of the weeks is given in
Figure 2. In this case, there are four distinct combinations of out-of-service systems for
which calculations were made. For each configuration, the unavailable systems were
assigned split fractions of 1.0 prior to the computer run for that case. The result was an
estimate of the conditional CDF, given that planned maintenance is in progress on that
specific equipment only. Each of the cases is then weighted by the relative duration the
plant remains in its associated configuration, as determined by actual site-specific planned
maintenance experience. This approach correctly accounts for the planned maintenance
program practice of not permitting overlap of most planned maintenance states. The risk
profile for a typical 24-week rolling maintenance cycle is shown in Figure 3.

Finally, the planned maintenance cycle was integrated into the full plant model by adding a
multiple branch top event to the beginning of each event tree for the individual initiators to
represent all of the planned maintenance configuration states of the 24-week maintenance
cycle. One branch represents no planned maintenance in progress, and one additional
branch represents each out-of-service equipment configuration produced by a unique state
of maintenance. The split fractions for each branch are simply the products of the
maintenance frequencies and durations of the planned maintenance activities. Rules are
then added to the remaining top events in the event tree to account for the impacts of
each planned maintenance branch on the functional availability of the out-of-service
equipment. In addition, the effects of planned maintenance on the support system failure
initiating event frequency models are accounted for by defining separate initiating events
with and without planned maintenance in progress. The plant model is requantified with
the appropriate planned maintenance split fractions and the systems requantified with the
test intervals and unplanned maintenance durations permitted by the requested STI and
AOT changes to provide the overall impact of all of the proposed changes on the CDF.

The use of alignments and conditional split fractions in the above manner suggests broader
applications for assessments of configurations where combinations of systems are known
to be failed. The process allows one to distinguish easily between known outages and the
random failures that could occur in addition to them. This information facilitates the
examination of scenarios for physical reasonableness and makes the job of communicating
the insights of the evaluation to the plant staff and reviewers easier. Finally, the use of
multiple branch top events permits the easy integration of the results into the bottom-line
risk profile of the plant. The latest version of the RISKMAN software will automate this
capability through a menu-driven configuration designation tool.
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CLOSING REMARKS

This paper has presented a discussion of one of the EPRI initiatives .currently being actively
pursued in the United States to integrate risk analysis into the justifications of Technical
Specifications bases for AOTs and STIs. The methods for calculating optimum values of
AOTs and STIs have been developed and are currently available. The work that lies ahead
centers around enabling utilities to use these methods efficiently and gaining the
consensus of both industry and the regulatory community regarding their role in
relationship to traditional deterministic requirements. We believe that the time is ripe for
risk analysis to take its rightful place as a valuable licensing tool.
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STATUS OF PSA APPLICATIONS
AT THE LAGUNA VERDE NPP

V. RAGASOL, J. SALCEDO
Comision Federal de Electricidad,
Barcelona, Spain

Abstract

Application of Probabilistic Safety Analysis (PSA) into operation, maintenance, design and
licensing activities in Laguna Verde Nuclear Power Plant is getting an increased interest and
importance. The purpose of this paper is to describe the experience obtained in the practical
application of PSA that have been done or are in process in the Laguna Verde BWR NPP. The
level 1 PSA Study was developed during 1986-1988, outside any regulatory commitment, and
it was submitted later as part .of the response to the IPE requirement. Since then, the Mexican
regulatory body (CNSNS) has strongly encouraged the Mexican utility (CFE) the use of the PSA
methodology. CFE experiences in making use of PSA in licensing activities and later example
applications are described, showing the method employed and the results obtained.

An overview of the benefits of PSA and the program for future activities in Laguna Verde are
presented. It is concluded that PSA has shown in Laguna Verde to be very useful to attain a
better understanding of certain issues, coupled with a deep familiarization on the systems,
subsystems and components, smoothing in some instances the operation of the plant, always
maintaining a high safety level with an enhanced plant performance.

BACKGROUND ON PSA LEVEL 1 CHARACTERISTICS

One characteristic of the Level 1 development in Mexico was the collaboration of utility,
research institutes, and regulatory body personnel, and the support by IAEA through expert
assistance. This enriched the technical discussion, often with divergent points of view, but
always within a manageable framework. We think this divergence of views is a desirable factor
in a PSA team-. However, not every topic could be covered by regulatory personnel, and their
participation does not mean automatic acceptance of the study as a whole. Thus, the regulatory
participation in the development of the Level 1 PSA has not necessarily facilitated the review
of the study after the final submittal to CNSNS.

Another characteristic, specially relevant for applications, is the failure data development
included a very detailed modeling of surveillance test intervals (STI's) and allowed outage times
(AOT's). This required a significant analysis effort, but it has paid off with the insights obtained
in the results and the added capability for technical specification applications. In addition, a
substantial effort was devoted to obtain a comprehensive list of component importances (through
the use of modularization and very low cutoff values). This list has also proven to be useful in
the applications phase of the study.

CFE PSA team activities.

After a direct (but partial) participation during PSA development phase, an internal review
was conducted by the utility Licensing and Nuclear Safety (L&SN) personnel with collaboration
of Operations and Engineering/Technical Support personnel. Most of the participants were not
familiar with PSA techniques, and it was difficult to assimilate this new point of view, mostly
unknown especially to operations personnel. At the time, before commercial operation, people
had been mostly involved with the design philosophy, and the approach of a PSA where every
failure is postulated seemed to go against their basic beliefs. More recently, however, many PSA
applications have covered operational problems, where operations personnel have become
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acquainted with the nature and benefits of the methodology. Our expectations were correct and
the lesson is clear: to obtain a strong support for PSA activities (from lower to management
levels), one must solve at least one real-practical problem, understandable for every body.

The internal review produced two major benefits. First, it made possible to update fault trees
and reevaluate some post-accident human actions with the finalized information on design and
procedures. Second, the internal review allowed for initial training of utility personnel now
belonging to the CFE PSA Team.

RESPONSE TO IPE REQUIREMENTS

In correspondence with NRC Generic Letter 88-20, CNSNS requested CFE to develop an IPE
study for Laguna Verde in December 1989. CFE submitted the Laguna Verde Level-1 study on
february 1990 along with an IPE activities program. This was the onset of formal PSA
regulatory and application activities in Laguna Verde. Even though a 3 year period was initially
established to perform and submit the PSA level-2, a longer period of time has been necessary
to perform it through a better consolidation of PSA activities.

It was considered that the development of the Level-2 PSA in Mexico should require a
significant amount of research and training, with less immediate utilization than the Level-1. For
this reason CFE personnel has concentrated in the Level-1 PSA applications, leaving the Level-2
development to the same research organization (HE) that developed the Level-1 study. This
strategy allows to mature and assimilate the PSA methodology into the CFE organization. Our
achievements in Level-1 utilization have proven this to be a valid approach.

PSA ASSIMILATION BY THE UTILITY.

Difficulties.
The simple term "probabilistic," by itself, was contradictory or, at least, disturbing when

mentioned in the deterministic world where Laguna Verde grew. There has been a long (and
sometimes exhausting) road since the beginning of the PSA activities in Mexico to convince
management and technical people that the PSA activities represent a real-practical tool and not
only a fancy elaboration. Even the PSA terminology was a barrier against the communication;
competent and experienced technical people were reluctant to terras as cut-sets, event trees, fault
trees, importance measures, etc. The main impact of this communication problem was the
difficulty to convince the management of the necessity to assign to the PSA team personnel with
large experience in the design and operations of the Laguna Verde NPP; the PSA techniques are
rather easy to assimilate but there is no substitute to the knowledge of the "nuts and bolts" in
the design and operations of the various systems and components included in the paraphernalia
of a NPP.

Another difficulty encountered was the assimilation of the different approach and scope of the
probabilistic analysis that defines dominant contributors, which can be different from the ones
analyzed under the design basis accidents in the deterministic analysis. A significant effort was
(and is being) devoted to the understanding that a PSA application does not substitute a
deterministic analysis; it gives an enlarged view and a quantification of the "good engineering
judgement."

PSA group activities

Workshops. As part of training for the CFE team, several 2-3 days workshops have been
conducted since the PSA group initiated its activities at the beginning of 1992. Those workshops
were conducted twice a month at the beginning to one every two months at the present time.
These workshops have been focused on the practical use of PSA results, especially in the use

102



of importance measures. Some applications mentioned latter in this paper have been the result
of these workshops. IAEA expert support has been very helpful in conducting some of these
workshops. It may be pointed out that the intention of these workshops is not to make utility
staff skillful in the PSA methodology, but rather on practical use and interpretation of PSA
results. Some sessions have been conducted with the participation of regulatory personnel. This
has been helpful in developing a common understanding of the benefits and the adequate
practices for PSA applications and a common agreement on acceptance/rejection criteria.

PSA Updating Process. Recently, PSA Level-1 update activities have been initiated. This is
considered an important activity because: (1) Laguna Verde PSA was completed in 1988, when
the plant was in pre-operational testing, and some additional operational experiences and
considerations need to be incorporated in the PSA models, especially operator actions and
recovery. Also some system fault trees require to be updated for recent plant improvements; (2)
The best training for new team members is to review, modify and quantify the PSA models; and
(3) it is desired to make some methodology improvements (such as implementing the models in
SETS) to allow for a more solid approach than the one originally used (based on FTAP).

PSA APPLICATIONS (REQUIRING REGULATORY ACCEPTANCE).
Starting May 1992 our regulatory body required that every application for exception to Technical
Specifications and, in general, every change to the licensing basis should be accompanied, as
much as practical, by a PSA analysis of the risk significance of the change. Although not every
one of these changes are suitable for PSA analysis, several applications have been derived in this
way. These and other studies are described in the following sections.

RCIC steam line isolation inoperabiu'tv.
The external isolation valve for the RCIC steam line failed because of a burnt DC motor, and

no qualified replacements were timely available on site; a non-qualified replacement motor for
the valve actuator was readily available. Under this condition the plant Technical Specifications
required to close the line or start plant shutdown within four hours. In addition, closing the
RCIC line renders the system inoperable, entering a 14 day allowed outage time (AOT). The
latter was the action initially taken at the plant.

This problem represented an instance of competing risks suitable for PSA analysis. The RCIC
is a critical system from a PSA perspective, as it mitigates the dominant sequences commonly
found in BWRs, and its unavailability does significantly increase risk. On the other hand,
installing a non-qualified valve motor also might increase the risk, but for accident sequences
not found dominant in the PSA. The problem was evaluated by calculating the increase in risk
due to LOCAs outside containment due to the reduced reliability of the isolation valves, and
comparing it to the risk increase due to a 14 day RCIC unavailability. An increase of a factor
of five in the failure rate for the non-qualified valve was assumed for this purpose. Several
orders of magnitude difference between the two calculations showed that a net risk reduction was
clearly achieved by continuing operations with the non-qualified valve. Actually, even assuming
a 1.0 probability of failure for the non-qualified motor, the risk increase was small enough to
grant a 92 day exemption while the qualified replacement arrived.

This first practical application in Laguna Verde showed the usefulness of PSA to provide an
additional point of view when two divergent Technical Specifications apply (i.e., containment
isolation operability vs. injection system operability). It is interesting to note that the more
restrictive technical specification for containment isolation corresponds to its less redundant
configuration (one out of two), when compared to the injection system redundancy. This is
reasonable from a deterministic point of view, since all fission product barriers should be given
equal importance (in this case the containment and pressure vessel boundary barriers vs. the fuel
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cladding barrier). What the PS A is providing in this case is a way to weight each factor, taking
into account the specific conditions encountered. It also should be observed that these relative
weights would be different for other containment penetrations, while Technical Specifications
assign a generic AOT to most of them.

RWCU isolation valve test interval.
Using a similar approach as for the RCIC PSA application above described, an application was

performed to request the extension of the Reactor Water Cleanup System (RWCU) isolation
valve test interval, from three to 18 months. This was also evaluated as a LOCA outside
containment scenario. The analysis showed that the increase on the STI (3 to 18 months)
produced an increase on the core damage frequency of 3 x 10~9/yr which is considered a
marginal risk increase when compared to the 10~*/yr safety goal. An important aspect that should
be noted is that, even though the PSA Level-2 has not yet been developed to evaluate the impact
of this STI modification, the latter is acceptable when compared to the established safety goal.

Temporary use of lower-QA Oxygen analyzer pump.
This example is similar to the previously explained on the RCIC with respect to the temporary

substitution of a component of lower qualification in a safety related system. The function of the
oxygen analyzer is to sample the containment atmosphere after a LOCA and determine its O2
content. During a LOCA and if this system fails, the operator has to vent the containment to
avoid the possibility of an explosion due to the generation of H2 and O2. Under normal
operation, the Technical Specifications called for a 4 hrs. AOT of any of the two divisions
before the shutdown of the plant.

The original purchase specification of the analyzer pump stated the requirement of a QA-3
classification and, due to a misunderstanding, a spare pump was bought with a QA-4
classification (materials certification only). The time required to replace the spare pump with the
correct qualification was around one month.

The application consisted of a request to the regulatory body to allow the operation of the plant
with the QA-4 pump during 31 days, assuming a failure rate for the QA-4 pump five times
greater than the failure rate for the QA-3 pump.

The risk increase of venting the containment unnecessarily by the operator, assuming a large
LOCA plus the failure of both divisions of the Oj analyzer system, resulted in 6.3xlO-n/year that
is well under the criteria of 10% of the safety goal of 10* /year for a temporary modification.
(This application should have considered the risk increase normalized to one year for the
temporary risk increase during 31 days, and compared to 1% of the safety goal)

Turbine protection system test frequency
The Laguna Verde main turbine was manufactured by Mitsubishi Heavy Industries Ltd. with

a Westinghouse design. Although the protection system for Westinghouse turbines in the U.S.A.
is normally tested monthly, in our case the testing period was assigned to 7 days because of the
limited nuclear experience with Mitsubishi turbines. A PSA analysis has been performed for the
turbine protection system based on the testing experience acquired during the first two years of
operation.

The evaluations performed consist in a simple calculation of the test detected risk associated
with this surveillance. This considers the portion of the unavailability of the system of valves
associated with the test, taking into account common cause failures. Upon failure to close any
of the steam lines, a turbine overspeed and disk ejection are assumed, analyzing the impact to
different plant structures with information from the FSAR turbine missile analysis. It was found
that the most critical areas of the plant to be impacted were the fuel pool in the refueling floor
and Unit 2 core during refueling; this was mainly because these are the only safety related areas
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not covered by concrete structures. The evaluations showed both a very small increase in
radioactive release frequency (<5xlO'8/yr. in the worst sensitivity cases) and very small doses
compared to core melt accident sequences from power.

An additional calculation of the benefits of reducing the testing frequency for the turbine stop
valves showed a reduction in core melt frequency due to a decrease in the number of initiators
of scrams associated with the tests. This reduction is about four times the calculated risk
increase. Although it could be argued that a net risk decrease is obtained, taking both negative
and positive contributions, we do not believe this subtraction is meaningful when numbers of the
order of 10"8 are involved. Uncertainties at this level of risk are so large that it would be more
appropriate to state that both benefits and costs are small compared to 10^/yr.

RHR heat exchanger out for maintenance
Indications of sea water contamination were found in the Residual Heat Removal System while

the plant was operating at power. It was considered necessary to take one of the two heat
exchangers out of service for testing and possible maintenance. Current Laguna Verde Technical
Specifications assign a 72 hour AOT for one heat exchanger out of service, and the estimated
repair time was 7 days. An exception to the AOT was requested from the regulatory body, and
it was not granted based on the core melt frequency increase calculated from the PSA results
exceeding a safety criteria of lO^/yr1". This rejection is significant considering there were enough
deterministic arguments to support endorsement of the exception, and it would have been granted
if PSA had not entered in the evaluation. For instance, new BWROG Technical Specifications
suggest a 7 day AOT for RHR heat exchangers.

Two factors contributed to obscure this decision. First, the PSA importance tables used in the
calculation did not include recovery, a very important factor for long term accident sequences
such as the ones with RHR failure, but it included unallowed maintenances. Actually, the time
available for recovery (more than 30 hours) would be enough to terminate the maintenance and
establish the heat sink, although with leakage from the unrepaired heat exchanger. Second,
components redundant to the heat exchanger had been tested recently before the exception was
requested. By crediting these recent tests, a significantly lower core melt frequency could have
been calculated. It is considered that a more careful thought of these factors, both by the utility
and the regulators, could have lead to approve the exception.

Although the plant was not shut down in this case (testing showed the leakage was not in the
heat exchanger), this PSA application showed the importance of having a clear understanding
of what factors are involved behind specific PSA results. A necessary improvement to our PSA
will be to have importance tables and cut set listings for both recovered and unrecovered cases,
as some applications ought to be made with recovery and others without it. Still, we consider
necessary the review of the underlying considerations • for each application. Too many
assumptions and simplifications are made in the delineation of the accident sequences and the
fault tree development, which need to be reviewed when the context of these models is varied
for a specific application.

Also this application showed the convenience of establishing safety criteria suitable for different
PSA applications. One factor that may be considered is whether the case being considered is a
permanent modification or a one time exception. Another factor would be the allowance for less
stringent criteria for accident sequences with a lesser degree of consequences, such as the ones
with a small conditional probability of containment failure, through the use of substitute level-2
and Ievel-3 PSA safety criteria.

The safety criteria of 10"*/yr considered in this application stands for 1%
of a baseline core melt frequency of 10"*/yr, and rather than an
established regulatory goal it was taken from proposed methods for AOT
prioritization.
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Generic Letter 89-04 on Check Valves Testing.
Based on GL 89-04 guidance, an inservice testing program for check valves has been

developed. In order to comply with the GL recommendations, the check valves were grouped
and classified based on design criteria, taking into account their class, category, dimensions,
design pressures and temperatures, etc. The result was a set of "families" per system where
"members" could be programmed for inservice inspection representing the whole family. -This
is a valid deterministic approach but, from PSA perspective, the members of each family can
have different importances regarding its safety function-. In this case, the PSA approach
complements the deterministic approach.

A classification was developed based on the Importance Measure of the Risk Reduction (RR)
for every valve, resulting in three groups: (1) Class 1 for RR > 1 x 10"7; (2) Class 2 for
10'9< RR < lO'7 ("marginal class"); (3) Class 3 RR < Itf9.

In this application we found, for instance, that an HPCS check valve was originally
programmed to be inspected every 2 operation cycles since there were two similar valves in this
system. However, from PSA perspective, one of the valves was Class 1 and the other was Class
2. consequently, it was recommended that the Class 1 check valve should be verified every
operation cycle.

Similarly, five equivalent check valves in the ADS system were determined to be inspected
every three cycles (two valves every outage) but all of them were found to be Class 1; the
recommendation was to inspect all five valves every outage.

In other cases, some valves were recommended to be inspected less often because they were
determined to be Class 3.

A PSA limitation in this application is the relatively small number of check valves modeled
in the Level-1 study, but even with this limitation, the PSA showed to be a useful tool which
complements the deterministic approach.

Use of the fire protection diesel driven pump during station blackout
This is an analysis of risk benefits for using the fire protection system during station blackout,

as suggested by the NUMARC SBO initiative. Several alternatives have been proposed in other
plants for the use of the fire protection diesel driven pump during SBO, both for coolant
injection to the vessel and for increasing the available heat sink. In this case, the use of PSA can
help to determine which of these alternatives give the best risk reduction, taking into account
the characteristics of the dominant station blackout accident sequences in Laguna Verde. This
is a straightforward PSA application, and preliminary results have shown that the cost
installation is negligible compared to the risk reduction attained.

Removal of the Steam Tunnel Differential Temperature MSTV Closure.
In 1990, a reactor isolation occurred after a wrong operator action on the fan coil unit that

cools the steam tunnel atmosphere, creating a high AT between the intake and discharge of the
cooling unit.

The purpose of this application is to avoid unnecessary reactor isolation (i.e. reduce MSIV's
closures with its correspondent SCRAM) due to a signal of high AT in the steam tunnel. The
analysis was performed in two folds; the first evaluates the Risk Decrease due to the elimination
of AT isolation signal taking into account the improvements performed after the 1990 isolation
event (i.e. implementation of "live loads" on the valve stems and special warnings to the
operator to avoid valve manipulation on the fan coil unit). The calculation was done considering
the MSIV's conditional probability of CMF, associated with the steam leakage frequency in the
steam tunnel and the human error probability due to such event.

The second part of the analysis determined the Risk Increase due to the elimination of the high
AT signal. Four scenarios were considered: Large LOCA, Intermediate LOCA, Small LOCA
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and leaks through piping and valve stems). Fault trees were developed to evaluate the
unavailability of the MSIV's isolation logic with and without the high AT signal.

The calculated Risk Increase was 5.4 x 10'10/yr and the Risk Decrease 1.38 x 10 /̂yr. Such
results demonstrated that the risk associated with a spurious or unnecessary MSIV's isolation is
higher than the risk of a leak in the steam tunnel.

Three aspects were clear from the analysis: (1) the purpose of the high AT isolation signal is
more to protect the public from a radioactive release than to protect the reactor; (2) there is a
great redundancy of signals to isolate in case of a large LOCA and the high AT signal becomes
important in case of small leaks and; (3) the removal of the AT signal does not affect the ability
to secure plant shutdown during small line breaks before they propagate inte large breaks.

It should be noted that the alarm in the control room will be maintained and, in case of a high
AT alarm the Technical Specifications will call for an orderly shutdown of the plant.

Remarks on regulatory applications

The PSA applications performed up to date in the Laguna Verde NPP have shown the
usefulness of this tool for complementing the deterministic judgement in regulatory decision
making, in a very wide variety of problems. From the experience obtained, it can be said that
no surprising results have been found. In situations where engineering judgement indicates a
wide margin of safety, PSA provides the quantitative measure to round the decision up. The
result does not necessarily lean towards relaxation.

It is recognized that PSAs are a very simple representation of the plant; it would be difficult
to sustain that the small engineering effort represented in the PSA will substitute the whole
conventional design and evaluation effort made. Behind the PSA; there is an entire nuclear
power plant with all its complexities. When applying the PSA it should be kept in mind what
is best for identifying the dominant risk issues.

Many assumptions and simplifications are made in the development of PSA models to keep
them within a manageable scope. For instance, conservative assumptions often need to be made,
and they are not removed unless they have an impact in the dominant accident sequences. This
conservatism may however arise in a specific application when the factors rendering them
unimportant have changed. Other elements could have been filtered out of the analysis, through
modeling assumptions or use of cut-off values, which may become important for the situation
at hand.

For these reasons, every PSA application, whether based on specific analysis or taken from
the PSA importance tables, deserves to be carefully considered on a case by case basis.
Numbers shouldn't be pulled out of the PSA forgetting their original context.

The case of failure recovery during an accident is one important example of the above
considerations. For some applications it is desirable not to give credit to recovery, as the plant
should not depend on extraordinary human actions to accomplish safety. It is considered that
design changes and maintenance optimization belong to this category. On the other hand,
applications where accident frequencies are to be compared with each other, or with a safety
goal, ought to have the most realistic estimate of risk, including unusual human actions.

One final observation in the applications is that there might be important plant costs involved
in the problem, with frequencies much higher than core melt, which are normally not considered
in the PSA models. One example found in BWRs is the emergency depressurization of the
reactor vessel. While this action is broadly used in the BWR emergency procedures to bring the
vessel to the lowest energy state, allowing for an increased control of the reactor or the
containment, the action by itself could imply the end of the useful life of the vessel. Another
example was found in our application for increasing the turbine protection STI, where a large
margin of safety for fuel damage given missile ejection was found; however the cost of turbine
damage itself and loss of production are, for sure, significant.
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DEFINING THE ROLE OF QA.

The question of Quality Assurance for the PSA was raised as soon as it was first used for a
regulatory purpose. Having developed the Laguna Verde PSA well before it was required by the
regulatory body, the use of a formal QA program in the development was excluded from the
onset. Looking at the procedure guides and the IPE Generic Letter itself, no QA requirements
are established beyond independent peer review. In our case, having gathered most every person
involved in PSA in the country for the development, including regulatory personnel, independent
peer review has been difficult to accomplish. With respect to this, IAEA technical assistance has
been very helpful to achieve part of the review of the PSA.

It is considered that review and validation of the baseline PSA study should not extend beyond
such independent peer reviews. Once the obvious omissions and differences of opinion are found
in a PSA review, we have found it is difficult to produce significantly different results with an
additional effort. As discussed earlier, the large number of assumptions and simplifications
contained in the study make it pointless to assure its adequacy at large for any possible
application. Therefore, we have reached the conclusion that a more efficient way to introduce
QA controls in the PSA would be at the application level. This is also consistent with the fact
that PSAs only interface with safety related components, activities, and procedures when they
are applied. With this approach, the results can be reviewed in more detail and with a better
defined focus for the specific conditions analyzed.

We are currently in the process of defining an organization and a set of procedures that would
define the role of PSA in plant activities. It is noteworthy to mention that the use of PSA results
also can help the QA personnel in performing their activities, and our QA organization has
already shown interest in following this idea.

DEFINITION OF ACCEPTANCE CRITERIA FOR PSA APPLICATIONS.

We think that, worldwide, there is a lack of clear and strong definition of acceptance/rejection
criteria for PSA applications. In Laguna Verde, we have been using a set of criteria that was put
together through expert judgement, and can be defined as follows:

The PSA applications are focused on the risk variation involved in a specific
modification and shall consider the Risk Increase as well as the Risk Decrease.
In order to accept a modification based on PSA, the Risk Decrease shall be greater than
the Risk Increase, and the Risk Increase, by itself, shall not exceed an acceptance
criterion. This acceptance criterion is based on the USNRC tentative safety goal
established for large radioactive release, i.e. 1 x 10^/yr.
The analysis should always consider a base case scenario as realistic as possible and shall
contain sensitivity cases that represent the uncertainty of the base case.
The Risk Increase for the base case shall not exceed 1 % of the safety goal (i.e.
IxlO'Vyr).
The sensitivity cases shall not exceed 10% of the safety goal (i.e. 1 x lCT7/yr),
considering a 95% confidence level. Also the sensitivity cases should represent the
highest credible degree of conservatism (for instance, assign an unavailability of 1 for
a non-qualified component).
For applications that involve temporary modifications, the same criteria used for
permanent modifications shall be applied, but the risk variation shall be "normalized"
(risk variation/yr). This is because the safety goal is an "integrated risk" per year and
the risk variation for a temporary modification is calculated for the duration of such
modification.

Alternative Acceptance Criteria.
These criteria are used basically for Tech. Spec, modifications and are applied, in general, on

modifications, that do not imply a containment challenge or under the assumption that the
containment will maintain its integrity during the postulated accident.
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The Baseline for this criteria is the specific core melt frequency which, for Laguna Verde, is
= 1 x 10-Vyr.
The base case for such application shall not exceed 1 % of the CMF, i.e. 1 x l(Wyr and the

sensitivity cases (with 95% of confidence level) shall not exceed 10% of the CMF, i.e.
1 x I0'5/yr.

In general, it should be pointed out that every application should be performed on a case by
case basis and that, in each case, other considerations can play an important role in the decision
making since, for Laguna Verde, the PSA applications are considered complementary to the
deterministic analysis.

Finally, it is important to note that the above criteria are not rigid and can be modified in the
future as experience is gained through the PSA applications.

FINAL REMARKS AND CONCLUSIONS.

The PSA activities in the Laguna Verde NPP have had a hard and long start but the benefits
are quite important and they can be listed as follows: thorough understanding of systems and
subsystems from design and operations perspectives, reduction of operational burdens, enhanced
capacity and availability factors, exhaustive revision (and understanding) of Technical
Specifications and its related AOT's and STFs.

The practical application of PSA results and techniques in the Mexican nuclear industry has
materialized, in a modest scale, its advertised potential for reducing plant burden without a cost
on safety. Perhaps most of the problems solved represent situations where engineering judgment
would have led to the same conclusions. The gain in these cases is rather the possibility to round
up the decision with a better agreement on what the dominant issues are.

However, the experience attained has also raised some warnings on its use. The PSA, as a
model, is a very simple representation of the complexities behind a nuclear power plant. This
simplification, actually, is what allowed us to arrive to concrete results in a short time. It is also
the reason why PSA results ought to be taken as a complement to traditional engineering
judgment, not a substitute.

Some areas where further work is needed have been observed. One of these is the need to
define the role of Quality Assurance. PSA as a document, such as the IPE, is not normally
subject to such controls. In our case, the QA question was raised as soon as PSA results became.
relevant in making a regulatory decision, and we are currently working in a response to this
question. Probabilistic safety criteria is another area where we have encountered a lack of
definition. There is a gap between what PSA gives and established safety goals, and different
interpretations can make go either way.

Up to date, and for the next few years, the challenge that has to be overcome by nuclear power
responsibles is to reduce drastically the investment and operations costs involved in NPP's. The
future of the electrical generation by nuclear means depends on the success or failure to reduce
such costs without jeopardizing the safety levels. We believe that PSA has an important role to
play in the success of such a task.

REFERENCES

Analisis Probabilfstico de Seguridad de la Central Laguna Verde Unidad 1, Comisidn
Federal de Electricidad, Diciembre de 1989.
US NRC, Generic Letter 88-20 "Individual Plant Examinations For Severe Accidents
Vulnerabilities", November 23, 1988.
V. Ragasol, M. Gonzalez, J. Salcedo. "Overview of PSA Applications in Mexico"
ASME/JSME Nuclear Engineering Conference. San Francisco, Cal. USA. March 1993.

Next page(s) Left blank 109



RISK BASED INDICATORS AND
CONFIGURATION CONTROL

T. SZIKSZAI
Paks Nuclear Power Plant,
Paks, Hungary

Abstract

With the application of a good configuration control method, the NPP risk level can be
maintained within acceptable limits during all the operational regimes. The use of a plant specific
PSA for the optimization of the configuration control helps to identify the measures needed to keep
the risk within acceptable levels. Risk based indicators are based on dynamic, plant-specific PSAs
that are able to include day to day changes in plant configuration. Several activities, i.e. configuration
management, can be monitored using risk based indicators.

1. Introduction

The Probabilistic Safety Assessment (PSA) of the nuclear power plants becomes an
important tool for the safety management, if the plant personnel uses its models and
results directly in the different safety related activities. Thus, the dynamic use of
the PSA is the basis for the risk based safety management. Such activity areas -
direct risk-affecting activities - are for example: the maintenance planning, the
surveillance test scheduling, the safety upgrading works and even the training of the
plant personnel.

The risk based safety management is an optimized safety management from the
point of view of the minimum risk and minimum burden. The risk is usually
understood as the core damage risk, and it can be determined by the level I. PSA,
as the core damage frequency (CDF) or probability (CDP) multiplied by the
consequences of the core damage. The consequences can be physical, physiological
and also economical. The safety management of the nuclear power plant in many
cases can affect only the core damage frequency and the duration of the events
changing the CDF, so the goal is to minimize the value of the CDF and/or the
CDP.

The risk based safety management requires dynamic PSA, and it can be facilitated
with the use of risk based safety indicators. The good risk based indicators allow a
shorter response time and a faster feedback in the safety management system for
any change in the risk, the duration of the change can be shorter, so the use of the
risk based indicators can reduce itself the CDP, and improve the safety.
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One of the activities of the plant personnel, that has a significant risk impact, is the
configuration control in the maintenance planning and conducting. If the
configuration control is risk based, that leads to a minimum CDP during the
maintenance activities, however, the personnel performs all the required works.

The risk impact, or the importance of the components is a good risk based indicator
to be used together with other indicators for the configuration control optimization.
One can call the different indicators used in the configuration management process
as the configuration management indicators.

2. Risk based configuration control

With the application of a good configuration control method the personnel is able to
maintain the risk level within an acceptable range during all the operational regimes
of the nuclear power plant. The risk based configuration control in the nuclear
power plant means the control of the plant risk related to the different plant
configurations. It is a complex of risk related measures, such as surveillance
testing, preventive maintenance,...etc., that helps to avoid the high risk situations.

The necessity and the priority of these activities are determined by the value of the
actual risk and the risk impact of the equipment involved.

The use of the plant specific PSA for the optimization of the configuration control
makes it risk based, and helps to identify the measures needed to reduce the risk to
the acceptable level in any cases.

3. Risk based indicators as configuration management indicators

The risk based indicators are dynamic plant specific PSAs, that involves also the
day-to-day changes in the plant configuration. Several risk related activities can be
monitored using risk based indicators, and the measures to be taken can be easily
identified if necessary.

Here we give the definitions of those risk based indicators, that are used in the
configuration management, and we'll call together them as configuration
management indicators.
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1. Importance indicators

There are several definitions of the importance, and these definitions are used for
the indication of the different effects of a given event. Here we use the risk
reduction (RRW) and the risk achievement worth (RAW), as importance
indicators.

Risk reduction worth of a basic event shows, that how many times the actual risk
is higher, than for that case, when the basic event surely does not happen.

Risk achievement worth of a basic event is the ratio of the risk, when the given
basic event surely happens, to the actual risk.

In both cases the risk for the safety management can be expressed as the CDF, or
the CDP. It is obvious, because the consequences cannot be affected by the safety
management measures, it is a problem of the accident management.

One can extend the importance definitions not only for the basic events, but for
more complex operational actions, such as compensatory measures prescribed for
the given situation in the Technical Specifications, or multiple unavailabilities of
components being under maintenance.

2. Core damage risk indicators: CDFI and CDPI

The core damage indicators monitor the quantitative characteristics of the core
damage risk.

The CDFI, as core damage frequency indicator is dynamic CDF, characterizing
the actual plant status. It involves the best knowledge of the plant personnel on the
actual situation at the plant, as the plant configuration, equipment
behaviour,... etc.

The CDPI, as core damage probability indicator is simply the core damage
probability calculated using CDFI. It measures the CDP changes due to the long
term, or short term changes, depending on the time interval it is calculated for.

Any of these indicators can be expressed in various ways, depending on the purpose
of using them. One application requires in the absolute value, other the relative
change,...etc.
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4. How to use the configuration management indicators for the configuration
control

The risk based indicators can be used on different ways, as retrospective indicators
to evaluate the effect of a past situation, or as predictive indicators to predict the
change due to a given feature. The configuration control deals mainly with the
future, -immediate, or farer-, so it requires the predictive way of using these
indicators.

The configuration management means the control of the high risk contributors. The
risk contribution of the components is dynamic, and can be monitored by the
dynamic evaluation of their risk importance, or -with other words- by the
calculation of the importance indicators. The importance evaluation shows the main
contributors, and also those components, that are much less important. The use of
dynamic importance assessment assures, that the attention is always focused on the
important contributors, and the efforts are redirected form the unimportant areas to
the risk significants.

The risk importance of the components is sensitive mainly to the actual plant
configuration, so the configuration control has to be based on the control of the
component importances.

RRW is calculated, when a compensatory measure is required to lower the CDF.
Usually it is an extraordinary functional test of a component or a set of components
to assure their operability. It can also be a transfer of a standby component to an
on-line monitored component switching it on, that usually lowers the calculated
unavailability.

The measure to be taken is defined by the RRW of the candidate measures. Of
course, the solution with the highest RRW has to be selected.

In those cases, that are not covered by the Technical Specification, compensatory
measures are not prescribed, and the actual CDF becomes too high, they should be
excluded from the normal operational regimes by the configuration control.
However, if it is not possible, the high CDF has to be compensated by additional
measures. In such a case it is necessary to rank the basic events on their actual
RRW to determine the most effective measure lowering the actual CDF. That
measure very likely will affect the basic events with the highest RRW.

Another area controlled by the configuration management is the maintenance
scheduling. The RAW of the unavailabilities due to maintenance, and RRW of the
compensatory measures together are good indicators for that application.

114



Usually a set of components is taken out of service for maintenance, so the effect of
the multiple unavailabilities has to be controlled by the configuration management.

When planning the maintenance works, RAW shows, how the CDF or the CDP
changes due to the components taken out of service. If necessary, as it is described
above, compensatory measures can be determined calculating their RRW.

For a predefined set of components, -say a maintenance work package-, the priority
and the combination of the different multiple unavailabilities with the compensatory
measures can make a large number of possibilities, so the selection of the optimum
solution is a long iteration process. The risk based optimum is the solution giving
the least CDP increase for the whole package, so the definition of the RAW of the
work package has to be based on the CDP calculation. However, when the CDF is
also limited, the CDF based RAW definition is also to be used during the
optimization.

For the calculation of the importances of a complex measure, the use of the CDFI
and CDPI seems to be helpful. The relative CDFI and CDPI represent the RRW or
RAW of the given measure, depending on the change, wether it is positive or
negative. The basis for the comparison is the risk before and after the changes.

The planning of the maintenance duration is usually based on the average durations
of the past maintenances, and/or on the Technical Specification requirements, such
as allowed outage times (AOT), and is independent from the actual performance of
the maintenance personnel. However, during the maintenance planning the human
errors have to be taken into account , and if necessary, they have to be eliminated
by the experience feedback to increase the quality and the effectivity of the
maintenance performance. That decreases the time required for the successful
maintenance. It is the task of the maintenance management. The actual effect of the
human performance is evaluated by the same importance evaluations. The duration
of the works are to be determined taking into account the probability of the
successful maintenance versus time, and the required quality.

5. Conceptual risk based configuration management system for the Paks NPP

The risk based safety management requires a PS A of the nuclear power plant
being transformed to a dynamic everyday tool. Dynamic means, that the PSA can
handle the dynamic behaviour of the plant. An everyday tool can be used
whenever it is needed, and it has results within a short enough time. The PSA as
an everyday tool, of course, also means the best knowledge on the instantaneous
plant status and the equipment data. Altogether the dynamic PSA, included the
actual data, could be called as risk monitor, or risk based safety indicators.
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There are two main areas to be solved for the risk based safety management: how
to transfer the PSA to an everyday tool and the data support for the day-to-day
evaluation. The ideal solution is, when a complex risk based indicator system is
build up, and is used for any safety related dicision-making problem. For any
application the fast recalculation of the PSA results is necessary. That can be
made by using faster computers, faster codes, and/or by the simplification of the
PSA models, considering the sensitivity of the models, or the uncertainties to the
simplifications. However, for a given application not everything has to be
recalculated. That means, that the most important development has to be focused
on the requirements of the given application.

As it was mentioned before, the configuration control needs the dynamic
calculation of the importances. In most PSAs the risk importance distribution of
the basic events is highly nonuniform, and the major part of the risk is covered by
the minority of the components. If a careful selection based on a detailed
preliminary importance assessment is performed, it is not necessary to monitor
always all the components, but only the selected ones, and it facilitates
significantly the evaluations. However, it is not completely evident for the
configurations differing very much from the usual configuration. Fortunately,
these configurations are very rare.

The CDFI and CDPI calculations are based on the regular recalculation of the
CDF. For the configuration management these indicators are used on a predicive
way. That means, the CDF has to be calculated at least as many times as many
times the configuration is changed during the analyzed process. If this process is
long enough (one-two weeks), and the time dependence of the component
unavailabilities becomes significant, than the CDF has to be calculated taking into
account this effect.

The quality of the configuration management highly depends on the quality of the
input data, how old, how accurate they are, or how complete the knowledge of
the personnel is concerning the plant configuration. The more complete and actual
the used information is, the less the uncertainty of the evaluation is, so the good
quality of the input information is essential for the good result.

The configuration management requires two kinds of input data:

1. The component reliability data, preferably plant specific and updated, such as
failure rates, average repaire times, test intervals,...etc. depending on the model
used.
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fig. 1. Risk based configuration management information flow.

2. Actual component unavailabilities, actual information on the plant configuration,
or plant status data, such as components being down, daily plans for tests,
maintenances. These are the operational data. It includes also the last actuation, test
or repair, the past life history of the individual components.

There are two purposes of using the plant status data in the configuration
management:

1. Long term data collection and statistical evaluation, production of the plant
specific PSA data, and data for the PSA updating. For this purpose the plant status
has to be kept in a computerized data base for the easy future use. Usually it is the
task of the component reliability data collection systems.

2. Immediate use of the information available. Actual unavailability evaluation, and
model changes for the actual or planned CDF and importance calculation.

Fig. 1. illustrates a possible solution for the desired information flow.

-The primary information are on one hand the maintenance and test schedules,
on the other hand the random disturbances, such as random component
failures, or human errors.

-This information is needed to define the actual plant configuration, say by the
Plant Status Information System (P.S.I.S).

-The actual plant status is a direct input to the Risk Bases Indicator System
(R.B.I.S) giving information for the immediate use.
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-The actual plant configuration is also an input to the Component Reliability
Data Collectin System (C.R.D.C.S.) for the long term statistical data.

-The C.R.D.C.S. information is then used for the Plant Specific PSA
(P.S.PSA) updating.

-Using the models and results of the P.S.PSA, the R.B.I.S. gives the input for
the configuration management (through CDFI, CDPI and the importances).

-The configuration management is an important contributor to the plant
maintenance and test scheduling activity. This is the feedback effect in the
whole system.

Thus, on that way a self-regulating control system is provided.
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Abstract

A probabilistic safety assessment program is being undertaken in support of a
major upgrade planned for the NRU research reactor at the Chalk River
Laboratories of Atomic Energy of Canada Limited (AECL) Research. This paper
describes the objectives of the program and discusses the safety issues against
which the success of the upgrade program is being judged.
A licensing basis for the reactor in the form of detailed safety goals and
release criteria as a function of event frequency has been proposed. An
allowance has been made in the setting of the release criteria as a function of
frequency such that the summing of event sequences is not a requirement to
demonstrate compliance. The ability to assess each individual sequence that
leads to core damage and/or fission-product release from confinement against
these release criteria has, to a large extent, dictated the character of the
supporting safety analyses.
To identify the release frequencies in accident sequences, a probabilistic
assessment comprising a number of probabilistic precursor studies is being
undertaken. Descriptive event sequences are being used extensively in these
studies to complement the more traditional event/fault tree techniques, to
ensure that operating and maintenance staff are involved in their preparation.
Details of the program, assessment basis, and the analysis techniques being used
in support of the assessment are given.

1. INTRODUCTION

The NRU (National Research Universal) Research Reactor, located at the Chalk
River Laboratories of AECL Research, vas designed in the early 1950's and became
operational in 1957. NRU is a low-pressure and low-temperature heavy-water-
moderated and cooled reactor. It operates at a nominal reactor thermal power of
about 135 MW, providing a thermal neutron flux in the order of 4xl018 n.m̂ .S'1.
NRU is Canada's largest research reactor and provides a facility for basic
research in reactor physics, and for engineering research in support of nuclear
power programs. During the past 36 years, the NRU reactor has served the needs
of many researchers, and provided a large quantity of radioisotopes for medical
purposes.
Except for a planned shutdown from 1972 June to 1974 August (during which time
the reactor vessel was changed) and extended shutdowns in 1964 and 1991, the
reactor has remained in service. It has achieved a lifetime capacity factor of
over 70%.
The existing NRU reactor and its support systems would not be fully compliant
with present-day Canadian regulatory requirements for new research or power
reactors to be built and operated in Canada. Because of its excellent operating

119



record, and the continuing demands of research and radioisotope production, an
upgrading of the safety and safety support systems is being planned to achieve
as closely as possible, the intent of the present Canadian pover reactor safety
standards.
To approach modern standards, many of the upgrades to the existing systems vere
identified at the outset, and feasibility studies for backfitting these upgrades
as part of the upgrade program have been investigated and costed. Under these
circumstances, any commitment to a full probabilistic safety assessment program
to identify the upgrades for the existing reactor systems was regarded as
counter-productive and wasteful.
Although not a requirement for reactor licensing, the importance of
probabilistic safety assessments (PSAs) in the CANDU power reactor program has
always been recognised. A program of probabilistic-based assessment studies is
therefore being undertaken in support of the NRU upgrade program. Termed
probabilistic precursor studies, the rigour of PSA analysis techniques is being
applied to determine the frequency of initiating events, and the extent to which
the availability and adequacy of mitigating systems, including the proposed
upgrades, can meet the acceptance criteria.
The heavy demands on the NRU reactor for medical isotope production make it
necessary for the upgrades to be installed without a major reactor shutdown.
The upgrades are expected to extend the operating life of the reactor for at
least another 10 years.
The assessment program has been drawn up by AECL Research and the approach has
been presented to the Canadian regulator, the Atomic Energy Control Board.

2. THE NRU ASSESSMENT PROGRAM-

The objectives of the NRU assessment are to determine the present physical
condition of NRU and its capability for continued service, and to identify
feasible and cost-effective safety improvements consistent with the reactor's
lifetime extension. An initial review of the NRU systems important to safety
was started in 1989 September. This review was largely deterministic and served
to identify those systems important to safety, where improvements to system
redundancy and/or separation would be necessary.
Originally proposed as a major refurbishment of NRU for a 25-year life extension
and involving a vessel change, the program's scope was changed in 1991 to a
major upgrade of systems important to safety, to meet a lifetime extension of
approximately 10 years after installation of the upgrades. The detailed
assessment was started on 1990 April 1, and a commitment to the upgrade program
was made in 1992. The supporting analysis program is expected to continue until
all the upgrades are installed in 1996. The assessment program has three main
components: an engineering assessment, an operations assessment and a safety
assessment. These assessments are being undertaken concurrently.
The engineering assessment involves four major activities:

the physical inspection of existing equipment and components, to
determine the amount of degradation (if any) caused by ageing and to
determine their suitability for continued service;
the assessment of the impact of equipment and component obsolescence on
the overall upgrade strategy;
the analysis of critical components important to safety and to the
reliable operation of the plant; and
the assessment of any modifications and safety upgrades.
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The operations assessment involves a review of existing operating policies and
procedures, and the development of an operations Quality Assurance program and
new operating strategies for the upgraded reactor configuration.
The safety assessment program has four major activities:

- a deterministic safety analysis for selected assessment basis events
using pessimistic analysis assumptions;

- descriptive event sequence analyses for selected initiating events using
best-estimate conditions;

- large event tree/small fault tree assessment, to quantify the event
sequence frequencies and enable comparison vith probabilistic targets;
and

- an analysis of dependant failures, which includes common cause and
external and internal hazards such as fire, flood, earthquake, etc.

To demonstrate compliance vith the safety goals and assessment criteria, both
deterministic and probabilistic analysis techniques are required.

3. ASSESSMENT ISSUES

A number of safety issues for the NRU reactor were identified at the outset, for
which a satisfactory resolution is considered essential to the success of the
upgrade project. These issues are:

establishing a clearly defined assessment basis that is accepted by
everyone in the program;

- compliance of the safety systems with the new requirements;
defining the safety-related systems and process systems and establishing
safety and reliability targets for these systems;

- dealing with the effects of ageing on plant safety;

the capability of the existing structures and equipment to withstand the
effects of earthquake and tornado; and
establishing man/machine interface assessment criteria under accident
conditions.

The early part of the assessment program concentrated on defining the assessment
basis. The safety goals and the assessment criteria have been defined in terms
of event frequencies for core damage and off-site releases. This makes the
supporting safety analysis that is required amenable to probabilistic assessment
methods.
Compliance of the safety systems to modern Canadian standards for power reactors
requires independence, diversity and separation of the safety systems from each
other and from the process systems. In addition, each of the safety systems is
required to meet an unavailability target of better than 10-3 on demand. The
extent and need to which NRU can be upgraded to comply with these targets forms
the basis of the assessment and upgrade program.

Any major upgrade of the safety systems for the NRU reactor is expected to
result in a re-appraisal of the safety role of process systems, and of the
reliability demands on those process systems to meet the safety goals. As for
ageing, the analysis assumes that all safety and safety-related equipment is
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examined and refurbished, where necessary, to the standard of new equipment. No
allowance for ageing is being made in the failure-rate data base for this
equipment, and a constant failure-rate model (without time dependency) is being
used for these studies. Failure data for existing equipment is being derived
from NRU records where available.

Following recent seismological investigations of the regions surrounding Chalk
River Laboratories, new, higher seismic ground-motion parameters have been
established for the site and an assessment of the seismic capability of the
existing buildings, structures and major equipment has been initiated. An
assessment to determine the additional protection required against tornado-
generated missiles is planned.

The extent to which auto-initiated safety-system actions are provided is being
justified by supporting analyses. The reliability of the operator in accident
management is a major contributor in any safety assessment of an accident
sequence, and a time-dependent modelling for estimates of operator unreliability
in developing the event sequences is proposed for these studies.

4. SAFETY IMPROVEMENT BASIS FOR THE UPGRADES

The approach being followed by AECL, as the owner and operator of the facility,
is to first establish a set of assessment criteria and safety goals consistent
with the NRU lifetime extension. For NRU this means:

a) an assessment of the extent of separation and independence of the safety
and safety-related systems from each other and from the reactor process
systems, and

b) the setting of realistic and achievable targets to minimise the risk of
fuel damage and fission-product release in the event of accidents.
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As in the case of power reactors, the safety objective is to provide an adequate
level of protection to the public and the environment through accident
prevention and accident mitigation.
Protection of the public is assured by compliance with site release limits at
the site boundary, and, for the NRU assessment, these limits have been
conservatively set as a function of accident release frequency. Consistent with
level 1 PSA analyses, an intermediate safety target for core damage was used to
assess the effectiveness of upgrade alternatives to the reactor support systems.
These safety targets are:

- Any single event or event sequence resulting in core damage shall have a
predicted frequency of occurrence of 10"4 events per year or less.

- Any single event or event sequence resulting in a large (>0.25 Sv) off-
site dose shall have a predicted frequency of occurrence of 10"5 events
per year or less.

In addition to these targets, the assessment criteria shown in Figure 1, have
been proposed to cover single events and event-sequence end points in the range
between 10'1 and 10-6 events per year. These limits have been conservatively
set on the basis that the summing of event-sequence end points is not required
to demonstrate compliance. The inherent ability to make decisions on system
changes based on the results of individual sequences is the most practical way
to proceed during these precursor studies.

5. REACTOR PLANT CONFIGURATION CONTROL

Major system changes and upgrades are necessary. It was agreed that, rather
than consume analysis effort on the existing reactor systems where changes are
known to be required, these concerns would be addressed by system changes and
modifications, including changes to the operating procedures for the upgraded
reactor.
Seven major upgrades have been identified. To maintain radioisotope production
and meet research requirements, no major shutdown of the reactor is planned
during the installation of these major upgrades. This is considered possible,
because the major upgrades are being configured as add-on improvements to
existing process, safety and safety-related systems.

It is essential that the plant configuration be carefully controlled at all
stages of the upgrade installation program, and that the add-on nature of the
upgrades assists this control process. Special control measures have therefore
been introduced into the assessment program, and only changes to the NRU plant
assessment configuration, including operating procedures, that are approved by a
special change control committee are incorporated into the analyses.

6. SAFETY ASSESSMENT PRECURSOR STUDIES
The probabilistic-based analyses are in the form of precursor studies for the
conceptual phase of the upgrade program. For these studies, the initiating
events have been placed into two groups: those associated directly with the
reactor and primary cooling systems and experimental loops, and those associated
with the plant support services (power, water and compressed air).
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For the Group 1 events the following fault types are being addressed:
a) loss-of-coolant accidents,
b) loss-of-coolant-flov accidents,
c) Loss-of-regulation accidents,
d) overpressure faults,
e) secondary heat removal failures, and
f) fuel-handling faults (off-reactor).

With the exception of f), these Group 1 events have also been applied to the tvo
experimental loops of the NRU reactor. The high pressures associated with these
loops introduces additional failure modes and accident consequences for
analysis. For each of these fault types, analysis is required to establish the
initiating event failure frequencies, identification of the mitigating systems,
and an assessment of their availability by fault tree analyses. Where event
consequences have the potential to lead to fuel damage and/or the release of
fission products, the consequences are investigated using appropriate transient
analysis codes.

The Group 2 accident event types have been selected where the events are known
to affect many support systems, and as such the consequences on the reactor and
the experimental loops are less defined. The Group 2 fault initiating events
identified for the NRU assessment are:

a) total loss of class 3 electrical power supplies,
b) total loss of class 1 electrical power supplies,
c) total loss of class 2 electrical power supplies,
d) total loss of class 4 electrical power supplies,
e) total loss of process water supplies, and
f) total loss of compressed air supplies.

All of these studies (Group 1 and Group 2) involve the following activities:
- selecting and defining the initiating event;

determining the frequency of the initiating event, from a statistical
analysis of failure data from NRU operating experience where available,
and/or by fault tree analysis using generic data;
supporting unreliability/unavailability analyses for each of the
mitigating systems identified; and
using event tree analysis, employing the large event tree/small fault
tree approach, to derive the accident end point frequency and supporting
studies, where necessary, to assign the failure category.

For the Group 2 studies in particular, an additional activity is included:
preparing detailed descriptive event-sequence diagrams, giving details
of the plant response for the existing equipment in terms of alarms and
indications, automatic plant responses, the mitigating systems and
required operator actions.

These precursor studies are specifically tailored to a decision-making process
at a plant upgrade conceptual design phase. This is possible because the safety
goals and assessment criteria established for these studies do not require the
sequences to be summed to demonstrate compliance of the sequence end-point
conditions. The precursor studies are most appropriate to the NRU reactor
upgrade activities, because of the far-reaching nature of the system changes
expected.
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The major benefits of these precursor studies are:
mitigating system requirements can be readily identified and their
reliability assessed early in the upgrade process;
alternative system designs can be readily and rapidly appraised;
the need for operator intervention and the assignment of human error
probabilities can be readily identified; and
descriptive event sequences, which permit the wealth of operations and
maintenance experience to be accessed in determining event-sequence
nuances and consequences without the need for formal training of
Operations personnel in reliability analysis techniques.

7. HUHAN FACTORS

Human error in accident mitigation is being treated explicitly in the event
trees, and an operator error modelling, appropriate to a conceptual design phase
for these studies, is being used. It is a Canadian power reactor licensing
requirement that no credit for operator intervention is taken for at least
fifteen minutes following an accident. For times in excess of fifteen minutes,
the human error probability (HEP) estimate, which includes failure to diagnose
and failure to take appropriate action, will be mostly dependent on the
diagnosis time available. Screening HEP's are being used in these studies as
follows:

operator action within 15 min: No Credit.
- operator action in 15 to 30 min: HEP = 10'L

operator action in 30 to 60 min: HEP = 10-2
- operator action after 60 min: HEP = 10-3

These times apply to operator actions taken within the control room. Where
operator corrective actions are required in the field, the time required to get
to the appropriate location is subtracted from the diagnosis time. If the tasks
involved are complex to execute, then the above screening factors are increased
by a factor of 3. The modelling recognises complete dependence between operator
activities in an event sequence following operator error. If the operator fails
to initiate system X, he or she will also fail to initiate system Y in the same
event sequence. However, zero dependence (i.e., independence) between operator
actions is assumed on the success legs of the sequences.
These HEP guidelines are being applied to the upgrade program as far as is
practical, and set the standard against which the degree of automation for the
safety and safety-related systems is being judged. These post-accident
screening HEP's are thought to be pessimistic. A comparison with
recommendations given in [1] and [2] is shown in Figure 2.
Although a redesign of the NRU main control room is not planned, a seismically
qualified emergency response centre is being provided to address seismic,
tornado and other common cause events resulting in loss of control from the main
control room. Human factor/ergonomic considerations are being taken into
consideration in the design and layout of the control panels of this emergency
response centre.

Pre-accident human errors in such activities as maintenance, test and
calibration, etc., are being modelled in the system fault trees, usually at the
primary event level. Where relevant information is available on operator
reliability for test and maintenance from the reactor operating records, it is
being incorporated. However, this is not always possible and a screening
approach is being used. This pre-accident screening approach makes allowances
for the basic human error, together with consideration of performance-shaping
factors and opportunities for recovery. Where some level of dependence exists
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between different human actions, the approach is to assume complete dependence.
This is allowed for in the analyses by assigning the same primary event label to
both human actions.
This screening approach, for both pre- and post-operator actions, is being
further developed for use where safety critical operator actions are identified.
Input from NRU operations and maintenance staff, by means of a questionnaire and
follow-up ranking activities, has been taken into consideration in the selection
and weighting of the performance-shaping factors.

8. DESCRIPTIVE EVENT-SEQUENCE FEATURES

A considerable investment in safety analysis time is being devoted to the
preparation of detailed event-sequence logic diagrams. These diagrams are
particularly useful when applied to initiating events where the plant system
responses are complex and difficult to define.
Failures of certain process systems and safety-support systems can initiate
accidents and under certain conditions can contribute to the post-accident
sequences. Because these support systems can affect many systems* it is
essential that a good representation of the failure consequences be determined.
Care is needed at the outset to ensure that the boundaries set for the analysis
of these systems include all relevant failures and potential crosslinked failure
modes.
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To achieve these important objectives for the analysis, descriptive event
sequences are being used. The main features of these sequences and the
essential steps in preparing them are:

the initiating event is fully described and systems affected by the
initiating event are identified;
a table of all the alarms and indications immediately following the
event is prepared; ~
for each system affected, a detailed system response is calculated and a
timescale is determined for the system automatic actions, the alarms and
indications and for required operator actions;
by retaining the timescale on the sequences, a composite diagram is
developed, from vhich a detailed plant response to each initiating event
can be derived;
no probability calculations are performed on these diagrams, since the
diagrams are prepared solely to determine the failure logic;
the diagrams are continued for at least one hour into the event
sequence, or until stable plant conditions have been attained; and
the mitigating systems required for each event sequence are identified
and their availability following the initiating event can then be
established for use in the detailed probabilistic analyses.

These descriptive event sequences are difficult to prepare, and involve
considerable liaison with site operations and maintenance staff. However, once
prepared, the true value of these diagrams is apparent by the extent of the
interaction with all the disciplines involved in the decision-making processes.
This is particularly true of the reactor operations staff, who have been very
helpful. An example of the structure of a descriptive event sequence is shown
in Figure 3.
For the detailed probabilistic analyses, the descriptive event sequences are
reconfigured into event trees, modelling the mitigating systems required to
operate following the initiating event under consideration. This is done by
removing the detailed information from the event sequence analyses and
converting the decision points, which represent operator actions or the state of
mitigating systems, into event tree branch points. HEPs for these operator
actions are assessed using the screening method discussed in section 7.
Unavailabilities of the mitigating systems are calculated using standard fault
tree techniques and then applied to the event tree branch points. The
initiating event frequency (which may also be calculated using fault tree
analysis) is then combined with the relevant operator or mitigating system
unavailabilities to produce the event sequence frequencies. These are then
judged against the acceptance criteria discussed in section A. The event tree
analysis code ETA is being used for the event tree analysis, and the CAFTA suite
of codes is being used for the fault tree analysis; both of these have been
developed by Science Applications International Corporation [3,4].

9. CONCLUSIONS
Seven major upgrades have been identified for the NRU reactor life extension.
These upgrades are:

i) a second reactor trip system,
ii) a re-circulating emergency core cooling system,
iii) vented confinement boundary upgrade,
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iv) emergency power supplies,
v) main recirculating pump flood protection upgrade,

vi) qualified emergency water supplies, and
vii) a qualified emergency response centre.

In addition, over 50 other assessment recommendations have been raised. The
following is a summary of the upgrades and the assessment recommendations by
change category:

i) Procedures (18)
ii) Hardware (28)
iii) Test/Inspection (14)
iv) Analysis scope change (8)
v) NRU Major Upgrades (7)

Participation of operations and maintenance staff is invaluable to the
assessment team. It ensures that the many years of accumulated operating
experience is utilised to the fullest. Descriptive event sequences are proving
to be an excellent vehicle for discussing safety-related issues with operations
and maintenance staff, and for obtaining their input. In general, this tool is
more pragmatic (relative to event trees) and is more readily accepted by plant
staff who do not have a safety analysis background. This technique has been
very encouraging.
The need for most of the seven major NRU upgrades has been established and
largely dictated by a need to conform, as far as is practical or feasible, to
the modern Canadian safety practice of safety-system separation and
independence. However, the majority of the assessment recommendations have been
a direct result of the findings of the PSA precursor studies to date. The
variety and number of assessment recommendations are a very real measure of the
safety improvements being made to the NRU reactor through this upgrade program.
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ON-LINE USE OF PSA FOR RISK BASED
CONFIGURATION CONTROL

G.R. MOIR
Safety and Reliability Engineering Section,
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Abstract

Nuclear Electric's Essential Systems Status Monitor (ESSM) is an on-line aid for planning plant
unavailabilities required for maintenance. This facility undertakes level 1 PSA using fault tree analysis
methods, it takes into account the current plant configuration and component unavailability and it can
be continuously updated to follow changes in plant configuration. The ESSM is capable of being used
by plant operators who do not have specific training in PSA or fault tree techniques.

1. INTRODUCTION

The Essential Systems Status Monitor (ESSM) is a computer based facility developed by Nuclear
Electric to provide power station operators with an on-line aid for planning plant unavailabilities
required for maintenance, in a coordinated manner. The facility uses advanced fault tree analysis
methods to provide the operator with a tool which can be continuously updated to follow changes in
plant availability and configuration as and when they occur, and thus provides an on-line "living"
probabilistic model of the essential plant conditions.

The strategy adopted for implementation of the ESSM at Heysham 2 Power Station has been to
replace the large number of complex deterministic rules, which typically exist for such power stations,
by the results of comprehensive system assessments compared against basic risk criteria. The method
removes the onerous requirement to define, prior to licensing, a large number of acceptable plant
unavailabilities. This permits the operator to determine the allowable plant states, as and when they
occur, through the use of the ESSM.

One of the main development aims of the ESSM has been to improve me amount and quality of the
information available to the operator in order to maximise the use of the extensive knowledge base
which forms the heart of any PSA.

In the case of existing plants which already have "Tech Specs "/Operating Rules in place, it may not
prove cost effective to completely replace the existing operating regime. Developments of the ESSM
have therefore ensured that it can also be used in tandem with existing Tech Specs. With the
traditional Tech Spec method of controlling plant unavailability during operation, the operator is only
aware that he is operating witfiin the Tech Specs and is not necessarily aware that planning a different
plant unavailability combination would result in a lower risk. Planning a low risk maintenance
strategy using an ESSM type facility means that even when plant faults occur they are less likely to
require urgent maintenance effort to restore plant or lead to reactor shutdown. The ESSM can
therefore be used to manage a low risk strategy in the control of plant unavailability by undertaking
"what if* assessments.

Using the traditional method of deterministically based Tech Specs introduces conservatism into the
definitions of allowed plant outage states and even when these are based on pre-assessed PSA results
there can still be unnecessary limits on the number of allowed combinations as it is not feasible to
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pre-assess all possible combinations. The use of on-line living PSA (LPSA) can thus overcome
conservatisms in the definition of allowed plant outage states.

2. mSTORICAL PERSPECTIVE OF THE ESSM

The original development of the ESSM was for use at Heysham 2 Power Station which is Nuclear
Electric's latest Advanced Gas Cooled Reactor (AGR). The ESSM has been successfully used for
on-line operation at Heysham Power Station since commissioning, some 5 years ago.

The safety philosophy for the use of the ESSM at Heysham 2 is that during operation, the planning
of essential plant unavailabilities should ensure conformance with the arguments set down in the
Station Safety Report. This report assesses the design features of the essential post trip cooling (PTC)
systems against both deterministic and probabilistic criteria and demonstrates that these criteria have
been adequately satisfied by the design features provided.

The probabilistic criteria address both single accident events as well as the combined effects of all
such accident events over a year period. The target for the total frequency of all accidents leading to
an uncontrolled release of radioactivity to the environment should be less than l.OE-6 per reactor
year. This target is related to the conditions of all plant available and a target of around 2E-6 is used
for the inclusion of the expected unavailabilities of plant due to planned/unplanned maintenance.

The overriding deterministic guideline against which the PTC system design is assessed is that taking
account of unavailability of plant, the PTC systems should at all times perform adequately their
overall function, assuming a single credible failure. This guideline is known as the Single Failure
Criterion and within the ESSM, this is modelled as deterministic rules termed the Back Stop Rules
(BSR's) which are used to define the upper limit on allowable plant outages. These rules are modelled
in fault tree format within the ESSM and are permissive in that as long as one rule is satisfied
operation can continue, though the time period may be restricted on the basis of probabilistic criteria.

It is also part of the safety philosophy that decisions based purely on probabilistic grounds do not limit
the allowable plant outages and therefore, as mentioned above, the BSR's define the upper limit on
allowable plant outages. As the rules exist in hard copy form the operator can check that the ESSM
advice is in agreement, and forms an independent check that the ESSM is functioning correctly.

3. ESSM ASSESSMENTS

One of the main design features of the ESSM is that it should be capable of being used by plant
operators who have no specific training in PSA or fault tree techniques. In order to facilitate mis the
ESSM had a very simple text driven interface providing straightforward advice to the operator.

In order to reflect changes to plant availability as well as different plant alignments as they occur
the ESSM has to be extremely flexible in application. This is accomplished by additionally including
all possible plant alignments within the model and listing the choices in a "Configuration List".

3.1 Deterministic Assessments

On undertaking an assessment of plant unavailability, the ESSM first completes a rapid deterministic
assessment. Should the plant unavailability violate the deterministic rules (Tech Specs) a message to
this effect is displayed on screen. The ESSM can then offer advice of the various combinations of
plant, which if returned to service, will guarantee that the operating rules (Tech Specs) are met.
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3.2 Probabilistic Assessments

The ESSM undertakes a level 1 PSA by fault tree analysis, taking into account the current plant
configuration and component unavailability. The probabilistic assessment covers 12 different post trip
cooling systems including essential electrical supplies. Some 45 top events are solved covering all the
relevant initiating events covered in the Station Safety Report,

In the original ESSM used at Heysham 2, the result of the probabilistic assessment (the summated
failure frequency over all initiating events) is put in one of three maintenance categories, namely
Normal Maintenance, Urgent Maintenance or Immediate Remedial Action, depending on the result.
In practice the Immediate Remedial Action category, is never reached, as the deterministic criterion
limits the unavailability of plant. The Normal Maintenance category defines the acceptable
maintenance conditions, for all planned maintenance, in which unavailable plant can exist on a near
continuous basis. The upper limit for this maintenance band is a factor of ten above the all plant
available risk. The Urgent Maintenance category defines acceptable plant unavailability conditions
which can exist for a limited period of time, namely 36 hours. The operator cannot plan to enter this
category and therefore this category is only entered should a random plant failure occur during
operation.

The latest version of the ESSM (Version 4.0) displays the resulfbf the probabilistic assessment as an
allowed outage time (AOT). The AOT is calculated as that time for which the point risk associated
with a particular plant outage results in a predetermined small contribution to the acceptable annual
frequency.

As with the deterministic assessment the operator can also select replacement advice should the
probabilistic assessment indicate that the current plant state is in a high risk state. The advice given
to the operator on different plant replacement combinations ensures that, whatever replacement
combination is selected, a significant reduction in risk will result.

33 Planning Assessments

In addition to the current operating mode, which reflects the current status of the plant, a Planning
Mode exists in order that the station can undertake 'what if assessments. This permits the planning
engineer to plan a low risk maintenance strategy without interfering with the cumulative log which
is kept for all actual plant unavailabilities. Maintaining a log of all actual assessments ensures that the
operator is aware of the accumulated risk. This ensures that the operator will always be seeking to
reduce the risk, even when in Normal Maintenance, as any plant unavailability will contribute towards
the annual Outage Factor target.

4. ESSM V4.0 ENHANCEMENTS

The ESSM facility at Heysham 2 is a text based system and offers a very simple and straight forward
interface to the operator. However it was realised that much more information was potentially
available within the existing facility and in developing a more comprehensive risk management
facility, the benefits of the introduction of a graphical user interface (GUI) have also been realised.

4.1 Operational Modes

The ESSM can now be used to model up to ten different operating states covering for example,
normal operation, shutdown, refuelling etc. and thus offers a risk management facility to potentially
cover all aspects of operation. Within each operating mode it is possible to have either deterministic
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ESSM VERSION 4

ESSM Version 4.0

Current operation: normal Normal operation 16XK) IS-Sep- 13Q3

Probabilistic YES|| Deterministic VES|| IOI text NO Autotext I OFF [| Current mode ACTUAL

Operation Assess Advise Status Planning Utilities | j History IOI text Exit

\ Essential Systems Status Monitor V4.0 || AOT(hours)]| 236 || Assessed || ' 12:36 15-Sep-1993'

Operating rules status || Satisfied Hours left 293 Action by 20:36 27-Sep- 1993
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i -v*i Maintenance
• Failure
• Not used

CONTROL SCREEN FOR DECAY HEAT BOILER AIR COOLED SYSTEM

(FROM WHICH THE AVAILABILITY STATUS OF PLANT ITEMS CAN BE CHANGED)

Plant component! entered u unavailable (numbered "gadget* shadcd):-
365 7AX DH Condenser cooling water pump 7A
3663 7BX1 DHBAC Tower Fan 7BI

Plant components/symbols made unavailable due to uppon system unavailability
(sybols shaded):-
365 7AX DH Condenser cooling water pump 7A
3663 7AX1 DHBAC Tower Fan 7AI
3663 7AX2 DHBAC Tower Fan 7A2
Note: In the case of 365 7AX the above information immediately informs the operator that repairing/maintaining the pump itself will not
make it available as a supporting system to the compooent is also unavailable.

Fig. 1

assessments or probabilistic assessments or both. The ESSM can thus be used to cover operational
modes which are based solely on deterministic rules. The advantage of having a single system
covering all modes is that continuity is maintained between operational states. This facilitates the task
of the operator in ensuring that the operating rules/Tech Specs will not be violated with the current
unavailability of plant when moving to a different plant operational state.
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4.2 Improvements in Information Available to the Operator

The GUI has been developed to enhance the information available to the operator. The following
information is permanently displayed:-

• Plant schematic diagrams, e.g. piping diagrams and electrical supplies, are depicted
with unavailable plant highlighted as below.

• Plant components are colour coded to show unavailability due to maintenance or
failure. Unavailability of plant due to supporting system unavailability can be
separately identified (see Fig. 1).

• Results of the last risk assessment is permanently displayed in terms of allowable
outage time (AOT). The time remaining for the current plant outage is also updated
on an hourly basis and permanently displayed.

• The deterministic rules permitting operation are displayed.

• Nominated sub-systems availability status are displayed.

In general when a plant component is unavailable due to failure then it is highlighted in red, if it is
unavailable due to maintenance, then it is highlighted in yellow.

Deterministic rules which are breached are also highlighted in red, and should the overall
deterministic criteria be violated, a message to that effect is continuously displayed on screen.

Should a nominated sub-system (which could represent e.g. the availability of 2 out of 4 emergency
feed pumps) become unavailable then it is highlighted in red. On selection of the subsystem code the
components contributing to its availability are listed and those components which have failed, or are
on maintenance are highlighted as above.

4.3 Historical Information Available

Even within the original ESSM, as used at Heysham 2, historical logs were kept of every assessment
including changes in plant availabilities and alignments. The full potential to which these logs can be
used has been realised in the latest version of ESSM (ESSM V4.0). As a result it is now possible for
the operator to interactively determine the following :-

• The historical risk plot, which can be viewed over selectable periods of one day,
month or year (see Fig. 2).

• The changes in plant status undertaken in the last 24 hours

• Production of preventative to corrective maintenance (PM to CM) ratios for plant
components.

• Calculation of sub-system unavailability, in order to aid evaluation of safety system
performance indicators (SSPI's).

The calculation of PM to CM ratios in association with the importance functions (see below) will help
to identify plant which is being over/under maintained.

The sub-system unavailability is calculated from the state of the fault tree gates, i.e. available/not
available. This means that, depending on the structure of the fault tree, these gates can be used to
represent plant component availability through to system availability (see Section 4.2).
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4.4 Utilities Available

The following facilities are also included to aid the operator in risk managementr-

• Interactive display of Fussell-Vesely and Birnbaum type importance functions.

• Production of the text of all operating rules (Tech Specs) associated with any of the
essential plant components.

• Single cutset evaluation with no probability cutoff.

• Modification of initiating events to aid precursor analysis.

The display of Fussell-Vesely and Birnbaum type importance functions will permit the operator to
determine the significant items associated with the current unavailability of components. Traditional
Tech Specs may insist on surveillance tasks associated with the system from which a plant component
is unavailable. However the use of importance functions assessed from the comprehensive PSA may
indicate instead that plant components from an unrelated system warrant surveillance because of the
particular outage configuration.

The linking of components with operating rules (Tech Specs) will provide a link for those stations
which already have existing Tech Specs and may want to operate the ESSM in an off-line mode.

The last 2 facilities listed above are in essence off-line facilities. The single cutset evaluation with no
probability cutoff can be used for plants operating under Tech Specs when a probabilistic assessment
indicates that the proposed outage offers little risk. The assessment permits the operator to check that
the single failure criterion is not violated.

In the precursor event analysis the operator selects the most likely initiating event which models the
precursor event and by making components unavailable the operator is able mimic the consequences
of the event as well as taking into account plant components which were unavailable before and
during the event. The results from the precursor analysis will aid decision making over whether
modifications to plant systems or procedures are necessary to prevent the occurrence of such an event.

5. CONCLUSIONS

The use of the ESSM at Heysham 2 Power Station for the last 5 years has demonstrated the benefits
of on-line living PSA to permit operators to adopt an effective and highly flexible "risk management"
strategy.

Developments in the ESSM now provide operators with even greater levels of information and detail,
to enhance decision making in risk-based maintenance management.

The ESSM can also be used in an off-line mode for stations operating to deterministic operating rules
(Tech Specs) to enhance the information available to the operator and permit decision making based
on maintaining a low risk strategy. Results from ESSM assessments can also indicate where such rules
are pessimistic and aid the operator in seeking exemptions from the regulator.
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DEVELOPMENT AND USE OF THE
SAN ONOFRE SAFETY MONITOR

T.A. MORGAN
Halliburton NUS Environmental Corp.,
Gaithersburg, Maryland,
United States of America

Abstract

After using the PSA to support operations and maintenance issues for many years at San Onofre
Nuclear Generating Station Units 2 and 3, Southern California Edison (SCE) recognized that it would
be most useful to develop an on-line tool to allow plant operation and maintenance personnel to assess
the risk impact of performing various maintenance activities and operational evolutions. This tool was
called "Safety Monitor". SCE was concerned about the method used to obtain the risk model solution
and desired that the "Safety Monitor" used fast algorithms to solve the entire risk model based upon
unique plant conditions rather than pre-solved equations. This paper presents the work done in the
development of the code and input data and also the Safety monitor operational features, and
describes its use in plant operation.

Introduction and Background

Southern California Edison (SCE) has been actively using its Probabilistic Risk Assessment
(PRA) models to support operations and maintenance issues for many years at the San Onofre
Nuclear Generating Station (SONGS), Units 2 and 3. This support generally involves the
evaluation of specific plant operating conditions and strategies using various sensitivity
studies. In many cases, the risk significance of various Technical Specifications and their
Limiting Conditions for Operation (LCOs) and Allowable Outage Times (AOTs) were
evaluated to address specific plant concerns. These Technical Specification studies indicated
that some LCOs and AOTs might be too restrictive or did not consider that different plant
operating conditions might alter the risk significance of each Technical Specification.

SCE recognized that it would be most useful to develop an on-line tool for operations and
maintenance personnel that would allow easy access to risk information. This tool would
allow plant operations and maintenance personnel to assess the risk impacts of performing
various maintenance activities and operational evolutions. SCE personnel had visited Nuclear
Electric's Heysham Station to observe the Essential Systems Status Monitor (ESSM) in
operation at the station. SCE wished to develop a tool similar to ESSM for SONGS.
However, whereas ESSM is a minicomputer-based application, SCE wished its tool (to be
called the Safety Monitor) to be a personal computer-based application that would support
multiple users on its Local Area Network. SCE also wished to make use of the Microsoft®
Windows™ graphical user interface to make the tool easy to use by plant personnel.

A particular concern was the method by which the risk model solution would be obtained. In
the past, PC-based risk tools would use the solution from the master PRA model (i.e., the
cutset equation) and would requantify this pre-solved equation by changing the numerical
values assumed in the equation. This method facilitates rapid calculation, but might not
always give the correct results if unusual plant conditions make normally non-risk-significant
equipment failures become important. In order to obtain a practical solution to a risk model,
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only the several thousand most probable cutsets are retained in the final cutset equation. If
this cutset equation is used to evaluate current plant conditions and normally unimportant
equipment become risk dominant, the cutset equation could underestimate the importance of
this equipment since its failure contributions might have been discarded from the model.

The last several years have seen the development of several ultra-fast fault tree solution
algorithms. SCE desired that the SONGS Safety Monitor make use of these fast algorithms
to allow the Safety Monitor to solve the entire risk model based upon unique plant conditions,
rather than use pre-solved equations. Such an approach would not be possible without an
extremely fast algorithm, since model re-solution typically takes many hours to perform using
typical solution approaches. The use of a model re-solution approach, however, would ensure
that the correct solution is obtained for each plant configuration. Maintenance of the model
would also be simplified, since logic changes could be made directly to the model itself
without the need to do numerous calculations.

SCE selected NUS to develop the Safety Monitor code. NUS personnel had actively
supported the PRA model development and its application to plant operating issues. Its
personnel had also developed many of the computer codes used to maintain and quantify the
SONGS models. NUS also had access to several of the modem ultra-fast solution algorithms
that would need to be investigated for suitability of use in the Safety Monitor.

Development of the Code and Input Data

As a starting point, SCE and NUS defined a functional specification for the code. The
specification considered such issues as expected users, display requirements, software
constraints, and security requirements. Among the key functional requirements was the
display of PRA information in a format that is readily understandable to non-PRA-familiar
personnel and the ability to calculate an estimate of current plant risk using a complete Level
1 PRA plant fault tree within five minutes.

Based upon the completed functional specification, NUS developed a functional prototype of
the code. The prototype illustrated each of the main display screens and simulated the
operation of each primary function through the use of sample data. The prototype was
reviewed with plant personnel to obtain comments regarding functionality, ease of use, and
display format. A number of changes were made based upon the prototype's operation.

The development of the Software Design Document (SDD) was the next step in the software
design process. The SDD forms the link between the functional specification developed at
the beginning of the project and the final developed software. The SDD describes in text
form the complete software design. Included are descriptions of each software module,
module-to-module program flow, the detailed functions each module is to perform,
descriptions of each data base and data file used by or created by the program, and example
designs of each display screen (in this case, from the prototype code). The complete SDD
describes over 80 software functions and 25 data bases and data files to support the program.

The SDD was reviewed by NUS personnel and SCE personnel to ensure it satisfied all re-
quirements of the functional specification, and that the proposed code was feasible from a
software design perspective. Various comments were received and incorporated into the SDD
before actual software development began.
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The heart of the program is the fault tree solution engine. In order to comply with the five
minute solution requirement, a state of the art engine must be coupled with a very efficient,
optimized fault tree model structure. NUS investigated several alternative solution engines
and determined that the RELMCS algorithm would be best suited for this application.
RELMCS is a product of RELCON Technik AB of Sweden and is a proven high speed
algorithm capable of solving very large fault tree models. The other options considered either
lacked the ultra-fast solution speed or were largely unproved.

The development of the logic model used in the Safety Monitor involved four steps: the
development of a fault tree top logic to represent the plant accident sequences; the devel-
opment of consolidated fault tree models for each key system; the expansion of the fault tree
models to include all plant operating configurations, and the mapping of plant components to
the events in the logic model. 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 Level 1 PRA.

The Safety Monitor model is developed as a single fault tree whose top event is "core damage
occurs due to an accident or transient". Each of the fifteen initiating events from the PRA are
included in the model, as are all 92 core damage sequences from the event trees. However,
in developing the Safety Monitor model, sequences can be combined and non-minimal
sequences can be subsumed into other sequences. As a result, the 92 original sequences were
reduced to about 45 sequences for evaluation in the Safety Monitor.

Following the development of the top fault tree logic, each of the system fault trees is
examined to determine if it can be logically simplified. This process involves the elimination
of duplicative logic gates, consolidation of events into "super" basic events (where possible),
and restructuring of the fault tree to move support system fault tree linkages to as close to the
top of the fault tree as possible. These actions help to reduce the number of logic gates and
events in the model and reduce the number of inter-system linkages, while retaining the same
cutset results as the original model. Using this approach, a system model that requires 20
pages of modeling in the original PRA can be reduced to 4 or 5 pages in the Safety Monitor
model. It should be noted that this optimized model yields the same numerical results as the
original model and that the information concerning basic events consolidated into "super"
basic events is retained in the Safety Monitor data files so that full model fidelity is
maintained.

Because the Safety Monitor will have to evaluate all of the possible system alignment states
that can be used during power operation, the model had to be revised to properly support
these alignments. At San Onofre, several key systems have "swing trains" and other alternate
configurations. In the base Level 1 PRA, not all of these configurations are considered since
they may be all logically equivalent. Six system models were identified for logic expansion
to account for the various operating alignments.

The last step of the process is the correlation of the various plant components to the Safety
Monitor model. One of the functional requirements of the software is that it must allow the
plant operator to access any component in the plant, even if that component does not affect
the safety model. As a result, over 73,000 components were loaded into the data bases for
the Unit 2 Safety Monitor. Each of the basic events in the model were then reviewed to
determine which components pertain to each basic event. As a result of this correlation
effort, several thousand plant components were shown to directly affect the model's events. It
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is expected that several thousand additional components will be added to the correlation
listings as the data bases are expanded to include various manual isolation and drain valves
and other components not typically addressed in traditional PRAs.

Operational Features

Figure 1 illustrates the main display screen of the Safety Monitor. Safety status is shown on
the "gauge" display, along with a plot showing the risk level over the last seven days. A risk-
based recommended AOT is provided to indicate how long the plant can remain in this
configuration before SCE administrative risk limits are exceed. From this main screen, the
user can request the various functions of the monitor. The "administration" menu provides
access to various administrative and PRA-specific functions that would not normally be
accessed by plant operations personnel.

Figure 2 shows the display of current plant status. The display shows the plant equipment
currently out of service and the presence of environmental factors that might affect nsk.
Examples of these factors might be severe weather or the performance of surveillance testing
that might cause a plant scram. The "plant configuration" button is used to view the
operating alignments of various plant systems that affect plant safety.

Figure 3 illustrates how the user removes equipment from service. The user selects the
system and train to display, then clicks on each component to remove from service. The user
can also remove pre-selected groups of equipment from service simultaneously via the "select
components via BAG (boundary area grouping) ID" option. BAGs are defined by San Onofre
maintenance planning personnel for typical maintenance tag out boundaries for major pieces
of equipment.

£ile Admin Options Help
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Figure 1: Main Display Screen
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Figure 2: View Status Screen
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Figure 3: Remove Equipment from Service Screen
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Figure 4: Currently Important Equipment Screen
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Risk Level li Restored Risk Redui

Warning
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I*.

[Restore A Component Group | ] Print ] | Cancel

Figure 5: Restoration Advice Screen

Changes in plant operating alignments, the presence (or absence) of environmental factors or
special testing conditions, or the operability/inoperability status of plant equipment may be
investigated using either "real" status changes or "hypothetical" status changes. "Real" status
changes perform updates to the risk level display and record the changes to risk history and
configuration history files. "Hypothetical" calculations allow the user to determine the effects
of proposed actions in a "what if fashion to investigate various maintenance strategies for the
current plant operating configuration.
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Figure 4 illustrates the display of currently important equipment. This display shows what
currently operable equipment in the plant has the greatest risk significance given the plant's
current operating configuration. Standby equipment that might be benefited by some form of
functional testing is also indicated. The "testing advice" button provides an estimate of how
much risk improvement might be realized if key equipment was operability tested at this time.

Figure 5 illustrates the advice provided to the user regarding what inoperable equipment
should be restored. The display indicates the type of inoperability (equipment failure, routine
maintenance, out of service for functional testing), as well as an estimate of how plant risk
would be improved if each piece of equipment was restored. The user can also determine the
effects of restoring a group of equipment simultaneously.

Planned Use in Plant Operations

The Safety Monitor will be used in an "off-line" capacity over a several month period. Actual
data from control room logs will be input to the code to check software operation, to ensure
that the Safety Model gives reasonable risk results over a variety of plant operating
conditions, and to help establish appropriate administrative limits for the "green", "yellow",
and "red" operating ranges. Following this pilot phase, operation of the Monitor will be
introduced to the operations and maintenance staffs for daily use. Plant personnel are
currently being trained in the operation of the code. In addition to its use by plant operations
and maintenance planning personnel, it is expected that PRA personnel and plant management
will use the Monitor to periodically assess plant performance. Several of the key data
collection features of the Monitor will also be used to support compliance with the U.S.
Nuclear Regulatory Commission's Maintenance Rule.

The information and insights provided from the Monitor's operation may be used to help
establish a more risk-based approach to Technical Specification determination and compliance
in the future. For example, allowed outage times might be varied based upon the particular
plant configuration that exists (e.g., a component might have a longer AOT if no other safety-
affecting components are out of service, and a lesser AOT if other key equipment is already
out of service). The Monitor might also be used as a basis for deferring routine Technical
Specification required testing if the conduct of the test at a particular time might unduly in-
crease the risk to the plant. Such tests would be rescheduled for performance during lower
risk periods.

The Safety Monitor may also be expanded in the future to address other aspects of plant
operation. The Level 2 PRA model may be included to assess the impacts of various
maintenance and operational activities upon the likelihood of a radioactive release following
an accident. The consideration of such effects will allow evaluation of components such as
containment isolation valves, containment pressure control systems and containment
Another area for future development is the incorporation of risk models to address shutdown
conditions. The addition of this capability will allow operators and maintenance personnel to
plan outage activities in a manner that will minimize risk. These models will also allow plant
personnel to compare the risk impacts of performing various maintenance actions at power
versus performing them during shutdown conditions (or during different shutdown modes).
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RISK MANAGEMENT OF THE NORTH ANNA
POWER STATION SERVICE WATER SYSTEM
PRESERVATION PROJECT USING THE IPE MODEL

A. AFZALL, M.D. DONOVAN, M.G.K. EVANS
Halliburton NUS Environmental Corp.,
Gaithersburg, Maryland,
United States of America

Abstract

The Service Water System (SWS) at the Virginia Electric Power Company North Anna Power
(NAPS) is experiencing wall degradation and therefore it requires pipe rehabilitation. This restoration
project will require isolation of one train of service water for brief periods which will mean a
reduction of the redundancy of the system. This reduction of redundancy may contribute to increasing
the risk of an accident resulting in core damage. Also excavation of buried lines will remove the
design basis protection against natural phenomena, this will require a temporary exemption from 10
CFR 50, App A. Additionally, the possibility of mishaps during excavation create potential hazards.
To evaluate these possible risks, a PRA project was performed. This paper presents the scope of the
project, its objectives, outlines the development of the project and reports its results.

INTRODUCTION

The SWS piping at the Virginia Electric Power Company North Anna Power (NAPS) is
experiencing wall degradation in the form of general corrosion and pitting corrosion in
localized areas because of microbiologically induced corrosion (MIC). A pipe rehabilitation
project has been undertaken to clean, weld repair and coat the large diameter buried service
water piping.

The restoration work on the service water system will be conducted in several different
stages. The work in stage 1, which was the subject of the PRA study reported in this paper,
will be performed during the 1993 Unit 1 Steam Generator repair/refuelling outage. Stage
1 will involve repair and partial replacement of the service water lines to Unit 1. The service
water system is shared between the two units. It provides the process cooling capability for
normal plant operation and functions as the ultimate heat sink for mitigating the consequences
of a design basis event. Performing the restoration_project will require isolation of one train
of service water for brief periods to install and subsequently remove code qualified pipe plugs
to the affected sections. Unit operation at power, with a single train of service water is
allowed during restoration of the SWS, for periods of up to seven days by plant technical
specifications. However, reducing the redundancy of the service water system through
repeated system isolations may contribute to increasing the risk of an accident resulting in
core damage.

Excavation of the buried service water lines will remove the design basis protection against
natural phenomena afforded by the earth and concrete for the SWS lines and some electrical
conduit ducts which power critical equipment. This will require a temporary exemption, to
be approved by the Nuclear Regulatory Commission, from 10 CRF Part 50, Appendix A,
"General design Criteria (GDC) for Nuclear Power Plants" (Reference 1). Specifically,
criteria 2 (GDC-2) requires design protection against the effects of natural phenomena (e.g.
earthquake, tornadoes) for components, systems, and structures important to safety.
Additionally, the possibility of mishaps during the excavation work creates potential hazards
to the SWS lines and conduit ducts.
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To evaluate these possible risks, a PRA of applicable parts of the service water preservation
project was performed. This PRA made extensive use of the North Anna 1PE model which
was being finalized at the time of the study.

ANALYSIS OBJECTIVES

The principal objective of this PRA analysis of the SWSPP was to determine the effects, if
any, of the project activities on the risk (as measured by core damage frequency (CDF)) of
the operating units. An additional objective was to identify and evaluate specific measures
to further reduce the risks associated with the project. The third objective of the analysis is
to provide a documented basis for a temporary exemption from GDC-2 of 10 CFR Part 50,
Appendix A, "Design Basis for protection Against Natural Phenomena".

GENERAL APPROACH

The overall approach for performing the probabilistic risk assessment (PRA) of the Unit 1SW
preservation project included three major steps. The first step was to itemize the equipment
that will be isolated or unavailable during the excavation period as well as potential hazards
which could damage other components or structures during the excavation work. The result
of this step was a listing of possible hazards, the systems or structures which potentially could
be damaged, the components which would be unavailable, and the effect of the component
unavailability on plant safety.

The second step in the approach was to revise the North Anna IPE model to account for the
changes during the period of the Stage 1 project. In revising the model, the planned
unavailability of portions of the SWS was accounted for by modelling that portion of the
service water header as unavailable. Potential system unavailabilities which could result from
the hazards identified in step one were also included. The result of this step was the
quantification of the increase in the probability of a core damage event during stage 1 of the
project as compared to the baseline value determined from the IPE.

The third step was to identify and evaluate the effectiveness of countermeasures to reduce
CDF during the SWSPP period. Candidate counter-measures include methods to accurately
locate underground ducts prior to excavation, vehicle barriers to prevent damage, provision
of alternate sources of support for critical systems/components whose normal support could
be compromised, or changes to maintenance and test schedules for systems important to
accident mitigation.

It was determined that the planner SWSPP involved two sets of activities which could
potentially increase the risk of the operating units. These activities are summarized as
follows:

1. Excavation of the Unit 1 S W lines will be performed prior to the outage while the units
is operating. Backfill of the area may be performed after restart, depending on the
duration of the preservation task and other outage activities. During the excavation
and backfill, there is a possibility of damage to the SW lines or the overlaying cable
ducts resulting from construction mishaps. Additionally, the SW lines and cable ducts
may be more vulnerable to damage from external events (e.g., earthquake).
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2. During the restoration work, each SW header must be isolated and partially drained
to install and remove code qualified pipe plugs on the Unit 1 SW lines. This will
result in a loss of redundance in the S W system for the operating Unit 2 for six periods
of up to seven days each.

The approach for assessing the possible risk impact and effective countermeasures for
each of these items is discussed in the following sections.

ANALYSIS RESULTS

The results of the PRA analysis of each of the areas of possible risk contribution are
discussed in the following sections.

Risk Contribution of Excavation

The results of the requantification of risk due to excavation are presented in Figure 1 for the
electric ducts and Figure 2 for SWS lines.

The damage probability values shown in the figures represent the probability of damage to
the electrical ducts or SWS lines during the period that Unit 1 is in operation and the
excavation is open. These curves were used to evaluate the CDF contribution of possible
construction mishaps and external events.

Figures 1 and 2 show that if the probability of damage to the above identified utilities is equal
or less than l.OE-2, then the change in CDF A CDF) is less than IE-6 for all cases except the
case of simultaneous damage to both SWS supply lines. The probability of occurrence of this
event must be less than 8E-5 in order TO limit the change in CDF to less than IE-6. The
probability of a mishap resulting in simultaneous large ruptures to two SWS lines was further
minimized by the following measures:

T Providing limited protection to the SWS lines by not completely
excavating until the lines are isolated from the main SWS header.

T Controls and frequent inspections to ensure that no heavy materials
with dimensions in excess of 6 feet (the distance between SW lines)
are in vicinity of the excavation after SWS lines are excavated.

With these measures in place, the likelihood of a mishap which damages both SWS supply
lines is extremely remote and the increase in CDF would be less than IE-6.

Service Water Unavailability

The result of the analysis of the SWS show that isolation of the service water headers for the
six times necessary to install and remove the code qualified pipe plugs will increase the
probability of a core damage event on Unit 2 by 5.1 E-6.

To further reduce this risk, (he following counter measures will be implemented during the
SWPP:

1. Alternate Source of water to the Charging Pumps.

2. Alternate Source of Water to the Control Room/Emergency Switchgear Room
CR/ESGR Cooling System. The capability of providing the Bearing Cooling System
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Figure 2: Affect of SWS Line Damage on CDF

(BGS) as an alternate source of water to the CR/ESGR cooling system will be
provided.

3. Capability for Recovery from the Loss of SWS. The capability to repair the SWS
piping wUl be provided to assist in expedience recovery from the loss of SWS due to
the rupture of the SWS header(s). Procedures, equipments, and training (using the
mock-up system if possible) will be provided to the pertinent plant personnel to ensure
the effectiveness of this counter measure.

The results of the evaluation of the effectiveness of these measures hi reducing the risk of a
core damage event showed the increase in Unit 2 core damage probability because of SW
unavailability is less than IE-6.
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Abstract

The concept discussed in this paper is how a PC-based risk management tool, based on a plant
specific PSA, can be used to manage risk during the day-to-day operation of a plant by planning
maintenance activities in order to avoid plant configurations that result in undesirable increases in
plant risk. The living PSA Safety Monitor tool described in this paper is based on the results of work
performed in support of the USNRC and currently being developed for the Dukovany nuclear power
plant in the Czech Republic as part of a SAIC contract with the Czech State Office for Nuclear
Safety.

Introduction
Since the first large scale application of Probabilistic Safety Assessment (PSA) techniques to
nuclear power plants in the Reactor Safety Study in 1975, these techniques have increasingly
become an integral part of the risk management decision-making process by both the nuclear
utilities and regulatory authorities throughout the world. In fact, due to the usefulness of these
techniques in identifying areas of plant vulnerability, the United States Nuclear Regulatory
Commission (USNRC) now requires an Individual Plant Examination (IPE) (which is a complete
Level II PSA with external events) for all operating power plants in the United States.

Once complete, a PSA provides valuable information regarding plant vulnerabilities to severe
accidents. When properly applied, the results of a PSA can be used to identify and prioritize the
importance of hardware, human actions (operation and maintenance staff activities) and plant
procedures to plant risk. The information contained in a PSA is also important in the development
of a sound risk management program that could be used for decision-making purposes. However,
there has been very little practical experience with the use of PSA in the day-to-day decision-
making process by nuclear utilities.

A comprehensive risk management program at a nuclear power plant should address the needs of
both the nuclear utility and the cognizant regulatory authority. An integral part of the program
would be a living PSA that could be used as the basis for day-to-day operational and maintenance
activities and for the short and long-term assessment and prioritization of safety-related needs for
each plant The types of operational and maintenance activities that the proposed risk management
program should cover include: (1) outage planning for the test and maintenance of components,
(2) setting and complying with technical specification requirements, (3) risk-focused inspections,
(4) identification of areas of plant vulnerability due to hardware, human, or procedural
deficiencies, (5) assessment of the importance of various safety-related issues to the plants
operational risk, and (6) prioritization of the plant procedural or design modifications due to
various safety-related shortcomings identified.
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The concept discussed in this paper is how a PC-based risk management tool, based on a plant
specific PSA, can be used to manage risk during the day-to-day operation of a plant by planning
maintenance activities in order to avoid plant configurations that result in undesirable increases in
plant risk. The Living PSA Safety Monitor tool described in this paper is based on the results of
work performed in support of the USNRC and currently being developed for the Dukovany
nuclear power plant in the Czech Republic as part of an SAIC contract with the Czech Republic
State Office for Nuclear Safety.

Approach

Since 1987 SAIC has been working on the concept of a risk-based approach to configuration
management (as applied to technical specifications) for the USNRC (1,2,3). These studies
systematically assessed the feasibility of such an approach, developed the characteristics of a risk-
based approach to configuration management, and finally developed an approach for the
conversion of a PSA to a risk management tool, using the Integrated Reliability and Risk
Assessment (ERRAS) computer code (4). This tool is capable of monitoring plant risk profile
changes due to equipment configuration changes on an interactive basis, and can be used as the
foundation for the development of a risk management approach at nuclear power plants. This tool
can also be used to manage on-line maintenance planning activities.

To demonstrate the risk management concept using the real time PSA model of the plant, the
application of this concept to configuration management and maintenance planning is discussed in
more detail. The primary characteristic of a risk-based approach to maintenance planning is that the
maintenance planning decisions are based on the effect of plant configuration changes on a plant's
instantaneous risk, as measured by the change hi the plant core damage frequency. The impact of
configuration changes on plant instantaneous risk can be assessed interactively, using the
technology developed by SAIC for the USNRC, which uses an existing PSA for a plant and
available PC-based software (3). This risk management tool can recalculate the core damage
frequency for a plant for any case (ranging from all components available to cases with multiple
components out of service) in approximately two minutes using a standard 486 PC computer with
4 MB RAM at a 25 MHz processing speed.

The use of this tool for the day-to-day maintenance planning activities at a plant is performed in
two separate applications. In the first application, the plant maintenance personnel can use this
tool, on a regular basis, to schedule planned surveillance tests and potential preventive maintenance
activities to make sure that planned outages do not violate technical specification requirements or
put the plant in an unnecessarily high risk configuration. In the second application, the plant
operators can use this tool to optimize implementation of regulatory modifications, or as the basis
for extending deterministically-derived AOTs for various components. Ultimately this approach to
setting AOTs can be extended to a real-time mode where the plant operators can use the code to
assess potential violations of technical specification requirements when one or more components
are declared inoperable, both from a deterministic and probabilistic point of view. This, in effect,
is a self-imposed control to make sure that the plant does not enter into any unacceptable
configurations that would leave the plant vulnerable in the event of an off-normal occurrence.

In the maintenance planning mode, the plant staff can use a predetermined risk acceptance criteria
to categorize an anticipated maintenance configuration into one of several different maintenance
states. A maintenance state can be defined as a set of rules for maintenance planning activities
which are based on the plant risk associated with the configuration (i.e., the availability of safety-
significant components to respond to an accident). For this example, three different maintenance
states can be defined:

• The safest state is when a limited number of components that are not very important to
safety are out of service and the plant core melt frequency does not change by a measurable
amount, or increases by only a small amount. Under these conditions, the probabilistic
criteria implies that even an extended outage in this configuration will not result in an
unacceptable increase in plant risk. This state will be referred to as "Acceptable
Maintenance Schedules."
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The next state is when one or more components important to safety are out of service and
the plant core melt frequency increases to a level which is not preferable from a plant safety
perspective, even though the configuration is acceptable based on the deterministic technical
specifications. Under these conditions, the plant operators should plan all maintenance
activities to maximize plant safety within applicable time constraints with the intent to return
enough components to service to reach an Acceptable Maintenance Schedule. This state
will be referred to as "Acceptable Configurations (with Restrictions)".

Finally, from a safety perspective, the most severe plant state is when the core damage
frequency increase associated with a particular maintenance configuration suggests that
immediate remedial action must be taken. In this state the plant is vulnerable to a severe
accident due to the unavailability of one or more components critical to safety. This implies
that the plant should immediately be taken out of this state or it has to be shut down. This
state will be referred to as "Unacceptable Configurations".

Configuration Acceptance Criteria
Using a PSA-based probabilistic criteria, the operating risk of a particular maintenance
configuration can be calculated as the risk increase associated with the configuration integrated over
the time duration the plant remains in such a state. The approach that has been developed for the
USNRC and used in similar applications in other countries is to set a fixed limit which represents
the lowest acceptable plant safety level (defined as core damage frequency integrated over time).
This type of criteria implies that for maintenance configurations that result in very large increases hi
core damage frequency the amount of time the plant remains in such a configuration should be
limited, while fewer restraints would be imposed on configurations that result in relatively small
increases in the core damage frequency. In all cases, however, the integrated risk over time should
be maintained within an acceptable level. Figure 1 provides a graphical illustration of the concept
of establishing a fixed safety limit for plant configuration risk.

Core Mdt
Frequency

(CMF)

Configuration #1

A CMF Configuration #2

ACMFT—— ir __. "Average"
CMF

AOT AOT

AOT: Allowed Outage Time

Time

Fixed Safety Limit (B) = ACMF * AOT

Figure 1: Example of Setting Fixed Safety Limit
for Configuration Risk
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At any given time, the core melt frequency can be substantially different than the average core melt
frequency calculated in plant PSAs, as the status of various equipment at the plant is constantly
changing. The concept of specifying a fixed safety limit at a plant is based on the reasoning that an
increase in the plant core melt frequency above an accepted safe level would be tolerable for only a
limited period of time. The higher the increase in the core melt frequency, resulting from a planned
plant configuration, above the acceptable level the less time the configuration would be allowable.
The fixed safety limit represents the highest acceptable core melt frequency integrated over the
duration of the outage. Thus, the fixed safety limit can be thought of as the highest acceptable core
melt probability that is tolerable over a given outage duration.

There are a number of ways to set the fixed safety limit at a plant. One approach proposed by
SAIC is based on the proposed Safety Goal for an individual plant core melt frequency limit of
1x10"* /year in the U.S. (5,6). If, as a result of the unavailability of one or more components, the
core melt frequency increases by an order of magnitude to lxlO~3 /year, the increase in core melt
frequency is sufficiently high that the plant should only be allowed to operate in that configuration
for a very short period of time. To allow for very minor fixes that could remove the plant from the
high-risk range, a four-hour limit for operation under these circumstances could be suggested. On
the basis of these arguments and assumptions, the fixed safety limit is calculated as 5xlO~7, It is
important to note that the fixed safety limit described above is based on an approach proposed by
SAIC to define acceptable safety limits for the operation of nuclear power plants. Any future
applications associated with the use of PSA for managing plant configuration risk will require each
utility or regulatory body to define its own level of acceptable risk.

In terms of applying this concept to establishing AOTs for various plant configurations, there are
inherent uncertainties in the results. Accepting this fact, the real benefit of using a PS A-based tool
for managing plant risk is the ability to make relative comparisons of the effect of different plant
configurations on core melt frequency with a high degree of confidence. Thus, instead of making
very precise calculations of recommended AOTs, a multi-level approach is suggested where plant
configurations are categorized in one of several broad categories for AOT (e.g., 24 hour, 3 day, 7
day, 30 day). As described earlier in this paper, this approach has the advantage of addressing the
inherent uncertainties in the risk model and making the application less confusing to plant
operators.

Application of On-Line Maintenance Planning
To test this approach, maintenance configuration data for a 35 day period was applied to an
existing PSA which has been converted into a real-time risk management tool (3). The
maintenance data that was used was actual plant data (collected from more than one plant) for
maintenance configurations that have been encountered during normal full power plant operation.
This data was collected as part of an earlier effort for the USNRC. The model that was used was
for a PWR evaluated as part of the USNRC's NUREG-1150 effort (7).

The effect of each of the maintenance configuration changes was evaluated in terms of its impact on
core damage frequency and the results were plotted on a time line. Table 1 provides a summary of
the results of the calculations performed for each of the maintenance configurations. Figure 2
provides a time line plot of the core damage frequency changes over the 35 day period, using one
possible set of configuration control limits derived from the previously defined criteria for the fixed
limit for acceptable risk. As can be seen in the figure, the core damage profile of the plant changes
substantially as a function of time and differs from the "average" core damage frequency generated
by the PSA in most instances. The principal benefits this approach can provide are to avoid certain
"high risk" peaks (i.e., configurations resulting in large increases in core melt frequency), and to
prevent plant shutdowns associated with configurations where the increase in plant risk is
negligible.

Operating Staff Interface
The purpose of the real time living PSA model is to be a valuable tool which can be used by plant
operators and maintenance personnel to better manage day-to-day activities at a plant. It is not
intended to replace plant operating procedures, regulatory requirements or the inherent knowledge
of the operator on how to best operate the plant. As such, the information should be presented
clearly and in a manner which is most useful to the end users, the plant operators and maintenance

154



Table 1: Summary of Calculations of Maintenance Configuration
Safety

Time:

0
3-32
5-7

10-17
14-17
16-17
17-18
21-22
25-26
28-31
29-30

33 - 33.25

Maintenance configuration:

Power-operated relief valve (PORV) leaking - blocked in
Diesd Generator 3 (DG 03) test
Residual Heat Removal (RHR) Heat Exchanger A maintenance
Diesel Generator 1 (DG 01) maintenance
Charging pump cooling (CPC) pump A maintenance
Auxiliary Feedwater (AFW) turbine-driven pump (TOP) maintenance
AFW TOP maintenance (DG 01 tad CPC-A returned to service)
High pressure injection (HP!) pump B maintenance
Low pressure injection (LPI) pump A maintenance
Safety injection actuation system (SIAS) train A maintenance
Containment spray system (CSS) pump B maintenance
Containment isolation valve (CIV) backup nitrogen system maintenance

NewCDF *

3.39E-05
Z30E-04

3.39E-05 (no change)
3.63E-04
3.78E-04
7.95E-04
1.07E-04
3.47E-05
5.80B-05
4.67E-05
4.79E-05

no measurable change

The baseline core damange frequency (CDF) with all systems available at Surry, Unit 1 is 3.32E-05

Time (days)

Figure 2: Time Plot of Maintenance Configuration
Safety

staff. Since plant staff are not normally PSA practitioners, presenting them the quantitative results
of the PSA is not the most efficient means of conveying the desired information. Thus, all of the
information presented by this tool should be presented qualitatively in language which is familiar to
the operator.

In order for this tool to be used most effectively by the plant staff, it is necessary to automate the
procedure for evaluating configuration changes using the living PSA model. The procedure for
changing the status of a component due to test or maintenance should be clearly understood by the
operator and the results should be presented in a timely manner (i.e., in 2-5 minutes) and in a
format which facilitates making maintenance planning and configuration management decisions.
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Figure 3. Example of Operating Staff Interface for Application of Living PSA

Figure 3 presents an example of the steps which are required by the maintenance staff or the
operator to model the removal of one or more components from service and evaluate the impact on
plant safety using the Living PSA Safety Monitor. The screens presented in Figure 3 are part of
the operator interface currently being developed for the Dukovany nuclear power plant in the Czech
Republic.

Using the risk based criteria described earlier, the results of the PSA evaluation can be converted
into an allowed outage time which is displayed graphically in a color-coded format for the operator
to see. The three regions of the graph are red, yellow and green corresponding to the three
maintenance states (unacceptable configuration, acceptable with restrictions and acceptable,
respectively) described above. Thus, the operator can quickly see the impact of proposed plant
configuration changes on plant risk in a graphical format and use this information as an aid in
making configuration management and maintenance planning decisions.

There are also a number of other features which will be included in the Safety Advisor at the
Dukovany Nuclear Power Plant. The tool will provide operators the ability to perform "what if'
type calculations to evaluate the impact on plant risk of removing one or more components from
service, hi order to better plan maintenance activities. The tool will also provide restoration advice
to the operator for instances where the plant is in a high risk configuration. By selecting the
restoration advice option, the operator is presented with a graphical representation of the impact on
plant risk of restoring various components to service. This allows the operator to make
configuration management decisions to restore the plant to a more acceptable state where it is less
vulnerable from a risk perspective.
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At Dukovany, work is underway to ensure that the living PSA Safety Advisor becomes an
integrated part of the plant's computerized data system which will include event reporting, data
collection to support the Level 1 PSA, as well as a number of specialized features to support the
operations and maintenance staff in day-to-day activities at the plant. Other features of the system
will include collection of operator logbook notes, evaluation/viewing of deterministic technical
specification requirements, automated collection and updating of PSA, component failure and
initiating event data, and printing of TAGs for test and maintenance work activities.

Conclusions
There appear to be no technical or institutional obstacles that would prevent converting a Level 1
PSA into a risk management tool capable of monitoring plant risk profile changes associated with
routine test and maintenance activities on an interactive basis using standard PC-based risk
management software and using it for day-to-day maintenance planning.

A risk-based approach to on-line maintenance planning, as described in this report, is capable of
evaluating the impact on plant risk associated with any combination of one or more components
being removed from service. This maintenance planning tool would allow plant operators to
assess the safety significance of plant configurations involving simultaneous system and
component outages in real time on a case-by-case basis. This type of tool would also allow plant
operators to manage the day-to-day activities of the plant in order to avoid plant configurations that
result in unacceptable reductions in plant safety. These high risk configurations are the component
outage scenarios most likely to constitute the majority of the contribution to the increase in core
melt frequency (as compared to the safest plant configuration with all components available). For
example, Figure 2 demonstrates that for the plant which was analyzed, the simultaneous
unavailability of diesel generator 1 and the auxiliary feedwater turbine-driven pump results in more
than a twenty-fold increase in the core damage frequency to nearly 8xlO~4 /year. More careful
planning and staggering of elective maintenance can often avoid such "high risk" configurations.
The benefit, in terms of avoidance of severe accidents, could be substantial

Another benefit of a risk-based approach to maintenance planning is that it provides plant managers
with a model that can be used to identify components or systems which may be candidates for
relaxation in technical specification requirements for allowed outage times. Experience has shown
that the risk profile varies significantly among different nuclear plants. As such, it can be expected
that some technical specification requirements may place overly restrictive requirements on some
plant components that have little or no impact on plant risk. As was demonstrated in the previous
example, there are a number of components which are commonly taken out of service for
maintenance which do not significantly impact plant safety. For the plant which was analyzed,
there were several components which when removed from .service had very small or negligible
impact on plant safety (e.g., RHR heat exchangers, charging pump cooling trains, high pressure
injection trains, containment spray system pump trains).

Another actual case shown in Figure 2, is failure of the backup nitrogen system to a containment
isolation valve (CTV). Current technical specifications allow only 6 hour to repair the system
before initiating a shutdown, even though the resulting core damage frequency increase for the
example plant is less than 0.01%. The CIV nitrogen system failure evaluated in Figure 2 was an
event that happened at a nuclear utility and resulted in a plant shutdown. Thus, another benefit of
a risk-based approach to maintenance planning is that it has the potential to identify requirements
that may be too restrictive at a plant and may actually reduce the number of unplanned shutdowns
caused by technical specification violations.

Finally, to assess the practicality and effectiveness of a risk-based approach to technical
specifications, a pilot study using the Safety Advisor is planned for the Dukovany and Bohunice
nuclear power plants. During the pilot study which could run 12 to 18 months, the impact of
changes in plant configuration on plant core damage frequency is calculated using Safety Advisor.
This information can be used by the plant operations and maintenance staff for planning purposes
as discussed hi this paper. In addition a complete log of the changes in plant configuration and the
proposed actions recommended by Safety Advisor will be kept throughout the pilot study. Each
time a component is taken out of service or returned to service, changes to plant core damage
frequency is calculated using Safety Advisor and is recorded. For those situations that result
initiation of a Limiting Condition for Operation (LCO) and a corresponding AOT based on current
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deterministic technical specifications following a component outage, the proposed risk-based
criteria would be used to calculate the recommended risk-based AOT. Alternatively, if plant
maintenance would like to take a component out of service but are prohibited because of a
restrictive AOT, the risk-based criteria would be used to assess the recommendation of the risk-
based approach.

The information gathered during the pilot study can then be used to assess the practicality and
effectiveness of replacing current deterministic technical specification with a real-time risk-based
approach to setting technical specification requirements.
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Abstract

As part of the U.S. industry effort to utilize PSA for optimizing resources, a variety of regulatory PSA applications
are being investigated. Each of these applications must depend upon the strengths of PSA in classifying safety
significance, while minimizing the impact of any limitations the PSA might have. The purpose of this paper is to
discuss some of the general strengths and limitations of PSA for regulatory applications and to provide an overview
of how these strengths and limitations can be effectively managed through the use of a case study. The case
study involves the use of PSA for prioritizing safety-related MOV testing requirements.

Background

Several years ago, the U.S. Nuclear Regulatory Commission (USNRC) issued Generic Letter 89-10 (GL 89-10),
"Safety Related Motor-Operated Valve Testing and Surveillance." This generic letter requested U.S. utilities to
provide additional assurance of the capability of safety-related motor-operated valves (MOVs) and certain other
MOVs in other-safety related systems to perform their intended functions by reviewing MOV design bases, verifying
MOV switch settings initially and periodically, testing MOVs under design-basis conditions where practicable,
improving evaluations of MOV failures and necessary corrective actions, and trending MOV problems. The
analytical and testing support required for all the GL 89-10 valves can be extensive (>$2 million per plant initially,
not including long term programs). Under the guidance provided by the NRC, all MOVs in the GL 89-10 program
required the same level of analysis, testing and trending. However, plant specific PSAs have shown that only a
handful of all GL 89-10 MOVs are risk significant. The purpose of a PSA-based approach to optimizing MOV testing
requirements is to develop a technical basis for adjusting the testing requirements.

As part of GL 89-10, its supplements, and the preceding regulatory correspondence on the subject, the NRC
identified that MOVs utilized in U.S. nuclear power plants have insufficient design, analysis and testing
documentation to assure their operability in design basis conditions. This concern implies that the failure rate of
MOVs, under certain conditions, may be much higher than those quoted and utilized in state of the art PSAs. It
therefore seems appropriate that a plant specific PSA can provide insight into the relative risk significance of
various MOVs. However, the use of PSA in such an application (actually, this is true of any PSA application)
requires the consideration of the strengths and weaknesses of PSA in order ensure that the results of the
prioritization are technically defensible. Some of these strengths and limitations are summarized below:

Strengths and Limitations of PSA

PSAs should neither be assumed to resolve all problems, nor should their power to provide insights be
underestimated. The best PSA applications are those where the strengths are fully exploited and the limitations
are circumvented or buttressed with other approaches.

In the realm of MOV testing, as with many other regulatory related applications, a major strength of PSAs is to
provide a quantitative prioritization process. The quantitative nature of the PSA takes two forms. Rrst, it provides
an absolute way to assess the importance of a component relative to sharply defined (although admittedly
arbitrary) criteria, and second, it allows a relative ranking among components. Both these features end up playing
a major rde in the decision making process. In the MOV testing application, the quantitative ranking of safety-
related MOVs results in grouping valves into three or four categories (depending on the methodology) according
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to the result of a mathematically well-defined process (e.g., Fussell-Vesely importance measure). Belonging to a
given category entails that the MOV will be subject to certain types of tests and certain, well-defined, test
frequencies and tracking requirements. Thus, the quantitative nature of the approach forces everyone to play by
the same rules and reduces {but does not eliminate) opportunities for divergent interpretations.

Another strength of all PSAs, all too often ignored, is that it also provides uncertainty bands, or confidence level
evaluations. A good analyst and decision maker should be able to take full advantage of this added information
and combine it with other approaches such as expert judgement. The quantitative results of PSAs are often
discussed in terms of how much uncertainty is associated with the model inputs and assumptions. It is important
to realize that these uncertainties are not generated by the quantitative tools, but rather PSAs provide a means to
quantify them. That is, the PSA is not responsible for the uncertainties, it simply gives us a tool with which we can
measure them.

Once the PSA modeling and quantification are completed, PSA affords an important flexibility, i.e., the ability to
play relatively inexpensive "what if" analyses. For example, the analyst may want to know the consequences of
decreasing a given MOV reliability by hypothetically reducing its test frequency, while simultaneously increasing
the reliability of six other valves. The overall impact on core damage frequency (CDF) could be either to increase
it or decrease it depending on the selected MOVs and on the selected changes of reliability (availability). The
analyst can then perform sensitivity studies until a satisfactory result (i.e., reduced CDF) is achieved.

The quantitative nature of PSAs should not be interpreted as if PSAs represent a true and exact image of the risk.
In discussing the strengths of PSAs above, we have carefully avoided the work "objective" simply because while
quantitative, the results of a PSA are not objective. The subjectivity of the analyst is injected in the modeling
assumptions, in the choice of failure modes, initiators and fault trees selected for explicit modeling, in the grouping
into super-components, in the human reliability analysis and assumptions, and even in the interpretation of the final
results.

General Considerations to Be Addressed in PSA Applications

Scope of PSA - The scope of most plant specific PSAs is not entirely consistent with the complete licensing and
design basis of many components. For example, most plants only have a PSA developed in support of their IPE.
The IPE PSAs only consider internally initiated events occurring with the plant at power operation. The scope does
not include internally initiated events in other modes of operation (i.e., shutdown) nor any externally initiated events
(i.e., seismic events, fire events, etc.). In addition, some systems which could contribute to overall plant risk are
not considered in PSAs at all (e.g., radwaste systems). Of those represented, not all failure modes are taken into
account (e.g., most of the primary pressure boundary is assumed to never fail, control rod drives and
instrumentation never fail, etc.). In these cases, risk-significance may have to be evaluated by reverting to
traditional methods, including expert/engineering judgement or deterministic analysis.

Resolution of PSA Model - In order to make models more manageable in size and understandable for review, a
number of simplifications are commonly made which reduce the resolution of the model. These simplifications can
include the use of modularized basic events (i.e., those events which represent an independent set of logic which
is presdved and depicted as a single event), human reliability events (these may implicitly contain hardware failures
which are not obvious), initiating events, or system level events (i.e., events such as instrument air contamination
which may actually represent some component failure). In order to effectively utilize PSA in any specific
application, it is necessary to review the model to ensure that the issue of concern is identified in all relevant
events, even those which may be implicit.

Quantitative Criteria For PSA Decision-making - Little guidance exists on the quantitative criteria which are
acceptable for making decisions with PSAs. The safety goal, with its quantitative link to health effects can be
converted to PSA terms, but only if the PSA extends to that risk measure (i.e., Level 3 PSA). In addition, it has
been generally agreed that the safety goal applies more appropriately to the industry as a whole rather than to a
specific plant. A subset of this issue is the identification of the appropriate measure of "risk." That is, should core
damage frequency (CDF) be used as the figure of merit? Should it alone be used? Or should some measure of
radionuclide release be used? If so, what measure? Any release? "Large" release? "Significant" release? Should
both CDF and radionuclide release be used? Without precedent or guidance, the quantitative criteria for decision-
making with a PSA must be developed for each specific application.

Model and Database Uncertainties - Lack of data or information typically forces simplifying assumptions. This is
particularly true when modeling human reliability and common cause failures. As a result, conservatisms are
invariably built-in which distort the final result in an unknown way. Even in the case of equipment failure rates, data
is typically sparse. For the case of MOVs, all valves are often given an equivalent unavailability (usually -0.3%).
All experts would agree that this number is tinted with uncertainty. Thus, a higher unavailability than would be
derived from available data is often used to account for unknown failure modes but has no or little actuarial basis.
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Conflicts Between the Design Basis and Risk Basis - PSAs are useful in providing insight on the risk significance
of design basis issues. In some cases. PSAs may provide insights which suggest that, on the basis of risk, other
beyond design basis events or non-safety related components are equal to or more important than design basis
events or safety related components. In PSA applications this can create difficulties as the design basis and risk
basis conflict. This can be termed the Two-Edged Sword" of PSA Applications. That is, if the PSA is used to
determine that a design basis or safety related component is not risk significant, then should ft also be used to
identify beyond design basis and non-safety components which are risk significant? As a result, new components
or events may be added to the scope of a program as a result of a PSA application.

Specific Considerations To Be Addressed In Application To MOV Prior'rtization

Cumulative Effects - The prioritization of MOV testing requirements may lead to the deferral of a design basis test
for a significant period of time (maybe even elimination). Therefore, the potential exists for valve design problems
to be undetected for some time. If this is done for many valves, the cumulative impact of these potential problems
must be considered to ensure that the overall plant risk is not unduly increased by the decision to defer design
basis testing. As an example. MOV risk analyses indicate that certain combinations of low risk-impact valve failures
could lead to a relatively high CDF if they occur simultaneously. This conclusion would lead to include these
valves in high-impact categories even though individually they contribute very little to CDF. On the other hand,
the common cause failure that would lead to a simultaneous failure of these valves may be purely hypothetical and,
therefore, the decision to move the valves into a higher category may be totally unwarranted.

Common Cause Effects - Since the design problems affecting valve operability with a particular valve may not be
unique to any single valve and could exist in other valves of a similar type in similar service conditions, there is
the potential for a common cause failure to exist, unless testing is performed to verify operability. This has two
impacts on the application of PSA. First, it requires the consideration of common cause failures in the application
of decision-making criteria (i.e., binning criteria). That is, because of the common cause potential of the action
being considered (failure to detect a pre-existing common cause failure due to deferred testing), it is necessary
to consider the risk impact of such common cause failures in developing quantitative criteria. Secondly, it may
result in the need to evaluate new common cause combinations not considered in the base PSA.

OVERVIEW OF MOV PRIORITIZATION

The overall philosophy of MOV prioritization is to allow the application of utility resources to MOVs in a manner
consistent with the safety significance of the MOV. This is generally done by categorizing MOVs into ranked
groupings such as HIGH, MEDIUM and LOW safety significance. A simple way to look at this ranking is that the
CDF of a plant is highly sensitive to the failure rate assumed for HIGH valves, it is relatively insensitive to the LOW
valves and it is somewhat sensitive to MEDIUM valves. The following describes some of the issues associated with
ranking valves in these categories.

In the methods proposed to date the MOVs in the HIGH category are those which exhibit a large direct influence
of the core damage frequency (and/or radionuclide release frequency) as calculated in the 1PE. The valves in the
HIGH category (usually only a small fraction of all plant MOVs - 10 or so) "are prioritized for testing as soon as
(reasonably) possible and, as such, are assured of being operable in the near term. Various quantitative figures
have been proposed for this purpose. The most commonly described are Fussell-Vesely importance (FV) and Risk
Achievement Worth (RAW). The figure selected Is relatively unimportant as both of these figures will provide the
same relative ranking, so long as the failure rate (or unavailability) of each MOV being evaluated is the same (which
is usually the case). Of more significance is the development of a consistent basis on which to use FV and RAW
for ranking. That is, identification of the same quantitative criteria for the demarkation between HIGH and lower
ranked valves using the mathematical relationship between FV and RAW.

The LOW category is comprised of those MOVs which have little influence on plant risk. That is, if they are
assumed to fail, they have little quantitative impact on risk. These valves are prioritized for deferred testing (in
some approaches, very little or no testing). This category usually contains the largest number of valves (generally
over half of the GL 89-10 valves). Here again, FV and RAW are the most commonly proposed prioritization figures
identified. However, it is at this point that two of the key issues in MOV prioritization come into play: cumulative
effects and common cause failures. If testing is deferred on a group of valves, then how can we assure that the
cumulative impact (including the creation of potentially new common cause failures) is not significant. It is very
difficult to address this issue through the use of standard importance measures (FV and RAW) due to the
synergism which exists between components in a PSA model. That is, standard importance measures only indicate
the impact a single component can have on the figure of merit (CDF or other). They cannot be used to investigate
combinations of changes to the model (i.e., multiple valves not tested). This is why some approaches have
addressed this group of valves by manipulating the PSA model in a manner which specifically investigates the
bounding impact of the combined changes.
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The MEDIUM category includes those valves which have some influence on the COF (or other figure of merit).
In essence, this category is for those valves where the figure of merit is neither highly sensitive (HIGH) nor
insensitive (LOW). In addition, this category can be useful for identifying the common cause combinations which
can have significant impact on the figure of merit.

RESOLUTION OF MOV PRIORITIZATION ISSUES

The issues identified above must be addressed in order to develop a technically defensible approach to MOV
prioritization. Figure 1 provides a pictorial representation of a process which addresses these key issues. The
following section provides discussion of some potential approaches for resoh/ing the key technical issues.
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Scope of the PSA - The PSA should only be used to evaluate the MOV functional failure modes addressed by the
PSA. Additional separate analyses based on PSA concepts can be used to supplement the base PSA, if necessary.
This is true of all PSA applications. Deterministic ranking methods should be used to supplement the PSA ranking
for those functional failure modes not addressed by a PSA-based analysis. Deterministic criteria for establishing
the importance of MOV functional failure modes not modeled in a PSA need to be consistently established.
Guidance on the ranking based on type of event mitigated by MOV (1SLOCA, unisolable HELB not in the PSA, etc.),
design margin quantification (as-left torque/thrust margin), and design configuration considerations (service
condition assisted valves) should be provided.

Resolution of PSA Model - The PSA model being utiltized must be reviewed to ensure that any events which could
implicitly contain an MOV failure to stroke event are identified and tracked as MOV failure mode events. This
review should include human actions, system level events, and initiating events (i.e., interfacing system LOCA).
The assessment of the risk signficance of a particular MOV should include both explicit and implicit contributions
to risk.

Uncertainties In Results - The quantitative results of PSA evaluations performed for the purpose of MOV ranking
should be biased in a conservative manner in order to accommodate the potential uncertainties associated with
the MOV failure rates. For example, this can be done through the choice of numerical criteria used for binning,
a conservative approach used for assessing common mode failure as discussed above, etc.

Quantitative Criteria For PSA Decision-making - This is probably the most difficult aspect of this application (and
others) due to the paucity of definitive technical guidance on the subject. In lieu of an effort to develop such
criteria at this time, it seems appropriate to maintain some level of consistency with the NUMARC maintenance rule
guidance. Due to the role that MOVs play in both CDF and containment failure frequency (i.e., containment
isolation valves), it is recommended that both CDF and some containment performance measure be utilized for
ranking.

Conflicts Between the Design Basis and Risk Basis - As described above, care should be taken to ensure that the
scope of the PSA is consistent with the MOV functional failure modes being evaluated. In addition, should the PSA
indicate that an MOV not previously included in the GL 89-10 program be found to have high or medium risk
significance, it should be considered for addition to the GL 89-10 program. - .

Cumulative Impacts - The approach utilized should explicitly address the potential cumulative effects of deferred
testing. This means that reliance on standard base-case importance measures may not be possible (i.e., ranked
solely on FV importance or RAW). Rather, some separate investigation should be undertaken to investigate the
potential cumulative effect. In keeping with the discussion of uncertainties, this investigation should be done in
a conservative manner.

Common Cause Failure - The approach used should explicitly evaluate potential common cause failures introduced
by MOV design flaws. This investigation need not be between systems and can be limited to similar valve models
under similar plant conditions.

CONCLUSIONS

PSA can be a valuable tool for the assessment and resolution of issues in the regulatory arena. However, careful
consideration of the specific strengths and limitations of the PSA being utilized must be made in order to achieve
a technically defensible result Commonly, this results in a need for the marriage of deterministic and probabilistic
methods.
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PSA METHODS: STATUS AND DEVELOPMENT IN GERMANY

H.P. BERG, R. GORTZ,
T. SCHAEFER, H. SCHOTT
Bundesamt fiir Strahlenschutz,
Germany

Abstract

In this paper, methods are addressed which are used within PSAs conducted in Germany
to quantify human factor influences, common cause contributions to system unavailabilities
and core damage frequency in shutdown or low power states. Development efforts in these
areas and first results are described. The status of these methods is presented and the
influence of uncertainties on PSA results is discussed. Finally, the use of PSA for
optimization of NPP operation is discussed which is strongly related to the methodical
questions discussed above.

1 . Introduction
In the Federal Republic of Germany, the nuclear licensing
procedure is essentially based on the deterministic safety
analysis. Important safety features are derived from the
requirement that the consequences of postulated design basis
accidents are controlled. Boundary conditions for safety analysis,
safety factors regarding prevention and control of incidents as
well as specific requirements concerning safety functions are
deterministic .
In the last decade, probabilistic methods have received growing
attention in nuclear safety. A milestone has been the German Risk
Study (Reference plant 1300 MWe PWR Biblis B) /!/ /2/. Recently,
phase 1 of the risk study for a BWR type 72 (Reference plant
Gundremmingen 1300 MWe) has been completed /3/. The growing
importance of PSA in the regulatory field has been described in

The development has been supported by a number of studies and
investigations in this field. An overview of these efforts is
provided in /5/, further publications are focussing more
specifically on selected topics like precursor reporting /6/, fire
analysis /?/ and comparison of different PSA-studies /8/ /9/.
In this paper, the status and existing trends with regard to PSA-
methods in the areas human factor analysis, common cause failures
and shutdown or low-power states are reviewed. On the basis of the
achieved findings, the benefits of PSA and its limitations are
reflected. A position towards the use of PSA in optimizing
operation of nuclear power plants (NPPs) is presented.
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2. PSA-Methods i Status, Development and Evaluation
The discussion in this chapter is organized by revealing which
approach had been taken in the German PSA-milestone studies, what
are the prescriptions from the drafted PSA-guideline /Id/ and
which development efforts are underway. Finally, the status is
evaluated.

2.1 Human Failure Analysis
A number of different methods is available to model human factor
influences in PSAs.
In the German Risk studies for the PWR, the "Technique for Human
Error Rate Prediction(THERP)" has been applied /!/ Ill and for
screening purposes, the ASEP-methodology (Accident Sequence
Evaluation Programme). In the recently completed phase 1 of the
BWR study /3/, probabilities for operator failures derived by
Swain /II/ have been used.
The PSA-guideline does not offer detailed guidance. Instead, it is
generally recommended to use the methods and approaches outlined
in /10/.
Ongoing development efforts consist of an state of the art report
concerning PSA-related methods and applications for evaluating
operator actions and human error. With special regard to human
factors in shutdown-states the influence of operator performance
on the overall results is assessed. Current developments are
dedicated to the extension of PSA-models to additional groups of
personnel and types of operator actions.
To summarize, a considerable number of methods is available to
take human factor influences into account. The area of reliable
application, however, is limited to routine tasks of operators.
There is no sufficient data base for cognitive tasks in the areas
of surveillance and decision making. Furthermore, the application
of performance shaping factors on operator crew performance as
well as the modelling of dependent performance have to be
investigated more thoroughly.

2.2 Common cause failures
German NPPs are characterized by a high degree of redundancy in
safety systems. For such systems, common cause failures can pose
the major threat to system reliability.
In the German risk studies, it has been tried to model common
cause failure modes as far as possible directly in fault tree
analysis based on operational experiences.
For the purposes of implicit modelling, the fi-factor method and
the binomial failure rate model have been used, partially in a
modified form. The BFR-model was applied to the reactor shutdown
system.
It was felt, that there were no adequate data available to work
with the multiple greek letter model. Presently, it is discussed
that problem dependent modelling could become necessary.
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In the guideline, there is no recommendation of a special ccf-
model. The principle to model as many modes as possible directly
is emphasized.
Ongoing research is directed towards an extension of the BFR-
model. A common cause benchmark is under consideration.
The state of the art is not very satisfactory. Especially for high
redundancy systems with a limited amount of observed failures no
reliable modelling is presently achievable. Application of zero
failure statistics can become necessary leading in many ases to
very conservative estimates.

2.3 Low power and shutdown states
In the risk studies conducted so far in Germany, low power or
shutdown states have not been analyzed. It is intended to include
an analysis of this type in phase 2 of the BWR (type 72) study.
In the guideline, no detailed prescriptions are given. It is
stated, that the licensee can include a corresponding analysis if
this is expected to contribute significantly to the overall
results.
Triggered by the results of non-domestic investigations -
especially from France - assessments are conducted on shutdown and
low power states in PSA. Preliminary considerations confirm the
relevance of these states for PSA-results. It appears necessary to
use reliability data different to those valid for normal operation
because operator tasks are more complicated and less skill-based
in case of non full power states. Events involving fire or
internal floods will probably have to be considered because they
are more likely during maintenance periods.
It is clear, that PSAs are incomplete if only full power states
are analysed. The tools for adeguate modelling of these states are
not fully developed.

2.4 External events including internal and external fires
For older German NPPs the licensing authority asks for an update
of the fire protection status according to the actual state of
science and technology. The existing status will be compared to
the required status outlined in the applicable rules and
regulations. Such analyses are under development. Observed
deficiences are catalogued,evaluated and discussed with the
utility and with the competent authority. In this context a
probabilistic fire risk analysis can help to evaluate the
deficiences and to set priorities for fire protection improvement
measures.
The PSA guideline at the present state does not include fire
analysis. However, on the basis of a recently completed
investigation, an approach to probabilistic fire risk analysis has
been proposed including a first draft of a respective guide.
The proposed analysis scheme consists of different steps. Major
tasks are the qualitative screening process to identify critical
fire zones and the quantitative event tree analysis in which the
fire caused frequency of initiating events and resulting core
damage states are determined.
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Table 1: Characteristics of recent PSAs for PWR (/8/, /9/)

PWR
Plants
Country
MWe
Vendor

Nr. of Loops
Containment
Design
Analysis
Level
Plant
Conditions
Types of
Initiator
Stale of
the Plant

Suny

US

790

S«quofan

US

1 150

Westing house

3

subatmos-
phenc

3

4

ice
condenser

3

full power generation

mtemai, some
external

August 1985

internal

August 1988

REP 900

France
900

REP 1300

France
1300

Framatome

3

large dry

1

4

large dry

1

full power generation, low
power, shut down

internal

January 1990

internal

January 1989

BIbll* B

Germany
1300

Siemens

4
large dry

2

full power
generation
internal,
external

August 1988

J*p*n*»«
PWR

Japan
1 100

4

large dry

1

full power
generation
internal

March 1988

Rfngh*t*3/4

Sweden
915

Westing-
house

3

large dry

1

full power
generation

internal

January 1992

2.5 Comparison of international PSA studies
In a study, different international PSA studies have been compared
/8/ /9/. Figure 1 shows the reference PWR plants and provides
additional information on scope and limitations of the studies.
Non full power states have only been included in two out of seven
PSAs. Figure 2 shows the derived core melt frequencies. The
variation in the estimated mean values is moderate compared "to the
strong variations of the uncertainty regimes.
The comparison has lead to the conclusion that human factor and
common cause failure analyses both contribute significantly to the
overall uncertainty of PSAs.

3. Regulatory view of PSA
PSA is a logical process to identify and delineate the combination
of events occuring in a nuclear power plant, which can lead to
undesirable consequences in the environment of the plant.
From the regulatory point of view, the following features
constitute the essential characteristics of the probabilistic
assessment of risk:

- PSA is an effective investigation tool.
- PSA supplements the traditional deterministic approach.
- PSA provides a quantitative perspective of plant safety.
- PSA gives a balanced and realistic picture.
- PSA provides engineering insights on weak spots and
well-balancedness of design.

It shall be emphazised that PSA is not seen as an alternative to
the deterministic approach. The deterministic and the
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probabilistic assessments should be used in a supplementary way.
Furthermore, all conclusions drawn from PSA results must take into
account the existing limitations of PSA. Some of them were
addressed in chapter 2.
The use of PSA in the regulatory process of NPP in the Federal
Republic of Germany is increasing. This is demonstrated by the
important role of PSA as one of three major constituents of the
periodic safety review that all NPP have to pass in time
intervalls of ten years (Figure 2).
The goal of the analysis of the plants safety status and its
operation is to determine whether and to what extent the
protective goals reactivity control, core cooling, containment of
radioactive material and limitation of radiation exposure are
fulfilled taking into account plant design, its actual status and
safety related experiences. The safety checks include reliability
of the auxiliary functions like monitoring and control and media
supply. Furthermore, all areas being relevant for safe operation
are involved like plant management, organization and
administration, maintenance> quality assurance, radiation
protection, training and technical services, power plant
chemistry, emergency planning and feedback of experiences.
PSA is seen as supplementary to these analyses.
It provides information that can not be obtained by deterministic
analyses. The overall frequency of non controllable event
sequences serves for the supplementing judgement of the plants
safety level. The comparison of the frequencies of the individual
sequences reflects the degree of balancedness of the plants safety
concept.
PSA results are taken to support the assessment of safety cases
determined in the deterministic analysis as well as for
determining the urgency of remedial measures.

4. The use of PSA for optimization of NPP operation
Operation of German NPP is characterized by excellent performance
and a very satisfactory safety record. These results have been
obtained mainly on the basis of deterministic design methods and
safety analysis in conjunction with a proven safety culture. As a
consequence, there is little necessity for optimization of NPP
operation.
On the other hand, it is fully acknowledged that PSA has the
potential to contribute to optimization of NPP operation. PSA
methods can be used to improve technical specifications, to
optimize maintenance and to identify critical plant
configurations. Based on the discussion in chapter 3, it is clear
that efforts in that direction must take into account PSA
limitations. PSA should be used complimentary to the deterministic
approach.
Licensees have to perform PSAs on a regular basis due to the PSR
requirements. This could lead to Living PSA applications which
could be a driving force for extended use of PSA in the regulatory
field as well.
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An actual effort to introduce PSA methods into NPP operation is
described in /ll/. It is proposed to implement a risk monitor.
A Living PSA-tool has been developed for managing the models, data
and information required for PSA application /12/.
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Abstract

In view of the issuance of the Authorization for Permanent
Operation of the Angra-I Nuclear Power Plant, the Brazilian Regulatory Body
(CNEN) is requiring a Probabilistic Safety Assessment (PSA) level 1 to be
performed by the Utility (FURNAS), which should consider shutdown conditions
within its scope. Angra-I PSA is part of a Safety Improvement Programme
under implementation.

An analysis of Angra-I power history, covering the last eight

years of operation, has shown that 56.7% of this period corresponds to
shutdown operational modes.

Regarding the same period, an Analysis of Angra-I operational
experience was performed to select potential initiating events during
shutdown conditions.

Within the Safety Improvement Programme, a complete review of
Angra-I Technical Specifications should be carried out making use of the PSA
results. The inclusion of Limiting Conditions for Operation during shutdown
modes is expected to be recommended.

The objective of this article is to point out, based on an
analysis of Angra-I operational experience and power history, covering the
last three cycles, the relevance of requiring shutdown conditions to be
included in the Angra-I PSA scope.

1. INTRODUCTION

Practically all countries with nuclear power programmes have the
regulatory requirement for a plant-specific PSA for every nuclear power
plant. Nevertheless, with a few exceptions, those PSAs are traditionally
limited to the plant condition of full power operation.
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However, due to the occurrence of several incidents involving loss
of decay heat removal capability during shutdown modes, in recent years,
several PSAs have been modelled to consider other plant operating modes than

full power. The results clearly showed that the core melt frequency for
shutdown conditions may be significant (i.e., can contribute with a high
percentage of the total risk), when compared to the results obtained from
full power PSA [11. For that reason, it is expected that in the near future
many of the existing PSAs will be extended to address core melt frequency

for shutdown operating modes as well.

Following this international tendency, the Brazilian Regulatory
Body (CNEN) is requiring the elaboration, by the Utility (FURNAS), of an
Angra-I PSA Level 1 including in its scope, besides full power, shutdown
conditions [21. Although at the time being there is still no well
established methodology concerning PSA for shutdown conditions, one among
different emerging approaches, should be chosen by FURNAS to be applied in
Angra-I case.

The main strategy to support appropriate outage planning and
control is the overall and detailed comprehension of the plant
vulnerabilities present in shutdown conditions [3]. The main shutdown
critical safety functions that must be mantained to minimize the probability
and consequences of initiating events are decay heat removal capability,
reactor coolant system inventory/reactivity control, electrical power
sources and adequate operator actions.

The lack of Angra-I Technical Specifications [4] requirements for
different possible plant configurations in shutdown conditions (Limiting

Conditions for Operation), allows an increase of the unavailability of

safety equipment such as decay heat removal, emergency core cooling and
emergency AC power systems. Consequently, additional requirements for system
availabilities may be necessary for shutdown conditions.

As regulator, CNEN is requiring the complete review of the current
Angra-I Technical Specifications as part of a whole Safety Improvement

Programme [51, [6], which will be carried out using as one of the supporting
technical tools, the PSA methodology.
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The main objective of this work is to justify the relevance of
adding shutdown conditions in Angra-I PSA scope based on an analysis of
Angra-I operational experience and power history, considering the last eight

years (3 cycles).

2. ANGRA-I PSA PROGRAMME

The Brazilian Nuclear Power Plant Angra-I, a two-loop pressurized
water reactor of 625 MWe, Westinghouse design, turn key contract, has been
in operation from 1981 to 1987 under an Authorization for Provisory
Operation. The Authorization for Initial Operation was issued in 1987, by
CNEN.

The Licensing of Nuclear Power Plants, in Brazil, is carried out
by CNEN, and has been based on deterministic approach. However, a
Probabilistic Safety Study (PSS) Level 1 [7] was the first work of the PSA
type performed in Brazil, from 1982 to 1985, under an IAEA Research
Contract. This study presented many limitations concerning methodology and
data base and no longer reflects the real plant design, since Angra-I was
later submitted to many design modifications. Shutdown operational modes
where not included in its scope but only full power conditions.

Aiming the issuance of the Authorization for Permanent Operation
to Angra-I, CNEN will include in its terms the requirement of the
development and use of a PSA Level 1 [8], 19]. In order to accomplish that,

CNEN issued a Regulatory Guide [2] on the elaboration and use of an Angra-I

PSA Level 1. The required scope should comprise, among other items, the
consideration of full power and shutdown operational modes. The methodology
to be chosen by FURNAS to be applied in Angra-I case should adopt one of the

international emerging approaches. The definition of the different shutdown
plant configurations to be considered in the study should be proposed by
FURNAS and discussed with CNEN.

The Angra-I PSA is part of a Safety Improvement Programme under
implementation. One important application of the PSA results, concerning
shutdown conditions, is the provision of technical support to improve the

current Technical Specification Bases, which do not fully cover all
operational modes.

175



3. ANGRA-I POWER HISTORY

According to Angra-I Technical Specifications the definitions of
the reactor operating conditions of non-power states are:

a) Refueling Shutdown Condition - reactor sub critical, T ^60°C
b) Cold Shutdown Condition - reactor sub critical, T s93°Cavg
c) Hot Shutdown Condition - reactor sub critical, Tavg >93°C
d) Refueling Operation Condition - operation involving movement of core

components when the vessel head is completely unbolted or removed
and fuel is present in the reactor.

The reactor was shut down last time in March 1993 in order to
investigate fuel rod defects. This outage was followed by the fifth
refueling outage which started in July 1993. The most optimistic date to
start cycle 5 is January 1994. Taking this into account, a very long period
in shutdown condition is still expected for Angra-I.

Analysing the three cycles together (from 1986 until mid 1993),
the average shutdown percentage experienced by Angra-I during this period
was 56.7%. Considering that international statistics shows [10] that the
percentage for shutdown condition along the plant life is approximately 25%,
the value of 56.7% obtained for eight years of Angra-I operation is, by all
means, much higher than expected.

A number of unplanned scrams have occurred during Angra-I
operational life. Although the number of scrams per cycle might have been
slightly higher than expected 111], within the scope of this work, relevance
is given to the outage duration and not to the number of scrams itself. For
this reason, it is worth mentioning that some of those unplanned scrams were
followed by a significant outage, contributing substantially to the average
shutdown percentage of the considered period.

4. ANALYSIS OF ANGRA-I OPERATIONAL EXPERIENCE

The identification of potential initiating events that jeopardize
shutdown safety critical functions should take into account the possible
plant configurations. In the Angra-I PSA case, plant shutdown configurations

176



to be studied have not been yet determined. Nevertheless, it is well known
that loosing decay heat removal capability during shutdown is the major
event to be analyzed, followed by loss of power supply and loss of

inventory/reactivity control.

From 1986 to 1993 (comprising the three cycles under study) 113
incidents occurred in Angra-I during shutdown conditions jfnon power states)
and were reported by FURNAS [121. Among those 113 Operational Incident
Reports, 29 have been selected as describing the occurrence of potential
initiating events [13] that threatened, at least, one of the following main

shutdown critical safety functions:

a) Decay Heat Removal Capability

Cycle 2 => 7 events
Cycle 3 => 3 events

' *\

Cycle 4 => 2 events

b) Electrical Power Supply

Cycle 2 => 9 events
Cycle 3 => 1 event
Cycle 4 => 1 event

c) RCS Inventory Control

Cycle 2 => 3 events
Cycle 3 => none

Cycle 4 => 1 event

d) Reactivity Control

Cycle 2 => none
Cycle 3 => none
Cycle 4 => 2 events

Some of the occurred events related to decay heat removal
capability are associated with inadequate human actions due to a lack of
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written procedures and Limiting Conditions for Operation for shutdown
conditions.

As an example, it is worth describing the occurence of one
particular event involving the decay heat removal system (DHRS). During the
fourth Angra-I refueling outage, with the reactor in cold shutdown condition
and DHR-2 pump out of service, a loss of instrument air led to full opening
of a control valve of the DHRS. This caused an increase in the DHR-1 pump
flow. This pump was shut down by the operator with the alleged intention of
preventing its damage. The reactor stayed for ten minutes without forced

cooling. This illustrates an operational action based only on the operator
decision, mostly due to a lack of written procedures and technical
specifications.

5. TECHNICAL SPECIFICATIONS FOR SHUTDOWN

Technical Specifications are mainly addressed to power operational
modes. Limiting Conditions for Operation of safety systems normally
determine the time available for repairs within an allowed outage time. If
the allowed outage time is exceeded the plant should be shut down. In other

words, shutdown conditions used to be considered relatively safe with an
associated negligible total plant risk. This premise could be valid for
certain safety functions and systems but does not necessarily apply, for
instance, to the decay heat removal function which is required during

shutdown conditions.

In Angra-I, the Limiting Conditions for Operation related to the
decay heat removal system consider shutdown as a safe state, allowing the

failure of one train, since the reactor is placed into a final cold shutdown
condition. After the plant is led to a cold shutdown mode no further
requirements are presented as limiting conditions for operation and no

additional actions are required.

However, international studies have shown that, for some plant
outage configurations, additional system availability requirements may be
necessary. The more risk significant the plant configuration is, the higher
system availability requirements should be.
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Angra-I Technical Specifications have frequently been modified
without taking into account any probabilistic assumption. The requirements
presented by FURNAS for modification/exemption/extension for Angra-I
Technical Specifications are mostly based on engineering judgment or
comparison with the Standard Technical Specifications for Westinghouse PWR's
[14]. Is worth mentioning that the last version of the Standard Technical
Specifications for Westinghouse Plants [15] already includes, for shutdown
conditions, additional limiting conditions for emergency core cooling system
operation as well as actions requirements in case of loss of the decay heat
removal system.

Within the Safety Improvement Programme that is been required to
be implemented by the Issuance of Angra-I Authorization for Permanent
Operation, the complete review of the current Technical Specifications is
foreseen.

Decay heat removal limiting conditions for operation in shutdown
conditions should also be included as additional requirements. The PSA
results, to both full power and shutdown, should provide technical basis for
the Technical Specifications reviewing process.

6. CONCLUSIONS AND RECOMMENDATIONS

The relevance of PSA for shutdown conditions has been worldwide

recognized due to the associated risk and to the fact that approximately 257,
of total plant life is expected to operate under shutdown conditions.
Considering that Angra-I, during the last eight years, have experienced
56.7% of this total operational period at non power states, the reasons for
requiring a PSA for shutdown conditions are even stronger.

The analysis of the Angra-I operational experience, performed in
this study showed that several potential initiating events occurred during
shutdown conditions. Some events led to non predicted situations not covered

by current written Procedures and Technical Specifications as the incident
involving loss of decay heat removal capability. Consequently, necessary
actions, at present, depend only on operator decisions and engineering

judgment, allowing an increase in the probability of human errors. For this
reason, operators training should be always provided in order to highlight
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the role of human error and potential consequences in terms of the
associated risks.

Furthermore, Angra-I Technical Specifications should be reviewed
based on PSA results. Specific actions, mostly related to the decay heat

removal system for shutdown conditions, should be added according to
correspondent Operational Procedures, which should also be rewritten in
compliance with Technical Specifications.

It is, by all means, clear that the availability of the DHRS
should be as high as possible during shutdown conditions. One important
application of the Angra-I PSA results is related to the establishment of a
comparison between the risks associated with the unavailability of the DHRS
during full power versus shutdown conditions, in order to optimize
maintenance planning.
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Abstract

The operational, regulatory and economic environment confronting the United States nuclear
industry today presents a unique opportunity relative to the application of probabilistic safety
assessment (PSA) technology. The nuclear industry recognizes that competitive pressures
from other electric generation sources demand the most efficient and effective use of finite
utility resources in providing safe, yet economically priced electricity. An industry-sponsored
plan is being developed in order to support the efforts by utilities and the associated industry
organizations in improving operational cost-effectiveness and ensure safety benefits
commensurate with implementation costs.

With the availability of modern analytical tools such as PSA technology, the industry and
regulatory attention and resources can be focused much more effectively in order to enhance
safety levels, reduce regulatory burden and achieve more economic electricity production.

This paper outlines the industry efforts to promote the use of PSA technology and provides
a brief summary of several projects on topics that have been considered as good examples
to support these efforts.

INTRODUCTION

The design, procurement, construction, operation and maintenance of a nudear power plant is accomplished
through a variety of programs, procedures and administrative controls, many of which are subject to regulatory
requirements aimed at ensuring adequate protection of the public health and safety. Both the United States
Nuclear Regulatory Commission (USNRC) and reactor licensees have responsibilities relative to ensuring that
adequate protection is provided.

The operational, regulatory, and economic environment confronting the United States nuclear industry today
presents a unique opportunity relative to the application of probabilistic safety assessment (PSA) technology. The
nudear industry keenly recognizes that competitive pressures from other electric generation sources demand the
most efficient and effective use of finite utility resources in providing safe, yet economically priced electricity. An
industry-sponsored Strategic Plan for Improved Economic Performance is being developed in order to support the
efforts by utilities and the associated industry organizations (e.g., NUMARC, EPRI, INPO. USCEA, ANEC, and EE!)
in improving operational cost-effectiveness and ensure safety benefits commensurate with implementation costs.

Historically, the USNRC has held that its interest in utility economic issues is quite limited. Yet, an aggressive,
introspective Commission has, in the past three years, directed its staff to critically reassess the USNRC regulatory
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practices and processes, and concluded that changes are in order. In its Principles of Good Regulation, the
Commission states "Efficiency - The American taxpayer, the rate-paying consumer, and licensees are all entitled
to the best possible management and administration of regulatory activities.... Regulatory activities should be
consistent with the degree of risk reduction they achieve. Where several effective alternatives are available, the
option which minimizes the use of resources should be adopted."

Recently, on several occasions, the NRC has stated positions which support the emphasis on the use of PSA in
regulatory applications. For example:

The major reason (or seeking to remove inefficient regulations is safety - to free up resources
which can be shifted to more productive safety uses [Reference 1].'

'PRA [PSA] methods provide an integral tool that can be used to help ensure coherence and
consistency in the regulatory process, and provide a means of converting diverse deterministic
requirements to performance-based requirements [Reference 2].'

With over thirty years of operating experience and modem analytical toots such as PSA technology, it is time to
reexamine the question of what structures, systems and components (SSCs) are important to safety and what it
is that contributes to their importance. The objective Is to focus Industry and regulatory attention and
resources much more effectively. This improved focus can in turn lead to benefits in enhanced safety
leveis, reduced regulatory burden and more economic electric generation.

IMPLICATIONS OF THE USNRC SAFETY GOAL POLICY

During the original design and licensing of U.S. plants, deterministic, stylized transients and accidents were
delineated in such a manner as to add margin and provide a bounding assessment of the plant response to
hypothetical, challenging events. This method provided reasonable assurance that the plant design would
accommodate any uncertainties in the scientific knowledg'e base. The SSCs relied upon in these assessments
were flagged as being "safety related" and consequently subjected to dose regulatory criteria scrutiny. PSAs have
subsequently been developed that demonstrate the robustness of these plant designs, yet also indicate there are
non-safety related SSCs that are important to safety just as there are safety related SSCs that are not important
to safety.

Consequently, there have been efforts by the NRC and industry to take advantage of these insights and increase
overall plant safety. Although in concept these risk reduction efforts are sound, there is a point of diminishing
return. Essentially, the Safety Goai Policy statement and implementing guidance gives the NRC staff an approach
to qualitatively and quantitatively assess, on a relative basis, the impact or worth of various NRC rules, regulatory
practices, and potential changes to the rules or practices.

In its assessment of the NRC implementation of the Safety Goal Policy, the ACRS stated "that regulatory programs
should not be an unending quest for higher and higher levels of safety, but should be directed instead toward
providing assurance that the plants, as a whole, meet the standard of safety already proclaimed by the
Commission." In the very near future, the USNRC will publish a proposed revision to its Regulatory Analysis
Guideline (as described in SECY 93-167) that will institutionalize the staffs application of the Safety Goal Policy.

INDUSTRY ACTIVITIES

In response to USNRC Generic Letter 88-20, most operating plants have already completed what are arguably
Level 2 PSAs. The insights these studies provide on a plant-specific basis, as well as on the broader aggregate
population of plants, will be very useful in understanding the effectiveness of the existing body of regulations
relative to the Commission's Safety Goal Policy. The U.S. nuclear industry endorses the perspectives noted above
and furthermore views PSA as providing the critical link to implementation of the Safety Goal Policy and the
establishment of a threshold for evaluating current and future regulations and regulatory practices and commenting
on the revised NRC Regulatory Analysis Guidelines. In May 1993, NUMARC formed its Regulatory Threshhold
Working Group (RTWG), consisting of twenty executives and managers, representing utilities, NSSS vendors, EPRI
and INPO, in order to develop these ideas further.

The Working Group's fundamental purpose is to promote the use of PSA technology and other new approaches
to regulation as an aid to focus industry and regulatory attention and resources more effectively. It will provide
recommendations on any changes to regulations or regulatory practices that are necessary to support generic
applications of PSA technology or other new approaches to regulations. We consider the effort to be nothing less
than developing new regulatory thresholds that can be used to indicate when items or issues warrant regulatory
attention and when they do not It will be necessary to establish a common industry/NRC understanding of the
framework of PSA attributes {e.g., level of review, data, maintenance, quality, etc.) needed to support generic
applications of PSA technology.
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The RTWG has begun selecting and developing guidance on generic applications of PSA technology. It will
sponsor industry pilot projects to demonstrate the viability of generic applications of PSA technology in the
regulatory process and identify any technical, legal or policy issues associated with such applications. Additionally,
the RTWG will be the focal point in following up on many of the recommendations cited In the risk-based regulation
portion of the NRC Regulatory Review Group Report.

EPR1 has a host of projects underway that are both complementary to, or in direct support of, the NUMARC RTWG.
As a preliminary task of a targe project on PSA applications, EPRI conducted a survey of utilities regarding their
needs and priorities in applying PSAs to O&M cost control. The major result of that survey indicated that several
programs could benefit These include: Quality Assurance, Fire Protection, Environmental Qualification, Design
Basis Reconstitution, Maintenance Rule and Maintenance Planning (on-line maintenance versus off-line
maintenance). In addition, the survey revealed a keen interest in using PSAs to address regulatory requirements
such as Motor Operated Valve (MOV) testing or to re-evaluate commitments which may have had some merit at
one point, but are no longer necessary.

EPRI is now conducting a detailed cost/benefit analysis at several plants to evaluate the most costly programs and
the potential for cost savings that would be realized by applying risk-based methodologies to produce a more
efficient process. A preliminary result indicates that an average 1,000 MWe plant could save up to $17 million per
year (about 20% of O&M cost) by eliminating or reducing unnecessary O&M activities (i-e., those that do not have
a safety value and marginal economic value). EPR! felt it was important to identify several topics where the
interpretation of regulations are overwhelmingly conservative or where the regulations themselves are too
prescriptive and develop applications that could convince both the NRC and the public of the soundness of the
risk-based approach. EPRI has identified six technical projects which support the overall industry effort Two of
the projects involve the development of general tools and guidance independent of any specific PSA application,
while the other four involve the development and demonstration of PSA applications to specific topics. The
following provides a brief summary of these projects.

PSA Applications Guide

With the increasing emphasis on reduction of O&M costs in the U.S. industry and the availability of plant specific
PSA studies developed as part of the IPE, numerous risk-based applications are being investigated as a means
of limiting or reducing regulatory requirements implemented by the NRC. However, at this relatively fledgling state
of PSA applications, little guidance exists on what constitutes an adequate PSA application for regulatory purposes.
While many utilities have successfully applied their PSAs in the regulatory arena over the years, no standard exists
by which these applications were developed or reviewed. In fact, many inconsistencies exist between similar
applications performed at different times. With the increased interest in risk-based regulation and in specific PSA
applications, it appears time that a PSA applications guide be developed by Industry and approved by the NRC
to allow the industry to gain full benefit from PSA technology.

In a recent meeting with the NRC. the Electric Power Research Institute (EPRI) offered to develop such a guide
for industry use. The purpose of the guide wil! be to provide a consistent standard by which regulatory
applications of PSA could be developed and evaluated. These standards would apply to the minimum
requirements for the PSA model, the criteria utilized for decision-making and treatment of uncertainties In
Interpreting the results. In addition, the guide would provide guidance on how a PSA could be used, how to
update and maintain the model and Inputs, and how results should be communicated both within a utility and
externally (to NRC or INPO, for example).

Quality Assurance (QA) Program Optimization

The QA program is one of the largest contributors to O&M cost dearly, QA Is a crucial activity In any complex
technology and particularly In nuclear power plants where safety must be paramount On the other hand, it Is quite
possible, in such a complex program, to misdirect resources. Unnecessary maintenance or testing may be
scheduled, equipment or parts may be stored in warehouses, paperwork may be filed which all could have very
little or no real safety value, but which are nonetheless resource-intensive.

In this context, the graded risk-based approach adopted by EPR! offers a fresh look at all QA activities. These
Include: maintenance, surveillance testing, procurement, stored parts, instrument calibration, paperwork and
documentation, commercial grade dedication and design modifications. The emphasis is placed on risk-
stgntficance first and economic impact next.

It is important to realize that the objective is to reduce or eliminate occurrence of failure modes that have the
gravest consequences. Thus, the emphasis and the resources should concentrate on these failure modes as
opposed to concentrating on equipment in general. It would be particularly foolish for instance to do repeated
tests on a pump that might be crucial to safety but whose only significant failure mode could be due to an operator
error (e.g., misalignment of downstream valve).
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Risk-significance of failure modes is principally studied with PSAs, but clearly PSAs do not cover the spectrum of
SSCs needed for the analysis. Thus, the PSA Prioritization process must be supplemented with both deterministic
analysis methods and engineering judgement. This three-pronged approach ensures that all SSCs are methodically
covered and offers the required self-checking.

Once the SSCs, and more specifically their failure modes, are categorized in terms of their risk-significance (and
economic impact), a graded approach can be implemented to ensure a low probability of occurrence of those
failure modes which have the most severe consequences.

Currently EPRI is working directly with Entergy Corporation at Grand Gulf to develop and demonstrate the
methodology. It is expected that a report will be prepared in the next twelve months to support the NUMARC
program discussed above. The longer term activities include taking advantage of electronic media to simplify the
review process and recordkeeping, developing methods to identify patterns of human errors, and providing a PSA-
based automated process to support prioritization and decision-making.

Motor Operated Valve (MOV) Prioritization

In 1989, the NRC issued a generic letter requiring all US nuclear plants to test their safety-related MOVs. A
companion paper, presented at this IAEA conference, discusses the reasons and the circumstances in more detail.

Efforts by four industry groups are taking place or are completed under the RTWG general guidance to develop
prioritization methods for MOVs according to their risk-significance. Although the methods were developed and
applied independently, a general consensus has emerged. All the safety related MOVs are generally categorized
into three or four groups (high impact on safety, medium, low and low-low). The prioritization is based in part on
PSAs, using Fussel-Vesely or the Risk Achievement Worth as the importance measure. The analysis is
supplemented with engineering evaluation, particularly to ensure that all MOVs have been accounted for and that
their synergistic effects are not overlooked. The major difficulty remains the handling of combinations of several
MOVs (two or more) that could fail due to a common cause. The particular choice of importance measure does
not seem to affect the categorization of MOVs when their failure is assumed independently of others, but appears
to have some effect when valves are taken in combinations.

In most cases, the studies indicate that out of 150 to 200 safety-related MOVs in a typical plant, only 6-12 have
a high risk-significance and only 20 to 50 have a measurable impact on core damage frequency. The risk-based
approach allows the plant operator to prioritize the scheduling of MOV testing over the next few refueling outages
and to develop a tracking and testing program commensurate with the risk significance of the MOVs.

NUMARC is currently preparing guidelines, based on these previous studies, to marry a risk prioritization process
with a commensurate testing program. Following NRC review it could be adopted by industry.

Performance-Based Fire Protection Regulations

Current U.S. fire protection regulations are based on a very prescriptive approach. In particular, the regulatory
approach toward achieving- safe shutdown (often referred to as Appendix R) imposes somewhat arbitrary
requirements In order to bound varying fire-related threats and plant conditions. An example is the requirement
that all fire barriers separating redundant trains should have a three;hour rating. Failing that, the fire barrier could
have a one-hour rating (or simply consist of a 20-ft separation without intervening combustibles) provided that
automatic detection and suppression are added. White the three-hour rating requirement is certainly conservative,
in many nuclear power plant compartments there is simply not enough combustible material to sustain a fire for
an hour, let alone three hours. The origin of this conservative regulation seems to be traced back to insurance
companies' requirements and beyond that, to building codes.

Both the NRC and the Nuclear Industry are now evaluating the feasibility of replacing existing fire protection
regulations with a risk-based or a performance-based regulation. In the first case, the regulation would impose
a maximum risk associated with a fire-initiated event in any given compartment In a performance-based
regulation, the regulator would impose performance requirements on fire barriers based on the actual risk of a
sustained fire in a given area. For example it could simply state that the rating of a fire barrier should be a factor
N times (N>1) the actual combustible burning time in the compartment. The fire protection engineer could then
determine the optimal fire barrier rating and combustible loading in each compartment. Fire risk analyses would
be extensively used to actually set the performance objectives. Either of these approaches would not only optimize
the cost of fire barrier installation and maintenance but would also directly relate risk to performance. A similar
concept could be applied to the reliability of detection and suppression systems and to the performance of fire
brigades.
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NUMARC has formed a committee of industry representatives to develop recommendations on this topic. EPRI
is providing technical support Fire protection issues are sharply rising in the U.S. following a controversial
performance of certain widely used fire barrier material under standard testing conditions. It seems likely, therefore,
that this issue will be allocated a high priority status in the near future.

Technical Specifications (TS) Optimization

Although the NRC had in the early eighties accepted TS changes based on risk analyses, it no longer does so now.
Since the completion of the Standard Technical Specification (STS) effort and the completion of the Individual Plant
Examination (IPE) by many utilities, the issue of re-opening the dialog on this matter has come to the fore.

Recently, Houston Lighting and Power's South Texas Project (STP) has submitted a set of TS changes based on
their PSA. The NRC has not rejected the request, but instead asked for additional, more detailed analyses. EPRI
and STP joined forces to complete this re-analysts and STP is now almost ready to re-submit This process
brought to light a number of concerns that any U.S. utility would have to face if it wants to submit a TS
modification based on a risk analysis. EPRI is thus preparing a generic guideline that describes the minimum
requirements in terms of the PSA model, the databases, the modeling assumptions and the acceptance criteria.

A paper is being presented at this conference by A. Dykes and Dave Johnson on "U.S. Nudear Industry Efforts
in Utilizing PSA for Technical Specification Changes," which elaborates on the discussions above.

Risk and Reliability Workstation

With all these applications currently underway or anticipated, the role of PSA in plant operation and maintenance
is bound to increase. It Is therefore imperative that PSA technology be accessible to the non-specialist who would
need it as part of a decision-making process. This may include the maintenance manager, the operator, the
licensing group, the outage manager, the engineering department for a design modification, the procurement
department, etc. The central tool, the PSA, need not be understood in all its details, although some general
understanding is necessary. What is important, however, is to communicate the results in an interactive manner
and in a way that can be understood by the end-user. That is, the workstation should be designed in terms of
screens that are in the language of the end-user. This is the objective of the EPRI Risk and Reliability Workstation.
It is composed of a core which includes the PSA software and databases and a periphery which Includes all the
specialized applications to communicate with a specific end-user (e,g.. Outage manager, Rre protection engineer,
etc.). This project has just started, with international partnership, and will continue over the next three years.

CONCLUSION

We are encouraged by recent events. From the licensee's perspective, a plant's economic performance is just as
crucial to its long term viability as any other figure of merit. Those tasks performed in the name of safety, that in
actuality have very little to do with safety, need to be identified and eliminated. It is imperative that the NRC and
industry establish a common understanding of these new perspectives and how one should characterize what is
important to safety in order that the allocation of resources by both entities are prioritized and managed effectively.

Our respective organizations recognize that the transition to the use of more risk-based approaches to regulation
will be evolutionary, and not revolutionary. At the same time, however, we believe that through the commitment
and effective communication between all parties involved, that real progress can be made in the short term. We
firmly believe that without some demonstrated successful applications, it will be difficult to sustain both the
management attention and resources needed for success in the longer term. The industry, through NUMARC, has
organized to begin this transition.
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REVIEW OF THE BELGIAN PSAs AND
REGULATORY VIEWPOINTS ON PSA BASED
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Abstract

In the framework of the decennial safety revaluations of the Belgian nuclear power plants, level 1-f-
PSAs are being performed. As well power as non-power states are covered. These PSAs are being
reviewed by AVN as Nuclear Regulatory Body. This paper describes the review process in respect
to its organisation and man-power requirements. The viewpoint of AVN on the regulatory use of the
PSAs (including PSA-based Technical Specifications improvements) is discussed.

I. INTRODUCTION

For the seven nuclear power plants now in operation in Belgium, the Royal Decree of
Authorization imposes to perform a safety revaluation every ten years after initial start-up. For the
Doel 3 and Tihange 2 plants, which started up in the years 1982-1983, this safety revaluation
process, mentioned further on as the decennial revaluation, is now in full progress. For Doel 1 and 2
and Tihange 1, which started up in 1974-1975, the second decennial safety revaluation, was recently
started.. These revaluations are carried out in close cooperation between the utility (Electrabel), the
architect-engineer (Tractebel) and AIB-Vincotte Nuclear (AVN) as regulatory body.

Since all plants were designed on a deterministic approach, it was judged useful by the utility, the
architect-engineer and AVN to perform a probabilistic safety analysis (PSA) in the framework of the
decennial revaluation. It was agreed to perform level 1 PSAs, with additional analysis of the
containment response for characteristic accident sequences but without analysis of the source term
(fission product behaviour within containment). The PSAs cover the power state (from full power
to hot shutdown) and three non-power states (RHRS operating while reactor still being pressurized;
RHRS at mid-loop operation, RHRS operating with filled reactor cavity during refueling).

The PSAs are performed * »2 by Tractebel Energy Engineering (further referenced as Tractebel)
and reviewed by AVN.

H. REVIEW PROCESS

The PSAs for Doel 3 and Tihange 2 were performed in the period 1989-1993. Those for Doel 1
and 2 and Tihange 1 were started in 1993.
Hence, the content of this paper is based on our experience with the Doel 3 and Tihange 2 PSAs.

A. Organisation

During the preparatory phase of the PSAs, the type of review to be performed by AVN was first
discussed. Two main options were possible:
- a review to be carried out after finalisation of the analysis;
- an on-line review to be carried out in parallel with the execution of the PSA itself.
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Although the former approach is applied in many other countries, we opted for the latter one. The
main reasons for this choice are given hereafter:
- the Doel 3 and Tihange 2 PS As were the first to be performed for Belgian nuclear power plants.

This implies that discussions on the scope of the analysis and on the methodologies to be used had
to be carried out for the first time. It was felt preferable to reach a consensus on these topics,
early in the project.

- AVN as regulatory body, wanted to have a good knowledge of the strong characteristics and the
limitations of the PSAs, in order to be well prepared for a discussion on the potential use(s) of
these analyses.

- since also the decennial revaluations are managed in a quite interactive way between the utility, the
architect-engineer and AVN, it was judged advantageous to work in the same way for the PSA
review in order to assure good coordination between these projects

- an on-line review allows a much more deep analysis of the PSA. Also the remarks can be taken
into account much earlier and therefore in a more efficient way.

The interactive procedure between Tractebel and AVN used for this review, since the early phase of
the projects, looks as follows:
- as soon as technical notes become available at Tractebel, they are transmitted to AVN for review.

These notes deal for instance with: methodologies to be used, the list of initialing events, plant
states to be covered, event tree construction for a specific initiating event, system reliability
analyses of a specific system,...

- the technical documents are reviewed by AVN staff; comments and questions are transmitted to
Tractebel.

- meetings between Tractebel, Electrabel and AVN are organised to discuss these comments and
questions.

- revised versions of the technical notes are transmitted to AVN; if required the process mentioned
above is repeated.

- some discussion points, for which it is felt that they cannot he resolved within a short time delay,
are suspended for reconsideration at the end of the project, the purpose being to investigate what
can be done in the future. As an example, we cite the use of more plant specific data.

B. Man power involved

The review of the PSA analysis is mainly performed by the staff of the Safety Analysis
Department. However, in order to appropriately cover in our review the operational aspects at the
plants, also the inspectors (belonging to the Inspection Department) of the plants analysed have been
involved. In total, about 14 persons have participated in the review. Some of them were only
involved for specific subtasks, as for instance the reliability analysis of the reactor protection system

. and the consideration of post-accident procedures in the human reliability analysis. A project leader
assures the coordination of the review and serves as contact person with Tractebel and ElectrabeL

Up to July 1993, the manpower effort devoted to the review of the two PSAs is about 5.2
man.years. A large effort was indeed spent on a detailed review of all methodological aspects, like
core melt criteria, common cause failures, modelisation of human errors,...

C. Experience

Since we are now nearing the end of the review of these PSAs, we are able to give, at least from
our point of view as regulatory body, our experience with the type of review process described
above:
- especially in our case, where the PSA analyses described here, constitute the start-up of a PSA-

program that will he extended in the future, such an on-line review as performed for the Doel 3
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and Tihange 2 PSAs is very appropriate, if not indispensable. This is for a great pan due to the
fact that the boundary conditions of the analyses and the methodologies for the different subtasks
have to be discussed for the first time.
We feel it is very important that the methodology is thoroughly discussed and agreed upon at the
start of the project The PSA methodology is not yet standardized and a lot of choices are to be
made: which generic data base is to be used ? Which operational states are to be covered ? How
is the list of initiating events to be established ? How are plant specific data to be used ? Should
one choose large fault trees and small event trees, or the opposite ? Which method for common
cause failures and human reliability analysis is to be used ? ... Many of these choices have an
impact on the results.

- this on-line review process permits to perform a quite detailed review. Event trees and fault trees
are thoroughly reviewed by engineers who have (at least some of them) participated in the safety
analysis of these plants during their licensing process. This is very beneficial for a correct technical
modelisation of plant specific characteristics.

- the detailed review has allowed us to have a good knowledge about the limitations of these PSAs.
This is essential to define its potential uses. For example, the PSA did not cover the ventilation of
the control room. Therefore the PSA cannot be used to draw conclusions on potential
improvements of the control room habitability.

- the on-line review was an incentive for Tractebel to provide a good documentation of all the steps
of the analysis. For instance a very extensive file has been prepared to document the
thermohydraulic calculations performed to justify the success criteria of the safety systems in the
event trees. AVN has also insisted that the whole project be managed with a quality assurance
spirit In particular, for the quantification it is important to identify which versions of the fault
trees were used. Fault trees are sometimes updated to correct errors detected after the
quantification has started and one must know which part of the quantification has to be redone.
An on-line review allows an early detection of weaknesses in the documentation. These
weaknesses are then easier to correct than after the project is finished.

IH. REGULATORY USE OF THE PSAs

In Belgium no probabilistic safety criteria are used to evaluate the safety of nuclear power plants.
As a direct consequence, the results of the PSAs will not be used to show compliance with any
criteria. Our objective is to use the PSA as a complementary tool to a deterministic safety analysis.
It should mainly provide valuable insights in the balance of the design, identify important
contributions to the core melt frequency and constitute a useful tool to evaluate the effectiveness of
proposed plant modifications.

Hereafter, the viewpoint of AVN on the potential use of the PSAs is given.

A. Identification of dominant accident sequences

When presenting the results of the PSA-analysis, the first outcome is the contribution of different
initiating event families (LOCA, secondary transients, loss-of-offsite power,...) to core damage-
frequency (CDF). Also the conditional probability of core melt, given the occurrence of a specific
initiating event, gives interesting information. PSA-experience has demonstrated in this way the
major importance of small LOCA's compared to large one's. Also loss-of-offsite-power (although
deterministically fully covered by redundant on-site emergency power provisions) developing into
station black-out in case of total loss of these on-site emergency power sources, gained a lot of
attention due to its relative importance for many NPP's. Although these results are interesting for
insights in the balance (or imbalance) of plant design, they can only give general guidelines
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concerning possible solutions to reduce CDF, for instance improving operator training for some
initiating event families. For more specific recommendations, the results have to be analysed at a
much more detailed level

B. Identification of dominant contributors to CDF

1. Systems and components

For all accident sequences leading to core damage, the results of the quantification will
indicate the dominant contributors via the most important accident sequence minimal cut sets. An
overview of this information for all initiating event families will highlight those systems whose failure
contributes most to CDF. These can be frontline systems (safety injection, auxiliary feedwater,...) as
well as support systems (electric power sources, component cooling,...). For comparison of the
importance of all fluid systems, rather high confidence can be given to the results in view of the
standardized way in which all these systems were analysed However, one should be more cautious
when estimating the relative importance of fluid systems compared to, for instance, the reactor
protection and instrumentation systems. Within each particular system, the dominant failure causes
can be identified with rather good confidence. A potentially interesting outcome of the systems
analysis could be the evaluation of the importance of some hardware dependencies (e.g. valves or
water storage common to different systems) and the importance of common cause failures.

Also the importance of qualifying some systems or components to specific accident conditions
can be evaluated. Two examples can be given:
- the event trees consider the possibility of feed and bleed, although the PORV's at Doel 3 and

Tihange 2 are not qualified for this operational mode. If feed and bleed appears to be an important
factor for reducing CDF, the qualification of the PORV's should be reconsidered.

- what is the benefit of having a qualified reactor building ventilation system on core damage
frequency? This could be examined by comparing the contribution of loss of containment integrity
upon CDF for Doel 3 (with qualified RB ventilation system) and Tihange 2 (without such a
system).

2. Unavailabilities due to test and maintenance (T&M)

Although related to systems and components (discussed above) the contribution of T&M
unavailabilities deserve separate attention since they are more related to operational aspects and less
to design. In our opinion, the PSA is a valuable tool to evaluate the importance of the T&M
unavailabilities in the CDF. If these unavailabilities appear to be important, it should be investigated
if (and how) their contribution can be lowered by rescheduling T&M activities. For the maintenance
unavailabilities, it is our feeling that plant specific data are indispensable since they are strongly
related to operating strategies at the plant Use of generic data can lead to considerable
underestimation of the unavailabilities^.
In this respect we mention that our plant resident inspectors collect maintenance unavailability data
for the most important safety systems.

3. Human reliability

For the Doel 3 and Tihange 2 PSAs, a great effort is devoted to human reliability analysis.
Two complementary aspects, discussed below, are covered:
- Errors committed before initiating event occurrence.

This analysis deals mainly with operator errors leaving components or systems in a non-operable
state after T&M activities (for example: misalignment of valves, power sources left
disconnected,...). If these errors appear to be important for some components or systems, the
possibility of supplementary verifications (independently executed shortly after the T&M
intervention) could be considered.
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- Errors committed after initiating event occurrence.
This analysis (dealing with actions to be taken by the operators, the STA and the emergency team)
is expected to be affected by the largest uncertainty ranges. Identification of important human
errors in the post-accident-phase should therefore be based on extensive sensitivity analyses.

C. Evaluation of technical specifications

PSA results can, in principle, be used to evaluate two different aspects related to Technical
Specifications: Allowed Outage Times (AOT) and Surveillance Test Intervals (STI). Both
applications are discussed below.

1. Allowed Outage Times

The AOTs attributed to different safety related components, do not appear explicitly in the
reliability analysis of the systems. It is indeed not straightforward to include this AOT in the
analysis: first, it is not clear how many times (a year) a component will be down for any reason;
second, not every downtime lasts the whole AOT. The best alternative is using plant specific
collected downtimes as discussed in B.2 above. This means there is no direct way to deduce
optimum AOTs from the PSA results. However, what can be done is to assure a coherent
relationship between the importance of components for CDF and the length of its AOT, for instance
by using the Risk Increase Ratio as importance factor.

2. Surveillance Test Intervals

As the AOTs, also the STI's do not appear expliciteiy in the reliability analyses of the systems
for Doel 3 and Tihange 2. All components in stand-by are modelled with a "failure-on-demand" -
probability. The values taken from the generic data base are used as such for component with STI's
upto 3 months. For components with a STI of 1 year, a multiplication factor of 3 is applied to the
failure-on-demand probability. It seems to us that, in this case, one should be very reluctant to try to
deduce optimum STI's from the PSA results. This is due to the use of a data base which contains no
information on the underlying failure causes of the components. In order to evaluate the optimum
STI's, one should know the contribution of demand-caused-failures at one side and time-related-
failures at the other side. This could then be used to develop a more complete failure probability
model of the type

Since this information is however lacking (and this is not only the case for the Doel 3 and Tihange 2
PSAs, deriving STI's from PSA-results seems to us rather questionable. In this respect, the
publication of failure data described by the formula above in the latest version of the Swedish T-
book^ should be considered as a considerable progress.

D. Importance of emergency systems for internal accidents

Altough the Emergency Systems of the Belgian NPP's were not designed for coping with
internal accidents, it was agreed upon to consider them for these safety functions where they provide
a real backup. We mention here the examples of the Emergency Feedwater System as a backup for
the Auxiliary Feedwater System, the Emergency Seal Injection System as a supplementary way to
protect primary pump seals,... From the PSAs, it will be possible to evaluate the importance of the
different emergency systems for reducing CDF due to internal initiating events. For doing this, CDF
should be requantified by setting the failure probability for each emergency system equal to 1 (and
this for one system at a time). In this way the relative importance of these systems can be
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determined with fairly good confidence. At this moment, the AOTs for these emergency systems
reflect the fact that they were designed for coping with initiating events of very low probability. If
some of these systems appear to be very important for CDF reduction due to internal initiators, their
AOTs could be reevaluated as outlined in par. C.I.
Furthermore, due to its systematic analysis in all power states, the PSA is expected to be a powerful
tool for identifying potential undesired interactions of the second level of protection during accidents
scenarios of internal initiators.

E. Evaluation of accident management measures

The intervention of safeguard systems and operator actions modelled up to now in the PSA's,
are limited to automatic sequences started by the reactor protection system and to manual actions
covered by the post-accident procedures (with only a few exceptions). The PSA's could certainly be
used to evaluate the possible benefit of accident management measures (using e.g. non-safety-grade
systems as back-up, secondary feed and bleed,...). Distinction has to be made between accident
management measures with the objective of avoiding core-melt and those aimed at reducing the
consequences given core melt has occurred. The latter ones are studied in the framework of the
PSA-level 1+ analysis.

F. Importance of shut-down states

The PSA analyses for Doel 3 and Tihange 2 cover also non power states. The methodology used
for analysing these states is very similar to the one applied for the power state. Hence also the
different uses which can be made of the results are the same as for the full power states. Special
attention should be given to the sensitivity of the results with regard to hypotheses on maintenance
downtimes of systems and components. It is expected that this can give valuable information for the
Technical Specifications in non power states.
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Abstract

The Electric Power and Research Institute along with
Westinghouse Electric Corporation and Pacific Gas and
Electric Company are conducting a program directed at
enhancing Technical Specifications using risk-based
methods. Three different approaches were used to
assess the feasibility of several Technical Specification
enhancements for the Diablo Canyon Power Plant. This
report presents and discusses the risk-based approaches
and demonstrates the application of these approaches
with specific examples based on the Diabio Canyon
Power Plant Technical Specifications, and provides the
example suits of these applications.

INTRODUCTION

The Nuclear Power Industry and Regulators are
interested in establishing the risk-significance of the
Technical Specification requirements to ensure that they
achieve their intended purpose of protecting the public
health and safety. An understanding of the risk
significance of various plant system and operating
configurations could lead to redefining requirements that
better serve this purpose. If it can be shown that a
requirement does not significantly impact plant safety,
changes to improve.--- operational availability and
flexibility may be justified.

An Electric Power Research Institute (EPRI) study
directed at quantifying the impact of plant shutdowns
related to Technical Specifications and the potential
benefits of implementing risk-based Technical
Specifications was conducted by ERIN Engineering and
Research, Inc. The results of the study indicate that
approximately three-quarters of the 195 Technical
Specification related plant shutdowns events that were
reviewed could potentially be addressed by risk-based
methods and approximately one-third of the events could
potentially be addressed by extensions to allowed outage
times specified in the Technical Specifications. The final
report from the study. "Risk-Based Technical

Specifications, Plant Availability Impact Study", is
included as an Appendix in Reference 1.

EPRI, Westinghouse Electric Corporation, and Pacific
Gas and Electric Corporation are involved in a program
directed at reducing the number of Technical Specification
required shutdowns using risk-based methods. The
motivation for the program includes the potential
advantages to plant operation in terms enhanced plant
safety and cost savings. The major program objectives
are the development and application of risk-based
approaches to enhance Technical Specifications, which are
discussed in this paper, and the development of an
Interactive Risk Advisor (IRA) prototype. The IRA is
envisioned as an interactive system that is available to
assist plant personnel in controlling plant operation and is
viewed as one means to improve plant availability whiie
maintaining or enhancing plant safety as discussed in
Reference 1.

BACKGROUND

Technical Specifications are to ensure that safe nuclear
power plant operation is maintained within the
assumptions and conditions of the Safety Analysis Report.
There are industry concerns involving the restrictive
nature and basis of these requirements and their impact on
plant operation. Overly restrictive requirements can
complicate plant operation, add unwarranted operating
costs, and, most importantly, degrade plant safety through
needless plant trips and operating mode changes.

Current Technical Specifications include five basic
sections; safety limits and limiting safety system settings,
limiting conditions for operation (LCOs), surveillance
requirements, design features, and administrative controls.
Of these areas, limiting conditions for operation and
surveillance requirements are most amenable to evaluation
by probabilistic risk analysis. The limiting conditions for
operation specify the equipment operability and parameter
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requirements for the safety systems of the plant. They
also specify the required action(s) if the operability
conditions are not met and the time the plant is allowed
to remain at power to return the equipment to operable
status. This value is referred to as the allowed outage
time (AOT). The surveillance requirements specify
testing requirements on the safety system equipment and
parameters.

Risk-based methods provide an alternative technique for
establishing Technical Specification requirements. To
determine the appropriate course of action to folJo\v
when the operating configuration of the plant is
degraded, the risk significance of the degraded condition
is an important consideration. The frequency of
performing tests on safety equipment is also an
important consideration, not only from the perspective
of demonstrating the equipment is functional, but also
from the perspective of equipment availability.
Probabilistic Risk Assessment (PRA) techniques can be
used to establish requirements in both these areas.

PRA methods have been previously used on a limited
basis to enhance Technical Specifications in the areas of
allowed outage times (AOT) and surveillance test
intervals (STIs). A sample of these applications include
the Westinghouse Owners Group Technical Specification
Program (2, 3) that addressed AOTs and STIs for the
reactor protection system, the Commonwealth Edison
Allowed Outage Time Relaxation Program (4) that
evaluated extension of AOTs for fluid safety systems for
Byron and Braidwood plants, and Westinghouse Owners
Group Program on Turbine Valve Testing Relaxation
(5) that addressed extending the test interval for turbine
stop valves. These evaluations applied PRA techniques
to determine plant risk for the current and improved
AOTs or STIs to demonstrate that the increase in plant
risk is negligible.

A more comprehensive approach to enhance Technical
Specifications is to assess the risk associated with the
required Technical Specification action statement. Do
the current action statements that specify shutting the
plant down, if the inoperable system or subsystem is not
restored to operable status in a specified time, present
the best course of action? The plant configuration must
be considered along with the importance of the degraded
system for transitioning between plant operating modes,
in addition to the risk in the mode where the component
will be repaired plus the risk associated with restarting
the plant.

Flexible technical specifications are another approach to
improve Technical Specifications. Flexible technical
specifications, or flex specs, provide action statement
alternatives that enable plants to remain at power under
specified circumstances. Flex specs could provide
alternative actions to follow which may credit other
systems that can perform a similar function or indicate an
action to follow depending on the past performance of the
degraded system. The risk associated with the current
situation, such as the risk associated with remaining at
power with the degraded system for 72 hours, is traded
off against the risk associated with the alternative action,

such as, taking compensatory actions and remaining at
power longer than 72 hours. As an example, a flexible
specification may allow the use of pressurizer PORVs to
provide the function of the pressurizer safety valves, if a
safety valve is inoperable, to extend the allowed outage
time past its current value.

In this study three different approaches using PRA were
applied to assess the impact of changes to the Technical
Specifications for the Diablo Canyon Power Plant on plant
risk. These approaches are:

• Negligible Risk Increase
• Risk Tradeoff
• Technical Specification Action Alternative

Negligible Risk Increase Approach

This approach demonstrates that the Technical
Specification change under consideration has a negligible
impact (increase) on plant risk. The evaluation process is
relatively straight forward and has been applied to
evaluating the impact of increased fluid safety system
AOTs on plant risk for the Byron and Braidwood
Generating Stations (4) and the South Texas Project
Electric Generating Station (6). The process used in the
current study parallels that used in these studies, but
applies a more detailed approach to determine the impact
of the proposed change on system and component
maintenance and test unavailabilities.

The process involves performing a limited probabilistic
risk assessment to demonstrate that a Technical
Specification change, such as an AOT or surveillance test
interval increase for specific systems, does not result in a
significant increase in plant risk. The process requires
identifying how the AOT change impacts plant operation
and the PRA modeling of the plant, identifying and
re-assessing the impacted parameters, and propagating the
new values for the impacted parameters through the
system and event tree models to determine a measure of
risk associated with the change.

The study presented in this report specifically evaluated
AOT increases for fluid safety systems. Therefore, the
evaluation centered on the modeling of maintenance and
test unavailabilities for components and systems, and
how these unavailabilities are impacted by increased
AOTs. Critical to this part of the assessment are
discussions with plant personnel to determine if or how
the plant's maintenance and test philosophy will change
with increased AOTs. For example, will the policy
regarding maintenance coverage remain in effect or will
it be changed? In addition, a detailed analysis of plant
specific preventive and corrective maintenance data is
required to determine the frequency of repairs that
require more time than the current action statement
allows. With extended AOTs, the mean time to repair
components is expected to increase since additional
repairs will now be completed at power.

Risk Tradeoff Approach

This approach assesses the risk associated with the
required Technical Specification action statements and
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compares it to the risk of remaining at power in the
degraded configuration. If the risk of following the
required action is greater than the risk of remaining at
power, a Technical Specification improvement can
probably be justified. The primary issue of concern is
the risk associated with the current Technical
Specification action statements. Do they present the
best course of action with respect to plant safety? The
action statements typically require the degraded system
to be repaired within a specified time or be in a lower
operating mode within 6 hours.

The objective of the analysis is to determine the safer
approach to plant operation. Should the plant remain at
power for an additional period of time with a degraded
system and continue attempts to repair the system and
possibly avert a plant shutdown, or should the plant be
shutdown within the specified time with a degraded
system? That is, assess the allowed outage time
specified in the Technical Specifications.

Based on an approach that compares these two risks,
allowed outage times can be set at the point where the
risk from remaining at power equals the risk of shutting
the plant down, i.e., the risk tradeoff point.

To accomplish a risk tradeoff analysis it is necessary to
determine the following:

1. the risk, or an appropriate measure of risk, of
remaining at power for extended times with the
degraded system, . •

2. the risk, or an appropriate measure of risk, of
shutting the plant down with the degraded system,

3. the probability of averting a plant shutdown with
extended AOTs,

4. the risk, or appropriate measure of risk, of repairing
the component in the specified mode, and

5. the risk, or appropriate measure of risk, of returning
to power.

The risk tradeoff study presented in this report only
considered the risk of going to the mode specified in the
Technical Specification; it did not consider the risk
associated with completing the repair in a lower mode or
restarting the plant, therefore, these will not be further
discussed.

Technical Specification Action Aitemative Approach

This approach, also referred to as flexible Technical
Specifications, develops alternate actions to follow that
will allow plant operation to continue while maintaining
the same risk level that is associated with the current
action statement. One type of flex spec could specify
allowed outage times or testing requirements based on the
previous performance history of the system or component.
A flex spec could also permit an increase to an allowed
outage time providing some compensatory actions were
taken prior to entering the action with the extended AOT.
Such a requirement will enable a plant to decide during
the time the action statement is in effect which action to
follow. If the lime to repair a component is estimated to
be longer than the time specified in th» current, or

standard, action then the plant could select the option with
the longer AOT and perform the compensatory measures.

The basic idea behind this approach is to provide the plant
operational flexibility so power operation can be
maintained without decreasing plant safety. The risk
associated with the current situation, such as the risk
associated with remaining at power with the degraded
system for 72 hours, is set as the risk level that must bt
met by the alternate action, such as, taking compensatory
actions and remaining at power longer than 72 hours
The alternate action, extended AOT in this example. Is
based on maintaining the risk ai this level.

APPLICATION OF APPROACHES

The approaches discussed in the previous section were
applied to evaluate Technical Specification allowed outage
time changes. The Diablo Canyon Power Plant PR A
models were used to assess the impact based on the
hypothetical assumptions presented. The following
discusses these evaluations and the results.

Negligible Risk Increase Approach

The negligible risk increase approach was used to
demonstrate that an increase in AOTs for selected fluid
safety systems can be justified. An increase from 72
hours to 7 days was considered. The systems of interest
were:

1. Emergency Core Cooling System (ECCS)
Residual Heat Removal Subsystem
Safety Injection Pump Subsystem
Centrifugal Charging Pump Subsystem

2. Auxiliary Fecdwater (AFW) System
3. Vital Component Cooling Water (CCW) System
4. Auxiliary Saltwater (ASW) System

The study focused on how the increased AOTs will
impact test and maintenance activities. There are
several reasons such activities will be impacted, these
include:

1. Tests, repairs, or routine maintenance activities
currently completed at power may take more time
due to the completion of more effective repairs or
reduced manpower loading (or coverage) to
complete the repair.

2. Test activities, routine maintenance activities, or
repair activities currently completed while the
reactor is shutdown may now be done at power.

3. The plant may remain at power for longer periods
of time to complete repair activities before shutting
down. Instead of shutting down at 72 hours if the
failed component cannot be repaired, the plant
could remain at power for up to 7 days in an effort
to complete the repair.

Items 1 & 2 are dependent on the operating philosophy
of the plant and require discussions with plant personnel
to determine the impact. With additional time, the plant
may schedule test and/or maintenance activities that are
currently completed while shutdown to be completed
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during power operation or the urgency to complete
repairs may be relaxed. Item 3 is dependent on the
component or system outage time and the probability of
completing additional repairs in the 3 to 7 day interval.

Discussions were held with D'tablo Canyon Power Plant
personnel to discuss the impact of increased AOTs on
test and maintenance philosophies. The major
conclusions were:

1. Plant policy and administrative controls regarding
maintenance work on Technical Specification
components influences maintenance duration.

2. Test activities are relatively short, in general they do
not stretch across shifts, so the time to complete
them would not be impacted by AOT changes.

3. Routine maintenance and repair activities can stretch
across shifts. Therefore, durations of such activities
can be impacted by AOT changes depending on what
administrative controls are in place to control
maintenance durations.

4. No additional test or routine maintenance activities
will be completed at power with increased AOTs.

5. The plant enters all repair activities with the
philosophy that the repair can be completed within
the specified AOT. This indicates that the repair
frequency will not change.

From the above it is concluded that only routine
maintenance and repair durations will be affected by the
increased AOTs. Quantifying the effect requires
identifying the impacted parameters in the PRA and
assessing the extent of the impact. The impacted
parameters are the maintenance durations, which include
routine and repair activities, for pumps, heat exchangers,
and valves in the systems of interest. These parameters
impact system unavailabilities for the ECCS, AFW,
CCW, and ASW systems and initiating event frequencies
for the loss of component cooling water and loss of
service water special initiators.

To quantify the impact on component maintenance
durations, the contribution from routine maintenance
activities is increased by an appropriate amount to account
for the possible changes in plant maintenance policy. As
part of this study, the impact of hypothetical changes in
plant policy were evaluated. For example, if an existing
plant policy states that maintenance work on Technical

Specification equipment requires 24 hour coverage the
impact of changing the coverage can be evaluated. The
maintenance duration contribution from repairs is
impacted by the possible reduction in coverage, which is
accounted for by increasing the repair duration by an
appropriate factor, and also from repairs that will be
completed with the plant at power and extend beyond 72
hours, 'fhis was determined by developing a lognormal
distribution for component repair time based on
component repair history. The tail of the distribution
provides the information required to assess the additional
repairs that will be completed with 7 day AOTs. The
duration values for routine and repair activities are
combined by a weighted average. The weighting was
based on the number of each type of repair.

The PRA models were re-evaluated with the new
hypothetical maintenance parameters to determine the
impact on plant risk as measured by core damage
frequency. The results are provided in Table 1. The
core damage frequency increase is small for all four
hypothetical cases.

Risk Tradeoff Approach

This approach was applied to the Technical Specification
action statements for the auxiliary feedwater system.
The objective was to determine the appropriate allowed
outage times based solely on a risk tradeoff. That is, by
comparing the risk of remaining at power with a
degraded system against the risk of shutting the plant
down with a degraded system as required by the
Technical Specifications. The specified AOT controls
the probability of completing component repairs and
avoiding the shutdown and associated risk.

The Technical Specification action of most interest to
demonstrate the feasibility of this approach is Action b.
The action statement follows:

b. With two auxiliary feedwater pumps inoperable, be
in at least HOT STANDBY within 6 hours and in
HOT SHUTDOWN within the following 6 hours.

The auxiliary feedwater system is a three pump system
consisting of two motor-driven pumps and one
turbine-driven pump. Each motor-driven pump feeds

TABLE 1
IMPACT OF AOT CHANGES ON CORE DAMAGE FREQUENCY

CORE DAMAGE FREQUENCY INCREASE (%)

CASE ASW

1: 24 hr

2: 20 hr

3: 18 hr

4: 16 hr

coverage

coverage

coverage

coverage

0

2

3

4

ONLY

.9

.4

.4

.9

AFW
ONLY

0

1
*>4*

3

.7

.8

.5

.4

CCW
ONLY

1.

4.

6.

8.

7

4

0
*̂

ECCS

0

0

1

1

ONLY

.3

.8

.]

.5

ALL SYSTEMS

3.

9.

13

18

5

3

.1

.0
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two steam generators and the turbine-driven pump feeds
all four steam generators.

The analysis developed an at-power risk curve and a
shutdown risk curve. Important in developing the
shutdown risk curve is determining the probability of
completing the system repair with different AOTs
From these curves a tradeoff point that specifies the
allowed outage time is determined.

The at-power risk is evaluated only for the time the
plant is at power with a degraded auxiliary feedwater
system The risk is due to the possibility that a
transient event that requires the AFW system for
mitigation will occur during this time period The time
penod when the plant is at risk is dependent on the
length of time the plant is allowed to remain at power
with the degraded system. This time is specified by the
AOT in the Technical Specification. Important in the
calculation is the probability of repairing the system for
different AOTs and the associated averted plant
shutdowns.

The mode change or shutdown risk is due to I) the
potential of inducing a transient event in the plant which
leads to a reactor trip and auxiliary feedwater actuation
prior to being on AFW in the cooldown process and 2)
failure of the auxiliary feedwater system after placing the
plant on this system and prior to switching to (or having
the ability to switch to) the residual heat removal system.

To determine the shutdowns averted it is necessary to
determine the system repairs thai can be completed while
the plant is at power This> analysis assumed thai the
same plant repair philosophy that now is in effect will
continue to be in effect regardless of the AOT. For
Action b the failures of two trains/pumps are involved and
the failures may or may not have occurred concurrently.
To remain at power, one or both pumps need to be

repaired within the specified AOT The probability of
repairing the first pump that fails while at power ii
dependent on the time into the AOT when the second
pumps fails since the AOT initiates following failure of
the second pump.

This :nformation is used to develop risk curves, i.e., risk
as a function of AOT. The risk values are a measure of
risk, not core damage, that account for the probability of
an event and AFW mitigation It is not necessary to
model other mitigating methods, such as feed and bleed,
since events that occur at power or while shutting down
require the same systems to function for mitigation and
use the same procedures.

The results for Action b are presented in Figure 1 These
indicate that the shuttlown/cooldown risk essentially levels
off after 24 to 36 hours The risk crossover point does
not occur until the AOT is significantly longer than 72
hours (via extrapolation, this point is approximately 9
days). The cooldown risk levels off at the 24 to 36 hours
range since few additional repairs will be completed with
AOTs greater than 36 hours for failure of two pumps.

Technical Specification Action Alternative Approach

The ASW system was used to demonstrate the feasibility
for this approach The current AOT is 72 hours with
only one train operable The ASW system supplies
cooling water to the CCW system heat exchangers from
the ultimate heat sink. It is a two train system with one
pump per iram. The ASW trains are crosstied to each
other and the systems in each unit are crosstied by a
normally closed valve.

The proposed alternate action developed for this Technical
Specification required the operators to take compensatory
actions. These actions, which were developed during
discussions with DCPP personnel, follow:
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!. Frequent operator review of the Loss of Auxiliary
Saltwater Abnormal Operating Procedure,

2. Demonstration of the unit-to-unit crosstie
availability.

Review of the procedure will increase the immediate
awareness of operators with the diagnosis of loss of
ASW and the steps required to implement the crosstie.
Demonstrating the unit-to-unit crosstie capability is
available requires stroking the valves involved with this
procedure. This increases the likelihood the valves are
operational in the event that ASW is lost and the
crosstie is available. The appropriate parameters in the
DCPP were modified based on this. These include:

• Failure rate for valve FCV-601 (the unit-to-unit
crosstie valve)

• Availability of power to valve FCV-601
• Human error probabilities for three operator actions
• Unit-to-unit crosstie valve maintenance

unavailability

The conditions for implementing this option require that
both ASW trains of Unit 2 are available and that
unit-to-unit crosstie capability is available. The first
condition is required to be met to ensure that the non
affected unit has sufficient ASW capability. The second
condition ensures that the valves required for the
unit-to-unit crosstie are not unavailable due to
maintenance or testing. It is expected that the action the
plant initially follows when one ASW train is inoperable
will be the current 72 hour AOT action. After
demonstrating that the unit-to-unit crosstie capability is
available and reviewing the crosstie procedures, the
alternate action could be selected at any time.

The basis for the AOT is the plant risk associated with
the 72 hour AOT action. The underlying assumption of
the analysis requires that the risk from the alternate
action not exceed the risk associated with the current
action Therefore, the AOT for the alternate action
will depend on the time it is selected with respect to the
time when the LCO was entered, i.e., how long the 72
hour AOT action has been in effect. The earlier the
alternate action is selected, the longer the AOT allowed.

The DCPP PRA was used to determine the impact of
implementing the alternate action. Figure 2 shows the
results. This indicates that immediately implementing
the alternate action will allow the AOT to be extended
by approximately 6 hours to 78 hours. Implementing
the alternate action anytime after this reduces the
possible extension. This is not considered a significant
AOT increase of this Technical Specification.

This approach was demonstrated to be a viable method of
obtaining Technical Specification flexibility while
maintaining current risk levels. For this example,
application of the approach does not justify a significant
extension to the AOT since the risk is relatively
insensitive to the compensatory actions. Improving the
operator reliability and the reliability of the unit-to-unit
crosstie valve provides diminishing improvement for the
range of values possible for these parameters.

CONCLUSIONS

Three different PRA based approaches were used to
assess the impact of hypothetical changes to the Technical
Specifications on plant risk. These include:

• Negligible Risk Increase
• Risk Tradeoff
• Technical Specification Action Alternative

The first approach has been previously applied in other
studies, but was further developed in this program in the
area of determining the impact of an AOT increase on
routine and non routine test and maintenance activities in
the plant and how to assess such impacts with a plant
specific PRA model. The second two approaches were
developed in this program. All three approaches were
applied to specific examples and all were demonstrated to
be viable approaches for addressing Technical
Specification changes.

The Negligible Risk Increase Approach was used to assess
the impact of an allowed outage time (AOT) increase
from 72 hours to 7 days for the emergency core cooling
system, component cooling water system, auxiliary
feedwater system, and auxiliary saltwater system.

The Risk Tradeoff Approach was used to demonstrate the
ability lo compare risks of remaining at power while 111 aa)
action statement with shutting down. The AFW system
was used as an example The example presented showed
that the AOT with two pumps inoperable should be
approximately 9 days as opposed to the immediate
•shutdown currently required if the risk tradeoff point is
used as the sole criterion.

The Technical Specification Action Alternative Approach
was used to demonstrate the method used to determine a
reasonable AOT increase for a plant system when one
train is inoperable providing several compensatory
measures are taken.
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RISK FOLLOW-UP ON TECHNICAL SPECIFICATIONS

A. FORSS
Vattenfall Ab,
Stockholm, Sweden

Abstract

The paper describes the use of PSA to evaluate the instantaneous risk that a NPP has been
exposed to during a year. It also demonstrate how the PSA is used to evaluate Technical
Specification aspects e.g. allowed outage time (AOT) and allowed combinations of
unavailable systems.

1 Introduction

PSA is a useful tool to support the evaluation of different safety issues. Some of the
evaluations are included in the performance of the PSA study while others can be evaluated
afterwards with an existing model. The characteristics of the PSA model that makes it
possible to perform risk-based evaluations are not only the use of numbers but more
important the including of several different initiating events and the logical structure to
describe complete sequences and dependencies.

How useful a PSA study is in different safety evaluations depends of course of how detailed
the model is. It is always important that the issue to be evaluated is supported by reliable
model and data. Even when this is satisfied one has to be aware of the associated
uncertainties and let the PSA result be only one of several basis for decision.

The examples given in this paper are taken from PSA studies of the Ringhals and Forsmark
NPP and case studies performed within the R&D program of the Nordic liaison committee for
atomic energy.

2 Risk Follow-up

The purpose of instantaneous follow-up studies is to evaluate how the safety has varied during
a period of time. Some complex combinations can give a high increase in the risk level which
is difficult to detect by engineering judgement or deterministic analysis.

One condition for making risk follow-up is to have a detailed PSA-model of the NPP. Earlier
has not follow-up studies been able to be performed because of limitations in the PSA-
software. Quick recalculation of CM-frequency has not been possible. The method of follow
up the risk by calculate the instantaneous CM-factory has been used in the department of
Safety and Technology Vattenfall during the last two years.

Vattenfall has four NPP (one BWR and three PWR) in Ringhals and three NPP in Forsmark
(BWR). All plants report the incidents occurred in the plants (LER's) which are used by the
central department at Vattenfall, Safety and Technology, for a continuous evaluation
according to safety. Follow up according to instantaneous risk is now a part of that
evaluation.
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The method has the same limits as the PSA-model of the plants. There may be incidents
which is not modelled but could effect the risk level. For instants, to be able to evaluate
internal fires the PSA-model has to consider internal fire which is not developed for all of the
plants PSA-models.

For the evaluation of risk follow-up has the following assumptions and simplifications has
been used:

o Stand-by components is assumed to have constant failure rate between tests.

o Stand-by component which fail at test is assumed to have been out of operation from
latest successful test.

o No adjusting of failure rate is done in the PSA-model for components that has been
proven to be in operational at later test.

2.1 Brief Description of the Theory

The first thing that has to be done at an evaluation of instantaneous risk level is to calculate
the basic risk-level. The basic risk-level is defined as the CM-frequency when the probability
of all kind of maintenance (preventative and corrective) is set to zero.

Next step is to evaluate instantaneous risk by taken the part of the PSA-model that correspond
to the events that occurs identifies and sets to p=l. Then the total CM-frequency calculates
and compares to the basic level according to the following:

RIFX (Risk Increase Factor = fx /f0

were

fx = Instantaneous CM-frequency due to specific (x) component/system out of
operation

f0 = Basic average CM-frequency (no preventative or corrective maintenance)

Average CM-frequency factor = 1^ x dj) / (f0 x yd)-Hf- 1 iH^^D
were '

d; = duration for each evaluated configuration with unavailable components
yd = number of days in studied period

ij = duration without unavailable components

2.2 An Example of Risk Follow-up

An example on risk follow-up is given in figure 1. It shows the instantaneous risk level
during the time between two outage on Forsmark 1/2 (BWR) 1990/91. The instantaneous risk
level during shut down period has not been evaluated because no such PSA-model has been
produced.
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The instantaneous CM-frequency when different components has been unavailable is shown in
figure 1.

The event that caused the highest increase of instantaneous risk level was when the auxiliary
feed water pump failed to start (factor 8). This figure is dominated by the likelihood of one
CCF-event including all AF pumps. The average CM-frequency factor for that period was
1,2.

3 Evaluation of Technical Specifications

The Technical Specifications (TS) can be seen as a set of operational safety rules and criteria,
which defines the allowed operational range for the nuclear power plant from the safety point
of view. These rules and criteria are originally formulated with margins on the safe side and
mainly based on deterministic analyses and engineering judgement. The subjects that will be
discussed here are

Limiting conditions for operating (LCO) which include

o operability requirements of equipment
o allowed outage time for equipment (AOT)

The reasons for making evaluation with PSA are mainly to find more efficient use of the
safety system in respect of maintaining a low risk level and a high flexibility of plant
operation. All following aspects should be considered:

o Optimizing TS to find the minimum risk
o Balancing the effectiveness and flexibility of plant operation.
o Improve the effectiveness and flexibility.

3.1 Operabllitv Requirements and Allowed Outage Time (AOT)

The goal for this evaluation is to measure how much the instant risk level (e. g. core melt
frequency) increase when one or more safety components fails during plant operation. It is
also of interest to measure how large the total contribution to risk is when maximum AOT is
used for one or more components.

This evaluation can be made even with a rather simple PSA model. It is a suitable exercise to
perform when a PSA study is finished to get more understanding of the PSA model and the
importance of different system. Especially the combination of more than one component
failed gives a good insight in what is governing the risk level at the plant.

An example of such evaluation is given in figure 2. The empty bars represent the increase 'd
instant CM-frequency while the filled bars represent the contribution to risk from one
maximum AOT. The risk level is compared with the baseline risk which is valid when no
components have failed. The calculated average CM-frequency from the PSA study is also
indicated. PM means preventative maintenance on all safety system in one of four trains at
the plant. A - P represent other system that are assumed to fail during PM.

206



Average —
CM-frequency
Baseline _^-
CM-frequency

too

#)
TO

to

id

w
9
a
7

t

i

3

2

^

3?

i _
• —

—

1 —

f •

i

:

i
i

—

—

_

-

—

—

-

-

;
-

=•
—

J-,

s

_ _

~
-

-

-

-

_

-

I"
£

r

-

7xx;
Xxx
X
X
X
X

x
X
x

x

X

1
s

yt

0s
*-

-

-

-

-

-

—

— J

1
"1

t

»
»
»

-
-

-

r

-

.

•as<-

_

-

—

-

_ .

_-.

-

;

\

?

-

-

-

-

—

-

_

-

«
*

_

-

:

•
„

•c
2
+

-

--

-

-

-

-

_ .

>
<

_

-

-

-

0
2
¥

-

-

_ ,

•

-

-

-

—

-

T3

1

_ _ _ _ _ _ _ _ _ ^ _ _
_ _ _ - — -

- - — - - - — -
- — •- — — - — ———————— - - -- —

— -- j -- —— -

._ . — _ _ _ _ _ — _ ———— - -

-

'

-

-

-

-

- - — - - - -

___ , _ _ _ _ _ _ _ _ _ - —

— -—- — • - - —— ——— - ——— ————— - - —

•— r~

. . . . -

_ _ . . _ _ .

f~p +— »« t-yf +~0 * ĵ» fyr >5» *^ >^
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FIG 2 Pm = Preventive maintenance on one out of 4 subs (all systems)
A P = Assumed failed systems

3.2 Example of Evaluation of Technical Specifications (TS)

The following example a changes of TS for Ringhals 1 (BWR) concerning core cooling
systems.

In figure 3 are the principals of the coolant systems shown in a flow sheet. Ringhals 1 has
two auxiliary feedwater (AFW) system (system 329 and 416) with one pump each an one
coolant injection (CCI) system (system 323) with two separate trains. Each train has one low
pressure pump and one high pressure pump.
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Sysfem 314
Relief valves (10 st)

*
_T_____

System 323 sub A

Steam line

System 323 sub B

Elec pump high head
Q£> <$>

Elec pump low head
<$>

Steam turbin p

' AUXILARY FEEDWATER SYSTEM .. ^

mp

Elec pump high head

COOLANT INJECTION SYSTEM

Elec pump low head

FIG. 3. Core coolant systems, Ringhals 1.

Auxilary
feedwater
system v
(System 329 A
and 416)

One electrical pump

One steamturbin
pump

Coolant
injection
system
(System 323
sub A and B)

One elec. pump
low head Sub A

Relief valves (system 314) I
Reduce press, in RV |[

One elec pump. |
high head Sub A |[

One elec. pump
low head Sub B

Relief valves (system 314)
Reduce press, in RV___

One elec pump.
high head Sub B

FIG. 4. Block diagram, core coolant system, Ringhals 1.

Success if
I of 4
'unctions
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TABLE 1. TS EVALUATION, RINGHALS 1

System
unavailable

329

416

323 HP A

323 HP A+B
323 HP A+

416

323 HP A +
329

329 +"416

Risk Increase
factor

6

5
1
1

5

6

90

Suggested TS
changes prior to

PSA

30 days

30 days

7 days

Shut down

2 days

2 days

2 days

PSA-recomm-
ended AOT

14 days

14 days

14 days

2 days

2 days

2 days

2 days

Additional risk
contribution

0,23

0,16

0

0,06

0,022

0,033

0,55

Figure 4 represent a success block diagram on the core coolant systems. The figure illustrate
that each train is capable to cool the core. In order to succeed with the injection of water
both the high- and lowphead pump in the CCI-system are needed. If the highhead pump has
been taken out of operation then the low pressure pump is capable to inject water if the relief
valves opens and reduce the RV-pressure.

The assumptions and results are show in table 1. The risk increase factor due to system
unavailable is shown in column number 2. Next column show AOT for each recommendation
and column 4 the result from PSA-evaluations. Last column shows the additional risk
contribution from one maximum AOT.

The evaluation of the TS recommendation with PSA pointed out that the proposed AOT's in
some cases were a bit long. Especially the recommendation to shut down the NPP if the both
highhead pumps are unavailable. The CM-frequency just increase marginal in that case.

To take both AFW-systems out of operation gives the highest increase of CM-frequency. If
this event has a frequent occurancy then a shorter AOT must be considered.

4 Proposed PSA-based Criteria to bee Used for TS Evaluation and Risk Follow-up

The criteria is based on the assumption and comes from experience that show that:

o Additional risk due to the maintenance could be in the same range as the risk due to
normal operation without maintenance.

o Experience shows that the additional risk comes from 5-10 events over the year,

o Maximum instantaneous risk level should not be exceed 50 - 100 times basic level.
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The following PSA-criteria has been used at the department of Safety and Technology at
Vattenfall.

TS evaluation
Instantaneous risk Riskdose

Corrective maintenance

Preventative maintenance

< 50 -100 x f0

< 10 x f0

< 0,1 to 1 x

< 0,1 x RO

Risk FolioW-UD
Riskdose

Annual average risklevel < 2 x

f = Instantaneous CM-frequency
f0 = Basic average CM-frequency (without maintenance )
R = Additional riskdose
RO = Basic average Riskdose (without maintenance)

To be considered:

o Uncertainty
o Deterministic demands
o Combination different AOT's
o All initiating events (e.g. internal fire, external loss of power supply)
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OPTIMIZATION OF OPERATIONAL LIMITS
AND CONDITIONS FOR UNITS WITH
WER 440 (V213) TYPE REACTORS

Z. KOVACS, H. NOVAKOVA, V. SOPIRA
RELKO Ltd,
Bratislava,
Slovakia

Abstract

The Technical Specifications define the limits and operating conditions for a nuclear power
plant. The Technical Specifications of WER 440 (V213) type reactors have been based on
deterministic analysis and on engineering judgement. Probabilistic methods provide a systematic
approach that can be used to evaluate the additional risk during testing and the presence of component
faults in safety-related systems. In this last case it is possible to compare the benefits and the transient
risk of continued power operation. Probabilistic assessment together with operating experience are,
in this way, a valuable tool for the revision of the Technical Specifications. This paper gives
examples related to the revision of the WER 440 Technical Specifications regarding allowable
outage time of safety systems.

1. INTRODUCTION
The technical specifications (TS) define the limits and operating
conditions for a nuclear power plant. The TS give the test
intervals, test duration times and, in the event of faults,
allowed outage time for repair and maintenance of safety systems.
During testing and allowed outage time, power operation as
allowed to continue, but if the test duration or repair time is
exceeded, then because of the increase in risk the operational
conditions have to be changed to safer conditions. Usually this
means a cold shutdown of the unit. In some cases the plant
utility may request an extension of allowed outage time from the
authorities responsible for nuclear safety. A reduction in the
number of shutdowns results in increased plant availability and
hence economic benefits.
The TS of WER 440 (V213) type reactors have been based on
deterministic analysis presented in the Final Safety Analysis
Report and on engineering judgment. The probabilistic methods
provide a systematic approach that can be used to evaluate the
additional risk during testing and the presence of component
faults in safety related systems. In the case of a fault it makes
it possible to compare the benefits and the transient risk of
continued power operation. Probabilistic assessment combined with
operating experience data can in this way be used as a valuable
aid in decision making and in revision of the TS based on
deterministic analysis.
In this paper examples are given for demonstrating WER 440 TS
revision regarding the allowable outage time of safety systems.
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2. METHOD

In a TS optimization, the important initial decision is on which
level to perform the analysis. The levels that can be considered
are:
- component level
- system level
- safety function level
- plant level
- society level
As the case studies are limited to the plant level, the risk is
defined here as the core damage frequency. Vhen the plant is
under normal operation the risk level is r . If a component or a
subsystem fails the risk level increases to r^f\ ̂ the failed
component is repaired, the risk level returns to r again.
There are several methods for calculating and limiting the risk
[1]. Ve have chosen a method that minimizes or limits the
increment of risk. The risk increment is expressed by the
equation:
AR(t) = (r1- r°).t + exp(-t/T).U± (1)

where
<4R(t) : "the risk increment
r^: the risk level with a component i failed
r : the risk level during normal plant operation
t : the outage time of a component
T : the mean time to repair a failed component
U^: the failure probability of a system with component i failed

The first term on the right hand side of Eq.(l) represents the
risk due to the component outage. The second term represents the
risk due to manual shutdown, where exp(-t/T) is the probability
that the failed component cannot be repaired within t hours and
the plant must be manually shut down.
The following three methods can be considered:
- Min AR(t), (minimize the risk increment)
- AR(t) < 1.0 x LJj ( limit the risk increment below that of
immediate plant shutdown after detecting the anomaly; 1.0 means
that the plant is manually shut down)

- AR(t) < k.r .T (limit the risk increment below a certain
fraction of normal operation risk)

3. APPLICATION

3.1 EXAMPLE 1: Revision of allowed outage time for the reactor
protection system

The reactor protection system (Fig.l) is a basic safety system of
the nuclear power unit. It is actuated to effect a reliable and
rapid reactor shutdown if technological or nuclear parameters
exceed their safe limit.
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Fig.1 Reactor protection system
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FIGURE 3
Low pressure injection system (1 train)

The system includes measuring, logic and terminal channels.
Measuring channels are used for monitoring of various nuclear and
technological parameters. Logic channels receive safety signals
from several measuring channels, perform logic operation and
activate the terminal channel. The terminal channel receives
initiating signals from all logic channels and performs safety
action, i.e., initiates the gravitational drop of control rods
into the core.
The trip signals are performed in two equivalent and independent
sets of reactor protection system. The reactor trip can be
initiated by 1 out of 2 sets. Maintenance, if needed, is
performed during inspection or during shutdown.
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The set is given into the test mode for a maximum of 8 hours when
a measuring, logic or terminal channel failure is indicated. This
time is the allowed outage time from the TS.
The measuring channels are tested monthly, the logic and terminal
channels are tested once per 3500 h.
The TS optimization is performed on the system level.
Figure 4 shows the risk increments which were calculated using
Eq.(l). In the case when the mean time to repair the failed

Risk increment 100%

I I I II M i l l I I I I I I M I N I M U M I I II I M I I I I I I0.01
0 10 20 30 40 50 60 70 80 90 100 110

Allowed outage time [h]

Fig.4 Risk increment for reactor protection system
Test interval of measuring channels - 720 h
Test interval of logic channels - 3500 h
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component is 2 h, the risk decreases if the outage is Less than
12 h. It becomes a minimum when the outage is 12 h, then
increases. When the ratio of acceptable risk level is 5 %, the
condition is satisfied while the outage is betw_een 7 and 32 h. In
the cases where the mean time to repair the failed component is
16, 32, and 72 h, there is no outage time that satisfies the 5 %
condition.
3.2 EXAMPLE 2: Revision of allowed outage time for the diesel

generators
The application of the above method to the dieseJ generators of
the emergency AC system is shown below. The optimization is
performed at the plant level. The core damage frequency was
calculated for the limited number of initiating event.
The purpose of the emergency AC system is to provide electrical
power to components in systems that are deemed vital to mitigate
the consequences of loss of coolant accidents (LOCAs) and
transients. The emergency AC system is composed of three
independent trains, each comprising a diesel generator, 6 kV
switchgear and associated buses and circuit breakers. During
normal operation, the buses of all three trains are supplied wjth
AC power from the plant grid. Vhen a LOCA occurs, the buses are
disconnected from the plant grid and are connected to diesei
generators. Load sequencing systems are used to protect the
diesel generators against overloading.
The TS have the following requirement for the emergency AC
system: The reactor shall not be heated or maintained on power
unless three diesel generators are operable with tanks containing
a minimum of 50 m of fuel. The only exception to this
requirement is that one of the tree diesel generators may be
inoperable up to 72 h. The test interval of the diesel generators
is 720 h.
Figure 5 shows the risk increment for diese] generators. The mean
time to repair the diesel generator is 35 h. The risk decreases
while the outage is less than 110 h, becomes minimum when the
outage is 110 h, then increases. If the mean time to repair is
35h, the condition for 1% risk increment is met.
3.3 EXAMPLE 3: Revision of allowed outage time for the low

pressure injection system
The low pressure injection system provides emergency coolant
injection and recirculation following a loss of coolant accident
when the reactor coolant system depressurizes below 0.7 MPa.
The TS require to maintain two out of three LPI pumps in
operation. Maintenance shall be allowed on the LP system during
power operation if more than one train is not taken out of
service. Maintenance shall not be performed which would make the
affected train inoperable more than 72 h. Prior to any
maintenance, the redundant trains shall be demonstrated operable
within 4 h. If these conditions cannot be met, the reactor must
go to the cold shutdown condition.
The tes~t interval of the system is 720 h.
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Fig.5 Risk increment for diesel generator

The TS optimization is performed on the plant level.
Figure 6 shows the risk increment for LP system. The mean time to
repair a pump is 16 h. The risk decreases while the outage as
less than 125 h, then increases. The condition for 5% acceptable
risk level is met.
4. CONCLUSION
The method of TS optimization has been applied to the reactor
protection system, diesel generators and LP system. The purpose
was the revision of the deterministic TS. In all cases the
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Fig.6 Risk increment for LP system

results show that the allowed outage time is pessimistic. If the
ratio of acceptable risk is 5 %, the allowed outage time can be
extended.
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Abstract

This paper will present a practical implementation of the results obtained from the Nordic project "Safety
Evaluation, NKS/SIK-1"1. The SIK-1 project has defined and demonstrated the practical use of living PSA for
safety evaluation and for identification of possible improvements in operational safety. The risk monitoring
applications has been tested extensively using a LPSA model for Oskarshamn 2 "•4*3- Based on the results from
the applications this paper will discuss the development of systematic methods for making observations and
criteria for decision making related to TS improvements from a regulatory point of view.

Subjects discussed are dealing with the practical implementation and use of PSA to make proper safety related
decisions when evaluating Technical Specifications taking into account both qualitative and quantitative decision
criteria.

The essential objective with the development of a living PSA concept is to bring the use of the plant specific PSA
model out to the daily safety work to allow operational risk experience feedback and to increase the risk
awareness of the intended users.

A procedure to use the numerical risk measures in regulatory decision making is established. The criteria required
to use the numerical results are defined. However, the numerical level of the criteria is a subject open for
continued discussion. Probability and frequency criteria are not sufficient in complex decision making situations.
They might, however, give guidance or indication about the acceptability of the decision alternative. A qualitative
validation will always be necessary due to the limitations in the quantitative results caused by incompleteness and
conservatism.

I. INTRODUCTION

A. Background and objectives

The quantitative evaluations of Technical Specification requirements require a PSA or a Living PSA. The main
purposes to develop a living PSA are to provide a risk evaluation tool for analyzing the safety effects of changes
in plant design, procedures and Technical Specifications, and to support the maintenance planning and operational
management by providing means for searching optimal operational, maintenance and testing strategies from the
safety point of view6.

The allowed outages times (AOT) of the systems and components are given in the Technical Specifications. PSA
provides a supplementary approach for defining them more flexibly based on the current plant configuration. At
the same time must qualitative arguments that has formed the original TS be taken into account.
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The decision making criterion may be based on a fixed operational probability limit, or the aim may be to
minimize the core damage probability. The common objective of the approaches is to balance between the risk
increase due to the unavailable component and the risk as well as economical losses of a forced shutdown.

Hidden or evident

From the observer, i.e. the operator, point of view the basic event states can be divided to evident and hidden
(latent) events. Evident events are such that the observer knows with certainty whether the event is true or not.
Other events remain hidden.

Failures of standby components and human errors are typical hidden events. We do not know their status before
they been challenged. In many cases, however, tests provide some information which will increase the component
status knowledge and improve the probability estimation q(t). Therefore it is useful to divide the hidden events
into detectable and non-detectable ones. The division can be called also time-dependent v.s. time-independent
failure modes because, essentially, the time-dependence is actually dependence on the information about the com-
ponent status.

As a candidate model for the living PSA purposes, the model presented in the Nordic reliability data book 7 is
used. This basic standby component model, "q(t) = q0 4- X5t" - model, is applied for the calculation of the time-
dependent component unavailabilities. Where q0 is the time-independent component failure probability, Xs the
standby failure rate.

If a failure is detected or the component is maintained, the basic event must be replaced by an evident basic event
with an unavailability of 1.

The optimization of test intervals is to control the risk impact of the hidden information in the
most acceptable way.

The optimization of Allowed Outage Times (AOT 's) is to control the risk impact of the evident
information in the most acceptable way.

B. Risk measures used in acceptance criteria

Basic risk measures in LPSA application are defined as follows8.

Nominal risk frequency. fn . The risk frequency obtained by the use of nominal or time-average failure probabili-
ties for component and system failures as well as for operator errors and by the use of nominal initiating event
frequencies. If the evident unavailability caused by maintenance and repair is excluded, then a (nominal) baseline
risk frequency is obtained. The nominal risk frequency is the main result of the basic PSA. It is obtained using
nominal values for the basic event probabilities. Component unavailabilities are estimated from the operating
experiences or from generic data sources. Tests and preventive maintenance actions are performed according to
the rules in Technical Specifications. It expresses the core damage frequency of an average plant configuration.

Instantaneous risk frequency, fit). The risk frequency with basic events modelled according to plant status knowl-
edge. In practical terms, the component or system concerned is presented in the model by evident events
(operating <?=0, failed <?=!) and by hidden events (q(t) = unavailability model). If the evident unavailability
caused by maintenance and repair is excluded, then an instantaneous baseline risk frequency is obtained. From
the living PSA point of view, the instantaneous risk frequency f(x(t)) is the basic risk measure. It is a risk
frequency given time (r) and plant configuration (x). For the simplicity, we normally denote it just as a variable
of timey(r) and call it instantaneous risk frequency, but sometimes also as a variable of the plant configuration
fix) depending on which aspect we want to emphasize.

Reference risk frequency. /„ . The risk frequency obtained for the plant configuration where no component is
unavailable due to maintenance or repair events, and all standby components have been recently tested without
any failure indications. The reference risk frequency represents the lowest theoretically achievable risk frequency
with current design to be used as a reference level. The ratio (baseline f(t))lf0 present the efficiency in the test
procedure, figure 1 .
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EVALUATION OF TEST INTERVAL O8KARSHAMN 2
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Figure 1: Risk variation due to an actual test scheme in Oskarshamn 2 NPP .

Cumulative experienced risk. Cumulative experienced risk is

(1)

The cumulative experienced risk represent the experienced accident probability over the observed time interval
or the cumulative risk dose for this interval.

Conditional risk dose. The conditional accident probability or the conditional risk dose is

f flx(t))dt if x is an unavailability

P{CD \x] if .t is an initiating event.

(2)

Nominal risk dose (PJ. In risk assessment the total risk is the probability of core damage over a certain time
interval t, and can be expressed as

P» = V/n. («

where t, is e.g. one year or the remaining plant life time. For reference purposes we define Pa the nominal risk
dose for one year of operation, the yearly risk dose obtained using the assessed nominal risk frequency, /„. as
defined above.

II. QUALITATIVE CRITERIA

A. Qualitative test planning criteria.

Qualitative criteria can be formulated as follows. The tests shall be planned so that considered failures are detected
and introduction of additional failure modes are avoided. The test interval shall be planned taking into account
for known component standby failure phenomena , e.g. lubrication, deposits, corrosion . static loads e.t.c..

B. Qualitative criteria for optimization of LCO in Technical Specifications.

Qualitative criteria can be formulated as follows:

Complete loss of a safety function shall require a immediate shutdown, 24h.
Stogie failure in a safety function and < 100% capacity remaining shall require an immediate repair within
a Short time frame (e.g. 2-3 days).
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Table II: Existing AOT's in three different ABB-BWR.

Con Coollnt
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Corri. Spray
322 CS

RI1R
322. OS in pool coollnt
mode
321 RIIR

CCS

sw

Elect, lupport

Diesel

Gal Turbine

Battery System
IIOV DC

ObNI OfN2 GIN 3
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100*
PM

100*
1 pump

21X1 X
mix
1 pump
PM

200X
100%
1 pump
PM

S 3 Diesels
2 Diesels
1 Diesel

IOOX
dinund faull
W + 50%
SO*

Shut down
3d
304

Shul down
3d
30tt

Shut down
Id
301

Shut down
3d
30d

3d
3W

Shut down
3d
30d

Shut down
3d
1 pump 30d

Shut down
3d
I4d

4h"

30d"
30d"

e) ow nailery capacity, one complete battery, or net voltaic on bus hat
0 ow hanery capacity naif battery
|) f one bus is without vnllnge or is supplied hy batteries only
h) .rtmnt! fault or if any bus is sunplh-J hy rectifier only
1) ow luttery capacity hall Itallcry. on OIK or more buses in maximum IMO trains
}) ow hanery capacity Intr hatiery, ort ooc or more buses in nuximum one tram
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Single failure in a safety function and 200>x> 100% capacity remaining shall require repair within a
Medium long time frame (e.g. 7 days).
Single failure in a safety function and ^200% redundant capacity remain shall require a immediate repair
within a Long time frame (e.g. 14 or 30 days).
Multiple failures in a safety function and shall require an immediate repair within a Short time frame (e.g.
2 days).
Redundant components shall be tested if a failure is detected.

The qualitative approach will always be used in the first place to set the AOT. The quantitative criteria will be
used to verify the qualitative AOT or to form arguments for changing the AOT.

The current TS has been generated based on the qualitative criteria. The Table II show a summary of the current
repair criteria; LCOs, in the technical specifications. The summary has been carried out for three different design
generations of ABB-BWR. The table don't present a complete summary of all repair criteria, AOT's. Criteria
are presented on system level, criteria on train and component level are not represented completely. The
functional configuration is presented on system level. However, several systems contain redundant components
within one train in this case this is shown in the table.

Table III: Qualitative decision criteria for AOT establishment

Inoperability

1 train

2 trains

3 trains

4 trains

Configuration

1x100%

S (2-3 days)

N/A

N.'A

N/A

2x100%

2x50%

M (7 days)

S (2 days)

Shutdown

N/A -

N/A

3x100%

3x50%

L (14-30 days)

M (7 days)

S (2-3 days)

S (2-3 days)

Shutdown

Shutdown

4x100%

4x50%

L( 14-30 days)

L (14-30 days)

S (2-3 days)

S (2-3 days)

Shutdown

Shutdown

III. QUANTITATIVE CRITERIA AND APPROACH

A. Quantitative test planning criteria.

Due to time-dependent probability of hidden failures of standby safety systems, the risk curve has a saw-teeth
shape. The surveillance test of a standby component or system either drops or increases the instantaneous risk
frequency, because certain hidden failures can be shown to not exist or be detected in the tests, figure I3. The
operational management can this way analyze the risks and benefits of the test strategies.

The effect of test interval and possible staggering of redundant tests can be evaluated from the reliability point
of view by time-dependent component failure models 5 .

The criteria to accept a new test scheme is from a quantitative side very simple. The criteria shall set the upper
limit for the instantaneous risk frequency variation. This criteria can or will be determined when enough
experience has been generated from instantaneous risk frequency evaluations. A reasonable level indicated in
the available applications are 4fg. The criterion must be formulated in the form of reference risk frequency since
it is the only risk measure independent of the test procedure.

B. Quantitative criteria for optimization of LCO in Technical Specifications.

The Allowed Outage Times given by Technical Specifications are analyzed by evaluating the risk effects of
alternative requirements. The purpose is to balance the requirements with respect to operational flexibility and
plant economy. Probabilistic Tech.Spec. measures can be used to balance the overall effect of the requirements.
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More safe and economical operational strategies have been studied for test and preventive maintenance
arrangements as well as in the case of failures in safety systems1.

In the report "Risk Measures in Living PS A applications" prepared within the NKS/SIK-1 project different risk
based approaches to generate AOT are summarized. Descriptions of the risk-based approach can also be found
in a report being prepared by the International Atomic Energy Agency 9.

The different approaches are:

Test and maintenance policy contribution
Evaluation of AOTs with respect to operational probability criterion
Allowed outage with respect to an operational probabilistic criterion when repair time is uncertain
Comparison with shutdown risk
Optimization of a definite AOT when repair time is uncertain
Allowed continued operation when the repair is possible only in a shutdown state

We have chosen to apply the combined use of an operational probabilistic criterion and comparison with
shutdown risk

There are two criterions involved in this technique. The first is to formulate basis for setting f^^ to express the
acceptable risk frequency in the shutdown comparison. The second is the operational probabilistic criterion.

We have used the nominal risk frequency to set the facctft. The nominal is a generally accepted risk level.
However one can argue that this acceptance level shali be higher and this is a question for further discussions and
one area to collect more applicational experience.

At Heysham 210 the overall safety guideline includes a principle that the annual risk frequency should be kept
lower than twice the baseline risk. The "10%" criterion is formulated based on this principle, it allow 20 outage
event with maximal AOT .

A criteria for planning of preventive maintenance has been discussed and is considered necessary. Different
suggestions exist. We have defined here a maintenance planning criteria that is set to a 50% increase of fa-lxati,K.
This general maintenance planning criteria give the acceptable risk frequency increase when a redundancy
unavailable due to either preventive or corrective maintenance. The relation to AOT and corrective maintenance
is shown in equation 10. Combined with the qualitative criteria this criteria decide if prventive maintenance can
be allowed. (Possible to justify numerically in 4x100% system)

Evaluation of AQTs with respect to operational probability criterion

First, we consider the risk of the continued operation and omit the shutdown risk. By defining probabilistic limits
for the allowed risk frequency or risk increase frequency, the allowed outage time can be simply evaluated. Let
A^ be the maximum allowed core damage probability of the exceptional operational period. The length of the
allowed outage time is restricted by the equation

/>{core damage in (0,rt]} = (f(x(t))dt < A^, <4>
T)

or ifflx(t)) is constant fix), the AOT can be solved as follows

T < ^L. (5)
* /(*)

A^ is the probability limit, which can be visualized as the area of the risk peak in the risk curve. It should be
noted that the maximum allowed outage time TX is dependent on the configuration.

If we set Ajs to a fraction of /*„, e.g. 10%, we get

r < °'IP" <6)
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This "10% "criterion form the upper limit for the conditional risk dose given by one individual outage event x.
The allowed outage time control bases on controlling time allowed for certain risk frequency level.

Comparison with shutdown risk

Calculations can compare the additional risk due to plant configuration x, outage event x, with the conditional
shutdown accident probability P^M, a condition for the allowed outage is obtained. P^x} should include also
risks of being in a shutdown state as well as the risks at power-up. If the following inequality holds,

[ [ (
tl t>

or for a fixed outage time TR

i
or for a fixed risk frequency increase

A/00-77? < /»„{*}, W

then the component can be repaired without a shutdown.

There may often be other operational alternatives to faster reduce the instantaneous risk than the component
repair. These alternatives should, of course, be accounted in the optimization of the operational strategy.

When the risk in continued operation is compared with the shut-down risk one should also consider the risk
accepted in normal operation (with no known existing failures and no ongoing maintenance).

According to calculations2 the instantaneous core damage risk frequency varies between 1.2-4/,, and the nominal
risk frequency is /„ = 2,28fa. In this application we have applied the maintenance planning criteria. The
acceptable risk frequency increase when a redundancy is unavailable due to preventive or corrective maintenance,
fxccp,-1'5 /, and the acceptable risk frequency increase can be expressed.

1,5/, (10)

The calculations are always made for one (assumed) component failure, x-t, at a time. Note that the results from
the AOT calculations depend on the current plant status and configuration. If tests are performed or if systems
are re-configured the results can be different. This also means that there are measures available to actively affect
the risk level or, possibly, to prolong an AOT in a given situation without having an increased risk. The AOT
is calculated with the following formula:

P lx\AOT = r< 'di> . (ID1 '

AOT(x,) = Allowed outage time, or allowed operational time in configuration x-,
PsnW = Core damage probability for manual shut-down in configuration x-,

f(xt(t)) = Core damage risk frequency in continued power operation in configuration xt
-/„ = 1,5/, = Acceptable core damage risk frequency in power operation during maintenance

IV. CRITERIA TEST

The approach and the criterion has been tested to investigate if useful results can be obtained, Table IV. In the
case when the AOT is decided by the "10%" criterion, the obtained AOT is not risk optimal. In this situation
shall an exemption be considered carefully.
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Table IV: Test of numerical AOT criteria.

Event X

Gas turbine

Battery

Diesel

ECCS pump

A.FWS CCF

AFWS pump

Psd(x)/Psd

:
384

15

9,9

2,6

1,6

f(x)/fo

5,3

299

62

21

112

2.7

f{x)/fn

2.3

131

27

9,1

49

1.2

AOT
(10%)

14

0,24

1,15

3.43

0.64

26

AOT
(«l)

5,7

13,5

2.6

5,9

0,3

CD

Deciding
approach

SD

10% and
qualitative

10%

10% and
qualiative

All agree

Qualitative

RESULTS

AOT

3

1

1

3

sd

14

Exrap
Accept

n

y

y
y

n

n

AOT
(TS)

30

1

2

2

sd

7

Table V: Gas Turbine result comparison .

Event X

Gas turbine failure
detected

Without test of redundant
GT

With tea (base case)

With additional Diesel test

Psd(x)/Psd

1

1

1

f(x)/fo

8,94

5.25

4.74

f(x)/fn

3.92

2.30

2.08

AOTUO%>

8

13.6

15.0

AOTCsd)

l.Sfo

1.9

5,7

7.9

fa

1,6

3.5

4.2

ro

1.3

2.4

2.8

"AOT
NEW"

1

3

3

Exmp

n

n

n

Base case but at the end of
the operating season 1

Base case but with higher
Psd(x)

2

6.5 2.85 10.9 3.4 2.5

5.25 2.30 13.6 11.4 7.0

1.9

4.9

3

7

n

n

The result also indicate the need for a maintainability criteria. The results obtained for batteries in Table III don't
allow for either an AOT or to shutdown the plant. In this case the maintainability criteria should indicate the need
for redesign.

A test case for the Gas Turbine, Table V, show the impact of an extra test of the diesels and also how the result
can differ over the operating season. It is also shown how the use of static PSA Risk Achievement measure
impact on the estimated AOT. The simplification in equation 9 is questionable. To make a true calculation of A£
will probably provide a more correct result.

V. CONCLUSIONS

The procedure for using Living PSA has been developed within the Nordic Project "Safety Evaluation, NKS/SIK-
1". The development has included an extensive effort to collect experience from different countries and to study
various applications described in the literature". Practical demonstrations are carried out within the project to
collect or generate application experience.

A procedure to use the numerical risk measures are established. The criteria required to use the numerical results
are defined, Table VI. However, the numerical level of the criteria is a subject open for continued discussion.
Probability and frequency criteria are not sufficient in complex decision making situations. They might, however,
give guidance or indication about the acceptability of the decision alternative. A qualitative validation will always
be necessary due to the limitations in the quantitative results caused by incompleteness and conservatism.

228



Time-dependent system unavailabilities and common cause failures are not fully modelled in conventional PS As.
The stand-by system unavailabilities are dependent on test arrangements. It is now assumed that common cause
failure phenomena have the same time-dependency as single failures.

Table VI. Summary of maintenance planning criteria.

General principle

The "10% criteria.

The planning criteria

The redesign criteria

Numerical Criteria

2f,

10% of P.

50%. increase of
J* l*ur**<

> ICO/, ——

Allowed cumulative nak dose due
to maintenance over one year

Maximum nsk dose for individual
outage event

General maintenance planning
criteria. Acceptable nsk frequency
increase when a redundancy
unavailable due 10 preventive or
corrective maintenance

Maintainability criteria (single
failure)

Comment

The general principle assuming 20
maximal AOT's over one year

Combined with the qualitative cmena this
criteria decide if prvemivc maintenance
can be allowed. (Possible to justify
numerically m 4x100% system)

Defining the maximal nsk frequency
when a redundancy is unavailable due to
maintenance

The failure data presented in the Nordic reliability data book are based on failure experience generated from
testing. This implies that only the component risk contributor without test effectiveness considerations (q0) is avail-
able in the data. In practice, a simplified assumption is made that the test conditions are equal to the demand re-
quirements — the test is perfect If the test effectiveness is taken into account, the time-dependent component
unavailability model must be changed. The applications discussed in this paper are made with the assumption that
test effectiveness don't cause any major errors in relative applications. This assumption remains to be verified.

10

11
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METHODOLOGY FOR TECHNICAL SPECIFICATION IMPROVEMENT
BASED ON PRA AND OPERATING EXPERIENCE DATA -
APPLICATION TO ALWR PASSIVE PLANTS

A. BASSANELLI
Research and Development Division,
ENEL SpA,
Rome, Italy

Abstract

PRAs for the next generation of passive nuclear power plants have been performed recently.
These PRAs are in the process of being maintained alive and updated with the design. The next step
is to establish a methodology to issue a set of Technical Specifications. These intend to be simplified
specifications with a logical and consistent basis that provide for operating and maintenance flexibility
as well as high safety levels for all plant conditions. To supplement traditional approaches based on
deterministic considerations, the PRA and operational experience data will be used for the definition
of limiting conditions of operation (LCOs), allowable outage times (AOTs) and surveillance intervals
(Sis) for safety systems.

1.0 Background and goals

ENEL has recently performed PRAs for the next generation of passive nuclear power
plants jointly with the Italian regulatory body (ENEA-DISP), Italian architect engineer
(ANSALDO), and the vendors.
PRAs for .SBWR a General Electric 600 MWe plant, AP600 a .Westinghouse 600
MWe plant and PIUS an ABB 600 MWe plant have been recently completed.
Fault tree linking methodology has been applied.
All plant systems have been modeled in detail up to major components (i.e. pumps,
valves, circuit breakers, logic cards etc.) and also outages for test and maintenance ,
based on past plant experience, have been considered.
These PRAs are in the process to be maintained alive by the vendors while the ENEL
will continue to provide the consultant's support for keeping the PRA model updated
with the design.

Next step, now, is to establish a methodology which, basing on the PRA model, and
using data from the operational experience, can lead to a widely accepted
methodology to issue a set of Technical Specifications which, starting from those
used in the actual operating plant, bridges for an innovative concept of Technical
Specifications.
The nature of passive systems offers a unique opportunity to formulate a fresh set of
bases, since technical specifications for existing plants cannot be adopted directly.
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To supplement traditional approaches based on deterministic considerations, insights
from probabilistic risk assessment (PRA) will intend to be used to guide the selection
of limiting conditions of operation (LCOs), allowable outage times (AOTs), and
surveillance intervals (Sis) for safety systems.
Consistent with the design goals of simplification and rugged passive systems, we
intend to obtain a simplified specifications with logical and consistent bases that
provide for operating and maintenance flexibility as well as high safety levels for all
plant conditions including shutdown operation.

ENEL, as affiliated of INPO and WANO, has developed a data bank reporting
information on about 3600 selected malfunctions on nuclear power plants. This data
bank is continuously updated and are available for a fast extraction of information
according defined identification symbols. Our intention is to use those experience
data to justify a sort of relaxation on the Technical Specification aiming to reduce
overburden and not safety-justified work for plant personnel.

The process of constructing a methodology, balancing PRA insights and experience
data for a development of a consistent and logical set of bases for Technical
Specifications, is developed in the context of ENEL participation to the preparation oT"
the EPRI Requirements for ALWR passive plants.

2.0 Bounded conditions

The purpose of Technical Specifications is to establish a set of limits for safe plant
operation (LCOs) designed to maintain plant operation within an envelope of analyzed
conditions.
Analyzed conditions must include all operational modes of plant operation starting
with a flooded refuelling pool and progressing through the operation evolution
necessary to bring the plant to 100% power, then returning the plant to refuelling
conditions with flooded refuelling pool.

3.0 ALWR Passive system design basis and Technical Specification Requirements

3.1 ALWR Passive system design basis Requirements

ALWR passive safety systems shall meet licensing requirements for both prevention
and mitigation of Licensing Design Basis (LDB) events without reliance on active
systems to:
- maintain core inventory,
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- remove decay heat,
- provide diverse reactivity control,
- maintain containment integrity,
- provide fission product control, and
- provide long-term post-accident core cooling.

Licensing requirements shall be met without taking credit for large continuously
rotating machinery, multiple active valves, and AC powered divisions other than
inverter supplied components. Therefore, Technical Specification for this type of
equipment should not be required. The passive ALWR shall not require Technical
Specifications for onsite AC power generators other than DC power used to generate
AC power for instrumentation and control functions.

3.2 ALWR Passive system Technical Specification Requirements

Designed according the above requirements, the passive safety system :

+ makes the operator procedures and Technical Specification less complex and less
interdependent, particularly for emergency conditions;

4 minimizes the number of realignments and related operations required to
accomplish the functions;

+ reduces the need for protective interlocks; and

4 minimizes the required equipment consistent with achieving functional, safety, and
reliability goals.

For purpose of Technical Specification analyses, no operator action should be
assumed for 72 hours following DBA. Operator action before 72 hours, even if
possible, should not be assumed. Operator action after 72 hours should be limited to
simple, preplanned, unambiguous actions that can be performed without restoration
of AC power.

4.0 Technical Specification equipment selection criteria

The following criteria should be used to identify systems and equipments to be
considered for Technical Specification control.
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4 Installed control room instrumentation that is used to detect, and indicate a
significant abnormal degradation of the reactor coolant pressure boundary (RCPB).
This criterion is intended to ensure that Technical Specifications control those
instruments specifically installed to detect excessive reactor coolant system leakage,
as basic concept to prevent accidents allowing operator actions to either correct the
condition or to shutdown the plant safely, thus reducing the likelihood of a LOCA.

4 Process variables that from analyses can be used to detect a challenge to the
integrity of a fission product barrier. As basic assumption for providing adequate
protection of the public health and safety is that the plant is operated within the
bounds of the initial conditions assumed in the existing DBA analyses or transients
analyses

+ A system or component that is part of the primary success path preventing core
damage and which, by design, functions or actuates to prevent or mitigate a DBA or
transient. Primary success path can be defined from the event trees sequences,
where the frontline systems, function and components and related supporting and
actuating systems are sufficiently identified.

5.0 PRA applications

Among the several Technical Specification requirements, only Limiting Conditions for
Operation (LCOs) and Surveillance requirements are amenable to PRA. Even within
these two categories, PRA techniques are suitable for addressing only portion of the
current Technical Specification requirements. Many of the Technical Specification
requirements in these categories such as shutdown margins, control rod response
times, pressure, temperature, and power distribution limits are not the type of
requirements that PRA is suited for.
Despite these limitations, the application of PRA techniques to Technical
Specification has the potential to provide benefits such as application of a systematic
approach for establishing AOTs, and surveillance intervals (Sis) and a more
technically supportable basis for them.
Additionally, a consistent set of criteria developed using these technique would
provide the basis for optimizing both utility and regulatory resources. It would also
allow concentration on those items that are most risk-significant while
simultaneously allowing more operational flexibility when risk is shown to be
acceptable.
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The PRA level 2 analysis, covering only sequences beyond the design bases, will be
used as verification to impose additional Technical Specification requirements to
systems or components which contribute to mitigate sequences having very low
frequency, but very large consequences to the population (for example standby liquid
control system in BWR plants).

6.0 Technical Specification Requirements for AOT Determination

The primary objective of the Technical Specification requirements for AOTs, is to
define a position for the relationship between Technical Specification and defense-in-
depth systems acceptable to both industry and regulatory body.

Defense-in-Depth systems are those active systems whose operation could terminate
a DBA or transient without requiring operation of a passive safety system or whose
operation could compensate for unavailability of a passive safety function, but should
not be treated as redundant or back-up safety system functions.

As example, for purposes of Passive PWR Technical Specification, the following
systems are defined as passive safety systems: Core Makeup Tanks (CMT),
Automatic Depressurization System (ADS), Accumulators
Passive Residual Heat Removal (PRHR), In-Containment Refuelling Water Storage
Tank (IRWST), and Passive Containment Cooling System (PCCS).
while the following systems are defined as defense-in-depth systems: Startup
Feedwater System, CVCS Makeup System,
Normal Residual Heat Removal System (NRHR), and Diesel Generators.

A regulatory body criterion requires:
"the Technical Specifications include limitations and conditions for reactor operations
that address significant contributors to the plant's overall core melt probability and
risk as identified in risk evolution {i.e. PRA)".

From a PRA perspective the unavailability of certain defence-in-depth systems (e.g.
CVCS charging, back-up feedwater, NRHR and Diesel Generator for Passive PWR)
cause about the same increase in Core Damage Frequency (CDF) as the loss of a
train of a passive safety system...
in addition from a functional perspective, defense-in-depth systems have the
capability to terminate certain transients and accidents before plant parameters
exceed actuation setpoints for passive safety system actuating, thereby preventing a
depressurization event or other challenge to the passive safety system.
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The regulatory body attributes importance to defense-in-depth systems because of:
(1) their functional capability, (2) PRA considerations, and (3) a lack of confidence in
the reliability of passive safety systems.
As a result the regulatory body position is that a "Regulatory Oversight" of Defense-
In-Depth systems" is necessary.

Industry position is that non-safety defense-in-depth systems should be excluded
from Technical Specification.
An approach could be that defense-in-depth systems would not require Technical
Specification consideration if a CDF < 1 .OE-4 events/year is obtained from a PRA
sensitivity study performed without credit for the defense-in-depth systems.

AOTs for passive safety systems should be evaluated based on availability of
defense-in-depth systems. That means the current PRA should be used.
The availability for a defense-in-depth systems should be evaluated considering also
the availability of the supporting systems. For example for NRHR availability
evaluation also the availability of its support systems such Service Water and
Component Cooling Water should be considered.

In PRAs recently performed, AOTs are based on functional similarity between passive
plant safety systems and systems included in standard technical specifications for
current plant. For example, the passive PWR CMT performs a function similar to a
high pressure safety injection system train for existing PWR plants. Therefore the
same AOT required in Standard Technical Specification for high pressure safety
injection was used.
Risk evaluation should be performed to verify that the assigned AOTs do not
collectively cause an undue increase in risk determined by PRA.

Defense-in-depth systems are not included in Technical Specification, however,
unavailability of defense-in-depth systems concurrent with inoperable passive safety
systems should be appropriately accounted for in technical specifications by reducing
the Technical Specification AOT allowed for passive safety systems when defense-in-
depth systems are not available.

6.1 AOT Determination

Technical Specification AOTs for passive safety systems action statements shall be
limited by functional capabilities of non-safety de'fense-in-depth systems in
accordance with the following guidelines:
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a) Fixed maximum AOTs shall be determined for appropriate passive system LCO
action statements:

- The maximum allowed AOT shall require availability of all defense-in-depth
systems,

- The reduced AOT will be in effect whenever defense-in-depth systems are
not available,

- The reduced AOT will be determined by using the combination of the single
passive safety system train which is unavailable and assuming the two most limiting
defense-in-depth systems are unavailable.

b) If the total number of unavailable defense-in-depth systems considered collectively
is more than two, then the AOT for the applicable passive safety system LCO action
statement shall be zero.

c) The AOT associated with the unavailability of a systems or components will be
determined using the following guidelines:

- An allowable accumulated downtime is determined using the following
-relationship:

A CDF• T < L

Where:

T is the cumulative AOT during a one year interval, i.e., the duration of time that the
system or component is permitted to remain out of service expressed as fraction of a
year.

ACDF is the increase in the plant's core damage frequency as result of the
unavailability of a system or component,

L is a dimensioniess fixed limit representing as allowable accumulate risk due to
downtime of a system or component.
The constant "L" represents the highest acceptable core damage frequency
integrated over the duration "T" which is specified by the AOT. The limit "L" should
be < 1.0E-6.

- To account for more than a single downtime for an system or component,
the technical specification AOT will be determined by the following relationship:
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AOT = T / r
where:

r is the number of annual downtime occurrences on which the AOT is based. This
relationship provides a methodology of converting "T", which is a measure of
cumulative time, to a traditional AOT.
Experience data will be utilized to estimate an appropriate value for "r".

d) AOTs for passive safety systems shall not exceed 30 days or be less than three
days. Discreet time increments of 3 days, 7 days, 14 days and 30 days shall be used
for AOT. For calculated AOTs between two of these discreet time increments, the
lower value shall be used.

6.2 Conditional AOTs

Some AOTs determined by PRA methods will also depend upon which other systems
or components are unavailable at the time a system or component is declared
inoperable. To account for cases when other system or components are unavailable,
a single, AOT specific, combination of systems or combinations should be used for
determining each conditional AOT. The event trees from PRA will be used to
determine the minimum sets of operable systems or components. This will minimize
the number of combinations to be evaluated and seek to establish a single bounding
set that provide reasonable operational flexibility.

6.3 AOT Extension: Process for change or temporary relief

A process for change or temporary relief to the Technical Specification would allow
utility management to respond to unique plant situations without excessive delays.
The criteria need to ensure that such changes or relief would not adversely affect
plant safety, e.g.., they would be infrequent, and would involve an increase in risk
beyond a CDF defined goal (1.0E-4 event/year including internal and external
events).
The process shall provide a sufficient basis for identifying those changes or
temporary relief which can made with notification to the Regulatory Body but
without prior concurrence of the Regulatory Body.
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7.0 Surveillance Intervals

Initial baseline Sis have been established using reliability experience data. As gross
rule Sis of one month, three months and refuelling time have been applied in the
recent PRAs.
Definition of longer Sis is a large time consuming task, where the PRA tool is
extensively. To find a good balance between longer SI and longer AOT, a long trial-
error process with many sensitivity computer runs are necessary.

8.0 Support systems

Because of the extensive use of passive features, reliance on support systems is
significantly reduced. As a rule, where support system considerations are important,
they will be contained in the specification associated with the supported system.
In most cases, supported system parameters will cover the required functions of the
support system.
In other cases, such as where a more significant system provides a primary support
function, such as DC electrical power, a separate specification will be retained.
However, such specification will be self standing. For instance, the safety DC
electrical power specifications will take into account their effect on safety systems,
therefore, if a safety battery is declared inoperable, additional specifications need not
be entered.
The definition of operability embodies the principle that a system can perform its
function(s) only if all necessary support systems are capable of performing their
relate support functions.
Support functions which are always required will be contained in the Technical
Specification for the supported system.

9.0 Technical Specification for Shutdown and Refuelling conditions

Technical Specifications should include all modes of plant operation and therefore
also shutdown and Refuelling events.
A dedicated PRA analysis has been performed to identify shutdown risk and
vulnerabilities, and a minimum set of requirements for equipment availability and
cooling water inventories have been determined.
The same methodology beforehand described for AOT determination should be
applied in presence of shutdown and Refuelling conditions.
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In PWR plants, for example, Technical Specification limitations should be placed on
operations at reduced RCS coolant inventories, and requirements should be
established for operability of passive safety systems.
No Technical Specification Surveillance Requirements will be established to determine
the functional capability of active decay heat removal and its support systems.

10.0 Experience data application

It is progress a study to identify how the experience data can be used to establish a
set of Technical Specification more relaxed. The process shall start searching for the
violations to Technical Specifications and analyzing their risk based consequences
and their applicability to the Passive Plant Technical Specifications. A goal is to
identify a lower range of variability for AOTs and Sis, and therefore to reduce the
number of PRA sensitivity analysis required to optimize the Technical Specifications.
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Abstract

An approach for the risk-based optimization of limiting conditions of
operations (LCOs) - allowed outage times (AOTs) and action statements -
given in Technical Specifications (TechSpec) has been developed and
applied for electric power supply systems of TVO nuclear power plant Our
paper includes bases for present TechSpec, review of methods and criteria
used for optimizing TechSpec in other countries, discussion on the
deterministic - often conservative - criteria given in Final Safety Analysis
Report (FSAR) versus more realistic criteria used in Probabilistic Safety
Analysis (PSA), risk variables to be considered when defining new LCOs
and resolution flow diagram showing the different tasks of risk-based
approach. A feasible approach includes following tasks: (1) Perform a
consistent, realistic PSA-based evaluation of AOTs, (2) Prepare a sensitivity
analyses on the influence of the success criteria (FSAR versus PSA), (3)
Identify those cases where Level 1 PSA is not fully representative and try to
evaluate those by bounding calculations to Level 2 risks, (4) Select AOTs
from discrete categories such as 8 hours, 1 day, 3 days, 7days and 30 days.
(5) In specific cases keep the AOT based on deterministic criteria. Examples
of the developed approach based on TVO TechSpec are presented. Present
status of this and similar other studies to optimize TechSpec in TVO is
explained

1. INTRODUCTION

An approach for the risk-based optimization of limiting conditions of
operations (LCOs) - allowed outage times (AOTs) and action statements -
given in Technical Specifications (TechSpec) has been developed and
applied for electric power supply systems of TVO nuclear power plant A
level 1 PSA including internal initiators, internal floods and fires and low
power events was performed during years 1984-1992 and was taken into
living use in 1992 [SEPRA].

241



TVO I/n nuclear power units are operated by Teollisuuden Voima Oy
(TVO) in OIkiluoto, Finland. The two 710 MWe BWR-units have been
supplied by ABB Atom (former Asea-Atom). TVO I connected first time to
the grid in September 1978 and TVO H in February 1980, respectively.

TechSpec requirements for electric power supply system (EPSS) are based
on an US experience, namely RegGuide 1.93, version 1974, for a plant with
2*100% safety system design. These regulations have been modified based
on engineering judgement and some probabilistic analysis to fit for the TVO
]/n with 4*50% safety system design. RegGuide 1.93 is applied to a electric
power supply system (EPSS) which is designed according to general Design
Criterion 17. It means that the following has to be fullfilled in the design:

two power supplies from external grid and
redundant internal power supply (both AC and DC).

The plant operators have found some of the requirements too restrictive and
part of the requirements may not be beneficial for safety. Also the
requirements seem not to be consistent from risk point of view. The aim of
the project is to optimize and balance the LCOs given for EPSS and not to
limit only to relaxations. Also the configuration contributions, i.e. situations
when components in different subsystems are out of operation at same time,
will be handled.

The developed approach for the risk-based optimization of LCOs includes
also two important aspects which must be taken into account, namely

1. the effect of non-safety systems which are included in the PS A but are
not regulated in the TechSpec

•**

2. the effect of using deterministic - often conservative - criteria given in
Final Safety Analysis Report (FS AR) versus more realistic criteria used
in Probabilistic Safety Analysis (PSA).

These two aspects have not been discussed widely earlier.

This project is a continuation of efforts put to optimize the TechSpec
PAEA/TVO] and has being conducted as a joint effort by Avaplan Oy, ABB
Atom AB and TVO.
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2. DESCRIPTION OF ELECTRIC POWER SUPPLY SYSTEM OF TVO I/II

EPSS of TVO I/II is connected to the 400 kV net via main transformer and
to the 110 kV net via two startup transformers. The auxiliary power system
(onsite) is divided into safety-related and non-safety-related systems, in
accordance with the requirements on the process systems to be supplied with
the power. The distribution network is divided up into four separate sections
(sub A, B, C and D). This division is consistently pursued for the power
supply to motors, control equipments, etc. throughout the power plant Four
diesel-generating units provide on-site standby power supply. DC systems
and battery backed AC systems supply power to control equipment, valves,
etc. In order to enhance the on-site standby power supply a cross-connection
between diesel-backed busbars of unit I and n was installed in late 1980's.

Preventive maintenance during operation is allowed for diesel-generating
units and certain safety systems belonging to the same sub, but the time is
limited to 3 days per year in each sub. In case of a total overhaul of diesel-
generating unit a 7 days preventive maintenance period is allowed. After
purchase of a spare diesel-generating unit the unavailability time can be
reduced by change of a total DG-unit to 3 days. Period for this total
overhaul is approximatelylO years.

3. TECHSPEC BASED ON DETERMINISTIC AND
PARTLY PROBABILISTIC CRITERIA

Generally all the primary and secondary safety systems are included in the
TechSpec with the minimum system capacity as defined in Final Safety
Analysis Report (FSAR). This means normally that 2 out of 4 trains shall
operate when necessary. A single failure together with preventive
maintenance in an other sub still meets the FSAR criterion.

The first probabilistic calculations in 1976 based on simple system level
reliability analysis gave AOT in the order of 3 days or less for a single failure
event in the containment vessel spray system. In those simple calculations no
Common Cause Failures (CCF) were included. First PSA including CCF for
Forsmark 3 NPP was performed during the years 1977-1978. Generally the
results of the study, which were used also for defining TechSpec for TVO
I/n, showed that in case of single failures in safety-related systems 30 days
and in case of douple failures 3 days AOT is acceptable. In case three or four
subsystems are inoperable, cold shutdown has to be reached within the next
24 hours.

243



The AOTs (30 days and 3 days) given in the previous paragraph are applied
for example to the auxiliary feed water system (system 327) and to the
diesel-generating unit (system 653). AOTs for electrical power supply
systems are generally shorter than for process systems, for example in case
of DC electrical power subsystem failure the 8 hour AOT is valid before
obligatory change of operation mode to hot shutdown; cold shutdown has to
be reached within the following 8 hours.

4. PROBABILISTIC EVALUATION BASED ON
FSAR CRITERIA OR PSA LEVEL 1

The basic objectives in a PSA-based analysis and modification of TechSpec
requirements can be summarized as follows:

to assure that any changes in TechSpec do not compromise the basic
intent of TechSpec in assuring margin of safety during normal and
accident conditons,

to obtain a quantitative assessment of the risk impact of the changes and
to provide a quantitative basis as a justification, and

to make it acceptable and defensible to regulatory
authorities.[IAEA/WD3

Limitations given in the TechSpec define a minimum condition for the safety
systems which is used in the transient and accident analyses of FSAR. These
analyses are divided to three groups:

1. Anticipated operational transients, probability not less than 1 .OE-2/ year
2. Postulated accidents, probability less than l.OE-2/year
3. Severe accidents

FSAR analyses are based on very conservative assumptions compared to
PSA analysis where best estimates are used. In PSA the success criteria is
normally defined so that fuel temperature remains under 1204*C. Also the
end states of different accident sequences can vary from fuel cladding
failures to core meltdown. When no specific attention is given to this
subject, then all failure states are handled at an equal risk level; this might be
conservative. On the other hand if fuel cladding failures are not included then
the defined AOTs might not be in line if economical point of view is
considered.
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As mentioned earlier the requirements given in TechSpec are based mainly
on success criteria given in FS AR. However results of accident sequence
calculations with modified conservative success criteria (FSAR criteria) and
exclusion of non-safety systems which are not regulated in TechSpec from
PSA-models may be meaningless Le. difficult to interpret and impossible to
use as a basis for conclusions. For example external events like fires may
with some probability render inoperable two safety systems. This together
with conservative 2 out of 4 success criteria makes optimization of the
TechSpec requirements incorrect. Even though optimization of the
requirements with existing models seems to be adequate the effects of
modified success criteria and exclusion of non-safety systems have to be
assessed.

A feasible approach for optimization includes following tasks:

1. Perform a consistent, realistic PS A-based evaluation of AOTs.

2. Prepare a sensitivity analyses on the influence of the differences between
FSAR and PSA assumptions regarding success criteria and crediting of
non-safety systems.

3. Identify those cases where Level 1 PSA is not fully representative and
try to evaluate those by bounding calculations to Level 2 risks.
Following safety functions or initiating events are examples on those
cases where checking is necessary: pipe rupture outside containment,
recombining of containment atmosphere, containment and reactor
building as a barrier against radioactive releases.

4. Select AOTs from discrete categories such as 8 hours, 1 day, 3 days, 7
days 30 days.

5. In specific cases keep the AOT based on deterministic criteria.

The following conclusion can be drawn: the AOTs should both be in
conformity with FSAR criteria and produce an acceptable risk impact as
calculated by PSA and realistic success criteria.

The results of example calculations concerning FSAR criteria and realistic
PSA criteria are presented in Table 1. Event tree Te, the loss of external
grid, was chosen for the calculations to determine the core damage risk
profile variation. The main idea was to examine, if the relative risk increase
is at a same level. FSAR-1 calculation has been done strictly following the
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Table 1 FSAR-PS A comparison concerning Risk
increase factors for selected LCO states.

LCO state

1*AFP
2*AFP
1*DGA
2*DGA
1*672

Current
AOT

fdays]
30
3
30
3
0

Increase of core damage risk
FSAR-1 FSAR-2 PSA-TE

N/A N/A N/A
N/A N/A N/A
3,52 2,07 1,08
59,0 33,1 1,61
6.14 7,51 2,52

Increase of
fuel damage

risk
PSA-ALL

1,38
3,69
1.07
2,56
1.35

lOOjOO

10X30

TAFP 2'AFP TDGA 2'DGA T672

original FSAR design criterias, FSAR-2 includes the cross-connection of
the diesel backed buses between TVOI and II and PSA-TE is the realistic
model. Failure cases considered are 1*327,2*327,1*653,2*653,1*672
(auxiliary feedwater system(327), dieselgenerating unit(653), 110VDC
busbar(672)). For example 1*327 means that one train of system 327 is
unavailable. FSAR calculations are limited to initiating event Te and failure
situations of EPPS.

The results of FSAR-1 and 2 are both conservative. However it can be seen
that the present AOTs seem to be suitable also according to these
conservative calculations. For checking purposes increase of fuel damage
risk including all initiating events is presented. Here we can see that the
inclusion of cladding failures has some effect, but it Seem not to be
significant.
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5. RISK VARIABLES TO BE CONSIDERED

Shortly defined, the primary measures needed for a risk-based AOT
assignment are the following. The risk is here associated with the core
damage frequency (CDF) as quantified in the so called PS A Level 1.

Risk increase factor

Baseline (5.1)
where
fx - Conditional risk frequency in failure state X
^Baseline = Baseline risk level, i.e. the risk frequency in the normal power

operation state excluding known downtime in safety systems
such as repair, maintenance or temporary test disconnection

Cumulative risk over predicted repair time
r

Cx « Jda[fx (a) - feaseline ] (5.2)
a=0

where
a SB Time variable counted from entering failure state X

Usually the strict time dependence of risk frequency can be omitted, and the
average in the given operational state can be used. Thus, a reasonable
approximation in practice is Cx = [fx~%aseiin«J-r> where r is the predicted or
actual repair time.

Operating risk over AOT

CAOT(X) -[fxW-feaselinejAOTfX) (5-3)

This corresponds to the cumulative risk over the given AOT, representing
maximum allowed risk for the continued power operation in the failure
situation. It is often called as "Operating AOT Risk".

Expected risk per failure situation
eo

Rx = ]da[fx (a) - fe^^ ].prsx (a) (5.4)
a=0

where
prs^a) = Complementary probability distribution of the repair time for a

given failure state X
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As stated above, the average risk frequency can often be used in the given
operational state, i.e. approximately Rx = l?x-fBaseiinJ-ax» where ax is the
mean repair time.

Delta-CDF. addition in the long term average risk

ACDF=XX.RX (5.5)
where
Xx = Frequency of failure situations of class X

Delta-CDF is needed for the consideration of the risk impact of recurring
faults of a given class (noted also by X). It incorporates the frequency of
failure occurrences, as opposed to the other risk measures presented above,
which describe one-time risk. If the frequency of failure situations is
presented in units [/yr], the derived delta-CDF, often called as "Yearly AOT
Risk" can be compared with the (annual) core damage frequency.

LCO shutdown risk

The above risk measures are all concerned with the risk of being in the
power operation state, given a failure of a safety system. For part of the
failure situations, the LCO action statements require a prompt shutdown of
the plant Similarly, if the repair cannot be completed within the given AOT,
plant need to be shutdown. In most cases the shutdown requirement means
that the cold shutdown state need to be reached in a given completion time.

The LCO shutdown risk may be substantial, and comparable to the operating
risk, especially if the failure affects systems which are needed when shutting
down or in the shutdown states, such as decay heat removal systems
[TVO/RHRS, NUREG/CR-5995]. Similar risk measures can be calculated
for the LCO shutdown as defined above for the continued power operation
alternative. The crucial point is to compare these risks. The primary focus is
on the comparison, whether the cumulative risk over AOT is smaller than the
LCO shutdown risk, because this result justifies the AOT.

In most part of failure situations the LCO shutdown risk is small, which
means that the AOT need to be considered with respect to whether the
operating risk impact is acceptable as such. The possible criteria for defining
AOTs will be discussed in more detail in the next section.

248



6. RISK BASED DEFINITION OF AOTs

The following list gives a short overview to other development work and
approaches:

• In France, a risk criterion limiting the integrated risk over AOT below
IE-7 (single occurrence risk), was established already about ten years
ago.

• In the USA, the most recent bigger venture was concerned with
TechSpec modifications for the South Texas Project plant
[STPA_B92]. In addition to trade-off approach, the proposed AOT
extensions were defended by considering a delta-CDF impact of 10%
acceptable (applied to each single AOT change disjointly).
Acceptability of sum impact was not discussed.

• In Germany, the TUV has developed AOT guidelines, which combine
deterministic approach with reliability considerations at the safety
function level [KTA-1407], The plant level balance is aimed to be
achieved by tuning the AOTs among systems according to the demand
frequency of different safety functions.

• In the United Kingdom, a risk-monitor approach called Essential
Systems Status Monitor (ESSM) has been implemented at Heysham 2
[ESSM_90]. In contrary to the other approaches, the applied criterion
is concerned with the control of high risk states, by using the
unavailability increase factor for the RHR function. Acceptable
conditions with unavailability increase less than a factor of 10 are
considered "normal maintenance". Unplanned conditions with
unavailability increase from a factor of 10 to 100 are considered
"urgent maintenance", and, and can exist on a temporary basis up to a
limit of 36 hours. Unacceptable conditions with unavailability increase
above a factor of 100 require either a short term action to restore a
safer condition or to undertake a controlled reactor shutdown.

Based on the earlier development done in [NKA/RAS-450], and the
resolution process presented in Ref.[STPA_B92], a compound criterion for
AOTs is outlined in Fig.l. It is aimed to more consistently cover the different
risk aspects as compared with the "single-risk type" approaches summarized
above. The most important added elements are:

1) Consideration of LCO shutdown risk; if it is substantial, a reasonable
AOT is directly motivated; net risk impact can still be influenced by
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Figure 1 Resolution flow diagram for risk-based definition of AOTs.



details of the action statements such as assuring redundant operation
paths, and timing and target state of the LCO shutdown for longer
repairs

2) Risk increase factor is considered at the initial screening stage for
safety significance; risk increase factor is considered also when
assigning AOTs for the failure situations of large risk impact; the AOT
should be a decreasing function of risk increase factor in the similar
fashion as in ESSM approach; this use of risk increase factor
effectively incorporates a flavor of deterministic approach

3) For significant LCO states, where shutdown risk is small, the
determining risk variable is the situation specific risk; however, the
overall net impact as measured by sum delta-CDF, need also be
acceptable; this incorporates the control of LCO state occurrences
which is highly desirable

No numeric thresholds are presented at this stage, because different working
criteria are still under consideration.

The details of the compound criterion will be illustrated in the next section in
light of the example cases.

7. SAMPLE CONSIDERATION

The comparison of the key risk variables for LCO states is illustrated in
Fig.2, in failure situations of 1*327,2*327,1*653,2*653,1*672 (auxiliary
feedwater system(327), dieselgenerating unit(653), 110V DC busbar(672)).
The scatter diagram is produced by using the following key variables on the
axes:
X-X = Frequency of failure state X (7.1)
RX = Expected risk while in the LCO state per failure situation X

Contributions to the delta-CDF are also shown in the frequency-risk diagram
by the lines representing an equivalent addition in the average risk. Generally,
the individual delta-CDF contributions are small. Main focus is hence on
controlling the sum delta-CDF over all AOT cases. For comparison, there is
also shown the contribution of the scheduled preventive maintenance during
power cycle (DG-PM). It need to be emphasized that at the TVO, the
preventive maintenance is covered by a specific down-time budget, i.e. AOTs
are restricted to the repair of random failures.
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Figure 2 Frequency-risk diagram of LCO states.

In order to obtain plant specific data about the frequency and duration of
LCO events, the TVO experiences are being reviewed for the ten-year period
from 1983 through 1992. This is considered important especially due to
lacking information about non-critical failures in the available PSA data. For
some components, they may contribute significantly to the frequency of LCO
states, and to the corresponding fractional downtime, as illustrated for DGs
in Table 2.
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Table 2 LCO event data for dieselgenerators,
TVOI experience 1983-92. The fractional risk contribution is calculated with the PS A
Level 1 model including fuel cladding failures.

Unavailabilty mode

Repair of critical failures

Repair of non-critical failures

Scheduled preventive
maintenance during power cycle

Sum

Frequency
[/yrl

3.1

0.8

4

7.9

Mean down-
time [hours]

11.3

2.4

72

Fractional
downtime

4.00E-3

2.19E-4

3.29E-2

3.71E-2

Fractional risk
contribution

0.028%

0.002%

6.14%

6.17%

Notes: 1. The frequency of failure situations, fractional downtime and risk contribution represent the
sum over all four diesel generators per plant unit.
2. The risk contribution of the scheduled preventive maintenance includes also the influence of
the maintenance done at the same time for the corresponding trains in the auxiliary feedwater
and core spray systems (327,323).
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8. STATUS OF TECHSPEC STUDIES, FUTURE AND SUMMARY

In the early 80's several studies were done [TVO/EXPER, NKA/RAS-450]
to be finalized in early 90's [TVO/RHRS]. Based on the results obtained
from these studies, appropriate modifications to the TechSpec has been
applied from the authority years ago, but the decision is still under
consideration.

The ongoing study on electric power supply systems should be finalized in
the beginning of 1994. Appropriate modifications to the TechSpec shall be
applied in due time.

The developed approach for the risk-based optimization of LCOs includes
two important aspects which must be taken into account, namely

1. the effect of non-safety systems which have been included in the PS A
but are not regulated in the TechSpec

2. the effect of using deterministic - often conservative - criteria given in
Final Safety Analysis Report (FSAR) versus more realistic criteria used
in Probabilistic Safety Analysis (PSA).

The following conclusion can be drawn: the AOTs should both be in
conformity with FSAR criteria and produce an acceptable risk impact as
calculated by PSA and realistic success criteria.

The results are expected to produce an improved balance between the safety
requirements and operational needs.
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Abstract

Reliability Centered Maintenance (RCM) is a systematic methodology to identify efficient
activities to prevent potential component failures. Several RCM pilot studies have been successfully
performed but it is generally recognized that further improvements are needed. Last year the
Polytechnic University of Valencia, together with Cofrentes Nuclear Power Plant started a pilot
project whose objective was to develop an integrated RCM tool. This tool should be able to use PSA
results in the first stages of the process. This paper presents the state of this work and outlines further
developments.

I. INTRODUCTION AND OBJECTIVES.

The main objective in performing maintenance activities on components from
both safety and production systems for a NPP is to know whether the component is in
a good condition or instead to adopt corrective measures to restore the component
operability when it is found in a degraded condition.

Reliability Centered Maintenance (RCM) is a systematic methodology to identify
applicable and efficient activities to prevent such components from potential failures
which could bring them to such a degraded condition.

Up to now several pilot studies on RCM have been successfully developed (i.e.
by EPRI, NRC, EDF, Tokyo Electric Power), but the need for further improvements in
this methodology is recognized as stated in previous IAEA technical meetings [1].

Later last year a pilot study between the Polytechnic University of Valencia
(UPV) and the Cofrentes NPP was started which should encompass with the following
topics:

1) Development of an integrated RCM tool, based on a PC computer, which could
help the analyst through every step of the RCM analysis. This tool should ensure
consistency in database management, consistency in format and level of detail
among the analysts and simplicity in its use.
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2) Use the PSA level 1 results for the Cofrentes NPP in the first stages of the RCM
methodology.

3) Bring additional experience on RCM application for a safety system in a NPP.

The objective of this paper is to present the state of this work and to identify
future developments.

II. MAINTENANCE OPTIMIZATION APPROACH.

The maintenance optimization approach followed in this work is similar to that
of the standard RCM methodology as known in the nuclear industry [1], where several
improvements have been introduced in relation to:

1) Develop an integrated PC computer based RCM tool.

2) Use the PSA level 1 results in some stages of the RCM methodology.

Figure 1 summarizes the steps to be carried out following this methodology. Two
main modules are highlighted:

1) Risk and Economical Focused Maintenance (REFM), which tries to identify those
components and their failure modes with high significance from the risk and
economical point of view for the plant, and

2) Reliability Focused Maintenance (RFM), which tries to identify dominant failure
causes for above important components and then selecting maintenance activities
for either predicting or rm'nimizing the occurrence of each failure cause.

PSA level 1 results are important within the first module in order to establish the
component failure modes significance from a risk point of view when safety related
systems are analyzed. A similar approach could be used in studying production systems,
taking into account the electricity generation capability and how the component failure
modes impact on it.

In addition, the effort in conducting several tasks in the second module is
drastically reduced because they have been partially realized within the PSA scope. In
particular, it concerns:

1) Find out catastrophic failures and their causes from plant history.
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2) Identify surveillance requirements and preventive maintenance activities which are
being conducted on plant components.

3) Study how corrective maintenance affected plant safety.

III. INTEGRATED RCM TOOL BASED ON A PC COMPUTER.

As shown hi Figure 1 several modules must be included into the methodology in
addition to the REFM and RFM ones. They concern information management. In
particular, Plant Information includes information about reliability data (i.e. PSA level
1), component failures and maintenances history and generic reports such as guides,
procedures and so on. In addition, an specific RCM Information module is needed, which
includes the RCM data base.

To help in both objectives, information management and RCM assessment
procedure, it was seemed necessary to use a computer based tool. With that in mind we
are developing an integrated PC based tool which in a future should directly interface
with the plant information through the I/O Data Interface. Now, this interface creates
and places information within the specific RCM Information Data Base (see Figure 2).
In addition, several computer codes, grouped into the I/O User Interface, help to
manage the above relational data base and to carry out the assessment procedure.

Above codes are being developed using the programming language "C" for the
Microsoft Windows 3.1 environment and tested in a PC 486i computer running under the
operating system MS DOS 5.0. Figure 3 shows the user main window.

IV. USING THE PSA TO IDENTIFY RISK CRITICAL EQUIPMENT.

The system prioritization module (SP) was not considered in our work because
we selected the RHRS (Residual Heat Removal System) for this pilot application. The
main reasons were:

1) To have the PSA level 1 for the plant (RHRS is a safety-related system).

2) Its complexity in terms of number of components, subsystems and operational
modes.

Since the RHRS main concern is plant safety, the RCM analysis was focused on
the plant risk more than on its economical impact. So, we limited the scope of this pilot
study to the Risk Focused Maintenance. With that in mind the PSA level 1 results for
the Cofrentes NPP was considered to be appropriated to measure how component
failures impact on this risk and to identify risk critical equipment. This method help to
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achieve a more accurate ranking (quantitative) for important equipment in the system
instead of the qualitative ranking achieved by means of the standard FMEA (Failure
Mode and Effects Analysis) used up to now.

Many previous studies focused the system reliability as the risk measure used to
identify critical equipment. However, since safety-related systems often work under
different operational modes (i.e. RHRS), depending on the initiating event and
accidental sequence, their components impact on system reliability in a different manner
too. So, all operational modes for the system should be taken into account to find out
above critical equipment. Core Melt Frequency (CMF) was selected as the risk measure
in this pilot study because it takes into account all these operational modes
simultaneously and allows to obtain the risk-based ranking.

Furthermore, our approach could be used to study production related systems.
Also, the risk-based ranking could be combined with an economical-based ranking to
identify critical equipment, which is one of the main objectives of our future work.

As previously mentioned, PSA results are not directly used. Instead, several
simplifications have to be done. Firstly, only the dominant sequences to the CMF from
those delineated in the PSA are retained for the RCM application.

Secondly, only those safety functions which include the operation of the system
under study are considered in depth through their logic trees while only an event
representing the function failure is adopted otherwise. When developing the first sort of
safety functions only the system of interest under several operational modes is considered
as it is done within the PSA, using their logic tree to assess the system unreliability in
terms of basic events (failure modes for components, unavailability due to tests and so
on). Otherwise, only an event representing the system unreliability is used.

In this way a simplified CMF model is achieved where resulting events and fault
trees have to be solved in terms of Minimal Cut Sets (MCS). By using several codes
developed by us and based on expansion-reduction of boolean equations the results are
verified with those obtained from the PSA.

After that, using these simplified equations hi terms of MCS the critical
equipment selection step is realized. The Fussell-Vesely importance measure is adopted
to obtain the critical equipment ranking. Because this simplified model four different
groups of events are derived:

Header events in accidental sequences and initiating events.
No developed TOP events for systems different from that of interest.
Special events including, for instance, human actions.
System basic events.
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Table 1: Risk-based ranking according to the Fussell-Vesely (F-V) importance measure.

Num

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Name

C002
F018
K3
N658
F042
F064
K112
K115
K18
K23
K24
K28
K70
K9
K31
N052
K94
K21
K25
K26
K27
K125
N652
N058
F031
F041
F039
S63
S44
F027
27-1
PS 11
F028
F037
F004
F029
F105
PS2F

Type

Motor-driven Pump
Hand Valve
Relay
Transmitter
Motor-operated Valve
Motor-operated Valve
Relay
Relay
Relay
Relay
Relay
Relay
Relay
Relay
Relay
Transmitter
Relay
Relay
Relay
Relay
Relay
Relay
Transmitter
Transmitter
Check Valve
Check Valve
Hand Valve
HandSwitch
HandSwitch
Motor-Operated Valve
Relay
Inverter
Motor-Operated Valve
Motor-Operated Valve
Motor-Operated Valve
Hand Valve
Motor-Operated Valve
Power Supply

Sort

Mechanical
Mechanical
Electrical
I&C
Mechanical
Mechanical
Electrical
Electrical
Electrical
Electrical
Electrical
Electrical
Electrical
Electrical
Electrical
I&C
Electrical
Electrical
Electrical
Electrical
Electrical
Electrical
I&C
I&C
Mechanical
Mechanical
Mechanical
Electrical
Electrical
Mechanical
Electrical
Electrical
Mechanical
Mechanical
Mechanical
Mechanical
Mechanical
I&C

F-V Measure

3.18 E-01
1.35 E-02
6.61 E-03
5.87 E-03
5.45 E-03
5.38 E-03
1.33 E-03
6.64 E-04
6.64 E-04
6.64 E-04
6.64 E-04
6.64 E-04
6.64 E-04
6.64 E-04
1.03 E-04
2.34 E-05
2.23 E-05
2.20 E-05
2.20 E-05
2.20 E-05
2.20 E-05
2.20 E-05
1.96 E-05
1.79 E-06
1.18 E-06
1.18 E-06
7.80 E-07
7.35 E-07
7.31 E-07
4.85 E-07
2.88 E-07
9.75 E-08
8.83 E-08
8.83 E-08
8.10 E-08
2.84 E-08
1.07 E-08
4.91 E-09
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Only the last one is of interest for the RCM application, which is in turn divided
into five groups. Three of them are joined into the named components failures group
that concerns individual, common cause and human error related component failures.
The two others refer to unavailabilities due to test and maintenance (preventive and
corrective) activities respectively.

The components failures group results particularly of interest for this application
since it is used to obtain the critical equipment ranking. Table 1 shows these equipments
according to the risk-based ranking obtained using the Fussell-Vesely measure for the
RHR system. In Figure 4 is placed the most important equipment for the Loop A of this
system. The critical equipment which do not appear in above figure concern Electrical
or Instrumentation and Control (I&C) components. Figure 5 shows risk-critical
components that control the motor-driven pump C002A.

V. ADDITIONAL PSA USES.

When the Critical Equipment Selection task (CES) has been finished the next step
in following the RCM approach concerns the reliability focused maintenance. Although
we have not gone into this area in depth up to now, a preliminary research shows that
previous studies in relation to generic and plant specific data analysis developed within
the PSA framework could be partially used in the RCM procedure.

Thus, when realizing the Failure Modes and Causes Analysis (FMCA) task, it
should be taken advantage of the information gathered in relation to number of
catastrophic failures and causes, which could help to identify dominant failure causes for
important equipment. The degree of effort in going into this results will depend on the
level of detail adopted in the PSA Anyway, in addition to above information it must be
considered the analysis of degradation conditions for these components since it is not
covered by the PSA.

In relation to the Preventive Maintenance Analysis (PMA) and Preventive
Maintenance Comparison (PMC) tasks showed in Figure 1, it should be taken advantage
of the information gathered to identify surveillance requirements and maintenance
activities within the PSA scope, which includes their codification, frequency and duration,
and name of components affected by them, what is similar to the information used for
the RCM application.

Furthermore, an other important information gathered in this analysis is obtained
from the plant history and concerns corrective maintenance activities on components of
the system of interest which reports number of failures and repair times.
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VI. CONCLUSIONS AND FUTURE WORK.

When PSA exist for the plant under study there are several advantages in taking
it into account within the RCM methodology as shown early through this pilot
application. In general, it is important to highlight the followings:

1) Critical Equipment Selection task is reduced due to the previous effort in
developing events and fault trees in the PSA.

2) This is a simple approach because the simplifications adopted in using events and
fault trees from the PSA results.

3) The integrated RCM tool helps to simplify above task and will give the analyst
guidance through every step of the RCM analysis.

4) It is achieved a more accurate risk-based ranking for the critical equipment, which
is not significantly influenced by above simplifications.

5) This ranking is placed at the CMF, which is the appropriate level for the analysis.

6) The information gathered in relation to catastrophic failures in conjunction with
additional analysis of degradation conditions of components from the systems of
interest reduces the effort required in identifying dominant failure causes.

7) Preventive maintenance activities designed to defend components against above
dominant failure causes can be improved by reviewing actual procedures which
are reported in the information gathered for the preventive and corrective
maintenance study in the PSA.

Some particular advantages can be derived from the case of application to the
RHRS, which refer to:

1) The motor-driven pump (see C002 in Table 1) is the most important equipment
in the RHRS for the plant safety and its importance in relation to the CMF using
the Fussell-Vesely measure is one or more orders of magnitude larger than the
next equipment in this ranking. This means that if the original PSA model had
been used instead of the simplified one the final risk-based ranking would have
shown this component among the most important ones but probably would have
not shown any other belonging to the RHR system among them. Since we are
reviewing component failures and maintenance activities related to the RHRS,
our approach seems to be more appropriate to achieve such a goal.
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Table 2: Dependence of the main mechanical equipment on electrical and I&C one.

Electrical
and I&C

K3
K112

K115

K18
K23

K28

K70

K9
K125
27-1
N058
N658
N052

N652

Mechanical

COO2

X

X

X

X
X

X

F042

X

X

X
X
X
X

X

F064

X

X

X

X

2) In addition to the motor-driven pump, another important equipment for the plant
concern the hand valve F018, motor-operated valves F064 and F042, and several
electrical and I&C equipments.

3) Many electrical and I&C equipments are very important for the system. Table 2
shows the dependence of the main mechanical equipment on them, in particular
relays and transmitters.

In a near future, our work will concern to go in depth into the next steps within
the RCM approach taking into account PSA results as shown previously. Then it would
encompass with:

1) Include the economical-based ranking to identify critical equipment.

2) Develop a similar approach to analyze production systems.
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3) Improve the integrated PC-based RCM tool.

4) Validate the method by conducting additional applications on both safety and
production systems.

REFERENCES.

[ 1] IAEA, "Safety Related Maintenance in the Framework of the Reliability Centered
Maintenance Concept", IAEA-TECDOC-658, July 1992.
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APPLICATION OF PSA TO MAINTENANCE OPTIMIZATION:
USNRC MAINTENANCE RULE

J.A. CARRETERO
Empresarios Agrupados,
Madrid, Spain

Abstract

On July 1991, the Nuclear Regulatory Commission published its final Maintenance Rule. This
NRC performance based regulation involves monitoring the performance or condition of selected
structures, systems and components (SSCs) against certain established goals. In order to avoid
redundant costs, specially for plants with a detailed specific PSA available, as is the case of the
majority of Spanish Nuclear Power Plants, the possible use of PSA techniques and products in the
implementation of the Maintenance Rule must be considered.

BACKGROUND

On July 10, 1991 the Nuclear Regulatory Commission published in the Federal
Register its final Maintenance Rule titled: "Monitoring the Effectiveness of Maintenance
at Nuclear Power Plants". In the first paragraph the agency indicates that the licensees
shall monitor the performance or condition of certain structures, systems or
components (SSC) against licensee-established goals, in a manner sufficient to provide
reasonable assurance that such SSCs, (...) are capable of fulfilling their intended
functions".

This is the first performance-based regulation from the NRC and it is focused on SSCs
performing their intended function, but not on the program required to ensure that the
SSCs will work if called upon.

Another singularity of the rule in that it involves selected balance-of-plant SSCs; it
requires a balancing between measures for reliability and unavailability of SSCs; and
it requires an assessment of the overall effect on safety of out of service SSCs. All
these considerations are common points with Probabilistic Safety Analysis (PSA)
techniques that inmediatly lead us to the identification and evaluation of what the
contribution of PSA techniques and products must be in the implementation of the
Maintenance Rule to avoid redundant costs; especially for plants that have a detailed
specific PSA available, as is the case for most of the Spanish Nuclear Power Plants.

MAINTENANCE RULE IMPLEMENTATION PROCESS

The American nuclear industry, via the Nuclear Management and Resources Council
(NUMARC), formed a Maintenance Working Group and developed a guideline for
implementing the maintenance rule that has been discussed extensively with a NRC
Steering Committee to obtain agreement on the practical implementation of the
Maintenance Rule.
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Based on the experience of the Verification and Validation Program and the guidelines
of the NUMARC document, the contribution that PSA techniques and products can
make to support the optimization of cost in the implementation of the Maintenance
Rule are clarified.

MONITORING PROGRAM SCOPE

The rule on maintenance makes a clear distinction about the level of performance
monitoring applied to the SSCs within the scope of the maintenance rule.

This distinction is necessary for practical reasons. The maintenance rule scope not
only covers SSCs that are relied upon to remain functional during and following design
basis events to ensure the integrity of the reactor coolant pressure boundary, the
capability to shutdown the reactor and maintain it in safe shutdown condition, and the
capability to prevent or mitigate accident consequences, but also cover SSCs non-
safety related (1) that are relied upon to mitigate accidents or transient or are used in
plant emergency operating procedures, (2) whose failure could prevent safety-related
SSCs from fulfilling their safety related function, or (3) whose failure could cause a
reactor scram or actuation of a safety related system.

Such a board scope of SSCs covered by the rule requires a set of practical criteria to
focus the level of depth of the maintenance programs.

It has been agreed that the maximum level of depth for performance monitoring will
be applied to:

a) Risk significant SSCs, and

b) Non-Risk significant SSCs but on standby; that is, those normally non operating
SSC that perform their intented function only when demanded.

On the other hand, an overall plant performance criteria to be selected by the licensee,
such as unplanned capacity loss factor, could be used to address the balance of
SSCs subject to the rule. However, this global monitoring is only sufficient subject to
ensuring that acceptable levels of availability and reliability are fulfilled, so that when
the effectiveness of preventive maintenance of SSCs is no longer demonstrated due
to the occurrence of maintenance preventable failures, the SSCs involved should be
subject to the same requirements as those risk significant SSCs.

USE OF PROBABILISTIC SAFETY ANALYSIS

The previously indicated risk significance criteria for screening the level of depth of the
monitoring program to be applied to the SSCs covered by the maintenance rule, lead
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the NRC to encourage the use of PSA. As a result, the industry had the identification
and evaluation of the role of the PSA results and PSA techniques in the implementation
of the maintenance rule as one of the objetives of the Verification and Validation
program of the guidelines. A general conclusion about the use of PSA in conjunction
with expert panels was obtained.

The activities related to the implementation of this rule when advantage is taken of
available PSA support are summarized below:

1. Selection of Plant SSCs included in the maintenance monitoring program, both
safety and non-safety related.

2. Establishment of Risk Significance Criteria and Plant Level Performance Criteria
in classifying the SSCs according to the level of monitoring required.

3. Application of the Risk Significance Criteria to the screening of risk significant
SSCs.

4. Application of performance trend techniques to confirm the appropiateness of the
maintenance programs.

5. Application of system analysis and cause analysis techniques to identify SSCs
for which preventative maintenance or monitoring program need to be improved.

6. Establishment and Monitoring of SSCs Level Goal when required, Selection of
the level of monitoring (system, train, etc.).

7. Analysis of common cause factors in failures.

8. Assessment of the overall effects on the performance of safety functions due to
total plant equipment that it is placed out of service.

9. Optimizing maintenance activities balanced against the objective of assuring
acceptable SSCs availability.

CONCLUSIONS

Plant cost induced by new rulemaking is a general concern of NPP managers, and has
been one of the major industry concerns when discussing the necessity of this new
maintenance rule with the NRC.

The final result of industry and NRC discussions in developing the implementation
guidelines has been a good example of optimizing the level of requirements in
accordance with achievable risk reduction and experience of operational performance.
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Although both NUMARC and the NRC are open to plant decisions related to specific
techniques to be applied in implementing the maintenance rule, as is necessary in a
large country like the USA, with a large number of operators, both encourage the
application of PSA results and techniques based on studies available in the plant.

This should not be understood as a preference over other reliability tools like Reliability
Centered Maintenance (RCM), but as a recommendation to optimize the use of
available information and costs, and to complement techniques according to the
necessities and the benefits to be gained from its application. It should not be
forgotten that now most US Plants have a fairly detailed IPE/PSA available.

In the Spanish case this is even more so, since most of the Spanish NPP have very
detailed and plant as built state-of-the-art PSAs available due to regulatory
requirements. New plant maintenance requirements due to the NRC maintenance rule
can take advantage of this powerful tool, and the experience of PSA specialists.
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LIVING PROBABILISTIC SAFETY
ASSESSMENT: A PERSPECTIVE

P. LEYSHON-JONES
Electrowatt Engineering Services (UK) Ltd,
Horsham, West Sussex,
United Kingdom

Abstract

Conventional PS As may produce a reasonable quantification of risk which is, at best, only a
snapshot of a scene that continues to change. The logical alternative to this would be to adopt an
approach where significant changes are included in the model. This model is then re-evaluated to
produce an up-to-date assessment of plant risk. Hence Living PSA (LPSA) is a system which is
intended to move and change with the altering face of the plant. Even though LPSA offers many
advantages to both utility and regulator, at present it is finding limited application in Nuclear Power
Plants. Future developments could promise a much wider scope for the use of PSA techniques in
plant operation, but this is heavily subject to issues of confidence and acceptance. This paper outlines
the requirements for an LPSA programme, its potential uses, the related problem areas and the longer
term developments.

1. INTRODUCTION

Probabilistic Safety Assessment (PSA) is a technology that is widely accepted and implemented
within the nuclear world. Indeed, by 1992, well over a hundred PSA studies had been
commissioned or completed, and this statistic alone bears witness to the perceived benefits of
this type of analysis.

Such studies are usually commissioned with the following objectives:

i) To provide a quantitative assessment of the potential consequences of operation of
Nuclear Plant. This assessment has parameters both of frequency and severity, often
allowing measurement in terms of the frequency of some unwanted event(s).

ii) To provide a framework whereby this measure of risk or safety might be interrogated
in order to yield a further set of information (such as component/system importances,
event sequence contributions etc.,) upon which a rationale for decision making may
be based.

These uses have served utilities and regulators well for over a decade, but whilst conventional
PSA may produce a reasonable quantification of risk associated with the plant in operation,
that value is, at best, only a snapshot in a scene that continues to change. This is an
unsatisfactory state of affairs, since the assessment can only be valid over a short period of
time. This arises out of the fact that the underlying model and data set should essentially be
dynamic rather than static in nature, e.g.

• Belief about component failure data changes with increased plant operation.

• Operating procedures or plant management practices can change.

• Plant changes, modification, re-design occur.
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The question that must arise, then, is: at what point does the risk assessment that has been
performed become totally invalidated? Clearly, one might attempt to associate a 'shelf-life'
with the assessment; some statement of validity that takes into account key parameters such
as assumptions, failure distributions, detail of model, etc.

However, the logical alternative to this process would be to adopt an approach whereby
changes of any significant nature are adopted into the model, which is then re-evaluated to
produce an up-to-date assessment of plant risk. Hence 'living' PSA is a system which is
intended to move and change with the altering face of the plant. Whilst there are undoubtedly
many LPSA initiatives under way (and some which are genuinely in operation), it is also true
that the term Living PSA has been prone to a certain looseness in use. True Living PSA is
a system which is capable of PSA related calculations within a time frame which is relevant to
the operator and which is also updated sufficiently regularly to maintain its validity. The
question of frequency of re-evaluation is a matter for some debate, but it is clear that some
claims for 'Living' status are somewhat overstated: they would appear to be little more than
PSAs which are occasionally re-visited.

2. FUNDAMENTAL REQUIREMENTS FOR AN LPSA PROGRAMME

It would be a mistake to believe that the setting up of an LPSA capability is simply a matter
of writing computer code to produce dynamic PSAs. In many ways, the high level specification
of software functionality might be seen as the least contentious element of an LPSA adoption
programme. Indeed, there are a number of requirements which might be viewed as
fundamental to success. These would include:

i) The availability of a plant model that is well structured, detailed, complete and
tractable. Lack of detail, which may be acceptable in a static assessment, is unlikely
to prove adequate for LPSA use, where the breadth of usage can severely expose such
imprecision. Production of fault and event trees to the right level of detail will
enhance the likelihood of success at later stages, whilst tractability is essential if the
PSA is truly to "live".

ii) There must be a continuing effort to use model logic and data which is realistic rather
than pessimistic. Conservatism in either often leads to decision making that is in
error, particularly where comparisons between event sequences or component
importances are made.

iii) There must be a system for data collection, so that PSA updates adequately reflect the
changes in failure profiles of equipment.

iv) An effective QA structure needs to be set in place over all activities of the
programme.

v) The availability of a software tool that is powerful, easy to use, comprehensive in
terms of functionality, and which is capable of effectively communicating a picture of
risk to the operator.
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vi) Strong management support. This would in any case be necessary to ensure the
uptake of the LPSA concept within individual stations. However, such a continuing
influence would be required in safeguarding the passage of a new concept like this into
accepted operational procedures.

vii) Perhaps the most significant hurdle that remains is a clear agreement by the regulatory
body on the limitations of usage of LPSA software. This should probably take the
form of a basis-for-decision envelope within which the system can be used. There will
be a critical size for this envelope, below which it will be difficult to justify the
adoption of an LPSA ethos from a utility view point. A risk management culture
requires a certain room for manoeuvre, where decision taking on the basis of LPSA
calculations can legitimately be carried out. At the same time, regulatory bodies will
want to ensure that there is no possibility of incorrect decision making. This could be
done by limiting the scope, or employing backstop safety rules within the system, or
possibly insisting upon a proving period where the system is run alongside (and
checked against) conventional Technical Specifications.

3. THE POTENTIAL CONTRIBUTION TO BE MADE BY LPSA

It would be unnecessarily limiting to view LPSA as simply PSA on the move. Rather it should
be thought of as providing a risk environment where the user can explore all aspects of the
operational risk.

As Figure 1 indicates this viewpoint should not be limited to the here and now, but should also
provide the operator with the capability of scrutiny of past events and the possibility of
examining risk associated with hypothetical line-ups or procedures.

This flexibility of approach should allow the operator to address a number of issues on a
rational, risk-related basis, where, at present, he may be limited (unnecessarily) by the
statements of Technical Instructions (Section 4 comments more fully on this potential conflict).
Amongst the benefits that could be offered by a fully comprehensive LPSA system might be:

a) Timely information regarding the risk profile of the plant. The term 'Risk Monitor'
is becoming increasingly popular as the concept of prompt and accurate risk
measurement gains acceptance.

b) The ability to more satisfactorily address maintenance issues. Two changes might be
considered:

i) Allow outage times for maintenance to become risk based in nature. This may
allow a re-consideration of the combination of outages that are allowed on the
plant, with the potential for more than one train (on a multi train system) being
maintained simultaneously, or possibly some maintenance whilst at power.

Current Technical Specifications may be more restrictive, so that some conflict
resolution may need to take place.

ii) It may be possible, with an intelligent risk tool, to consider maintenance plans
which are optimised in some sense, i.e. saving of time or resources on these
activities whilst keeping risk at levels that are acceptable.
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In general, the ability to control (to some degree) risk rather than reacting to it, is
appealing and maintenance schedules may be one area where this could be achieved.

c) Examination of potential changes/modifications to design. The LPSA tool might
enable the rapid assessment and comparison of different designs in terms of their
overall risk implications.

d) Re-definition of certain operating parameters, in such a way that manpower and effort
is minimised without prejudicing safety. This might be achieved, for instance, by re-
defining test intervals. Whilst these test intervals are often presented within Technical
Specifications on grounds of engineering judgement alone, the opportunity exists for
optimising test strategies according to some risk related measures, i.e. test importances.

e) LPSA may have a role in play in other areas also. It is not inconceivable that it could
be of some benefit in accident management and training. The latter area, particularly,
could be considered further:

• off line use of a risk tool to observe the impact of changes in line-up and plant
operating procedures.

• to create artificial situations to which the operating must react in order to reduce
risk levels.

• to generally promote a risk awareness culture.

Figure 2 demonstrates the type of interface that an LPSA toolkit might adopt. It is likely that
this would be mouse/menu activated, with the whole process being controlled by an expert
system manager. The ability to access fault and event trees rapidly, together with calculational
information would be a basic requirement. A useful adjunct, however, might be the addition
of safety and procedural documentation which might be accessed alongside risk information
in a windows-type environment. This would then be moving towards the concept of an all
embracing risk/safety tool.

4. PROBLEM AREAS

It would, of course, be an error to believe that the path to introduction of LPSA was entirely
free of obstruction, or that LPSA, in itself offers the solution to all those unsatisfied elements
of risk assessment. Those still remain. LPSA cannot provide .answers to those perennial
problems of completeness, or conservatism in modelling.

However, there are probably three issues which dominate:

i) Strong Management

There clearly exists a need for strong management that possesses the enthusiasm and
drive to introduce the technology. This is not a requirement that should be
underestimated since LPSA use would present a new (and to some, threatening) form
of operatioa There is an innate conservativeness about much of plant operation (and
quite rightly so), and it would be a mistake to believe that the sort of changes required
by an LPSA ethos could be introduced quickly and painlessly. The process would need

280



to be a measured one and the skill of management would be to drive this forward
through the inevitable reluctance associated with any change, at a rate which allows
time for the proper debate and discussion but also maintains the degree of momentum
required.

Such management must have a belief in the value of the system. This is a trust that
must be earned, but could be achieved by a careful programme of off-line use and
checking.

Confidence should be engendered through this process, so that eventually a point can
be reached where on-line use is the next obvious step. At this stage, results would be
taken to be correct and would not require further checking as a matter of course.

This period must also be one which allows an ongoing dialogue with the regulators
who will need to be involved from the beginning to ensure acceptability from a legal
viewpoint.

ii) Regulatory Acceptance

The regulatory body maintains a key role in the adoption process. Acceptance of the
use of a dynamic risk tool, within a clearly defined envelope of operation, is therefore
vital.

Views of the regulators may vary from country to country but a certain openness is
becoming evident and many related initiatives are ongoing throughout the world.
However, some wariness of LPSA processes still remains and it is likely that caution
will continue to be a dominant theme for some time yet. There is scope, though, as
outlined in (iii), for a phased introduction of a risk monitor in a manner that might
be satisfactory to the regulators.

iii) Agenda for Acceptance

Both within utilities and regulatory bodies there is some (possibly healthy) wariness
at accepting without question the results of a PSA This attitude is understandable,
given the nature of PSA and a history of operation which has had, as its basis, a
conservative model of the plant.

If, then, it is believed that the technology at some point in the future will be
sufficiently mature to provide operational on line LPSA usage, such as a Risk Monitor,
what would be the stages that would need to be considered in the interim period to
ensure ultimate acceptance?

Perhaps the first thing to recognise is that a confidence building exercise must take
place. This would be aimed specifically at demonstrating that PSA results are
consistent, accurate and in harmony with written instructions on plant operation
previously in use. This process will inevitably take time. However there are clear
steps that could be taken in order to achieve the goal.

• Use of the LPSA tool (or Risk Monitor) off-line in a formal program aimed at
examining current (written) Technical Specifications, particularly in the area of
maintenance, with a view to removing unnecessary conservatisms where
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appropriate. This could be seen as a process of resolving any anomalies in TS
v PSA advice comparison. This would allow for off-line detailed scrutiny of the
Risk Monitor and its results and would ensure that TS advice and PSA advice
became a consistent set (Of course, consistency can only be maintained under
certain given assumptions - a written set of specifications cannot cover every
eventuality). Some American studies have, in fact, revealed areas where TS
advice appears, on the basis of PSA checking, to be optimistic. This would be
a more disturbing situation, but is viewed here as part of the resolution process.

• Following this, the tool should then be considered for use on-line. Thought
should be applied into the precise boundaries of operation: specifically, which
operations and under what conditions might the tool be used to provide advice
to the operator. This stage would, again, require regulatory input.

• By the third stage, the, inconsistencies between the TS and the PSA tool should
have been resolved, and a basis for decision making should have been created.
The tool could now be used in an on-line mode, in real situations as defined by
the rules of operation.

In some cases, results prompted by the risk tool will be outside the scope of the
(amended) written Technical Specifications. This, then, is precisely the point at
which belief, and trust in the tool is required. It must be a measure of the
success of the earlier confidence building exercise, that these results are accepted
without checking being done as a matter of course.

The above are clearly not trivial matters and progress will not be made until these become
matters of open debate among and between regulators and utilities.

5. LONGER TERM DEVELOPMENTS: WHITHER LPSA?

The picture so far is of a system that should be achievable and could be implemented within
the short to medium term. However, some thought could also be given to the rather longer
term future of LPSA. It is important that whilst we seek to bring this technology to bear upon
our difficulties of today, we do not neglect the benefits that might be achievable beyond this:

• Reference was made earlier to the incorporation of further information related to
safety, such as system schematics and safety justification material. If this were to be
linked intelligently to LPSA modules (such as the fault/event trees), this could
enhance the capability of the system significantly.

• Expansion of the boundaries to include level 2 and level 3 analysis.

• Use of Artificial Intelligence techniques. It is believed that this could be applied in
several areas.

i) Ability to offer various strategies for operation that would control or contain risk
effectively. This might be advice on maintenance priorities or system line-ups -
options which have been offered on the basis of risk optimisation.
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ii) Interpretation of risk values. Automatic distillation of results to highlight areas
of significance or concern.

iii) Production of management type reports from an assessment.

Since processing time for an on-line tool is an important consideration, some
investigation into the potential for parallel processing techniques could be made.

6. CONCLUSIONS

1. LPSA offers many advantages to both utility and regulators.

• Opportunity for risk management - shifting the balance from reaction to control.

• Promoting risk awareness within the plant.

• Offering the possibility of optimisation of certain operational parameters (i.e. test
intervals, maintenance outages, etc).

• A more flexible approach to Technical Specifications (i.e. through risk 'trade-
off).

2. There are several requirements for a successful LPSA programme, among them:

• A detailed and approved plant risk model that can be adapted for LPSA use.

• A data collection programme to be put into place.

• Strong management support culture.

• Regulatory acceptance.

3. If LPSA is to be taken up, careful thought needs to be given to a phased introduction,
geared at building up the confidence and trust hi the tool.

4. LPSA is at present finding some limited application in Nuclear Power Plants. Future
developments could promise a much wider scope for the use of PSA techniques in
plant operation, but this is heavily subject to issues of confidence and acceptance.

283



LIVING PSA ISSUES IN FRANCE ON
PRESSURIZED WATER REACTORS

J. DEWAILLY, S. DERIOT, A. DUBREUIL CHAMBARDEL,
P. FRANCOIS, L. MAGNE
Electricite de France,
Clamart, France

Abstract

Two Probabilistic Safety Assessments (PSAs) carried out in France on Pressurized
Water Reactor (PWR) units ended in 1990. The first one was conducted by CEA/IPSN
on 900 MWe units and the second by EDF on 1300 MWe units. These PSAs determined
the core damage frequency for all plant operating conditions ranging from cold
shutdown for refuelling to full power operation.

Since 1990, these PSAs have been used increasingly as tools for applications such as
accident precursor analysis, risk-based Technical Specifications, and maintenance
optimization. In turn, these applications are used to enhance the initial PSAs. The notion
of a "living" PSA which can be used and updated is slowly taking form.

The accident precursor analysis consists in applying PSA event trees (1) to obtain quick
information on the potential consequences of a precursor event and on the
corresponding probabilities of occurrence. A Feedback on PSAs is provided by
comparing them with actual operating incidents.

The computation of the allowed outage time during power operation, based on the
computerized models of Probabilistic Safety Assessments, requires adjustments :
calculation of hourly risk of core damage under different reactor conditions without
equipment unavailabilities. The proposed method also turns out to be an aid in
determining the safe shutdown condition and procedure. Furthermore, when introducing
a sufficient level of detail, PSA reliability models make it possible to compute
contributions and to perform sensitivity studies in order to highlight those components
for which a maintenance effort should be made.

From the experience acquired up to now, there was felt to be a strong need to create
guidelines for using PSAs that would simplify their implementation by the experts in
charge of determining Technical Specifications, of maintenance programs, etc who are
not generally specialists in PSAs

For this purpose, it is necessary to improve the intelligibility of the models made in
order for them to be used and to offer user's guides adapted to each application (for
example : how to analyse the potential consequences of a precursor event). Documents
specifying the range of validity of the calculations performed in the PSA models will
also be issued to help PSA users.

(*) In some cases, the system reliability modelfare simply used to evaluate the impact of an incident on
the reliability of the system.
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The adjustments of reliability models made in order for them to be used in practical
applications, the notion of guidelines, and the enhancement of French PSAs thanks to
the various applications will be detailed and illustrated in the final report.

As a conclusion, collaboration between specialists in design, utility staff and experts on
reliability is a source of profitable synergy.

1. INTRODUCTION

Two Probabilistic Safety Assessments (PSAs) carried out in France on Pressurized
Water Reactor units (PWR) ended in 1990. The first one was conducted by CEA/IPSN
on 900 MW units, and the second by EDF on 1300 MW units. These PSAs determined
the core damage frequency for all plant operating conditions ranging from cold
shutdown for refuelling to full power operation.

Since 1990, these PSAs have been used increasingly as tools for applications such as
accident precursor analysis, risk-based Operating Technical Specifications, and
maintenance optimization.

2. PROBABILISTIC ACCIDENT PRECURSOR ANALYSIS

2.1. Feedback on Accidents

Utility staff and safety experts are keen to obtain qualitative information on actual
operating incidents which are deemed to be precursors of unmaterialized and potentially
more serious accidents. This is what is called qualitative analysis of incidents, or
feedback on accident experience.

On the basis of the major sequences for deterioration of an incident into an accident, the
weak points (and strong points) in the plant and the way it is operated can be identified.
This provides information on operating procedures for normal, incident, and accident
conditions, on organization of maintenance, and even on the design or modification of
the plant.

Detailed analysis of a dozen complex incidents and analysis of a large number of simple
incidents have revealed the following:

in general there is a good match between actual incident scenarios and PSA
accident scenarios,

certain small differences in design can have an effect on the consequences of the
same incident on different types of unit. An example of this is the incident that
occurred at the Golfech 1 (F"4 1300 MW PWR) power station on December 21st,
1990 after a loss-of-main-power-supply (400 kV) incident which caused
overcooling due to modification of an automatic system on the normal feedwater
system. This overcooling would not have occurred at Paluel 3
(P4 1300 MW PWR), the reference unit for PSA 1300.

a specific event tree must be developed for certain complex incidents. An example
of this requirement is the incident at Bugey on April 14th, 1984 (gradual
deterioration of the 48 Volt supply) which led to the construction of a very special
event tree involving a sequence for total loss of power supplies and three
thermohydraulic sequences (LOCA, steam-generator-tube breakage, and total loss
of steam-generator supply).
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These amendments to PSA models or creation of new event-tree models not only
improve the quality of accident precursor analysis and the information that can be drawn
from it, but also enrich and "fine-tune" PSA models, making them more realistic and
better vindicating them.

2.2. Assessment of Safety Level

Assessment of the level of safety involves constructing a risk indicator by means of
quantitative analysis of incidents or assessment of the seriousness of incidents. This
method is intended to appraise the level of safety of pressurized water reactors in
France.

A problem that arises with this type of indicator lies in the implicit assumption that the
risk lies entirely within operating incidents detected and declared by power stations.
Such an assumption is necessarily false, in the strictest terms, but it can reasonably be
assumed that declared incidents are "representative" of the most significant fraction of
risks which, in the absence of anything better - and together with the fraction due to
outage of equipment with an important safety role - constitute the only risks that can be
observed at the current time.

If it is assumed that known incidents are indeed indicative of the global risk, it is
necessary to determine those incidents containing the most significant part of the
risk due to incidents. In other words, does risk lie in a large number of "innocuous"
incidents, or is it concentrated in a small number of serious incidents?

The studies performed so far seem to reveal some trends: it appears to be necessary to
study a large number of incidents per unit since risk appears to be quite well distributed.

Systematic study of risk over a reference period could provide useful information on the
distribution of risk. It would thus be possible to assess the fraction of risk contained in
each of the following:

incidents deemed to be the most serious,
the large number of innocuous incidents,
departures from the Operating Technical Specifications,
intentional and unintentional outages,
normal operating transients (effect of operating profile).

In any case, the development of a safety indicator representative of the level of safety of
all the PWRs in France would require:

quantitative analysis of at least several dozen incidents per year,

appreciable skills and resources in order to guarantee significant (not
overconservative) and reproducible (sufficiently standardized) analyses.

2.3. Probabilistic Safety Culture

Probabilistic methods can help rationalize the empirical approach to risk which is
currently an intrinsic part of operating activity. Quantification of the potential
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consequences of events by means of PSA models and data would allow utility staff to
dispose of real tools for assessment of the potential consequences of incidents.

2.4. Evolution of PSAs

Probabilistic analysis of incidents matches PSAs against reality. It makes it possible to
validate or invalidate PSA data, models, and assumptions by integrating feedback on
power-station operating experience. This is one of the key lessons from research
performed to date. Probabilistic incident analysis is also an advantageous means of
helping PSAs to evolve. And this evolution is a prerequisite for developing what are
called "living PSAs".

3. ASSISTANCE IN THE DEVELOPMENT OF OPERATING TECHNICAL
SPECIFICATIONS

3.1. How to Make the Best Use of a Computerized PSA for Calculating Allowed
Outage Times

Until now allowed outage times1 have been calculated by applying the probabilistic
criterion which requires that outage of an equipment item must not increase the
probability of occurrence of serious accident while the reactor continues to operate by
more than 1O7.

However, work done in France [2] indicates that in order to correctly calculate outage
time, it is not sufficient to simply determine the increased risk due to maintaining power
generation while equipment is unavailable: it is also vital to consider the risk during
shutdown states (and transient conditions). For this, computation can determine the
duration of equipment outage beyond which it is really beneficial to proceed with
fallback2.

3.2. What Has to be Done to Convert a Computerized PSA into a Tool for
Choosing Allowed Outage Times and Fallback States?

The procedure described in paragraph 3.1. above requires:

identification and correction of the main conservative aspects of the PSA;

after correction of the conservative aspects, construction of a computer model
capable of performing calculations to improve the Operating Technical
Specifications.

/ Allowed Outage Time (AOT) is the maximal duration between the time when the outage is observed
and the time when the fallback state has to be reached.

2 Fallback state is defined as the state in which, if important safety-related equipment is not available,
the unit can be operated and maintained with the optimum degree of safety, bearing in mind, the
equipment outage concerned.
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3.2.1. Identification and Correction of the Main Conservative Aspects in a PSA

The main conservative aspects of a PSA may be such things as:

reliabilistic factors, especially when certain sequences have no effect on the yearly
frequency of reactor core damage;

factors linked to knowledge of physical phenomena. These conservative factors
are essentially due to the incomplete nature of thermohydraulic simulations.

On the computerized PSA 1300, sensitivity analysis has revealed the need for
dissociation of certain potential fallback states (like intermediate shutdown of the
auxiliary steam-generator feedwater system (AFWS) under conditions (pressure,
temperature) enabling connection of the residual heat-removal system (RHRS) from
other reactor-shutdown states.

Specific modelling of intermediate shutdown of AFWS under RHRS conditions would
enable a reduction in the degree of conservatism of the initial PSA 1300 [1]. The
following are just some of the modifications required:

modelling of safety injection for certain sizes of primary cooling circuit breaks,

increasing the time for startup of safety injection in the event of pressurizer break.

The incorporation of such modifications in the computerized PSA 1300 reference model
would thus provide feedback that would, in turn, further enrich the model.

3.2.2. Construction of a Computerized PSA Specifically for Operating Technical
Specifications

Special modelling of potential fallback states helps reduce the degree of conservatism of
a PSA. But in itself this is not enough. Additional adaptations are necessary to make a
computerized PSA suitable for improving Operating Technical Specifications. These
adaptations are:

calculation of the hourly risk3 of core damage for all reactor states (and some sub-
stales) on the basis of all the event trees of the PSA considered,

disregard of certain specific accident scenarios. Illustrating this are the scenarios
arising from dilution of coolant prior to new startup: the duration of dilution
varies in accordance with the type of shutdown. The risk associated with these
scenarios is calculated nevertheless.

availability (from the maintenance point of view) of all equipment in the reference
calculation; outage rates are reset to zero.

3 When the risk arising from outage is not linear, iterative calculations performed by the computerized
PSA converge on the allowed outage time.
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4. USE OF PSAs FOR MAINTENANCE

4.1. Two Distinct Levels of Detail

Amongst other things, the French computerized reference PSAs can be used to [3]:

calculate the contribution of the component failure modes in the PSA to the
frequency of reactor core damage,

classify these modes in order of decreasing contribution to the frequency of core
damage.

However, in French PSAs, emergency diesel generating sets are considered as
components. This level of breakdown is not enough to perform calculations that can be
used to update Preventive Maintenance Programmes. Fault trees describing disorders of
a diesel generating set providing emergency supply to a 900 MW unit have therefore
been drawn up using the functional breakdown obtained with the FAST (Function
Analysis System Technique) method.

This method gives an arborescent breakdown which can be easily transposed to fault
trees. The basic events for these trees are the modes of failure (of functions) of
functional subassemblies (see table below) of an emergency diesel generating set which
bring about failure of the 6.6 kV emergency power supply to the unit.

Table 1: Equipment Breakdown of an Emergency Diesel Generating Set

Level of breakdown

Functional assembly

Functional subassembly

Component
(or sets of components)

Number

10

61

401

Examples

Fuel circuit

Fuel boosting system

Fuel boosting system pump unit

4.2. How to Calculate Contributions with a Level of Detail that Can Be Used by
Maintenance Staff

With fault trees describing disorders of an emergency diesel generating set and with a
computerized PSA, it is tempting at first sight to see replacement of the basic events in
the PSA models (i.e. failure modes of an emergency diesel generating set) by fault trees
as a solution for calculating contributions to the frequency of core damage. But this
supposed solution weighs down the reliability models, and truncation thresholds must
be used. At best this would entail featuring some of the prevailing failure modes (of a
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total of 105 failure modes per emergency diesel generating set that are potentially
serious for safety): all the advantages of the intended level of detail would be lost. It
would make it impossible to assess the increased risk due to artificially introduced
unreliability of functional subassemblies with a low contribution. This is therefore not a
viable solution.

Another solution that initially appears less elegant has been implemented. Two
calculations are performed separately:

firstly, calculation of the contribution failure modes at the emergency-diesel-
. generating-set level make to the frequency of reactor core damage, using the

reference version of the computerized PS A 900,

secondly, the contribution failure modes at the functional-subassembly level make
to each of the failure modes of the emergency diesel generating set.

The contributions of failure modes (at the functional subassembly level) to the reactor
core damage frequency are obtained by means of a spreadsheet.

This solution has a number of advantages:

the benefit of detailed functional analysis of a diesel generating set is wholly
conserved in this case: it becomes possible to hierarchize ail the failure modes
(105 for the functional subassembly level) relative to the core damage frequency,

it becomes possible to measure the increase in risk due to introduction of greater
unreliability of functional assemblies with a low contribution to frequency of
damage,

finally, the duration of calculation is little affected by the breakdown level.
Computer time increases very slightly with a change from the level of functional
assemblies to that of functional subassemblies.

4.3. The Notion of Variable-Geometry PS As

The level of breakdown of a nuclear power plant that is required for a PSA is not the
same for all the applications that can be envisaged. Considering the diesel generating set
as a PSA component is quite sufficient for running calculations that can be used for
updating Operating Technical Specifications. On the other hand, this level of breakdown
does not allow for computations suitable for updating preventive maintenance
programmes. The method described in paragraph 4.2. makes it possible to choose a level
of breakdown in accordance with the_application envisaged: whence the notion of a
variable-geometry PSA.

5. TRANSFER OF KNOWHOW MANIPULATED IN PSAs

5.1. Analysis of Needs

The two Probabilistic Safety Assessments carried out in France on Pressurized Water
Reactors (PWR) between 1986 and 1990 were aimed at appraising the overall risk of
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core damage. They comprise a large number of reliability models, and they represent a
large volume of knowhow on the operation of safety systems, on interactions between
these systems, on human factors and nuclear-power-station operation, on feedback from
actual operation, etc. These studies are therefore highly complex.

More recently, PSAs have no longer been used simply for static appraisal of risk, but
have also been used for other applications (accident precursor analysis, calculation of
Operating Technical Specifications, maintenance, etc.). The notion of a "living" PSA
which can be used and updated is gradually taking form.

It is now becoming necessary to transfer the knowhow manipulated in PSAs to users
who are not generally PSA specialists or who are not involved in the construction of
PSAs.

5.2. How to Transfer this Knowhow

Users familiar with the operation of a nuclear power station do not wish to waste time
on needless research in a computer environment; they have to be able to apply PSAs in a
certain number of ways, and will therefore specialize in PSAs to different degrees. This
aim of saving these people's time can be achieved in two complementary manners:

assistance to qualitative applications: tracking down and display of information
relevant to the intentions of users;

assistance to quantitative applications (in many cases these quantitative
applications will correspond to sensitivity studies) and to the use of importance
factors.

In general terms the computerized applications of PSA 900 and PSA 1300 make it
possible to meet this objective, but for the moment they address PSA specialists. In
order to prevent the risk of improper use, it is necessary to not only enhance the
intelligibility of models, but to also provide support documents for using PSAs (users'
guides), together with documents specifying the range of validity of the calculations
performed in the PSA models.

5.2.1. Provision of a Starting-Point Document

The most important information is contained in the accident scenarios (initiating events,
PSA assignments). Easy access to this information then makes it possible to access
levels of finer detail (development of initiating events and assignments). Similarly, the
basic data is also essential, for it provides information on the content of the PSA and on
its general level of detail, as well as allowing for quantitative applications to be
performed.

5.2.2. Provision of Users' Guides

To guide users performing an application, it is necessary to describe a general approach
that will ensure the pertinence of an application rather than a thorough list of procedures
to be followed.
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5.2.3. Provision of Documents Specifying the Range of Validity of the
Calculations Performed in PSAs.

Such documents are necessary for:

the large number of quantitative applications which in fact amount to sensitivity
studies: slight variations in the values of data, or slight reductions in these values
create no problem, but substantial variations in data (increases) can compromise
the validity of the models;

transformation of the model in order to take account of events not previously
studied.

CONCLUSION

The use of probabilistic methods and tools for simulating possible accident scenarios on
the basis of operational events can provide safety-related information that conventional
deterministic methods cannot easily reveal. By comparing PSAs and real events,
accident precursor analysis is a means of improving PSAs. Subsequent accident
precursor analyses will in turn benefit from this improvement. The same also applies to
calculations performed on the basis of PSAs with a view to updating Operating
Technical Specifications and basic preventive maintenance operations. More generally,
all the improvements made to PSAs by an application contribute to the enhancement of
French PSAs and allow other applications to benefit from the same enhanced PSAs.

Each computerized PS A (PS A 900, PS A 1300) in fact exists in several versions. This is
due partly to the multiplicity of applications, and partly to the multiplicity of sites where
the computerized PSAs are used. These different versions must all be coherent with an
accurate and clearly located reference. Furthermore, a PSA is a "living" commodity: the
reference will evolve from time to time, and its changes must be recorded and validated.
It is therefore necessary to manage the configuration of evolution and of the various
versions of each PSA.

Finally, the transfer of the knowhow manipulated in PSAs to users who are not
generally specialists in PSAs and the various applications of PSAs is a source of
profitable synergy between specialists in design, utility staff, and experts on reliability.
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EVA: AN INTEGRATED INFORMATION
SYSTEM FOR LIVING PSA MANAGEMENT

P. JUNCOSA
UITESA,
Madrid, Spain

Abstract

During the operating life of a nuclear power plant, many changes occur in
components, systems, and operating procedures which continuously modify the
configuration of the power plant. Performance of a PSA requires an updated model of
plant configuration at a given time, and due to the dynamic nature of plant operation this
model becomes quickly obsolete. This issue, together with the big amount of information
involved, make of capital importance the use of a computer software tool in order to
obtain an immediate revision of a PSA.

In this context, UITESA has developed a PC software tool to be used on living
PSA projects (EVA), which allows an easy query and update of PSA evaluation. EVA
has been built as a relational data base core and several independent modules sharing
this data base information. Main characteristics and functionality of this tool are
discussed on this paper:

Relational data base core, which includes information about systems,
components, allocations, segments, basic events, fault trees, initiating events.
sequences, tests and maintenance procedures on components, etc.
Menu based interface to data base updating and queries.
Automatic quantification procedure.
Automatic data base updating as result of modifications on components test
and maintenance procedures, failure rates, etc.
Sensibility, importance and uncertainty analysis of quantified models.
Automatic document edition tool.
Automatic modular fault tree generation in basis of simplified system diagrams.

1. INTRODUCTION

Development of a PSA project gives an approximated model of a nuclear

power plant systems. This model generates a great amount of information with a

high level of relationship, whose control would result unaffordable without the use of

a computer structure. In this way, UITESA has developed an Information

Management Structure (EVA), that stores in a relational data base all the information

generated in a PSA project. Taking advantage of EVA's versatility to manage all the
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information stored, we have developed a set of applications, to allow an automatic

maintenance of modifications on plant models, data, procedures, etc., achieving a big

reduction on post-PS A groups' tasks.

2. COMPUTER STRUCTURE

UITESA has developed a computer structure with the following basic features:

Flexible and powerful searching of the information generated during a PS A.

Logical, rational, and optimized data storage, using a commercial relational data

base (ORACLE).

Menu based interface to data base updating and queries.

The core of the Computer structure EVA is formed by: a relational data base

containing all the information generated during the PSA, a data base management

system, windows and menus to permit actualization and maintenance of the data base.

Over this core there has been developed a group of applications, that establish the

main contribution of the structure:

Automatic quantification system.

Automatic data base updating as result of modifications on components test

and maintenance procedures, failure rates, etc.

Sensibility, importance and uncertainty analysis of quantified models.

Automatic document edition tool.

Automatic modular fault tree generation in basis of simplified system diagrams.

External events management application.

2.1. DATA BASE DESCRIPTION

Each piece of information is stored on tables, inside ORACLE'S data base

administration system. All the accesses to these tables are performed by ORACLE'S
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data base management system (RDBMS). The information structure, includes the

following items:

Systems: all NPP systems, considered in the PSA are stored, including

their descriptions, functions, support systems, components, segments,

test and maintenance procedures and fault trees in which they are

modeled.

. Components: all the components considered during PSA, including

type of component associated, position during power operation, basic

events modeled for each component and their relationships with test

and maintenance procedures.

. Segments: all plant system segments are stored under this item, their

system, initial node and final node, components included on each

segment and tests that could leave unavailable or available each

segment.

Tests: all system test and maintenance procedures considered during

PSA are stored, the system affected for each test, their descriptions,

periodicity of tests (hours), comments and notes, test duration,

operated and realigned components during each test, segments

affected, and their relationships with human basic events.

Types of components: all different types of components that could

appear in the PSA are stored, together with their descriptions, and the

plant components assigned to each type of component.

Basic Events: all basic events used in the PSA Fault trees are stored,

with their description, unavailability models or component failure

models, failure rates or probability, time between tests, mission time,

references, statistical distribution and unavailability calculated to each

basic event.

Fault trees: are stored all Fault trees used during the PSA, with the

system modeled, tree structure, TOP events and support systems, and

all the descriptions used to draw each tree.
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Event trees: all the event trees associated to initiator events are stored,

together with their descriptions, frequencies, headings, core damage,

and HOUSE events status in each accident sequence.

2.2. STORAGE AND ACTUALIZATION PSA INFORMATION MODULE

This module of the structure is consist of a set of functions that provide

manual or automatic load of the information generated during a PSA project.

Moreover, it allows to introduce into the data base some of the information collected

into PSA reports, that has been considered of interest for living PSA applications.

Functions developed under this paragraph have been grouped according a menu

structure, whose main options are :

. Automatic Load of PSA information (UITAPS).

Maintenance of PSA information, that is, update of previous

information and addition of new information for living PSA

applications.

The first option allows to store into the data base the information managed by

other computer codes during a PSA project: systems, components, Fault trees, basic

events unavailabilities and events trees. The second set of functions permit to

complete the information used during a PSA project with all the information used

during a living PSA. This functions have been structured into five paragraph,

according to the five pieces of information described in the paragraph 2.1.

3. AUTOMATIC QUANTIFICATION PROCEDURE

The objective of this functionality is the global quantification of the PSA

models, reducing to a minimum analyst's assistance. To achieve this goal EVA uses

its relational capabilities, that allow to automate the following tasks:
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Location of event trees headings, and identification of its TOP event

associated, in a Fault tree.

Assignment of values to HOUSE events, depending on chosen mode

for the quantification procedure.

Automatic generation of user programs necessary for the quantification

of all headings for each initiator event, and execution of quantification

code.

Identification of supports for each TOP event associated to each frony

system, preparing and executing the processes for their quantification

in the selected mode, and storing into the data base results for each

execution, avoiding repeated tasks for other headings.

Storage in EVA structure of minimal CUT SETS obtained during

quantification process.

As well, the use of the structure EVA. allows selective quantification of

initiator events, sequences or systems involved in a modification of PSA models.

4. AUTOMATIC ACTUALIZATION OF PSA UNAVAILABILITIES DATA BASE

Once the models of the plant are evaluated, one frequent related task is

modification of plant tests and maintenance procedures, to achieve acceptable system

unavailabilities. Modification of tests matrix, involve modification of the

unavailabilities data base, for all the components affected for that test procedure. This

task, apparently very simple, involves a lot of analyst hours, due to the big amount of

information to be considered. As we have seen former, EVA stores all the

information necessary to modify test and maintenance procedures: affected

components, realigned components, indiponibility times, frequencies, etc. This

information is used by EVA to modify automatically the global data base, after any

actualization of test procedures.
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On the other hand, the new design of the unavailabilities data base admits a

generic data definition, such as failure rates, mission times, statistical distributions,

etc., depending on system, type of component or failure mode. This function allows a

generic actualization of the unavailabilities data base due to a generic data

modification.

5. HUMAN RELIABILITY ANALYSIS

The objective of this development is an automatic calculation of

unavailabilities due to human caused basic events (test and maintenance). To achieve

this goal, EVA stores the relationship between each human basic event and test and

maintenance procedure matrix (unavailability detector test, test procedure that

generates unavailability, unavailability check test). Depending on the PS A procedure

to deal human basic events, EVA allows an automatic recalculation of this kind of

unavailabilities without intervention of the analyst.

6. QUANTIFICATION RESULTS ANALYSIS

Results of quantification processes are stored inside EVA structure,

propitiating animmediate assessment of importance, sensibility analysis on minimal

cut sets generated. Importance analysis of components on systems, on sequences, of

systems on final equation, etc. are codified.

CUT SETS analysis code allows interactive modification of the obtained

equation, of unavailability values, basic events cut off, etc.

Additionally, UITESA has developed pre-processors for direct execution of

SAMPLE-E, IMPORTANCE and LHS-TEMAC non-commercial codes.

300



7. AUTOMATIC GENERATION OF PS A REPORTS. ADVANCED QUERIES

A direct application for the information contained on EVA structure, is an

automatic generation of some of the reports elaborated in a PSA project. In this way,

capabilities for generation of dependencies matrix, test and maintenance procedures

matrix, human reliability tables, etc. have been developed.

On the other hand, taking advantage of ORACLE utilities and relational

capabilities, we have developed flexible queries and reports about all the information

contained in EVA structure.

8. AUTOMATIC GENERATION OF FAULT TREES

Enclosed on EVA functionality it has been developed a new code to

accomplish two important tasks. On the one hand allows automatic interpretation of

the simplified functional diagrams of plant systems, drawn using a CAD tool

(AUTOCAD). This code carries out automatically a segmentation of each system,

including nodes, segments and components assigned to each segment. On the other

hand this process generates a basic Fault Tree corresponding to the segmented system

obtained. This functionality allows, with or without user assistance, the developement

of Fault Tree models according to a segmentation methodology (I.R.E.P. Arkansas).

9. MANAGEMENT OF EXTERNAL EVENTS

This functionality of the structure (under development) will allow automatic

localization of components and systems affected by the occurrence of an external

event, preparing from this information all necessary processes to requantification of

the models of the plant. It has been added to de data base structure all the information

related to the division of the plant in areas, assignment of component, trays, cables

and those entities necessary for the consecution of this task.
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10. CONCLUSIONS

In this paper we have slightly exposed the new functionality developed by

UITESA to achieve a complete automatization of PSA and living PSA tasks. All of

these functionality use the information contained into EVA information management

structure, whose data base is used as a core for new external developments. This

applications serve like an example for any possible future development that make use

of the information described.
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PILOT STUDY: ANALYSIS OF PRESCRIBED
TEST INTERVALS AT OSKARSHAMN 2

J. SANDSTEDT
RELCON AB,
Solna, Sweden

Abstract

This report describes the used methods and the results from an analysis of test intervals
carried out with the LPSA model for Oskarshamn 2 (LPSA-O2). The analysis was made
under a contract with OKG, department SR.

The LPSA model is basically a normal PSA model, but with aim of calculating the
current risk instead of average risk. The ability of the LPSA model to realistically
calculate the influence of surveillance tests on risk is used to analyze test intervals.

The primary purpose of this analysis is to demonstrate how LPSA can be used to analyze
test intervals. This analysis is to be regarded as a first step in a more complete test
interval analysis. The analysis aims at identifying test series that are more efficient than
those prescribed in the current Technical Specifications.

Test schemes have been identified, given by the scope, that are considerable more
efficient than the existing test scheme prescribes by the Technical specifications.

The results are tentative and generated within the scope and limitation given for this pilot
study. The following continuation is recommended:

Include Fire events

Other hazard states than core damage should be analyzed

Uncertainly analysis

1 INTRODUCTION

This report describes the methods used and the results from an analysis of test
intervals carried out with the LPSA model for Oskarshamn 2 (LPSA-O2). The
analysis made under a contract with OKG, department SR.

The LPSA model used in the study was developed within the Nordic research
project "Safety Evaluation by Use of Living-PSA (LPSA) and Safety Indicators,
NKS/SIK-1", (1990-93). Modelling of fires has been added to the LPSA model
after the conclusion of that work.

The LPSA model is basically a normal PSA model, but with aim of calculating the
current risk instead of average risk. The ability of the LPSA model to realistically
calculate the influence of surveillance tests on risk is used to analyze test intervals.

The primary purpose of this analysis is to demonstrate how LPSA can be used to
analyze test intervals. This analysis is to be regarded as a first step in a more
complete test interval analysis. The analysis aims at identifying test series that are
more efficient than those prescribed in the current Technical Specifications.
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By "test series" is meant the complete series of tests conducted during an operating
year. The definition of a particular test series includes the length of the test
intervals, and the staggering of different types of test in relation to each other.

By "test efficiency" is meant that one test series is more efficient than another if it
leads to lower risk with the same number of tests or to an equal risk with fewer
tests.

Other analyses have been made using the LPSA model for Oskarshamn 2. These
analyses deal with risk follow-up and analysis of allowed outage times /!/.

Risk follow-up evaluates events and disturbances that have occurred. The purpose
is to gain as much knowledge as possible from these events, and also to check the
completeness and realism of the LPSA model.

The risk follow-up for Oskarshamn 2 was made for the entire operating year 1987.
The "current risk" was calculated on a day-by-day basis, both under normal
operation and during transients.

Evaluation of allowed outage times deals with the calculation of a "time in
operation" which yields a risk equal to the risk induced by a shut-down given the
plant situation including current component outages. The purpose is to "optimize"
decision making with regard to risk after component failures have been identified.

2 ASSUMPTIONS AND LIMITATIONS

A large number of assumptions and limitations are inherent in the model. For
example, these are assumptions and limitations are related to:

Modelled initiating events.

Modelled systems

Modelled plant damage states

The model used in this work does not include external initiating events such as
floods, earth quakes, etc. Fires are included in the original Oskarshamn 2 PSA, but
are not included in this LPSA application because of some overly conservative
assumptions in that model. Such conservatism in the model would skew the results,
giving too much weight to tests in systems that are important during fires.

CCI's (common cause initiators) is another example of an initiating event category
which is excluded.

Among the systems, the reactor scram system is not included in the LPSA model.

The selection of plant damage states in the model controls the type of risk that can
be "optimized". Examples are core damage frequency, frequency of loss of
condensation pool cooling, etc. The analysis reported here is based on core damage
frequency.

There are many other factors besides risk that influence the test procedures.
Examples are costs, personnel resources and plant availability. This analysis does
not attempt to take such factors into account.
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This analysis assumes that staggered testing is used only for gas turbines and diesel
generators. For the emergency core cooling system and the auxiliary feedwater
system, the two trains are assumed to be tested simultaneously. This type of
assumption also affects the results.

Finally, the following simplifications have been made to limit the amount of work:

- The test efficiency is assumed to be 100 %.

- The tests themselves are assumed not to affect the frequency of transients.

- The system functions are assumed not to be degraded during tests.

- Unavailability due to repair in connection with tests is not taken into account.

3 MODEL DESCRIPTION

This chapter describe the Oskarshamn 2 LPSA model. The description is divided
into three levels, initiating events (IE), systems and components.

The model is described with regard to completeness and how to utilize the Risk
Spectrum code to represent specific modelling issues.

3.1 IE-LEVEL

The following initiating events are included into the analysis.
Loss Of Coolant Accident (LOCA):

AB-Large Bottom LOCA, AT-Large Top LOCA, SIB-Medium Bottom LOCA,
SIT-Medium Top LOCA, S2-Small LOCA

Transients:

TE-Loss of offside Power, TF-Loss of main feedwater, TT-Loss of turbine and
turbine by-pass, TP-Planted shut down, TT-I-isolation (containment isolation), TA-
A-isolation (main steam line isolation), TY-Y-isolation (external LOCA)

All initiating events are modeled with event trees. The initiating event itself is
modelled with Risk Spectrums parameter model 5, which shall be used for
frequency data given as events per year (I/a).

3.2 SYSTEM LEVEL

The system models were made more realistic and flexible than normal PSA-
models. A large effort has been spent to remove conservatism due to
simplifications, and to allow different system configurations.

Each system is modelled with a genetic system fault tree. The genetic fault tree
contain house events (boundary conditions in Risk Spectrum). The house events are
used to modify the fault tree logic to represent different situations, such as
conditions given by the initiating event and the actual system configuration (at the
time).
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To reflect the instantaneous/actual risk there are two important modelling feature
built into the LPSA-O2 model, the Common Cause Failure model and the
possibility to realign (reconfigure) the system

For the CCF-modelling a modified version of the MGL-method /3/ has been used
This modification is called "the minimum variation" /4/ and is described below

Each CCF event involves two or more components Of all the components in a
particular CCF event, the one with the lowest independent failure probability is
used as a basis for calculation of the probability for the CCF event This technique
yields a time dependent CCF probability

One result of this modelling is that when a test is made on one component in a
CCF group, the probability for all CCF-event involving the component become
equal to a base-line time-independent CCF probability (see diagram 1)

EXAMPLE: CCF MODELLING

INDEPENDENT FAILURE PROBABILITY I1E-3] CCF PROBABILITY [1E-3]
0,06

+ COMPONENT A -*B *C -*- CCF COMPONENT A AND B

Diagram 1 Example of CCF modelling

3.3 COMPONENT LEVEL

The component model is designed to allow a realistic representation of different
events such as tests, failure and maintenance. The component model is describe
below with regard to testing.

Tests are made to venfy the operability of components, sub-systems or systems. A
test will reveal the failures that have occurred after the last time the component
was operated. To model the unavailability of periodically tested stand-by
components, the following model is used:
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q(f) = q0 + 1

q(t) = Unavailability for periodically tested component
q0 = Time-independent failure probability per demand
/lsb = Stand-by failure rate
tj, = Last test moment

The unavailability has thus a timedependent part and a time independent part. The
unavailability immediately after test is equal to the time independent part, q0.

The failure data used in the study are mainly taken from the "T-Book", the
Reliability Data Book for Nordic Nuclear Power Plants /5/. The data in this
reference are developed to fit a component model such as the one described above.

A simplification in this model is that the test efficiency is assumed to be 100% (i.e
all failures are revealed by the test). This is not entirely realistic, but another
assumption would make the model more complicated and there is a lack of data
regarding test efficiency.

In the Risk Spectrum model, the periodically tested components are modelled by
"Reliability model 4" (fixed mission time), where the parameter TM (mission time)
is used to represent the time since last test. It should be noted that this type of
modelling is used because it provides a simple way of implementing a parameter
that directly represents "time since last test". In Risk Spectrum, another special
model is normally used for periodically tested components.

To prepare for quantification of the instantaneous risk frequency, f(t), the time
since last test has to be specified for all tested components (or rather for the basic
events representing those components). This may seem to be an extensive task, but
the parameter treatment in Risk Spectrum makes it relatively easy to carry out such
a change. Simultaneously tested components (ie those in one system train) are
assigned to a test group. AH of the basic events in the same "test group" are
assigned the same TM parameter. To change the time since last test for the group,
only one parameter needs to be changed, instead of updating many individual basic
event data sets.

4 METHODOLOGY

The preconditions for the test interval analysis is given in chapter 2. The analysis is
divided in three steps. The first two steps provide input to the third step that is the
actual analysis and determination of the test scheme.

The two initial steps in the analysis are

Analysis of relative test interval
Analysis of test staggering

4.1 ANALYSIS OF RELATIVE TEST INTERVALS

Analysis of relative test intervals includes determination of the relation between
tests by calculating the test individual risk deriviates.
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The relation between test is inversely proportional to the relative risk deriviate. The
analysis is carried out as follows.

The instantaneous risk frequency f(e), is calculated over the time period in
question. When the instantaneous risk frequency reaches a certain predecided level,
the test with the highest risk reduction worth should be performed. The risk
reduction worth is calculated by an importance analysis on parameters; in
this case the TM parameter (time since monitored or mission time is stand by).

The predecided risk frequency level must be determined and set at a level corresponding
to the desired average risk frequency, preferably the same average as for the old test
scheme.

For each test carried out over the time period, the risk deriviate is calculated. The risk
deriviat is calculated by dividing the risk reduction worth by the time elapsed since the
last test of the same type.

The time period analyzed must be large enough to allow the risk deriviats for different
test types to stabilize.

The different average-test-risk deriviats are used to calculate the relative test intervals.
These are inversely proportional to the relative average risk deriviates.

The relative test interval analysis is a simplification to limit the analysis effort.

Additional analysis is required if:

Test efficiency not is 100 %

Tests can increase the risk for transients

Systems not available during testing have to be considered

Unavailability due to corrective maintenance considerations has to be considered

4.2 ANALYSIS OF TEST STAGGERING

The objective with this step of the analysis is to determine test types present in the same
cutsets. Such tests degrade the risk reduction worth of each other. These test should be
separated in time, staggered from each other as much as possible.

The analysis is carried out in the following steps.

1 Combine all types of tests pairwise..

2 Calculate the risk frequency for each combination for four (4) configurations as
indicated below:

Kl: Before any test

K2: After test A

K3: After testB

K4: After test A and B
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All four calculations are performed at the same time point.

3 The risk reduction worth for test A and B are calculated, firstly as if test A was
carried out first and secondly as if test B carried out first.

Test A, first test: K1-K2

Test A, second test: K3-K4

Test B, first test: K1-K3

Test B, second test: K2-K4

4 The relative efficiency of a second test is calculated in relation to a first test.

Test A. (K3-K4)(Kl-K2)
Test B. (K2-K4)/(K1-K3)

If the relative efficiency of a second test is less than 1, the test are present in the
same cutsets and should not be carried out at the same time point, i.e the test must
be staggered.

A matrix is created to present the relative efficiency of a second test related to a
first test for all combinations.

5 RESULTS

This chapter present the results from both the preparing initial analysis and the
determination of the test scheme.

EVALUATION OF TEST INTERVALS OSKARSHAMN 2
TEST MTBtVALS: TEST WITH HIGHEST KSK CONTOBUT1ON IS PERFORMED WHEN THE tW REACH 2.7*to

f(t)/fo

50 100 150 200 250 300

Diagram 2 Analysis of relative test intervals
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5.1 RELATIVE TEST INTERVAL

First determine the risk frequency level that will trigger the execution of the "optimal"
test (see section 4.1). The reference risk frequency fo represent the lowes, achievable
risk frequency that can be obtained if all component are newly tested and no
maintenance is going on. In this analysis 2.7 fo was chosen.

The trigger level 2.7 fo was chosen because the average risk frequency will then be
equal to the risk level of the current test scheme allowed by the TS.

The instantaneous risk frequency curve is shown in diagram 2. Each test carried out is
represented by an instant drop in the risk frequency level.

The test carried out when the trigger level is reached the one with the highest risk
reduction worth. The diagram indicates that the lowest risk frequency after test slowly
increases. This is due to a number of components that are not tested during operation,
only during yearly outage. This slowly increasing risk level causes the trigger level to
be more quickly reached and the test intervals decrease to compensate.

Table 1 Results, analysis of relative test intervals

System

323

327

649G13

649G23

661DG211

661DG212

314

Analysis

Relative
test intervals
(Base: 323)

1

1.9

1.6

1.6

1

1

3.6

TS

Relative
test intervals
(Base: 323)

1

1

0.4

0.4

0.4

0.4

4.8

Absolute
test intervals

5 Weeks

5 Weeks

2 Weeks

2 Weeks

2 Weeks

2 Weeks

24 Weeks

Choosed test series

Relative
test intervals
(Base: 323)

1

2

2

2

1

1

4

Absolute
test intervals

Alt 1/2/3

4/3/2 Weeks

8/6/4 Weeks

8/6/4 Weeks

8/6/4 Weeks

4/3/2 Weeks

4/3/2 Weeks

16/12/8 Weeks

For all types of tests represented in the diagram above the risk deriviats and average risk
deriviates are calculated. The average risk deriviates are then used to calculate the
relative test intervals. The relative test intervals are used to select the test scheme most
suitable for continued analysis.

The resulting relative test interval is shown in the second column in the table below.
These interval are compared with the intervals prescribed by the technical specifications.

The relative test interval calculated are presented in table 1 together with the
corresponding interval prescribed by the TS, significant differences can be noted.
The analysis result in intervals that for ECCS (323) and diesel generators (661) are
the same and a factor of 1.6 and 1.9 longer for gasturbines and AFWS (327)
respectively.
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Table 1 also present the three test schemes chosen for further analysis. This choice
has been made such that the relative test intervals are as close as possible to the
intervals determined by the analysis. Two additional conditions were applied
during this selection.

The first condition is that the test interval shall be integer multiples of the smallest
interval in the set, and that two different test can not be allowed to take place at
the same time point (see section 4.2 and 5.2).

The second condition is that the test scheme must, for administrative reasons, be
on a weakly basis.

5.2 TEST STAGGERING

Table 2 present the results from the second step in the analysis. The remaining
efficiency of a second test is presented in relation to the same test carried out as a
first test. If the remaining effect of a second test is small in this comparison, the
tests exist in the same cutset or cutsets and must be separated in time as much as
possible.

The following test would be staggered:

- ECCS (323) and AFWS (327)
- Gasturbines (649) and MRWs (314)

Table 2 Results, analysis of timing

First test
(Alt 2)

323

327

649G13

649G23

661DG2H

661DG212

314

Min remaining effect of a second test [%] (Alt 2)

323

- 0

4$^ :

99

99

100

100

S? ;

327

55

0 ,-

97

95

98

98

86

649G13

100

97

- o
,45 ,"

- 53

S3

100

649G23

100

96

- 4S

4 "

51

51

100

661DG211

100

99

< $1

" Si ''•

< & , :
33

100

661DG212

100

98

,„$!«
1 Si

' ••&
& -

100

314

39

65

100

100

100

100

0

5.3 SELECTION OF TEST SCHEMES

Table 3 summarize the results for all the test schemes examined. In the second
column is the current scheme prescribed by the TS, followed by alternatives 1, 2
and 3 which are the new schemes generated from the analysis. Alt. 4 and 5 are
based on the TS test scheme but with optimal and non optimal staggering.
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Table 3 Result summary of examined test schemes

/Operating year

Number of tests 323

Number of tests 327

Number of tests 649G13

Number of tests 649G23

Number of tests 661DG21 1

Number of tests 661DG212

Number of tests 314

Total number of tests

CD-frequency [fh/fo]

TS

10

10

24

24

24

24

1

117

2132

Analyzed test series

Alt 1

12

6

6

6

12

12

2

56

2766
(+30%)

Alt 2

16

8

8

8

16

16

3

75

2235
(+5%)

Alt 3

24

12

12

12

24

24

5
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Diagram 3 Core damage frequency, TS
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EVALUATION OF TEST INTERVALS OSKARSHAMN 2
TEST KTEHVALS: 3 WEEKS FOR 323 AND 681, a WEEKS FOR 327 AND 848, 12 WEEKS FOR 314 (ALT 2)

f(t)/fo

50 100 150 200 250 300

Diagram 4 Core damage frequency, test series alternative 2

EVALUATION OF TEST INTERVALS OSKARSHAMN 2
TEST WTBWALS: 2 WEEKS FOR SZJ AND »«1. 4 WEEKS FOR 327 AND «48,« WEEKS FOR 314 (AIT 3)

f(t)/fo

50 100 150 200 250 300
DAY

Diagram 5 Core damage frequency, test series alternative 3
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EVALUATION OF TEST INTERVALS OSKARSHAMN 2
TEST INTERVALS: TS (ALT 4)

f(t)/fo

50 100 150 200 250 300
DAY

Diagram 6 Core damage frequency, test series alternative 4

EVALUATION OF TEST INTERVALS OSKARSHAMN 2
TEST INTERVALS: TS (ALTS)

5

4

3

2

1

0
<

f(t)/fo

yl
j

// j
-

/
-

50

J

/ /

I

/
>,
//'

100

/ '

/
-

/

' I/ fJ:

•

•i

I 1

l

1

150 200

DAY

i

'

/
-

/ ,

/

k

'

1

Ii

250 300

Diagram 7 Core damage frequency, test series alternative 5
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Number of tests per operating season is presented. The nominal risk frequency
alternative 2 yields a risk frequency closest to the current TS scheme. This scheme
contains 75 test over the operating season compared to the 117 in the TS scheme.
The nominal risk frequency for alternative 2 is 2.235 fo, which is 5 % above
current TS.

Alternative 3 contain 113 tests and a nominal risk frequency of 1.783 fo. It requires
4 fewer tests than the current TS scheme and decrease the nominal risk frequency
by 16 %.

Alternative 4 and 5 illustrate the importance of staggering. Alternative 4 with
optimal staggering yields a nominal risk frequency 2 % lower than TS.

Alternative 5 with non optimal, worst case, staggering yields a nominal risk
frequency
7 % higher than TS. The total sensitivity due to staggering is approximately 9 %.

The instantaneous risk frequency for one operating season is shown in diagram 3
with testing according to the current TS. Diesels and gasturbines are tested once a
week, ECCS and AFW are tested every five weeks and the MRV's are tested once
every 6 months. Diagram 4 to 7 present the instantaneous risk for alternative 2. 3.
4 and 5 respectively.

In alternative 2 and 3 one can observe that the instant risk frequency decrease is
the same size for all tests which yields the higher efficiency of these schemes.

The relative test intervals are the same and this causes the instant risk frequency
to oscillate periodically. The diagram also show clearly the slow but steady risk
increase during the operating season due to components not tested during
operation.

When comparing alternative 4 and 5, an important observation is that both the
nominal risk frequency as well as the risk variation are higher for alternative 5
(without non optimal staggering).

6 LIMITATIONS

Even after much efforts has been spent on improving the LPSA model with respect
to completeness and conservatism, these problems will still remain.

6.1 INCOMPLETENESS

Due to missing elements in the model, the risk frequency does not present the
total risk. The incompleteness problem can be caused by known limitations or by
failure phenomena not yet identified.

Identified incompleteness issues will in the long run be taken care of if necessary.

Incompleteness can cause incorrect estimates of the absolute risk level. Perhaps
more importantly, it can generate results with incorrect relative importance
between risk contributors which can, in turn, cause incorrect conclusions based on
relative interpretations. Therefore it is essential to eliminate as much
incompleteness as possible.
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One important incompleteness in LPSA-O2 is that only a sub set of all possible
initiating event are considered. Example of initiating events not covered are;
flooding, various types of CCI's and initiating events at other operating states than
full power.

On the system level, incompleteness exist both with regard to required functions as
well as missing functions that could be credited.

Example of system not modelled are:

All reactor shut down functions

Room cooling

Diesel cooling (714)

Example of not credited systems are:

Boration system (351)

Containment pressure relief (361)

Containment filter

Independent containment spray

Fire water system (861)

On the component level, disregarded failure modes, dependencies and the
assumption of 100%. Test efficiency are examples of incompleteness.

6.2 CONSERVATISM

PSA models are usually constructed with some degree of conservatism. To simplify
the modelling and, at the same time, insure that the risk level will be conservative
estimate when performing LPSA application. The conservatism can give incorrect
relative results and insights.

Other conservatism in the LPSA-O2 are;

Fire is assumed to fail all components in the compartment

All signal controlled main relief valves are assumed to open and are required
to reclose.

The auxiliary feedwater system are not credited for steam line LOCAs.

Modelling of instrument air and nitrogen system

- No credit has been given for recovery.
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7 CONCLUSIONS

The results obtained in this analysis confirm the usefulness of the methodology. It
is, however, important to interpret the results based on the stated preconditions,
both in the mociel and in general.

Given the conditions, test schemes have been identified that are significantly more
efficient the current test scheme prescribed by the Oskarshamn 2 Technical
Specifications.

The work carried out in this pilot study should be completed by

Include fire

Include other hazard states than core damage

Carry out sensitivity and uncertainty analysis on models and data

The described methodology can also be used to analyze preventive maintenance.
The objective with such analysis would be to find strategies to coordinate PM and
testing in an optimal way.
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